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Magen C., Ibarra M. R., Ritter C., Arnold Z.
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MA 13 Invited Talk Diirr Tue 09:30-10:00 HSZ 03 MA 13.1-13.1
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MA 14 Magnetic Thin Films II Tue 10:15-13:00 HSZ 03 MA 14.1-14.11
MA 15 Spin-Dependent Transport Phenomena II Tue 10:15-11:45 HSZ 103  MA 15.1-15.6
MA 16 Micro- and Nanostructured Magnetic Materials I1 Tue 11:45-13:00 HSZ 103 MA 16.1-16.5
MA 17 Magnetic Materials I1 Tue 10:15-13:00 HSZ 401 MA 17.1-17.11
MA 18 Spin-Dynamics, Magnetization Reversal I Tue 10:15-13:00 HSZ 403 MA 18.1-18.11
MA 19 Invited Talks Algarabel / Gutfleisch Tue 14:00-15:00 HSZ 03 MA 19.1-19.2
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MA 22 Internal Symposium “50 Years AG Magnetism” Wed 15:15-18:00  HSZ 03 MA 22.1-22.5
MA 23 Invited Talk Schilling Thu 09:30-10:00 HSZ 03 MA 23.1-23.1
MA 24 Magnetic Thin Films III Thu 10:15-12:45 HSZ 03 MA 24.1-24.10
MA 25 Spin-Electronics I Thu 10:15-13:00 HSZ 103 MA 25.1-25.11
MA 26 Electron Theory Thu 10:15-13:15  HSZ 401  MA 26.1-26.12
MA 27 Spin-Dynamics, Magnetization Reversal II Thu 10:15-13:00 HSZ 403 MA 27.1-27.11
MA 28 Invited Talks Brune / Moritz Thu 14:00-15:00  HSZ 03 MA 28.1-28.2
MA 29 Magnetic Thin Films IV Thu 15:15-18:15  HSZ 03 MA 29.1-29.12
MA 30 Spin-Electronics II Thu 15:15-16:15  HSZ 103 MA 30.1-30.4
MA 31 Magnetic Measuring Techniques Thu 16:15-17:00 HSZ 103  MA 31.1-31.3
MA 32 Magnetic Particles / Clusters Thu 15:15-18:45 HSZ 401 MA 32.1-32.14
MA 33 Spin-Dynamics, Magnetization Reversal III Thu 15:15-18:30  HSZ 403  MA 33.1-33.13
MA 34 Invited Talk Mioara Mandea Fri  10:15-10:45  HSZ 03 MA 34.1-34.1
MA 35 Magnetic Thin Films V Fri  10:45-12:45 HSZ 03 MA 35.1-35.8
MA 36 Magnetic Coupling Phenomena / Exchange-Bias Fri  10:45-13:00 HSZ 401  MA 36.1-36.9
MA 37 Molecular Magnetism Fri  10:45-13:15  HSZ 403  MA 37.1-37.10

Annual General Meeting of the Section Magnetism
Thu 18:45-19:45  HSZ 103
Topl report of the head of the magnetism section

Top2 upcoming meetings
Top3 miscellaneous
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Sessions
— Invited, Contributed Talks and Posters —

MA 1 Invited Talk Demidov

Time: Monday 09:30-10:00

Invited Talk MA 1.1 Mon 09:30 HSZ 03

Direct observation of Bose-Einstein condensation of paramet-
rically driven magnons. oVLADISLAV DEMIDOV — Institut fuer
Angewandte Physik, Universitaet Muenster, Corrensstrasse 2/4, 48149
Muenster, Germany

In thin ferromagnetic films the spectrum of magnons shows a mini-
mum with non-zero energy at wavevectors of about 10*cm=!. The sys-
tem of magnons in a film can be efficiently driven by means of the mi-
crowave parametric pumping. The resulting state of the driven magnon
system can be considered as a quasi-equilibrium and is described by Bose-

Room: HSZ 03

Einstein statistics with the non-zero chemical potential.

Using Brillouin light scattering technique we are able directly to mea-
sure the distribution of parametrically driven magnons over the spec-
trum. We show that, as the power of the parametric pumping increases,
the system of magnons is characterized by the increasing chemical po-
tential. Finally, if the pumping power exceeds a certain threshold, the
chemical potential reaches the energy of the bottom of the spectrum and
the system undergoes a Bose-Einstein-condensation. For larger values
of the power the magnons form a coherent condensate at the bottom of
the spectrum, which manifests itself in the appearance of an intensive
maximum of the magnon density at the corresponding energy.

MA 2 Magnetic Thin Films I

Time: Monday 10:15-12:45

MA 2.1 Mon 10:15 HSZ 03

Measuring the kernel of time-dependent density functional the-
ory with X-ray absorption spectroscopy of 3d transition metals
— oH. WENDE!, A. Scuerz?, E.K.U. Gross!, H. AppeL!, C. SORG!,
K. BABERSCHKE!, and K. BURKE? !Fachbereich Physik, Freie Uni-
versitdt Berlin, Arnimallee 14, D-14195 Berlin-Dahlem, Germany. —
28SRL, 2575 Sand Hill Road, Menlo Park, California 94025, USA —
3Department of Chemistry and Chemical Biology, Rutgers University,
610 Taylor Rd, Piscataway, NJ 08854, USA

We showed that the induced magnetic moments in ultrathin films of
the light 3d elements Ti, V and Cr at the interface to Fe cannot be de-
termined by the XMCD sum rule analysis at the Ly 3 edges. The reasons
are correlation effects which result in the deviation of the intensity ratio
(branching ratio) from its statistical value. Therefore, we established a
double-pole approximation within time-dependent density functional the-
ory to investigate these effects in detail. A (2x2) matrix of the matrix
elements of the unknown exchange correlation kernel is used to describe
the shift of the two transitions (diagonal) and the change of the branching
ratio (off-diagonal elements). We experimentally measure the branching
ratios and level splittings for these films, and deduce these matrix ele-
ments. It turns out that off-diagonal matrix elements are much smaller
(factor 5) than the diagonal ones which demonstrates that the change of
the branching ratio for the light 3d elements is simply due to transition
repulsion, as the two transitions near one another (reduced spin-orbit
splitting). Supported by BMBF (05 KS4 KEB 5).
[1] A. Scherz et al., Phys. Rev. Lett. in print

MA 2.2 Mon 10:30 HSZ 03

Acquisition of optic and magneto-optic constants of Co/Pt films
eS. FIEDLER!, H. STiLLRICH!, G. NEUBER!, M. LINKERHAND?,

P. Panr?, and H.P. OePEN! — !Institut fiir Angewandte Physik,
Universitdt Hamburg, Jungiusstr. 11, 20355 Hamburg, Germany
2Universitit Hamburg, 20355 Hamburg, Germany

Ultrathin Co layers on fcc Pt buffers showing (111) texture exhibit a
strong perpendicular magnetic anisotropy. We have created Pt-Co-Pt
layers on silicon substrates utilizing ECR-sputtering. For experimental
investigation of the magnetic properties we use an ex situ MOKE ex-
periment with He-Ne laser. We measure Kerr ellipticity and rotation
quantitatively in longitudinal and polar geometry at an angle of inci-
dence of 45 degrees as well as in polar geometry at 0 degree. We have
investigated the magneto-optic properties of sandwiched single Co layers
with fixed thickness and varying buffer or cap layer thickness. A strong
dependence of the Kerr signals on cap as well as buffer layer thickness is
found. The experimental results are simulated numerically [1] taking into
account the intermixing Co/Pt. The dependence on cap layer thickness
will be described in the framework of a simplified analytical expression
for ultrathin films [2].

Room: HSZ 03

[1] J. Zak, E. R. Moog, C. Liu, and S.D. Bader, J. Magn. Magn. Mat.
89, 107 (1990)

[2] C.-Y. You and S.-C. Shin, phys. stat. sol. (b) 241, No. 7, 1406-1410
(2004)

MA 2.3 Mon 10:45 HSZ 03

XPS investigation of the Mn valence in lanthanum mangan-
ite thin films under variation of the oxygen content — eELKE
BEYREUTHER!, STEFAN GRAFSTROM!, CHRISTIAN THIELE?, KATHRIN
DORR?, and Lukas M. ENG! — 'Institut fiir Angewandte Photophysik,
Technische Universitit Dresden, D-01062 Dresden — 2Institut fiir Me-
tallische Werkstoffe, IFW Dresden, Postfach 270116, D-01171 Dresden
The question whether LaMnOj accepts doping with tetravalent cations
such as cerium and thus allows the preparation of electron-doped mixed-
valent lanthanum manganites has been discussed controversially so far.
Against the background of this problem, we present a comparative X-ray
photoemission (XPS) study of epitaxial Lag7Ceo3MnO; (LCeMO) and
Lag 7Cag3MnO; (LCMO) thin films. We focus on the exchange splitting
of the Mn 3s core level peak, which is a direct indicator of the Mn valence
[1] and allows us to quantify the Mn valence in the outermost 3 nm of
the films. We demonstrate that, depending on the oxygen content, the
Mn valence can be tuned between a mixed Mn®*/*t state and a mixed
Mn2+/3+ state in both the LCeMO and the LCMO film. The oxygen
content was varied by heating in ultrahigh vacuum for deoxygenation
and in an oxygen atmosphere for reoxidation. In the LCeMO film, the
deoxygenation not only changes the Mn valence, but also the Ce valence
is driven from the 4+ towards the 3+ state.
[1] V. R. Galakhov et al., Phys. Rev. B 65, 113102 (2002).

MA 2.4 Mon 11:00 HSZ 03

Spin-Polarized Scanning Tunneling Spectroscopy of Dislocation
Lines in Fe Films on W(110) — eOSwWALD PIETZSCH, MATTHIAS
BODE, KIRSTEN VON BERGMANN, ANDRE KUBETZKA, and ROLAND
WIESENDANGER — Institute of Applied Physics, University of Hamburg,
Jungiusstrasse 11, 20355 Hamburg

The magnetic properties of 1 - 2 atomic layers Fe on W(110) have
recently been studied in many aspects by spin-polarized scanning tun-
neling microscopy (SP-STM) and spectroscopy (SP-STS). Here we use
the high lateral and energy resolution of this method to address the
structural, electronic, and magnetic properties of dislocation lines which
occur before completion of the second layer, thereby releasing tensile
strain arising from a 9.4 % lattice mismatch. The lines are found to
be ferromagnetically ordered. The magnetic contrasts are related to the
film’s perpendicular domain configuration, but the electronic features are
quite unique. In particular, from the well-known two-peak structure of
the Fe film, the occupied LDOS-peak is recovered in the dislocation line
while the unoccupied peak is strongly shifted towards the Fermi level.
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As a consequence, the bias-voltage dependent magnetic asymmetry as
determined from tunneling spectra is significantly altered in these lines.

MA 2.5 Mon 11:15 HSZ 03

Second-order magnetoelastic coupling of strained Fe — oZ.
TiaN, C.S. TiaN, D. SANDER, and J. KIRSCHNER — Max-Planck-
Institut fiir Mikrostrukturphysik,

Lattice strain is often the decisive factor which determines the mag-
netic anisotropy of ferromagnetic monolayers (ML). We performed com-
bined cantilever bending beam and magneto-optical Kerr-effect measure-
ments to determine the correlation between film stress, strain and the
magnetic anisotropy of Fe ML deposited on Ir(001). The Fe ML are un-
der compressive stress, as expected from the mismatch of 4.9% between
bee Fe and Ir. We use in-situ stress measurements to determine the lattice
strain. The magnetoelastic coupling coefficient By is determined from the
change of crystal curvature upon switching the magnetization along the
length and width of the sample. The value of B, deviates from the bulk
value and depends on the film strain e. The experimental data suggest
a linear dependence of By on lattice strain as given by B;ff:Bg“”“-i-Dz €,
with the bulk value B{“#=7.83 MJ/m?, Dy=-350 MJ/m3. Our results
extend the experimental data base[l] to compressive strain. This result
indicates the decisive role of second-order magnetoelastic effects for the
magnetic anisotropy of strained Fe ML, where reliable theoretical values
have not been obtained yet[2].

[1] G.Wedler, J. Waly, A. Greuer and R. Koch: Phys. Rev. B 60, R11313
(1999).
(2] M. Fahnle, M. Komelj: Z. Metallkd. 93, 970 (2002).

MA 2.6 Mon 11:30 HSZ 03

Interface formation and its influence on magnetic anisotropy
in ultrathin Fe films grown by TD and PLD on GaAs(001)
— eMAREK PRzYBYLSKI', JAN ZUKROWSKI?>, BARTLOMIEJ KAR-
DASz®, OLEKSANDR MOSENDZ?, BRETISLAV HEINRICH?, and JURGEN
KIRSCHNER! — 'Max-Planck-Institut fiir Mikrostrukturphysik, Wein-
berg 2, D-06120 Halle, Germany — 2Solid State Physics Department,
Faculty of Physics and Applied Computer Science, AGH University of
Science and Technology, Mickiewicza 30, 30-059 Krakow, Poland —
3Simon Fraser University, Department of Physics, 8888 University Drive,
Burnaby, B.C., V5A 156 Canada

The role of the Fe/GaAs(001) interface atomic structure on the mag-
netic properties of ultrathin film of Fe was investigated by using a 2 ML
of ®Fe probe layer grown on a GaAs(001) substrates by thermal depo-
sition (TD) or by pulsed laser deposition (PLD) techniques. To assure
film continuity and a Curie temperature well above room temperature
(RT), the probe layer was covered with an additional 8 ML of natural
Fe. Conversion electron Mossbauer spectra (CEMS) were measured ex
situ at RT. A broad low-magnetic field component was clearly present in
the measured Mossbauer spectrum for the PLD probe layer. Most likely
this component can be attributed to a high degree of atomic intermixing
at the Fe/GaAs interface. A low-field component was not detected in the
case of the TD-grown *"Fe probe layer. Ferromagnetic resonance (FMR)
was used to measure the magnetic anisotropies of the studied films. It
will be shown that all anisotropies were strongly affected by TD and PLD
deposition techniques.

MA 2.7 Mon 11:45 HSZ 03

Magnetic anisotropy of Ga;_xMnyAs on GaAs (311)A —
eCHRISTOPH BIHLER!, HANS HUEBL!, DIETER SCHLOSSER!, MAR-
TIN S. BRANDT!, SEBASTIAN T. B. GOENNENWEIN?, MATTHIAS
REINWALD?, URSULA WURSTBAUER?, MATTHIAS DOPPE?, DIETER
WEeIss®, and WERNER WEGSCHEIDER? — Walter Schottky Institut,
Technische Universitat Miinchen, Am Coulombwall 3, 85748 Garching,
Germany ZWalther-Meissner-Institut, Bayerische Akademie der
Wissenschaften, Walther-Meissner-Str. 8, 85748 Garching, Germany —
3Universitit Regensburg, 93040 Regensburg, Germany

One approach to further improve the magnetic properties of
Gay_,Mn,As epilayers via optimized dopant incorporation is growth on
higher index GaAs substrates. In this contribution we investigate the
magnetic anisotropy of Ga;_,Mn,As grown by low-temperature molec-
ular beam epitaxy (LT-MBE) on GaAs (311)A substrates by means of
ferromagnetic resonance (FMR) spectroscopy. The angular dependence
of the resonance fields observed can be explained by two main contri-
butions to the magnetic anisotropy: a cubic magnetic anisotropy field
2Kc1/M = 240 mT oriented along the crystallographic (001) axes caused

by the symmetry of the GaAs host lattice, and an effective uniaxial mag-
netic anisotropy field 2K72}}/M = 90 mT along [311] presumably caused
by the homoepitaxial growth of the layer. Even better agreement between
simulation and experiment is obtained if additional uniaxial anisotropies
along [100] and [233] are taken into account.

MA 2.8 Mon 12:00 HSZ 03

The temperature dependent magnetization process in small
CoPt stripes observed by low temperature MFM — eULRIKE
WOLFF!, CHRISTOPH HASSEL?, MARIO BRANDS?, GUNTHER
DuwmpicH?, LubwiG ScHULTZ', and VOLKER NEU! — TFW Dresden,
Institute for Metallic Materials, P.O. Box 270116, D-01171 Dresden,
Germany — 2Universitdt Duisburg-Essen, Standort Duisburg, Institut
fiir Physik, AG Farle, Lotharstr. 1, 47048 Duisburg, Germany

In small structured CoPt stripes the magnetoresistive behaviour is gov-
erned by a combination of anisotropic magnetoresistance and domain
wall resistance. In order to support the interpretation of magnetore-
sistive measurements, in this work the magnetization process in CoPt
stripes with perpendicular magnetic anisotropy and varying stripe width
of 300 to 2200 nm was investigated by low temperature magnetic force
microscopy. At various temperatures the CoPt stripes were magnetized
in a field of 1 T and MFM measurements were subsequently performed
during demagnetizing field sweeps. The locally determined coercive field
increases from 0.07 T at 238 K to 0.23 T at 10 K. Whereas the coercivity
does not depend strongly on the stripe width, the magnetization process
is strongly different for narrow and wide CoPt stripes. At 10 K the 300
nm narrow stripes switch via the nucleation of a reversed domain over the
whole width of the stripe. The wider stripes form a more complicated,
two dimensional domain pattern during magnetization reversal.

MA 2.9 Mon 12:15 HSZ 03

Combined magneto-optical and magnetic force microscopy
study on patterned SmCos; and PrCo;s thin films — eV. NEU!,
A. Sincu!, A. Parra!, S. Drevyer?, U. WoLFr!, S. SIEVERS?,
CH. Jooss?, U. SIEGNER?, and L. ScHULTZ! HFW Dresden,
P.O. Box 270116, Dresden, Germany — 2Institute for Materials
Physics, University of Goettingen, Germany — 3Physikalisch-Technische
Bundesanstalt, Braunschweig, Germany

The direct microscopic observation of magnetization processes is the
most meaningful way to understand macroscopic magnetic behavior.
Whereas magnetic force microscopy (MFM) offers high spatial resolu-
tion for domain imaging — an essential feature for studying modern per-
manent magnet materials with domain sizes in the sub 100 nm regime
— magneto-optical methods allow large overview images, and with the
use of calibrated indicator films, also quantitative stray field measure-
ments. We present a magnetization study of highly coercive epitaxial
SmCos and PrCos films. The films are laser deposited on heated MgO
single crystal substrates and possess a well defined easy axis orientation
in the film plane with coercivities of 2 to 3 T [1]. Arrays of micron
sized square elements are structured by electron beam lithography and
ion beam etching. Stray field measurements of individual elements are
performed in subsequent higher remanent states throughout the magne-
tizing process by magneto-optical indicator film (MOIF) technique. This
study is combined with an analysis of the domain structure imaged by
MFM.

[1] A. Singh, et al., Appl. Phys. Lett. 87, 072505 (2005).

MA 2.10 Mon 12:30 HSZ 03

Study of domain patterns: A discussion of coherent and inco-
herent averaging in PNR and MOKE. oKKATHARINA THEIS-
BROHL!, BORiS TOPERVERG!, JEFFREY McCCORD?, and HARTMUT
ZABEL'! — !Department of Experimental and Solid State Physics, Ruhr-
University Bochum, 44780 Bochum — 2Material Research Institute,
Helmholtzstr. 20, 01169 Dresden

Specular Polarized Neutron Reflectivity (PNR) provides information
similar but not identical to vector-MOKE. MOKE coherently averages
magnetic fluctuations over the laser spot illuminating the surface, while
the coherency range of the neutron beam is determined by its collimation
and monochromatization. The neutron beam is well collimated in the re-
flection plane ( — z), while the collimation is usually relaxed along the
y—axis. Due to the strong asymmetry in the coherency properties polar-
ized neutron reflectivity is the result of an incoherent average over the
y— direction of the coherent reflection from the optical potential. The
incoherent averaging over a coherent signal has a big advantage for the
study of domain patterns. While coherent averaging over fluctuations
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from domains may lead to a vanishing signal, incoherent averaging, on
the contrary, does not.

In the talk we will discuss the averaging procedure for PNR using
model simulations for different domain patterns. Furthermore we will

MA 3 Spin-Dependent

Time: Monday 10:15-13:00

MA 3.1 Mon 10:15 HSZ 103

Characterisation of ion beam sputtered Fe/MgO/Fe magnetic
tunnel junction — eALEXANDRA STEEB, HENNING DAssow, Di-
ANA RATA, FRANZ-JOSEF KOHNE, DANIEL BURGLER, and CLAUS M.
SCHNEIDER — Institute for solid state research, Electronic Properties,
Research Centre Jiilich

The tunnel magnetoresistance effect (TMR) in magnetic tunnel junc-
tions (MTJs) is the key to developing magnetoresistive random-access-
memory. In single-crystal Fe/MgO/Fe MTJs prepared by MBE a TMR
up to 180% at room temperature was measured [1]. The sputtered poly-
crystalline CoFe/MgO/CoFe MTJs exhibit TMR values of up to 220% at
room temperature [2]. We report on Fe/MgO /Fe trilayers prepared by ion
beam sputtering in ultra high vacuum conditions. Using the crystalline
GaAs substrate the trilayers grow epitaxially as confirmed by LEED. We
work with 300A Fe/25A MgO/100A Fe samples, the MgO layer is sput-
tered directly from a MgO target. With XPS we proved, that there is
no FeO between the Fe and MgO layers. To apply an exchange bias on
the upper Fe layer, an antiferromagnetic layer FeMn is deposited on the
trilayer. After post-annealing 1h@250°C we found a typically exchange
bias field of 50 mT. First TMR measurements on this single crystalline
TMR structures will be presented.

[1] S. Yuasa et al. Nature Materials 3, 868 (2004)

[2] S. Parkin et al. Nature Materials 3, 862 (2004)

MA 3.2 Mon 10:30 HSZ 103

Magnetic tunnel junctions with MgO barriers — eVOLKER
DREWELLO, XINLI Kou, JAN SCHMALHORST, ANDY THOMAS, and
GUNTER REISS — Bielefeld University, Nano Device Group, 33615
Bielefeld

Recently, there has been much excitement about the high tunneling
magnetoresistance (TMR) values observed in magnetic tunnel junctions
(MTJs) with crystalline magnesium oxide (MgQO) barriers. These MTJs
show vary large TMR values compared to those with amorphous alu-
minum oxide barriers.

We have investigated the TMR in MTJs with MgO barriers and several
different electrode materials. The MTJs are prepared at ambient tem-
perature in our DC magnetron sputtering chamber with a base pressure
of 1.0 x 1077 mbar. In this process the lower electrode is covered with a
thin layer of Magnesium (Mg) to prevent oxidation during the sputtering
of MgO. Then, the latter is directly sputtered on the Mg layer.

The different FM/Mg/MgO/FM layer systems show TMR values of
up to about 120% depending on the electrode material. Furthermore,
the thickness of the Mg and the MgO layers as well as the annealing
temperature have been optimized yielding high TMR ratios. The results
are compared with standard Alumina junctions.

MA 3.3 Mon 10:45 HSZ 103
Ab initio calculations of spin-dependent tunneling conductance
in Fe/FeCo/MgO/Fe: Role of the interfaces — eDANIEL WORT-
MANN!, Jussi ENKOVAARA'?, and STEFAN BLUGEL! — 'Institut fiir
Festkorperforschung, Forschungszentrum Jiilich, Germany — 2CSC — Sci-
entific Computing,Espoo, Finland
Magnetic tunneljunctions based on epitaxially grown MgO are cur-
rently the most promising system for magnetoelectonic applications like
magnetic random access memory cells. Record high tunneling magneto-
resistance values at room temperature have been achieved in such junc-
tions [1]. We will present ab initio calculations of electron tunneling
in Fe/MgO based tunneljunctions with the focus on the details of the
interface structure and its influence on the tunneling conductance. In
particular we will show the differences which can be expected between
a pure Fe/MgO/Fe junction and a Fe/Co/MgO/Fe system in which one
or two monolayers of Co have been added at the interface as well as
a Fe/FeCo/MgO/Fe junction in which a two-dimensional FeCo alloy is
present at the interface. The calculations are carried out within the
density-functional theory with the full-potential linearized augmented

compare experimental results from PNR and vector-MOKE measure-
ments concerning the different averaging performed on patterned mag-
netic structures.

We acknowledge funding by DFG, SFB 491 and BMBF 032AE8BO.
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plane wave (FLAPW) method. The novel embedded Green function
method enables us to treat semi-infinite junctions and to calculate the
spin-dependent conductance[2].

[1] S. Yuasa et al., Nature Materials 3, 868 (2004); and S. Parkin et al.,
ibid, 862 (2004)

[2] D. Wortmann, H. Ishida, and S. Bliigel, Phys. Rev. B 65, 165103
(2002); 4bid 66, 075113 (2002)

MA 3.4 Mon 11:00 HSZ 103

Noncollinear interface magnetism in Fe/FeO/MgO/Fe tunnel
junctions: Effect on ballistic transport. eBOGDAN YAVORSKY
and INGRID MERTIG — Martin-Luther-Universitdt Halle-Wittenberg,
Fachbereich Physik, Fachgruppe Theoretische Physik, D-06099, Halle,
Germany

On the basis of ab initio total energy calculations made within the
screened Korringa-Kohn-Rostoker method we discuss the possibility of
formation of noncollinear magnetic structures near the FeO layer in the
Fe/FeO/MgO/Fe tunnel junction. The competition between intrinsic
antiferromagnetism of iron oxide and ferromagnetism of pure iron was
shown to result in stabilization of an intermediate tilted configuration at
the interface. Variation of the angle of tilting 6 causes significant changes
in the ballistic conductance of the junction. In particular, at § ~ 75° the
local density of states of Fe in the FeO layer has an interface state which
forms a resonance of the conductance.

MA 3.5 Mon 11:15 HSZ 103

CoyFeSi an alternative for the Co,;MnSi Heusler electrode
integrated in magnetic tunnel junctions eDANIEL EBKE!,
NING-NING Liv', MARC SACHER', JAN SCHMALHORST', GUNTER

REiss!, and ANDREAS HUTTEN? — !Universitit Bielefeld, Univer-
sititsstrasse 25, D-33615 Bielefeld, Germany — 2Forschungszentrum
Karlsruhe GmbH, Institut fiir Nanotechnologie, Hermann-von-

Helmholtz-Platz 1, D-76021 Karlsruhe, Germany

Recently, we have shown that the tunnel magnetoresistance of mag-
netic tunnel junctions containing the half metallic Heusler alloy CooMnSi
as lower magnetic electrode is limited to about 108% TMR-effect at 20K.
This can be associated with the oxygen affinity of the Mn resulting in a
MnSiOx- enriched layer at the tunnel barrier. To avoid this step like bar-
rier we have started to integrate another Heusler alloy, CoyFeSi, as a mag-
netic electrode which is very promising due to its high Curie temperature
of 1100K. In this presentation the evolution of the TMR-effect amplitude
at room temperature is discussed as a function of preparation conditions
and the width of the AlOx-tunnel barrier. We will present XAS mea-
surements revealing the Vanadium diffusion through the CoyFeSi layer
deteriorating the atomic order at the CopFeSi/AlOx-interface. Thus, to
enhance the TMR-effect MgO was tested as a new seed layer so as to
avoid the Vanadium. In addition, multilayered Heusler electrodes con-
sisting of {CoaMnSizm/CosFeSiznm v have been prepared to increase
the atomic ordering of the CoyFeSi compound. The resulting TMR-
effect amplitudes will be shown as a function of temperature and will be
discussed in combination with magnetic and XRD measurements.

MA 3.6 Mon 11:30 HSZ 103
Characteristics of the half-metallic character of Co,MnSi
Heusler alloy eNING-NING Liu!, DANIEL EBKE!, MARC
SACHER!, JAN SCHMALHORST!, GUNTER REISS!, and ANDREAS
HUTTEN? — Fakultit fiir Physik, Universitit Bielefeld, D-33615 Biele-
feld, Germany — 2Institut fiir Nanotechnologie, Forschungszentrum
Karlsruhe GmbH, Hermann-von-Helmholz-Platz 1, D-76021 Karlsruhe,
Germany
CoyMnSi is an attractive material to be used as magnetic electrode
in magnetic tunnel junctions (MTJs). This is due to the half metallic
character predicted by band structure calculation and to its high Curie
temperature of 986K, indicating the potential for future magnetoelec-
tronic and spintronic applications. A tunnel magnetoresistance (TMR)
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of currently 108% at 20K has been achieved, and is associated with a
CoyMnSi spin polarization of 70%. The corresponding room tempera-
ture value of TMR is 42%. A new technique has been used in order to
relay on a wedge shaped AlOx tunnel barrier. The current limitation to
achieve larger TMR has been identified as a direct consequence of the
oxygen affinity of the CooMnSi - Heusler element Mn. Dependences of
annealing temperatures, different oxidation times, and additional inter-
layers between heusler alloy and tunnel barrier on the TMR behavior
have been investigated and will be discussed in detail.

MA 3.7 Mon 11:45 HSZ 103
How many crystalline interface layers are necessary to create
high TMR? — eCHRISTIAN HEILIGER, PETER ZAHN, and INGRID
MERTIG — Martin Luther University, FB Physik, FG Theorie, D-06099
Halle, Germany

Recent experiments [1-3] based on epitaxially grown Fe/MgO/Fe sam-
ples shed light on the subject of tunneling magnetoresistance (TMR).
First of all, the obtained TMR ratios exceed the predictions by Julliere’s
model. Second, the measured bias voltage characteristic shows features
which could be related to the electronic structure of the system. The
high crystallinity of the samples [1-3] seemed to be the reason. New
experiments [5], however, demonstrate that even amorphous electrodes
attached to a crystalline MgO barrier show a TMR of more than 230%.
The question that is addressed in this talk is: How many crystalline metal
layers close to the interface are necessary to obtain high TMR?

A screened Korringa-Kohn-Rostoker (KKR) method based on density
functional theory was applied to calculate the electronic and magnetic
structure of the different junctions self-consistently. The Landauer con-
ductance of planar junctions was calculated using the Baranger-Stone
scheme by means of Green’s functions in the limit of coherent tunneling.

The results demonstrate that only a few crystalline ferromagnetic lay-
ers cause a significant spin-polarisation and TMR.

(1] J. Faure-Vincent et al., Appl. Phys. Lett. 82, 4507 (2003)
[2] S. Yuasa et al., Nature Materials 3, 868 (2004)

[3] S.S.P. Parkin et al., Nature Materials 3, 862 (2004)

[4] K. Tsunekawa et al., Appl. Phys. Lett. 87, 072503 (2005)

MA 3.8 Mon 12:00 HSZ 103

Tunneling Magneto Resistance in Co-Fe-B/Al-Ox Magnetic
Tunnel Junctions — eOLIVER SCHEBAUM!, ANDY THOMAS!, Hu-
BERT BRUCKL?, and GUNTER REIsS! — !Bielefeld University, Nano
Device Group, Universititsstrasse 25, 33615 Bielefeld — 2ARCS research
GmbH, Division ”Nano System Technology”, Tech Gate Vienna, Donau-
City-Strasse 1, 1220 Vienna, Austria

We investigated the effect of Co-Fe-B as the free and the pinned mag-
netic layer in magnetic tunnel junctions (MTJs). The lower electrode
was exchange-bias coupled to Mnlr and Al-Ox was used as a tunnel
barrier. The samples were prepared by dc/rf-magnetron sputtering in
a UHV chamber with a base pressure of 1 x 1077 mbar. The metallic
Aluminum was oxidized utilizing electron cyclotron plasma oxidation in
a pure Oxygen.

We measured the influence of different B compositions of the electrodes
using sputter-targets with 5% and 12% of B [Co 70%/Fe 25%/B 5%; Co
62%/Fe 26%/B 12%)]. Furthermore, we optimized the samples yielding
high TMR ratios by varying the thickness of the Al-Ox barrier.

The TMR effect of the samples prepared with a 5% B target decreased
(38% @ RT) compared with standard MTJs consisting of Co-Fe and Ni-Fe
electrodes (52% @ RT). However, the 12% B electrodes raised the TMR
ratio to 72% at RT when reducing the Al thickness (before oxidation)
to 1.2nm (compared to 1.4nm in our standard MTJs). Low tempera-
ture measurements showed a TMR value of 114% at 21K and possible
explanations for this behavior are discussed.

MA 3.9 Mon 12:15 HSZ 103

Interfacial microstructure of Fe/AlOx/Fe-magnetic tunnel junc-
tions in high resolution — eHOLGER ScuHMITT!, JENS ELLRICH!,
and HORST HAHN'2 — Forschungszentrum Karlsruhe GmbH, Institute
for Nanotechnology, Hermann-von-Helmholtz-Platz 1, 76344 Eggenstein-
Leopoldshafen, Germany 2Technische Universitit Darmstadt, Joint
Research Laboratory Nanomaterials, Petersenstrasse 23, 64287 Darm-
stadt, Germany

Tunneling Magneto Resistance (TMR) systems were prepared by depo-
sition of a Ta-buffered Fe-AlO,-Fe-trilayer on a thermally oxidized Silicon
wafer. In order to investigate the influence of the different Fe-oxides on
the TMR effect, a 5"Fe tracer was deposited at the lower barrier interface.
Using Conversion Electron Mossbauer Spectroscopy (CEMS) the chemi-
cal, structural and magnetic changes were followed from the as-prepared
state and after several annealing steps. The nuclear probe technique can
resolve different phases at the interface with submonolayer resolution. In
addition, Transmission Electron Microscopy and X-Ray Reflectivity have
been applied to complete the insight into the interfacial structure and to
correlate to magnetoresistance of the trilayers. The results indicate the
formation of a spinel-like phase and a spinel (Hycernite), in expense of
the pure iron oxide FeyO3, produced by a slight overoxidation of the bar-
rier during its preparation. The changes at the interface are correlated
to the changes of the TMR effect during annealing.

MA 3.10 Mon 12:30 HSZ 103

Induced magnetic anisotropy effects on the transport proper-
ties of magnetic tunnel junctions — eVoicu POPESCU and HUBERT
EBERT — Department Chemie/Physikalische Chemie, University of Mu-
nich, Butenandtstr. 5-13, 81377 Munich, Germany

We report results of calculations on the electronic, magnetic and trans-
port properties of Fe/GaAs/Fe and Fe/GaAs/Au/Fe magnetic tunnel-
ing junctions (MTJs) that have been obtained using the tight-binding
Korringa-Kohn-Rostoker Green function method in a spin-polarised fully
relativistic formulation (TB-SPR-KKR). This approach, by coupling the
electron spin and orbital degrees of freedom, allows one to properly ac-
count for the changes induced in the electronic transport when different
magnetic configurations, e.g., in-plane and out-of-plane, are considered.

Recent experimental work on MTJs based on diluted magnetic semi-
conductors have shown that, while keeping the orientation of the mag-
netisation in the plane of the junction but varying its azimuthal angle, a
measurable dependence of the resistance with respect to this angle can
be observed. This phenomenon is now commonly termed as Tunneling
Anisotropic Magnetoresistance (TAMR).

‘We have performed analogous theoretical investigations on MTJs based
on metallic (ferromagnetic or non-magnetic) leads. Our results show
that a similar dependence is obtained also for such systems and it can
be related to the spin-orbit coupling induced magnetic anisotropy at the
metal/semiconductor interface. This, in turn, is shown to vary for differ-
ent terminations (As or Ga) of the semiconductor, revealing the role of
the covalent bonding at the interface.

MA 3.11 Mon 12:45 HSZ 103

Anisotropic magnetoresistance and spin-valve effect in all-metal
mesoscopic spin-valve devices — ¢ ALEXANDER VAN STAA, ULRICH
MERKT, and GUIDO MEIER — Institut fiir Angewandte Physik und
Zentrum fiir Mikrostrukturforschung, Jungiusstrae 11, 20355 Hamburg
Only in a few experiments all-electrical spin injection and detection
in normal metal structures has been demonstrated [1]. We investigate
all-metal lateral spin-valve devices with and without tunneling barriers.
The devices consist of two permalloy electrodes and an interconnecting
aluminum strip. The micromagnetic behavior of the device has been
imaged with a magnetic-force microscope in external magnetic fields at
room temperature. During a single cooling cycle at temperatures be-
tween 2 and 120 K we have measured the anisotropic magnetoresistance
of both electrodes and the magnetoresistance of the entire device. In
the latter we can clearly identify the contributions of the anisotropic
magnetoresistance and the mesoscopic spin-valve effect [2].
[1] F.J. Jedema, M.S. Nijboer, A.T. Filip, and B.J. van Wees, Phys. Rev.
B 67, 085319 (2003).
[2] A. van Staa, C.M.S. Johnas, U. Merkt, and G. Meier, Superlatt. Mi-
crostruct. 37, 349 (2005); A. van Staa and G. Meier, submitted (2005).
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MA 4.1 Mon 10:15 HSZ 401

Observation of two ferromagnetic phases in Co-doped rutile
TiO, eA. NEFEDOV!, N. AKDOGAN', A WESTPHALEN! R.
KHAIBULLIN?, L. Tacirov?, and H. ZABEL'! — !Institut fiir Ex-
perimentalphysik/Festkorperphysik, Ruhr-Universitdt Bochum, 44780
Bochum, Germany — 2Kazan Physical-Technical Institute of RAS,
420029 Kazan, Russia

Oxide based diluted magnetic semiconductors have recently attracted
considerable attention because of reports of room temperature ferromag-
netism in several systems and their projected potential for spintronic
devices. However, subsequent reports have raised concerns about the
initially suggested intrinsic nature of ferromagnetism in this material.

The magnetic properties of Co-doped TiOs synthesized by ion implan-
tation with different implantation doses have been studied using MOKE,
SQUID and XRMS methods. We observe paramagnetic behaviour for low
dose doped sample, but obtain clear ferromagnetic behaviour for interme-
diate and high dose doped samples. The drastical change of the hysteresis
loop shape at the transition from the intermediate to high Coimplanta-
tion doses, demonstrating a presence of 2 ferromagnetic phases in Co-
doped rutile TiOs, has been observed. Origin of these 2 phases will be
discussed during the talk.

This work was partially supported by DFG through SFB 491 and by
RFBR through grant no. 04-02-97505. N Akdogan acknowledges a fel-
lowship through the Max-Planck Research School ”SurMat”.

MA 4.2 Mon 10:30 HSZ 401

Correlation in the transition metal based Heusler compounds
Co,MnSi and Co,FeSi — eHEM CHANDRA KANDPAL, GERHARD H.
FECHER, and CLAUDIA FELSER — Johannes Gutenberg - Universitét,
55099 Mainz, Germany

Half-metallic ferromagnets like the full Heusler compounds are sup-
posed to show an integer value of the magnetic moment. Calculations
reveal for CooFeSi a non-integer value, in contrast to experiments. In
order to explain deviations of the calculated magnetic moment, the de-
pendency of the electronic structure on the lattice parameter was studied
theoretically. In LSDA, the minimum total energy of CosFeSi is found for
the experimental lattice parameter, but the calculated magnetic moment
is about 12% too low. Half-metallic ferromagnetism and a magnetic mo-
ment equal to the experimental value of 6up are found, however, only
after increasing the lattice parameter by more than 6%.

To overcome this discrepancy, the LDA+U scheme was used to in-
clude electron correlation in the calculations. The calculations revealed
that an effective Coulomb-exchange interaction Ue;y = U — J in the
range of about 2eV to 5eV leads to half-metallic ferromagnetism and the
measured, integer magnetic moment at the measured lattice parameter.
Finally, it is shown in the case of CosMnSi that correlation may also
serve to destroy the half-metallic behaviour if it becomes too strong (for
CoaMnSi above 2eV and for Co,FeSi above 5eV). These findings indicate
that on-site correlation may play an important role in the description of
Heusler compounds with localized moments. (This work is funded by the
DFG in FG 559.)

MA 4.3 Mon 10:45 HSZ 401

Structural and physical properties of the quarternary Heusler
alloys Co,Mn;_,Fe,Si: A search for the optimal material for
spintronic devices — eBENJAMIN BALKE, HEM CHANDRA KAND-
PAL, VADIM KSENOFONTOV, GERHARD H. FECHER, and CLAUDIA
FELSER — Johannes Gutenberg - Universitat, 55099 Mainz, Germany

The strucural and magnetic properties of the quarternary Heusler al-
loys CoaMn;_,Fe,Si (z = 0,0.1,...,1) were investigated by means of
X-ray diffraction, SQUID magnetometry, ESCA, "Fe Mofbauer spec-
troscopy, and differential scanning calometry messurments. The pure
CosMnSi compound is allready used as an electrode in magnetic tunnel
juctions. Previous LSDA calculations predicted CooMnSi to be a half-
metallic ferromagnet with a spinpolarisation of 100%, a value that could
not be verified by experiments up to now. Recent investigations of the
electronic strucutre of Heusler compounds gave advice that on-site cor-
relation plays a role in these componds and may serve to destroy the
half-metallic properties of CooMnSi. At the same time CosFeSi becomes
a half-metallic ferromagnet if on-site correlation is respected in electronic
structure calculations.

This investigation focuses on the search of a mixed compond where the

Room: HSZ 401

half-metallic behaviour is stable against the variation of on-site correla-
tion. (This work is funded by the DFG in FG 559.)

MA 4.4 Mon 11:00 HSZ 401

Structural properties of the quaternary Heusler alloy
Co,Cr,_,Fe, Al eJONDER MORAIS', SABINE WURMEHL?,
MARIA DO CARMO M. ALVES', SERGIO R. TEIXEIRA!, GIOVANNA
MACHADO!, VADIM KSENOFONTOV?, GERHARD H. FECHER?, and
CLAUDIA FELSER? — !Universidade Federal do Rio Grande do Sul,
91501-970 Porto Alegre, Brazil — 2Johannes Gutenberg - Universitiit,
55099 Mainz, Germany

The structural and chemical properties of the Heusler alloy
CoyCry_,Fe, Al (x=0, 0.4, and 1) were investigated comparing powder
and bulk samples. The long range order was determined by means of
X-ray diffraction and neutron diffraction, while the site specific (short
range) order was proved by the extended X-ray absorption fine structure
method (EXAFS). The magnetic structure was determined by means of
5TFe MoBbauer spectroscopy in transmission mode as well as in X-ray
scattering mode in order to compare powder and bulk properties. The
chemical composition was analysed by means of X-ray photo emission
spectroscopy (XPS) combined with Auger electron spectroscopy (AES)
depth profiling. The results from these methods are compared explain
the differences between surface and bulk properties and the appearance
of disorder in such alloys. (This work is funded by the DFG in FG 559.)

MA 4.5 Mon 11:15 HSZ 401

Bulk sensitive photoemission spectroscopy of the quaternary
Heusler alloy Co,CrycFeysAl. — ¢SABINE WURMEHL', GERHARD
H. FECHER', KRISTIAN KROTH', FLORIAN KRONAST?, HERMANN A.
DURR?, YUKIHARU TAKEDA?, YUJI SAITOH?, KEISUKE KOBAYASHI??,
GERD SCHONHENSE!, and CLAUDIA FELSER! — !Johannes Gutenberg-
Universitit, 55099 Mainz, Germany — ?BESSY, 12489 Berlin, Germany
— 3Spring-8 / JAERI, Hyogo, 679-5198, Japan — “Spring-8 / JASRI,
Hyogo, 679-5198, Japan

Quaternary Heusler alloy CosCrggFeg4Al was investigated experimen-
tally and theoretically. The electronic structure and spectroscopic prop-
erties were calculated using the full relativistic Korringa-Kohn-Rostocker
method with coherent potential approximation to account for the random
distribution of Cr and Fe atoms as well as random disorder.

Resonant (560eV - 800eV) soft X-ray as well as high resolution - high
energy (3.5keV, 8keV) hard X-ray photoemission was used to probe the
density of the occupied states in CoyCrqgFeg4Al. It was found by reso-
nant and high energy photoemission that there is a discrepancy between
the experimentally observed and the theoretically calculated density of
states in CooCrggFeg4Al. This observation suggests the presence of cor-
relation in Heusler compounds being not accounted for by local (spin)
density approximation in its current form. Moreover, strong differences
in surface and bulk photoemission spectra reveal the loss of the bulk and
structure signature if emission takes mainly place from the surface layer.
(This work is funded by the DFG in FG 559.)

MA 4.6 Mon 11:30 HSZ 401

Directional solidification of Ni48Mn30Ga22 — eMARTIN
POTSCHKE, UWE GAITZSCH, STEFAN ROTH, BERND RELLINGHAUS,
and LupwiG ScHuLTZ — IFW Dresden, P.O. Box 270116, D-01171
Dresden, Germany

NiMnGa alloys are among the most intensively studied magnetic shape
memory (MSM) materials. The MSM effect is caused by the movement
of twin boundaries in a magnetic field. So far, this effect has only been
observed in single crystals. The preparation of single crystals, however, is
a long time process and thus expensive, and compositional changes along
the crystal axis may arise.To expand the MSM effect to polycrystals,
directional solidification was applied in order to prepare coarse grained,
textured samples. The technique of stationary casting in a preheated ce-
ramic mold mounted on a copper plate was chosen to provide a heat flow
towards the bottom of the mold and therefore a directional solidification
in the opposite direction. In order to allow for a direct investigation of the
resulting microstructure by EBSD measurements, an alloy composition
with a martensitic transformation temperature below room temperature
was chosen. The transformation temperature was checked by DSC. The
preferred growth direction was determined by EBSD.
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MA 4.7 Mon 11:45 HSZ 401

Magnetic switching by twin boundary motion in NiMnGa shape
memory ferromagnets — eUWE GAITZSCH, MARTIN POTSCHKE,
STEFAN ROTH, BERND RELLINGHAUS, and LubwiG ScHuLTz — IFW
Dresden, P.O. Box 270116, 01171 Dresden

Magnetic shape memory materials gained a large research interest ow-
ing to their capability to deform by some percent via twin boundary mo-
tion under the influence of a magnetic field. Concurrently, they are sup-
posed to react faster than conventional shape memory materials because
neither heating nor cooling are involved. In our case off-stoichiometric
NibMn3Gaz2 is used to produce a polycrystalline textured samples. Upon
cooling this alloy transforms to a martensitic state at roughly 100°C. The
evolving martensitic structure is either orthorhombic or tetragonal and
depends on the thermomechanical history of the sample. Since only one
of the two possible structures is suitable of providing the mandatory
highly moblile twin boundaries, it is important to understand and con-
trol the phase formation process by appropriate thermal and mechanical
treatment. Once the sample is given a suitable structure, samples for
magnetomechanical testing are cut and investigated in magnetic fields
of up to 0,8 T in compression tests. In this device the strain up to the
crystallographic limit of reference samples could be determined.

MA 4.8 Mon 12:00 HSZ 401

Magnetic shape memory effect in the paramagnetic state of
RCu, (R = rare earth) — eSEBASTIAN RAASCH!, MATHIAS DOERR!,
ANDREAS KREYSSIG!, MICHAEL LOEWENHAUPT!, MARTIN ROTTER?,
and JENS-UWE HOFFMANN®? — Germany, Technische Universitit Dres-
den, Institut fiir Festkorperphysik — 2Austria, University of Vienna, In-
stitute for Chemistry — ®Germany, Hahn-Meitner-Institut Berlin

We like to present RCuy (R = rare earth) as the first magnetic shape
memory (msm) alloy with the magnetic anisotropy of rare earth ions as
impelling force. Besides Lay_,Sr,CuO, RCuy is the second known an-
tiferromagnetic msm-compound class. However, magnetic order is not
necessary for the msm effect here. Microstructural changes are pos-
sible even above magnetic ordering temperature because the magnetic
anisotropy is effective also in the paramagnetic state. RCuy compounds
have a pseudohexagonal orthorhombic structure which leads to the fact
of three twin variants, each rotated about 60 deg to the others along
the pseudohexagonal b axis. To our knowledge RCuy compounds exist
exclusively in the martensitic pseudohexagonal state. To move the twin
boundaries, a magnetic field of about 3.2 T and a temperature of typ-
ical 30 K is necessary. This moving of twin boundaries correlates with
magnetostriction measurements, showing a typical length change of two
percent. Depending on the field direction a certain twin variant is fa-
vored. We will present neutron data from Tbg 5Dy 5Cuy confirming a
change of the volume fraction of the three twin-variants. The combina-
tion of rare earth magnetizm with the msm effect defines a promising
field of science.

MA 4.9 Mon 12:15 HSZ 401

NiMnGa fibres for use in polymer composites — eNILS SCHEER-
BAUM, DIETRICH HINZ, OLIVER GUTFLEISCH, and LUDWIG SCHULTZ
— IFW Dresden, P.O. Box 270116, D-01171 Dresden, Germany

Composites made of polymer and magnetic shape memory particles
(MSM particles) may be used as actuators or as mechanical energy ab-
sorber for damping applications. Ideally, the MSM particles should be, at
the operating temperatures, in the martensitic state and single-crystalline
when in the austenitic state. Fibres of 51Ni-27Mn-22Ga (at.%) were pre-
pared by crucible melt extraction. Their size is about 60pm in diameter
and lem in length. The structural and magnetic properties of the fi-
bres are similar to those of bulk material with the same composition.
The grain size of the meltextracted fibres was determined by SEM to
about 5um. In order to achieve grain growth, the fibres were annealed
at 1000-1100°C. After annealing, the grain size is in the order of the
diameter of the fibres. Also the martensite start and the Curie tempera-
ture are affected by the annnealing (varified by DSC and susceptometry).
They increase from 30°C to 45°C and from 88°C to 98°C respectively.
XRD analyses reveal that the austenite is cubic and that the martensite
is tetragonal with the 5M modulation and ¢/a=0.94. First composites
were prepared using different polymers and the fibres applying various
magnetic fields to align the MSM particles.

MA 4.10 Mon 12:30 HSZ 401

First-principles investigation of Co wires at Pt(111) step-edges
eGUSTAV BIHLMAYER', STEPHANIE BAUD?, CHRISTOPHE RAM-

SEYER?, and STEFAN BLUGEL' — 'Forschungszentrum Jiilich, Institut
fiir Festkorperforschung, Jiilich, Germany — 2Laboratoire de physique
moléculaire, UMR CNRS 6624, Besangon, France

We investigate Co wires of different width deposited on step-edges of
Pt(111), simulated by a Pt(664) surface. The calculations were preformed
within the framework of the density functional theory using the FLAPW
method. An adsorbed Co chain showed a magnetic anisotropy energy
(MAE) and easy axis in good agreement with experimental data [1]. In-
clusion of relaxations turned the easy axis even more in the direction of
the upper terrace and quenched the orbital moments and their anisotropy.
While this seems unfavorably in comparison to experiment, we argue —
based on a decomposition of the contribution to the MAE of the differ-
ent atoms (Pt or Co) — that relaxations might be an essential part of
the calculations including orbital polarizations. We investigated also the
evolution of the easy axes and the MAE as function of the number of Co
chains deposited on the stepped surface. The results nicely compare to
those obtained experimentally [2]. We present a simple model to account
for the experimentally observed oscillations of the easy axis.

[1] P.Gambardella et al. Nature 416, p.301 (2002)

[2] P.Gambardella et al. Phys. Rev. Lett. 93 077203 (2004)

MA 5 Spin-Structures and Magnetic Phase Transitions I

Time: Monday 10:15-13:00

MA 5.1 Mon 10:15 HSZ 403

Field induced incommensurate to commensurate magnetic tran-
sition in multiferroic TbMnO3; — eNADIR ALIOUANE, DIMITRI AR-
GYRIOU, and SVEN LANDSGESELL — Hahn-Meitner-Institut, Glienicker
Str. 100, Berlin D-14109, Germany

TbMnOj is an improper ferroelectric that exhibits a flop in its electric
polarization (P) with applied magnetic field (H) from P||c to Plla. It
is argued that ferroelectricity here arises from a spiral spin phase that
breaks inversion symmetry. We have used in-field neutron single crys-
tal diffraction to monitor changes in the complex magnetic structure of
this material as a function of magnetic field up to 14T and temperature.
We show that the flop in the electric polarization that occurs at ~9T
and ~5T for H along the a— and b—axis respectively coincides with a
1st order transition to a commensurate magnetic phase with propaga-
tion vector (0, i 0). On the basis of this commensurate magnetic phase
we propose a model of structural distortions that correctly predicts the
polarization direction of the high field phase.

Room: HSZ 403

MA 5.2 Mon 10:30 HSZ 403

Magnetic field induced linear magneto-elastic coupling in mul-
tiferroic TbMnO; — eJ. STREMPFER', N. ALIOUANE?, B. BOHNEN-
BUCK!, D. ARGYRIOU?, I. ZEGKINOGLOU!, and M. VON ZIMMER-
MANN? — IMPI/FKF, Heisenbergstr. 1, 70569 Stuttgart — 2HMI,
Glienicker Str. 100, 14109 Berlin — *HASYLAB/DESY, Notkestr. 85,
22605 Hamburg

The multiferroic compound ThMnOj3 was investigated in high mag-
netic fields up to 10T using high-energy x-ray diffraction, with the field
oriented along all three crystallographic directions. Structural superlat-
tice reflections at positions (0, d,, 1) and (0, 26,,, 1) were investigated as
a function of field and temperature. For H||a and H||b, a transition from
incommensurate to commensurate wave vectors is observed which coin-
cides with the polarization flop from P||c to P||la. Whereas at zero field
only second order structural superlattice reflections are observed, first
order superlattice reflections appear at finite fields which are linearly
increasing in intensity with the applied magnetic field. This suggests
that the quadratic magneto-elastic coupling breaks down with applied
magnetic field and linear magneto-elastic coupling is induced.



Magnetism

Monday

MA 5.3 Mon 10:45 HSZ 403

Phase diagram of the multiferroic GAMnO; studied by ther-
mal expansion and magnetostriction — eJ. BAIER!, D. MEIER!,
V. IvaNov?, A. MUKHIN?, A. BALBASHOV?, J. HEMBERGER", and
T. Lorenz! — 1. Phys. Institut, University of Cologne, Germany —
2General Physics Institute, Russian Academy of Sciences, Moscow, Rus-
sia — *Moscow Power Engineering Institute, Moscow, Russia — *Institut
f. Physik, University of Augsburg, Germany

Recently, the discovery of very large magnetoelectric effects in rare
earth manganites RMnOj3 has reopened the field of the so called multi-
ferroic materials [1]. We present a study of the phase diagram of mul-
tiferroic GAMnOj3 by thermal expansion «(7T, H) and magnetostriction
€(H,T). GdMnOj; shows an incommensurate antiferromagnetic order
(ICAFM) below T ~ 43 K. Further decrease of temperature leads to a
canted A-type antiferromagnetic ordering (cAFM) below Tjoac ~ 23 K.
Above a critical magnetic field along the b direction ferroelectric order
(FE, P|la) emerges below T, ~ 10K [1]. In zero magnetic field, we
already observe an anomalous and anisotropic thermal expansion, but
upon applying a magnetic field, very strong, new anomalies arise at the
cAFM and ferroelectric phase boundary. Both phase transitions are of
first-order type and display a very strong hysteresis. Furthermore we
observe a down-bending of the ICAFM-to-cAFM boundary (Tjoe) at low
magnetic fields.
(1] T. Kimura et al., Nature 426, 55 (2003), T. Kimura et al., PRB 71,
224425 (2005)
Supported by the DFG through SFB 608

MA 5.4 Mon 11:00 HSZ 403

Elastomagnetic coupling of the ferrimagnetic semiconductor
FeCr,S, studied with surface acoustic waves — eCLAUS MULLER!,
VEACESLAV ZESTREAZ, VLADIMIR TSURKANY?, SIEGFRIED HORN!,
REINHARD TIDECKS!, and AcHIM WIXFORTH! — lInstitut fiir Physik,
Universitit Augsburg, D-86159, Augsburg, Germany — 2Institute of Ap-
plied Physics, Academy of Sciences of Moldova, MD-2028, Chisinau, R.
Moldova

A thin single crystalline plate of the ferrimagnetic semiconductor
FeCryS, was attached to the sound path of a surface acoustic wave (SAW)
delay line. We investigated the attenuation and frequency tracking of the
probing SAW in the temperature range from 4.2K to 200K. The same
anomalies as in low-field magnetization measurements were seen. Since
there is no coincidence of these anomalies with changes of the sheet con-
ductance, they are related to structural transformations.

MA 5.5 Mon 11:15 HSZ 403
Complex Magnetic Ordering Process in the Frustrated A-Site
Thiospinel MnSc,S, oM. MiuUckscu"?, A. KRIMMEL!, A.
PODLESNYAK?, D. SHEPTYAKOV?, A. CERVELLINO®, V. TSURKAN",
C. RITTER?, M.M. KozA?, H. MuTKA?, S. HORN!, and A. LoipL!
— lnstitut fiir Physik, Universitit Augsburg, D-86159 Augsburg,
Germany — Z2Institut Laue-Langevin, BP 156 X, F-38042 Grenoble,
France — ®Laboratory for Neutron Scattering, ETHZ & PSI, CH-5232
Villigen PSI, Switzerland — “Institute of Applied Physics, Academy of
Sciences of Moldova, MD-2028 Chisinau, Moldova
Extensive neutron scattering experiments have been performed to
study the frustration effects in the magnetic A-site sulphur spinel com-
pound MnSc,S,. Starting from the paramagnetic state above 23K a
crossover to a fluctuating spin liquid phase is observed for 7" < 23K ~
|6cw|. Approaching the magnetic ordering temperature at Tho = 2.3K
we discovered a broad double peak structure of the magnetic intensity
around Q-positions corresponding to the (0.75,0.75,0) and (1,0, 0) recip-
rocal lattice positions, respectively. On further cooling, for 1.9K = Ty <
T < Tyy = 2.3K the peak at (0.75,0.75,0) sharpens and becomes domi-
nant in intensity, whereas the intensity centered around (1,0,0) remains
broad before completely vanishing at Ty, = 1.9K. This behaviour can
be interpreted as a lock-in transition from an incommensurate to a com-
mensurate structure with decreasing temperature at Ty;. The ground
state magnetic structure of MnScySy is a cycloid within the (a, b)-plane
characterised by a propagation vector q = (0.75,0.75,0). Below Ty well
defined dispersive spin-wave excitations emerge.

MA 5.6 Mon 11:30 HSZ 403

LDA+U Picture of the Moment and Volume Collapse un-
der Pressure in MnO — eDEEPA KASINATHAN!, JAN KUNES!,
KrAUS KOEPERNIK?, and WARREN PICKETT! — !University of Cal-
ifornia,Davis, CA 95616 — 2IFW Dresden, P.O.Box 270116, D-01171,
Dresden, Germany

The transition metal monoxide MnO crystallizes in the rock-salt struc-
ture and is a high-spin antiferromagnetic insulator at low tempera-
tures. Under pressure, experimentally it is observed to undergo a metal-
insulator transition after a structural change to the nickel arsenide phase.
As the first step in a concerted effort to obtain a realistic theory of the
pressure behavior of MnO, we have performed full potential local orbital
(FPLO) LDA+U calculations in the rock-salt phase. Within the rocksalt
phase we obtain a first order moment and volume collapse at specific vol-
ume V/V, & 0.61, very close to the experimental volume. The moment
collapse is from high spin state 5/2 to a low spin state 1/2, along with
a 8% decrease in volume. The magnetic transition is mainly governed
by the oxygen coordination. The strong influence of symmetry-lowering
(cubic to rhombohedral) by antiferromagnetism is noticed with the single
occupancy of the five 3d orbitals before and after collapse ( i.e. total L =
0 ). Calculations in the high pressure regime shows that the system sta-
bilizes in the antiferromagnetic NiAs structure, in par with the observed
experimental results.

MA 5.7 Mon 11:45 HSZ 403

Orbital polarization and the metal-insulator transition in Ti203
— oCHUN-FU CHANG', HOLGER OTT', ZHIWEI HU!, MAURITS W.
HAVERKORT!, HuaA Wu'!, H. H. Hsien?, H. -J Lin?, C. T. CHEN?,
and Liv HAao TJENG' — 'I. Physikalisches Institut, Universitit zu
Kéln, Ziilpicher Str. 77, 50937 Koln, Germany — 2Chung Cheng Insti-
tute of Technology, National Defense University, Taoyuan 335, Taiwan —
3National Synchrotron Radiation Research Center, 101 Hsin-Ann Road,
Hsinchu 30076, Taiwan

Ti203 undergoes a broad metal-insulator transition (MIT) at around
400-600 K without a change in the symmetry of the corundum structure.
There is a long-standing debate about the mechanism of this unusual
MIT. We have set out to do polarization-dependent x-ray absorption
spectroscopy measurements and cluster calculations using the configu-
ration interaction model. We have found that the dimer effect of the
vertical Ti-Ti pairs play a crucial role in the MIT. Our results point out
that a gradual change of the orbital occupation of the Ti 3d states ac-
companies this abnormally broad transition. This orbital redistribution
assists the MIT in a manner that the intersite exchange interaction of
Ti-Ti pair is reduced and the effective in-plane band widths of the Ti 3d
states are increased.

MA 5.8 Mon 12:00 HSZ 403

Orbital ordering and spin gap in ruthenate La;Ru,O;y — eHUA
Wu!, T. Burnus!, Z. Hu', J.D. DENLINGER?, L.-Y. Janc®, H.H.
Hsien?, P.G. KHALIFAH®, F. WANG®, J.W. ALLEN®, K.S. LIANG?,
D.I. Knowmskir', and L.H. TJENG! — 'II. Physikalisches Institut, Uni-
versitit zu Koln, Ziilpicher Str. 77, 50937 Kéln, Germany — 2Advanced
Light Source, Lawrence Berkeley National Laboratory, Berkeley, CA
94720, USA — 3National Synchrotron Radiation Research Center, 101
Hsin-Ann Road, Hsinchu 30076, Taiwan 4Chung Cheng Institute
of Technology, National Defense University, Taoyuan 335, Taiwan —
5Department of Chemistry, University of Massachusetts, Amherst, MA
01003, USA — SRandall Laboratory of Physics, University of Michigan,
Ann Arbor, Michigan 48109, USA

It was discovered [P. Khalifah et al., Science 297, 2237 (2002)] that
LayRuyOq9 undergoes a rare 4d-orbital ordering transition below 160 K
and acquires a spin gap. We study this interesting orbital-ordered spin-
gap state both by x-ray absorption spectroscopy measurements and by
LDA+U band calculations. Our results show that the Ru?* ions remain
in the normal spin=1 state. A distinct orbital ordering is identified, which
leads to a significant anisotropy of antiferromagnetic exchange couplings.
As a result, the spin gap is opened due to formation of the Ru**-Ru**
spin-singlet dimers but not to the originally assumed spin-state transi-
tion. Thus, LasRus04¢ appears to be a novel orbital-ordering-assisted
spin-ladder material.
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MA 5.9 Mon 12:15 HSZ 403

Magneto-optical Anisotropy of UPtGe — eM. MARUTZKY!, J.
SCHOENES!, and R. Troc? — lInstitut fiir Physik der Kondensierten
Materie und Hochmagnetfeldanlage, TU Braunschweig, Mendelssohn-
str. 3, D-38106 Braunschweig — 2Institute for Low Temperature and
Structure Research, Polish Academy of Sciences, P.O. Box 1410, 50-950
Wroctaw, Poland

UPtGe crystallizes in an orthorhombic EuAuGe structure. It has an
incommensurable helical spin structure with Ty = 50 K and two uranium
sites with different magnetic moments. The magnetic and electrical prop-
erties of UPtGe are anisotropic [2]. Thereby the temperature dependence
of the magnetization is similar along the a- and the c-direction, while b
is the magnetic hard axis. Also the electrical properties are similar for
a and ¢ and different for b. The optical conductivity is anisotropic and
merges in the de-conductivity [3].
In this contribution the polar Kerr-rotation and -ellipticity from 1 to 4
eV of UPtGe single crystalls near Ty at 12 T are presented, with var-
ious orientations of the crystal axes relative to the magnetic field and
the polarization vector of the light. The Kerr-spectra are affected by the
magnetic and optical anisotropy and exhibit rotations up to 0.15°. The
off-diagonal elements of the optical conductivity are calculated in order
to discuss the electronic structure of UPtGe.
(1] D. Mannix et al., Phys. Rev. B 62, 3801 (2000)
(2] R. Tro¢ et al., Phys. Rev. B 69, 094422 (2004)
[3] M. Marutzky et al., to be published

MA 5.10 Mon 12:30 HSZ 403

An NMR analysis of magnetically ordered RMngGeg_Gay-

compounds — eJENS SCHNELZER, RICHARD MONTBRUN, and EL-

MAR DORMANN — Physikalisches Institut, Universitét Karlsruhe (TH),
D-76131 Karlsruhe

The RMnGes_Ga,-compounds (R: Rare earth element) crystallize

in the H fFegGeg-type structure, in which the Mn-sites are located in

ferromagnetic Kagomé-nets. The R and the three inequivalent Ge-sites
are arranged in hexagonal lattice sites. The influence of the variable
Ga-proportion on the type of magnetic order is known and that on the
NMR spectra are examined here. Spectra obtained by Nuclear Mag-
netic Resonance, showing zero-field Ge,” Mn and %"'Ga resonance
positions, as well as the rf-power dependent behavior, will be presented
for R=Lu,Tm,Er and Ho. They can be related to the x-dependent vary-
ing magnetic structure of these compounds.

We thank G. Venturini, Nancy, for providing the samples and the
Graduiertenkolleg 284 (DPG) for financial support.

MA 5.11 Mon 12:45 HSZ 403

Skyrmionic textures in chiral magnets — ¢U.K. ROSSLER!, A.N.
Bocpanov!, and C. PFLEIDERER? — 'IFW Dresden, P.O. Box 270116,
D-01171 Dresden, Germany — 2Physik Department E21, TU Miinchen,
Germany

In certain non-linear field models particle-like localized states, so-called
Skyrmions, can be stabilized. In condensed matter systems, Skyrmions
and extended Skyrmionic textures exist, e.g., under non-equilibrium con-
ditions in turbulent fluids, induced by external fields in Quantum Hall
magnets, or stabilized by topological defects in the blue phases of liquid
crystals. The talk presents new theoretical results on Skyrmionic magne-
tization structures in magnets with broken inversion symmetry. In these
chiral systems, a particular exchange, so-called Dzyaloshinskii-Moriya in-
teractions, stabilize vortex-like Skyrmions as string-like excitations and
condensates of Skyrmions with the appearance of multiply modulated
states. In phenomenological models for weakly ferromagnetic metals,
Skyrmion lattices spontaneously arise as equilibrium phases. The theory
explains the “partial magnetic order”, recently found in the chiral ferro-
magnet MnSi, as a Skyrmionic texture. Magnetic Skyrmion lattices are
predicted to exist quite generally in magnetic metal films owing to the
broken inversion symmetry at surfaces.

MA 6 Invited Talks Vandersypen / Herper

Time: Monday 13:45-14:45

Invited Talk MA 6.1 Mon 13:45 HSZ 03

Read-out, relaxation and decoherence of electron spins in
a quantum dot oLIEVEN VANDERSYPEN Kavli Institute of
NanoScience, Delft University of Technology, Lorentzweg 1, 2628 CJ
Delft, The Netherlands

We have recently demonstrated two different techniques for single-shot
measurement of the state of an individual electron spin in a semiconduc-
tor quantum dot, with measurement fidelities up to “90% [1,2]. The
measurement relies on spin-to-charge conversion, combined with real-
time detection of single-electron charges with a quantum point contact
electrometer.

Using this readout technique, we have characterized the relaxation
time, T1, for a single electron spin, as well as for two-electron spin states.
In both cases, very long T1’s are observed, of order 1 ms [1,2], consistent
with theoretical predictions of spin-orbit dominated spin relaxation.

Phase randomization (characterized by T2), in contrast, is expected to
be dominated by the randomly fluctuating hyperfine field caused by the
nuclei in the semiconductor material. We have probed the effect of the
nuclei via transport measurement through two dots in series, and observe
a hyperfine field of about 1 mT. When averaging over different nuclear
configurations, this implies an apparent dephasing time T2* of 25 ns. We
can suppress its effect by applying a small external magnetic field or by
increasing the interdot tunnel coupling [3].

[1] J. Elzerman et al., Nature 430, 431-435 (2004)

[2] R. Hanson et al., Phys. Rev. Lett. 94, 196802 (2005)

[3] F. Koppens, J. Folk, et al., Science, 309, 1346 (2005)

Room: HSZ 03

Invited Talk MA 6.2 Mon 14:15 HSZ 03

Electronic transport in ferromagnetic films and wires: An ab ini-
tio study oHEIKE HERPER — Theoretische Tieftemperaturphysik,
Universidt Duisburg-Essen, Campus Duisburg, 47048 Duisburg, Ger-
many

Domain walls can be viewed as special type of interfaces. In case of rel-
atively thin domain walls a magnetoresistance effect can be expected due
to the domain wall, which has been addressed in a considerable number
of experimental and theoretical studies. However, only a few ab initio
investigations have been done in this field. We have determined the influ-
ence of domain walls on the resistance of ferromagnetic Co and Ni layers
employing the fully-relativistic, spin-polarized Screened Korringa-Kohn-
Rostoker method (SKKR) and the Kubo-Greenwood formula. In order
to investigate the magnetoresistance in systems with reduced dimensions
like thin wires we have used a real-space SKKR and Kubo-Greenwood
method. The magnetoresistance and the formation energy of the domain
walls have been calculated depending on the thickness and the type of
the domain wall. As expected, the formation energy decreases with in-
creasing number of FM layers. Throughout the calculations all domain
walls are assumed to be oriented parallel to the planes of the layers. To
avoid contributions from the anisotropic magnetoresistance, the current
is assumed to flow perpendicular to the domain walls, i.e. parallel to
the surface normal. The domain wall resistance shows the same width
dependence as predicted by Zhang and Levy.
This work is supported by the SFB 491.
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MA 7 Micro- and Nanostructured Magnetic Materials I

Time: Monday 15:00-18:00

MA 7.1 Mon 15:00 HSZ 03
Electronic and Magnetic Properties of Single Cr, Triangles
and Chains on W(110) — eT1M WEHLING, SERGEY OKATOV, and
ALEXANDER LICHTENSTEIN — I. Institut fiir Theoretische Physik, Uni-
versitiat Hamburg, Jungiusstraie 9, 20355 Hamburg
We study nano-scale systems of Cr single atoms, triangles and chains
on the W(110) surface in comparison to bulk and film properties of
chromium within the density functional theory. Total energy, magnetic
and electronic properties as well as the crystal and the band structure
of the system in question have been considered. Among the results the
most interesting are the following: (i) In all the systems Cr appeared
to be magnetic with g = 3.0 — 3.4up; (ii) The magnetic ordering of the
chains strongly depends on their orientation. The type of magnetic order-
ing changes from antiferromagnetic (for chains along the [111]-direction)
to ferromagnetic (chains along [001]) likely according to the change in
the distance between the Cr atoms.

MA 7.2 Mon 15:15 HSZ 03
Electronic structure of Co in ZnO Thin Films — eHUIJAN ZHOU!,
CHRISTOPH KNIES!, DETLEV M. HOFMANN!, NIKLAS VOLBERS!, JAN
STEHR', SWEN GRAUBNER!, BRUNO K. MEYER', PETER J. KLAR?,
and WOLFRAM HEIMBRODT? — !I. Physics Institute, Justus-Liebig-
University Giessen, Heinrich-Buff-Ring 16, D-35392 Giessen, Germany
— 2Material Research Center and department of semiconductor physics,
Renthof 5, LB2, D-35032 Marburg/Lahn, Germany
The concern of this work is to investigate cobalt doped ZnO thin films
prepared via sol-gel methods. X-ray diffraction (XRD) and Raman spec-
troscopy are applied to monitor the crystal quality and the segregation
phase of the film. Within the concerned doping concentration (0.5%-
10%) XRD shows mainly the diffraction peaks from wurtzite ZnO (0002)
and (0004) planes without secondary phases. No Co-related phonon
modes are observed, as proved by Raman measurements in comparison
with those of a pure CoO thin films. The ZnO:Co films have a typical
grain size of 20-50 nm with a thickness of 300-500 nm. Fine structures
of Co?* (3d7) internal d-d absorption are well resolved. All zero phonon
lines (ZPL) and phonon replica related to 4T (F) — %A, are observed,
which demonstrates high crystal quality and the incorporation of Co?*
on Zn?* lattice sites in a tetrahedral symmetry with a trigonal distor-
tion. In the visible region transitions due to Ay — 2T;(G), *T:(P),
2A1(G) processes are observed. Magnetic properties of ZnO:Co have
been characterized. Electron paramagnetic resonance measurements are
in agreement with the simulation of Co-doped ZnO powder. So far no
evidence for ferromagnetism is obtained.

MA 7.3 Mon 15:30 HSZ 03

Control of magnetic anisotropy and magnetic patterning of
perpendicular Co/Pt multilayer films by laser irradiation —
ol. GuHR!, C. ScHUPPLER', A. HaBENICHT!, M. MARET?, P. LEI-
DERER!, J. BONEBERG!, and M. ALBRECHT! — !University of Kon-
stanz, Department of Physics, 78457 Konstanz, Germany — 2Laboratoire
de Thermodynamique et Physico-Chimie Métallurgiques, 38402 Saint
Martin d’Heres, France

We report an approach to altering the magnetic properties of (111)
textured Co/Pt multilayer films grown on sapphire (0001) substrates in
a controlled way using a single laser pulse (A = 532 nm) at fixed FWHM
of about 10 ns.The as-grown films reveal a strong perpendicular magnetic
anisotropy induced by interfacial anisotropy. We show that laser irradia-
tion can chemically mix the multilayer structure, leading to a reduction
of the perpendicular magnetic anisotropy and coercivity and a rise in the
saturation magnetization depending on the laser fluence as confirmed by
XRD and SQUID magnetometry investigations.

As a result, the films can also be patterned into hard and soft magnetic
regions using a regular 2D lattice of polystyrene particles acting as an
array of microlenses. Regularly spaced submicrometer-sized regions of
magnetically altered material have been produced over areas of a square
millimeter. In this way, magnetic patterning with periods smaller than
the wavelength can be achieved.

This project is funded by the DFG through SFB 513 and the Emmy-
Noether program at the University of Konstanz.

[1] C. Schuppler et al., Appl. Phys. Lett. (2005) accepted for pub.

Room: HSZ 03

MA 7.4 Mon 15:45 HSZ 03

Magnetic patterning of interlayer exchange coupled Fe/Cr/Fe-
trilayers induced by ion irradiation — eS. BLOMEIER!, B. HILLE-
BRANDS!, V. E. DEMIDOV?, S. O. DEMOKRITOVZ, B. REUSCHER?, A.
BRODYANSKI®, and M. KOPNARSKI® — 'Fachbereich Physik, TU Kaiser-
slautern, 67663 Kaiserslautern, Germany — ZInstitut fiir Angewandte
Physik, Westfaelische Wilhems-Universitaet Muenster, 48149 Muenster,
Germany — 3Institut fiir Oberflacchen- und Schichtanalytik, TU Kaiser-
slautern, 67663 Kaiserslautern, Germany

We demonstrate the fabrication of small ferromagnetic elements
embedded in a continuous, antiferromagnetically coupled epitaxial
Fe/Cr/Fe-trilayer with a zero net-magnetic moment in remanence. The
trilayer is locally irradiated with 30 keV Ga' ions within a fluence
range of 1.25 — 6 - 10 ions/cm?, using a focused ion beam source.
According to a previously established model [1], the irradiation leads
to interfacial intermixing and to a change of the interlayer thickness.
As a result, a local transition from antiferromagnetic to ferromagnetic
coupling due to direct exchange through ferromagnetic pinholes is
achieved. Micron-sized areas with different geometries are irradiated in
this way and analyzed with atomic force microscopy and magnetic force
microscopy. It is shown that small ferromagnetic elements embedded
into a smooth, antiferromagnetically coupled film can be created with
this technique.

This work was supported by the EC-RTN NEXBIAS and by the
Alexander von Humboldt Foundation.

[1] Demokritov et al., Phys. Rev. Lett. 90, 097201 (2003).

MA 7.5 Mon 16:00 HSZ 03

Magnetic reversal of microstructured patterns — eANDREAS
WESTPHALEN, ARNDT REMHOF, KATHARINA THEIS-BROHL, and
HARTMUT ZABEL — Institut fiir Experimentalphysik/Festkorperphysik,

We have investigated the magnetization reversal of regular arrays of
magnetic continuous and discontinuous open triangles using the magneto-
optical Kerr effect in Vector-MOKE and Bragg-MOKE configuration.
With Vector-MOKE both components of the magnetization vector, m,
and m,, yield the vector sum of the average magnetization vector. We
performed Vector-MOKE not only at the specular reflection, but also at
diffraction spots where we obtain information about the Fourier compo-
nents of the magnetization distribution. For the analysis we have com-
bined MOKE measurements with micromagnetic simulations. A satis-
factory agreement between the experiments and the predictions from the
micromagnetic model allows the interpretation of the experimental data.
By interrupting the triangular structure with one or more notches the
remagnetization breaks down into individual reversals in different parts
of the structure. The continuous triangles are characterized by a narrow
switching field distribution; the formation of domains is more favored in
the discontinuous triangles than in the continuous ones.

We acknowledge financial support through SFB 491.

MA 7.6 Mon 16:15 HSZ 03

Real space observation of dipolar interaction in arrays of iron
and permalloy elements — eGUIDO MEIER!, MARKUS BOLTE!,
RENE EiseLT!, ULRICH MERKT!, DONG-HYUN KiMm2, and PETER FIs-
CHER? — University of Hamburg, Institute of Applied Physics and Mi-
crostructure Advanced Research Center Hamburg, Jungiusstr. 11, 20355
Hamburg — 2Center for X-Ray Optics, Lawrence Berkeley National Lab,
1 Cyclotron Road, Mail Stop 2R0400, Berkeley, CA 94720, USA

Square lattice arrays of thin micro- and nanoelements of iron and
permalloy are investigated by magnetic transmission x-ray microscopy.
The influence of dipole interaction is analyzed by varying the inter-
element distance, the angle of the applied magnetic field, and the lattice
configuration. For the iron squares the magnetostatic field caused by
inter-element interaction leads to a substantial stabilization of the cen-
ter elements of the array [1] comparable to the magnetization process
previously found by numerical solution of the Landau-Lifshitz equation
for magnetic dot arrays. Micromagnetic simulations show, that for high
field strengths the dipolar interaction is collinear with the external field,
while in the low-field-regime the strayfields have significant perpendicular
components leading to a complex reversal mechanism.

[1] Markus Bolte, Rene Eiselt, Guido Meier, Dong-Hyun Kim, and
Peter Fischer, J. Appl. Phys., accepted
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MA 7.7 Mon 16:30 HSZ 03

Intergrain interactions in nanocomposite Fe-Pt alloys — eJULIA
LyuBiNA, KIRILL KHLOPKOV, OLIVER GUTFLEISCH, KARL-HARTMUT
MULLER, and LUDWIG SCHULTZ — IFW Dresden, Institute for Metallic
Materials, P.O. Box 270016, D-01171 Dresden, Germany

The structure and magnetic properties of nanocomposite Fejgo_,Pt,
(x=40-60) powders prepared by mechanical alloying followed by anneal-
ing are investigated. Different microstuctures were obtained depending
on the Pt concentration: a combination of the hard magnetic L1, FePt
and paramagnetic L1, FePt3 phases, essentially single phase L1y FePt and
a mixture of L1y FePt and soft magnetic L1, FesPt phases. For ferro-
magnetic phases, a domain structure comprised of elongated interaction
domains was observed by magnetic force microscopy (MFM). MFM data
and remanence curves were used to provide insight into the nature of
intergrain interactions in such powders. The analysis points to strong
intergrain coupling in the Fejgg_,Pt, powders. An additional small mag-
netostatic contribution can be observed for the Pt-rich powders.

MA 7.8 Mon 16:45 HSZ 03

Neutron scattering and modeling of dipole-field-induced spin
disorder in Nanoperm — eANDREAS MIcHELS!, C. VECCHINI?,
0. Mozr?, K. Suzukr®, P.K. Pranzas?, J. M. CADOGAN®, and
J. WEISSMULLER® — !Technische Physik, Universitit des Saarlandes,
Saarbriicken, Germany — 2Physics Department, University of Modena
and Reggio Emilia, Italy — 3Department of Materials Engineering,
Monash University, Melbourne, Australia 4GKSS Research Center,
Geesthacht, Germany — ®School of Physics, University of New
South Wales, Sydney, Australia — SInstitut fiir Nanotechnologie,
Forschungszentrum Karlsruhe, Karlsruhe, Germany

We present temperature and magnetic-field-dependent small-angle
neutron scattering data for the ferromagnetic nanocomposite Nanoperm
(FeggZr7B3Cuy). The spin-misalignment scattering in the approach-
to-saturation regime unexpectedly reveals pronounced lobes of high
intensity at angles £30 — 40° relative to the magnetic-field axis.
Based on numerical calulations, the four-fold angular symmetry of the
scattering pattern can be explained in terms of local spin misalignment,
which originates from dipolar stray fields due to the mismatch of the
saturation-magnetization values between the bcc Fe particles and the
amorphous magnetic matrix.
[1] A. Michels et al., Europhys. Lett. 72, 249 (2005).
[2] C. Vecchini et al., Appl. Phys. Lett., in press (2005).

MA 7.9 Mon 17:00 HSZ 03

Preparation of single-crystalline Fe nanopillars for Spin-
Transfer Switching — eHENNING DAssow, R. LEHNDORFF, D. E.
BURGLER, M. BUCHMEIER, P. GRUNBERG, and C. M. SCHNEIDER
— Institut fiir Festkorperforschung, Forschungszentrum Jiilich GmbH,
52425 Jiilich, Germany

We report on the preparation of single-crystalline Fe nanopillars and
on the first measurements of spin-transfer effects in this system. By
using molecular beam epitaxy, we first deposit a layered magnetic sys-
tem containing three Fe layers on top of a thick Ag buffer layer:
Ag(150)/Fe(14)/Cr(0.9)/Fe(10)/Ag(6)/Fe(2) [thicknesses in nm]. The
measurement of the Magneto Optical Kerr Effect (MOKE) yields the
magnetic properties of the samples. In various cleanroom steps we fabri-
cate nanopillars of a diameter of 150 nm by a combined optical / e-beam
lithography technique in which the pillars are defined by Ion Beam Etch-
ing (IBE). Redeposition of etched material is observed with Atomic Force
Microscopy (AFM) and can significantly broaden the structure. After
planarization we open the isolation and contact the top of the nanopillar
with lift-off of Au. The effect of dipolar stray fields can be estimated by
comparison of the Giant Magneto Resistance (CPP-GMR) and MOKE
hysteresis loops. The stray fields also have direct influence on the spin-
transfer switching of the nanopillars which is observed at current densities
of j ~2-10" A/em? and can increase the critical current density by a
factor of 10.

MA 7.10 Mon 17:15 HSZ 03

In flight optical heating of FePt nanoparticles — eEL1AS MOHN,

FRANZISKA SCHAFFEL, CHRISTINE MICKEL, BERND RELLINGHAUS,

and LupwiG ScHULTZ — IFW Dresden, P.O. Box 270116, D-01171
Dresden

Monodisperse fractions of FePt nanoparticles are prepared by DC mag-

netron sputtering in an inert gas atmosphere at elevated gas pressures.

Subsequent ejection into high vacuum results in an increase of the mean
free path of the particles and thereby allows to substantially suppress
inter-particle coalescence and sintering. In order to benefit from the high
magnetic anisotropy of L1y ordered FePt without sacrificing monodis-
persity, the particles are to be subjected to in-flight thermal annealing
prior to their deposition to establish the chemically ordered tetragonal
phase. Since convective in-flight heating [1] is no longer efficient in high
vacuum, optical heating is applied. We have therefore developed a UHV
compatible light furnace, in which the light of 3 halogen lamps (with a
power of up to 1.2 kW each) is focussed on the particles’ flight path at a
length of 150 mm. The crystal structure of the particles is characterized
by means of TEM. The status quo of these experiments is reported. First
investigations reveal the occurrence of recrystallization twins in the parti-
cles upon switching on the light furnace. This indicates an effective heat
transfer from the electromagnetic field to the particles. The experimen-
tal results are corroborated by model calculations of the energy transfer
based on classical electrodynamics. The dependence of the heating rate
on the particle size is discussed.
[1] S. Stappert et al., J. Cryst. Growth 252 (2003) 440-450.

MA 7.11 Mon 17:30 HSZ 03

Arrays of magnetic nano particles using self-organised semicon-
ductor surfaces — eNIKOLAI MIKUSZEIT', MIGUEL ANGEL NINO!,
Jurio CAMARERO!, JUAN JOSE DE MIGUEL', RODOLFO MIRANDA!,
CHRISTIAN HOFER?, CHRISTIAN TEICHERT?, THOMAS BOBEK?, and
STEPAN KvYRsTA? — !Dpto. Fisica de la Materia Condensada, Uni-
versidad Auténoma de Madrid, E-28049 Madrid, Spain — 2Institut fiir
Physik, Montanuniversitit, A-8700 Leoben, Austria — 3Institut fiir Hal-
bleitertechnik, RWTH-IHT, D-52056 Aachen, Germany — *Lehrstuhl fiir
Werkstoffchemie, RWTH-MCh, D-52056 Aachen, Germany

The self-organisation of semiconductor surfaces has been used to create
arrays of magnetic nano particles [1]. The surface structure and magnetic
properties are amongst others investigated by AFM and MOKE. In a first
approach we use strain induced self-assembled SiGe surfaces as growth
templates. Shadow deposition onto these surfaces results in elongated
magnetic dots [2]. In a second approach the formation of self-organised
hexagonal dots of GaSb surfaces, due to Ar' sputtering, are used [3].
Deep trenches between the dots cut an embedded magnetic layer into
discs. Both systems show dipolar coupling between the dots. To over-
come the dipolar coupling a high magnetic anisotropy energy is required.
In order to enhance the magnetic anisotropy, CoPt-multilayers with per-
pendicular anisotropy and Co/CoO in-plane systems are studied. The
dot magnetic behaviour is compared to micromagnetic simulations.
(1] C. Teichert Appl. Phys. A 76, 653 (2003)
[2] A. M. Mulders et al. Phys. Rev. B, 71, 214422 (2005)
[3] S. Facsko et al. Science 285, 1551 (1999)

MA 7.12 Mon 17:45 HSZ 03

Magnetic nanostructures produced by micelle masks

eS. PUTTER!, H. STILLRICH!, A. FROMSDORF?, C. MENK', R.
FROMTER!, S. FORSTER?, and H. P. OEPEN! — !Institut fiir
Angewandte Physik, Jungiusstr. 11, 20355 Hamburg — 2Institut fiir
Physikalische Chemie, Grindelallee 117, 20146 Hamburg

The production of magnetic nanostructure arrays on the length scale
of centimeters is a challenge of today’s research. Usually, lithography is
used though it is very time consuming. We follow an alternative way by
utilizing self organized micelle patterns as masks. The micelles consist
of diblock copolymers and can be produced in the diameter range from
20 nm to 100 nm. By dip coating single layers of micelles are deposited
onto the substrates. The micelles form an almost hexagonal array with
height modulation smaller than the micelle diameter.

Various ways to produce nanostructures are possible and applied. The
growth of magnetic films on top of the micelles preserves the morphology.
By sputtering the sample at grazing incidence the caps of the micelles
are taken off and an antidot array is produced. An alternative way is
to use filled micelles (e.g. with SiO;). These micelles are deposited onto
magnetic films. Sputtering at normal incidence produces a dot array due
to different sputtering yields.

We have investigated the morphology and topography of the nanos-
tructure arrays by SEM and AFM. We correlate the results of the afore
mentioned studies with the magnetic behaviour obtained via magneto op-
tical Kerr effect as well as scanning electron microscopy with polarization
analysis.
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MA 8 Surface Magnetism

Time: Monday 15:00-17:15

MA 8.1 Mon 15:00 HSZ 103

The magnetic surface of a non-magnetic bulk material:
YCoy(111) eJOSEF REDINGER!, SERGII KHMELEVSKYI!, PETER
Moun!, and MicHAEL WEINERT? — !Inst. f. Allgemeine Physik,
Vienna University of Technology, Getreidemarkt 9/134, A-1060 Vienna,
Austria — 2Department of Physics, University of Wisconsin - Milwaukee,
P.O. Box 413, Milwaukee, WI 53201, USA

A material with a magnetic surface and non-magnetic bulk would be
highly desirable for technological applications since thin films of such a
material would provide a natural magnetic multilayer with perfect match-
ing of the electronic potentials at the magnetic/nonmagnetic interface.
Using full-potential DFT calculations, we predict the existence of a sta-
ble magnetic (111) surface of the intermetallic compound YCo, which is
nonmagnetic in the bulk with large magnetic moments in the topmost Co
layer for both Y- and Co-terminated (111) surfaces. The magnetism does
not extend beyond two Co layers, and despite a rather large contraction
of the top Co-Y interlayer distance which tends to suppress magnetism,
we find only a slightly reduced surface moment as compared to an ideal
bulk truncated surface. The Y-terminated surface shows rather moder-
ate interlayer relaxations, while intralayer relaxations are negligible for
both terminations. The YCo,(111) surface matches perfectly to Cu(111)
thus facilitating the use of magnetically dead Cu cap layers, which will
not kill the Co moments at the interface, according to our DFT results.
[1] S. Khmelevskyi, P. Mohn, J. Redinger, and M. Weinert, Phys. Rev.
Lett. 94,146403 (2005)

MA 8.2 Mon 15:15 HSZ 103

Polarised Synchrotron Radiation and Angle-Resolved Pho-
toemission for Spin Resolution on Valence Band States
without Mott Detectors — eMATTIA MuLAzzI"?, MICHAEL
HOCHSTRASSER?, IVANA VOBORNIK?, JUN FuJi?2, MARTINA CORSO?,
JURG OSTERWALDER?, and GIORGIO Rossi? — !Department of
Physics, University of Modena, Modena, Italy — 2INFM-TASC, Trieste,
Ttaly — SLaboratorium fiir Festkérperphysik, ETH Ziirich, Ziirich,
Switzerland — 4Physik-Institut, Universitit Ziirich, Ziirich, Switzerland

Magnetic dichroism in core-level photoemission proved to be a very
powerful technique to investigate the properties of magnetic crystals.
To equivalent experiments on the valence bands less efforts have been
devoted because of the intrinsic complexity of the electron states. In
this work we report on angle-resolved photoemission data taken with
polarised synchrotron light on the Ni(111) valence band. At particular
k-vectors Ni(111) shows sp states spin split by the exchange interaction.
Momentum distribution curves have been measured as a function of the
azimuthal emission angle, of the photon energy and polarisation and of
the magnetisation state of the crystal to detect a signature of the sp states
spin in a spin-integrated experiment. As soon as the photon polarisation
or energy are changed, matrix elements intervene mixing to the purely
magnetic effects. A comparison of data to calculated spectra obtained
from a layer-KKR computational scheme resulted necessary to disentan-
gle the two phenomena giving a better understanding of the magnetic
dichroism in valence band and the Ni(111) sp states spin polarisation
without a time-consuming Mott scattering experiment.

MA 8.3 Mon 15:30 HSZ 103
XMCD at O K edge of Fe, Co, and Ni films grown with O sur-
factant — eC. SORG!, N. PONPANDIAN', M. BERNIEN!, J. KURDE!,
K. BABERSCHKE!, R. Q. Wu? and H. WENDE! — !Institut fiir Expe-
rimentalphysik, Freie Universitat Berlin, Arnimallee 14, D-14195 Berlin,
Germany — 2Department of Physics and Astronomy, University of Cal-
ifornia, Irvine, California 92697, USA
We have grown ultrathin ferromagnetic films of Fe, Co, and Ni with
oxygen as a surfactant on Cu(100) and studied the systematics of their
near edge X-ray absorption fine structure (NEXAFS) and X-ray mag-
netic circular dichroism (XMCD) at the O K edge [1,2]. It was shown
earlier that using O as a surfactant improves the growth of these films
toward a more layer-by-layer one [3]. Angular-dependent NEXAFS mea-
surements at the O K edge give final evidence that the O does not form
a bulk-like oxide with the 3d ferromagnet, and the O atoms stay on top
of the growing film. The spectral features of the NEXAFS are identified
with the help of density functional calculations. Due to the hybridization
with the ferromagnet, the O acquires an induced magnetic moment that

Room: HSZ 103

can be probed by XMCD at the O K edge. The calculations reproduce
the experimental spectra very well and yield spin and orbital moments
of the ferromagnetic films as well as the induced moments of the oxygen
surfactant [2]. — Supported by BMBF (05 KS4 KEB 5).

[1] C. Sorg et al., Surf. Sci. 565, 197 (2004).

[2] C. Sorg et al., Phys. Rev. B, submitted (2005).

[3] R. Niinthel et al., Surf. Sci. 531, 53 (2003); ibid. 566-568, 100 (2004).

MA 8.4 Mon 15:45 HSZ 103
Magnetization and neutron reflectivity of AuFe films — eV. N.
GLADILINY2 V. M. Fomint23 J. T. DEVREESE"®, K. TEMST?, and
C. VAN HAESENDONCK* — !TFVS, Departement Fysica, Universiteit
Antwerpen, B-2610 Antwerpen, Belgium — 2Department of Theoreti-
cal Physics, State University of Moldova, MD-2009 Kishinev, Moldova
— 3Department of Semiconductor Physics, TU Eindhoven, NL-5600 MB
Eindhoven, The Netherlands — *Laboratorium voor Vaste-Stoffysica en
Magnetisme, Katholieke Universiteit Leuven, B-3001 Leuven, Belgium
We examine the effect of surface-induced anisotropy on the impurity-
spin magnetization in spherical grains of dilute AuFe alloys. The strength
of the surface-induced anisotropy is analysed as a function of the ratio
between the elastic mean free path for conduction electrons and the ra-
dius of a grain. Based on our results for the impurity-spin magnetization,
we calculate polarised-neutron reflectivity of AuFe films, which consist
of closely packed spherical grains. We show that microstructure of a
film has a crucial effect on the temperature-dependent spin asymmetry
in the polarised-neutron reflectivity. This work has been supported by
the Concerted Action (GOA) and the Interuniversity Attraction Poles
(IAP) research programmes, and also by the Fund for Scientific Research
— Flanders (FWO projects G.0306.00, G.0274.01, G.0435.03, and WOG
WO.035.04N).

MA 8.5 Mon 16:00 HSZ 103

Magnetization reorientation in Au/Co: in-situ prepared ultra-
thin films — eD. ARvanITIS', C. ANDERSSON!, T. KonisHP?, E.
HoruB-KRrRAPPE?, O. KARIs!, and H. MALETTA® — !Department of
Physics, Uppsala University, Uppsala, Sweden — 2Department of Chem-
istry, Chiba University, Inage, Chiba, Japan — ®Hahn-Meitner-Institut,
Berlin, Germany

We present X-ray Magnetic Circular Dichoism (XMCD) results to char-
acterize the Spin Reorientation Transition (SRT) in ultra-thin in-situ pre-
pared epitaxial Au/Co sandwich structures. The samples are prepared
on an epitaxial Au(111) layer grown in-situ on a W(110) single crystal.
We have investigated modifications in magnetic properties induced both
by varying the Co film thickness (2-4 atomic layers) and thickness of the
Au cap (0 to 5 atomic layers). For our in-situ samples, the SRT upon
Au capping, at 300K, takes place around 4 atomic layers in contrast to
related samples prepared ex-situ [1]. We present a novel phase diagram
for the SRT for our in-situ grown films. An in-plane easy direction is
observed for the whole investigated thickness range for the in-situ pre-
pared Co films without cap, in contrast to work on in-situ Co/Au(111)
[2]. Around 4 atomic layers Co, the addition of a small amount of a
Au cap induces the system to exhibit a stable remanence both with an
in-plane and an out-of-plane easy direction.
(1] R. Sellmann, H. Fritzsche, H. Maletta et al.
054418/1 (2001)
[2] R. Allenspach, M. Stampanoni, A. Bischof, Phys. Rev. Lett. 65, 3344
(1990)

Phys. Rev. B 64,

MA 8.6 Mon 16:15 HSZ 103

Coordination effects in low-dimensional Fe-Pt alloys — eAXEL
ENDERS, JAN HoNOLKA, KLAUS KUHNKE, VIOLETTA SESSI, DIEGO
REPETTO, and KLAUS KERN — Max-Planck-Institut fuer Festkoerper-
forschung, Heisenbergstrasse 1, D-70569 Stuttgart

FePt alloys are in the focus of extensive research due to their remark-
ably large magnetic anisotropy. Our results on atomically thin FePt
monolayers demonstrate that a large anisotropy is achieved also in nanos-
tructures which do not exhibit the often-discussed L10 structure. The
key for large anisotropy values rather seems to be the alloying of iron
with a constituent that (i) is magnetically polarizable and (ii) exhibits
large spin-orbit coupling, such as Pt. To support this we have performed
XMCD measurements on Fe-Pt nanostructures with varying Fe-Fe and




Magnetism

Monday

Fe-Pt coordination. The investigated structures include Fe impurities,
Fe chains, Fe/Pt surface alloy and Fe/Pt bulk alloy on Pt substrates. As
a general trend, we observe that Fe-Pt coordination stabilizes the mag-
netic order, while Fe-Fe coordination decreases the net magnetization
significantly. The latter may be attributed to a low-spin state or even
antiferromagnetism in small Fe clusters on Pt. The magnetic anisotropy
and orbital magnetic moments are compared for all structures.

MA 8.7 Mon 16:30 HSZ 103

The influence of step edges and strain on the domain wall width
— e¢WULF WULFHEKEL, SIMONA BODEA, and JURGEN KIRSCHNER —
MPI fiir Mikrostrukturphysik, Weinberg 2, 06120 Halle

The influence of substrate steps and epitaxial strain on magnetic do-
main walls in thin Fe films was investigated by means of spin polarized
scanning tunneling spectroscopy. Domain walls in a 2 ML film grown
on a W(001) substrate were imaged. The domain wall width is reduced
when the wall is located at a substrate step edge. This is explained
by the atomic arrangement at the step edges and the influence on the
ferromagnetic exchange and magnetic anisotropy. Measurements of the
width of domain walls in 4 ML Fe films indicate a reduced exchange
constant compared to bulk Fe. This is related in parts to the reduced
dimensionality and the huge strain of 10% in the Fe films.

MA 8.8 Mon 16:45 HSZ 103

Structural and electronic properties of pseudomorphic
Cr,_,Fe,-submonolayers on W(110) — eT. METHFESSEL and H.J.
ELMERS — Johannes Gutenberg-Universitdt Mainz, Institut fiir Physik,
Staudingerweg 7, D-55099 Mainz

Submonolayer coverages of Cry_,Fe,-random-alloys have been investi-
gated using low energy electron diffraction (LEED), scanning tunneling

spectroscopy (STS) and Kerr-magnetometry. The Curie-temperatures

of the alloys strongly depend on the composition and vary surprisingly
similar to the bulk behavior. We observe a maximum of T¢ at z = 0.95.

Characteristic peaks in the STS spectra, indicating unoccupied surface
states, show up at constant energy values independent on the composi-
tion. Assuming a rigid-band-model, the Fermi-energy should decrease
with respect to the 3d-states for increasing Cr concentration. But this
behavior was not observed. Thus the rigid-band model fails. However,
with the assumption that the 4s-states are shifted above Ep the obser-
vation of a nearly composition-independent electronic structure can be
tentatively explained.

We compare the results obtained here with previous results for
Fe,Mn;_,/W(110) submonolayers [1].
[1] M. Pratzer and H.J. Elmers, Phys.Rev.B 69,134418(2004).

MA 8.9 Mon 17:00 HSZ 103
Probing surface magnetism using nonlinear optics: an ab ini-
tio study of Fe/W(110) — eTORSTEN ANDERSEN and WOLFGANG
HUBNER — Fachbereich Physik, TU Kaiserslautern, Box 3049, 67653
Kaiserslautern

The nonlinear optical response of a structurally optimized Fe/W(110)
thin film is investigated numerically using ab initio methods. The thin
films consist of a monolayer of Fe on top of four monolayers of W, with
different directions of the magnetization in the Fe layer. The calculation
is based on eigenstates obtained using the full-potential linearised aug-
mented plane-wave method, converged self-consistently to an accuracy
better than 10 xRy, including the spin-orbit interaction. The magnetic
ground state shows an easy axis in the 110-direction, in agreement with
experiment. From the eigenstates we are able to calculate the magneto-
optical transition matrix elements, the nonlinear optical susceptibility,
and the second-harmonic response.

MA 9 Magnetic Imaging

Time: Monday 15:00-17:00

MA 9.1 Mon 15:00 HSZ 401

High resolution imaging of 3d magnetic domain structures in
multilayers and ultrathin films — eC. MENK!, R. FROMTER!,
K. MorrisoN', H. STiLLRICH!, S. PUTTER!, H.P. OEPEN!, and J.
KIRSCHNER? — !Institut fiir Angewandte Physik Universitit Hamburg,
Jungiusstr. 11, 20355 Hamburg, Germany — 2Max-Planck-Institut fiir
Mikrostrukturphysik, Weinberg 2, 06120 Halle, Germany

We have investigated the magnetic microstructure of Co(5 A)/Pt(20
A)-multilayer films using our new scanning electron microscope with po-
larization analysis (SEMPA or spin-SEM). The films have been grown
by ECR sputtering on a silicon substrate. The characterization with
magneto-optic Kerr effect has shown a predominantly perpendicular be-
havior. Looking spatially resolved at remanence we find the well-known
maze pattern, but in the in-plane components. So actually the mag-
netization turns out to be canted. As the multilayer has been covered
in-situ by an ultrathin Fe layer before domain structure investigation, we
have systematically studied the influence of the Fe layer on magnetization
canting.

Our spin-SEM is designed for measuring two orthogonal in-plane mag-
netization components. We will demonstrate that the improved image
quality can be used to extract information about the square of the ver-
tical polarization component as well. This, together with the lateral
resolution of 10 nm, will be demonstrated by a 3d vectorial analysis of
the magnetic vortex structure of cross-tie walls in thin polycrystalline Fe
films.

MA 9.2 Mon 15:15 HSZ 401

Quantitative imaging of magnetization distributions of micro-
and nanostructured ferromagnetic films — eSEBASTIAN DREYER!,
CHRISTIAN JOOSs!, SIBYLLE SIEVERS?, MARTIN ALBRECHT?, UWE
SIEGNER?, and VOLKER NEU? — !Institut f. Materialphysik, Univer-
sitit Gottingen, D-37077 — 2Physikalisch-Technische Bundesanstalt, D-
38116 Braunschweig — *IFW Dresden, D-01171 Dresden

An important issue of nanomagnetism is a full quantitative mapping of
magnetization distributions also with a great importance for high-density
recording applications. We report on the development of a quantita-
tive spatially resolved measurement technique and its application to the
mapping of magnetization distributions of patterned ferromagnetic films.

Room: HSZ 401

This quantitative magnetic imaging is based on magneto-optics, using the
Faraday effect in advanced sensor films, with a spatial resolution of about
300nm, which is refined by MFM measurements down to a spatial reso-
lution of 20nm. The stray field imaging was performed on PrCo, SmCo
and CoPt structures in the thickness range of 200nm to 50nm. PrCo and
SmCo serve as test systems for purely inplane magnetized structures, the
CoPt for pure out-of-plane and more complicated mixed magnetization
distributions. Results of an advanced inversion method, based on the
Fourier transform ansatz, for the determination of magnetization distri-
butions from the measured stray field are presented for these systems
and compared with theoretical values.

MA 9.3 Mon 15:30 HSZ 401
MFM tip calibration with structured CoPt stripes — eSILVIA
SASVARI', MARIO BRANDS?, GUNTHER DuwmpicH?, CHRISTOPH
HasseL?, ULRIKE WOLFF!, LUDWIG SCHULTZ', and VOLKER NEU!
— 1IFW Dresden, P.O. Box 270116, D-01171 Dresden, Germany
— 2Fachbereich Physik, Experimentalphysik, AG Farle, Universitit
Duisburg-Essen, 47048 Duisburg, Germany
The quantitative measurement of magnetic stray fields with Magnetic
Force Microscopy (MFM) requires calibrated MFM tips. Within the
point dipole model, the two describing parameters, the dipole moment
of the tip and its distance 0 from the tip apex, depend on the stray field
geometry, which makes a characterization with well-known structures
of different length scales necessary. Therefore, a systematic study has
been performed on perpendicularly magnetized CoPt stripes with differ-
ent width between 30 to 2200 nm. Line profiles have been scanned across
the CoPt stripes in varying heights and the measured signal is compared
with simulation results of the same structures. It was found that a small
planar component of the tip magnetization had to be included to achieve
reasonable fits. The full analysis leads to a complete description of the
tip in the simple dipole model. Since these results are only valid for
perpendicular field geometries and can not necessarily be generalized for
arbitrary field geometries, further investigations of other magnetization
structures will be necessary to achieve a complete description of the used
MFM tip.
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MA 9.4 Mon 15:45 HSZ 401

High-frequency MFM characterization of magnetic recording
write poles — eMICHAEL R. KOBLISCHKA!, JIANDONG WEL,
THoMAS SuLzBAcH?, and UWE HARTMANN' — lInstitute of Exper-
imental Physics, University of Saarbriicken, P.O.Box 151150, D-66041
Saarbriicken, Germany — *Nanoworld Services GmbH, Schottkystrasse
10, D-91058 Erlangen, Germany

A high-frequency MFM (HF-MFM) is built up for the observation of
the high-frequency stray fields of harddisk write heads. An amplitude-
modulated current was applied to the head coil to detect the force gradi-
ent induced by the HF magnetic field. The achieved spatial resolution is
comparable to that of standard MFM when using advanced MFM can-
tilevers fabricated by means of focused-ion beam milling. This treatment
yields a high-aspect ratio. Dynamic HF magnetic fields emerging at the
poles of the write heads were clearly imaged; especially along the P2
pole shape on the air-bearing surface. The frequency dependence of the
head-field distributions are measured up to 1 GHz. This work is part of
the EU-funded project ” ASPRINT”.

MA 9.5 Mon 16:00 HSZ 401

Spin structure of surface atoms of equatomic NiMn films on
Cu(001) — eCHUNLEI GAO, HAGEN WALD, WULF WULFHEKEL,
AIMO WINKELMAN, MAREK PRzZYBYLSKI, and JURGEN KIRSCHNER
— Max Planck Institute of Microstructure Physics, Halle, Germany
Equiatomic MnNi crystallizes in the face centered tetragonal CuAu-
I-structure with Mn and Ni atoms occupying alternating planes per-
pendicular to the tetragonal axis. The magnetic moments of nearest-
neighbor manganese atoms (in planes normal to the tetragonal axis) are
antiparallel to each other and the moments of nickel almost vanish[1].
In this contribution, MnsyNisy thin films with the thickness between 8
to 20 monolayers were epitaxially grown on Cu(001) by co-evaporation.
A (\/5 X \/§)R45° superstructure was observed with low energy elec-
tron diffraction (LEED) which was attributed to the chemical order of
MnjsoNis thin films. The surface was investigated by scanning tunneling
microscopy (STM) and spin polarized STM with in-plane sensitivity[2].
Mn and Ni planes were found perpendicular to the surface resulting in
two structural domains. An additional p(2 x 2) superstructure was ob-
served in both topography and spin. A possible noncollinear antiferro-
magnetic arrangement of the surface moments is proposed to explain the
experimental results.
[1] J. S. Kasper and J. S. Kouvel, J. Phys. Chem. Solids. 11, 213 (1959)
[2] U. Schlickum, W. Wulfhekel, and J. Kirschner, Appl. Phys. Lett. 83,
2016 (2003)

MA 9.6 Mon 16:15 HSZ 401

Atomic Spin Structure of Antiferromagnetic Domain Walls
oM. BODE, E. VEDMEDENKO, K. VON BERGMANN, A. KUBETZKA, P.
FERRIANI, S. HEINZE, and R. WIESENDANGER — Institute of Applied
Physics and Microstructure Research Center, University of Hamburg,
Jungiusstrasse 11, 20355 Hamburg, Germany

The search for uncompensated magnetic moments on antiferromag-
netic surfaces is of great technological importance as they are responsi-
ble for the so-called exchange-bias effect which is widely used in state-
of-the-art magnetic storage devices. We have studied the atomic spin
structure of phase domain walls in the antiferromagnetic Fe monolayer
on W(001) by means of spin-polarized scanning tunneling microscopy
and Monte-Carlo simulations. The domain wall width amounts to 6-8

atomic rows only. While walls oriented along (100) directions are found
to be fully compensated, the detailed analysis of (110) walls reveals an
uncompensated perpendicular magnetic moment. This finding may lead
to a detailed understanding of the exchange-bias effect.

MA 9.7 Mon 16:30 HSZ 401

Element Specific Imaging of Vortex Dynamics in Ferromag-
netic Multilayer Systems — eKANG WEI CHOU!, ALEKSANDAR
Puzic!, HERMANN STOLL!, BARTEL VAN WAEYENBERGE?, TOLEK
TyLiszczak®, KARSTEN RoTT?*, GUNTER REISS*, HUBERT BRUCKL?,
INGO NEUDECKER®, DIETER WEISS®, CHRISTIAN H. BAck®, and
GiseLA  ScHUTZ! 'Max-Planck-Institut fiir Metallforschung,
Stuttgart — 2Ghent University — 3Chemical Science Division, LBNL,
Berkeley — *Universitiit Bielefeld — >ARCS, Nano System Technology,
Tech Gate, Vienna — SUniversitiit Regensburg

Magnetization dynamics in micron-sized ferromagnetic multilayer
structures was studied by time-resolved scanning transmission X-ray
microscopy (TR-STXM, ALS, Berkeley). The movement of the mag-
netic vortex in individual ferromagnetic layers and the coupling between
these layers were investigated by taking advantage of the element speci-
ficity of the XMCD effect (X-ray Magnetic Circular Dichroism). Square-
shaped 1pm x lpm trilayer elements consisting of Co(20 nm)/Cu(10
nm)/Permalloy NiggFez(20 nm) showed a Landau-like domain configu-
ration in both ferromagnetic layers. A translational gyrotropic vortex
motion was excited with an in-plane alternating magnetic field. By tun-
ing the photon energy to the L3 absorption edges of Ni and Co respec-
tively, element specific images of vortex dynamics in each ferromagnetic
layer were recorded. A 180 degrees phase shift between the gyrotropic
vortex motions in the Permalloy and the Co layer was observed, caused
by magnetic coupling of the layers.

MA 9.8 Mon 16:45 HSZ 401

Imaging Magnetic Nanostructures via Resonant Soft X-Ray
Spectro Holography — eOrLAv HELLwWIG!Y?, STEFAN EISEBITT!,
WOLFGANG EBERHARDT!, JAN LUNING?, WILLIAM F. SCHLOTTER??,
and JOACHIM STOHR? — 'BESSY GmbH, Albert Einstein Str. 15, 12489
Berlin, Germany — 2San Jose Research Center, Hitachi Global Storage
Technologies, 650 Harry Road, San Jose CA 95120, USA — 3SSRL, Stan-
ford Linear Accelerator Center, 2575 Sand Hill Road, Menlo Park CA
94025, USA — “Department of Applied Physics, 316 Via Pueblo Mall,
Stanford University, Stanford, CA 94305-4090, USA

I will present how to exploit the coherence and tunable polarization
of soft X-ray synchrotron radiation for imaging magnetic nanostructures
via holography. This new lensless imaging technique is based on the di-
rect Fourier inversion of a holographically formed soft x-ray interference
pattern [1]. Our implementation is particularly simple and is based on
placing the sample behind a lithographically manufactured mask with
a micron-sized sample aperture and a nano-sized reference hole. By
exploiting the magnetic dichroism in resonance at the L3 edges of the
magnetic transition metals (wavelength ~ 1-2 nm (700-900 eV), images
of magnetic nanostructures have been obtained with a spatial resolution
of 50 nm. The technique is transferable to a wide variety of specimen, ap-
pears scalable to diffraction-limited resolution (about 2 nm), and is well
suited for ultra-fast single-shot imaging with future X-ray free electron
laser sources. [1] S. Eisebitt, J. Luening, W. F. Schlotter, M. Loergen,
O. Hellwig, W. Eberhardt and J. Stoehr, Nature, 432 (2004) 885.

MA 10 Micromagnetism / Computational Magnetism

Time: Monday 17:00-17:45

MA 10.1 Mon 17:00 HSZ 401

Simulation of vortex structures in Permalloy, Fe and Co
nanoparticles — eSEBASTIAN MACKE, DAGMAR GOLL, and GISELA
ScHUTZ — MPI fiir Metallforschung, Stuttgart

Recently, magnetic vortex structures have attracted much attention
because of their influences on magnetization processes in nanostructures
as used in data storage and spintronics.

By the methods of computational micromagnetism based on the fi-
nite element method the distribution of magnetization within a vortex
in small square particles of permalloy, iron and cobalt has been studied
systematically.

The magnetization distribution within the vortex and the vortex en-
ergy sensitively depend on the dimensions and the material parameters

Room: HSZ 401

of the particles. It is shown that there exists a periodic fluctuation of
the out-of-plane magnetization due to the dipolar interactions and the
vortex contracts at the surfaces in the case of thicker films. The results
are compared with analytical approaches.

Finally the interactions between vortices in rectangular nanodots and
patterns of nanodots are investigated.

MA 10.2 Mon 17:15 HSZ 401

Ferromagnetic Hollow Cylindrical Nanoparticles eD. GoLL,

G. ScHUTZ, and H. KRONMULLER — Max-Planck-Institut fiir Metall-
forschung, Heisenbergstr. 3, 70569 Stuttgart, Germany

Magnetic ground states of hollow cylindrical nanoparticles with a non-

magnetic core have been analytically calculated on the basis of the the-
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ory of micromagnetism. As a function of the three material parame-
ters, spontaneous polarization, magnetocrystalline anisotropy constant
and the exchange constant, the phase diagrams of three types of mag-
netic configurations have been determined. For uniaxial perpendicular
anisotropy a single-domain homogeneous state, a curling configuration
and a homogeneous multidomain state may exist as a function of the
above material constants. The critical radii where the transitions be-
tween these configurations take place are determined as a function of the
material parameters. The special cases of soft and hard magnetic ma-
terials are discussed in relation to the exchange lengths. The analytical
results are compared with numerical micromagnetic simulations on the
basis of the finite element method.

MA 10.3 Mon 17:30 HSZ 401

The Jacobs-Bean model of chains of magnetic spheres,
revisited — eRICCARDO HERTEL — Institut fiir Festkorper-
forschung, Forschungszentrum Jiilich, D-52425 Jiilich

The field-driven magnetization reversal in a chain of perfectly aligned
magnetic nano-spheres is studied by means of micromagnetic simulations.

The diameter of the Fe spheres is 10 nm, the spacing is 1 nm. Chains
of different length (up to 20 spheres) have been simulated. The only
coupling between the spheres is given by the magnetostatic dipole inter-
action. According to the analytical Jacobs-Bean (JB) model for chains
of magnetic spheres [1], the reversal is expected to occur by means of an
inhomogeneous, so-called fanning mode. While the principal predictions
of the JB model are confirmed by the simulations, a number of inter-
esting additional features are observed. According to the simulations,
the reversal of each individual sphere is given by a precessional reorien-
tation towards the external field. The phase of the precession of each
sphere is non-trivially coupled to the phase of the other spheres. The
inhomogeneous reversal mode is symmetric with respect to the central
plane perpendicular to the chain axis, leading to qualitative differences
depending on whether the number of spheres in the chain is even or
odd. The reversal begins in the central part of the chain. This is in
striking contrast to the case of magnetic nanowires of similar size, where
magnetization reversal has been shown to start at the wire ends.

[1] LS. Jacobs and C.P. Bean, Phys. Rev 100 (4) 1060 (1955)

MA 11 Spin-Structures and Magnetic Phase Transitions 11

Time: Monday 15:00-16:30

MA 11.1 Mon 15:00 HSZ 403

Magneto-optic measurement of magnetic phase transition and
domain structure of liquid CogyPdyy — eLuciAN M. STEFAN
and KARL MAIER — Helmholtz Institut fiir Strahlen- und Kernphysik,
Rheinische  Friedrich-Wilhelms-Universitidt Bonn, Nufallee 14-16,
D-53115 Bonn, Germany

The temperature dependence of the magnetisation of liquid Cogg Pdag
was obtained and the domain structure of the liquid phase was inves-
tigated. The spherical samples (mass: 10 - 11mg) were processed in
an electromagnetic levitation device in pure Hy atmosphere, which al-
lows an undercooling of AT = 360K below the liquidus temperature
(T'" = 1610K). The magnetisation on the surface across the magnetic
phase transition was measured via the magneto-optical Kerr effect.

A significant increase of the Kerr-angle was observed at the magnetic
phase transition which reflects the appearance of magnetic order in the
liquid. The Curie temperature found for the liquid phase is T, = 1253K
and compares to similar values found in earlier experiments (stray field
measurements). All Kerr data indicate a plateau in a region of ~ 0.5K at
the low-temperature end of the magnetisation curve. This is interpreted
as the presence of an identical domain structure in all independent mea-
surements (measuring area diameter about 10um). Our results agree
with computer simulations, which predict a vortex structure of domains
for a liquid spherical sample. In this structure the spins are oriented
parallel to the surface along an imaginary equator due to the absence of
domain walls in a ferromagnetic liquid.

MA 11.2 Mon 15:15 HSZ 403

Helimagnetsm and metamagnetic transitions in novel bulk
GMR alloys based on MnAu2. — eSERGII KHMELEVSKYI,
LAsLo UDVARDI, LASLO SzUNYOGH, PETER MOHN, and PETER
WEINBERGER Center for Computational Material Science, Vienna
University of Technology, Getreidemarkt 5/134, A-1060 Vienna, Austria

Magnetic exchange interactions in helimagnetic MnAu2 compound and
their dependence upon alloying with Fe and Cr are studied from first
principles using General Perturbation Method within Surface Korringa-
Kohn-Rostoker formalism for band structure calculations. The calculated
interactions well reproduce the results of neutron diffraction experiments
concerning periodicity of the helix in MnAu2 and its weakening with
Fe substitution, providing background for conventional model interpre-
tations of metamagnetic processes in this systems responsible for Giant
Magneto-Resistance effect. However, for (Mn,Cr)Au2, alloys our results
reveal entirely different picture suggesting that experimentally observed
magnetization process in the Cr doped alloys may follows a scenario pre-
dicted theoretically few decades ago for nearly orthogonal helimagnetics.

MA 11.3 Mon 15:30 HSZ 403
Spin State Transformations of a 3d Ion in the Pyramidal Envi-
ronment under Lattice Distortions — eKARINA LAMONOVA, HE-
LEN ZHITLUKHINA, SERGEI OREL, and YURII PASHKEVICH — A.A.
Galkin Donetsk Phystech NASU, 83114 Donetsk, Ukraine

Room: HSZ 403

The spin state (SS) transitions in the metal-containing pyramidal com-
plexes originated from the crystal structure deformations are the research
subject of this work. As the metal ions, we considered the transition met-
als with the 3d6 and 3d4 configurations. The SS transitions of the metal
ions from low spin (LS, S=0) to the intermediate spin (IS, S=1) and high
spin (HS, S=2) under change of the metallic ion effective charge Zeff and
displacements of the oxygen ions has been investigated in the frame of
crystal field approximation. The features of the SS stability have been
calculated without spin-orbit interaction accounting, and then with the
accounting one. Some critical points over Zeff at which an accident de-
generacy of SSs have been revealed. Near these critical points, the negli-
gible distortions can crucially influence on the SS changing. The ground
SS of pyramidal Me-O complex is very sensitive to the symmetry and
magnitude of the oxygen cage distortions. We probed the breathing like
distortions, the displacement of the 3d-ion along Z axis, Jan-Teller like ion
displacements, and the displacements like pyramidal plane corrugation.
The SS diagrams in the parameter space ”effective charge”-”distortion
magnitude” have been built. It is revealed the IS ground state exists
for all kind considered distortions at the corresponding choice of the Zeff
value. Jan-Teller distortions stabilize the IS state in a wide range of Zeff
that consistent with experimental data on layered cobaltites.

MA 11.4 Mon 15:45 HSZ 403

Bulk Properties and Neutron Diffraction of the Magnetic Phase
Diagram of MnSi — eDANIEL LAMAGO!, CHRISTIAN PFLEIDERER!,
ROBERT GEORGII?, and PETER BONI'! — !Physics Department E21,
TU Miinchen, D- 85747 Garching, Germany — 2FRM-II, Lichtenbergstr.
1 D-85747 Garching, Germany

MnSi develops itinerant-electron magnetism below Tz =29 K that sup-
ports a long wavelength helical modulation. In recent years the properties
of MnSi have attracted great scientific interest:[1](i) well above T¢ chiral
magnetic fluctuations have been observed; (2) the magnetic ground state
appears to switch abruptly from a weakly spin-polarized Fermi-Liquid to
an extended non-Fermi liquid (NFL) phase at a pressure of 14.6 kbar;
(3) neutron scattering shows that large magnetic moments survive far
into the NFL-phase, where the scattering intensity observed everywhere
on the surface of a small sphere suggests partial order analogous to liquid
crystals. Motivated by recent efforts [2] we revisit reorientational pro-
cesses of the helical modulation in MnSi at ambient Pressure as funtion
of field. We combine small-angle neutron scattering with AC suscepti-
bility, DC and Torque magnetisation data. This provides unexpected,
new insights into the nature of the helical modulation and its possible
connection to the NFL phase and the partial magnetic order at high
pressure.
[1] B. Roessli et al., Phys. Rev. Lett. 88, 237204 (2002); C. Pfleiderer et
al., Nature 414, 427 (2001); N. Doiron-Leyraud et al., Nature 425, 595
(2003); C. Pfleiderer et al., Nature 427, 227 (2004).
[2] A.L. Okorokov et al. Physica B 356, 259 (2005).
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MA 11.5 Mon 16:00 HSZ 403
Frustration in R,PdSi; (R = Tb, Er): Spin-glass or mag-
netic short-range order? Neutron diffraction studies —
oMATTHIAS FRONTZEK!, ANDREAS KREYSSIG', JENS-UWE HOFF-
MANN2, and MICHAEL LOEWENHAUPT! — !TU Dresden, Institut fiir
Festkorperphysik, 01062 Dresden 2Hahn-Meitner-Institut, 14109
Berlin

The series RyPdSiz (R = rare earth), crystallizing in an AlB, derived
hexagonal structure, have been found to exhibit strong anisotropic mag-
netic properties. Below their respective Néel temperatures ThyoPdSis
(24 K) and Er,PdSiz (7 K) feature a second phase transition at 7 K and
2 K, respectively. This second transition shows a strong frequency de-
pendence in ac-susceptibility measurements. Several authors assume a
spin-glass state below this second phase transition.

We performed neutron diffraction experiments on E2 at HMI Berlin
within a temperature range from 0.4 K to 300 K and magnetic fields up
to 6.5 T on ThyPdSiz and EryPdSis single crystals.

ThyPdSis orders antiferromagnetically at 24 K with a magnetic mo-
ment direction in the basal plane and a propagation vector 7 = (1/2 1/2
1/16). Furthermore, we observe additional short-range magnetic order
(SRO) at low temperatures. The second phase transition is correlated to
the temperature dependence of the SRO. The SRO becomes long range
ordered when a magnetic field (>1.5 T) is applied.

EryoPdSiz orders antiferromagnetically at 7 K with a magnetic moment
direction along the hexagonal c-axis and a propagation vector 7 = (0.11
0.11 0). In this case the second phase transition is correlated to a ”squar-
ing up”of the antiferromagnetic structure.

MA 11.6 Mon 16:15 HSZ 403
Domain imaging and symmetry reduction in LiNiPO, — eBas
B. vaN AKEN, TAKUYA SATOH, and MANFRED FIEBIG — Max-Born-
Institut, Max-Born-Strafle 2a, 12489 Berlin
Second harmonic generation (SHG) has been applied to study the mag-
netic symmetry and domain structure of magnetoelectric LiNiPO,. Up to
now a simple collinear AFM spin order was assumed. Our SHG data in-
dicate the symmetry is lower. The lower symmetry allows the presence of
additional types of domains and toroidal ordering. The lower symmetry
is confirmed by the dependence of the domain structure on the magnetic
field. Without field AFM plate-like domains are observed. Field cooling
leads to a single domain state, which is not allowed by the simple mag-
netic model. Measuring the magnetic field - temperature phase diagram
reveals a first order phase transition to an incommensurate phase. In a
magnetic field this transition temperature is reduced, indicating that the
magnetic field stabilises the incommensurate phase, which is unusual.

MA 12 Kondo / Heavy Fermions

Time: Monday 16:30-17:45

MA 12.1 Mon 16:30 HSZ 403

Magnetic ground state of the frustrated one dimensional bi-
nary compound CuCl, — eMiCHAEL BANKs!, REINHARD K KRE-
MER!, and BACHIR OULADDIAF? — 'MPI-FKF, 70569 Stuttgart — 2ILL
Grenoble, CEDEX 9

Historically, the binary CuCly and the structurally similar CuBry are
among the very first systems the magnetic properties of which were an-
alyzed in terms of a linear spin chain arrangements. Low-dimensional
magnetism with typical signatures, e.g. a broad short-range ordering
maxima in the susceptibility and heat capacity, have been found. The
antiferromagnetic (afm) intra-chain exchange parameters are significant
(e.g. ~320K for CuBry). However, both systems are far from repre-
senting ideal one-dimensional magnets as must be concluded from the
rather high transition temperatures to long-range ordering (e.g. 24 K for
CuCl,) indicating appreciable inter-chain coupling. To the best of our
knowledge, the magnetic structures of CuCly and CuBr; remain unsolved
until now. We studied the afm ordering of CuCly and CuBry in detail by
neutron powder diffraction using ILL’s high flux powder diffractometer
D20 in its high resolution option. Using single crystals of CuCly, we used
the 4-circle diffractometer D10 also at the ILL to conclusively solve the
magnetic structure. The magnetic structure of CuCly will be presented as
showing helicoidal ordering along the chain direction with an incommen-
surate propagation vector 7 = [0.5,0.224,0]. The magnetic phase diagram
will be presented showing a spin-flop phase along the chain direction at
HSF ~4T.

MA 12.2 Mon 16:45 HSZ 403

High-resolution Fermi-Edge and energy dependent photoemis-
sion spectra of Fe,_,Co,Si — eD. ZURr!, I. Jursic!, D. MENZEL!,
L. PATTHEY?, and J. SCHOENES! — !Institut fiir Physik der Konden-
sierten Materie, TU Braunschweig, Germany — 2Swiss Light Source,
Paul Scherrer Institut, Villigen, Switzerland

The interest on FeSi is renewed because of similarities with some rare-
earth compounds known as Kondo insulators. In spite of several photoe-
mission investigations, the size of the gap is still not clear. In addition,
the influence on the electronic structure by doping with a 3d transition
metal is interesting due to the changes in electronic and magnetic prop-
erties. We present high resolution photoemission spectra at 11 K of the
Fermi edge of Fe;_,Co,Si crystals with 0, 5 and 20 at.% Co, using syn-
chrotron radiation at the SLS. Photon energies of 21.2 eV and 40.8 eV
have been used. A gap of about 80 meV has been found, which is consis-
tent with some theoretical predictions. This gap closes with increasing
Co concentrations. Furthermore, changes in the electronic structure ow-
ing to different Co concentrations have been studied with angle- and
photoenergy-resolved photoemission.

Room: HSZ 403

MA 12.3 Mon 17:00 HSZ 403

Field-induced parity breaking in isotropic frustrated spin chains
— oOLEKSIY KOLEZHUKY? and TEMO VEKUA® — !Physics Dept.., Har-
vard University, Cambridge MA 02138, USA — 2Inst. f. Theor. Physik,
Univ. Hannover, 30167 Hannover, Germany — 3Univ. Louis Pasteur,
Lab. de Physique Theorique, 67084 Strasbourg Cedex, France

It is argued that an external magnetic field applied to an isotropic
zigzag spin chain with an arbitrary spin S and antiferromagnetic nearest-
neighbor and next-nearest-neighbor exchange couplings .J; and J; induces
a quantum phase transition into a phase with spontaneously broken par-
ity, characterized by long-range ordering of vector chirality. To show
that, we use a bosonization approach for S = 1/2 and S = 1, valid in
the limit of a weak zigzag interaction J;/J> < 1, as well as an effective
large-S theory applicable in the vicinity of the saturation field. Relevance
to real materials and the possibility of experimental observation of chiral
phases are discussed.

MA 12.4 Mon 17:15 HSZ 403

Thermodynamic properties of the magnetic layered compound
BaNi,V,05 — eWILLIAM KNAFO'“?, STEPHANIE DROBNIK'?, KAI
GRUBE!, HILBERT VON LOHNEYSEN!? ~CHRISTOPH MEINGAST!,
PauL PoprovichH!, PETER ScHWEISS!, and THOMAS WOLF!
Forschungszentrum Karlsruhe, Institut fiir Festkorperphysik, D-76021
Karlsruhe, Germany. — 2Physikalisches Institut, Universitit Karlsruhe,
D-76128 Karlsruhe, Germany.

BaNiyV,0y is a quasi two-dimensional magnetic system which consists
of a planar honeycomb arrangement of spin-1 ions of Ni?*. Although a
small inter-plane interaction leads to three-dimensional magnetic order
below T = 47 K, this system has been recently proposed as a candidate
for a two-dimensional XY magnetic model where a Kosterlitz-Thouless
transition should occur [1]. To test this scenario, we have grown large
single crystals of BaNiyV5Og and have investigated their thermodynamic
properties. We present here specific heat, thermal expansion, magne-
tostriction, and magnetization measurements, which were carried out for
temperatures 7" between 3 and 300 K and magnetic fields H up to 14
T. The main features of the resulting (H,T) phase diagram are (i) an
increase of Ty when the field is applied in the plane and (ii) a cross-over
to a ”"spin-flop” phase below T for fields higher than Hgp ~ 1.4 T. The
anisotropy of the magnetic moments and the dimensionality of their in-
teractions will be considered carefully to discuss if a two dimensional XY
model is relevant or not for this system.

[1] N. Rogado et al., Phys. Rev. B 65, 144443 (2002).
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MA 12.5 Mon 17:30 HSZ 403

Bose glass vs. Mott glass in site-diluted S=1 Heisenberg antifer-
romagnets — ¢ TOMMASO ROSCILDEY? and STEPHAN HAAS? — 'Max-
Planck-Institut fuer Quantenoptik, Garching (Germany) — 2University
of Southern California, Los Angeles

Making use of large-scale quantum Monte Carlo simulations, we inves-
tigate the ground-state phase diagram of the square-lattice S=1 Heisen-
berg antiferromagnet with strong single-ion anisotropy and in presence
of site dilution of the magnetic lattice. Mapping the spins onto Holstein-
Primakoff bosons, the single-ion anisotropy is seen to play the role of
a repulsive on-site potential for the bosons. The clean limit of the
model shows an anisotropy-driven quantum phase transition from an

XY ordered (superfluid) phase to a quantum disordered (Mott insulat-
ing) phase. A similar transition is also driven by the application of a
uniform field on the disordered state. Adding site dilution to the model,
the non-trivial interplay between quantum fluctuations and lattice ran-
domness gives rise to a novel quantum-disordered Mott glass phase in
zero field, with a gapless spectrum and yet a vanishing uniform suscepti-
bility. Upon applying a field, such phase is turned into a Bose glass, with
gapless spectrum and finite susceptibility. The above picture is directly
relevant for experiments on doped quasi-low-dimensional Ni compounds,
as the recently investigated NiCly-4SC(NHs)s (V.S. Zapf et al., cond-
mat/0505562).

MA 13 Invited Talk Diirr

Time: Tuesday 09:30-10:00

Invited Talk MA 13.1 Tue 09:30 HSZ 03

Femtosecond electron and spin dynamics in ferromagnets —
eHERMANN A. DURR — BESSY, Berlin, Germany

Disentangling the influence of many-particle interactions in solids re-
mains a formidable challenge in modern physics. Interactions, such as
Coulomb, exchange and spin-orbit coupling are of various strength and
lead to different characteristic time scales for energy transfer between or-
bital, spin and lattice degrees of freedom. The use of fs laser excitation of
magnetic solids leads to the exciting prospect of being able to observe the
interplay of magnetic and purely electronic interactions in the relaxation
processes following optical excitation in real-time.

Room: HSZ 03

Of particular interest is whether the relatively weak spin-orbit cou-
pling can cause a fs breakdown of ferromagnetic order via an ultrafast
transfer of angular momentum from the spins to the lattice. Such studies
are of direct relevance for establishing the ultimate time scale for mag-
netic switching in future data storage devices. An overview will be given
how fs laser based time and spin resolved photoemission spectroscopy as
well as time resolved soft x-ray spectroscopy can probe the evolution of
electronic and magnetic interactions following fs laser excitation. The
combination of pump-probe techniques and photoemission electron mi-
croscopy allows us to achieve the necessary spatial resolution for studying
nanoscale magnetic structures. Here the excitation is strongly affected
by the dielectric response of the nanoparticles.

MA 14 Magnetic Thin Films II

Time: Tuesday 10:15-13:00

MA 14.1 Tue 10:15 HSZ 03

Thin epitaxial films of the Heusler compound Co,FeSi —
eHORST SCHNEIDER!, SABINE WURMEHL?, GERHARD JAKOB!,
CLAUDIA FELSER?, and HERMANN ADRIAN! — !Institut fiir Physik,
Universitdt Mainz, Staudinger Weg 7, 55128 Mainz, Germany —
2Institut fiir Anorganische Chemie und Analytische Chemie, Universitit
Mainz, Staudinger Weg 9, 55128 Mainz, Germany

Bulk samples of the Heusler compound CosFeSi (CFS) possess a high
Curie temperature of 1100 K. An integer magnetic moment of 6 ug/fu
suggests halfmetalicity. By using pulsed laser deposition in UHV as well
as RF sputtering we prepared thin CFS films on Al,O3(1120) and MgO
(100). X-ray analysis reveals that these films grow (110)-oriented on
sapphire or (100)-oriented on MgO. They exhibit the fully ordered L2,
structure. Magnetic properties were investigated by VSM- and SQUID-
measurements, electronic properties by transport measurements. AFM
and SEM allowed the analysis of the films’ surfaces.

MA 14.2 Tue 10:30 HSZ 03

Covalent bonding and the nature of band gaps in some half-
Heusler compounds — e¢CLAUDIA FELSER — Johannes Gutenberg -
Universitét, 55099 Mainz, Germany

Half-Heusler compounds XYZ, also called semi-Heusler compounds,
crystallize in the MgAgAs structure belonging to the space group F 43m.
A systematic examination of band gaps and the nature (covalent or ionic)
of bonding in semiconducting 8- and 18- electron half-Heusler compounds
through first-principles density functional calculations is reported. The
most appropriate description of these compounds - from the viewpoint
of electronic structures - is found from a YZ zincblende lattice stuffed by
an X ion. Simple valence rules are obeyed for bonding in the 8-electron
compound. For example, LiMgN may be written Li* + (MgN)~, and
(MgN)*, which is isoelectronic with (SiSi), forms a zinc blende lattice.
The 18-electron compounds may similarly be considered as obeying va-
lence rules. A semiconductor such as TiCoSb can be written Ti** +
(CoSb)*~; the latter unit is isoelectronic and isostructural with zinc-
blende GaSb. For both the 8- and 18-electron compounds, when X
is fixed as some electropositive cation, the computed band gap varies
approximately as the difference in Pauling electronegativities of Y and
Z. What is particularly exciting is that this simple idea of a covalently
bonded YZ lattice can also be extended to the very important magnetic

Room: HSZ 03

half-Heusler phases; these are described as valence compounds, but only
in one spin direction. The local moment in these magnetic compounds
resides on the X site.

MA 14.3 Tue 10:45 HSZ 03

Magnetism and Phonons at Fe/InAs(001) Interfaces
eR. PETERS!, W. KErUNE!, E. ScHUSTER', K. WESTERHOLT?,
W. STURHAHN?, T. S. TOELLNER?, J. ZHAO?, E. E. ALP3 S.
Kasuiwapa*, and K. Yon?! — 'Applied Physics, University of
Duisburg-Essen, 47048 Duisburg, Germany — Z2Experimentalphysik,
Ruhr-Universitit-Bochum, 44780 Bochum, Germany — 3APS, Argonne
National Laboratory, Argonne, IL 60439 , USA — *RCIQE, Hokkaido
University, Sapporo 060-8628, Japan

Fe/InAs(001) is a potential candidate for electron spin injection [1].
The properties of the interface play a decisive role. By MBE growth
of an isotopically enriched °"Fe(4 ML) probe layer in the Fe layer at
different distances from the Fe/InAs interface and by employing Mdss-
bauer spectroscopy (CEMS) and nuclear resonant inelastic X-ray scat-
tering (NRIXS) we have probed the magnetic hyperfine field, By, and
the phonon density of states, g(E), respectively. Although substantial
structural disorder is reflected in g(E) near the interface, the magnitude
of the average By (and the corresponding local moment pp. x Byy)
remains high. For optical detection of spin injection at magnetic rema-
nence in the Faraday geometry we have grown [Fe/Tb], multilayers on
p-InAs(001) with perpendicular remanent magnetization at low T, as
evidenced by CEMS and SQUID magnetometry. After processing a lat-
eral line-and-space pattern of the multilayer by Ar™ ion etching a typical
Schottky-contact diode I-V characteristics was observed at 1.5 K, which
is promising for spin injection. Supported by DFG (SFB 491 and GRK
277). [1] H. Ohno et al., Jpn. J. Appl. Phys. 42 (2003) L87.

MA 14.4 Tue 11:00 HSZ 03

Soft magnetic vapor phase co-deposited polymer-metal
nanocomposites for high frequency applications — eHENRY
GREVE!, VLADIMIR ZAPOROJTCHENKO', MICHAEL FROMMBERGER?,
ECKHARD QUANDT?, and FRANZ FAUPEL! — !Chair for Multicompo-
nent Materials, CAU Kiel, Kaiserstr. 2, 24143 Kiel, Germany — 2Smart
Materials Group, caesar, Ludwig-Erhard-Allee 2, 53175 Bonn, Germany
Recent growing markets for mobile communication handsets and
portable information tools require further miniaturization and lower in-
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sertion losses for inductive components installed in Monolithic Micowave
Integrated Circuits (MMIC). The possible carrier frequency range is from
800 MHz to 3 GHz. Due to potential size reduction, improved quality
factor and reduced magnetic stray fields, thin-film inductors will be bet-
ter than air-core spirals if loss generation in the magnetic film is low at
the frequency of interest. Two main loss mechanisms, eddy currents and
ferromagnetic resonance (FMR), limit the applicability of soft magnetic
films at frequencies > 1 GHz. Two component nanocomposites with
either a particulate or a multilayer nanostructure could play important
roles in such high frequency applications. Here, we present a vapor phase
co-deposition method in which we prepare such particulate or multilayer
structured, softmagnetic nanocomposite films. These films are several
hundred nanometers thick and consist of Fesy Nig;Co1g as ferromagnetic
and a fluoropolymer as the insulating material component. Up to now
we obtained cut-off frequencies above 2 GHz and hf-permeabilities above
100 for the multilayer films.

MA 14.5 Tue 11:15 HSZ 03

Properties of sputtered softmagnetic trilayer sensors and their
influence of the GMI-Effect — eCHRISTIAN SCHIEFER, HENADZI
YAKABCHUK, and ERHARD KISKER — Institut fiir Angewandte Physik,
Heinrich-Heine Universitat Diisseldorf, 40225 Diisseldorf

The GMI-effect gains more and more interest in research due to its
characteristics in the detection of small magnetic fields. Compared to
amorphous wires, sputtered trilayer structures have the advantage that
they can be easily integrated in microchip structures. Annealed soft mag-
netic thin films based on FeSiBNbCu alloys show a GMI-Effect of about
100% with a sensitivity of 20%/Oe. The Influence of annealing, as well
as the occurrence of an aging effect on the GMI effect are presented.
The aging effect lead to an improvement in the GMI effect. This is a
rarely discussed phenomenon in literature. Its occurrence is determined
by various factors. Besides GMI-Mesurements, also other methods like
STM or MOKE were applied to characterize the thin films.

MA 14.6 Tue 11:30 HSZ 03

Investigating pinning dominated domain reversal in epitaxial
SmCo thin films — eAARTI SINGH!, VOLKER NEU!, ROLAND
TAMM?, KARAVATI SUBBARAO?, SEBASTIAN FAHLER!, WERNER
SkrROTzKI?, RUBEN HUHNE!, Lubwic¢ ScHULTZ!, and BERNHARD
HorzaPFEL' — 'IFW Dresden, Institute of Metallic Materials, P.O.
Box 270116, D-01171 Dresden, Germany — Z2Institute of Structural
Physics, Dresden University of Technology, 01062 Dresden, Germany

Epitaxially grown SmCos thin films with strong magnetic anisotropy
serve as suitable candidates for understanding the basic mechanisms gov-
erning coercivity development in these films. The films were epitaxially
prepared by pulsed laser deposition on Cr buffered MgO(110) substrates.
The epitaxial relation : MgO(110)[001]||Cr(211)[011]||SmC0(100)[001]
is confirmed by pole figure measurements and magnetic measurements.
The remanence ratio for the two in-plane directions ( ||MgO[110] and
|MgO[001] ) is as low as 0.05, and the estimated in-plane anisotropy
is 28 T. Along the easy axis, the maximum energy product, (BH )maz
is 160k.J/m?3, remanence is 0.96 T and coercivity more than 3 T. For
evaluating the cause of high coercivities, a temperature dependent co-
ercivity analysis and angle dependent coercivity analysis were done. In
both the analyses the results contradict the simple nucleation dominated
coercivity mechanism and are better explained by a pinning dominated
magnetisation reversal. The large number of grain boundaries due to
small grain sizes and stacking faults within the SmCos crystallites are
discussed as possible pinning centres.

MA 14.7 Tue 11:45 HSZ 03

Extrinsic and intrinsic properties of epitaxial Pr-Co films
eAJIT PATRA, VOLKER NEU, SEBASTIAN FAHLER, and LUDWIG
ScauLrz — IFW Dresden, Institute for Metallic Materials, P.O. Box
01171, Dresden, Germany

Detailed investigations of the effect of deposition temperature for Cr
buffer (TB) and Pr-Co layer (TD) on the phase formation, textured
growth and magnetic properties of epitaxial Pr-Co films are performed by
X-ray diffraction (XRD), pole figure measurements and vibrating sample
magnetometry (VSM), respectively. Films have been prepared by pulsed
laser deposition (PLD) on Cr buffered MgO (100) substrate. Unlike the
buffer deposition temperature, the Pr-Co deposition temperature has a
large influence on the structure and magnetic properties of the Pr-Co
films. For the extreme temperatures, i.e. 300 °C and 700 °C, no Pr-Co
phase formation is observed. However films prepared between 300 °C

and 700 °C develop a hexagonal Pr-Co phase and grow epitaxially on
MgO substrate. Due to the four fold symmetry of the MgO(100) sub-
strate, the c axis is found to be along both, the MgO[010] and MgO[001]
direction, which is also confirmed by magnetic measurements. Optimum
magnetic properties, poH. ~ 2.24 T, Jg = 1.01 T, (Jg/Js) = 0.84 and
magnetic texture (Jpard azis / JosV 45~ (0.04) have been obtained for
films deposited at 600 °C.

MA 14.8 Tue 12:00 HSZ 03

Layer-resolved magnetization of a Heisenberg film from mag-
netic Laue profiles — eENRICO SCHIERLE!, EUGEN WESCHKE!,
ALEXANDER GOTTBERG', GUNTER KAINDL', WALTER SOLLINGER?,
and GUNTHER SPRINGHOLZz? — !Institut fiir Experimentalphysik, Freie
Universitit Berlin, D-14195 Berlin, Germany — 2Institut fiir Halbleit-
erphysik, Johannes Kepler University, A-4040 Linz, Austria
Layer-dependent properties of magnetic films have been the subject
of extensive theoretical studies since the work of Binder and Hohen-
berg [1]. Using resonant magnetic soft x-ray scattering, we studied the
temperature-dependent magnetization of the individual layers in thin
(111) films of the prototypical Heisenberg antiferromagnet EuTe [2]. The
high magnetic sensitivity at the lanthanide Ms resonance [3] can be ex-
ploited and for the x-ray wavelength of the resonance, the magnetic signal
appears exactly at the Brewster angle, which allows to measure magnetic
scattering virtually free of charge background. Thus, the magnetic Laue
profile of a 20-layer thick film can be measured with unprecedented qual-
ity over a large range of momentum transfer. The real-space magnetiza-
tion profile across the film is obtained from the corresponding Patterson
function, yielding the temperature-dependent magnetization of each indi-
vidual layer. The results are in agreement with Monte-Carlo calculations
that show reduced magnetization and enhanced critical exponents for the
temperature dependence in the surface region.
(1] K. Binder and P.C. Hohenberg, Phys. Rev. B 9, 2194 (2004).
[2] H. Kepa et al., Phys. Rev. B 68, 24419 (2003).
[3] E. Weschke et al., Phys. Rev. Lett., 93 (157204), 2004.

MA 14.9 Tue 12:15 HSZ 03

TEM investigations of epitaxially grown Sm-Co/Cr films on
MgO single crystal substrates — oK. SuBBA RaA0!, R. TaMM!,
C.-G. OerTEL!, W. SkrOTZKI!, A. SINGH?, V. NEU?, S. FAEHLER?,
and B. HoLzAaPFEL? — !Institute of Structural Physics, TU Dresden, D-
01062 Dresden, Germany — 2IFW Dresden, Helmholtzstr. 20, D-01069
Dresden, Germany

Hard magnetic Sm-Co/Cr films were epitaxially grown on MgO(100)
and (110) substrates. They were characterized by X-ray pole figure mea-
surements and transmission electron microscopy. For films deposited
on MgO(100) at 700°C, orientations are found with the c-axis aligned
in-plane and out-of-plane. By lowering the deposition temperature to
370°C, the out-of-plane orientations disappeared. Further lowering to
350 °C leads to the formation of amorphous regions in the Sm-Co film.
For films grown on MgO(110) the Cr buffer deposition temperature plays
an important role. When deposited at 700°C Cr(211) and (100) orienta-
tions are observed leading to two different types of Sm-Co in-plane orien-
tations. By lowering the Cr-buffer deposition temperature to 300 °C only
one buffer and one Sm-Co orientation exists: Cr(211) and Sm-Co(10-10).
The exact orientation relationships between substrate, buffer and films
will be explained and its correlation with magnetic properties will be
discussed.

MA 14.10 Tue 12:30 HSZ 03

Effect of composition on Nd-Fe-B hard magnetic thin films —
eAH-RAM KWON, SEBASTIAN FAHLER, VOLKER NEU, and LUDWIG
Scuurrz — IFW Dresden, , Institute for Metallic Materials, P.O. Box
270116, D-01171 Dresden, Germany

While for bulk NdyFe 14B the influence of composition on microstruc-
ture, phase formation and texture is understand quite well, only little
work exists on thin films. The NdsFe 4B phase has only a very narrow
existing range, thus in bulk materials a derivation from stoichometry
(2:14:1) results in the formation of additional phases. Nd-Fe-B hard
magnetic thin films were deposited on a combinded Cr/Ta buffer layer
on heated MgO(100)substrates by pulsed laser deposition. On this buffer
system NdsFe 4B grows epitaxial in one single orientation. This allows a
detailed examination of the intrinsic properties and results in an almost
perfect magnetic texture. The effect of composition on phase formation,
morphology and magnetic properties was investigated. Optimum phase
formation is obtained at a Nd/Fe ratio around 0.3. For this Nd content
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an excellent magnetic texture and a coercivity up to 1 T can be obtained;
however, films have a granular microstructure with high roughness. Also
a certain B surplus is of benefit; though with a too high B or Nd surplus
phase formation is more difficult.

MA 14.11 Tue 12:45 HSZ 03

Perpendicular magnetic anisotropy induced by tetragonal
distortion of FeCo alloy films grown on Pd(001) e AIMO
WINKELMANN, MAREK PRzZYBYLSKI, FENG LuO, YISHENG SHI,
JOCHEN BARTHEL, and JURGEN KIRSCHNER — Max-Planck-Institut
fiir Mikrostrukturphysik, Weinberg 2, D-06120 Halle, Germany

We grew tetragonally distorted Fe,Co;_, alloy films on Pd(001). The
films were grown at 295 K by molecular beam epitaxy using thermal
evaporation from two effusion cells. Theoretical first-principles calcula-
tions for such films predict a high saturation magnetization and a high

uniaxial magnetic anisotropy energy for specific values of the lattice dis-
tortion c¢/a and the alloy composition x. The magnetic anisotropy was
investigated using the magneto-optical Kerr effect. For films of varying
composition, we observed a spin-reorientation transition from in-plane to
out-of-plane and back to in-plane with increasing cobalt content. Out-of-
plane anisotropy was observed for Fey5Cog 5 films in the thickness range
of 4 to 14 ML. Using low energy electron diffraction Kikuchi patterns,
the c¢/a value of about 1.1340.02 obtained for the tetragonal distortion
is consistent with the results formerly obtained for pure Fe (1.11) and Co
(1.15) films on Pd(001). The magnetic anisotropy energy induced by the
tetragonal distortion is estimated to be almost two orders of magnitude
larger than the value for bulk FeCo alloys. A decrease of the tetragonal
distortion with thickness can be related to a decrease of the out-of-plane
anisotropy energy which is overturned by the in-plane magnetostatic en-
ergy above the thickness of 14 ML.

MA 15 Spin-Dependent Transport Phenomena I1

Time: Tuesday 10:15-11:45

MA 15.1 Tue 10:15 HSZ 103

Domain wall resistance in (Co/Pt),-multilayer-nanowires — ¢C.
HasseL, M. BRANDS, and G. DumMPICH — Experimentalphysik, Univer-
sitdt Duisburg-Essen (Campus Duisburg), Lotharstr. 1, 47048 Duisburg

Nanostructured (Co/Pt),-multilayer-wires with perpendicular mag-
netic anisotropy are prepared by means of high resolution electron beam
lithography (HR-EBL). Structural analysis of (Co/Pt),-multilayer-films
yields a polycrystalline morphology with a mean grain size of 6 £ 2 nm.
The magnetic properties of single (Co/Pt),-multilayer-nanowires are in-
vestigated by magnetic force microscopy. The implantation of Ga-ions
(FIB) is used to locally modify the coercive field of the wires. These areas
can subsequently be used as domain nucleation centres. The pinning of
single domain walls is achieved by preparing (Co/Pt),-multilayer-wires
on top of thin platinum wires in a three-step EBL-process and is verified
by magnetic force microscopy investigations. Magnetoresistance mea-
surements in perpendicular magnetic fields at room temperature clearly
show a positive contribution of a single domain wall with a relative re-
sistance increase of 1.8% inside a single domain wall.

This work is supported within SFB 491.

MA 15.2 Tue 10:30 HSZ 103

Domain wall resistance of nanosize contacts eMicHAEL Cz-
ERNER, BOGDAN YU. YAVORSKY, and INGRID MERTIG — Martin
Luther University, FB Physik, FG Theorie, D-06099 Halle, Germany

Recent experimental results show a large ballistic magnetoresistance
in nickel single-atom conductors [1,2]. The magnetic structure of low-
dimensional systems, e.g., nanowires, influences the transport properties
drastically [3]. Because of the complex geometry of nanocontacts stabi-
lization of noncollinear magnetic configurations is highly possible. In this
respect first-principle calculations of the magnetic order of nanowires are
of great interest.

We present calculations of the electronic and magnetic structure of sus-
pended nanowires based on density functional theory in the frame of a
screened Korringa-Kohn-Rostoker method modified to noncollinear mag-
netic order [4]. Furthermore, ballistic conductance was calculated within
the Landauer approach by means of KKR Green’s functions [5] gener-
alized for noncollinear magnetic structures. We consider Fe,Co, and Ni
chains suspended between two semi-infinite leads of the same material.
We show that the realistic noncollinear magnetic order has considerable
effect on the ballistic transport in the nanowires.

[1] N. Garcia et al., Phys.Rev.Lett. 82, 2923 (1999)

(2] M.R. Sullivan et al., Phys.Rev.B 71, 024412 (2005)
[3] V. Rodrigues et al., Phys.Rev.Lett. 91, 096801 (2003)
[4] B.Yu. Yavorsky et al., Phys.Rev.B 70, 014413 (2004)
[5] P. Mavropoulos et al., Phys.Rev.B 69, 125104 (2004)

MA 15.3 Tue 10:45 HSZ 103
Point contact Andreev-reflection spectroscopy of ferromagnetic
thin films — eJAN M. SCHOLTYSSEK, LARS BOCKLAGE, RAINER AN-
TON, ULRICH MERKT, and GUIDO MEIER — Institut fiir Angewandte
Physik und Zentrum fiir Mikrostrukturforschung, Universitdt Hamburg,
Jungiusstr. 11, 20355 Hamburg
The spin polarisation at the Fermi energy is one of the key properties of
ferromagnetic materials in the field of spintronics. We measure the spin

Room: HSZ 103

polarisation of the conduction electrons using point contact Andreev-
reflection spectroscopy (PCAR) [1]. To verify the accuracy of the method
measurements on 100 nm thick Ni and Au films are performed. For the
interface between the halfmetallic Heusler alloy NisMnIn and InAs a
spin polarisation of 100% is predicted [2]. We fabricate NigMnIn films
with thicknesses between 30 nm and 100 nm by coevaporation of Ni
and a Mnln alloy from two independent sources [3]. Stoichiometric
and morphological investigations of the Heusler films deposited on amor-
phous carbon films are performed in a transmission electron microscope.
We present resistivity and PCAR measurements of samples grown on
Si exhibiting an enhanced spin polarisation in comparison to the 3d-
ferromagnets.

[1] R.J. Soulen, et. al. Science 282, 85(1998)

[2] K.A. Kilian and R.H. Victora. J. Appl. Phys. 87, 7064(2000)

[3] M. KurfiB, et. al. JMMM 290, 591(2005)

MA 15.4 Tue 11:00 HSZ 103

Current-Induced Excitations in Single Ferromagnetic Layer
Nanopillars — eA. PARGE and M. MUNZENBERG — IV. Phys. Inst.,
Universitét Gottingen

Angular momentum transfer studies in magnetic nanostructures have
mainly been performed on ferromagnet/ normal magnet/ ferromagnet
bilayer junctions so far. But due to spin accumulation on either side of
a ferromagnet in the cpp geometry, spin wave excitations have also been
predicted theoretically and observed experimentally for junctions with
only a single ferromagnetic layer.

We used e-beam lithography and evaporation in order to pattern nor-
mal metal/ ferromagnet/ normal metal pillars with a diameter of 100
nm on an Au bottom electrode. PMMA served as an insulating template
for these structures. Thus a Cu electrode could be smoothly deposited
on top of each structure.

All the experimental results presented were obtained in a four point
measurement configuration, where the differential resistance dV/dI was
measured by a lock-in technique in an external magnetic field. For suf-
ficiently large DC current densities anomalies in dV/dI were observed.
The correlation between these phenomena and spin transfer will be dis-
cussed in terms of field and current dependence as well as structural
asymmetries.

MA 15.5 Tue 11:15 HSZ 103

Structure and dynamics of magnetic polarons in one-
dimensional antiferromagnetic semiconductors — eYAROSLAV
PRYLEPSKIY!, ALEXANDER KOVALEV!, MAGNUS JOHANSSON?Z,
and YURI KivsHAR? — 'B.I. Verkin Institute for Low Temperature
Physics and Engineering, 61103, Kharkov, Ukraine 2Department of
Physics, Chemistry and Biology (IFM), Linkoping University, SE-581
83 Linkdping, Sweden — ®Nonlinear Physics Center, Research School
of Physical Sciences and Engineering, Australian National University,
Canberra ACT 0200, Australia

Based on the one-dimensional Anderson-Hasegawa (AH) double-
exchange model we present several families of polaron-type localized so-
lutions, which have collinear and canted arrangement of lattice spins.
To study the stability and nontrivial dynamics of magnetic polarons we
propose a generalization of the AH model, within which the lattice spins
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have a finite magnitude. By means of this generalized approach we de-
rive the self-consistent quasiclassical dynamical equations for both the
itinerant currier and (classical) lattice spin fields. Then we proceed to
find the stationary localized solutions being focused, in particular, on the
mobile solutions. Eventually we address the issue of dynamical stability
for the several typical polarons having collinear and canted structure and
find the solution recognized as a stable mobile polaron.

MA 15.6 Tue 11:30 HSZ 103
Stress vs Coulomb Interaction in La-manganite Films — e VASILY
MOSHNYAGA!, KAT GEHRKE!, OLEG SHAPOVAL?, ALEXANDR BELEN-
c1uc?, BERND DAMASCHKE!, and KONRAD SAMWER! — 1. Physikalis-
ches Institut, Universitaet Goettingen, Friedrich-Hund-Platz 1, 37077
Goettingen, Germany — 2Institute of Applied Physics, AS RM, str.
Academiei 5, MD-2028, Chisinau, Republic of Moldova
La-deficient La(1-6)MnO(3) (LMO) (6=0-0.2) films were epitaxially

grown on SrTiO(3) (STO) and MgO substrates by metalorganic aerosol
deposition technique. The films grown on STO substrate show metal-
insulator transition and ferromagnetic ordering for T<Tc=260-285 K,
whereas those grown on MgO are insulating and exhibit only weak ferro-
magnetism for T<100 K. X-ray diffraction reveal a stress-free state of the
films grown on MgO with lattice constant ¢=0.389 nm, which does not
depend on *6*. In contrast the LMO/STO films are biaxially strained
and possess ¢=0.386 nm. Predominant role of Coulomb interaction in
the growth of manganite films is elucidated. In the case of MgO sub-
strate the charge compensation leads to the formation of stoichiometric
LaMnO(3) phase and second phase of MnO(x). The La-deficiency can
be stabilized only by an additional elastic contribution (stress) due to
substrate/film lattice misfit. The obtained results open a promising pos-
sibility to control the structure and magnetotransport in manganites by
the interplay between elastic and Coulomb interaction. SFB 602, TP A2
is acknowledged.

MA 16 Micro- and Nanostructured Magnetic Materials 11

Time: Tuesday 11:45-13:00

MA 16.1 Tue 11:45 HSZ 103

In-situ measurements of magnetoresistive effects in ferromag-
netic microstructures by Lorentz TEM — eTHOMAS HAUG, AN-
TON VOGL, JOSEF ZWECK, and CHRISTIAN H. BACK — Institut fiir Ex-
perimentelle und Angewandte Physik, Universitit Regensburg, D-93040
Regensburg, Germany

Recently large magnetoresistive values exceeding 10.000% have been
discovered in ferromagnetic nanocontacts. In these experiments it is as-
sumed that the contact area supports almost atomically sharp domain
walls, where the conduction electrons suffer strong spin scattering. How-
ever, this theory is discussed controversially, as some other reasons could
be listed as well, which might explain these extraordinary high effects.
Apart from that, many other magnetoresitive experiments can only be
explained theoretically or on the basis of micromagnetic simulations. So
there is a strong need for direct observation of the micromagnetic behav-
ior of the samples during the magnetoresistance measurement. We report
on a four point resistance measurement inside a transmission electron
microscope (TEM) and during the imaging process which uses a newly
developed specimen holder. Lorentz microscopy allows us to observe the
micromagnetic configuration of the ferromagnetic samples. Two differ-
ent imaging techniques, Fresnel imaging and differential phase contrast
(DPCQC) are used. The latter one allows lateral magnetic resolution down
to 10 nm. We present first experiments on ferromagnetic Nickel struc-
tures where we can show the direct correlation between the appearance
of magnetic domains and anisotropic magnetoresistance.

MA 16.2 Tue 12:00 HSZ 103

Magnetic anisotropy and tunneling anisotropic magnetore-
sistance in CoPt systems. — ®ALEXANDER SHICK', FRANISEK
Maca!, JAN  MASEK!, and Tomas JUNGWIRTH®? — !Institute
of Physics ASCR, Na Slovance 2, 182 21 Praha 8, Czech Republic
— Znstitute of Physics ASCR, Cukrovarnickd 10, 162 53 Praha 6,
Czech Republic 3School of Physics and Astronomy, University of
Nottingham, University Park, Nottingham NG7 2RD, UK

First principles full-potential linearized augmented plane wave (FP-
LAPW) calculations are used to investigate the magnetic anisotropy en-
ergy (MAE) and tunneling anisotropic magnetoresistance (TAMR) for
several model systems ranging from simple hep-Co to more complex fer-
romagnetic structures with enhanced spin-orbit coupling, namely bulk
and thin film L1y-CoPt ordered alloys and a monatomic-Co wire at a Pt
surface step edge. Based on ab initio calculations of the anisotropy in the
density of states we predict sizable TAMR effects in CoPt-based metal-
lic ferromagnets. This opens prospect for new spintronic devices with a
simpler geometry as these do not require antiferromagnetically coupled
contacts on either side of the tunnel junction. We also investigate the
relation between the TAMR and MAE, and evaluate reliability of the
predicted density of states anisotropies by comparing quantitatively our
ab initio results for the magnetocrystalline anisotropies in these systems
with experimental data.

Room: HSZ 103

MA 16.3 Tue 12:15 HSZ 103

Simulation of magnetoelastic properties of magnetic hollow mi-
crospheres — eMARKUS E. GRUNER and PETER ENTEL — Theoretis-
che Physik, Universitét Duisburg-Essen, 47048 Duisburg

We investigate the properties of magnetic hollow micropheres consist-
ing of a self-supporting closed packed arrangement of nanoparticles on
a surface of a shell. Based on the setup of a recent experiment [1], we
propose a model taking into account the dipolar magnetic coupling and
a Lennard-Jones-like pair interaction between the individual particles.
Computer simulations using the hybrid Monte Carlo method [2] allow
us to obtain information on the magnetoelastic properties. Depending
on the strength of the attractive interactions considerable deformations
are observed. Using a rotating homgeneous magnetic field, a controlled
athermal destruction of the structures is achieved, possibly making mag-
netic microspheres candidates for magnetically targeted drug carriers.
[1] A. Schlachter, M. E. Gruner, M. Spasova et al., Phase Transitions 78,
741 (2005)
[2] B. Mehling, D. W. Heermann, and B. M. Forrest, Phys. Rev. B 45,
679 (1992)

MA 16.4 Tue 12:30 HSZ 103

Preparation and characterization of Mn ferrite nano particles
via coprecipitation method — eBEHSHID BEHDADFAR!, MORTEZA
MOZzAFFARIV?, and JAMSHID AMIGHIAN™? — 'Phys. Dept., The Uni-
versity of Isfahan, Isfahan (81746-73441), Iran. — 2Nanphysics Recearch
Group, Center for Nanosciences and Nanotechnology, The University of
Isfahan, Isfahan (81746-73441), Iran.

Soft magnetic oxides, MFe2 O4, where M is a divalent metallic ion,
have a spinel structure and in the bulk form have many applications
in telecommunication and electronics. Nano particles of these ferrites
have different characteristics in comparison with the bulk ones. The use
of magnetic particles to induce hyperthermia in biological tissues is an
important factor for tumor therapy. Hyperthermia is a therapeutic pro-
cedure, which is used to raise the temperature of a region of the body
affected by cancer to 42-460C. This method involves the introduction
of ferromagnetic particles in to tissues, and their subsequent irradiation
with an alternating electromagnetic field. In this work we have prepared
and characterized Mn ferrite nanopowders with a mean particle size of 5
nm. The powders were characterized by XRD method and particle size
was calculated by Scherrer*s formula.

MA 16.5 Tue 12:45 HSZ 103

Calculation of the spontaneous magnetization of zinc ferrite
unit cells with different distributions of cations at 0 K
eMORTEZA MOZAFFARI, SEID AHMAD RASTGHALAM, and JAMSHID
AMIGHIAN — Phys. Dept., The University of Isfahan, Hezarjarib st.,
Isfahan 81746-73441, IRAN.

In this work we have calculated spontaneous magnetization of ensem-
bles of zinc ferrite unit cells having one-, ten- and a hundred-million
members. For a unit cell of zinc ferrite, about 76.5 % of the cations are
on the surface. On the other word broken bond density (BBD), which
is the fraction of broken exchange bonds between surface spins with ex-
change bonds between surface and core spins unaffected, is nearly equal
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to 1. Bulk zinc ferrite has a normal spinel structure and as zinc ion
has no magnetic moment, it has an antiferromagnet order with a Néel
temperature of less than 10 K. Experimental studies have shown that
nanometer size of zinc ferrite could have an inverse spinel structure with
a non zero spontaneous magnetization. This is due to the canting and/or
redistribution of spins on different sublattices. For each of the ensembles

a pair of cations have been changed randomly for each member. For
unit cells with a distribution according to a normal spinel structure we
obtained a spontaneous magnetization (4mM,sub,0) of 1319.5 G. For oth-
ers we obtained a range of spontaneous magnetizations from 188.49 to
4913.45 G. Spontaneous magnetization mean values for the all ensembles
were obtained that is 1543.40 G.

MA 17 Magnetic Materials 11

Time: Tuesday 10:15-13:00

MA 17.1 Tue 10:15 HSZ 401

Magnetism without d-electrons oMARTIN SIEBERER, JOSEF
REDINGER, SERGII KHMELEVSKYI, and PETER MOHN — Center for
Computational Materials Science, Vienna University of Technology, Ge-
treidemarkt 9/134, A-1060 Vienna, Austria

On the basis of ab-initio calculations employing density functional the-
ory (DFT) we investigate half metallic ferromagnetism in zinc-blende and
wurtzite compounds composed of group I/II metals as cations and group
V elements as anions. We find that the formation of ferromagentic order
requires large cell volumes, high ionicity and a slight hybridization of
anion p and cation d states around the Fermi energy. Our calculations
show that a ferromagnetic alignment of the spins is energetically always
more stable than simple AF arrangements, which makes these materials
possible candidates for spin injection in spintronic devices. To clarify the
conditions for the flat p-band carrying the magnetism, we present results
of a tight binding analysis.

MA 17.2 Tue 10:30 HSZ 401

Complex magnetic order and transition to half-metallicity in
Mn-doped Fe;Si— ePHIVOS MAVROPOULOS, MARJANA LEZAIC, and
STEFAN BLUGEL — IFF, Forschungszentrum Jiilich, D-52425 Jiilich,
Germany

FesSi is a ferromagnetic material with possible applications in mag-
netic tunnel junctions [1]. When doped with Mn, the material shows a
complex magnetic behavior, as suggested by older experiments [2]. Mo-
tivated by the above, we employed the Korringa-Kohn-Rostoker Green
function method within density-functional theory in order to study the
alloy Fes_,Mn,Si, with 0 < x < 1. The Mn atoms are positioned at
the octahedral site of the L2; crystal structure. Chemical disorder is
described within the coherent potential approximation (CPA); magnetic
disorder is considered within the disordered local moment (DLM) state,
again using the CPA. We find that, for < 0.3, the Mn atoms align antif-
eromagnetically (Mn') to the Fe atoms, while for z > 0.75 the alignment
is ferromagnetic (Mn'). For intermediate Mn concentrations, the energy
minimum is at a DLM state of the form Fe3,z(l\'lni,yl\'InL)Si, in which
only a fraction y of the Mn atoms is ferromagnetically coupled to Fe.
In the concentrated limit (z = 1), the (ordered) alloy is half-metallic.
For lower concentrations the spin polarization at the Fermi level is also
considerable: for x = 0.65, P = 0.93, and for x = 0.55, P = 0.85.

We discuss the origin of the transition to ferromagnetic behavior, the
exchange interactions and the spin polarization.
[1] A. Tonescu et al., Phys. Rev. B 71, 094401 (2005)
(2] S. Yoon and J. G. Booth, J. Phys. F: Met. Phys. 7, 1079 (1977)

MA 17.3 Tue 10:45 HSZ 401

XMCD study of the 5d magnetism at the B’ site in double
perovskites A;CrB'Og — oP. MAJEWSKI', S. GEPRAGS!, O. SAN-
caNAst, M. OpeL!, R. Gross!, G. VAITHEESWARAN? V. KAN-
CHANA%, A. DeLIN?, F. WiLHELM?, A. ROGALEV?, and L. ALFF?
— 'Walther-Meissner-Institut, Bavarian Academy of Sciences, Walther-
Meissner-Str. 8, 85748 Garching, Germany — 2Department of Mate-
rials Science and Engineering, Royal Institute of Technology (KTH),
10044 Stockholm, Sweden 3Buropean Synchrotron Radiation Facil-
ity (ESRF), 6 Rue Jules Horowitz, BP 220, 38043 Grenoble, Cedex 9,
France — ?Darmstadt University of Technology, Petersenstr. 23, 64287
Darmstadt, Germany

We have investigated the magnetic moment of the 'non-magnetic’ B’
ion W (resp. Re) in the ferrimagnetic double perovskites SroCrWOg,
CayCrWOg and SryCrReOg by X-ray magnetic circular dichroism
(XMCD) at the L2/3 edges. In all compounds, a negative spin and a
positive orbital moment for the B’ ion was detected. Our results are in
good agreement with recent band-structure calculations and confirm that
the magnetism in these materials is determined by an electronic configu-
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ration with localized, highspin 3d electrons on the magnetic ion (Cr) and
delocalized 5d electrons on the ‘non-magnetic’ site, which are polarized
antiparallel. We find that these double perovskites follow the scaling law
of the spin magnetic moment at the site of the ‘non-magnetic’ B’ ion with
Curie temperature.

This work was supported by the DFG (GR 1132/13), the BMBF (project
13N8279) and the ESRF (HE-1658, HE-1882)

MA 17.4 Tue 11:00 HSZ 401

Rare-earth ferroborates RFe;(BO3),: A novel route to multifer-
roism — eR. KLINGELER!, C. HEss!, N. TRISTAN!, Y. SKOURSKI',
B. BUCHNER!, E. Porova?, A. VaSILIEV?, L.N. BEZMATERNYKH?,
N.A. StoLBOVAYA®, and V.L. TEMEROV? — !Leibniz-Institute for
Solid State and Materials Research IFW Dresden, Postfach 270116, —
2Faculty of Physics, M.V. Lomonosov, Moscow State University, — 3L.V.
Kirensky Institute of Physics, Siberian

GdFe3(BOs3), is known to be a new multiferroic compound since it
exhibits both ferroelectric and antiferromagnetic properties. Little is
known about other members of the RFe3(BO3)4 family (R=Eu, Tb, Dy,
Ho, ...). We report on thermodynamic properties of Th- and Y based
compounds, i.e. specific heat and magnetization measurements in high
magnetic fields and in a wide temperature range.

MA 17.5 Tue 11:15 HSZ 401

Direct imaging of stripe-like features in Lag75Ca.05MnOs_, by
scanning tunneling microscopy — eLAKSHMANA SUDHEENDRA!,
VASILY MOSHNYAGA', SIGRUN KOESTER!, KAl GEHRKE'!, BERND
DAMASCHKE!, O SHAPOVAL?, A BELENCHUK?, and KONRAD
SAMWER! 1. Physikalisches Institut, University of Goettingen,
Friedrich-Hund-Platz 1, D-37077, Germany nstitute of Applied
Physics, Academy of Sciences of Moldova, Academiei Str. 5, MD-2028,
Chisinau, Moldova

We have performed high resolution scanning tunneling mi-
croscopy (STM) and spectroscopy on pseudo-cubic and orthorhombic
Lag75Cag25MnOs—,, films. In the ferromagnetic regime, we observe
stripe-like features for the pseudo-cubic film.  The typical stripe
dimensions are 3-5 unit cells. This charge-stripe dimension observed
under STM is consistent with the length scale of ’correlated polarons’
observed in manganites from various diffraction techniques [1]. The
room temperature images show unusual charge modulation at the atomic
scale. The formation of stripes and the unusual charge modulations are
discussed based on the charge, orbital and the vacancy ordering [2]. The
orthorhombic film, on the other hand, shows stripe-like features at room
temperature, which is consistent with the stabilization of the polarons
due to the greater structural distortion.

Acknowledgement: We acknowledge the support of DFG-SFB 602 TP
A2, the Leibniz programm and the A.v Humboldt foundation (L.S)

1. R. Kajimoto et al., Phys. Rev. B 66, 180402(R) (2002) 2. Takashi
Hotta et al., Phys. Rev. Lett. 86, 4922 (2001)

MA 17.6 Tue 11:30 HSZ 401

Electronic structure of highly ordered Sr;FeMoOg: XPS
and XES studies — oK. KuUrerPER'?, M. KADIROGLU?, A. V.
PostNikKov®3, K. C PRINCE®®, M. MATTEUCCI®, V. R. GALAKHOV?,
H. Hesse?, G. BORSTEL?, and M. NEUMANN? — !Forschungszentrum
Rossendorf e. V., D-01328 Dresden, Germany ZUniversity of
Osnabriick, Department of Physics, D-49069 Osnabriick, Germany —
3Institute of Metal Physics, 620219 Yekaterinburg GSP-170, Russia
— “Laboratorio TASC-INFM, 1-34012 Basovizza (Trieste), Italy —
5Sincrotrone Trieste, 1-34012 Basovizza (Trieste), Italy — SICGEB,
[-34012 Trieste, Italy

We have investigated the electronic structure of SroFeMoQOg. In order
to probe the partial densities of states we applied soft x-ray emission



Magnetism

Tuesday

spectroscopy (XES) to the Fe L, the Mo M and the O K edges. We
discuss the results in the light of complementary measurements of the
valence band by means of x-ray photoelectron spectroscopy (XPS) and
first-principles generalized gradient approximation (GGA) and LDA +
U band structure calculations [1].

[1] K. Kuepper et al., J. Phys.: Condens. Matter 17, 4309 (2005).

MA 17.7 Tue 11:45 HSZ 401

Microscopic magnetism of the multiferroic spinel CdCr2S4
— eE. GOERING!, S. GoLp!, J. DEISENHOFER?, J. HEMBERGER?,
V. TsurkanN?, and A. LoipL? IMPI fiir Metallforschung,
70569 Stuttgart — ZInstitiut fiir Korrelationen und Magnetismus,
Uni-Augsburg, 86135 Augsburg

The coexistence of ferromagnetism and ferroelectricity, has recently
attracted much interest in perovskite rear earth manganites [1]. This is
connected to a possible new generation of promising electronic devices,
where electronic polarization and magnetism are coupled to each other.
For CdCr254 a colossal magnetocapacitive coupling has been observed
close to the ferromagnetic ordering temperature of about [2]. We will
show here X-ray magnetic circular dichroism results at the Cr 12,3 edges
performed at 33K and 1T external magnetic field, in order to investigate
the microscopic magnetic properties of CdCr25S4. The magnetic spectra
exhibit unusual and very complex structures (see figure). By the use
of sum rules and a self consistent j3/2 j1/2 mixing correction a slightly
reduced, compared to the bulk value of 3*B [2], spin moment of 2.2*B
has been found. The orbital moment exhibits a nearly vanishing value of
0.037*B, consistent to the theoretically predicted high spin configuration
with fully occupied majority t2g orbitals.

[1] T. Kimura, et al.; Nature 426 (2003) 55. T. Goto, et al.; Phys.
Rev. Lett 92 (2004) 257201 [2] J. Hemberger, et al.; Nature 434 (2005)
364.

MA 17.8 Tue 12:00 HSZ 401

Characterization of boron-free Fe-based metallic glasses using
small-angle neutron scattering — ¢GIOVANNI MASTROGIACOMO!,
JoacHM KOHLBRECHER?, and JORG F. LOFFLER! — !Laboratory of
Metal Physics and Technology, Department of Materials, Swiss Federal
Institute of Technology (ETH) Ziirich, Wolfgang-Pauli-Strasse 10, CH-
8093 Ziirich, Switzerland — 2Paul Scherrer Institute, CH-5232 Villigen-
PSI, Switzerland

According to structural models, the development of Fe-based metallic
glasses is strongly correlated to the amount of metalloids. However, a
higher amount of metalloids causes deterioration not only in magnetic
properties but also in plasticity. Starting from a Fe-Cr-Co system, which
exhibits a decomposing tendency in the solid state, several boron-free
Fe-based metallic glasses of composition (Fe0.582C00.418)100-x-yCrxZry
(10<x<28 and 8<y<11) were developed. The development of these al-
loys was based on destabilization of the solid state via the application
of the Hume-Rothery rule, where low solubility is achieved for alloying
elements with atomic size ratios differing by more than 15%. Alloying
of zirconium in the Fe-Cr-Co system, which satisfies the Hume-Rothery
rule, causes a decrease in the liquidus temperature. The resulting mag-
netization measurements of a boron-free Fe-based metallic glass of com-
position (Fe0.582C00.418)80Cr10Zr10 reveal a saturation magnetization
of up to 1.1 T and an inverted hysteresis. According to small-angle neu-
tron scattering measurements, the inverted hysteresis can be attributed
to the presence of two phases, resulting from the decomposing tendency
of the Fe-Cr-Co system.

MA 17.9 Tue 12:15 HSZ 401
Orbital magnetic moment anisotropy in (GaMn)As — oF. KRO-
NAST!, R. OVSYANNIKOV!, A. VOLLMER', H.A. DURR!, W. EBER-
HARDT', G.M. Scuort?, C. RUESTER?, C. GoULD?, G. SCHMIDT?,
K. BRUNNER?, L.W. MOLENKAMP?, and J. CESAR® — 'BESSY GmbH,
Albert Einstein Strasse 15, 12489 Berlin, Germany — 2Physikalisches
Institut III, Universitit Wiirzburg, Germany — 3ESRF, BP 220, 38043
Grenoble Cedex, France

Using x-ray absorption spectroscopy (XAS) and x-ray magnetic
circular dichroism (XMCD) we studied the ferromagentic ordering
in (GaMn)As, the most prominent member of the III-V series of
ferromagnetic dilute magnetic semiconductors (DMS). Mn replacing
the trivalent Ga atoms provides a local spin magnetic moment and as
an acceptor it creates itinerant holes [1]. The exchange coupling of
holes to the Mn 3d shell by pd-hybridization mediates the long range
ferromagnetic order. The pd-hybridization is usually assumed to be
spherically isotropic [2].

Only recently Mahadevan et al. predicted a strongly anisotropic pd-
hybridization due to p-d hopping interactions that depend on the spe-
cific lattice orientation (Phys. Rev. Lett., 93, 177201, 2004). In angle
dependent XMCD measurements we find a variation of the Mn 3d or-
bital moment with the in-plane azimuthal lattice direction that is corre-
lated with distinct spectroscopic features. Both can be interpreted by a
spin-orientation dependent spatial anisotropy of the Mn acceptor state
influencing the ferromagnetic ordering. This is the first experimental in-
dication for an anisotropic pd-hybridization in (GaMn)As and, therefore,
magnetic exchange coupling.

MA 17.10 Tue 12:30 HSZ 401

Crystal growth and physical properties of cuprates grown un-
der high pressure — eNaDJA WIzENT!, GUNTHER BEHR!, LUTZ
SCHRAMM!, MIRCEA APOSTU!, ANJA WASKE!, THOMAS DOERTE?,
MicHAEL RuUCk?, BERND BUCHNER!, and WOLFGANG LOSER' —
Leibniz Institute for Solid State and Materials Research (IFW) Dresden,
Germany — 2Technische Universitiat Dresden Institut fiir Anorganische
Chemie Dresden, Germany

The copper oxide-based compounds are known for interesting proper-
ties like superconductivity, spin and charge ordering. Single crystals of
cuprates with Co and Ca were grown with the travelling floating zone
method under high oxygen pressure. Phase diagram studies were carried
out on the basis of CALPHAD calculations. Magnetic and heat capac-
ity measurements were accomplished on as grown and annealed crystals.
Different growth strategies and heat treatments for the metastable phase
CoCuy03 were elaborated, which show the striking effect of growth rate
on the constitution. A CaCuyOj3 type phase was grown under 50 bar
oxygen pressure with the composition of (Cag 75Cug 25)CusO3. Magnetic
measurements revealed antiferromagnetic ordering below Ty= 31 K .
From structure investigations it is concluded that 11% of all Cu-atoms
are on Carsites. Whereas, only 1/3 of them display magnetic moments.

MA 17.11 Tue 12:45 HSZ 401

Influence of texture on corrosion behaviour of highly anisotropic
sintered magnets — eMIHAELA RADA!, ANNETT GEBERT!, IRINA
MaziLu!, KiriLL KoLOPKOV!, OLIVER GUTFLEISCH', LUDWIG
ScuuLTz!, and WERNER RODEWALD? — !Leibniz-Institute for Solid
State and Materials Research IFW Dresden, P.O. Box 270016, D-01171
Dresden, Germany — 2Vacuumschmelze GmbH & Co KG, P.O. Box,
D-63412 Hanau, Germany

The anisotropic corrosion behaviour of highly textured sintered Nd-Fe-
B magnets in weakly acidic solutions has been evaluated by investigations
of magnet surfaces, which are parallel or perpendicular to the crystallo-
graphic c-axis of the aligned ferromagnetic grains. The total corrosion
process progresses more pronouncedly at the perpendicular magnets sur-
faces (the pole faces). Under free corrosion and anodic polarization con-
ditions the parallel magnet surfaces exhibit a stronger active dissolution
tendency due to an enhanced reactivity of grain surfaces parallel to the
(100) plane of the Nd2Fel4B crystals. Single misoriented grains dissolve
preferentially at both magnet sides. Under cathodic conditions the hy-
drogenation process progresses more rapidly at the perpendicular sides,
suggesting a local preferential penetration of atomic hydrogen into the
material.
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MA 18.1 Tue 10:15 HSZ 403

Modal Spectrum of Permalloy Disks with and without Vortex
oFRANK HOFFMANN, KORBINIAN PERZLMAIER, GEORG WOLTERS-
DORF, INGO NEUDECKER, and CHRISTIAN BACK — Institut fiir Ex-
perimentelle und Angewandte Physik, Universitit Regensburg, Univer-
sitétsstrasse 31, 93040 Regensburg
The mode spectrum of micron-sized ferromagnetic permalloy disks,
exhibiting a vortex ground state, was investigated. In equilibrium the
magnetization is in the plane of the sample, except for a small region in
the center, where it is aligned perpendicular.
Time resolved scanning Kerr microscopy was used to measure the tem-
poral evolution of the magnetization after application of a fast rise time
in-plane field pulse. Spatially resolved amplitude and phase spectra re-
veal the mode structure, that consists of modes with circular nodes and
modes with diametric nodes.
It is shown, that the lowest order azimuthal mode, a mode with only
one diametric node, splits into a doublet as the disk diameter decreases.
Ivanov and Zaspel [1] have shown theoretically, that this splitting is due
to interaction with the gyrotropic motion of the vortex core. By remov-
ing the vortex core the splitting of the modes vanishes. This behaviour
was found both in micromagnetic simulations and experiments.
[1] PRL 94, 027205 (2005)

MA 18.2 Tue 10:30 HSZ 403

Microwave assisted switching in Nig;Fe;g — oP. MARTIN PI-
MENTEL, H.T. NEMBACH, S. HERMSDORFER, and B. HILLEBRANDS
— Fachbereich Physik and Forschungsschwerpunkt MINAS, TU Kaiser-
slautern, Erwin-Schrodinger-Str. 56, 67663 Kaiserslautern, Germany

We present the study of the quasi-static switching behavior of a
Nig; Feyg ellipsoid under the influence of a microwave field by longitudinal
magneto-optic Kerr effect magnetometry. The long axis of the ellipsoid is
parallel to the quasi-static field in the plane of the element. The dimen-
sions of the element are 160 pm x 80 pm x 10 nm. The switching behavior
of the element is studied by measuring hysteresis curves with an applied
microwave field perpendicular to the quasi-static magnetic field. The fre-
quency of the microwave field was varied in the range of 500 MHz to 2.0
GHz in steps of 100 MHz and the microwave power is increased from -5
dBm to 35 dBm for each frequency. A strong reduction of the coercive
field is observed for the microwave frequencies between 650 MHz to 900
MHz for the maximum output power of 35 dBm. This reduction can be
described by two different mechanisms. The most important one is the
enhancement of domain nucleation by the microwave field. The second,
weaker mechanism is an enhanced growth of the reversed domain. This
is due to the fundamental principle that every physical system favors
the state with the lowest Gibbs free energy. We demonstrate that the
switching process of elements, which is dominated by domain nucleation
and propagation, can be stimulated by applying a transversal microwave
field. This work is supported by the EU-RTN ULTRASWITCH (HPRN-
CT-2002-00318).

MA 18.3 Tue 10:45 HSZ 403

Brillouin light scattering microscopy investigations of quan-
tized spin waves in small magnetic ring structures — oH.
ScuurTHEIss!, C. Baver!, H.T. NemBAcH!, M.C. WEBER!, B.
LeVEN', J. PoDBIELSKI?>, F. GIesEN?, D. GRUNDLER?, and B.
HILLEBRANDS' — !Fachbereich Physik und Forschungsschwerpunkt
MINAS, TU Kaiserslautern, Erwin-Schrodinger-Str. 56, 67663 Kaiser-
slautern, Germany — 2Institut fiir Angewandte Physik und Zentrum fiir
Mikrostrukturforschung, Universitdit Hamburg, Jungiusstr. 11, 20355
Hamburg, Germany

Spin wave quantization due to geometrical confinement and the pres-
ence of spin wave wells has been studied spatially and frequency resolved
in mesoscopic magnetic ring structures. Brillouin light scattering mi-
croscopy with a spatial resolution of 300 nm allows for a local study of
the spin dynamics within a single ring magnetized in the onion or the
vortex state. The measured spin wave spectra do not change significantly
along the ring in the vortex state, whereas in the onion state a strongly
inhomogeneous internal field along the ring perimeter leads to different
spin wave frequencies primarily in the pole and equatorial ring regions.
Spin wave quantization in radial direction within the equatorial region of
the onion state was found by comparing the experimental spectra with
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calculated spin wave dispersions. Moreover, effective spin wave wells
caused by the inhomogeneous internal field distribution are responsible
for spin wave localization in the pole region of the onion domain pattern.
Hence, there is strong evidence for the coexistence of localized eigen-
modes within a single microstructure due to two different quantization
mechanisms.

Financial support by the DFG within the SPP 1133 and by the EC-RTN
ULTRASWITCH is gratefully acknowledged.

MA 18.4 Tue 11:00 HSZ 403

Spatially resolved dynamic eigenmode spectrum of Co rings —
¢INGO NEUDECKER!, MATHIAS KLAUI?>, KORBINIAN PERZLMAIER!,
DirK BACKES?? LAURA J. HEYDERMAN®, CARLOS A. F. Vaz*, J.
ANTHONY C. BLAND?, ULRICH RUDIGER?, and CHRISTIAN H. BACK!
— nstitut fiir Experimentelle und Angewandte Physik, Universitit
Regensburg, Universitatsstrasse 31, D-93040 Regensburg, Germany —
2Fachbereich Physik, Universitit Konstanz, Universititsstrasse 10, D-
78457 Konstanz, Germany — ®Paul Scherrer Institut, CH-5232 Villingen
PSI, Switzerland — *Cavendish Laboratory, University of Cambridge,
Madingley Road, Cambridge, CB3 OHE, United Kingdom

We determined the spatially resolved eigenmode spectrum of
micrometer-sized Co ring magnets by means of vector network analyzer
ferromagnetic resonance combined with time resolved magneto-optic
Kerr effect measurements. In doing so up to five resonant eigenmodes
were observed in the frequency range from 45 MHz to 20 GHz as
a function of an external magnetic bias field. Well defined spatial
modes were found both in the vortex and in the onion remanent
states. The observed modes correspond to four longitudinal modes,
with magnetostatic backward-volume character, and a transverse mode,
localized in the transverse domain wall of the onion state. Finally the
effect of inter-ring coupling on the modes in the remanent states was
investigated. Good agreement between the experimental results and
micromagnetic simulations was found. The study demonstrates that the
ring representing a high symmetry structure exhibits simple eigenmode
behavior.

MA 18.5 Tue 11:15 HSZ 403

Correlation of ferromagnetic precessional modes and do-
main wall density in patterned ferromagnetic films — o¢UTE
QuEIiTscH!, JEFFREY McCORD!, RUDOLF SCHAFER!, LUDWIG
ScuuLTz!, KARSTEN RoOTT?, and HUBERT BRUCKL? — !Leibniz
Institut fiir Festkorper- und Werkstoffforschung (IFW), Helmholtzs-
trasse 20, 01069 Dresden — 2Universitit Bielefeld, Lehrstuhl fiir Diinne
Schichten und Nanostrukturen, Universitatsstrasse 25, 33615 Bielefeld

Understanding the correlation between magnetic microstructure and
hf-response of patterned soft magnetic thin films is crucial for hf applica-
tions. The hf response of arrays of CoZrTa single and bi-layer thin film
elements (200um x 50pum x 80nm) was investigated by means of pulsed
inductive microwave magnetometry and directly compared to the domain
structure analyzed by time resolved wide field Kerr microscopy. Different
domain states were preset by varying the magnetic field history. Charac-
teristic changes in the hf response depending on the domain wall density
were observed. Domain walls were found to have a lower permeability
compared to freely rotatable regions, leading to an additional contribu-
tion to the acting anisotropy field which leads to a drastic rise in the
dominating ferromagnetic resonance frequency of the film. The demag-
netizing field of the 90°-closure domain walls causes different modes of
excitation and relaxation. Domain wall movements during the dynamic
remagnetization process cause frequency components in the 100 MHz
range. Due to stray field coupling the bilayers show an irregular domain
pattern without closure domains which leads to a strong reduction of the
number of precessional modes and domain wall movements.

MA 18.6 Tue 11:30 HSZ 403
Fast Resonant Vortex Core Switching — eH. SToLL!, A.
Puzic!, K.W. CHou', B. VAN WAEYENBERGE?, T. TYLISZCZAK?, .
NeuDECKER!, K. RoTT?, H. BRUCKL®, D. WEISs?, G. Ruiss®, C.H.
Back?, and G. ScuHUTZ! — 'MPI for Metals Research, Stuttgart —
2Ghent University — *LBNL, Berkeley, CA — *Regensburg University
— Bielefeld University — *ARCS, Nano System Technology, Vienna
New ways were developed to switch the out-of-plane polarization of
vortex cores in micron-sized ferromagnetic vortex structures either (i) by
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altering the amplitude of an alternating magnetic field at a frequency
close to the eigenfrequency of the gyrotropic vortex motion or (ii) by ap-
plying a short burst (e.g., one single period) of this resonant ac magnetic
field. Switching of the vortex core corresponds to a change of the chiral-
ity or handedness of the vortex structure. Experiments were performed
on 1 to 2 micron large, 50 nm thick Permalloy circles and squares lo-
cated on a Cu stripline. The polarization of the vortex core was detected
with a scanning transmission X-ray microscope (STXM, ALS, Berkeley)
by monitoring the sense of rotation of the vortex motion [1]. Magnetic
vortex cores have already been discussed as candidates for magnetic data
storage, but for switching of the vortex core polarization large magnetic
fields in the order of half a Tesla were required so far [2,3]. The resonant
vortex core switching schemes presented here need much lower magnetic
fields (in the order of 10 mT) and allow in addition high switching speeds.
(1] A. Puzic et al., J. Appl. Phys. 97, 10E704 (2005)

[2] T. Okuno et al., J. Appl. Phys. 95, 3612 (2004)

(3] A. Thiaville et al., Phys. Rev. B 67, 094410 (2003)

MA 18.7 Tue 11:45 HSZ 403

Spin wave logic gates — oT. SCHNEIDER, M. KOSTYLEV, B. LEVEN,
A. SERGA, and B. HILLEBRANDS — Fachbereich Physik, TU Kaiser-
slautern, 67663 Kaiserslautern

We present a new approach for magnetic logic gates either using the
phase or the amplitude of the spin-waves. A XNOR gate has been re-
alized using the spin-wave phase as logical “1” and “0”. The necessary
phase-shifts can be realized by a weak, locally confined magnetic field,
e.g. the field of a current carrying conductor. Using this current con-
trolled phase shifter (CPS), the XNOR gate can be constructed as a
Mach-Zehnder interferometer with a CPS in each of the branches. In ad-
dition, we have created a NAND gate using the spin-wave amplitude as
logical signal. We demonstrate that by applying a magnetic field which
is stronger than in the case of the XNOR gate the spin-wave amplitude
can be suppressed thus realizing the required input negation. We have
constructed prototypes of both logic gates based on yttrium-iron-garnet
waveguides and we demonstrate the performance.

This work has been supported by the Deutsche Forschungsgemein-
schaft and by the European Community within the EU-project MA-
GLOG (FP6-510993).

MA 18.8 Tue 12:00 HSZ 403

Ballistic Bit Addressing in a Magnetic Memory Cell Array
— eHANS WERNER SCHUMACHER — Physikalisch-Technische Bun-
desanstalt, Bundesallee 100, 38116 Braunschweig

A ringing free bit addressing scheme for magnetic random access mem-
ories (MRAM) is proposed. As in standard MRAM addressing schemes
the switching of a selected cell is obtained by the combination of two
half-select field pulses. Numerical solutions of a single spin model of an
MRAM cell show that the pulse parameters can be chosen such that the
application of the half select pulse induces a full precessional turn of the
magnetization (no switch) whereas the superposition of two half select
pulses induces a half precessional turn (switch) [1]. With well adapted
pulse parameters both full-select and half-select switching occurs on bal-
listic trajectories characterized by the absence of ringing after magnetic
pulse decay. Such ballistic bit addressing allows ultra high MRAM write
clock rates and a highly parallel write operation [2].

References: [1] H. W. Schumacher, Appl. Phys. Lett. 87, 042504
(2005). [2] H. W. Schumacher, J. Appl. Phys. 98, 033910 (2005).

MA 19 Invited Talks
Time: Tuesday 14:00-15:00

Invited Talk MA 19.1 Tue 14:00 HSZ 03

Pressure and magnetic field effects on the magnetic and crys-
tallographic structures of the R5(SixGel-x)4 compounds —
eALGARABEL P. Al MORELLON L.!, MAGEN C.!, IBARRA M. R.!,
RITTER C.2, and ARNOLD Z.® — !nstituto de Ciencia de Materiales
de Aragoén, Universidad de Zaragoza and Consejo Superior de Investiga-
ciones Cientificas, 50009 Zaragoza, Spain 2Institut Laue-Langevin,
Boite Postale 156, 38042 Grenoble Cédex 9, France — SInstitute of
Physics AS CR, Na Slovance 2, 182 21 Prague 8, Czech Republic

The astonishing properties discovered in the R5(SixGel-x)4 rare-earth
intermetallic materials have triggered a great research activity due to an
exceptional magnetoresponsive behavior such as the giant magnetocaloric

MA 18.9 Tue 12:15 HSZ 403

Current assisted switching of magnetic tunneling cells with
MgO barriers — e GUENTER REISsS and KARSTEN ROTT — Bielefeld
University, Department of Physics, P.O. Box 100 131, 33501 Bielefeld,
Germany

The CMOS and scaling compatibility of the magnetic switching of the
soft electrode in magnetic tunneling junctions is one of the major chal-
lenges in the development of both Magnetic Random Access Memory as
well as Field Programmable Logic Gate Arrays. Because the traditional
method of switching by field pulses generated by current lines requires
large currents and is not scalable, alternative schemes such as heat as-
sisted switching have been porposed and demonstrated. Here, we show,
that the spin torque of the spin polarized current driven through a mag-
netic tunneling junction with low resistive MgO barriers with a of TMR
around 130% can both reduce considerably the apparent coercive field of
the soft layer and is even capable of switching the magnetization of the
soft electrode. The currents needed for switching are in the range of some
mA per square micron and thus open a way for CMOS compatibility of
ultrasmall tunneling junctions.

MA 18.10 Tue 12:30 HSZ 403

Precessional switching in arrays of iron nano-magnets. —
oFABRIZIO PORRATI and MICHAEL HUTH — Physikalisches Institut,
J. W. Goethe-Universitiat, Max-von-Laue-Strasse 1, 60438 Frankfurt am
Main

We present a bit addressing scheme for magnetic ram based on the
application of two successive unipolar field pulses. We employ micro-
magnetic simulations to study the switching behaviour of an isolated
nanomagnet as function of the pulses length. We discuss the role of the
dipolar interaction by varying the relative distance of memory cells in an
array of nanomagnets.

MA 18.11 Tue 12:45 HSZ 403

Domain Wall generation and movement in narrow GMR lines —
eROLAND MATTHEIS, MARCO DIEGEL, UWE HUEBNER, DOMINIQUE
ScuMIDT, and HARDY KOEBE — Institute for Physical High Technol-
ogy, A.-Einstein-Str. 9, D-07745 Jena

Well defined motion of domain walls in narrow lines offer chances for
new magneto electronic applications like magnetic logic [1] or multiturn
counters for automotive and automation applications [2]. To analyse the
behaviour of the domain walls we investigate the generation and move-
ment of the 180° domain walls in 10 and 20 nm thick Ni81Fel9 layers
as a part of a GMR stack. The structures consist of 150 x 250 nm wide
lines with and without a domain generator at one end of the 0.500 mm
line. By measuring the time and magnetic field dependence of the resis-
tance we determine the distribution of the magnetic field necessary for
the generation of a domain wall and the field dependence of the domain
wall movement (domain wall mobility). Pinning and depinning of the
domain walls was used to characterize geometrical perfection of the used
structures. \Zitat{1}{Allwood D. A., Xiong G., Cooke M. D., Faulkner
C. C., Atkinson D., Vernier N. and Cowburn R. P., Science, 296 (2002)
2003} \Zitat{2}{M. Diegel, R. Mattheis, E. Halder, IEEE Trans. Magn.
40 (2004) 2655}

Algarabel / Gutfleisch
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effect | strong magnetoelastic effects, and giant magnetoresistance. This
phenomenology has been associated with the intrinsically sub-nanometer-
layered crystallographic structure combined with a magnetic-martensitic
first-order phase transformation. The strong magnetoelastic coupling
responsible for these phenomena allows the magnetic-crystallographic
transition to be reversibly induced by the change of external parameters
such as temperature, external magnetic field, or hydrostatic pressure. A
review of the most outstanding properties arising from the strong inter-
play between the crystallographic structure and magnetism in the system
R5(SixGel-x)4 (R=Gd, Tb, Er) is presented. In addition to composi-
tional and magnetic-field effects, we will emphasize the significance of
the hydrostatic pressure as a new control parameter of the properties of
these compounds.
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Melt-spun materials for magnetic refrigeration near room tem-
perature — eOLIVER GUTFLEISCH — IFW Dresden, P.O. Box 270016,
D-01171 Dresden, Germany

The development of giant magnetocaloric effect (MCE) materials could
open the path for magnetic refrigeration near ambient temperature as an
energy efficient, easily scaleable, mechanically simple and environmen-
tally friendly cooling technology, by this replacing conventional refriger-
ation. Unlike in Gd5Ge2Si2, no magnetic-field induced crystallographic
structural changes are involved in the large values of magnetic entropy
change reported for LaFel3-xSix compounds of NaZnl3-type structure
and for MnFePAs compounds of Fe2P-type structure. LaFell.8Sil.2
shows a thermally-induced first-order phase transition as well as an

itinerant-electron metamagnetic transition accompanied by a significant
volume change. A prolonged heat treatment is usually necessary to de-
velop the NaZn13-phase in the bulk. Here, LaFel3-xSix was prepared by
melt-spinning. Melt-spinning can yield refined microstructure, extended
solute solubility, reduced macro- and micro-segregation and metastable
phases. We succeeded in the preparation of the 1:13 phase by a much
reduced annealing and in enhanced values of magnetic entropy changes.
Curie temperature and the nature of the magnetic phase transition (shift
from first-order to second-order) is adjusted by increasing Si content, by
partially substituting Co for Fe or by interstitial hydrogen. These changes
have not only consequences for the thermal and magnetic hysteresis but
also affect the final net refrigerant capacity. A similar evaluation was
done when replacing toxic As with Ge in melt-spun MnFePGe.
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MA 20.1 Tue 15:15 P1
Preparation and Properties of thin Manganite-Titanate
Composite-Films — eKAI GEHRKE', ALEXANDR BELENCHUK?,
OLEG SHAPOVAL?, VASILY MOSHNYAGA!, and KONRAD SAMWER! —
1. Physikalisches Institut, Universitit Gottingen, Friedrich-Hund-Platz
1, 37077 Gottingen — 2Institute of Applied Physics, Academieis 5,
MD-2028 Chisinau, Moldova
Multiferroic materials with coexistence of ferromagnetism and ferro-
electricity are in the focus of modern fundamental and applied research.
The coupling of these properties is believed to be very strong in nanocom-
posite films, containing epitaxial co-grown and elastically coupled Man-
ganite and Titanate phases. The strain induced by the piezo effect of the
Titanate phase should alter the magnetization of the CMR-Manganite
phase. Thin Manganite-Titanate films were grown on MgO and STO sub-
strates by Metalorganic Aerosol Deposition (MAD) technique. Mangan-
ites like La-Mn-O, La-Ca-Mn-O, La-Ce-Mn-O and La-Ba-Mn-O where
combined with ferroelectric Barium Titanate. XRD, SEM (EDX) and
TEM (EELS) where used to study the microstructure of the samples.
Measurements of the temperature-dependence of both conductivity and
the magnetic moment unveil a MI- and ferro-paramagnetic phase tran-
sition of the Manganite-phase. Dielectric spectroscopy in a wide range
of frequencies and temperatures is used to determine the ferroelectric
properties also in applied magnetic fields.

MA 20.2 Tue 15:15 P1

Investigation of manganite/strontium titanate interfaces by
surface photovoltage spectroscopy — eELKE BEYREUTHER!, STE-
FAN GRAFSTROM!, CHRISTIAN THIELE?, KATHRIN DORR?, and LUKAS
M. Enc! — nstitut fiir Angewandte Photophysik, Technische Univer-
sitdt Dresden, D-01062 Dresden — 2Institut fiir Metallische Werkstoffe,
IFW Dresden, Postfach 270116, D-01171 Dresden

In the present study, we investigate the distribution of electronic inter-
face states of three different perovskite oxide interfaces, formed by epitax-
ial thin films of Lag7Srg3MnO3(LSMO), Lag7Cag3MnO3(LCMO), and
Lag 7Ce 3sMnO3(LCeMO) on SrTiO3(100) substrates in the as-prepared
state, as well as after an annealing procedure. We find that the anneal-
ing significantly reduced the number and density of interface trap states.
Two different experimental techniques to comparatively inspect the sur-
face photovoltage (SPV) spectra were employed: an approach based on
X-ray photoelectron spectroscopy (XPS) and a capacitive approach. Ad-
vantages and limitations of both methods and their applicability to per-
ovskite oxide interfaces are discussed critically.

MA 20.3 Tue 15:15 P1

Critical exponents of the ferromagnetic-paramagnetic phase
transition of La;_,Sr,CoO; thin films — ¢ THORSTEN SCHWARZ'?,
Dirk FucHs!, and RUDOLF SCHNEIDER! — !Forschungszentrum Karl-
sruhe, Institut fiir Festkérperphysik, D-76021 Karlsruhe — 2Universitit
Karlsruhe, Fakultat fiir Physik, D-76128 Karlsruhe

The critical exponents of the second-order ferromagnetic-paramagnetic
phase transition of La;_,Sr,CoOj thin films (0.1 < x < 0.6) and bulk
materials are determined by magnetization measurements around the

Room: P1

Curie temperature T (-0.05 < € = (T-T¢)/Te < 0.05) applying fields
from 0 T to 5 T. The La;_,Sr,CoO3 thin films were grown on (001)
(LaAlO3)0.3(SraAlTaOg)o7 (LSAT) single crystal substrates by pulsed
laser deposition (PLD) and the bulk materials were made by standard
solid state synthesis. T¢ was determined by the derivative of the magne-
tization versus temperature, i.e., M vs. T, and Mg-(dM/dT)™! vs. T. In
order to determine the critical exponents 3, v and ¢ the following three
different techniques have been applied for the evaluation: i) Scaling-Plots,
ii) Kouvel-Fisher and iii) the modified Arrott-Plots technique. Best re-
sults for the critical exponents 3, v and ¢ were obtained by the modified
Arrott-Plots which are presented for thin films and bulk-materials.

MA 20.4 Tue 15:15 P1

Resonant magnetic soft x-ray scattering from thin EuTe lay-
ers — eENRICO SCHIERLE!, EUGEN WESCHKE!, ALEXANDER GOT-
TBERG!, GUNTER KAINDL!, WALTER SOLLINGER?, and GUNTHER
SPRINGHOLZ? — !lInstitut fiir Experimentalphysik, Freie Universitit
Berlin, D-14195 Berlin, Germany — 2Institut fiir Halbleiterphysik, Jo-
hannes Kepler University, A-4040 Linz, Austria

Magnetic structures and short-range correlations in thin EuTe(111)
films [1] were studied by magnetic soft x-ray scattering at the Eu Mj
resonance. The prototypical Heisenberg antiferromagnet EuTe is ideally
suited for a magnetic scattering study: (i) The high magnetic sensi-
tivity at the lanthanide Mj resonance [2] can be exploited and (ii) for
the x-ray wavelength of the resonance, the magnetic signal appears ex-
actly at the Brewster angle, which results in magnetic scattering virtu-
ally free of charge-scattering background. Magnetic diffraction provides
well-resolved Laue profiles that permit a detailed reconstruction of the
real-space magnetization profiles across the films, i.e. the temperature-
dependent magnetization of the individual layers. The reduced values
of the magnetization in the outer layers and the different temperature
dependences compared to the inner layers are in good agreement with
theoretical considerations. The high sensitivity of the method further
permits even critical scattering studies above the ordering temperature
in films with thicknesses down to 2 EuTe layers, revealing a transition to
two-dimensional magnetic behavior around 3 EuTe layers.
[1] H. Kepa et al., Phys. Rev. B 68, 24419 (2003).
[2] E. Weschke et al., Phys. Rev. Lett. 93 (157204), 2004.

MA 20.5 Tue 15:15 P1

Magnetotransport in SroCrWOQOg thin films — ePETRA MAJEWSKI,
STEPHAN GEPRAGS, ANDREA BOGER, MATTHIAS OPEL, and RUDOLF
GROSS Walther-Meissner-Institut, Bavarian Academy of Sciences,
Walther-Meissner-Str. 8, 85748 Garching, Germany

We report on the fabrication and characterization of thin film samples
of SroCrWOg by PLD (Pulsed Laser Deposition). The growth process
was monitored by RHEED (reflection high energy electron diffraction)
and the high crystalline quality of the thin films was checked by X-ray
diffraction. The Curie temperature T was found to exceed 400K from
SQUID magnetization measurements. The magnetotransport properties
of the samples were investigated in the temperature range from 5K to
300K and magnetic fields up to 14T. Hereby the magnetic field was ap-
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plied in several directions with respect to the thin films. Preliminary re-
sults indicate that the transport properties are close to a metal-insulator
transition. We also discuss an interesting fine structure in the MR at low
fields, which is highly sensitive on the direction of the applied magnetic
field.

This work is supported by the DFG (project GR 1132/13)

MA 20.6 Tue 15:15 P1

Multiferroic (La,A)MnO; / PbZr5Tio4sO0;3 bilayers: field ef-
fect vs. strain effect — ¢C. THIELE!, K. DORR!, E. BEYREUTHER?,
A. A. Levin®, W.-M. Lin?, O. BiLant!, and L. ScHurTz! — 'IFW
Dresden, PF 270116, 01171 Dresden — 2IAPP, TU Dresden — 3ISP, TU
Dresden — “IFE, TU Dresden, 01062 Dresden

Magnetic transition metal oxides can be combined with ferroelectric
titanates in epitaxially grown film structures [1]. This approach might
offer effective access to the electric control of magnetic properties via
electric field effect and induced elastic strain to the magnetic layers.
Field effect transistor (FET) structures of epitaxial PbZrg52Tig 4503 /
(La,A)MnO3 / SrTiO3(100) (A = Sr; Ca) have been prepared using off-
axis PLD with a shadow mask technique. FETs with a LaggCagoMnO3
channel show electrical modulation of the channel resistance proportional
to the PZT electric polarization loop [2], which can be attributed to
charge density modulation in the interface-near region of the manganite.
Recording complete resistance (R) hysteresis loops in dependence on an
applied gate voltage in FETs with Lag 7Srg3MnO3 channel has given ev-
idence for butterfly-like hysteresis being typical for in-plane strain mod-
ulation in the manganite layer [3]. R modulation depending on channel
thickness is discussed. Results are compared with the effects of dynam-
ically induced in-plane strain in epitaxial LSMO films on piezoelectric
Pb(Mg;/3Nby/3)O3-PbTiO3 (100) substrates. This work is supported by
DFG, FOR 520.

[1] H. Tabata et al., IEICE Tran. El. E80-C (1997) 918. [2] S. Math-
ews et al., Science 276 (1997) 238. [3] C. Thiele et al., APL 87 (2005)
162512.

MA 20.7 Tue 15:15 P1

In-situ RHEED-Characterization of La,/;Ca;;3MnOj3 thin films
— eALEXANDER HIRSCH, RALF KoOPPERT, FRANK LUDWIG, and
MEINHARD SCHILLING — TU-Braunschweig, Institut fiir Elektrische
Messtechnik und Grundlagen der Elektrotechnik,Hans-Sommer-Strafie
66, D-38106 Braunschweig, Germany

The growth of doped perovskite manganites is interesting for both ba-
sic research and potential applications. These materials show a huge
change in electric resistivity caused by an external magnetic field, the
colossal magnetoresistance (CMR) effect. The strain induced by lattice
mismatch between the substrate and the thin films influences the electric
and magnetic properties of the manganite films.

Lag/3Caq/3MnOj thin films are grown on SrTiO3z (001) substrates using
pulsed laser deposition (PLD). The epitaxial growth of the films is in-
vestigated by in-situ reflection high energy electron diffraction (RHEED)
supplemented by x-ray diffraction and atomic force microscopy. In par-
ticular the change of the lattice constant during the first monolayers is
monitored by in-situ RHEED. Besides the dependence of the PLD pa-
rameters on the intervall deposition is analyzed. To obtain maximum
information on the growth conditions the experiments are planned by
means of statistical design of experiments (DOE).

MA 20.8 Tue 15:15 P1

LOW TEMPERATURE BEHAVIOR OF (Eu,La)1-xSrxMnO3
— oYAKOV MUKOVSKII — Leninskii 4

Magnetic and transport properties of (Eul-yLay)1-xSrxMnO3 poly-
and single crystals were studied. Increasing as La as Sr leads to change
from antiferromagnetic (AFM) to ferromagnetic (FM) ordering in the
compounds. For some compositions application of an external magnetic
field induces the transition into the FM state with changing temperature
dependence of resistivity at low temperature from nonmetallic (dR/dT <
0) to metallic (dR/dT > 0) one. Magnetic susceptibility and magnetiza-
tion data evidence on inhomogeneous magnetic structure in the material.
The work was supported by the ISTC grant #1859

MA 20.9 Tue 15:15 P1

Electronic structure and transport properties of Ce;RhyXAlg

(X=Co,Ir,Pd) — eJERZY GORAUS and ANDRZEJ SLEBARSKI — In-
stitute of Physics, University of Silesia

We have investigated transport properties and electronic structure of

CesRhyXAly (X=Co,Pd,Ir) compounds which are formed by substitu-

tion of one Rh atomic site in CeyRhgAlg. Specific heat measurements
showed moderate v value of 0.4m for X=(Co,Rh) and a higher one
for X=(Ir,Pd) of about 1.1——. XPS Ce-3d and Ce-4d spectra showed
a clear mixed valence behaviour, confirmed also by the TB-LMTO-ASA
and FP-LAPW band structure calculations. For X=Ir,Co and Rh we
obtained a nonmagnetic semiconducting ground state from TB-LMTO
calculations, whereas FP-LAPW gave us magnetic ground state for all
compounds with pseudogap on Fermi level for one spin direction. Our
susceptibility measurements show that no long range magnetic order-
ing is present for these compounds down to 2K, however for X=Pd,Ir
we suspect spinglass transition with freezing temperature ~ 5K. Elec-
trical resistivity exhibits Kondo lattice behaviour for X=Co,Pd whereas
for X=Ir we have metallic-like shape. Lack of activated behaviour in
electrical resistivity we explain by an atomic disorder, however for tem-
peratures similar to calculated gap there is present an anomaly in p(T).
Calculations for reduced and increased lattice constants doesn’t lead to
vanishing of gap in LMTO calculations.

MA 20.10 Tue 15:15 P1

Epitaxial growth and properties of multiferroic BiMVO3 (M =
Fe, Cr) thin films — eS. GEPRAGS, M. OPEL, S.T.B. GOENENWEIN,
and R. GRoss — Walther-Meissner-Institut, Bayerische Akademie der
Wissenschaften, Walther-Meissner-Str. 8, 85748 Garching

The coexistence of ferroelectricity and ferromagnetism makes multi-
ferroic materials very attractive. Due to its strong ferroelectric (T¢ =
1103K) and magnetic behavior (T = 643K) the compound BiFeO3 has
been extensively studied. Recently, it was reported that BiFeOg thin films
show enhanced ferroelectric and ferromagnetic properties due to epitax-
ial strain, but this observation is still controversial [1,2]. Moreover, in
the compound BiCrOj3 theoretical predictions suggest a G-type antifer-
romagnetic ground state accompanied by an antiferroelectric structural
distortion. While BiCrOj therefore is also an interesting multiferroic
material, no investigations of the ferroelectric properties, and also no
successful thin film growth has been reported so far.
We have fabricated a series of high-quality epitaxial thin films of the
compounds BiM O3 (M = Fe, Cr) using pulsed laser deposition. The
samples were characterized by high resolution x-ray diffraction, magne-
tization, transport, and dielectric measurements. In spite of their high
structural quality, we have found no evidence for ferromagnetism in our
BiFeOj films. We critical discuss these findings in context of the litera-
ture and compare them to the situation in BiCrOs.
[1] J. Wang et al., Science 299, 1719 (2003).
[2] W. Eerenstein et al., Science 307, 1203b (2005).

MA 20.11 Tue 15:15 P1

Temperature dependence of magnetization in GaMnAs —
oMATTHIAS SPERL, JANUSZ SADOWSKI, RASHID GAREEV, WERNER
WEGSCHEIDER, DIETER WEISS, and GUENTHER BAYREUTHER
— Institut fiir Experimentelle und Angewandte Physik, Universitét
Regensburg, 93040 Regensburg, Germany

Diluted magnetic semiconductors (DMS) based on III-V semiconduc-
tors doped with Mn have attracted a lot of interest recently. There is
general agreement that ferromagnetism in these materials is caused by
exchange interaction between Mn local moments mediated by holes.

In conventional ferromagnets thermally excited spin waves determine
the temperature dependence of magnetization, M(T), well below the
Curie temperature. This is to be contrasted with DMS materials where
at low temperature spin-flip-like excitations are predicted [1] which lead
to a steep decrease of the magnetization. M(T) should strongly depend
on the homogeneity of the distribution of Mn ions in the lattice [1]. The
aim of the present work is to experimentally study the influence of the
Mn distribution on the appearance of spin wave-like excitations.

GaMnAs films with various Mn concentrations where grown on
GaAs(100) and annealed under different conditions. M(T) was measured
with a SQUID magnetometer. Experimental results on spin wave
excitations will be discussed in comparison to theoretical predictions.

[1] M. Berciu, and R. N. Bhatt, Phys. Rev. B 66, 085207 (2002).

MA 20.12 Tue 15:15 P1

A FMR-investigation of 111 oriented NiMnSb grown by MBE

— oA. RIEGLER, F. LOCHNER, P. BACH, G. SCHMIDT, and L. W.

MOLENKAMP — Physikalisches Institut (EP3), Universitit Wiirzburg,
Am Hubland, 97074 Wiirzburg,Germany

We present the results of frequency domain ferromagnetic resonance

measurements performed on NiMnSb layers on InP-b sustrate grown on
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(111) surfaces. Epitaxial NiMnSb layers are interesting for spin injection
into semiconductors. Especially for layers grown on InP (111)-b surfaces
a fully spin polarized interface is predicted [1]. While many FMR
results on layers grown on (001) surfaces have been reported in the
past years [2] nothing is known so far on the properties of thin (111)
layers. We have performed frequency domain studies of NiMnSb (111)
layers with thicknesses of 10, 40 and = 200 nm grown on (In,Ga)As
buffer layers. Surprisingly we observe a uniaxial anisotropy for all layers
which becomes weaker with increasing layer thickness. We attribute
this anisotropy to the asymmetry induced by a miscut of the substrates
which is used to improve the epitaxial growth in molecular beam epitaxy.

We acknowledge financial support by BMBF (grant 13N8284)
and we thank D. Grundler and colleagues for helpful discussions.

(1] R. A. de Groot et al., Physical Review Letters 50, 2024 (1983)
(2] B. Heinrich et al., JOURNAL OF APPLIED PHYSICS 95, 7462
(2004)

MA 20.13 Tue 15:15 P1

Ferromagnetism and magnetotransport in Co-doped ZnO —
eSEBASTIAN BAUER, MAIKE LUEBBE, KARL-WILHELM NIELSEN,
MATTHIAS OPEL, SEBASTIAN T. B. GOENNENWEIN, and RUDOLF
GRrOSs — Walther-Meissner-Institut, Bayerische Akademie der
Wissenschaften, 85748 Garching

The interest in diluted magnetic semiconductors (DMS) has grown,
since they would allow to combine spintronic devices with traditional
semiconductors. ZnO:Co is such a DMS, for which a Curie temperature
above room temperature has been predicted [1].

We have grown homoepitaxial Co-doped ZnO films on ZnO substrates
using pulsed laser deposition at different temperatures (300-600°C) and
gas atmospheres (Ar, O,). This allows to control the concentration of
impurities, in particular oxygen vacancies. The magnetic properties of
the thin films have been analyzed by dc magnetometry and electrical
transport measurements.

Our results show that the films are electron doped and exhibit a fer-
romagnetic coupling that depends on the impurity concentration. The
magnetoresistance shows a complex dependence on the orientation of the
magnetic field with respect to the crystal axes and the current direction.
Moreover, the magnetoresistance strongly depends on the temperature
and even changes sign.

This work is supported by the DFG via SPP 1157.

[1] J. M. D. Coey et al., Nature Materials 4, 173 (2005).

MA 20.14 Tue 15:15 P1

Investigation of the magnetic anisotropy of Ga; ,Mn,P via
ferromagnetic resonance spectroscopy eMICHAEL KRrAUS!,
CHRISTOPH BIHLER!, MARTIN S. BRANDT', MIKE A. SCARPULLAZ,
RoUIN FARSHCHI?, and OscArR D. DuUBON? — !Walter Schottky
Institut, Technische Universitdt Miinchen, 85748 Garching, Germany
— 2Department of Materials Science and Engineering, University of
California at Berkeley and Lawrence Berkeley National Laboratory,
Berkeley, California 94720, USA

Recently, Scarpulla and coworkers [1] have shown that Ga;_,Mn,P can
be ferromagnetic with a Curie temperature of up to 65 K (z = 0.06). In
Gay_,Mn,P, the ferromagnetic exchange interaction is presumed to be
mediated by localized holes in a Mn-impurity band, which is separated
from the GaP holes band by ~26 meV. In this contribution, we present an
analysis of the magnetic anisotropy of this novel diluted magnetic semi-
conductor by means of ferromagnetic resonance (FMR) spectroscopy. We
attribute the angular dependence of the FMR fields to the presence of
a cubic magnetic anisotropy along the main crystalline (100) axes and
two additional uniaxial magnetic anisotropies along the [100] growth di-
rection and the in-plane [001] axis. Possible origins of these anisotropies
will be discussed. Upon post-growth incorporation of hydrogen, the fer-
romagnetism in Ga;_,Mn,P disappears, caused by a reduction of the hole
concentration, as previously observed for hydrogenated Ga;_,Mn,As.
[1] M. A. Scarpulla, B. L. Cardozo, R. Farshchi, W. M. Hlaing Oo, M. D.
McCluskey, K. M. Yu, and O. D. Dubon, Phys. Rev. Lett. 95, 207204
(2005)

MA 20.15 Tue 15:15 P1
Characterization of Co doped ZnO films on r-plane sapphire —
eMILAN GAcCIC, GERHARD JAKOB, and HERMANN ADRIAN — Institut
fiir Physik, Universitdt Mainz, Staudinger Weg 7, 55128 Mainz

Diluted magnetic semiconductors (DMS) have recently attracted much
interest because of there potential application in spintronics. Thereby
ferromagnetism above room temperature is essential for practical appli-
cations, as found in Co doped ZnO. Though it is still very controversial
if ferromagnetism in (Zn,Co)O is intrinsic and if yes by what kind of
mechanism the exchange between the magnetic ions is mediated.

We report our results concerning growth and characterization of 5%
Co doped ZnO films fabricated by pulsed laser deposition on r-plane sap-
phire. Our samples showed ferromagnetic and paramagnetic behaviour
with weak in-plane anisotropy with ferromagnetism strongly depending
on preparation conditions. Therefore we analysed the magnetic proper-
ties as a function of preparation parameters like laser energy, tempera-
ture an ambient pressure. The samples were characterized using x-ray
diffraction, SQUID and VSM magnetometry.

MA 20.16 Tue 15:15 P1
Electronic Properties of Room-Temperature Ferromagnetic
Zn,_,Co,0 — eERWIN BIEGGER', MIKHAIL FONIN', YURIY S.
DEDKOV?, and ULRICH RUDIGER! — 'Fachbereich Physik, Universitit
Konstanz, 78457 Konstanz, Germany — 2Institut fiir Festkorperphysik,
Technische Universitéit Dresden, 01062 Dresden, Germany

Diluted magnetic semiconductors (DMS) have become recently the
subject of intensive research due to the possibility to utilize both charge
and spin degrees of freedom in the same material. The main research in
this field is focused on the preparation of ferromagnetic DMS materials
with high Curie temperatures which is crucial for possible spintronic ap-
plications. Recent theoretical calculations by Dietl et al.! predicted high
temperature ferromagnetism (FM) in some 3d transition metal doped
semiconductors, among them Co-doped ZnO. However, up to date ex-
perimental reports on the magnetic properties of Zn;_,Co,O are very
scattering® and the origin of FM is far from being understood.

In the present study Zn;_,Co,O films have been prepared by means of
magnetron sputtering. Magnetic properties of the Zn;_,Co,O films were
investigated by SQUID magnetometery indicating FM behavior above
room temperature. X-ray absorption spectroscopy measurements show
that Co atoms in Zn;_,Co,O are present in the divalent Co?* state under
a tetrahedral symmetry confirming the proper substitution into the ZnO
lattice. The Co 2p-3d resonant photoemission spectroscopy data shows
that Co 3d states are present near the top of the valence band.

1 T. Dietl et al., Science 287, 1019 (2000).

2 J. M. D. Coey et al., Nature Mat. 4, 173 (2005).

MA 20.17 Tue 15:15 P1

Epitaxial thin films of Co;Cr(¢Fey Al — ¢ ANDRES CONCA, MAR-
TIN JOURDAN, ANNA GERKEN, CHRISTIAN HERBORT, and HER-
MANN ADRIAN — Institut fiir Physik, Johannes Gutenberg Universitét,
Staudinger Weg 7, 55128 Mainz, Germany

The full Heusler compound CoyCrqgFeg4Al (CCFA) is expected to
show half-metallicity, i.e. 100 % spin polarization at Ep. We were able
to deposite high quality CCFA thin films. The films were deposited by
magnetron dc sputtering in a chamber with a base pressure ~ 10~®mbar.
A comparison of films deposited on different buffer layers at different tem-
peratures is shown. The crystalline order was studied by X-ray diffrac-
tion. We observed that the films grow in the B2 structure. The preference
of CCFA films to grow in the B2 structure instead of the fully ordered
structure L2 is well known. This implies a complete mixing of Cr, Fe and
Al atoms. The magnetic properties were determined with a VSM mag-
netometer, the relation between volume magnetization and crystalline
quality of the samples is discussed. In order to implement CCFA films
in spintronic devices such as MTJ’s; the surface quality of the films is
of critical importance. Therefore, the surface order was characterized
by RHEED and the topology by STM/AFM. The dependence of surface
roughness and ordering on the deposition temperature for the different
buffer layers is discussed.

MA 20.18 Tue 15:15 P1
Spin-resolved photoemission studies of CoyCr;_,Fe,Al and
CosFeSi Heusler alloy films — eJAN-PETER WUSTENBERG, MA-
RINA SANCHEZ ALBANEDA, MIRKO CINCHETTI, OLEKSIY ANDREYEV,
MicHAEL BAUER, and MARTIN AESCHLIMANN — University of
Kaiserslautern, Physics Department, Erwin Schroedinger-Str. 46, 67663
Kaiserslautern, Germany
Heusler alloys represent nowadays a class of materials with a high po-
tential for application in the growing field of spintronics. This is due to
the fact that theoretical calculations have predicted for many of such al-
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loys the property of possessing 100% spin polarization at the Fermi level.
However, for spintronics applications, the spin polarization must be high
not only in the bulk, but also at the surface region. This is not straight-
forward, since extrinsic as well as intrinsic mechanisms can reduce the
surface spin polarization. We have studied thin films of the Heusler com-
pounds CoyCry_,Fe, Al and CoyFeSi with spin-resolved photoemission
spectroscopy, using as excitation source the second and fourth harmonic
of a femtosecond Ti:sapphire laser, with photon energies of 3.1eV and
6eV. We compare the dependence of the measured surface spin polar-
ization on the preparation procedure, the sample temperature and the
photoemission mechanism, and discuss the observed differences.

MA 20.19 Tue 15:15 P1

Magneto-Optical Ellipsometry on Ni;MnIn and NiMnln
Heusler Alloys eGERD NEUBER, JAN SCHOLTYSSEK, ULRICH
MERKT, MICHAEL RUBHAUSEN, and GuUIDO MEIER — Institut
fir Angewandte Physik und Zentrum fiir Mikrostrukturforschung,
Universitdt Hamburg, Jungiusstrae 11, 20355 Hamburg

We use generalized magneto-optical ellipsometry [1,2] for measure-
ments of the complete dielectric tensor of NipMnIn [3] and NiMnIn
Heusler alloys in the energy range from 1.6 eV to 5.5 eV and in the
temperature range from 50 K to 450 K. Generalized magneto-optical el-
lipsometry allows the investigation of spin-polarized states and to under-
stand the coupling between spin and charge degrees of freedom. We show
differences in the metallic behavior of the semi-Heusler alloy NiMnln
and the full-Heusler alloy Ni;MnlIn related to the half-metallic ferromag-
netism of the latter one. The polycrystalline NipMnIn and NiMnIn films
were co-evaporated from two independent sources of Ni and MnlIn on a
Si(100) substrate under UHV conditions. The Ni;MnlIn alloy exhibits
the ordered L2; crystalline structure and the NiMnln alloy has a C1,
structure.
(1] A. Berger and M. Pufall, Appl. Phys. Lett. 71, 965 (1997)
[2] R. Rauer, G. Neuber, J. Kunze, J. Bickstrom, and M. Riibhausen,
Rev. Sci. Instr. 76, 023910 (2005)
[3] S. von Oehsen, J.M. Scholtyssek, C. Pels, G. Neuber, R. Rauer, M.
Riibhausen, and G. Meier et al., JMMM 290, 1371 (2005)
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Magnetotransport in CrO, single ferromagnetic domains —
oS.W. ScHINK!, S.T.B. GOENNENWEIN!, M. OPEL!, R. GRross!, R..S.
Keizer?, T.M. KLapwik?, G. M1ao*4, G. X1a0%, and A. GUPTA®

1Walther-Meissner-Institut, Bayerische Akademie der Wissenschaften,
Garching, Germany — 2Kavli Institute of NanoScience, Faculty of Ap-
plied Sciences, Delft University of Technology, Delft, The Netherlands —
SMINT Center, University of Alabama, Tuscaloosa, AL, USA — “Physics
Department, Brown University, Providence, RI, USA

Ferromagnetic materials with high spin polarisation (P) are very at-
tractive for spin electronics. Chromium dioxide (CrO,) is a well estab-
lished half-metallic ferromagnet with a Curie temperature Tc ~ 390 K
and P = 0.98. We have investigated the magnetic anisotropy of 150 nm
thick CrO, single crystal films using magnetotransport measurements.
The films were patterned into Hall-bar mesa structures with optical
lithography and etching. The anisotropic magnetoresistance (AMR) was
then measured with the external magnetic field applied in the film plane.
We observe clear steps in both the longitudinal (sheet) and the trans-
verse (planar Hall) magnetoresistance. This shows that the AMR is
determined by one single, macroscopic magnetic domain, which abruptly
switches from one easy axis to another. Our experiments thus are clear
evidence that the CrOy thin films exhibit a biaxial magnetic anisotropy
in the film plane. We discuss the influence of temperature, crystalline
strain and specimen shape on the in-plane magnetic anisotropy.
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Magnetic and structural properties of CryO3 thin film systems
— oTIBERIUS TURI, SUBHANKAR BEDANTA, PAVEL BoORIsoOv, XI
CHEN, ANDREAS HOCHSTRAT, VLADIMIR SHVARTSMAN, and WOLF-
GANG KLEEMANN — Angewandte Physik, Universitdt Duisburg-Essen,
D-47048 Duisburg, Germany

Recently we demostrated magnetoelectric (ME) switching of exchange
bias in magnetic heterosystems based on single crystalline antiferromag-
netic Cry03 [1], which could be applied to develop a new kind of mag-
netoelectronic devices. For a closer approach to technical application,
thin films of Cry O3 are prepared by Pulsed Laser Deposition (PLD) and
Molecular Beam Epitaxy (MBE), respectively. X-ray diffraction shows
epitaxial CroO3 (111) in both cases. Atomic Force Microscopy (AFM)

is used to characterize the topography of the samples. Various magnetic
heterostructures comprising CoFe, CrO, and Co/Pt layers, respectively,
on top of Cry0j3 thin films are investigated.

[1] P. Borisov, A. Hochstrat, X. Chen, W. Kleemann, and Ch. Binek,
Phys. Rev. Lett. 94, 117203 (2005).
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Circular magnetic dichroism in X-ray absorption of epitaxial
Co0,Cr;_,Fe, Al andCoyFeSi Heusler alloy films — eM. KALL-
MAYER!, A. Groskovskir?, K. Krotu?, U. STtuMm?, A. CONCA!,
H. ScHNEIDER', G. JAkoB', M. JOURDAN!, and H.J. ELMERS' —
I Johannes Gutenberg-Universitit Mainz, Institut fiir Physik, Staudinger-
weg 7, D-55099 Mainz — 2Johannes Gutenberg-Universitit Mainz, In-
stitut fiir Anorganische Chemie und Analytische Chemie, Staudingerweg
9, D-55099 Mainz
CoyCry_,Fe, Al and CosFeSi are potential candidates for providing a
high spin-polarization at the Fermi surface. Element-specific magnetic
properties as determined by X-ray magnetic circular dichroism (XMCD)
provide a key test for band structure calculations. XMCD spectra were
determined by measuring the total electron and fluorescence yield. Epi-
taxial CogCry_,Fe,Al(100) films grown on MgO(100) by sputter depo-
sition provide a high degree of local atomic order (B2 structure) that
coincides with the occurrence of a magnetic dichroism at the Cr 2p
edge which could not be observed for less ordered polycrystalline films.
Epitaxial CoyFeSi(100) and CoyFeSi(110) films grown on MgO(100) and
Al,03(1120), respectively, reveal a comparatively high magnetic moment
of 2.6 up (Fe) and 1.2 pp (Co) per formula unit at room temperature
in agreement with the mean magnetization measured by magnetometry.
The fluorescence yield spectra at the Co 2p edge significantly depends
on the crystallographic orientation of the epitaxial films. We discuss the
dependence of the orbital to spin moment ratio on the magnetization
direction with respect to the film normal.
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Onset of spin-density-wave magnetism in Cr/V superlattices
oE. KrAvTSov!, B. HIORVARSSON?, A. HOSER?, G. MCINTYRE?, L.
PaoLasINI®, A. NEFEDOV!, A. REMHOF!, F. RADU!, and H. ZABEL!
— Mnstitut fiir Experimentalphysik/Festkorperphysik, Ruhr-Universist
Bochum, Bochum, Germany — 2Department of Physics, Uppsala Univer-
sity, Uppsala, Sweden — ®Institut fiir Kristallographie, RWTH-Aachen,
Aachen, Germany 4Institut Laue-Langevin, Grenoble, France —
SESRF, Grenoble, France

Spin-density wave (SDW) state in thin Cr films is known to be under
influence of dimensionality (film thickness) and proximity effects from
neighboring layers. Here we report on a combined neutron and X-ray
scattering study of these effects in a series of Cr/V superlattices with
different Cr layer thicknesses. The neutron measurements have been per-
formed at UNIDAS (Forschungszentrum Jiilich) and D10 (ILL) instru-
ments, the synchrotron measurements at the ID20 beamline in ESRF.
From the above experiments we provide a systematical description of the
onset of the SDW state in the system. It was found that Cr/V superlat-
tices are non-magnetic for Cr layers thinner than 120 A. At this thickness
a commensurate SDW originates and as Cr thickness increases further
a fraction of incommensurate SDW appears and expands. Finally the
SDW becomes completely incommensurate. The Neel temperature of
the incommensurate SDW scales with Cr thickness as well. The research
was supported by SFB 491.
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Magnetic and structural properties of thin iron layers on
(110)-cleavage faces of InAs and GaAs — eCHRISTIAN URBAN!,
ULricH KOHLER!, FANG-YUH Lo0? DIRK REUTER?, ANDREAS
D. Wieck?, DETLEF SPoDDIG?, and RALF MECKENSTOCK® —
'Experimentalphysik / Oberflichenphysik, Ruhr-Universitit Bochum,
Germany — 2Angewandte Festkorperphysik, Ruhr-Universitit
Bochum, Germany — *Experimentalphysik / Festkorperspektroskopie,
Ruhr-Universitdat Bochum, Germany

The construction of a UHV-MOKE system which is integrated into an
existing STM-setup is described. The geometrical arrangement allows
to measure hysteresis loops directly while a film is deposited. Iron lay-
ers on the (110) side walls of UHV-cleaved InAs- and GaAs-wafers were
investigated up to a coverage of 100 ML. STM shows for room temper-
ature growth a granular structure where step edges of the substrate do
not influence the nucleation. MOKE data show in agreement with FMR
a strong uniaxial magnetic anisotropy on both substrates. The depen-
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dence of the magnetic behavior on the coverage was studied with MOKE
and correlated with structural data obtained by STM. Iron cleaved-edge-
overgrowth was used to obtain an ohmic contact to a 2D-Electron gas in
the In-rich channel of a GaAs-HEMT-structure with no indication of the
formation of a Schottky barrier.
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Growth and characterisation of Fe thin films on GalN(0001)
— oSTEPHEN KRzYK', MIKHAIL FONIN', REzA GHADIMI?>, RALPH
MELERS?, GERNOT GUNTHERODT?, and ULRICH RUDIGER!
'Fachbereich Physik, Universitit Konstanz, 78457 — 2II. Physikalisches
Institut, RWTH Aachen, 52056 Aachen, Germany — ®Institute of Thin
Films and Interfaces (ISG1), cni - Center of Nanoelectronic Systems for
Information Technology, Research Centre Jiilich, 52425 Jiilich, Germany

We report growth studies of Fe on wurtzite GaN(0001) with respect to
structural and magnetic properties. The growth of Fe has been carried
out by molecular beam epitaxy (MBE) in ultra high vacuum (UHV).
The Fe films were studied by a number of characterization techniques
such as low-energy electron diffraction (LEED), reflection high energy
electron diffraction (RHEED), X-ray diffraction (XRD), scanning tunnel-
ing microscopy (STM) and superconducting quantum interference device
SQUID magnetometry. Despite the large lattice mismatch between Fe
and wurtzite GaN epitaxial growth of Fe(110) was achieved. A strong
dependence of the crystalline structure of the Fe films on the annealing
parameters of the GaN substrates and the thickness of the grown films
was observed. SQUID measurements showed ferromagnetic behaviour of
the Fe films up to room temperature.
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Weak ferromagnetism in epitaxial metastable c-FeSi thin films
on MgO(100) — eM. WALTERFANG!, K. TRoOUNOV!, W. KEUNE!, U.
RUCKER?, and K. WESTERHOLT® — !'Angewandte Physik, Universitit
Duisburg-Essen, 47048 Duisburg — 2Forschungszentrum Jiilich, Insti-
tut fiir Festkorperforschung, 52425 Jiilich — 3Institut fiir Experimental-
physik/Festkorperphysik, Ruhr-Universitiat Bochum, 44780 Bochum
The metastable c-FeSi phase (B2 structure) is an interesting spacer
material providing large interlayer exchange coupling [1]. Thin films of
nominal composition c-FeSig g5 were grown by codeposition of ®"Fe and Si
onto MgO(100) carrying a thin Fe or Cr buffer layer. The metastable B2
structure was observed by XRD and Mdssbauer spectroscopy (CEMS).
Based on EDX results, CEM spectra have been analyzed in terms of a
quadrupole doublet representing stoichiometric c-FeSi, and a magnetic
component with a hyperfine field distribution, P(Bj), representing non-
stoichiometric c-FeSi,. CEMS and SQUID magnetometry demonstrate
magnetic ordering effects upon cooling to 4.2 K. Stoichiometric c-FeSi
is observed to be paramagnetic at 300 K and ferromagnetic below ~ 30
K, while non-stoichiometric c-FeSi, is ferromagnetic at and below 300
K. The Fe atomic magnetic moments g in the ground state (T — 0
K) are found to be ~ 0.1 up for both phases. These small Fe moments
are reflected in the observed small values of (Bjs) =~ 2 - 4 T at low
temperature.
Sponsored by DFG (GRK 277 und Ke 273/18-1).

[1] B. Croonenborghs et al., Phys. Rev. B 71, 024410 (2005).
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Structural properties of Fe;Si thin films — K. TrouNOV!? W.
KEUNE'!, M. WALTERFANG!, N. UTOCHKINA', and A. TROUNOVA?
— YAngewandte Physik, Universitit Duisburg-Essen, 47048 Duisburg —
2new address: Angewandte Festkorperphysik, Ruhr-Universitit Bochum,
44780 Bochum — ®Experimentalphysik, Universitit Duisburg-Essen,
47048 Duisburg

FesSi alloy thin films with the D03 structure are candidates for soft
ferromagnetic contacts with high spin polarization in spin injection de-
vices.

FesSi thin films were prepared under MBE conditions by codeposi-
tion of Fe and Si onto various substrates (Si(100), MgO(100), NaCl(100)
and KCI(100)) held at 130 K. The structural properties were determined
by x-ray diffraction (XRD), transmission electron microscopy (TEM)
and Mossbauer spectroscopy (*"Fe-CEMS). Our results demonstrate that
Fe3Si films prepared on substrates with a lattice parameter similar to that
of FesSi (e.g. Si(100) and NaCl(100)) grow in the crystalline B2 struc-
ture, while FezSi films on MgO(100) and KCI(100) substrates (with a
lattice parameter deviating from that of FezSi) grow in the amorphous
structure.

Sponsored by DFG (GRK 277 und Ke 273/18-1).
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Magnetic anisotropy of magnetite thin films — eANDREAS
BRANDLMAIER, ANDREA BOGER, MATTHIAS OPEL, SEBASTIAN T.
B. GOENNENWEIN, and RUDOLF GROSS — Walther-Meissner-Institut,
Bayerische Akademie der Wissenschaften, Walther-Meissner-Str. 8,
85748 Garching

Magnetite (Fe3O4) is very promising for spintronic devices, since it
is predicted to be a half-metallic ferrimagnet with a Curie-temperature
Te = 860 K. A detailed understanding of the magnetic properties, in
particular magnetic anisotropy, therefore is of significant importance.
We have investigated epitaxial Fe3O, thin films deposited by pulsed laser
deposition in Ar atmosphere at a substrate temperature of 320°C. The
crystalline quality of the films was checked with x-ray diffraction, and
the magnetic anisotropy was studied by means of ferromagnetic reso-
nance (FMR) at a microwave frequency of 9.3 GHz.
In (001) oriented films, we observe a cubic magnetic anisotropy in the film
plane, and a strong uniaxial magnetic anisotropy perpendicular to it. At
room temperature, the cubic anisotropy field K,.;/M = 0.6 mT is much
smaller than the effective uniaxial anisotropy field K.s;/M = 430.0 mT,
where the latter can be quantitatively understood in terms of demag-
netization. In contrast, (111) oriented films exhibit uniaxial magnetic
anisotropy both in and out of plane. We discuss possible origins of this
unusual in-plane anisotropy. We furthermore address the influence of
specimen shape and temperature on the magnetic properties.
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Magnetic Domain Structures of Microstructured Fe;0,(100)
Thin Films — e¢CHRISTINE HARTUNG!, MIKHAIL FONIN!, MARKUS
LAUFENBERG!, WOLFGANG BUHRER!, DIRK BACKES?, L. J. HEYDER-
MAN?, FRITJOF NOLTING?, MATHIAS KLAUI!, and ULRICH RUDIGER!
— 1Fachbereich Physik, Universitit Konstanz, 78457 — 2Paul Scherrer
Institut, 5232 Villigen

Recently the switching of magnetic structures by current induced do-
main wall (DW) propagation (CIDP) has been intensively investigated
as an alternative to conventional switching by external magnetic fields
[1]. However the current densities needed for the DW displacement in
NiFe microstructures [1] are too high for use in spintronic devices. This
obstacle might be overcome by using materials with high spin polariza-
tion (P) and low saturation magnetization (M), since the strength of
the spin torque effect, which is the origin of the DW motion, was pre-
dicted to be directly proportional to P/M, [2]. Magnetite, Fe304(100),
combining high values of P at Ep with relatively low M, is a promising
material for CIDP experiments. Before carrying out CIDP experiments,
a thorough investigation of the magnetic domain configuration in Fe3O4
microstructures is mandatory. For this purpose, thin Fe3O4(100) films
were prepared by molecular beam epitaxy and patterned by electron
beam lithography. Subsequently the magnetic domain structure was in-
vestigated by means of x-ray circular dichroism photoemession electron
microscopy and magnetic force microscopy.
[1] M. Klaui et al., Phys. Rev. Lett. 94, 106601 (2005).
[2] Z. Li and S. Zhang, Phys. Rev. B 70, 24417 (2004).
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Magnetization dynamics of an unbiased permalloy thin-film
microstructure and the free layer of a synthetic spin valve
— oF. WEGELIN', A. KrASYUK!, D. VALDAITSEV', S. NEPLJKO!,
H.J. ELMERS!, G. ScHONHENSE!, I. KRUG?, and C.M. SCHNEI-
DER? !Johannes Gutenberg-Universitit Mainz, Institut fiir Physik,
D-55128 Mainz, Germany — Z2Institut fiir Festkérperforschung IFF-6,
Forschungszentrum Jiilich GmbH, D-52425 Jiilich, Germany

Applying a biasing magnetic field on a thin micron-sized permalloy
(Py) layer leads to suppression of domain wall creation and of Landau-
Liftschitz flux-closure pattern formation. The magnetization dynamics
of such a pinned and almost uniformly magnetized platelet differs from
that of an unbiased particle because the pinning field defines the mag-
netic ground state of the system. We compare the dynamic properties of
a single unbiased Py layer and the topmost Py layer in a GMR (Giant
MagnetoResistive [1]) spin valve stack. Whereas the oscillatory behavior
at 0.5 GHz of the single Py platelet exhibits considerable contribution
of higher harmonics resulting in a shift of the 180° Nedl wall [2], the
magnetization within the free layer of the spin valve rotates coherently
performing a critically damped oscillation. Our investigations have been
performed using TR-XMCD-PEEM (Time Resolved Photoemission Elec-
tron Microscopy exploiting the X-ray Magnetic Circular Dichroism) [3]
with a time resolution of 15 ps.
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[1] B. Dieny et al., Phys. Rev. B 43 (1991) 1297
[2] A. Krasyuk et al. Phys. Rev. Lett. 95 (2005) 207201
[3] A. Krasyuk et al. Appl. Phys. A 76 (2003) 863
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Structural and Local Magnetic Characterization of Fe/MgO
and MgO/Fe Interfaces — ¢ELLEN SCHUSTER and WERNER KEUNE

Angewandte Physik, Uni Duisburg-Essen, Duisburg

An epitaxial sandwich system of Fe/MgO/Fe is a simple realization
of a tunnel junction with high tunneling magnetoresistance. The struc-
ture of the tunnelbarrier and specially the magnetism at the interfaces of
MgO/Fe and Fe/MgO are of great importance to achieve spin conserva-
tion during spin dependent tunneling. We report on the structural and
magnetic properties of the two different interfaces. The samples have
been epitaxially grown in an MBE chamber and the structural charac-
terization was carried out using RHEED and XRD. For the magnetic
properties two monolayers of 57Fe have been deposited directly at either
interface. This 57Fe tracer layer was investigated by conversion electron
Méssbauer spectroscopy (CEMS) to determine the magnetic properties
at the interfaces. We observe an enhancement of the interfacial hyperfine
magnetic field, which is different for both types of interfaces.(Supported
by DFG (SFB491))
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Magnetism and interlayer exchange coupling in Kondo-
lattice films oJOCHEN KIENERT and WOLFGANG NOLTING
— Humboldt-Universitiat zu Berlin*Institut fiir Physik* Theoretische
Festkorperphysik*Newtonstrafie 15*D-12489 Berlin
We propose a theory for layered structures consisting of localized mo-
ments interacting with free charge carriers (Kondo-lattice model). By
using an extension of the well-known RKKY-interaction we can evalu-
ate magnetic properties as well as the charge excitation spectrum self-
consistently. Typical features of the double exchange, i.e. strong Hund
coupling, are recovered by our theory. The role of anisotropy and charge
transfer, which have to be taken into account in dimensionally reduced
systems, have also been investigated. We present results on the tem-
perature dependence of the interlayer exchange coupling between Kondo
lattice layers separated by a non-magnetic spacer.
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Temperature dependence of interlayer exchange coupling —
eSTEPHAN SCHWIEGER, JOCHEN KIENERT, and WOLFGANG NOLTING
— Humboldt-Universit{\”a}t zu Berlin*Institut fiir Physik*Theoretische
Festk{\” o}rperphysik*Newtonstra{\ss}e 15*D-12489 Berlin

Temperature dependent FMR-measurements of exchange coupled Ni-
Co films are analysed using a microscopic theory for ultrathin metallic
systems. The mechanism governing the temperature dependence of the
anisotropy coefficients and the interlayer exchange coupling is identified
and discussed. Both quantities are reduced with increasing temperature.
This behavior is found to be caused by magnon excitations.
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Magnetic reorientation and breakdown of Landau-Lifshitz
theory eSTEPHAN SCHWIEGER, JOCHEN KIENERT, and WOLF-
GANG NoOLTING — Humboldt-Universitdt zu Berlin*Institut fiir
Physik*Theoretische Festkorperphysik*Newtonstrafie 15*¥D-12489 Berlin

A theory is proposed which yields excellent results for the magnetic re-
orientation transition in ultrathin metallic films. Thermodynamic prop-
erties as well as spin wave excitation spectra are presented and compared
to classical Landau-Lifshitz theory onto which our microscopic approach
can be mapped and which is widely used in the evaluation of experi-
ments on metallic films and interlayer exchange coupled systems. It is
found that, in two dimensions, the classical theory breaks down at the
reorientation transition.
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Domain structure of thin magnetic films with high perpendicu-
lar anisotropy — eJENS BRANDENBURG, VOLKER NEU, and LubwiG
ScHULZ — IFW Dresden, Institut fiir Metallische Werkstoffe, PF 270116,
D-01171 Dresden

To examine the influence of magnetic anisotropy and strayfield energy
onto domain formation, the domain structure of thin Co based films with
high perpendicular anisotropy and varying thickness was investigated us-
ing magnetic force microscopy (MFM). These films were prepared in a
thickness range from 10 to 100 nm by physical vapour deposition (PVD).

They were deposited either directly onto AlyOj3 single crystal substrates
or with an intermediate Ruthenium (Ru) buffer layer. The influence of
the growth conditions (temperature, substrate orientation, buffer layer)
onto the texture and as a consequence onto the magnetic properties of
the sample was studied by x-ray diffractometry (XRD), pole-figure mea-
surements and vibrating sample magnetometry (VSM). The dependence
of the observed domain width from the thickness of the film is compared
with the existing models for the domain structure for extended films.
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Characteristics of magnetic thin films on PS nano spheres
— eEDWARD AMALADASS!, THOMAS EIMULLERM?, BERND LUDE-
SCHER!, THERESA DRAGON!, and GIESELA ScHUTz' — 'MPI for
Metals Research — 2Ruhr - Universitit Bochum

The need for high density storage devices at low costs has initiated the
search for new technologies such as patterned media. Magnetic thin films
on self assembled polystyrene or silica nano-spheres are a very promising
candidate [1]. Multilayered Fe/Gd and Co/Pt films were deposited on
polystyrene spheres of different diameters. Polar MOKE measurements
showed that the curved substrate has a substantial influence on the hys-
teresis loop. The fact that the film is separated in isolated islands of
equal size leads to a very pronounced squareness of the magnetization
loop with a coercive field in the order of a few millitesla. The micro-
magnetic behavior was probed with a high lateral resolution by scanning
transmission x-ray microscopy (STXM) and photoemission electron mi-
croscopy (PEEM).
[1] M.Albrecht,Nature Materials 4, (2005) 203-206
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Exploring lattice effects on transport properties in mangan-
ite/alumina superlattices — e¢YUANSU LuUO and KONRAD SAMWER
— 1. Physikalisches Institut, Universitdt Gottingen, Friedrich-Hund-
Platz 1, 37077 Gottingen

Superlattice properties of out-of-plane lattice spacing d modulation
and interfacial dilatation were used to explore lattice effects, i.e. changes
in Mn-O-Mn bond length of MnOg octahedra, on transport behaviors
in manganite/alumina multilayers. Epitaxial growth and high quality of
stacking as well structural coherency (length & > bilayer period A) were
confirmed by x-ray measurements. As the measure of lattice distortion,
the average d, coherency length &, Curie temperature T, magnetization
M, coercive field H, as well as resistance R are found to be a function
of the interface fraction 1/A. Accordingly, we divided each manganite
layer into two parts, i.e. weakly distorted ”innermost” atomic layers and
strongly dilated interfacial atomic layers, as is well clarified by obser-
vation of two component magnetization loops and huge variation in R
values of current in- and perpendicular to- plane (CIP & CPP). At low
T, the CPP value provides a magnetotunneling effect, but near T¢ of
the interfacial atomic layers, the low-bias tunneling current is oscillated
with applied magnetic field, which may be associated with field-induced
changes in density of e, electron state near the Fermi level.
Supported by DFG-project, SA 337/9-1
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Current-assisted Domain Wall Depinning at Variable Temper-
atures — oM. LAUFENBERG!, D. BAckEs»?, W. BUHRER!, D. BE-
DAU', P.-E. MELcHY!, M. KLAur', U. RUDIGER!, C. A. F. Vaz?, J.
A. C. Buanp?, L. J. HEYDERMAN?, F. NOLTING?, S. CHERIFI?, A.
LocatieLL?, S. HEUN?, G. FAINI®, and E. CAMBRIL® — !Fachbereich
Physik, Universitit Konstanz, Germany — 2Paul Scherrer Institut, 5232
Villigen PSI, Switzerland — 3Cavendish Laboratory, University of Cam-
bridge, UK — “*Sincrotrone Trieste, 34012 Basovizza, Trieste, Italy —
5Laboratoire de Photonique et de Nanostructures - CNRS, 91460 Mar-
coussis, France

The temperature dependence of domain wall spin structures and of
current- and field-induced domain wall depinning has been studied in fer-
romagnetic nanostructures using magnetoresistance measurements and
photoemission electron microscopy. Thermally activated transitions from
transverse to vortex walls were observed [1]. The critical fields and cur-
rents for domain wall depinning were found to be dependent on tem-
perature. The influence of Joule heating by the current [2] was studied
quantitatively.
[1] M. Laufenberg, D. Backes, W. Biihrer, D. Bedau, M. Kliui, U. Riidi-
ger, et al., submitted
[2] A. Yamaguchi et al., Appl. Phys. Lett. 86, 012511 (2005)
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Spin-flip scattering cross sections of point defects in 3d metals
— ePETER ZAHN, DMITRY FEDOROV, and INGRID MERTIG — Fach-
bereich Physik, Martin Luther University Halle, D-06099 Halle

An important ingredient for the microscopic understanding of spin dif-
fusion processes in magnetic nanostructures is the spin diffusion length.
It is strongly influenced by the spin-flip scattering length. We restrict
our considerations to T=0 and focus on the spin-flip scattering at point
defects only. The electronic structure of the host material and the de-
fects is calculated self-consistently in the framework of scalar-relativistic
density-functional theory by a KKR Green’s function method. The tran-
sition probability of the electronic states is evaluated using the micro-
scopic scattering matrix. The non-spin-conserving part of the scattering
matrix is obtained in first order perturbation theory by the spin-orbit-
coupling matrix elements. So, the momentum and spin scattering lengths
are obtained without adjustable parameters.
The qualitative behaviour of the obtained spin-flip scattering cross sec-
tions for 3d bulk materials and ultrathin layers will be discussed. The
impact on the spin-mixing resistivity and the influence of the reduced
dimensionality will be elucidated.
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Noncollinear magnetic order in transition metal nanowires —
oMICHAEL CZERNER, BOGDAN YU. YAVORSKY, and INGRID MERTIG
— Martin Luther University, FB Physik, FG Theorie, D-06099 Halle,
Germany

Metal nanowires are very attractive systems to study the role of low
dimensonality in the magnetic properties. The results of recent experi-
ments indicate the existence of noncollinear magnetic order in metallic
nanowires [1,2]. However, for the systems with a large number of the
magnetic degrees of freedom direct unambiguous measurements of the
magnetic configuration without preliminary model assumptions are im-
possible. In this respect the predictive role of the first-principle calcula-
tions is of great importance. We have developed a modification of the
(screened) KKR method to noncollinear magnetic systems. We calculate
both diagonal and off-diagonal elements of the spin density matrix to get
information about the direction of the local moment.

We present ab initio calculations of magnetic nanowires suspended be-
tween two semi-infinite leads and discuss the possibility of the formation
of noncollinear magnetic structures in the Ni,Co, and Fe nanowires. In
addition, we calculate the electronic transport through the nanowire us-
ing the Landauer approach in the formulation of Baranger-Stone [3].

(1] M.R. Sullivan et al., Phys.Rev.B 71, 024412 (2005)
[2] V. Rodrigues et al., Phys.Rev.Lett. 91, 096801 (2003)
[3] H.U. Baranger and A.D. Stone, Phys.Rev.B 40, 8169 (1989)
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Influence of stress on film growth mode and GMR in Cu/Co
multilayers — eSENTHILNATHAN MOHANAN, ANDREAS GROB, and
ULRrICH HERR — Materials Division, Albert-Einstein-Allee 47, Univer-
sitdt Ulm, 89081 Ulm, Germany

Co/Cu multilayers exhibiting the giant magnetoresistance (GMR) ef-
fect are used as sensors in various fields of application. The transport
properties of the multilayer can be modified by changing the number of
Co/Cu bilayers. The stress which is induced in the multilayers during
deposition may influence the film growth mode and hence the magneto-
transport properties. The main aim of this study is to investigate the
influence of stress on the film growth mode of Co/Cu multilayer with
Ta buffer layer and on its magnetotransport properties. An increase in
the giant magnetoresistance has been observed with increasing number
of Co/Cu bilayers. However, beyond a certain number of bilayers we
observed a drop in GMR. This change is well accompanied by a cor-
responding change in magnetic characteristics. In order to investigate
the origin of the changes in the magnetotransport properties, the sur-
face roughness of the samples was studied using atomic force microscopy,
which revealed the existence of a sharp increase in the roughness beyond
a certain number of bilayers. Stress measurements showed that there ex-
ists a sharp increase in stress beyond the same number of bilayers. The
increase in roughness indicates a change in the film growth mode due to
the change in the intrinsic stress of the multilayers. This change in the
film growth mode leads to the observed modification of the magnetic and
magnetotransport properties.

MA 20.42 Tue 15:15 P1

Growth, Structure, and Electronic Properties of Epitaxial
Fe/MgO/Fe(110) Trilayers — eMIKHAIL FONIN!, YURTY S. DED-
Kov?, JAN Haucu?, ULrRICH RUDIGER', and GERNOT GUNTHERODT?
Fachbereich Physik, Universitit Konstanz, 78457 Konstanz,
Germany 2Institut fiir Festkorperphysik, Technische Universitit
Dresden, 01062 Dresden, Germany — °II. Physikalisches Institut,
Rheinisch-Westfilische Technische Hochschule Aachen, 52056 Aachen,
Germany

Recently high tunneling magnetoresistance (TMR) values in fully epi-
taxial Fe/MgO/Fe(100) magnetic tunnel junctions (MTJs) have been
reported with magnetoresistance ratio of about 180 % measured at room
temperature (RT) [1]. However, (110)-oriented Fe films can be even more
attractive as electrode material for MTJs due to the high spin polariza-
tion value of about -80% observed for Fe(110)[2].

In this study the surface morphology of ultra thin MgO films grown on
Fe(110) was investigated by low energy electron diffraction (LEED) and
scanning tunneling microscopy (STM) at RT as well as at 250° C. The
structural studies reveal a three dimensional growth mode of MgO on the
Fe(110) surface giving dense MgO(111) films. As observed by STM, the
initial deposition of MgO leads to the partial oxidation of the Fe(110)
surface. Auger-electron spectroscopy as well as spin-polarized photoelec-
tron spectroscopy measurements on the MgO/Fe(110) system confirm
the FeO layer formation at the MgO/Fe(110) interface. TMR values of
about 28 % at RT were measured in the Fe/MgO/Fe(110) MTJs.

[1] S. Yuasa etal., Nature Materials 3, (2004) 868.
[2] Yu. S. Dedkov et al., Phys. Rev. B 65, 064417 (2002).
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How does the interface structure influence the thickness depen-
dence of tunneling magnetoresistance? — e CHRISTIAN HEILIGER,
PETER ZAHN, BOGDAN YU. YAVORSKY, and INGRID MERTIG — Mar-
tin Luther University, FB Physik, FG Theorie, D-06099 Halle, Germany

New experiments [1-3] based on epitaxially grown Fe/MgO /Fe samples
obtained TMR ratios which exceed the predictions by Julliere’s model.
In addition an oscillating behaviour of the tunneling magnetoresistance
(TMR) depending on the barrier thickness was found [1].

The aim of our work is to demonstrate the influence of different inter-
face geometries on the thickness dependence of the TMR ratio. Three dif-
ferent interface configurations deduced from experiments have been con-
sidered [4]. A screened Korringa-Kohn-Rostoker (KKR) method based on
density functional theory was applied to calculate the electronic and mag-
netic structure of the different junctions self-consistently. The Landauer
conductance of planar junctions was calculated using the Baranger-Stone
scheme by means of Green’s functions in the limit of coherent tunneling.

Positive and negative TMR ratios are obtained as a function of in-
terface structure and bias voltage. The results demonstrate that the
IV-characteristic is determined by the interface structure independent
on the barrier thickness.

[1] S. Yuasa et al., Nature Materials 3, 868 (2004)

[2] J. Faure-Vincent et al., Appl. Phys. Lett. 82, 4507 (2003)
(3] S.S.P. Parkin et al., Nature Materials 3, 862 (2004)

[4] C. Heiliger et al., Phys. Rev. B accepted
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Amorphous leads and tunneling magnetoresistance — e MARTIN
GRADHAND, CHRISTIAN HEILIGER, and INGRID MERTIG Martin
Luther University, FB Physik, FG Theorie, D-06099 Halle, Germany
High tunnelling magnetoresistance ratios up to 230 % have been ob-
tained recently [1] for magnetic tunnel junctions consisting of amorphous
CoFeB leads separated by a crystalline MgO barrier. The idea of this
contribution is to understand the spin-polarization of the tunnelling cur-
rent and the TMR for a system composed of a crystalline MgO barrier
sandwiched between two amorphous Fe leads. The role of a crystalline
Fe spacer between the leads and the barrier is investigated. The amor-
phous Fe leads were simulated by fitting the pair-correlation function of
a super cell by a reverse Monte-Carlo algorithm. The performance of the
algorithm was tested for different initial configurations (bcc, fec, sc, and
random) and a varying number of atoms in the super cell. The electronic
structure of the system was calculated self-consistently using a linear
muffin-tin orbital (LMTO) method [2]. The spin-polarized tunnelling
current is obtained by means of the Kubo formula using the scheme of
Baranger and Stone [3].
[1] D. D. Djayaprawira et al., Appl. Phys. Lett. 86, 092502 (2005)
[2] http://www.tkf. mpg.de/andersen/
[3] H. U. Baranger and A. D. Stone, Phys. Rev. B 40, 8169 (1989)
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Ballistic magnetoresistance in Ni single-atom contacts —
oSTEVEN WALCZAK, MICHAEL CZERNER, and INGRID MERTIG —
Martin Luther University, FB Physik, FG Theoretische Physik, D-06090
Halle

Extraordinary large ballistic magnetoresistance has been measured in
Ni single-atom contacts [1,2]. The experimental results are still in contra-
diction to other experimental [3] and to theoretical results in the coherent
limit of transport [4].

This contribution aims to explain the strong changes of resistance un-
der the influence of an external magnetic field by means of a rotating
magnetic Ni particle in the constriction.

The electronic structure of the Ni particle in the constriction is cal-
culated selfconsistently using the Korringa-Kohn-Rostoker method. Dif-
ferent orientations of the Ni particle in the constriction caused by an
external magnetic field are considered. Transport through the Ni parti-
cle is described by means of the Landauer approach in the formulation of
Baranger and Stone [5]. It will be shown that small rearrangements of a
Ni particle under the influence of an external magnetic field can change
the conductance by a few G, and can cause BMR ratios of several hun-
dred percent.

[1] N. Garcia et al., Phys. Rev. Lett. 82, 2923 (1999)
(2] M. R. Sullivan et al., Phys. Rev. B 71, 024412 (2005)
] M. Viret et al., Phys. Rev. B 66, 220401 (2002)
[4] A. Bagrets et al., cond-mat/0510073 (2005)
[5] H. U. Baranger and A. D. Stone, Phys. Rev. B 40, 8169 (1989)
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Local magnetic-switching-behaviour of Magnetic Tunnel
Transistors studied by Ballistic Electron Magnetic Microscopy
(BEMM) — eEMANUEL HEINDL, JOHANN VANCEA, and CHRISTIAN
Back —
Institut fiir Experimentelle und Angewandte Physik, Universitéit
Regensburg, Universitatsstr. 31, 93053 Regensburg

We used Ballistic Electron Magnetic Microscopy to study the lo-
cal magnetic properties of spin-valve-structures. Local switching be-
haviour has been measured for Py/Cu/Co- and FeCo/Au/FeCo-spin-
valves with magnetoresistance-effects of several hundred percent. Close
to the switching field pm-scale-magnetic-domains have been imaged.

MA 20.47 Tue 15:15 P1

Magnetoresistive effects in LSMO:MgO TMR-systems —
eMARKUS ESSELING!, STEPHANIE RAABE!, VASILY MOSHNYAGY!,
AcuiM MARx2?, RUDOLF GROSs?, and KONRAD SAMWER! — 'L
Physikalisches Institut, Universitdt Gottingen, Friedrich-Hund-Platz 1,
D-37077 Géttingen — 2Walther-Meissner-Institut, Bayerische Akademie
der Wissenschaften, Walther-Meissner-Str. 8, D-85748 Garching

The TMR effect is known to be very sensitive to the quality of the in-
terface ferromagnet /insulator. The influence of the interfacial properties
on the spin-dependent transport can be studied by using different ways
to prepare the tunnel junction, namely i) a nanocomposite film consist-
ing of ferromagnetic metallic grains separated by an insulator ii) a well
defined grain-boundary of the ferromagnet doped with the insulator due
to a chemical phase separation using a bicrystal-substrate and iii) an
artificial multilayer structure. Using the highly spin-polarized mangan-
ite Lag 7510 3MnO; (LSMO) and the insulating MgO, which is an ideal
candidate to achieve high TMR-values, it is possible to prepare these dif-
ferent systems mentioned above. We present results of the structural and
electronic characterization of the bicrystal samples, which were prepared
on symmetric 24° [001] tilted SrTiOs- and MgO-substrates to trigger an
epitaxial growth of the LSMO on both sides of the grain-boundary of the
bicrystal. The results are compared with the nanocomposite, which was
characterized using low-frequency 1/f-noise measurements [1].
[1] M. Esseling et al., Appl. Phys. Lett. 87 (2005) 082509

Supported by SFB 602, TP A2 and DFG Sa 339/9
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Scanning probe microscopy on manganite thin films — eS. A.
KOSTER, L. SUDHEENDRA, V. MOSHNYAGA, B. DAMASCHKE, and K.
SAMWER — 1. Physikalisches Institut, Universitit Gottingen, Friedrich-
Hund-Platz 1, 37077 Gottingen

Doped manganites show the colossal magnetoresistance effect (CMR).
The main effect is observed in high magnetic fields in the vicinity of
the metal insulator transition temperature. According to the percola-
tion model of Dagotto et al.[1] two different phases, an insulating and

conducting one, exist in parallel. We prepared our thin films on MgO
substrates by Metallorganic aerosol deposition (MAD) , while the films
turned out to be perfectly epitaxial. In our work we can show by scanning
tunneling spectroscopy, that low resistivity and high resistivity regions
do exist in the samples and that these are changed with applied mag-
netic fields. Our investigations concentrate on achieving a more detailed
picture of these phases and their origin on a microscopic scale. The de-
pendency on several parameters like the microstructure of the samples,
temperature or magnetic fields can be observed.

[1] E. Dagotto, T. Hotta, A. Moreo, Physics Reports 344, (2001)

Acknowledgement: This work was supported by DFG within SFB602,
TP A2.
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Distribution of spin-polarized current in magnetic nanocon-
strictions with noncollinear Magnetization — 0. VEDME-
DENKO', E.Y. VEDMEDENKO?, and D. PFANNKUCHE' — 'ITP,
Universitdt Hamburg, Jungiusstr. 9, 20355 Hamburg — Z2IAP,
Universitdt Hamburg, Jungiusstr. 11c, 20355 Hamburg

The magnetoresistivity of a nanomagnet depends on both the shape
of the sample and the configuration of magnetic moments. Especially
important for transport properties is the magnetic ordering in the area
of a domain wall. Depending on the energy of electrons and the width
of a wall the polarized charge transfer can be either adiabatic or non-
adiabatic. In adiabatic process the spin of a conducting electron changes
its orientation accordinly to the magnetization profile of a domain wall.
In the non-adiabatic case spins of the charge carriers are not able to
follow the wall magnetization and the total magnetization of conduct-
ing electrons reverses. This can lead to the displacement of the domain
wall. Knowledge of spin-polarized current distribution is often needed
as initial configuration for further investigations on the magnetoresis-
tance and current-assisted domain-wall propagation. We calculate nu-
merically spin-polarized current distributions in nanoconstrictions of dif-
ferent shape for different material parameters in the adiabatic and the
non-adiabatic approximation. Stable low-temperature magnetic configu-
rations for the computations are taken from the Monte-Carlo simulations.

MA 20.50 Tue 15:15 P1

Transport properties of epitaxially grown thin Pr(Cag 3MnO3
film on vicinal SrTiO; substrates — ePETER MOSCHKAU, SEBAS-
TIAN SCHRAMM, and CHRISTIAN JOOSS — Institut fiir Materialphysik,
Universitat Gottingen

In order to investigate mechanisms and length scales for the insulator
metal transition and a possible formation of phase separation in PCMO
films, defect structures are tailord via growth on vicinal SrTiO3 sub-
strates. The films are epitaxially grown by pulsed laser deposition and
are c-axis oriented. The characteristic structural properties are analysed
by x-ray diffraction, scanning electron microscopy and atomic force mi-
croscopy. We find a transition from island growth mode to step-flow
growth mode for vicinal substrate with tilt angles between 3 and 10 de-
gree. The lattice strain is strongly increased with increasing tilt angle of
the substrates. Transport measurements in applied external field show
an Insulator-Metal (IM) transition with huge resistivity changes of sev-
eral orders of magnitudes. A significant change of the IM transition is
observed on vicinal substrates with tilt angles larger than 3 degree. An
important observation is the change of the electronic-history dependence
of the IM transition in films on vicinal substrates. We discuss the relation
between structure and electronic properties for the films as a function of
tilt angle.

MA 20.51 Tue 15:15 P1

Characterization and optimization of magnetic tunnel junctions
with ultrathin barriers — ¢G. EILERS, A. PARGE, and M. MUNZEN-
BERG — IV. Phys. Inst., Universitit Gottingen

Ultrathin barriers can provide extremely high tunnel current densi-
ties, which are required for spin current induced switching experiments.
For future MRAMs with high read and write performance a high room-
temperature tunnelling magnetoresistance (TMR) is also necessary.

We have prepared magnetic tunnel junctions (MTJs) with either
plasma oxidized AlOx tunnel barriers or MgO tunnel barriers by means of
e-beam evaporation of stoichiometric MgO. Besides, the barrier thickness
and its lateral size (structured by shadow masks) were varied. Aim is to
correlate structurel defects, especially important for ultrathin barriers,
with the transport properties.

After the optimization of the growth parameters and characterizing
the transport properties (I/V characteristics, TMR at different tempera-
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tures) we are planning to integrate the MTJs into a strip line with a pho-
toconductive switch in order to study the spin current induced switching
effect.

MA 20.52 Tue 15:15 P1

Magnetic switching behavior of LSMO-Alqs;-Co layered struc-
tures — oJ. SCHUMANN, D. ELEFANT, H. VINZELBERG, J. THOMAS,
K. DORR, R. G. GANGINENI, and B. BUCHNER — IFW Dresden, P.O.
Box 270116, D-01171 Dresden, Germany

Giant magnetoresistance effects found in Lag 7Srg sMnO3-Alqs-Co layer
stacks [1] show the Alqs-Co interface to be the crucial preparation prob-
lem. We produced a diversity of such layered structures on SrTiO3z sub-
strates, systematically changing the preparation methods and parame-
ters and subsequently monitoring the switching behavior of the magnetic
components of the different layer stacks via alternating gradient magne-
tometry and SQUID magnetometry down to T=1.8K. As supplementary
electrodes NiFe and CoFe were tested. Including TEM cross section
investigations, an optimized preparation procedure for the layer stacks
was searched to realize defined magnetic switching ( especially without
any exchange biasing ) - the prerequisite for magnetoresistance measure-
ments.

[1] Z. H. Xiong, Di Wu, Z. Valy Vardeny, and Jing Shi, Nature 427,
821(2004)
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Magnetoresistance behavior of Co nanowires with constrictions
— oP. KRZYSTECZKO, M. BRANDS, and G. DUMPICH — Experimen-
talphysik, Universitit Duisburg-Essen (Campus Duisburg), Lotharstrafie
1, 47048 Duisburg

We investigate spin transport through a domain wall confined in a
nanoconstriction and ballistic spin transport in ferromagnetic crossbar
configurations. For this, resistance measurments are performed on poly-
crystalline cobalt nanowires which are prepared by means of high reso-
lution electron beam lithography (HR-EBL). Constrictions with critical
dimensions of the order of 10 nm are prepared at the junction of T-shaped
Co nanowires. In order to prevent oxidation some of the Co nanowires
are covered in situ with a 2 nm Pt layer or a 10 nm carbon layer. By
annealing, the mean grain size of the nanowires has been varied in the
range of approximately 7 to 35 nm. The magnetic properties are investi-
gated by magnetic force microscopy (MFM). Due to the shape anisotropy
the two sides of the nanocontact respond in different ways to an applied
magnetic field. Magnetoresistance measurements were carried out via a
four-terminal ac resistance bridge in a “He bath cryostat at a temperature
of T'= 4.2 K. Magnetic fields up to B = 5 T were applied along different
in-plane directions. Furthermore, the ballistic transport is investigated
by nonlocal resistance measurements.

MA 20.54 Tue 15:15 P1

Heusler alloy based magnetic tunnel junctions with MgO bar-
rier — eR. KALTOFEN, H. VINZELBERG, J. SCHUMANN, D. ELEFANT,
I. MONCH, and J. THOMAS — IFW Dresden, P.O. Box 270116, D-01171
Dresden, Germany

Half-metallic Heusler alloys are expected to be promising can-
didates for ferromagnetic electrode materials in magnetic tun-
nel junctions. In this work MTJs with the stack structure
Ta/CoyCrgsFey4Al/MgO,/CoFe/ IrMn/Ta/Cu/Au were magnetron
sputtered on thermally oxidized Si. The MgO, tunnel barrier was pre-
pared by oxidizing a Mg film using a rf wave resonance plasma beam
source as well as by rf sputtering from a MgO target in an Ar/Oo-
mixture. The obtained junction properties (junction resistance, magne-
torestistance ratio, switching characteristics) are discussed in dependence
on the preparation conditions of the Heusler electrode and the tunnel
barrier, on the barrier thickness and on the annealing temperature.

MA 20.55 Tue 15:15 P1

Interface properties of the half-metallic Co,MnSi — eMARC D
SACHER!, DANIEL EBKE!, NING-NING Liu!, ANDREAS HUTTEN?, JAN
SCHMALHORST!, and GUNTER REIss! — 'Fakultit fiir Physik, Univer-
sitéit Bielefeld, D-33615 Bielefeld, Germany — 2Institut fiir Nanotech-
nologie, Forschungszentrum Karlsruhe GmbH, Germany

Halfmetallic ferromagnets are promising candidates as electrode mate-
rial in magnetic tunnel junctions (MTJ). Because of their predicted spin-
polarization of 100% one expects high tunnel magneto resistance (TMR)
effects. With the Heusler alloy CosMnSi a TMR, of currently 108% at
20K has been reached. This leads to a spinpolarization of 70%. The

high TMR value strongly depends on the oxidation parameters of the
adjacent alumina layer and the annealing temperature of the CooMnSi.
Two mechanisms can explain this behavior. On the one hand there is
found a Mn and Si diffusion to the electrode/ barrier interface and on
the other hand a formation of MnO at the interface. We have investi-
gated the stoichiometry and the element specific magnetization at the
CoaMnSi/ barrier interface with X-Ray absorption spectroscopy (XAS)
and the magnetic circular dichroism (XMCD). We introduced thin inter-
layer (Co, Mn or Si) with varying thickness between the Heusler alloy
and the tunnel barrier. Thus we can investigate in detail the influence of
the three materials on the TMR as well as on the magnetic moment and
the stoichiometry.

MA 20.56 Tue 15:15 P1

Magnetoresistance of tunnel junctions with electrodes of the
Heusler compounds Co,MnGe and CooMnSn — eVERDUILIN
EriK and KuUrRT WESTERHOLT — Institut fiir Experimental-
physik/Festkorperphysik, Ruhr-Universitat Bochum, 44780 Bochum,
Germany

Heusler compounds with predicted 100% spin polarization at the Fermi
level are materials of great potential in the field of spintronics. We have
fabricated magnetic tunnel junction using the fully spin polarized Heusler
compounds CooMnGe and CosMnSn as the bottom electrode and Co as
the counter electrode. The films are patterned using shadow mask tech-
nique and the Al,O3 tunnel barrier is prepared by plasma oxidation of
a thin Al layer. The tunnel magnetoresistance which we determine at
low temperatures is 27% maximum, corresponding to a spin polarization
much lower than the theoretically predicted 100%. We discuss the origin
of the loss of full spin polarization, which could be caused by some oxi-
dation of the Heusler surface at the Heusler /barrier interface, or the loss
of half metallicity for a surface layer of the Heusler compound due to by
site disorder or interdiffusion.

The authors thank the DFG for financial support of this work within
the SFB 491 Bochum/Duisburg.

MA 20.57 Tue 15:15 P1

Strong temperature dependence of antiferromagnetic coupling
in CoFeB/Ru/CoFeB — eN. Wikse"?, T. DimorouLos!® M.
RUHRIG!, and G. REIss? — !Siemens AG Corporate Technology, CT
MM 1, Erlangen, Germany — ?Universitt Bielefeld, Nano Device Group,
Bielefeld, Germany — *ARC Seibersdorf research GmbH, Vienna, Aus-
tria

Due to their high tunneling magnetoresistance (TMR) of up to 70%,
magnetic tunnel junctions (MTJ) with electrodes consisting of amor-
phous CogoFeynByy have gained considerable interest for the use in ap-
plications, e.g. sensor applications or magnetoresistive random access
memories (MRAM).

Furthermore it has been shown, that artificial ferrimagnets (AFi), con-
sisting of two antiferromagnetically coupled layers of amorphous CoFeB
separated by a thin nonmagnetic Ru-spacer, exhibit a stable coupling
and a significant lower coercivity than AFi systems of polycrystalline
CoFe materials.[1] Due to their magnetic properties, they are promising
candidates also for the use as soft magnetic electrode in MTJs.[2]

Here we present the temperature dependence of saturation field (cou-
pling) in dependence of Ru spacer thickness and net moment of the AFi.
In good accordance to the theory, the investigated samples show a strong
temperature behavior ~ .g&, where Ty = -2 The Fermi veloc-

sinh(T/Tp) 27kBt Ry
ity, v, evaluated for the investigated samples within this model, turns
out to be in the order of 107cm/s.
[1] N. Wiese et al., J. Magn. Magn. Mater. 290-291, 1427 (2005)
[2] N. Wiese et al., accepted for publication in J. Appl. Phys. (2005)
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Angular dependence of Magnetization Reversal In Ex-
change Biased Multilayers — eAMITESH PauL, THOMAS
BRUECKEL, EMMANUEL KENTZINGER, and ULRICH RUECKER —
IFF-Forschungszentrum Jiilich

Recently we observed sequential and symmetric magnetization rever-
sal of the ferromagnet (FM) layers by domain wall motion for exchange
coupled FM and antiferromagnetic (AF) multilayer systems such as
[IrMn/CoFe]_10 [1] and [Co/C00]-20. This symmetric reversal on both
branches of the hysteresis loop without the usually observed magnetiza-
tion component perpendicular to the applied field - follows the theoretical
speculation of an alignment of the field-cooling axis (H.{FC}) with the
applied field axis (H-a) by Beckmann et al [2]. In the present case, we
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investigate the same polycrystalline IrMn/CoFe sample measuring along
each full magnetization loop: increasing (H.-a along H.{FC}) and de-
creasing (H_a opposite H.{FC}), by specular and off-specular Polarized
Neutron scattering as we vary the directions (theta) of the H_a with re-
spect to the unidirectional anisotropy direction or the H.{FC} direction.
Depending upon theta, the remagnetization behavior of all FM layers
takes place sequentially which is either by nonuniform mode (via domain
formation) or uniform mode (via coherent rotation) and also simultane-
ously which is by uniform mode only. [1] A. Paul et al., Phys. Rev. B
70, 224410 (2004). [2] B. Beckmann et al., Phys. Rev. Lett. 91, 187201
(2003).
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Thermal stability of three dimensional structured exchange bias
systems with ion bombardment induced magnetic patterning
— oV. HOINK', M. D. Sacuer!, K. RorT', J. SCHMALHORST!, G.
REiss!, D. ENGEL?, T. WEIs?, and A. EHRESMANN? — !Universitit
Bielefeld, Fakultat fiir Physik, Diinne Schichten und Nanostrukturen, PF
100131, D-33501 Bielefeld — 2Universitit Kassel, Institut fiir Physik,
Heinrich-Plett-Str. 40, D-34132 Kassel

The magnitude as well as the direction of the exchange bias effect in
ferromagnet /antiferromagnet layer systems can be manipulated by He-
ion bombardment in a magnetic field. By restricting the area exposed
to ion bombardment by resist masks, magnetic nanostructures charac-
terized by a lateral variation of the orientation of the magnetization in
remanence can be produced. This magnetic nanostructuring can be used
for new applications in magnetoelectronics. In the experiments presented
here CoFe/IrMn double layers have been patterned magnetically as well
as three dimensional with a varying shape and size. By spacially resolved
measurements of the absorbtion of elliptically polarized soft x-rays with
a photo electron emission microscope (PEEM), the magnetically pat-
terned three dimensional structures have been investigated in remanence
and the magnetic domain configuration has been measured for several
temperatures. The PEEM measurements have been performed at the
PEEM2 beamline 7.3.1.1 at the Advanced Light Source, Berkeley, USA.

MA 20.60 Tue 15:15 P1

a-MnS-based Exchange Bias Systems — ¢ ANDREAS HOCHSTRAT,
PaviEL Borisov, X1 CHEN, and WOLFGANG KLEEMANN — Ange-
wandte Physik, Universitat Duisburg-Essen, D-47048 Duisburg, Ger-
many

With decreasing temperature the NaCl-structure-type antiferromag-
netic a-MnS exhibits a phase transition from the paramagnetic to an
antiferromagnetic state at T,; ~152 K, while a spin reorientation tran-
sition from single- to multiaxis antiferromagnetism occurs at T.o =129
K [1]. (111)-oriented a-MnS crystals were grown by the vapor transport
method. Exchange bias (EB) systems with thin ferromagnetic metal
films epitaxially grown on top of these a-MnS crystals show a new type
of EB temperature dependence. While the EB field, measured with a
Superconducting Quantum Interference Device (SQUID), is normal in
the temperature regime T,o < T < T,q, it seems to vanish below T.

[1] W. Kleemann and F.J. Schéfer, Solid State Commun. 69, 95 (1989).

MA 20.61 Tue 15:15 P1

X-PEEM investigation of a magnetoelectric exchange
bias system — ePAVEL BORISOV!, ANDREAS HOCHSTRAT!, XI
CHEN!, WOLFGANG KLEEMANN!, THOMAS EIMULLER?, ARANTXA
FRAILE-RODRIGUEZ®, and CHRISTOPH QUITMANN® — !Angewandte
Physik, Universitdt Duisburg-Essen, D-47048 Duisburg, Germany
— 2Nachwuchsgruppe Magnetische Mikroskopie, Ruhr-Universitit
Bochum, D-44780 Bochum, Germany — *Paul-Scherrer-Institute, SLS,
CH-5232 Villigen, Switzerland

Due to the magnetoelectric properties of CroOjz its antiferromag-
netic domain structure can be changed after cooling through the Néel-
Temperature in simultaneously applied magnetic and electric fields.
Based on this we could show [1] the complete switching of the per-
pendicular exchange bias field from positive to negative values and
vice versa by variation of an applied electric freezing field for the
system CrpO03/[Co/Pt],. In order to image uncompensated spins at
the ferromagnetic-antiferromagnetic interface X-ray photoelectron emis-
sion microscopy (X-PEEM) was performed on Al,03(0001)/Pt/Cry03/
[Co/Pt], heterolayers after cooling in the same magnetic, but in opposite
electric freezing fields. The orientation of the uncompensated spins and

the magnetic structure at the interface, measured at the Cr and the Co
L3 absorption edges, are discussed.
(1] P. Borisov et. al., Phys. Rev. Lett. 94, 117203 (2005)
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Magnetization reversal in NiFe/FeMn ion irradiated patterns
— oP. CANDELORO!, S. BLOMEIER!, A. BEck!, H. SCHULTHEISS!,
H. NEMBAcCH!, B. HILLEBRANDS!, M.O. LIEDKE!?, J. FASSBENDER?,
and B. REUSCHER® — !Fachbereich Physik, TU Kaiserslautern, Erwin-
Schrodinger-Str. 56, 67663 Kaiserslautern, Germany — 2FZ Rossendorf,
Institut fiir Tonenstrahlphysik und Materialforschung, 01314 Dresden,
Germany — ®Institut fiir Oberflichen- und Schichtanalytik, Briisseler
Str. 3, 67657 Kaiserslautern, Germany

Recently ion irradiation has been proposed as a patterning tool for
different magnetic systems. The increasing interest for this technique is
due to the capability of tailoring the magnetic properties without affect-
ing the sample topography. We present a study of the magnetic prop-
erties of patterns with different geometries produced by ion irradiation
on a Nig Fejg/FesoMnso exchange bias bilayer by magneto-optic Kerr
effect (MOKE) magnetometry and magnetic force microscopy (MFM).
The hysteresis loops measured by MOKE present features evidently re-
lated to the irradiated geometries. Moreover they also reveal that the
magnetization reversal is not proceeding independently in irradiated and
non-irradiated areas. This magnetic coupling is confirmed by MFM im-
ages, which clearly show that magnetic domains in irradiated and non-
irradiated elements are mutually influencing each other during the rever-
sal process. Comparison with previous studies indicates that the above
mentioned coupling dramatically affects the reversal process only when
the lateral size of irradiated elements approaches a characteristic coupling
length. This work was supported within the EC project NEXBIAS.
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Domain structure during magnetization reversal of PtMn/CoFe

exchange bias micro-patterned lines — eMACIE] OSKAR
LiEDKEY?, KAY POTZGER', BURKARD HILLEBRANDS?, MARC
RICKART?, PAULO FREITAS?, and JURGEN FASSBENDER!' — 'FZ

Rossendorf, P.O. box 510119, 01314 Dresden, Germany — 2TU
Kaiserslautern, Erwin-Schrodinger-Str. 56, 67663 Kaiserslautern,
Germany — 3INESC MN, Rua Alves Redol 9-1, 1000 Lisbon, Portugal

In order to investigate the relation between shape anisotropy and uni-
directional anisotropy in exchange biased stripes, the magnetic domain
configuration during magnetization reversal was studied as a function
of the ratio between both anisotropy contributions. For that purpose a
number of PtMn/CoFe samples were prepared by sputter deposition. By
means of optical lithography several line pattern in micron length range
have been prepared. In order to modify the ratio between both anisotropy
contributions the exchange bias field strength was reduced by means of
5 keV He™ ion irradiation. The domain structure during magnetization
reversal was then investigated by means of magnetic force microscopy.
For the as-prepared samples a mono-domain magnetization state with
the magnetization direction aligned along the exchange bias field direc-
tion was found regardless of its shape. After irradiation the homogeneous
magnetization state broke up into small domains with 360° domain walls
in between. The appearance of these domain walls was only observed for
the descending branch of the magnetization reversal. In addition it was
found that the number of domain walls created depends strongly on the
stripe width and orientation.
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LLG-simulations of FM/AFM multilayers — eBJORN BECK-
MANN!, ULricH Nowak?, and KLAus D. USADEL! — !Fachbereich
Physik, Universitdt Duisburg-Essen, 47048 Duisburg, Germany
2Department of Physics, University of York, Heslington, York YO10
5DD, United Kingdom

Magnetization dynamics has become an object of intense studies in re-
cent years. In particular, for achieving high speed magnetization switch-
ing, e. g. for magnetic random access memory devices, it is extremely
important to know the Gilbert damping constant and, moreover, to know
how to influence this constant. One approach is to use FM/AFM mul-
tilayers. Even though numerous works have dealt with such systems a
fundamental knowledge of the underlying microscopic mechanism is still
lacking.

Therefore, in our contribution we present results from numerical sim-
ulations of FM/AFM multilayers. The system investigated consists of
an FM monolayer exchange coupled to several AFM layers. We included
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nearest neighbor exchange interaction, in-plain/out-of-plain anisotropies,
the long range dipole-dipole interaction and the coupling to an external
field. The dynamics is described by LLG equations at finite temperatures
which are solved numerically.

A main result of our simulations is that the FM damping is greatly
enhanced just by adding a single AFM layer, but a further increase of
the AFM layer thickness has no considerable effect on the FM damping.

This work was supported by the Deutsche Forschungsgemeinschaft
through SFB 491.
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Magnetic properties of FePt based exchange coupled films
— oFELIX KURTH, MARTIN WEISHEIT, SEBASTIAN FAHLER, and
Lupwic ScHULTZ Institute for Metallic Materials, IFW Dresden,
Helmbholtzstr. 20, D-01069 Dresden

FePt is a promising material for future high density magnetic record-
ing, due to its high magnetocrystalline anisotropy and therefore higher
thermal stability at smaller grain size compared to currently used ma-
terials. However, high anisotropy results in prohibitively high coerciv-
ity, which currently prevents the use of this material due to the limited
switching field of write heads. One way to decrease coercivity while only
moderately affecting the thermal stability is to couple the hard magnetic
FePt film to a soft phase, like Fe or FeCo. This has been shown theoret-
ically [1]. Here we present first results on the properties of FePt/Fe and
FePt/FeCo bilayers prepared by pulsed laser deposition. The influence of
deposition parameters, e.g. substrate temperature, on the surface mor-
phology and crystallographic structure and their effect on the magnetic
properties is discussed.
(1] D. Suess, T. Schrefl, S. Fahler, M. Kirschner, G. Hrkac, F. Dorfbauer,
and J. Fidler, Appl. Phys. Lett. 87 (2005) 012504
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In-situ MFM study of the magnetization process in AF coupled
CoPt/Ru multilayers — ¢ULRIKE WOLFF!, TETYANA SHAPOVAL',
ULrICH ROSSLER!, Lupwic ScHULTZ!, OLAV HELLWIG?, and VOLKER
NEU! — IFW Dresden, Helmholtzstr. 20, D-01069 Dresden, Germany
— 2Hitachi GST, San Jose, CA

CoPt/Ru multilayers exhibit a broad range of fascinating magnetic
structures due to the competing energy terms of antiferromagnetic ex-
change coupling through the Ru spacer, dipolar stray field interactions
and magnetostatic Zeeman terms in an external magnetic field. In zero
field, two distinctly different magnetic states are observed depending on
temperature and magnetic history, but possess vanishing remanence and
are therefore best studied by direct imaging of the domain structure. This
paper presents a study of magnetization processes of a CoPt/Ru sample
directly observed in a Low Temperature Magnetic Force Microscope at
different temperatures and magnetic fields. After saturation at 300 K
in a field of 0.5 T the zero field state resembles typical stripe domains
observed for films with perpendicular magnetic anisotropy. This state is
explained by an effectively ferromagnetic dipolar coupling through the
Ru layer. Saturating in a field of 0.6 T at 10 K brings the sample into
a completely compensated, which can be understood by the AF cou-
pling through the Ru layer. The cross-over temperature T, for these two
different ZF states is found to be 270 K.
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Co moment reduction in the NiCoO/Co exchange bias sys-
tem — eSEBASTIAN BRUCK!, UWE GRUNER!, MYRSINI LAFKIOTI',
YUNJUN TANG?, EBERHARD GOERING!, and AMI E. BERKOWITZ? —
Max-Planck-Institut fiir Metallforschung, Heisenbergstrasse 3, D-70569
Stuttgart — 2University of California, San Diego, 9500 Gilman Dr, La
Jolla, CA 92093-0401, USA
We have investigated a thin layered stack of NiCoO(50nm)/Co(1nm)/Ru

using x-ray magnetic circular dichroism (XMCD) and resonant soft x-
ray reflectivity (XRMS) at the Ni and Co L2,3 edges. A clear average
magnetic Ni spin polarization of 0.037uB has been observed, while the
orbital moment is 0.006pB. Assuming that the Ni magnetization is
purely located at the first interface layer, it results in an average Ni
moment of 0.36uB. The magnitude of the exchange bias effect in the
system is strongly increasing for decreasing temperatures. While the Ni
moment remains constant when cooling from RT to 80 K, the XMCD
related Co moment strongly decreases by 10%, consistent to additional
SQUID measurements. Since bulk Co magnetic moments increases for
lower temperatures, the observed decrease is interpreted in terms of Co
momentum freezing in the antiferromagnetic NiCoO layer. This freezing
corresponds quantitatively to the increase of the exchange bias effect.

MA 20.68 Tue 15:15 P1

Dynamic quasi-particle behaviour of geometrically confined do-
main walls — eDANIEL BEDAU!, MATHIAS KrAur', ULRICH RUDI-
GER!, DIRK BACKES?, L. J. HEYDERMAN?, GIANCARLO FAINI®,
C.A.F. Vaz*, and J.A.C. BLAND* — 'FB Physik, Universitit Kon-
stanz, Konstanz, Germany 2LMN, Paul Scherrer Institut, Villigen,
Switzerland — 3LPN-CNRS, Marcoussis, France — *Cavendish Labora-
tory, University of Cambridge, UK

Due to their small lateral dimensions domain walls behave like quasi-
particles in an attractive potential well.

We have chosen ferromagnetic rings because in these structures sim-
ple magnetic states with head-to-head domain walls are found making
this geometry suitable for probing domain wall properties, e.g. pinning
at or repulsion from notches which depend on the specific domain wall
type [1]. Different types of domain walls are either attracted or repelled
by constrictions. The depth and the width of the potential well which
correspond to the shape of the pinning potential have been determined
using magnetoresistance measurements [2,3]. To completely characterize
the potential landscape, the curvature of the potential well needs to be
ascertained. This can be achieved by studying the behaviour of a domain
wall under periodic excitation. For this purpose a new setup has been
constructed allowing magnetoresistance measurements at low tempera-
tures under high frequency excitation from 100 MHz to 20 GHz. [1] M.
Klaui et al., Phys. Rev. B 68, 134426 (2003), Physica B 343, 343 (2004)
[2] M. Kldui et al., Phys. Rev. Lett. 90, 97202 (2003) [3] M. Klaui et
al., APL 87, 102509 (2005)
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Laser induced precessional switching in exchange biased
NiFe/FeMn bilayers — eMaARkUS C. WEBER!, STEFFEN
BLOMEIER!, BURKARD HILLEBRANDS!, and JUERGEN FASSBENDER?
— !Fachbereich Physik and Forschungsschwerpunkt MINAS, TU
Kaiserslautern, 67663 Kaiserslautern, Germany — 2Institute of Ion
Beam Physics and Materials Research, Forschungszentrum Rossendorf,
01314 Dresden, Germany

Laser pulse induced field assisted precessional switching in exchange
coupled mesoscopic NiFe/FeMn striplines has all-optically been triggered
and magneto-optically observed in real time with switching times down
to 500 ps. A fast decoupling of the exchange bias bilayer launches co-
herent precession of the magnetization of the ferromagnetic layer of the
exchange bias system. By properly choosing the initial equilibrium ori-
entation the optical unpinning of the bilayer can induce complete mag-
netization switching. Stroboscopic time domain imaging of the switching
event has been realized by a sophisticated synchronization scheme of a
magnetic preset pulse and both the optical pump and probe pulses, re-
spectively. The observed laser assisted switching can be well described
by the Landau-Lifshitz-Klaasen-van Peppen equation combining preces-
sional and thermally activated spin dynamics.

This work was supported by the EC-RTN NEXBIAS and ULTRA-
SWITCH and by the DFG Graduiertenkolleg 792.
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Internally tunable notch filters and attenuators for microwave
devices using ferromagnetic resonance absorption — eTOBIAS
KoRN!, UrsuLA EBELS?, PHILIPPE FERRARI®, and PASCAL XAVIER?

nstitut fiir Angewandte und Experimentelle Physik, Universitit Re-
gensburg, 93040 Regensburg — 2SPINTEC CEA/CNRS, 17 Rue des
Martyrs, 38054 Grenoble, France — *IMEP, 23 Rue des Martyrs,38054
Grenoble, France

We present a new concept for internally tunable microwave attenua-
tors and notch filters using microstructured ferromagnets as absorptive
elements. The devices consist of a Permalloy (Py, FeyNigg)line which
is inductively coupled to a coplanar waveguide structure. At its fer-
romagnetic resonance frequency, the Py line absorbs microwave power
from the waveguide. The resonance frequency at zero external bias field
may be tailored to device applications by using shape anisotropy. If a
DC current is passed through the waveguide, it creates a local in-plane
hard-axis magnetic field. This field changes the equilibrium angle of the
magnetization of the Py line and thus reduces its resonance frequency. In
fixed-frequency attenuation applications at a certain operating frequency
fo, the attenuation in the Py line may thus be tuned using a DC current
to move its resonance frequency closer to or farther away from f,. For
higher applied DC currents, the ferromagnetic absorption may be sup-
pressed completely. No externally created magnetic fields are necessary
in these applications, enabling the attenuator and notch filter to be used
in miniaturized or mobile devices.
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Scattering of dipole dominated spin waves from 1D inhomo-
geneity in ferromagnetic film — eM. KOSTYLEV!, A. SERGAZ,
T. ScHNEIDER?, B. LEVEN?, B. HILLEBRANDS?, and R.L. StaMPs!
— !Department of Physics, University of Western Australia, Nedlands
WA 6907, Australia — 2Fachbereich Physik, TU Kaiserslautern, 67663
Kaiserslautern

The scattering of backward volume magnetostatic spin waves
(BVMSW) from a region of highly inhomogeneous magnetic field in
ferromagnetic film was studied. The inhomogeneity was created by
applying a dc current flowing through a thin wire situated on the
surface of the film. Depending on the current direction the Oersted field
either enhanced or decreased locally the total static field, thus creating
a field profile in a form of a barrier (B) or a well (W). The amplitude
T and phase ¢ of the BVMSW transmitted through the inhomogeneity
was measured as a function of the magnitude of the current I and
the wavenumber of incident wave k. In W-regime T'(I) was found
to be a monotonically decreasing function, whereas in B-regime the
transmission is a minimum at about 0.6 A and maximum at about 1 A.
The phase ¢ decreases linearly with I in B-regime, whereas in W-regime
it deviates from linear increase towards lower values. Theoretically
it was shown that the maximum of transmission in B-regime is a
transmission resonance. The transition from linear to nonlinear ¢(I) in
the W-regime is interpreted as a transition from scattering of spin waves
from an inhomogeneity to tunnelling through a prohibited zone [1].
(1] S.O.Demokritov et al. PRL, v.93, 047201 (2004)
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Laser induced magnetization dynamics: precession modes and
damping parameter — ¢J. WALOWSKI', M. DJORDJEVIC!, G. EIL-
ERS!, A. PARGE!, M. MUNZENBERG!, and J. S. MOODERA? — V.
Phys. Institute, University of Goettingen, Germany — 2Francis Bitter
Magnet Laboratory, MIT, Cambridge, USA

The development of spintronics requires coherent optical control of
magnetization in thin ferromagnetic films on sub ns timescale. Time re-
solved magneto-optical Kerr effect is used to follow the magnetization
dynamics upon ultrafast laser excitation with 50 fs resolution. We will
present a detailed study of the dominant magnetic relaxation modes and
the energy dissipation processes through both intrinsic and non-local
Gilbert damping in thin Ni films. We were able to trigger the magneti-
zation dynamics with a laser induced change in the anisotropy field and
control the precession modes with the amplitude and the orientation of
the external field, as well as with the pump laser fluence. The frequency
spectrum are in the ranges from 1.5 GHz up to 13 GHz. They describe
the characteristic homogeneous mode as well as the intrinsic standing
spin wave modes. The corresponding intrinsic Gilbert damping param-
eter has been found to be dependent on the precession mode, taking
values from o = 0.05 up to o = 0.25. The non-local Gilbert damping,
due to emission of spin waves, is investigated at Ni/NM double layers
(NM = Cu, Al, Ti, Cr,Pd, Dy). Enhancement in the Gilbert damping
parameter of more than one order of magnitude is observed for materi-
als with strong spin-orbit coupling and we present for the first time a
coherent study.
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Effect of Rare Earth Dopands in Permalloy Films and Mul-
tilayers — ¢GEORG WOLTERSDORF!, JAN-ULRICH THIELE?, MAN-
FRED SCHABES?, GEREON MEYER ?, MATTHIAS KISSLING!, MICHAEL
BINDER!, and CHRISTIAN BAck! — 'Universitit Regensburg, Institut
fiir Experimentelle und Angewandte Physik — 2Hitatchi Global Storage
Technologies — 3Stanford University, Department of Physics

We investigated the influence of rare earth dopands on the magnetic re-
laxation. In our experiments Permalloy (Nig;Feg) films were doped with
various concentrations of the rare earth ions Dy, Ho, and Th. The mag-
netization dynamics of these films was studied using ferromagnetic reso-
nance (FMR) and time resolved magneto optic Kerr effect (TR-MOKE)
in a frequency range from 1 to 35 GHz. In agreement with earlier work [1]
we find that the rare earth doping of Permalloy leads to a large increase
of the damping parameter . Our measurements can be well described
using the Gilbert damping term in the equation of motion. This strongly
suggests that the increased damping is due to an increased rate of transfer
of angular momentum from the spin system to the lattice.

In addition, we studied a series of samples where the doped Py layer
was exchange coupled to a ferromagnetic layer without rare earth dop-
ing. In such samples the doped layer acts as an additional drain for the

angular momentum and leads to a faster relaxation of the magnetization
dynamics of the undoped layer.
(1] W. Bailey et al. IEEE Trans. Mag. 37, 1749(2001)
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Bloch- to cross-tie wall transformation by pulsed magnetic fields
— e ANDREAS NEUDERT, JEFFREY MCCORD, RUDOLF SCHAFER, and
Lubpwic Scuurrz — IFW Dresden, Postfach 270116, 01171 Dresden

The internal structure of 180° domain walls in ferromagnetic films de-
pends strongly on the thickness of the film. In thick films (thickness >
100 nm) domain walls of the asymmetric Bloch type are energetically
favoured compared to cross-tie walls. We investigated an asymmetric
Bloch wall in a 80x160 pm? permalloy rectangle of 160 nm thickness
using static and time-resolved Kerr microscopy. By applying a repeti-
tive pulsed magnetic field (amplitude 1.6 kA /m, width 800 ps, repetition
rate 23 MHz) the Bloch wall is unexpectedly transformed into a cross-
tie wall. After switching off the pulsed magnetic field this new domain
wall still exists, although for permalloy films of this thickness asymmetric
Bloch walls are energetically favoured. The influence of magnetic inho-
mogeneities and pulsed field parameters on this wall transformation will
be discussed.

MA 20.75 Tue 15:15 P1

Progress in micro-focus Brillouin light scattering spectroscopy
— oH. ScuuLTHEISS!, H.T. NEMBACH!, M.C. WEBER!, P.A. BECK!,
P. CANDELOROY, B. LEVEN!, V.E. DEMIDOVZ, S.O. DEMOKRITOV?,
and B. HILLEBRANDS! — !Fachbereich Physik und Forschungsschwer-
punkt MINAS, TU Kaiserslautern, Erwin-Schrédinger-Str. 56, 67663
Kaiserslautern, Germany — 2Institut fiir Angewandte Physik, Westfili-
sche Wilhelms-Universitat Miinster, Corensstr. 2-4, 48149 Miinster, Ger-
many

Brillouin light scattering microscopy combines the high magnetic sen-
sitivity of conventional Brillouin light scattering spectroscopy, i.e., de-
tection of thermally excited spin waves, with the high spatial resolution
of a scanning microscopy technique. Imaging of periodic nanostructures
for the optical characterization of the developed micro-BLS setup yields
a spatial resolution of 300 nm. Numerical calculations within the frame-
work of Fourier optics including spin wave induced phase shifts reveal
an enhancement of the optical contrast while studying spin wave mode
profiles. The implementation of high bandwidth picoprobes into the mi-
croscope allows for a local investigation of large angle spin dynamics in
magnetic nanostructures due to broadband microwave excitations.

Support by the DFG within the SPP 1133 and by the EC-RTN UL-
TRASWITCH is acknowledged.
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Kerr domain imaging of microwave assisted switching — eP.
MARTIN PIMENTEL, H.T. NEMBACH, S. HERMSDORFER, and B.
HIiLLEBRANDS — Fachbereich Physik and Forschungsschwerpunkt
MINAS, TU Kaiserslautern, Erwin-Schrodinger-Str. 56, 67663
Kaiserslautern, Germany

We present Kerr microscopy studies of the quasi-static switching be-
havior of a micropattened Nig; Feyg ellipsoid under the influence of a mi-
crowave field. The microwave field is applied perpendicular to the quasi-
static magnetic field, which is oriented parallel to the long axis of the
ellipsoid. The long axis of the ellipsoid is 160 pym and the short is 80 pm,
with a thickness of 10 nm. The frequency of the microwave field is 800
MHz and the microwave power is 5 dBm and 35 dBm, respectively. A
strong modification of the reversal process of the magnetization behavior
is observed. For low power big domains are observed orientated parallel
to the quasi-static applied field in the range from 6 Oe to 9 Oe. In con-
trast, for high microwave power, formation of ripples is observed during
the magnetization reversal taking place in the field range from 1 Oe to
4 Oe. These two different behaviors can be described by modification of
the domain nucleation and growth process due to the microwave field.
We show that the applied transversal microwave field can stimulate the
domain nucleation and propagation process in a confined element. This
work is supported by the EU-RTN ULTRASWITCH (HPRN-CT-2002-
00318).
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Pulsed inductive measurement of large angle precession in mag-
netic thin films — eT0BIAS MARTIN, INGO NEUDECKER, BJORN
BECKER, MATTHIAS SPERL, and GUNTHER BAYREUTHER — Insti-
tut fiir Experimentelle und Angewandte Physik, Universitét Regensburg,
93040 Regensburg

To further increase writing speeds in magnetic storage devices it has
been proposed to use precessional switching of the magnetization. To
understand this switching behaviour, it is important to understand the
time-domain motion of the magnetization after the excitation with large
pulse amplitudes. Here Permalloy as well as epitaxial FeCo films are
investigated in the large angle regime with the PIMM (pulsed inductive
microwave magnetometer). The epitaxial films are examined in hard axis
direction near the anisotropy field to reduce the internal effective field
and thus achieve large precession angles. The observed variation of the
precessional amplitude with increasing pulse field can not be explained
within the linear theory. On the other hand, it is shown that the ex-
perimental data are well described by a numerical simulation based on a
macrospin model.

In fully epitaxial magnetic double layer films two separate precession
frequencies are resolved by PIMM. The data are analysed in order to
identify the interlayer coupling between both layers.

This work is supported by the Deutsche Forschungsgemeinschaft
(SPP1133).

MA 20.78 Tue 15:15 P1

Spin-, energy- and timeresolved photo electron emission mi-
croscopy of 3d-transition metals — eLLuTz HEYNE, B HEITKAMP,
H. A. DURR, and W. EBERHARDT — Bessy, Berlin, Germany

Early optical pump-probe experiments[1] (tr-MOKE) indicate a break-
down of ferromagnetic order on an fs timescale after an ultra short laser
pulse excitation. An intensive pump pulse heats the electronic subsystem,
which interacts with the spin system and induces magnetic quenching.

For the future of magneto electronic devices it is important to under-
stand the physics of these ultra fast processes. Our approach to this topic
is to directly analyse the spin of the photoelectrons emitted by the probe
beam.

Therefore we employ a photo electron emission microscope (PEEM)
in combination with a spin analyser (SPLEED). Fs time resolution is
obtained by a Ti:Saphier in our pump-probe setup. Analysing the spin
of the emitted photoelectrons gives a direct measure of the magnetism in
the sample. In combination with the PEEM a spatial resolution of 50nm
can be obtained. Alternatively the dynamics of the excited electrons can
be observed by time-of-flight spectroscopy using a delay line detector.
Experiments on Nickel and Cobalt show a demagnetization on a sub-ps
timescale, while the electronic system is still not thermalized.

(1] E. Beaurepaire et.al. Phys. Rev. Lett. 76, 4250 (1996)
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Influence of surface roughness to the decay of precessional
magnetization motion eBJOERN BECKER, TOBIAS MARTIN,
MATTHIAS SPERL, PHILIPP KOTISSEK, and GUENTHER BAYREUTHER
— Institut fuer Experimentelle und Angewandte Physik, Universitaet
Regensburg, Regensburg, Germany
A non-exponential decay of the uniform precessional motion of the
magnetization in ferromagnetic films according to exp(f It/ 2) has
been predicted recently [1]. The decay time 7 should be related to the
surface roughness [1]. In the present study an attempt was made to test
the prediction of such a correlation. Epitaxial Fe films were grown by
MBE on clean GaAs(110) wafers and on GaAs(110) surfaces prepared by
cleaving in ultra high vacuum. The cleaved edges are atomically flat with
terrace widths up to 2 pm x 2 pm as shown by STM. The roughness of the
upper surface of the Fe films was altered by variation of the growth tem-
perature. Magnetic anisotropies were determined by MOKE. A pulsed
inductive microwave magnetometer (PIMM) was used to measure the
frequency, the amplitude and the decay time of the precession following
a short field pulse. Intrinsic and extrinsic contributions to the observed
decay time are discussed as well as the effect of structural defects and
interface roughness.
[1] A. Dobin, Phys. Rev. Lett. 92, 257204 (2004)
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Spin Dynamics of Quadratic NigyFeyy; Thin Film Elements:
Experiment and Simulation — eKORBINIAN PERZLMAIER!,
MATTHIAS BUESs'?, RAINER HOLLINGER!, MICHAEL R. SCHEIN-
FEIN®, and CHRISTIAN H. Back! — !Institut fiir Experimentelle und
Angewandte Physik, Universitit Regensburg, Universitétsstr. 31, 93040
Regensburg, Germany — 2Paul Scherrer Institut, 5232 Villigen PSI,
Switzerland — 3Simon Fraser University, 8888 University Drive, V5A
1S6 Burnaby BC, Canada

We examine the magnetization dynamics of quadratic NiggFeyy thin
film elements upon external magnetic excitation. Results from experi-
ments using Time Resolved Scanning Kerr Microscopy (TRSKEM) and
Micro Focus Brillouin Light Scattering (uBLS)[1] are compared to simu-
lations using the LLG Micromagnetics Simulator [2]. While experiment
and simulation show good agreement, simulations themselves offer fur-
ther insights into the dynamic behavior in regimes which are not yet
easily accessible to experimental investigation: Evaluating Fourier spec-
tra of simulations at different points in time, one can find some modes
that just decay exponentially. However, other modes will decrease in
their amplitude and then gain amplitude again, showing strong signs for
a mechanism of exchange mediated mode conversion on a time scale of
several nanoseconds.
[1] Phys. Rev. Lett. 94, 057202 (2005)
[2] http://llgmicro.home.mindspring.com
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Magnetic Co nanoparticles in solution — eMIKHAIL FEYGENSON,
Kraus POLLMEIER, EMMANUEL KENTZINGER, WIEBKE SAGER,
and THOMAS BRUCKEL — Forschungszentrum Jiillich GmbH, Institut fiir
Festkorperforschung, Streumethoden, Leo-Brandt-Strale, 52428 Jiilich,
Germany

Magnetic nanoparticles are of the high current interest for both pos-
sible applications as magnetic storage materials as well fundamental re-
search. An open question and a challenge to experiment and theory is
the magnetization density distribution within single particles, which is
expected to be non-uniform. Here we report progress towards the aims
to determine the averaged magnetization density within single particles
and the response of the ensemble to an external field. Co nanoparti-
cles were synthesized by employing the interior of water-in-oil (w/o)
microemulsions as nanoreactors. Particle size and morphology depend
on the microemulsion composition and the concentrations of the reac-
tants. To separate the particles from the microemulsion medium we
used dodecanethiol and/or octadecanethiol as stabilizing ligands and re-
dispersed the particles after precipitation in either hexane or toluene.
The Co nanoparticles were characterized by magnetization measure-
ments, electron microscopy and scattering experiments. The re-dispersed
Co nanoparticles display a relatively high saturation field (more then 1
T) and the absence of a net magnetization at room temperature in the
SQUID magnetometer. Scattering experiments (small angle X-ray and
neutron scattering) are reported for the microemulsion system employed
as well as for the re-dispersed nanoparticles
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Resonant magnetic x-ray scattering on switchable magnetic
gratings patterned by keV-He-ion bombardment — eTANJA
WEIs!, DIETER ENGEL', ARNO EHRESMANN!, VOLKER HOINK?,
MARC D. SACHER?, JAN SCHMALHORST?, and GUNTER REISs? —
"nstitute of Physics and Centre for Interdisciplinary Nanostructure
Science and Technology, University of Kassel, Heinrich-Plett-Str. 40,
34132 Kassel, Germany — Z2Department of Physics, University of
Bielefeld, P.O. Box 100131, 33501 Bielefeld, Germany

KeV-He-ion bombardment in an external magnetic field enables
the local manipulation of the exchange bias effect in ferromagnet /
antiferromagnet-bilayer systems. With this technique a patterning of
the magnetization direction of the ferromagnetic layer without change in
surface topography is possible, the ion bombardment induced magnetic
patterning (IBMP) [1,2]. These magnetic patterns (lines and squares),
showing an alternating antiparallel orientation of the magnetization,
were investigated with resonant magnetic x-ray scattering in remanence
and in an applied magnetic field. It will be shown that these lateral
magnetic patterns act as magnetically switchable reflection gratings for
soft x-ray radiation.
[1] A. Mougin et.al., Phys. Rev. B, 63 (2001) 060409
[2] A. Ehresmann, Recent Res. Dev. Appl. Phys. 7 (2004) 401
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Magnetic domains and magnetization reversal of ion-induced
magnetically patterned Nig Fe;q/Ru/CogFe;q films — oK.
KUePPER', L. BiscHoFF', R. MatrTHEIS?, P. FISCHER®?, and J.
FASSBENDER! — Institut fiir Ionenstrahlphysik und Materialsorschung,
Frschungszentrum Rossendorf e. V., Dresden, Germany — 2Institut fiir
physikalische Hochtechnologie Jena e. V., Jena, Germany — 3Center for
X-ray Optics, Lawrence Berkeley National Laboratory, Berkeley, CA,
USA

Pure magnetic patterning by means of ion beam irradiation of mag-
netic thin films and multilayers result often from a post deposition local
modification of the interface structure with only minor effects on the film
topography. In the study presented here a 60 keV fine focused Co ion
beam was used to change the coupling in a Nig;Feig/Ru/CogoFeqo struc-
ture from antiferromagnetic to ferromagnetic on a micron scale. Thereby
an artificial structure with locally varying interlayer exchange coupling
and therefore magnetization alignment is produced. High-resolution full-
field x-ray microscopy is used to determine the magnetic domain con-
figuration during the magnetization reversal process locally and layer
resolved dueto the element specific contrast in circular x-ray dichroism.
In the magnetically patterned structure there is in addition to the locally
varying interlayer exchange coupling across the Ru layer also the direct
exchange coupling within each ferromagnetic layer present. Therefore
the magnetization reversal behaviour of the irradiated stripes is largely
influenced by the surrounding magnetic film.

MA 20.84 Tue 15:15 P1
Magnetic domains in CrO,; microstructures — eALEXANDER
BIEHLER', MaTHiAS KrAur', MikHAIL FoONIN', CHRISTIAN
KONIG2, MARKUS LAUFENBERG!, WOLFGANG BUHRER!, GERNOT
GUNTHERODT?, and ULRICH RUDIGER! 'Fachbereich Physik;
Universitit Konstanz; 78457 Konstanz — 22. Physikalisches Institut;
RWTH Aachen; 52056 Aachen
In half-metallic ferromagnetic materials, the majority-spin electrons
exhibit metallic character while the minority-spin electrons show a semi-
conducting gap or vice versa, which leads to complete spin polarization
at the Fermi level [1]. This class of materials is thus ideally suited for
spin-polarized emitters in magnetic tunneling applications and for in-
vestigation of the interaction between highly spin-polarized currents and
magnetic domain walls. We have probed the magnetization configuration
in CrOs microstructures using magnetic force microscopy and have ob-
served alternating domains with 180 degree domain walls in wires parallel
to the magnetic hard axis. The magnetization switching and domain wall
pinning at constrictions has been studied in wires along the easy axis. We
have measured the magnetoresistance effects related to domain walls in
these elements and have injected current pulses to study current-induced
domain wall propagation due to the spin torque effect.
(1] Y. Dedkov et al., Appl. Phys. Lett. 80, 4181 (2002)
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Experimental realization of a model system for a two-

dimensional two-phase magnet — eSVEN SCHNITTGER!,
SEBASTIAN DREYER!, CHRISTIAN Jooss', and SIBYLLE SIEV-
ERs? — lInstitut fiir Materialphysik, Universitit Gottingen —

2Physikalisch-Technische Bundesanstalt, Braunschweig

Two-phase magnets play an important role in the production of perma-
nent magnet applications; especially the interplay of the different mag-
netostatic interactions is of great interest. In this contribution, the fab-
rication of a model system for a two-dimensional two-phase ferromagnet
is presented. The sample consists of patterned hard magnetic structures
(L1p-CoPt) embedded in a soft magnetic film (Permalloy, Fe;gNig;). The
size, the number and the distribution of the structures in the film as well
as their spacing are varied. The fabrication process is done as follows: a
magnetron-sputtered CoPt film on a (100)-MgO substrate is structured
by electron beam lithography. The negative structure is etched into the
film by reactive ion etching using an aluminum mask. The permalloy
film is deposited by electron beam evaporation. The magnetic charac-
terization is mainly accomplished by the magneto-optical indicator film
technique using the Faraday Effect and by magnetic force microscopy.
First results concerning the size-dependent remagnetization behaviour
are presented.

MA 20.86 Tue 15:15 P1

FePt nanoparticles from a Haberland type gas aggregation
source: Morphological and structural characterization —
eFRANZISKA SCHAFFEL, ELIAS MOHN, THOMAS GEMMING, BERND
RELLINGHAUS, and LubpwiG ScHULTZ — IFW Dresden, P.O. Box
270116, D-01171 Dresden

FePt nanoparticles are synthesized from a gas aggregation source of the
type designed by H. Haberland [1]. The particles grow from a supersatu-
rated metal vapor provided by sputtering from an alloy target at pres-
sures of roughly p = 1 mbar. After nucleation and growth of the particles
within an aggregation volume, they are ejected via ultrasonic expansion
through an orifice into high vacuum (10~%mbar > p > 10 °mbar). As
a consequence and in contrast to other gas phase techniques [2], further
agglomeration of the particles is suppressed. Size fractionation of the
particles can be obtained by using a quadrupole mass spectrometer for
masses as high as 4 x 105 amu [3]. The morphology and crystal structure
of the particles were investigated by means of conventional and high reso-
lution transmission electron microscopy. The effect of the gas pressure in
the aggregation chamber, the aggregation volume, the gas type, the ori-
fice size, and the sputtering power on particle size, particle morphology,
and particle size distribution was investigated. The system parameters
were optimized to obtain non-agglomerated particles with diameters of
dp ~ 5 nm, spherical morphology, and a narrow particle size distribution.

[1] “NC200U Nanocluster source application note”, Oxford Applied
Research Ltd., UK. [2] S. Stappert et al., J. Cryst. Growth 252 (2003)
440. [3] S.H. Baker et al., Rev. Sci. Inst. 68 (1997) 1853.
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Micromagnetic structures of nanocrystalline ferromagnets
- comparison of experiment and simulation — eSRINIVASA
RAO SARANU!, ANDREAS GroB!, ULricH HERR', and JORG
WEISSMULLER? — 'Werkstoffe der Elektrotechnik, Universitdit Ulm,
Ulm, Germany Institut fiir Nanotechnologie, Forschungszentrum
Karlsruhe, Karlsruhe, Germany

Bulk nanocrystalline ferromagnetic materials show both hard and soft
magnetic behavior depending upon the grain size and exchange length
of the magnetic material. Small Angle Neutron Scattering (SANS) ex-
periments show that the local orientation of magnetization averages over
many grains at remnant state, whereas some magnetic fluctuations from
applied field direction exists even at high external magnetic field. Mi-
cromagnetic simulations using the OOMMEF code have been done to bet-
ter understand the experimental results. Irregular random anisotropy
nanocrystalline model systems with average grain size of 10 to 100 nm
have been generated using a Voronoi construction. The total simulated
cell size is 300x300x100 nm. In order to represent bulk nanocrystalline
materials, we included anisotropy and exchange energy contributions
whereas demagnetizing field energy contributions have been neglected.
Magnetic microstructures of the model systems have been investigated at
different applied fields and in the remnant state. Correlations of the spa-
tial variations of magnetic moments at different applied magnetic fields
were analysed by Fourier transformation. The simulated power spec-
tra agree well with the SANS experimental results. This work has been
supported by the Landesstiftung Baden-Wiirttemberg.
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Collective behavior of artificial magnetic dipoles — e ALEXANDRA
SCHUMANN!,  ARNDT REMHOF!, ANDREAS WESTPHALEN!,
THORSTEN LAsT?, ULmrICH KUNzE?, and HARTMUT ZABEL!
nstitut fiir Experimentalphysik/Festkorperphysik, Ruhr-Universitét
Bochum — 2Lehrstuhl fiir Werkstoffe und Nanoelektronik, Ruhr-
Universitit Bochum

We have studied the remanent state and the remagnetization behavior
of periodic arrays of rectangular shaped Py magnetic dipoles (NigyFeqo,
0.3umx3pmx30nm) arranged in an open window type structure. The
magnetic islands were prepared by e-beam lithography and ion-beam
etching. The magnetic hysteresis was analyzed by vector MOKE and
SQUID magnetometry. Images of the domain structure in remanence
were taken by MFM. The open window like dipole array is a frustrated
system, and several ground states can be realized, such as the onion-
state, the horseshoe-state and the vortex state. The aim of the present
work was to analyze the stability of each of the states as a function of
field direction and gap size between the dipoles. Furthermore, we have
studied the long range order of the magnetic dipole arrangement via
Bragg-MOKE.

This project was supported by the DFG via SFB491.
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Tailoring the domain structure in magnetic multilayers. —
eDENIS KOROLKOV!, EMMANUEL KENTZINGER!, LUTZ WILLNER!,
RALF LEHMANN?, ANDRE VAN DER HART?, and THOMAS BRUCKEL!
— MForschungszentrum Jiilich GmbH, Institut fiir Festképerforschung, D-
52425, Jiilich — 2Forschungszentrum Jiilich GmbH, Institut fiir Schichten
und Grenzflaschen, D-52425; Jiilich

Epitaxially grown Fe/Cr/Fe layered structures are known to exhibit
the giant magnetoresistance effect. Magnetoresistance effects have at-
tracted great interest due to their applications, for example, in magnetic
random access memory. Due to the necessary miniaturization of such
a device, the magnetic interaction between the neighbouring cells is be-
coming a more and more important parameter that has to be controlled
1].

Here we report on the preparation of lateral nanostructures on top of
Fe/Cr multilayers. Self organization of diblock-copolymers with different
ratios of molecular weights of the chains has been employed as ”bottom-
up” technique [2]. Electron-beam lithography with ion-beam etching has
been used as "top-down” approach. We could produce nanostructures
with a periodicity smaller than 50 nm on a large surface area.

The nanostructures were made visible with the surface sensitive tech-
nique of atomic force microscopy (AFM).

For the depth-resolved investigation of the lateral structure we used
grazing incidence small angle neutron scattering GISANS.

[1] N. Ziegenhagen, U. Riicker, E. Kentzinger, R. Lehmann, A. van der
Hart, B. Toperverg, Th. Briickel Physica B 335 (2003) 50-53 [2] 1. W.
Hamley Nanotechnology 14 (2003) R39-R54
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Magneto-optical investigation of magnetic properties of pat-
terned CoPt thin films with special edge profiles e JONAS
NORPOTH, SEBASTIAN DREYER, SVEN SCHNITTGER, and CHRISTIAN
Jooss — Institut fiir Materialphysik, Universitdt Gottingen

The presence of edge roughness is of great importance for the mag-
netic properties of patterned structures. This work studies the influence
of defined recesses in the edges of patterned CoPt thin films on the mag-
netic behavior like magnetization processes and strayfield distributions.
We have systematically modified several geometrical parameters: the re-
cesses have the shape of rectangles, triangles or half-cylindric solenoids.
Furthermore their number and positions are varied, as well as the ratio
of typical recess diameter to overall edge length. The epitaxially grown
CoPt thin films (c-axis orientation) are patterned by e-beam lithography
and subsequent ion etching. The specimens strayfield distribution is in-
vestigated by magneto-optical imaging (using the Faraday effect) up to
a resolution of “"500nm; the obtained data is compared with theoretical
calculations and is used to analyze the related magnetization distribu-
tion. In future prospects we think about a scale down of the patterns to
the submicron length scale by means of Focused Ion Beam and Magnetic
Force Microscopy.

MA 20.91 Tue 15:15 P1

Competition between shape anisotropy and magnetoelastic
anisotropy in Ni nanowires electrodeposited within alumina
templates — e AMIT KUMAR, SEBASTIAN FAHLER, HEIKE SCHLORB,
KARIN LEISTNER, and LUDWIG SCHULTZ — IFW Dresden

Ordered arrays of magnetic nanowires deposited in porous alumina are
attracting increasing interest due to potential applications in high den-
sity magnetic storage or in micro electromechanical systems. We have
produced self-assembled nanopores in alumina on Al and filled them with
Ni using AC electrodeposition. Due to the high aspect ratio, the mag-
netization lies preferentially along the wire axis and a strong magnetic
anisotropy is observed. Temperature dependent measurements show an
unexpected decrease of out-of-plane coercivity at lower temperatures. A
model is proposed that takes into account the magnetoelastic anisotropy
induced in the wire during cooling. Due to the difference in thermal ex-
pansion of Ni, alumina and Al, stresses are induced in the Ni wire during
cooling. The resulting magnetoelastic anisotropy is acting opposite to
the shape anisotropy and can well explain the experimental results.

MA 20.92 Tue 15:15 P1

Maximisation of stray field modulation in periodic arrays
of magnetic particles — eNIKOLAI MIKUSZEIT!, JUAN JOSE DE
MiGUEL!, ROBERT FROMTER?, and HANS PETER OEPEN? — !Dpto.
Fisica de la Materia Condensada, Universidad Auténoma de Madrid,
E-28049 Madrid, Spain — 2Institut fiir Angewandte Physik, Universitit
Hamburg, D-20355 Hamburg, Germany

There are many possible applications for periodic arrays of magnetic
particles. They can create modulated magnetic potentials for magneto-
transport experiments e.g. to realise Hofstadter butterflies; they can be
used as storage media or as molecule traps in quantum optics, and there-
fore in quantum computing. Especially in the first two cases it is not
only important to create a strong stray field, but furthermore a strong
field modulation e.g. to have a clear separation between neighbouring
bits. The stray field of a periodic array can be calculated with standard
Fourier methods [1]. However, the typical application is to calculate the
stray field of a given experimental structure [2]. In the presented poster
we give a systematic study of array symmetries, particle shapes and par-
ticle sizes. We show that a large gain in stray field modulation can be
achieved by choosing the correct particle size.
(1] R. L. Wallace Jr, Bell Syst. Tech. J. 30 1145 (1951)
[2] R. R. Gerhardts, Phys. Rev. B 53, 11064 (1996)
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Magnetization reversal of individual permalloy particles by co-
herent rotation — eJOACHIM STAHL, WERNER WEGSCHEIDER, and
DieTER WEISS — University of Regensburg, Institute for Experimental
and Applied Physics, D-93040 Regnsburg

Nanostructured ferromagnetic disks show a transition of the remanent
magnetization configuration from a vortex to a single domain state with
decreasing dimensions. Here, the magnetization reversal of individual
permalloy particles entering this single domain range is studied by means
of micro-Hall magnetometry. In contrast to integral methods which are
averaging over a large number of nanomagnets [1] the results obtained
here are not affected by broadening of the switching field.

By reducing the thickness to diameter ratio the single domain limit can
be entered. For studying this regime disks with different diameter and
thickness were fabricated. Therefore the Hall signal Uy caused by the
stray field of one single disk during magnetization reversal in an external
magnetic in-plane field H.,; is measured. For example a disk with a di-
ameter of 100 nm and a thickness of 10 nm was fabricated on a sub-pm
Hall sensor. As in the experiment simulations with LLG [2] also show
an abrupt switching of the disk’s magnetization without indicating any
curling effects. Hence micro-Hall magnetometry proves to be a simple
tool to investigate individual true single domain particles.

(1] R. P. Cowburn, et al., Phys. Rev. Lett. 83, 1042 (1999)
[2] LLG Micromagnetics Simulator by M. Scheinfein, see
http://llgmicro.home.mindspring.com/
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Imaging the non uniform excitations of the ferromagnetic reso-
nance of Cobalt and Permalloy structures using scanning near
field thermal microscopy — eR. MECKENSTOCK!, I. BARSUKOV!,
O. Postn?, C. HasseL?, J. LINDNER?, G. Dumpicn?, M. FARLE?,
J. PopBIELSKI®, D. GRUNDLER?, D. DiETZEL?, and D. SPoODDIG!
— Mnstitut fiir Experimentalphysik, Ruhr-Universitdt Bochum, 44780
Bochum, Germany — 2Fachbereich Physik, Universitit Duisburg-Essen,
47048 Duisburg, Germany — ®Institut fiir Angewandte Physik, Univer-
sitit Hamburg, 20355 Hamburg, Germany — “Physikalisches Institut,
Universitdt Miinster, 48149 Miinster, Germany

Near field thermal microscopy has been applied on the analysis of the
magnetic properties of Co stripe arrays and Permalloy (Py) ring arrays
on GaAs. The samples were prepared using the standard lithography
lift off processes. The Co stripes were 50um long and 10pum apart. The
stripe width was between 0.6 and 2unm and the thickness between 10
and 30nm. The Py rings had an inner diameter of 0.8um and an outer
of 2um, and a thickness of 15 nm. The conventional ferromagnetic reso-
nance (FMR) measurements show additional FMR modes as function of
Co thickness if the external field was applied perpendicular to the stripes.
The origin of these modes was then deduced locally resolved in the single
structures using a scanning thermal microscope (SThM), which features
a lateral resolution of 100nm. The modes could be correlated by SThM-
FMR to different excitation states in the Co stripe. The Py ring exhibits
in the conventional FMR experiment one resonance line, which could be
linked to the thermal excitation of parts of the ring by SThM-FMR.
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Two-dimensional electron gases subjected to modulated mag-
netic potentials — eR. DINTER, S. PUTTER, H. STiLLRICH, H.P.
OEPEN, and W. HANSEN — Institute for Applied Physics, University of
Hamburg, Jungiusstr. 11, 20355 Hamburg

We study two-dimensional electron gases (2DEGs) subjected to modu-
lated potentials and magnetic fields. The goal is to investigate the energy
splitting of the Landau levels due to field modulations with periods less
than 100 nm by magneto-transport measurements. The 2DEGs are pre-
pared in GaAs/AlGaAs and InAs shallow HEMTs grown by MBE, where
they are located some ten nanometres below the surface. A modulated
potential is achieved by preparing nanomagnets with mask techniques
directly on the samples. The nanomagnets are produced by sputter-
deposition of Co/Pt multilayers through different types of masks. The
magnetic properties of the nanostructures are studied via the magneto-
optical Kerr effect and scanning electron microscopy with polarization
analysis. Transport measurements are performed in Hall bar geometry
at temperatures between 4.2 K and 30 mK.

We discuss the preparation in detail and results of the magnetic char-
acterization as well as magneto-transport measurements.

MA 20.96 Tue 15:15 P1

Development of new magnetic layer systems for the manipula-
tion and detection of magnetic particles — e MICHAEL SCHILLING,
ASTRIT SHOSHI, ANDREAS HUTTEN, and GUNTER REISS — Depart-
ment of physics, Bielefeld University, Postfach 100131, D-33501 Bielefeld

Modern experiments with magnetic nanoparticles need customized
magnetic layer systems for the detection and manipulation of single par-
ticles. New GMR and TMR stacks are developed to enhance sensitivity
and reproducability of the magnetic sensors. The layer stacks are then
patterned using e-beam and laser lithography. First experiments with the
resulting XMR-~sensors show promising results for future single marker
detection.

In order to create higher forces for an on-chip manipulation of mag-
netic beads, magnetic layer systems are sputtered below conducting lines.
The magnetic layer system, that is aligned by a current through the con-
ducting line, allows a better magnetization of the magnetic particles and
therefore to apply higher forces.

MA 20.97 Tue 15:15 P1

Interacting ferromagnetic nanoparticles in the superspin limit:
from modified superparamagnetism to collective magnetic
states — S. BEDANTA!, X. CHEN!, W. KLEEMANN!, O. PE-
TRACIC', E. KENTZINGER?, P. FiscHER?, S. CARDOSO?, and P. P.
FREITAS? — 'Universitit Duisburg-Essen, 47048 Duisburg, Germany
2Forschungszentrum Jiilich, 52425 Jiilich, Germany 3Lawrence
Berkeley National Laboratory, Berkeley CA 94720, USA — *INESC,
1000 Lisbon, Portugal
Discontinuous multilayers [CoFe(t,, nm)/AlyO3(3 nm)]io of soft ferro-
magnetic CoggFegy nanoparticles embedded in an Al,O3 matrix are con-
sidered as homogeneously magnetized superspin systems exhibiting ran-
domness of size (viz. moment), position and anisotropy. With increasing
particle concentration (viz. nominal CoFe layer thickness ¢,,), but prior to
physical percolation, one observes superparamagnetic (SPM), superspin
glass (SSG) and finally superferromagnetic (SFM) domain state behav-
ior. Dipolar interaction weakly modifies the SPM relaxation properties
at t, < 0.5 nm, but dominates the SSG state at 0.7 < ¢, < 1.1 nm, which
is unambiguously characterized by memory and aging effects. Tunneling
exchange between the nanoparticles due to atomically small magnetic
clusters around the nanoparticles is suspected to mediate the SFM in-
teraction at 1.2 < ¢, < 1.6 nm. SFM domains have been imaged by
transmission X-ray microscopy. They show temporal relaxation as ev-
idenced by SQUID magnetometry and polarized neutron reflectometry.
Owing to random pinning their walls reveal different dynamic modes as
identified by the complex ac susceptibility in Cole-Cole presentation.

MA 20.98 Tue 15:15 P1
Magnetic Nanoclusters in Organic Thin Films — eD. Rosu’,
R. PAcURARIUZ, B. BRAUER!, D.R.T. ZAuN', and G. SALVAN! —
LChemnitz University of Technology, D-09107 Chemnitz, Germany —
2Babes-Bolyai University, RO-400085 Cluj-Napoca, Romania
The magnetic properties exhibited by small magnetic clusters, in par-
ticular their large magnetic moments, are of fundamental importance
for the design of high-density recording memories [1]. The surrounding
medium can have a significant influence on the magnetic properties. In

this work transition elements such as Ni and Co and organic molecules are
co-evaporated in ultra high vacuum to obtain thin hybrid films. One of
the molecules used, fullerene, consists of solely C atoms and has an icosa-
hedral symmetry. The other molecule, pentacene, contains additionally
H atoms and has a planar structure. The mixed films contain metallic
clusters the size of which is controlled by the evaporation rates. Raman
spectroscopy is employed to study aspects such as chemical bond forma-
tion or charge transfer at the metal-organic interface and transmission
electron microscopy is used to probe the cluster size and structure. The
magnetic properties of the hybrid films are assessed by magneto-optical
Kerr effect spectroscopy. It was found for example that Ni clusters in
fullerene matrix are ferromagnetic at room temperature when the cluster
diameter exceeds an average value of 5 nm. [1] J.L. Rodriguez-Lopez, F.
Aguilera-Granja, A. Vega, J.A. Alonso, Solid State Communications 116
(2000) 309.

MA 20.99 Tue 15:15 P1

EPR spectrum of tetramer CENI — eOKSANA KRAVCHYNA', M.
ORENDACH?, A. ORENDACHOVAZ, and M. KAJNAKOVA? — 'B. Verkin
Institute for Low Temperature Physics and Engineering of the National
Academy of Sciences of Ukraine,47 Lenin Ave., Kharkov 61103 Ukraine

2Center of Low Temperature Physics, Faculty of Sciences, P. J.Safarik
University, Park Angelinum 9, 04154, Kosice, Slovakia

The results of investigation of EPR spectrum of metal-organic complex
CENTI are reported. This investigation has been done at frequency 72.8
GHz and in the temperature region from 2 to 40 K. For T > 15 K the
EPR spectrum possess features that are typical for a polycrystalline S =
1/2 paramagnet with a slight axial anisotropy of the g-factor. In other
words, the spectra is a wide band with a rather narrow peak at H; and
a broad shoulder at H if DH is small. At low temperatures, the form of
main absorption band was changed. The additional peak is raised near
shoulder beginning and small absorption low-field "tail”is observed. At
the same time, the high field region shifts to higher magnetic field. This
unusual behaviour might be associated with the formation of intracluster
magnetic correlations that lead to transitions between the energy levels
of the tetrameric unit. That is why the eigenvalues En were calculated by
using a numerical diagonalization of the matrix Hamiltonian. The matrix
of transition for our work frequency was found. According to our calcu-
lation additional resonance transition in spectra of tetramer appeared in
intermediate fields. The intensity of this transition must increase with
decreasing temperature.

MA 20.100 Tue 15:15 P1

Influence of the growth temperature on the morphology and
the magnetic properties of vertically aligned Fe-filled MWNTSs
grown on silicon substrates — eRADINKA KOZHUHAROVA-KOSEVA,
DIETER ELEFANT, MATTHIAS HOFMANN, ALBRECHT LEONHARDT,
INGOLF MONCH, MANFRED RITSCHEL, THOMAS MUHL, and BERND
BUCHNER Leibniz-Institute of Solid State and Material Research
Dresden, P.O. Box 270016, D-01171 Dresden, Germany

Arrays of vertically aligned Fe-filled multi-walled carbon nanotubes on
oxidized silicon substrates were prepared by pyrolysis of ferrocene in a
dual furnace system and characterized by electron microscopy and mag-
netization measurements. The effect of the growth temperature on the
filled nanotube morphology and magnetic properties was studied. In-
creasing the growth temperature in the range of 845-1035 Centigrade the
nanotube diameter increases from 20 to 110 nm and the diameter of the
encapsulated Fe nanowires becomes larger (from 8 to 40 nm), respec-
tively. Moreover, at higher growth temperature, lower coercivities and
remanence ratios of the studied samples were obtained. Factors causing
the observed magnetic behavior will be discussed.

MA 20.101 Tue 15:15 P1

Exchange spring behaviour of magnetic nanoclusters embed-
ded in a soft magnetic matrix — eDMITRIJ N. IEVLEV, ALEXEY
N. DOBRYNIN, CHRISTIAN HENDRICH, KRISTIAAN TEMST, and PE-
TER LIEVENS — Laboratorium voor Vaste-Stoffysica en Magnetisme,
Katholieke Universiteit Leuven, B-3001 Leuven, Belgium

We have investigated the magnetization behaviour of Co nanoclusters
embedded in a soft magnetic matrix (Fe, permalloy) at different temper-
atures from 300 K down to 5 K. Magnetic nanoclusters with average size
between 2.0 and 2.5 nm were produced in a laser vaporization cluster
source and co-deposited with magnetically soft matrix material at low
kinetic energy (<1 eV/atom) at UHV conditions. The cluster size distri-
bution was monitored by time-of-flight mass spectrometry in beam, and



Magnetism

Tuesday

with transmission electron microscopy and small angle x-ray scattering
after deposition. For certain nanocluster concentrations smooth hystere-
sis curves were observed, indicating good exchange coupling between the
magnetically hard nanoclusters and magnetically soft matrix material.
Dependences of coercivity on cluster concentration were investigated at
low and high temperatures.
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Structural and Magnetic Properties of Dipolar Nanoparticles
— eSTEPHAN BUSCHMANN, FRED HUCHT, and PETER ENTEL — The-
oretische Physik, Universitat Duisburg-Essen, D-47048 Duisburg

In this work the collective behavior and the structural and magnetic
properties of dipolar nanoparticles are investigated. The dynamics of
the considered systems are determined by differential equations for the
translational and rotational degrees of freedom. Within a molecular dy-
namics simulation these differential equations are solved using the Verlet
algorithm. The interaction potential of the nanoparticles consists of both
an anisotropic dipolar interaction and the isotropic hard-sphere poten-
tial. Dependent on the temperature and an external magnetic field, the
system is found to be in different states. These states can be charac-
terized by their respective structural ordering of the dipolar particles,
that is closely related to the magnetic and energetic properties. In the
ground state the particles arrange in closed rings due to the anisotropy
of the interaction. Beside the ring configuration also the formation of
metastable chains and network-like structures consisting of several chain
segments can be observed at zero temperature. Thermal excitations lead
to a destabilization while the influence of an external magnetic field de-
pends on its relative orientation with respect to the observed structures.
In this work the phase diagrams of the various structures are determined
as function of temperature and external field by means of molecular dy-
namic simulations and energetic arguments.

MA 20.103 Tue 15:15 P1

Ab initio investigation of structural and magnetic properties
of nanosized Fe-clusters — eMARKUS E. GRUNER, GEORG ROLL-
MANN, ALFRED HUCHT, and PETER ENTEL — Theoretische Physik,
Universitdat Duisburg-Essen, 47048 Duisburg

We report on the structural and magnetic properties of iron clusters
of icosahedral, cuboctahedral and Bain-transformed cuboctahedral shape
with up to 309 atoms. The results are obtained within the framework
of density functional theory using the Vienna ab Initio Simulation Pack-
age (VASP) including full structural relaxation. We find that from 147
atoms on the bee-like structures have the lowest energy while there is
an second minimum for a closed packed structure which is only slightly
higher in energy. This structure appears to be shell-wise transformed
along the Mackay path with the inner shells being closer to the cuboc-
tahedral structure and the outer shells being more icosahedral. For the
bee structures the moments agree well with experimental data, while in
the other case the magnetic moment is reduced due to antiferromagnetic
ordering.

Parts of the calculations have been carried out on the IBM BlueGene/L
supercomputer at the Forschungszentrum Jiilich.
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First-principles study of binary transition metal clusters
®SANJUBALA SAHOO, GEORG ROLLMANN, and PETER ENTEL —
Physics Department, University of Duisburg-Essen, Duisburg Campus,
47048 Duisburg, Germany

Structural, magnetic, and electronic properties of 55-atom icosahedral
Fe-Ni clusters have been investigated within density functional theory in
the generalized gradient approximation in combination with the projec-
tor augmented wave method. The structural optimisation of the clusters
was performed by allowing for non-collinear arrangements of the spin
moments in each atom. In the lowest-energy isomers found, the central
position of the clusters is always occupied by an Fe atom. With respect
to the distribution of atoms in these clusters, different trends are encoun-
tered for different parts of the composition range. Whereas on the Fe-rich
side, the Ni atoms tend to occupy surface positions, they dissolve max-
imally in the Fe surroundings on the Ni-rich side. In contrast to earlier
observations of non-collinear arrangements of local magnetic moments in
Fe-Ni bulk systems, the clusters investigated in this study turn out to be
ferromagnetic with a collinear magnetization density.

MA 20.105 Tue 15:15 P1

Ab-initio calculations on transition metal atom doped silicon
clusters — oSANJEEV K. NAYAK, MARKUS E. GRUNER, and PETER
ENTEL — Physics Department, University of Duisburg-Essen, Duisburg
Campus, 47048 Duisburg, Germany

It has been demonstrated in experiments that transition metals can
stabilize silicon clusters with open cage structures where the transition
metal atom occupies an endohedral site in the cluster [1]. Theoretical
studies predicting the stability for certain symmetric structures suggest
that these clusters can act as a building block for silicon nanorods [2].
We perform calculations based on the density functional theory to study
the structural and magnetic properties of transition metal atom doped
silicon clusters, like SijgFe and SijpFe, which are of Cs, and Cg, sym-
metry, respectively. Linear rod structures formed by repetition of SijoFe
and SijoFe were found to be stable. The magnetic properties of Fe atoms
shows different trends for SizgFes and SisgFes. Similar calculations are
performed with other transition metal atoms.

[1] H. Hiura, T. Miyazaki, and T.Kanayama, Phys. Rev. Lett. 86,
1733 (2001).

[2] G. Mpourmpakis, G.E. Froudakis, A.N. Andriotis, and M. Menon,
Phys. Rev. B 68, 125407 (2003).

MA 20.106 Tue 15:15 P1

Preparation of superparamagnetic ferrofluids for the use in
magnetorelaxometry for biological analysis — KAl POHLIG,
Erik  HEemM, WENZHONG Liu, FRANK LUDWIG, and MEINHARD
SCHILLING — TU Braunschweig, Institut fiir Elektrische Messtechnik
und Grundlagen der Elektrotechnik, Hans-Sommer-Str. 66, D-38106
Braunschweig, GERMANY

Nowadays, immunoassays are widely used to detect concentrations of
biomolecules with specific markers. As markers we use superparamag-
netic nanoparticles (SPIOs). SPIOs have the advantages of being non-
toxic, that they can be used in opaque medium and that they are suitable
for fluid phase assays at the same time. For this method superparam-
agnetic nanoparticles with 20 nm core diameter with a narrow particle
size distribution are needed to obtain relaxation signals with high am-
plitude and high signal-to-noise ratio. So far, it is not possible to get a
commercial monodispersive ferrofluid with these characteristics. For this
reason we use commercial ferrofluids with a broad size distribution made
of magnetite (Fe3O4) or hematite (FeaO3) and extract the desired par-
ticle size via magnetic fractionation. For this purpose we use magnetic
separation columns. In magnetic fields up to 1 T the ferrofluids are frac-
tionalised. The resulting particle size and size distribution is evaluated
by the methods of AFM, TEM and STEM. Additionally, we verify the
results with our differential fluxgate magnetorelaxometry system.

Financial support by the DFG via SFB578 is acknowledged.

MA 20.107 Tue 15:15 P1

Preparation of Homogeneous Arrays of fct FePt Nanoparticles
Using a Micellar Approach — eBIRGIT KERN, ULF WIEDWALD,
LuvyanGg HAN, FRANK WEIGL, HANS-GERD BOYEN, and PAUL ZIE-
MANN — Abteilung Festkorperphysik, Universitat Ulm, Albert-Einstein-
Allee 11, D-89069 Ulm, Germany

Within the last years worldwide efforts have been directed towards the
preparation of fct FePt nanoparticlate systems due to their huge magnetic
anisotropy energy promising applications in data storage technology. The
so-called colloidal approach represents a simple, cost-efficient method to
prepare highly ordered arrays of such FePt nanoparticles. It turns out,
however, that the FePt particles natively show the fcc phase and have
to be annealed at 600-800°C to achieve the magnetically appealing fct
phase. Such a heat treatment, however, is likely to result in the formation
of larger agglomerates due to very small interparticle distances of about
2-3 nm. Here, we present an alternative method to prepare ordered
arrays of well-separated and chemically pure FePt alloy particles with
diameters of 3-10 nm and interparticle distances of 20-100 nm. These
nanomagnets are synthesized by exploiting the selforganization of metal
salt-loaded diblock copolymer reverse micelles, followed by plasma-aided
removal of the polymer matrix after deposition of the loaded micelles
onto native Si substrates. Although the micellar approach yields FePt
particles in the low-anisotropy fcc phase as well, the subsequent anneal-
ing step towards the fct phase at 700°C can safely be performed without
any agglomeration of particles or loss of the array quality.
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MA 20.108 Tue 15:15 P1

Ion beam synthesis of Fe nanoparticles in MgO and YSZ —
®KAY POTZGER!, HELFRIED REUTHER!, SHENGQIANG ZHOU!, ARNDT
MUckLicH!, RAINER GROTZSCHEL!, FRANK EICHHORN', MACIEJ Os-
KAR LIEDKE!, JURGEN FASSBENDER!, HANNES LICHTE?, and AN-
DREAS LENK? nstitute of Ion Beam Physics and Materials Re-
search, Forschungszentrum Rossendorf, P.O. box 510119, 01314 Dresden,
Germany — 2Technical University Dresden, Institut fiir Strukturphysik,
01062 Dresden, Germany

In order to prepare epitaxially oriented Fe nanoparticles embedded be-
low the surface of an oxide single crystalline host material the method of
ion beam synthesis has been explored for MgO(001) and YSZ(001). At a
fixed implantation energy and fluence the implantation temperature has
been varied between *room temperature* and 1273 K. It was found, that
for MgO substrates the fraction of metallic Fe increases up to a maximum
of 60% (at 1073 K) as a function of implantation temperature, whilst the
Fe depth profile remains the same. The Fe nanoparticles are nonmagnetic
at room temperature exhibiting fcc structure. They show a mean diame-
ter of 5 nm and an exclusive orientation relationship to the host. In YSZ
the fraction of metallic Fe increases with increasing implantation temper-
ature reaching 100% at 1273 K. However, the nanoparticles formed are of
bee structure with a mean diameter of 13 nm located mainly close to the
sample surface. The ferromagnetic behavior is reflected by a magnetic
hyperfine field of 330 kOe and a hysteretic magnetization reversal. Elec-
tron holography measurements have been carried out in order to visualize
the stray field of the particles.

MA 20.109 Tue 15:15 P1

Measurement of the viscosity with magnetic microparticles
— eNILS MELLECH, MICHAEL SCHILLING, ANDREAS HUTTEN, and
GUNTER REISS — Department of Physics, Bielefeld University, Univer-
sitatsstr. 25, 33615 Bielefeld

Magnetic microparticles, which are commercial available in different
configurations, can be transported to magnetic sensors through a mi-
crofluidic system. In the vicinity of the sensors they can be manipulated
by external magnetic fields. XMR-sensors are patterned on a wafer with
laser lithography and covered by a protective SiOs-layer. A sensor-array,
directly below the microchannels, measures the movement of the mag-
netic particles; which flow in a solvent over the sensors. Because the
movement depends on the applied external magnetic field as well as on
the viscosity of the solvent, exact measurements of the viscosity can be
done.

MA 20.110 Tue 15:15 P1

Combined optical and force microscopy of patterned mag-
netic films — oSIBYLLE SIEVERS!, MARTIN ALBRECHT!, UWE SIEG-
NER!, SEBASTIAN DREYER?, and CHRISTIAN J00ss? — 'Physikalisch-
Technische Bundesanstalt, D-38116 Braunschweig — 2Institut fiir Mate-
rialphysik, Universitat Gottingen, D-37077 Gottingen

A magnetic analysis of arrays of microscopic ferromagnetic elements
requires characterization techniques that yield quantitative local stray
field and magnetization values combined with a large-area overview.
To understand the micromagnetic processes that are at the origin of
the magnetic properties of individual elements, a complementary high-
resolution characterization of the domain structure is required. The
magneto-optical indicator film-technique (MOIF) allows for quantitative
stray field imaging of individual micron sized magnetic elements and pro-
vides a large area overview of the patterned films. MOIF microscopy is
combined with magnetic force microscopy (MFM), which provides do-
main imaging with a resolution in the sub-100-nm range. In order to
demonstrate the potential of this approach, lithographically patterned
L1y CoPt films with out-of-plane anisotropy were characterized. The
large-scale MOIF images reveal variations among individual magnetic el-
ements regarding the magnetic properties. The switching behaviour of
single elements was characterized and remanent remagnetization curves
of individual elements were determined. The respective domain structure
was analyzed by MFM. The results show that magnetization reversal is
governed by nucleation and growth of domains with reversed magnetiza-
tion.

MA 20.111 Tue 15:15 P1

Design and characterization of a miniaturized spin-detector
for high-resolution SEMPA — eROBERT FROMTER!, CHRISTIAN
MENK!, HANS PETER OEPEN!, and JURGEN KIRSCHNER? — !Institut
fiir Angewandte Physik, Universitdt Hamburg, Jungiusstr. 11, 20355
Hamburg, Germany 2Max-Planck-Institut fiir Mikrostrukturphysik,
Weinberg 2, 06120 Halle, Germany

The potential for magnetic imaging in SEMPA (or Spin-SEM) is gener-
ally limited by the low efficiency of all applicable spin-detection schemes
known today. However, the combination of the high primary beam cur-
rent from a modern UHV-compatible field-emission SEM with an op-
timized spin detector [1], based on LEED scattering, yields a compact
instrument, which allows for sub 10 nm lateral resolution at acquisi-
tion times of some ms per pixel. The physical properties of our new
spin-detector are modeled, based upon the energy distribution of the
spin-polarized secondary electron emission and the scattering properties
at the W(100) surface, and compared with measurements from an Fe
sample. Design criteria like changes of geometry (sample tilt, working
distance) or the choice of primary beam energy are discussed. Recent re-
sults will be presented, together with examples for Fe-decoration, which
gives access to imaging contaminated ”real-life” samples.

[1] R. Fromter, H.P. Oepen, and J. Kirschner, Appl. Phys. A 76, 869
(2003)

MA 20.112 Tue 15:15 P1

Spin-polarized scanning tunnelling spectroscopy of ultrathin
Fe/Mo(110) films — e A. KUKUNIN, J. PROKOP, and H.J. ELMERS —
Johannes Gutenberg-Universitat Mainz, Institut fiir Physik, Staudinger-
weg 7, D-55099 Mainz

Using W/Au/Co tips we have performed low-temperature spin-
polarized scanning tunneling spectroscopy (SP-STS) of ML and DL Fe
nanostripes, and thicker (3-6 ML) Fe islands grown by step flow on a
Mo(110) single crystal. We focus our studies on the range of positive
voltages (—0.2 V< U < 1 V), where the unoccupied states of the sample
are probed by the occupied tip states. The spin-resolved spectra for
the perpendicularly magnetized ML and DL Fe nanowires have been
obtained using W/Au/Co tips with out-of-plane sensitivity, whereas
spin-resolved spectra for the in-plane magnetized Fe islands have been
measured with an in-plane sensitive W/Au/Co tips.

We find that the spin-resolved spectra for the ML, DL and thicker
Fe/Mo films are different. Spectra for the ML Fe stripes reveal promi-
nent peak that shows up at U = 40.38 V or at U = +0.42 V. Spectra for
the DL Fe stripes reveal two large peaks at -0.08 V and 0.78 V, and two
smaller peaks at 0.06 V and 0.2 V. Peak positions and intensities depend
on the relative orientation of tip and sample magnetization. In contrast
to the ML and DL Fe spectra, spectra for the Fe islands do not show
any pronounced peaks for positive voltages. However, they strongly dif-
fer from each other, depending on the relative orientation of the tip and
Fe island magnetization. Spin-resolved spectroscopic data are compared
with the spectroscopic data obtained using other tips and discussed.

MA 20.113 Tue 15:15 P1

High wave vector spin waves excitation in submonolayer Fe-
islands on Co/W(110) — eY. ZHANG, M. ETZKORN, W. TANG,
P.S. AniL KUMAR, and J. KIRSCHNER — Max-Planck-Institut fiir
Mikrostrukturphysik,

We investigated the surface spin waves of submonolayer Fe-islands on
Co thin films on W(110) with a spin-polarized electron energy loss spec-
troscopy (SPEELS). Our results can be understood by two individual
contributions of Co and Fe rich areas on the sample surface. We find
a significant signal from about 1/4 of a monolayer of Fe, which demon-
strates the high sensitivity of SPEELS especially on surface. The spin
wave intensities coming from the Fe and the Co change with the coverage
of Fe, while the spin wave energies remain independent. We also found
no significant changes in the spin wave loss features coming from the Co
part of the surface compared to the spin waves in a clean Co-film.

MA 20.114 Tue 15:15 P1

Magnetic and chemical disorder in diluted magnetic semicon-
ductors — eMARTIN MUCKE and WOLFGANG NOLTING — Institut
fiir Physik, Humboldt-Universtat zu Berlin, 12489 Berlin, Germany

We use the Kondo-lattice model for calculating the magnetic properties
of diluted magnetic semiconductors. On the basis of recently developed
many-body theories we determine the influence of magnetic moment con-
centration x on the quasiparticle density of states and the magnetic phase



Magnetism

Tuesday

diagram for the ground state at T'= 0 K. The disorder is treated by ap-
plying the coherent potential approximation to our model. We estimate
the dependence of Curie temperature on moment concentration x and the
number of itinerant charge carriers n, which are indirectly coupled to the
localized magnetic moments. The results show, that ferromagnetism is
possible for all moment concentrations, but charge carrier compensation
is necessary for getting sufficiently high Curie temperatures.

MA 20.115 Tue 15:15 P1

Magnetism and Jahn-Teller induced band splitting in CMR ma-
terials — eMARTIN STIER and WOLFGANG NOLTING — Institut fiir
Physik, Humboldt-Universitiat zu Berlin, Newtonstrafie 15, 12489 Berlin,
Germany

A model analysis is presented for the class of the manganites. Start-
ing point is a correlated Kondo lattice model, which is extended by a
Jahn-Teller term. In view of the electronic and magnetic properties, it is
solved approximatly but self-consistently by use of finite Hund coupling
and quantum spins. Explicit results are given for the Curie temperature,
the band splitting, the electrical resistance and the quasi particle density
of states. The outcome for realistic parameters is compared with experi-
mental data. The Jahn-Teller splitting normally weakens the Curie tem-
perature but there can also be an increase under special circumstances.

MA 20.116 Tue 15:15 P1

Photoinduced magnetism in diluted magnetic semiconductors
— oOLIVER PIEPER and WOLFGANG NOLTING — Institut fiir Physik,
AG Theoretische Festkorperphysik, Humboldt-Universitdt zu Berlin,
Newtonstrafie 15, 12489 Berlin

We present a many-body-approach for a system of photogenerated elec-
trons and holes in a diluted magnetic semiconductor. Photomagnetiza-
tion is calculated selfconsistently by an effective field ansatz. While the
magnetic impurity ions are treated in a virtual crystal approximation, the
magnetic s-d-interaction is treated within an interpolating self-energy ap-
proach. (Quasipartical-)density of states as well as the polarisation of the
photogenerated electrons and the magnetization of the local moments are
calculated as a function of photonpower, photonfrequency, temperature
and band-gap. The results are compared with experimental data.

MA 20.117 Tue 15:15 P1

Model study of EuBg and half-metals in general — eMICHAEL
KRrEIssL and WOLFGANG NOLTING — Institut fii Physik, Humboldt-
Universitéat zu Berlin, 12489 Berlin, Germany

By means of a recently developed many-body-theory for the Kondo
lattice model, the electronic and magnetic properties of half-metals were
studied.
We present temperature dependant quasiparticle density of states, band
structure and magnetization, as well as the Curie temperature for vari-
ous coupling strengths. With a specific parameter set, motivated through
experimental data, we were able to reproduce the electronic properties
of EuBg which undergoes a half-metal to semiconductor transition con-
comitant with the magnetic phase transition.

MA 20.118 Tue 15:15 P1

Ferromagnetism in transparent Fe- and Co-doped SnO; thin
films eU. PELZER, D. MENZEL, and J. SCHOENES Institut fur
Physik der Kondensierten Materie, TU Braunschweig, Mendelssohnstr.
3, D-38106 Braunschweig

Diluted magnetic semiconductors have attracted great interest in re-
cent years due to the possibility of inducing room temperature ferromag-
netism for spintronic applications. Iron and cobalt ions were inserted by
ion implantation into thin SnOs films, which were grown by magnetron
sputtering, resulting in various transition metal concentrations. In both
types of samples SQUID measurements reveal a giant magnetic moment
of up to 18 up per transition metal atom. Optical ellipsometry and trans-
mission spectroscopy show that the band gap of 3.6 eV is independent
on the Co/Fe concentration. After annealing the samples at 400°C we
observe an increase of the magnetic moment of up to 22 ug for 3 at.%
Fe and a decrease to 8 pup per transition metal atom for 7 at.% Fe. A
model is proposed to account for this unexpected behaviour.

MA 20.119 Tue 15:15 P1

Nearest neighbor exchange in Co- and Mn-doped ZnO —
eMAHDI SARGOLZAEI!, THOMAS CHANIER?, INGO OPAHLE!, ROLAND
HayN?, and Kraus KOEPERNIK! FW Dresden, P.O. Box
270116, D-01171 Dresden, Germany — Z2Laboratoire Materiaux et
Microelectronique de Provence, Faculte St. Jerome, Case 142, F-13397
Marseille Cedex 20, France

We calculate the magnetic interactions between two nearest neighbor
substitutional magnetic ions (Co or Mn) in ZnO by means of density
functional theory and compare it with the available experimental data.
Using the local spin density approximation we find a coexistence of ferro-
and antiferromagnetic couplings for ZnO:Co, in contrast to experiment.
For ZnO:Mn both couplings are AFM but deviate quantitatively from
measurement. That points to the necessity to account better for the
strong electron correlation at the transition ion site which we have done
by applying the LSDA+U method. We show that we have to distin-
guish two different nearest neighbor exchange integrals for the two sys-
tems in question which are all antiferromagnetic with values between -1.0
and -2.0 meV in reasonable agreement with experiment. [arXiv:cond-
mat/0511050]

MA 20.120 Tue 15:15 P1

Phenomenological analysis of reorientation transitions, mul-
tidomain states and switching processes in diluted magnetic
semiconductor films — el.E. DraGUNOV!, U.K. ROSSLER?, and
A.N. BogpaNov>! — Donetsk Institute for Physics and Technology,
R. Luxemburg 72, 83114 Donetsk, Ukraine — 2IFW Dresden, P.O. Box
270116, D-01171 Dresden, Germany

Magnetization switching processes in diluted magnetic semiconduc-
tors materials like (Ga,Mn)As films and devices are strongly influenced
by specific reorientation effects due to a competition between uniaxial
and cubic anisotropies. The magnetic phase diagrams of such systems,
calculated within a phenomenological theory, include a region of four-
phase domain structure with four adjoining areas of two-phase domains
as well as several regions with coexisting metastable states. Equilibrium
parameters of the domain structures as functions of applied field and
ratios between the different types of magnetic anisotropies have been
used to analyze the magnetization processes observed in diluted mag-
netic semiconductors. We propose that a remarkable transformation of
the internal domain wall structure within the metastable regions of the
magnetic phase diagram could be used in (Ga,Mn)As microdevices based
on domain walls pinned in constrictions. For (Ga,Mn)As epilayers with
perpendicular anisotropy the parameters of the stripe domain structures
have been derived as functions of a bias field.

MA 20.121 Tue 15:15 P1

Fully epitaxial TMR stacks based on NiMnSb — eF. LOCHNER,
P. Bacn, C. GouLp, G. ScHMIDT, and L. W. MOLENKAMP
Physikalisches Institut (EP3), Universitit Wiirzburg, Am Hubland,
97074 Wiirzburg, Germany

Fully epitaxial TMR stacks have been a challenge since a long time.
Epitaxial growth of a tunnel barrier on a magnetic metal and vice versa
are still a problem. We have grown stacks suitable for TMR geome-
tries based on NiMnSb as a ferromagnet and II-VI semiconductor bar-
riers. The samples we use consist of a sulfur doped InP substrate with
a 100-200nm thick (In, Ga)As buffer (lattice matched to the substrate)
[1] and the TMR structure. This TMR structure has a layer sequence
of NiMnSb, tunnel barrier, NiMnSb. The NiMnSb alloy crystallizes in
the Cyp, structure [2] which is compatible to existing semiconductor tech-
nology. It has a high Curie temperature of 730K and a very high spin
polarization (up to 100 % at the Fermi level). The TMR stack itself con-
sists of two NiMnSb layers between which a II-VI semiconductor barrier
is sandwiched. For the barrier ZnTe as well as ternary compounds like
Zn(Se,Te) or ZnSe/ZnTe superlattices have been used. We acknowledge
the support of BMBF grant 13N8284.
[1] P. Bach, C. Rister, C. Gould, C. R. Becker, G. Schmidt, L. W.
Molenkamp, Journal of Crystal Growth 251 (2003) 323-326
[2] R.A. de Groot, F.M. Mueller, P.G. van Engen, K.H.J. Buschow, Phys.
Rev. Lett. 50 (1983) 2024



Magnetism

Tuesday

MA 20.122 Tue 15:15 P1

Ferromagnetic superexchange in Co doped 770, — eREBECCA
Janiscu™? and NicorLa A. SpALDIN? — !Institute for Electrical and
Information Engineering, Technical University Chemnitz, 09107 Chem-
nitz, Germany — 2Materials Department, University of California, Santa
Barbara, CA 93106, USA

The origin of ferromagnetism in dilute magnetic semiconductors is
often discussed in terms of a competition between short-ranged anti-
ferromagnetic superexchange interactions, and mechanisms which pro-
mote ferromagnetic order, such as carrier-mediated or RKKY inter-
actions, double exchange and magnetic polarons. Indeed in conven-
tional, tetrahedrally-bonded, semiconductor hosts such as GaAs or ZnO,
this competitive picture is appropriate. However, in this presentation,
we revisit the well-established Goodenough-Kanamori-Anderson rules to
show that, in many other hosts, the superexchange mechanism leads to
ferromagnetic coupling between the magnetic moments of neighboring
transition metal dopants. We illustrate this behavior using ab-inito elec-
tronic structure calculations for Co-doped 770, anatase, and propose a
range of other semiconductor hosts in which the short-range interactions
should be ferromagnetic.

MA 20.123 Tue 15:15 P1

Ferromagnetism in desordered Kondo-lattice — ¢ VADYM BRYKSA
and WOLFGANG NOLTING — Institut fur Physik, Humbolt-Univasitat
zu Berlin, 12489 Berlin, Germany

For modeling the magnetic and electronic properties of diluted mag-
netic semiconductors (DMS), we use the Kondo-lattice model in com-
bination with an effective Heisenberg model. The theory is based on
a previous developed selfenergy approach with an additional CPA-like
treatment of the disorder in the local moment system. We demonstrate
the properties of the disordered ferromagnetic Kondo-lattice in terms of
spectral densities and quasiparticle densities of states. The temperature
and concentration dependence of the magnetic and electronic excitation
spectrum of the diluted semiconductor will be worked out.

MA 20.124 Tue 15:15 P1

Temperature dependent correlation effects in Gadolinium Ni-
tride — eANAND SHARMA and PROF. DR. WOLFGANG NOLTING

Institut fiir Physik, Humboldt Universitat zu Berlin, Newtonstr. 15,
12489, Berlin, Germany

The Rare Earth Nitride materials have been under significant theo-
retical and experimental investigations due to their magnetic properties
but in case of Gadolinium Nitride (GdN), there is a wide discrepancy re-
garding its electronic structure and nature of magnetic ground state. We
present temperature dependent correlation effects in GAN based on the
combination of many body analysis of the multiband Kondo lattice model
and the first principles TB-LMTO bandstructure calculations. Some of
the physical properties of interest like the quasi-particle density of states,
spectral density and quasi-particle band structure are calculated and dis-
cussed.

MA 20.125 Tue 15:15 P1

What determines the shape of temperature dependence of spon-
taneous magnetisation — eMICHAEL KUzMIN!, MANUEL RICHTER!,
and ALEXANDER YARESKO? — IFW Dresden, PF 270116, 01171 Dres-
den — 2MPI PKS, 01187 Dresden

Temperature dependence of spontaneous magnetization of ferromag-
nets can be described by a simple expression containing one free parame-
ter. We demontrate how the form of this expression can be inferred from
the basic theory of critical phenomena and spin waves.

MA 20.126 Tue 15:15 P1

Self-interaction correction in multiple scattering theory -
Application to transition metal oxides — eMARKUS DANE!?
GUNTRAM FISCHER', WOLFRAM HERGERT!, ARTHUR ERNST®, MAR-
TIN LUDERS?, WALTER M. TEMMERMAN?, and ZDZISLAWA SZOTEK?

!Fachbereich Physik, Martin Luther Universitit Halle-Wittenberg,
Friedemann-Bach-Platz 6, 06108 Halle, Germany -~ 2Daresbury
Laboratory, Daresbury, Warrington WA4 4AD, United Kingdom —
3Max Planck Institute of Microstructure Physics, 06120 Halle, Germany

In this work we study the electronic structure of 3d-transition metal
oxides as obtained with the SIC-LSD method, implemented within
multiple scattering theory[l]. We briefly describe the formalism and
discuss important technical issues of its implementation within the KKR
band structure method.

We present results of such important properties as lattice constants,
local magnetic moments, band gaps and magnetic exchange constants
and discuss them in comparison with the LSD and the experimental
values.

[1] M. Liiders, A. Ernst, M. Déne, Z. Szotek, A. Svane, D. Kodderitzsch,
W. Hergert, B. L. Gyorffy, and W. M. Temmerman, Phys. Rev. B 71,
205109 (2005)

MA 20.127 Tue 15:15 P1

Second Harmonic Generation on NiO beyond the electric —
¢GEORGIOS LEFKIDIS and WOLFGANG HUBNER — University of Tech-
nology of Kaiserslautern, Box 3049,

The discrete intragap states of both the bulk and (001) surface of NiO
could be used with a four level ultrafast magnetic switching scenario [1].
For this a tool is needed, both to detect the magnetic state of the sam-
ple, and to monitor the process. Second harmonic generation (SHG) is
a very well suited tool, for it couples linearly to the antiferromagnetic
order parameter and can detect all NiO domains.

NiO is modelled as a doubly embedded cluster and its levels are ob-
tained from ab-initio many-body theory. The discrete intragap d-states
are obtained from the multiconfigurational complete active space method
(MC-CAS), while the charge transfer states are computed employing the
single excitation configuration - interaction technique with energy cor-
rections from higher excitations [CIS(D)].

The second order susceptibility tensor is calculated beond the electric
dipole approximation from first principles taking into account magnetic
dipole and electric quadrupole transitions as well [2]. The dependence
on the light polarization is given, as well as the effects of phonons within
the frozen phonon approach, and the influence of nonlocalities. Finally
the effect of spin-orbit coupling is discussed.

[1] R. Goémez-Abal, K. Satitkovitchai, O. Ney, and W. Hiibner, Phys.
Rev. Lett. 92, 227402, (2004)
[2] G. Lefkidis and W. Hiibner, Phys. Rev. Lett. 95, 77401, (2005)

MA 20.128 Tue 15:15 P1

Simulations of spin structures in nano-structures with lateral
constrictions — eCHR. KIRCHER!, U. Nowak?, M. KrAur', U.
RUDIGER!, H. EHRKE!, D. BAckes'? L. J. HEYDERMANN? R.
E. DUNIN-BORKOWSKI?, and P. NIELABA! — !Department of Physics,
University of Konstanz, 78457 Konstanz, Germany — 2Department of
Physics, University of York, York YO10 5DD, UK 3Laboratory for
Micro- and Nanotechnology, Paul Scherrer Institut, CH-5232 Villingen
PSI, Switzerland — “Department of Material Science and Metallurgy,
University of Cambridge, Cambridge CB2 3QZ, UK

In magnetic nano-structures many novel physical effects occur when
reducing the spatial system size. The spin structure of geometrically
confined domain walls can be controlled by the lateral dimensions [1].

To study systematically the influence of lateral dimensions on the
spin structure of domain walls, computer simulations on a classical spin
model were performed for ferromagnetic nano-structures with lateral con-
strictions. Thermal activations of the system were taken into account
by the numerical solution of the Landau-Lifshitz-Gilbert equation with
Langevin dynamics.

Acknowledgements: Work supported by the Landesstiftung Baden-
Wiirttemberg
[1] M. Klaui et al. APL 87, 102509 (2005)

MA 20.129 Tue 15:15 P1

Monte-Carlo simulations of magnetic nanospheres with angular
dependent hysteresis loops — ¢JORG NEDER and PETER NIELABA
— University of Konstanz, Department of Physics, 78457 Konstanz, Ger-
many

A Co/Pd multilayer evaporated onto a monolayer of self-assembled
polystyrene nanoparticles has shown an angular dependence of its mag-
netic behaviour on an external magnetic field [1]. We investigate these
structures in the diameter range of 20 to 100 nm via Monte-Carlo sim-
ulations. The magnetic system is described using a model of classical
moments [2] which are localized on a spherical cap. The energy contains
contributions from exchange and dipole-dipole interaction, the external
magnetic field and crystalline anisotropies. To match the perpendicular
anisotropy of the evaporated Co/Pd film the easy axis due to interface
anisotropy is pointing radially away from the center of the nanosphere.
The size of the cells constituting the system varies from 10 to 25 A. In
our simplified model for the single magnetic cap the coercitive field de-
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creases with increasing field angle for the diameters investigated which
is in agreement with experimental results.

(1] M. Albrecht et al., Nature Materials 4, 203-206 (2005)

[2] U. Nowak, Annual Reviews of Comp. Phys. IX, 105-151 (2001)
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Theory of multidomain states in ferro- and antiferomagneti-
cally coupled superlattices with perpendicular anisotropy
oU.K. ROssLER!, I.LE. DrRAGUNOV?, N.S. KIiSELEV??, and A.N. Boc-
DANOV!? — FW Dresden, P.O. Box 270116, D-01171 Dresden, Ger-
many — 2Donetsk Institute for Physics and Technology, R. Luxemburg
72, 83114 Donetsk, Ukraine — *Lugansk State Pedagocial University,
Oboronna 2, 91011 Lugansk, Ukraine

We develop a theory of the magnetic domain configurations in mag-
netic multilayers with perpendicular anisotropy. Integral transformations
of the micromagnetic energy yield a system of equations convenient for
direct numerical evaluation. A general micromagnetic approach is ap-
plied to calculate the parameters of the domain structures in ferromag-
netically and antiferromagnetically coupled magnetic nanolayers and to
investigate their behaviour under applied magnetic fields. Characteristic
features of the multidomain states have been analyzed for different ratios
of their characteristic lengths scale | with respect to the thickness of the
individual layers h and the thickness of the non-ferromagnetic interlay-
ers a. Simplifications of the theoretical description can be achieved in
various limits of these ratios. In particular, many perpendicular multi-
layers investigated recently in experiments obey the relation [ > h > a
which imposes strong magnetostatic couplings between adjacent nanolay-
ers. Compared to bulk magnetic properties, these interactions are an un-
common feature of such multilayers. We discuss in detail the peculiarities
of their magnetic properties.
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Theoretical study of the influence of atomic disorder at the sur-
faces of magnetic Heusler alloys. — ¢ ANDREY BEZNOGOV, HEIKE
C. HERPER, and PETER ENTEL — University of Duisburg-Essen, Cam-
pus Duiburg, Lotharstr. 1, 47048 Duisburg, Germany

We present first-principles calculation of atomic disorder effects at the
surfaces of ferromagnetic Heusler alloys. Of particular interest are an-
tisite defect structures at Co,MnGa surfaces which are believed to be
responsible for the reduction of the surface magnetic moments[1].

We compare results of calculations for NioMnGa, which is of interest
for magnetic shape memory technology, with corresponding results for
CoaMnGa, which is of interest for spintronic devices. The influence of dis-
order in half-metallic Heusler alloys was so far calculated for NiMnSb/[2].
(1] J. Grabis, A. Bergmann, A. Nefedov, K. Westerholt, and H. Zabel,
Phys. Rev. B 72, 024438 (2005)

[2] D. Orgassa, H. Fujiwara, T.C. Schulthess, and H.W. Butler, Phys.
Rev. B 60, 13237 (1999)
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Thermal expansion of multiferroic manganites in magnetic
fields — eD. MEIER!, J. BaIEr!, O. HEYER!, J. HEMBERGER?
D. ARGYRIOU®, N. ALIOUANE?}, A. FReEmMUTH', and T. LORENZ!
— I. Physikalisches Institut, University of Cologne, 50937Cologne,
Germany ’Institut fiir Physik, University of Augsburg, 86159
Augsburg,Germany — *Hahn-Meitner-Institut, 14109 Berlin, Germany
Strong coupling between magnetic and ferroelectric ordering in some
perovskite rare-earth manganites RMnO3 (R = Gd, Tb) gave rise to
intense investigation on these multiferroics. We present high-resolution
measurements of thermal expansion and magnetostriction on RMnOg
(R=Nd, Gd, Tb). NdMnOsj is a non-multiferroic A-type antiferromag-
net (Ty = 88K) serving as a reference compound. GdMnOj; shows an-
tiferromagnetic order for 7' < Ty = 43K. Application of a magnetic
field H||b induces an electric polarization P below T' & 10K. In contrast,
TbMnOj3 shows intrinsic ferroelectricity for 7' < Tj,x = 28K already in
zero magnetic field. Depending on strength and direction of the magnetic
field, P can be suppressed or changes its direction. Our mesurements re-
veal a huge magnetoelastic coupling, a strong hysteretic behavior and an
anisotropic thermal expansion of these compounds. The investigation on
the phase boundaries as a function of the magnetic field identifies a new
phase transition in ThMnQO3, a bending down of the T},-phase bound-
ary in GdMnOj for low magnatic fields and a shift of the ferroelectric
transition down to lower temperatures in high fields.
This work was supported by the DFG through SFB 608.
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Thermal transport in multiferroics — K. BErRccorp!, T.
LoreNz!, J. BAIEr!, D. MEIER!, J. HEMBERGER!, D. ARGYRIOU?,
A. VasiLiev?, and J. HEMBERGER™ — 'I. Physikalisches Institut,
University of Cologne, Germany — 2Hahn-Meitner-Institut, 14109
Berlin, Germany — ®Moscow State University, Moscow 119992, Russia
— #Inst. f. Physik, University of Augsburg, Germany

There is a growing interest in multiferroic systems, since they show
large magnetocapacitive effects, and for this offer interesting prospects
with respect to application. One tool to investigate the interplay between
electric and magnetic excitations is to study the thermal conductivity x
in magnetic fields. Recently, large multiferroic effects have been found in
RMnOj3; compounds[1]. ThMnOj; has the most complex phase diagram
of these series, and allows to flip the electric polarization by a magnetic
field. We present measurements of x along the a direction with mag-
netic fields applied in the different crystallographic directions. A huge
magnetic-field dependence of x(B) is observed at the phase boundaries.
Recently, GdFe3(BO3)4 was introduced as another multiferroic system|2].
In this compound several phase transitions occur at low temperatures.
We present measurements of x for different axes and magnetic fields, and
find a highly unusual temperature dependence.
[1] T. Kimura et al., PRB 71, 224425 (2005).
[2] AK. Zvedzdin et al., JETP 81, 272 (2005).
This work was supported by the DFG through SFB 608
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Relevant and non-relevant magnetic interactions — eULRICH
KOBLER!, ANDREAS Hoser'?, and JENS-UWE HOFFMANN®
— lnstitut fiir Festkorperforschung, Forschungszentrum Jiilich,
D-52425 Jiilich — 2Institut fiir Kristallographie, RWTH-Aachen —
3Hahn-Meitner-Institut Berlin
Due to the atomistic lattice structure the length scale of the paramag-
netic dynamics is limited by the finite near neighbour distance. On this
length scale the strong short range Heisenberg interactions are the rele-
vant interactions. Curiously, these interactions can best be investigated
in the ordered state using inelastic neutron scattering. The observed
excitation spectra are dominated by microscopic features such as lattice
symmetry and magnetic structure. In contrast to the material specific
excitation spectra the order parameter shows universality at the stable
fixed points T'= 0 and 7' = T,. Universality means independence of lat-
tice symmetry and magnetic structure. This is a consequence of the large
length scale of the dynamics for 7' — 0 and 7" — 7T, . Continuum theories
are therefore more appropriate than atomistic models. The discrepancy
between the universality of the dynamics and the non universal magnetic
excitations indicates that a new type of long range interaction becomes
relevant in the ordered state. A further strong argument for this is the
experimental observation that the dynamics is different for integer and
half-integer spins in the ordered state but not in the paramagnetic phase.
Dipole-dipole interaction is obviously not able to explain this difference.
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A Monte Carlo study of the spinless Falicov-Kimball model in
the perturbative regime. — eLECH DEBSKI', GRZEGORZ MUSIAL',
and JACEK WOJTKIEWICZ2 — !Institute of Physics, A. Mickiewicz Uni-
versity, ul. Umultowska 85, 61-614 Poznan, Poland — 2Dept. for Math.
Methods in Physics, Warsaw University, Hoza 74, 00-682 Warszawa,
Poland

Finite-temperature properties of the Falicov-Kimball model on the
square lattice have been studied in the perturbative regime, i.e. in the
case: t/U < 1, where t is the hopping constant and U denotes the
Coulomb interaction strength. For such a range of ¢ and U parameters,
it is possible to develop perturbation theory in the parameter t/U. As
a result, the Ising-like model emerges. In the second order of the per-
turbation theory it is the antiferromagnetic Ising model in the magnetic
field, whereas in the fourth order it constitutes the Ising model with
more complicated frustrated antiferromagnetic interactions. The main
observables examined were order parameters and their temperature (77)
dependences for different values of the magnetic field (k). In our study,
we have determined the phase diagram of the model in the second-order
of the perturbation theory and partially in the fourth-order. We have
employed the Monte Carlo method, that proved its accuracy in analysis
of other spin models like Ashkin-Teller model, which we have recently
investigated. To determine the type of ordering and phase boundaries,
we have analysed the behavior of Binder cumulants based on the order
parameters under consideration.
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Analysis of *®*Mn and 9%7'Ga-Spectra of LuMngGeg_Ga, by
means of NMR — eRICHARD MONTBRUN, JENS SCHNELZER, and
ELMArR DORMANN — Physikalisches Institut, Universitdt Karlsruhe
(TH), D-76131 Karlsruhe

By varying the Ge:Ga ratio, the magnetic structure of the
LuMneGeg_Ga, samples (with H f FegGeg- type structure) experiences
various ordering phenomena such as antiferromagnetic, helimagnetic or
ferromagnetic structures. The effects of this doping are examined by
means of low-temperature zero-field Nuclear Magnetic Resonance mea-
surements . We present spectra covering the frequency range between 150
and 450 MHz and the effects of the variation of the excitation conditions
as well as T3 resolved and corrected spectra. The NMR observations can
be related to the changes in the magnetic structure.
We thank G. Venturini, Nancy, for providing the samples.
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Magneto-optical Kerr effect of DyS and EuTe — o¢P. CLODIUS, M.
MARUTZKY, and J. SCHOENES — Institut fiir Physik der Kondensierten
Materie und Hochmagnetfeldanlage, TU Braunschweig, Mendelssohnstr.
3, D-38106 Braunschweig

DyS is a metallic antiferromagnet with a Néel temperature Ty = 40K
which crystallises in the rocksalt structure. Dy®* has the electronic con-
figuration 4 f°, leading to a saturation moment of 10uz. Many of the rare
earth sulfides have been investigated, e.g. NdS in which large magneto-
optical effects have been found. In contrast, DyS has not been studied
with magneto-optical methods yet.
The rare earth chalcogenide EuTe is a magnetic semiconductor (E, =
2,0eV). It is an antiferromagnet (T = 9,6K) and has also rocksalt
structure. The Eu®* ground state (417, 857/2) leads to a large satura-
tion moment of 7up. The Faraday effect of EuTe has been extensively
studied [1] but the magneto-optical Kerr effect of EuTe has not been
measured yet.
The complex Kerr effect of DyS will be shown as well as the optical con-
ductivity and the off-diagonal elements of the optical conductivity.
A Drude-Lorentz model will be fitted to get quantitative statements
about the electronic structure of DyS.
First results of measurements of the magneto-optical-Kerr effect of EuTe
will be presented.
[1] J.Schoenes, Z. Physik B 20. 345-368 (1975)
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Spin-structure investigations by electron holography — eD.
Backes'?, L.J. HEYDERMAN!, C. DaviD!, F. NoLTING®, M. KLAUT?,
M. LAUFENBERG?, H. EHRKE>!, D. BEDAU?, U. RUDIGER?, C.A.F.
Vaz®, J.A.C. BLanD?, T. Kasama®*, R.E. DUNIN-BORKOWSKI4, S.
CHERIFI®, A. LOCATELLI®, and S. HEUN® — !Laboratory for Micro- and
Nanotechnology, Paul Scherrer Institut, Switzerland — 2FB Physik, Uni-
versitit Konstanz — 2Swiss Light Source, Paul Scherrer Institut, Switzer-
land — *Department of Materials Science and Metallurgy, University of
Cambridge, UK — 5Cavendish Laboratory, University of Cambridge, UK
— OSincrotrone Trieste, Basovizza, Italy

Domain walls of ferromagnetic curved-line elements exhibit two spin-
configurations - the vortex and the transverse wall type. Systematical
experimental studies have shown that the type depends on the geometry.
We report on the fabrication of these curved-line elements on membranes
which are essential to investigate them with electron holography. This
measurement technique is able to visualize the magnetic induction in the
elements and the magnetic stray fields outside of the elements. This al-
lows us to study the interaction between domain walls which leads to
interaction-induced transitions between the domain wall types. Small
geometrical constrictions down to 30 nm have a large influence on the
spin-structure of the domain walls [1]. With a resolution below 5 nm the
spin-structure near and in the constrictions can be observed. Correlating
this with magnetoresistance measurements reveals information about the
interaction of spin-polarized charge carriers and domain walls.
[1] M. Kl&ui et al., Phys. Rev. Lett. 90, 97202 (2003)
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Onset of geometric frustration in the spinels Co(Al;_,Co,)204

oN. TRISTAN', V. ZESTREA"? R. KLINGELER!, B. BUCHNER!, and
V. TSURKAN?? — !Leibniz-Institute for Solid State and Materials Re-
search IFW Dresden, Postfach 270116, — 2Institute of Applied Physics,
Academy of Sciences of Moldova, — 3Experimental Physics V, Center
for Electronic

Very recently geometrical frustration has been shown to be an im-
portant factor for the MAl,O4 (M=Mn,Fe,Co) spinels, containing mag-
netic ions solely on the tetrahedral A-sites. The Co30, and CoAlyOy
are isostructural normal spinels with close lattice parameters a=8.0834
and 8.1045A, respectively. CozO4 is known to be an antiferromagnetic
below 40 K, while CoAl;Oy is characterized by a large frustration pa-
rameter f = 22 and exhibits a spin-glass-like magnetic order below
5K. We present results of an experimental investigation of the struc-
tural, magnetic and thermodynamic properties of the solid solutions
Co(Al1_,Co,)204 for 0<x<1 with particular attention to compositions
close to percolation threshold and onset of the long-range order. The role
of the geometrical frustration on the formation of magnetic ground state
is discussed.
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Magnetic Phase Diagram of Paramagnetic Shape Memory
Compounds oW. LORENZ', M. BOTTGER!, M. DORR!, S.
Raasc', M. RoTTER?, and M. LOEWENHAUPT! — !Institut fiir
Festkorperphysik, Technische Universitat Dresden, D-01062 Dresden,
Germany — 2Institut fiir Physikalische Chemie, Universitit Wien,
A-1090 Wien, Austria

Magnetostriction measurements on DyCuy and Tbg;Dy5Cus have
been carried out in order to construct the magnetic phase diagrams.
These data very well complement and support earlier magnetization mea-
surements on these Rare Earth-Transition Metal compounds.

The RCuy compounds (R = Rare earth) order antiferromagnetically
at low temperatures. In fact, these compounds have been the first for
which magnetic shape memory effects (MSM) could be shown in the an-
tiferromagnetic as well as in the paramagnetic state. The transition field
of the irreversible transition into several variants is enhanced in the anti-
ferromagnetic state. As these antiferromagnets show complex magnetic
phase diagrams their investigation is promising fundamental insights into
the physical mechanisms of the shape memory magnetostriction.

The magnetostriction measurements have been accomplished at low
temperature and high static magnetic fields by means of capacitive
dilatometry. This method allows high resolution measurement. Further
evaluation of the data was performed using the mean-field Monte-Carlo
simulation program McPhase (http://www.mcphase.de).
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Pulsed laser deposition of epitaxial Fezo ., Pds—, magnetic shape
memory films — eJORG BUSCHBECK, MARTIN WEISHEIT, SEBAS-
TIAN FAHLER, and LUubDwIiG SCHULTZ — IFW Dresden, Institute for
Metallic Materials, P.O. Box 270116, D-01171 Dresden, Germany

Magnetic shape memory materials like Ni-Mn-Ga and FezqPd3, reach
high strains in a moderate applied magnetic field below 1 T due to a
selective growth of martensite variants. Though the maximum strain
is limited to about 5%, FezgPds films are interesting candidates for
micro-actuators and sensors, because of the materials high ductility and
the ability to compensate internal stresses during the straining process.
First, to study their basic properties, Fezg;,Pdso—, films are deposited
by Pulsed Laser Deposition in UHV of p = 107 mbar. It is observed,
that films grow (100) epitaxially on MgO (100) substrates. Depending
on the films composition (x= —10... + 10), the bce or fce structure is ob-
served in the as deposited state. Annealing experiments are carried out
to transform the films into the martensitic phase. In order to allow an
easy movement of twin boundaries required for a high strain free stand-
ing films are required. To achieve this, sacrificial buffer layers are used
and dissolved to lift off the film from the substrate. Phase transforma-
tion and texture are analysed by x-ray diffraction measurements (6 — 26,
texture) and temperature dependent magnetic measurements are used to
examine phase transformations.
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Piezo-controlled magnetization dynamics in epitaxial NiMnSb
— eBERNHARD BOTTERS!, JAN PODBIELSKI!, FABIAN GIESEN!, P.
Bacu?, G. ScuMipT?, L.W. MOLENKAMP?, and DIRK GRUNDLER!
— Unstitut fiir Angewandte Physik und Zentrum fiir Mikrostruk-
turforschung, Jungiusstrasse 11, 20355 Hamburg, Germany —
ZPhysikalisches Institut (EP3), Universitit Wiirzburg, Am Hubland,
97074 Wiirzburg, Germany

Semiconductor spintronics is a research field of great attraction. Here,
the ferromagnetic Heusler alloy NiMnSbh is an interesting material due to
its high Curie temperature and its possibility to grow it on InP(001). For
spintronics applications in particular the magnetization dynamics and
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magnetic anisotropy of NiMnSb are of fundamental interest. We present
broadband ferromagnetic resonance (FMR) measurements on NiMnSb
ranging from 45 MHz up to 20 GHz. In particular we glued the nm-thick
epitaxial film on a piezo-electric ceramic and varied the strain of the film
in a controlled manner. We observe a characteristic shift of the FMR as a
function of applied voltage. From this we evaluate the dependence of the
magnetic anisotropy on the relative change in lattice constant. We will
report our recent results. Financial support by the BMBF via 13N8283
and 13N8284 is gratefully acknowledged.
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Defects and the CMR effect in irradiated by fast neutrons
layered lanthanum manganite — eYAKOV MUKOVSKII', V.
ARKHIPOV?, V. DYAKINAZ, A. KARKIN?, and A. PESTUN! — "Moscow
State Institute of Steel and Alloys, Leninsky prosp. 4, Moscow,
119049, Russia — 2Institute of Metal Physics, Ural Branch of RAS,
S.Kovalevskaya st. 18, Ekaterinburg, 620219, Russia

Influence of radiation stimulated disorder (fast neutron irradiation
with E {$>8} 1 MeV, T_{rad} {$78} 300 K, flux F = 2*10"{19}
neutron/cm”*{2}) on temperature dependencies of AC susceptibil-
ity and electric resistance of single crystals of layered manganites
La_{1.4}Sr{1.6}Mn_{2}O_{7} in magnetic field up to 13.6 T. It
was observed that the disorder leads to suppression of the magnetic
order (T-C {$->$} 0) and to disappearing of metallic character of
conductivity. In non magnetic state the CMR effect remains, and its
value exceeds an original one. Also kinetics of the properties recovering
under annealing was studied. The work was supported by the RFRB
grant {\#}02-02-16425 and ISTC grant {\#}1859.
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Transport and thermodynamic properties of rare-earth
transition-metal magnetism — oI. KLASSEN!, K. BERGGOLD!, H.
HARTMANN!, O. HEYER', S. JopLAUK!, K. KORDONIS!, T. LORENZ!,
A. FremuTH!, T. FICKENSCHER?, and R. POTTGEN? — 'II. Phys.
Inst., Universitdt zu Koln, Zilpicher Str. 77, 50937 Koln, Germany
— 2Anorg.-Chem. Inst., Universitit Miinster, Wilhelm-Klemm-Str. 8,
D-48149 Miinster, Germany

We present a study of the magnetoresistance, the magnetization,
the specific heat, and the magnetocaloric effect of equiatomic RETMg
intermetallics with RE = La,Eu,Gd,Yb and T = Ag,Au and of
GdAuln. Depending on the composition these compounds are paramag-
netic (RE = La, Yb) or they order either ferro- or antiferromagnetically
with transition temperatures ranging from about 13 to 81 K. All of them
are metallic, but the resistivity varies over 3 orders of magnitude. We
find pronounced magnetoresistance effects around the ordering tempera-
ture. The magnetic ordering leads also to well-defined anomalies in the
specific heat. An analysis of the entropy change leads to the conclusions
that generally the magnetic transition can be described by an ordering
of localized S = 7/2 moments arising from the half-filled 4f7 shells of
Eu?* or Gd**. The magnetocaloric effect is weak for the antiferromag-
nets and rather pronounced for the ferromagnets for low magnetic fields
around the zero-field Curie temperature. The antiferromagnetic order of
GdAuln can be suppressed in a field about 15T. Furthermore GdAuln
shows a new phase boundary inside the antiferromagnetic phase.

supported by the DFG through SPP 1166
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Structural and magnetic properties of MnsGe; clusters in a
dilute magnetic germanium matrix — eCHRISTIAN JAEGER!,
CHRISTOPH BIHLER!, DIETER SCHLOSSER!, THOMAS VALLAITIS?,
MARIO GJUKIC!, MARTIN S. BRANDT!, ECKHARD PIPPEL?, JORG
WOLTERSDORF?, and ULRICH GOSELE® — Walter Schottky Institut,
Technische Universitdt Miinchen, Am Coulombwall 3, 85748 Garching,
Germany — 2Universitit Karlsruhe (TH), Institute of High-Frequency
and Quantum Electronics, Engesserstr. 5, 76131 Karlsruhe, Germany
— 3Max-Planck-Institut fiir Mikrostrukturphysik, Weinberg 2, 06120
Halle, Germany

Measurements of the total magnetization of Ge:Mn show that in many
samples ferromagnetic inclusions must be present. We have characterized
the structural and magnetic properties of low-temperature molecular-
beam epitaxy (LT-MBE) grown Ge:Mn by means of high-resolution
transmission electron microscopy (HR-TEM), energy dispersive x-ray
spectroscopy (EDXS), and superconducting quantum interference device
(SQUID) magnetometry. We find a coherent incorporation of MnsGes
clusters in an epitaxially grown Ge:Mn matrix, which shows the charac-

teristics of a diluted magnetic semiconductor (DMS) phase of Mn-doped
Ge. The clusters are preferentially oriented with the hexagonal [0001]
direction parallel to the [001] growth direction of the Ge:Mn matrix, as
determined from both HR-TEM and SQUID measurements.
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Single crystal growth and magnetic structure investigations of

Er,PdSi; and TmyPdSi; intermetallic compounds. o]RINA
MAziLU !, WOLFGANG LOSER!, GUNTER BEHR', MATTHIAS
FRONTZEK?, JURGEN ECKERT?, and LupwiG ScHuLTZ! — I[FW

Dresden, P.O. Box 270116, D-01171 Dresden, Germany — Z2Institute
for Physics of Solids, TU Dresden, D- 01062 Dresden, Germany —
3Material Science Department, TU Darmstadt, D-64287 Darmstadt,
Germany

RyPdSi; (R = rare earth) intermetallic compounds exhibit a hexagonal
AlIB2 type crystal structure. They show strongly anisotropic magnetic
properties and complex magnetic ordering. EroPdSiz and TmyPdSis sin-
gle crystals were grown by a floating zone technique with radiation heat-
ing in a vertical double ellipsoid configuration. The principal features of
the growth process have been investigated and will be discussed.

Magnetic susceptibility and magnetization measurements of the sin-
gle crystal samples reveal an antiferromagnetic order, with transitions
temperatures for ErsPdSi; and TmyPdSi; of 7 K and 2 K, respectively.
The investigations which have been performed on samples with different
crystallographic orientation, show a pronounced anisotropy of properties
which primarily depends on the 4f-orbital shape of the rare earth element.
Neutron diffraction experiments have been performed from 0.4 K to 300
K on the EryPdSiz and TmyPdSi; single crystals. The magnetic easy
axis is along the c-axis of the hexagonal structure for both compounds,
whereas the propagation vectors are 7 = (0.11 0.11 0) for Er,PdSi; and
7=(1/21/21/16 ) for Tm,PdSis.
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X-ray Magnetic Circular Dichroism (XMCD) study of Re and
W in ferrimagnetic double perovskites SroCrM O (M = Re, W)
— S. GEPRAEGS!, P. MaJEWSKI!, O. SANGANAS', M. OpeL!, R.
Gross!, F. WILHELM?, A. ROGALEV?, and L. ALFF® — 'Walther-
Meissner-Institut, Bayerische Akademie der Wissenschaften, Walther-
Meissner-Str. 8, 85748 Garching — 2European Synchrotron Radiation
Facility (ESRF), 6 Rue Jules Horowitz, BP 220, 38043 Grenoble, Cedex
9, France — *Darmstadt University of Technology, Petersenstr. 23, 64287
Darmstadt

Among the ferrimagnetic double perovskites in the compounds
SraCrReOg and SroCrWOg high Curie temperatures well above room
temperature have been found experimentally and half-metallicity
(resp. pseudo-half-metallicity) was predicted by band-structure
calculations. These strong ferromagnetic order can at least qualitatively
be understood within a generalized double exchange or kinetic energy
driven exchange model where the itinerant electrons mediate an
antiferromagnetic alignment between the Cr or Fe and the W or Re
moments.

‘We have measured Re and W 5d spin and orbital magnetic moments in
the double perovskites SroCrReQOg, SroCrWOg, and SroFeWOg by X-ray
magnetic circular dichroism (XMCD) at the L2,3 edges. Our results are
in good agreement with recent band-structure calculations. We find that
the Curie temperature in the double perovskites A; BB'Og scales with
the spin magnetic moment of the 'non-magnetic’ B” ion. This work was
supported by the DFG (GR 1132/13), the BMBF (project no. 13N8279),
and the ESRF (HE-1658, HE-1882).
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XPS and Mossbauer studies of grain boundary effects in highly
ordered Sr,FeMoOg; — eM. RAEKERS', C. TauBiTz?, K. KUEP-
PER?, H. HEsSE!, I. BALAszZ?, 1. G. DEAC?, S. CONSTANTINESCU?, M.
VALEANU?, E. BUuRz0?, and M. NEUMANN! — MUniversitéit Osnabriick,
Fachbereich Physik, Barbarastr. 7, D-49069 Osnabriick, Germany —
2Institut fiir lonenstrahlphysik und Materialforschung, Forschungszen-
trum Rossendorf, 01314 Dresden, Germany — S3Faculty of Physics,
Babes-Bolyai University, 3400, Cluj-Napoca, Romania — *National In-
stitute of Materials Physics, P.O. Box MG-07, Bucharest, Romania
SroFeMoOg is magneto resistance (MR) compound which has attracted
much attention in the last years. Our work group has already studied
this compound intensely[1,2]. Here we present the oxidation states of
Fe and Mo and the presence of grain boundaries in the magneto re-
sistance (MR) compound SroFeMoOg by means of x-ray photoelectron
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spectroscopy (XPS) and Mossbauer spectroscopy. XPS of the Mo 3d and
Fe 3s core levels is indicating a mixed valence state involving around 30%
Fe3t- Mot and 70% Fe?t- Mo®* states. Mdssbauer studies confirm the
presence of a valence fluctuation state and an essential amount of grain
boundaries in the present SroFeMoOg crystal. The influence of the grain
boundaries will be discussed.

[1] J. Phys.: Condens. Matter 17 (27): 4309-4317 (2005)

[2] phys. stat. sol. (a), 201, No. 15, 3252-3256 (2004)

MA 20.149 Tue 15:15 P1

Dilatometry under magnetic field of the magnetic quasicrystal
Zn-Mg-Tb — eWIiLLIAM KNAFO'?, CHRISTOPH MEINGAST!, PAUL
PorovicH!, HILBERT VON LOHNEYSEN»? HIROYUKI TAKAKURA?,
and AKIRA INABA® — !Forschungszentrum Karlsruhe, Institut fiir
Festkorperphysik, D-76021 Karlsruhe, Germany. 2Physikalisches
Institut, Universitdt Karlsruhe, D-76128 Karlsruhe, Germany. —
3Research Center for Molecular Thermodynamics, Graduate School of
Science, Osaka University, Toyonaka, Osaka 560-0043, Japan.

The magnetic quasicrystal Zn-Mg-Tb is characterized by a freezing
temperature Ty ~ 6 K below which the moments localized on the Tb
sites follow a spin glass behavior [1]. Short range magnetic correlations
have also been reported below a second characteristic temperature
Teorr =~ 20 K [2]. The spin freezing behavior of Zn-Mg-Tb is probably
related to the set up of competing magnetic correlations, such as in the
Kagomé or pyrochlore geometrically frustrated systems. We present here
a study of the magnetic quasicrystal Zn-Mg-Tb using thermal expansion
and magnetostriction for magnetic fields up to 10 T. The effects of the
temperature and magnetic field on the magnetic correlations will be
related to those measurements.

[1] T. J. Sato, Acta Cryst. A 61, 39 (2005). [2] Z. Islam et al., Phys.
Rev. B 57, R11047 (1998).

MA 20.150 Tue 15:15 P1

Magnetic and electronic properties of the iron-containing poly-
oxotungstate [Fe,(H20)0(3-SbWy033)2]¢~ — oM. Prinz!, A. F.
TAKAcs!, J. ScHNACK!, 1. BAaLAsz?, E. Burzo?, U. Korrz?, and M.
NEUMANN! — !University of Osnabriick, Department of Physics, Bar-
barastr. 7, D-49069 Osnabriick, Germany — 2Babes-Bolyai University,
Faculty of Physics, RO-400084 Cluj-Napoca, Romania — ®International
University Bremen, P.O. Box 750561, D-28725 Bremen, Germany

New materials based on polyoxometalates (metal-oxygen clusters) are
promising stages of development in nano/micro electronic applications
that can lead to the emergence of a new technology. Magnetic and X-
ray photoelectron spectroscopic (XPS) studies on the transition metal
substituted, dimeric polyoxotungstate [Fe;(HyO)10(3-SbWgOs3)2]5 are
reported. Magnetic measurements of the salt Csg[Feys(Ha0)10(0-
SbWy033)s], containing Fe** ions, show a magnetization of approxi-
mately 10 pp/fu. at T = 4.2 K and B = 9 T without saturation and
were analysed by using an isotropic Heisenberg Hamiltonian. The ground
state of the frustrated molecule has a total spin of S = 2. The XPS Fe 2p
spectra suggest a 2+ formal valence state indicating that charge-transfer
effects are involved.

MA 20.151 Tue 15:15 P1

Identification of different Mn 3d electronic configurations in
(GaMn)As ferromagnetic semiconductors and their influence
on the magnetism — eRUSLAN OVSYANNIKOV!, F. KRONAST!, A.
VoLLMER!, H. DURR!, W. EBERHARDT!, P. IMPERIAZ, D. SCHMITZ?,
G. Scuort?®, K. BRUNNER?, M. Sawickr®, and L. MOLENKAMP®
— 'BESSY, Berlin — 2Hahn-Meitner-Institut, Berlin — 3University of
Wiirzburg

We studied the hybridisation of Mn 3d and Ga/As valence orbitals in
(Ga$_{1-x}$Mn$_x$)As films with x between 0.007 and 0.062 using x-ray
absorption techniques. The signature of Mn acceptor states responsible
for long-range ferromagnetic order can be identified with x-ray magnetic
circular dichroism at all Mn concentrations. An additional magnetically
dead Mn species with a reduced number of 3d electrons is observed for
0.062 Mn. We provide evidence that this is due to Mn-Mn nearest neigh-
bor pairs which bind valence holes and ultimately limit the size of the
magnetic ordering temperature.

MA 20.152 Tue 15:15 P1

Diluted magnetic semi-conductors based on Half-Heusler
compounds: CoTi, ,Y,Sb (Y=Fe,Mn) — eKRISTIAN KROTH',
BENJAMIN BALKE!, FRED CASPER', ANDREI GLOSKOWSKI',
VaDpIM KSENOFONTOV!, DER-HSIN WEI?, HONG-J1 LIN?>, GERHARD
H. FECHER', and CLAUDIA FELSER! !Johannes Gutenberg -
Universitit, 55099 Mainz, Germany — 2NSRRC, Hsinchu, 30076,
Taiwan

CoTiSb is shown to be a semiconducting half Heusler compound. Dop-
ing by Mn or Fe is found to result in ferromagnetic order with metallic
like conductivity. Polycristalline samples were produced by arc-melting
and their chemical composition was checked by means of photoemission
spectroscopy (ESCA) and microscopy (PEEM).

It was found that Ti can be replaced by up to 10% Fe while its crystal
structure still remains C'1,, which was proved by X-ray powder diffrac-
tion and MoBbauer spectroscopy. The strucure stayed stable upon Mn
doping up to 40%.

SQUID magnetometry revealed for CoTiggsFeq5Sb a magnetic mo-
ment of 0.2up per unit cell and a Curie temperature of above 700K.
SCF calculations using the KKR-CPA method predict a half-metallic
ferromagnetic character with only Fe atoms contributing to the total
magnetization of the alloy, in agreement to experiments using XMCD at
Ly 5 edges to determine the atomic resolved contribution of the 3d metals
to the magnetic moment. Curie temperatures of about 470K were found
upon partially replacement of Ti bei Mn.

MA 20.153 Tue 15:15 P1

Growth of Ni;MnGa films on a-plane sapphire — eGERHARD
JAKOB and HERMANN ADRIAN — Institute of Physics, Johannes
Gutenberg-University of Mainz

Magnetic shape memory materials can change their shape on
application of magnetic fields. Huge magnetostrictive effects as large
as 10% have been achieved in Ni;MnGa single crystals [1]. The
shape change is related to the fact that the energy for motion of twin
boundaries in these materials is lower than the magneto crystalline
anisotropy energy. Using an appropriate Ni-Mn ratio the martensitic
formation temperature is above room temperature opening the potential
for actuators based on this effect.
We report our results concerning growth and characterization of
NisMnGa films deposited by sputtering on a-plane sapphire. Our
samples grow with a (220) orientation and a rocking curve width of
1.1° for the out of plane orientation. Four circle diffractometry showed
the presence of several competing in-plane growth directions. Magnetic
measurements indicate the existence of the austenite martensite
transformation in the films. Substrates suitable as sacrificing layers have
been investigated.

[1] A. Sozinov et al, Appl. Phys. Lett. 80, 1746 (2002)
We thank Dr. S. Roth from IFW Dresden for providing the target
material.

MA 20.154 Tue 15:15 P1

Is non-ideal Co,MnSi still a half-metal? — eBJORN HULSEN, PE-
TER KRATZER, and MATTHIAS SCHEFFLER — Fritz-Haber-Institut der
Max-Planck-Gesellschaft, Faradayweg 4-6, D-14195 Berlin, Germany
Material systems for spintronics applications have recently attracted
much interest and one promising candidate is the full Heusler alloy
CooMnSi. In its pure bulk phase, this material has a high Curie temper-
ature and displays a gap in the density of states at the Fermi level in the
minority spin channel leading to 100 % spin polarization. However, even
in the cleanest sample the (theoretically) perfect configuration of atoms
is disturbed due to a finite concentration of structural defects.
To see whether Co,MnSi maintains its half-metallic character under
more realistic conditions we performed all-electron density functional
theory calculations for several disordered and non-stochiometric unit
cells using the spin-polarized generalized gradient approximation and
the full-potential LAPW+lo method. We investigated the stability, the
magnetic properties, and the electronic structure of the CogyyMn;_Si
(—1 < 2 < 0.75) compounds with i) exchanged Co and Mn atoms ii) Mn
atoms replaced by Co, and iii) Co atoms replaced by Mn.
We find that in the Co-Mn-interchanged and Co-rich compounds, al-
though there is still large spin polarization, the gap is closed, while it is
preserved in the Mn-rich compositions.
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MA 20.155 Tue 15:15 P1

Electronic structure and magnetism of CeMnNi, — eELENA
VOLOSHINA', YURY DEDKOV?, MANUEL RICHTER?, and PETER ZAHN?
— Max-Planck-Institut fiir Physik komplexer Systeme, Néthnitzer Str.
38, 01187 Dresden, Germany — 2Institut fiir Festkérperphysik, Tech-
nische Universitit Dresden, 01062 Dresden, Germany — *IFW Dresden
e.V., P.O. Box 270 016, 01171 Dresden, Germany — “Fachgruppe The-
oretische Physik, Fachbereich Physik, Martin-Luther-Universitat Halle,
06099 Halle/Saale, Germany

Theoretical investigations of the electronic band structure and ferro-
magnetism of CeMnNiy have been performed by means of LSDA ap-
proach. Recent experiments show that this compound has relatively large
transport spin polarization (of about 66%) that is in contradiction with
present LSDA results. Calculated full magnetic moment of 4.88 up is
in good agreement with determined experimentally value. Since a par-
ent compound CeNij is a Pauli paramagnet, the ferromagnetic ordering
in the ground state should arise due to the ordering of the high Mn2*
magnetic moments. This fact is confirmed by present calculations.

MA 20.156 Tue 15:15 P1

Effect of disorder on diluted magnetic system — e¢GUIXIN TANG
and WOLFGANG NOLTING — Institute of Physics, Humboldt University
of Berlin, Newton street 15, D-12439 Berlin, Germany

We introduce a Heisenberg Hamiltonian for describing the magnetic
properites of diluted magnetic semiconductors. The equation of motion
for the magnon Green’s function is decoupled by Tyblikov approxima-
tion. The influence of disorder on the magnetic properties of diluted
Heisenberg spin system is investigated using augment-space method in
conjunction with the recursion technique. The resulting magnon spectral
density is used to estimate the magnetizaion and Curie temperature of
the three-dimension diluted magnetic system.

MA 20.157 Tue 15:15 P1

Magnetostrictive GMR sensors on flexible polyimid substrates
— oTHOMAS UHRMANN'2, LUDWIG BAR!, THEODOROS DIMOPOU-
Los!3, NiLs WiIESE"*, MANFRED RUHRIG!, and ALFRED LECHNER?
— 1Siemens AG Corporate Technology, Dept. CT MM 1, Erlangen,
Germany — 2University of Applied Sciences Regensburg, Regensburg,
Germany 3ARC Seibersdorf research GmbH, Vienna, Austria
4Universitit Bielefeld, Nano Device Group, Bielefeld, Germany

The feasibility of a stress sensor based on giant magnetoresistance
(GMR) on a flexible polyimide substrate is presented. Therefore a stack
system with a GMR effect of up to 8.4% has been deposited on a poly-
imide substrate and patterned to micrometer scaled sensor elements. An
in plane tensile stress was applied to the sensor to achieve a rotation of
the anisotropy of the magnetostrictive free-layer. The magneto-optical
and magnetoresistive effect was measured. The stress dependence of the
CosoFesy free layer magnetization was measured up to a elongation of
2.5% in a (CoFe/Cu/CoFe) GMR system. The magneto-optical results
are compared to the resistance loops of the sample. Furthermore the
normalized sensor output is shown as a function of the applied stress at
several bias fields and the remanent state.

MA 20.158 Tue 15:15 P1

Fluxgate sensors with modulation frequencies up to 1 MHz —
eRAINER PIEL, FRANK LUDWIG, and MEINHARD SCHILLING — TU-
Braunschweig, Institut fiir elektrische Messtechnik und Grundlagen der
Elektrotechnik, Hans-Sommer-Str. 66, D-38106 Braunschweig, Germany

Fluxgates measure magnetic vector fields in the DC and low frequency
AC range. The measurement principle can be described as an ampli-
tude modulation of measurement and excitation field. The arising signal
is measured by a detection coil. Many applications, like nondestructive
evaluation (NDE), compass, bioanalytics etc., require small sensors with
high resolution. Smaller sensors, e.g., fabricated in thin-film or thick-
film technology, however, limit the number of turns of the detection coil
which in turn reduces their sensitivity and resolution. The increase of
the modulation frequency offers a solution to this problem. Fluxgates
are normally operated with modulation frequencies of some kHz. Fur-
thermore, an increase of the modulation frequency up to 1 MHz allows
one to achieve a higher measurement bandwidth which leads to an im-
provement in the dynamic behavior. The adjustment of sensor coils and
electronics to these frequencies and the related difficulties are topic of
this contribution. The measured sensor properties, such as sensitivity,
noise and dynamics, are presented.

MA 20.159 Tue 15:15 P1

A New Approach to Grafting Isolated Mn;, Single Molecule
Magnets on the Au surface — eSONKE Voss!, MICHAEL BURG-
ERT?, MIKHAIL FONIN!, ULricH GRrRoTHZ?, and ULRICH RUDIGER!
— 1Fachbereich Physik, Universitit Konstanz, D-78457 Konstanz —
2Fachbereich Chemie, Universitit Konstanz, D-78457 Konstanz

During the last decade single-molecule magnets (SMMs) have attracted
much attention due to their unique properties, such as quantum tunnel-
ing of magnetization, making these compounds attractive for applica-
tions in quantum computing [1]. Among them Mnjs-acetate [2] and its
derivatives which possess high blocking temperatures and exhibit step-
wise ferromagnetic hysteresis. Aside with the investigation of magnetic
properties of SMMs in their bulk crystalline form considerable research
has been recently focused on SMMs attached to metallic surfaces in at-
tempt to address the electronic and magnetic properties of self-assembled
layers as well as of isolated SMM molecules.

In this study Mn;s complexes with benzoic, propynoic, and phenyl-
propynoic acid ligands were prepared in order to modify the electronic
properties of the complex and possibly affect the magnetic behavior in
bulk as well as in thin films. SMM single crystals have been studied
by SQUID showing stepwise hysteresis at low temperature. In addition
Mn;, complexes were grafted onto the functionalized Au(111) surface
and investigated by means of scanning tunneling microscopy as well as
x-ray photoelectron spectroscopy at room temperature.

[1] M.N.Leuenberger and D.Loss, Nature (London) 410, 789 (2001).
[2] R.Sessoli et al., Nature (London) 365, 141 (1993).

MA 20.160 Tue 15:15 P1

Magnetism of multi-center Ni- and Fe-based molecular com-
plexes: Pulsed magnetic fieldstudies — eR. KLINGELER'Z, V.
KaTaEV!, C. GorzE'?, B. BUCHNER!, A. ALFONSOV!, H. KLAUSS?,
C. MENNERICH?, M. GoIirAN2, H. Rakoro? J.M. Broro?, S.
DeEMESHKO*, G. LEBELING!, F. MEYER!, P. KORGERLER®, J.
ScHNACKS, and D.J. PRICE” — IFW Dresden — 2LNCMP Toulouse,
France — *TU Braunschweig — *University Géttingen — °Ames
Laboratory,USA — SUniversity Osnabriick — "University Glasgow, UK

We performed measurements of the high frequency/high field ESR
and of the magnetisation in pulsed magnetic fields up to 55T in order
to investigate the ground state and the low lying excitations of several
novel polynuclear complexes. In particular, we studied the 2-leg ladder
compound NaQNiz(CQO4)3(HQO)2, the [L2N14(N3)(OQCR)4](C]O4)—thC
tetranuclear-Ni(II) molecular complex and the giant Keplerate magnetic
molecules {MorFezo} coupled to a square lattice. In Ni-oxalate, the
M(B) and ESR data imply spin level crossings at ~29T and ~54T.
We find a non-magnetic ground state, sharp steps of the magnetisation
at the spin-level crossings and a plateaux-like behaviour between. In
the tetranuclear Ni(II) complex, our data imply a spin-level crossing at
~25T from a non-magnetic to a magnetic state. However, our M(B)
data show a finite susceptibility at 7' = 1.5 K and low fields which in-
dicates a more complex ground state than the simple singlet state. For
the giant Keplerate sample we concentrate on the intramolecular inter-
actions. In particular, our data reveal signatures of long range AFM
correlations and AFM order, respectively, at low T'.

MA 20.161 Tue 15:15 P1

Magnetic properties of nitrid-clusterfullerene Dy;N@QC80 — oY .
ARANGO, S. YANG, V. KATAEV, L. DUNSCH, and B. BUCHNER
Leibniz Institute for Solid State and Materials Research IFW Dresden
Metal-cluster fullerenes in which paramagnetic rare-earth ions are
trapped inside the carbon cage represent a novel class of molecular mag-
nets. However little is known about their magnetic properties because
conventional methods of synthesis have very small yields (< 1%) and
the product is often multiphase. However recent success of the synthesis
of nitride-clusterfullerenes of high yield and purity opens a possibility
to get insights into the magnetism of these compounds. Here we report
on magnetic characterization of a clusterfullerene DysN@QCS80 which was
produced by a modified Kréatschmer-Huffman DC-arc discharging method
with the addition of NHj as the reactive gas atmosphere. The high purity
of the product has been checked by a number of analytical techniques.
We have studied the static magnetization of DysN@QCS0 in the tempera-
ture range from 2 K to 300 K in magnetic fields up to 5 T. Measurements
of the saturation magnetization as well the estimate of the Curie con-
stant, both yield a strongly reduced value of the Dy magnetic moment
M‘ﬁf ~ bup which amounts only to about a half of the free ion value
Y

Ihy f’f‘” = 10.5u5. We discuss possible scenarios of the anomalous reduc-
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tion of the moment, such as a strong frustration of magnetic exchange in
the DysN-cluster or an unusually large Dy single-ion anisotropy.

MA 20.162 Tue 15:15 P1

Spin relaxation in TiOCl — eDMITRY ZAKHAROV'? JOACHIM
DEISENHOFER!, HANS-ALBRECHT KRUG VON NIDDA!, PETER
LUNKENHEIMER!, MARKUS HoInkis?, and Arois Loipr!

'Experimentalphysik V, Center for Electronic Correlations and Mag-
netism, University of Augsburg, 86135 Augsburg, Germany — 2Kazan
State University, 420008 Kazan, Russia — S2Experimentalphysik II,
Institut fir Physik, Universitdt Augsburg, D-86135 Augsburg, Germany

We present detailed electron-spin resonance investigations on single
crystals of the novel quasi-one-dimensional spin-Peierls compound Ti-
OCI up to 500 K. The anisotropy of the g-factor indicates a stable or-
bital configuration below room temperature discarding strong effects due
to orbital fluctuations. Combining our data with the results obtained by
optical measurements we estimate the energy of the first excited state
ruling out a possible degeneracy of the orbital ground state. The ori-
entation and temperature dependence of the linewidth at temperatures
below 250 K can be completely described in terms of anisotropic ex-
change interaction between Ti ions only. A strong additional increase of
the linewidth at higher temperatures can be related to the conductivity
determined from dielectric measurements.

MA 20.163 Tue 15:15 P1

Correlation of Transport and Magnetism in manganese pnic-
tides and rare earth manganites - are they due to double ex-
change? — eKLAUS BAERNER!, VLADIMIR MORCHSHAKOV!, MURAD
ANNAOASOV?, and MOSTAFA BOSHATA® — Physical Department, Uni-
versity of Gottingen, F. Hund Platz 1, 37077 Gottingen, Germany
2Institute of Advanced Technologies Research and Development, Eastern
Mediterranean University, Famagusta, Northern Cyprus, via Mersin 10,
Turkey — 3Solid State Physics Dept., National Research Center, NRC,
12332 Dokki, Cairo, Egypt

MnAs and its derivates enjoy a renewed interest because of their use as
spininjectors, another surge in magnetocaloric cooling efforts and because
recently for valence mixed manganites R1-xAxMnO3 (R: rare earth, A:
alkaline earth), which exhibit a correlation of ferromagnetism and metal-
licity due to double exchange coupling, a new (recursive) approach to cal-
culate the electronic and magnetic states has been proposed, combining
spin fluctuation theory and spindependent bandstructure calculationsl,2.
In this contribution magnetisation, resistivity and phase diagrams of se-
lected manganites R1-xAxMnO3 and pnictides MnIV (IV: As, P, Sb, Bi)
are compared. The equivalencies strongly indicate that indeed the man-
ganese pnictides, which are rich on phenomena like the doped rare eart
h manganites are candidates for that new approach.

MA 20.164 Tue 15:15 P1

Ultrafast spin and lattice dynamics in antiferromagnetic Cr,O3
— eBAs B. vaAN AKEN, TAKUYA SATOH, NGUYEN P. DuoONG, and
MANFRED FIEBIG — Max-Born-Institut, Max-Born-Strale 2a, 12489
Berlin

The magnetisation and lattice dynamics of antiferromagnetic CryOg
was investigated with optical second harmonic generation. Intense 100 fs
laser pulses excited the sample and probed the magnetic and crystal-
lographic sublattices. Using the polarisation degrees of freedom, the
amplitude of the magnetic and crystallographic order parameter and the
phase between them can be resolved. Demagnetisation processes on three
different time scales from < 1 ps to ~ 7 ps were distinguished. The differ-
ent nature of the three demagnetisation channels is predominantly seen
in the phase, which is determined by time-resolved interference experi-
ments. The magnetisation dynamics exhibits distinet differences to that
of ferromagnetic compounds.

MA 20.165 Tue 15:15 P1

Determination of the directions of the induced moments at Cd
probes on Ni surface sites — oP. M. IMIELSKI', Y. MANZHUR?,
J. ScHUBERT?, W. D. BREWER!, W.-D. ZEITZ?, and M. J. PRAN-
DOLINI? — Mnstitut fiir Experimentalphysik (WE1), Freie Universitiit
Berlin, 14195 Berlin, Germany — 2Bereich Strukturforschung, Hahn-
Meitner-Institut Berlin GmbH, 14109 Berlin, Germany

In recent experiments the magnitude of the magnetic hyperfine fields
(|Bhf]) of nonmagnetic Cd probe atoms, positioned at different sites onto
Ni(111) and Ni(001) surfaces, were measured with atomic resolution, us-
ing perturbed angular correlation (PAC) spectroscopy [1]. These surface
sites can be characterised by differing coordination numbers, (i.e., the
number of Ni nearest neighbours (NN)) [1]. The initial proposition for
the direction of the induced Cd moments with respect to the magnetisa-
tion of Ni at the coordination number 5 (the free step site) was found to be
in conflict with density-functional theory (DFT) calculations [2]. These
initial DFT calculations were performed without lattice relaxation. Later
DFT estimates, with lattice relaxation, determined the opposite sign at
this position [3]. In order to compare the experimental results with the-
ory, we have measured the signs of the Bhf at coordination numbers NN=
9, 7,5 and 4.

[1] K. Potzger, A. Weber, H. H. Bertschat, W.-D. Zeitz, and M. Diet-
rich, Phys. Rev. Lett. 88, 247201 (2002).

[2] Ph. Mavropoulos, J. Phys.: Condsened Matter 15, 8115 (2003).

[3] V. Bellini, S. Cottenier, M. Cakmak and F. Manghi and M. Rots,
Phys. Rev. B 70, 155419 (2004).
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Invited Talk MA 21.1 Wed 14:00 HSZ 03

Spin Transport across interfaces — eB J HickEY!, L. MicHEz!, K
McKENNAY, G J MorGAN!, S SHATZ?, and N WiSErR? — 'E C Stoner
Laboratory, Department of Physics and Astronomy, University of Leeds,
Leeds LS2 9JT, UK — 2Department of Physics, Bar-Tlan Univeristy, Ra-
mat Gan, Israel

A fundamental aspect of the operation of any spintronic device is
the transport of electrons across an interface. It is accepted that spin-
dependent scattering, mainly at interfaces, is at the heart of spintronics
but there are many experimental examples that theory cannot easily ex-
plain. In this talk we shall review some of the more intriguing results and
discuss how well they are presently understood. It is well-known that the
accumulation of spin near interfaces is an intrinsic feature of transport in
magnetic multilayers. It has, until recently, been thought that this fea-
ture was intimately connected with electron scattering. It was thought
that for currents applied perpendicular to the plane of the layers, the re-
laxation length for the spin accumulation, the spin diffusion length, was
also the length scale for determining the electron transport. We shall
present new experimental data which investigates the effects of interface
scattering as a function of the number of interfaces and the proximity
of the scattering interfaces. We shall show that these results can be un-
derstood without the need to introduce spin-flip scattering and that the
length scale for the transport is the momentum relaxation length - the

Room: HSZ 03

mean free path. Additionally, we shall confirm these results in calcula-
tions where we have developed models of transport in spintronic devices
which incorporate spin-relaxation through spin-orbit scattering.

Invited Talk MA 21.2 Wed 14:30 HSZ 03

Exchange bias in patterned magnetic structures — e KRISTIAAN
TeMST!, ELENA PoprovA'!, STEVEN BREMS', CHRIS VAN HAE-
SENDONCK!, HELMUT FRITZSCHE?, MARITA GIERLINGS?, FLORIN
RapU®, HARTMUT ZABEL?, PETER LEUNISSEN?, and RIK JON-
CKHEERE? — !Laboratorium voor Vaste-Stoffysica en Magnetisme,
K.U.Leuven, Belgium 2BENSC, Hahn-Meitner-Institut, Berlin,
Germany — ®Experimentalphysik /Festkérperphysik, Ruhr-Universitiit
Bochum, Germany — *IMEC vzw, Leuven, Belgium

‘We have studied the influence of finite dimensions and shape anisotropy
on the exchange bias effect in patterned polycrystalline Co/CoO ferro-
magnet /antiferromagnet exchange bias systems prepared by combining
electron beam lithography and thin-film deposition methods. A particu-
lar feature of Co/CoO exchange bias systems is that they exhibit a strong
asymmetry in the magnetization reversal mechanism: the magnetization
reversal mechanism is different in the two branches of the hysteresis loop.
We have investigated by polarized neutron reflectivity experiments if and
how this asymmetry is affected by the finite size and shape anisotropy
of the Co/CoO structures. We will demonstrate that the asymmetry re-
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mains present even down to very small structure size, but that the shape
anisotropy does have a strong influence on the presence of the asymme-
try. This effect may be explained by the presence of interfacial domains
at the Co/CoO interface. Anisotropic magnetoresistance measurements

and magnetization experiments show that it is possible to re-induce the
untrained state by applying a field in the direction perpendicular to that
of the initial cooling field.

MA 22 Internal Symposium “50 Years AG Magnetism”

Time: Wednesday 15:15-18:00

Invited Talk MA 22.1 Wed 15:15 HSZ 03

Fifty Years ” Arbeitsgemeinschaft Magnetismus” - History of
Magnetism in Germany — eH. KRONMULLER — Max-Planck-
Institut fiir Metallforschung, Heisenbergstr. 3, 70569 Stuttgart,
Germany

The ” Arbeitsgemeinschaft Magnetismus (AM)” has been founded in
1956 as a united organization of four different scientific societies (DPG,
DGM, VDE, VDEH). The AM supports basic research and technical
applications of magnetism. To promote advanced knowledge on mag-
netism the AM organizes conferences and workshops and participates
in international conferences. From the first meeting held in 1957 the
central idea was the interdisciplinary collaboration between basic and
applied research. Within the last 50 years the AM has been involved
in all innovative developments in the field of magnetic materials. The
main activities so far are the following ones: 1. Investigation of mag-
netic ground states and excited states by ab-initio electron theory and
model Hamiltonians, as e.g. the Hubbard model. 2. High-coercivity in-
termetallic compounds, high-permeability ferrites, (nano-)crystalline and
amorphous alloys. 3. High-quality magnetic materials with outstanding
properties as spin glasses, heavy-fermion compounds, perovskites, invar
and shape memory alloys. 4. Thin film systems for sensor applications
and high-density recording, GMR and CMR systems. 5. Micromagnetic
analysis of domain patterns, domain walls and magnetization processes in
thin films and small particles, development of computational micromag-
netism. 6. Development of high-standard measuring techniques as NMR,
MoBbauer effect, STM, MFM, Lorentz microscopy, neutron diffraction,
XMCD, spin-polarized electron methods.

Invited Talk MA 22.2 Wed 15:45 HSZ 03

Making magnets harder — eJ. M. D. COEY — School of Physics
and CRANN;, Trinity College, Dublin 2, Ireland

The 20th century was a period when the energy product of per-
manent magnets, the simplest figure of merit, improved exponentially.
This growth is now over, and the prospects of another doubling look
dim. Permanent magnets however have myriad uses in electromagnetic
drives, and hundreds of millions of them are produced annually. Further
progress may come from integrating micron-scale magnets into silicon-
based MEMS structures, especially in view of the favorable scaling of
dipole-dipole interactions. Current challenges to produce useful mag-
netic thick films will be discussed, and potential for further materials
development will be reviewed.

Invited Talk MA 22.3 Wed 16:15 HSZ 03

Industrial Rare-Earth Permanent Magnets and their Applica-
tions eMATTHIAS KATTER Vacuumschmelze GmbH Co. KG,
Griiner Weg 37, 63450 Hanau

The production route and the main applications of high end sintered
permanent magnets based on Nd-Fe-B and Sm-Co are reviewed. For Nd-
Fe-B, the influence of the grain size on the magnetic properties and the
corrosion resistance is reported. Commercial Nd-Fe-B magnets mean-
while reach energy densities of up 53 MGOe, whereas for lab magnets
about 58 MGOQe are obtained which is close to the theoretical limit of 64
MGOe. The magnetization behaviour of Sm2(Co,Fe,Cu,Zr)17 magnets,
which is determined by pinning of domain walls, is discussed. Industrial
magnet grades of this type can be applied up to 350 - 550°C. The main
applications for Nd-Fe-B magnets are in hard disc drives and in any kind
of motors. A large increase is expected in the next years for automo-
tive applications like steering by wire and hybrid electric vehicles. From
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the scientific side, there are challenging demands for very homogenous
magnets for beam guiding systems like wigglers and undulators.

— 15 min. Break —

Invited Talk MA 22.4 Wed 17:00 HSZ 03

Spin transfer phenomena in layered magnetic structures
ePETER A. GRUNBERG, DANIEL E. BURGLER, and CLAUS M. SCHNEI-
DER — FZ-Jiilich, IFF

The discovery of interlayer exchange coupling (IEC) in 1986 was fol-
lowed in 1988 by the first detection of ” Giant Magnetoresistance” (GMR)
and in 1995 by a rediscovery of tunnel magnetoresistance (TMR). Fi-
nally after its theoretical prediction in 1995, in 1999 there was the first
experimental observation of current induced magnetic switching (CIMS).
All mentioned phenomena rely on the transfer of electron spin between
neighbouring magnetic layers across nonmagnetic interlayers in layered
magnetic structures. Here we want to give an overview of this worldwide
activity.

The phenomena can be classified according to the nature of the inter-
layer material used: metallic, semiconducting, insulating. Generally IEC
is only obtained across metallic interlayers, but there are exceptions like
IEC of Fe across Si and MgO. Furthermore IEC across well ordered Si
turns out to be surprisingly strong. Likewise TMR is expected and in-
deed observed across semiconductors and insulators but so far could not
be detected across Si, despite many efforts due to technical relevance. On
the other hand values as big as a few hundred percent have been observed
for TMR across MgO, in agreement with a theoretical prediction. We
shall present and discuss the mentioned phenomena in the framework of
associated band structures, where emphasis will be given to a basic phys-
ical understanding. Already existing and possible future applications will
also be considered.

Invited Talk MA 22.5 Wed 17:30 HSZ 03

Interplay between Incipient Magnetism and Superconductivity
in Heavy Fermions — eFRANK STEGLICH — Max Planck Institute
for Chemical Physics of Solids, 01187 Dresden, Germany

Strong electronic correlations on partially filled 4f or 5f shells, weakly
hybridized with ligand valence-electron orbitals, cause the formation of
extremely heavy quasiparticles composed of a dominating local f part
as well as contributions from conduction-band states. As discovered in
1979 for CeCusSis, these “heavy fermions” (HF) may form Cooper pairs.
In most HF metals, the superconducting glue seems to be of magnetic
origin. In fact, for UPdyAl3 magnetic-exciton mediated pairing could
be convincingly demonstrated, i.e. by comparing quasiparticle-tunneling
and inelastic neutron-scattering results.

For a number of Ce-based HF metals superconductivity was found to
be intimately related to the existence of an antiferromagnetic (AF) in-
stability which, at least in the case of CeCusSis, is of the conventional
(spin-density-wave) type. On the other hand, an AF magnetic-field in-
duced “quantum critical point” of unconventional nature originating in a
break up of the “composite” HFs was recently established in YbRhsSis.
For this compound, we found dominating 2D ferromagnetic quantum
critical fluctuations in wide regions of the phase diagram, but no super-
conductivity at temperatures down to 10 mK.

Work done in collaboration with: M. Deppe, G. Donath, J. Ferstl, P.
Gegenwart, C. Geibel, H.S. Jeevan, R. Kiichler, T. Lithmann, M. Nicklas,
N. Oeschler, J. Sichelschmidt, O. Stockert, P. Thalmeier, F. Weickert, S.
Wirth.
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MA 23 Invited Talk Schilling

Time: Thursday 09:30-10:00

Invited Talk MA 23.1 Thu 09:30 HSZ 03
Proteins and patients - new applications of low noise magnetic
field sensors — eMEINHARD SCHILLING — TU Braunschweig, In-
stitut fiir Elektrische Messtechnik und Grundlagen der Elektrotechnik,
Hans-Sommer-Str. 66, 38106 Braunschweig

For many years biomagnetism has been a motor of progress in the de-
velopment of low-noise magnetic field sensors, like superconducting quan-
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tum interferometers working at low temperature. In recent years also
room temperature magnetic sensors like fluxgates have been improved
considerably. Exciting new applications of these sensors in biotechnology,
medical diagnosis and therapy are at hand in combination with magnetic
nanoparticles, which are already used in the clinical routine. Also, new
imaging techniques using low noise magnetic sensors like magnetic par-
ticle imaging and low-field magnetic resonance imaging will be adressed.

MA 24 Magnetic Thin Films III

Time: Thursday 10:15-12:45

MA 24.1 Thu 10:15 HSZ 03

Spin-polarized grain boundary transport in reversibly strained
Lag7Srg3sMnQO; polycrystalline films — eGANGINENI RAMESH
BaBu, K. DORR, K. NENKOV, N. KozLova, K.-H. MULLER, and
L. Scuurtz — IFW Dresden, PF 270116, D-01171 Dresden, Germany
Lag 7Sro3MnO3 (LSMO) is a ferromagnetic manganese oxide with half-
metal like character, with a ferromagnetic Curie temperature T of about
370 K. The high spin polarization has been demonstrated using tunnelling
experiments in epitaxial trilayer structures of LSMO with SrTiO3 (STO)
insulating barrier, where a huge value of tunnelling magnetoresistance of
TMR = 1800 % at low temperature has been found recently [1]. Polycrys-
talline LSMO films contain a network of many grain boundaries typically
acting as tunnel barriers. Thus, they also show large TMR at low tem-
perature. In this work, we have prepared polycrystalline films of LSMO
on monocrystalline actuator platelets of Pb(Mg; sNbg/3)Os-PbTiO3(001)
(PMN-PT) [2] in order to study the grain boundary tunnelling transport
in dependence on controlled in-plane strain. Reversible strain by up to
0.15 % has been applied to the films using the inverse piezoelectric effect
of the substrates. Temperature-dependent resistance and magnetoresis-
tance data in dependence on applied strain will be discussed with regard
to the microstructure of the films. Further, it has been tried to prepare
epitaxial trilayer tunnel junctions on PMN-PT(001) and measure their
current-voltage characteristics under various strain states.
This work is supported by DFG, FOR 520.
[1] Bowen M et al., Appl. Phys. lett, 82, 233 (2003)
(2] Thiele C, Dérr K et al., Appl. Phys. Lett (in press)

MA 24.2 Thu 10:30 HSZ 03

Modeling of structural domains in La; ,Sr,MnQOj thin films —
oNAYEL FARAG!, MANFRED BoOBETH', and ALEXEI E. ROMANOV?
— nstitut fiir Werkstoffwissenschaft, Technische Universitit Dresden,
Germany — 2Ioffe Physico-Technical Institute, St. Petersburg, Russia

The magnetic behavior of La;_,Sr,MnO3 (LSMO) thin films is es-
sentially affected by elastic strain within the film. Besides a uniform
strain contribution due to the lattice-parameter misfit between LSMO
and a cubic substrate, additional non-uniform strain contributions arise
from the formation of structural domains in coherently grown rhombo-
hedral LSMO films. Observations of domain patterns reported in the
literature show perpendicular and inclined domain walls on (100) and
(110) oriented SrTiOg substrates, respectively. We have calculated the
domain-related strain fields by applying the coherency-defect technique.
The strain exhibits peaks at the triple junctions of the domain walls
and the film/substrate interface. On the base of a model by Millis et al
(1998), the corresponding spatial variation of the transition temperature
to the ferromagnetic state has been estimated. Furthermore, the domain
widths for the different domain patterns on (100) and (110) SrTiO3 have
been calculated as a function of the film thickness. Comparison of the
predicted domain width with experimental findings permits to estimate
the domain-wall energy.

MA 24.3 Thu 10:45 HSZ 03

EXAFS on electron-doped Laj ;A 3C003; — ¢ CHRISTIAN PINTA!2
DirK FucHs!, ERIC PELLEGRIN', PETER ADELMANN!, STEFAN MAN-
coLD?, and STEFAN SCHUPPLER! — !Forschungszentrum Karlsruhe,
Institut fiir Festkorperphysik, D-76021 Karlsruhe — 2Universitit Karl-
sruhe, Fakultit fiir Physik,D-76128 Karlsruhe — 3Forschungszentrum
Karlsruhe, Institut fiir Synchotronstrahlung, D-76021 Karlsruhe
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Cobaltites are currently receiving intense interest. Especially intrigu-
ing is the large number of interactions in this mixed-valent family of com-
pounds (like Hund’s coupling, double exchange, correlation, and crystal
field) that occur on similar energy scales and may lead to a number of
mutually competing phases. Up until recently it was impossible to dope
cobaltites with electrons, and it still is for bulk material. For epitaxial
thin-film systems, however, we have performed the first successful syn-
thesis of single-phase electron-doped lanthanum cobaltites, La;_,A,CoOg3
(A=Ce or Te). These films exhibit ferromagnetic order with transition
temperatures T¢ of about 85K and 20K for Te and Ce doping, respec-
tively. To better understand the interplay between local structure, dop-
ing, and magnetism, we performed Co K-edge EXAFS measurements on
three cobaltite thin-film systems: Lag7Cey3C003, Lag7Tey3C003, and
LaCoQs3. For further comparison to bulk material, we also carried out
measurements on powder samples of undoped LaCoQOs. Partial substi-
tution of La by Ce and Te as well as the epitaxial growth clearly affect
the local structure; possible implications for the doping-related electronic
structure and spin states will be discussed.

MA 24.4 Thu 11:00 HSZ 03

Piezoelectrically induced strain effects in ferromagnetic man-
ganite films — oC. THIELE', L. Scuurtz!, A. A. LEVIN?, and K.
DORR! — 'IFW Dresden, PF 270116, 01171 Dresden — 2Institut fiir
Strukturphysik, TU Dresden, 01062 Dresden

Ferromagnetic perovskite manganites like Lag7Sro3MnO3 (LSMO)
have been predicted to be extremely sensitive to distortions of the crystal
lattice due to strong electron-phonon coupling [1]. This has been verified
by experiments on biaxially strained films grown epitaxially on monocrys-
talline substrates with slightly mismatching lattice parameter. Active
electric control of in-plane strain in thin films on a piezoelectric sub-
strate is very promising, since it avoids additional effects of changing mi-
crostructure and would allow direct recording of strain dependent prop-
erties. Lee and Dale have earlier chosen BTO crystals for this purpose
[2]. In this contribution, the effect of dynamically induced in-plane strain
in epitaxial LSMO films on piezoelectric substrates Pb(Mg;/3Nbg/3)O3-
PbTiO; (100) is analyzed [3]. In-plane lattice constants have been re-
versibly varied by up to 0.15 % by application of an electrical voltage to
the substrate, leading to a strong impact on the resistive and magnetic
behavior of the studied LSMO films. Resistance and Magnetization show
strain-dependent hysteresis with an amplitude of several % at 300 K. T
increases by several degrees due to release of in-plane tensile strain. This
work is supported by DFG, FOR 520.

[1] A. J. Millis et al., JAP 83 (1998) 1588; A.J. Millis, Nature 392
(1998) 147. [2] M. K. Lee et al., APL 77 (2000) 3547; D. Dale et al.,
APL 82 (2003) 3725. [3] C. Thiele et al. (subm).

MA 24.5 Thu 11:15 HSZ 03

Structure and magnetism of epitaxial HoMnOj; films grown by
pulsed laser deposition — ¢J.-W. KiM, K. DORR, K. NENKOV, and
L. Scuurtz — IFW-Dresden, PB 270116, 01171 Dresden

Hexagonal HoMnOgj is one of the most studied multiferroic materials.
It is ferroelectric below Curie temperature of T 860K and antiferromag-
netic below Néel temperature of Ty 76K. Some experiments have been
done with HoMnOj3 bulk crystals to reveal strong magneto-electric cou-
pling, even switching to ferromagnetic order of Ho** spins by an applied
electric field [1]. To our knowledge, no epitaxial HoMnOj film has been
made so far.
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We have tried to grow epitaxial hexagonal HoMnOj films by pulsed
laser deposition on Y-stabilized ZrO, (111) substrates. The optimum
deposition temperature was 850°C and oxygen pressure was 1x10~'mbar.
We found that lower oxygen pressure disturbs the proper hexagonal phase
growth. A beautiful crystallinity of untwined, epitaxially grown HoMnOj3
films was found by X-ray diffraction and pole figure measurement. Low
temperature SQUID measurements (down to 1.7K) show some magnetic
anomalies in dependence on temperature and applied magnetic field be-
low 6K. These might be related to Ho*" spin ordering and/or reorienta-
tion.

The author, J.-W. Kim, thanks to Deutscher Akademischer Austausch
Dienst(DAAD) for a fellowship.

[1] Th. Lottermoser, Nature 430 (2004), 541-544

MA 24.6 Thu 11:30 HSZ 03
Fe-doped MgO thin films in the impurity limit — eR. SUTARTO!,
T. HavpricHT!, H. OTT', M. W. HAVERKORT!, A. TANAKAZ?, H.
-H. Hsien®, H. -J. Lint, C. T. CuEN?, and L. H. Tjeng! — 'L
Physikalisches Institut, Universitdt zu Koln, Zilpicher Str. 77, 50937
Kéln, Germany — 2Department of Quantum Matter, ADSM, Hiroshima
University, Higashi-Hiroshima 739-8530, Japan — 3Chung Cheng Insti-
tute of Technology, National Defense University, Taoyuan 335, Taiwan —
4National Synchrotron Radiation Research Center, 101 Hsin-Ann Road,
Hsinchu 30077, Taiwan
Epitaxial Fe-doped MgO thin films at different doping levels from 1% to
30% have been successfully grown using Molecular Beam Epitaxy (MBE).
Fe L, 3 x-ray absorption spectra (XAS) of Fe-doped MgO at 1-2% Fe dop-
ing levels shows a striking narrow peak indicating that non-local effects
of inter-Fe-site fluctuations are strongly suppressed. The experimental
results in this impurity limit are well reproduced using FeOg cluster cal-
culations with Oj, symmetry, implying that the film is an excellent refer-
ence sample for a d° high spin state system. Moreover, this cluster model
simulates well the observed temperature dependence of the XAS spectra
caused by thermal population of the spin-orbit split initial states.

MA 24.7 Thu 11:45 HSZ 03

Antiferromagnetic centers in Fe;_;O, magnetite films — eIvo
KNITTEL!, JianpoNG WEIY, MICHAEL R. KOBLISCHKA!, YANG
Zuou?, Icor V. SHVETS?, and UWE HARTMANN? — !Department
of Experimental Physics, University of Saarbriicken, Saarbriicken,
Germany — 2SFI Nanoscience Laboratory, School of Physics, Trinity
College Dublin, Dublin 2, Ireland

Structures of magnetite (Fez_sO4) and many other ferrites contain
characteristic defects called anti-phase boundaries (APB) resulting from
the symmetry mismatch between substrate and ferrite. In magnetic films
containing APB, there is evidence of strong antiferromagnetic coupling
across the APB. These antiferromagnetic defects essentially determine
the magnetism and magnetoresistance of the films. However, direct
demonstration of the magnetic frustration at the APB was not achieved
so far. We report the first imaging of antiferromagnetic coupling across
APB. We employed epitaxial films of Fe3O4 grown on MgO(100) sub-
strates. By postprocessing, the magnetite films acquire a stripe domain
pattern. This is indicative of a low density of magnetically active APB.
As imaging tool we used a MFM in a variable magnetic field. By observ-
ing (rare) remagnetization events we demonstrate the presence of dipolar
centers resulting from the APB. Magnetization reversal of isolated and
interacting groups of dipolar centers is shown. The observed centers
are stable up to the maximum value of the applied fields. This work is
supported by the EU-funded project "ASPRINT".

MA 24.8 Thu 12:00 HSZ 03

Influence of the antiphase grain structure on the domain con-
figuration of Fe304 thin films — eJIANDONG WEI', Ivo KNIT-
TEL', YANG ZHOU?, SHANE MURPHY?, IGOR SHVETS?, and UWE
HARTMANN! Department of Experimental Physics,University of
Saarbriicken — 2SFI Nanoscience Laboratory,School of Physics, Trinity
College

A long-range ordered magnetic domain structure was found for the
first time in magnetite (Fe304) thin films prepared by molecular beam
epitaxy on MgO (100) substrates. The stripe-like magnetic domain struc-
ture arising after suitable postprocessing differs significantly from earlier
observations. The field-dependent domain structure was investigated by
magnetic force microscopy equipped with an in-situ magnetic field. The
results cannot be explained by the standard theory of stripe domains
based on mean-field magnetic parameters. The domain structure is deter-
mined by immobile pinning centers arising from the magnetite anti-phase
grain structure.

MA 24.9 Thu 12:15 HSZ 03

Antiferromagnetic centers in Fe3-xO4 magnetite films — eIvo
KNITTEL!, JIANDONG WEI', YANG ZHOU? IGOR SHVETS?, and UWE
HARTMANN! Department of Experimental Physics, University of
Saarbriicken, Saarbriicken, Germany — 2SFI Nanoscience Laboratory,
School of Physics, Trinity College Dublin, Dublin 2, Ireland

Defects in ferrite can change the local magnetic coupling from fer-
romagnetic to strongly antiferromagnetic. In epitaxial films of mag-
netite (Fe304), defects with this property, antiphase boundaries (APB),
essentially determine magnetic and magnetotransport properties. We
imaged antiferromagnetic dipolar centers in epitaxial slightly oxidized
Fe304/MgO films by magnetic force microscopy in external magnetic
field. Magnetization reversal of isolated and interacting groups of dipo-
lar centers is shown. The observed centers are stable up to the maximum
value of the applied fields.

MA 24.10 Thu 12:30 HSZ 03
Magnetic and Charge Ordering at Digital Perovskite Interfaces
— oRO0ssITZA PENTCHEVA! and WARREN E. PICKETT? — !Section
Crystallography, Dept. of Earth and Environmental Sciences, University
of Munich — 2Department of Physics, University of California, Davis,
U.S.A.

Local charge mismatch can lead to unexpected phenomena even at
the interfaces (IFs) of well understood ‘simple’ insulators: For example
Ohtomo and Hwang [1] measured a metallic high mobility character at
the n-type interface between the band-insulators LaAlO3 and SrTiOg,
while the p-type interface was found to be insulating. To explain these
experimental findings, we performed density-functional theory calcula-
tions employing the FP-LAPW-method within the WIEN2k implemen-
tation including a Hubbard-type on site Coulomb repulsion (DFT+U).
Although both bulk materials are nonmagnetic, at the n-type interface, a
charge and orbitally ordered (CO/OO) state is realized in the TiO-layer
with ferromagnetically coupled Ti**-ions and nonmagnetic Ti**-ions ar-
ranged in a checkerboard manner. We show that at an ideal defect-free
p-type IF only strong correlations in the oxygen 2p-bands can account for
the measured insulating behavior: A disproportionated, CO/OO mag-
netic oxygen hole is formed in the AlOs-layer. Other mechanisms for
charge accommodation such as ordered defects are also investigated.

[1] A. Ohtomo and H.Y. Hwang, Nature 423, 378 (2002).

MA 25 Spin-Electronics I

Time: Thursday 10:15-13:00

MA 25.1 Thu 10:15 HSZ 103
Magnetism of ultrathin GaMnAs films on GaAs — eMICHAL Ko-
SUTH, SVETLANA POLESYA, Voicu Popescu, and HUBERT EBERT —
Department Chemie und Biochemie / Physikalische Chemie, Universitét
Miinchen, Butenandstr. 5-13, D-81377 Miinchen, Germany
The electronic and magnetic properties of ultrathin GaMnAs layers on
GaAs have been studied using the fully-relativistic TB-KKR band struc-
ture method. We will present results of our theoretical investigations on
the dependence of the magnetic anisotropy energy on the thickness of
GaMnAs film, as well as on the concentration and on the position of Mn

Room: HSZ 103

atoms in the GaMnAs film. It is shown that, in line with previous exper-
imental findings, the occupation of interstitial positions by Mn leads to a
reduction of magnetisation and influences also the magnetic anisotropy.

In addition, we will show results on the temperature dependence of
magnetic properties of these systems, that have been obtained by Monte
Carlo simulations within a classical Heisenberg spin model on the basis
of exchange coupling parameters, calculated using the TB-KKR Green
function method.
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MA 25.2 Thu 10:30 HSZ 103

Magnetic properties and disorder effects in diluted magnetic
semiconductors — eLARS BERGQVIST"?, OLLE ERIKSSON?, JOSEF
KUDRNOVSKY?, VACLAV DRCHAL?>, ANDERS DBERGMAN?, LARS
NoORDSTROM?, and ILJA TUREK* — !Institut fiir Festkorperforschung,
Forschungszentrum Jiilich,Forschungszentrum Jiilich, D-52428 Jiilich,
Germany — 2Department of Physics, Uppsala University, Box 530,
S-75121 Uppsala, Sweden — ®Institute of Physics, Academy of Sciences
of the Czech Republic,Na Slovance 2, CZ-182 21 Prague 8, Czech
Republic 4Institute of Physics of Materials, Academy of Sciences of
the Czech Republic, Zizkova 22, CZ-616 62 Brno, Czech Republic

We present calculations of the exchange interactions and critical tem-
peratures for several diluted magnetic semiconductor systems with an
impurity band. It is shown that the exchange interactions are dominated
by short ranged interactions that have a strong directional dependence.
Using a combination of first principles calculations of the exchange inter-
actions together with Monte Carlo simulations of the classical Heisenberg
model, in which the positional disorder and spin fluctuations are properly
included, the calculated critical temperatures are in good agreement with
experimantal observations. It is showed that agreement between theory
and experiment, as regards ordering temperatures, is obtained only when
the magnetic atoms are randomly positioned in a simulation cell which
proves that disorder effects play a very important role. The effect of
strong electron-electron interaction has been studied by means of the
LSDA+U scheme. We investigate in detail the nature of the anisotropic
exchange interactions by means of a Fermi surface analysis.

MA 25.3 Thu 10:45 HSZ 103

Ferromagnetism in (GaV)As and (Zn,Co)O eBRAHIM
BELHADJI', PETER H. DEDERICHS!, KASUNORI SATO? VoICU
Poprescu®, and HUBERT EBERT® nstitut fuer Festkoerper-
forschung, Forschungszentrum juelich — 2The institute of Scientific
and Industrial Research, Osaka University, Osaka 567-0047, Japan
— 3Department Chemie/Physikalishe Chemie, University of Muenich,
Butenandtstr. 5-13, D-81377 Muenich

The exchange interactions in dilute magnetic semiconductors can take
very different forms. While in the model system (Ga,Mn)A s ferromag-
netism is favored by Zener’s p-d exchange, in systems with impurity
bands in the bandgap the situation is more complicated. If the Fermi
level lies in the impurity band, ferromagnetism is favored by Zener’s
double exchange. However if the F ermi level is outside the impurity
band, the interaction is determined by super-exchange, and is usually
antiferromagnetic, 1 ike e.g. in (Ga,Fe)As or (Cd,Mn)Te. However, in
constrast to this we find that in (Ga,V)As and (Zn,Co)O, where the
Fermi leve 1 lies between the eg and t2g states, that the interaction
is ferromagnetic. Our calculations are based on the local density ap-
proximation the Korringa-Kohn-Rostoker method in connection with the
Coherent-Potential-Approximation (KKR-CPA). For (Ga,V )As the cal-
culated coupling constants Jij between two V atoms are ferromagnetic,
short ranged and nearly independant of the V concentration. Due to the
short range the Curie temperature is strongly suppressed for small V con-
centrations. We discuss th e reason for the occurrance of ferromagnetic
super-exchange on these systems.

MA 25.4 Thu 11:00 HSZ 103

Low temperature ferromagnetism in Co-doped ZnO due to
hopping — eKARL-WILHELM NIELSEN!, MAIKE LUEBBE', SEBAS-
TIAN BAUER!, JUERGEN SIMON?, WERNER MADER?, SEBASTIAN
T. B. GOENNENWEIN!, MATTHIAS OPEL!, and RUDOLF GROSS! —
!"Walther-Meissner-Institut, Bayerische Akademie der Wissenschaften,
85748 Garching — ZInstitut fuer Anorganische Chemie, Universitaet
Bonn, 53177 Bonn

Transition-metal doped ZnO is a promising candidate for the
realization of a diluted magnetic semiconductor. According to a model
by Coey et al. [1], the ferromagnetism is mediated through an impurity
band and Curie temperatures above room temperature can be expected.
We have fabricated homoepitaxial Co-doped ZnO thin films on ZnO
substrates by pulsed laser deposition. The samples were grown in
Ar atmosphere at different substrate temperatures to obtain various
concentrations of oxygen vacancies. SQUID magnetometry and
magnetotransport measurements showed clear ferromagnetic behavior
below 50 K. Clusters as the source of ferromagnetism can be excluded
by transmission electron microscopy.
Our detailed magneto-transport measurements show that correlated
hopping in the oxygen vacancy band is essential for the ferromagnetic

coupling. We critically compare these findings with the model of Coey et
al. [1] and discuss the possibility of room temperature ferromagnetism.
This work is supported by the DFG via SPP 1157.

[1] J. M. D. Coey et al. Nature Materials 4 173 (2005).

MA 25.5 Thu 11:15 HSZ 103

Ferromagnetic Gd-implanted ZnO single crystals —
SHENGQIANG ZHOU!, K. POTZGER!, F. EICHHORN!, F. HERRMANN!,
D. GRAMBOLE', M. HELM!, W. Skorura', J. FASSBENDER!, T.
HERRMANNSDORFER?, and A. BIANCHI?> — lInstitute of Ion Beam
Physics and Materials Research, Forschungszentrum Rossendorf, P.O.
Box 510119, 01314 Dresden, Germany — 2Dresden High Magnetic Field
Laboratory, Forschungszentrum Rossendorf, P.O. Box 510119, 01314
Dresden, Germany

In order to introduce ferromagnetic properties, ZnO single crystals
have been implanted with Gd ions at 180 keV ion energy and two differ-
ent fluences. Magnetization reversal hysteresis loops have been recorded
using a superconducting quantum interference device. The virgin ZnO
shows a pure diamagnetic behaviour. Besides the diamagnetic back-
ground, weak ferromagnetism has been observed for the as-implanted
films. Post-implantation annealing greatly improved the magnetism. For
a fluence of 5x10°15 Gd/cm2, post implantation annealing at 820K in
vacuum leads to an increase of the saturation moment up to 1.8 Bohr
magneton per Gd at exactly 300 K thus excluding Gd, ZnGd or Gd203
secondary phases to be formed. The increase of the saturation moment
can be explained along with changes in resistivity due to the annealing
reported elsewhere. Moreover magnetic domains were observed up to
2 microns by atomic/magnetic force microscope, which again evidenced
the formation of diluted magnetic semiconductor. [1]K. Potzger et al,
submitted to J. Appl. Phys. (2005). [2]S. O. Kucheyev et al. J. Appl.
Phys. 93, 2972 (2003).

MA 25.6 Thu 11:30 HSZ 103

Magnetic, structural and electronic properties of Fe implanted
GaN — eGEORG TALUT, HELFRIED REUTHER, FRANK EICHHORN,
ARNDT MUCKLICH, and KAY POTZGER — Institute of Ion Beam
Physics and Material Research, Forschungszentrum Rossendorf e.V.,
Bautzner Landstrafie 128, 01314 Dresden

The request for room-temperature diluted magnetic semiconductors
resulted in a large interest in GaN containing transition metals. In con-
trast to the (Ga,Mn)N-system, the origin of the ferromagnetism in Fe
implanted GaN is still not sufficiently investigated. The formation of
secondary phases and valence states of Fe play an important role in the
discussion of the source of the ferromagnetism.

In this study, the electronic, structural and magnetic properties of p-
GaN implanted with Fe* (1 -16 - 101 ecm™2) at 350° C and subsequently
annealed at 650° - 1000° C were examined by conversion electron Moss-
bauer spectroscopy, x-ray diffraction, transmission electron microscopy
and magnetometry.

First experiments show ferromagnetic behaviour above room temper-
ature in samples implanted with the highest amount of Fe. First x-
ray diffraction and conversion electron Mossbauer spectroscopy measure-
ments reveal the creation of a-Fe-clusters which are most likely respon-
sible for the ferromagnetism.

MA 25.7 Thu 11:45 HSZ 103

Migration of Mn atoms by thermal treatment of ferromagnetic
Mn-implanted TiO, single crystals — eD. MENzEL', F. Iacomi?,
D. CacaiNa®, 1. Jursic!, and J. SCHOENES' — 'Institut fiir Physik
der Kondensierten Materie, TU Braunschweig, Germany — 2Al. 1. Cuza
University, Faculty of Physics, Iasi, Romania — ®Babes-Bolyai Univer-
sity, Faculty of Physics, Cluj-Napoca, Romania

Single crystalline rutile-type TiOy was doped with Mn using ion im-
plantation in order to prevent Mn clustering. The Mn doped TiOs-layer
orders ferromagnetically at room temperature. The magnetic moment of
the as implanted samples (0.3 pup per Mn) is reduced after an anneal-
ing process at 400°C but recovers after annealing at higher temperatures
reaching 0.4 pp per Mn which indicates an incorporation of Mn atoms on
substitutional sites. This interpretation is corroborated by shifts of XRD
peaks and changes in the peak intensities. ESR investigations show two
types of signals which do not depend on the orientation of the magnetic
field and correspond to isolated Mn?** (g = 1.98) and to Mn**—O-Mn?*
(g = 2.00). In addition, four lines are strongly dependent on the orien-
tation of the magnetic field and can be attributed to Mn**. The well-
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resolved structure of Mn** may be interpreted in terms of the hyperfine
interaction of the " Ti and “°Ti ions which occupy the nearest sites along
the crystalline c-axis.

MA 25.8 Thu 12:00 HSZ 103

Loss-Free Spin Injection From Co Into Organic Semiconductor
CuPc — e¢OLEKSIY ANDREYEV!, YONGLI GAO?, MARINA SANCHEZ-
ALBANEDA', MIRKO CINCHETTI', HUANJUN DING?, JAN-PETER
WUSTENBERG!, MICHAEL BAUER!, and MARTIN AESCHLIMANN!
Department of Physics, University of Kaiserslautern, 67663
Kaiserslautern, Germany — 2Department of Physics and Astronomy,
University of Rochester, Rochester, NY 14627-0171, USA
We present experimental evidence for loss-free spin injection of hot
electrons from ferromagnetic Co(001) surface into organic semiconduc-
tor copper phthalocyanine (CuPc). We used spin-resolved two-photon
photoemission (SR-2PPE) spectroscopy, which allows us to study the
dynamics of both electron and spin relaxation in solids and interfaces
with femtosecond time resolution. With SR-2PPE, we investigated the
energy distribution and spin polarization of hot electrons originally ex-
cited in Co and injected in CuPc, and observed an almost unchanged
spin polarization in comparison to that of the initial Co surface. This
demonstrates that interface spin scattering is insignificant. The loss-free
spin injection into CuPc suggests that it can be a promising material
for spin-based electronic devices. Moreover, we observed a surprising en-
hanced spin polarization induced by a submonolayer CuPc coverage on
the Co surface. This phenomenon is attributed to spin-dependent charge
transfer responsible for the bonding between CuPc admolecule and the
Co surface. We further investigated CuPc/Co junctions with intention-
ally enhanced interface roughness, and we found that the junction quality
did not affect the efficiency of the spin injection.

MA 25.9 Thu 12:15 HSZ 103

Magnetism and spin-polarization of half-metallic ferromagnets
at finite temperatures — eMARJANA LEZAIC, PHIVOS MAVROPOU-
LOS, JUsslI ENKOVAARA, GUSTAV BIHLMAYER, and STEFAN BLUGEL
— IFF, Forschungszentrum Jiilich, D-52425 Jiilich

Half-metallic ferromagnets (HMF) present a spin-polarization P of
100% at the Fermi level. At elevated temperatures, however, the spin-
polarization is reduced. We investigate the effect of temperature on the
band gap of HMF which contain more than one magnetic atom in the unit
cell, and describe the mechanisms which lead to the drop of polarization.

We use the full-potential linearized augmented plane-wave method [1]
to calculate the exchange constants of the Heisenberg model and apply
a Monte Carlo method to find the magnetization M (7T') and the Curie
temperature. Additionally, a mean-field like description of the system at
T > 0is obtained with the coherent-potential approximation to the disor-
dered local moment state calculated within the Korringa-Kohn-Rostoker
Green function method [2].

For multicomponent HMF we cannot confirm the proposed model
which assumes that P(T) ~ M(T) [3]. The presence of different mag-
netic components can lead to a drop of P at T' > 0 which is much faster
than the drop of M(T'). This effect can be drastic and depends largely
on the strength of the hybridization among the components. We describe
the effects of temperature in more detail for NiMnSb and Co,MnSi.

[1] http://www.flapw.de
[2] H. Akai and P. H. Dederichs, Phys. Rev. B 47, 8739 (1993)
[3] R. Skomski and P. A. Dowben, Europhys. Lett. 58, 544 (2002)

MA 25.10 Thu 12:30 HSZ 103

Spin-filtering through multiferroic BiMnOj3 tunnel barriers
— eMANUEL BIBES!, MARTIN GAJEK?, MARTIN SIRENA2, GERVASI
HERRANZ?, KARIM BOUZEHOUANE?, STEPHANE FUSIL?, MANUEL
VARELA?, JOSEP FONTCUBERTA®, AGNES BARTHELEMY?, and
ALBERT FERT? — !lInstitut d’Electronique Fondamentale, Univer-
sité Paris-Sud, 91405 Orsay, France — 2Unité Mixte de Physique
CNRS-Thales, Route départementale 128, 91767 Palaiseau, France
3Université d’Evry, rue du Pére Jarlan, 91025 Evry, France — *Dept. de
Fisica Aplicada i Optica, Universitat de Barcelona, Diagonal 647, 08028
Barcelona, Spain — °Institut de Ciéncia de Materials de Barcelona,
CSIC, Campus de la UAB, 08193 Bellaterra, Spain

We will present the properties of BiMnO3 (BMO) and Lag 1BigoMnOj3
(LBMO) epitaxial thin films grown onto conductive buffers like
Lag/3Sr1/3MnO3 (LSMO). Both BMO and LBMO films are ferromagnetic
and piezoresponse atomic-force microscopy also evidences their ferroelec-
tric character, thereby confirming their multiferroic nature. Remarkably,
these properties are preserved even for films a few nm thick that can
thus be used as multiferroic tunnel barriers. We will show that tunneling
from a Au electrode, through these ferromagnetic tunnel barriers, into a
collecting ferromagnetic counter-electrode of LSMO, results in large tun-
nel magnetoresistance (TMR), observed upon switching the magnetic
configuration of the barrier and LSMO magnetizations from parallel or
antiparallel. This demonstrates a spin-filtering effect by the BMO and
LBMO barriers. The possible influence of ferroelectricity on the tunnel
process will also be discussed.

MA 25.11 Thu 12:45 HSZ 103

Spin-dependent transport in hybrid ferromagnetic and non-
magnetic nanowires — ¢O. PosTH, M. BRANDS, and G. DuMPICH
— Experimentalphysik, Universitdt Duisburg-Essen (Campus Duisburg),
Lotharstr. 1, 47048 Duisburg

In this work the spinaccumulation effect and the spin relaxation length
in different nonmagnetic materials are determined. For this, polycrys-
talline nanowires are fabricated by means of high-resolution electron
beam lithography (HR-EBL) in combination with electron beam evapo-
ration and lift-off-technique. The measurements of the spinaccumulation
effect are performed in a nonlocal geometry at T = 4,2 K using cobalt as
ferromagnetic material and copper and aluminium as nonmagnetic ma-
terials.
To improve the quality of the interface between the cobalt-wire and the
nonmagnetic wire oblique evaporation is used. Thus, both the cobalt- and
the nonmagnetic wires are fabricated in one deposition-step. The spinac-
cumulation effect is detected in copper and aluminium and, assuming
known values for the polarization of the interface between the ferromag-
netic and the nonmagnetic material, an upper and a lower bound for
the spin relaxation length can be calculated. In copper a spin relaxation
length of 0,75 um < 1$* < 1,1 ym is found and the spin relaxation length
in aluminium is 1,0 pm < 14" < 1.4 pm.
This work is supported by the DFG within SFB 491.

MA 26 Electron Theory

Time: Thursday 10:15-13:15

MA 26.1 Thu 10:15 HSZ 401

Spin-polarised systems treated with a relativistic optimised po-
tential method. eD. KODDERITZSCH and H. EBERT — Ludwig-
Maximilians-Universitdt Miinchen, Department Chemie, Physikalische
Chemie, Germany

The optimised effective potential (OEP) method (OPM) opens a way
to explore orbital dependent exchange-correlation (xc) functionals (E,.)
within density-functional theory (DFT) in order to tailor new function-
als for, e. g. an improved description of spin-orbit induced orbital mag-
netism.
Here we present the first implementation of a spin-polarised fully rela-
tivistic OPM-method (ROPM) for open-shell systems. We have reformu-
lated the ROPM in terms of Green’s functions and sketch our subsequent
implementation within the framework of the KKR-scattering theory for

Room: HSZ 401

spin-polarised solids. We adopted and extended different approaches for
solving the ROEP-equation [1,2,3] and present first applications to open-
shell systems (free atoms) using exact exchange in our approximation for
E,.. Further we outline our route towards an implementation for mag-
netic solids including the random-phase approximation for the correlation
functional and make contact to current-DFT.

[1] J.D. Talman and W.F. Shadwick, Phys. Rev. A 14, 36 (1976).

[2] T.Kreibich et al., Phys. Rev A 57, 138 (1998).

[3] S.Kiimmel and J.P.Perdew, Phys. Rev Lett. 90, 43004 (2003).

MA 26.2 Thu 10:30 HSZ 401
Orbital magnetism of Co impurities in Au eMAHDI SAR-
GOLZAEI, INGO OPAHLE, MANUEL RICHTER, KLAUS KOEPERNIK, UL-
RIKE NITZSCHE, and HELMUT ESCHRIG — IFW Dresden, P.O. Box
270116, D-01171 Dresden, Germany
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The electronic structure of cobalt impurities inside gold has been calcu-
lated in the framework of local spin density approximation including two
dufferent variants of orbital polarization corrections [1,2]. Orbital and
spin magnetic moments have been evaluated using the relativistic ver-
sion of the full-potential local-orbital minimum-basis code. In agreement
with recent experimental and theoretical findings, the orbital moment
is considerably enhanced in comparison with Co metal. It is demon-
strated that lattice relaxation around the impurities reduces the orbital
moment by about 15%. Co in Au is also an example for systems with
high anisotropy energy and large orbital moment which compared to hep
Co are one order of magnitude larger.

1- O. Eriksson, B. Johansson, M. S. S. Brooks, J. Phys. Cond. Mat.
1, 4005 (1989).

2- H. Eschrig, M. Sargolzaei, K. Koepernik, M. Richter, Europhys.
Lett. 72, 611 (2005).

MA 26.3 Thu 10:45 HSZ 401

Fully relativistic one-step theory of ultraviolet (inverse) photoe-
mission for correlated systems: Application to ferromagnetic
Ni and Fe. — ¢JURGEN BRAUN, JAN MINAR, and HUBERT EBERT

Department Chemie/Phys. Chemie, Ludwig-Maximilians-Universitét
Miinchen, Butenandt Str. 11, 81377 Miinchen

An improved formulation of the one-step model of photoemission from
crystal surfaces is proposed which overcomes different limitations of the
original theory. Considering the electronic one-particle potential and
the many-body self-energy as given quantities, we derive an explicit ex-
pression for the spin-polarized photocurrent. The theory is formulated
within a fully relativistic framework for a general nonlocal and space-
filling, complex and energy-dependent self-energy which is based on a
self-consistent DET-DMFET calculation. Using the relativistic version of
the layer-dependent Korringa-Kohn-Rostocker (KKR) multiple scatter-
ing formalism, the theory applies to semi-infinite lattices with perfect
lateral translational invariance and arbitrary number of atoms per unit
cell. Here, we present a quantitative analysis of experimental photoemis-
sion data from ferromagnetic Ni and Fe.

MA 26.4 Thu 11:00 HSZ 401

Spontaneous magnetostriction in elemental ferromagnets inves-
tigated with a DLM approach — eULRIKE NITZSCHE, MANUEL
RicHTER, KLAUS KOEPERNIK, and HELMUT ESCHRIG — IFW Dres-
den, P.O. Box 270116, D-01171 Dresden, Germany

The large change of lattice parameters caused by magnetic order of
elemental hcp Gd was been a subject of intensive studies in the past. In
several ab-initio calculations the value of the spontaneous volume magne-
tostriction of Gd was overestimated by a factor of 2 to 4. An important
point is the modelling of the paramagnetic state of Gd above T charac-
terized by the non-vanishing fluctuating f-moments. Besides the usually
used method to model this state by a supercell with ordered antiferro-
magnetic spin configurations one can simulate the magnetic disorder in
the paramagnetic state by disordered local moments (DLM) within the
coherent potential approximation (CPA).
Up to now no comparison of both models has been published using the
same numerical method. Aim of this talk is to investigate the influ-
ence of the different models for the paramagnetic state on the value of
the spontaneous magnetostriction for the elemental ferromagnets Gd, Fe
and Ni. Additional contributions to the spontaneous magnetostriction
are discussed.

MA 26.5 Thu 11:15 HSZ 401

Giant magneto-crystalline anisotropies in transition-metal
monowires — eYURIY MOKROUSOV!? GUSTAV BIHLMAYER?,
STEFAN HEINZE!, and STEFAN BLUGEL? — l'Institute for Applied
Physics, University of Hamburg, 20355 Hamburg, Germany — 2Institut
fiir Festkorperforschung, Forschungszentrum Jiilich, D-52425 Jiilich,
Germany

We report on first-principles calculations of the magnetic properties of
freestanding 3d, 4d and 5d transition-metal (TM) monoatomic chains.
Our calculations were performed with the one-dimensional (1D) version
of the full-potential linearized augmented plane-wave (FLAPW) method,
as implemented in the FLEUR code [1]. The new 1D-FLAPW scheme is
extremely fast and allows a natural treatment of structures with 1D ge-
ometry. We investigate the origin of magnetism in TM monoatomic wires,
paying special attention to the influence of spin-orbit interaction on the
magnetic properties. We present equilibrium interatomic distances, spin-
and orbital moments and the values of the magneto-crystalline anisotropy

energy (MAE). Across the series the easy axis of magnetization oscillates
between two possible directions: perpendicular and along the wire axis.
The largest values of the MAE occur at the end of the series. Giant val-
ues of 30-100 meV /atom can be obtained upon stretching of 4d- and 5d-
TM wires. Certain chains change the magnetization direction upon wire
stretching, opening new perspectives in controlling the spin-dependent
ballistic conductance in these structures.

[1] Y. Mokrousov, G. Bihlmayer and S. Bliigel, Phys. Rev. B, 72,
045402 (2005)

MA 26.6 Thu 11:30 HSZ 401

Pressure induced magnetic collapse in ZrFe, predicted by theo-
ritical calculation — e WENXU ZHANG, KLAUS KOEPERNIK, ULRIKE
N1TZSCHE, and MANUEL RICHTER — IFW Dresden, P.O. Box 270016,
D-01171 Dresden,Germany

Electronic structure and magnetic properties of ZrFes with the cubic
Laves phase are investigated by scalar and full-relativistic full-potential
local-orbital minimum basis band structure calculations. The total mag-
netic moment of 3.06up is obtained at experimental lattice constant
( 7.064), which is a little larger than the one at equilibrium lattice
constant(2.65 at 6.854). The scenario of a localized 3d magnetic mo-
ment in negative diffusive sp background moment is in accordance with
previous results by P. Mohn. We predict a two steps magnetic collapse:
one is from 3.06pup to 1.26pp at about 3.6GPa, and the other is from
1pp to paramagnetic state at about 20 GPa. The magnetic moment(m)
decreases under the pressure at the vinicity of the experimental lattice
constant with dlnm/dp = —0.038GPa~!. The spantanous magnetostric-
tion is 0.015. The Invar effect in this alloy is suggested to relate to the
magnetic transition.

MA 26.7 Thu 11:45 HSZ 401

Exchange coupling and finite temperature magnetism in
chromium-chalcogenide compounds — eSERGEY MANKOVSKY!,
SVETLANA PoLESYA!, HUBERT EBERT!, WOLFGANG BENScH?, and
ZHONG-LE HUANG? — !'Dept. Chemie und Biochemie, Universitit
Miinchen, Butenandtstr. 5-13, D-81377 Miinchen, Germany —
2Institute for Anorganic Chemistry, Olshausenstr. 40, D-24098, Kiel,
Germany

Using the Korringa-Kohn-Rostoker (KKR) band structure method, a
detailed theoretical investigation of the electronic and magnetic proper-
ties of Cry4,Qz (Q=(Te-Se), x = 0.25-+1) alloys having a trigonal crystal
structure have been performed. The disorder in the system has been ac-
counted for by means of the Coherent Potential Approximation (CPA).
The influence of Cr content on structural and magnetic properties was
studied within the whole region of Te and Se concentrations. The sta-
bility of magnetic structures in these alloys have been studied both for
T = 0K and T # 0K. The temperature dependent magnetic proper-
ties have been performed using the Monte Carlo simulations based on
the Heisenberg model. The required exchange coupling parameters were
obtained from ab-initio electronic structure calculations. The detailed
analysis of our theoretical results have been done in comparison with the
experimental data.

MA 26.8 Thu 12:00 HSZ 401

Organic Antiferromagnets, Diluted Magnetic Semiconductors,
and Iron — Novel Features in the Magnetism in Correlated
Electrons e AVINASH SINGH — Department of Physics, Indian Insti-
tute of Technology Kanpur — Institute for Physics, Humboldt University
at Berlin

There has been renewed interest in correlated electron systems
on triangular lattices, as evidenced by recent studies of antiferro-
magnetism, superconductivity and metal-insulator transition in the
organic systems x — (BEDT — TTF),X, the discovery of "water
superconductors” Na,CoOq.yHy0O, the observation of low-temperature in-
sulating phases in some v/3-adlayer structures such as K on Si[111], and
quasi two-dimensional 120° spin ordering and spin-wave excitations in
RbFe(MoO,), and the multiferroic material HoMnOjz. The discovery of
ferromagnetism in Mn-doped I1I-V semiconductors such as Ga;_,Mn,As,
has led to considerable interest in these diluted magnetic semiconductors
(DMS) in view of their potential applications such as optical isolators,
magnetic sensors, non-volatile memories seamlessly integrated into semi-
conductor circuits etc. and the possibility of studying new magnetic
cooperative phenomena such as spin-dependent tunneling, magnetoresis-
tance, spin-dependent light emission etc. in semiconductor heterostruc-
tures arising from the new (spin) degrees of freedom. I will describe
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some novel features in the magnetism of these materials of current inter-
est, and also discuss recent progress in our understanding of the classic
strong-coupling problem of a band ferromagnet such as iron.

MA 26.9 Thu 12:15 HSZ 401

Electronic structure of REFAuMg and REAgMg (RE = Eu,
Gd, Yb) — eJAN GEGNER!, T.C. KoeTHE!, Huva Wu!, H. HART-
MANN!, T. Lorenz!, T. FICKENSCHER?, R. POTTGEN?, and L.H.
TJENG! — I. Physikalisches Institut der Universitit zu Koln, Ger-
many — 2Institut fiir Anorganische und Analytische Chemie, Westfilische
Wilhelms-Universitéit Miinster, Germany

We have investigated the electronic structure of the equiatomic Eu-
AuMg, GdAuMg, YbAuMg and GdAgMg intermetallics using x-ray pho-
toelectron spectroscopy. The spectra revealed that the Yb and Eu are
divalent while the Gd is trivalent. The spectral weight in the vicinity of
the Fermi level is in all cases dominated by the mix of Mg s, Au/Ag sp
and RE spd bands, and not by the RE 4f. We also found that the Au
and Ag d bands are extraordinarily narrow, as if the noble metal atoms
were impurities submerged in a low density sp metal host. The experi-
mental results were compared with band structure calculations, and we
found good agreement provided that the spin-orbit interaction in the Au
an Ag d bands is included and correlation effects in the open 4f shells
are accounted for using the LDA+U scheme. Nevertheless, limitations of
such mean-field scheme to explain excitation spectra are also evident.

MA 26.10 Thu 12:30 HSZ 401

Calculated de Haas-van Alphen frequencies of NpCoGa; —
oINGO OPAHLE!, SAAD ELGAZZAR!, VITO D.P. SERVEDIO?, MANUEL
RicHTER!, and PETER M. OPPENEER® — 'IFW Dresden, P.O. Box
270116, D-01171 Dresden, Germany — 2Dip. di Fisica, Univ. di Roma
”La Sapienza”, 00185 Roma, Italy — ®Department of Physics, Uppsala
University, Box 530, S-751 21 Uppsala, Sweden

The electronic structure and magnetic properties of NpCoGas are in-
vestigated in the framework of relativistic density functional theory in
the local spin density approximation (LSDA) with and without orbital
polarization (OP) corrections. A detailed analysis of the Fermi surface
is presented. Comparison of the calculated angular dependence of the de
Haas-van Alphen frequencies with recent experimental data shows that
LSDA reproduces the main features of the Fermi surface topology, while
the spin and orbital moments of NpCoGas are less well described. The
inclusion of OP corrections leads to a very good agreement between cal-
culated and measured de Haas-van Alphen frequencies, but does not yield
a significant improvement of the calculated magnetic properties. We pre-
dict that NpCoGas shows an intrinsic GMR effect at moderate magnetic
field.

MA 26.11 Thu 12:45 HSZ 401

Accounting for correlation effects in the calculation of the
spin-orbit induced properties of magnetic transition metals
— eSTANISLAV CHADOV!, JAN MINAR', HUBERT EBERT', LEONID
POUROVSKII?, MICHAEL KATSNELSON?, and ALEXANDER LICHTEN-
STEIN® — !Department Chemie und Biochemie, Physikalische Chemie,
Universitdt Miinchen, Butenandtstr. 5-13, D-81377 Miinchen, Germany
— 2Institute for Molecules and Materials, Radboud University of Ni-
jmegen, NL-6525 ED Nijmegen, The Netherlands — *Institut fiir Theo-
retische Physik, Universitdt Hamburg, 20355 Hamburg, Germany

Recently we proposed a charge- and self-energy- self-consistent com-
putational scheme on the basis of the Korringa-Kohn-Rostoker (KKR)
multiple scattering theory including many-body effects described by the
dynamical mean field theory (DMFT). It was successfully applied to mod-
erately correlated systems, showing the importance to account for the
electronic correlations in the calculation of a wide range of their spectro-
scopic properties (Fano effect, spin-resolved VB-XPS, magneto-optical
spectra).

Here we present an extention of the scheme allowing one to consider the
influence of electronic correlations on the spin-orbit induced properties by
taking into account spin polarization as well as spin-orbit coupling in the
many-body solver. The latter is important for systems pocessing both
localized and itinerant features as the interplay of relativistic effects and
electron-electron correlations makes the calculation of the corresponding
electronic properties quite complicated. First results of investigations on
3d transition metals will be presented.

MA 26.12 Thu 13:00 HSZ 401

Electronic structure and Fermi Surfaces of Transuranium* Cop-
mounds U$M$Ga$_5% ($M=8Pd and Pt)* compounds — eSAAD
ELcAazzAR, INGO OPAHLE, and MANUEL RICHTER — IFW Dresden,
P.O. Box 270116, D-01171 Dresden, Germany

We report a critical analysis of the electronic structures and de Haas-
van Alphen (dHvA) quantities of the heavy-fermion UPdGa$ 5% and
UPtGa3.5 §. The electronic structures are investigated {\it ab initio}
on the basis of full-potential band-structure calculations, adopting the
fully relativistic formulations in the framework of the local spin-density
approximation (LSDA) with and without orbital polarization (OP) cor-
rections. The calculated calculated dHvA quantities are in good agree-
ment with experimental data for both compounds recently published
\cite{Tkeda}

\bibitem{Ikeda} S. Ikeda, {\em et al.}, JPSJ, {\bf 74} (2005) pp.2277-
2281.
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MA 27.1 Thu 10:15 HSZ 403

Time-resolved photoelectron emission microscopy after
optical ps-excitation — eKLAUS SCHMALBUCH!, REzZA GHADIMI,
BERND BESCHOTEN!, GERNOT GUNTHERODT!, JORG RAABE?, and
CHRISTOPH QUITMANN? — 'II. Physikalisches Institut, RWTH Aachen
and Virtual Institute of Spin Electronics VISel, Templergraben 55,
52056 Aachen, Germany — 2Swiss Light Source, Paul-Scherrer-Institut,
5232 Villigen, Switzerland

In the last years photoelectron emission microscopy (PEEM) has been
established as a powerful technique to image magnetic domains in mag-
netic nano-structures with high spatial resolution (<100 nm).

For studies of ultrafast magnetization dynamics such as precessional
switching we have realized a novel time-resolved PEEM setup. A ps-
laser pulse either causes an ultrafast excitation of a non-equilibrium car-
rier population or can act as a heating pulse. The resulting precessional
dynamics can be probed by time-resolved PEEM using magnetic circu-
lar dichroism. The main experimental achievements are: (1) temporal
overlap between the laser pump pulse and the synchrotron probe pulse
and (2) spatial overlap of both, controlled by laser-induced 2-photon-
photoemission. First time-resolved experiments have been performed on
GaAs at room temperature. This method promises to monitor magneti-
zation dynamics in exchange coupled magnetic multilayer systems.

Supported by DFG-SPP 1133 and by HGF

Room: HSZ 403

MA 27.2 Thu 10:30 HSZ 403

Ultraslow femtosecond relaxation observed for high excitation
power — eMARKUS MUNZENBERG, MARIJA DJORDJEVIC, and GER-
RIT EILERS — IV. Phys. Inst., University of Goéttingen

All-optical pump probe experiments give a unique insight into high
nonequilibrium femtosecond timescale. A micromagnetic model using
the OOMMF simulation code (NIST) is developed, to explain the sig-
nificant increase of the relaxation times observed for high pump fluences
larger 30 mJ/cm?. After the restoration of the local spin magnetization,
small random few nanometer sized domains are formed with an aver-
age net magnetization of zero. If the magnetization below the disturbed
region remains unaffected by the pump pulse, the energy is dissipated
by the emission of spin waves an decreases the restoration time of the
magnetization. The effect is analogous to the increased non local Gilbert
damping by the emission of spin waves that was found in earlier in-
vestigation of our group in the spot geometry. The investigation and
understanding of these effects is of strong importance for the application
of thermally-assisted writing in the new generation of hard disc heads.
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MA 27.3 Thu 10:45 HSZ 403

Spin-Wave Eigenmodes of Landau-Domain Patterns —
eMARKUS Borre!, Guipo MEIER!, and CHRISTIAN BAYER? —
University of Hamburg, Institute of Applied Physics, Jungiusstr.
11, 20355 Hamburg, Germany 2Fachbereich Physik und Schw-
erpunktprogramm  MINAS Technische  Universitat —Kaiserslautern,
Erwin-Schrodinger-Strafle 56, 67663 Kaiserslautern, Germany

We present micromagnetic simulations of the spin-wave spectra in
Landau-domain patterns. Ultra-short field pulses of various spatial sym-
metries are used to excite distinct spin-wave eigenmodes. The frequencies
as well as the symmetry of the mode patterns depend on the symmetry
of the exciting torque. The latter is determined by the symmetries of the
field pulse and the magnetic ground state. Landau-domain patterns have
collective excitations, i.e., the spin-wave modes cannot be considered for
each domain individually. We find transversal modes as well as longi-
tudinal modes as observed experimentally.[1,2] From the mode profiles
an effective dispersion relation is deduced which resembles the dispersion
relation for infinitely extended thin films. 3]

[1] K. Perzlmaier, et al., Phys. Rev. Lett. 94, 057202 (2005). [2] M.
Bolte, G. Meier, and C. Bayer, submitted (2005). [3] B. A. Kalinikos, A.
N. Slavin, J. Phys. C 19, 7013 (1986).

MA 27.4 Thu 11:00 HSZ 403

Magnon decay in gapped quantum spin systems — eOLEKSIY
KOLEZHUK and SUBIR SACHDEV — Physics Dept., Harvard University,
Cambridge MA 02138, USA

In the O(3) o-model description of gapped spin systems, S = 1
magnons can only decay into three lower energy magnons. We show
that the symmetry of the quantum spin Hamiltonian often allows decay
into two magnons, and compute this decay rate in model systems. It
is argued that two-magnon decay is present in Haldane gap S = 1 spin
chains, even though it cannot be induced by any allowed term written in
powers and gradients of the o-model field. We compare our results with
recent measurements of Stone et al. on a two-dimensional spin system
(C4H12N3)CuyClg (known as PHCC).

MA 27.5 Thu 11:15 HSZ 403

SPIN STATE BLOCKADE AT METAL-INSULATOR PHASE
TRANSITION IN LAYERED COBALTITES RBaC0,055 RA-
MAN STUDIES — eYURII PASHKEVICH!, VLADIMIR GNEZDILOV?,
PETER LEMMENS?, CLAUDIA AMBROSCH-DRAXL?, KARINA LA-
MONOVA!, ALEXANDER GUSEV!, KWANG-YONG CHOI’, SERGEI
BARILO®, SERGEI SHIRYAEV®, and GEORGII BYcHKOV® — 'A. A.
Galkin Donetsk Phystech NASU, 83114 Donetsk, Ukraine — 2B. L.
Verkin Institut for Low Temperature Physics NASU, 61164 Kharkov,
Ukraine 3Institut fiir Physik d. Kondensierten Materie, D-38106
Braunschweig, Germany — “Institut fiir Theoretische Physik, Univer-
sitdt Graz, A-8010 Graz, Austria SInstitute for Material Research,
Tohoku University, Katahira 2-1-1 Sendai 980-8577, Japan — SInstitute
of Physics of Solids & Semiconductors, ASB, 220072 Minsk, Belarus

Using Raman spectroscopy and ab-initio lattice dynamic calculations
we uncover the structure of spin states below Th,;=350 K in single crys-
talline RBaCo02055 (R=Gd, Eu). In GdBaCo050;5 we observe the G-
type of high spin (HS) and intermediate spin (IS) state order of Co-
octahedral sites which placed in ac-plane, while pyramidal sites remains
in IS states all the way up to 400 K. We show that this type of spin state
order strongly suppresses carrier’s motion and lead to the anisotropy of
resistivity. Below 200 K we observe the gap opening between HS and IS
states in XZ-spectra (this gap equals to 55 em™" at 5 K).

MA 27.6 Thu 11:30 HSZ 403

Spin-wave eigenmodes of an infinite thin film withperiodically
modulated exchange bias field — eB. HILLEBRANDS', C. BAYER!,
M.P. KosTYLEV!, and S.O. DEMOKRITOV? — !Fachbereich Physik
and Forschungsschwerpunkt MINAS, TUKaiserslautern, Germany
2Institut fiir AngewandtePhysik, Westfilische Wilhelms-Universitit
Miinster,Germany

We propose a method to modify the spin-wave spectrum of a techno-
logically relevant exchange bias bilayer system. It is based on a periodical
suppression of the exchange bias field on the micrometer scale which in-
duces a superlattice in the internal field. This periodic modification can
experimentally be realized by focussed ion beam [1]. We will calculate
semi-analytically the spin-wave eigenmodes and -frequencies of such a
superlattice. The calculation method is based on the Green’s function

approach and on Bloch’s theorem. We identify two different kinds of
eigenmodes of this system. The first kind are propagating spin waves
which have a band gap at the edge of the Brillouin zone. The second one
are localized within the wells of the internal field and are nearly disper-
sion free. We further show that, by choosing an appropriate periodicity of
the superlattice, the band gaps can be introduced at desired frequencies
and so this system corresponds to a one-dimensional magnonic crystal.
The proposed method might be of real practical interest for applications
as it tailors the spin wave frequencies in thin films without a change in
the topography. This work was supported by the EC projects ULTRA-
SWITCH and NEXBIAS and by the DFG.

[1] K. Potzger, et al., IEEE Trans. Magn. 41, 10 (2005).

MA 27.7 Thu 11:45 HSZ 403

Magnetization Dynamics of the Ferrimagnet CoGd near
the compensation point — eMICHAEL BINDER!, ALEXANDER
WEBER!, INGO NEUDECKER!', GEORG WOLTERSDORF!, OLEKSANDR
MoseNDZz?, JAN-U. THIELE?, MICHAEL R. SCHEINFEIN?, and
CHRISTIAN H. BAck! — MUniversitit Regensburg, Universitétsstr. 31,
93040 Regensburg — 2Simon Fraser University, 8888 University Drive,
V5A 186 Burnaby BC, Canada — 3San Jose Research Center, Hitachi
Global Storage Technologies, 650 Harry Road, San Jose, CA 95120

Transition metal (TM)- Rare Earth (RE) - ferrimagnets are interesting
systems to study magnetization dynamics. When the antiferromagnetic
coupling between the two sublattices is strong, as it is the case for CoGd,
there exist two transition temperature points, the compensation temper-
ature Tiopmp, where Mgqg = —Mc,, and the angular momentum compen-
sation temperature 77, where (M/v)ga = (M/7)co- These temperatures
are sensitive to the concentration. For CoGd the room temperature con-
centration is about 78% Co. According to a simple mean field model for
the coupled sub-lattices, the effective damping parameter a,ss and the
effective frequency w increase quickly at 77,. This total response can be
measured using ferromagnetic resonance methods (FMR). However, one
can also use laser pump/probe experiments which couple predominantly
to the TM lattice. We present measurements on various samples. TR-
MOKE and FMR were used to address the Co-subsystem and the whole
ferromagnetic system. In FMR we find the expected increase of a. sy and
w at the compensation point, while TR-MOKE measurements seem to
indicate that the rate of energy loss remains nearly constant.

MA 27.8 Thu 12:00 HSZ 403

Phase control of spin wave parametric interaction — eA. SERGA!,
M. KosTYLEV!, T. SCHNEIDER!, B. HILLEBRANDS!, and A. SLAVIN?
— IFachbereich Physik, TU Kaiserslautern, 67663 Kaiserslautern —
2Department of Physics, Oakland University, Rochester, MI, USA

Phase sensitive clipping of microwave pulses passed through a paramet-
ric non-adiabatic spin wave amplifier driven by pumping pulses of double
frequency is discovered. It was known that intensive amplification of the
input signal by any spin wave parametric amplifier takes place only for a
short time interval immediately after the pumping pulse is switched on.
After that, the signal is partially or fully suppressed due to the inter-
action with thermal spin waves excited by long-acting pumping. It was
found that in non-adiabatic amplifier, where the pumping localization
length is comparable to the signal carrier wavelength, the level of this
suppression can be controlled in a wide range by changing the phase of
pumping relative to the phase of the input signal. The phase control is
possible because the influence of the parasitic thermal spin waves reveals
itself mainly in misphasing between the signal spin wave and the pumping
due to local decrease of magnitude of the static magnetization. Brillouin
light scattering observation demonstrates that the parasitic waves are
generated near the bottom of the spin wave spectrum apparently due
to a kinetic instability of parametrically excited spin waves at half the
pump frequency.

Financial support by the DFG under Hi380/13 is acknowledged.

MA 27.9 Thu 12:15 HSZ 403

Phase-sensitive Brillouin light scattering spectroscopy — eT.
SCHNEIDER!, A. SERGA!, B. HILLEBRANDS!, and S. DEMOKRITOV?
— 1Fachbereich Physik, TU Kaiserslautern, 67663 Kaiserslautern —
2Institut fiir Angewandte Physik, Westfilische Wilhems-Universitiit,
Miinster

We report on the first implementation of phase sensitivity into Bril-
louin light scattering (BLS) spectroscopy. Combined with a time- and
space-resolved BLS setup this allows for access to quantities such as the
phase profile and the wave front of spin wave packets and beams. In order
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to access phase information, interference between the light inelastically
scattered by the spin wave under investigation and a frequency shifted
coherent reference beam was used. Designing an optical interferometer
setup, mechanical and thermal stability is of paramount importance to
yield reliable phase information. We have solved the problem of stability
by spatially combining the optical reference and the signal beam along
one single axis. To achieve the necessary frequency shift of the refer-
ence light, a microwave electro-optical resonance modulator based on a
Lithium Niobate single crystal was constructed. As this modulator is
driven by the same microwave source that is used for the excitation of
the spin waves, coherency between the frequency shifted and the inelasti-
cally scattered light guaranteed. The measurements of dipolar dominated
spin waves in ferrite films clear demonstrate a phase structure of the spin
wave packets. Phase fronts are clearly visible. The measured values of
the wavelength corresponds well with the calculated one.
Financial support by the DFG is acknowledged.

MA 27.10 Thu 12:30 HSZ 403

Thermal Switching Behaviour of Superparamagnetic Nanois-
lands: SP-STM on Fe/W(110) — ¢STEFAN KRAUSE, LUlS BERBIL-
BauTisTA, MATTHIAS BODE, and ROLAND WIESENDANGER — Insti-
tute of Applied Physics, University of Hamburg, Jungiusstrale 11, 20335
Hamburg

Spin-polarized scanning tunneling microscopy (SP-STM) is a well-
established tool to reveal the static magnetic structure of surfaces at
spatial resolution down to the atomic scale. Recently it has been shown
that SP-STM can also be applied to investigate the dynamic switch-
ing processes in real time and real space, e.g. the thermal switching
behaviour of individual superparamagnetic nanoislands [1]. While the
experiments of Ref. [1] were performed only for a very limited temper-
ature range, we have now used a home-built variable-temperature STM
for detailed temperature-dependent investigations. This allows a criti-
cal examination of the predictions on the temperature-dependence of the
switching rate made by the so-called Néel-Brown law. This theory pre-

dicts an Arrhenius-like behaviour for nanoparticles which are coherently
magnetized even during the switching process.

Our sample consists of in-plane magnetized uniaxial Fe monolayer is-
lands on W(110). For islands with an area of about 20 nm? we find a
blocking temperature of about 45 K. The high stability of our exper-
imental setup allows the observation of the same islands over a wide
temperature range. The experimental data will be discussed in terms of
the particle’s anisotropy barrier and the attempt frequency.

[1] M. Bode et al., Phys. Rev. Lett. 92, 067201 (2004).

MA 27.11 Thu 12:45 HSZ 403

Dynamic magnetization behavior of nanocrystalline tape wound
cores — eSYBILLE FLOHRER!, RUDOLF SCHAFER!, JEFFREY McC-
Corb!, STEFAN RoTH!, GISELHER HERZER?, and LUDWIG SCcHULTZ!
— FW Dresden, Institut fiir Metallische Werkstoffe, 01069 Dresden —
2Vacuumschmelze GmbH & Co. KG, 63450 Hanau

The so-called excess loss is an important component of dynamic mag-
netization losses. It originates from localized eddy currents around mov-
ing domain walls. Therefore, observation of the dynamic magnetization
process together with simultaneous loss measurement provides a useful
tool to investigate excess loss. Stroboscopic Kerr-microscopy observa-
tions and loss measurements on nanocrystalline Fe;3Cu; NbsSijgB; tape
wound cores with different strength and direction of induced anisotropy
are presented. In cores with an induced anisotropy along the field di-
rection, the correlation between excess loss, strength of the anisotropy,
and measured domain wall velocity on the surface is studied. The rele-
vance of the observed surface magnetization process for the core volume
is discussed. Cores with an induced anisotropy transverse to the field
direction should ideally show homogeneous magnetization rotation, pre-
venting excess loss. However, besides homogeneous rotation, inhomoge-
neous rotations, wall displacement processes and domain nucleation are
observed in the nanocrystalline cores, being responsible for a significant
excess loss.

MA 28 Invited Talks Brune / Moritz

Time: Thursday 14:00-15:00

Invited Talk MA 28.1 Thu 14:00 HSZ 03

Surprises in the Magnetism of Surface Supported Nanostruc-
tures — eHARALD BRUNE — EPFL, CH-1015 Lausanne

We use self-assembly during atomic beam epitaxy to create two-
dimensional metallic islands with sizes from a few thousands of atoms
down to the single atom limit. We show how the magnetic proper-
ties, such as anisotropy energy, spin- and orbital moments, as well
as spin-polarization, evolve as function of size. Measurements with
Magneto-Optical Kerr Effect (MOKE), X-ray Magnetic Circular Dichro-
ism (XMCD), and STM reveal a giant increase in anisotropy with re-
duced coordination. As a consequence, the low-coordinated atoms are
at the origin of magnetic anisotropy in nanostructures on single crystal
surfaces. We present model systems exploring the ultimate density limit
of magnetic information storage. They are characterized by uni-axial
out-of-plane magnetization, narrow anisotropy distributions, and the ab-
sence of dipolar interactions. Spin-polarized STM measurements show
up to 850% tunnel magnetoresitance (TMR) and 80% spin-polarization
on single domain islands.

Invited Talk MA 28.2 Thu 14:30 HSZ 03

Discrete media made from pre-patterned wafers: a promising
route towards ultra high density magnetic recording — ¢JEROME
MORITZ, MOHAMED ASBAHI, VINCENT BALTZ, BERNARD ROD-
MACQ, JEAN-PIERRE NOZIERES, and BERNARD DIENY — SPINTEC,
URA 2512 CEA/CNRS, Grenoble, France

Room: HSZ 03

Patterned media have been proposed as a route to increase the areal
density in magnetic storage devices towards 1 Thit/in2 because they al-
low circumventing the super-paramagnetic limit, which is expected to
appear in conventional media at densities 300 GB/in2. Pre-patterned
media are prepared by classical lithography or nanoimprinting at the
Silicon wafer level, followed by magnetron sputtering of Co/Pt multilay-
ers. A bit binary value (0 or 1) is associated with the orientation of the
magnetization carried by each dot. It is also possible to stack several
layers with different coercive properties on top of the dots and to obtain
2°N stable states (N being the number of layers). An octet could then be
coded on only one dot for instance, which leads to a drastic increase in the
information density. The recording performances have been studied by
using a quasi-static tester equipped with commercial write/read heads.
The pulse width of the write field was varied from 1 s down to 1 nanosec-
ond. The possibility of high data transfer rates was demonstrated. The
signal to noise ratio of the readback signal is competitive with classi-
cal continuous media especially at small bit length. The improvements
in nanoimprint lithography make this approach based on pre-patterned
wafers promising for future ultrahigh density hard disk drives.
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MA 29 Magnetic Thin Films IV

Time: Thursday 15:15-18:15

MA 29.1 Thu 15:15 HSZ 03
Critical Thickness and Critical Field of magnetic multilay-
ered structures — eHARTMUT HAFERMANN! and MIKHAIL 1. KAT-
SNELSON? — 1. Institut fiir Theoretische Physik, Universitit Ham-
burg, JungiusstraBe 9, 20355 Hamburg — 2University of Nijmegen, To-
ernooiveld 1, NL 6525 ED Nijmegen, The Netherlands

For magnetic thin films and multilayers the phase transition from the
homogeneous magnetization to the domain structure occurs at a critical
thickness. For supercritical films, the phase transition occurs at a critical
field applied in the film plane.

By investigating the stability conditions of a linearized Landau-Lifshitz
torque equation, we are able to calculate numerically the critical thick-
ness and critcal field for magnetic multilayered structures, consisting of
alternating magnetic layers or magnetic and nonmagnetic layers. In ad-
dition we obtain information on the spin wave dispersion relation as well
as the domain structure and domain period close to the phase transition.

We studied the influence of volume and surface anisotropies as well as
interlayer exchange coupling between magnetic and across nonmagnetic
spacer layers on the critical thickness and the critical field.

MA 29.2 Thu 15:30 HSZ 03

Magnetic coupling in Gd/Ni-layered films — eALEXANDER
BARTH!, FRANK TREUBEL!, JACEK JAWORSKI?>, MARTA MARSZA-
LEK?, MANFRED ALBRECHT', and GUNTER SCHATZ' — !'Universitt
Konstanz, Fachbereich Physik, Konstanz — 2The H. Niewodniczanski
Institute of Nuclear Physics, Krakau

In this study the magnetic interaction of the rare earth metal Gadolin-
ium and the transition metal Nickel was examined. In the first approach
the materials were deposited under UHV conditions onto sapphire and
silicon nitride substrates. In order to investigate the coupling mechanism
of the two layers the Nickel thickness was varied. Then measurements
by SQUID and XMCD were used to resolve magnetic properties. The
structure was examined by XRD and MEED and the composition dur-
ing evaporation by AUGER-spectroscopy. Due to the huge size of the
Gd-atoms and their thereby low mobility on the substrate surface the
layer grows amorphous from the first monolayer on. In order to sup-
press interdiffusion with the Ni-layer the sample was cooled to -175°C.
But still a strong tendency to intermixing could be observed on sapphire
but not on the silicon nitride. The system shows a variety of magnetic
coupling phenomena between the two layers with a strong temperature
dependence due to an amorphous Gd/Ni-alloy forming inbetween.

MA 29.3 Thu 15:45 HSZ 03

Exchange-coupled Sm-Co trilayer systems — eKATRIN HAFNER,
Ayt PATRA, VOLKER NEU, STEFFEN OSwWALD, and LubwiaG
ScHuLTZ — IFW Dresden, P.O. Box: 270116, 01171 Dresden, Germany

Exchange-coupled Sm-Co trilayers have been prepared by pulsed
laser deposition on Cr buffered MgO(110) substrates at elevated tem-
perature.  Soft magnetic layers of Fe and Fe-Co were sandwiched
between two hard magnetic Sm-Co layers of 25 nm thickness and
their influence on the magnetic properties was investigated. Film ar-
chitecture, texture and magnetic properties of the films have been
investigated by x-ray photo electron spectroscopy, pole figure mea-
surements and vibrating sample magnetometry.  The texture in-
vestigations show that the Sm-Co/Fe/Sm-Co and Sm-Co/Fe-Co/Sm-
Co trilayers grow epitaxially throughout the whole layer stack with
the following relationship: Sm-Co(100)[001]|| Fe/Fe-Co(211)[01-1]||Sm-
Co(100)[001]|Cr(211)[01-1]||MgO(110)[001]. By varying the soft layer
thickness d, the magnetic behaviour of the trilayer changes from a com-
pletely coupled system with high coercivity of 1.5 T for ds = 5 nm to a
partially coupled regime with coercivities decreasing down to 0.8 T for
ds= 15 nm. The epitaxial growth of Sm-Co/Fe-Co/Sm-Co trilayers has
been observed for the first time and is a very promising approach for fully
coupled, remanence enhanced permanent magnet multilayers.

MA 29.4 Thu 16:00 HSZ 03

Coexistence of collinear and non-collinear magnetic domains in

an [Er|Tb] superlattice — eJORG VOI1GT, EMMANUEL KENTZINGER,

ULLRICH RUCKER, AMITESH PAUL, and THOMAS BRUCKEL — Institut
fiir Festkorperforschung, Forschungszentrum Jiilich, 52425 Jiilich

The off-specular neutron scattering from an [Er|Tb] superlattice re-

Room: HSZ 03

veals the correlation length of co-existing magnetic structures. From
wide angle neutron diffraction, the phase diagram has been deduced ear-
lier, showing commensurate und incommensurate correlations in the same
temperature range 7' < 60 K [1]. Polarized neutrons allow to distinguish
between collinear ferromagnetic correlations and non-collinear helical cor-
relations. We have studied the formation of the different domains as a
function of magnetic field, temperature and magneto-thermal history of
the sample.

[1] J.Voigt et al.,Europhys. Lett., 65 (4) , pp. 560-566 (2004)

MA 29.5 Thu 16:15 HSZ 03

New magnetic order in Fe/Fe-oxide superlattices — eoTH.
DieDERICH!, R. ROHLSBERGER!, S. STANKOV?, and R. RUFFER? —
Deutsches Elektronen Synchrotron DESY, Notkestr.85, 22607 Hamburg
— 2European Synchrotron Radiation Facility ESRF, B.P. 220, 38042
Grenoble Cedex, France

We have studied the magnetic structure of multilayer systems consist-
ing of Fe and native Fe-oxide. The Fe layers have been produced by
magnetron sputtering. Native oxide layers on the Fe were prepared by
subsequent dosage of oxygen into the chamber. The samples have been
prepared in an UHV system and were analysed in-situ by Nuclear Res-
onant Scattering (NRS). Ultrathin layers of *"Fe are used to probe the
magnetic structure of the Fe and the Fe-oxide layers with very high spa-
tial resolution. Surface oxide layers coupled to the metallic Fe appeared
to be nonmagnetic at room temperature. After deposition of another Fe
layer one observes a ferromagnetically ordered component in the Fe-oxide
layer that increases with growing thickness of the iron capping layer. This
results in a relatively high magnetization of these buried oxide layers [1].
In an Fe/5"Fe-oxide superlattice we discovered a new type of interlayer
coupling that results in superstructure Bragg peaks of the nuclear reso-
nant reflectivity [2]. These observations point to an antiferromagnetically
ordered spin arrangement within the lattice of Fe-oxide layers.
(1] G.S.D. Beach et al. Phys. Rev. Lett. 91, 267201 (2003).
[2] Th. Diederich, R. Rohlsberger et al., to be published.

MA 29.6 Thu 16:30 HSZ 03

Effect of hydrogen on the magnetism in Fe/V superlattices —
¢ARNDT REMHOF!, GREGOR NOWAK!, ALEXEI NEFEDOV!, MATTS
BJORK?, MARTIN PARNASTE?, BJORGVIN HJORVARSSON?, and HART-
MUT ZABEL! — !Institut fiir Experimentalphysik / Festkorperphysik,
Ruhr-Universitit Bochum, Germany — 2Department of Physics, Upp-
sala University, Sweden

We report on the increase of the Fe magnetic moment within Fe/V
superlattices upon H-uptake. At the Fe/V interface of pristine, ferro-
magnetically coupled Fe/V superlattices the V atoms acquire a magnetic
moment, antiparallel aligned to the Fe moments [1]. Upon hydrogen
loading the saturation magnetization was found to increase [2]. We em-
ployed element specific X-ray resonant magnetic scattering to investi-
gate the response of the Fe and the V moments separately. An epitax-
ial [Fe(2ML)/V(16ML)]x30 superlattice was employed, ensuring a high
number of V neighbors of each Fe atom. The soft x-ray measurements
were carried out using the ALICE diffractometer at BESSY II in Berlin,
Germany. The data clearly show a strong increase of the Fe moment
upon H-loading. No change of the magnetic asymmetry at the V edge
could be recognized. Our measurements confirm nicely the theoretical
model by Uzdin et al. [3], predicting an increase of the Fe moment and
a stable V moment in H loaded Fe/V superlattices.
This project founded by the DFG under contract no. RE 2203/1-1.
[1] A. Scherz et. al. Phys. Rev. B 68, 140401(R) (2003).
[2] D. Labergerie, et al. J. Magn. Magn. Mater. 225, 373 (2001).
[3] V. Uzdin, et al., Phys. Rev. B 68, 214407 (2003).

MA 29.7 Thu 16:45 HSZ 03

Synthetic metamagnetism: reorientation effects and multido-
main states in perpendicular antiferromagnetic superlattices

eU.K. ROSSLER and A.N. BoGDANOV — IFW Dresden, P.O. Box
270116, D-01171 Dresden, Germany

Recently synthesized antiferromagnetically coupled multilayers with
strong perpendicular magnetic anisotropy, like [CoPt]/Ru, [CoPt]/NiO,
Co/Ir, or Fe/Au, represent a new class of magnetic materials. These
synthetic metamagnets are characterized by a cascade of metamagnetic
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phase transitions, extended regions of metastable states and complex
multidomain structures [1,2]. Within a phenomenological theory, we
have classified and analyzed the wide variability of magnetic field-driven
reorientation transitions and accompanying multidomain states in these
synthetic metamagnets. In contrast to other bulk and nanomagnetic
systems, the magnetic states are determined by a close competition
between antiferromagnetic interlayer exchange and dipolar couplings.
The theory of this phenomenon allows to explain the unusual switching
processes and specific transformation of the domain patterns observed
in these synthetic metamagnets.

(1] O. Hellwig et al., Nature Mater. 2 (2003) 112. [2] U. K. Réfller, A.
N. Bogdanov, JMMM 269 (2004) L287.

MA 29.8 Thu 17:00 HSZ 03

Comparison of sputter-techniques for Co/Pt-multilayer-growth
— eH. StiLLricH', S. PUTTER', D. LoTrT?, R. FROMTER!, A.
SCHREYER?, and H.P. OEPEN! — !Institut fiir Angewandte Physik,
Universitdt Hamburg, Jungiusstr. 11, 20355 Hamburg, Germany
2GKSS-Forschungszentrum Geesthacht, Institut fiir Werkstoffforschung,
Max-Planck-Str., 21502 Geesthacht, Germany

Co/Pt-Multilayers are well known to show high perpendicular mag-
netic anisotropy (PMA) and magneto-optic response. Therefore there
has been great interest in this system over the last decades. In general
these films are grown either by MBE or by magnetron sputtering.

In the work presented here ECR-sputtering was used as growth process
to guarantee kinetic growth conditions. The films reported in this study
show high quality Pt(111)-texture which is crucial for high perpendicular
surface anisotropies. The films show PMA for Pt-buffer-layers as thin as
4nm and Co-layers from 0.4 to 0.7 nm.

We have investigated the magnetic, magneto-optic and structural prop-
erties from single Co-layers to Co-multilayers. The magnetic properties
are studied by magneto-optic Kerr effect (MOKE) and scanning electron
microscopy with polarization analysis (SEMPA). Structural analysis was
carried out by x-ray diffraction and reflectometry. The films grown by
ECR-sputtering show interface intermixing and the surface anisotropy
is reduced compared to MBE or magnetron sputtered films. For com-
parison we have also grown Co/Pt-films by magnetron sputtering. The
influence of the growth technique on film properties is discussed.

MA 29.9 Thu 17:15 HSZ 03

Electrodeposition and magnetic properties of multilayered
Fe-Pt films — eKARIN LEISTNER, HEIKE SCHLORB, SEBASTIAN
FAHLER, and LUDWIG SCHULTZ — IFW Dresden

The L1y FePt phase exhibits a very high magnetocrystalline anisotropy
and a high saturation magnetisation. These properties make FePt films
suitable for micromagnets in micro electromechanical systems. There,
films with thicknesses in the pm range are needed which could be eco-
nomically produced by electrodeposition. Up to now homogeneous FePt
films have been deposited potentiostatically. During post annealing in
hydrogen, the L1, phase is formed and coercivities up to 1.1 T have
been achieved [1]. However, oxygen is incorporated into the films during
electrodeposition and cannot be fully removed during annealing. Oxide
impurities are thus limiting the remanence. Less oxygen is incorporated
when depositing the single elements. It has been shown that by alternat-
ing the deposition potential, Fe/Pt multilayers with a significantly lower
oxygen content can be obtained. Annealing of these multilayers leads to
complete intermixing and the formation of the L1y phase. Coercivities
as high as 1 T are obtained.

[1] K. Leistner, H. Schlorb, J. Thomas, M. Weisheit, S. Fahler, L.
Schultz, APL 85(16), 3498 (2004)

MA 29.10 Thu 17:30 HSZ 03

On the temperature driven reorientation in Au/Co/Au: the
influence of the structure — eE. HOLUB-KRAPPE', A. HAHLIN?,
H. MALETTA!, C. ANDERSSON?, O. KAaARis?, J. HUNTER DUNN?,
and D. ARvVANITIS? — 'Hahn-Meitner-Institut, Berlin, Germany —
2Department of Physics, Uppsala University, Sweden — 3MAX-lab, Lund
University, Sweden

We present X-ray Magnetic Circular Dichoism (XMCD) results to char-
acterize the Spin Reorientation Transition (SRT) in ex-situ prepared epi-
taxial Au/Co sandwich structures [1]. The Co thickness is kept 1.9 nm,
the Au cap thickness is 2 nm. The temperature is varied between 170
K and 300K. The in-plane response is characterized by element specific
hysteresis loops taken in the resonant reflectivity mode. Below 200K
only an out-of-plane remanence is stable. At 300K the out-of-plane re-
manence decreases to zero. Between 200 and 300K both an in- as well as
an out-of-plane remanence can be stabilized. A canted magnetization is
excluded using angle dependent XMCD. The same values are found for
the in- and out-of-plane spin moment. In contrast, the orbital moment
exhibits a variation between the in-and out-of-plane phases. In the tran-
sition region the in- and out-of-plane remanence correspond to different
values of the orbital moment. The SRT has been linked to the strong
temperature dependence of the Co/Au interface anisotropy constants.
Our results highlight the importance of structural modifications to the
temperature induced SRT.

[1] R. Sellmann, H. Fritzsche, H. Maletta et al. Phys. Rev. B 64, 054418
(2001)

MA 29.11 Thu 17:45 HSZ 03

Magnetic domains and spin structure in single-crystalline
NiMn/Co bilayers on Cu(001) — eCARSTEN TIEG!, RADU
ABRUDAN"?, MATTHIAS BERNIEN?, WOLFGANG KucH?, and JURGEN
KIRSCHNER! — !Max-Planck-Institut  fiir ~Mikrostrukturphysik,
Weinberg 2, 06120 Halle 2Freie Universitdt Berlin, Institut fiir
Experimentalphysik, Arnimallee 14, 14195 Berlin

The magnetic domain structure in epitaxial single-crystalline bilayers
of antiferromagnetic NiMn and ferromagnetic Co on Cu(001) was studied
by photoelectron emission microscopy using the element selective x-ray
magnetic circular dichroism as a contrast mechanism. We observed that
the Co domain structure changes from a large domain configuration into
a small domain configuration as the thickness of the NiMn layer exceeds a
critical thickness of 8-10 monolayer (ML) at T' = 300 K. The occurrence
of small domains in the Co layer is attributed to the magnetic phase
transition in the NiMn layer from para- to antiferromagnetic (AFM).
The spin structure of NiMn deposited on magnetically saturated Co was
investigated by x-ray magnetic linear dichroism (XMLD) spectroscopy.
A non-vanishing XMLD signal was found at the Mn L3 absorption edge
obtained from a 20 ML NiMn/6 ML Co/Cu(001) sample. This indicates
a certain degree of collinearity of the Mn moments in the NiMn layer.
The angular dependence of the XMLD signal suggests a non-bulk-like
AFM spin structure of NiMn. The XMLD spectra can be explained by
a small twist of the bulk AFM spin axes towards the Co magnetisation
direction.

MA 29.12 Thu 18:00 HSZ 03

Magnetoelastic waves in multilayered structures — eZUKHRA
GAREYEVA — IMCP,prospect Octyabrya 151, Ufa , Russia

The presented paper reports investigation of dynamic properties of
magnetoelastic and elastic waves in confined layered structure represent-
ing a system made of magnetostrictive thin films deposited on nonmag-
netic substrates. Application area of such structures is wide and encoun-
ters sensors and actuators for bulk and microelectromechanical devices,
devices for delay lines, angular motion, torque generation, magnetic la-
bels etc. In this article we draw attention to frequencies of vibrations in-
duced by variable magnetic field in composed films-substrate system and
peculiarities of their behavior under the change of intrinsic and external
parameters. We show dispersion law of composite system differs from the
case of thin magnetic film. It reveals in peculiarities of dimensional res-
onant frequencies behaviour. Results of investigation are expected to be
important both from theoretical and practical point of views: to predict
behaviour of magnetostrictive systems subjected to magnetic dynamic
loads, to determine elastic and magnetoelastic properties of materials
from dynamic experiments, to control dimensional resonances frequen-
cies in composite oscillator devices, to contribute to the laminated plate
theory.
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MA 30 Spin-Electronics I1

Time: Thursday 15:15-16:15

MA 30.1 Thu 15:15 HSZ 103

Spin-resolved photoemission studies at the Fe(001)/MgO
interface — eMARTINA MULLER, FRANK MATTHES, and CLAUS M.
SCHNEIDER — Institut fiir Festkorperforschung, Forschungszentrum
Jiilich

The epitaxial system Fe(001)/MgO/Fe represents one of the most
interesting materials for studying the tunnel magnetoresistance effect
(TMR). In order to explain discrepancies between experimental results
and theoretical predictions for the height of TMR, our experiments fo-
cus on the properties of the interface between Fe(001)/MgO since its
electronic structure strongly determines the interfacial coupling. We
performed spin-resolved photoemission experiments at the Synchrotron
DELTA (Dortmund) studying the Fe (3d) valence bands covered with
an ultrathin MgO layer. The samples were produced by molecular beam
epitaxy and characterized in-situ by Auger spectroscopy and low energy
electron diffraction. The systematic variation of either oxidation and
layer thickness of the on-top MgO covering reveals different processes: A
spin dependent attenuation of the Fe (3d) minority channel is observed
for varying MgO thickness whereas electrons of both spin directions are
involved in the change of electronic structure when passing from an oxidic
to a more metallic MgO capping layer. The analysis of the Fe spin po-
larization completes the investigations by uncovering the spin dependent
bonding conditions at the Fe(001)/MgO interface.

MA 30.2 Thu 15:30 HSZ 103

Spin-dependent tunneling through antiferromagnets:
Mn/Fe(001) — ePETER BoOSE', JURGEN HENK?, ARTHUR
ERNST2, INGRID MERTIG!, and PATRICK BRUNO? — !Martin-Luther-
Universitdt, FB Physik, FG Theoretische Physik, 06099 Halle/S.,
Germany 2MPI fiir Mikrostrukturphysik, Abteilung Theorie, 06120
Halle/S., Germany

The size of the tunnel magnetoresistance (TMR) of a magnetic tunnel
junction (MTJ) which includes an antiferromagnet (AFM) film is a pri-
ori not clear. On one hand, a large TMR can be expected due to the
large spin polarization in the leads. On the other hand, the TMR is de-
termined essentially by interface properties, suggesting a small TMR due
to the interfaces of the antiferromagnet. Recent spin-resolved scanning
tunneling microscopy (SR-STM) experiments [1] proved that the latter
is true for layer-wise AFM Mn films on Fe(001) [2], hence stressing the
importance of interface properties.

While model calculations corroborate the experimental findings [1],
there appears need for sophisticated first-principles tunneling calcula-
tions, the latter being reported on in this contribution. The spin-
dependent conductance of Fe/Mn/vacuum/Fe MTJs is computed within
Landauer-Biittiker theory applying multiple-scattering theory (layer-
KKR). By this means, the origin of the experimentally observed TMR
is unequivocally determined. Further, the role of surfaces states which
provide a contrast mechanism in SR-STM is investigated.

Room: HSZ 103

[1] U. Schlickum et al, submitted to Phys. Rev. Lett.
[2] A. Ernst, J. Henk, R.K. Thapa, J. Phys.: Cond. Matt. 17 (2005),
3269.

MA 30.3 Thu 15:45 HSZ 103

Large room temperature TMR effect in tunnel junctions based
on magnetite — eANDREA BOGER, EDWIN MENZEL, SULEMAN
QURESHI, DANIEL REISINGER, WOLFGANG KAISER, SEBASTIAN T. B.
GOENNENWEIN, MATTHIAS OPEL, and RUDOLF GROSS — Walther-
Meissner-Institut, Bayerische Akademie der Wissenschaften, Walther-
Meissner-Str. 8, 85748 Garching

To realize magnetic tunnel junctions with high tunneling magnetoresis-
tance (TMR) at room temperature, the ferromagnet magnetite (FezOy)
is attractive. The Curie temperature T¢ is 860 K, and it has been pre-
dicted to be a half-metal [1].
To experimentally determine the spin polarization, we have investigated
properties of magnetic tunnel junctions (MTJs) with Fe3Oy4 as the bot-
tem electrode, fabricated by pulsed laser deposition. Ni or Co served as
counter electrodes, and AlO, as the tunnel barrier.
The MTJs were patterned in different shapes and areas. Measurements of
magnetotransport and dc magnetization were done between 150 K and
350 K. They show ideal switching behavior and match to each other.
TMR effects up to 20 % for Fe30,/Al0,/Co and 11 % for Fe304/Al0, /Ni
could be reached at 300 K. From this follows a spin polarization of about
44% for Fe3Oy4. In addition, the temperature and voltage dependence
of the TMR has been studied. We also observed a large geometrically
enhanced TMR of more than 1000 % at 300 K, which is due to an inho-
mogeneous current distribution in the MT/Js.
This work is supported by the BMBF project 13N8279.
[1] Z. Zhang, and S. Satpathy, Phys. Rev. B 44, 13319 (1991).

MA 30.4 Thu 16:00 HSZ 103

Tunnel junctions with the Heusler-electrode Co,CrjsFey Al —
eMARTIN JOURDAN, ANDRES CONCA, CHRISTIAN HERBORT, ANNA
GERKEN, and HERMANN ADRIAN — Institut fiir Physik, Johannes
Gutenberg Universitat, 55099 Mainz, Germany

Due to the theoretically predicted half-metallicity of the Heusler com-
pound CoyCrggFeg4Al tunneling junctions employing this material as
electrodes promise huge magnetoresistance effects. However, the control
and understanding of the influence of the interface and tunneling barrier
properties on the tunneling magnetoresistance (TMR) poses a challenge.
Recently we were able to prepare well ordered (B2 structure) epitax-
ial thin films of CoyCrggFegsAl which serve as a base electrode of
CoCrg gFeq 4Al-AlO,-Co-CoO junctions. The dependence of the TMR-
effect on the deposition temperature of the Heusler-electrode and the
parameters of barrier preparation is presented. The electrode-barrier in-
terface is characterized by in situ STM and RHEED as well as TEM. The
relation between the bulk properties of the CoyCrg gFeg 4Al electrode and
the tunneling magnetoresistance of the junctions is investigated.

MA 31 Magnetic Measuring Techniques

Time: Thursday 16:15-17:00

MA 31.1 Thu 16:15 HSZ 103

GMI effect and anisotropy in soft magnetically coated wires —
eJ. VELLEUER!, A.G. MuN0z?, H. YAKABCHUK!, C. SCHIEFER!, A.
HackL!, and E. KISKER! — !Institut fiir Angewandte Physik, Heinrich-
Heine Universitd Diisseldorf, 40225 Diisseldorf — ?Dept. of Mat. Sci.,
LKO, University of Erlangen-Nuremberg, 91058 Erlangen

The impedance of soft magnetic microwires strongly depends on an
external magnetic field (GMI). Here, we investigate the GMI effect of
Cu wires coated with a soft magnetic layer. The layer thickness and the
annealing conditions are varied. Depending on these parameters a GMI
effect of up to 1100% was observed.

In order to gain further knowledge about the magnetic anisotropy in
these wires -besides the GMI effect- the Procopiu effect was also investi-
gated. The Procopiu effect (also known as the inverse Wiedemann effect)
manifests itself in the occurrence of an AC voltage on a solenoid wrapped
around the wire, when an AC current is flowing through the wire and an
external magnetic field is applied.

Room: HSZ 103

MA 31.2 Thu 16:30 HSZ 103

Extracting the intrinsic switching field distribution in perpen-
dicular media: a comparative analysis — eMICHAEL WINKL-
HOFERY? and GERGELY ZIMANYI' — 'Physics Departement, UC Davis,
CA, USA — 2Geophysics Section, LMU, Munich

The quality of recording media depends crucially on the intrinsic
(microscopic) switching-field distribution (SFD) of the media particles,
which determines both magnetic stability and attainable recording den-
sity. We introduce a new method based on the first-order-reversal-curve
(FORC) diagram to extract the SFD of perpendicular recording media
(PRM). To demonstrate the viability of the method, we micromagnet-
ically simulated FORCs (recoil loops) for PRM with known SFD and
compare the extracted SFD with the SFD obtained by means of two
different methods that are based on recoil loops, too, which however
rely on mean-field approximations and assumptions on the shape of
the SFD. The FORC method turns out to be the most accurate algo-
rithm over the technologically relevant range of magnetic quality factors
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(Q = 2K/(1ugM?)), where the other methods overestimate the width of
the SFD [1]. Moreover, the FORC method directly renders the shape
of the SFD, without having to make a priori assumptions on its shape,
and allows one to test if and to what degree the underlying assumption
model of square hysterons is met.

[1] Winklhofer M., Zimanyi G.T., cond-mat /0509074

MA 31.3 Thu 16:45 HSZ 103

Theoretical contributions to the analysis of XMCD spectra —
eFABIAN DORFLER!, CHRISTOS KOSTOGLOU!, MATEJ KOMELJ?, and
MANFRED FAHNLE! — 'MPI Metallforschung, Heisenbergstr. 3, D-
70569 Stuttgart — 2Josef Stefan Institute, Jamova 39, SI-1000 Ljubliana,
Slovenia

MA 32 Magnetic

Time: Thursday 15:15-18:45

MA 32.1 Thu 15:15 HSZ 401

The Mackay transition in Fe clusters — ¢ GEORG ROLLMANN, AL-
FRED HUCHT, MARKUS E. GRUNER, and PETER ENTEL — Theoretical
Low-Temperature Physics, University of Duisburg-Essen, Lotharstr. 1,
Campus 47048 Duisburg, Germany

Icosahedral (Ih) structures are commonly observed in small clusters
and even nanoparticles consisting of, e.g., rare-gas or transition-metal
atoms. Their particular stability compared to corresponding cuboctahe-
dral (CO), fee-like packings is often related to their lower surface energy.
However, due to the presence of internal strain, they become unfavorable
for larger particles, and therefore a crossover from Ih to CO geometries
is expected to occur with increasing particle size. Both packings can be
transformed into one another via the Mackay transition [1].

We have investigated the potential energy surfaces of Fe clusters
with closed atomic shells within density functional theory in the
generalized gradient approximation allowing for full relaxation of the
atoms. For Fej3, the CO geometry is not stable with respect to a
Mackay transformation, resulting in an Ih ground state. However,
in the case of Fes;, the lowest-energy isomer found is neither Th nor
CO, but has a CO-like core and an Th shell. We also find these shell-
wise transformed structures to be especially stable for larger Fe particles.

[1] A. Mackay, Acta Crystallogr. 15, 916 (1962)

MA 32.2 Thu 15:30 HSZ 401

Influence of temperature on the magnetic properties of clusters
— eSVETLANA POLESYA!, SVEN BORNEMANN', JAN MINAR!, VoIicu
PopPEscu', ONDREJ SIPR2, and HUBERT EBERT' — 'LMU Miinchen,
Dept. Physikalische Chemie, Miinchen, Germany — 2Institute of Physics
Acad. of Science, Prague, Czech Republic

We investigate the temperature-dependence of the magnetisation of
free Fe clusters and of supported Co clusters on Pt(111) and on Au(111).
Electronic and magnetic properties of these systems at T=0 K are cal-
culated ab-initio via a scalar-relativistic multiple-scattering formalism.
Exchange coupling parameters are then obtained from zero-temperature
results and employed for describing magnetic excitations at finite tem-
peratures within a classical Heisenberg Hamiltonian. In that way, one
can interconnect ground-state and finite-temperature properties. The
mean magnetisation and magnetic profiles of clusters was evaluated by
the Monte Carlo method. We show how the magnetic profiles of clusters
change if the temperature is varied and how the dependence of mean clus-
ter magnetisation on the cluster size is influenced by the temperature.
In particular it turns out that for small clusters the critical temperature
in general does not increase monotonously with the cluster size.

MA 32.3 Thu 15:45 HSZ 401
Magnetic and spectroscopic properties of Ru and Mo clusters
deposited on Fe(001) and Ni(001) — eSVEN BORNEMANN!, JAN
MINAR!, WILFRIED WURTH?, and HUBERT EBERT! — !Department
Chemie, LMU Miinchen — 2Institut fiir Experimentalphysik, Universitit
Hamburg
The fully relativistic spin-polarized KKR method has been used to
study the magnetic and spectroscopic properties of small Ru and Mo
clusters deposited on Fe(001) as well as Ni(001). For both substrates the
results for the XMCD spectra and their connection with the spin- and
orbital moments will be discussed on the basis of the so-called sum rules.

In the first part of the talk we will discuss under what circumstances
the so called ground state moments, introduced by van der Laan [1] for
atomic multiplet configurations, can be obtained also for atoms in a solid
from the shape of the measured XMCD spectra. Starting from an iso-
lated atom in a very strong crystal field, we will comment on the ground
state moment analysis of XMCD spectra in solids suggested by Goering
et al. [2].

In the second part of the talk the influence of the mixing of the 2p;/, and
2p3/2 core levels by the crystal field or by the exchange field experienced
by the core electrons is discussed, with special emphasis on the system
CI‘OQA

(1] G. van der Laan, Phys. Rev. B 55, 8086 (1997)

[2] E. Goering et al., Appl. Phys. A 78, 855 (2004)

Particles / Clusters

Room: HSZ 401

In line with recent X-ray absorption experiments a pronounced XMCD
signal is found for the M, 3-edge of the Ru dimer on Fe(001). However,
for a single Ru adatom no XMCD signal is found in the experiment, while
theory predicts a dichroic signal and a magnetic moment of 0.84 up for a
single Ru adatom on a Fe(001) surface. In order to understand this con-
tradiction with experiment we also simulated a stepped surface and an
incorporation of Ru into the substrate. As it will show, this geometrical
situations lead to a strong change in the magnetic moment compared to
that of an isolated adatom.

MA 32.4 Thu 16:00 HSZ 401

Magnetic spin and orbital moments of mass-filtered Fe
nanoparticles deposited on Co/W(110) — eARMIN KLEIBERT!,
JoacHiM BANSMANN?, and KARL-HEINZ MEIWES-BROER! —
nstitut fiir Physik, Universitit Rostock, Universitiitsplatz 3, D-18051
Rostock — 2Abteilung Oberflichenchemie und Katalyse, Universitiit
Ulm, Albert-Einstein-Allee 47, D-89069 Ulm

In this contribution we focus on the magnetic spin and orbital moments
of large Fe nanoparticles with diameters between 6-10nm (i.e. 15.000-
50.000 atoms per cluster) deposited on ultrathin Co films on W(110). The
moments have been obtained from in situ measurements of the XMCD
(X-ray magnetic circular dichroism) via TEY (total electron yield) and
are corrected for self-saturation effects. HRTEM (high resolution trans-
mission electron microscopy) images yield structural and morphological
properties of the Fe nanoparticles. The particles show bulk-like magnetic
spin moments being nearly independent of the particle size. However,
the orbital moments are strongly enhanced when compared to the bulk
and exhibit a pronounced increase when reducing the size of the par-
ticles. Analysing the data reveals that the enhancement of the orbital
moments is most probably not restricted to the surface of the particles.
Thus, even the inner parts of the particles may possess properties being
different from the bulk. As possible mechanisms we suggest size- and
shape-dependent surface strain as well as surface relaxations, both being
able to modify the crystal lattice as well as the symmetry. Moreover, we
expect a significant influence of the substrate on the properties of the
particles.

MA 32.5 Thu 16:15 HSZ 401

Magnetic moments of mass-selected FeCo alloy clusters on
Ni(111)/W(110) — eR.K. GEBHARDT!, A. KLEIBERT?, J. BANS-
MANN2? F. Burut!, K.-H. MEIWES-BROER?, and M. GETZLAFF!
— Unstitute of Applied Physics, University of Diisseldorf, Germany —
2Institute of Physics, University of Rostock, Germany — 3Institute of
Surface Chemistry, University of Ulm, Germany

FeCo-alloys yield the highest magnetic moments of all binary 3d-
transition metal alloys, such as FesoCoso about 2,5 uB (Slater-Pauling-
curve). We prepared FessCoyq clusters (5 - 6 nm diameter) using the
arc cluster ion source (ACIS) working in a continuous mode. The clus-
ters were mass-selected by an electrostatic quadrupole deflector and
subsequently deposited on Ni(111)/W(110). We present X-ray absorp-
tion measurements recorded under different angles. The investigation of
the X-ray magnetic circular dichroism (XMCD) allows us to determine
element-specifically the magnetic spin- and orbital moments. Measure-
ments of the magnetic moments of larger clusters (7,5 nm diameter) are
in a good agreement with the theoretically expected values in the solid
[1,2]. Furthermore, the absorption measurements permit an estimation of
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the stoichiometry. Comparison of the angle-dependent absorption spec-
tra gives indication of the cluster shape. The relation between size and
magnetic properties will be discussed.

[1] J. Bansmann and A. Kleibert, Appl. Phys. A 80 (2005) 957

(2] M. Getzlaff et al., Appl. Phys. A 82 (2006) 95

MA 32.6 Thu 16:30 HSZ 401

Superferromagnetic domains in granular multilayers observed
by X-PEEM and transmission x-ray microscopy — eS. BE-
DANTA', T. EIMULLER?, P. FiscHER?, W. KLEEMANN!, D.- H. Kim3,
E. AMALADASS?, S. CARDOSO®, and P. P. FREITAS® — !Universitit
Duisburg-Essen, D-47048 Duisburg, Germany — 2Ruhr-Universitit
Bochum, D-44780 Bochum, Germany — ®Lawrence Berkeley National
Laboratory, Berkeley CA 94720, USA 4Max-Planck-Institut fur
Metallforschung, 70569 Stuttgart, Germany — °INESC, Rua Alves
Redol 9-1, 1000 Lisbon, Portugal

Due to interparticle interactions, a collective superferromagnetic
domain state is encountered in non-percolated granular multilayers
[CogoFezo(t)/AlyO3(3nm)]1g, where ¢, represents the nominal thickness
of CoFe [1-3]. Based on x-ray magnetic circular dichroic element-specific
contrast, photoemission electron microscopy (X-PEEM) and trans-
mission soft x-ray microscopy (XM-1), both at ALS, Berkeley, proved
successful to image superferromagnetic domains at different external
applied fields. Stripe domains stretched along the easy in-plane axis,
but exhibiting irregular walls and hole-like internal structures (”domains
in domains”) are revealed by X-PEEM on a sample with ¢, = 1.3nm.
More compact domains with a few pm in size were imaged by XM-1
on a sample with ¢, = 1.6nm. Their growth was recorded during
magnetization reversal under near-coercive magnetic fields.
(1] W. Kleemann et al., Phys. Rev. B 63, 134423 (2001).
(2] X. Chen et al., Phys. Rev. Lett. 89, 137203 (2002).
(3] S. Bedanta et al., Phys. Rev. B 72, 024419 (2005).

MA 32.7 Thu 16:45 HSZ 401

Preparation and characterisation of L10-FePt nanoparticles in
the gas phase. — eOLGA DMITRIEVA, GUNTER DUMPICH, JOCHEN
KASTNER, and MEHMET ACET — Experimentalphysik, AG Farle, Uni-
versitdt Duisburg-Essen, 47048 Duisburg

FePt nanoparticles with sizes between 5-10 nm are prepared by inert
gas condensation using DC sputtering and subsequent flight-annealing
through a furnace set to temperatures in the range 600°C 1200°C. Mor-
phology and structure of the obtained nanoparticles depend on the nu-
cleation pressure and annealing temperature. The process at a nucle-
ation pressure of 0.5 mbar yields multiply twinned icosahedral parti-
cles, whereas at 1.0 mbar, polycrystalline nanoparticles are observed.
The desired chemically ordered L10-phase with high magneto-crystalline
anisotropy in some particles was detected using high resolution trans-
mission electron microscopy (HRTEM). With the addition of nitrogen
to the sputtering gas, the formation of the icosahedral structure is sup-
pressed, predominantly single crystalline L10-ordered nanoparticles are
formed. To verify the incorporation of nitrogen into the atomic structure,
we use electron energy loss spectroscopy (EELS) and X-Ray absorption
spectroscopy (XAS). Work supported by DPG (SFB445).

MA 32.8 Thu 17:00 HSZ 401

Enhanced orbital magnetism in oxide-free FePt nanoparticles

oC. ANTONIAK!, K. FAUTH?? H.-G. BoYEN?, U. WIEDWALD?, F.
WILHELM®, A. ROGALEV®, M. SpAasovA!, J. LINDNER!, M. AcET!,
and M. FARLE! — !Fachbereich Pysik, Universitit Duisburg-Essen,
Lotharstr. 1, D-47048 Duisburg — 2MPI fiir Metallforschung, Heisen-
bergstr. 3, D-70689 Stuttgart — 3Experimentelle Physik IV, Universitit
Wiirzburg, Am Hubland, D-97074 Wiirzburg — *Abteilung Festkorper-
physik, Universitdt Ulm, Albert-Einstein-Allee 11, D-89069 Ulm —
SEuropean Synchrotron Radiation Facility, 6 Rue Jules Horowitz, B.P.
220, F-38043 Grenoble

Wet chemically synthesised FesoPtso particles with a mean diameter of
6.3 nm deposited on a naturally oxidised Si substrate have been struc-
turally and magnetically characterised. By a soft hydrogen plasma treat-
ment, the oxide shell and the organic ligands surrounding the chemically
disordered particles in the as prepared state were removed and pure
metallic x-ray absorption and magnetic circular dichroism spectra were
measured at both the Fe and Pt L3, edges. After annealing for 30min
at 600°C in a hydrogen atmosphere of 5 Pa, the coercive field increased
by a factor of 6. This indicates the formation of the chemically ordered
L1y phase and is accompanied by an enhancement of the orbital mag-

netic moment at the Fe sites by more than 300%, whereas the magnetic
moments at the Pt sites remain largely unchanged.

This work was supported by the BMBF (05 ES3XBA/5), the ESRF, the
DFG (SFB 445) and the EU (MRTN-CT-2004-0055667, SyntOrbMag).

MA 32.9 Thu 17:15 HSZ 401

Phase transformation of FePt nanoparticles from fcc to fct
as probed by XMCD — eULF WIEDWALD!, BIRGIT KERN!, KATI
FAauTH?, ANDREAS KLIMMER!, LUYANG HAN!, HANS-GERD BOYEN!,
and PAUL ZIEMANN! — !Abteilung Festkérperphysik, Universitit Ulm,
Albert-Einstein-Allee 11, 89069 Ulm, Germany — 2Max-Planck-Institut
fiir Metallforschung, Heisenbergstrasse 3, 70569 Stuttgart, Germany
FePt alloy nanoparticles show huge magnetic anisotropy energy in the
chemically ordered L1y phase. The ordered phase is typically obtained
by annealing at 600-800°C starting from fcc, chemically disordered FePt
nanoparticles. Nowadays, wet-chemical approaches like the synthesis of
ligand-stabilized colloidal particles or the plasma-induced nucleation of
metal salt loaded reverse micelles allow the self-organized formation in
regular arrays onto various substrates. Hereby, the colloidal approach
gives short interparticle spacing of 2-3 nm and the heat treatment at
elevated temperatures is likely to form unwanted larger agglomerates of
particles. By employing the micellar preparation route, the particle sepa-
ration can be tuned between 20-100 nm. These larger distances permit us
to study the phase transformation towards L1y ordered particles without
any agglomeration, loss of the array quality or magnetostatic coupling
between particles. We investigated FePt nanoparticles (4 nm and 9 nm)
with spacing of 28 nm and 64 nm by XMCD. The phase transforma-
tion is tracked by hysteresis loops at various temperatures. In case of 9
nm particles we observe a coercive field of pgH = 0.2 T at 340 K. The
magnetic anisotropy rises by more than one order of magnitude due to
annealing, while the total magnetic moment remains nearly constant.

MA 32.10 Thu 17:30 HSZ 401

Charge Transfer Controlled Magnetism of FePt Nanoparticles
— eBALAJI GOPALAN', CHRISTOPHE STROH', KEIR FOSTER!, CHRIS-
TIAN LEMIER!, RAGHAVAN VISWANATH!, JORG WEISSMULLER!?, and
STEFAN MANGOLD? — !Institut fiir Nanotechnologie, Forschungszen-
trum Karlsruhe GmbH, Hermann-von-Helmholtz-Platz 1, D-76344
Eggenstein-Leopoldshafen, Germany ?Fachrichtung  Technische
Physik, Universitit des Saarlandes, 66041 Saarbriicken, Germany
— SInstitut fiir Synchrotronstrahlung, Forschungszentrum Karlsruhe
GmbH, Hermann-von-Helmholtz-Platz 1, D-76344 Eggenstein-
Leopoldshafen, Germany

The effect of charge transfer between ligand and nanoparticles on the
magnetic properties of monodispersed 2.0 nm FePt nanoparticles is stud-
ied. For this purpose, we have synthesized FePt nanoparticles covered
by high fatty acid ligand (FePtCL), octadecanethiol (FePtSH), and oleic
acid/oleylamine mixture (FePtOAc) as a series and the magnetic prop-
erties are compared. The superparamagnetic blocking temperature (Tg)
are found to be 14, 11 and 7.5 K for FePtCL, FePtSH and FePtOAC
samples respectively. The coercivity (H.) values measured at 5 K are
3880, 4800 and 4000 Oe for FePtCL, FePtSH, and FePtOAC respec-
tively. These differences suggest that the effective magnetic anisotropy
constant (K.ss) is different for these samples. XANES Fe K pre-edge
values of 7114.6 and 7115.4 eV are observed for FePtCL and FePtSH
(reference Fe value is 7112.1 eV) indicating that Fe in 2(+) and 3(+)
oxidation states respectively in these samples. A correlation between the
observed oxidation states and the magnetic properties will be attempted.

MA 32.11 Thu 17:45 HSZ 401

Synthesis of magnetic nanoparticles with pronounced shape
anisotropy and characterization via small angle X-ray scatter-
ing (SAXS) — eFRANK DOBRICH, ANDREAS MICHELS, ANDREAS
TscHOPE, and RAINER BIRRINGER — Universitat des Saarlandes,
Technische Physik, Geb. D2 2, 66041 Saarbriicken, Germany
Ferrofluids (FF) are stable colloidal suspensions of magnetic particles
in a nonmagnetic carrier fluid. This fact renders a FF sensitive to an
external magnetic field, which leads to a coupling of magnetic and rheo-
logical properties. For instance, it is expected that a dispersion of highly
anisometric particles such as rods or chains reveals a large enhancement
(compared to spherical particles) of the magnetoviscous effect, i.e. the
increase of the FF’s viscosity due to an externally applied magnetic field.
This contribution reports on the synthesis of a highly anisometric FF
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containing stable chains of iron nanoparticles and on the microstructural
characterization by means of transmission electron microscopy (TEM)
and small angle X-ray scattering (SAXS). The SAXS measurements de-
velop a pronounced anisotropy of the scattering pattern as a function of
increasing external magnetic field. Evaluation of the radially averaged
SAXS curves in terms of basic scattering functions is discussed.

MA 32.12 Thu 18:00 HSZ 401

Magnetoviscous behaviour of nanorod ferrofluids — eDORTE
JUNK, CHRISTIAN LANG, ANDREAS TSCHOPE, and RAINER BIR-
RINGER — Universitét des Saarlandes, 66123 Saarbriicken, Germany

We prepare shape-anisotropic iron particles in a magnetic-field-assisted
forced flux aerosol reactor. On their way downstream the particles are
coated with oleic acid and dispersed in a carrier fluid. As in conven-
tional ferrofluids these rod-like particles behave as Brownian particles.
Their morphology has been characterized by TEM and ac susceptibility
measurements in a dc bias field. We find an average aspect ratio lying
between 10 and 15; we will call such a complex fluid nanorod ferrrofluid
(nrod FF). The magnetoviscous effect of the nrod FF has been studied
using a squeeze flow viscometer (piezoelectric axial vibrator) in the pres-
ence of a homogenous magnetic field. The comparison with conventional
FF reveals a giant magnetoviscous effect.

MA 32.13 Thu 18:15 HSZ 401

Characterization of magnetic nanoparticles by combining
magnetization, magnetorelaxometry, ac susceptibility and
microscopic measurements — eFRANK LUDWIG, ERIK HEIM, and
MEINHARD SCHILLING — TU Braunschweig, Institut fiir Elektrische
Messtechnik und Grundlagen der Elektrotechnik, Hans-Sommer-Str. 66,
D-38106 Braunschweig, GERMANY

The MAgnetic Relaxation ImmunoAssay (MARIA) uses superpara-
magnetic nanoparticles as markers and is based on the different relax-
ation times and behaviour of bound and unbound magnetic nanoparticles
(MNPs). A crucial point is that MARIA relies on the availability of func-
tionalized MNPs with a proper size and narrow size distribution. We have

investigated various commercially available Fe$_{3}$0$_{4}$ MNP sam-
ples with organic shell, either diluted in water or immobilized by freeze-
drying, combining static M(H) curves, magnetorelaxometry (MRX), ac
susceptibility as well as TEM and AFM measurements. Whereas the mi-
croscopic data reveal rather local information on size and shape of MNPs,
the magnetic measurements provide integral information on their size and
size distribution as well as on magnetic properties, such as anisotropy
constant, saturation magnetization and Néel and Brownian relaxation
times. Especially MRX using fluxgates is shown to provide more in-
formation on MNP properties than SQUID MRX since it allows one to
record the whole magnetization and relaxation process of MNPs.
Financial support by the DFG via SFB 578 is acknowledged.

MA 32.14 Thu 18:30 HSZ 401

Investigation of biological research issues with superparamag-
netic nanoparticles by differential fluxgate magnetorelaxome-
try — eERIK HEIM, KAl POHLIG, FRANK LUDWIG, and MEINHARD
SCHILLING — TU Braunschweig, Institut fiir Elektrische Messtechnik
und Grundlagen der Elektrotechnik, Hans-Sommer-Str. 66, D-38106
Braunschweig, GERMANY

A promising bioanalytical application of superparamagnetic iron
oxid nanoparticles (SPIOs) is the Magnetic Relaxation ImmunoAssay
(MARIA). Commonly SPIOs are used as a contrast agent in magnetic
resonance imaging. In MARIA biological targets are specifically
marked with SPIOs. Here the relaxation signal of magnetized SPIOs
is measured. Magnetic nanoparticles have the advantages of being
non-toxic, that they can be used in opaque medium and that they are
suitable for homogeneous assays at the same time. For MARIA the
ideal SPIOs are monodisperse with a core diameter of 20 nm. So far
commercially available SPIOs are not optimized for MARIA. Therefore
we fractionize and functionalize these ferrofluids. As a model system to
study binding kinetics we use SPIOs functionalized with streptavidin
and biotinilated binding partners.

Financial support by the DFG via SFB578 is acknowledged.

MA 33 Spin-Dynamics, Magnetization Reversal III

Time: Thursday 15:15-18:30

MA 33.1 Thu 15:15 HSZ 403

Current-induced microwave excitations of nanomagnets made
of single-crystalline iron — eRONALD LEHNDORFF, HENNING
DAssOW, REINERT SCHREIBER, DANIEL E. BURGLER, and CLAUS
M. SCHNEIDER — Institut fiir Festkorperforschung, Foschungszentrum
Jitlich GmbH, D-52425 Jiilich, Germany

The magnetization dynamics of nanomagnets under the influence of a
spin-polarized current is of great interest since Slonczewski and Berger
predicted the possibilities of magnetization switching and steady preces-
sions in 1996 [1, 2].

We study the magnetization dynamics of nanomagnets made of epi-
taxial Fe with diameters of 100nm to 200 nm and thicknesses of 2nm
relative to an extended Fe layer of 10nm thickness that is magnetically
hardened by interlayer exchange coupling over Cr to a 14 nm Fe layer.

We measure magnetoresistance and resistance versus current to charac-
terize our samples. The switching behavior shows clear four-fold in-plane
crystalline anisotropy of the Fe layers. Varying the field direction relative
to the crystalline axes can assist the current-induced switching process.

We detect microwave signals due to steady large angle precessions of
the magnetization and study the dependence on current, magnetic field
and field angle relative to the crystalline axes.

(1] J.C. Slonczewski, J. Magn. Magn. Mater. 159, L1 (1996)
[2] L. Berger, Phys. Rev. B 54, 9353 (1996)

MA 33.2 Thu 15:30 HSZ 403

Magnetization switching by spin transfer torque in magnetic
nanostructures — eNICOLAS MUsGeNS!, GEORG RICHTER!, BAR-
BAROS OzYILMAZY?, MICHAEL FRAUNE', MATTHIAS HAWRANECK!,
BERND BESCHOTEN!, MATTHIAS BUCKINS®, JOACHIM MAYER?, and
GERNOT GUNTHERODT! — 'II. Phyikalisches Institut , RWTH Aachen,
and Virtual Institut of Spin Electronics (ViSel), Templergraben 55,
52056 Aachen, Germany — 2Department of Physiks, Columbia Univer-
sity, New York, NY 10027, USA — 3Gemeinschaftslabor fiir Elektronen-
mikroskopie, RWTH Aachen, 52056 Aachen, Germany

Room: HSZ 403

The transfer of a torque of spin-polarized currents onto macroscopic
magnetizations has been investigated in confined magnetic nanostruc-
tures. Nanostencil masks are used to define the device dimensions (sub
100 nm2) prior to the deposition of the thin Co/Cu/Co stack with per-
pendicular current. The masks consist of a focused-ion-beam (FIB)
milled nano-aperture in a top metal layer on top of an insulator and
an underlying pre-patterned bottom electrode. The insulator causes an
undercut by its selective wet etching. The approach is demonstrated by
spin transfer torque-induced magnetization dynamics, giving rise to a
giant magneto-resistance effect of 0.3 % at room temperature.

Supported by DFG-SPP 1133 and by HGF.

MA 33.3 Thu 15:45 HSZ 403

Probing the Electron and Spin Dynamics of 3d-transition Ele-
ments in Real-Time — eBERND HEITKAMP, L. HEYNE, H. A. DURR,
and W. EBERHARDT — BESSY, Berlin, Germany

We report on pump-probe experiments investigating the physical prop-
erties of 3d transition elements. An intensive fs laser pump pulse is used
to heat the electron system, which triggers a fast quenching of the mag-
netic moments. Observing the energy distribution of the hot electron
and spin subsystem on a fs time scale after excitation gives a deep in-
sight into the interplay of electron relaxation, spin-orbit coupling and
spin-lattice relaxation. Time-resolution of the experiment is given by a
fs-laser system. The photoelectron emission microscope (PEEM) allows
to investigate structures with a spatial resolution well below one mi-
crometer. Measuring the time-of-flight of the emitted photoelectrons by
means of a delayline detector determines the energy resolution. In addi-
tion sensitivity to the photoelectron spin is given by SPLEED-detector.
Experiments on Nickel and Cobalt show a demagnetization below one
picosend while the electron subsystem is still not thermalized. Both the
demagnetization and the relaxation are strongly affected by the dielectric
response of the nanoscale structures.
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MA 33.4 Thu 16:00 HSZ 403

Decrease of entropy in magnetic particles — oH.J. ELMERS!,
A. Krasyuk!, F. WEGELIN', S.A. NEePuKko', A. Conca', G.
ScHONHENSE!, M. BorTe?, and C.M. SCHNEIDER® — !Johannes

Gutenberg-Universitdt Mainz, Institut fiir Physik, Staudingerweg 7,
D-55099 Mainz — 2Universitit Hamburg, Institut fiir Angewandte
Physik, Jungiusstrasse 11, D-20355 Mainz — 3Forschungszentrum Jiilich
GmbH, Institut fiir Festkorperforschung IFF-6, D-52425 Jiilich

In a closed system entropy maximization tends to decrease order. An
open system with a constant throughput of energy, however, allows for
an increase of local order. FExciting micron-sized permalloy particles
with an oscillating external field we found an example for this phe-
nomenon. The external oscillating field is the energy source while the
internal damping plays the role of the sink. In a rectangular platelet
(16 pmx32 pmx10 nm) the equilibrium magnetization state is formed
by a symmetric flux-closure domain pattern comprising two equally-sized
domains separated by a 180 degree domain wall. The external oscillating
field is applied off-resonance along the short side of the platelet, thus
exciting a precessional motion of the magnetization. The system reacts
by increasing one magnetic domain at the expense of the others. The
final state has uniform magnetization and is thus completely ordered.
The basic mechanism, revealed by both stroboscopic imaging with time-
resolved photoelectron emission microscopy and computer simulation, is
the decrease of the resonance frequency in the larger domain. This leads
to larger energy dissipation in the system, allowing increasing order with
increasing entropy.

MA 33.5 Thu 16:15 HSZ 403

Nanosecond magnetization dynamics with pulsed high fields
in microcoils — eMARTIN WEISHEIT"?, MARLIO BONFIM!, VITO-
RIA BARTHEM!, SEBASTIAN FAHLER?, and DOMINIQUE GIVORD! —
Laboratoire Louis Nedl, CNRS Grenoble, 25 av. des Martyrs, F-38042
Grenoble Cedex 9, France — 2Institute for Metallic Materials, IFW Dres-
den, Helmholtzstr. 20, D-01069 Dresden, Germany

In order to study the switching of highly anisotropic magnetic mate-
rials, which can have coercivities of a few T, pulsed magnetic fields may
be employed. Very high fields of up to 50 T can be generated by short
current pulses in microcoils [1]. Coils with inner diameters of 50 pum
are used, for which pulse energies below 1 J are sufficient, allowing for
very compact and fast designs. Since field rise times are of the order
of 1 T/ns, the dynamics of magnetization behavior become apparent.
This is demonstrated by polar Kerr effect measurements on FePt thin
films, where the observed coercivity is drastically increased compared to
Hestatic = 5.6 T as measured by VSM [2]. Simulations of the magneti-
zation response to the external field pulse, using a no-precession approx-
imation of the Landau-Lifshitz-Gilbert equation, compare well with the
pulsed field measurements.
[1] M. Bonfim, K. Mackay, S. Pizzini, M.-L. Arnou, A. Fontaine, G. Ghir-
inghelli, S. Pascarelli, and T. Neisius, J. Appl. Phys. 87 (2000) 5974
[2] M. Weisheit, L. Schultz, and S. Fahler, J. Appl. Phys. 95 (2004)
7489

MA 33.6 Thu 16:30 HSZ 403

Bloch line generation in cross-tie walls by fast magnetic
field pulses — e ANDREAS NEUDERT, JEFFREY MCcCORD, RUDOLF
SCHAFER, and LUDWIG SCHULTZ — IFW Dresden, Postfach 270116,
01171 Dresden

In ferromagnetic films with an intermediate thickness of 30 to 90 nm
cross-tie walls are observed. They consist of a sequence of circular and
cross Bloch lines (also called vortex and antivortex) that are connected
by 90° Neel walls. Additional 90° Neel walls emerge from the cross Bloch
lines and form the "legs”of the cross-tie wall. We investigated the influ-
ence of a pulsed magnetic field (amplitude 400 A/m, width 1.2 ns) applied
perpendicular to the wall plane onto a constrained cross-tie wall in a 80
pm x 160 pm permalloy rectangle of 50 nm thickness. The equilibrium
cross-tie spacing of about 15 um is reached after demagnetizing the sam-
ple with a magnetic ac-field. By applying the pulsed magnetic field with
a repetition rate of 23 MHz additional Bloch lines are created and the
cross-tie spacing decreases to about 5 pm. This Bloch line generation is
not triggered by the repetition rate of the pulsed magnetic field as shown
by using a low repetition rate pulse train of 0.2 Hz but by the fast rise
time of the field pulses. A comparison with micromagnetic calculations
will be given.

MA 33.7 Thu 16:45 HSZ 403

Ultrafast Demagnetization of Ferromagnetic Films Probed by
XMCD — eCHRISTIAN STAMM, COSMIN LUPULESCU, HERMANN
DURR, and WOLFGANG EBERHARDT — BESSY, Albert-Einstein-Str.
15, 12489 Berlin, Germany

We investigate the dynamic response of magnetic thin films subjected
to high-intensity fs laser pulses. Using the X-ray magnetic circular dichro-
ism (XMCD) we observe the evolution of the magnetization as a function
of time delay between laser pump and X-ray probe pulse. This technique
complementary to the magneto-optic Kerr effect, allows us to separately
determine spin and orbital moments by a sum rule calculation. Our goal
is to get new insight into the process of fs demagnetization, especially
concerning the conservation of the total angular momentum.

The experiments were performed at the BESSY Synchrotron source
using gated detection of single X-ray bunches following a pump pulse
from a synchronized fs laser. During normal operation, the X-ray pulse
length is 750 ps. To further improve the time resolution we also used the
"low-alpha” mode of the Synchrotron reducing the pulse length down to
5 ps.

We find that a Ni thin film with in-plane magnetization and a CoPd
multilayer with perpendicular anisotropy both can be demagnetized in
less than 10 ps. Additionally, X-ray dichroism spectra are recorded at
different time delays, allowing the determination of spin and orbital mo-
ments of the excited film. The use of fs X-ray pulses from the slicing
source currently under commissioning at BESSY will further increase
the time resolution of our experiments to the fs regime.

MA 33.8 Thu 17:00 HSZ 403

Magnetization dynamics triggered by photo-conductive
switches — eMATTHAUS PIETZ!, A. PARGE!, M. DJORDJEVIC!,
A. FORSTER?, and M. MUNZENBERG! — 'IV. Phys. Inst. Uni-
versitit Gottingen — 2Inst.  fiir Schichten und Grenzflichen (ISG1)
Forschungszentrum Jiilich

Ultrafast photoconductive switches, based on metal-semiconductor-
metal contact pads using low temperature grown GaAs as a semicon-
ductor, deliver the fastest current pulses on a chip so far. Using fs pulses
from a Ti:Sapphire laser for the excitation of the carriers, current pulses
of a few picoseconds in length are generated. The pulses are charac-
terised with autocorrelation technique. We demonstrate that using am-
plified laser pulses of 1 uJ energy we are able to create current pulses
with an amplitude of 1 Ampere and 3 ps length. The field pulse can be
used to trigger the magnetization dynamics in a magnetic nanostructure.
Therefore, magnetic structures on a strip line with the help of e-beam
lithography are prepared, with the aim to explore magnetic Eigen mode
oscillations and extrinsic as well as intrinsic damping parameters in a
pump-probe experiment with ps time resolution.

MA 33.9 Thu 17:15 HSZ 403

Intrinsic and non-local Gilbert Damping parameter in all op-
tical pump-probe experiments — eMARIJA DJORDJEVIC!, J.
WaLowsk1!, G. EiLERs', M. MUNZENBERG', and J.S. MOODERA?
— V. Physikalisches Institut, Universitit Gottingen — 2Francis Bitter
Magnet Laboratory, MIT, Cambridge, USA

With the time resolution inherent using femtosecond laser pulses in all
optical pump-probe experiments, the basic time constants of magnetic
precessional modes, as well as the energy dissipation processes determin-
ing the Gilbert damping, can be studied. Our focus is to explore the
underlying damping mechanisms and how they can be controlled. The
non-local Gilbert damping due to evanescent spin currents can be stud-
ied at double layers (FM/NM), in which the thickness of the FM layer
is varied. The precession moment emits a dynamic spin current that
is subsequently damped in a material with a strong spin-orbit coupling.
An enhancement in the Gilbert damping parameter for Ni/Pd and Ni/Cr
double layers which is inversely proportional to the thickness of the Ni
layer is observed. The frequency dependence of damping parameter for
Ni/Cr films monitors presence of two-magnon scattering processes. The
non-local damping for different Ni/NM double layers is found not to sim-
ply scale with the spin-orbit coupling constant. Increased roughness as
well as the (non)compatibility of the DOS at Ep of Ni and NM, have
to be included to model the damping. It will be of special interest to
connect the elementary relaxation mechanisms to the origin of non-local
Gilbert damping, as it is seen on the LLG timescale.
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MA 33.10 Thu 17:30 HSZ 403

Magnetization dynamics in all optical pump-probe experiments
— eMARIJA DJORDJEVIC!, J. WALOWSKI!, A. PARGE!, M. MUNZEN-
BERG!, and J.S. MOODERA? — 'IV. Physikalisches Institut, Universitit
Géottingen — 2Francis Bitter Magnet Laboratory, MIT; Cambridge, USA

The study of magnetization dynamics on the femtosecond timescale is
an important task for the implementation of future spintronics. In all
optical pump-probe experiments the Ti:Sapphire laser pulses amplified
with a regenerative amplifier (RegA 9000, 1 uJ pulse energy) are used to
demagnetize a 50 nm Ni film and to follow the magnetization relaxation
with 80fs time resolution. Magnetization precession is triggered with a
laser induced change in the anisotropy field. The demagnetization rate
is controlled with the pump laser fluence. Different precession modes are
observed in the range from 1.5 GHz up to 13 GHz. In the time-resolved
spectrum an incoherent magnon background, a coherent homogeneous
precession mode and a standing spin wave mode are observed. All those
contributions are strongly dependent on the amplitude and the orien-
tation of the external field as well as on the pump laser fluence. The
corresponding Gilbert damping parameter is found to be dependent on
the precession mode, taking values from a = 0.05 for very low up to
« = 0.25 for highly damped modes. The parameter changes with the
variation of the field angle, the field strength and the height of the ex-
citation amplitudes. This indicates mode dependent energy dissipation
and mode conversion mechanisms.

MA 33.11 Thu 17:45 HSZ 403

Femtosecond Spin-Dependent electron Dynamics in Co thin
films — eMIRKO CINCHETTI, MARINA SANCHEZ ALBANEDA, OLEK-
SIY ANDREYEV, JAN-PETER WUSTENBERG, MICHAEL BAUER, and
MARTIN  AESCHLIMANN — University of Kaiserslautern, Physics De-
partment, Erwin Schroedinger-Str. 46, 67663 Kaiserslautern, Germany

Using the energy-, spin- and time-resolved two-photon photoemission
technique, we have been able to follow the ultrafast spin-dependent elec-
tron dynamics in an epitaxially grown Co thin film. We observe that
the time evolution of the spin polarization of unoccupied intermediate
states (lying between the Fermi and the vacuum level) shows remarkable
differences in dependence of the energy of the unoccupied state itself. In
particular, for high intermediate states energies we find an increase of
the polarization within the first 50 fs, which is due to the lifetime dif-
ference between spin-up and spin-down electrons. On the other hand, at
low energies we find a modification of this behavior up to 700 fs. This
is mainly due to secondary electrons which are scattered into the inter-
mediate state, leading to refilling of the state itself. Within these 700 fs
we can distinguish between a spin-selective region (with almost no spin-
flips) and a spin-flip region, where a dramatic drop in the polarization is
observed. The reasons for this behavior are discussed.

MA 33.12 Thu 18:00 HSZ 403

Ultrafast demagnetization dynamics of ferromagnetic materials
— oToB1AS RoTH, DOROTHEA HOFFMANN, and MARTIN AESCHLI-
MANN — Fachbereich Physik, TU Kaiserslautern, Erwin-Schrodinger
Str.46, 67663 Kaiserslautern

The response of the magnetization to an ultrashort femtosecond laser
pulse has been investigated by different techniques in the last decade but
it still remains a highly controversial topic with respect to the involved
microscopic processes. Up to now most of the investigations were based
on ultrathin samples like Ni or CoPt3 with a low Curie temperature.
The availability of very intense laser pulses delivered from a multipass
amplifier system of 1 kHz repetition rate provides the experimental pre-
condition to do time resolved measurements on Co, the material with
the highest Curie point among the 3d transition metals. We apply the
longitudinal MOKE in a bi-chromatic pump-probe technique to obtain
a time resolved response of the magnetic system. By choosing a differ-
ent wavelength for the pump and probe the well known ”bleaching”, an
optical effect - caused by a change in the occupation number in a highly
non equilibrium state - can be suppressed; therefore we have access to
the pure magnetization. Our results exhibit a distinct demagnetization
effect of around 50 % which is reached 750 fs after the pump pulse has
impinged on the sample.

MA 33.13 Thu 18:15 HSZ 403

Magnetization dynamics in rare-earth orthoferrites —
eCARMINE ANTONIO PERRONI, ANSGAR LIEBSCH, ANDREAS
BRINGER, and SIMON WOODFORD — Institute of Solid State Research
(IFF), Research Center Juelich, Juelich 52428, Germany

Recently an ultrafast non-thermal control of magnetization has become
feasible in canted antiferromagnets through instantaneous photomagnetic
pulses [A.V. Kimel et al., Nature 435, 655 (2005)]. In this experiment
circularly polarized femtosecond laser pulses set up a strong magnetic
field through the inverse Faraday effect exciting non-thermally the spin
dynamics of dysprosium orthoferrites. A theoretical study of magnetiza-
tion dynamics is performed by using a model for orthoferrites based on
a general form of free energy and by solving coupled sublattice Landau-
Lifshitz-Gilbert equations. Due to the inverse Faraday effect and the
non-thermal excitation, the effect of the laser is simulated analyzing the
effect of magnetic field Gaussian pulses on time scales of the order of
hundred femtoseconds. As a result, the magnetization oscillates around
the initial equilibrium position with amplitudes in agreement with exper-
iment. The simulations are pursued considering the effect of the temper-
ature and of the field pulse along the x-axis in order to excite a different
mode as obtained in the experiment. Finally the consequences of a dou-
ble pump and of a large number of pulses on the magnetization dynamics
are analyzed.

MA 34 Invited Talk Mioara Mandea

Time: Friday 10:15-10:45

Invited Talk MA 34.1 Fri 10:15 HSZ 03

The Earths magnetic field during the new satellite era —
eMIOARA MANDEA — GFZ-Potsdam, Telegrafenberg, Haus F, 14473
Potsdam

Due to the instability of its generating process, the geodynamo, re-
versals of the predominant dipolar magnetic field component, as well as
relatively short periods of very weak total fields occur at irregular inter-
vals. Currently, the geomagnetic field strength decreases quite rapidly,
with certain regional areas where a drop of 20% over the last 40 years
has been detected. The dipolar part has dropped by more than 10%
within the past 150 years. This is an order of magnitude faster than
its natural decay time, a reflection of the growth of patches of reverse
flux at the core-mantle boundary. Moreover, the velocity of the north
magnetic pole has reached some 40 km/year in 2001, the highest velocity

Room: HSZ 03

measured so far over the 20th and 21st centuries. Recently, important
changes in the field have been documented in the South Atlantic region,
where the expanding South Atlantic Anomaly has serious implications for
low-Earth orbit satellite operations. In order to understand this recent
behaviour of the Earths magnetic field, new high-quality measurements
are needed. Likely, three new magnetic satellites have recently been
launched in low-Earth orbits: Oersted, CHAMP and SAC-C. The high
quality data provided by these satellites has allowed to generate field
and secular variation models of much higher resolution than previously
possible. An overview of the new results of the Earth’s magnetic field
measurements from space will be given, including the first order spatial
and temporal characteristics, and interpretations, from the lithospheric
structure to the core flow. A list of problems will be discussed, while
satellite experiments to address these challenges will be presented.
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MA 35 Magnetic Thin Films V

Time: Friday 10:45-12:45

MA 35.1 Fri 10:45 HSZ 03

Mode-of-growth dependent interface contribution to magneto-
optical response from ultrathin Co films grown on (001), (110)
and (111) surfaces of Pd — eMAREK PRZYBYLSKI, MIROSLAV
NyvrLr, YISHENG SHI, FENG Luo, JAN ZUKROWSKI, JOCHEN
BARTHEL, and JURGEN KIRSCHNER — Max-Planck-Institut fiir
Mikrostrukturphysik, Weinberg 2, D-06120 Halle, Germany

We have grown ultra-thin epitaxial Co films on three low-index surfaces
of Pd. Their magnetic properties studied by magneto-optical Kerr effect
are correlated with surface morphology analyzed by scanning tunneling
microscopy. A perpendicular magnetic anisotropy in the films appeared
after exposure to residual gas atmosphere at low temperature, after cov-
erage with an Au overlayer, or after annealing at 370 K and above. Re-
versed polar Kerr rotation loops with respect to those of thicker Co films
were observed for 1 and 2 ML-thick films. This is due to a negative
contribution from the Co/Pd interface dominating over the positive con-
tribution from the non-interface part of the Co film. Reversed loops are
not seen when the Co films grow in a three-dimensional mode. This
indicates a clear correspondence between the mode of growth and the
magneto-optical response. Near the film thickness where the Kerr rota-
tion changes sign a remarkable temperature behavior is observed which is
discussed as superposition of two different magneto-optical contributions.
The results qualitatively agree with the available ab-initio band-structure
calculations for Co/Pd multilayer structures with variable thickness of
the Co layers.

MA 35.2 Fri 11:00 HSZ 03

The relevance of dipolar coupling for the stability of ferro-
magnetism in ultrathin films — eROLAND MEIER, FRANK BEN-
SCH, WOLFGANG KIPFERL, JOSEPH BIBERGER, DIETER WEISS, and
GUNTHER BAYREUTHER — Institut fiir Experimentelle und Ange-
wandte Physik, Universitétsstrafie 31, 93040 Regensburg

It has been rigorously shown by Mermin and Wagner [1] that ferromag-
netic order cannot exist in two-dimensional systems at any temperature
T > 0 provided the magnetic interactions are short-range and isotropic.
However, it is empirically known that even single atomic layers can have
a Curie temperature above 200 K. These contradictory facts are recon-
ciled if we note that real ferromagnetic films are never free from magnetic
anisotropy and are subject to long-range dipolar interaction. In order to
investigate the relevance of dipolar interactions, the Curie temperature
Tc was measured for ultrathin Fe(001) films (about 3 atomic layers) epi-
taxially grown on GaAs(001) and in arrays of sub-micrometer circular
dots and parallel stripes prepared by electron beam lithography and ion
etching. It is found that Tc decreases drastically with decreasing thick-
ness, with decreasing dot diameter and with increasing dot separation.
A quantitative analysis of the results provides convincing evidence that
indeed the long-range dipolar coupling strongly enhances the stability of
ferromagnetic order against thermal spin excitations in ultrathin epitax-
ial films magnetized in the film plane.

(1] N.D. Mermin and H. Wagner, Phys. Rev. Lett. 17 (1966) 1133

MA 35.3 Fri 11:15 HSZ 03

Correlation of Structure and Magnetism in pulsed laser de-
posited Co/Pd(001) — eHOLGER L. MEYERHEIM, M. PRZYBYLSKI,
Y. Sui, and J. KIRSCHNER — MPI f. Mikrostrukturphysik, Weinberg
2, 06120 Halle

The study of growth, structure and magnetism of ultra-thin Co-films
on Pd(001) is of considerable interest due to the possible technological
applications of CoPd-alloys for magnetic storage device applications in-
volving perpendicular magnetic anisotropy (PMA). Using surface x-ray
diffraction (SXRD), scanning tunneling microscopy and magneto-optic
Kerr effect (MOKE) measurements we have investigated the correlation
of structure and magnetism in Co-films deposited on Pd(001) by using
pulsed laser deposition (PLD).

Up to a coverage of about 3 monolayers (ML, 1 "ML=1.32x10$"{15}$
atoms/cm$"{2}$)Co grows in a layer-by-layer mode on Pd(001) forming
disordered fct-CoPd-alloy layers. Based on MOKE experiments, as de-
posited samples do not exhibit PMA. Sample annealing at 600K induces
PMA for Co-coverages up to about 5 ML. PMA is directly correlated
with structural ordering characterized by the formation of the L$1_{0}$
(CuAu)-structure with alternating Pd-and Co-layers.

Room: HSZ 03

The results are discussed in the context of current theories relating
structural ordering with PMA.

MA 35.4 Fri 11:30 HSZ 03

Temperature and thickness dependence of magnetic parame-
ters in uncapped Fe monolayers on {4 x 6}GaAs(001) — eKH
ZAKERI, TH KEBE, J LINDNER, and M FARLE — Fachbereich Physik,
Experimentalphysik-AG Farle,Universitdt Duisburg-Essen, Lotharstr. 1,
47048 Duisburg, Germany.

Epitaxial 3-20 monolayers of Fe have been grown by molecular beam
epitaxy on 4x6 surface reconstructed GaAs(001) at room tempera-
ture. Both, the temperature and thickness dependence of the magnetic
anisotropy and of the magnetization were determined by means of in situ
Ferromagnetic Resonance (FMR) and in situ SQUID magnetometry in
ultrahigh vacuum (UHV). The measured anisotropy contributions were
quantitatively explained by using a magneto-elastic model considering
the magneto-elastic coupling constants of the iron films on GaAs(001).
The magnetization M (T—0 K) is found to be reduced for d<7 ML. The
cubic anisotropy contribution become very small for d = 5 ML | and we
find that the independently measured second-order, out-of-plane uniaxial
anisotropy Ky (T) and the magnetization M(T) obey the Callen-Callen
power law K, (T)/ Ko, (0)oc(M(T)/M(0))" with T'= 2.940.2. The ex-
trapolation of the temperature dependence (40-400 K) of the volume
(KY Jff) and the surface/interface (K5™) contributions to T—0K yields
Kyo(T — 0) = 1.26 £ 0.1 x107% J/m? (649 £ 51.5 peV/atom) and

Y (T — 0)=4£9x10* J/m3(3+ 6.7 peV/atom) which can be com-
pared to ab initio band structural calculations. Supported by DFG, SFB
491 TPA9.

MA 35.5 Fri 11:45 HSZ 03

The effect of oxygen adsorption on the magnetization of Fe
monolayers on (4x6) GaAs(001) — eTH. KEBE, KH. ZAKERI, J.
LINDNER, and M. FARLE — Universitédt Duisburg-Essen

The absolute remanent magnetization of uncapped Fe monolayers
grown on GaAs(100) [1] which have been exposed to oxygen doses up
to 25000 Langmuir (pressures between 1 x 1078 to 1 x 107° mbar) at RT
were measured by in situ scanning SQUID magnetometry in UHV. The
magnetization and the effect of the oxygen exposure could be monitored
with sub monolayer sensitivity. The Fe films exhibit a thickness depen-
dent surface roughness due to a Volmer-Weber growth which is largest
for thinner layers. We find that 8 ML Fe still exhibit a ferromagnetic
signal after 25000 Langmuir dosage, while the remanent magnetization
disappears in a 5 ML Fe film at about 400 Langmuir already. The Fe
oxide phase has been identified as Fe503 using Auger spectroscopy. Low
temperature (T=40K) oxygen adsorption showed that the oxide forma-
tion of a 8 ML Fe film could be totally suppressed after chemisorption of
a surface oxygen layer. Supported by DFG, Sfb 491.

[1] Kh. Zakeri et al., J. Magn. Magn. Mater. in press

MA 35.6 Fri 12:00 HSZ 03

Interface tuning of magnetic interactions of the Fe monolayer on
5d metal substrates — ePAOLO FERRIANI', ILJA TUREK?, STEFAN
HEINzZE!, GUSTAV BIHLMAYER?, and STEFAN BLUEGEL? — !Institute of
Applied Physics and Microstructure Research Center, University of Ham-
burg, Hamburg, Germany — 2Institute of Physics of Materials, Academy
of Sciences of the Czech Republic, Brno, Czech Republic — 3Institute
fiir Festkorperforschung, Forschungszentrum Jiilich, Jiilich, Germany

Magnetic systems play a central role in today’s information technol-
ogy. Stabilising a magnetic state is essential for possible applications of
a material. The capability of controlling the magnetic order of a spe-
cific material would be of great advantage in this respect, but it remains
a challenge. Low-dimensional systems offer new possibilities to tune the
magnetic interactions. Recently, it has been proved that an antiferromag-
netic structure can be stabilised for a monolayer of Fe, the prototypical
ferromagnetic material, by growing it on the W(001) surface [1].

In this work, we deal with the interface tuning of the exchange interac-
tion as a way to control the magnetic order. Based on density functional
theory calculations, we show how the magnetic state of an Fe monolayer
can be selected by a proper choice of the substrate composition. We
demonstrate that the magnetism of an Fe monolayer on W(001) depends
on the substrate d-band filling. By alloying the W substrate with Ta,
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the neighboring element of W, it is thus possible to tune the exchange
interaction in the overlayer and stabilise novel magnetic states.

(1] A. Kubetzka et al., Phys. Rev. Lett. 94, 087204 (2005)

MA 35.7 Fri 12:15 HSZ 03

Novel magnetic structure in the Fe monolayer on Ir(111) —
eKIRSTEN VON BERGMANN!, STEFAN HEINZE!, MATTHIAS BODE!,
ELENA Y. VEDMEDENKO'!, GUSTAV BIHLMAYER?, STEFAN BLUGEL?,
and ROLAND WIESENDANGER! — ‘lInstitute of Applied Physics,
University of Hamburg, Germany — 2Institut fiir Festkorperforschung,
Forschungszentrum Jiilich, Germany

The magnetic properties of thin films have been in the focus of re-
cent research. Up to now only two different magnetic ground states of
homoatomic monolayers have been found experimentally: while the fer-
romagnetic state is accessible by various surface sensitive techniques it
is much more challenging to prove antiferromagnetic order such as the
¢(2 x 2)-antiferromagnetic state [1,2].

Using spin-polarized scanning tunneling microscopy we have observed
a much more complex magnetic structure in the pseudomorphic Fe mono-
layer on Ir(111). The two-dimensional magnetic unit cell is of nanometer-
size and the shape is nearly square with one diagonal along a close-packed
row of the hexagonal atom arrangement. This symmetry relation gives
rise to three rotational domains, all of which are observed experimentally.
First-principles calculations verify that the magnetic state proposed on

MA 36 Magnetic Coupling
Time: Friday 10:45-13:00

MA 36.1 Fri 10:45 HSZ 401

Probing electronic and magnetic properties of epitaxial Fe/CoO
bilayers by X-Ray absorption spectroscopy — eR. ABRUDAN'?Z,
W. Kuca', M. BERNIEN', J. MIGUEL!, C. TIEG?, and J. KIRSCHNER?
— Freie Universitit Berlin, Institut fiir Experimentalphysik, Arnimallee
14, D-14195 Berlin, Germany — 2Max-Planck-Institut fiir Mikrostruk-
turphysik, Weinberg 2, D-06120 Halle, Germany

We investigated the magnetic coupling between a ferromagnet and
an antiferromagnet using epitaxial single-crystalline Fe/CoO bilayers on
Ag(001).

The CoO films exhibit (1x1) LEED patterns similar to the clean
Ag(001) substrate. The vertical interlayer spacing of the CoO films, esti-
mated from a kinematic analysis of LEED IV curves, is slightly expanded
along the film normal. Magnetic measurements using the magneto-
optical Kerr effect (MOKE) show a characteristic increase of the coercive
field when the system is cooled down from room temperature.

X-ray absorption spectroscopy at BESSY was employed to probe the
magnetic and electronic properties with elemental selectivity. Spectra
taken from bilayers with different amounts of deposited Fe do not show
any indication for the formation of Fe oxide at the Fe/CoO interface. X-
ray magnetic circular dichroism (XMCD) measurements exhibit a small
induced ferromagnetic signal at the Co L 3 absorption edge. X-ray linear
dichroism (XLD) spectra show a pronounced structural linear dichroism
that can be attributed to the vertical expansion of the CoO layer. The
angular dependence of the XLD signal was used to separate the magnetic
and structural contributions.

MA 36.2 Fri 11:00 HSZ 401

Asymmetry and time dependent effects in IrMn exchange
biased bilayers oCHRISTINE HAMANN!, JEFFREY MCCORD!,
DIETER ELEFANT!, RUDOLF SCHAFER', LUDWIG ScHULTZ!, and
ROLAND MATTHEIS? — !Leibniz Institute for Solid State an Materials
Research Dresden, Helmholtzstrae 20, 01069 Dresden — 2Institute for
Physical High Technology Jena, Albert - Einstein - Str. 9, 07745 Jena
Measurements by inductive and spatially resolved magnetooptical
magnetometry revealed an asymmetric magnetization reversal of both
CogoFe10(20nm) and Nig Fei9(20nm)/Ire3 Mnyr bilayers. For varying
Iros Mnz7 thicknesses (2.5-10nm) different extents of misalignment of the
effective easy magnetization axis have been detected. The misalignment
of the effective easy axis strongly influences the hysteresis shape and
thereby the asymmetry. In addition, a corresponding asymmetry in do-
main nuclation and formation is found. Moreover, a major influence on
the asymmetry results from irreversible and time dependent switching
processes by the antiferromagnet. Measurements by means of magne-
tooptical and alternating gradient magnetometry (AGM) have been per-

the basis of the experimental data is indeed lower in energy than the
ferromagnetic state and indicate that the unusual magnetic structure is
induced by the strong Fe-Ir hybridization.

[1] S. Heinze et al., Science 288, 1805 (2000).

[2] A. Kubetzka et al., Phys. Rev. Lett. 94, 087204 (2005).

MA 35.8 Fri 12:30 HSZ 03

Thickness-dependent domain structure of ferromagnetic
Dy(0001)/W(110) studied by spin-polarized STM — eLUIS
BERBIL-BAUTISTA, STEFAN KRAUSE, MATTHIAS BODE, and ROLAND
WIESENDANGER — Institute of Applied Physics, University of
Hamburg, Jungiusstrafie 11, Hamburg

Below the Curie temperature Tc = 85 K bulk dysprosium (Dy) is fer-
romagnetic with an easy direction along the (2110) directions, i.e. within
basal (0001) planes. In this contribution we present a spin-polarized scan-
ning tunneling microscopy (SP-STM) study on the growth and magnetic
domain structure of flat epitaxial Dy films on W(110). At low thick-
ness (coverage © < 10 ML) patches with two different stackings can be
found on the W(110) surface which exhibit a diameter of about 100 nm
and which are separated by grain boundaries. With increasing thickness
these grain boundaries become unstable and transform into double screw
dislocations. Spin-resolved data reveal that the domain size and shape
is strongly affected by both the thickness and the amount and type of
defects on the Dy surface.

Phenomena / Exchange-Bias

Room: HSZ 401

formed to investigate that particular contribution in more detail. The
results show that both the degree of asymmetry and the effective ex-
change bias field can be modified by a static magnetic field as well as
the measuring frequency. This observed training effect is dicussed in
terms of irreversible contributions of the antiferromagnet in the sense of
a rotatable anisotropy.

MA 36.3 Fri 11:15 HSZ 401

Dilution and grain size effect on ferromagnetic/antiferro-
magnetic exchange biased bilayers with low anisotropy —
oeMARIAN FECIORU-MORARIU?, CRISTIAN Papusor?, JAN HAuch!,
and GERNOT GUNTHERODT! 1. Physikalisches Institut, RWTH
Aachen, Huyskensweg, 52074 Aachen, Germany — 2MINT Center, 205
Bevill Building, Box 870209, University of Alabama, Tuscaloosa, AL
35487, USA

The effect of inserting nonmagnetic substitutional defects (dilution) in
antiferromagnets (AFMs) was tested in high anisotropy AFMs, such as
Co0, in Co/CoO exchange biased bilayers [1]. We have extended this
study to low anisotropy AFMs, such as FeMn, in which the effects of the
substitutional, nonmagnetic Cu defects on the exchange bias (EB) are
tested. In addition, by using different Cu buffer layer thicknesses, we are
able to test the effect of different AFM grain sizes on the EB and blocking
temperature. By using Cu-diluted NiFe/FeMn exchange biased bilayers
we have observed a maximum of the exchange bias field as a function of
the Cu dilution. At the same time the blocking temperature decreases.
In order to clarify the reason for decreasing the blocking temperature we
have measured the thermoremanent magnetization (TRM) of the AFM
itself. By means of a time quantified Monte-Carlo simulation on the basis
of a Heisenberg model, we are able to describe all the above experimental
observations of the EB field, blocking temperature and coercive field.

1. J.Keller, P.Miltenyi, B.Beschoten, G.Guntherodt, U.Nowak and
K.D.Usadel, Phys. Rev. B 66, 014431 (2002)

MA 36.4 Fri 11:30 HSZ 401

Fundamental Aspects of the Exchange Bias Effect — eFLORIN
RADU! and HARTMUT ZABEL? — 'BESSY GmbH, Albert-Einstein-Str.
15, 12489 Berlin, Germany — 2Department of Physics, Ruhr-University
Bochum, D-44780 Bochum, Germany

We have reconsidered the Meiklejohn and Bean for the exchange bias
effect and we have extended it to account for the coercivity enhancement
observed in almost all F/AF systems. The essential modification is that
the anisotropy of the AF layer is not sharp at the interface, but it de-
creases from a maximum inside of the AF layer to zero inside of the F
layer. Such an interface layer should have properties different from either
the AF and F layer. We have assumed it to be a spin glass-like layer.
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The reduced AF anisotropy at the F/AF interface leads to a dramatic
change of the EB field as function of the magnetic state of the F/AF
interface described by a conversion factor. The model based on this con-
cept is able to reproduce the peak of the EB field at the critical thickness
and/or critical anisotropy of the AF layer. Furthermore, the training ef-
fect can be qualitatively reproduced assuming a progressively increasing
magnetic disorder at the interface.

MA 36.5 Fri 11:45 HSZ 401

Spatially Resolved Magnetic Reversal in an Exchange Bias Sys-
tem — eKAI SCHLAGE!, TORSTEN KLEIN', EBERHARD BURKEL', and
RALF ROHLSBERGER? — lUniversitit Rostock, August-Bebel-Str. 55,
18055 Rostock — 2HASYLAB @ DESY, Notkestr. 85, 22607 Hamburg

We present the coupling behaviour of a novel exchange bias system dur-
ing the reversal of the ferromagnet. Our system consists of a Fe-layer on
an antiferromagnetically coupled Fe/Cr-superlattice. This layer system
was deposited on a hardmagnetic FePt-layer which pins the first Fe-layer
of the superlattice to induce a unidirectional magnetic anisotropy into
the AFM. MOKE-hysteresis loops show exchange-bias like effects like
shifted and asymmetric swithing behaviour of the FM. We use nuclear
resonant forward scattering (NRS) of synchrotron radiation to visualize
the magnetic reversal of isotopic 57Fe sensor layers which are placed in
the center of the FM and in the AFM near the interface in two identical
exchange bias systems. We detected the magnetic moment orientation
in the FM and AFM during the magnetic reversal of the FM and got in-
formation about the mechanism which is responsible for the asymmetric
switching behaviour in this novel exchange bias system. Due to a special
detection procedure we can discriminate reversal processes of coherent
rotation and domain wall motion.

MA 36.6 Fri 12:00 HSZ 401

Neutron reflectivity studies on lattice-matched, ordered FePt3
based antiferromagnetic/ferromagnetic films — ¢DIETER LOTT!,
P. Mant?, G. MANKEY?, F. KLosE?, M. WoLF*, and A. SCHREYER!
— LGKSS research center, Geesthacht, Germany — 2MINT Center, The
University of Alabama, Tuscaloosa, AL, USA — 3Spallation Neutron
Source, Oak Ridge National Laboratory,Oak Ridge, TN, USA — “ILL,
Grenoble, France

Lattice-matched antiferromagnetic(AF)/ferromagnetic(F) films offer
an ideal layered system to study exchange bias. Epitaxial films of FePts
exhibit an AF ordering with a spin wave vector Q4 = (3, 1,0) and a Néel
temperature of Ty = 160 K. CoPt3 is chosen as the ferromagnet since it
has the same L1, crystal structure as FePt; and nearly the same lattice
constant, and it can be grown with an in-plane easy axis. X-ray diffrac-
tion shows that the peak widths of the rocking curves for FePts films
grown on Al,O3 and MgO are very different indicating that the samples
grown on Al,O3 have larger grains and a smaller mosaic spread. On the
other side, results from vibration sample magnetometry reveal that only
the sample grown on MgO shows a significant exchange bias effect. AF
films with fewer defects and strain-free interfaces yield a lower exchange
bias. Polarized neutron reflectivity was carried on a CoPt3/FePt; multi-
layer grown on MgO to probe the layer-specific magnetizations owing to
the significant difference in the neutron scattering length density between
Fe and Co and elucidate the magnetic switching behavior in this system
for different temperatures and magnetic fields.

MA 36.7 Fri 12:15 HSZ 401
Temperature dependent effects of interlayer exchange coupling
in rare earth trilayers — eM. WIETSTRUK, K.M. DOBRICH, J.E.
PriETO, O. KRUPIN, F. HEIGL, G. KAINDL, and K. STARKE — Freie
Universitat Berlin, Fachbereich Physik
We investigated the thickness and temperature dependence of the in-
terlayer exchange coupling (IEC) in Th/Y/Gd-Trilayers. Using wedge
samples with Y-spacer layer thicknesses between 5 and 35A, we recorded

hysteresis loops by x-ray magneto-optical Kerr effect (XMOKE) at the
Gd M; edge. By scanning along the wedge, we could measure about 1.5
oscillation periods of the coupling strength on each sample.

In this all-rare-earth-metal system, we find that the phase of the oscil-
latory coupling shifts with temperature. In particular, for a fixed spacer
layer thickness of 15A, the coupling changes reversibly between ferromag-
netic and antiferromagnetic, when changing the temperature between
20K and 120K.

We compare the experimental findings with simple model calculations
in the quantum-well-state picture with free-electron reflectivities. Addi-
tionally, we present QWS calculations for this system using theoretical
valence band dispersions of bulk Tbh, Y, and Gd.

MA 36.8 Fri 12:30 HSZ 401

Magnetic Properties of partly oxidized Ni Nanoparticles — oU.
KREIBIG!, V. SCHNEIDER', A. REINHOLDT', T. WEIRICH?, A. TILL-
MANNS?, H. KRENN?) K. RuMPF?, and P. GRANITZER? — 'LInstitute
of Physics (IA) RWTH Aachen University D-52056 Aachen, Germany —
2Gemeinschaftslabor fuer Elektronenmikroskopie RWTH Aachen Univer-
sity D-52056 Aachen, Germany — 3ILInstitute of Physics (ITA) RWTH
Aachen University D-52056 Aachen, Germany — “Institute of Experi-
mental Physics Karl-Franzens-University A-8010 Graz, Austria

Ni nanoparticles (mean diameters 5 to 10 nm) were produced by our
high efficiency laser evaporation source LUCAS. They were deposited
and stepwise oxidized in UHV. Electron microscopic analysis proved the
formation of oxide shells around a Ni core. Magnetization was measured
by SQUID in the temperature range 5 to 400 K. Alternatively two kinds
of hysteris loops were observed in different samples: 1) A single, uniform
loop which is strongly shifted by exchange bias. 2) A double hysteresis,
consisting of a superposition of two loops, without any exchange bias
shift. A qualitative explanation will be given, based upon the magnetic
properties of the Ni-oxide shell which deviates from a perfect antifer-
romagnet. The strength of the remaining anisotropy field of the shell
probably depends on the structural and chemical details of the core-shell
interface. Within the investigated temperature range no hint of super-
paramagnetism was observed.

MA 36.9 Fri 12:45 HSZ 401
Magnetic Multilayer Systems on Nanospheres: Experiments
and Simulations — eT. C. ULBricH', I. GUHR!, S. VAN DIJKEN?,
T. EmMULLER?, P. FiscHER?, and M. ALBRECHT! — !University of
Konstanz, Department of Physics, 78457 Konstanz, Germany 2SFI
Trinity Nanoscience Laboratory, Physics Department, Trinity College,
Dublin 2, Ireland — 3Ruhr-Universitaet Bochum, Department of Expe-
rimantal Phyics, NB4/130, 44780 Bochum, Germany — *LBNL/CXRO,
MS 2-400, Berkeley, CA 94720 U.S.A
We report on a combination of a topographic pattern formed of self-
assembled polystyrene particles with sizes as small as 50 nm and film
deposition. Using Co/Pt multilayer films, the so formed nanocaps on top
of a sphere are monodisperse, reveal a uniform magnetic anisotropy and
are magnetically exchange isolated. The film thickness varies and so do
the magnetic properties most notable the magneto-crystalline anisotropy
across the cap [1]. For Co/Pt multilayer film deposition, the anisotropy
direction depends on the Co layer thickness, thus, changing the orienta-
tion from parallel to perpendicular to the particle surface below a critical
thickness. Therefore, systems with a spin reorientation transition across
the cap can be created. Moreover, by combining bilayers consiting of
Co/Pt multilayers and MnPt or FeNi layers on the particle array, cou-
pling effects such as exchange bias or exchange spring coupling can be
investigated. First results will be presented and compared to micromag-
netic simulations. This project is funded by the DFG through the SFB
513 and the Emmy-Noether program at the University of Konstanz.
[1] M. Albrecht et al., Nature Materials 4, 203 (2005).
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MA 37 Molecular Magnetism

Time: Friday 10:45-13:15

MA 37.1 Fri 10:45 HSZ 403

Exploring molecular magnetism by first-principles density-
functional-theory calculations eJENS KORTUS Theoretische
Physik, TU Bergakademie Freiberg

Magnetism at the molecular scale holds great promises for future ap-
plications in information storage. However, before any applications we
have to understand the relevant processes which are governed by the laws
of quantum mechanics in detail. The magnetic properties at this length
scale are determined by exchange interactions and spin-orbit interaction.
The exchange interaction will determine the magnetic ground state of
the molecule. The spin-orbit coupling is responsible for the magnetic
anisotropy, which is one of the key properties of a single molecule mag-
net. First-principles density functional theory (DFT) calculations offer
an insight in the electronic structure and molecular orbitals and allows
for the calculation of exchange interaction and spin-orbit coupling.

We will compare our theoretical results to experimental ones for mag-
netic anisotropies. For many systems the agreement is very good,
however there are also cases were DFT underestimates the magnetic
anisotropy by a factor of two. Other possible application of DFT to
molecular systems include the calculation of STM spectra, which can be
directly compared to experiment allowing for a check of the calculated
charge densities.

MA 37.2 Fri 11:00 HSZ 403

Frequency Domain Magnetic Resonance Spectroscopy in
Molecular Magnetism — eJORIS VAN SLAGEREN — 1. Physikalis-
ches Institut, Universitidt Stuttgart

In recent years, we have developed an advanced magnetic resonance
technique called frequency-domain magnetic resonance spectroscopy
(FDMRS) and applied it to the study of a number of phenomena in
molecular magnetism. We are interested in the magnetic anisotropy of
molecular magnets especially in the form of zero-field splitting of the
ground state multiplet. We have shown that FDMRS is a very efficient
and accurate method to determine the parameters that describe the mag-
netic anisotropy. Our aim is to understand the physical origin of the
zero-field splitting in exchange coupled clusters, and the role played by
the single ion anisotropy and the mixing of spin multiplets. In addition,
we have become interested in the (especially dipolar) interaction between
single molecule magnets in the crystal and its influence on the magnetic
relaxation. To this end we have studied the magnetic resonance line-
shape in frozen solutions of single-molecule magnets. Our ability to vary
frequency and field independently allows us to perform more sophisti-
cated experiments. For example, we have shown that we can investigate
quantum tunneling of the magnetization. Finally we have shown that
single molecule magnets can function as efficient Faraday rotators of the
radiation polarization in the terahertz frequency range.

MA 37.3 Fri 11:15 HSZ 403

A BNa-NMR study of the ferric wheel system Na@Fe; (tea)s
eLARS SCHNELZER, ROLAND LEPPIN, and BERND PILAWA
Physikalisches Institut, Universitat Karlsruhe (TH), D-76131 Karlsruhe

The hexanuclear iron(IIT) complex Na@Feg(tea)s consists of a ring of
six Fe(III) ions which are coupled by organic ligands and centred by a
Na-alkali atom. The dynamic properties of Na@Fes(tea)s have been
studied by 'H and 2Na NMR measurements at 52 MHz. The temper-
ature dependence of the 'H T; rate reveals a peak at 30 K which is a
characteristic feature of the ferric wheel systems whereas the 2*Na NMR
T; rate measurements increases linearly with temperature indicating a
purely quadrupolar relaxation of the nuclear spin. In order to study the
influence of the electronic spin system on the NMR properties of the 2*Na,
nucleus, the magnetic field and temperature dependence of the T, rate
has been measured on a polycrystalline sample. The field dependence
shows the strong enhancement of the T; rate due to the level crossing
between the S=0 groundstate and the first excited S=1 state in the field
range between By ~11 T and B, ~13 T, proving the influence of the
Fe(III) spin on the Na nucleus. In contrast to the measurements at 52
MHz, the temperature dependence of Ty at 79.5 MHz is characterized by
a strong increase up to T ~30 K and a broad maximum, resembling the
'H measurements of T;~! on the Feg(tea)s system, when the magnetic
field is oriented parallel to the molecular symmetry axis.

Room: HSZ 403

MA 37.4 Fri 11:30 HSZ 403

Magnetic Anisotropy Energies of Metal-Benzene Sandwiches
eNICOLAE ATODIRESEI', YURIY MOKROUSOV2, GUSTAV
BIHLMAYER!, and STEFAN BLUGEL! — !Institut fiir Festkérper-
forschung, Forschungszentrum Jiilich, D-52425 Jiilich, Germany —
2Institute of Applied Physics and Microstructure Research Center,
University of Hamburg, 20355 Hamburg, Germany
Molecular magnets moved to the frontier of research as ideal candi-
dates for the smallest possible magnets. We performed ab initio cal-
culations for one-dimensional (1D) magnetic organometallic sandwiches,
M, Bz, (Bz = Cs¢Hg; M = V,Nb,Ta) and infinite wires within the
framework of the density functional theory (DFT) in the generalized
gradient approximation (GGA) using the full-potential linearized aug-
mented plane-wave method for 1D-systems [1,2]. We found that all the
M, Bz,, molecules and the infinite wires are magnetic. By including
the spin-orbit coupling in the total energy calculations we considered
the two possible symmetry-determined directions of the magnetization
in the molecules and wires: along the z-axis (z) and radial, parallel to
the plane of the benzenes (r). The magnetic anisotropy energy (MAE)
describes the energy difference between them. We conclude that by re-
placing the V atoms with heavier metals such as Nb and Ta, leads to a
stronger spin-orbit interaction with larger MAE’s. The (NbBz)., wire
shows a ballistic anisotropic magnetoresistance (BAMR)[3] effect. [1] Y.
Mokrousov et al. PRB 72 (2005);[2] http://www.flapw.de; [3] J. Velev et
al. PRL 94 (2005)

MA 37.5 Fri 11:45 HSZ 403
Spin-dependent transport through half-metallic organometal-
lic wires — oV. MASLYUK!, A. BaGreETs"? T. BREDOW?, M.
BRANDBYGE?, and I. MERTIG! — Martin-Luther-Universit\”at Halle-
Wittenberg, Fachbereich Physik, Germany — 2Institut f\”ur Nanotech-
nologie, Forschungszentrum Karlsruhe, Germany — 3Institut f\”ur The-
oretische Chemie, Universit\”at Hannover, Germany — “Department of
Micro and Nanotechnology, Technical University of Denmark, Denmark
During the last years, molecular magnets have been attracting enor-
mous attention, since they are candidates for future applications in high-
density information storage and quantum computers. Here, we present
a first class of magnetic one-dimensional organometallic systems which
show half-metallic behaviour and can be synthesized [1]. These sys-
tems are Met-C$_6$HS$_6% multi-decker clusters, with Met=V, Mn and
Co [2]. Theoretical investigations of the transport properties of such
organometallic wires are presented. The conductance and the elec-
tronic structure of the molecular wires were calculated by means of a
LCAO method based on density functional theory combined with non-
equilibrium Greens functions [3]. A detailed analysis of electronic, mag-
netic and transport properties is given. A large spin-polarization of the
electron current is predicted. Furthermore, the influence of the small
molecules, H$_2$, N$_2$, 0$.2$ and CO, on the transport properties of
organometallic wires is discussed.
[1] K.Miyajima, \textit{et al.},Eur.Phys.J.D {\bf 34},177(2005) [2]
V.V.Maslyuk, \textit{et al.},[cond-mat/0510144]. [3] M.Brandbyge,
\textit{et al.}, PRB {\bf 65}, 165401(2002).

MA 37.6 Fri 12:00 HSZ 403
Field-dependent magnetic paramaters in {NiyMo;,} — eMIRKO
BRUGER and JURGEN SCHNACK — Universitat Osnabriick, Fachbereich
Physik, Barbarastr. 7, D-49069 Osnabriick
MoY0s0 (2 — OH)1oHo {Ni"(H,0)3}4 is a magnetic molecule which
on first glance looks rather unspectacular since it comprises four Ni ions
which are placed at the vertices of an almost ideal tetrahedron and con-
nected by oxygen bridges. Thus one would expect that the magnetic
energy levels are reasonably well described by an isotropic Heisenberg
model with antiferromagnetic coupling. Preliminary experimental re-
sults, obtained by our experimental collaborators in Ames (USA) and
Okayama (Japan), show a low-temperature magnetization curve (M vs.
B) with increasing step size. The magnetization curve shows two equal
steps at low fields and two larger steps of similar size at high fields,
which are rounded of anisotropy. Even including biquadratic exchange
and Dzyaloshinsnskii-Moriya interaction we were unable to describe the
low-temperature magnetization curve. Furthermore low-field susceptibil-
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ity and magneto-optical experiments of our collaborators in Ames and
Knoxville (USA) portend small changes in the structure of the molecule
with applied magnetic field.

MA 37.7 Fri 12:15 HSZ 403

AC-susceptibility measurements of spinclusters in high mag-
netic fields — eROLAND LEPPIN and BERND PiLawA — Physikalisches
Institut, Universitat Karlsruhe (TH)

The Fey(hpdta);, Fes(hpdta), and Feg(hpdta)s clusters denote sys-
tems of antiferromagnetically coupled magnetic ions with s=5/2, which
are surrounded by organic ligands. Of these spin systems the static mag-
netic susceptibility and exchange coupling constants are known, but no
ESR signal can be detected to gain access to the electronic level structure.
However, spin dynamics are still accessible via levelcrossing experiments
with high field ac-susceptibility measurements.

Therefore an experimental setup has been developed to measure ac-
susceptibility in a de-magnetic field from 0 to 20T. Initial zero field mea-
surements of a Mny; cluster support the expected paramagnetic blocking
temperature behaviour. For the (hpdta)-systems it is expected to mea-
sure a peak in the ac-susceptibility, when the dc-field passes an electronic
levelcrossing between the lowest energy level and the next higher excited
state, causing a step-like increase in magnetization.

MA 37.8 Fri 12:30 HSZ 403

Tuning the magnetic ground state of a novel tetranuclear
Nickel(II) molecular complex by high magnetic fields — oC.
Gorze™?, A. Avronsov!, R. KLINGELER!®, B. BUCHNER!, V.
KaTAEV!, C. MENNERICH?, H.-H. Krauss?, M. GoIRaN® J.M.
Broro®, H. Rakoro®, S. DemESHKO? G. LEIBELING?, and F.
MEYER* — IFW Dresden, Germany — 2TU Braunschweig, Germany
— SLNCMP Toulouse, France — *University Géttingen, Germany

Electron spin resonance and magnetization data in magnetic fields
up to 50T of a novel multicenter magnetic molecular complex
[(L)2Nis(N3)(02C Ada)4)(Cl1Oy4) are reported. In this compound, four
Ni spins each S = 1 are coupled in a single molecule via the central
p4-azide bridge which provides paths for magnetic exchange. A com-
plex ESR spectrum comprising four resonance modes has been observed.
Analysis of the frequency and temperature dependence of the ESR sig-
nals yields the relevant parameters of the spin Hamiltonian, in particular
the single ion anisotropy gap and the g factor, which enables the calcu-
lation of the complex energy spectrum of the spin states in a magnetic
field. The experimental results give compelling evidence for tuning the
ground state of the molecule by magnetic field from a nonmagnetic state
at small fields to a magnetic one in strong fields owing to the spin level
crossing at a field of ~ 25T.

MA 37.9 Fri 12:45 HSZ 403

Magnetic and optical properties of oxamato bridged Cu(II)
complexes — eBJORN BRAUER!, ToBIAS RUFFER?, DIETRICH R.
T. ZAHN', and GEORGETA SALVAN! — Technische Universitit Chem-
nitz, Institut fiir Physik, Reichenhainer Str. 70, D-09107 Chemnitz —
2Technische Universitit Chemnitz, Institut fiir Chemie, Strae der Na-
tionen 62, D-09107 Chemnitz

Coordination complexes allow the step-wise incorporation of an ex-
tended number of transition metal ions. Bis-oxamato type transition
metal complexes are prominent representatives of such systems and are
used for the synthesis of trimetallic complexes. The magnetic coupling
constant of such molecules and their spin density were determined using
Superconducting Quantum Interference Device (SQUID) and Electron
Paramagnetic Resonance measurements on powder. These molecules
were also deposited as thin films on silicon using spin-coating. Variable
Angle Spectroscopic Ellipsometry (VASE), Raman and IR spectroscopy
studies showed that the molecular structure is preserved during the de-
position process and that the films exhibit a preferential molecular ori-
entation.

MA 37.10 Fri 13:00 HSZ 403

Quantum Tunneling of the Magnetization in Lanthanide
Double-Decker Complexes — eH. RupP!, B. BARBARAZ, P.
MULLER!, S. BRINK?, O. FUHR?, and M. RUBEN® — !Physikalisches
Institut III, Universitit Erlangen, Germany — 2Laboratoire de
Magnétisme Louis Néel, CRNS, Grenoble, France — 3Institut fiir
Nanotechnologie, Forschungszentrum Karlsruhe, Germany
Magnetization hysteresis of dysprosium double-decker single crystals
was observed below 4K. For the first time a larger blocking temperature
than for Mn acetate was found. The very large anisotropy of rare-earth
ions has two opposing effects on the barrier height for reversal of the mag-
netization: The strong axial anisotropy results in a very large ligand-field
splitting, whereas the large transversal anisotropy shortcuts the barrier.
The observed steps in the hysteresis are due to quantum tunneling of the
magnetization. We interpret these steps and related features in terms of
intermolecular exchange, dipole-dipole and hyperfine interactions.



