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Characterisation of ion beam sputtered Fe/MgO/Fe magnetic
tunnel junction e ALEXANDRA 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 (MgO) 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!, Jusst ENKOVAARA'2, and STEFAN BLUGEL' — lInstitut 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
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
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MA 3.4 Mon 11:00 HSZ 103

Noncollinear interface magnetism in Fe/FeO/MgO/Fe tunnel
junctions: Effect on ballistic transport. — ¢BOGDAN 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 8 ~ 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 Liu', MARC SACHER!, JAN SCHMALHORST!, GUNTER
REiss!, and ANDREAS HUTTEN? — lUniversitdt Bielefeld, Univer-
sitatsstrasse 25, D-33615 Bielefeld, Germany ZForschungszentrum
Karlsruhe GmbH, Institut fiir Nanotechnologie, Hermann-von-
Helmbholtz-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 Coo,MnSi
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 {CosMnSipnm/CosFeSiznm}n have been prepared to increase
the atomic ordering of the CogFeSi 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 ’Institut fiir Nanotechnologie, Forschungszentrum
Karlsruhe GmbH, Hermann-von-Helmholz-Platz 1, D-76021 Karlsruhe,
Germany

Co,MnSi 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)
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.



