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Spintronics can be described as a new type of electronics based on the propagation of spin-polarized
currents. In classical spintronic devices one uses the exchange interaction between the spin of
conduction electrons and local spins in magnetic materials to create spin-polarized current or to
manipulate nanomagnets by spin transfer from spin-polarized currents. A novel direction of spintronics
exploits more the spin-orbit coupling than the exchange, either to generate spin-polarized currents
with only nonmagnetic materials or to create new types of magnetic objects like skyrmions. | will

review recent advances in two directions of this field.
a) Magnetic skyrmions induced by interface-induced Dzyaloshinsky-Moriya interactions in thin

films and current-induced motion of skyrmions in magnetic tracks.

b) Spin Hall, Rashba, Edelstein-Rashba effects and their use for current-induced motion of

domain walls (or skyrmions).
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In the past years magnetic insulators in contact with normal metals such as Yttrium Iron
Garnett (YIG)|Pt bilayers [1,2] have emerged as a novel material systems that displays
uniqgue phenomena due to the coupling between spin, charge, and heat transport on one
hand and lattice and magnetization dynamics on the other.

In this talk | will address selected theoretical issues for this system, such as spin Seebeck
effect [2], current-induced magnetization dynamics [3], spin pumping and AC spin Hall effect
[4], and the spin Hall magnetoresistance [5,6].

The reported results have been obtained in collaboration with Mathias Althammer, Yanting
Chen, Adam Cahaya, Sebastian Goénnenwein, Hujun Jiao, Hiroyasu Nakayama, Eiji Saitoh.
Saburo Takahashi, Oleg Tretiakov, Ke Xia, Jiang Xiao, and Yan Zhou.
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Transition metal oxides display a wide range of physical properties arising from the complex
interplay between their spin, charge, orbital and lattice degrees of freedom. Strain, reduced
dimensionality and/or interfacial interactions allow further tuning of their already outstanding
properties and even access to hidden phases and possibly to new functionalities.

Here, we study nickelate thin films and heterostructures. Perovskite nickelates (RNiOs,
R=rare earth), with the exception of LaNiOs, display a bandwidth-controlled metal insulator
transition (MIT) and antiferromagnetic order in the low temperature phase. We demonstrate
tuning of the MIT in nickelate thin films using strain, electric field and light [1], and that
ultrathin LaNiOs films undergo a MIT as the thickness is reduced [2]. We also report how
interface engineering can induce magnetism in non-magnetic LaNiO3;. This behaviour is
observed in (111)-oriented LaNiOs/LaMnO; superlattices [3] (Fig.1). The properties of
NdNiOs/LaMnO; heterostructures will also be presented.
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Fig.1: (a) X-ray diffractograms for (111)-oriented (5LaNiO3/5LaMnQ3),o (top) and (7LaNiOs/7LaMnO3);5
(bottom) superlattices.(b) Magnetization—field loops at 5 K for a (7LaNiO3z/7LaMnO3)15 superlattice after
field-cooling from room temperature in a +4000 Oe field (green circles) and in a -4000 Oe field (red
diamonds).

[1] Scherwitzl et al. Adv.Mat. 22, 5517 (2010).
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The properties of oxide-magnetic hybrids are very interesting particularly when
ferromagnets (FM) are in proximity to materials that undergo a metal-insulator (MIT) and
structural phase transition (SPT). The stress associated with the SPT produces a magnetoelastic
anisotropy in proximity coupled FM films that allows controlling the magnetic properties without
magnetic fields. Canonical examples are the vanadium oxides; VO, and V,03. VO, undergoes a
metal/rutile to an insulator/monoclinic phase transition at 340 K. In V,05 the 160 K transition is
from a metallic/rhombohedral to an insulating/ monoclinic phase. We have investigated the
magnetic properties of different combinations of ferromagnetic (Ni, Co and Fe) and vanadium
oxide thin films. The (0.32%) volume expansion in VO, or the (1.4 %) volume decrease in V,03
across the MIT produce an interfacial stress in the FM overlayer. The coercivities and
magnetizations of the FM grown on vanadium oxides are strongly affected by the phase
transition. The coercivity change can be as large as 170 % and occur in a very narrow
temperature interval. These effects are controlled by the thickness and deposition conditions. For
VO,/Ni bilayers the large coercivity change occurring above room temperature opens the
possibilities for technological applications.

The oxide research supported by the US-AFOSR and the magnetism by the US-DOE .
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Understanding the effect of geometric confinement in magnetization processes of magnetic
antidot arrays would contribute to their application in ultrahigh density storage [1]. We report
the analysis of magnetization reversal in cobalt antidot arrays by in-situ Lorentz microscopy
upon magnetic field as a function of the geometry (hole size and periodicity). For certain
geometric parameters (i.e. 160 nm period with,40 nm hole diameter), magnetic superdomains
separated by stripes of magnetic contrast (superdomain walls) has been observed (see Fig
1). The magnetization switching along the easy axis occurs in two stages: switching of
horizontal magnetic stripes, and then switching of vertical magnetic stripes (see Fig. 2). These
results will be correlated to micromagnetic simulations and macroscopic magnetization.

Magnetization
direction

Figure 1. Local reconstruction of the array magnetic state by the Transport-of-Intensity
Equation.
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Figure 2. Lorentz images of the magnetization reversal process in a Co antidot array.

[1] Z.L. Xiao, et. al. Nanotech 3, 357 (2003);L. Torres, et. al. Appl. Phys. Lett. 73, 3766 (1998).
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Nanowires magnetism is determined by shape and crystalline anisotropy terms. Tailored
magnetization reversal is thus essential to design and develop advanced devices.

CoFe nanowire arrays were produced by template-assisted electroplating into self-assembled
anodic alumina pores. The present study aims to the correlation between structure and
magnetic properties looking for optimizing the hard magnetic properties.

Properties of CoFe alloys nanowires are tuned by adjusting the alloy composition, adding
other elements and by suitable thermal treatments [1]. Structure studies by x-ray diffraction
and particularly by TEM in individual nanowires, conclude a shift from polycrystalline bcc
phase to a single crystal fcc as Co content increases. That results in a significant modification
of the magnetic properties. Enhanced coercivity (~0.5 T) and remanence (~0.98 Ms) are
obtained for nanowires with smaller diameter (< 20 nm) and after annealing (500°C).
Micromagnetic simulations indicate a transition from vortex to transverse domain wall
propagation for the harder nanowires.

Financial support from EU- Contract REFreePerMag is acknowledged.

[1] D.-H. Qin et al, Chem. Phys. Lett. 374, 661 (2003); C. Bran et al, IEEE Trans Magn. (in
press).
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In this work we report a new approach to fabricate single-crystal nanowires from
epitaxial Lay;3CaysMnO; thin films by combining optical and focused ion beam lithographies in
order to produce large aspect-ratio nanowires of a maximum of 50 ym in length, 30 nm of
thickness and widths ranging from 5 pm down to a minimum of 150 nm. The method
successfully preserves their bulk physical properties, such as the metal — insulator transition
(Tm) and low residual resistivity (see Figure 1). We have observed that Ty, increases upon
decreasing the nanowire width. Remarkably, we have obtained an enhanced value of
magnetoresistance at low applied magnetic field in the narrowest nanowire (thickness = 150
nm, aspect ratio = length-to-width ratio > 300) at Ty,. A combination of both a strain release at
the edges of the nanowire with decreasing width together with a destabilization of the
insulating regions due to finite size effects around T, is proposed to account for the observed
behavior. The results obtained in this work open new strategies to implement these structures
in functional spintronics devices.
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Figure 1.- Temperature dependence of the zero-field resistivity po(T) as a function of width of
the nanowire.
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Transition metal oxides present a wide range of interesting properties as metal-insulator
transitions (MIT), superconductivity and colossal magneto-resistance. The fabrication of
superlattices (SL) composed of these complex systems has proved to be an interesting route
to modify or create new properties.

We present x-ray magnetic circular dichroism measurements in LaMnO3/LaNiO; (LMO/LNO)
superlattices. LNO is a paramagnetic metal and the only system in the nickelate series to
show neither antiferromagnetic ordering nor MIT in bulk. It is therefore surprising that
LMO/LNO SL exhibit an exchange bias effect [1]. Motivated by this discovery, we have
investigated LMO/LNO SL with XMCD in order to shed light on the magnetic interface
interaction.

Our measurements show that these systems have a mixed valence (Ni**/Ni** Mn*/Mn*")
coming from charge transfer at the interface. In addition Ni exhibits an average magnetic
moment ferromagnetically aligned to Mn, as evidenced by element specific hysteresis curves.
XMCD temperature dependence shows that both Ni and Mn moments are coupled
manifested by the fact that both go to zero at T¢. Sum rule analysis shows that the Ni moment
is small, in agreement with an induced moment at the interface.

REFERENCES
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Magnetic antidot arrays with hole diameter in the ym and sub-um scales have been
extensively studied as candidates for data storage [1] and logic devices [2] applications.
However, very few works have dealt with nanometer-scale antidots [3,4].

In our work, a NanoFIB is used to pattern hexagonal or square lattice arrays on Co films
(Figure). The hole diameter is 40 nm and the lattice parameter is in the 150 nm to 300 nm
range.

The arrays where studied by means of local magneto-optic Kerr effect measurements and
Magnetic Force Microscopy (MFM) imaging. The results were understood with the help of
micromagnetic simulations.

MFM reveals that different lattice symmetry, hexagonal or square, gives rise to different
magnetic structure in remanence (see Figure). This opens a route to tailor the magnetic
properties of the films.

Funding from MINECO (MAT2011-29194-C02-01, MAT2010-20798-C05-01 and CSD2008-
00023), CM (S2009/MAT-1726) and EU (PIEF-GA-2010-272470) is acknowledged.

[1] C. Wang et al., Nanotechnology 17, 1629 (2006)

[2] R. Bali et al., Phys. Rev. B 85, 104414 (2012)

[3] K. Merazzo et al., Phys. Rev. B 85, 85, 184427 (2012)
[4] X. Hu et al., Phys. Rev. B 84, 024404 (2011)
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Monte Carlo simulations of the dynamic magnetic behaviour of an assembly of ferromagnetic
(FM) core/ antiferromagnetic (AFM) shell nanoparticles are reported. We use a mesoscopic
model of six spins that describes efficiently the complex structure of the nanopatrticles in the
assembly. Intra-particle nearest neighbours exchange interactions and inter-particle dipolar
interactions are considered. Memory effects on low field Zero-Field-Cooled (ZFC)
magnetisation curves have been investigated after stop and wait for a certain time in a
selected temperature below the freezing temperature (Ty) (Fig. 1). Our simulations show that
the memory effects increase with the concentration and that both the interface exchange
coupling and the dipolar inter-particle interactions contribute to the observed dynamic
behaviour. In particular the interface exchange interaction provides an additive source for the
frustration of the system resulting in an enhancement of the memory effect. The numerical
data reproduce well the experimental results on a system of Co nanoparticles in Mn matrix [1]
(Fig. 1), confirming the glassy behaviour of the investigated nanoparticle systems.
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Figure 1 (left) Experimental ZFC-reference curve (open circles) and ZFC-memory curves (filled
symbols) for a stop-and-wait of 300, 3000, and 30000 s at T=55 K ~ 0.8 T; for CoMn
nanoparticles concentration 9.8% [1] (right) Monte Carlo ZFC-reference curve (open circles)
and ZFC-memory curves (filled symbols) after stop-and-wait for 9%10°, 3*10°, 9*10°, 3*10’
Monte Carlo Steps per Spin (MCSS) at T =0.5 T; for 10% concentration of the FM/AFM
nanoparticle assemblies.

[1] D. Peddis, M. Hudl, C. Binns, D. Fiorani and P. Nordblad, J. Phys.: Conf. Ser.,200, 072074
(2010)
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Domain-wall depinning governed by the spin Hall effect
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Current induced domain wall motion (CIDWM) in perpendicular materials has caused
much excitement over the last few year years due to the discovery of unexpected DW
driving mechanisms. Recently, we have shown that the Spin Hall Effect (SHE) [1,2]
provides a radically new mechanism for CIDWM in these systems [3]. Essential for this
work was the ability to create and pin DW’s at well-defined positions in a Pt /Co / Pt
nanowire. By studying the depinning of these DW’s as function of applied field
directions and current we were able to disentangle different contributions. This allows
us to unambiguously identify the SHE as the driving mechanism.

In the first part of this talk we will discuss the SHE mechanism and introduce an DW
depinning experiment that allows us to disentangle different contributions to CIDWM.
This will be supported by data obtained on different Pt / Co / Pt and Pt / Co / Ta stacks
where we test the SHE symmetry properties. This is further explored by studying the
effect of the SHE on stabilized Neel or Bloch DWs. The presented results show that we
can directly tune the strength of the SHE by simply changing the relative thickness of
the non-magnetic Pt layers sandwiching the Co layer. The recent discovery and
theoretical support for dyaloshinsky-moriya interactions in similar materials which
stabilize Neel DWs with a well-defined chirality opens up the use of the SHE for
technological DW applications such as racetrack memory.

In the second part of this talk we will discuss potential applications of the SHE for
magnetization manipulation in synthetic multiferroic heterostructures. This allows to
tune the SHE effect by switching the order parameter of the underlying substrate.

[1] L. M. Miron et al., Nature 476, 189 (2011)
[2] L. Liu etal, Science 336, 555 (2012)
[3] P.P.J. Haazen et al., Nature Materials, in press (2013)
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INTRODUCTION

In the perspective of contemporary material science, especially within the field of electronic
transport, disorder is treated as a severe destructive mechanism, which should be reduced
or prevented by all means. In contrast, here we show the constructive use of disorder by its
straightforward application in band structure engineering: the electronic properties connected
with a certain group of bands can be enabled or disabled by introducing specific disorder,
which selectively affects particular bands, or changes the rest of the band structure, leaving
the selected bands unperturbed. In particular, we demonstrate how to manipulate the spin-
transport characteristics by applying random disorder as a constructive agent. This approach
paves the way for the construction of novel systems with a surprising combination of
properties, as topological insulators [1], or those which are either extremely rare or even
entirely absent within the known classes of the ordered materials: half-metals with arbitrary
magnetization and magnetic semiconductors [2].

REFERENCES

[1] S. Chadov, J. Kiss, J. Klbler, C. Felser, Phys. Stat. Solidi (RRL) 7, 82-89 (2013).
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INTRODUCTION

Current-induced magnetic domain wall (DW) motion has been widely investigated due to its
potential application. DW dynamics in perpendicularly magnetized Co/Ni nanowires is well
explained by adiabatic spin transfer model, which allows us to determine the spin polarization
of current (P). Here we report the temperature dependence of P in the nanowires with
different Co and Ni thicknesses (tc, and ty;).

RESULT

As shown in Fig. 1, P decreases more rapidly than Mg with increasing temperature,
suggesting the magnon scattering in the temperature dependence of P. In contrast to the
systematic dependence of Mson tyi/tc, ratio [Not shown], temperature dependences of P are
almost independent of ty/tc, ratio.
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Fig. 1 Temperature dependences of P for Co/Ni
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We report the observation of the spin Seebeck effect in magnetite film. We measured the
transversal voltage developed upon application of a thermal gradient and a sweeping
magnetic field. Above the metal-insulator transition (Verwey transition) the signal is a
contribution from both the anomalous Nernst (ANE) and spin Seebeck effects (SSE) of Fe30,4
layer. Nevertheless the ANE contribution to the SSE is found to be negligible due to the
resistivity difference between Fe;04 and Pt layers. Below the Verwey transition the SSE is
free from the ANE of the ferromagnetic layer and it is found to dominate over the ANE due to
magnetic proximity effect on the Pt layer.
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SPIN TRANSFER TORQUE EFFECTS IN Lay;SrisMnO; MEASURED BY
RESISTIVE DETECTION AND XMCD-PEEM IMAGING
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La,y;3SrisMnO3; (LSMO) is a metallic magnetic oxide with relatively high Curie Temperature
(Tc = 370 K) and high spin polarisation, promising a high spin transfer torque (STT) efficiency.
We will report on our investigations of STT effects in LSMO nanowires evaluated by (i) direct
imaging of magnetic domain walls using Photoemission Electron Microscopy with X-ray
Magnetic Circular Dichroism magnetic contrast (XMCD-PEEM) after consecutive current
pulse injections (Figure 1(a)) and (ii) low temperature current assisted domain wall depinning
detected by resistive measurements (Figure 1(b)). Although heating effects, due to higher
resistivity and lower Curie temperature compared to 3d metals, limit the applicable current
densities, both experiments indicate a high STT efficiency in LSMO so that even at low
current densities effects are observed.
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Figure 1: Spin torque effects in LSMO nanowires: (a) Position of a magnetic domain wall in a LSMO
nanowire after consecutive current pulse injection, determined by XMCD-PEEM imaging. Domain wall
creep in direction of the current is observed. (b) Depinning field of a domain wall in a LSMO nanowire
measured in low temperature transport experiment with inject current pulses. Apart from a low current
symmetric reduction attributed to heating effects, at higher positive currents a further reduction is
observed, which is related to STT. Similar combinations of heating and STT effects have been observed
in Permalloy [1].
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We investigate switching of three terminal magnetic tunnel junctions (MTJs) having a Cu
channel, a common interconnection material in VLSI, with Ir doping (Cu:lr). Figure shows that
with the application of a current pulse to the channel, current direction dependent switching of
MTJ takes place. We show that the relationship between the direction of the switching current
and magnetization configuration as well as its switching current density are well explained by
the combination of spin transfer torque induced by the spin Hall effect in Cu:lr [1] and current-
induced fields.

This work was supported by JSPS through FIRST program.

pulse width = 1 ms

200 K L) T L) ) L] L) L L) - : i
2' MTJ (1)
180 } G .
= | | == |channel
£160 - initial state E— .
L O G O AR A
Q 140 | ]
c L L L L 1 'l L L L
@®
et T T T T T T T T T
2 200 F E
w
& 180} -
160 E
T inftial state ]
5 4 3 -2 A 0 1 2 3 4 5

Current, / (mA)

Figure: Resistance of a MTJ as a function of current pulse | with the
width of 1 ms. The arrows show the direction varying amplitude of I.
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IMPACT OF INTERFACE HYBRIDIZATION ON SPIN INJECTION IN MOLECULES
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Molecular spintronics is an emerging research field at the frontier between organic
chemistry and the spintronics concept of adding non-volatility and spin degree of freedom to
electronics. Compared to traditional inorganic materials molecules are flexible and can be
easily tailored by chemical synthesis. However, due to their theoretically expected very long
spin lifetime opportunity, they were first only seen as the ultimate media for spintronics
devices and it was only very recently that new spintronics tailoring opportunities,
unachievable or unthinkable with inorganic materials, and that could arise from the chemical
versatility brought by molecules and molecular engineering were unveiled.

We will show that the molecular structure, the local geometry at the molecule-
electrode interface and more importantly the ferromagnetic metal/molecule hybridization can
strongly influence interfacial spin properties going from spin polarization enhancement to its
sign control in spintronics devices [1]. Spin dependent transport measurements on
ferromagnet/molecules/ferromagnet magnetic tunnel junctions where molecules are organic
semiconductors (Alg3) or self-assembled monolayers [2,3] highlighting the crucial role of the
interface will be presented.

This work is funded through the European Union Seventh Framework Programme (FP7/2007-
2013) under grant agreement no 263104
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INTRODUCTION

The appearance of new emerging applications as well as new demands on energy
consumption or larger information transfer rates require the development of new ceramic
magnetic materials with optimum and tailor made performance. Concrete examples include: i)
the need for wireless power transport (i.e. wireless electric car charging) requires new
materials high saturation induction at high temperatures ii) the need for low energy
consumption (i.e. renewable energy inverter components) requires new materials with low
power losses as possible independent of temperature iii) the need for larger information
transfer rates requires new materials with high permeability, stable with frequency up to as
possible higher frequencies iv) new satellite weather forecasting and cloud imaging
techniques require low insertion loss materials for non-reciprocal components at ~95 GHz.

In this presentation the basic principles along which the development of new magnetic
materials with optimum properties (materials with power losses of 210 mW cm™ at 100kHz,
200mT, 90° C or materials with relative initial magnetic permeability of 12500 with 100kHz
(25°C) losses of tan(6)/p:25x10'6, or materials with saturation induction of 550 mT at 10kHz,
1200 A/m, 100°C, or hexagonal materials with insertion losses of 0.2 dB at 94 GHz) has
taken place will be described.

In addition, emphasis will be given on the fundamental material related problems
encountered, when large scale industrial production and real shape products takes place.
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INTRODUCTION

Exchange coupled hard/soft magnetic nanocomposites have long been in the interest of re-
search for improving the energy density of the best hard magnetic materials. However, only
recently values significantly above the theoretical hard phase limit have been realized in epi-
taxial SmCos/Fe/SmCos trilayers [1]. For these films the total hard layer thickness was kept
constant at 50 nm and the Fe layer thickness was varied. Optimum (BH),x Of 312 kd/m? is
obtained for a Fe thickness of about 13 nm (20 vol-%).

To investigate the influence of a reduced SmCos layer thickness a series of
[SmCos(17nm)/Fe(X)]./ SmCos(17nm) 5-layers was prepared by UHV pulsed laser deposition.
Two Fe layers of thickness 3 to 15 nm were deposited in between three SmCos layers of
thickness 17 nm each. Due to the reduced SmCos layer thickness all multilayers possess a
square shaped hysteresis. For an individual Fe thickness of 10 nm, the now larger volume
fraction of 35% soft phase drastically increases the maximum energy density to above 450
kd/m?* (see Figure 1). The results are discussed with respect to predictions from three-
dimensional micromagnetic calculations.
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Fig. 1 (BH)max for 3-layer and 5-layer samples as a function of Fe-volume fraction
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INTRODUCTION

High performance Nd-Fe-B sintered magnets are critical for clean energy technologies such as hybrid
electric vehicles. Greater understanding of the coercivity mechanisms in such materials will enable
radical new approaches to the production of Dy-free Nd-Fe-B magnets [1]. Coercivity is dependent on
the intrinsic magnetic properties of Nd,Fe 4B and microstructural features ranging in size from ~ 1 nm
Nd-rich grain boundary phases to ~ 5 ym Nd,Fe ;4B grains. A multiscale approach to characterisation
is therefore vital. Atomic resolution STEM images of interfaces and composition profiles with
approximately 1 A spatial resolution have been measured using STEM-EELS. Atomistic models,
based on the structure and composition data obtained experimentally have been used as input in
atomistic simulations of the interfaces. On a larger length scale, data from experiments has been
added to finite element models of ensembles of Nd,Fe4B grains surrounding a Nd-rich grain. Finite
element micromagnetics predicted different coercivity values for the ensembles with different Nd-rich
phases in the centre, thus helping to identify potential microstructural weak points.
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SOFT MAGNETIC OBLATE SPHEROIDS IN A HARD MAGNETIC MATRIX
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We use finite element micromagnetics simulations to investigate changing hysteresis
properties for varying arrays of soft magnetic ellipsoids (FegsCo035) in a hard magnetic matrix
(Nd,Fe4B). The oblate spheroids' major axis is in the x,y-plane, the minor axis is parallel to
the z-axis. The external field is applied parallel to the easy axis of the magnet and parallel or
perpendicular to the major axes of the ellipsoids as symbolized by the arrows in Figure 1. We
notice a significant difference in the nucleation field of approximately 28.5 % between the two
orientations of the applied external field. There are two main reasons for this effect: (1) In
perpendicular oriented soft spheroids a Neel wall has to form to initiate magnetization
reversal. This requires more energy than the formation of a Bloch wall for parallel aligned
inclusions. (2) Magnetostatic interactions between the ellipsoids stabilize the soft phase in
addition to the exchange hardening.

We will show that it is possible to enhance the nucleation field by up to 45 % through
rearranging of the soft inclusions (splitting into smaller ellipsoids with different aspect ratio
and reorientation) while the ratio of magnetically soft to magnetically hard material is kept
constant.
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Figure 1: Magnetic reversal of the nanocomposite magnet. If the major axes of the soft
inclusions are perpendicular to the hard magnetic easy axis the coercive field is increased by
about 30 percent as compared to the parallel alignment.
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DEVELOPMENT OF HYSTERESIS IN BALL-MILLED La(Cos.xFex)
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There is an increasing demand for new hard magnets with reduced content of strategic rare earths.
Lanthanum has a similar crustal abundance to Nd or Y, but it is not used for manufacturing permanent
magnets. It has no 4f electrons and contributes little to the anisotropy. The cobalt sublattice provides
substantial c-axis anisotropy in LaCos (K= 6.1 MJ/m® It should be possible to increase the
magnetization by iron substitution for cobalt, while retaining enough anisotropy to make a good
permanent magnet.

Here we report the synthesis and magnetic characterization of a series of La(Cos4Fe,) alloys with
0=x<1. The bulk alloys were arc melted, annealed for a week at 900°C in evacuated quartz tube and
subsequently quenched in air. The Méssbauer spectrum of the x = 1 sample shows a hyperfine field of
30.6 T, corresponding to an iron moment of 2.0 yg, which is significantly greater than cobalt and
increases the magnetization of the alloy, However, the as-quenched compounds contain a proportion
of the cubic LaMy3; phase, which increases with x.

Following a report of 1.7 T coercivity in La-rich La-Co alloys [1], we have prepared a series of ball-
milled, iron-substituted La-Co materials in order to optimize their magnetic properties. These will be
discussed together with influence of Ca additives on the structure and magnetic properties.

[2] G. HADJIPANAYIS et al. J. Appl. Phys. 91, 6147 (2002)
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INTRODUCTION

The Nd,Fe 4B grains in Nd-Fe-B magnets must have a strong uniaxial texture in order to
maximise the remanence. To study the global texture, i.e. the texture on the scale of a bulk
magnet, magnetic or x-ray measurements are commonly used. Electron backscattered
diffraction (EBSD) mapping is typically used to study the local texture, i.e. texture on a length
scale of a few grains. For example, EBSD local texture results suggested that the Nd oxide
phases in Nd-Fe-B sintered magnets were randomly oriented [1] and this result was
subsequently confirmed by synchrotron global texture measurements of far larger numbers of
grains [2]. In order to obtain a global texture measurement from EBSD, mapping can be
carried out over large areas but there is much redundancy in the data because diffraction
patterns are collected at many different positions in each grain. Instead of mapping, an
alternative, stochastic EBSD method can be used to obtain orientation information from large
numbers of grains without this redundancy, the results of which approach a measurement of
the global texture (e.g. by XRD). In the current work, the results of such EBSD global texture
measurements are verified by comparison to conventional XRD and magnetic texture
measurements.
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ABSTRACT

Anisotropic NdFeB-Fe composite magnets draw much interest due to their theoretical potential of
exhibiting significantly higher energy densities than those of currently existing magnets [1]. In these
composites, NdFeB provides high anisotropy for a high coercivity, whereas Fe contributes a high
saturation magnetization for a higher remanence. Both parameters — coercivity and remanence — are
key points in improving the energy density of a permanent magnet. One major necessity is the
introduction of a texture within the hard magnetic phase to achieve high energy products. Hot plastic
deformation of consolidated melt-spun R-Fe-B alloys is one of the common techniques used to induce
texture and thus fabricate anisotropic magnets with the easy axis of magnetization parallel to the
pressing direction [2]. We adapted this process in order to produce textured composite magnets
containing hard magnetic NdFeB and soft magnetic a-Fe. The particle size of the precursor materials
was less than 10 microns. Powders with varying compositions were blended to obtain samples with
NdFeB:Fe weight ratios of 100:0 to 70:30. The microstructure of the hot-pressed and hot-deformed
magnets was studied with scanning electron microscopy. A layered structure of hard and soft
magnetic phases with the layer normal parallel to the pressing direction was observed. Magnetic
measurements were carried out by using a vibrating sample magnetometer (VSM). The samples show
a single-phase magnetic behavior when measured along the nominal easy direction of magnetization.
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GIANT MAGNETOELECTRIC EFFECT IN THIN FILM COMPOSITES
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Magnetoelectric (ME) composite materials show ME coefficients that are larger than that of natural
multiferroics by several orders of magnitude. These ME composites have high potential for
applications, e.g. as very sensitive ac magnetic field sensors. Special features are their passive
nature, their high sensitivity, and their large dynamic range with linear response. By a suitable
combination of magnetic shape anisotropy and field annealing it is possible to obtain a sensor
element that has a pronounced sensitivity in only one dimension being a component of a 3-
dimensional vector field sensor, which is highly desirable for applications like
magnetoencephalography or —cardiography as a replacement for today’s sensors based on ligiud
He cooled SQUIDs.

The thin film ME 2-2 composites of this work consist of AIN or ferroelectric piezoelectrics and
different magnetostrictive layers. Upon magnetic field annealing of amorphous magnetostrictive
Metglas layers these ME composites with AIN as the piezoelectric layer show an uniaxial magnetic
anisotropy (1) and an extremely high ME coefficient of up to 9.6 kV/cmOe at mechanical resonance
in air which is enhanced by a factor of 4 in vacuum.

However, these composites require in general the presence of an external d.c. magnetic bias field,
which is detrimental to their use as sensitive magnetic-field sensors. Composites consisting of
piezoelectric AIN and multilayers with e.g. the sequence Ta/Cu/Mn70Ir30/Metglas serving as the
magnetostrictive component rely on intrinsic magnetic fields arising from the induced exchange bias
(2). The thickness of the different ferromagnetic layers and angle dependency of the exchange bias
field are used to adjust the shift of the magnetostriction curve in such a way that the maximum
magnetoelectric coefficient occurs at zero magnetic bias field. These self-biased composites show
high sensitivity to a.c. magnetic fields with a maximum magnetoelectric coefficient of approx. 3
kV/cmOe at mechanical resonance.

In this presentation different thin film composites will be discussed in view of their piezoelectric
material, different concepts of the magnetostrictive component and different electrode concepts in
view of their use as very sensitive magnetic field sensors in the pT range (3).
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INTRODUCTION

These last years, the miniaturization of electronic components allows to increase the
number of equipment [1-2]. Consequently, the realization of integrated inductors with high
inductance and low-cost manufacturing is highly desirable. The objective of our work is the
characterization of inductors with one or two magnetic layers (Fig. 1) in order to integrate
these components in low-power converters (1W).

Extracted parameters show a strong increase of the inductance either by simulation
or by measurement (Fig. 2) according to the magnetic thickness layer. For inductance with
two magnetic layers, the increasing factor is equal to the magnetic permeability (Fig. 2b).

In the final paper, the inductor characterization process will be presented and results
are completed by studies according to frequency.
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Fig. 1. Pictures of realized inductors (a) one magnetic layer and (b) two magnetic layers.
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Fig.2. Simulated and measured inductance value versus magnetic thickness layers
(a) inductors with one magnetic layer (b) inductors with two magnetic layers
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Fes,Cou4Hf 1N 15/ TisgNsg multilayer coatings are realized as wear resistant coatings with an integrated
sensor function, in order to detect external mechanical stress. Magnetic sensor functions based on the
inverse Villari effect can be realized by detecting changes in hysteresis or resonance frequency. In this
study, mechanical stress in the ferromagnetic Fe-Co-Hf-N layers induced by deformation is measured
by a shift of the cut-off frequency.

Fes,CoyHf1oN1,/TisgNsg  multilayer films were grown by a sequential deposition of seven
Fes,Coy4Hf15N1, and seven TisgNsg individual layers plus one TisoNsq top layer by means of reactive RF
and DC magnetron sputtering, respectively. A uniaxial anisotropy field of 5 mT was induced after
annealing the multilayer films for 1 h at 400 °C in vacuum in a static magnetic field. As a result,
magnetic softness (JoH. = 0.6 mT) and cut-off frequencies above 2 GHz were observed. Compressive
stress induced by a four point bending test increases the cut-off frequency whereas tensile stress
causes its decrease. The change of the cut-off frequency is described by an effective in-plane

anisotropy field which accounts for a thermally induced uniaxial anisotropy field and a biaxial
magnetoelastic anisotropy field . The possibility of detecting mechanically induced stress in a

ferromagnetic layer was demonstrated by the shift of the cut-off frequency with a resolution of
1.0 MPa.
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INTRODUCTION

A permanent increase of a switching frequency of an electronic power circuit sets new
requirements for inductive components. Inductors and transformers should provide smaller
inductivity and smaller size [1, 2]. For a switching frequency range between 10 MHz and 30
MHz a proposed inductivity of transformers should be between 100 nH and 300 nH and for
inductors between 20 nH and 200 nH. Decreasing of inductivity causes a decreasing of the
inductor size and of the inductor profile height. However, small device sizes like 1008, 0805,
0603, are needed. Also the device profile becomes less as 0.5 mm or 0.3 mm. Only the new
fabrication technology as thin-film technology allows a fulfillment of all these requirements.

DESIGN

A design of the developed microtransformer is shown in the Fig. 1. The microtransformer
consists of a closed NiFe magnetic core and six coils. Three coils are on the primary and
three coils are on the secondary transformer side. The design was simulated using Finite
Element Method (FEM). The software tool Ansys Maxwell® was applied.

B
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Fig. 1: Design of microtransformer
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A THIN FILM PASSIVE MAGNETIC FIELD SENSOR OPERATED AT 425 MHZ
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INTRODUCTION

A passive, magnetic field sensor consisting of a 425 MHz surface acoustic wave (SAW)
transponder loaded with a giant magnetoimpedance (GMI) element is developed. The
transponder, consisting of two interdigital transducers (IDTs) and the GMI element, a
multilayer structure composed of NiggFe,o/Cu/NigFe,y, are fabricated on a 128° Y-X cut
LiNbO3 substrate as shown in Fig. 1. The GMI component is characterized up to 500 MHz,
showing a large impedance change (Fig. 2). The integrated sensor is characterized with a
network analyzer through an S-parameter measurement (Fig. 3). Upon the application of a
magnetic field, a maximum amplitude change and phase shift of 2.7 dB and 20 degree,
respectively, are observed (Fig. 4). Within the linear region, the magnetic sensitivity is 3870
dB/T and the resolution is 1.3 uT.
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INTRODUCTION

In telecommunication systems, heavy bulky magnets are used to establish the proper
functioning of a circulator by ensuring the uniform orientation of the ferrite material’s magnetic
moment.

Thus to develop an unbiased coplanar microwave circulator, the approach based on
“ferromagnetic nanowired composite substrates” was promising. The idea was to do a
magnetophoretic deposition of nanocoloidal cobalt ferrite nanoparticles into porous alumina
membranes and permanently orient them uniformly. Therefore, in order to check the
orientation possibility of the nanoparticle, samples of magnetic thin films on glass substrates
were synthetized from CoFe,O, nanoparticles dispersed in a silica sol-gel matrix using the
dip-coating technique with and without a uniformly applied magnetic field. To investigate the
magnetic behavior of the prepared samples, the Faraday rotation as a function of the applied
magnetic field was measured using a spectral polarimeter. The unambiguous qualitative
difference between the Faraday rotation hysteresis loops shows a large variation of

coercitivity (ugH;) and remanent field ( —) values, thus proving the orientation of the
nanopatrticles.

Such nanocomposite is a promising candidate for future miniature microwave circulators
fabrication.
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INTRODUCTION:

Reducing the size of electronic components (passive components in particular) has become a major
goal since the electronic circuits are minimized. Among these components, we can mention an
essential component in radiofrequency applications, high frequencies applications and power

electronics: the planar inductor, a most disruptive component.

The aim of our work is the characterization of radiation and shielding. So in this paper we compare
simulation results of magnetic radiation for a planar inductor with measurements results. For that, two
structures have been fabricated: planar inductors with and without magnetic layer (Fig. 1).
Measurements of the magnetic field radiation have been carried out. These two structures have been

simulated and compared with measurement results. Results are illustrated in Fig. 2 and Fig. 3.
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Novel Phenomena in High-Anisotropy Nanomagnets*

D.J. Sellmyer, P. Kharel, W. Zhang, B. Balamurugan, B. Das and R. Skomski
Nebraska Center for Materials and Nanoscience and
Department of Physics and Astronomy
University of Nebraska

High-anisotropy nanomagnets are important in several areas of magnetic
materials and applications [1]. Current topics of high interest are the search for new
phases that are rare-earth free or rare-earth lean for permanent magnets [2], the
nanostructuring of hard-soft composites to achieve effective exchange coupling [3,4],
the fabrication of granular and/or patterned recording media with bit sizes below
10 nm [5,6], and perpendicular nanostructures with high polarization for spintronic
applications [7]. In this talk we present selected recent results Mn- and Co-based
compounds including high transport spin polarization in MnBi [8], spin correlations and
Kondo phenomena in MnBi:X alloys (X = Pt, Au, Fe) [9], and magnetism of Mn,Ga
alloys [10]. In addition, new results on Co-rich Co-Hf and Co-Zr nanoparticles and
nanocomposites may be discussed.

*Research supported by NSF-MRSEC (DMR-082052), NSF (DMR-0960110), US DOE
(DE-FG02-04ER46152), US DOE/BREM (DE-AC02-07CH1), US DOE (DE-AR
0000046), and NCMN.
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ELECTRICAL READ-OUT OF INDIVIDUAL NUCLEAR SPIN TRAJECTORIES

S. Thiele', R. Vincent', M. Holzmann?, S. Klyatskaya®; M.Ruben®, F. Balestro*and W.
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ABSTRACT

Key problems in spin-based quantum electronic devices are the long-term information storage on single
spins and the non-destructive retrieval of the latter. Moreover the ability to perform all operations
electrically is advantageous to interconnect classical and quantum electronics. To overcome the
problem of short spin lifetimes while using electron-spin based devices, the exploitation of nuclear
spins was suggested. Its excellent intrinsic isolation leads to very long relaxation (T;) and coherence
times (T,) but at the same time impedes high fidelity manipulation.

Here we present a complete electronic read-out of a single nuclear spin using a single-molecule magnet
based device (Fig. 1). The quantum non-destructiveness of the measurements together with high read-
out fidelities of 95% allowed for the recording of the nuclear spin-trajectory (Fig. 2). We deduced the
individual relaxation times T, and compared them with quantum Monte Carlo simulations. Based on
these results the dominant relaxation mechanism was revealed enabling the electrical tunability of T,.

T T
0 100200300400 0 10 20 30
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Figure 1 Molecular spin-transistor. Figure 2 Nuclear spin trajectory. (a)
A TbPc, molecular magnet is connec- Conductance jumps (grey dots) reveal
ted to source and drain gold electrodes the nuclear spin state. (b) Histogram of

and a back-gate underneath. all detected jumps.



144
EFFECTIVE SPIN MERON PAIRS IN FERROMAGNETIC MULTILAYERS

Sebastian Wintz *(1), Christopher Bunce (1), Andreas Neudert (1), Michael Kérner (1),
Thomas Strache (1), Matthias Buhl (1), Artur Erbe (1), Sibylle Gemming (1), J6rg Raabe
(2), Christoph Quitmann (2), and Jirgen Fassbender (1)

1. Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany
2. Paul Scherrer Institut, Villigen, Switzerland
*s.wintz@hzdr.de

We report on pairs of diverging/converging spin vortices in Co/Rh/Nig;Feyq trilayer disks. The
lateral magnetization distribution of these effective spin merons [1] is imaged directly by
means of element-selective x-ray microscopy. By this method, both the divergence and
circulation states of the individual layers are identified as antisymmetric [2] (cf. Figure 1).
Reversal measurements on corresponding continuous films reveal that biquadratic interlayer
exchange coupling is the origin for the formation of effective meron pairs. Furthermore, their
three-dimensional magnetization structure is determined by micromagnetic simulations.
Interestingly, the magnetic induction follows a kind of flux-closing torus. This toroidal topology
enforces a symmetry break, which ties the core polarities to the divergence configuration.
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Figure 1: Effective spin meron pair (schematic).

[1] C. Phatak et al., Phys. Rev. Lett. 108, 067205 (2012).
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185
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La,Ca;.xMnO; electron doped manganites , among others, increased their interest due to
the possibility to study the exchange bias effect in the nanometric format [1]. In this work,
polycrystalline nanogranular powder of Lag,sCag75MnO3, was prepared by sol-gel method as
described in [1]. Magnetic characterization shows its Néel transition temperature. As well,
hysteresis cycles measured at 5 K in 3 T FC and ZFC processes present exchange bias
effect.

Electron spin resonance (ESR) was also measured in 1 T FC process, in the range of
temperatures between 5 K and 250 K. Experimental results coincide with the theoretical
expressions for ESR in spin-glass systems [2,3] and consequent fitting of the results has
allowed us to obtain their uniaxial and unidirectional anisotropy constants, with the help of the
hysteresis cycle measurements at those temperatures in 1 T FC process. With these
measurements, calculation of the time attempt 172.910° s and crystallographic structural
distortion through g-factor were possible.

Moreover, the performed ESR measurements suggests an interface spin freezing at low
temperatures.

28
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Fig 1: SEM picture of Lag 25Cap7sMnO3 polycrystalline nanograins.
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SPIN-DEPENDENT SMOLUCHOWSKI EFFECT
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INTRODUCTION

The spill-out of electron charge density above atomically sharp surface corrugations has been
described by Smoluchowski [1]. The Smoluchowski effect focuses on the total electron charge
density and it neglects that electrons also carry a spin. In spin-polarized materials, it is a
priori not clear how majority and minority states contribute to the spin-dependence of the
Smoluchowski effect.

METHODS AND RESULTS

We perform spin-polarized scanning tunneling microscopy at the step edge of a bilayer high
Co island on Cu(111) at 8 K [2]. We measure maps of the differential conductance (dl/dV) for
states of parallel (P) and anti-parallel (AP) orientation between tip and sample magnetization.
From these maps we extract the asymmetry A of the differential conductance A = (dI/dVAP -
di/dvP) / (di/dVAP + dI/dVP). This quantity is proportional to the spin polarization of the
sample. We reveal striking spatial variations of the spin-polarization at the transition between
the Co step and the Cu substrate with sub-nm spatial resolution and investigate its energy
dependence. We find a variation of the tunnel magneto resistance ratio of more than 20% on
a length scale of few Angstroms. We discuss our results on the basis of ab-initio calculations,
spin-dependent electron charge flow supports our findings [3].
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RESONANT SOFT X-RAY SCATTERING ON ARTIFICIAL SPIN ICE
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Artificial spin ice comprises coupled dipolar magnetic nanoislands placed at the sites of a square or
kagome planar lattice [1,2]. These particular geometries prevent the dipolar interactions to be
simultaneously satisfied at the vertices where the islands meet, making the system magnetically
frustrated. Microscopy techniques (magnetic force microscopy [3], photoelectron microscopy [4],
Lorentz microscopy [5]) are usually employed to investigate such systems and to directly resolve the
magnetic configuration of the islands. In contrast, scattering is a complementary method which
provides information on magnetic correlations over length and time scales not accessible with
microscopy [6].

In the present work, we employ soft x-ray resonant magnetic scattering with circularly-polarized light
to study the organization of the magnetic configurations in artificial square spin ice. The scattering
patterns are recorded by a CCD camera, providing an extended picture of the reciprocal space in two
dimensions. By varying the applied magnetic field, we track the variations of the Bragg peaks intensity
using the dichroic contrast.

Pure magnetic Bragg peaks observed in as-grown samples indicate the presence of a long-range
antiferromagnetic ordered phase [3], which is subsequently destroyed by orienting the magnetic
moments with an applied field. Numerical simulations based on the kinematical approach can
correctly reproduce the experimental scattering patterns, allowing us to estimate the number of
reversed moments along the two directions of the square lattice.
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The magnetism of atoms on metals is inherently connected with many-body interactions
between the localized magnetic moment and the metal host. The most frequently found is the
Kondo effect, by which the host electrons screen the impurity spin forming a spin-singlet. It is
unclear whether the absence of time averaged total spin disables magnetic scattering at all
with this sort of impurities [1]. The energy scale of a Kondo ground state (kgTx) depends
strongly on the host local density of states at the Fermi level (LDOS). By means of atomic
lateral manipulation with a scanning tunneling microscope (STM), we have constructed
quantum resonators on the Ag(111) surface that allow us to fine tune the LDOS of adsorbed
Co Kondo impurities. Subsequent STM spectroscopy reveals that a magnetic inelastic
scattering channel of the impinging electrons against the Kondo state opens up for particular
values of the LDOS and Ty, i.e., designated positions of the Co atom within the resonator.
This result demonstrates that spin-scattering processes at magnetic atoms on metal surfaces
can be exploited for spin-based devices on the atomic scale, even at temperatures well below
TK-

[1] A. Zawadowski et al., Phys. Rev. Lett. 83, 2632 (1999).
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Experimental identification of extrinsic and intrinsic contributions in the AHE
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The anomalous Hall effect is one of the most prominent phenomena existing in magnetic materials. It
has remained unsolved for more than a century because its rich phenomenology defies the standard
classification methodology, prompting conflicting reports claiming the dominance of various processes.
Working with epitaxial films of Fe, Ni, Co, Ni,Cu;.,, we succeeded in independent controls of different
scattering processes through temperature and layer thickness. The resulting data allows an
unambiguous identification of the intrinsic mechanism as well as the extrinsic mechanisms of the
anomalous Hall effect.

Related recent Publications:

J.L. Xu, Y.F. Li, D.Z. Hou, L. Ye, and X.F. Jin, Appl. Phys. Lett. 102 (2013) 162401
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482001
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SINGLE ELECTRON SPINTRONICS STUDIED IN INDIVIDUAL NANOMETRE-SCALE MAGNETIC
TUNNEL JUNCTIONS
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Single electron spintronics studied with magnetic nanopatrticles, takes the idea of spintronics - looking
at large ensembles of spins in a current - and brings it down to the level of the single spin. Restricting
current flow through a nanoparticle linked by tunnel barriers to source and drain electrodes leads to
single-electron Coulomb blockade effects; if the materials are magnetic, spin accumulation in the
nanoisland can occur. We have pioneered a new technique for examining such tunnel junctions with a
single 2-12nm diameter particle inside. Crystalline bcc CoFe nanopatrticles are grown by gas
aggregation technique onto a sputtered MgO barrier CoFeB stack, they are then characterised both
topographically and electronically with STM at 25 K. The data obtained is modelled with existing
theory [1] and it is found to accord well with the Coulomb steps modified by spin accumulation (Figure
1). Using these fits we find spin relaxation time on the CoFe nanopatrticle is enhanced by more than a
million times the bulk CoFe value.
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Figure 1 (a) STM topographical characterisation of nanoparticles, (b) I-V data from an MTJ with a single 11 nm
nanoparticle taken using STM at 25K. The red lines show fits to existing theory which imply a spin relaxation time more
than 1076 greater than bulk.

[1] J. Barnas and A. Fert, Phys. Rev. Lett 80, 1058 (1998)
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The electric (E) field control of magnetic properties, recently demonstrated in metallic magnetic
systems [1], opens the prospects of an alternative to magnetic field or electric current activation to
control magnetization. Multilayers with perpendicular magnetic anisotropy have proven to be
particularly sensitive to the influence of an E-field due to the interfacial origin of their anisotropy. In
these systems, E-field effects have been recently applied to assist magnetization switching [2] and
control domain wall (DW) velocity [3]. We will report on two new applications of the E-field in a similar
material : controlling DW nucleation and stopping DW propagation at the edge of the electrode [4].

We have studied Pt/Co/AlOx sample where the surface anisotropy could be varied in two ways :
charging the metal/dielectric interface and modifying its oxidation. We demonstrate that charging and
oxidizing the interface affect the magnetic properties in some equivalent manner in this system. The E-
field effect is characterized by monitoring the magnetization reversal for different anisotropy values
using magneto-optical Kerr microscopy. For weak anisotropy, we observed a nucleation-dominated
reversal and we demonstrate that the thermally activated DW nucleation can be electrically controlled
via the modulation of the involved energy barrier. In addition to this E-field control of nucleation, we will
present in the high anisotropy region of the sample the reversible pinning of a DW at the edge of the
electrode. Such E-control over magnetic domains both in the propagation and nucleation regimes is of
major interest for applications in magnetic storage and logic.
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Dilute magnetic insulators, is an emerging class of magnetic semiconductors [1]
where ferromagnetic superexchange [2] accounts for spin-spin coupling. Because of its
compatibility with IlI-nitrides, particularly attractive is Ga;MnN. After a decade of
contradicting reports, recent progress in epitaxy and extensive characterization [1,3,4]
allowed to prepare Ga;.,Mn,N with randomly distributed Mn** up to x = 10% showing Curie
temperatures Tc up to =13K [4].

Our extensive tight binding and Monte Carlo studies of ferromagnetism in Ga;.,Mn,N
led to theoretical T values (Figure, circles) in quantitative agreement with available
experimental data [3-5]. This agreement substantiates the conclusion about the origin of
ferromagnetism in this system.
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Figure. (a) Tight binding J; for zincblende GaN vs. Mn-Mn distances R per lattice parameter a, and
relevant cation sites numbers. (b) Circles (triangles) represent Tc(x) by Monte Carlo simulations for Jjj of
(a) taking into account 16 (10) nearest neighbors [NN]; squares represent 10NN and another set of Jjj
(3]
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Spin-orbit torques in ultrathin ferromagnetic layers are of great interest to manipulate the
orientation of nanomagnets without the need of non-collinear magnetic layers or external
magnetic fields [1]. As a model system, we consider a ferromagnetic 2-dimensional electron
gas possessing both Rashba SOC and ferromagnetic exchange. In such a heterostructure,
the interplay between a Rashba spin-orbit coupling and an exchange field gives rise to a
current-driven spin orbit spin torque. Using Keldysh technique, we derive a spin diffusion
equation that provides a coherent description to the diffusive spin dynamics in a realistic
device element [2]. The obtain diffusion equation unveils the rich physics underlying the
Rashba torque involving spin Hall effect, spin precession, dephasing and anisotropic
relaxation.

First, we show that the relative magnitude of the two components of the Rashba torque
depends non-linearly on the relative strengths between Rashba spin-orbit coupling and the
ferromagnetic exchange. It is found that the optimal magnitude of the in-plane torque is
achieved when the exchange energy is about of the same order of magnitude of the Rashba
splitting. Second, we uncover a significant spatial distribution of the torque in the sample, as
well as a complex angular dependence with respect to magnetization direction. We
demonstrate that a non-vanishing spin torque exists at the edges of the device even when the
magnetization and effective Rashba field are aligned. Furthermore, in agreement with recent
experiments [3], anisotropic spin relaxation rates driven by the Rashba spin-orbit coupling
assign the spin torque a more complex expression than the usual in-plane and out-of-plane
components given in previous works [4]. These results open new avenues for the
development of device based on Rashba spin-orbit coupling by enabling a flexible design of
the system.
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Magneto-transport measurements in polycrystalline [Co/Bi], films, grown by magnetron
sputtering, revealed [1] that the Hall coefficient Ry exhibits a critical scaling close to a
percolation threshold p,=0.3 of Co concentration. To understand this effect, we analyze here
magnetoconductance measurements, Ao(B)=0(B)-0(0), using a two-band model to account
for bulk-like Bi-layer contributions [2] and a weak-anti-localization (WAL) formula [3] for the
surface states of Bi lying in the direct energy gap at the L-point (electron pocket) of the
Brillouin zone. Fig.1 shows Ao(B) loops, with the field perpendicular to film plane, in a 15 nm
thick Bi film and one trilayer of Bi(10nm)/Co(1nm)/Bi(10nm). The WAL contribution (between
+0.4T), is enhanced in the trilayer, indicating an electron transfer from Co interface layer to
surface states of Bi. The WAL formula cannot be replaced with an anisotropic
magnetoresistance model to fit the data. These results indicate that there is no need of a
Dirac-point from surface states of a topological insulator [3] (as a starting point) in order to
succeed a controllable modification (with doping) of surface states in Bi.

[1] P.Athanasopoulos, et al, EPJ Web Conferences 40, 12002 (2013).
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Materials with perpendicular magnetic anisotropy (PMA) have potential for use in spintronic
devices due to properties derived from their high anisotropy, such as stability against
thermally activated magnetization switching and narrow domain walls [1][2]. Here we
investigate piezoelectric-strain as a method of controlling PMA.

Thin films composed of Ta[4.5nm]\Pt[2.5nm\Co[t]\Pt[1.5nm] (t=0.9,0.95,1.0nm) were
sputtered onto 150um thick glass substrates and patterned into 50um wide Hall bars by
optical lithography. The substrates were bonded to piezoelectric stressors with epoxy resin.
Appl;/ing a voltage to the stressors causes an in-plane uniaxial strain in the thin films of up to
~10". The anisotropy field of the films was found from extraordinary Hall effect
measurements.

We find that uniaxial strain modifies the strength of the PMA and also induces an in-plane
magnetic anisotropy. The anisotropy changes are larger in films with thicker Co, with the
largest changes of 12kJm™ out-of-plane (Figure 1b) and 18kJm™ in-plane (Figure la) for
Pt/Co[1nm]/Pt.
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Figure 1 — Changes to (a) in-plane and (b) out-of-plane anisotropy energy of Pt/Co[1nm]/Pt under voltage-
induced piezo-strain. The lines show in-plane anisotropy energy calculated from anisotropy constants
extracted from the data.
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GAINING INFORMATION OF PHASE TRANSITIONS AND CRITICAL
PHENOMENA VIA MAGNETOCALORIC STUDIES
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The increasing concern of modern societies about energy efficiency, together with the fact
that temperature control accounts for a large portion of the energy consumption at homes and
commercial buildings, has fostered research on the applicability of magnetocaloric materials
for magnetic refrigeration [1]. But in addition to the studies on magnetocaloric materials for the
optimization of their properties for room temperature magnetic refrigeration, in this talk we will
show that MCE can be used for characterizing magnetic phase transitions, showing examples
of how critical exponents can be determined, evidencing that the magnetocaloric response
can be used to determine the order of a phase transition or to infer the presence of impurity
phases in the samples. We will also show how tailoring the microstructure of a material at the
nanoscale can lead to magnetocaloric responses which are qualitatively different from the
bulk. This deeper understanding of the phase transitions giving rise to MCE should create
paths along which new applications of these materials should be found.
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INTRODUCTION

The benchmark material of the magnetocaloric community, Gadolinium, warms up when
magnetized due to a pure magnetic transition. Larger magnetocaloric effects are observed
when the character of the magnetic state change is accompanied by a structural conversion
which is referred as magnetostructural transition. In the Heusler-typed Ni-Mn-In and Ni-Mn-In-
Co system the low temperature antiferromagnetic martensite phase transforms
endothermically into the high temperature ferromagnetic austenite phase. An external
magnetic field shifts the martensitic transition to lower temperatures. This field dependence of
the transition temperature is of great importance, acting as the driving force of the
magnetocaloric effect[1]. We found that this physical quantity is well determined, which leads
to a new description of the entropy change AS. Comparison with direct measurements of the
adiabatic temperature change AT, reveals that the consideration of AS alone leads to a
misjudgment of the suitability for magnetic refrigeration. We conclude that the determination
of both, the adiabatic temperature change AT,y AND the entropy change AS, related to the
maximum available magnetic field, is necessary for a comprehensive study of the
magnetocaloric properties and the potential cooling power of the material[2].
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Intermetallic compounds Mn; ,M,As with M=Cr,Fe,Co,Cu have been reported to show huge
magnetocaloric properties derived from magnetization measurements [1]. For low X
concentrations, they have a first-order magnetostructural transition around room temperature
between a hexagonal ferromagnetic phase and an orthorhombic paramagnetic phase. We
made an experimental study of the magnetocaloric parameters of MngggC0go1AS with
magnetic and calorimetric measurements.

Magnetization data up to 9 T show metamagnetic transitions with intermediate plateaus in a
narrow temperature range. A blind application of the Maxwell relation gives a “colossal”
maximum isothermal entropy change —AS+=138 J/kg-K for a field increase to 6 T.

Heat capacities up to 6 T have been measured on heating and cooling, giving sharp
transitions for every field. The transition temperature at zero field, T=294.7 K, has a large
thermal hysteresis, 17.1 K, and a field dependence dT"/dB=3.7 K/T on heating and
dT/dB=4.7 KIT on cooling. From the derived heating and cooling entropy curves, maximum
values of —AS:=26.9 J/kg-K and 32.1 J/kg-K, respectively, have been obtained for a field
change of 6 T.
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—AS+ reproduce the results | cooling direct |
obtained from the entropy e AT L N e 01T
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The magnetocaloric effect (MCE) manifests as the change in temperature of a material in
response to magnetic field. This effect is particularly pronounced at temperatures and fields
corresponding to magnetic phase transitions.

In this work we present a comparison of the Gd influence on some physical properties of
(Ro.9R0.1)1.xGdxCo0, multicomponents, where R = Dy, Ho and R = Er, Ho and x varies from
0.05 to 0.15. Powder X-ray diffraction analysis revealed that all measured samples solidify
with the formation of a Laves-phase structure. Magnetic experiments were performed using
SQUID and VSM magnetometer in an applied field of up to 14 T. The specific heat was
measured using a Quantum Design PPMS. The magnetization behaviour and the magnetic
transition are analyzed in terms of Landau theory.

The magnetic and heat capacity studies revealed that a relatively small Gd addition
significantly increases T of measured samples. The magnetocaloric effect has been
estimated both in terms of isothermal magnetic entropy change and adiabatic temperature
change. The highest adiabatic temperature change (AT,q=3.1K) was observed for
(Hoo.9Ero.1)0.95Gdo0sC0O, at 89 K. The relative cooling power and the effect of increasing Gd
content on their magnetic and magnetocaloric properties for all solid solutions will be
presented.
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INTRODUCTION

The magnetic barocaloric effect, which is characterized by the isothermal entropy change

bar

(A5227) and adiabatic temperature (AT;£") change upon pressure variation can be a very

useful to improve the performance of magnetic refrigerator. In this work, we discuss the
magnetic barocaloric effect in rare earth based compounds whose magnetism comes from
localized electrons. To this end we use a model of interacting localized magnetic moments[1].

RESULTS AND DISCUSSION

In the first part of the work we make a systematic analysis in terms of the model parameters.
For this purpose, we consider the simplest case whose angular momentum is 1/2. Our
calculations show that the behavior of the barocaloric quantity A522" can be normal

(negative values) inverse (positive values) or anomalous (a change of sign).

In the second part of the work, we apply the model to describe the barocaloric effect in the
compounds RCo,, GdsSi,Ge, and ThsSi,Ge,. Our theoretically calculated quantity ﬂ.SE‘;@r [2]
for GdsSi,Ge, is in a reasonable agreement with the available experimental data [3]. Our
calculations for the other compounds, need experimental data to be confirmed.
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INTRODUCTION

Magnetocaloric effect (MCE) around Tc ~ 22.5 K is found in layered NdMn; ¢V 1Sis
associated with first order magnetic transition from antiferromagnetic to ferromagnetic. The
magnetic entropy change —ASy= 21.5 Jkg/K and adiabatic temperature change AT,y = 7.2 K
have been determined using magnetization and specific heat measurement under 0-8 T field
applied.

The study of MCE has become an interesting area of research in the field of magnetic
materials as magnetic refrigerant especially in first order transition material [1]. However first
order transition behaviour normally accompany with thermal and magnetic hysteresis issue
[2]. This compound belongs with the small thermal ~ 0.8 K and magnetic ~ 0.6 T hysteresis
characteristic providing potential material for magnetic refrigerator in low temperature region.
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Figure 1. Temperature dependence of magnetization of NdMn;gVy1Si> compound as
measured in a field of 0.01 T and (inset) The isothermal magnetic entropy change, -ASy, for
NdMn; ¢Vy.1Si, as determined from the magnetization isotherms for AB = 0-1 till 8 T.
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INTRODUCTION

Di-iron phosphide (Fe,P) is a prototype compound for a family of promising magnetocaloric
materials [1-4] obtained by partial substitution of Fe and P. Fe,P shows a sharp first-order
type transition from a paramagnetic (PM) to a ferromagnetic (FM) state around 215 K [5]. The
first order nature of the magnetic phase transition is attributed to a metamagnetic behavior of
the one of the two iron sublattices [6]. Landau phenomenological theory in combination with
first-principles calculations was used to reveal the origin of the metamagnetic nature and the
unusually strong dependence of the ordering temperature with doping of the Fe,P compound.
We show that the magnetism of the two sublattices occupied by Fe atoms has an entwined
codependency, which is strongly influenced by alloying. We furthermore demonstrate that a
constrained disordered local moment approach combined with Monte Carlo simulations can
reproduce the experimental ordering temperatures in these technologically important
prototype alloys for magnetocaloric refrigeration.
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MAGNETIC DEFLAGRATION: MATERIALS AND RELATED PHENOMENA.

J. Tejada*, F. Macia, S. Vélez

University of Barcelona. Diagonal 645. 08028 Barcelona. Spain.
* e-mail: jtejada@ubxlab.com

Magnetic relaxation is a process that can develop instabilities and leads to a magnetic
deflagration. Unlike many other systems (e.g., chemical or biological reactions), magnetic
deflagration is controllable, reversible, non-destructive, and its energy and time scales are
easily controlled in a lab. In my talk | will review the main results on magnetic deflagration —from
its pioneering discovery in 2005 [1,2] to the most recent results [3]. | will overview the process of
magnetic deflagration in different magnetic materials and focus on associated phenomena: i)
quantum detonation of the magnetization in molecular magnets [4] ii) colossal variation of
mgnetoresistance in manganites [5] iii) structural crystalographic and speed anisotropic
changes in intermetallic compounds [6]. Magnetic deflagration processes might be present in
many more magnetic systems during magnetic relaxation and its study might bring new insights
to the understanding of spin dynamics.
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INTRODUCTION

Quantum transport theories are traditionally formulated to give expressions containing velocity
matrix elements only to allow standard analysis of the scattering events. In the case of
ferromagnetic systems except of such term, so called Fermi surface term, there appears the
additional contribution, Fermi see term [1]. To include the effect of scattering into this term by
a consistent way is not easy task. For this reason an alternative compact form of the Hall
conductivity formula has been used [2].

LOCAL ORBITALS APPROCH

The tight-binding model of the energy bands representing ferromagnetic systems has been
used. Hopping between the nearest neighbor atomic sites has only been considered which
excludes the effect of the skew scattering. Two bands representing states having opposite
spins and local orbital momenta has been considered. In the limit of the perfect crystal the
resulting expression for the Hall conductivity coincides with the standard formula given by the
Berry phase curvatures. Crystal disorder has been introduced by assuming fluctuation of the
local-orbital energies.

RESULTS

Resulting scaling of the Hall conductivity with the longitudinal conductivity coincides with the
observed scaling covering the scattering-independent and a bad-metal regimes. It has been
predicted that the low-temperature transverse Peltier coefficient scales with the longitudinal
conductivity by the same way.
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INTRODUCTION

Exchange bias based devices involve ferromagnetic/antiferromagnetic interfaces and
concomitant layers intermixing [1]. Consequently, interfacial spin-glass-like phases with
reduced properties and increased dispersions form [2] and lower devices performances. It is
therefore necessary to limit intermixing by introduction of diffusion barriers [3]. One of the
major difficulties is that the barrier must be inert [4].

METHODS

Cu and Pt based barriers were inserted at Co/lrMn interfaces. The interfacial quality and
exchange bias potential improvements were recorded via measurements of the low-
temperature contributions to the blocking-temperature distributions [2].

RESULTS AND DISCUSSION

The use of (Cu/Pt) dual barriers led to blocking-temperature distributions reductions. All at
once, (Cu/Pt) limited Co-Mn, Co-Pt and Cu-Mn mixing, which took place when using either no
or single Pt and Cu barriers. Although inserting (Cu/Pt) was beneficial for the distributions, it
weakened the loop shift amplitude by taking the ferromagnet away from the antiferromagnet.
However, some encouraging data suggested that the benefits of intermixing limitations can
overcome the disadvantages of spacing augment.
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INTRODUCTION

In Mn3;GaC, a first order antiferromagnetic-ferromagnetic transition is accompanied by a
volume-change and a 5 K thermal-hysteresis. We study the reversibility of the magnetocaloric
effect in the transition region by direct adiabatic temperature-change measurements. We find
that the system exhibits a temperature-change of 3.1 K in the virgin state, and all subsequent
cycling leads to a 2.8 K warming and cooling when the field is decreased and increased,
respectively [1]. Neutron diffraction studies of the magnetic-field-evolution of the transition
show that ferromagnetism is stabilized at the expense of antiferromagnetism as a progressive
spin-flop process rather than a continuous process of the antiferromagnetic alignment into a
ferromagnetic one [2].
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The full angular dependence of the x-ray magnetic linear dichroism (XMLD) in reflection
spectra on the orientation of the magnetization in the crystal was investigated for
ferromagnetic bcc Fe, fcc Ni and fcc Co by means of the single electron picture within the
framework of the DFT. The excitation stemming from semicore 3p levels were considered.
The calculated results show similarities as well as differences between L,3; and M, ; edges,
where at the latter spin-orbit interaction is of the same order as the exchange interaction [1].
The XMLD signal is strongly dependent on the magnetization direction with respect to the
crystal axes. The effect of the substrate, capping layer, layer thickness on reflection
coefficients as well as different models of the surface and interlayer roughness were
considered. The calculated data show very good agreement with recently recorded spectra of
bcc Fe, fcc Ni and fcc Co. The influence of the spin-orbit coupling and exchange interaction at
the 3p states is emphasized.
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EXPLORATION OF THERMALLY ACTIVATED FLUX FLOW
IN THE Y3BAsCUgO;15 AND Y3BAsCA,CUsO,;3 SUPERCONDUCTORS
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Abstract

This work is related to the influence of adding Ca atoms into the Y3;BasCugO;g superconductor
explored by employing the electrical resistivity measurements done under various magnetic fields.
Y3BasCugO;5 (Y-358) and Y;BasCa,CugO;g (YCa-358) compounds were prepared by the so called sol-
gel method. The thermally activated flux flow (TAFF) model has been used to do a systematic analysis
of the magnetoresistances of the Y-358 and the YCa-358 compounds. The TAFF activation energy,
Uo, is field dependent and obeys a power law, Uy=cH™, where a increases whereas ¢ decreases with
the addition of Ca. Furthermore, Uy, and the calculated upper critical field, H.,, decrease with the
addition of Ca.

Keywords: YBCO, magnetoresistance, thermally activated flux flow, activation energy, upper critical
field.
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Structural and Magnetic Properties of Fe Doped Mn-Ga Ribbons
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Heusler compounds is a large family of materials containing more than 1500 members. Most
of them are ternary materials with XYZ (Half-Heusler) or X,YZ stoichiometry (Full-Heusler)
where X,Y are transition metal elements and Z main group element. These compounds have
a broad potential for applications due to the extended range of electric and magnetic
properties they exhibit [1]. Among them the Fe-Mn-Ga system has recently attracted attention
for being a candidate for future functional magnetic materials due to the tunability of its
interesting magnetic properties[2].

In the present work we study the effect on structural and magnetic properties due to the
introduction of Fe in Mn,Ga system. Mng7.,Fe,Gags (X = 0.1 to 0.3) alloys are prepared with
Ar arc-melting as base materials which were subsequently converted to ribbons using melt-
spinning technique with velocity ranged from 20-35 m/s. Some of the materials were heat
treated in a temperature range from 550 to 850 °C and for different time span, from 10
minutes to 1 hour. Alloys were studied by various characterization techniques (EDX, X-ray
diffraction, magnetization versus temperature and field). The magnetic properties are
improved with the increase of Fe content, Ms rises almost an order of magnitude from 0.05 g
per formula unit to 0.5 while low temperature coercivity reached 3.5 kOe. The temperature
and time of the thermal processing also plays a significant role in the alloys and two phases
were detected, the one being stable above 700 °C. The materials present two main Curie
temperatures, one above 500 K and one transition below room temperature.
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ARTIFICIAL SPIN ICE: FRUSTRATION, EMERGENT MAGNETIC MONOPOLES
AND THERMAL BEHAVIOUR
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Artificial spin ice, consisting of 2D arrays of dipolar coupled nanomagnets with specific
arrangements, allows the study of frustration by tailoring the array geometry and observation
of the magnetic configurations with various microscopy techniques.

We focus on artificial kagome spin ice with elongated monodomain nanomagnets forming an
array of hexagonal rings and employ synchrotron x-ray photoemission electron microscopy
(PEEM) to characterize the magnetic states. Starting with the basic structures with one, two
and three hexagonal rings [1, 2], we found that demagnetization did not lead to the ground
state for larger structures [1]. Observation of magnetization reversal in infinite artificial
kagome spin ice has allowed real space observations of emergent magnetic monopoles with
their associated Dirac strings [3].

Recently we have realized a method to create artificial spin ice with fluctuating moments and
observed the evolving magnetic configurations with PEEM [4], which can be understood by
considering the dipolar energy landscape. These thermally active systems open the door to
microscopic studies of relaxation processes and provide a controlled route to the lowest-
energy state.
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Heat Assisted Magnetic Recording: Progress and Challenges

Mark Gubbins
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The recent 1.0Tbit/in? technology demonstration [1] with heat assisted magnetic recording (HAMR) has shown this
technology to be viable and promising for further capacity growth of future magnetic data storage products. In this
presentation, we will examine HAMR technology progress and challenges.

The coercivity of the recording media must be increased to maintain thermal stability as the magnetic recording bit
volume decreases for increased storage density. As coercivity increases it becomes impossible to write data to the
media using a standard magnetic recording head. HAMR technology elevates the media temperature during the
recording process to reduce the coercivity, which provides a solution to the fundamental constraint of “writability
versus thermal-stability” [2].Once the “writability versus thermal stability” constraint is broken, magnetic recording
density is expected to grow as grain size scales down. The magnetic recording media must provide an anisotropy
strong enough for stable storage at room temperature. At the same time, the HAMR head must provide an
sufficiently small thermal spot size and an efficient heating mechanism to be a viable candidate to extend hard disk
drive performance. Near-field plasmonics technology provides a viable solution for HAMR head design and energy
transfer. Near field transducer (NFT) based recording achieves writing resolution far below the diffraction limit and
efficiently elevates the media temperature.

In order to apply HAMR principles to storage products many practical technology challenges will need to be
overcome. To further increase recording bit densities, the media grain size, the storage layer’s magnetic anisotropy
distribution, the head-to-disk spacing, and the thermal spot size in the media must be reduced. For a successful
product, the largest challenge is the lifetime of the recording subsystem (HAMR writer, head—disc interface (HDI),
and media). With peak media temperatures exceeding the recording layer Curie temperature (600 to 750 K) and the
optical losses heating the head and HDI, the recording subsystem degrades due to thermal stress. Solutions include
improved optical efficiency through new designs, more robust NFT materials, better management of the thermal
energy in the head, more robust HDI materials, and novel recording schemes such as pulsed recording®. With these
challenges addressed, HAMR provides the capability to continue areal density growth.

[1] A. Wy, et.al. “HAMR 1.0T/in2 demo” TMRC, Session A-1, San Jose, 2012.

[2] M. Kryder, E. Gage, T. McDaniel, W. Challener, R. Rottmayer, G. Ju, Y. Hsia, and M. Erden, “Heat Assisted Magnetic Recording”, Proc.
IEEE, 96, 2008, pp. 1810-1835.

[3] Yiming Wang, Tobias Maletzky, Eric X. Jin, Dayu Zhou, Joe Smyth and Moris Dovek, “Pulsed Thermally Assisted Magnetic Recording,”
to be presented at TMRC 2012
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Recent progress in fabrication and characterization of magnetic nano-objects like
rods and beads has triggered possible applications in biomedical diagnostics. Magnetic nano-
objects provide the unique possibility to actively manipulate biomolecules in solution and on-
chip fluidic channels which paves the way to an integrated magnetic Lab-on-a-Chip combining
detection and manipulation. Advancing this idea, a unique magnetic Lab-on-a-Bead is
presented which is based on highly sensitive plasmon-optical detection of the rotational
dynamics of anisotropic magnetic nanoparticles immersed in the sample solution. On the
specific binding of analyte molecules to the antibody functionalized nanoparticle surfaces,
their hydrodynamic volumes increase, which translates into a change in their rotational
dynamics. A suitable nanoparticle type consists of an elongated core-shell structure with
magnetic core and noble metal shell. Compared to existing nhanoparticle-based homogeneous
immunodiagnostic methods, this approach promises to combine ease of use, minimum
sample preparation and a simple setup with femtomolar analyte sensitivity.

Additionally to the diagnostics, such magnetic Lab-on-a-Chip platforms are capable
for on-chip cell analysis. Phagocytosis of human fibroblast (NHDF) and human prostate
cancer (DU145) cells are studied in-vitro by magnetic beads. By varying bead size and
surface modification as well as cell physiology (i.e. drug or metabolic inhibition), we mimic
cellular responses to changes in the environment. Compared to existing end-point detection
methods, this chip-based approach allows real-time measurements of the kinetics of cellular
uptake mechanisms.



SYMPOSIUM 5.3



672
TOWARDS COMPUTATION WITH SINGLE SKYRMIONS AND SINGLE
SPINS
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Based on the development of atomic-resolution spin-polarized scanning
tunneling microscopy (SP-STM) [1], we have recently discovered nanoskyrmion
lattices in single atomic layers of transition metals on particular substrates
exhibiting a large spin-orbit coupling [2]. In this case, skyrmionic lattices can be
stabilized by Dzyaloshinskii-Moriya interactions combined with the breaking of
inversion symmetry at surfaces and interfaces. Following this approach, the
direct observation and manipulation of individual skyrmions of ultimate small size
has recently been demonstrated [3], offering great potential for future
nanospintronic devices [4].

By using SP-STM with single-atom and single-spin sensitivity, we have
established the novel method of single-atom magnetometry [5,6] which allows
the measurement of magnetization curves and the determination of magnetic
moments on an atom-by-atom basis. While the sensitivity level of single-atom
magnetometry is below one Bohr magneton, it can easily be combined with the
atomic-resolution imaging and manipulation capabilities of conventional STM,
thereby offering a novel approach towards a rational material design based on
the knowledge of the atomic-level properties and interactions within the solid
state [7,8]. Moreover, an atom-by-atom fabrication and a successful operation of
all-spin logic devices [9] have recently been demonstrated by our group based
on the combined knowledge derived from surface physics, nanoscience, and
magnetism.
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INTRODUCTION

Nd,Fe;4,B is a comparably hard magnet as Ll,-ordered FePt, however, with a smaller Curie
temperature [1]. Nd,Fe 4B nanomagnets are thus interesting for HAMR media. It was recently reported
that such particles prepared by ball milling have smaller coercivities than bulk Nd,Fe;4,B [2,3]. To
investigate the origin of the reduced magnetic hardness and the phase stability of Nd,Fe 4B at small
sizes, inert gas condensation was used to prepare Nd-Fe-B nanoparticles which could be rapidly
annealed in-flight for thermal equilibration.

EXPERIMENTS AND RESULTS

HR-(S)TEM, EELS and VSM were used to determine the atomic structure, chemical composition and
magnetic properties of the particles, respectively. All these properties are found to be different for the
annealed as compared to the as-prepared Nd-Fe-B particles. Whereas the latter are largely
amorphous, annealing leads to (partial) (re)crystallization. Due to a segregation of Nd towards the
particle surface, the annealed particles exhibit core-shell structures, and no indications of the
formation of the hard-magnetic Nd,Fe;4,B phase were found. This segregation reduces both the
coercivity and the saturation magnetization of the particles.

REFERENCES

[1] D. Weller et al., IEEE Trans. Magn. 36 (2000) 10.

[2] V.M. Chaka et al., J. Appl. Phys. 99 (2006) 08E912.
[3] N.G. Akdogan et al., Nanotechnology 21 (2010) 295705.



631
(SM,PR)2(CO,FE);; AND ND,FE;4,B ANISOTROPIC PARTICLES BY MECHANOCHEMICAL
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Polydispersed single crystal particles of the (Sm,Pr),(Co,Fe);; compound in the range of 80-300 nm and
Nd,Fe;4,B compound with a short axis in the 60 - 140 nm range were prepared by high-energy ball milling
and subsequent annealing of Co, rare-earth oxides, iron oxide and boron oxides in the presence of a
calcium reducing agent and a calcium oxide dispersant. The particle size can be tuned by controlling the
excess Ca metal and the annealing temperature. The Sm-Co particles showed coercivities up to 14 kOe
which didn’t change much after washing. The as-made Nd-Fe-B particles embedded in the CaO/Ca
matrix exhibit coercivity in the range of 14.7-18.9 kOe. However, washing of the by-products resulted in a
lower coercivity (1.4 kOe) because of interstitial modification of the 2:14:1 compounds with hydrogen.
After desorption of the hydrogen through vacuum annealing, the H. increases, but only to 4.6 kOe. This
incomplete recovery of coercivity is attributed to local anisotropy defects caused by loss of the Nd atoms
from the particle surfaces.

Work supported by DOE.
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The intramolecular exchange interactions within the single-molecule magnet (SMM) “butterfly”
molecule [FesLn(us-0),(CClsCO0)g(H,0)(THF)s], where Ln(lll) represents a lanthanide cation,
are determined in a combined experimental [x-ray magnetic circular dichroism (XMCD) and
vibrating sample magnetometer (VSM)] and theoretical work [1]. SMM behaviour has been
observed by us in this kind of molecules [2]. Compounds with Ln = Gd and Dy, which
represent extreme cases where the rare earth presents single-ion isotropic and uniaxial
anisotropy respectively, on one hand, and with Ln = Lu and Y(lll) as pseudolanthanide
substitutions that supply a nonmagnetic Ln reference case, on the other hand, are studied.
Low-temperature (T = 2.5 K) hard x-ray XMCD at the Ln L, 3 edges and VSM measurements
as a function of the field indicate that the Ln moment dominates the polarization of the
molecule and that the Ln-Fe; subcluster interaction within the {FesLnO,} cluster is determined
to be antiferromagnetic. Very low-temperature (T << 1 K) ac susceptibility and heat capacity
measurements reveal the existence of frequency dependent components and magnetic
interaction between the clusters.
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Single-Molecule Magnets (SMMs) are intensively investigated as core components for new
molecule-based spintronics. A particularly critical step is grafting SMMs on metal substrates.
The aim of this work was to create an unprecedented SMM-nanopatrticles (SMM-NPs) hybrid
nanostructure, as model system to investigate the interactions between SMMs and
conducting substrates.

Hexadecylamine (HDA)-functionalized gold NPs have been successfully functionalized via
ligand exchange using a tetrairon(lll) SMM containing two 1,2-dithiolane end groups, named
Fe4thioctic [1] and deposited on interdigitated gold electrodes in order to study the transport
properties of the SMM-NPs nanostructures.

Electronic transport properties of these nanostructures and results of conductance
experiments will be discussed.
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We demonstrate novel magnetic nanostructures produced by the author's method of 3D nanofabrication
with high resolution and small shape defects using electron-beam lithography (EBL) technique. Our
method of the spot EBL is extremely fast, highly scaleables and capable of sub-20 nm resolution.

The results of the study of Py square rings by magnetic force microscope (MFM) are represented in
Fig.la. At an applied magnetic field H=100 Oe the single domain state is observed on the side walls of
square rings. At H=0 the two magnetic configurations are realized: the four domain state (FDS) having a
weak magnetic contrast (Fig.1b) and diagonal state (DS) with a vivid black and white contrast (Fig.1c).
The hysteresis loops demonstrate the anisotropy of magnetization processes in external magnetic fields
applied along walls of square rings (axis [10] or [01]) and its diagonals (axis [11]), Fig.1d.

MIM,

H}100 Oe%

Figure 1. (a) The quasi-3D image of the ring array observed by MFM. The image of magnetic structure for
square rings at saturation (b) and at remanent magnetization (c). Hysteresis loops measured at different
directions of an applied magnetic field relatively to the selected axis of the array. The scale in figures (b)
and (c) is 500 nm. Magnetic field is applied along [10] axis.
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Nanomagnetic Logic (NML) is an emerging technology using non-volatile, field-coupled
nanomagnets to combine logic and memory functionality [1]. Partial FIB irradiation reduces
locally the anisotropy of the Co/Pt nanomagnets and creates artificial nucleation centers
(ANCSs) [2].The domain wall (DW) nucleation at the ANC is supported or constrained by the
coupling fields of the surrounding input dots, which superimpose with the clocking field and
therefore force a dot to switch to the antiparallel state compared to its input majority [3].

In this paper, a 1-bit full adder (2.6 pm?) using a novel 5-input majority gate is experimentally
demonstrated (Fig. 1a). 2 majority gates, one 3-input gate and one 5-input gate where C, is
weighted twice, compute the 2 outputs (inverted carry-out C,,; and sum S) depending on the
configuration of the 3 inputs (A, B, carry-in Cy,).

Coxt and S are computed by two alternating clocking field pulses with constant amplitude
Beock = £50 MT proving the circuit functionality (Fig.2). Experiments are supported by
numerical and compact model simulations to verify the measurements and predict the
behavior of the circuit and its potential for future applications.
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Figure 1: a) SEM image of the full adder structure with inputs A, B, Ci, and outputs Cou, S. b) Corresponding truth
table. ¢c) MFM image after clocking.

Input Clocking seqt Output Input Clocking sequence——» Output
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Figure 2: MFM images of the full adder during the clocking sequence. Co and S are sequentially ordered in the
correct state by two clocking pulses with £50mT.
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IMPROVEMENT OF MICROSTRUCTURE AND MAGNETIC PROPERTIES OF FEPT FILMS WITH NEW
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The main challenge to application of L1, FePt thin flms as magnetic recording media is the fabrication of
FePt (001) thin films with both high perpendicular anisotropy and small grain size. In this paper, we discussed
the microstructure and magnetic properties of FePt films grown on TiN intermediate layer.

With TiN intermediate layer, FePt (001) films with high perpendicular anisotropy was obtained and the
in-plane hysteresis loop was almost a straight line. In order to evaluate the dead layer of FePt films on TiN
intermediate layer, FePt film with nominal thickness of 2 nm was deposited on TiN (5nm)/CrRu/glass. The film
showed very large out-of-plane coercivity and the out-of-plane hysteresis loop was a typical minor loop of hard
magnetic materials with S-W mode reversal. With the doping C and SiO, into FePt, well isolated grains with
grain size of 5.5 nm were obtained on this new intermediate layer, as shown in Fig.1. Most importantly, the
magnetic properties such as magnetic anisotropy and opening up of in-plane hysteresis loop were retained with
various concentrations of SiO, and C co-doping. Therefore, the new intermediate layer is very promising L1,
FePt HAMR media.
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Fig. 1 TEM images and hysteresis loops of FePt-SiO,-C film grown on the new intermediate layer
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The control of the domain patterns in systems with perpendicular magnetic anisotropy (PMA)
is of great interest because of their applications on magnetic storage or spintronic devices.
Amorphous Tb-Fe alloys exhibit a pretty large PMA constant that reaches 10° J/m?. Recently,
it has been reported a constant of at least 1x10°> J/m® in TbFeGa alloys [1]. We have
deposited ThFeGa films by cosputtering using two targets with a composition of TbFe, and
FesGa. Two series of samples were obtained by applying a different type of power source
(DC or pulsed) in each target. In particular, the evaporation of TbFe, by means of the DC
source enhances the out of plane component of the magnetization (Fig. 1). The results
indicate that this can be due to the Th enrichment of the ThFe,-based phases present in the
alloys. Therefore, the magnetic domain pattern can be tailored by means of the composition
and the type of power source used in each sputtering target.
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Figure 1. Room temperature hysteresis loops of the Th,oFe;sGa4, measured with the applied
magnetic field perpendicular (e) and in the sample plane (o). Inset: MFM signal recorded at
remanence.
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INTRODUCTION

Due to their high magneto-crystalline anisotropy of chemically ordered L1,-FePt granular
FePtX-Y films are promising candidates for future heat assisted magnetic recording (HAMR)
media.

METHODS

High-resolution transmission electron microscopy (HRTEM) and vibrating sample
magnetometry (VSM) are used to correlate the structural and magnetic properties of highly
textured granular films of matrix-isolated L1, ordered FePtX-Y (X: Cu/Ag; Y: C...).

RESULTS AND DISSCUSION

Plan view HRTEM images reveal bimodal distributions of particle sizes =4 -6 nm). From
cross-sectional images the orientations of the particles’ easy axes with respect to their MgO
seed crystal and the substrate plane are determined, respectively. The texture spread of the
[001] easy axes is roughly 3° and thus larger than the misalignment of the layered MgO
crystals. This finding is ascribed to the nucleation of the FePtX growth at MgO step edges.
The magnetic remanence analyses reveal only a weak dipolar coupling between the matrix-
separated nanomagnets and high anisotropy fields of pgHA=8—-9 T. Surprisingly, the
magnetic texture spread is clearly larger than the distribution of easy axis orientations.
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INTRODUCTION

Heat assisted recording is believed as a key future recording technology. In the work of
Richter et al [1] it is stated that storage densities will be limited to 15 to 20 Tbit/in® due to
thermally induced write errors. We propose a composite structure for heat assisted recording
consisting of two materials with different Curie temperature as shown in Fig 1. The material
on top has a Curie temperature slightly above the write temperature and the other material
below has a significant higher Curie temperature. It is shown that for this composite media the
thermally induced write error does not limit the achievable areal density in heat assisted
recording. Recording can be performed at lower temperature which has - besides the reduced
thermal write errors - several key advantages, such as an increased life time of the plasmonic
transducer. Furthermore errors which occur after writing, when the media cools down are
reduced. It is shown that transition jitter in heat assisted recording media is dominated by
variations of the Curie temperature already for variation of o1, = 3%. Write schemes which
lower the write temperature significantly below the Curie temperature are beneficial in order to
decrease the transition jitter although the thermal effective head field gradient becomes
smaller.

FePt
(a)

Fig. 1: Two media designs. (a: Fe/FePt - single domain) and (b: Fe/FePt - exchange spring)
with a high T, material at the bottom.
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INTRODUCTION

In this work, a new type of thin film magnetoimpedance (MI) sensor with a ferromagnetic
grating layer is studied. The sensor consists of a NiggFes/Cu/NiggFe,q tri-layer and a high
aspect ratio NiggFe,q grating layer on the top (Fig 1). The device is fabricated by standard
microfabrication methods and without inducing a magnetic anisotropy through, e.g., field
deposition or field annealing. The sensor is characterized using a vibrating sample
magnetometer and an impedance analyzer. The results show that the magnetic easy axis of
the sensor can be controlled through the alignment of the ferromagnetic grating layer (Fig. 2).
Due to the effect of the grating layer, the impedance maxima shifts from O to 8 Oe at 500
MHz, and the MI ratio is improved from 16% to 22% (Fig. 3). These results show the
possibility of tuning the sensor’s properties by the help of the grating layer.

FIGURES AND TABLES
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Figure 2: Schematic of the Ml sensor: tri-layer NigoFe,o/

Cu/ NigFe,, with the thickness of 50/100/50 nm Figure 3: Ml ratio of different samples at 500 MHz.
followed by a 50 nm NiggFe,, grating layer.
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CoPt-alloy with metastable ordered phase of fcc-based L1; shows K, greater than 10’
erg/cm3 along the direction normal to the close-packed plane [1] and the film has recently
attracted much attention to applications like recording media and MRAM devices. In the
present study, CosoPts, (at. %) film is RF-sputter deposited on Ru(0001) single-crystal
underlayer at 300 °C. RHEED shows that a CoPt epitaxial film with the close-packed plane
parallel to the film plane is formed. Cross-sectional high-resolution TEM [Fig. 1(a)] and pole-
figure XRD show that hcp-based atomic stacking sequence, ABAB..., is included in addition
to fcc-based sequence, ABCABC... The result indicates that the film consists of a mixture of
metastable fcc-based L1; and hcp-based By, phases. Fig. 1(b) shows the out-of-plane XRD
spectrum. Superlattice reflection of CoPt(111),,,+(0001)g;, is clearly observed. The order
degree is estimated to be 0.3. The film with metastable phases shows strong perpendicular
magnetic anisotropy which reflects the magnetocrystalline anisotropy of L1;- and By-CoPt
crystals.

[1] S. Iwata et al., IEEE Trans. Magn. 33, 3670 (1997).

(b)
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Fig. 1 (a) Cross-sectional HR-TEM. (b) Out-of-plane XRD.
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FePt compound films with L1, ordered structure have been intensively studied due to the strong interest
for ultrahigh density recording media applications. Nowadays the reduction of the ordering temperature
and the achievement of fct (001) preferred orientation of FePt by sputtering technology, are two of the
most important challenges for the application in perpendicular recording media. The strain energy arising
from thermal stress misfit between CoPt or FePt grains and Ag matrix provide the driving force for the
reduction of ordering temperature and the epitaxial growth of FePt-fct films [1]. In the second route the
deposition of a CrRu underlayer with Cr (002) texture can be adjusted in such controllable crystalline misfit
that results in a generation of strain energy. By this way a tensile stress is produced, expanding FePt a
axis and shrinking c axis, thus leading to the formation of the fct structure [2].

Ordered FePt thin films with face-centered-tetragonal (fct)-(001) preferred orientation have been prepared
by magnetron sputtering a FePt layer onto Cr underlayer. The effect of a MgO buffer layer between Cr
underlayer and FePt layer, along with the deposition temperature of FePt film effect on the structural and
magnetic properties of the FePt were investigated. The long range ordering parameter decreased as the
MgO thickness changes from 2nm to 1 nm or 4 nm. The out of plane coercivity also decreases with the
above described variation of MgO thickness. For a 2 nm constant MgO buffer layer thickness the effect of
deposition temperature of FePt films is presented and a fully L1, transformation is observed at 325 °c.
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INTRODUCTION

It is of interest to develop alloys and process schemes that will facilitate large-scale
production of nanostructured rare-earth-free permanent magnets. FeNi compounds with the
tetragonal L1, structure possess high magnetization and high anisotropy that, when properly
harnessed via structural optimization, can substitute for rare-earth-containing “supermagnets”
in energy-relevant technologies. L1, FeNi, known to meteoricists as “tetrataenite” has been
observed to occur naturally in selected meteorites that form over millions to billions of years.
Tetrataenite possesses a large saturation magnetization and a large magnetocrystalline
anisotropy that combine to provide a magnetic energy product close to that of the best
Nd,Feq4B-based magnets.

Guidance for development of bulk L1y-type FeNi may be obtained from past studies that have
indicated its formation under certain conditions in the laboratory. In this presentation, new
results concerning naturally-occurring tetrataenite as well as the formation of tetrataenite in
laboratory conditions will be presented and discussed. These results demonstrate the
potential for production of L1, FeNi at time and temperature scales suitable for
nanostructured bulk magnet production.
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Due to the increased and unstable prices for Rare Earth elements there are activities to develop
alternative hard magnetic materials. Reducing the amount of material necessary to produce complex
sintered NdFeB magnets can also help to reduce some of the supply problem. Metal Injection Molding
(MIM) is able to produce near net shape parts and can reduce the amount of finishing to achieve final
geometry.

Although MIM of NdFeB has been patented and published fairly soon after the development of the
NdFeB magnets there has never been an industrial production. This could be due to the fact that MIM
was very young at that time and hardly developed. Thus, the feasibility of the process needs to be
revaluated. This paper presents results of our work on determining the process parameters influencing
the magnetic properties of the sintered magnets as well as the shrinkage during processing. The role
of binder and powder loading on the alignment of the particles as well as on the carbon and oxygen
contamination was examined.
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Magnetic refrigeration is a promising cooling technique which might advantageously
replace the gas compression technology. For its development, it is requested to search for
new materials presenting a magnetocaloric effect (MCE) as large as possible. But, attention
must not only be paid on AS and AT, values. For applications, other properties are also
relevant: the reversibility of the effect, the mechanical properties, the cost of the starting
materials...

Following this spirit, the interest for magnetic refrigeration of Manganese alloys based
on a TiNiSi-to-Ni,In magneto-structural phase transition (compounds derived from the
MnCoGe [1]) is compared to a new Fe,P-type material displaying a first order magneto-elastic
transition. It appears that even if both kinds of transition lead to a “Giant” magnetocaloric
effect, only the latter type is really suitable for applications. These new materials derived from
MnFe(P,Si) combine several advantages making them highly desirable for magnetic
refrigeration:

- The first order transition is at room temperature and can be easily adjusted

- A large MCE is observed in intermediate field, for instance a AT of 2.8 K is obtained
for AB=1.1T, cf. figure

- The hysteresis of the transition being negligible, the MCE is fully reversible

- There is not any volume change at the transition, which ensures a good mechanical
stability (bulk pieces stay intact even after 10 000 magnetization cycles)

- No toxic or critical elements are used

250 260 270 280 290 300
T (K)

Figure: Direct ATaq of a MnFe(P,Si,B) material
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INTRODUCTION

This work takes a magnetocaloric material, La(Fe,Co,Si);3, and combines it with a three-
dimensional prototyping technique called Selective Laser Melting (SLM) to fabricate advanced
geometries of magnetocaloric regenerators—the heart of a magnetic cooling fridge [1].

We demonstrate two advanced geometries: a wavy-channel block and an array of fin-shaped
rods. These designs maximize heat transfer, minimize pressure loss, or eliminate unwanted
heat conduction along the regenerator’s length.

To meet the reliability requirements of industry, we show that the regenerators survive more
than 10° cycles of a rotating permanent magnet. We characterize the magnetocaloric
properties (indirect AS and direct AT,4) and the microstructure and composition (SEM and
XRD) of the regenerators. Finally, we summarize the advantages and disadvantages of SLM
technique for making magnetic refrigerants.
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Nanostructured ferromagnetic shape memory materials are promising for the realization
of,micro/nano-actuators, energy harvester and micro-refrigerators. Most of the activity to date
concerns NiMnGa films of thickness ranging from 100 nm up to several hundred of
nanometers.

Here we present a multiscale structural and magnetic investigation of NiMnGa thin films of low
thickness (10- 100 nm) grown by r.f. sputtering on different substrates (e.g. Figure 1).The
occurrence of the martensitic transition and the twin configuration are strongly dependent on
thickness and can be explained in terms of lattice constrains imposed by substrate. For
instance, thin films (up to 20 nm) grown on MgO are austenitic at all temperatures, while for
thickness up to 75 nm they undergo the martensitic transformation to a multivariant structure
with the tetragonal c-axis perpendicular to the film plane [1]. In contrast, for films grown on Cr
underlayer of t=75 and t=100 nm, the c-axis was found to lye in the film plane. Novel results on
nano-disks obtained by patterning NiMnGa thin films (75, 100 nm) by means of the polystirene-
nanosphere lithography will also be discussed.

5.0 nm

L) 1.7 pm

Figure 1: 100 nm NiMnGa film grown on MgO (100): (a) atomic force, (b) transmission
electron microscopy images.
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INTRODUCTION

Since cooling at present still relies on old fashioned mechanical devices, large changes are to
be expected in this field by the application of 21st century technology. Very recently
spectacular results have been obtained by using adiabatic demagnetization near room
temperature. Electronic structure calculation revealed the origin of the high efficiency of the
materials responsible for the effect: the coexistence of weakly and strongly magnetic layers in
one compound [1]. The strong magnetic layer is responsible for the relatively high Curie
temperature (room temperature and above), while the weak one controls the size of the
effect. The loss of the moments releases degrees of freedom for chemical bonding that
induces a phase transition with a giant magneto-caloric effect.
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Magnetocaloric-based refrigeration presents itself as an environmentally-friendly energy-
efficient technology capable of beneficially replacing the current gas compression-based
technology. The most promising magnetocaloric working materials found to date,
(Fe,Mn),(P,Si), are based on the Fe,P binary compound. Fe,P presents a first-order FM-PM
magnetoelastic transition around 219K and low magnetic entropy changes spanning large
temperature ranges. What makes Fe,P so unique is the coupling presented by its magnetic
and crystal lattices which gives rise to the so-called mixed magnetism[1l]. To better
understand this coupling in both Fe,P and Fe,P-based compounds we have characterized the
magnetic and magnetocaloric properties of stoichiometric polycrystalline Fe,P under
hydrostatic pressure. Pressure decreases Tc at a rate of 6.1K/kbar, and at ~8kbar an
antiferromagnetic state is achieved that is easily destroyed by field, which induces
ferromagnetism above 0.2T. This pressure is much higher than the 5kbar reported in
literature[2], emphasizing that stoichiometric deviations play a crucial role in the magnetic
properties of Fe,P.

[1] Dung, N.H. et al. Advanced Energy Materials 1, 1215 (2011).
[2] Fujii, H. et al., J. Phys. Soc. Jpn. 43, 41 (1977).
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MAGNETS

Kramer M. J. (Ames Laboratory)*, Anderson I. E. (Ames Laboratory), McCallum R.W. (Ames
Laboratory)

Ames Laboratory, lowa State University

Supply restrictions in the global market for rare-earth metals have spurred interest in the discovery of new
compounds with high saturation magnetization and intrinsic coercively as well as ways of optimizing older
alloys. Both are daunting tasks given the high energy product of existing rare-earth based alloys.
Opportunity exists in developing new alloys for the higher operating temperature regime of traction motors
and some generators. These machines require up to 12 wt.% Dy for the Nd to improve its high
temperature resistance to demagnetization. Given the high production tonnage projected and the high
cost and clear resource limitation of the Dy needed for such applications, new or greatly improved alloys
are needed. Discovery of new compounds requires a more sophisticated approach that past brute-force
trial and error. Ames Laboratory, in collaboration with a number of universities and laboratories have
been embarking on a comprehensive research program to combine a series of integrated computational
and experimental efforts to both discover and design new compounds with promising magnetic
properties. The computational efforts include both density functional theory and adaptive genetic
algorithms to identify new compounds. More importantly we are developing feedback algorithms to
identify and solve the crystal structures of new and old compounds which have been identified as
promising candidates. More sophisticated computational tools which incorporate more accurate
determination of the correlated electrons are being brought to bear on understanding some promising
older compounds such as alnico and MnBi and guiding new processing routes and minor alloying agents.
Specific examples of materials discovery and new insights into improvements of existing alloys will be
presented.
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Abstract :

The off-stoichiometric Ni-Mn based Heusler ferromagnetic shape memory alloys (FSMAS)
have attracted considerable attentions for their rich and special properties and potential
application due to the martensitic transition (MT) and the unique properties of martensitic
phase. In this work, the effect of thermal cycle on the interfacial antiferromagnetic (AFM) spin
configuration and exchange bias has been investigated for the NisoMnssSby,4 alloy. The shape
of hysteresis loops at 5 K after cooling back can be tuned from a single-shifted loop to a nearly
symmetric double-shifted loop gradually together with increasing the exchange bias field to the
peak value and then decreasing slowly. The results indicate thermal cycle can induce further
martensitic transition from part of arrested FM phase to AFM phase, which results in the
reconstruction of interfacial antiferromagnetic spin configuration. The evolutions of exchange
bias can be illustrated intuitively by a simple AFM bi-domain model.
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The realization of a large exchange bias effect is an important aspect in the miniaturization of
prospective spintronic devices. The stack of amorphous ferrimagnetic Th,Feig. thin films on top of
ferromagnetic [Co/Pt]-multilayers attracted much attention due to the occurrence of a large exchange
bias field up to H, = 20 kOe [1, 2]. A confinement of the exchange bias field H , is given by the
formation of an interfacial domain wall during the reversal of the softer [Co/Pt]-multilayers. The domain
wall thickness depends on the magnetic properties of the ferrimagnetic alloy. By stepwise substitution
of Fe- by Co-atoms a change in the coupling conditions will influence H .

In the presented study, Tby(Feig. C0y)100x (20nm) / [Co(0.4nm)/Pt(0.8nm)];o heterostructures were
prepared by magnetron-sputtering at room temperature. The magnetization reversal process at
different temperatures and for different compositions of the ternary alloy was investigated.
Furthermore, we analyzed the influence of the cobalt as well as the terbium content on the exchange
bias field, revealing the correlation between the uniaxial anisotropy of the ferrimagnetic layer and the
exchange coupling at the interface.

[1] S. Romer et al., Appl. Phys. Lett. 101, 222404 (2012)
[2] C. Schubert, B. Hebler et al., Phys. Rev. B 87, 054415 (2013)
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FeRh in the equiatomic alloy has many intriguing properties. It could have many potential applications
for magnetic recording[1]. One such property is its metamagnetic transition that occurs around 370 K.
At low temperature, FeRh is antiferromagnetic and goes to a ferromagnetic state above 370 K.

In this paper we will present results on FeRh thin films of small thickness grown by molecular beam
epitaxy on (001) MgO substrates. Thickness varies from 3 nm to 10 nm. The films are grown at 300 °C
and annealed at 800 °C during 30 minutes. After cooling down below 80 °C, all films are capped with 3
nm of Al. X ray diffraction shows a very good chemical ordering for all the layers.

The positions of MgO[113] and FeRh[102] diffraction peaks show a perfect matching between MgO
and FeRh. High resolution transmission electron microscopy demonstrates the high quality of the
films. SQUID Magnetometry measurements show that films with thickness 4 nm and above show a
clear metamagnetic transition (see figure 1). When the thickness is 5 nm and above, the transition
occurs at its bulk value. We are investigating the low thickness films to understand their behaviour.
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Figure 1 Magnetization as a function of temperature. Applied field is0.1 T.
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CONTROL OF THE MAGNETIC ANISOTROPY OF AN ANTIFERROMAGNETIC
FILM THROUGH GROWTH CONDITIONS
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For Cr thin films in heterostructures and multilayers, finite size and interface hybridization
effects can trigger a modification of the antiferromagnetism of Cr [1]. Its magnetic phase is a
modulated spin density wave order, characterized by a polarization, and a propagation
direction. However, like for bulk Cr, strain effect (originating from the epitaxy on the substrate)
in thin films can also dictate the orientation of these two parameters. We will show how it is
possible by simply adjusting the annealing temperature of the Cr film, to obtain the wanted
magnetic anisotropy. We have grown epitaxially 200nm thick Cr films on a MgO substrate and
annealed them at different temperatures. X-ray diffraction measurements show that the stress
and the tetragonal distortion depend linearly on the annealing temperature (Figure a),
because of thermal differential deformation of the substrate and the layer. Neutron diffraction
measurements on the thin films show that, depending on the annealing temperature, the
phase is either commensurate (not modulated), propagating normal to the surface
(polarization in-plane) (Figure b), or propagating in the film plane (spins out-of-plane). This
control enables to disentangle strain effects from finer effects like interface coupling
phenomena.
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a) Tetragonal distortion as a function of annealing temperature and associated phases
b) Neutron magnetic reflections for a spin density wave propagating normal to the
surface.

[1] H.Zabel, JPCM11, 9303 (1999)
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In a recent first-principle LSDA study, Khmelevskyi and Mohn [1] predicted that Mn,Au,
known as an itinerant electron paramagnet [2], should rather be an antiferromagnet with Ty =
1600 K.

A polycrystalline sample was prepared by induction melting and annealed 3 days at 650 °C.
X-ray diffraction showed that the sample contained almost uniquely the MoSi,—type tetragonal
phase, the impurity phases (MnO and MnAu) were below 1%. A neutron diffraction study (A, =
1.28 A) was performed on D1B (ILL-Grenoble) at four temperatures (2K, 20 K, 300 K and 550
K). No peak, additional to the ones found by X-ray, was detected. However, refinement of the
peaks intensities revealed that the Mn moments form an antiferromagnetic structure, with a
[000] propagation vector, identical to the structure predicted in [2]. The Mn amounts to 3.56
(5) ug, to be compared to the theoretical value of 3.64 ug. Up to 550 K, the peak intensities
remain almost unchanged, thus indicating that the Néel temperature is well above room
temperature.

The discovery of a new high temperature antiferromagnet, such as Mn,Au, is of potential
interest for exchange-biased systems or in TAMR (Tunnel Anisotropic Magnetoresistance)
devices.
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Magnetic nanoparticles have attracted immense interest due to the huge number of current
and anticipated applications in many areas of technology. Co/CoO bilayers and core/shell
nanostructures form a ferromagnetic-antiferromagnetic interface and present unusual
magnetic properties [1]. The study of the magnetic moments of the atoms of the systems is
important, while the magnetic anisotropy energy is a key property that determines whether a
magnetic system will be useful in technological applications [2].

In the present study, first-principles calculations were employed to study the magnetic
properties of core-shell nanostructures Co/CoO. Three types of calculations were carried out:
i. Co-O clusters of 13, 14 and 19 atoms, ii. Co/CoO bilayers, and iii. Co/CoO core/shell
nanostructures. The geometrical structures of the clusters were optimized via ab initio
collinear and non-collinear calculations. The spin-orbit interaction was also included. For the
study of the Co/CoO bilayers and core-shell nanostructures, Co has an fcc and CoO has a
rock salt structure. In all cases, the magnetic moments and the magnetic anisotropy energy of
the atoms of these systems were calculated.
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INTRODUCTION

Ivanov and Kosevich showed over 35 years ago that the Landau-Lifshitz equation predicts a
family of conservative magnetic solitons in thin films with strong perpendicular magnetic
anisotropy (PMA) and zero spin wave damping [1]. While all materials exhibit damping,
Hoefer, Silva and Keller, demonstrated analytically, and numerically, the possible existence of
the similar dissipative magnetic solitons, or magnetic droplets, in nano-contact spin torque
oscillators (NC-STOs) with PMA free layers [2]. We present the first experimental results on
such droplets, in NC-STOs with Co0.3[Ni0.8/C00.4]x4 free layers (thicknesses in nm) having
strong PMA [3]. Nano-contacts with diameters ranging from 50 to 100 nm were studied as a
function of drive current and perpendicular magnetic field. At a field of about 0.65 T the NC-
STO frequency exhibits a dramatic drop of about 10 GHz, accompanied by a sharp increase
in both the microwave power and the device resistance, and strong modulation sidebands
appearing. The transition is also observed as a function of drive current in a fixed field and
indicates the formation of a substantially reversed magnetic droplet underneath the nano-
contact. The appearance of sidebands can be reproduced by micromagnetic simulations
where they arise due to a repetitive motion of the entire droplet about the nano-contact.
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Figure 1: (a): Field dependent NC-STO frequency at | = -6 mA with a dramatic frequency drop
at about 0.65 T. Inset: self-modulated dynamics at yOH = 0.8 T; (b): Resistance vs. field at | =
-6 mA showing a jump coincident with the frequency drop. Inset: data for | = -1 mA.
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It is characteristic of the current state of near-room-temperature magnetic refrigeration that
there are dozens of prototypes in operation around the world. These are essentially
demonstration-of-principle devices, cumbersome and inefficient. Commercially viable
magnetic refrigerators are long in coming. The reason is the neglect of basic principles of
refrigerator design, which can be deduced from general physical considerations. Thus, it is
imperative to use low-porosity (p << 1) magnetocaloric beds. Efficiency in the temporal
dimension means raising the operation frequency to the theoretical limit, f << 200 Hz [1]. This
should be accompanied by thinning the refrigerant down to such a thickness that permits heat
transfer within a time 7 << f . To minimize viscous friction, the channels for the heat-
exchange fluid should be streamlined. Choosing the right material is a very important issue: a
large magnetocaloric effect alone does not suffice. Using La(Fe,Si);3 as an example, we
discuss the negative role of hysteresis and fatigue. Brittle materials are generally not
amenable to fine machining; in the case of La(Fe,Si);3 the difficulty can be overcome by
means of an ingenious technique [2,3].

[1] M.D. Kuz'min, Appl. Phys. Lett. 90, 251916 (2007).

[2] M. Katter, V. Zellmann, G.W. Reppel, and K. Uestuener, Proc. 3rd Int. Conf. on Magnetic
Refrigeration at Room Temperature (IR, Des Moines, USA, 2009), 83-88.

[3] K. Léwe, J. Liu, K.P. Skokov, J.D. Moore, H. Sepehri-Amin, K. Hono, M. Katter, and
O. Gutfleisch, Acta Mater. 60, 4268 (2012).
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UNDERSTANDING THE ORIGIN OF FERROMAGNETISM IN (Ga,Mn)N

M. Sawicki

Institute of Physics, Polish Academy of Sciences, Warsaw, Poland
mikes@ifpan.edu.pl

There are two compounds which arguably demonstrate the highest potential for studying
novel spintronics-related phenomena: (Ga,Mn)As, the ‘canonical' dilute ferromagnetic
semiconductor (DFS) and (Ga,Mn)N, the emerging member of this family [1,2]. Whereas
(Ga,Mn)As has become the model material to test semiconductor spintronics concepts, the
importance of (Ga,Mn)N stems from a different origin of magnetism and the already
dominating role of GaN in photonics and high power electronics. Due to the strong p-d
hybridization the Mn?*** acceptor level occupies the mid band gap position in GaN precluding
the existence of carrier-mediated spin-spin coupling. Interchangeable, either a high p-type
doping or high Mn content x is possible. Nevertheless, in uncompensated films, where Mn**
ions prevail, the superexchange interaction becomes ferromagnetic for all Mn-Mn distances
resulting in a ferromagnetic order [1] characterized by the Curie temperature Tc = 13 K for x =
0.10 [3]. This finding indicates that (Ga,Mn)N emerges as a model system making it possible
to explore properties and functionalities specific to dilute ferromagnetic insulators.

Detailed magnetization studies for MBE-grown films thoroughly characterized by a number of

structure-sensitive and element-specific methods will be presented. Experimentally
established Tc~x*? dependence will be accounted by theoretical results obtained by
combining a tight-binding evaluation of the exchange integrals for short-range ferromagnetic
superexchange with Monte Carlo simulations of Tc. Basing on this system a fundamental and
long staying question on how disorder influences the critical behavior of continues phase
transitions will be discussed. Finally, spin dependent magnetotransport for magnetic tunnel
junctions of these dilute ferromagnetic insulators will be presented.

The work has been in part supported by FunDMS Advanced Grant of ERC within the Ideas
7th FP of EC and by (Polish) National Science Centre through project MAESTRO "Quantum
phase transitions in magnetic layers driven by an electric field" (Decision
2011/02/A/ST3/00125).

[1] M. Sawicki, T. Devillers, S. Gateski, C. Simserides, S. Dobkowska, B. Faina, A. Grois,
A. Navarro-Quezada, K. N. Trohidou, J. A. Majewski, T. Dietl, and A. Bonanni,
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The use of Magnetic Tunnel Junctions (MTJs) with perpendicular magnetic anisotropy (PMA) allows
enhancing thermal stability of MRAMSs. In addition to PMA at CoFeB/MgO interface [1], PMA can be
further enhanced by exchange-coupling the CoFeB electrode to a Co/Pt multilayer. However, to obtain
high TMR, CoFeB must grow in the bcc structure, which is not possible on Pt. A metallic spacer, often
Ta [2], is thus introduced between the Pt and CoFeB layers in order to facilitate the transition from fcc
to bcc. When this non-magnetic spacer is thin, exchange-coupling is strong enough to maintain the
CoFeB and (Co/Pt) magnetizations parallel. However, when the spacer thickness increases,
exchange-coupling decreases, and the magnetization of the CoFeB layer may fall in-plane, leading to
zero magnetoresistance.

It has been shown that a window of Ta thickness allows having PMA and a strong magnetic coupling
[3]. We will present results on the influence of the Ta thickness on the magnetic and transport
properties of full junctions, evidencing a transition from perpendicular to planar anisotropy of the
CoFeB layer.
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Figure 1: TMR as a function of Ta thickness for different annealing temperatures
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INTER-GRAIN TUNNELING IN HALF-METALLIC DOUBLE-PEROVSKITES WITH HIGH T,
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We report on electronic transport in polycrystalline Sr,FeMoOg (SFMO), Sr,FeReOg (SFRO),
Sr,CrMoOg (SCMO), Sr,CrWQOg (SCWO) and Sr,CrReOg (SCRO) with nominal saturation
magnetizations M; between 1 and 4 pg/f.u for SCRO and SFMO, respectively, and T,
between 390 K (SCWO [1]) and 635 K (SCRO). The zero-field conductivities (o) of
polycrystals are governed by inter-grain transport that depends strongly on preparation
conditions and often exhibit unusual T-dependence [2]. For all our samples, except for porous
SCRO with Berthelot-type o(T) [3], but including cold-pressed SCRO, o(T) can be derived
from the “fluctuation induced tunneling” (FIT) model [4]. Within the FIT model, the linearity-in-
T of o(T) for all the SEMO samples, sintered or cold-pressed, implies that 2<zyw/2<3 (w - the
barrier-width and y - the inverse decay-length of the wave function), consistent with an
intrinsic insulating boundary layer with well-defined electronic (and magnetic) structure [5]. In
all other samples, zyw/2 varies with preparation conditions indicating less robust boundary
layers than those of SFMO.
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The GMR found in FM/NM/FM structures consists in a significant change of the electrical
resistance depending on the relative magnetization orientation of the FM layers. It is
commonly assumed that the MR depends on the magnetic anisotropy of multilayer structures,
even though usual experiments just relies in either magnetization or MR curves measured
independently for a given applied field angle, normally close to e.a. We present a detailed
study of the angular-dependence of both magneto-resistive and magnetization-reversal
properties in exchange-biased spin-valve structure [1]. A new experimental set-up allows us
to measure simultaneously magneto-resistance and vectorial-resolved-Kerr hysteresis-loops,
including MR and in-plane parallel and perpendicular magnetization components, at different
applied field angles in the whole angular range.

We advance towards a microscopic understanding of the MR properties by showing that their
angular-dependence are directly related to the magnetization-reversal processes. For
instance, reversible and irreversible transitions are similar in both MR and vectorial-resolved
magnetization curves. Well-defined MR-plateaus are observed around the e.a. whereas just
reversible MR transitions are found around the h.a. direction. The MR-plateau value
decreases as the magnetic field is misaligned with respect to e.a. and the maximum of MR
decreases approaching to h.a. The results directly show that the different magneto-resistive
behaviors originate from the magnetic anisotropy of the structure, which ultimately depends
on the relative magnetization orientation of the FM layers.
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The down-size scalability of CoFeB/MgO/CoFeB structures with perpendicular anisotropy
demands memory elements with reduced dipolar fields. Utilizing antiferromagnetic interlayer
coupling can solve this problem.

Here, we present antiferromagnetically and ferromagnetically coupled FeCoB/MgO/FeCoB
sputtered structures with coupling strength exceeding 5pJ/m2.

We found that the monolayer-scaled changes in thicknesses of magnetic layers lead to
transition of magnetization alignment to out-of-plane orientation for CoFeB thinner than 1.4
nm. For temperatures below T,~200K, a single-domain state forms showing reorientation
from parallel to antiparallel magnetization alignment, which transforms to a multi-domain state
or still remains in single-domain state depending on type of coupling.

We quantified effective perpendicular anisotropies and connect transformations of the
magnetization alignment with the interplay between interface anisotropy and exchange
coupling.

Observed changes in alignment provide an optimal geometry of magnetic electrodes for spin-
transfer-torque switching with ultralow critical currents [1].
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INTRODUCTION

Information and communication technology (ICT) is calling for solutions enabling lower power
consumption, further miniaturization and multifunctionality requiring the development of new
device concepts and new materials. A fertile approach to meet such demands is the
introduction of the spin degree of freedom into electronics devices, an approach commonly
known as spintronics. This already lead to a revolution in the information storage (GMR
readheads) in the last decades. Nowadays, the challenge is to bring spintronics also into
devices dedicated to logics, communications and storage within the same material technology
[1].

In this context the electric control of the magnetoresistance represents one of the most
promising issues enabling both further miniaturization and multifunctional operation of
spintronic devices. Likewise, also the electronics community is committed to follow the
Moore’s law, and one of the promising approaches is the use of arrays of crossbar
memristors capable of information processing and storing (‘stateful’ logic) [2].
We show that an electrically controlled magnetoresistance can be achieved in organic
devices [3] combining magnetic bistability (spin-valve) and resistance switching effects. In
such devices the GMR effect can be turned ON and OFF by a programming bias that sets the
device in low or high resistance state respectively. The magnitude of the GMR depends on
the bias history and can be recovered up to the pristine value [4].
We show [4] that such devices operate like Magnetically Enhanced Memristors (MEM). MEMs
can be operated in both memory and logic gate applications merging together spintronic and
electronic approaches towards new future device concepts [5].
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To overcome the bottleneck encountered by the conventional data storage technologies,
alternative material systems and mechanisms are needed to improve functionalities and efficiency of
memory units. In this context, current-induced spin-orbit torques (SOT) provide interesting solutions to
manipulate the magnetization of thin films and nanostructures allowing time and energy efficient, fully
electrical write and read out scheme in permanent nanomagnets. Recently, magnetization switching
of a single ferromagnetic layer induced by in-plane current injection has been demonstrated in several
oxide based heterostructures (e.g. Pt/Co/AlOx, Pt/Co/MgO, Ta/CoFeB/MgO) possessing strong spin-
orbit coupling and perpendicular magnetic anisotropy[1-3]. Switching was found to occur due to an
effective torque perpendicular to both the current and instantaneous magnetization directions,
equivalently to an effective field that rotates with the magnetization.

To shed light on the origin of this torque, we will present a detailed study of the current-
induced SOTs and the magnetization switching behavior (with ultrashort current pulses) in
perpendicularly magnetized Ta/CoFeB/MgO layers as a function of the annealing temperature. With
refined vectorial measurements in the low current regime we will demonstrate that, on a single
sample, the magnitude of the SOTs strongly depends on the annealing temperature. We will also
show that the perpendicular magnetic anisotropy dramatically changes with annealing temperature
which consequently has an influence on the switching behavior of the system. Finally, using
transmission electron microscope images and Xx-ray magnetic circular dichroism data, we will
comment on the physical and chemical changes occured in the layers by annealing, which might lead
to the observed dependencies. We believe that this work will provide useful information for the
fundamental understanding of SOTs and optimize their magnitude for technology applications.
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INTRODUCTION

Tape Technology has continued to advance in past few years by introducing new media
materials based on Barium Ferrite and increasing the areal storage density and it is expected
to retain a very significant share of worldwide stored data. Main advantages include low
acquisition and low operational costs, a high data reliability and longevity of the stored data.
The classical application for backup and recovery tasks has extended to long term archiving
tasks. The importance of tape in cloud storage environment to reduce the storage provider
costs is significant.

MICROMAGNETIC MODELING

We have studied the influence of various head field designs (Fig.1a) on the recording
behaviour of BaFe;,0,9 (Ms=275emul/cc, Klzl.3—l.9x106erg/cc) nanoplatelets with a diameter
~15 nm and height ~5 nm as candidates for high density recording with an areal density up to
30 Gb/inchz[l] using an integrated numerical finite element micromagnetic simulation together
with the nudged elastic band method for thermal stability calculation. The microstructural
media models were prepared by an implementation of the Lubachevsky-Stillinger packing
algorithm [2] and the bullet physics library [3]. The track model of the magnetic storage layer
consists of about 10000 nanoparticles and has a length of 20000nm, a width of 200nm and a
thickness of 30-60nm (Fig.1b). In detail we analysed the signal to noise ratio of the read back
signal as a function of the head to media distance (d=20-80nm), head speed and coil current
(Fig. 1c) of the ring type write head up to a linear density of 508 kfci (linear bit length 50nm).
The bit write simulations on the particulate media models were performed by overlapping the
write head field boxes on the finite element media models. Magnetization dynamics of the
particles under the head field is calculated using the Landau-Lifshitz-Gilbert equation.
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Figure 1: (a) Finite element simulation of ring type head with saturated top yoke at I=20mA.
(b) Written bit structure at 370kfci.
(c) Dependence of signal to noise ratio of the read back signal on the coil current I.
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Classical geometric magnetoresistance (MR) effects in disordered and inhomogeneous
materials, and associated mobility fluctuations can lead to high, non-saturating, linear
magnetoresistance values [1]. Polycrystalline narrow bandgap semiconductors (like InSb)
with doped grain boundaries leading to strong variation of the mobility distribution, can show a
high MR, which is linear and not saturating at fields of up to megagauss values [2]. Normally
grown from powder mixtures or ground single crystals, we investigate an alternative
processing route of wet processed electrodeposited polycrystalline InSb thin films [3].
Electrodeposition allows for quicker and cheaper processing, in addition to adaption,
investigation and optimization for different homogeneity regimes. Varying growing conditions,
such as: substrate preparation, solution concentration, electrodeposition and annealing
conditions, resulted in a wide range of film compositions and microstructures. We
characterized the films via scanning electron microscopy and X-ray diffraction to reveal the
effects of the different parameters and determine their influence on microstructure and
magneto resistance values. We processed InSb thin films which showed a linear MR behavior
at high magnetic fields of up to 9T, as shown in Fig 1.
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Fig 1 Magnetoresistance measurement of a wet processed electrodeposited InSb film
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Bismuth iron garnet (BisFesO;, or BIG) is a novel material with exceptional magneto-optical
(MO) properties (ex. giant rotation of the incident light polarization). This compound cannot be
synthesized in bulk form as the preparation requires non-equilibrium techniques of growth.
BIG is ferrimagnetic with two magnetic sublattices (tetrahedral and octahedral) defined by
different oxygen environment of magnetic iron atoms.

In this work, we show that magneto-optical Faraday spectroscopy can be used, on one hand,
to study spin-dependent electronic density of states in complex ferrimagnetic BIG near and
above the Fermi level. Our work is concordant with independent density of states calculation

[1].

On the other hand, we determine the individual magnetic behavior of each iron sublattice as a
function of the temperature. We analyze the magneto-optical spectra of BIG in the framework
of the model based on two diamagnetic lines associated to tetrahedral and octahedral iron
sites [2], successfully reproduce the experimental spectra and extract the individual sublattice
contributions from the total MO signal. We show that the different observed MO phenomena
are related to the sign of the magneto-optical contribution and the different temperature
dependence of the magnetization of each sublattice.

[1] T. OIKAWA et al., J. Phys. Soc. Jpn. 74, 401 (2005)
[2] M. DEB et al., J. Phys. D: Appl. Phys. 45, 455001 (2012)
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INTRODUCTION

The Giant Magneto-Impedance (GMI) effect is interesting for weak magnetic fields detection.
Thin films are preferred over wires and ribbons for compatibility with the fabrication processes
of microdevices. After an intense research to optimize the properties of the materials and to
develop an optimum multilayered and sandwiched structure [1], we present here the GMI
performance of the microsensor elements fabricated by photolithography.

EXPERIMENTAL

Micro-shaped GMI elements have been prepared by sputtering with a multilayered and
sandwiched structure, and patterned by lift-off in the form of stripes with different lengths (0.5
to 2.0 mm) and widths (70-130 um). A second photolithography process defines contacts at
the ends of the samples so they can be inserted in a microstrip line. Impedance is measured
as a function of the applied field (up to 150 Oe) and the frequency (up to 150 MHz) using a
network analyzer.

RESULTS AND DISCUSION

A maximum value of 150 % for the magnitude of the GMI and 60 %/Oe of the sensitivity to the
applied field has been found for the sample 110 ym thick and 1 mm long. Both figures of merit
strongly depend on the aspect ratio of the sample through the magnitude of the effective
anisotropy [2], the quality of the patterning, and the distribution of current in the sample. A
detailed discussion of the influence of these parameters on the results will be presented. The
evaluation of the performance of the microsensors is completed with noise analysis.

REFERENCES

[1] G. V. KURLYANDSKAYA et al., J. Appl. Phys. 107, 09C502 (2010)
[2] A. GARCIA-ARRIBAS et al., Eur. Phys. J. B 86, 136 (2013)



240
ELECTROMAGNETIC PROPERTIES OF Ni DOPED BaSrCo,~Y HEXAFERRITES

Charalampos Stergiou (1) and George Litsardakis (2)

1. Lab. of Inorganic Materials, Centre for Research and Technology Hellas, Greece
2. Lab. of Materials for Electrotechnics, Aristotle University of Thessaloniki, Greece
stergiou@cperi.certh.gr

INTRODUCTION

With a view to high frequency applications of magnetic ceramics, we have investigated the Y-
type hexaferrites with composition BaSrCo,_,Ni\Fe;,0. (x=0, 0.5, 1.0, 1.5, 2.0). These
materials were prepared with the conventional ceramic method, including successive milling
and double-sintering process at 1250°C for 12h. The fabrication of single phase samples was
verified by means of XRD analysis, whereas the microstructural observation through SEM
indicated the decrease of average grain size with Ni concentration.

The recorded M-H loops show the progressive decrease of saturation magnetization Mg from
33 emu/gr to 21 emu/gr and of coercive field He from 74 Oe to 31 Oe, with the substitution of
Co by Ni.

Moreover, the constitutive electromagnetic parameters were measured up to 20 GHz.
Specifically, the complex permeability spectra demonstrate that Ni doping shifts the
characteristic frequency of domain wall relaxation from 3 GHz to 900 MHz and of the spin
rotation resonance from 18 GHz to 8 GHz. Additionally, the wall contribution is increased with
Ni content as magnetocrystalline anisotropy is raising, despite the reduced grain size.

Finally, the potential of BaSrCo,_,NiyFe;,0,, hexaferrites as planar microwave absorbers
emerges. In fact, by using single-layer configuration we achieve reflection losses above 20
dB, tuned at any frequency between 3-20 GHz with a maximum thickness of 5mm.
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We present a novel domain wall (DW) oscillator that consists of a pair of cylindrical nanowires. Our oscillator
makes use of the natural DW oscillations in cylindrical nanowires to reduce the operational applied current as
compared to other conventional DW oscillators. The nanowires are of 10 nm diameter and are separated by 10
nm. A transverse DW is generated in each of the nanowire, as shown in Fig. 1 (a). In the absence of external
magnetic field or current, the two DWs are driven away from each other due to the magnetostatic coupling. The
motion is accompanied by a rotation along the cylindrical axis. The DW rotations are self-sustained because of
zero intrinsic pinning [1] from the cylindrical nanowires. To maintain the positions of the DWs, spin-polarized
current is applied to both nanowires in opposite direction. When the applied current density is in the order of
10* Alem?, the spin transfer torque and the magnetostatic coupling are balanced. In this range of current
density, the two DWs oscillate with a fixed frequency around the centre of the nanowires. The frequency of the

DW oscillations is found to be in the range of 150 MHz.
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Figure 1: (a) The model employed in the micromagnetic simulations (b) DW rotations due to the

magnetostatic coupling (¢) FFT spectra of the DW rotations
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The increasing need for novel, small and reconfigurable microwave patch capable to cover the
modern design trends, requires materials with novel physical properties. Based on this demand,
materials with tensor type electric permittivity and magnetic permeability could offer new design
degrees of freedom. In magnetically polarized ferrites with an external dc magnetic field, the
magnetic permeability becomes a tensor physical quantity with resonance dispersion behavior.
This is a consequence of the ferromagnetic resonance phenomenon. The non- diagonal element
of the permeability tensor produce new interesting non reciprocal phenomena. In order, the
design task of the patch antennas where the substrate is partially replaced by ferrites, to be
optimized, the knowledge of the dielectric permittivity and the parameters which influence the
magnetic permeability tensor is necessary. On this context we present our effort to estimate the
electric permittivity and permeability tensor parameters under a dc magnetic field, using a wave
guide method using garnets and spinels ferrites as samples.
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INTRODUCTION

Nd,Fe 4B is still the material of choice for the powerful permanent magnets to be used in
markedly expanding clean energy technologies such as hybrid vehicles and power generators
that require huge amounts of the best-quality, hich-coercivity, grades because Fe is a far
abundant ferromagnetic element than any other magnetic-moment-carrying elements and Nd
is the most abundant element carrying the 4f magnetism with which a large magneto
crystalline anisotropy is readily accessible in non-cubic environments. However, a serious
concern about criticality of Dy, which is used to realize the high coercivity, has been addressed
and development of Nd-Fe-B magnets free of Dy has become one of urgent issues, recently.
Since shortly after the invention of the materials, the majority of the Nd-Fe-B permanent
magnets are produced by means of powder metallurgical process [1] and a small portion of the
market has also been covered by hot-deformation process using rapidly solidified alloys [2].
These are anisotropic magnets which are composed of oriented fine Nd,Fe4B-type grains.
The coercivity develops in these materials when Nd,Fe;4B grains are surrounded by a thin
Nd-rich film phase [3- 5]. However, after about 30 years of investigation, it is only recent that
the basic belief concerning magnetism of the Nd-rich grain boundaries is seriously reexamined.
Namely, the Nd-rich intergranular thin layers between adjacent Nd,Fe 4B grains, which have
been believed to be paramagnetic, effectively cutting off exchange-coupling among the grains,
are now strongly suspected to be ferromagnetic [5, 6]. If the intergranular thin layers are
ferromagnetic, the traditional understanding of the coercivity mechanism in Nd-Fe-B should be
reconsidered and, more importantly, a possibility of further improving the intrinsic coercivity in
the anisotropic Nd-Fe-B permanent magnets arises for the realization of materials free from
the critical element, Dy (and in some cases, Th). The purpose of this presentation is to give a
brief overview on the recent characterization of grain boundary magnetism in the Nd-Fe-B
permanent magnets and present a future outlook for development of critical-elements-free
permanent magnets for the large-scale applica