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22PL-A-1

ELECTRONIC PROPERTIES OF GRAPHENE

Novoselov K.S.
School of Physics & Astronomy, University of Manster, Manchester, M13 9PL, UK

Among a number of unique qualities of graphenes @lectronic properties attract particular
attention. In my talk I'll concentrate on variousays which allow one to lift the spin/valley
degeneracy in graphene, which results in flavoegoéd currents in this material. Apart of
traditional spintronics, such phenomena may leaddoeral flavourtronics, which might be of
interest for a number of applications.

22PL-A-2
CONSERVATION LAWS OF ENERGY AND MOMENTUM IN MAGNETI C
NANOSTRUCTURES
Maekawa S+

! Advanced Science Research Center, Japan AtomigAerency, Tokai 319-1195, Japan
2CREST, Japan Science and Technology Agency, ToRge0D75, Japan

In magnetic nanostructures, there are two congervitws between the conduction electrons and
the magnetic moment [1]. The first is the angulammentum conservation which brings about the
spin angular momentum transfer between them. Theras that of energy between them. The
magnetic energy stored in the conduction electienmeleased as the spin motive force. The spin-
motive force is derived by extending the Farad#aws of electro-magnetism. The non-conservative
force acting on the spins of conduction electroagses the work, which brings about the spin-
motive force [2]. A variety of the phenomena du¢h® spin motive force [3, 4] are presented.

[1] Concepts in Spin Electronicsd. S. Maekawa (Oxford University Press, 2006).

[2] S. E. Barnes and S. Maekavirhiys. Rev. Let8, (2007) 246601.

[3] J. Ohe, S. E. Barnes, H. W. Lee and S. Maek&pal. Phys. Lett95, (2009) 123110.
[4] P.N. Hai, S. Ohya, M. Tanaka, S.E. Barnes and&kawaNature458, (2009) 489.
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22 August

12:00-14:00
15:00-17:00

oral session
22TL-A

“Spintronics and
Magnetotransport”
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22TL-A-1

ANOMALOUS HALL EFFECT AND SPIN CURRENT GENERATION I N 2D

SYSTEMS WITH RANDOM RASHBA COUPLING
Dugaev V.K., Sherman E.Y4.Barnas J3, Bruno P?

! Department of Physics, Rzeszéw University of Tetbgy Rzeszéw, Poland
2Department of Physical Chemistry, Unversidad dé$ Rasco, Bilbao, Spain
$Department of Physics, Adam Mickiewicz Universigzna, Poland
* European Synchrotron Radiation Facility, GrenoBlance

It is well known that Rashba spin-orbit (SO) intdran is an important element of different
mechanisms of anomalous and spin Hall effects ireftronic systems. In many cases the Rashba
coupling is zero due to the symmetry of the systdowever it can be zero only in average but the
system is in strongly fluctuating Rashba field. Anportant example is the semiconducting
guantum well with the fluctuating in space Rashbapting [1] related to the spatially fluctuating
impurity density in the vicinity of quantum well.

We consider 2D electron gas in a symmetric semigctod quantum well and the effects related
to the spin-orbit coupling. Our estimations showttthe magnitude of such fluctuations can be
large even though it is purely relativistic effe€he main reason is that the electron wavefunction
includes a superposition of atomic functions, whach localized near the atomic cores. This effect
enhances enormously the magnitude of fluctuatindi&@.

We consider several different effects related is fluctuating spin-orbit interaction. First, we
estimated the spin relaxation time of electron8Dnsystem. It gives us an additional mechanism of
spin relaxation, which can be comparable to othewwn mechanisms. We also calculated the
combined electron dipole spin resonance and the gpmping accompanying the absorption of
light [2]. In the presented work we will mostly acemtrate on a possibility of generation of the spin
Hall current [3]. This effect gives us the purenspurrent in the 2D electron system with zero
average spin-orbit but nonvanishing fluctuationshef Rashba spin-orbit field.

Our theory can be also applied to graphene [4]revtige spatially fluctuating spin-orbit field is
mostly related to the ripples at the graphene sarfaVe calculated the corresponding spin
relaxation time in graphene, and found that ouimedtons are in good agreement with the latest
experiments. Also, we demonstrated the possitofitypin density pumping in graphene by periodic
electric field in a relatively broad range of fremgies.

This work is supported by the National Science €em Poland as a research project in years
2011-2013.

[1] M.M. Glazov, E.Ya. Sherman, V.K. Dugad¥ysica E42 (2010) 2157.

[2] V.K. Dugaev, E.Ya. Sherman, V.I. lvanov, J. Bai Phys. Rev. B0 (2009) 081301(R).
[3] V.K. Dugaev, M.Inglot, E.Ya. Sherman, J. Baynahys. Rev. B2 (2010) 121310(R).
[4] V.K. Dugaev, E.Ya. Sherman, J. BainRhys. Rev. B3 (2011) 085306.
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22TL-A-2

SPIN-TORQUE VORTEX NANO OSCILLATORS: FROM FUNDAMENT ALS

TO APPLICATIONS

Dussaux A, Locatelli N, Bortolloti P, Grollier J., Cros V*, Fert AL, Khvalkovskiy A.V,

Krasheninnikov A.V, Zvezdin K.A?3, Zvezdin A.K3, Fukushima A, Konoto M?, Kubota H?,
Yakushiji K¢, Yuasa S, Ando K?
! Unité Mixte de Physique CNRS/Thales and UniverBés Sud 11, 1 ave Augustin Fresnel,
91767 Palaiseau, France
2 M.Prokhorov General Physics Institute of RAS, \awa 38, 119991, Moscow, Russia
3 Istituto P.M. srl, via Grassi, 4, 10148, Torintly
“National Institute of Advanced Industrial Scienoel @ echnology (AIST), Tsukuba, Japan

Spin-polarized current can excite the magnetizatiba ferromagnet through the transfer of spin
angular momentum to the local spin system. Thig mmin-related transport phenomenon leads to
alluring possibilities for the achievement of a omreter scale, complementary metal oxide
semiconductor-compatible, tunable microwave geper#that operates at low bias for future
wireless communication applications. Microwave eois generated by the persistent motion of
magnetic vortices induced by a spin-transfer effeeems to be a unique manner to reach
appropriate spectral linewidth. However, in metadlystems, in which such vortex oscillations have
been observed, the resulting microwave power isog small.

To resolve this problem two parallel route are absr®d: to increase the power generated by a
single vortex spin-torque nano oscillators (STNany to synchronize several STNO devices. In
this talk we present our recent achievements ih dotctions. The experimental evidence of spin-
transfer-induced vortex precession in MgO-basednatg tunnel junctions, with an emitted power
5nW and the line-width of just 1 MHz is present@tlis output power is already comparable with
the minimal requirements imposed by applicationscdntrast to other spin transfer excitations, the
thorough comparison between experimental resuitslyical predictions and computer simulation
for this system provides a clear textbook illustnatof the mechanism of spin-transfer-induced
vortex precession. Computer simulations and amalytstudy on synchronization between two
oscillated vortexes through magnetostatic intesactre presented. It is demonstrated that such
synchronization could be effectively achieved tlglothe distances larger that the single nanopillar
diameter.

We acknowledge Y. Nagamine, H. Maehara and K. Tismma of CANON ANELVA for
preparing the MTJ films. Financial support by thdRS and the ANR agency (VOICE PNANO-
09-P231-36, ALICANTE PNANO-06-064-03) and EC FPargrMASTER No. NMP-FP7-212257,
and RFBR (Grant No. 09-02-01423) are acknowledged.

[1] A. Dussaux, B. Georges, J. Grollier, V. Cros,\A Khvalkovskiy, A. Fukushima, M. Konoto,

H. Kubota, K. Yakushiji, S. Yuasa, K.A. Zvezdin, Kndo, and A. FertNature Communications
1:8 doi: 10.1038/ncomms1006 (2010).
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22TL-A-3

TEMPERATURE AND FIELD DEPENDENT ELECTRONIC STRUCTUR E
AND MAGNETIC PROPERTIES OF LaCoO ;

Ovchinnikov S.Orlov Yu.
L.V. Kirensky Institute of Physics, SB RAS, Akademngdok, 660036, Krasnoyarsk, Russia

The old puzzle of magnetic and electric propertédaCoQ is solved by the band structure
calculations of the strongly correlated electropdh®e LDA+GTB method. The competition of the
high spin (HS), intermediate spin (IS), and lownsfiLS) configurations has to be included and
results in the generalization of the LDA+GTB scheffiee local multielectron states of the CoO6
cluster are -calculated including strong Coulomb aswin-orbital interactions and Co-O

hybridization. The ground state for Gdon is the LS one separated by a small spin gapld0 K

from the HS state with total momegdt=1. The intercluster hopping is treated by a pertiioba
theory in the HubbarX-operators representation.

At T =0 the nonmagnetic LaCaas the insulator band structure with the gap=1.5eV. At

finite temperature the population of the HS incesathe susceptibility and results in the in-gap
states inside the insulator gap, decreadifygup to 0.23 eV at 100 K. Further heating provides t

maximum in ¥(T) at T =150 K and decreasing the gap and metallizationTgt =585 K.
Above T,,; the Pauli type contribution gives the second simaoaximum in x(T) . The strong

temperature dependence of the band structure sfemns the occupation numbers of the
multielectron configurations that is essential edjent of the multielectron LDA+GTB approach.
The strong magnetic field suppress the spin gapgesults in the spin crossover of the HS and LS
states forH = 65T . This crossover is accompanied by the insulataahteansition even at = 0.
Similar changes of the electronic structure takexelfor the other Mott insulators with spin
crossover like magnesiowustite (Mg, Fe)O under Ipigdssure.

This work is done with the financial support of RFBRants 09-02-00171, 10-02-00251, Dynasty
foundation, and OFN RAS program 2.3.1.

22TL-A-4

SPIN WAVES AND SPIN CURRENTS IN MAGNETIC NANOSYSTEM S
Demokritov S.3, Dzyapko O, Demidov V.E, Kurebayashi H, Fang D?, Ferguson A.J.

! Institute for Applied Physics, University of MueestMuenster, Germany
2 A Cavendish Laboratory, University of Cambridge].JThomson Avenue, CB3 OHE, UK

Spin currents, the flow of angular momentum withtu¢ simultaneous transfer of electrical
charge, play an enabling role in the field of sminitcs. Unlike the charge current, the spin current
IS not a conservative quantity within the conduttaarrier system. This is due to the presence of
the spin orbit interaction that couples the spirthaf carriers to angular momentum in the lattice.
This spin-lattice coupling acts also as the soustedamping in magnetic materials, where

14
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preccessing magnetic moment experiences a torquaads its equilibrium orientation; the excess
angular momentum in the magnetic subsystem flotesthre lattice.

In this talk | will discuss our recent experimeatsthe YIG/Pt hybrid system [1], where we show
that this flow can be reversed by the three-magsplitting process and experimentally achieve
amplification of spin current emitted by the intetiag spin-waves]. This mechanism triggers
angular momentum transfer from the lattice to thegnetic subsystem and enhances the spin
current.

We show that the three-magnon splitting in a magnesulator, due to angular momentum
transfer from the lattice, enhance spin-currentssian at the YIG/Pt interface. This spin current
enhancement is controlled by changing the frequesray the external magnetic field. These
findings shed new light onto the role of nonlinesgnetic dynamics and spin waves in spintronics.
In particular, the short-wavelength spin waves, allgu considered to be unimportant in
conventional microwave electronics, are shown tehaotential for spintronic applications. From a
fundamental point of view, our results clearly destoate the importance of the magnetic dipole
interaction for the exchange of the angular momanioetween magnetic and nonmagnetic
subsystems, and also the importance of the angutementum conservation law for analysis of
magnetic dynamics. They also illustrate the impuréa of magnon-magnon interactions for
developing spin-current based electronics

H. K. is grateful to the Royal Society for theindincial support to this research: TG102227. Work
in Muenster has been supported by the Deutschecliorgsgemeinschaft and by the European
Union through the STREP Project Master NMP3-SL-2008257.

[1] H. Kurebayashi, O. Dzyapko, V.E. Demidov, D. Fa#g,J. Ferguson and S.O. Demokritov,
“Controlled enhancement of spin current emissiorthoge-magnon splitting’Nature Materials in
consideration.

22TL-A-5

STARK EFFECT IN SPIN SYSTEM OF COHERENTLY COUPLED

QUANTUM DOTS
Butka B.R', Luczak J, Kostyrko T
! Institute of Molecular Physics, Polish AcademySafences, ul. M. Smoluchowskiego 17,
60-179 Pozna Poland
2 Faculty of Physics, A. Mickiewicz University, ulmultowska 85, 61-614 PozinaPoland

We would like to present research of strongly
correlated electrons in a system of coherently salip
guantum dots in the presence of an external etectri
field. Our interest is focused on many-electrortesta
with different spin configurations and transition
between them induced by the electric field. In
particular, a system of three quantum dots (TQ@D)
triangular geometry is considered (see figure).
Calculations are performed for the Hubbard mod#h wi
a single orbital level at each quantum dot, takimng '
account Coulomb interactions as well as influericthe electric field. All spin configurations are

15
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considered: quadruplet state3(*) with the total spir5=3/2 and doublets Dy *) with S=1/2 We

study spin correlation functionsSD§ > and their dependence on the electric fiElcand its

orientation . For some orientation§ one can find apin dark statein which one of spins is
decoupled from the neighborhood spins. The spik dtate can be formed either from a singlet
state or from two triplet states by adding thirdotlon to the unoccupied quantum dot. The spin
dark states can be relevant for studies entanglemwmiethree spin qubits as well as for spin
dependent transport. The results are supportedidnlies of the Heisenberg Hamiltonian with
effective exchange coupling®; between the spins, which is derived from the Hudhvaodel by

means of a canonical transformation. The effecth®felectric field on the spin system are shown
to be anisotropic and include both a linear andalinear part. Since electron transfer rates are
anisotropic, the current characteristics are aropat as well, different for small and large electr
fields.

Moreover, we study TQD with a triangular and a dneymmetry containing four electrons, in
which one can find a transition between the singihet the triplet state induced by the electridifiel
In order to understand the singlet-triplet transitiwe analyse competition between a direct and
super-exchange process modified by the electrid Bad their influence on the spin correlation
functions. It is evident that one can observe thaliPspin blockade in spin dependent transport
when the system is switched from the singlet tattipdet state.

The studied model is general and can be also appliereal molecules as well as strongly
correlated electrons on lattices with the triangwammetry, to study their magnetic and optical
features of interest for spintronics.

This work was supported by MNiISW from sources foesce in the years 2009-2012.

22TL-A-6

GIANT MAGNETORESISTANCE THROUGH A SINGLE MOLECULE
Bagrets A“%, Schmaus &°, Nahas Y?, Yamada T.K? Bork A, Bowen M, Beaurepaire E,
Evers F-°, Wulfhekel W
!Institute of Nanotechnology, Karlsruhe InstituteTefchnology, 76128 Karlsruhe, Germany
2 DFG-Center for Functional Nanostructures, Karlsrifstitute of Technology, 76128 Karlsruhe,
Germany
% Physikalisches Institut, Karlsruhe Institute otfrology, 76128 Karlsruhe, Germany
“ Graduate School of Advanced Integration Sciencéyatniversity, Chiba 263-8522, Japan
> Institut de Physique et Chimie des Matériaux dasbourg, UMR 7504 UdS-CNRS, 67034
Strasbourg Cedex 2, France
® Institut fur Theorie der Kondensierten Materiesl&auihe Institute of Technology, 76128
Karlsruhe, Germany

The use of single molecules to design electronicicds is an extremely challenging and
fundamentally different approach to further dowirggzelectronic circuits. Two-terminal molecular
devices such as diodes were first predicted [1] amore recently, measured experimentally [2].
The addition of a gate then enabled the study déoutar transistors [3-5]. Furthermore, in order to
increase data processing capabilities, one maymigt consider the electron’'s charge but also its
spin. This concept has been pioneered in giant etagesistance (GMR) junctions that consist of
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thin metallic films [6,7]. Spin transport across lewules, i.e.Molecular Spintronicsremains,
however, a challenging endeavor.

As an important step in this field, we have perfedi8] an experimental and theoretical study on
spin transport across a molecular GMR junction bimg of a hydrogen phthalocyanine »Hc)
molecule deposited on the Co(111) nano-island awothgal by the ferromagnetic tip of a spin-
polarized scanning tunnelling microscope (sp-STWe measure the conductance to be around
0.26G), where G is the quantum of conductance. Furthermore, werebsthat even though,HPc
in itself is nonmagnetic, incorporating it into aolecular junction can enhance the
magnetoresistance (MR) by one order of magnitud@Ofb, as compared with 5% MR of the Co
tunnel junction. Ourab initio electron transport calculations identify strongnsgependent
hybridization of the lowest unoccupied moleculabia (LUMO) and electrode orbitals as the
cause of the large magnetoresistance.

[1] A. Aviram, and M. A. RatneiChem. Phys. LetR9, 277-283 (1974).

[2] M. Elbing, R. Ochs, M. Koentopjet al.,Proc. Natl. Acad. Sci. USP02, 8815-8820 (2005).
[3] J. Park, A. N. Pasupathy, J. |I. Goldsméhal.,Nature417, 722-725 (2002).

[4] L. H. Yu, Z. K. Keane, J. W. Ciszekt al, Phys. Rev. Letf5, 256803 (2005).

[5] E. A. Osorio, T. Bjgrnholm, J.-M. Lehef al, J. Phys.: Condens. Matt2®, 374121 (2008).
[6] M. N. Baibich, J. M. Broto, A. Fergt al., Phys. Rev. Letil, 2472-2475 (1988).

[7] G. Binasch, P. Gruenberg, F. Saurenbach, andikvi, Phys. Rev. B9, 4828-4830 (1989).
[8] S. Schmaus, A. Bagrets, Y. Nahasal.,Nature Nanotechnology, 185-189 (2011).

22TL-A-7

INTERACTION BETWEEN CONDUCTION 1-ELECTRONS AND

LOCALIZED d-SPINS IN MAGNETIC ORGANIC CONDUCTORS
Swietlik R.
Institute of Molecular Physics, Polish Academy ofe®ces, ul. M. Smoluchowskiego 17,
60-179 Pozna Poland

Synthesis and characterization of molecular mdsewhich combine high electrical conductivity
and magnetism is an exciting area of research intecgporary materials science. The
multifunctional properties can be obtained in hgtbmaterials that contain a conducting and
magnetic sublattice, for example, in conductingrghatransfer of organic donors (or acceptors)
with magnetic counterions. The molecular sublastiaean be independent (superposition of
properties) or they can interact each other leadmgnew physical properties. The interaction
between two sublattices can be observed when tbalized magnetic moments (spins @f
electrons of transition metal ions) are coupled thia interaction with conductiom-electrons in
organic sublattice. This indirect exchange coupls@nalogous to that observed in transition and
rear-earth metals (RKKY model). In organic changesfer salts this indirect exchange interaction
is expected to be rather small in comparison tocthssical metals, nevertheless it was observed in
many organic charge transfer salts formed by devies of TTF (tetrathiafulvalene) with magnetic
ions with localizedd-spins.

The semiconducting charge transfer salts formedth® organic donor bis(ethlenedithio)-
tetrathiafulvalene (BEDT-TTF) together with M(CR!) trianions (M = C8', F&") crystallize in
either triclinic [1] or monoclinic [2] lattice. Batthe triclinic (or monoclinic) Cb and F&' salts are
isostructural and the BEDT-TTF molecules in conohgctayers are arranged in tkeype packing
mode. All the crystals undergo a similar chargesdrdy phase transition atd = 150 K: at room
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temperature all the BEDT-TTF molecules have theesahmarge +0.5 but below 150 K they have
the charge 0 or +1. Moreover, there exist stroreygd fluctuations above 150 K. We studied the
charge fluctuations and charge ordering by IR aath& spectroscopy. Strong changes of both
electronic (IR) and vibrational features (IR, Ramnamre observed. In the triclinic and monoclinic
Fe" salts the charge fluctuations are strong alreadpam temperature and grow on cooling. On
the other hand, in the triclinic osalt these fluctuations are nearly not seen ah60eK and in the
monoclinic Cd' salt they become well pronounced below about 231 i€ usually assumed that in
BEDT-TTF salts the charge ordering is induced by lttmg range Coulomb interactions between
charge carriers inside organic layers. However,sbudies show that interactions between organic
and inorganic layers should be also taken into @ticoWe suggest that in addition to the
electrostatic interactions with M(CHJ trianions there exist also magnetic interactioetsvieen the
spins of delocalized electrons in BEDT-TTF layers and the spins of lzeal d electrons £—d
coupling). Ther—d coupling can be responsible for the strong chéligguations as well as the
pronounced difference between the''Gand F&' salts.

[1] P. Le Magueres, L. Ouahab et &ynth. Met86, 1859 (1997)
[2] A. Ota, L. Ouahab et alChem. Mater19, 2455 (2007)
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22TL-B-1

PERPENDICULAR MAGNETIC RECORDING AND ITS FUTURE

EXTENSION
Honda N, Ariake J%, Yamakawa K, Ouchi K?
! Tohoku Institute of Technology, Sendai, Japan
2 AIT, Akita Prefectural R & D Center, Akita, Japan

Perpendicular magnetic recording (PMR)
was proposed by S. Iwasaki in 1977 [] 5000
Under his strong leadership, thpeg S
development for realization of PMR hazg :;{,‘
been continued with intensive cooperatis &

$
s

of Academic, Government, and Industri&s=
Though the period of so called valley ®&ssea<=T0 e
death of technology, PMR has been realiz ‘ ‘
as perpendicular type HDD with an are o 2 4§ 8 10 1
density of 133 Gbit/ihby Toshiba in 2005. Deposition Ar pressure (Pa)
PMR is not only an improvement fronFig. 1. (a) Plan view of Ti©oxide composite C&
conventional magnetic recording, but alloy film and (b) effect of addition of various ides or
should be regarded as the revolution in {the coercivity.
technology. PMR forms a complementary
relationship with in-plane magnetic recording [2hat is, magnetic
recording is completed with PMR. Therefore, futumagnetic recording | = = | <.
technology should be developed based on PMR. RS oo

Recording media for PMR is based on Co-Cr alloynfrihe beginning. ki L e 8
The alloy film is suitable for PMR media in thataxhibits perpendicular
anisotropy due to preferred orientation along waittmall grained structure
The latter is essential for high resolution and loewdium noise properties | ' aHE
These properties have been developed remarkablgg ufiu basedFig. 2. TEM cros:
underlayer and oxide composite Co-Pt-Cr alloy, Wwhiealized smallersectional view of
grains less than 10 nm surrounded by oxide. We hewgosed Ti@for the commercial dis
oxide with better magnetic separation [3] (Fig. However, from the Medium.
recording resolution performance, media should haederate inter-granular exchange coupling.
The inter-granular exchange coupling increasesMiiié loop slope in the film normal direction,
which is also beneficial for thermal stability acfcorded magnetization. The product of the loop
slope of media and the field gradient of write helatermine the recording resolution. Therefore,
much improvement has been done for write head dk [4)e The recording layer of present
perpendicular recording media has a stacked steicmith well isolated and partially isolated
layers (Fig. 2). The partially isolated layer offenoderate inter-granular exchange coupling.

Some extension of PMR scheme is required to achigher densities beyond 2 ThifirOne of
the promising candidates is bit-patterned mediaMBtchnology. The issues and improvements of
BPM technology will also be presented [5].

4000 |

g 3000 |
"\(‘
z

2000

coercivity (Oe)

a=1.9 Cry0,

The authors would like to thank Dr. S. lwasakiti@ guidance and encouragement.

[1] S. lwasaki and Y. NakamurlEEE Trans. Magn MAG-13, 1272, 1977.
[2] S.Ilwasaki|EEE Trans. Magn.MAG-15, 71, 1980.
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[3] J. Ariake, T. Chiba, N. HondaEEE Trans. Magn41, 3142, 2005.
[4] K. Ise, S. Takahashi, K. Yamakawa, N. HondEE Trans. Magn 42, 2422, 2006.
[5] N. Honda, K. Yamakawa, J. Ariake, Y. Kondo,®uchi,IEEE Trans. Magn47, 11, 2011.

22TL-B-2

TAILORING MAGNETIC RELAXATION CHANNELS AT THE NANOS CALE
Barsukov I, Lindner J, Meckenstock RWende H.Farle M.
Fakultat fur Physik and Center for Nanointegratidnjversity Duisburg-Essen, Lotharstr. 1, 47057
Duisburg, Germany

Controlling spin relaxation is essential for spimic and spin torque applications. Manipulating
spin relaxation allows the adjustment of magnetimateversal speed at microwave frequencies.
Moreover, the critical current in spin torque degcan be reduced and tuned.

In the experiment it is possible to distinguishwn the intrinsic and extrinsic relaxation
channels. The latter can be tailored with respecthe intensity and anisotropic behaviour. In
particular, methods for inducing elementary relemratchannels of uniaxial symmetry and their
impact on the magnetization dynamics are discusstds presentation.

Fe-based thin films have been studied by meanseffarromagnetic resonance technique, by
which the intrinsic and extrinsic relaxation prages can be disentangled. While the former are
rather isotropic and can be adjusted via spin-artigraction, the latter can be modified in an
advanced way. It is shown, how crystalline defeicispmogeneities of chemical composition, and
interface modifications can induce the 2-magnontecag. Control and systematic manipulation of
these parameters allow tailoring the overall splaxation in a desired manner.

Financial support by the DFG, SFB 491 is acknowéetlg

22TL-B-3
ELECTRONIC CONFIGURATION AND MAGNETISM OF ATOMIC-SC ALE
STRUCTURES
Carbone C.

Istituto di Struttura della Materia, Consiglio Nazale delle Ricerche, Trieste, Italy

Advances in nanotechnology, like the ability of tolled atom manipulation at surfaces, have
brought the properties of atomic-scale structunés the focus of research in magnetism. In a very
broad class of such systems one faces the questipnoperly describing how the competition
between electron hybridization and correlation @ffe ultimately determines the magnetic
properties.

Selected studies making use of synchrotron radidissed spectroscopic techniques will
illustrate aspects of the magnetic and electramieractions of single atoms and simple molecules
with metal surfaces. The hierarchy of the electranteractions will be discussed with respect to
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the survival or quenching of the magnetic momentaio isolated atom as well as the charge and
magnetic state for a metal center of a phthalocyamolecule. In particular, it will be shown how
atomic multiplets and local moments develops foaBd 4f impurities on different substrates when
one tunes step by step the strength of Coulomb Isiepu and band formation effects.
Metalphthalocyanine (CuPc, CoPc, FePc) monolaydtprvide examples of charge-transfer and
correlation effects on the anisotropy, spin, anditak moments of molecular states at a metal
interface.

22TL-B-4

MAGNETIC CLUSTERS AND NANOPARTICLES: TAKING AN
INTEGRATING CROSS-DISCIPLINARY APPROACH ON MULTIPLE

FRONTS
Rivas J', Rivas B®, Bafiobre-Lopez M, Lopez-Quintela M.A.
! University of Santiago de Compostela, Dpt. of ApglPhysics, E-15782
Santiago de Compostela, Spain
ZUniversity of Santiago de Compostela, Dpt. of PbgisChemistry, E-15782
Santiago de Compostela, Spain
3 University of Santiago de Compostela, Dpt. of OpieeaDentistry and Endodontics, E-15782
Santiago de Compostela, Spain

Magnetic particles play nowadays an important noldifferent technological areas with potential
applications in fields such as electronics, enengg biomedicine. In this talk we will revise some
of these applications related with the use of cbref magnetic nanoparticles (like e.g:GgDAu;
Fe0,@Si0; FeOs,@polymers; F€O,@SIO@AU; CoB@SIO@AuU; etc.) for biomolecules
extractions, bio-sensoring and hyperthermia treatmeAs an example, figure 1 shows the large
influence of the type of shell (polymers) in thenfgerature increase that one can achieve applying
an alternating magnetic field to a dispersion ofn&tite nanoparticles of 10nm.

In the last years a large interest has been dewwietthe magnetic properties, which appear in
small nanoparticles an clusters of diamagnetic Imdike Au, although the origin of such magnetic
behavior is not understood. We will also summatize last results in this novel area and put
forward some of the explanations of such fasciggpiroperties.

[1] V.Salgueirifio-Maceira, M.A. 12 — : :
Correa-Duarte, M. Farle,M.A. Lopez- Water Ferrofluid @=3 (g/L)
Quintela, K. Sieradzki and R. Diaz. 4 FeO,

Fesod@ OAc
= Fe,0,@PAA
Fe,0,@SiO,

Chem. Mater. 18, 2701 (2006).

[2] V. Salgueirino-Maceira, M. A.
Correa-Duarte, M. A. Lopez-Quintela
and J. Rivas. Sensor Letters 5(1), 113
(2007).

[3] M. J. Rodriguez-Vazquez, J. Rivas,
M. A. Lépez-Quintela, A. Mourifio
and M. Torneiro. Nanomaterials for 0 Lot
Application in Medicine and Biology. ' ' " 60 90 120
M. Giersig (ed) (Springer Verlag, 113- t (s)

125, (2008).
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[4] A. B. Davila-lbafiez, M. A. Lopez-Quintela, Jiv8s and V. Salgueiriiio. J. Phys. Chem C. 114,
7743 (2010).

[5] E. Iglesias-Silva, J. L. Vilas-Vilela, M. A. lgez-Quintela, J. Rivas, M. Rodriguez, L.M. Leon.
J. Non-Cryst. Solids 356 1233 (2010).

[6] B. Santiago Gonzalez, M. J. Rodriguez, C. Btang. Rivas, M. A. Lépez-Quintela, J.M.
Gaspar-Martinho. Nano Letters 10, 4217 (2010).

[7] Y. Pifieiro-Redondo, M. Bafiobre-Lopez, |. PagdifBlanco, G. Goya, M. A. Lépez-Quintela
and J. Rivas. Nanoscale Res. Lett. (in press)

22TL-B-5

TAILORING THE PROPERTIES OF MAGNETIC NANODOTS
Guimaraes A.P.
Brazilian Center for Physical Research (CBPF),Rui@Sigaud 150, 22290-180,
Rio de Janeiro, Brazil

Nanodots or nanodisks of magnetic materials may faragnetic vortices in their lowest energy
state configuration; these are flux closure stnastpwith the magnetic moments generally confined
to the plane, except at their cores. Vortices inogats have many potential applications, such as
magnetic memories (VRAM’s) and spin transfer nasoHtators (STNO'’s). The characteristics of
these vortices, including the vortex core size, lbarcontrolled to suit these applications. This can
be achieved, e.g., making use of the interfaceantmns in multilayers such as Co/Pt stacks [1].
We have obtained with micromagnetic simulation ghdggrams that show the change in spin
configuration of the nanodots, for different anispies. Manipulation of the sign of the core
magnetization is in principle required for the apgiion of nanodots as memory elements, or
oscillators. This can be achieved employing statitary, or pulsed magnetic fields; spin polarized
currents have the same effect. We show here reesntts obtained for dynamic properties of
vortices under applied magnetic fields.

Support by CNPqg and FAPERJ is acknowledged.

[1] Garcia et al. Appl. Phys. Lett. 97 022501 (2010

22TL-B-6

MAGNETORESISTANCE BEHAVIOUR IN NANOCRYSTALLINE NiFe

THIN-FILMS AND NANOWIRES
Atkinson D.
Department of Physics, South Road, DH1 3LE, Durbhmversity, Durham, UK

Anisotropic magnetoresistance (AMR) has a longomystboth in terms of the fundamental
physics and for applications in sensor technoldggre recently, AMR has become highly relevant
for understanding the magnetization behaviour ofjme#ic structures and especially domain walls
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in planar nanowires [1]. Such applications of AM&va been based on simplified assumptions [2]
whilst more recent modeling has improved on thesmplfications by using detailed
micromagnetic structures and thickness dependsistirgty data [3]. This talk describes both the
fundamental behaviour of anisotropic magnetoresigtaand its application to the study of
nanowires magnetization behaviour.

In order to fully develop and use AMR measuremdotsthe rigorous interpretation of the
micromagnetic configurations within nanostructuresdetailed knowledge of the basic AMR
dependence of the material is needed. This incltldeghickness dependence of the resistivity,
along with variations in grain size and textured amportantly any magnetoresistance change as a
function of thickness. The absolute size of thidfaependent resistance change is more significant
than simply the magnetoresistance ratio as therlatcomplicated by the thickness dependent of
the total resistivity.

A detailed study was made of the magnetic fieldesiejent resistivity behaviour for Permalloy
thin-films (nominal composition NiFe,g) as a function of film thickness down to 3 nm. Ties
were deposited by thermal evaporation onto silidamxide coated silicon substrates. The magnetic
behaviour of the films was measured using MOKE. Tagnetic and magnetoresistance studies
were complemented with detailed structural analysisig x-ray diffraction and reflectivity and
TEM imaging.

Structural analysis shows that all the films aratcmous, with a thin oxidation layer and have
low roughness. The films are all magnetic and tletitle thickness dependence to the coercivity.
The grain size was about 7 nm and changes littlh wiickness. The resistivity of the films
increases as the film thickness decreases, asterpdze to surface scattering.

Most significantly, the absolute size of the magnetistance also changes. The field dependent
resistance change falls rapidly below 10 nm to almaero around 3 nm. The origin of this effect is
not clear. However, we suggest that the fundamemtathanism giving rise to anisotropic
magnetoresistance changes for film thicknesseswbdld nm and considering that a similar
thickness trend was observed elsewhere in the naggrietion of NiFe [4] we suggest that the
spin-orbit coupling within NiFe films is changinglow 10 nm.

Magnetoresistance measurements of individual lidwolgic planar nanowires with nucleation
pads and single pinning structures were used tlyshany individual magnetic switching events as
a function of magnetic field. Magnetoresistanceaultssshow the injection of inidvidual domain
walls and their interactions with pinning strucsiréelhe changes in magnetoresistance reveal
considerable detail in the domain switching proc&3®e results show significant variations in
behaviour between successive switching events. Som&stencies emerge from the measurements
indicating the switching process involves domairil whairality and thermally activated switching.

[1] M. Hayashi, L. Thomas, C. Rettner, R. Moriya, Xang, and S. S. P. ParkiPhys. Rev. Lett.
97, 207205 (2006)

[2] L. Thomas, and S. S. P. Parkin, kandbook of Magnetism and Advanced Magnetic Md&ria
vol. 2.H. Kronmiuller and S. S. P. Parkin (Eds) John W&e8ons Ltd Chichester (2007)

[3] L. K. Bogart & D. AtkinsonAppl. Phys. Lett94, 042511 (2009)

[4] M.P. Hollingworth, M.R.J. Gibbs and E.W. Hill Appl. Phy93, 8737 (2003)
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UNCOMPENSATED MOMENTS IN ANTIFERROMAGNETS AND

INTRINSIC EXCHANGE BIAS
Roshchin I.\}?, Badgley K.E, Belashchenko K.B.Zhernenkov M, Fitzsimmons M.R.
! Department of Physics and Astronomy, Texas A&Mugrsity, 4242 TAMU, College Station,
Texas 77843-4242, USA
2 Materials Science and Engineering Program, Tex&ld AJniversity, 3003 TAMU,
College Station, Texas 77843-3003, USA
3 Department of Physics and Astronomy, UniversitjNebraska-Lincoln, Lincoln,
Nebraska 68588, USA
* Los Alamos Neutron Science Center, Los Alamosad¥iaii Laboratory, Los Alamos,
New Mexico 87545, USA

After more than 50 years since the discoveryerthange bigsits microscopic mechanism
remains a puzzle [1]. Typically observed in a k#layconsisting of a ferromagnet (FM) and
antiferromagnet (AF), exchange bias manifestsfitael a horizontal shift of the ferromagnetic
hysteresis loop. It is attributed to exchange dogphcross the interface [1,2].

Several experimental findings demonstrate, and mamdels agree that uncompensated
magnetization (UM) in the AF plays an importanterah exchange bias [1]. Recently, the depth
profile of the magnetization across the interfaetwieen a FM (Co) and an AF (Fg¢Rn an
exchange bias bilayer has been measured [3,44sltbken shown that the UM can form domains
[5,6], affects properties of the domain structurethe FM [5,7], and may even form a parallel
domain wall [8]. However, the origin of the UM rems unknown.

Here, we report studies &F-only, (110)-Felz grown on MgF, samples. Magnetometry and
polarized neutron reflectivity (PNR) measurementiidate that the UM is present in this AF, and
the PNR reveals the spatial distribution of the UMis UM exhibits rather unexpected properties,
includingintrinsic exchange biasThis unusual effect enable;mew magnetic statef matter where
zero magnetic remanence cannot be achieved witheating the sample above its magnetic
ordering temperature.

We argue that belowy, the UM in Fek is coupled to the bulk antiferromagnetic orderapagter
as supported by several experimental results, dimoju high value of exchange bias field, its
temperature dependence, and the absence of thingraffect. We will discuss the origin of the
UM based on general symmetry arguments.

Work supported by Texas A&M University, Texas A&MnlJersity — CONACyYT Collaborative
Research Grant Program, DOE, AFOSR, and NSF-9976899

[1] J. Nogues and I. K. Schullel, Magn. & Magn. Mater192 203 (1999).
[2] J. Nogueset al, Phys. Rev. Letf6, 4624 (1996).

[3] S. Royet al, Phys. Rev. Let@5, 047201 (2005).

[4] M. R. Fitzsimmonset al, Phys. Rev. B5, 214412 (2007).

[5] I. V. Roshchinet al, Europhysics Letterg1, 297 (2005)

[6] M. R. Fitzsimmonst al, Phys. Rev. B7, 11 (2008).

[7] R. Moraleset al, Appl. Phys. Lett95, 3 (2009).

[8] Z. P. Liet al, Phys. Rev. B6, 8 (2007).
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HARD MAGNETIC FeCuPt NANOPARTICLES FROM THE GAS PHA SE
Spasova M, Elsukova A, Unlii G2, Acet M}, Trunova A, Koplak O? Farle M}
! Universitat Duisburg-Essen, Fakultat fiir Physikl &entre of Nanointegration Duisburg-Essen
(CeNIDE), Lotharstr. 1, 47048 Duisburg, Germany
2 Institute of Problems of Chemical Physics, Rusgiaademy of Science, Ac. Semenov 1, 142432
Chernogolovka, Russia

High anisotropy magnetic nanoparticles are of imseenurrent interest due to their potential
applications such as high-performance nanocompgpsitganent magnets, biosensor systems and
ultrahigh density magnetic recording. A promisingterial for realizing such particles is FePt alloy
in the chemically ordered klphase, since its high uniaxial magnetocrystalinesotropy energy
(07 MJI/n?) allows to reduce the particle size to a few nastems while avoiding thermal
instabilities in the magnetization. However, fahtion of single crystal FePt nanopatrticles in the
L1, phase is a challenge. Formation of the chemicalgered phase is usually kinetically
suppressed in nanoparticles, and post-preparatigh-temperature annealing is required for
transforming the particles into the {_fthase [1]. The latter results in nanoparticle esetnce and
sintering. The gas phase preparation of nanopastigtovides the possibility of in-flight annealing
of nanoparticles prior their deposition on a sudistr However, for low sputtering gas pressure
where monodisperse nanoparticles can be producetti-tminned icosahedral morphology is
predominant [2].

In this work, we show that partial replacement eflfy Cu in FePt nanoparticles results in the
formation of single crystalline lglnanoparticles during in-flight annealing at 1273rKthe gas
phase.

; 0 | )]

The figure shows (a) overview of particles in-flighnnealed at 1273 K, (b) high resolution
transmission electron microscopy image of FeguRnoparticle along its [110] zone axis, (C)
diffractogram as obtained from the framed imagébin {011} and {001} indicate the ordered §.1
phase of the nanoparticles.

Magnetic properties of the L10 FeCuPt nanopartidesembly were studied usi@QUID
magnetometry and Ferromagnetic Resonance.

Support by the Deutsche Forschungsgemeinschaftinwitte Sonderforschungsbereich 445 is
gratefully acknowledged.

[1] Shouheng SurAdv. Mater, 18 (2006) 393.
[2] S. Stappert, B. Rellinghaus, M. Acet, E.F. WaisgannJ. Crys. Grow, 252 (2003) 440.
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22TL-C-1

THE HEAT CAPACITY AND THE ENTROPY LOST IN THE HELIC AL

MAGNET MnSi
Stishov S.M, Petrova A.E, Shikov A.X, Lograsso T.M, Isaev E.[*°, Johansson B.
Daemen L.L.
!Institute for High Pressure Physics of Russian &oaglof Sciences, Troitsk,
142190 Moscow Region, Russia
?Russian Research Center, Kurchatov Institute, Mesk28182, Russia
3 Ames Laboratory, lowa State University, Ames, 1050, USA
“Department of Physics, Chemistry and Biology, SE-88, Linkoping University, Sweden
> Department of Theoretical Physics and Quantum Talolgies, National University of Science
and Technology (MISIS), 4, Leninskii prospect, M8scow, Russia
® Applied Materials Physics, Materials Science Daparit,
The Royal Technological University, SE-100 44 Stadkn, Sweden
’"Los Alamos National Laboratory, Los Alamos, New ex87545, USA

Recent studies of heat capacity, thermal expansigsistivity and elastic properties of high
guality single crystal of MnSi exposed first ordeatures of the magnetic phase transition in MnSi.
These studies revealed the existence of unexplasgects of the phase transition, such as maxima
or minima of the heat capacity, thermal expansioefficcient and temperature coefficient of
resistivity on the high temperature sides of theesponding peaks.

Here we report our study of the heat capacity oSMat B = 0 and B = 4 T in the temperature
range 2.5-100 K. The frequency positions of thenpmomodes in MnSi were determined in the
neutron scattering experiment. The calculationhefphonon spectra and density of phonon states
in MnSi were performed, which agree with availag@erimental data.

The analysis of the data suggest an existence g#tive contributions to the heat capacity and
entropy of MnSi at T>Tc in an agreement with theaifetical prediction that may mean a certain
ordering in the spin subsystem. Is this “orderiimgficate tendency to the forming a skyrmion like
texture remain to be seen in the future developrmfenevolution of the heat capacity negative term
along the phase transition line at-T 0 may be of primary interest for understandingutiac
properties of the paramagnetic phase of MnSi atteamperatures and high pressures.
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SPIRAL SPIN STRUCTURE IN MONOSILICIDES OF TRANSITIO N

METALS
Grigoriev S.\A, Maleyev S.V, Dyadkin V.A', Moskvin E.\A, Menzel %, Eckerlebe H.
! Petersburg Nuclear Physics Institute, 188300 Ga#gl8t-Petersburg, Russia
% Techinsche Universitaet Braunschweig, 38106 Bretunsig, Germany
% Helmholtz Zentrum Geesthacht, 21502 Geesthachm&ey

The cubic B20-type (space group:;PRdoped compounds MgFeSi and the related system
FexCoSi order in a spin helix structure with a small gmgation vectork]. The spin helix
structure is well interpreted within the Bak-Jensgerarchical model. The hierarchy implies that
the spin helix appears as a result of the compatidetween the ferromagnetic spin exchange and
antisymmetric Dzyaloshinskii-Moriya interaction cma by the lack of inverse symmetry in
arrangement of magnetic atoms. The weak anisotrexgbange interaction fixes the direction of
the spin helix propagation. We demonstrate thateft) and right forms of the monosilicides of
transition metals crystals can be grown by the Gmdski method, (ii) the magnetic chirality of all
MnixFeSi crystals follows its crystallographic countetpafiii) the opposite to relationship
between the crystal handedness and the spin ¢thidadis been found for seemingly similar
Fe xCoSi compound.

The spiral structure of cubic magnets MReSI and Fe,CaoSi of differentx had been studied
using small angle polarized neutron diffraction &@UID measurements. On the basis of these
experiments the H-T phase diagrams for each contptwaa been built. It is shown that the
magnetic structure of all compounds can be deatriyethe same set of the parameters: the helix
wave-vectork, and three characteristic fieldsc#1 Ha, and H.,. Here H; is the field of the
transformation from a multiple to a single domaiirusture. H, is attributed to the rotation of the
helix vector to the direction perpendicular to fiedd in the critical range nearcl{A-phase). H.is
the field of a transition from conical to a ferrogn&tic state. The interplay of these four pararseter
K, Hc1, Ha, and R is well interpreted in the frame of the recentBveloped theory for cubic
magnets with Dzyaloshinskii-Moriya interaction [JAs a result, the spin wave stiffness A =
gusHca/k?, the Dzyaloshinskii constant S D = Ak, the anispyr constant F ~ H, and the spin
wave gapA ~ gugHa/N2 have been obtained for different compounds ¥8Si and Fe,CoSi.

The critical spin fluctuations in doped compounds: jFe,Si have been studied by means of ac-
susceptibility measurements and polarized neutoattesing. It is shown that these compounds
undergo the transition from the paramagnetic tanfednetic phase through continuous, yet well
distinguishable crossovers: (i) from paramagnatigartially chiral, (i) from partially chiral to
highly chiral fluctuating state. The crossover peiare identified on the basis of combined analysis
of the temperature dependence of ac-susceptilality polarized SANS data. The temperature
crossovers, firstly, to partially chiral and thentthe highly chiral fluctuating state is associateth
the enhancing influence of the Dzyaloshinskii-Maneraction close tod

Support by the Goskontrakt No 02.740.11.0874. knawledged.

[1] S.V. Maleyev, Phys.Rev. B3, (2006) 174402.
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22RP-C-3

CHIRAL MAGNETIC NANOSTRUCTURES
Fraerman A.A.
Institute of Physics of Microstructures, Russiaraédemy of Sciences, Nizhni Novgorod, 603950
Russia; e-mail: andr@ipm.sci-nnov.ru

Investigations of spin and spatial degrees of foeedor electrons and their interplay in
conducting ferromagnets are of great interest foath theoretical and practical points of view [1].
For collinear distribution of magnetization, sphtiad spin degrees of freedom for current carriers
are independent. But for noncollinear distributittme motions of electron in real and spin spaces
are coupling. This can lead to the peculiaritiespbysical properties for noncollinear magnetic
systems. In general case, distribution of magngtizan laterally-confined magnetic nanostructures
is noncollinear and, what is more, — non coplaiathe report | am going to demonstrate some
examples of magnetic nanostructures with chiraltridistion of magnetization and discuss
connection between magnetic states and physicpepies of such systems. Namely

» control of vorticity for triangle magnetic nanopeles [1]
* antivortex state in magnetic cross-like nanostmecif]
» spiral state in laterally confined magnetic mujtéa[3]

[1] S. Yakata et al, Appl. Phys. L&7, 222503, 2010
[2] V.L. Mironov et al, Phys. Rev. B1, 094436, 2010.
[3] A.A. Fraerman et al., J. Appl. Phys. 103, 07392008.

220R-C-4

FUNCTIONAL-INTEGRAL APPROACH TO THE INVESTIGATION O F THE

SPIN-SPIRAL MAGNETIC ORDER AND PHASE SEPARATION
Arzhnikov A.K.Groshev A.G.
Physical-Technical Institute, Kirov Str. 132, 1z8&/426000, Russia

Investigation of two-dimensional 2L 03 ——
electronic systems attracts substant | T
interest, which has been stimulated | o.25 T
the discovery of high-temperatur Ty
superconducting cuprates. It is genera o2}
accepted that superconducting a
magnetic properties of cuprates a o15 | AF
closely related. At half-filling the
cuprates are antiferromagnetical ;|
ordered, evolution of their magneti

properties with doping and temperatu . | T,

is an interesting challenge. Forexamp | e o
neutron scattering in  LgSKECuG, i T AF+SS

reveals the coexistence of bof 1 0.98 0.96 0.94 0.92
commensurate and incommensure n
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magnetic structures in the vicinity of half-fillireg low temperature, that pass to antiferromagnetic
with rise of temperature. Recently the authors d@hsidered the ground-state magnetic phase
diagram of the two-dimensional Hubbard model wigamest and next-nearest-neighbor hopping in
terms of electronic density and interaction strendhey treated commensurate ferromagnetic and
antiferromagnetic as well as incommensurate spiragnetic phases using the mean field (MF)
approximation. The first-order magnetic transitianth changing chemical potential, resulting in a
phase separation (PS) in terms of density, wasdftv@tween ferromagnetic, antiferromagnetic, and
spiral magnetic phases.

Here PS diagram is investigated depending on teatyrer. Our calculations are based on a two-
dimensional single-band Hubbard model. We use abBlubStratonovich transformation with a
two-field representation and solve this problenaistatic approximation. It allows us on the one
hand to obtain the solution that coincides with ke approximation at zero temperature and on
other hand to investigate the temperature behayidPS and phase transformation taking into
account the thermodynamic transverse spin fluainati The figure shows the change of the phase
diagram with temperature in the vicinity of halfifif (T is temperature in units of the hopping
integral, AF is for antiferromagnetic, SS is animtoensurate spin spiral wave). Behavior of PS
(antiferromagnetic and incommensurate magnetiestatan be related to the explanation of some
features observed in the one-layer compound,5§CuQs.

Support by RFBR N 09-02-00461 is acknowledged.

[1] P.A. Igoshev, M. A. Timirgazin, et al, Phys.RBy81 (2010) 094407
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22TL-C-5

STEPWISE MOTT TRANSITION IN COMPLEX OXIDES
Khomskii D.I.
II. Physikalisches Institut, Universitat zu Kolnijlgicher Str. 77, 50937 Kdln, Germany

With increasing bandwidth or decreasing correlaielectron systems can go from the localized
to itinerant regime (Mott transition). | will disss this situation and show that close to such
crossover several novel states, different both filoenstandard Mott insulators and from the normal
metal, can appear. In particular, electron delaasibn can occur not simultaneously in the whole
sample, but first in small "clusters" (dimersirters), inside which electrons can already be tdeate
as practically delocalized, the whole materiall s#maining insulating due to weak coupling
between such "blocks". Such situation seems torcegu in spinels MgEO, [1], ZnV,04 [2] and
in AlV 204 [3], and also in LiVQ[4,5]. In TIOCI under pressure, the localized-itizne crossover is
accompanied by the transition from the spin-Peierls conventional Peierls transition [6]. In some
cases, especially in systems with orbital degeneralose to such crossover there may appear
spontaneous charge segregation, examples beinipe pgerovskites CaFg@r RNiIG; [7] (R - rare
earth). It seems that the possibility of occurrrighovel states close to the Mott transition isuéey
ubiquitous phenomenon.

This work is funded by the DFG via SFB 608.

[1] D.l. Khomskii and T.MizokawaPhys. Rev. Let@4 (2005) 156402.

[2] V. Pardo et al.Phys. Rev. Letl.01(2008) 256403.

[3] Y.Horibe et al. Phys. Rev. Let86 (2006) 086406.

[4] H. Pen, J.van den Brink, D.I.Khomskii, and Gw&tzky,Phys. Rev. Let#8 (1997) 1323.
[5] Hua Wu and D.I.Khomskii, to be published

[6] S. Blanco-Canosa et aPhys. Rev. Letll02(2009) 056406.

[7] I.I. Mazin et al.,Phys. Rev. Let@8 (2007) 176406.

22TL-C-6

SPIN-CHARGE-ORBITAL INSTABILITIES IN TRANSITION-MET AL

COMPOUNDS WITH SMALL CHARGE-TRANSFER ENERGY
Mizokawa T.
Department of Complexity Science and Engineeringyérsity of Tokyo

Many insulating transition-metal compounds are kn@g Mott insulators, and the spin-charge-
orbital orderings in the Mott insulators can beatii®d by the Kugel-Khomskii mechanism, where
the exchange interaction J is given Bf/Es (t: transfer integralEs: Mott gap). The Mott
insulators are classified into (i) Mott-Hubbard éyimsulators whergg is mainly determined by the
Coulomb interactionU between the transition-metal electrons and (ii) charge-transfer type
insulators wherdeg is determined by the charge-transfer enexglyom the ligandp state to the
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transition-metald state (Zaanen-Sawatzky-Allen scheme). A systenm@imoemission study of
transition-metal compounds revealed that some itrangnetal oxides with high valence (such as
CaFeQ, PrNiG;, and NaCu@) are characterized by very small (or even negptharge-transfer
energyA and have strange and interesting electronic strest In the present talk, | would like to
discuss spin-charge-orbital instabilities in su@nsition-metal compounds with smallincluding
BiCo0O;, CaCuyCo01, (perovskite and its relatives), Nig@, IrTe, (triangular lattice) and
TaNiSe; using photoemission experiments and model calonsit In BiCoQ and NiGaS,, the
Co-0-0-Co or Ni-S-S-Ni superexchange pathways ahaeced due to small and determine the
magnetic ordering or magnetic fluctuation [1,2],iethshould be generally seen in smalsystems.
In contrast to the superexchange description af-sparge-orbital instabilities, the electronic stat
of NiGaSs and IrTe can be analyzed on the basis of itinerant electradels considering
excitonic effect, band Jahn-Teller effect, and Peigansition [3,4]. In CaGC0,0;, and TaNiSe;,
the smallness ok stabilizes unusual valence states of the two ittansmetal sites and results in
interesting ground states [5,6].

The present work has been done in collaboratioh Wit Wakisaka, T. Sudayama, K. Takubo,
Y. Morita, K. Ikedo, H. Wadati, G. A. Sawatzky, . Hawthorn, T. Z. Regier, G. Levy,
D. Fournier, A. Damascelli, M. Arita, H. NamatanM, Taniguchi, I. Yamada, T. Saito, K. Oka,
M. Azuma, Y. Shimakawa, M. Takano, N. KatayamaP$on, M. Nohara, H. Takagi, Y. Nambu,
S. Nakatsuji, and Y. Maeno.

[1] T. Sudayamat al submitted to Phys. Rev. B.

[2] K. Takuboet al, Phys. Rev. LetB9, 037203 (2007).
[3] K. Takuboet al, Phys. Rev. Lettl04, 226404 (2010).
[4] K. Ikedoet al, in preparation.

[5] T. Mizokawaet al, Phys. Rev. B0, 125105 (2009).

[6] Y. Wakisakaet al, Phys. Rev. Lettl03 026402 (2009).

220R-C-7

THE EFFECTS OF NON-MAGNETIC DOPING AND EXTERNAL
PRESSURE UPON ORBITAL AND MAGNETIC STRUCTURES OF

LANTHANUM MANGANITE
Gonchar L.E-?, Firsin A.AY, Nikiforov A.E%, Popov S.E.
! Ural State University, 51 Lenin Av., EkaterinbuRyssia
2 Ural State University of Railway Transport, 66 Kmigorov St., Ekaterinburg, Russia

The theoretical investigation of external influermelanthanum manganite is carried out in order
to describe the static and dynamic orbital stakes. orthorhombic crystal; dfaMnQ; is known as
a compound with the strong correlation betweentatysrbital, and magnetic structures. The non-
magnetic doping ofMn** site withGa®* ion causes the collapse of the cooperative Jahar{dT)
distortions [1]. The external pressure leads ttapsk of orbital and magnetic orderings [1].

The crystal structure of lanthanum manganite is€udated within the framework of the shell
model including Jahn-Teller energy which dependsymmetric distortions of oxygen octahedron
around Mn ion [2].

The investigation oLaGaMn,; O3 of Pmna space symmetry using virtual crystal model was
carried out. Virtual crystal was simulated by desiag effective linear JT constant proportional to
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,Ve is

manganese ions amouy. = (- xv,, WhereVe is the linear JT constantjs Ga-doping factor

effective linear JT constant.

The energy barrier between two stable orbital stafenanganese subsystem fground state)
was estimated. We found that at room temperatatec b dynamic Jahn-Teller effect transition
becomes aGa-doping factor near 0.35. Investigation of this gmund atGa-doping factor more
0.35 is non consistent with our model.

The pressure effect upon pure d@ddoped manganite is described by addirmgvaerm in the
crystal energy [3].

The magnetic structure could be described for marganite under external pressure less than 10
GPa and foilGa-doped manganite with the doping rate less theB.®8r description, we use the
orbitally-dependent superexchange interaction anglesion anisotropy [4]. The doping of non-
magnetic ions leads to weaking of the magneticracteons within the framework of-type
antiferromagnetic structure. The strong doping seadferromagnetic ordering [1] due to dynamical
JT effect. The magnetic structure upon externasquree up to 10 GPa is of antiferromagnétic
type. The weak ferromagnetic component decreaseaube of increasing superexchange and
decreasingin-O-Mnangle.

The AFMR spectra are predicted in order to desctiite effect of external pressure and non-
magnetic doping on anisotropic magnetic interastion

[1] J.-S. Zhou, Y. Uwatoko, K. Matsubayashi, anB.JGoodenoughPhys. Rev. B/8 (2008)
220402.

[2] A.E. Nikiforov, S.E. Popov, and S. Yu. ShashHiz. Met. Metalloved37 1(1999) 6.

[3] L.E. Gonchar’, Yu.V. Leskova, A. E. Nikiforo). P. KozlenkoJETP111 (2010) 194

[4] L.E. Gonchar’, A.E. NikiforovJETP96 (2003) 510

220R-C-8

ABOUT CORRESPONDENCE BETWEEN LATTICE DISTORTIONS AN D
ORBITAL STRUCTURE ON THE EXAMPLE OF CE PHASE OF

MANGANITES
Sboychakov A.&.Kugel K.1}, Rakhmanov A.L,. Khomskii D.I?
!Institute for Theoretical and Applied ElectrodynamiRussian Academy of Sciences, Izhorskaya
Str. 13, 125412 Moscow, Russia
21. Physikalisches Institut, Universitat zu Kélnjlgicher Str. 77, 50937 Kéln, Germany

The interplay between spin, charge, orbital, atiiciadegrees of freedom plays an important role
in the physics of transition-metal oxides, espégidlose with Jahn-Teller (JT) ions, such as*Mn
or CU*. In the materials with JT ions, an orbital ordgrand related lattice distortions determine a
rich variety of different phenomena, and this "tabphysics" attracts now a widespread attention.
Unfortunately, it is rather difficult to directlycaess orbital state of JT ions. Therefore, thedstah
way to find orbital occupation, widely used for tlast 50 years, is based on structural data, \vih t
assumption of the one-to-one correspondence betwwbital occupation of an ion and
corresponding JT distortion of the surroundingrids, e.g. @octahedra. We demonstrate that such
straightforward approach sometimes fails for thédsowith orbital ordering. A well-studied
layered manganite kaSr sMnO, gives a vivid example of such discrepancy. Itsmeructural
element is a Mn-O plane, where manganese ions ®rsguare lattice and each of them is
surrounded by the oxygen octahedron. This compdsctaracterized by the charge ordering with
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the checkerboard array of Mfrand Mrf*, and the magnetic structure formed in the planeigyag
ferromagnetic chains with the opposite directiorspihs for neighboring chains. At the same time,
the available data on the orbital structure deteimgi the spatial distribution of valence electrons
seem to be rather controversial. Analyzing the tieia between the orbital structure and
corresponding lattice distortions indgdn sMnO,4, we have shown that the occupation of orbitals in
this compound appreciably differs from that suggediy the JT distortions [1]. To obtain correct
results, it is necessary to consider self-condiste¢he orbital occupation, lattice distortions,dan
charge disproportionation.

[1] A.O. Sboychakov, K.I. Kugel, A.L. Rakhmanov,dB.I. Khomskii,ArXiv:1007.4814; Phys.
Rev. Bin press.

220R-C-9

INFRARED SPECTRA OF CuO AND Cu ,O0 NANOCERAMICS
Mostovshchikova E.Y.Gizhevskii B.A, Loshkareva N.N, Galakhov V.R, Naumov S.V.
Ponosov Yu.§.0vechkina N.A, Kostromitina N.\, Buling A?
!Institute of Metal Physics, Ural Division of RAS2@990 Ekaterinburg
2FB Physik, University of Osnabrueck, Barbarastrasd®-49069 Osnabrueck, Germany

Nanomaterials based on copper oxides are integei&imboth fundamental physics and practical
applications. CuO is multiferroic and antiferromatioc semiconductor with \F230 K, a typical
representative of strong correlated systemQCis the wide-gap semiconductor and a basis of the
diluted magnetic semiconductors. The data aboutapproperties of nano-CuO and Luin the
IR range is very poor. Middle infrared spectra nsapply data about specific defects, impurities
and phonon bands of nanooxides.

We studied optical absorption (in the range 0.0B€4V), Raman (100-1400 ¢thhand X-ray
absorption spectra of @0 and CuO nanoceramics and compared the spectranoibxides with
those of single crystals. High-density copper oxmd@oceramics (the crystallite size 12-40 nm)
were prepared from oxide powders by high pressarsgan method.

The IR spectra of nano-g@h and CuyO single crystal display two intensive bands atO-a@d
~140 meV (Fig.1), which are interpreted as biph@anultiphonons or localized phonon modes
[1]. The bands at 100 and 140 meV are clearly l@sitot only at low temperatures but at room
temperature also and have weak temperature depmnd@&herefore, it is unlikely that they
connected with biphonons. In the spectra of nangoCue revealed the feature at 130 meV and
additional band at 160 meV. These bands are abvs#m spectra of the single crystal.

In the spectra of nano-CuO we observed the batitkatame energy 140 meV. Besides, we found
a broad band with the complex structure near 199, méich earlier was revealed in the spectra of
CuO single crystals and attributed to the transiim (CuQ)> clusters [2] or in terms of phonon-
assisted magnetic exitations [3].
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We suppose that the band at 140 mV in IR
spectra of copper oxides nanoceramics is
connected with presence of nonstoichiometric °————————
defects such as vacancies and cations with | soidsmoois-300K
different valency. Concentration of such kind 4
defects in nanostructured samples ~
considerably more, than in equilibrium
crystals.

According to the XAS data all nano-&u
and nano-CuO samples contain rather hig
concentration of CU and C0 ions :
respectively. Cu,O single crystal

Raman spectra of nano-£u demonstrate %}%%HWEEE

weak bands at ~100 meV and in the range of o o o o e o
130-150 meV. These bands are widened in E, meV
comparison with similar bands in single

crystals. In Raman spectra of CuO the strong  Fig.1. Optical density spectra of nano-CuO,
band is observed at 140 meV. The band at 100  Nano-CgO and CyO single crystal

meV, observed in IR spectra, is absent.
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The work is supported by RFBR, grant 11-02-0025@&gFRam of the Department of Physical
Sciences of RAS “Physics of new materials and &iras” and Integration project of the Ural
Division — Siberian Division of RAS.

[1] M.Jorger, T.Fleck, C.Klingshirn, R.von Bal2hys. Rev. B1(2005) 235210.
[2] A.S.Moskvin, N.N.Loshkareva, Yu.P.SukhorukovaetJETP78 (1994) 518.
[3] S.H. Jung, J.Kim, E.J. Choi et &hys. Rev. B0 (2009) 140516(R).

220R-C-10

MAGNETOREFRACTIVE EFFECT IN MANGANITES AT VISIBLE

WAVELENGTHS
Telegin A%, Sukhorukov Y4.Granovsky A2, Gan'shina E, Kaul A% Herranz G, Caicedo '
!Institute of Metal Physics, Ural Division of RAS28990, Ekaterinburg, Russia
>Moscow State University, 119992, Moscow, Russia
3|kerbasque, Basque Foundation for Science, 480iHad Spain
“Inst. de Ciéncia de Materials de Barcelona (ICMAESIC, Bellaterra, 08193 Catalonia, Spain

Associated with the drastic and rapid developmémhagnetophotonics, magnetic-field induced
changes of optical properties of various magnetatenials have been intensively studying last
years. In particularly, it was shown that magndtection and magnetotransmision of light in near-,
middle- and far-infrared frequencies in magneticltimyers, granular alloys, nanocomposites,
manganites with giant, tunnel and colossal magesistance (MR) are mainly due to high
frequency MR, and these phenomena were named asetoagfractive effect (MRE). MRE in
manganites in the middle-infrared region can ré¢eals of percent near the Curie temperature [1,2].
Recently, it has been shown that a behavior of NiREBanganites is much more complicated than
in artificial magnetic nanostructures and can b&eoled even at visible wavelengths [2-4]. There is
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no consensus on the MRE mechanism at visible [By4his report we present experimental results
on magnetotransmission and magnetoreflection oimafly doped manganite films at visible
wavelengths from 0.am to 1.2um. The obtained data are used to clarify the or@iMRE in
manganites.

The epitaxial films of different thickness and cheah composition were grown on perovskite-
like crystal substrates by the method of metallaarg chemical vapour deposition (MOCVD). The
reflection spectra for unpolarized light were meadunear the normal angle of light incident. The
giant MRE (-4 %) in transmission and reflection modes fog Gy ;MnO3; and La ¢Ago.1MnOs
films was detected at 11 kOe in the wide tempeeatnterval from 10 K to 300 K. Although the
obtained MRE magnitude at visible is less than thahe infrared region but it exceeds a level of
tradional linear magnetooptical effects in thisioag It was shown that there is no strict correlati
between temperature dependencies of MRE and MR.

By analysis of the obtained data for structuralgn&ic, magnetotransport, optical and magneto-
optical data we came to the conclusion that MREisible is determined by the influence of
magnetic field on electronic structure of mangamite

This work was supported by the RFBR (grant 10-0238), program of UD-SD of the RAS (grant
09-C-2-1016), program of DPS “Physics of new materand structures” and project UD of RAS
for young scientisNe m-6.

[1] Yu. Sukhorukov, A. Telegin, A. Granovsky et dETP, 138,(2010) 3.

[2] A. Granovskii, Yu. Sukhorukov, A. Telegin et dETP,112,(2011) 1.

[3] D. Hrabovsky, J.M. Caicedo, G. Herranz etRhys. Rev. B9, (2009)052401.
[4] Yu. Sukhorukov, A. Telegin, A. Granovsky et @b be published idETP(2011).
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22TL-D-1

SPIN-PLASMONS IN TOPOLOGICAL INSULATORS
Efimkin D.K", Lozovik Yu.BE?, Sokolik A.A.
! Institute of Spectroscopy RAS, 142190, Troitsk,selmw region, Russia
2 Moscow Institute of Physics and Technology, 141 M6scow, Russia

Topological insulator is the new state of mattext tvas recently predicted theoretically (see the
review [1] and references therein). Its two-dimenal (HgCdTe quantum wells structures) and
three-dimensional realizations (BBh, Bi.Se; and BpTes) were found and studied experimentally.
3D topological insulators have insulating bulk agologically protected helical states on the
surface that are described in some cases by Dka@fjuation for massless particles.

We consider new collective excitations — spin-plass— in helical liquid on the surface of 3D
topological insulators [2, 3] which differs essaiiyi from ordinary surface plasmons(see, e.g.).[4]
The properties of these excitations and their inatkestructure are studied.

Due to spin-momentum locking in helical liquid onsarface of topological insulator, the
collective excitations should manifest themselvesa@upled charge- and spin-density waves. The
methods of experimental registration as well assipts applications of spin-plasmons are
discussed.

Support by RFBR and RAN Programs is acknowledged.

[1] M.Z. Hasan, C.L. KaneRev. Mod. Phys82, 3045(2010).

[2] R. Raghu, S.B. Chung, H.L. Qi and S.S. Zhdrigys. Rev. Lett104, 116401(2010).

[3] I. Appelbaum, H.D. Drew, M.S. Fuhrekppl. Phys. Lett.98, 023103 (2011).

[4] Yu.E. Lozovik, A.V. Klyuchnik, Chapter 6 in: EhDielectric Function of Condensed Systems,
eds. L.V.Keldysh, et al., Elsevier Science Publighd/., 1987.

22TL-D-2

PHASE SEPARATION INSTABILITIES, COHERENT PAIRING AN D

CONDENSATION IN HUBBARD NANOCLUSTERS
Kocharian A.N, Fernando G.W, Palandage I
! Department of Physics, California State Univerdiiys Angeles, CA, USA
Department of Physics, University of Connecticubrs, CT, USA
®Department of Physics, Trinity College, Hartford;,@SA

Phase separation instabilities and magnetic coiwakwith formation of various types of charge
and spin pairing gaps in the ensemble of smaltetaof different geometries are exactly studied in
attractive and repulsive Hubbard nanoclusters w#itiphasis on 2x2 squares, 2x4 ladders, 8 and 10
site Betts bipartite topologies, and frustrated ngemies such as tetrahedrons, square pyramid
geometries, etc under variation of interactionrgite, electron doping and temperature [1]. These
exact calculations of charge and spin collectiveitakions and pseudogaps in a real space yield

42



MISM 2011

intriguing insights into level crossing degeneracad quantum critical points, phase separation
instabilities and electron condensation in spatimhomogeneos systems. Separate condensation of
electron charge and spin degrees offers a new towtaperconductivity in inhomogeneous HTSC
systems, different from the BCS pairing scenaribe Electron pairs in ensemble of clusters are
complied with the Bose-Einstein statistics andnnrshomogeneous media can be fully condensed
into coherent pairing state. The similarities anffetences between mechanism of pairing of
electron spin and charge degrees of freedom inattractive and repulsive electrons are also
discussed. The calculated exact phase diagramslfafiling and for one hole off half filling
resemble a number of inhomogeneous, coherent adhenent nanoscale phases seen using the
scanning tunneling measurements in parental andddbmh Tc cuprates, manganites, and CMR
nanomaterials [2].

[1] A.N. Kocharian, G.W. Fernando, K. Palandaged dnW. DavenportPhys. Rev. B8 (2008)
075431.

[2] A.N. Kocharian, G.W. Fernando, and C. Yang,,nSpnd charge pairing instabilities in
nanoclusters and nanomaterialsSzanning probe microscopy in nanoscience and nahotdogy
Bhushan B. (ed.), Book chapter, 507-570 (Springendg, Berlin Heidelberg, 2010).

22TL-D-3

ELECTRONIC AND MAGNETIC PROPERTIES OF SEMICONDUCTIN G
NANOCLUSTERS AND LARGE ORGANIC MOLECULES: FEATURES

INTERESTING FOR SPINTRONICS
Uspenskii Yu.A, Kulatov E.T?, Titov A.A>** Tikhonov E.\?, Michelini F, Raymond L.
! Lebedev Physical Institute of RAS, Leninskiy prosp, Moscow 117924, Russia
2 Prokhorov General Physics Institute of RAS, Vawistr. 38, Moscow 119991, Russia
% Physics Department, Moscow State University, Lidai§ory, Moscow 119991, Russia
* IM2NP UMR-6242, Aix-Marseille Université, Marsaill13397, France
®L_Sim, SP2M, INAC, CEA, 17 av. des Martyrs, Greleo®8054, France

Advances in nanotechnology have created smallersamaller semiconducting systems. This
progress has an evident limit in ultimate semicatidg systems as quantum dots or nonoclusters
doped by a single impurity atom. Recently, the aulgd creation of such systems even received
the special name “solotronics” (Nature material, 91 (2011)). It is known that many properties
of nanoclusters and quantum dots are different fitumse of corresponding bulk semiconductors. In
our presentation we concentrate on changes in leranic structure and spin properties of
nanoclusters caused by their small size and siagle doping. The key point is a reduced electron
response of nanoclusters, which results in a lagectric function, stronger Coulomb interaction
between electrons, and large many-electron effédie. same reasoning is applicable to large
organic molecules containing one foreign atom. Tarify this point, we calculated: (1) the
SizsDH36 (D= P, As, Sb, S, Se, and Te) nanoclusters h@ BksHses cluster charged by one or two
electrons, (3) the metal phthalocyanine (MPc) mdkesx, where two central H atoms of Pc are
replaced by one M-atom (M=Rh, Pd, Ag, Cd, In, amg. 3n these calculations we used three
approaches: the DFT, the hybrid functionals, aned @W method. They showed that DFT
calculation underestimates changes in the widthh@Semiconducting gap caused by the doping or
charging of clusters, as compared with preciselteguovided by the GW method. The electron
spectrum of clusters and molecules that have amaodtber of electrons is spin split.
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Again, DFT underestimates the value of exchangispgl by a factor of 5 to 10: such a method
does not provide the adequate description of sffects in nanoclusters and molecules. Our
calculations also showed that spin effects caugea &ingle dopant or one added electron remain
quite observable even in clusters and molecule8-6f nm diameter. The exchange splitting
introduces important spin effects in cluster préipsr in particular, spin-dependent transport
through a cluster and the optical orientation ofusster spin.

This research was supported in part by the Rugaiad for Basic Research (grants 10-02-00698a,
10-02-00118-a, 09-02-00698-a and 09-02-91078-ChR%nd the programs of RAS “Strongly
correlated electrons in solids and structures” @aisic investigations of nanotechnologies and
nanomaterials”.

22TL-D-4

FERROMAGNETISM, SPIRAL MAGNETIC STRUCTURES AND PHAS E

SEPARATION IN THE HUBBURD MODEL
Igoshev P.A.Zarubin A.V, Katanin A.A. Irkhin V.Yu.
Institute of Metal Physics, 620990, Ekaterinburgk8valevskoy str. 18, Russia

We analyze the magnetic phase diagram of the twiasional (2D) itinerant electron system on
the square lattice. Relation between nearest artnearest neighbour transfer integralsndt’
plays an important role in this problem. Due to @@ Hove singularity, for sufficiently large
ferromagnetism can occur at moderHtébard repulsiot. Collinear antiferromagnetic and spiral
magnetic phases are taken into account and a pog$iase separation is studied.
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Fig. 1 Phase diagram of the 2D Hubbard model #ih.2, n being the electron concentratidrine QS
separatingerromagnetic EM) andantiferromagneticAF), including incommensurate (IC) phases is the
result of the quasistatic approximatidine Sis the boundary of FM angaramagneticRM) phases in the
simple Stoner theonjine V is the Visscher’'s boundary of phase separatioRM¥AF (Neel) phase in the
limit of large U, line ME is the boundary of the FM and PM phases in thénatkbf decoupling the equation
of motion for the Green’s functions for Hubbardjseoators

The results of the mean-field approach [1] are owpd with the help of quasi-static (QS)
approximation [2] and renormalization group consatien [3]. A comparison is performed with the
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method by Visscher (see [1]) and the result of dpting the equation-of-motion sequence for the
retarded Green's functions in the Hubbard openatpresentation [4]. It is shown that near half
filling (n = 1) the ferromagnetic state is characterizedflay spin-wave type instability, while away
from half-filling the one-electron (spin-polaronpstability occurs. Combined magnetic phase
diagram fort' = 0.2 including all the instabilities is shown in Fig. 1

[1] P.A. Igoshev, M.A. Timirgazin, A.A. Katanin, K. Arzhnikov, V.Yu. Irkhin, Phys. Rev. B1,
094407 (2010).

[2] P.A. Igoshev, A.A. Katanin, V.Yu. Irkhin, So?hys. JETR05, 1043 (2007).

[3] P.A. Igoshev, A.A. Katanin, V.Yu. Irkhin, arXi¥012.0125.

[4] V.Yu. Irkhin, A.V. Zarubin, Solid State Phenone 168-169 469 (2011).

22TL-D-5
STRENGTH OF COULOMB CORRELATIONS IN PNICTIDE
SUPERCONDUCTORS
Korotin M.A.

Institute of Metal Physics, S.Kovalevskaya, 18, atekinburg 620990, Russia

Low temperature superconducting metallic compouitsTi, Nb;Sn, etc.) are characterized by
weak electron correlations and superconductivityeiscribed by electron-phonon interaction.

Parent compounds of high temperature cuprate soipéuctors (LaCuQ,, YBaCusOy, etc.) are
Mott insulators and electron correlations are gjrionthem.

Superconducting iron pnictides (LaOFeAs, B#, etc.) are metals; electron-phonon
interaction of itself is not enough to provide Ceppairs formation at observed's experimental
electronic spectra of these compounds are renarethlin comparison with band structure
calculation predictions. In other words, this ndases of superconductors differs in properties both
from low-T; and high-T ones.

How strong are Coulomb correlations in iron pnief@d We propose a solution basing on
investigation of their electronic structures withie LDA+DMFT approach (combination of Local
Density Approximation and Dynamical Mean-Field Thgo

Criteria for the determination of strength of Caulmcorrelations are the following:

— Correspondence between experimental and theoreteatonic spectra
- Presence of Hubbard bands and spectral weighféransghem

—Value of iron on-site Coulomb interaction parameter

- Renormalization of electronic effective mass.

We concluded that calculated quasi-particle bama®mmalization corresponding to effective
mass enhancement m*/m~2 observed simultaneously thwé absence of Hubbard bands shows
pnictide superconductors as moderately correlaiesiesis but far from metal-insulator Mott
transition.

In my talk I'll review in details the results ofetbretical investigations of strength of Coulomb
correlations in pnictide superconductors made ifRa Spectroscopy, Optics of Metals, and
Theoretical Physics Labs of Institute of Metal RbysYekaterinburg, Russia [1-12].

[1] S.L. Skornyako\et al, Phys. Rev. Lett106 (2011) 047007.

[2] A.V. Lukoyanovet al, Phys. Rev. B31 (2010) 235121.
[3] S.L. Skornyakoet al, Phys. Rev. B31 (2010) 174522.
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[4] S.L. Skornyako\et al, Phys. Rev. B30 (2009) 092501.

[5] V.I. Anisimov et al, Physica C469(2009) 442.

[6] A.O. Shorikovet al, JKOT®, 135(2009) 134.

[7] 10.A. Ustomos, D.3. KypmaeB, Boicokomemnepamyphvle c8epxnpogooHuku Ha ocrose FeAs-
coedunenuti. MockBa-Mxesck, HULL «Perynsipras u xaotudeckas quHamuka», 2009, 43%C.

[8] V.I. Anisimov et al, J. Phys.: Condens. Matte21 (2009) 075602.

[9] M.A. Korotin et al, JKOT®, 134 (2008) 758.

[10] FO.A. U3stomos, D.3. Kypmaes, YOH, 178(2008) 25.

[11] E.Z. Kurmaeet al, Phys. Rev. B/8 (2008) 220503.

[12] V.I. Anisimov et al, ITucoma ¢ JKOT®D, 88 (2008) 844.

22TL-D-6

SPIN-EXCITATION SPECTRUM IN CUPRATE SUPERCONDUCTORS
Plakida N.M*?, Vladimirov A.A’, Ihle D2
! Joint Institute for Nuclear Research, 141980 DyBhsssia
2 Max-Planck-Institute for Physics of Complex Syste®-01187, Dresden, Germany
3 Leipzig University, D-04109, Leipzig, Germany

A microscopic theory of the dynamic spin suscefitypb(DSS) in superconducting cuprates
within the t-J model is presented. The spectrum of spin excitatis studied using an exact
representation for the DSS within the Mori projentitechnique for the relaxation function in
terms of the Hubbard operators:

; S m(q)
X(qw) = —(S715 7 Nw =

;u?i +wX(q,w) —w?’

where the static susceptibiligfg, 0 = m(q) /wzq and the self-energ¥(q, ») are evaluated in
the mode-coupling approximation. The DSS is catedlan a wide region of hole dopirsgand
temperaturesT including the superconducting state. In the normsia@te a spin-wave-type
behavior is found at low doping as in the Heiseghmodel, while at higher doping a strong
damping caused by hole hopping occurs, and a rdaxgype spin dynamics is observed. The
local spin susceptibility and it®/T scaling behavior are calculated in a reasonalieeagent
with experimental and exact diagonalization data.ldw temperatures the DSS reveals a
resonance mode (RM) at the antiferromagnetic waatovQ = n(1,1) which is explained by a
strong suppression of the damping of spin excitaticaused by a spin gapQtrather than an
opening of the superconducting gap [1]. This resudtthe observation of the RM even above
superconducting temperaturk. in the underdoped region. The RM weakly depends on
temperature as shown in Fig. 1 in agreement witlgnagc inelastic neutron-scattering
experiments.
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Fig.1. Temperature dependence of the spectralimbh »(Q, ) in the overdoped region at hole dopihg
= 0.2 (left panel) and in the underdoped regio®=a0.09 (right panel).

[1] A.A. Vladimirov, D. Ihle, N. M. PlakidaPhys. Rev. B33(2011) 024411.

22TL-D-7

GENERALIZATION OF MERMIN - WAGNER THEOREM AND THE
POSSIBILITY OF LONG-RANGE ORDER FOR THE ONE-DIMENSI ONAL

HEISENBERG MODEL
Rudoy Yu.G, Kotelnikova O.A.
! People’s Friendship University of Russia, 11719&likho-Maclaya, 6, Moscow,
Department of Theoretical Physics, Russia
% Lomonosov State University, Department of Magmefi$19991, Moscow, Leninskie Gory,
Russia

In the past decade the interest — both experimanththeoretical [1] was renewed concerning the
low-dimensional magnetic structures, especially gineblem of the magnetic phase transition
possibility. One of the most known results in tfiedd is the Mermin — Wagner (MW) theorem [2]
for the isotropic Heisenberg model on the lattiagthvany spatial dimensioB>1 which as a rule
excludes existence of the long-range order (he.spontaneous magnetization) ¥l and 2. The
MW theorem is based on the fundamental exact ingigsaformulated by N.N. Bogoliubov [3] and
so the theoretical status of MW theorem is quiliabée.

Nevertheless, the validity of MW theorem suggelsesfulfillment of some condition concerning
the spatial behavior of the exchange interacti®®), namely the finiteness of it's second spatial
moment. This assumption supposes the sufficieapydrdecay of(R) at very long distanced’— o,
which is evidently the case for any finite-rang/®) (including the nearest neighbors (NN)
approximation); but, on the contrary, the meargfi@iF) approximation is of strictly infinite range.
In this connection we recall the well known “firsKac model [4] wherd(R) is taken as the
exponential oR which interpolates between these two limiting sase

Because MF approximation is physically not quitdgiséactory, Kac himself invented the
“second” model [5] which is regulated by anothergpaeter. This model is also of infinite range,
but with power law (instead of exponential oneeraf decay aR—oo; for this model the strict
conditions of MW theorem violation are formulated.

Being inspired by the analogy of the MW conditioithmformally the same condition used by
proof of the generalized Central Limit Theorem (GL®r, more general, to the theory of Markov
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processes we suggest to apply to the MW theorerivithroll — Schlesinger (MS) model [6]. This
model introduces an additional parameter and diffeith Kac's second model in the important
aspect: it affords the magnetic sites to be arrdng® strongly periodically, but in ascending
geometric progression distances what relates gamoaph to the magnetic “networks” rather than
to ordinary “lattices”.

It is important that in MS-model the so-called LevyKhintchine, or “fractality”, index may be
determined from the parameters of the model ansgl time can see how to choose them in order to
overcome the MW-theorem exclusions even for thesbiyopic Heisenberg model.

[1] H.-J. Mikeska, A.K. Kolezhuk. One-dimensionabgmetism// Lecture Notes in Physics, Vol.
645, Ch. 1. 2004. [2] N.D. Mermin, H, Wagnehys. Rev. Lettl7 (1966) 1133.

[3] N.N. Bogoliubov. Quasiaverages in the statatimechanicsPreprint Dubna/[781, 1961.

[4] M. Kac. Phys. Fluids2 (1959) 8.

[5] M. Kac. Mathematical mechanisms of phase ttaors// Lect. Statistical Physi¢sEd by
M.Chretien, NY, 1968.

[6] E.W. Montroll, M.F. SchlesingeiOn the WonderfuWorld of Random Walk4 Studies

in Statistical Mechanigsvol. XI (ed. by E.W. Montroll, J.L. Lebowitz), Asterdam, North-
Holland PC, 1984
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22TL-E-1

HEAT DISSIPATION AND MAGNETIC PROPERTIES OF MAGNETI C

NANOPARTICLES FOR BIOMEDICAL APPLICATIONS
Takemura Y.
Yokohama National University, 79-5 Tokiwadai, Hodgg, Yokohama 240-8501, Japan

In recent years, magnetic nanoparticles have &ttaattention for biomedical application such as
magnetic separation, MRI contrast agent, drug defivsystem and hyperthermia [1]. The
possibility of various magnetic nanoparticles foypérthermia application was studied by
investigating the magnetic characterization, sekliting properties under ac magnetic field, and
cytotoxicity. The size and material dependencetheif heat generation ability is discussed in this
paper as well as the influence of surrounding emwirtent and surface coating on their
characterization.

The temperature rise of Nif@, nanoparticles having diameters of 242 and 7.7 as mveasured.
The results of the measurement were analyzed byaony the areas of the hysteresis loops in
order to clarify the mechanism of heat dissipationthe samples. The hysteresis loops were
obtained by applying both ac and dc magnetic fididsas found that the contribution of magnetic
relaxation losses to the heat dissipation was gidgi in the case of NiR®, nanoparticle of
diameter 242 nm. The contribution of the Néel rateon [2] to the heat dissipation in the case of
NiFe,O4 nanoparticle of diameter 7.7 nm was observed adliffierence between the areas of ac
and dc hysteresis loops. From the dependencesngdetature rise and hysteresis loops of the
nanoparticles on the intensity and frequency ohpplied magnetic field, the relaxation time for
NiFeO, nanoparticle of diameter 7.7 nm was obtained psoxpmately 0.5-0.7 ps [3].
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[1] Q. A. Pankhurset al, J. Phys,.D 36, R167 (2003).
[2] R. E. Rosensweigl. Magn. Magn. Matey252, 370 (2002).
[3] H. Kobayashet al, J. Appl. Phys.107, 09B322 (2010).
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OPTIMAL NANOPARTICLES FOR MAGNETIC HYPERTHERMIA :

THEORETICAL AND EXPERIMENTAL RESULTS
Mehdaoui B, Meffre A, Carrey J%, Lacroix L.-M?, Lachaize $, Goujeon M, Chaudret B',
Respaud M.
! Université de Toulouse; INSA; UPS; LPCNO Toulousance
2 Université de Toulouse; CIRIMAT, 118 Route de Nambe, F-31062, Toulouse, France

Magnetic hyperthermia (MH) uses the heat inducechagnetic nanoparticles (NPs) by an AC
magnetic field to rise the temperature of a tumtmumprove the efficiency of chemotherapy or
radiotherapy. NPs are characterized by their sigealisorption rate (SAR). High values of SAR
could permit the treatment of smaller size tumoDnging the first part of this talk, recent proges
obtained on the theory of MH will be shown [1]. Bvaluate the heating power of NPs, it is
necessary to calculate their hysteresis area, whidirectly related to their SAR. It will be shown
that the linear response theory and theories difieen the Stoner-Wohlfarth model are suitable to
calculate the hysteresis area, but have a restritimain of validity, which has been determined by
comparison with numerical simulations of hysterds@ps. LRT is suitable for strong anisotropy
NPs whereas theories derived from the Stoner-Wdhlfaodel are suitable for weak anisotropy
NPs. These theories are then used to determingptimal parameters of NPs for MH. The optimal
size of NPs for MH can be calculated analyticalighva good accuracy. It will be shown that the
central parameter for MH optimization is the anispy. The optimum anisotropy is simple to
calculate and depends on the magnetic field usedhén MH experiments and on the NP
magnetization only. The theoretical optimum parargewill be compared to the one of several
magnetic materials so as to draw general guidelioeard the optimization of MH. In a second
part, several recent experimental results will b®wsn [2-6]. They have been obtained by
measuring both the frequency and the magnetic fieldendence of SAR on high-magnetization
monodisperse Fe and FeCo NPs elaborated by orgsambmehemistry [3]. Experiments have
been performed on a specially-designed frequenpystable MH setup [2] and/or using the coil of
an induction oven [5]. On the FeCo system, MH messents have been performed on a colloidal
solution of weakly-interacting NPs of 14 nm in digtier. On this system, the first experimental
evidences of a behaviour typical of the Stoner-&otlh regime have been obtained and
guantitatively analyzed [3]. On the Fe system, MBipgerties have been performed on NPs, the size
of which ranged from 5.5 to 30 nm [6]. Several teas expected theoretically are observed for the
first time experimentally in MH, in particular thact the optimal size depends on the amplitude of
the applied magnetic field. These features aretaraaconsequence of theories deriving from the
Stoner-Wohlfarth model and are quantitatively ased/using numerical simulations. Record losses
of 11+1 mJ/g at pHmax = 73 mT have been obtained on the optimized NResé& results open the
path to a more accurate description, predictionaralysis of MH, and confirm the interest of high
magnetization NPs for MH applications.

[1] J. Carrey, B. Mehdaoui, M. RespaudAppl. Phys.under press.

[2] L.-M. Lacroix, J. Carrey, and M. Respatrkv. Sci. Instrun¥9, 093909 (2008)

[3] L.-M. Lacroix, R. Bel Malaki, J. Carrey, S. Uagize, M. Respaud, G. F. Goya and B. Chaudret,
J. Appl. Phys105 023911 (2009)

[4] L.-M. Lacroix, S. Lachaize, A. Falqui, M. Resph and B. Chaudred. Am. Chem. Sod.3],

549 (2009)

[5] B. Mehdaoui, A. Meffre, L.-M. Lacroix, J. CayeS. Lachaize, M. Goujeon, M. Respaud, and
B. Chaudret). Magn. Magn. Mat322, L49 (2010)

[6] B. Mehdaoui, A. Meffre, L.-M. Lacroix, J. CayeS. Lachaize, M. Goujeon, M. Respaud, and
B. Chaudretin preparation
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THERMAL EFFECTS IN MAGNETIC NANOPARTICLES UNDER

OSCILLATING FIELDS
Plotkin Z, Goren Y, Shenkman QGottlieb M.
Chemical Engineering Dept., Ben-Gurion UniversBger-Sheva 84105, Israel

Magnetic nanoparticle (MNP) as suspensions in Newato liquids or when embedded in a
polymeric matrix are known to generate heat whdrjestied to an alternating external magnetic
field [1]. It has been recently demonstrated tlseé thermal effects may be used for treating
cancer by overheating tumors and may be used &robtagnetoactive polymers and elastomers
[2]. Two separate mechanisms are responsible frgémeration of heat: the Néel mechanism
involving relaxation of the internal magnetic morhein the nanoparticle, and the Brown
mechanism which is external to the particle andltegrom the viscous heating of the fluid around
it as the particle turns to align with the alterngtmagnetic field. The Néel mechanism is prevalent
when particle size is small enough, below a ciiitmaticle size which depends on the magnetic
properties of the particle, such that the partecthibits supeparamagnetic properties. Yet, even for
larger particles embedded in a solid matrix or payic elastomers particle motion is arrested and
no viscous heating is possible. In the other extreiarge particles above the critical Néel domain
size, suspended in a liquid will exhibit mostly Bro heating. Obviously, situations involving both
mechanisms are possible in intermediate cases.piddominant approach in calculating these
thermal effects is based on an “effective-mediumpraach replacing the particles and the matrix
(solid or fluid) by an isotropic homogeneous medi@@]. While quite successful in describing the
behavior of the macroscopic system this approads dwt allow detailed understanding of local
heating effects and facilitate more judicious desif magneto-heating systems. In this work we
present detailed calculations for both types otihganechanisms.

We calculate Brownian heating by determining tlwavffield generated by the particle’'s motion.
The dynamics of MNPs in suspension under an altegnanagnetic field were calculated by
solving analytically the Navier-Stokes equation dosimplified non-interacting particle model. We
show that the “non-interaction” assumption is valad concentrations typically employed for
magnetic heating. The velocity field was subseduemed to derive the heat generation of the
MNP suspension through the viscous heating terthe&nergy equation. It was found that through
this methodology it is possible to approximate thagnitude of Brownian heating within MNP
suspensions under alternating magnetic fields.

For the Néel heating we employed a multi-scale rhfmte¢he heat generation and conduction into
the surroundings. The model affords the deternonadif the unsteady-state temperature profiles in
the particles and in the surrounding polymeric mediby numerically solving the equation of
energy. We obtained the complete thermal historythef system as a function of all relevant
parameters including particle size and distribytiparticle volume fraction, thermal properties of
the particle and the medium, and details of theosepl magnetic field.

Support by ISF and ERA NANOSCI+ is acknowledged.

[1] G. Glockl, R. Hergt, M. Zeisberger, S. Dutz,Nagel, W. Weitschiegl. Phys.: Condens.
Matter, 18 (2006) S2935.

[2] A.M. SchmidtMacromol. Rapid Commug7 (2006) 1168.

[3] M. Shliomis,Sov. Phys. Uspek(Engl. transl. )17 (2) (1974) 153.

[4] R.E. Rosensweid. Magnetism Magn. Mate252(2002) 370.
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22TL-E-4

TMR DETECTION OF ENDOGENOUS MAGNETIC NANOPARTICLES
lonescu A, Darton N.J, Vyas K.N., Llandro J?
! cavendish Laboratory, University of Cambridge, ®&adge CB3 OHE, UK
2 Department of Chemical Engineering and Biotechgpl®niversity of Cambridge,
Cambridge CB2 3RA, UK

The emerging multidisciplinary field of Biomagnetisand magnetic based bio-sensors has
attracted a considerable amount of interest inasiefew years. This interest has been spurred/on b
the successful integration of magnetic nanotechlyylmto biomedicine and life sciences, for
example in magnetic directed drug delivery by MR], [in hyperthermia treatment, magnetic
actuation of cells [2] and in bio-assays using negigniabels [3]. These techniques are based on
magnetic nanoparticles which are normally chemycaiinthesised and subsequently coated for
biocompatibility and ligand attachment. However omiethe drawbacks of using chemically
synthesised particles is their inhomogeneous s rmoment distribution [4]. Particularly in
magnetic nanoparticle based bio-assays these irjemedies lead to a poor magnetic
guantification by current sensor technologies sashtunnelling magneto resistance (TMR) and
giant magneto resistance effect based sensors.quistion arises whether or not magnetic
nanoparticles endogenously produced in magnetothetiteria could offer a more mono-disperse
and versatile alternative for use in biomagnetitit®logies.

The magnetotactic bacteriuMagnetospirillum sphas been cultured and the properties of its
endogenous magnetic nanoparticles characterisedtr&h microscopic analyses indicate that the
endogenous magnetite nanoparticlesMagnetospirillum sp are coated with a 3-4 nm thick
transparent shell, forming a magnetosome. Theseaatiég nanoparticles had diameters of 50.9 +
13.3 nm in good agreement with the diameter of 4016 nm extracted from magnetometry. Each
Magnetospirillum sp.bacterium contained chains of 5 to 25 magnetosor8aperconducting
guantum interference device magnetometry resuligcame that the extrinsic superparamagnetic
response of the bacterial solution at room tempesatan be attributed to the reversal of the
magnetisation by physical rotation of the nanopkes$i. The intrinsic blocking temperature of a

sample of freeze dried bacteria was estimated &8Bet 13 K.

A tunnelling magneto resistance sensor (see Figuas)use H
to detect the stray fields of endogenous magnetnoparticle
in static and quasi dynamic mode. Based on theeliling
How ~ 8 How

magneto resistance sensor results the magnetic niopex

bacterium was estimated to be ~2.6 x1foemu. Th ‘nTMRSensor

feasibility of this detection method either as asmaoverac (e B || m—

device or as part of an integrated microfluidiccuit for | @ |
t

detection and sorting of magnetosome containings cgh: V} A

demonstrated [5].

Support by the CamBridgeSens (EPSRC) initiative.
[1] N.J. Dartoret al, Nanotechnologyl9 (2008) 395102.

[2] Q.A. Pankhurset al, Journal of Physics D: Applied Physj@2 (2009) 224001.
[3] J. Llandroet al, Medical & Biological Engineering & Computingg (2010) 977.
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[4] G. Micklem et al, in the Introduction to "Biomagnetism and MagneBiosystems Based on
Molecular Recognition Processe&nd publications there in), edited by J.A.C. Blaad A.
lonescuAIP Conf. Proc1025(2008).

[5] A. lonescuet al., Phil. Trans. of the Roy. Soc. 208(2010) 4371.

22TL-E-5

MAGNETIC NANOPARTICLES FOR IMMUNOCROMATOGRAPHIC

SENSORS
Marquina C?, de Teresa J.M, Serrate DY, Marzo J?, Arroyo F3, Grazi \?, Puertas S,
Cardoso S, Freitas P.P?, Ibarra M.R?
! Instituto de Ciencia de Materiales de Aragén (IOMBSIC-Universidad de Zaragoza, Facultad
de Ciencias, c/Pedro Cerbuna 12, 50009-Zaragozén Sp
2 Instituto de Nanociencia de Aragén (INA), Univelail de Zaragoza, Edificio 1+D, c/Mariano
Esquillor s/n, 50018-Zaragoza, Spain

3 Instituto de Engenharia de Sistemas e Computaddviisrosistemas e Nanotecnologias

(INESC-MN) & Institute for Nanosciences and Nanditgalogies, R. Alves Redol 9, 1000-029
Lisbon, Portugal

A great effort is currently being made in the reskaon lateral flow tests due to their wide use
nowadays in Life Sciences. Their simplicity, lowst@and the large variety of analytes that can be
detected by means of this technique make them bdeitior a large number of applications.
However, the conventional tests based on immungretton and the use of coloured colloidal
particles have still some drawbacks that limit these: they do not provide a quantitative
determination of the analyte, and their sensitivgylimited. Our strategy to overcome these
disadvantages consists in the use of superparatmagoee-shell nanoparticles to tag the analyte,
instead of the coloured colloid. The use of theagmetic labels allows us to quantify the amount of
analyte present in a problem sample with a verj Bignsitivity, detecting their magnetic response
by means of the suitable magnetic sensor.

Our method is based on measuring the magnetoivesigsponse of a giant magnetorresitive
(GMR) sensor placed in proximity to the magnetiaagarticles present in the lateral flow strip.
Our GMR sensors are of the spin-valve type. Lagleodraphy techniques are used to define the
active part of the sensor and the contact padsidrtalk, a brief description of our prototype afd
the measurement procedure will be presented, dsawgreliminary assays using our biosensor to
detect the hCG pregnancy hormone in a solutionei@strategies to further increase the sensor
sensitivity are currently being attempted.

The properties of the magnetic beads to be usealiintest are also important to improve its
performance. Therefore, different types of corelistenoparticles are being tested by our group, in
order to make a comparative study of their magnetgponse at low magnetic fields, their
agglomeration, etc. Other crucial aspect to take atcount in order to increase the sensitivity is
the proper functionalisation of the nanoparticlelshin order to achieve an oriented immobilisation
of the antibodies to be used in the immunorecagmifprocess. Different functionalisation and
immobilisation protocols are currently being stutj&].

[1] S. Puertas, M. Moros, R. Fernandez-Pacheco, W#tra, V. Grazu, J.M. de la Fuenie Phys.
D-Appl. Phys43(2010)474012
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CELL RESPONSES TO PULSE MAGNETIC STIMULATION
Fan J, Lee Z.H, Ng W.C, ToSoong T.HLi X.P.
National University of Singapore, 9 Engineeringv@ril, Singapore 117576, Singapore
"Correspondence to Xiaoping Li, email: mpelixp@nds.sg

This study aimed to investigate the effects of puiggnetic field (PMF) on cell electrical firing.
Measurements were done on the HEK cells (Human fonior Kidney 293 cells), which have only
Calcium ion channels (voltage gated) functioninge Whole cell current was measured by patch
clamp, with the clamped voltage (imposed acrossct#le membrane) ramped from -90 mV to
+50 mV. A PMF was generated by a 400-turn coil emt@d to a pulse current generator. The
frequency of the pulse was 7 Hz, the width of thés@ was 3 ms, and the amplitude of the pulse
(flux density) was 6 mili-Tesla. The results showkdt the profile of the fired ionic current by the
cell could be changed by the PMF. With the PMF iggplthe cell ionic current firing reached its
maximum 8 ms earlier than that without the PWF.r€swondingly, the current returned back to
zero earlier. On the other hand, the maximum ofcilmeent was decreased under the influence of
the PWF. When the PWF was stopped, these effectssfiel for a period of time, in about 200 s,
and then the current profile "recovered" to itggoral appearance. The change of the firing time
could be due to the local electrical potential icefi by the PWF, as the €a&hannels with the cell
are voltage-gated. The exact mechanisms of theada$effects of PMF on the cell electrical firing
are still unknown and need to be further studied.
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MAGNETIC PROPERTIES OF MAGNETOFERRITIN
Timko M?, Mitroova Z?, Melnikova L%, Kopcansky P, Kovac J*, Pochylski M, Koralewski M?
!Institute of Experimental Physics, SAS, Watsonova040 01 Kosice, Slovakia
2Faculty of Physics, Adam Mickiewicz University, Uttawska 85, 61-614 PozfhaPoland

Ferritin has previously been shown to be an exceleaction vessel for controlled synthesis of
some minerals inside its structural cage, in paldic magnetite or maghemite (then it is named
magnetoferritin). Magnetic nanoparticles grown Irede biological moulds are usually rather
homogeneous in size, free from aggregation andbkolin water. Other important advantage,
especially for applications is their biocompatiblaracter. Discovery of biological magnetite in the
human brain and relation of its presence with néegenerative diseases have prompted
investigation of physicochemical properties ofiterrand magnetoferritin.
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Here we present detailed experimental study offe@gis and characterization of morphological
and magnetic properties of a bioinorganic magneiitecule — magnetoferritin with metal oxide
loading values from 100 up to 3000 Fe ions peitienmolecule. The average particle size obtained
by hydrodynamic light scattering is ranging from @25 nm. Measurements of the classical
magnetic properties at temperatures from 5 to 308nH fields up to 5 T revealed a correlation
between the mean particle size-and the blockingégature. The results obtained from TEM show
two important characteristics. The cores grow gadlglwith the iron loading and their shape is not
spherical.

The superparamagnetic blocking leads to a themmealarsibility between dc susceptibility curves
measured after cooling the sample in zero field@Q¢Br under the presence of the measurement
field (FC), as shown in left side figure. The lingancreasing of the blocking temperaturg(fight
side figure) can be observed for small range oflilog (smaller particle size). The non-linear
component in this dependence was found for parsizle over a smaller range (Fe loading of 2000
to 3000) due to a surface anisotropy. The anisgtdgpermines also the magnetic hysteresis, which
shows up at sufficiently low temperatures below [T was estimated that the coercive field at
T=2 K is largest for the sample containing the $esalnanoparticles. Since the coercive force is
proportional to the averadg€ this result confirms the size dependence estunfaten the ZFC and
FC measurements.

This work was supported by Slovak Academy of Sasncin the framework of CEX
NANOFLUID, projects VEGA 0077 and 0051, APVV Sk-8069-09 and Ministry of Education
Agency for structural funds of EU in frame of praeNos. 26220120033 and 26220220005.

57



MISM 2011
22RP-E-8

CARBOXYLATED MAGNETIC NANOPARTICLES AS MRI CONTRAST
AGENTS. RELAXATION MEASUREMENTS AT DIFFERENT FIELD

STRENGTHS
Hajd( Al, Banyai I, Babos M, Tombacz E.
! Laboratory of Nanochemistry, Department of Biopbysind Radiation Biology,
Semmelweis University, H-1089 Budapest, Nagyvaéadit Hungary
2 Department of Colloid and Environmental Chemistmiversity of Debrecen, 4032 Debrecen,
Egyetem tér 1, Hungary
® Euromedic Diagnostics Szeged Ltd., 6720 Szegadn®&dweis u. 1, Hungary
* Department of Physical Chemistry and Material Soge University of Szeged,
Aradi vrt. tere 1., Szeged, 6720, Hungary

:ZZ: Eo47T, 25°C Biomedical applications of iron oxide nanoparticles
] R in particular as contrast agents in Magnetic Resoma

Imaging (MRI), are nowadays in the centre of
international interest [1]. The contrast betwedfedent
tissues on the MRI picture is based mainly on viarnig
in longitudinal (T1), and transversal (T2) relapati
times of water. The superparamagnetic magnetite
nanoparticles have a strong T2 relaxation effaud, ia

o 1 The 12 relaxivity barameters. of theplanned to be used as T2 contrast agents [2]. This

nagke d magnetite, and >t’h5 NAOA PAA an “relaxation effect of superparamagnetic nanopasticén

CA covered magnetic nanoparticles, measurege ‘?‘ﬁECt_ed by numerous WaYS' It can be t_uned with

at room temperature and different magnetid?@rticle size, magnetic properties, but also witHace

fields (0.47 T;1.5T; 9.4 T). coverage and charge of the particles. Variableingst

modify the around the magnetic particles and hence

change the contrast enhancing effect in a wideg:ang

In the present work, magnetite nanoparticles wgnthgsized and stabilized in aqueous medium
with carboxylic compounds (citric acid (CA), polysilic acid (PAA) and sodium oleate (NaOA)).
Relaxation times (T1- longitudinal, T2-transversaid relaxivities (rl1, r2) of naked and covered
magnetite nanoparticles were measured at diffdelat strengths, i.e., 0.47, 1.5 and 9.4 T. Our
goal was to show differences among the contragtexformance of the tested magnetic fluids
stabilized by CA, PAA, NaOA at different field sagths using'H-NMR and MRI devices.
Considering the recent trend of MRI developments itmportant to predict the behaviour of the
different surface charged nanoparticles under marsgnetic fields.

The MRI and NMR measurements showed characteddterences between the tested magnetic
fluids stabilized by carboxylic compounds (Fig Hjgh r2/rl ratios observed at each magnetic field
applied show that magnetite nanoparticles coul@imecgood negative contrast agents in the future.

MF NaOA-MF PAA-MF CA-MF

Support by the Hungarian Foundation NKTH-OTKA (A9189) and the Hungarian Science
Foundation (OTKA T 49044) is acknowledged.

[1] Q.A. Pankhurst, J. Connolly, S.K. Jones, J. &hJ. Phys. D: Appl. Phys36 (2003) R167—
R181

[2] S. Laurent, D. Forge, M. Port, A. Roch, C. RphL.V. Elst, R. N. Muller,Chem. Rev108
(2008) 2064-2110
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CYCLOTRON RESONANCES AND FARADAY ROTATION IN GRAPHE NE

IN THE THz RANGE
Kuzmenko A.
Département de Physique de la Matiere Condenséegtdité de Genéve, CH-1211 Genéve 4,
Switzerland

The key features of graphene, the single atomierlaf carbon atoms forming a honeycomb
structure, are Dirac-like conical bands and theugespin — an extra degree of freedom due to the
bi-partite crystal structure. Apart from showingab#ful physics phenomena, graphene is
considered as a possible platform for novel elextr@and magneto-electro-optical applications,
thanks to a high tunability of its properties byegral electric, magnetic and strain fields, corehin
with an emerging possibility of mass production.

A series of non-equidistant Landau levels (LLsgluding a zero-energy level, not present in the
usual semiconductors lacking pseudospin, is formeptaphene in a magnetic field. We studied the
Faraday rotation induced by the cyclotron resonsucceresponding to the LL transitions in the far
infrared (THz) range [1]. Various samples of mogelaand multilayer graphene were grown on
different faces of SiC by high-temperature anneglinhe Faraday rotation, which can also be
regarded as an optical Hall effect, allows meaguseparately the dynamical response of electrons
and holes to the external electromagnetic radiatiomighly doped monolayer graphene on the Si
face of SIC, we found a quasiclassical cyclotrosorance and a Faraday rotation of several
degrees, which is an extraordinary strong effeggrgthe atomic sample thickness. In quasineutral
multilayer graphene on the C-face, we observediassef quantum cyclotron resonances due to the
low-index LL transitions, involving the zero-enerdgvel, of both electron and hole types.
Interestingly, different Fermi velocities for elemts and holes were observed.

Due to a large Faraday rotation, graphene is patBntuseful in magneto-optical devices, such as
polarization modulators, in the THz and microwasages. In this context, a unique advantage of
graphene is a possibility of ambipolar doping byam of electrostatic gating, which allows the
inversion of the Faraday rotation by applying eiecfield rather than magnetic field as in the
conventional devices.

[1] I. Crassee, J. Levallois, A. L.Walter, M. Osfl&. Bostwick, E. Rotenberg, T. Seyller, D. van
der Marell and A. B. Kuzmenko, Nature Physicd8 (2011).
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MAGNETO-OPTICAL HARMONISC GENERATION IN SEMICONDUCT ORS
Pavlov V.\2, Pisarev R.\}, Brunne D?, Lafrentz M? Kaminski B Yakovlev D.R? Bayer M?
! |offe Physical-Technical Institute of RAS, 19402t Petersburg, Russia
2 Experimentelle Physik 2, Technische UniversitattBoind, D-44221 Dortmund, Germany

Nonlinear optical phenomena may provide novel imfation about electronic and magnetic
structures of solids comparing with linear optithis is due to the involvement of more than a
single light field into nonlinear processes. Amamgast variety of nonlinear phenomena related
with frequency conversion the second-harmonic geier (SHG) and third-harmonic generation
(THG) are the simplest processes. The relevantimean polarizatiorP? * in the electric-dipole
(ED) approximation can be written as

P2w, 3w_ X2m : EmEm+ X3w : EwEwEm+ X2w : EooEooM O+ X3m : EwEmeM O,
where first two terms describe crystallographic tabations to SHG and THG, last two terms
describe magnetization-induced contributions to St@ THG.

Here we present nonlinear optical studies of diamatig, diluted magnetic, and magnetically
ordered semiconductors in a broad spectral anddmhpre ranges. Several new mechanisms of
SHG and THG are revealed. It is found that Landaell orbital quantization of the band energy is
a key mechanism for magnetic-field-induced secocemtinonic generation (MSHG) in diamagnetic
semiconductors GaAs [1] and CdTe [1, 2]. The giant
Zeeman spin-splitting of electronic states is etaken EuSe (111)
for SHG in diluted magnetic semiconductors T=2K
(Cd,Mn)Te [3]. Both mechanisms involving the
optical nonlinearities of electric-dipole type take
place in noncentrosym-metric semiconductors.
Recently spin-induced SHG is observed at the bandg
gap in magnetic centrosymmetric semiconductorsg
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EuTe and EuSe (see Fig. 1) [4]. This mechanismZT BeoT \
involving the optical nonlinearities of magnetic- 0.0 il o s e
dipole type is essential for centrosymmetric 200 22 24 26 28 30

. - . SHG v
semiconductors. THG was studied in the magnetic energy (V)

semiconductor EuTe in external magnetic field [5ly, 1 gng spectra in Euse for zero field and for
ED THG is strongly enhanced at the photon energ'gsqsaturation field of 1T for two different
close to the band gap. measurement geometries.

The magnetic field and temperature dependencies
demonstrate that the nonlinear processes ariseodumvel types of optical nonlinearities caused by
the external magnetic field. The observed mechanishoptical nonlinearities open access to a
wide class of centrosymmetric and noncentrosymmetagnetic systems by harmonics generation
spectroscopy.

Support by RFBR, DFG, Russian Academy Program amti®mics is acknowledged.

[1] V.V. Pavlov, A.M. Kalashnikova, R.V. Pisarest al.,Phys. Rev. Let@4, 157404 (2005).
[2] I. Sanger, D. R. Yakovlev, B. Kaminslat al, Phys. RevB 74, 165208 (2006).

[3] I. Sanger, D.R. Yakovlev, R.V. Pisareat, al, Phys. RevL.ett. 96, 117211 (2006).

[4] B. Kaminski, M. Lafrentz, R.V. Pisareet al, Phys. Rewi_ett. 103 057203 (2009).

[5] M. Lafrentz, D. Brunne, B. Kaminsket al, Phys. RevB 82, 235206 (2010).
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PHOTOMAGNETISM IN (Ga,Mn)As FERROMAGNETIC

SEMICONDUCTORS
Astakhov G.\}?, Ossau W, Brunner K}, Molenkamp L.W, Korenev V.12 Reid A.H.M,
Kimel A.V3, Kirilyuk A%, Rasing TH.
! Physikalisches Institut (EP3), Universitat Wirzpukm Hubland, 97074, Germany
% A. F. loffe Physico-Technical Institute, RAS, 1240St. Petersburg, Russia
% Institute for Molecules and Materials, Radboudugnsity Nijmegen, 6525 AJ Nijmegen,
The Netherlands

Magneto-optical (MO) recording techniques currenditract a lot of interest due to the
nonvolatility, low cost, and removability of medizey offer. Traditionally, the light in such device
is used to modify the strength of the magneticraxt@on. Because a very large number of magnetic
lons is essential to achieve ferromagnetism, thensity of the light needed is rather high. This
results in heating of the recording media, regasitef whether or not the thermomagnetic effect is
the exploited physical mechanism. The resulting ldéssipation is an obviously undesirable side
effect which leads to degradation of the recordimeglia and wastes significant energy resources.

We propose a concept for MO recording which circants this problem by focusing our action
on the depinning of domain walls (DW) instead girtg to modify the magnetic interaction. Our
experiments are performed on a prototype systenthé form of a low-doped (Ga,Mn)As
ferromagnetic semiconductor. We find that in theinity of the metal-insulator transition, the
coercitivity is sensitive to very low intensitytithination (down to 1 Wcm) [1], which is several
orders of magnitude lower than in alternative apph@sThe coercitivity can be reduced almost to
zero using a single subpicosecond pulse with on®8 @J of energy [2]. This compares very
favorably with the 10-100 nJ of energy per bit tent of
current hard drivegnd even with magnetic RAM (0.15 nJ) ar

flash (10 nJ) solid state memories. An examplenefrhagnetic laser spot
domain created using such photocoercivity effexgdther with -
a CCD image of the focused laser beam) is showimeifigure. Sum

The reduction of the coercivity is caused by thespnce of
DW pinning sites whose pinning efficiency decreasesler
illumination. They can be selectively addressed swiched
between pinning and depinning configurations usstr@ngly
focused light pulses of appropriate power and damdB]. This
forces propagation of the DWs via controllable plactivated
jumps. We find that the time between such lightdiced
Barkhausen jumps (which determines how fast the netag
domain can be rewritten) exponentially decrease$ Vight
intensity, and can be as short as 1 ns.

Support by the DFG (AS 310/2-1) and the Europedawaris (Ultramagnetron and FANTOMAS)
Is acknowledged.

[1] G.V. Astakhov et al.Phys. Rev. Lett102(2009) 187401.

[2] A.H.M. Reid et al. Appl. Phys. Lett97(2010) 187401.
[3] G.V. Astakhov et al.Phys. Rev. Lett106(2011) 037204.
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ULTRAFAST LASER-INDUCED SPIN DYNAMICS IN RARE-EARTH

ORTHOFERRITES WITH TAILORED MAGNETIC PROPERTIES
de Jong J.A, Kalashnikova A.M, Kimel A.\V}, Pisarev R.\#, Balbashov A.M, Kirilyuk A2,
Rasing TH.
! Radboud University Nijmegen, IMM, 6525AJ Nijmegétetherlands
2 |offe Physical-Technical Institute of RAS, 194031 Petersburg, Russia
$Moscow Power Engineering Institute, 111250 MoscRussia

Ultrafast optical manipulation of magnetic orderoise of the most rapidly developing areas in
modern magnetism [1]. Though most of such studresf@cused on metallic or semiconducting
media, it appears that magnetic dielectric matepabvide a unique opportunity for investigating a
broad range of various interactions between ferctwse laser pulses and ordered spin ensembles.
In particular, several exciting results on novel chenisms of ultrafast laser-induced spin-
reorientation in weakly ferromagnetic orthoferrittave been reported recently [2-4]. A key
property defining these unique responses of orthités to ultrashort laser pulses is the presefice o
temperature-induced spin reorientation transiti®RT), when a magnetization rotates from one
crystallographic axis to another.

Here we report on experimental studies of the {as#irced excitation of magnetization dynamics
in mixed rare-earth orthoferrites (gggTbo 45)FeCs. By choosing this particular composition the
magnetic properties of the orthoferrite were tatbrand the SRT was shifted towards room
temperature (220-270 K), while in most of the pramee-earth orthoferrites this is observed at much
lower temperatures. Figure 1 shows the laser-irdludgnamics of the magnetization in
SmyssThy 4F-€0; at temperatures below and within the SRT rangestNtaportantly, an ultrafast
spin reorientation was observed in a wide tempegatange of 190-270 K due to the thermal action
of laser pulses, changing the lattice temperature.

o (a)n (Sm, _Tb, JFe0, | 120K<T, | _ o _ _ _
C o Fig. 1 Magnetization precession excited by cirdular

0¢ UL polarized 100 fs laser pulses in §&Tby 4F€0; (a) far
;@ 02 H below the SRT range at 120K and (b) within this
g o :1 m range at 230 K. Below the SRT range excitatiorhef t
T 02r ‘ ‘ ‘ ‘ spin precession takes place only due to the inverse
SR | T.<230K<T, Faraday effect, which does require heating and thus
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Moreover, the excitation of an additional resonammele below T=100 K was observed, which
may indicate an extra feature present in the pteggam of SmissThy 4-€0;. We note that in pure
SmFeQ and TbFe@in this temperature range no such features wearted.

Support by RFBR, EC FP7 (projects Fantomas andaMtgnetron), NOW, and FOM s
acknowledged.

[1] A. Kirilyuk, A. V. Kimel, Th. RasingReview of Modern Physi&2 (2010) 2731.
[2] A. V. Kimel, et al.,Nature(London)429 (2004) 850.

[3] A. V. Kimel, et al.,Nature (London¥35(2005) 655.

[4] A. V. Kimel, et al.,Nature Phys5 (2009) 727.
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ELECTRONIC TRANSITIONS AND GENUINE CRYSTAL FIELD

PARAMETERS IN COPPER METABORATE CuB ,0,
PisarevR.V?, Kalashnikova A.M, Schops G, Bezmaternykh L.R.
! |offe Physical-Technical Institute of RAS, Petensh Russia
ZInstitute of Physics, Dortmund Technical UniversBortmund, Germany
3Institute of Physics, Syberian Branch of RAS, K@garsk, Russia

Among the wide variety of copper compounds tetrafjonetaborate Cu®, received a vivid
attention only recently due to several interesphgsical properties markedly different from those
in other cuprates. From the chemical point of vievg material is one of a few known examples
where 12 copper Gliions of the same type occupy two crystallograghiagistinct positions (b
and &) in the unit cell, which leads to intricate magdaedtructures and rich magnetic phase
diagram with antiferromagnetic ordering below=P1K.

Here we present and analyse high resolutior- andr-polarized absorption spectra relatedlto
d electronic transitions in CyB,. The spectra are characterized by exceptionallyfrne structure
in the spectral range of 1.4-2.4 eV (Fig. 1). Setaz phonon (ZP) lines originating from the
electronic transitions within the €lions in both positions are identified.

We apply the symmetry analysis in order to expfaorarization properties of the ZP lines in the
8d and 4 positions. Reliable assignment of all six ZP linesspecific transitions allowed us to
calculate genuine cubidg and tetragonaDs and Dt crystal field parameters for both positions
using the crystal field theory [1]. Based on thimlgsis we show, in particular, that tha%&)
state, which energy is the measure of the JahmeiTgifllitting, is the highestd3state for the both
types of Cd" ion positions. While for the ions occupyin gositions this is an obvious result, for
ions in &l cites the value of the Jahn-Teller splitting iteafa matter of debate. This controversy
holds also for a number of other actively studiegper compounds.

1.4 1.6 1.8 2.0 2.2 2.4
CuB,0,

Fig. La-, - andn-absorption spectra of CuB,

in the range ofl-d transitions measured &t5

K. Six ZP lines are identified. Three ZP lines
appearing in all three spectra correspond to the
d-d transitions in Ctf ion in the &l
crystallographic positions, while other three - to
the d-d transitions in the [ positions. Insets
show the light polarization and propagation
T R directions for the corresponding spectra.

Photon energy E (eV)

Therefore, using the obtained crystal field paramseas the reference values we estimBigds
andDt for several cuprate compounds with different Cbddd lengths. In particular, thel Sevel
splitting in L&CuQy, NdbCuQ,, CuGeQ, SLCuG,Cl,, and CuBO;3Cl was analysed. Our estimates
suggest that in these compounds the Jahn-Tellétirgplis also larger than it was proposed
previously on the grounds of experimental [2] amebretical [3] studies.

Absorption coefficient o (cm ')
- B 58 88 8,8 85 8

Support by RFBR (project 09-02-00070) and FASI 1ig32.740.11.0384) is acknowledged.
[1] A. B. P. Lever|norganic Electronic Spectroscofklsevier, Amsterdam, 1984).

[2] P. Kuiper,et al, Phys. Rev. LetB0 (1998) 5204.
[3] D. S. Middlemiss and W. C. Mackrodt, Phys.: Condens. Matte@0 (2008) 015207.
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MAGNETOELECTRIC EFFECTS STUDIED BY X-RAY
Staub U.
Swiss Light Source, Paul Scherrer Insitut, CH-528kgen PSI, Switzerland

The interaction of magnetic and electric fieldsnualtiferroics is studied using x-ray diffraction in
the vicinity of absorption edges. It is shown, heways can be sensitive inherently to the atomic
concept of the magneto-electric interaction e.ggeole “atomic” like toroidal moments, [1] and
possibly even magnetic charge. [2] These quantiiesof fundamental importance in multiferroic
materials and possibly also for the pseudo-gapebahigh-T superconductors, where they are
called orbital flux. In the second part, it is dilg shown how fast atomic spin moments can be
coherently moved form one magnetic phase to anath€uO. [3] For that the antiferromagnet is
excited by a femto-second laser pulse and themsmntation probed by a femto-second x-ray pulse
produced by an X-ray free-electron laser.

[1] V. Scagnoli et al., submitted.
[2] U. Staub et alPhys. Rev. B30 (2009) 140410 (R).
[3] S. L. Johnson et al., submitted.
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GIGANTIC TERAHERTZ MAGNETOELECTRIC EFFECT VIA

ELECTROMAGNONS IN MULTIFERROICS
Kida N.
Department of Advanced Materials Science, The Usityeof Tokyo, Kashiwa 277-8561, Japan

Optical properties of solids occasionally show dain | Ba:(Mgr.Zny)2Fe1.05, Ba,Mg,Fe 202
color changes upon various external stimulationsg Freauenoy (THo)  Frequenoy (THo) B4 K
o . . 7701 -
However, the materials showing such chromism e st ¢ X:1. R
rare in spite of the possible candidate for futspen LH - 17 I N
electronics. &L — s }
-

Conical

Here we show the findings of the gigantic 'f
magnetochromism and  nonreciprocal  directional ;[ o, -

dichroism at terahertz frequencies. These obsenatire  :f  — ——- 1 .

based on the successful external control of thetsge 2 u [

shape of the electromagnon, the magnetic resonancg T s |

driven by the light electric field [1]. Among seabr  «f .

magnetoelectrics to host electromagnons, a hexaferrs’
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intensity with and without magnetic field) by figetontrolling the spin structures in terms of the
conical angled from the proper screwB€0°) to the ferrimagnetic6=90°) through the conical spin-
ordered phases 1€6<90°) [3].

Another unique example to host electromagnonsnuiltiferroic BaCoGeO; [4]. We observed
two sharp resonances around 2 meV and 4 meV, wddaohbe assigned to the antiferromagnetic
and electromagnon resonances, respectively. Ordy electromagnon resonance, we found the
gigantic non-reciprocal change (defined by theeddhce of the absorption intensity with the
reversal of magnetic field); it exceeds 200%atT. The sign of the relative change was found to
be odd with respect to the direction of the poktian and magnetization, which is a direct
evidence for the emergence of the non-reciprocattional dichroism in this compound.

This work was done in collaboration with S. Kumakurr Kézsmarki, S. Bordacs, S. Ishiwata, Y.
Onose, Y. Taguchi, and Y. Tokura.

[1] N. Kidaet al, J. Opt. Soc. Am.,26 (2009) A35.

[2] N. Kida et al, Phys. Rev. B30 (2009) 220406(R).

[3] N. Kidaet al, Phys. Rev. B33 (2011) 064422.

[4] |. Kézsmarkiet al, Phys. Rev. Lett106(2011) 057403.

22RP-F-8

SOLITARY DEFLECTION WAVES ON THE SUPERSONIC DOMAIN WALL

OF YTTRIUM ORTHOFERRITE
Chetkin M, Kurbatova Yy.Shapaeva T.
Faculty of Physics M.V.Lomonosov Moscow State Ursug, Leninskie Gory, Moscow 119991,
Russia

The existence of antiferromagnetic (AFM) vorticestihe orthoferrite domain wall (DW) was
predicted theoretically by Farztdinov et al. [1]JutBhobody observed these vortices before our
works [2]. We present the experimental data ondjeamics of the solitary deflection waves
(SDWs), which accompany the AFM vortices. The twand three-fold high-speed digital
photography with the help of Faraday rotation ie tnthoferrites plates cut perpendicularly to the
optical axis were presented. The short light pu@3 ps duration were used in this investigation.
This method is the only one applicable for the stigation of the AFM vortices dynamics. We
succeeded in finding a way to generate pairs ataspl deflection waves that accompany the
antiferromagnetic vortices in the orthoferrites @gamwall by means of a local deceleration of a
small part of supersonic DW and investigating thiginamics. From digital two-and three-fold
high-speed photographs it is possible to obtairdtiraain wall velocity — v, the velocity of solitary
deflection wave along moving domain wall — u, tb&ak solitary deflection wave velocity — w and
amplitude of this wave.

The dependences u(v), w(v) were obtained in thetia during one transition DW and AFM
vortices. The curve w(v) demonstrates a nonlineareiase. The increase is sharper for solitary
deflection waves with smaller amplitudes. Thendbpendence w(v) saturates on the level 20 km/s
equal to the spin wave velocity c. The w(v) saforatakes place earlier for smaller amplitudes of
solitary deflection waves and smaller values oftogical charges of antiferromagnetic vortices.
The minimum amplitudes of the solitary deflectioawes were equal to 2m. The experimental
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dependence u(v) first grow nonlinearly, reach aimar magnitude and then follow the relation
u*+v?=c?. Positions of the maximums on the u(v) curvestsbihigher velocity with an increase in
the antiferromagnetic topological charges. The SRWiplitudes are proportional to the velocity of
AFM vortices along the domain wall.

So in the case of the orthoferrites we observe tmew type of dynamics -—
antiferromagnetodynamics  with  very high  supersonigelocities. The start of
antiferromagnetodynamics in the orthoferrites waeppsed in [3], where it was first time
experimentally observed limiting DW velocity in tbethoferrites.

These results confirm the gyroscopic origin of thREM vortices dynamics in the canted
antiferromagnetic — yttrium orthoferrite. The theaf gyroscopic force in the domain wall of
orthoferrites was elaborated by Zvezdin et al. T4le dynamics of solitary deflection waves, which
appear on the DW crossing of the local defect, wasstigated with the help numerical methods

[5].

The work was supported by Russian Foundation feidBResearch (project 10-02-00584-

[1]. M.M. Farztdinov, M.A. Shamsutdinov, A.A. Khalb. Fiz.Tverd. Tela21 (1979) 1522.

[2]. M.V.Chetkin, Yu.N.Kurbatova, T.B.Shapaeva. JWM321(2009) 800.

[3]. V.G. Bar'jakhtar, M.V. Chetkin, B.A. lvanov,.I$. Gadetskiy,Dynamics of Topological
Magnetic Solitons(Springer tracts in modern physics, Berlin), vti29, 1994.[4]. A.K.Zvezdin,
K.A.Zvezdin. Kratkie soobshchenia po fizike of R.Bbedev Physics Institute of the Russian
Academy of sciences, N 8 (2010) 22.

[5]. E.G.Ekomasov, Sh.A.Azamatov, R.R.Murtazin, AGumerov and A.D. Davletshina. Bulletin
of the Russian Academy of Sciences: Phy$id$2010) 1459.

220R-F-9

SINGLE-SHOT IMAGING OF ULTRAFAST SPIN-REORIENTATION IN

RARE-EARTH ORTHOFERRITES
de Jong J.A, Razdolski I, Kalashnikova A.M, Kimel A.\2, Pisarev R.\/, Balbashov A.M,
Kirilyuk A}, Rasing TH.
! Radboud University Nijmegen, IMM, 6525 AJ Nijmegdine Netherlands
?|offe Physical-Technical Institute, RAS, 194021 B¢tersburg, Russia
¥Moscow Power Engineering Institute, 111250 MoscRussia

Manipulation of magnetic states of a medium by mseah femtosecond laser pulses is a
promising approach for achieving the fastest evecgssing of magnetic information [1-3]. Here
we report about single-shot time-resolved imagimgl atroboscopic pump-probe experiments
performed on a (SgPrs)FeQ; orthoferrite. The measurements were carried oat temperature
below thel',— I'24— I'4 Spin reorientation transition (SRT)

In the experiments, a 40-fs circularly polarizednpupulse was used to trigger the SRT. To
follow the laser-induced magnetic changes, theobytane component of the net magnetization
was detected with a delayed probe femtosecond .pligel shows (a) the magneto-optical images
of the sample and (b) the transient Faraday ratatieasured with a subpicosecond resolution. We
have found that the spin reorientation proceedsavievel mechanism, where light has a twofold
effect. Firstly, it changes the magnetic anisotropyhe medium through heating and secondly, it
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determines the magnetization direction in the neasp, acting as an effective magnetic field. The
direction of the field is set by the helicity ofetpump polarization. It has been found that the
process of the reorientation depends on the satapiperature and the pump fluence. The latter
may also lead to an unusual “ring-and-core” magaé&tin pattern, with opposite directions of the
magnetization within the pump spot.
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Fig.1. (a) Imaging of ultrafast reorientation abyl §troboscopic data of the transient Faradayiostaturing
the laser-excited spin-reorientation transition($my sPrps)FeG; at T = 90 K. Red and blue dots in (b), as
well as the top and bottom image rows in (a) cawes to the different pump polarization helicitidhe
inset in Fig.1(b) shows that the ultrafast reoa¢inn occurs within less than the first 10 ps.

[1] A. V. Kimel et al, Nature435, 655 (2005).
[2] C. D. Stancitet al, Phys. Rev. Let9, 047601 (2007).
[3] A. V. Kimel et al, Nat. Phys5, 727 (2009).

22RP-F-10

MAGNETO-SPECTROSCOPY STUDIES OF GRAPHITE NANOPLATEL ET
FILMS
Liu H.-L.

Department of Physics, National Taiwan Normal Ursitg, Taipei, Taiwan

The very peculiar transport and electrodynamic erogs of the atomically thin graphene films
have been intensively studied in the past few yedfisile the ideal case of a single, isolated
graphene sheet having macroscopic dimensionsfisuliifto realize, systems comprised of multiple
graphene sheets can still show some of these pequioperties. We have undertaken a THz,
infrared, and magnetic-field study of moderatelickhgraphene films consisting of ~1.7 nm thick
nanoplatelet structures. Our THz and far-infraresults yield an electronic scattering rate of 175
cm? (3.3 x 10 rad/s) and plasma frequency of 1675 crthe latter decreasing slowly with
temperature. Magneto-spectroscopy measurement® &t @nd in magnetic fields up ®=17.5T
show several sets of Landau level transitions @yah resonance). The frequencies for some of
these transitions scale &' indicating a significant contribution from nearfyassless Dirac
Fermions (quasiparticles obeying a linear disperselation) [1]. This opens the possibility for
observing a strong non-linear optical responsehen THz spectral range, as proposed by S. A.
Mikhailov [2].
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[1] H. L. Liu et al, New Journal of Physi¢42(2010) 113012.
[2] S. A. Mikhailov, Europhysics Letters,9 (2007) 27002.
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22TL-G-1

IRON BASED SUPERCONDUCTORS: PNICTIDES VERSUS

CHALCOGENIDES
Sadovskii M.\V}?
! Institute for Electrophysics, Russian Academy cie8ces,Ural Branch, Amundsen str. 106,
Ekaterinburg 620016, Russia
? Institute for Metal Physics, Russian Academy d&Bces,Ural Branch, S. Kovalevskaya str.18,
Ekaterinburg 620219, Russia

We present a brief review of the present day sdoawith studies of high-temperature
superconductivity in iron pnictides and chalcogesidRecent discovery of superconductivity with
T.> 30K in AFex-Se (A=K,Cs,Tl,...) represents the major new step indegelopment of new
concepts in the physics of Fe — based high-temperatiperconductors.

We compare LDA [1] and ARPES [2] data on the baimdcture and Fermi surfaces of novel
superconductors and those of the previously studsedtructural 122 - superconductors like
BaFeAs;. It appears that electronic structure of new suptactors is rather different from that of
FeAs 122 - systems. In particular, no nesting piigseof electron and hole - like Fermi surfaces is
observed, casting doubts on most popular theotetoteemes of Cooper pairing for these systems.
Doping of novel materials is extremely importanteasaumber of topological transitions of Fermi
surface near the point in the Brillouin zone are observed for diéfiet doping levels.

The discovery [3,4] of Fe vacancies ordering antdfeanomagnetic (AFM) ordering at pretty high
temperatures (¥ > 500K), much exceeding superconducting Tc makesethsystems unique
antiferromagnetic superconductors with highegstobserved up to now. This poses very difficult
problems for theoretical understanding of superaotidity. We discuss the role of both vacancies
and AFM ordering in transformations of band stroeetand Fermi surfaces, as well as their
importance for superconductivity.

Superconducting transition temperatugeoTnew superconductors is discussed within thegen
picture of superconductivity in multiple band sysse It is demonstrated that both in FeAs —
superconductors and in new FeSe — systems the wélliecorrelates with the value of the total
density of states (DOS) at the Fermi level.

This work is partly supported by RFBR grant 11-@247 and was performed within the
framework of Programs of Fundamental Research @fRhssian Academy of Sciences (RAS)
“Quantum physics of condensed matter” {(02-1009) and of the Physics Division of RAS
“Strongly correlated electrons in solid states”[02-1011).

[1] I.A. Nekrasov, M.V. SadovskiJETP Lett93(2010) 166
[2] Daixiang Mou et alPhys. Rev. Letf.06(2010) 107001
[3] Z. Shermadini et aPhys. Rev. Letl06(2010) 117602
[4] Wei Bao et al. ArXiv:1102.0830
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RECENT TOPICS ABOUT TOPOLOGICAL SUPERCONDUCTIVITY
Tanaka Y, Yada K, Yokoyama T, Sato M®, Nagaosa N.
! Department of Applied Physics, Nagoya Univerditagoya, 464-8603
2 Department of Physics, Tokyo Institute of TechagloTokyo, 152-8551, Japan
% The Institute for Solid State Physics, The Univgrsf Tokyo, Chiba, 277-8581, Japan
* The Department of Applied Physics, The Universit{Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo,
113-8656, Japan

Recently, edge state in superconductor has becoimat #opic stimulated by the topological
superconductivity. The edge state is a certain kihAndreev bound state and is protected by the
energy gap of the bulk Hamiltonian. In this preaéioh, we would like to discuss i)chiral Majorana
Fermion in superconductor/topological insulator tigyksystems [1-2], ii)Helical edge modes and
resulting spin current in non-centrosymmetric (NGSjperconductors [3] and iii)time reversal
invariant Majorana fermion in NCS superconductdr$].

i) We study theoretically proximity-induced supendactivity and ferromagnetism on the surface
of a topological insulator. We have clarified thetarally charge transport properties of normal
metal (N) / ferromagnet insulator (Fl) / supercoetdu (S) junction and S/FI/S junction formed on
the surface of three-dimensional topological insulgTI), where chiral Majorana mode (CMM)
exists at FI/S interface. We have found that CMMagated in N/FI/S and S/FI/S junctions are very
sensitively controlled by the direction of the matipation m in FI region. Especially, the current-
phase relation of Josephson current in S/FI/S jonsthas a phase shift neither O mpwhich can
be tuned continuously by the componentnof perpendicular to the interface [1]. We have also
studied proximity-induced superconductivity on sheface of a topological insulator (TI), focusing
on unconventional pairing.The zero-energy surféate sn the dxy-wave case becomes a Majorana
fermion, in contrast to the situation realizedhe topologically trivial high-Tc_ccuprates [2].

i) We have clarified that in NCS superconductotimg+p-wave pairing, topologically nontrivial
class analogous to the quantum spin Hall systerailized, when the amplitude of the p-wave pair
potential is larger than that of s-wave one. Thaulteng helical edge modes as Andreev bound
states carries spontaneous topologically protesfed current. We have found that the incident
angle dependent spin polarized current flows thindihg interface due to the presence of the helical

ii)We have studied an Andreev bound state (ABS) te surface density of state (SDOS) of a
NCS superconductor where spin-singlet d-wave painmxes with spin-triplet p (or f )-wave
pairing by spin-orbit coupling. For dxy + p-waveinrgg, the ABS appears as a zero-energy state.
The present ABS is a Majorana edge mode presetirggme-reversal symmetry. We calculate the
topological invariant and discuss the relevanca single Majorana edge mode. In the presence of
the Majorana edge mode, the SDOS depends strongligeodirection of the Zeeman field [5].We
have also clarfied that the present the time-releénsariant Majorana bound state is manifested as
a zero bias conductance peak when attached to horetal.

[1] Y. Tanaka, T. Yokoyama and N. Nagaosa, Phys. Rett. 103, 107002 (2009).

[2] J. Linder, Y. Tanaka, T. Yokoyama A. Sudbo &d\Nagaosa, Phys. Rev. Lett. 103, 107002
(2009).

[3] Y. Tanaka, T. Yokoyama, A.V. Balatsky and N.ddasa, Phys. Rev. B 79, 060505 (2009).
[4] Y. Tanaka, Y. Mizuno, T. Yokoyama, K. Yada, a¥id Sato, Phys. Rev. Lett. 105 097002
(2010).

[5] K. Yada, M. Sato, Y. Tanaka and T. Yokoyamay$Rev. B, Vol. 83, 064505 (2011).
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THEORY OF JOSEPHSON TRANSPORT THROUGH FERROMAGNETIC

INSULATORS AND SEMICONDUCTORS
Kawabata S.
Nanosystem Research Institute, National Institit&®dvanced Industrial Science and Technology
(AIST), Tsukuba, Ibaraki 305-8568, Japan;-kawabatis@o.jp

A superconducting ring with a p-junction made freaperconductor (S) / ferromagnetic- metal
(FM) / superconductor (S) exhibits a spontaneouseatiwithout an external magnetic field and the
corresponding magnetic flux is half a flux quantumthe ground state [1]. Such a p-ring provides
so-called’quiet qubit” that can be efficiently decoupled from the flutioia of the external field
[2]. However, the usage of FM gives rise to str@tgnic dissipation. Therefore, the realization of
p-junctions without FM is highly desired for qulapplications. We theoretically consider the
possibility of the p-junction formation in the masopic Josephson junctions with ferromagnetic
insulators (FI) by taking into account the bandicinre of such materials explicitly[3]. In the case
of the fully polarized Fls, e.g., kBaCuG (LBCO) and KkCuF,;, we found the formation of a p-
junction and a novel atomic-scale 0-p transitiotuiced by increasing the FI thickness LF [4, 5].
More remarkably, in the Josephson junction througk spin-filter materials such as Eu
chalcogenides, the orbital hybridization betweendbnduction d and the localized f electron gives
rise to a hybridization-induced p -junction [3].4&8@ on above peculiar results, we show that stable
p-junction can be realized in junctions based @il superconductors with LBCO barrier. Such
Fl-based Josephson junctions may become an elemetite architecture of future quantum
information devices [2].

[1] L. N. Bulaevskii, V. V. Kuzii, and A. A. Sobyam JETP Lett 25 (1977) 291.

[2] L B. loffe, V. B. Geshkenbein, M. V. Feigel'maA. L. Fauchere, and G. Blatté¥ature 398
(1999) 679.

[3] S. Kawabata, and Y. Asanimt. J. Mod. Phys. B3 (2009) 4320.

[4] S. Kawabata, Y. Asano, Y. Tanaka, A. A. Golupand S. KashiwayaPhys. Rev. Lettl04
(2010) 117002.

[5] S. Kawabata, and Y. Asaniopw. Temp. PhyS6 (2010) 1143.

22TL-G-4

SPIN-FERMION COUPLING IN IRON-BASED SUPERCONDUCTORS
Eschrig M, Heimes A.Grein R.
SEPnet and Hubbard Theory Consortium, DepartmeRhgsics, Royal Holloway,
University of London, Egham, Surrey TW20 OEX, Udit€¢ingdom

Magnetic inelastic neutron scattering (INS) studadsiron-based superconductors reveal a
strongly temperature-dependent spectrum of the syseeptibility in the normal conducting state
[1], which develops a prominent low-energy resoeafeature when entering the superconducting
state [2].

Motivated by these experiments, we use a modehtlgcmtroduced by us [3] of quasiparticles
interacting with such a temperature dependent #patuation spectrum, leading to a number of
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predictions with respect to the influence of spucfuations on the electronic spectrum. This
includes the discussion of the quasiparticle sdatieate, the superconducting order parameter, as
well as the modification of the Fermi surface. Wealiscuss numerically the validity of applying
a rigid band shift in order to account for doping.

Wave N ector W ave N ector

We apply our model to calculate observable singlgigde quantities, which can be tested e.g. in
angle resolved photoemission (ARPES) experimenia scanning tunnelling spectroscopy (STS)
experiments. In quantitative agreement with ARPEBedaments we reproduce the quasiparticle
dispersions obtained from momentum distributionvear(MDCs) as well as energy distribution
curves (EDCs). We utilise an analysis of the thiecaity obtained spectral functions motivated by
the procedure that was applied to experimentallfaiobd spectra, which allows for a detailed
comparison (see Figure for an example using owrétieal results). We discuss the relevance of
the coupling between spin fluctuations and eledtroexcitations for the superconducting
mechanism.

[1] D.S. Inosowet al., Nature Physi¢c$ (2009), 178.
[2] A.D. Christiansoret al., Nature (London}56 (2008), 930.
[3] A. Heimes, R. Grein, and M. Eschrighys. Rev. Le{t106 (2011) 047003.

22TL-G-5

INTERFACE EFFECTS AND SPIN CURRENTS IN SUPERCONDUCTOR
FERROMAGNET HETEROSTRUCTURES
Belzig W.
Department of Physics, University of Konstanz, 7BK®nstanz, Germany

Since the early work of Larkin and Ovchinnikov (#9&nd Fulde and Ferrel (1965), who first
pointed out the nontrivial ordered state emergirggnf the coexistence of superconductivity and
magnetism, the search for manifestations of sueklrsiates has been pursued. A novel twist in the
last years is to use heterostructures, which aflewa greater variety in tuning the parameters
governing the interplay of superconductivity andgmetism. In this way, so calleJosephson
junction couplings [Ryazanoat al. (2001)] were realized, long-range spin-tripletengonductivity
was predicted [Bergerett al. (2002)] and observed [Khaiet al. (2010)]. For the explanation of
the surprising observation of a supercurrent thihowg half metal [Keizeret al. (2006)] a
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microscopic treatment of the spin-scattering atirerface effects is necessary [Eschrig and
Lofwander (2008)].

The quasiclassical theory of superconductivity mes the most successful description of
diffusive heterostructures comprising supercondgcglements, namely, the Usadel equations for
isotropic Green’s functions [Usadel (1970)]. Cldeeinterfaces, the Usadel equations have to be
supplemented with boundary conditions for isotroficeen’s functions. For a long time, the
boundary conditions to the diffusion equation werailable only for spin-degenerate contacts
[Zaitsev (1984), Kupryanov and Lukichev (1988), Hiaw (1999)], which posed a serious
limitation on the applicability of the Usadel daption to modern structures containing
ferromagnetic elements. We have closed this gapdangied spin-dependent boundary conditions
for diffusive Green’s functions [1,2]. We illusteathe importance of the spin-dependence of the
boundary conditions by three examples:

1) We calculate the current noise of a supercomdidfetromagnet quantum point contact). This
signal is qualitatively affected by the spin depmmzk of interfacial phase shifts acquired by
electrons upon reflection on the interface poténkar a weakly transparent contact, noise steps
appear at frequencies or voltages determined Hirbgtthe spin dependence of interfacial phase
shifts [3,4].

2) The boundary conditions introduce a phase-siiftonductance & which results from the
spin dependence of the phase shifts acquired loyr@hs upon scattering on the interface. We have
shown that @ strongly affects the density of states and theesuprents [6] predicted for
superconducting/ferromagnetic hybrid circuits imegggnent with experiments [Kontes al. (2001),
(2002)]

3) We investigate the Josephson current a diffusiagnetic junction with a complex magnetic
structure. Using the spin-dependent quantum citbeibry, we obtain the phase diagram 0- and
Josephson couplings for structures containing plaltbarriers or non-collinear magnetic textures.
The resulting spin-currents are interpreted as-g&puue onto the ferromagnetic structure showing a
rich behavior as function of temperature and lemgtthe junction. [5]

[1] D. Huertas-Hernando, Yu. V. Nazarov, and W. BelBilgys. Rev. Leti38, 047003 (2002).

[2] A. Cottet, D. Huertas-Hernando, W. Belzig, and Yu.Nazarov, Phys. Rev. B0, 184511
(2009).

[3] A. Cottet and W. Belzig, Phys. Rev.78, 064517 (2008).

[4] A. Cottet, B. Doucot, and W. Belzig, Phys. Rev.tL£01, 257001 (2008).

[5] Z. Shomali, M. Zareyan, and W. Belzig, Phys. Rev.83214518 (2008).

[6] A. Cottet and W. Belzig, Phys. Rev.72, 180503 (2005).
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DYNAMIC PROPERTIES OF SIFS JOSEPHSON JUNCTIONS
Golubov A.A, Vasenko A.§.Kawabata S, Kupriyanov M.Yd, Bergeret F.S, Hekking F.W.J5.
! Faculty of Science and Technology and MESA+ lngtibf Nanotechnology,
University of Twente, 7500 AE Enschede, The Netratb
2 Institut Laue-Langevin, 6 rue Jules Horowitz, B¥6138042 Grenoble, France
% Institute of Advanced Industrial Science and Tetbgy, Tsukuba, Ibaraki, 305-8568, Japan
* Institute of Nuclear Physics Moscow State Univgrdieninskie gory, GSP-1, Moscow 119991,
Russian Federation
> Centro de F’isica de Materiales, Manuel de Latgiz&, E-20018 San Sebasti"an, Spain
® Universit'e Joseph Fourier and CNRS, 25 avenud/detyrs, BP 166, 38042 Grenoble, France

Superconductor/insulator/ ferromagnet/ supercommty&IFS) tunnel Josephson junctions exhibit
interesting features like oscillatory behavior loé tlensity of states (DOS) in the F-interlayer @nd
© transitions in the Josephson current [1]. Duedimimination of tunneling type of conductivity and
exchange field in a ferromagnet, these junctiomssaitable for applications in quantum circuits.
Here we present a quantitative study of the cwveltage characteristics (CVC) of SIFS junctions.
In order to obtain the CVC we calculate the DOShe F/S bilayer for arbitrary length of the
ferromagnetic layer, using quasiclassical theooy.&ferromagnetic layer thickness larger than the
characteristic penetration depth of the supercamycondensate into the F layer, we find an
analytical expression which agrees with the DO%iokd from a self-consistent numerical method.
We discuss general properties of the DOS and iggemtdence on the parameters of the
ferromagnetic layer. In particular we focus our lgsia on the DOS oscillations at the Fermi
energy. Using the numerically obtained DOS we dateuhe corresponding CVC and discuss their
properties. Finally, we use CVC to calculate themscopic quantum tunneling (MQT) escape rate
for the current biased SIFS junctions.

[1] A. S. VasenkoA. A. Golubov, M. Yu. Kupriyanov, and M. Weides,y3h Rev. B77, 134507
(2008).

22TL-G-7

PROXIMITY-EFFECT SUPERCONDUCTING TRIPLET SPIN VALVE
Tagirov L.R*?, Deminov R.G, Nedopekin 0.V, Fominov Ya.V}, Kupriyanov M.YU,
Karminskaya T.Y{,. Golubov A.A.
! Institute of Physics, Kazan Federal UniversityQ@@3 Kazan, Russia
2Institute of Physics, Augsburg University, D-86188gsburg, Germany
3L.D. Landau Institute for Theoretical Physics RA$9334 Moscow, Russia
“ Skobeltsyn Institute of Nuclear Physics, MoscowtStaniversity, 119992 Moscow, Russia
®Faculty of Science and Technology and MESA+ Instinf Nanotechnology,
University of Twente, 7500 AE Enschede, The Netret

We study the critical temperaturk, of S/F1/N/F2 core structure, where the magnetinati
direction of the outer F2 is kept fixed by a sount¢he exchange bias or induced anisotropy, or by
the shape anisotropy. The nonmagnetic metal layer between of the F1 and F2 layers provides
exchange decoupling of them. This spin-valve stmecis attached to the singlet superconductor
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layer S as an actuator to control the superconuydt of the latter. The basic idea goes up to the
work by S. Ohet al [1], however, we have taken into account the {amge triplet component of
the superconducting pairing, which can be generatewncollinear magnetizations of the F layers
[2]. We demonstrate thdt can be a nonmonotonic function of the angleetween magnetizations
of the two F layers. The minimum is achieved airdarmediaten, lying between the parallel (P,
a = 0) and antiparallel (ARy =) cases (see solution of the simplified problemtfa S/F1/F26)
structure in Ref. [3]). This implies a possibility the “triplet” spin-valve effect: at temperatures

above the minimunT, but below the bothT. andTAF, the system is superconducting in the

domain of angles around the collinear magnetizatiointhe F layers, but non-superconducting in
the middle. At the same time, considering only Ehand AP orientations, we find that both, the
“normal” TAP>T | and the “inverseT*" <T. switching effects are possible depending on the
choice of material properties and thickness ofldyers [3-5]. With proper adjustment of the S-

layer thickness the system can be driven into amegf the re-entrant superconductivity as a
function of the angle between magnetizations of Bie and F2 layers [3,4]. It seems that

observation of the unconventional “triplet” switobi effect, or the re-entrant superconductivity in

the S/F1/N/F2-type structures, could be an experalendication of existence of the long-range

odd triplet component of superconductivity in Sbhgs, predicted in Ref. [2].

This work was supported by RFBR (projects No. 1400277-a, 11-02-00848-a, and 10-02-90014-
Bel_a), DFG (project No. GZ: HO 955/6-1), the RassiMinistry of Education and Science
(contract No. P799), and the program “Quantum pmsysf condensed matter” of the RAS.

[1] S. Oh, D. Youm, and M.R. Beasl&éyppl. Phys. Lettr1(1997) 2376.

[2] F.S. Bergeret, A.F. Volkov, and K.B. Efetdvev. Mod. Phy</7 (2005) 1321.

[3] Ya.V. Fominov, A.A. Golubov, T.Yu. Karminskay al, JETP Lett91(2010)308.

[4] R.G. Deminov, L.R. Tagirov, O.V. Nedopelkan al, Phys. Rev. Bsubmitted.

[5] P.V. Leksin, N.N. Garif'yanov, I.A. Garifulliet al, Phys. Rev. Letl.06 (2011) 067005.
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PROXIMITY EFFECT IN SFF STRUCTURES
Karminskaya T, Kupriyanov M, Golubov A, Prischepa S.
! Institute of Nuclear Physics Moscow State Univgrdieninskie gory, GSP-1, Moscow 119991,
Russian Federation
2 Faculty of Science and Technology and MESA+ Iagipf Nanotechnology,
University of Twente, P.O. Box 217, 7500 AE Ensahethe Netherlands
3 Belarus State University of Informatics and Ratéiogonics, P. Browka 6, Minsk 220013,
Belarus

Nowadays there is a considerable interest to thetsres composed from superconducting (S)
and ferromagnetic (F) layers. The possibility sStates in SFS Josephson junctions due to
oscillatory nature of superconducting order parameétduced into a ferromagnet was predicted
theoretically and has been convincingly demonddraieexperiments [1]-[3]. It was also predicted
that in Josephson junctions with several ferromtgieyers it is possible to realizestates even in
the case when the F-layers are so thin that ordeanpeter oscillations cannot develop there, but
phase slips occur at the SF interfaces with fimd@sparency. This effect was predicted in [4] for
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SFIFS junctions, where two SF-bilayers are decalipiean insulating barrier 'I'. In this case phase
shifts dp occur at each of the SF interfaces and saturaie atz/2 with the increase of exchange
field. As a result, total phase shift across thejion equals ta.

Recently, structures where two F-layers are coufilea superconductor (FSF or SFF) attracted
much attention since they may serve as supercanduspin valves, where transition temperature is
controlled by angle: between magnetization directions of the F-layBfsThe SFF structures with
fully transparent interfaces were studied theoadlficin [6], where it was shown that critical
temperature in such trilayers can be a nonmonofoniction of the angle.

In this paper we address important issue of theente of interface transparency on singlet and
triplet correlations in SFF structures and show fease slips at both interfaces lead to a number o
new peculiar phenomena. First, for parallel orieates of magnetizations in the F-layetsstate in
SFFIS Josephson junction can be realized as at rektivo subsequent/2 phase shifts at the
interfaces. Second, the magnitude of long-rangadetricomponent which is generated in SFF
structures with varying angke between the F-layer magnetizations, has anomalepsndence on
a. Namely, contrary to the previous knowledge basmdanalysis of symmetric FSF or SFFS
structures, the triplet component in SFF structueaxhes maximum not in the vicinity e@fz/2
and can be even zero for this configuration of nesigation vectors. We also show how these new
effects manifest itself in the conductance of Fefayand in the realization of0transition in SFFIS
tunnel junctions.

Support by BFBR granb10P-063 and RFBR grant 10-02-9008&ka is acknowledged.

[1] A.A. Golubov, M. Yu. Kupriyanov, and E. Il'ickeRev. Mod. Phys76 (2004) 411.
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[4] A.A. Golubov, M.Yu.Kupriyanov and Ya.V. FominpdETP Letérs,75 (2002) 190.

[5] P.V. Leksin, N.N. Garif'yanov, I.A. Garifullinet al. Phys. Rev. Lett106(2011) 067005.
[6] Ya.V. Fominov, A.A. Golubov, T.Yu. Karminskayet al, Pis’'ma v ZhETP1, (2010) 329.

220R-G-9

SIFS JOSEPHSON JUNCTION: FROM THE CLEAN

TO THE DIRTY LIMIT
Pugach N.G, Kupriyanov M.Y, Goldobin E3, Koelle D3, Kleiner R®
! Faculty of Physics, M.V. Lomonosov Moscow Stateugnsity, Leninskie Gory, GSP-2, Moscow
119991, Russia
% Skobeltsyn Institute of Nuclear Physics M.V. Lomsaa Moscow State University,
Leninskie gory, GSP-1, Moscow 119991, Russia
3 Physikalisches Institut-Experimentalphysik I, Ueiisitat Tiibingen, Auf der Morgenstelle 14,

D-72076 Tubingen, Germany

The interplay between dirty and clean limits forp8tconductor-Ferromagnet-Superconductor
(SFS) Josephson junctions is a subject of intentin®retical studies [1,2]. SIFS junctions,
containing an additional insulator (I) barrier aigeresting as potential logic elements in
superconducting circuits, since their critical et can be tuned over a wide range, still keeping
a highl.Ry product, wherdry is the normal resistance of the junction. Theyase a convenient
model system for a comparative study of the @ansitions for arbitrary relations between
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characteristic lengths of the F-layer: the lay@ckihessd, the mean free paththe magnetic length
En=Ve/2H, and the nonmagnetic coherence lerigttve/2nTc, whereve is the Fermi velocityH is

the exchange magnetic energy, dds the critical temperature of the superconducélegtrodes.
The spatial variations of the order parameter asciibed by the complex coherent length in the
ferromagnetss = £+ i&,™ It is well known, that in the dirty limitl€< & ) described by the
Usadel equations both?=£,°= vel/3H [3].

In this work the spatial distribution of the anomad Green’s functions and the Josephson current
in the SIFS junction are calculated. The lineariE@énberger equations are solved together with
Zaitsev boundary conditions [5]. This allows compgrthe dirty and the clean limits, investigating
a moderate disorder, and establishing the applitatimits of the Usadel equations for such
structures. We demonstrate that for an arbitraatios between, &y, andd the spatial distribution
of the anomalous Green’s function can be approxthdty a single exponent with reasonable
accuracy, and we find its effective decay lengtth ascillation period for several values&f | and
d. The role of different types of the FS interfaseanalyzed. The applicability range of the Usadel
equation is established.

The results of calculations have been applied ¢oirtkerpretation of experimental data obtained
on Nb|]ALO;|Cu|Ni|Nb Josephson junctions containing a Ni layién moderate scattering [6].

Support by RFBR and SFB TRR-21 is acknowledged.
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MICROMAGNETIC ANALYSIS OF DOMAIN WALL DYNAMICS AND ITS

APPLICATIONS
Martinez E.
Dpto. Fisica Aplicada, Universidad de Salamancaza@tle los Caidos s/n, Spain.

Several memory and logic devices based on the matianagnetic domains walls (DWs) have
been proposed over the last years. TraditionallsDvere driven by magnetic field [1], but in
recent years, new paradigms for DW-based device® lieeen made possible by the direct
manipulation of DWs with spin polarized currentsotigh the mechanism of the spin-momentum
transfer [2]. Because this new architecture invehee precise understanding of the DW along
ferromagnetic stripes, it is of crucial importarioedetermine how thermal fluctuations influence on
the DW dynamics along stripes with surface rougbraesl on the depinning from a single notch.
The study is also of fundamental interest, becélnsecomparison between theoretical predictions
and experimental observations of DW motion and D&ianing from a single notch by means of
both magnetic field and/or applied current, couddused to determine intrinsic quantities such as
polarization factor and the magnitude of the noiadaatic spin torque.

This invited talk will be focused on characterizittge domain wall dynamics along both soft
stripes and others with high perpendicular magmistadline from a theoretical point of view, by
using both a full micromagnetic description and dine-dimensional model. It will review the DW
injection [3] and its subsequent motion along ssipvith surface roughness driven by both static
magnetic field and applied current, with emphasidhermal effects [4]. The DW pinning and the
depinning will be also analyzed under the actiostafic [5], oscillating [6] and pulses [7] of fos
and/or currents. From these studies, some novhhtdagical applications, such the ones which
exploit the stochastic resonance phenomenon of ali@¥Ween two pinning sites [8], will be
proposed and described.

[1] D. A. Allwood et al,Science296, 2003 (2002).

[2] S. S. P. Parkin). S. Patent6834005 (2004).

[3] J. L. Prieto et alPhys. Rev. B33, 104425 (2011).

[4] E. Martinez et alPhys. Rev. Br5, 174409 (2007).
[5] E. Martinez et alPhys. Rev. LetB8, 267202 (2007);
[6] E. Martinez et alJ. Appl. Phys106, 043914 (2009).
[7] E. Martinez et alPhys. Rev. B{7, 144417 (2008).
[8] E. Martinez et alPhys Rev. Br9, 094430 (2009).

[9] E. Martinez et alAppl. Phys. Lett98, 072507 (2011).
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FERROMAGNETIC RESONANCE MEASUREMENTS AND SIMULATION S

ON PERIODIC HOLE AND DISC ARRAYS
Sklenar J, Bhatt VV, Tsai C.C3, Rivkin K# Heinonen @, Delong L.D? Ketterson J.B.
! Department of Physics, Northwestern Universityaiiston, IL, 60209
2 Department of Physics, University of Kentucky, Lregon, KY, 40506
3 Department of Engineering & Management of Advaritedhnology,
Chang Jung Christian University, Tainan 71101, Baiw
* Seagate Technology, Bloomington, MN 55435-5489.A1.S
> Materials Science Division, Argonne National Ladtory. Argonne, IL, 60515

Using a broad band meander-line based techniqa, allows the study of mode structure
continuously as a function of applied microwaveqfrency, we have carried out extensive
ferromagnetic resonance (FMR) measurements onsaofag-beam patterned square-, circular- and
diamond-shaped holes that form a square Bravdisdan thin permalloy films. Such samples
show multiple resonances. At higher fields, whéeedample is uniformly magnetized, the behavior
is non hysteretic and the overall structure of BMR spectrum displays the symmetry of the
underlying lattice. At low fields, resonances tlaaé positioned asymmetrically with respect to
positive and negative fields (and sometimes abaétgether for one field direction) are observed
when sweeping from positive fields through zeronemative fields; a corresponding behavior is
observed when sweeping in the opposite directiarthShysteretic effects, typically limited to
studies of static characteristics, represent ativelg novel development in FMR studies,
particularly with respect to their connection wislymmetry-breaking (e.g. domain formation)
transitions in the underlying lattice.

Simulations of the static magnetization distribntemd FMR mode spectrum were carried at low
and high fields using both the discrete dipole agipnation (DDA) and Fourier transform methods.
The DDA is adapted to incorporate the periodicityhe underlying lattice as well as the Bloch-like
structure of the excitations. On the other hand=érier transform approach, applied to a large but
finite array of holes, allows calculations at loveldls where domain formation can break the
translational symmetry of the hole lattice. Sucltaations are generally in good agreement with
the experiments with respect to field, field-angtel microwave frequency.

As a simple model of the high field FMR spectrune @an view the underlying hole lattice as a
two dimensional diffraction grating that coupleg tbssentially uniform microwave field (on the
scale of the patterned array) into modes with waeetors corresponding to the first and higher
Brillouin zones associated with the lattice. Magnrstatic contributions, originally described by
Damon and Eshbach, result in differing dispersion Wave vector components parallel and
perpendicular to the in-plane field direction réisigl in the presence of multiple resonances (in
addition to the uniform mode) along with a nontividependence on the angle between the
magnetic field and the symmetry axes of the lattice

Supported by NSF Grant DMR-0509357, U.S. DoE G#E-FG02-97ER45653 and Argonne
National Laboratory operated under Contract No. AEB2-06CH11357.
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EDGE-SOLITON-MEDIATED VORTEX-CORE REVERSAL DYNAMICS
Lee K.S.Yoo M.W, Choi Y.-S.Kim S.-K.

National Creative Research Initiative Center fom3pynamics and Spin-Wave Devices,
Nanospinics Laboratory, Department of Materialse8ce and Engineering, Seoul National
University, Seoul 151-744, Republic of Korea; Cepending author: sangkoog@snu.ac.kr, Phone:

+82-2-880-5854, Fax: +82-2-885-1457

In micrometer-size (or smaller) magnetic elemembggnetic topological solitons play their
crucial roles in the dynamics of ultrafast magratan reversals [1]. One of typical examples is a
well-known vortex-antivortex-pair-mediated vortesre reversal in nanodisks; vortex-core
reversals take place through the creation and daindm of a pair of a vortex and an antivortex
bulk topological solitons [2-4] while conservingethotal winding number topological charge of
involved solitons. However, another topological rgjeg the Skyrmion number decays when a pair
of vortex and antivortex annihilates. Thus, the hewxme energy of the Skyrmion dissipates
drastically through the exchange energy explosimhsaibsequent spin-wave emission [2-4]. In this
presentation, we are going to report a new revemsghanism of single vortex cores in magnetic
disks driven by currents flowing perpendicular ke tdisk plane, as found from micromagnetic
simulations [5]. This mechanism is totally diffeteflnom the well-known vortex-antivortex pair
mediated vortex core reversal in terms of the astet topological solitons, energies, and spin-
wave emissions. In this mechanism, vortex core chivi occurs through serial dynamic
transformations from an initial vortex to a pairtafo edge solitons, again back to a newly created
vortex of reversed core orientation. In contrasth® vortex-antivortex pair mediated vortex core
switching, the exchange energy of the Skyrmion dugsdissipate drastically through the spin-
wave emission but it converts to the strong magtatic energy of paired edge solitons. This work
provides deeper physical insights into the dynamaissformations of magnetic topological solitons
in magnetic nanoscale elements.

This work was supported by Basic Science Researogr&m through the National Research
Foundation of Korea (NRF) funded by the Ministry Bflucation, Science and Technology
(No. 20110000441).
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HIGH-FIELD MAGNETISM AND MAGNETOACOUSTICS IN URANIU M

INTERMETALLICS ANTIFERROMAGNETS
Andreev A.\}, Skourski ¥, Yasin S, Zherlitsyn S, Wosnitza J.
! Joint Laboratory for Magnetic Studies, InstitufePblysics ASCR and Charles University,
Na Slovance 2, 18221 Prague 8, The Czech Republic
2 Dresden High Magnetic Field Laboratory, Helmhdemtrum Dresden-Rossendorf, Dresden,
01314, Germany

We report on recent collaborated studies of the natag and magnetoacoustic anomalies in
several uranium intermetallic antiferromagnets (AH)e uranium intermetallics are known to have
huge magnetic anisotropy. For this reason, theyshas been performed on the single crystals
(grown by the Czochralski method in a tri-arc fuu@an Prague) in pulsed magnetic fields up to 60
T (in Dresden).

The U magnetic moments of 14 in UCo:Sk; (Ty = 82.5 K) lie along the axis of the tetragonal
lattice. In magnetic fields applied along this axi® observed the metamagnetic transition (MT) in
45 T (at 1.4 K). The MT is extremely sharp but é&xsi a very small hysteresis. With increasing
temperature, the MT becomes broader and vanish&g. dthe magnetization gain upon the MT
corresponds roughly to 1/3 of the U magnetic momEat this reason, we suppose that the state
above the MT is ferrimagnetic with the ++- arrangamof the magnetic moments. Such magnetic
structure exists in the ground state of the iscsfiral analogue UNSIi,. The ultrasound
measurements confirm the transition, which is aqgamed by anomalies in both sound velocity
and sound attenuation, and show its rather conplidc@mperature evolution.

In UCw osGe (T = 48 K), the magnetic moments are in the basaleptdrthe hexagonal lattice.
The MT to theforced ferromagnetic (FR3tate with U magnetic moment of 143 occurs in the
field of 38 T applied along the-axis. The sound velocity and the sound attenuagidnbit well-
pronounced anomalies at the transitions, both plbataneous aly and the field-induced to the FF
state. In the paramagnetic range, both acousticactaistics show large frequency-dependent
changes revealing the presence of unusual relaxptimcesses of a non-magnetic origin which are
presumably connected with dynamics of defectsenGh sublattice.

UlrGe with Ty = 16 K exhibits a large magnetic anisotropy wile hard direction along the
axis of the orthorhombic structure. Along thandc axes, the MT towards the FF state is observed
at 21 and 14 T, respectively. The sound velocispldiys an anomaly of 1xf@t Ty. The MT along
the b and c axis are accompanied by a lattice softening witboand-velocity change of about
1.5x10°. Thus, the MTs affect the sound velocity muchreger than the spontaneous AF ordering.

In U:NioSn (Ty = 26 K), three metamagnetic transitions are olexkat 30, 40 and 52 T in field
applied along the axis of the tetragonal lattice at 1.4 K. The magn@oment reaches 1j&/f.u.
(formula unit) in 60 T without any trend to satimat Magnetization curve along tleeaxis is a
linear paramagnetic-like response up to @g&.u. in 60 T. The magnetoacoustic and neutron-
diffraction studies of the Ni,Sn single crystal are in progress.

This work has been supported by grant GACR 2028B890f the Czech Science Foundation and
by EuroMagNET under the EU contract 228043.
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MAGNETIC PHASE TRANSITIONS IN LAYERED INTERMETALLIC

COMPOUNDS
Mushnikov N.\/.Gerasimov E.G Rosenfeld E.YTerentyev P.BGaviko V.S.
Institute of Metal Physics, Ural Branch of RAS K®wvalevskaya 18, 620990 Ekaterinburg, Russia

Layered magnets are either artificial or naturagyn&ic structures in which magnetic atoms form
layers separated from each other by different kydrnonmagnetic atoms. In such structures,
strong ferromagnetic interaction of magnetic atonssde the layer can provide high temperatures
of magnetic ordering. At the same time, the fororabf magnetic structure as a whole is traceable
to a relatively weak interlayer interaction. Suchgmetic structure can in particular be sensitive to
changes in magnetic field or pressure. In additionthe collinear ferromagnetic (F) or
antiferromagnetic (AF) ordering in the layered neignthere frequently emerge noncollinear and
spiral magnetic structures.

We studied magnetic, thermal and magnetotranspoopepties of quasi-ternary layered
intermetallic compoundsR; R Mn,Si; and R RxMngSrs. In these systems, substitution of
different R atoms allows us to change gradually the interatodistances, interlayer exchange
interactions and contributions Bfand Mn magnetic subsystems to the magnetic aoppwf the
compounds.

The RMn,Si, compounds exhibit an unusual variation of the tgpenterlayer Mn-Mn ordering
from AF to F with increasing of the intralayer MnaAMdistance. Temperature of the AF to F
magnetic phase transition depends on the compositid is strongly influenced by magnetic field
and pressure. Large linear and volume magnetastriictand positive magnetoresistance were
observed at the field-induced transition. The Miblattice is characterized by unusually high
magnetic anisotropy in both ferromagnetic and pagmtic states. We found a correlation
between the lattice parameters and the densityabéss at the Fermi level. The value NfEr)
increases with increasing the intralayer Mn-Mnatses and is almost independent of the distances
between the Mn magnetic layers.

For theRMngSns compound with a non-magnetit=Y, the double flat spiral magnetic structure
is realized below the Neel temperature 333 K. Wieeligoed a model which allows us to determine
the exchange and anisotropy parameters and tocpiedi behavior of the spiral magnetic structure
in magnetic field. Substitution of Tb for Y leadsthe formation of ferrimagnetic structure in which
the Tb and Mn sublattices give opposite contrimgito the magnetic anisotropy of the compounds.
This competition leads to the occurrence of a sporientation transition. For some temperature
interval around the transition, application of memn field in hard direction induces a first-order
magnetization process. The transition field carvéséed by changing the alloy composition. The
obtained results show a significant role of comgikc Mn-Mn and MrR exchange interactions in
formation of the magnetic structures of and magnphase transitions in layered intermetallic
compounds.

This work was supported by the Russian FoundatiorBasic Research (grant No. 09-02-00272)
and by UB RAS (project 09-C-2-1016).
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UNIAXIAL R ,Co,7 FERRIMAGNETS IN HIGH MAGNETIC FIELDS
Skourski Y, Andreev A.\, Kuz’min M3, Wosnitza J.
! Hochfeld-Magnetlabor Dresden, Helmholtz-zentrureddien-Rossendorf, Dresden, Germany
2 Institute of Physics, ASCR, Na Slovance 2, 182&igRe, Czech Republic
3 Leibniz-Institut fir Festkérper- und Werkstoffforaing, PF 270116, 01171 Dresden, Germany

Rare-earth intermetallic compoun&Co;7 and R;Fe;; form an interesting group of magnetic
materials and their properties have been extensigélidied in the last decades. In these
compounds, as generally T transition-metal compounds, the strongest intevads the 8-3d
interaction which primarily determin€k. The 4-3d interaction, although much weaker than the
3d-3d interaction, is of special importance since it despthe strongly anisotropiR-sublattice
moment to that one of much less anisotropisublattice. R,Co;; and R;Fe iz compounds
(crystallizing in the hexagonal TMii-type structure), wherR is a heavy rare-earth element, are
ferrimagnetic and high magnetic fields are needadduce changes in the magnetic configuration.
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Fig. 1. Magnetization curves of an,Ep;;7 single Fig. 2. Magnetization curves of a }8uo;; single
crystal measured dt= 4.2 K crystal measured at= 4.2 K.

For the majority of these compounds &7 and all of them witlR = Tb, Dy, Ho), the preferred
moment direction is located in the basal plana. stfficiently high magnetic field is applied along
one of the main crystallographic directions in basal plane, field-induced transitions will occur
before the forced-ferromagnetic state is reachée. Jarticular shape of the magnetization curves
depends strongly on the magnetic anisotropy withenbasal plane and is rather well understood.
On the other hand, there is a small groudfi; compounds i.e., EC07, TmpCoi7 and TmFe;,
in which the hexagonal axis is the easy moment direction. In this case,ftinced ferromagnetic
state should be reached in high fields as well,évar, the situation is more complicated than in the
easy-plane compounds. We have studied high-fielgnet@ation in two of these compounds,
Er,Co7 and TmCoy7 and found a markedly disparate high-field behavimiErRCo;7, high external
magnetic field applied along tleeaxis breaks down the ferrimagnetic ground state daives the
system towards ferromagnetic order via a non-aadlinintermediate phase. This manifests itself in
a jump on the magnetization curve, followed by algmged interval of further continuous growth
(Fig. 1). In TmCoay7, a collinear remagnetization takes place: as ppdied magnetic field grows,
the Tm moments disorder at first, reaching a fdilyordered paramagnetic state at a critical field,
then they order magnetically in the opposite sefisg, 2).
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MUON-SPIN RELAXATION STUDY OF RARE EARTH AND IRON

MAGNETISM IN RFeAsO (R =La, Ce, Pr, Sm, Gd AND Nd)
Pashkevich Y{ Luetkens H, Maeter H?, Pascua G, Dellmann T3, Khasanov R, Amato A,
Gusev A, Lamonova K, Chervinskii D, KIingeI%r R? Hess C, Behr G?, Biichner B, Klauss

H.—H.
LA. A. Galkin Donetsk PhysTech NASU, 83114 Donetskraine
%Lab. for Muon—Spin Spectr., Paul Scherrer Instjt@e—5232 Villigen PSI, Switzerland
3 Institut fur Festkrperphysik, TU Dresden, D—01069 Dresden, Germany
* Leibniz—Institut fiir Fest&rper und Werkstoffforschung (IFW), D-01171 Dresd8armany

We report zero field muon spin relaxatiQqtbR) measurements on layef@BeAsOwith R = La,
Ce, Pr,andSm[1] as well recently studieB= NdandGd. We study the interaction of thee and
rare earth electronic systems in the magneticatliyer®d parent compounds &FeAsQ.f
superconductors via a detailed comparison of tlalltiyperfine fields at the muon site with
available Mossbauer spectroscopy and neutron sogttdata. These studies provide microscopic
evidence of long range commensurate magteatiorder with the=e moments not varying by more
than 15% within the serid®FeAsOwith R = La, Ce, Pr, Sm, NandGd. The absolute value of low
temperature iron magnetic moment, extracted fi@R frequencies, falls in the region 0.54-0u83
that is in nice agreement with recent neutron swdR,3]. At low temperatures long range
magnetic order is observed. Different combifredand R magnetic structures are proposed for all
compounds using the muon site in the crystal sireabbtained by electronic potential calculations.
We demonstrate that rare earth orde€Ca& Pr, Nd and Gdompounds has easy - plane character.
Our data point out to a strong effect Rforder on the iron subsystem in the case of differe
symmetry ofFe andR order parameters resulting irFa spin reorientation in thR ordered phase
in PrFeAsO.Non--collinear magnetic order @e and Smis found byuSR in the corresponding
compounds, which is explained by a weak couplingdjcenR planes in th&r--O--Rlayer. Our
symmetry analysis proves the absenc&®fR Heisenberg like interactions RFeAsO A strong
Fe--Cecoupling due to non--Heisenberg anisotropic exgkas found inCeFeAsOwhich results
in a large staggere@e magnetization induced by the magnetically orddfedublattice far above
Tn(Ce). Like in the elastic neutron scattering expenit [3] in NdFeAsOwe observe iron spin
reorientation first order phase transition indudgd Nd subsystem at the temperature above
Tn(Nd) = 6 K. Besides, below 2 K we observe strongrease of muon's spin dynamic relaxation
rate pointing out on additional spin-orientatiorapé transition. We propose a minimal model to
describe both phase transitions. Finally, we dis¢he influence of the magnet:-Fe interaction
on the observed enhanced superconductivity ilREP@ASQ. 4« with a magnetid ion.

Support by Swiss National Science Foundation (g BNSF 1ZKOZ2_ 134161) and Russian-
Ukrainian grant No. 9-2010 are acknowledged.

[1] H. Maeter, H. Luetkens, Yu.Pashkevich, A. KwadrR. Khasanov, A. Amato, A.Gusev,
K.Lamonova, D. Chervinskii, R. Klingeler, C. Hess, Behr, B.Bichner, and H.—H. Klauss,
Phys.Rev80, 094524 (2009).

[2] N. Qureshi, et al Phys. Rev.&, 184521 (2010)

[3] H.-F. Li, et al, Phys. Rev. B2, 064409 (2010)

[4] W. Tian et al, Phys. Rev. 8, 060514(R) (2010).
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MAGNETOELASTICITY IN R ;Fe;7-BASED INTERMETALLICS WITH NON-

MAGNETIC RARE EARTHS
Tereshina E.A?, Andreev A.\/, Watanabe K.
L HFLSM, Institute for Materials Research, Tohokuwgnsity, 980-8577 Sendai, Japan
2 Institute of Physics ASCR, 18221 Prague, CzectuBlap

Since the discovery of the Invar effect in Fe-comtey compounds, numerous studies of the
phenomena have been performed. Apart from theicdssystems such as Fe-Ni apdre, large
magnetovolume effects have been also observedeircdimpounds with a high Fe content, e.g.
R.Fe7 (Ris the rare earth metal). The peculiar magnetiER.Be 7 with anomalously low ordering
temperatures across the series and with the ndineam magnetic structures found in some of the
compounds was attributed to a strong dependenercbiainge interactions on the Fe-Fe interatomic
distances.

Y.Fe; (ferromagnetic (F)) and LEey
(ferromagnetic at low temperatures, with the
transition into an antiferromagnetic (AF) phase o R LugFeRugs
above 130 K) show large spontaneous 20t
magnetostriction at low temperatures with the
volume effect ~18 [1]. Noticeable field-induced
magnetostriction was also observed in Ray;
around the Néel temperatufg ~ 274 K [2]. In
the present work, the study is performed on a
series of Ru-doped compoundsRyfFe7 (R = Lu,

Y), where the non-collinear AF phase is stabilized 0.5}
down to the Ilowest temperatures. The
investigation is performed by the macro-

(capacitor method on selected single crystals) anc
microscopic (X-ray diffraction in magnetic field uoH (T)
up to 5 T) methods.

2.5

1.5

A, o (10%)

1.0

0.0 ZzSF il

. _ Fig.1. Comparison of the magnetostriction curves
For both series of Le7.Ru (x = 0.5, 1) and along thea and c axes of LuFessRuws single

YaFe7xRu (x = 0.25, 0.5, 0.75, 1), the field- crystal measured in field applied along thexis
induced metamagnetic AF-F transitions arg,) with the XRD results on a fixed random
manifested in the large lattice expansion along thwder samples) at 10 K @ = 24, + A is a
c-axis (Ac) and in the basal pland.] (see Fig. 1). volume magnetostriction).

However, the observed volume effects are smaller

as compared to spontaneous volume magnetostriatienl.5 % in LuFe 7 or to the field-induced
magnetostriction in another AF compound (kD& 2)-Fer7 (w 00.6 % in 5 T) [3], qualitatively
corresponding to the lower magnetic moment ofRbfés;7«Ru compounds with the “affected” by
substitution Fe sublattice. The results obtainetilwyindependent methods agree rather well.

The work is supported by JSPS (No. P09227 and @maiitd No. 21-09227) and by GACR (No.
202/09/0339).

[1] A.V. Andreev, in:Handbook of Magnetic Materigl&.H.J. Buschow (Ed.), North-Holland,
Amsterdam, 1998, Vol. 12, p. 105.

[2] S.A. Nikitin et al.,J. Magn. Magn. Matey241(2002) 60.

[3] A.V. Andreev et al.,J. Alloys Comp477(2009) 62.
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ADDITIONAL EFFECTIVE MEDIUM PARAMETERS FOR COMPOSIT E

MATERIALS (EXCESS SURFACE CURRENTS)
Vinogradov A.P, Ignatov A.I*, Merzlikin A.M?, Tretyakov S.A. Simovski C.R.
!Institute for Theoretical and Applied Electromada®AS, 13 Izhorskaya, Moscow 125412,
Russia
Department of Radio Science and Engineering, Sabio®tience and Technology,
Aalto University

The possibility of designing structure and arrangeimof the elements in electromagnetic
artificial materials permits one to achieve electagnetic properties different from the properties o
constituents (e.g., [1]). Most fully this possitylrealizes in metamaterials, in which the intaract
of the electromagnetic fields with artificial sttutal elements is of the resonant nature or / hed t
solenoidal part of the electric field plays the daamt role in this interaction. As a consequence,
metamaterials exhibit advantageous and unusuatr@meagnetic properties (see e.g. in [2,3]).
Nevertheless, it is still desirable to describe thetamaterials as homogeneous ones introducing
effective constitutive parameters. Assignment afivemtional effective parameters (permittivity,
permeability, chirality parameter) to metamaters@mples often produces the values of the
parameters whose properties differ from those ¢f @mysically possible homogeneous medium.
Firstly, the retrieved parameters may depend orséimeple size and surrounding environment (see
e.g. [4,5]). Secondly, this approach may resulthi nonzero imaginary parts éf and # in the
absence of real dissipation (see e.g. [6]). Thjrdig sign of these imaginary parts may contradict
the passiveness of the system [7-9] and fourthig, ftequency dispersion of material parameters
may violate the causality principle [7-9]. To fike& problems, additional constitutive material
parameters are often introduced. This model extensnay be determined by new physical
phenomena (anisotropy, artificial permeability, rahity, etc.) or by the peculiarities of the
homogenization scheme [10-12]. In the latter chgeadditional parameters not obviously have a
clear physical meaning.

Below we show that the key moment of the problesnthé boundary conditions. We show that
modification of the boundary conditions by introtdan of additional (“excess”) surface currents
can return the conventional permittivity and perbig of metamaterials their usual physical
meaning, namely, the modified retrieval procedureldg values of effective impedance and
refractive index through the reflection and trarssian coefficients, which are independent of the
system size and interface structure, whereas tkeeptibilities of the excess surface currents
depend on the local permittivity distribution ndlae interface. The accuracy of the latter procedure
is the same as that of the quasi-static effectarampeters.

[1] G.W. Milton, The Theory of CompositéGambridge University Press, 2002).

[2] W. Cai,V.ShalaevOptical Metamaterial§Springer, New York-Dordrecht-Heidelberg-London,

2010).

[3] C. Caloz, T. ItohElectromagnetic metamaterials: transmission lineatty and microwave
applications(John Wiley & Sons Inc., Hoboken, New Jersey, 3007

[4] A.P. Vinogradov and A.M. Merzlikin, “On the potem of homogenizing one-dimensional
systems,” Journal of Experimental and Theoretitgisits94, 482-488 (2002).

[5] A.P. Vinogradov and A.M. Merzlikin, “Electrodyamic properties of a finely layered medium,”
Doklady Physicgl6, 832-834 (2001).

[6] S.M. Rytov. “Electromagnetic properties of larated medium”. Zh. Eksp. Teor. F&9, 605-
616 (1955) [Sov. Phys. - JETB.466-475 (1956)].
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[7] S. O’Brien, J.B. Pendry, “Photonic band-gapeefs and magnetic activity in dielectric
composites,” J. Phys.: Condens. Matftér4035-4044 (2002).

[8] D.R. Smith, S. Schultz, P. Markos, C.M. SouksulDetermination of effective permittivity and
permeability of metamaterials from reflection arehsmission coefficients,” Phys. Rev6B,
195104 (2002).

[9] J. Zhou, T. Koschny, M. Kafesaki, C.M. SoukauliSize dependence and convergence of the
retrieval parameters of metamaterials,” Photon.dsamct.6, 96-101 (2008).

[10] A. Ludwig, K.J. Webb, “Accuracy of effectiveedium parameter extraction procedures for
optical metamaterials,” Phys. Rev8&, 113103 (2010).

[11] A.K. Sarychev, D.J. Bergman, and Y. Yagil, &dry of the optical and microwave properties
of metal-dielectric films,” Phys. Rev. Bl,5366-5385 (1995).

[12] C. Fietz, G. Shvets, “Current-driven metamialdromogenization,” Physica 805,2930-2934
(2010).

22TL-O-2

METAMATERIALS PROGRAM IN TIME
Klos A, Gajc M, Sadecka K.Bienkowski K.Osewski R.Stefanski A.Pawlak D.A.
Institute of Electronic Materials Technology, uloWzynska 133, 01-919 Warsaw, Poland

Research in electromagnetic metamaterials hasilst@adteased over the last 10 years, providing
enhanced understanding and demonstration of ndwdigs at shorter and shorter wavelengths.
While some evidence in this progress is being seemadio frequency applications, optical
metamaterials are still in research phase. Metamakeprogram in the Institute of Electronic
Materials Technology is attempting to this challen@ur research is focused into photonic crystals
and metamaterials made by self-organization [1] aespecially by directional solidification of
eutectics and metallodielectric structures. We thsemicro-pulling down technique for growth of
oxide/oxide eutectics [2-3] and metallodielectramncomposites [4]. This method allows obtaining
various geometries of eutectic structures (Figvhjch can exhibit different physical properties.
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Directional solidification allows producing hybridetallodielectric structures, by doping oxides
with metallic nanoparticles. These composites a@klplasmonic resonances in visible and infrared
spectral range. Moreover, the metallodielectrizicgtires are obtained by etching one phase of
eutectic and filling etched areas by metal. Eutscincluding TiQ phase, are also investigated for
harvesting solar energy applications.
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The authors thanks the FP7 NMP ENSAMBLE project (MP4-SL-2008-213669) and the
Project operated within the Foundation for PolisieBce Team Programme co-financed by the EU
European Regional Development for partial suppgréihthis work.

[1] D.A. Pawlak, Self-organized structures for nmegderialsin Handbook of Artificial Materials,
Taylor & Francis, 2009.

[2] D. A. Pawlak, K. Kolodziejak, S. Turczynski, &t Chemistry of Materials, 18, 2450 (2006).
[3] D. A. Pawlak, S. Turczynski, M. Gajc, et al.gv Funct. Mater. 20, 1116 (2010).

[4] A. Klos, M. Gajc, R. Diduszko, et al. ICTON 280 11th International Conference on
Transparent Optical Networks, 1-2, 421-424 art.5185322.

220R-0O-3

TM-WAVE PROPAGATION INTO INHOMOGENEOUS MEDIUM

CONSISTING OF 2D ARRAY OF NANOPARTICLE
lvanov Al, Shalygin A, Sarychev A.
! Moscow State University, Faculty of Physics, 1ibskie Gory, 119991 Moscow, Russia
2 Institute for Theoretical and Applied Electromaticeof the RAS, 13 Izhorskaya, 125412
Moscow, Russia

The plasmonic system consisting of two-dimensiopaliodic array of silver cylindrical
nanoparticles is investigated. The reflection & #hectromagnetic wave from the inhomogeneous
medium composed of metal nanoparticles, which haveus diameters and inter-particle spacing,
have been numerically calculated. The excitationplalsmons in nanoparticle array is studied.
Electromagnetic modes, which are strongly localizzdund the spherical nanoparticle due to
collective surface plasmon resonance, are obtained.

Since the metal permittivity is negative in the iogt frequency region and it is inversely
proportional to the frequency squared we can madetetal particle as an inductance L. The
interaction of a metal particle with electromagod&tM) field can be then presented as excitation
of R-L-C contour. Inductance L (with small lossesscribed by resistance R) represents the metal
particle while capacitance C represents the gapdmst particles. The resonance in R-L-C contour
is analogous to the surface plasmon resonancsiimgke metal particle [1].
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Figure 1. The exhibition of plasmon oscillations fiameter of nanoparticles D=10nm,= 353V

In this work we investigate the propagation of &narsal electromagnetic wave in the array of
closely packed silver nanocylinders. We calcula#ectance and electric field distribution as
function of the frequency, diameters of the cylirsde@nd inter cylinder distance.
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The most interesting results are obtained for teeavhen the distance between the cylinders is
much smaller than the radius. It is shown, that risection of TM-wave has nonmonotonic
dependence on the frequency due to excitationeotdtlective surface plasmon resonances in the
metal nanoparticles. The plasmon modes are simailathispering gallery modes (see fig.1). At the
resonance conditions the electric field is muchasckd in the gaps between the cylinders and it
could be many orders on magnitude larger thaniéhe éf the incident wave.

[1] A. Sarychev, V. Shalae¥lectrodynamics of Metamaterial/orld Scientific, 2007.

22TL-O-4

MAGNETIC RESPONSE OF NANOSCALE LEFT-HANDED

METAMATERIALS
Kafesaki M, Penciu R.Koschny Th.Shen N.H.Economou E.N Soukoulis C.M.
Foundation for Research and Technology Hellas (H@RMeraklion, Crete, Greece, and
University of Crete, Greece; Tel: (302810) 39134&x: (302810) 391569,
e-mail: kafesaki@iesl.forth.gr

Left-handed metamaterials, i.e. metamaterials walectrical permittivity and magnetic
permeability both negative (resulting to negatimelex of refraction), are becoming recently a
subject of continuously increasing attention, owiagtheir novel and unique properties (like
backwards propagation, negative refraction, supeluéion, etc) and thus the new capabilities that
they can provide in the manipulation of electronetgnwaves.

These novel properties and capabilities of leftdegah metamaterials have motivated strong
research efforts toachieve such metamaterials tipgra the infrared and optical regime, making
essential thus the achievement of magnetic respandenegative magnetic permeability in the
optical regime. In this talk we will review the cent status of the efforts to achieve optical
magnetic metamaterials and left-handed metamaterad well as our efforts to analyze and
understand the wave propagation in optical magnetetamaterials, and to optimize such
metamaterials.

22TL-O-5

MAGNETO-INDUCTIVE MACH-ZEHNDER INTERFEROMETER
Syms R.R.A.
Optical and Semiconductor Devices Group, Electideal Electronic Engineering (EEE)
Department, Imperial College, London SW7 2BT, UK

Magneto-inductive waveguides are slow-wave bandpkesdrical ladders operating by magnetic
coupling between a set of L-C resonators arrangeal &D array [1]. The availability of low-loss
thin-film cable [2] that can follow arbitrary curg@epaths without significant reflection [3] and
transducers for connection to real impedance [4hliswing the development of waveguide
components analogous to those of conventional duidave systems. Here we demonstrate
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interference between magneto-inductive waves prtpagat different speeds in the two arms of a
Mach-Zehnder interferometer (MZI). The MZl was cwosted from two 1 metre lengths of
magneto-inductive cable, designed for operatio8=aMHz frequency and fitted with broadband
transducers for connection to 80 The lines were excited symmetrically using a @nional 6 dB
resistive power splitter, and the outputs were dastbusing a second 6 dB splitter (Fig. 1a). The
propagation characteristics of one arm were matlifizy loading with ferrites. The effect was to
reduce the resonant frequency of the elements utithignificantly altering the coupling (Fig. 1b).
Consequently, it provided a frequency-dependenselshift, which was adjustable by varying the
numbers of loading ferrites and of loaded elemedtsnparison between the transmission through
balanced and unbalanced interferometers (Fig. Bayvs an additional null in the latter due to
destructive interference of magneto-inductive wauegpagating in the two arms. The transmission
at this frequency followed the expected variatiga ® co$(NAka/2), where N is the number of
loaded elements andka is the phase shift per element (Fig. 2b). Simédaperiments were
conducted with 4-port combiners and with resonaatl$.

Ferrite loads 1.87
1.6 =™ unloaded
+ + 1.4 loaded
Input \)- | E——— -(/ Output 30 1.2
_> A
Vil I I I I T\ 3 10 ___// Phase
0.8 Fmme | shift
6 dB Ml cables, 6 dB 0.6 +——rrrrrrrrrr—r—trrrrrrrr
splitter 100 mm separation splitter 0.0 0.2 0.4 0.6 0.8 1.0
a) b) kam
Fig. 1. a) Magneto-inductive Mach-Zehnder interfeeter, and b) effect of loads ik space.
o 0§ Unloaded 1'05 S
T -109 c 087 <
c 3 9 E
S 207 3 063
@ 3 e 3
£ -303 @ 0.47
0 ] ]
g 407 Loaded E 0.2
F 50 Tt T 0.0+
0 50 100 150 200 0 2 4 6 8 10
a) Frequency (MHz) b) Number of loaded elemel

Fig. 2. a) Frequency response of loaded and untbistierferometer, and b) interference characteristi

[1] E. Shamonina et aElect. Lett.38,371 (2002).

[2] R.R.A.Syms et al]. Phys. D. Appl. Phy4.3, 055102 (2010)
[38] R.R.A.Syms, L. SolymaiMetamaterials4, 161 (2010)

[4] R.R.A.Syms et all]. Phys. D. Appl. Phy4.3, 285003 (2010)
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METAMATERIALS WITH INTER-ELEMENT COUPLING FOR

SUBWAVELENGTH IMAGING
Shamonina E.
Optical and Semiconductor Devices Group, Electidgeal Electronic Engineering (EEE)
Department, Imperial College, London SW7 2BT, UK

A mechanism for the near field imaging in metamateris the excitation of coupled surface
plasmon polaritons at both interfaces of a metanatelab [1]. These surface modes interact with
non-propagating evanescent part of the spatiali€ospectrum of an object, leading to the transfer
of the near field distribution from one side of thlab, where the object is located, to the opposite
side. For TM polarisation, one could use a silvathwe<0, whereas for TE polarisation,
analogously, one would need a metamaterial with, ggfprising, e.g., split rings.

The properties of a structure assembled from
individual split rings (see e.g. Fig.1l) are

governed by strong interactions betwee = N\_ = ar
individual elements [2]. A consequence of thes ) P, P . e,
interactions is the emergence of slov (/C(/ C(/ C(/ C(/ C(/ C&

ns K il === =gl =pb 4
magnetoinductive waves unaccounted for in C;OC; 70(/)&0&0&0&0 |
simplified effective medium theory. These slow | 7&0&0&0&0&()500 :
waves can couple to and influence th = - "> 7 -~ N A AN AN AR
propagation of electromagnetic waves formin
so-called proxiton-polaritons [3-6], similar to
plasmon-polaritons in plasmas. We were able {9q 1. imaging mechanism for a split-ring slab is
establish the relationship between effectivgyter-element coupling and excitation of surface
permeability and circuit characteristics of a splitproxiton-polariton modes.

ring metamaterial [3,4] and describes bulk

modes [4] and surface modes of proxiton-polaritanan interface air/metamaterial [5] and on a
metamaterial slab [6]. Using our approach we afe tbdesign SRR-based near field manipulating
devices for TE polarisation, in full analogy toitver slab operating as a near-perfect lens for TM
polarised light. In the presentation we provideogarview of our recent results on possibilities of
employing slow waves of inter-element coupling faar-field imaging. We demonstrate on a
number of examples how our model can be used &dé#sign of split-ring based near-field lenses
for the desired frequency range.

Financial support of the the Leverhulme Trust drel@DFG is gratefully acknowledged.

[1] L. Solymar and E. Shamonina, Waves in Metanaite(Oxford University Press, 2009).

[2] E. Shamonina et alJ, Appl. Phys92, 6252 (2002).

[3] R.R.A. Syms et al.J. Appl. Phys97, 064909 (2005).

[4] A. Radkovskaya et al.,, Magnetic plasmon-potar#t in split-ring metamaterials with strong
coupling, 3rd International Congress Metamater24l89, London, 2009.

[5] E. Shamonina and A. Radkovskaya, Surface anlk Ipuoxiton-polaritons in split-ring
metamaterials, 4th International Congress Metanad$&2010, Karlsruhe, 2010.

[6] E. Shamonina, Proxiton-polaritons on metamatesfiabs of coupled split rings, submitted to 5th
International Congress Metamaterials’2011, Barczal@011.
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'DIMER' AND 'POLYMER' DIATOMIC METAMATERIALS
Radkovskaya A.
Magnetism Division, Faculty of Physics, M.V. Lom@oy Moscow State University, Moscow
119992, Russia

Properties of metamaterials assembled from indalidwesonators are governed by strong
interactions between individual ‘artificial atom3he coupling between individual resonators may
lead to propagation of slow waves with the wavelengnuch shorter than that of the
electromagnetic radiation. Two examples of suchesaare magnetoinductive and electroinductive
waves. These waves were proved to exist on arifdysedaatoms’ in a broad frequency range from
MHz to the visible, with applications including ging and processing of signals on a
subwavelength scale, detection of nuclear magnegienance, and subwavelength imaging [1].

Recently, we introduced ‘diatomic’
metamaterials with pure magnetic coupling Snear K

[2]. Such structures with two metamateria...@ @ (( ’:) O @ @ O
‘atoms’ per unit cell are analogous tc | |

diatomic solids capable of propagating botl|fi

acoustic and optical phonons. In a subsequeghpo'I
work [3], we proposed a diatomic chain
shown in Fig.1, the interesting feature of whichhat the coupling alternates between electric and
magnetic. The resulting dispersion characteristics shown to be radically different from the
classical acoustic and optical branches: the upparch is a forward wave and the lower branch a
backward wave. Most recently we demonstrated thatpossible to realize two types of diatomic
metamaterials, a ‘dimer’ one and a ‘polymer’ onepehding on the coupling within a unit cell
being larger than or equal to that between the celis [4]. A striking feature of the 'polymer’
structure is that the gap between the two passshahdhe dispersion equation may disappear
yielding a zero-phasevelocity, finite group-velgcivave. In the presentation we shall review our
recent advances in studies of diatomic metamasenmaesenting experimental and theoretical data
and discussing possible applications.

n

1. Diatomic chain with alternating electric,d,)
magneticig,;) coupling.

Financial support of the Russian Foundation of Rnmehtal Investigations and of the Royal
Society is gratefully acknowledged.

[1] L. Solymar and E. Shamonina, Waves in Metanaite(Oxford University Press, 2009).

[2] O. Sydoruk et al Appl. Phys. Lett87, 072501 (2005).

[3] A. Radkovskaya et al., Eigenmodes of diatomietamaterials with electric and magnetic
coupling, 3rd International Congress on AdvanceectEbmagnetic Materials in Microwaves and
Optics Metamaterials'2009, London, 2009.

[4] A. Radkovskaya et al., ‘Dimer’ and ‘polymer’ maenaterials with alternating electric and
magnetic coupling, submitted to Phys. Rev. B (2011)
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RELAXATION MOSSBAUER SPECTROSCOPY OF IRON OXIDES

NANOPARTICLES IN SUPERFERRIMAGNETIC REGIME
Cherepanov V.M, Chuev M.A”, Polikarpov M.A%, Shishkov S.Yb.
! National Research Centre “Kurchatov Institute”3122 Moscow, Russia
2 Institute of Physics and Technology Russian AcadefiSciences, 117218 Moscow, Russia

The most important dynamical characteristic ~*
single-domain nanoparticles is their magnetizati
reversal time. Typical values of the time €10 10°
s) come into the’’Fe Mossbauer time windov
defined by the lifetime of the excited nuclear lev
(~10" s) and Larmor precession of nuclear magne , 1
moments in an effective magnetic field. This is wl 0.99- ]
Mdossbauer spectroscopy allows one to obtair | H1=0.2 kO |

valuable information in the field of nanoparticle 1.00f -
diagnostic. However, up to now the Mdossbat oosl 1
spectra of fine magnetic particles are usus | |, 5410 ]

measured as a function of temperature or
Meanwhile, a substantial influence of weak magne
fields of about kilooersted on the Mdssbauer spet
shape of the nanoparticles was recently obsen
which promises to give a powerful tool to estime
such important average nanoparticle parameters I
anisotropy constant <K>, saturation magnetizati 099
<M¢>, critical remagnetization field & and g
relaxation constant op We have studied film ;01 |

composites based on the magnetite ;Cze W
nanoparticles (an average size <@>nm) in the %9 1
polyvinyl alcohol (PVA) matrix and dried ferrofluic o gl H1=0-4k0e  Am/ ]
“ARA-250" (Chemicell GmbH, Germany) with 10 ©y mm/SO > 10
<D>~10 nm by Mdssbauer spectroscopy in a we ’

magnetic field _H<3'4 kOe. The PVA Mossbau Fig 1. Room-temperaturéFeMdossbauer
spectrum at H=0 ShOW.S a supe.rposmon of mir spectra of the magnetic nanoparticles ARA-
(poor-resolved) magnetic hyperfine structure a.._
major collapsed spectrum typical for superparamtgmarticles. The spectra taken in magnetic
fields show essential restoration of the magnetypenfine structure characteristic for the
nanoparticles of the kindAs for the ARA-250 particles the spectrum at H=0ndestrates very
unusual shape (Fig. 1, top spectrum), which denthrdspecial consideration. The experimental
Mossbauer spectra have been analyzed within tlemtigaleveloped three-level [1] and multi-level
[2] relaxation models of magnetic dynamics in arsenble of single-domain particles. These
models take into account the precession and diffusf particle’s uniform magnetization as well as
the particles size distribution and interparticiteractions.

1.00

The work was supported by RFBR.

[1] M.A.Chuev,J.Phys.:Cond.Mat20 (2008) 505201.
[2] M.A.Chuev, V.M.Cherepanov, M.A.Polikarpod&=TP Lett. 92 (2010) 21.
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MICROSTRUCTURE AND MAGNETIC PROPERTIES of FeCo AND Lg

Fe/Pt THIN FILMS FOR ULTRAHIGH-DENSITY MANETIC RECO RDING
Kamzin A.S,Wei F.L? Ganeev V.R, Zaripova L.D?
!loffe PhysicalTechnical Institute of RAS, St.-Pstmrrg, 194021, Russia
?Research Institute of Magnetic Materials, Lanzhaiversity, Lanzhou 730000, China
3Kazan Federal University, Kazan 420008, Russia

The ordered FePt binary alloy with tetragonaly lskructure possess a very high magneto-
crystalline anisotropy constant, high Curie tempemand large saturation magnetization what is
essential for the next generation of ultrahigh-tgmecording media. In order to write information
in these high coercivity media, the core materialswriting heads are required to have high
saturation magnetization, high permeability, anal kooercivity. The bcc ResCo, alloy system
have been studied extensively because they hav@ghest saturation magnetization upts =
2.4 T in the composition range of 0.3<x<OHowever, it is difficult to obtain FeCo films with
excellent soft magnetic properties due to its langagnetostriction constant. In addition, the
creation of the ultrahigh-density magnetic recagdidHDMR) systems of next generation requires
magnetic materials as writing media with the minimpossible magnetic grain size, as well as
miniaturization of the write/read magnetic heads.

This report presents the results of studies offagCo films for write/read magnetic heads as
well as the results of investigations of multilaygp [Fe/Pt]n. Our studies of FeCo ahe, FePt
films have been focused on technological issudsHiDMR heads and media, respectively, as well
as on the fundamental magnetic properties, sudheasemperature dependence of the magnetic
anisotropy constants, orientation of the easy ax@ the exchange stiffness constant. The film
composition was determined using inductively codpl@asma spectroscopy. The magnetic
properties were studied using a SQUID and vibrasagple magnetometers. The microstructure
and the magbetic structure of the films was deteechiby X-ray diffraction (XRD) and Conversion
Electron Mdssbauer (CEM) Spectroscopy, respectively

In result the FeCo nanostructured thin films witghhmagnetization (Ms) and low coercivity Hc
were obtained by utilizing suitable under-layer aqtimizing the deposition conditions. It was
found that the improvement of soft magnetic prdpsrfor FeCo films with an under-layer is
closely related to the film texture.

In the case of FePtic-phase multilayer [Fe/Pt]n thin films have beenani#d. The total
thickness of multilayer [Fe/Ptln was varied from #5200 nm by changing the number n of
deposited bilayers. We have studied the dependaintee microstructure, the magnetic structure,
and the easy axis orientation in the [Fe/Pt]n filomsthe substrate temperature as well as the gas
pressure during deposition, the order and thiclesess Fe and Pt layers; and the total film
thickness. The (001)-orientddl, phase FePt films with high order parameter weepgred by
sputtering deposition and subsequent vacuum amge@iexternal magnetic field (VAEMF). It is
found that (001) orientation and perpendicular @nigy can be obtained and enhanced in FePt
films by VAEMF at the temperature which is near @wérie temperature dfl, phase FePt. These
multilayers possess magnetocrystalline anisotréf) @reater compared to the existing magnetic
recording media, large coercivity and saturationgmedization, high chemical stability and
corrosion resistance.

The results of our studies demonstrated that peepBeCo films and.;o [Fe/Pt]xn multilayers
meet the requirements to write/read heads anddiegpmedia, respectively, for the perpendicular
recording and can be use for future UHDMR systems.
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DOMAIN WALL STRUCTURE OF WEAK FERROMAGNETS ACCORDIN G

TO RAMAN SPECTROSCOPY
Kuzmenko A.P, Abakumov P.V, Dobromyslov M.B.
! South-West State University, Russia
2 Pacific State University, Russia

Domain structures in NB7O:3Br (Ni — Br) and LINbQ have been previously studied using the
spectral mapping of distribution (MSDs) [1, 2]. Fskt of equipment (AIST-NT, Zelenograd)
included a confocal microscope, Raman microspe@atem OmegaScope and atomic force
microscope. The study of the Raman scattering spétty FeQ monocrystals was made either [3]
with a scanning probe microscope (with an accuddgyositioning of 0.05 nm) or with a specially
designed goniometric device (with an accuracy wbhtion of 5°) with a two-coordinate stage. We
study a single crystal transparent sample Yfa0the form of plate thickness of 1Q0n, cut
perpendicular to the optical axis, which allowsagpiaed light to visualize the DW and DS. Area of
a sample (1825 pm) was scanned using an atomic force microscopeaRaspecters were
measured in each point (spot ~ Qr&). Using hyper spectral data that were presemedgraphic
form we plotted the magnetization variations altimg perpendicular to the DW plane (even if DW
was curved, Fig.1 a, b). The DW width in YFed®termined in this way was equal to 2,68.

45
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Fig. 1. Raman image of the DS and DW in YEeO

From Fig. 1, a one can establish relations betvadenght {\o) and curved4) DW: A = Aqcoa
wherea is the angle between the normal to the straighdt@amved DWs. Estimation of the angle
between the normal to straight DWs reaches 50°fwlgcconsistent with the observed Raman
image of DW in Fig.1, a.

[1] lliev M.N., Hadjev V.G., Inigues J., Pascual3/.Acta Physica Polonica A16(1), (2009).

[2] Zelenovsky P.S., Shur V.Ya., Kuznetsov D.Kg.dtiz. Tver. Teld3 (1), (2011).

[3] Abakumov P.V., Kuz’menko A.P., Chaplygin A.Nrdeeedings of the Kursk State Technical
University4 (33) (2010).
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FERROMAGNETIC RESONANCE IN PERMALLOY ANTIDOT ARRAYS
Mateos P, Flores A.G}, Raposo V, Ifiiguez J., Merazzo K.J.

! Departamento de Fisica Aplicada, Universidad daranca, E-37071, Salamanca, Espafia
2 Instituto de Ciencia de Materiales, CSIC, 28043iNth Espafia

Dynamic properties of magnetic nanostructures hagently been intensively studied due to their
potential application in high density perpendiculacording media or magnetic sensors. At the
same time, the highly oriented arrays of magnetitdat are excellent model materials to study
magnetism of low-dimensional systems. In order nolexstand the dynamic fenomena in these
samples antidot arrays of Permalloy have been pedpay the sputtering of BdFe onto anodic
alumina membrane templates. The film thicknesd 538 nm and the antidot diameters of 15 nm,
for a hexagonal lattice parameter of 105 nm.

The anisotropy fields can be investigated by varitechniques. One of these techniques is the
ferromagnetic resonance spectroscopy (FMR) dueheofact that the resonance field depends
directly on the anisotropy. Ferromagnetic resonameasurements have been carried out at a
frequency of 9.54 GHz as 3500 .
funcion of H. The sample wa:
placed in a rectangular cavit 3000
in such a position that the ang| 2500
between the applied field H an 2000
the film plane can be adjuste & 1500

—+—Absorption line 1
-#-Absorption line 2

Resonance Field (G)

from 0° to 180°. The spectr. ¢ 1000

show several absorption lines 500 -

The angular dependence of tt 0 |

resonance field for the twc 0 100 500

main absorption lines are
shown in the following Figure:

As it can be seen, the
resonance field of the absorption peak increases w@hanging the angle from parallel (0°) to
perpendicular (90°) to the film plane. This behavican be explained by the relation between
resonance field, frequency and anisotropy fieldedawined by demagnetizing factors and
magnetization angle respect to the sample easydaristion after energy minimization as indicated
in [1].The results are similar to those obtainechamowires although the easy axis is in the film
plane in the case of antidot array.

Angle

[1] C.A. Ramos, E. Vasallo Brigneti, M. VazquezyBita B 354 (2004) 195-197
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PHYSICAL PROPERTIES OF Co/Ge/Co FILMS
Patrin G.S*?, Turpanov I.A;, Kobyakov A\, Patrin K.G?, Yushkov V.12, Li L.AZ,
Petrakovskaya E.A.Rautskii M.\A
! Kirensky Institute of Physics, Russian Academyoiences, Siberian Branch, Krasnoyarsk,
660036 Russia
2 Siberian Federal University, pr. Svobodny 79, iKm&rsk, 660041 Russia

In recent years, films of théerromagnetic metal/semiconducteystem have attracted much
attention of researche®f great importance is the study of the spin-depenelectron transport via
nonmagnetic spacers, because it significantly tfféhe character of the interlayer exchange
coupling in these materials. We synthesized Co/Gefitns with different thicknesses of a
nonmagnetic spacer. The films were prepared bylasmous sputtering in argon atmosphere onto
glass substrates with the temperatiire 373 K. Electron microscopic investigations showieak
L0F r-100k | the films are X-ray-amorphous with the particleesiz
' < 5 nm. The patterns of the films have a shape of
broadened polycrystalline rings.

0.5 R B We report the results of experimental studieshef t
.| interlayer interactions in the Co/Ge/Co films by 30Q

B magnetometry, electron and nuclear magnetic
0 B ——==—==" resonance, and the magnetoresistance method. As was
T-320K | established previously [1], the magnetic behavidhe
films obtained is determined, to a great extent, by
deposition rate. At high deposition rates, the
temperature dependence of magnetization of thesfilm
has a thermo-induced character. In the Co/Ge/Co
system, this effect is decisive in the low-tempenat
region; however, above a certain blocking tempeeatu
Lroec the interlayer interactions (J) become noticeallach

was revealed by the magnetic resonance methods. The
microwave radiation frequency wagwly = 9.2 GHz. The resonance spectra measured witkin th
temperature range from 78 to 500 K represent sogérmpn of two lines. Temperature behavior of
each line was determined by fitting the spectrumviy Lorentz lines (Fig. for the film withs, =
13 nm and d. = 6 nm). It was established that the acoustic mode isens®nsitive to the
temperature variations, whereas the optical modealimost temperature-independent. The
experimental data were processed using the calmoulaf the magnetic resonance spectra for
magnetic thin-film trilayers. The nonmonotonic degence of J on thickness of the honmagnetic
spacer [2] indicates the oscillating characterhef éxchange coupling, which is consistent with the
literature data. Comparative analysis of magneataticsand magnetoresistance data shows that a
sublayer of Co-Ge solid solution is formed at theeiface. The occurrence of the solid solution
strongly affects the magnetic state of both Co reyend the entire Co/Ge/Co system and also
influences the character of the interlayer intaoactas the features of magnetoresistance imply.

P, arb. units

P, arb. units

This study was supported by the Russian Found&tioBasic Research, project no. 11-02-00675-

[1] G. S. Patrin, C.-G. Lee, I. A. Turpanov, S. Eharkov et al.JMMM, 306 (2006) 218.
[2] A.V.Kobyakov, G. S. Patrin, I. A. Turpanov &t, Sol. St. Phenom168-169(2011) 273.
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MAGNETISM AND MAGNETORESISTIVITY IN NiFe/Bi/NiFe FI LMS
Patrin K.G?, Yakovchuk V.YY.Patrin G.S*?, Yarikov S.A.
L L.V. Kirensky Institute of Physics, Siberian Bran®ussian Academy of Sciences, Krasnoyarsk,
660036, Russia
2 Siberian Federal University, prospekt Svobodny,Ki@snoyarsk, 660041, Russia

Multilayer magnetic films with a
nonmetal spacer, in particular, those
belonging to the systenferromagnetic
metal / semiconductofl], or with a
semimetal spacer attract close attention by
virtue of a great variety of effects observed
in these films. When a semiconducting
spacer is used, the interest of researchers is
caused by the possibility of changing the

te — 14 1m , —— 1 current carriers concentration in a

-4 nonmagnetic layer by means of influence
P T . TR of external factors, which allows
—500 0 s00 H.0e controlling the interlayer interaction. For

this reason, currently the creation of film
structures that would keep sensitivity to externahditions and effects along with far more
effective interaction between ferromagnetic layermains the urgent problem to solve. One of the
ways to accept the challenge seems to use semiBietastead of semiconducting material as a
nonmagnetic interlayer.

NiFe/Bi/NiFe films (Ni — 80 % at. and Fe — 20 %) atere obtained in a single cycle by vacuum
evaporation. For all films the permalloy layer #rniess wasnre [1 10 nm and bismuth spacer
thickness wasst = 0-15 nm. The valuay. was selected to be rather small, but at the san®s to
keep a film continuous and magnetization of a magnayer independent of its thickness.
Thickness of layers was determined by X-ray spsctipy. No traces of known 3d-metal-Bi
compounds were found. Magnetic measurements werale maith MPMS-installation.
Magnetoresistivity was measured by 4-probe tectmiduring the measurements magnetic field
was in the film plane.

It was found [2] that the bismuth spacer formatiorfluences essentially the system
magnetization. The shape ofH) curve is changed with bismuth spacer thickrnasseasing. In
particular, the test film withgt = 0 has the narrow hysteresis loop and magnedizaturve of a
ferromagnetic type. For the films with; t# O the magnetization curve width nonmonotonously
depends ortg; thickness, and this is connected with inclusionnéérlayer coupling. The coercive
force (H) is growing with increase of bismuth layer thickadiaving maximum agjt~ 13 nm

Also, the magnetoresistivity of order of percenitsiand dependence of its value on thickness of
bismuth spacer were found in these films at heliemperatures (for instance, see Fig.).

The current investigations are being undertakdmancial support of the Russian Found of Basic
Researches (Grant 11-02-00675)

[1] G.S. Patrin, V.O. Vas’kovskiRhys. Met. Metallove@d101(2006) S63.
[2] G.S. Patrin, V.Yu. Yakovchuk, D.A. VelikanoRhys. Lett. A363(2007) 164.
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MAGNETIC PROPERTIES OF MULTILAYER (CoNiPsoft/CoPhar d)n

FILMS
Pal'chik M.G, Patrin G.S"? Balaev D.A*? Kiparisov S.Ya.
L L.V. Kirensky Institute of Physics, Siberian Bran®ussian Academy of Sciences, Krasnoyarsk,
660036, Russia
?Siberian Federal University, prospekt Svobodny Kt@snoyarsk, 660041, Russia

Interest to systems with spin-valve effect is cdubg their practical use in spin electronics
devices [1]. In it the problem of creation of spialarized electrons fronts on first plan. Film
systems with exchange bias effect are convenigettsbfor decision of this task. In such systems
the interlayer coupling is responsible for formwfgnagnetic state. Given report is devoted to study
of magnetization mechanisms namely in multilayém fstructures with alternate layers of soft
magnetic and hard magnetic materials.

(CoNiPsoi{ CORhargn  films were prepared by
chemical deposition method. The content of
phosphorus was 8 % at. in each layer. In hard
magnetic layer the CoP was in hexagonal state and
in soft magnetic layer the CoNiP was in
amorphous state. In the last case the cobalt conten
was 57.5 % at. and nickel content was 24.5 % at.
The thickness of each layer was t = 4 nm. Magnetic
measurements were made with vibrating-coll
magnetometer in temperature range T = 77 + 400
K and in magnetic fields H < 10 kOe. We
investigated changes of magnetic parameters in
dependence on number of layers in multilayer
structure. In our experiments number of layer pairs
was n< 15.

Earlier [2] it was established that the coercive
force (H;) of CoP layers depends on layer
thickness and H rises when layer thickness
increases. In given case at nitrogenous
temperatures the coercive forces of soft magnetic
and hard magnetic layers were ~ 20 Oe and ~ 1000
Oe, respectively. The combination of these layers
into structure leads to substantial change of magbehavior of structure in whole. This is seen in
Fig., where in parta and in par the curves of magnetization are presented foyil&éilm and
for film with 10 bilayers, respectively, at tempena T = 77.4 K. It attracts attention that thet sof
magnetic layer determines the behavior of magnetizaf film structure decreasing the coercive
force of system. It points out that interlayer clingp has value which ia comparable with ¢
exchange interaction within the layer.
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The current investigations are being undertakdmancial support of the Russian Found of Basic
Researches (Grant 11-02-00675).

[1] I. Zutic, J. Fabian, S. Das Sarnfev.Mod.Phys76 (2004) 323.
[2] A.V.Chzhan, G.S. Patrin, S.Ya. Kiparisov, et Bhys. Met. Metalloved109(2010) 1.
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EPITAXIAL HETEROSTRUCTURES Co/Cu ON Si(111))
Davydenko A.V, Ivanov Yu.P, Ermakov K.E, Chebotkevich L.A?
! Institute of physics and information technologiear Eastern National University, Sukhanov 8,
690950, Vladivostok, Russia
2 Institute for Automation and Control Processes,Eastern Branch of Russian Academy of
Science, 5 Radio Street, 690041, Vladivostok, Russi

Since the discovery of giant magnetoresistance (BMRill nowdays there is enhanced interest
of discovering systems of materials with the highesgnitude of effect. Particularly, Co/Cu
multilayers have attracted much attention becafisgkeogiant magnetoresistance (MR) values [2].
Multilayer Co/Cu films grown on Si substrates aspexially interesting object of investigation,
because of rather simple procedure of preparatiggh hguality epitaxial multilayers on
nonconducting substrate and precise control of ramee of deposited materials. In this paper
correlation of growth processes with MR propertafs Co/Cu/Co deposited on Si(111) was
investigated.

Epitaxial films were deposited in ultra high vacushramber. Vicinal substrates Si(111) with 4°
misorientation towards [11-2] were used. Pressartheé system in deposition processes was less
than 5x10° Torr. To prepare reconsructed Si(111) 7x7 surtareventional procedure of cleaning
samples was used. 11 ML Cu buffer layer was forimedsi surface to prevent formation of Co
silicide. 14 ML Cu cap layer was formed to preveamples from oxidation in the air. Structure of
the films was investigated by means of reflectiaghhenergy electron diffraction (RHEED) and
scanning tunneling microscopy (STM). Magnetic dinoe was studied by magnetic force
microscopy. Hysteresis loops of magnetization wastained by magneto-optical Kerr effect. MR
properties were measured by two different four pretations. On the first low field and precise
measurements were carried out and on the secord flalfls up to 11 kOe were obtained.
Geometry of MR measurement was current in plane, ivRRsurements were carried out at room
temperature.

RHEED and STM investigation showed quasi layerdyel Co on Cu/Si(111) growth. When Cu
spacer layer was deposited, 3D Cu islands 2-6 Mghhevere observed on the terraces. Second Co
layer tended to grow 2D islands.

Magnetic and MR properties Cu(14 ML)/Co(6 ML)/Cu@y(6 ML)/Cu(11 ML)/Si(111) with
coverage of Cu spacer d=1-7 ML were studied. Cwertirce of multilayered films was on the
order of 200 Oe. Strong uniaxial magnetic anisotreas induced by steps of Si substrate in the
samples. Positive values of MR ratio (R(H)-RR)/R(Hmay for H||I and HII orientations were
obtained in films with Cu spacer layer (GMR effe@&jobably, 3D growth of Cu spacer resulted in
non uniform distribution of Cu spacer thicknessamsn adjacent Co magnetic layers and, hence,
existence of Co areas ferromagnetically and antifeagnetically coupled. Magnitude of GMR
depends on coverage of Cu spacer and orientatiomagfnetic field relative to easy axis of
magnetization.

[1] M.N. Baibich, J.M. Broto, A. Fert, et aPhys. Rev. Let61, (1988) 2472.
[2] S. S. P. Parkin, R. Bhadra, and K. P. Ro¢hgs. Rev. Let66, (1991) 2152.

107



MISM 2011
22P0O-I-9

THE MICROWAVE MAGNETIC AND STRUCTURAL PROPERTIES OF

COMPOSITE AND MULTILAYER FILMS
Kotov L.NY, Turkov V.K, Viasov V.S, Ulyashev A.M, Kalinin Yu.E?, Sitnikov A.\/
! Syktyvkar State University, 167001 Syktyvkar, Gitysky 55, Russia
2Voronezh State Technical University, 394026 Vordneédoskovsky Pr. 14, Russia

There are many experimental and theoretic works diezoted to research of UHF magnetic
characteristics of composite and multinanolayendil[1-3]. This work is devoted to research of
dependence of nanostructural characteristics arid df ferromagnetic resonance (FMR) of
composite and multinanolayer films. The films ofies: Al - (Mel1)(Al203)y, A2 - (Me2) (Al 0s)y,

B - (Me1)<(Me1-Oa)Z(AI 203)y, C - {(Mel)X(AI 203)y - (Me1)<(AI 203)y} 120, D1- {[(Mel)X(AI zog)y]-
[Sil} 120, D2 - {[(Me2)x(Al03),]-[Si]} 120, E - {[(Me1)x(Al;Os),]-[Si:H]} 120were investigated, where
Mel = CasFesZrp, Me2 = Cas-Tass-Nbjg, 0.3<x<0.62, 3<y<12y=21-30x. The films were
obtained in an argon atmosphefd ( A2, C, D1, D&eries) and with addition of oxygeB §eries)

or hydrogen E series). All samples were deposited on substrayeshe ion-beam sputtering
method. The FMR spectra were obtained by an elegieramagnetic spectrometer at 9.45GHz
with using a standard modulation method [dfje DC magnetic field was directed along the films
plane. The alternating magnetic field was perpandico the DC field and also was directed along
to the plane of the films. The surface nanostrectmd the size of metal granules of films were
determined by atomic force microscopy (AFM). Theeledences of FMR parameters (the width of
line 4H and the resonance fieltleg) on metal concentrationof the composite and multilayer films
has been carried out [2]. The dependences of thR Ppirameters or of composite films and
multilayer composite-composite films are analogiddide maxima on the dependenc#4(x) of
composite-semiconductor multilayer films were okedr Thed,(x) dependences of the thickness of
semiconductor layer ox determined behavior afH(x) curves. In the area of maximud(x) has
maximal dispersion of demagnetization fields. Instltase the electron exchange between
composite granules through the semiconductor lagersninimal. The resonance fields for all films
of different series are decreased during increasshgx according to growth of average
magnetization. Based on the equations for the niatefield and the FMR width of line the
gualitative changes in nanostructure were deteminine

This work was supported by RFBR (grant 10-02-01327)
[1] L.N. Kotov et al.,Material Science and Engineeriygj2 (2006) 352.

[2] L.N. Kotov et al. JMMM, 316 (2007) e20.
[3] L.N. Korov et.al.,Advanced Materials ResearctV-50(2008) 706.
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BIAS-CURRENT AND OPTICALLY DRIVEN TRANSPORT PROPERT IES

OF THE HYBRID Fe/SiO,/p-Si STRUCTURES
Volkov N.VA22, Eremin E.\A2, Tarasov A.$2, Varnakov S.N?, Ovchinnikov S.G2*
L L.V. Kirensky Institute of Physics SB RAS, Krasmaogk, 660036, Russia
?Siberian State Aerospace University, Krasnoyar8R084, Russia
3 Siberian Federal University, Krasnoyarsk, 6600Rdssia

Hybrid nanostructures combining ferromagnetic nsegald nonmagnetic semiconductors are very
attractive for spintronic applications [1]. Thesérustures are interesting for traditional
semiconductor electronics and, simultaneously paoenising magnetic materials allowing current
control by an electron spin and magnetization @ity the spin-polarized current.

We studied the effect of optical radiation on thensport properties of the Fe/SI@-Si hybrid
structurein planar geometryThe structure was prepared by deposition of a(@imm) Fe film on a
p-doped Si substrate with a native i@yer (~ 1.2 nm). Pronounced magnetic-field- arasb
sensitive features of the transport propertieshef Ee/SiQ@/p-Si hybrid structure at temperature
variation are found. Comparative analysis of twdSHg,/p-Si samples, one with a continuous Fe
film and the other with two electrodes formed frenfe layer and separated by a micron gap,
shows that these features are caused by the mestdkior-semiconductor (MIS) transition with a
Schottky barrier near the interface between,%itl p-Si. Resistance of the MIS transition depends
exponentially on temperature and bias. In the sirecwith a continuous ferromagnetic film, the
competition between conductivities of the MIS titios and the Fe layer results in the effect of
current-channel switching between the Fe layertaademiconductor substrate.

We found one more way to control the transport progs of the Fe/Siép-Si structures,
specifically, optical radiation. In the structurétwa gap,
optical radiation gives rise to sharp (up to thoeders of

magnitude) decrease in resistivity of the structuew \ =980 nm
250 K (see the figure). In the structure with atorous light off P =60 mW/cm’
ferromagnetic film, optical radiation affects cuite E 10] "
channel switching between the Fe film and the@
semiconductor substrate. g 10

The mechanism of the optical effect is photogenamat g 1
of electron-hole pairs in the semiconductor substn@ar 3 107 H
the boundary with Si©layer. Photogenerated carriers _
contribute to the photocurrent across the Schdityier 1o gnton
and, thus, shunt high tunnel resistance of thisidraat 50 100 150 200 250
low temperatures. Temperature (K)

We believe that the results obtained will be usébul
various applications, in particular, fabrication wével
optically driven spintronic devices.

This study was supported by the Russian Found&tioBasic research, project no. 11-02-00367-a;
Presidium of the Russian Academy of Sciences, prodl.1; the Division for Physical Sciences of
the Russian Academy of Sciences, program 2.4 HelSiberian Branch of the Russian Academy of
Sciences, projects nos. 5 and 134; and the Fetdegat program, State contract NK-556P_15.

[1] A. Fert, Thin Solid Film-5 (2008) 517.
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INFLUENCE OF TEMPERATURE ANNEALING ON FMR AND
STRUCTURAL PROPERTIES OF SINGLE-LAYER AND MULTILAYE R

NANOCOMPOSITE FILMS
Efimets Yu.Yd, Turkov V.K:, Kotov L.NY, Vlasov V.S, Kalinin Yu.E?, Sitnikov A.\2
! Syktyvkar State University, 167001 Syktyvkar, Gkisky 55, Russia
2 Voronezh State Technical University, 394026 Vommeévoskovsky Pr. 14, Russia

The work is devoted to the research of influencarofealing to ferromagnetic resonance (FMR)
properties of films of A, B series with the compmsis (Cas-Fess-Zr1g)x(Al203)y, multilayer films
of the C series with compositions {(&eFess-Zr10)x(Al 203)y -(Coss-Feus-Zr10)x(Al 203)y} 120 and D
series with compositions {[(Co-Fe-Z(\l,0s)]-[a-Si]} 120 Also revealing FMR properties
relationship with the structure characteristics wWase. The composite and multilayer films were
received in the argon atmosphere with pressure BeD@A, C, D - series), and with the addition of
oxygen with pressure 3-f(Pa (B - series) by the ion-beam sputtering metfid@: metal phase
concentration varied in the limit®26<x< 063, 3 <y <12,y = 21-30x. The FMR spectrum was
obtained by the electron paramagnetic spectronifet 306 on the 9.36 GHz frequency using the
standard modulation index meter [1]. Annealing terafureT,, with the step ~50 K changed from
300 K to 800 K. The annealing time of the samptesir atmosphere was 1 hour. The dependencies
of the FMR spectra width of lindH and the resonance field magnitubdes on theannealing
temperaturd ,, for different metal phase concentrationwere measured experimentally. For films
of series A, C at increase of, growth of films absorbed power by nonuniform psien modes
field lay less than the FMR was observed. The dgnosftabsorption occurs at concentrationxof
below the percolation threshold threshold<(x42). The ratio of absorbed power for the
homogeneous and inhomogeneous modes varied maoratharder of magnitude with increasing
annealing temperature for films of series A, C.cAturing the annealing due to oxidation of the
films there was increase of thiél due to the growth of inhomogeneity of the filmsfaoe layers.
This phenomenon was especially shown for multilegieiilms of series C for which thickness of
composite layers much smaller than for films ofeseA. For films of the series C, the growth of
AH upon annealing after the percolation threshold aamit an order of magnitude greater than for
films of series A. This indicates the much grea&ucture changing of the films of series C
compared with films of series Ades for films of series A, C ak below percolation threshold
(x<0.42) during annealing slightly decreased, and akecolation (x>0.42) grew approximately in
2 times compared with values for films before atingadue to decreasing of average films
magnetization. The nonmonotonic dependencg-bbn the annealing temperaturg, is typical for
films of B series4H have the minimum for ak. At the higheix and lowerT,,, 4H starts to grow.
The deepest minimum occursxat 0.32. In the temperature rangeA growth for film series B
decrease in thelsfor all x occurs, especially a strong decrease is obseorefirhs with smallx
<0.4. Gradual decrease of thel and the increase of thées are observed for films series D with
the increase of th&,,and can be explained by decreasing average magtatizand formation of
silicides and silicates. Based on the equationstHer internal field and the width of line the
qualitative changes in films structure were detegdi

This work was supported by RFBR (grant 10-02-01327).

[1] L.N. Kotov et al.,Material Science and Engineeriyg/2 (2006) 352
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CONCENTRATION AND ANGULAR DEPENDENCES OF FMR IN SIN GLE-

LAYER AND MULTILAYER (Co-Ta-Nb) «-(SiO;), FILMS
Turkov V.K%, Kotov L.NY, Andreev A.$, Vlasov V.S, Kalinin Yu.E?, Sitnikov A.\/
! Syktyvkar State University, 167001 Syktyvkar, Gkisky 55, Russia
2 Voronezh State Technical University, 394026 Vommeévoskovsky Pr. 14, Russia

Research of concentration and angular dependefcesamance position and FMR width of line
on magnetic field was carried out in given work gmmgle layer and multilayer composite films of
structures: (Co-Ta-NR) (SiGy)y (series L), {[(Co-Ta-Nb)- (Si0y),] - [SiO.]} s6 (series M). Films
were received by the ion-beam sputtering methoargon atmosphere at pressure P=4-B@. 45
samples for both series of films were investigaftBlde metal phase concentration in composite
layers was increased monotonously with increasiagpte number. The FMR spectrum was
obtained by the electron paramagnetic spectroniiet 306 on the 9.36 GHz frequency using the
standard modulation index meter [1].

FMR metal concentration dependences of both filreses behave basically equally. The
decreasing of width of resonance line was obseateithe metal phase concentration area above
percolation threshold with concentration increasiitgwas connected with the increasing of
exchange interaction between metal granules. Toeasing of films metal phase concentration
leads to increase in dispersion of internal dem@zpteon fields and FMR width of line in the metal
concentration area less percolation threshold. éfber the maximum for series L was observed on
concentration dependence of width of the resonaat Difference of films FMR spectra of series
M was shown in shift of the maximum on dependenicéhe width of line to the area of lower
concentration in comparison with films of serieand further sharper falling at increasing of metal
concentration. Since 15 number of the sample tpemtdence of width of the line of series L and M
are similar. The width of line of series L and M swvdecreased similar at increasing metal
concentration. Thus dependences of resonant fietdseries L, M of films at increasing of metal
concentration were behaved similarly. The behawgforesonant fields was described by standard
Kittel formula. Concentration dependences of FMRtiof line correspond to theoretical model of
Rubinstein [2].

Dependences of the position of resonance and widthe line on angle between the film plane
and external magnetic field direction for sampldsboth series were received also. Angular
dependences of the resonant field have the mininaanparallel and the maximum at the
perpendicular orientation of the magnetic fieldatieely the film plane. Difference of angular
dependences of the width of line consisted in marmnobserved at the direction of the dc magnetic
field different from perpendicular. Using Kittel faula allows calculating the effective internal
magnetic fields and the g-factor of samples. Thiecéfe field was monotonously increased with
increasing of metal phase concentration. That spoeds increasing of the average magnetization
of films. Concentration dependences of the g-fabd the maximum in the percolation threshold
area.

This work was supported by RFBR (grant 10-02-01327)

[1] L.N. Kotov et al.,Material Science and Engineerijgs2 (2006) 352
[2] M. Rubinstein et al.Phys. Rev. B50(1994) 184
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MAGNETIC PROPERTIES OF ONE AND TWO DIMENSIONAL

NANODOTS ARRAYS
Stebliy M.E,, Ognev A.\}?, Samardak A.&.Chebotkevich L.A?
! Laboratory of thin film technologies, FENU, Vladitok, 690950, Russia
2 Institute of Automation and Control Processes, FEBRVIadivostok, 690041, Russia

Arrays of nanoscale objects are promising as méatialata storage [1] and magnetoresistive
memory cells [2]. Magnetic properties of nanostwues in the array depend not only on the
parameters of its constituent elements, but alsehenarray 's geometry, because magnetostatic
interaction, which arises between nanodots has irapbrole in the reversal process. In our work
we first investigated the effect of the size of @& two dimensional nanodots arrays (1xN and
NxN, N — numbers of nanodots in face of arraysjh@amagnetic properties.

To prepare the samples the naturally oxidized (Xklligon substrates were coated by PMMA
950K resist, then array was fabricated by meanselettron-beam lithography and lift-off
techniques. The 20 nm thick Co layer was deposiethermal evaporation in UHV and capped by
2 nm Cu to prevent oxidation. After lift —off prases the arrays of nanodots with diameter equal
600 nm were obtained. The distances between nanddet0,2; 0,5; 1D, number of nanodots N =
[2 +15]. The quality of the pattern morphology atié structure periodicity were analyzed by
scanning electron microscopy (SEM) and atomic fongeroscopy (AFM).

Magnetic properties of arrays were investigatednagneto- :
optical Kerr effect (MOKE) and magnetic force miscopy
(MFM). The experimental results were compared w8
micromagnetic simulations performed by using OOMb#fele , =
[5]. ¢

It was found that the size of the array influences the
magnetic properties of nanostructures significkinias found | |
that with increasing N there is a change of therattaristc ,——————+———5—
fields (coercivity (Hc), the annihilation field (Haand the -
nucleation of vortex states (Hn)). For N> 5 thevegrsaturate. | i
The figure shows the dependence of Hc on the Siteecarray g 8
for the chains and matrices nanodisks. It was foumad with C” ﬁ

240

120

:::'i-:\z ;{;4
increasing N in the chains Hc increases and deese@sthe _ & a
matrices. Fig. 1. The coercive force gHv.s.
. . . . number of dots in face of arrays (a),
MSM images of the chains and arrays nano_dlsks QVFtrO,S MEM image of four nanodots and
D show that the magnetostatic interaction distotite
micromagnetic structure (Fig. 1b). The resultscamefirmed by micromagnetic modeling (Fig. 1c).
It was determined that in the close-packed two dsmnal arrays biaxial anisotropy of the
magnetization processes presents, and in chaingxial.

Support by FCP (contracts P410, P1424), Presidentgand AVCP.

[1] S. Tehrani, E. Chen, J.M. DeHerrera, J.M. Skdaag J. Shi // J. Appl. Phys. 85, 5822, 1999.
[2] G.M. McClelland, M.W. Hart, M. E. Best, B.D.Tres, Appl. Phys. Lett. 81, 1483, 2002.

[3] C. Mathieu, C. Hartmann, M. Bauer, O. Bittngr, Riedling, B. Roos, S.O. Demokritov, B.
Hillebrands // Appl. Phys. Lett. 70, p. 2912, 1997.

[4] Guslienko K. Yu. // Physics Letters A. 2001.278. P. 293.

[5] http://math.nist.gov/oomm({/
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CHARACTERISTICS OF THE PERIODIC FINE STRUCTURE IN DOMAIN

WALLS IN VACUUM-DEPOSITED FILMS
Sagdatkireeva M.BRumyantseva V.\Khasanov N.A.
Bashkir State University, Ufa, Validi Str., 32, 46@ Russia

The development of nanomaterials with high operati@nd technological properties for modern
microelectronics is interesting for both scientdiad practical points of view.

The dependence of the domain structure of oblijagerated films of quantum-well thickness
and the angle of inclination of the easy-magndabmabxis with respect to the normal to the
guantum well plane has been studied. It is fourad the self-organization of domain structures is
mainly related to the quantum character of the ecatpre phenomenon.

The ground state of thin ferromagnetic films comgabsf QWs of cubic symmetry with oblique
EMA, forming an obtuse angle with the film planegsastudied based on the Hamiltonian

H = Hex + Helas + Hme + Hdem,

g >
N

\

\ y

1) 2)
Fig.1. Magnetoelastic wave spectrum for multi-aégomagnetic quantum walls (QW) with 500 A thickee
with sloping anisotropy 1=0 rad, 2)y=50 rad, 3)=67 rad at K¥/K,=-0.1,k is wave vectorp is the frequency
of related magnetoelastic wave, is the magnetic gap value, is the first frequencyy, is the second frequency
of magnetoelastic resonance.

Self-organized stripe domain structure in evapaord@V-thick films due to the spectrum of
related magnetoelastic wave (see Figi250 rad) is showed in the table:
The table shows that DS vary by polarity and thesdg of fine structure. The obtained results

allow to elucidate a mechanism of effective comitnglof some properties of magneto-ordered
films that may be important in modern electronics.

Ph. Conditions DW Polarity DS type
No for DS DW energy orientation
" | existence DW | DS

@<0, <0 E, = 460 4R 1y} 055< k, < 091

1 068 < k, < 091 I - - _ _
PP=R <1 (negative stripes)
<0, ¢>0 _ 055<k, < 091

=4¢ N, 1-RIl, | k=091 - , ,
2 R<1 = L I * (negative stripes)

Note: 1, = [2E() -k:2 KKV ks K(kd, I, = [K(k-2ECQUKS" K(ka), 1, = [2E(k) - K(k) k22K, k!2=1- ko
k '52 =1- k& |2kA = [K(k))-2E(k\)]/2 k), where k and kg are the modules of elliptic integrals of | and ilds,

respectivelyK(k,), K(ks), E(ks), E(ky); A is the DS half-period; and s is the periodic fatescture half-periodp,, ¢, are
eff. constants of anisotropy.
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[1] S.V. Vonsovsky, Y.S.Shur. Ferromagnetism (GosteMoscow, 1948).
[2] M.B. Sagdatkireeva et al., 1zv. RAN, Ser. phyX04. P.689.
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INTERPARTICLE MAGNETIC INTERACTION IN THE CLOSE-PAC KED
SYSTEMS OF HIGHANISOTROPIC NANOCRYSTALS
Shurinova E.\}, Mozul K.A!, Chernikov S.

! Karazin Kharkov National University, Svobody S4rKharkov 61077
2 Belgorod, Belgorod State University, Center NSMN

e-mail: giperbola79@mail.ru

In the formation of the magnetic properties
0.4 - Ba,Ca,Fe.0, e of ensembles of small particles along with the
size and surface factors that are important and
moreover, an ambiguous role played the
interparticle magnetic interaction. Interaction
parameters depend from the intrinsic
properties of the material (the magnetic
moment, constant of effective magnetic
anisotropy), external factors (magnetic field,
temperature) and the packing density of
particles in the sample.

The object of research was calcium
hexagonal ferrite GaBapsFe2019 in the
form of model system of Ilamellar
nanocrystals (small Stoner-Wohlfarth
particles) with the distribution by the
diameter of 10-100 nm. Experimental sample
was a close-packed system of randomly oriented argsals. In this paper, parameter of the
resulting interparticle magnetic interactilm determined in the temperature range 300-600K and
in magnetic fields from 0.5 to 12 kOe in the regimk irreversible magnetization using the
Wohlfarth ratio which establishes the relationshgiween the remanent magnetizatH) and
my(H) followed by plotting Henkelm, = f(m, ) and Kelly Am=my —=(1-2m ). The figure shows

the dependencesAm(H) of experimental powder sample §GBapsFe019 for the range
temperatures in comparison with the system of nstals (similar dispersion) of the base
composition BaFgO;¢. Founded two fundamental differences: if for tlagilom ferrite Am<0 and
maximum of Am(H) observed at the single field value, then for ta&iom ferrite Am>0 and
observed two peaks in the curen(H) and with increasing temperature there is a rabigton of

their intensity. For a discussion of possible reasof the observed differences used elekton-
microscopic researches and basic magnetizatioresurv

H, kOe
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SIZE AND SHAPE INFLUENCE ON MAGNETIZATION REVERSAL OF Py

NANOFILM GROWN ON NIOBIUM
Uspenskaya L.§.Egorov S.B, Chugunov A.A.
! Institute of Solid State Physics RASc, 142432, r6bgolovka, Russia
2 Department of Fundamentals of Physical-Chemicaitgering of MSU, 119991, Moscow,
Russia

Magnetic properties of artificial hybrid structurllse nanolayers of hard and soft ferromagnet,
ferromagnet and superconductor, are widely stuthstlyears because of interesting physics and
importance for applications. The easily switched rhggnetic field soft layer plays a role of
switching element, which controls the resistancéhefhybrid. This layer is usually chosen by its
characteristics obtained in free state. Howevewibtiaity of second layer could vary the quality of
soft magnetic layer. This is well known for the hgs of hard-soft ferromagnet, where the
coercitivity and symmetry of hysteresis loops fhe rate of magnetization of soft ferromagnet [2]
and easy axes direction [3] are known to be chargedit is naturally to assume that the properties
of soft magnetic layer in hybrid structure of femagnet-superconductor can also vary.

Here we report the results of experimental studymaignetization reversal of bilayer hybrid
nanofilm, consisting of permalloy layer grown orolsium layer by magnetron spattering. The
hybrid structures were shaped during growth proseds squares, rings and stripes of micron sizes
with different aspect ratios.

First of all, we have found that magnetization reaé of permalloy in hybrids and in the free
permalloy layers differes not only by the valuecogrcitivity, by the duration of time of domain
wall nucleation and by the rate of magnetizatiorersal, but in a qualitative sense.

Second, we have observed the dependence of kinetiamagnetization reversal upon the
structures sizes and aspect ratios; smart rotatinodes appear with the reduction of structuressize
below some critical size. The surprise was not only the emergence of nedesof reversal, but
the dimension of the structure under which theditaom to new modes of reversal; the critical size
L was much larger than the width of the domain walbermalloy; it was of the order of several
micrometers.

Next, we have seen that the coercitivity and tHaydef magnetization reversal depend upon the
size and shape of the structure.

And finally, we have shown the influence of theerat magnetic field application on kinetics of
magnetization reversal.

It is important to note that the experiments weeefggmed at room temperature, that means the
proximity of a superconductor could not influenbe properties of the ferromagnet.

Support by RFBR grant 09-02-00856 and by RAS progiQuantum physics of condense matter"
is acknowledged.

[1] I. Zutic, J. Fabian, S. Das Sarniev. Mod. Phys76 (2004) 323.

[2] L.S. Uspenskayaulletin RAS: Physicg/4 (2010) 711; lzvestiya RAN, Ser. Fizicheskay4,
(2010) 744.

[3] L.S. Uspenskay&hys. Sol. Stat&2, (2010) 2274; (L.S. Uspenskayszika Tverdogo Tela,
52, (2010) 2131).
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THE FEATURES OF THE STRUCTURE AND MAGNETIC PROPERTIES
OF Co-SiO,, Co-Al,03 COMPOSITE FILMS WITH GIANT

MAGNETORESISTANCE EFFECT.
Gorkovenko A.N, Vas'kovskiy V.Q, Lepalovskij V.N, Shchegoleva N.N.
'Ural State University, 620000, Lenin av. 51, Ekiaeurg, Russia
?|nstitute of Metal Physics, 620041, S. Kovalevsk®j Ekaterinburg, Russia

The composite magnetic structures such as a 3d-imstdator interested as carriers of a some
new physical phenomena - the giant Hall effect gmht magnetoresistance, but also are
considered as a functional materials [1, 2].

The given work studies the influence of the strradtgtate on the magnetic and magnetoresistive
properties of film composites Co-Si@nd Co-A}Os, which obtained by magnetron sputtering. The
samples of film with thickness of 100 nm were fodmento glass substrates «Corning» by
cosputtering targets of Co and Si(@r Al,Os). The substance of metal in the films were varied
from 30 to 60% for samples of type Co.@ and from 40 to 60% for samples of type Co-SiO
Magnetic properties were measured by VSM (at roemperature and magnetic fields up to 15
kOe) and SQUID-magnetometer (in the temperaturgedy 300 K in magnetic fields up to 70
kOe). The measurement of the magnetoresistance peefemed at room temperature by double-
probe method. The structure was analyzed by traamm electron mlcroscopy

The analyses of the magnetlzatlon curves and ZFCE@((hnlque |s shown that in certain
temperature in cobalt content 50% or less for botpes of films are characterized by
superparamagnetic behavior. It is associated wighpresence in the microstructure of thin films,
which is a system of magnetic grains in the matfidielectric material. The estimates shown that
in films with 50% of the average concentration lué imetal grain size is equal about 5 nm, and it
tends to increase with increasing Co content. Téer®n microscopy confirms the assessments and
indicate a somewhat smaller grain size in the fibth€0-AlLO; (Fig. la) as compared with films of
Co-SiQ; (Fig. b)

It was established that in the studied concentmatad both types of films have the
magnetoresistance. The maximum value of the effbserved in 50% of the Co content. In a
magnetic field of 15 kOe it was about 6% and 8%fifors Co-SiQ and Co-A}Os, respectively.

[1] J.C Denardin, M Knobel, X.X Zhang, A.B PakhomdMMM, 262 (2003) 15.
[2] W. Changzheng, Z. Peiming, Z. Libo, X. XiaoggaR. YonghuaThin Solid Films516 (2008)
3422.
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MAGNETIC BEHAVIOR AND MAGNETORESISTANCE OF NANOSIZE D

SUPERLATTICES Mo/Fe/Co
Antipov S.D,.Gorunov G.E.Kaminskaya T.RKornilov A.A, Novikov I.M, Pivkina M.N,
Senina V.A.Smirnitskaya G.V Stetsenko P.N.
M.V. Lomonosov Moscow State University, Moscow, GER_eninskie Gory, build.2,
Faculty of Physics, Russia

In this paper we report the results on the invastipm of magnetic behavior and
magnetoresistance of nanosized three-componentsriatiige [Mo(12A)Fe(xA)Co(21A)]*100
(x=4+43). Magnetic superlattices (MSL) Mo/Fe/Co éadeen obtained by cathode sputtering from
two opposed cathodes on mica substrates (musceti®)C temperature.

Basic magnetic properties were measured along ammdsthe planes of samples MSL at room
temperature. Magnetic measurements were carriedising VSM with 2*10° emu sensivity in
fields +8kOe. The surface of MSL were imaged usnognning probe microscope in semi-contact
atomic force microscopy mode ot room temperatuhe image shows an island structure with size
distributions.

The average size of islands was ~1000A acrossithetion of magnetic field at deposition {H
and ~700A across dithe average value of difference of height wage+80)A.

According XRD data the samples MLS Mo/Fe/Co aranmorphous or nanocrystalines phases.

Measurements of magnetoresistance have been peffoynese four-point methods in magnetic
field (+10)kOe — 0 — (-10)kOe and temperature (EBHK on a computerized research facility.
Magnetoresistance have been recorded at the vaailss between the direction of magnetic field
and the plane of the sample.

It was found that there are oscillatory charactponsaneous magnetization, remament
magnetization and coercivity fields on the Fe thiess with period of 5A. It can be due to
interference effects in electron waves leadingheoformation of “quantum wells” in the interfaces.
Same samples have drug and stepped shape of tteedsys loops, wich is connected existence of
vortex type of magnetic structure and dynamics hadré behavior in magnetic field. This is
evidenced by studies using atomic force microscope.

We found semi conductivity temperature dependeihcesistivity of investigated samples MSL.
Measurements of magnetoresistance of different ¢eatpres were positive sign, as well as
directly proportional to temperature. Asymmetry drydteresis curves of magnetoresistance were
observed. Possible reasons of this behavior ofeifmperature dependence of the magnetoresistance
were identified.
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FERROMAGNETIC BEHAVIOR OF Pt NANOPARTICLES
Antipov S.D}, Gorunov G.E, Perov N.S, Pivkina M.N?, Said-Galiyev E.E, Semisalova A.5.
Stetsenko P.N.
! M.V. Lomonosov Moscow State University, FacultyRifysics, Moscow, GSP-1, 119991,
Leninskie Gory,1, bld.2, Russia
2 A.N. Nesmeyanov Institute of Organoelement Complswf the Russian Academy of Sciences,
Moscow, GSP-1, 119991,V-334, Vavilova Str., 28, D& Russia

The study of magnetic properties of 4d, 5d metabRd Pt nanoparticles and clusters attracts a
great attention since these metals are paramagnédtidk state [1,2].

In this work we report the ferromagnetic behavibthe Pt nanoparticles produced by chemical
methods. The metal organic chemical fluid deposifiwocess with supercritical fluid have been
used. Highly dispersed Pt clusters were fabricatedhe surface of the porous spherigal O3
nanoparticles. The samples were produced in ItstiNEOS RAS:

The particles size distributions were determinedsinall-angle X-rays scattering (SAXS) of Pt
clusters. The bimodal particle size distributiorthWR;ma=20 A and Rma=40 A was found for Pt
clusters. The magnetic properties were investigatednagnetic fields up to 16 kOe at the
temperature 80+400 K by the vibrating sample magneter.

Pth-Al, O3 nanoparticels revealed the ferromagnetic behaunmorwhole temperature range
80+400 K, the Curie temperaturg Was found to be considerably higher than 400K. \fdlee of
coercive field gradually decreased from 130 Oe @QoC& with temperature increase from 80 to
400 K.

Also the magnetic properties of nanoparticles Py$abricated by the same chemical method
were investigated. The paramagnetic behavior waergbd for these Pt/Si@anoparticles at the
temperature 80+400 K and magnetic field up to 1& kO

The origin of ferromagnetic behavior in R#l,03; nanoparticles prepared by chemical methods is
discussed.

[1] T. Shinohara and T. Sato “Surface Ferromagmet$ Pd Fine Particles”, Phys. Rev. Lett. 91,
197201 (2003).

[2] V. Kumar and Y. Kawazoe “Evolution of atomicdelectronic structure of Pt clusters: Planar,
layered, pyramidal, cage, cubic, and octahedraktiry Phys. Rev. B 77, 205418 (2008).
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MAGNETOTRANSPORT PROPERTIES OF GRANULAR

(CU+CO41Fegngo)x(CUOn)1oo_x NANOCOMPOSITES
Makagonov V.AKashirin M.A, Kudrin A.M.
Voronezh State Technical University, Moskovsky Pexg, 14, Voronezh, Russia

The nanogranular composites consisting of a metgthins of Cu and Gg-e;oB4 in the wide-
gap semiconductor Cy@natrix have been obtained in an argon atmosphere $,6x 10° Torr by
ion-beam sputtering. The structure of the compssitave been investigated by a transmission
electron microscopy.
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The magnetoresistance of the investigated comgosits negative and isotropic, i.e. does not
depend on the relative position of the electricentr and magnetic field. Field dependences of the
magnetoresistance of the nanocomposites are tyfoicalystems of ferromagnetic metal-dielectric
(Fig. 1), indicating that it's a spin-dependent rtaling mechanism, as a determinative a
magnetoresistance of those samples.
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Fig. 1 Field dependences of magnetoresistanceFa. 2 Dependences of resistivity and
the Cu+CayuFegB2)x(CuQy)100-x COMposites with magnetoresistance of (+CayFe;0B20)x (CuQy)100-
different fractions (X, at.%) of amorphous composites of the fraction of the amorphous
conducting phase: 1 - X=17at%; 2 metal phase Gg-egB2o (X, at.%)
X =29 at.%; 3 — X=42,5at.%; 4 — X =50,2 at.%;
5 — X=46,8at.% (magnetic field was directed
along the film plane and current direction)

On the background of a negative magnetoresistaN®4R] in small fields a positive (PMR)
(inset in Fig. 1) have been taken place. The imibeéeof the composite amount to the negative and
positive magnetoresistance have been showed aéfiyu

In granular ferromagnetic metal - dielectric namaposites maximum values NMR and PMR of
concentration dependence have been observed antoatoons of the metallic phase just below the
percolation threshold. NMR and PMR plots (Fig. ayé been shown that the percolation threshold
of the Cu+CaFesgB2g)x(CuQy)i00-x cOmposite ~ 50 at. % or higher. But at the conedioin
dependence of resistivity at those X no featuregvie@und. Moreover, with X greater than 30 at. %
the resistivity practically does not depend on ¢bacentration of metallic phase, which is typical
for nanocomposites above the percolation threshidhis discrepancy could be explained by the
presence of pure copper grains that determinedhlation threshold for electrical properties and
has no effect on the magnetotransport properties.

This work was supported by RFBR (gra¥t10-02-90030)
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MAGNETIC AND MAGNETOELASTIC PROPETIES OF A BULK
NANOSTRUCTURED Nd-Fe-B TYPE ALLOY MANUFACTURED BY
SPARK PLASMA SINTERING METHOD
Sabiryanova E.A, Kudrevatykh N.V, Volegov A.S, Neznakhin D.$. Chuvildiev V.N,
Lopatin Yu.G
! Ural State University named after A. M. Gorky, 688, Ekaterinburg, Russia
? Lobachevsky State Iniversity of Nizhni Novgorodtidaal Research University, 603950, Nizhni
Novgorod, Russia

From the moment of their discovery, hard «- T=10K e
magnetic materials based on the Nd-Fe-B ] P
system alloys have always been and currently z-
are in the center of attention of recearches and - f
technologists. It concerns also theg o ;
nanostructured alloys (NSA) basically & - .
manufactured by the melt spinning technique =/ ; /
in a shape of flakes or coarse powders. This = ._.k.:.:.:|:=:=i:i:—-—-f-/'/
material shape does not allow to investigate -/
their magnetoelastic properties, such as
magnetostricion distortions which accompany |
the magnetization reversal process. Thus in
this work the attempt for a bulk sl -
nanostructured Nd-Fe-B type alloy (BNSA) /
manufacturing has been made and itgooe R Y
magnetic and magnetoelastic properties study | =-s-uyq. ,.r / E \ I

. : - L T
were performed for the first time. The samplé™
of BNSA Nd-Fe-B type has been obtained™"
from the initial MQP-B brand NSA powder |, e
using a spark plasma sintering method (SPS) | . A
[1]. The final material density was about,,,. .
7.5 g/lcni. Its magnetic hysteresis properties
behavior have been studied with a help 0Ofixe v
SQUID magnetometer in the fields up to . \ /'
+70 kOe in temperature range 10-200 Kooy W
Magnetostriction  strains Af,AL) were e e e e e
determined in the same fields and H.0e
temperatures using a special small strain gaugeshatd on the sample surface. A typical
magnetization loop (m(H)) and longitudinal and &agrse magnetostrictions onég(H), A(H))
measured at 10 K for BNSA sample are shown in &durlt can see that the magnetization reversal
process accompanies with the essential samplehleciginges both along and across applied
magnetic field direction which are much higher that Nd,Fe 4B single crystal along [100] or
[110] axes [2]. The reasons of sukf(H) and (H) behaviour for Nd-Fe-B BNSA sample ire th
connection with its magnetization state at différéemperatures and magnetic fields will be
discussed in our report.

.y
L

[1] www.tokyo-boeki.ry Spark Plasma Sintering
[2] A.V.Andreev, A.V.Deryagin, N.V.Kudrevatykh, N.Musnikov, V.A. Reimer, S.V.Terent’ev, J.
JETP,90, (1986) 1042—-1050
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MAGNETIC ORDERING IN HETEROGENEOUS MULTILAYER
NANOSTRUCTURES SUPERPARAMAGNETIC COMPOSITE -

SEMICONDUCTOR
Dunets O.V.Kalinin Yu.E, Sitnikov A.V,.Kashirin M.A, Makagonov \4.
Voronezh State Technical University, Russia

Earlier it has been observed that inserting of senductor layers into a superparamagnetic pre-
percolation metal-dielectric composite leads to emppnce of the magnetic ordering in the
heterogeneous structure. This phenomenon has beestipated in a large number of different
multilayered structures. All the multilayered stwes were obtained by ion-beam sputtering
technique and contained the same composite la@ersHe;0B20)33 d Si0»)ss.1 With a thickness of 2-

5 nm separated by different semiconductor layei@x5i, Inss sY 420603 SIC, C, Cu, CuO, BTe;,
SiO, u SnpeSis 066,7). The thickness of the semiconductor layer wasedafrom 0,2 nm (non-
continuous layer) to 2,5 nm (continuous layer).

The quite narrow range of semiconductor layer tmdses (h) where significant (by several
orders of magnitude) and sharp change of the @lattresistivity p) takes place have been
observed in all studied multilayered system. Thgtivity change is related to the formation of a
continuous semiconductor layer and increase ofinteience on the electron transport. The
thickness value when the continuous 2D layers anegbformed depends on a composition and a
preparation conditions.

The dependence of the real and imaginary parthefcomplex magnetic permeability on the
semiconductor layer thickness has been investigatté& MHz. The obtained results indicate the
presence of the magnetic ordering in systems witlCSCu, BpTes;, and SiC layers. In the other
compositions the magnetic ordering has not beearoed in the studied thickness range.

The general correlation between resistivity valokethe multilayer structures and presence of the
magnetic ordering for all studied systems is shaivthe fig.1. The experimental data allows to
conclude that there is a significant contributidrcloarge carriers to a mechanism of the magnetic
ordering in the heterogeneous systems.The pogssidtdhanisms of the observed magnetic ordering
are discussed.

{[(CoacF€scB20)33 <(SiOs)es 11/ T€2Bisl} 101 7 @ @ eccccer®
{[(CoacFescB20)22 (SiOs)ee 1l/[ T€BI I} oz 1@ Oo ¢ 010-0 @ 0@ oo rrn e L """""
{[(CO4GFe4GBQO)33_§(S|02)66_]]/[CUO]}SA b S A R @eeeesssssssshocs e -
{[(CougFesBa)3s (SiOz)es al/[Cultgz: @ ke AR Nt S SRR M S
{[(CO4cF€4chc)33.s(SlOz)ee_ﬂ/[Sr}zgsu_eoee_ﬂha T @escscece @
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‘E5 B4 B3 001 o4 1 40 400 1000
p, Ohm*m

Fig. 1. Magnetic state of multilayer structure edectrical resistivity of the structure (dotteddin the
superparamagnetic state, solid line - the magriticedered state).

This work was supported by RFBR (graiNts09-02-97506_tenTp_a)
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INFLUENCE OF THE LAYER PARAMETERS ON MAGNETIC
PROPERTIES OF Fe;gNig:/Ti/Tb-Co THIN FILMS WITH UNIDIRECTIONAL

ANISOTROPY
Balymov K.G.Kulesh N.A.Sorokin A.N.Vas’kovskiy V.O.
Ural State University named after A.M. Gorky, 6280Bkaterinburg, Russia

Unidirectional anisotropy is an interesting featofehe of FesNigi/Tbh-Co multilayers obtained
for certain conditions [1]. This work is devoted ® detailed study of the properties of
FeioNigi/Ti/Th3sCoss multilayered structures with unidirectional anrsply for the structures with
varied thicknesses of klig; layer and titanium spacer. The multilayeres wenepared by rf-
sputtering sequential deposition from the corredpuntargets onto glass substrates in the presence
of homogeneous magnetic field. The amorphous fagimatic Th-Co layers of the thickness of 120
nm had a uniaxial magnetic anisotropy. The positibthe easy axis in the plane of the film was set
by a technological magnetic field. Thickness ofypo}stalline FeyNig; layers(Lreni) in the series
of two-layer films varied in the range 40+130 nigeni Was fixed being 50 nm for the series of
samples with the titanium spacer. The thicknegh®ihonmagnetic spacdrr() varied in the range
0.2+1 nm.

According to the data of magnetic measurements
at room temperature kfligs layers had a 600l
unidirectional anisotropy which was manifested as a
shift of the hysteresis loop along the easy axis: t
value of field shift was denominatedlds(see inset @
Fig. 1). It was established that the valueHafwas O 300t
strongly influenced by the thickness of thedNes; I“o 200l
layers as well as by state of the interlayer iaieef

500+
400}

800

. ) . 100} Fj
which was controlled by the thickness of Ti layer. Fg.l e
In the first case, a monotonic decrease of the fiel 20 40 60 80 100 120 140
shift was observed folreni increase: H was LFeNi, nm

proportional to Alreni (line in Fig. 1). Changes of
the value ofHe in the investigated range of the

thicknesses was as high as 8 times. In the second .,
case, the dependencetdf on the spacer thickness 12
had nonmonotonic character (Fig. 2) The interlayer NS
magnetic coupling disappeared when the thickne Lo
of titanium was higher than 0.8 nm. The origin 0© ] 0s &
such behavior of the field shift was discussed. ~» 1007 los %
The anisotropy of the magnetoresistapg¥R of T o ’
FeroNigy/Ti/TbasCogs films was also analyzed. The o e~e 104
dependences gfR/Ron the layer parameters were 00 02 04 06 08 10

obtained and interpreted (Fig. 2). LTi, nm
The work was supported by the RFBR (projgcii1-02-00288-a).

[1] K. G. Balymov, V.O. Vas’kovskiy, A.V. Svalov,.B. Stepanova, and N.A. KulesRhys. Met.
Metallography 110(2010) 6.
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MAGNETIC PROPERTIES OF GOETHITE NANOPARTICLES
SYNTHESIZED WITH ADDITION OF VARIOUS SURFACE ACTIVE

SUBSTANCES
Antonov A.N, Novakova A.A, Gendler T.$, Kolesnikov E.A&, Puzik I.13, Levina V.\
! Moscow State University, Leninskie Gori, 1, 11998dscow, Russia
2 Institute of Physics of the Earth RAS, B. Gryziagh, 10, 123995 Moscow, Russia
¥National University of Science and Technology, Ineskiy pr.4, 119991 Moscow, Russia

To receive monosized goethite-FeOOH) nanoparticles powders in the process omatad
precipitation from iron salt and alkali various faue active substances (SAS) with concentration
0.3% and 1% were added in water,K>sNaO,S (anion active), GH3sCIN (cation active) and
EDTA C;0H1408N2N& (complexon). Investigations by means of TEM andsBbmuer spectroscopy
show, that addition of 0.3% SAS increases the amofismall particles with sizes of 2-5 nm in
comparison to goethite nanopowder, obtained with®AS. However application of 1% SAS
differently influences on size distribution of peles: in the case of cation- active SAS only small
particles with size of 2-5 nm are occurred, whiléhe case of anion-active SAS and complexon the
growth of well-crystallized goethite particles wilzes of about 100*20 nm takes place.

Hysteresis loops demonstrate typical for SP goetpdrticles linear dependence of J(H) up to
applied field H=1T for all the samples, however thagnetization values J are higher for the
samples obtained with using of different SAS in panson on pure goethite nanoparticles. To
examine the homogeneity of goethite nanoparticlecipitated in presence of different SAS
thermomagnetic analysis (TMA) in interval 20-760n applied field 400mT was carried out in air
using Curie balance. J (T) dependences revealedntimmogeneous composition of goethite
nanopowders precipitated with SAS: in temperategian of 200-50% peaks of magnetization,
which are unusual for heating in air of pure gdethare occurred. Apprearance of these peaks is
connected with formation of ferrimagnetic interneddi phases in the course of heating. Unusual
phase transitions of goethite nanoparticles cagxipéained by the various surface layers formed on
the nanoparticles under SAS influence. The peake ddferent shape and intensity depending on
the type and concentration of SAS. It was found thathe case of 1% SAS all the peaks on
magnetization curves are significantly weaker, timthe case of 0,3% SAS. This can be explained
by weaker interactions between SAS and goethiteopeticles surface at higher SAS
concentration.
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INVESTIGATION OF PHASE TRANSITIONS OF MODEL Fe/V

SUPERLATTICES
Khizriev K.SH:?, Murtazaev A.K:?
! Institute of Physics Daghestan Scientific CenfdRassian Academy of Sciences,
94, Yaragskogo str., Makhachkala, Russia
2 Daghestan State University, 43a, M.Gadjieva Btakhachkala, Russia

Magnetic Fe/V superlattices with thin alternatimgdrs of magnetic and nonmagnetic materials
are convenient objects for the studying the sifecef in multilayer structures. The minimum Fe-
layer thickness, at which the lattice remains mé&gnes two atomic monolayers; the Curie
temperature depends not only on the number of ni@gm®nolayers but also on the thickness of
nonmagnetic vanadium layers.

The superlattices, in which the magnetizationse§imboring magnetic layers are antiparallel to
each other, are of particular interest. In pariculsuch systems exhibit the effect of giant
magnetoresistance. In Fe/V superlattices antifeaugmatic interlayer coupling occurs at vanadium
and iron layer thickness of 13-14 and 2—-3 monoklgyespectively. For such superlattices one can
choose a range of hydrogen pressures at whichntedayer exchange interaction changes from
antiferromagnetic to ferromagnetic, passing throzgyfo.

For investigation of magnetic properties of nantesecaagnetic systems we propose model of
magnetic superlattice W& 15/Fe; with alternating magnetic (two and three monolayee) and
nonmagnetic (thirteen monolayers V) layers. Theharge interactions between the nearest
neighbors in both the F@and Fe layers have a ferromagnetic character and arendieted by the
parameted; (intralayer exchange interaction). There is algeractionJ; between the atoms of the
Fe, and Fe layers via the vanadium layer (interlayer couplings value and sign may change,
depending on the vanadium layer thickness. Interlagupling for our model has the subzero sign.

The Hamiltonian of the model can be written as

H==2 S (§'S+8/S) ) TS +5'F),

where the first sum takes into account the exchantggaction of each magnetic atom with its
nearest neighbors in the layer, and the secondtakes into consideration the interaction with the

atoms from neighboring layers via the nonmagnetiel; S*’ are the components of the spin

localized at sitg.

Investigations were performed using by a singlestelualgorithm of a Monte-Carlo method for
systems with periodic boundary conditions. Theti@abetween interlayer and intralayer exchange
coupling was varied in a wide limit. We have ca#tatl spontaneous magnetization, susceptibility
and specific heat as functions of the temperatndeexchange parameters. The accurate method of
Binder cumulants have been used for definition bé fcritical temperature. Temperature
dependences of magnetization, susceptibility anelza capacity for several models of a superlattice
are received. In model with two and three layersmf (Fe/V13/Fe;) are found two maximums of a
heat capacity at small values of a relation ofrlateer and intralayer exchanges. Temperature
dependences of thermodynamic values testify togpiasin model of a superlattice,f& y/Fe; of
two phase transitions.

Support by FCP of the Ministry of Education andeBce of the Russian Federation (goskontrakt
P554) is acknowledged.
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PECULIARITY OF THE FERROMAGNETIC AND SPIN-WAVE
RESONANCE IN EXCHANGE-COUPLED NiFe/X/NiFe THREE LAY ER
STRUCTURES (X = Ag, Cu, DyCo)

Iskhakov R.$. Stolyar S.\}?, Yakovchuk V.YY.Chizhik M.\2
! Kirensky Institute of Physics, Siberian Branch &3 Krasnoyarsk, Russia

?Siberian Federal University, Krasnoyarsk, Russia

Structures NiFe/Cu/NiFe, NiFe/Ag/NiFe and NiFe/DyRig-e with the same thickness of the
ferromagnetic layers (40 — 110 nm) and of variduskness of Cu and Ag interlayer (1 - 10 nm)
and DyCo interlayer (45-110 nm) were investigatedbIR (9.43 GHz).

Only FMR spectra were observed for sandwiches witickness of ferromagnetic layers
40-50 nm. The FMR spectra include two resonanceasadgth different intensity (“acoustic” mode
and “optic” mode). The resonance field values amignsity values of FMR peak depend on
interlayer thickness.

There were many resonance absorptions on the mas@wpectra of investigation structures at
applied field perpendicular to the film plane whbitkness of ferromagnetic layers were above 50
nm. For each acoustic mode there are own optitlisaita SWR spectrum. The influence of sign of
the exchange coupling strength on the field passtiboth for acoustic modes and their optical
satellites was determined by the SWR techniquea# revealed that resonance field of the acoustic
spin-wave exchanging modes considers with Kittébri,(n)~n® (n - is mode number), whereas
the field positions of optic satellites are desetilby their own dependende;(n;)~n;>">
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Figure shows (at the left) the SWR spectrum of KiB&nm)/DyCo(82nm)/NiFe(100nm) film

and (on the right) dependence of resonant fieldsiode number as functidt(n)~n; for acoustic
mode andH,(n;)~n>*for optic mode.
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This work was supported by the Federal Program dbmpment of the Scientific Potential of
Higher Education” (RNP.2.1.1/3498) and by the Fed&arget Program “Research and Research-
Pedagogical Personnel of Innovation Russia for 223",
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PECULIARITIES OF MAGNETIC INTERACTIONS AND STABILIT Y OF

xFe(100-x)SiO , (x=5-95) POWDER NANOCOMPOSITES
Kiseleva T.Yd, Novakova A.A, Gendler T.S, Ilinykh I.A.3, Levina V.\@
! Moscow M.V.Lomonosov State University, DepartmefPhysics, Leninskie gory, 119192,
Moscow, Russia
2Shmidt Institute of the Physics of the Earth, Gnskaya str., Moscow, Russia
$National University of Science and Technology "Mmsdnstitute of Steel and Alloys”, Leninskiy
pr. 4, 119991Moscow, Russia

Magnetic nanoparticles exhibit magnetic propettied are strongly dependent on size effects and
their specific structure features. Chemical megatlon of oxides multicomponent mixture in
reducing media is one of the simple methods to greemanocomposites consisted of metallic
magnetic particles in nonmagnetic surroundingsthis work we report the study of magnetic
properties and structure interdependence of Fg/8&Ddocomposites obtained by xFeOOH-(100-
X)SiO, precursors mixtures thermal metallization in hypne. The resulting nanocomposites series
represent a powder material where Fe nanopartides coated or embedded into amorphous SiO
in dependence on the initial relatieteOOH and Si@quantity and precursors homogenization
type. The type of mixtures homogenization (mechanic ultrasonic mixing) plays the principal
role in the composites structure formation.

Fe’ Mossbauer study of structure and magnetic statemefallic particles in obtained
nanocomposites via Fe relative concentration hasenbperformed at 78 and 300 K. Phase
structure, particles sizes and morphology wereistuthy X-ray diffraction and TEM analyses.
Hysteresis loops were measured at room temperatuapplied magnetic fields up to 1 T using
VFTB EM magnetometer, thermomagnetic curves M(Tyemmeasured using Curie balance in
temperature range 20 - 880 in applied magnetic fields 0.45 T.

Studied samples were divided into groups: with & Bnd high Fe content and by type of
precursors homogenization (milling or ultrasouritilvas found that UZ homogenization allowed
to obtain a good dispersion and narrow size distiobn of very small metal particles but more
complicate heterogeneous phase compositieRe( spinel phase, amorphous gi@ifferent Fe-
silicate phases) than mechanically mixed nanocoitggsMechanical treatment of precursors
reveals formation od-Fe particles and amorphous %iO

The saturation magnetization (Js) and remanentatain magnetization (Jrs) values of whole
samples vary in almost two times for the same Feter. Js and Jrs expect drop with SiO
increase, Hc and Hcr in opposite way increase. efigsis loops are quite similar in shape although
they dose not achieve the saturation and showreliffanput of para- and superparamagnetic (SP)
metallic nanoparticles. Thermomagnetic curves 3(E) irreversible and demonstrate some phase
transitions during heating showing the instabibifyall nanocomposites obtained. The temperature
of main phase transition FeFe;0; decreases from 370 to 3fT with the increase of SiO
concentration what is evidently the result of veoynplicate microstructure.

The received nanocomposites possess perspectives ghod magnetic material for high
frequency application.

Support by RFBR (Grafe 09-03-0092%is acknowledged.
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OBSERVATION OF BAND GAPS IN ONE-DIMENSIONAL MAGNONI C

CRYSTAL BY SPIN-WAVE RESONANCE TECHNIQUE
Iskhakov R.$, Stolyar S.\}?, Chekanova L.A, Chizhik M.\~
! Kirensky Institute of Physics, Siberian Branch &3 Krasnoyarsk, Russia
?Siberian Federal University, Krasnoyarsk, Russia

It is known that the spectrum of waves of any ratir periodic structures has band character
(fig.1). Modification of exchange spin wave spectras detected in “ferromagnetic/ferromagnetic”
multilayer films with thicknesd.=N(d;+d;) (d; and d; are thickness of the layers) by SWR
technique. It is specified by the stop-zones of moagcrystal withk,=77(d;+dy), which is formed
by one-dimensional modulation of the magnetic patans. We used two type of multilayer films
as initial samples - [GgP2(400A)/CasPs(500A)]s and [NisFess(180A)/NisoFeso(1804)]s, which
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y /
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_ kb_ 2 _ Fig.2. SWR  spectra of  fim
Fig.1. The forbidden zone of exchange spin wave [NjgFe,(180A)/NiFe(180A)k:
spectra in one-dimensional magnonic crystal. ks=57/N(dh+d,)=7/(d,+d,)=k,

were synthesize by chemical deposition method. yamsalof the experimental spin-wave resonance
spectrum K,=nz/L) resulted to use exchange doubling of the spinewmodes r{i=N) in the
“ferromagnetic/ferromagnetic” multilayer films. SWRpectra results shown in the figure 2, 3
clearly illustrate this doubling.
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This work was supported by the Federal Program &hspment of the Scientific Potential of
Higher Education” (RNP.2.1.1/3498) and by the Faldl@arget Program “Research and Research-
Pedagogical Personnel of Innovation Russia for Z003"
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MAGNETIC PROPERTIES OF CoFeB-SiO ; NANOCOMPOSITE AND

[(CO40Fe4oBzo)x(Si02)1oo_x /G-SIH] n MULTILAYER FILMS
Denisova E, Iskhakov R, Komogortsev &.Chekanova L, Balaev A%, Kalinin Yu?, Sitnikov A2
! Kirensky Institute of Physics SB RAS, KrasnoyaiRkssia
2 Voronezh State Technical University, Voronezh, $tas

In this paper we
investigate the magnetic
and microstructure
properties of nanogranular
CoFeB- SiQ ultrathin
layers sandwiched by a-
Si:H and we focus our
attention on the analysis of
the results of FMR studies.

‘ ‘ ‘ ‘ The films were
8 9 10 11 12 8 9 10 11 12 gynthesized by the ion-
Applied field , kOe Applied field, kOe beam sputerring. The
Fig.1. SWR spectrum of the GBeyBo-SiO, granular films (a) and of the  Magnetic  properties  of
multilayer [CagFeyBag-SiO; /a-Si:H]g films (b) multilayered

[(Cos0F€10B20)x (SIO2)100-x(
t)/a-Si:H], films with t varying in range 1.3-6 nm and ({deeioB20)x(Si0z)100-x NANOgranular
composite films were studied using ferromagnetisorance at X-band (9.2 GHz) and low-
temperature magnetization measurements. A compailsiween the magnetic properties of
(CougFes0B20)x(SiO2)100-x granular films and [(CRFesB20)x(SiOz)100-x /a-Si:H], multilayer films
was carried out. Thermal decrease of the fimagnetization follows Bloch’s law. Using of the
standard expressions and the constntthe exchange interaction constahtis calculated.
Approach to magnetic saturation curves in the afiatomposites follow Akulov’s law/(H)~(H)?
in the applied fields up to 3+ 6 kOe. This allows to determine the value of mean square
fluctuations of local magnetic anisotropy fielH,. Ferromagnetic resonance spectra of the
(CosoFesoB20)x(SiO2)100-x Nanocomposite and layer films, [(§B€10B20)x(Si0x)100-x/0-Si:H],
multilayer films are studied for various orientasoof the film plane with respect to the external
field. The FMR spectrum for H applied parallel be film plane consists of a single absorption line.
When the external field is applied perpendiculartihe film plane it is possible to observe
multipeaked spectra, due to resonance absorptiostdnyding spin-wave resonance modes. The
boundary conditions for standing spin-wave in thiger are formed during sputtering process of
composite films. There are four or five well-resmdv peaks in the SWR spectrum of the
CoyoFe0B20-SiO, granular films and up to 11 peaks in spectrum efrttultilayer films (Fig.1). It is
found that the Hn?) dependencies are non-linear contrary to the Kikteory. Such behavior is
probably caused by the fluctuations of magneticapeters (the magnetization and the
ferromagnetic exchange interaction) in nanocompdsins.

Financial support by the RFBR (grant 11-03-0047s@yatefully acknowledged.
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IN POROUS SILICON
Dolgiy A.
Belarussian State University of Informatics and iRalkgctronics, P. Brovka 6, Minsk, 220013,
Belarus

Nickel-porous silicon structures are of considezal  -03
industrial interest for various applications. Artiiepy of _ 4]
magnetic properties of the nickel nanowires ingideous < 05
silicon conditioned by their high aspect ratio pplicable O
for the magnetic store production [1,2]. It is aflue to < ]
study in detail the process of the nickel electpmdgtion £ -0.7;
into pores of porous silicon and elaborate cont’s -os-
methods for pore filling with magnetic metal. 5 ol

The 10 pum thick porous silicon layers with the ager £ 1’0

pore diameter of 80 nm were formed by anodizingpet 10 0 10 20 30 40 50 60 70 80 90 100
antimony doped Si wafers of 0.01 Ofom resistivity in Time (min)

an aqueous-alcohol solution of HF acid (the ratfo o

HF:H,0:(CHs),CHOH is 1:3:1 by volume parts) at a current densit@@mA/cmi®. The porosity of
the layer formed was ~70%. Nickel was deposited purous silicon in the galvanostatic regime
from the agueous solution consisted of 200 g/l Ni%&0, 25 g/l NiCh-6H20, 25 g/l HBO;3, and

3 g/l saccharin. An auxiliary platinum electrodeswased. To study in detail the process of the
nickel electrodeposition into pores of porous siticthe electrodeposition was stopped at various
process stages, namely, after 5, 15, 30, 60 anchiBO(curves 1 — 5 on the Time vs. Potential
graph). The cross-sections of the samples wereestwith the Hitachi-S4800 scanning electron
microscope. The surface potential of the samplendiuthe electrodeposition was recorded with the
use of the reference Ag/Cl electrode.

Cross-sectional SEM studies of the samples at wardeposition stages allowed the deposition
mechanism to be revealed. The nickel formationdmgores is in the following way. When the
electric current is passed through the porousasilisample, the nickel grains arise inside pores at
the side walls of the silicon skeleton. The diameteevery one of the grain is up to 70 nm.
Referring to cross-sectional SEM images of the BB8ptes after the 5 and 15 min nickel
electrodeposition, the nickel grains do not inceeiassize as the deposition time increases but new
grains arise. Further increase in the depositiore tincreases still further a number of grains
deposited and nickel grains coalesce to threadaeMer, single grains are distinguishable in the
thread structure. It should be noted that the nilgger formation at the sample surface was found
to begin only after the fore filling. Referring tbe Time vs. Potential graph and SEM images, the
decrease of the surface potential correspondstbelinning of the nickel formation at the sample
surface. When a continuous nickel film is formedtttier increase in the deposition time results in
the increase of the film thickness, and the surfaatential becomes stabilize (deposition time of 60
min and more, curves 4 and 5). Thus the momentbofptete pore filling with nickel could be
controlled by the surface potential of the sample.

[1] P. Granitzer, K. Rumpf, H. Krenithin Solid Films515(2006), 735.

[2] P. Granitzer, K. Rumpf. P. Polt, A. Reichmahh,Krenn.Journal of Magnetism and Magnetic
Materials, 310(2007), 838.
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MAGNETIC PROPERTIES OF AMORPHOUS AND MONOCRYSTALLIN E
COBALT NANOLAYERS

EMBEDDED IN CARBON
Ageev N.\}, Semisalova A.5.Perov N.S, Novikov A.I', Gan’shina E.A, Bugayev Ye.A.
Zolotaryov A.Yd, Kondratenko V.V.
! M.V. Lomonosov Moscow State University, Leninsi@ery, Moscow, 119991, Russia
2 National Technical University “Kharkiv Polytechrigstitute”, 61002, Ukraine
% Institute of Applied Physics, University of Hamgu20355, Germany

Dependence of magnetic properties of C/Co/C and/@I(Co/C thin film nanocomposites has
been studied upon structural state of the metartayMagneto-optical transverse Kerr effect (TKE)
spectrometer, SQUID and vibrating sample magnetn{®SM) were used in in-plane and out-of-
plain geometry. The Co/C nanocomposites demondteatemagnetic behavior which depends on
Co layer thickness. Soft magnetic properties wabrcitivity of 2+1 Oe have been found for Co
thickness less than 5 nm. Film composites withkénicCo layers show magnetic properties close to
bulk Co with coercitivity of 50 Oe.

Transmission electron microscopy, X-ray diffractioand in-situ resistivity measurements
revealed the metal layer being an amorphous cahbaltten alloy as a result of the layer intermixing.
An avalanche crystallization of the amorphous atlmgk place and monocrystalline hcp-Co layers
with ¢ axis normal to the film were formed when t@kness was more than 5 nm.

Magnetic and magneto-optical properties of the filtmmposites contained two layers of
amorphous Co alloy separated by the carbon spatierdifferent thickness have been studied in
as-deposited state and after one hour annealimgvbelystallization temperature (250 °C). The one
order increase of the coercitivity has been fouod dnnealed samples in comparison with as-
deposited films. Magnetic properties of the amorshnanocomposites in as-deposited state were
found to be temperature independent (down to 8ihKjontrary to annealed ones where several
times increase of coercitivity has been observée. TKE spectra of the samples with Co thickness
less than 5 nm have been found to be similar tgtigcrystalline Co spectrum, though the X-ray
diffraction revealed the amorphous state. In additthe influence of the annealing on the
magnetization value was revealed — the magneteamtudy has shown that the magnetization of
annealed composites was slightly higher than fedegsited ones, except the composite with
0,5 nm carbon layer where the decrease of maghietizaas found. For this carbon thickness the
strongest increase of the saturation field afterahnealing was observed. Accordingly to the VSM
data the magnetization was independent on the hAngefar all samples. Magnetic interaction
between Co layers separated by amorphous carbdiffefent thickness and its influence on the
magnetic properties are discussed.

Support by RFBR (under projeit 11-02-00906) is acknowledged.
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THE MAGNETIC-RESONANCE PROPERTIES STUDY OF
NANOSTRUCTURES FOR SPINTRONICS BY FMR
Kupriyanova G, Zubin A, Astashonok AQOrlova A.
Immanuel Kant Baltic Federal University, 236041 Nevskogo 14, Kaliningrad, Russia
e-mail: galkupr@yandex.ru

One of the important problems today is to createv meaterials and combinations for the
applications of spintronics. In this work we repibre study of the magnetic-resonapceperties by
FMR of the FM/NM/FM systems to assess their appligg in a functional magnetic tunnel
junction. The present work demonstrates criticgdethelence of magnetic and magneto-anisotropic
properties of polycrystalline structures with Fe&s® and FegSi on the type of spacer layer, a
sequence of thin layers in the whole structure. Aitems were synthesized on neutral S¥SIO
substrates by the pulsed laser deposition technifjne ferromagnetic resonance spectra of the
films were taken using Radiopan electron spin rasoe spectrometer operating at the X-band
frequency 9.5 GHz and the modulation frequency kBi2. The first field derivative of the
microwave power absorption was registered as d@ifumof applied steady magnetic field at room
temperature. The samples were mounted on one saemecial holder passing through the center
of the TR, microwave cavity. The orientation of the film wesntrolled by two axial goniometers
with an accuracy by 0°5 The in plane and out-of -plane dependences of FyBctra and
linewidths have been measured for all samples. TH&MR research of
Fe(4nm)/FeO4(10nm)/MgO(3,5nm)/F£Si(13nm),  Fel/FsSi/SiOJ/Fe;O4Fe,  FgSi/SiO)/Fes0O4F
structures showed that the spectrum parametersidepethe sequence of layers and the formation
method. The two modes with resonance fields ane Vindths depending on th# angle were
observed for all samples. The angle dependendeeabut-of plane resonance fields of all samples
show the two fold symmetry with different constarti®wever, the out-plane angle dependence of
the pick-to pick linewidth of the two modes showddifferent behavior. The new theoretical
approach for the simulation of experimental FMRutssof multilayer polycrystalline structures
with the exchange coupling was presented. The @etlanagnetic parameters such as the effective
magnetization, magnetic anisotropy and linewidtleseastudied.

The present work was executed within the frameb@fState Contract No.02.740.11.0550

[1]. A.Goihman, G. Kupriyanova, E. Proxorenko, Aeénenkov, Vestnik I. Kant SU, vol 4 (2010).
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SURFACE SPIN FLOP TRANSITION IN [Fe/Cr] MULTILAYERS

OBSERVED BY THE NUCLEAR RESONANCE REFLECTIVITY
Andreeva M, Gupta A%, Sharma G, Kamali S, Yoda Y}, Okada K*
! Faculty of Physics, M.V. Lomonosov Moscow Stataudrsity, 119991, Russia
2 Indore Center, UGC-DAE Consortium for Scientifiesearch, Indore 452017, India
% Department of Applied Science, University of Catifia, Davis, California 95616, USA
“ Japan Synchrotron Radiation Research Instituten&®B, Sayo, Hyogo 679-5198, Japan

The layered antiferromagnets attracts an increasitegest due to their GMR properties and
peculiar behavior at the applied field (see e.g2[L

Nuclear resonance reflectivity (NRR) is the modeaive method for the investigation of the
interlayer coupling [3]. NRR presents two typesdata. 1. Delayed reflectivity as a function of
angle is sensitive to the magnetic depth-periogi@t Time spectra of reflectivity measured for the
selected grazing angles show the quantum beatat&nis which originate from the interference of
the waves with different frequencies of hyperfirmnsitions in the nucleus decay. The interference
pattern is different for different magnetizatiomedition.

We have investigated two samplé&E(2.0 nm/Cr(1.2nm)) and f’Fe (3.0 nm)/ Cr (1.2 nm)y}

The measurements have been performed at the BeaBilidOXU of SPring-8.

Without an external magnetic field the investigasathples show the pronounced superstructure
maxima (1/2 and 3/2) on the delayed reflectivityveis. That confirms the doubling of the magnetic
period. At the smallest external fiekd) Oewe have not seen the change of the intensity ef/4h
peak. However the time spectra in the L-geometisidfalong the beam) and T-geometry (field
perpendicular to the beam) sh@ame change but only at the critical angléFig. 1) whereas at
the higher angles the time spectra are not charides.effect is the direct evidence of thierface
spin flop (SSF) transition

Longitudinal geometry Transverse geometry
5 4 F 4 I}f'—yld Fig. 1. The time spectra of
o< Btemalield | reflectivity ~measured  for
T A T L P A L . [*Fe(3.0 nm)/Cr(1.2  nmy
o8 sample at the critical angle
EE (0.218) without and with a
5 | 5 weak external magnetic field
10 20 30 40 50 10 20 30 40 50 (900e).
Delay time (ns) Delay time (ns)

The delayed reflectivity curves have started tongeanoticeably at the external field680 Oe
The changes in the L- and T- geometry prove thagtitiferromagnetically coupled magnetizations
in the®'Fe layers rotate tthe perpendicular positionto the external filed.

At the highest applied field500 Oethe superstructure ¥2 peak disappears in the L-gggrand
is essentially decreased in the T-geometry. Wecoartlude that we get almostferromagnetic
alignment between allFe layers along the external field.

The work is supported by the RFBR grants No. 080293-a and No. 10-02-00768-a.
[1] V.V. Ustinov, et alPhys. Rev. B4 (1996) 15958.

[2] J. Meersschaut, et &hys. Rev. B3 (2006) 144428.
[3] M.A. Andreeva, B. LindgrerPhys. Rev. B2 (2005) 125422.
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MAGNETOOPTICAL STUDIES OF INTERLAYER COUPLING

IN Fe/Si/Fe TRI-LAYERS
Kholin D.I., Drovosekov A.BZasukhin S.VKreines N.M.
P.L. Kapitza Institute for Physical Problems RAE Kosygina 2, 119334 Moscow, Russia

The problem of interlayer coupling in Fe/Si/Fe rfajter systems has attracted much attention for
more then a decade [1-3] due to a possible uséasfet systems in high-tech applications. But
experimental results in this field are rather caditctory mainly because of an uncontrollable
diffusion of iron atoms into the silicon spacer.tihis work, we study a series of Fe/Si/Fe tri-layer
grown by means of the MBE technique. We varieddihlestrate temperature during the Si spacer
formation for different samples from 300 to 77 Kdrder to change the concentration of Fe atoms
in the spacer. The spacer thickness in each sachpleged linearly from 0 to approximately 20 A
on a length of 10 mm, so that we could use the M@kdg§netometry to measure the dependence of
the interlayer coupling on the spacer thickness. Wad also made two samples with constant
thicknesses of Si spacer, which suited for FMR &@UID measurements [4], so we could
compare the interlayer coupling parameters giveditfgrent experimental methods.

1

1.0x10°

8 6 4 2 0 2 4 6 8

H, kOe
Fig. 1. Magnetization curves of a Fe(70 A)/Si(12/F&70 A) sample measured by MOKE and
SQUID techniques. Dots — experimental data, sdilgésl — computer simulation based on the
biquadratic coupling model. Magnetic field was agglin the film plane along the hard magnetisation
axis of iron.

Unexpectedly, the shape of magnetisation curvesuned by the MOKE and SQUID techniques
differed significantly for the same samples (segHi In our talk we will show, that the results of
MOKE, SQUID and FMR measurements can be all broiurgbtconformity if we take into account
a finite penetration depth of laser light and astwaif the magnetisation vector across the ironrkaye
This approach allowed us to obtain the dependericthed bilinear and biquadratic coupling
constants on the spacer thickness for our samples.

The authors are grateful to D.E. Birgler and R.r&btler for the possibility to prepare the samples
in Forschungszentrum Julich. The work was partiagliypported by the Russian Foundation for
Basic Research (grant No. 10-02-01k).0-

[1] S. Toscano, B. Briner, H. Hopster and M. LandotMagn. Magn. Mattet14, L6 (1992).
[2] D. Burgler, M. Buchmeier, S. Cramm et al., ByB.: Condens. Mattdr5, S443 (2003).

[3] A. Gupta, D. Kumar, and V. Phatak, Phys. Re®18155402 (2010).

[4] A.B. Drovosekov, D.I. Kholin, N.M. Kreines, at. EASTMAG2010, Abstracts book, 289
(2010).
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INFLUENCE OF THE HEAT TREATMENT ON MAGNETIC PROPERT IES

OF Tb-Co FILMS AND Tb-Co/Fe 19Nig; BILAYERS
Vas’kovskiy V.Q.Svalov A.\,..Balymov K.G.Kulesh N.A.
Ural State University named after A.M.Gorky, 6200BRaterinburg, Russia

Amorphous layers of rare earth and 3-d metal alklngseffective source of magnetic exchange
bias in multilayer functional structures on thedas spin-valve [1] or anisotropic magnetoresistive
[2] effects. As a specific features of these sties the large value of exchange bias fldidand
relatively high stability to external factors cam imentioned. Nevertheless, the heating is among the
factors that could significantly affect the propestof amorphous layers and film structures which
contain above mentioned layers. This work is deyvatethe study of the effects of heating on Th-
Co amorphous and Th-Co/gHig; layered films.

The experiment was carried out omd®os,/Ti, Thz;Coso/ Ti andThbsz;Cosg/FegNig: films prepared
by rf-sputtering with Ti, Tb-Co mosaic andiBeig;alloy targets. The samples were deposited on
the Corning glass substrates at an Ar pressure06fTbrr and in the presence of a uniform
magnetic field of 150 Oe applied parallel to then@ of samples. The composition of the
amorphous films was checked by the chemical armlyle thickness of amorphous films and
amorphous layers in bilayered structures was 100Tma thickness of the permalloy layer was 40
nm. The titanium layers of 50 nm were depositedofotection.

According to the data of the X-ray diffraction ays$ the Th—Co layers in the samples of both
types were in an amorphous state. The titaniumFanlis; layers were in the fine-crystalline state
with a grain size of about 10 nm. Amorphous layeas also characterized by a uniaxial magnetic
anisotropy, the magnitude of which depended orctimeposition. In bilayers the exchange bias of
permalloy layer was observed. The valuéipfvas 150 Oe.

Heat treatment was done in a vacuum at a pres$ur@oTorr and had a cumulative character.
An annealing temperatur@, was varied in the interval of 16050 °C. Exposure at each
temperature was 1 hour. According to X-ray diffractanalysis, the annealing in the framework of
these regimes does not introduce significant chemgéhe structural state of the samples. At the
same time, the magnetic properties of the filmsengd a major transformation. In the single-
layered samples a reduction in the coercive fétcand the constant of induced uniaxial anisotropy
were observed. The character of these changes diementhe composition of the films. In the
bilayered film along with the decrease 8§ of amorphous layer the change of tHgfield was
clearly visible. The dependence l8§(T,) had a smooth ride, but t#é(7,) behavior was close to
the threshold type. The sharp dropfifoccurs atl, > 200°C. The interpretation of the observed
behaviour was proposed.

This work was supported by RFBR (grant 11-02-00288-
[1] P. Ten Berge, N.J. Oliveira, T.S. Plasket, lLéal, H.J. Boeve, G. Albuquerque, J. Ferreira,
A.R. Morais, A.T. Sousa, L. Rodrigues, P.P. FreifaEE Trans. Magn31 (1995) 2603,

[2] V.O. Vas’kovskiy, K.G. Balymov, A.A. Yuvchenkd\.V. Svalov, A.N. Sorokin, N.A. Kulesh,
Tech. Phys81 (2011) 83.
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SPIN REORIENTATION TRANSITION AND INTERGRAIN EXCHAN GE

INTERACTION IN NANOSTRUCTURED Nd-Fe-B-TYPE ALLOYS
Volegov A.S Kudrevatykh N.VV Neznakhin D.$SAndreev S.V.
Ural State University, 620083 Ekaterinburg, Russia

From the moment of their discovery, nanostructuf®) hard magnetic materials based on
Nd-Fe-B system alloys have always been and cuyrand in the center of attention of researchers
and technologists. The advantage of these matesigggates from a high magneto-crystalline
anisotropy, high value of saturation magnetizatednthe main magnetic phase (Nd.B) and
considerable exchange interaction (El) between granus. In spite of a relatively long time of
their study, there is no in the literature a
guantitative data on EIl energy. 136 |

Thus the aim of this work was t« 130}
determine the El energy value for tt "%
interface surface unit between neighb %7t
nanograins, measuring the magnetizati |
temperature dependences (M(T)) f 1g5[
such NS alloys in “negative” magneti 100 |
fields for the spin-reorientation (SRE 095 |
Nd.Fe.B phase temperature range. F~ 0% -
such study the MQP-B and MQP-B 2%

1—=—H=0kOe

0,80 —o—H=-
brands of NS alloys were used. It wi ) 2—e—H=7kOe
shown earlier that {T) of NS alloys in 5t Bl e

= 4—v—H =8 kOe

SR range (curve 1 in figure) differs fror ggs [

) S 5—e—H =0kOe, T, =1000°C
that measured for large grai ogof

microstructural (MS) isotropic materia 055F4 5. A R T T
(curve 5) [1]. The reason for thi 0 50 100 150 200 250 300
difference originates from exchang T, K

interaction action between nanograins in

NS alloys and its relative weakness in MS sampte.tBe idea how to do that is based on the
determination of the negative external magnetid fi@lue (H. which makes the m(T) of NS alloy
(firstly magnetized by strong positive magneticld)esimilar to that for n{T) MS material
measured at &0 in the SR temperature range. It is assumed tthatNS material states are
equivalent to them in the MS material at the saengperatures.

With the assumptions that the nanograins shapeSimTdterial is cube, each grain is the single
crystal of NdFe B phase and easy axes distribution is random, thenBrgy density can be
calculated from the formulae:

_MgLH

12 1)
where: My — spontaneous magnetization of the . ®N&,B phase, L — edge length, H-
demagnetizing (negative) field, whereThof NS sample is identical to that for MS one.
It was shown for the first time that its value amtsu2.3 erg/crhfor interface between neighbor
nanograins in MQP-B type NS alloys.

W =

[1] A.S. Volegov, N.V. Kudrevatykh, I.S. Tereshin®,S. Neznakhin, Y.A. Sabiryanova, Solid
State Phenon1,68-169 (2011), 396
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A PRESSURE INFLUENCE ON MAGNETIC PROPERTIES OF Nd-F e-B

TYPE NANOSTUCTURAL ALLOYS
Neznakhin D.$Kudrevatykh N.VVolegov A.SAndreev S.V.
Ural State University named after A. M. Gorky, 6880Ekaterinburg, Russia

Permanent magnets produced from Nd-Fe-B t A I L LI B
alloys have significant scientific and practicafeirest, 20000 : g:g’m::
which is explained by unique magnetic properties o] o T
this materials. It concerns also to the nanostrectu - .
alloys (NSA) similar composition basicall z 14000 ] 2
manufactured by the melt spinning technique inapsh ~ |
of flakes or coarse powders, which are widely uasgc o) ‘
fillers in bonded magnets. A particles of such Neg#er
embedding to magnet experience some inter T 5 % e s s w2 0 2 w0
pressures which can change their magnetic proper T,K

Thus, the aim of this work was to study directly -
pressure influence on magnetic properties of MQF

20500

NSA Nd-Fe-B brand. There are only few papers T '+pf216d:$
literature which devoted to that subject [1, 2]t Bue ) B

19500

results of this works are contradictory. Besidésisi
difficult to analyze them, because the authors 'tic
describe the pressure method determination (doec

19000

Oe

18500

non direCt) [2] 18000

We used an EasyLab Mcell 10 type pressure cell (I '™
which allows to carry out magnetic measurement un ' e
hydrostatic pressures up to 10 kbar. A pressureevi T

was determined by a tin manometer placed dirently i
a PC. Magnetic properties were measured with adfelp
SQUID magnetometer MPMS-XL-7 EC within a temperattange 2-300 K and magnetic fields up
to £70 kOe. A relatively small amount of MQP-B pavdvas fixed by a soft gluer on copper plate.
After its solidification the plate with a sampledamanometer has been entered to the PC and fixed
there. Further a PC with an oil was tightly closkxdded at hydraulic press, attached at sample
holder and mounted in SQUD magnetometer.

Magnetization and demagnetization curves were medsa two temperature ranges 50-300 K
(with 50 K step) and more detailed in a range 2K3Qwith 2K step). At first range the
measurements performed under three values of pee8s3,5 and 6,6 kbar but in second one only
for zero and 6,6 kbar. It was found that spin maation temperature beginning doesn’t changed
under pressure, but the coercitivity was alwayshéigfor the loaded samples. Thus we can
conclude that pressure increases coercivity of MBQ#ticeably. This is mostly visible for the low
temperature range (~ 10% rise) and can be integhras the result of magnetocrystalline energy
increasing in NgFe 4B phase lattice due to interatomic distances change

[1] M.R. Ibarraa, L. Morellona, P.A. Algarabela, ®arquinaa, Z. Arnoldb and J. Kamarad,
Pressure effects on the spin reorientation tramstin rare-earth intermetallics, JMMM, Volumes
104-107, Part 2, 2 February 1992, Pages 1371-1372

[2] S.V. Andreev, S.M. Zadvorkin, J.Kamarad, G.Forgnikova, A.l.Kozlov, N.V. Kudrevatykh,
E.N. Tarasov, A structure and magnetic propertfes@t-spun Nd-Fe-B type alloys, The XIlith
international conference on permanent magnets92September 2000 Suzdal, Russia, Pages 132-
133
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CARBON NANOTUBE AS A SENSOR FOR SINGLE PARTICLE

MAGNETIC RESONANCE DETECTION
Rod I, Wirtz C!, Kazakova G, Cox D3, Posth O', Lindner J}, Meckenstock R.Farle M}
! Fakultat fir Physik and Center for Nanolntegra(i@eNIDE), Universitat Duisburg-Essen,
Lotharstr. 1, Duisburg, 47057, Germany
ZNational Physical Laboratory, Teddington, Middlesew/11 OLW, United Kingdom
3 Advanced Technology Institute, University of Surr@uildford GU2 7XH, United Kingdom

Understanding of static and dynamic magnetic ptoggseiof individual magnetic nanoparticles
and the influence of interparticle interactionsaguired for precise control of their propertiesl,an
therefore, reliable applications in future ultrdhigensity magnetic storage media as well as
magnetic nanosensors. In recent years, a varietieasfniques for single magnetic nanoobject
measurements have been developed (see, ed)).[1

We propose a method based on measurements of ntagesgtnance in a single nanoparticle by
means of bolometer detection technique [3]. Thahméegue allows to observe an absorption of
electromagnetic energy by resonant spins due toetlseling rise in sample temperature. The
temperature change can be detected by measuringdistivity change of a bolometer attached to
the sample. A carbon nanotube (CNT) is proposediseras a very sensitive bolometer to detect
magnetic resonance in individual nanoparticles. \Wave recently demonstrated various

e experimental methods of fabricating nanoscale
, devices consisting of a CNT bridging metallic
MWCNT electrodes and decorated with magnetic
iron/iron oxide nanocubes [4]. Here we report
on the temperature dependence of the electrical
resistance of a multi-wall (MW) CNT with
attached Fe/R®y, nanocubes (see Figure).
Rapid change of the CNT resistance with
temperature (for the CNT shown in Figure,
dR/dT =-306 Q/K in the vicinity of room
temperature) was observed experimentally.
400 —. . . . . Our calculations show that temperature change
250 260 270 280 290 300 of an individual magnetic nanocube with a size

T K of 18 nm due to the resonance is equal to 0.4

K. This temperature change can be detected by
measuring the resistance change of the MWCNT whasge is of the order of milli Ohms. A
temperature sensor providing the aforementioneditbaty is expected to enable detection of
magnetic resonance within individual particles @it to it.

800

700 ‘ Fe/Fe,0, nanocubes
S 600
"

500

The authors thank H. Zahres for discussion andnieah support. Support by DFG, Germany
(Project No. FA209-121) is acknowledged.

[1] M. Jamet, W. Wernsdorfer, C. Thirion, D. Maiky al.,Phys. Rev. Lett86 Nr. 20 (2001) 4676.
[2] L. Hao, D. Cox, P. See, J. Gallop, O. Kazakav&hys. D: Appl. Phys43(2010) 474004.

[3] C.P. Pool, Electron spin resonance, John W&le§ons, 1983.

[4] . Rod, O. Kazakova, D. C. Cox, M. Spasova,Rdrle,Nanotechnology20 (2009) 335301.
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HEAT TREATMENT INFLUENCE ON MAGNETIC AND
MAGNETOTRANSPORT PROPERTIES OF Fe(MgO)100-x

NANOCOMPOSITES
Grebennikov A.AStognei O.\.Kashirin M.A.
Voronezh state technical university, Moskovskiygmect, 14, Voronezh, Russia

The influence of thermal annealing
carried out at a temperature of 480
and 550 °C on the magnetic and
magnetotransport properties of granular

m-- annealing at 550 °C

400 - A - annealing at 400 °C
m O atinitial state

) 300 .,l‘ composites F€MgO)i00x has been

@) 2001 l.- ; . investigated. The film thickness was 2-3
[3) microns. Composition of the samples

L 100t was determined by electron-probe X-ray

A microanalysis. Magnetization processes
@) were investigated using a vibrating
sample magnetometer, magnetoresistive
properties were investigated by

o— &84 C\M

28 32 36 40 44 48

Fe, at.% potentiometric method with two-point

Fig. Concentration dependence of coercive force technique. Nanogranularity — of .the

of F&(MgO)100.Nanocomposites samples structure was determined
indirectly by studying of the

magnetotransport and magnetic

properties of the samples in initial state.

It is found that annealing at 400 °C doesn't inflee on the magnetoresistance (MR) value of the
Fe(MgO)100-x cOMposites in the composition range of<29, at.%< 35. It increases from -0,6% to
-2,4%. The annealing leads to decrease of the MResan the concentration interval of 36 —
46 at. % Fe. Increase in the concentration of Infieien 36 to 46 at. % didn't influence on the MR
value which is equal to -2,4 % as in the initisdtst The value of MR monotonously decreases
from -2,4 % to -0,3 % after annealing. This ressllypical for the metal-insulator composites.slt i
due to relaxation processes occurring in the siracof the samples during annealing. Both
magnetization curves before and after annealing08t°C correspond to the superparamagnetic
state in the composites with 29 — 35 at.% Fe. Caitgx® with the larger metal concentration (36 -
46 at.%) exhibit a ferromagnetic properties.

A coercive force (H) of these composites is higher in several times thalues which were
measured in the initial state. This result is dumtreased of the metal granules size.

MR completely disappears after composites anneairisb0 °C. This result indirectly indicates
that the nanogranular structure of composites s¢rdeted and homogeneous material is formed as
a result of annealing. Analysis of the magnetizatiarves of samples annealed at 550 °C shows an
amazing fact: in the composites with low metal @nitation the magnetic hysteresis is observed
(see fig.) and Hvalues of these composites are comparable witkghealues of the samples with
high metal concentration. The elemental compositibthe composites allows to assume that the
thermal annealing initiate formation of a magnesfamite.

Support of RFBR, grant B9-02-97536-r-center-e&s acknowledged.
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ELECTRICAL AND MAGNETIC PROPERTIES OF NEW MULTILAYE R
HETEROGENEOUS STRUCTURES BASED ON COMPOSITES
(CoysFessZrig)x(Al203)100-x
Aleshnikov A.AKalinin Yu.E, Sitnikov A.\V..Fedosov A.G.

Dept. Solid State Physics, Voronezh State Techhloalersity, Russia

== The research into magnetic properties of composites
L (CossFeusZrio)x(Alz0s)100x revealed in the films the
2 presence of significant perpendicular component of
magnetic anisotropy for compositions with high @t
of metal phase. It could be related to the fornmatd
@ columnar structure of metal grains clusters of a
: === composite during the film growth. The study looks a
Fig. 1. Electronic microphotograph of theth® possit_)ility of restriction of film colymnar goture
cross-section of multilayer heterogeneousdrowth with the help of creation of interlayers rfro
structure {[(CasFesZrio)ss(Al ,03)as)/ composite produced in the active gas medium.
I[(CossFessZr10)s5(Al 203) a5+ Os]} 300 The films of heterogeneous systems based on
ferromagnetic alloy CgFesZrio and Al,O; were
produced with the help of ion-beam sputtering of
composite target. Solid composites fF@5Zr10)x (Al 203)100-x Were synthesized. Their growth was
carried out in the Ar medium, in the Ar medium witticorporation of 35 and 12 partial % of And
O, respectively.  Multilayer  heterogeneous  systems  qiéEessZrig)x(Al203)100-x)/
[[(CossFessZrig)x (Al 203)100-x+N2(02)]} 300 Were also synthesized. The electronic microphaiaigr
of cross-section of multilayer heterogeneous filig( 1) showed well-formed layer structure which
is repeated every 14 nm, which conforms with caliad bilayers thicknesses.

Concentration dependences of electrical resistiify of the investigated heterogeneous
structures are typical for percolation systems witlases which differ considerably in the rate of
their conductivity. Incorporation of oxygen andragen leads to the increase of resistance value in
composites. It is revealed that dependencegxdfin the multilayer films differ insignificantly &m
this composite (CFeysZrio)x (Al203)100-x Characteristic.

The analysis of transfer curves showed the presehgeerpendicular magnetic anisotropy in
composite structures with high content of metalsghd@erpendicular component of magnetization
vector is not found in the films of multilayer hedstructures. Also these films are characterized by
low value of coercive field, high magnetic perméapand well formed uniaxial anisotropy in the
plane of the film.

Characteristics of concentration dependences df(fdaand imaginary (') parts of complex
magnetic permeability correlate with transfer cena studied systems. Research showed that
maximum  values  of u/(x) at frequency 50 MHz in multilayer structure
[(CossFessZrig)s7(Al 203)43]/[(CossFe45Z110)57(Al 203) 43102 300 amount to 400, while in composite
(CousFessZrio)as(Al0s)s7 it is 90. Annealing heterogeneous structures apégature 350C during
30 minutes in magnetic field 2500 Oe ap;olied in phene of the film perpendicular to the axis of
samples led to significant increaseubfindy” in all the studied systems.

o

This work was supported by RFBR (graiNts09-02-97506p_tenTp_a)
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THE EFFECT OF sp-DOPANTS ON MAGNETIC PROPERTIES OF THE
ORDERED Fegs.4Al35.yMy, (My,=Ga,B,V; x,y=5,10) ALLOYS
Voronina E*®, Yelsukov Eu, Korolyov A?, Klauss H.-H, Dellmann T3, Granovsky $?
! PhysicalTechnical Institute of UrB RAS, Kirov Str. 132, 4Z8DIzhevsk, Russia
ZInstitute of Metal Physics UrB RAS, S. Kovalevsigii. 18, 620041 Ekaterinburg, Russia
3 Institut fur Festkdrperphysik, TU Dresden, HelmbsttaRe 10, 01062 Dresden, Germany
“Faculty of Physics, Lomonosov Moscow State Uniwgrsieninskie Gory 1, 119991 Moscow,

Russia

> Institute of Physics, Kazan Federal University, iilgovskaya Str. 18, 420008 Kazan, Russia

Magnetic moment correlations of nanometer scalerpméted as incommensurate spin density
wave [1] and peculiar magnetotransport characiesisif the ordered kg.Alx alloys (25<x<35
at.%) [2] range them in a class of itinerant magmwéth strong electron-electron correlations and a
self-organized magnetic nanostructure. These aldlyact interest as suitable objects to study out
the origin of magnetic inhomogeneities and condgiof their formation in single-phase magnets.

We present results of X-ray diffraction, complexfigld (up to 9 T) and temperature (5—-3R)
magnetometric and Mdssbauer studies of the ordeegdlss<M, (M=Ga, B; x=0,5,10) and ke
«VxAlzs (x=5,10) alloys. The materials have been produbgdspecial heat treatment of the
originally disordered nanocrystalline alloys symized by mechanochemistry. All the samples are
a single-phase and crystallize into a 28 B2-type superlattice. Maximum changebat lattice
parameter is about 0.2% for the alloys admixed Witat.% of Ga (an increase) and V (a decrease).

Analysis of the magnetometry studies shows thasttstems FgAl3s u FessAl35,Gac (Xx=5, 10)

are characterized by two different magnetic statgh essentially
distinguishing hysteresis loops and AC susceptybifalues. Low-
susceptibility state is readily destroyed by exaémagnetic field

2.5-4 T and passes to another state (stable inoadbfield and c

temperature range) specified by higher spontanecagnetization 5 |

and AC susceptibility. The temperature and extemadjnetic field g

values inducing the transition from one magnetitesto another are® |,

higher in the Ga-doped alloys than in referencesAtes alloy. §
Significant increase of AC susceptibility valueicates a substantiarg_
realignment of local magnetic moments. The deperelesf the 5
magnetization and magnetic susceptibility on theperature has a3

T=80K

maximum. <
The Boron addition transforms the magnetic statehef initial

alloy FesAlss into a ferromagnetic exhibiting high Curie

temperature, saturation magnetization and averdge hyperfine

magnetic filed values (as it is seen in the FiguBejbstitution of V

for Fe in the ternary alloys gV xAl3s results in the reduction of
magnetic characteristics and collapsing’®fe hyperfine magnetic
filed.

Support by RFBR (Grafe 09-02-00461) is acknowledged.

[1] D.R. Noakes et aPhys.Rev.Let91 (2003) 217201.
[2] A.E. Yelsukova et alPSS$S 50 (2008) 1071.
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MAGNETIC PROPERTIES AND SPATIAL ORDERING OF

FERROMAGNETIC NANOWIRES IN ARRAYS
Sukovatitsina E.V. Samardak A.§.0gnev A.\}, Chebotkevich L.A. Peighambari S.M,
Mahmoodi R, Hosseini M.G, Nasirpouri F?
! Laboratory of thin film technologies, Far EastEederal University, Vladivostok, Russia
2 Department of Materials Engineering, Sahand Usiteof Technology, Tabriz, Iran
% Department of Physical Chemistry, Faculty of Chetrgi Tabriz University, Tabriz, Iran

This paper is dedicated to a study of magnetic gmags (coercive force and remanent
magnetization) of ordered Ni nanowire arrays. Thagnetic nanowires were prepared by
electrodeposition of nickel from simple sulfateugmns into anodic aluminum oxide nanoporous
templates (with diameter of d=20 and 40 nm) falbeidaby potentiostatic anodization. Obtained
scanning electron microscope images were explodgumocess spectral Fourier analysis of spatial
ordering of nanowires. Magnetic properties of nainesvwere investigated by the home-made
vibrating sample magnetometer. We measured thelandependence of coercivity. = f(¢) and
normalized remanent magnetizativh/Ms = f(¢), whereg is an azimuth angle between selected
direction in a sample and. Fig.1 shows dependencEgs=f(p) andM,/M=f(p) for Ni nanowires
with d=40nm. WherH is perpendicular to the sample plane, we folvhMs = 0.9 andH. = 600
Oe, while for the in-plane measurement configuraisH is parallel to the sample pland,/Ms=
0.2 andH. = 270 Oe. It means that the array of Ni nanowiras $trong perpendicular magnetic
anisotropy and the in-plane component of magneigosropy is considerably smaller.

For the two arrays with different spatial orderiafj20 nm diameter Ni nanowires we found
strong difference in behavior of magnetic propsrtieig.2. As seen in Fig.2(b), the additional axes
of in-plane magnetic anisotropy is caused by hemdife spatial ordering of nhanowires in alumina
matrix, Fig.2(d).
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Fig.1. Angular dependences for 40 nm diameter Ni  Fig.2. Angular dependence W/Ms (a,b) and Fourier
nanowires: (a,c) H.= f(¢);(b,d) -M/M = f(¢); (a,b)  SPectra for Ni wires (d=20 nm) with different spatrdering
- H 1 sample plane, (c,d) - H || sample plane. (samples R1 (a,c) and R2 (b,d)) when H || sampleepl

In conclusion, we have found that all arrays hagh@edicular magnetic anisotropy induced by an
oblong shape of nanowires. The reason for the falttiin-plane anisotropy is a nearly regular
hexagonal distribution of nanowires in an aluminasirate. Manipulation by spatial ordering can
help to find optimized magnetic properties of naimew/to be used in novel spintronic devises.

Support by The grant council of President of Russtaderation (MK- 942.2010.2) and Federal

Program *“Scientific and Research-Educational Cad@s Innovative Russia” (P1424,
02.740.11.0549) is acknowledged.
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FERROMAGNETIC Co(P) POWDERS WITH NANODIAMOND AND

CORUNDUM PRECIPITATES
Goncharova 0.4, Chekanova L.A, Denisova E.&, Komogortsev S.¥2, Iskhakov R.$?,
Eremin E.\?
! Siberian State Technological University, 660049¢t@yarsk, Mira avenue 82, Russia
ZKirensky Institute of Physics, SB RAS, 660036 Kagarsk, Akademgorodok 50/38, Russia

In resent years much attention has been given noawemposite materials including magnetic
nanomaterials. Wide class of such materials isctiraposite ferromagnetic metal - nonmagnetic
dielectric [1].

Powders ofCo100-Px alloy with ultradispersed corundum ¢8k) and detonation nanodiamond
(DND) precipitates were synthesized by chemicalodégmn. In this work we report results of
investigation of AlO3/Co100-Px and DNDLCo100-Px COMposites.

Field and temperature dependences of magnetizatioomposite powders were measured with
PPMS in applied fields of up to 40 kOe and in tlenperature range from 2 to 300 K.
Ferromagnetic resonance was observed at 9.2 GHz.

Magnetization approach to saturation in the contipognaterials AlOs/CoipoPx and
DND/Co100-Px is characterized by following dependence of magagbn M on external fieldH:
M(H)=ano-anH *+amL(H/ans) (WhereL(x)=cth(x)-1/xis the Langevin function) in fields higher
than 5 kOe. It allowed us to calculate the valuesot-mean-square fluctuation of local magnetic
anisotropy field for ferromagnetic phast=(ani/an0)>. Dependences of magnetization of the
composite powders on temperature were approximatey expression M(T)=are
arT%+ar.L(arsdT). The Bloch constant was calculated from approximnaaccording to formula
B=ari/aro [2]. In FMR spectra of composite powders two resarines in low (1 H, < 3 kOe)
and high fields (8 4, < 10 kOe) are observed.

In the table the values of magnetic parameteree@tbomposite powders are compared with those
of CayodP95 powder. The values of Bloch constdhfor the composite powders are significantly
higher than for Cg 5Py s powder without precipitates.

Powder composition Root-mean-squaioch Coercive FMR FMR
fluctuation of constant forceHc, Oe linewidth linewidth
local magnetic ~ B,-10°K®?2 in low in high
anisotropy field field field
H,, kOe AH, kOe AH, kOe

Cogo o5 2.2 7.8 200 2 -

(DND)2.4(C090,§39_5)97_6 1.3 4.14 140 4 7.3

(DND)s AC0g0.89.5)91.3 2.3 40.4 380 1.8 5.8

(A| 203)7(C090d39,5)93 1.9 34.4 380 4 6.5

(Al203)30(C0g0.5P9.5)70 0.9 315 110 2.9 6.9

The work was supported by the target program “Damwelent of the Scientific Potential of the
Higher School”, project No. 2.1.1/11470, the tarfgeteral program for 2009-2013 “Research and
Educational Personnel for Innovative Russia” anddftan Foundation for Basic Research (project
11-03-00471-a).

[1] R. S. Iskhakov, S. V. Komogortsev, E. A. DenigpYu. E. Kalinin, A. V. SitnikovJETP Lett.,
86 (2007) 465.

[2] R. Iskhakov, E. Denisova, L. Kuzovnikova, S.riogortsev, A. Balaev, G. Bondarenko,
Optoelectron. Adv. M10(2008) 1043.
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EXCHANGE BIAS INDUCED IN POLYCRYSTALLINE Co/FeMn-

STRUCTURES BY MAGNETIC FIELD COOLING
Chechenin N.G, Dzhun 1.0, Dushenko S.A% Konstantinova E.A.
! Skobeltsyn Institute of Nuclear Physics and
% Faculty of Physics Lomonosov Moscow State Univgrsibmonosov Moscow State University,
Leninskie Gory, Moscow 119991, Russian Federation

Bilayer Si/Ta(30nm)/Co(7nm)/FeMn(15nm)/Ta(30nm) réenagnetic/antiferromagnetic-based
(F/AF) structures were deposited by DC magnetrarttepng in argon at the pressure of 3*10
Torr with the magnetic field of 420 Oe applied ilane of substrate during the deposition. For a
comparison Si/Ta30nm/Co7nm/Ta30nm (F) structurel Wwee ferromagnetic (F) layer were also
deposited. The deposited bilayer structure wasrthlly annealed &ty = 150C for 0.5 hour and
cooled down to the room temperature all in presaricg@ magnetic field of 1 kOe applied in the
plane of the sample. Magnetic properties of thepda@snwere studied by measuring the angular
dependence of the ferromagnetic resonance (FMHRI)ifiel15K-300K temperature range.

Though the deposition of structures in presenaaainetic field is a common way to saturate AF
layer, there was no exchange bias in as-deposilageb structure at room temperature detected.
From the temperature dependence of exchange bé&adbltitking temperature near 250K was
obtained. The exchange bias field of 14 Oe at r@aemperature showed up after the thermal
annealing of this structure @, = 150C. Thus, the thermal treatment increased the higcki
temperature from 250 K to above the room tempegat¥We note also that the annealing
temperature is significantly lower than the Néehperature for the bulk EgMnso (Ty = 490 K).

It is commonly accepted that in order to set theharge bias the AF layer is to be heated above
the Tn. The low setting temperature reported above indgthat in a polycrystalline structure with
small non-interacting grains each AF grain can Haseown critical temperature for transition into
paramagnetic state, forming a distribution, coroesiing to the grain size distributiddS(D) The
film thicknesst is one of the most important dimensions of thengshape affecting the transition
temperature. For a unidirectional anisotropy teseeat a certain annealing temperaflig lower
than theTy, the size of the AF-grain must be smaller tharoaesponding critical sizep<D®.
From the other hand the grain size must be largrugm D>D®, to withstand the thermal
fluctuations at the temperature of measuring orctioning of the AF/F structure. The range
D@<D<D ™ within the GS-distribution determines the postipiand the strength of the exchange
interaction from the AF-side at the AF/F interfaEerther on, the strength of exchange interaction
determines the exchange bias fielgsltb withstand the reverse magnetization of ther-flrhese
limitations for exchange biasing in AF/F structuege discussed in the report in connection with
our experimental observations.

This work is supported by Federal Agency of Scieand Innovations (contract 02.740.11.0242,
contract 02.740.11.0389). The FMR study was perfornat User Facilities Center of M.V.
Lomonosov Moscow State University.
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MAGNETOOPTICAL KERR EFFECT ENHANCEMENT IN Co-Ti-O

NANOCOMPOSITE FILMS
Polyakov V.\, Polyakova K.P-?, Seredkin V.A, Patrin G.S"? Tabakaev A .
1L.V.Kirensky Institute of Physics, SB RAS, 6600B88asnoyarsk, Russia
%Siberian Federal University, 660041, Krasnoyarsksdta
3Siberian University named after academician M.FsHeénev, 660037, Krasnoyarsk, Russia

It is known, that magnetooptical properties of cosife system metal-dialectric depends on
properties of a dielectric component. The majoofyresearches are devoted to the metal with
dielectric matrix or layer of Si©and AbOs. In this connection the magnetooptical properties
composite films in the presence Ti@ith the dielectric constant exceeding correspogdialue of
SiO, and Al O; are of interest.

In this report we present the results of magnetazapinvestigations of°o-TiO, granular and
ColTi, layered films. Magnetooptical spectra have beemstigated in the wavelength range of
visible light in a magnetic field up to 14 Oe.

We studied spectral dependence of polar Kerr eieaanogranular films with different volume
concentrations ( X= V(Co)/V(Co+Tifp ) of magnetic phase of 30 nm Co effective thidad-or
films with x = 0.47, 0.52, 0.55 and 0.64 curveswgh@ resonance character with a significant
enhancement of the Kerr rotation angle in the wenvgh range 500-700 nm. The maximum
rotation angle of @=2.5 degree was found for films with a magneticggheoncentrations X=0.55.
This is more than five-fold in comparison with cemtional Co films. The concentration
dependence of the absolute value of maximum Keatiom has two regions of an increase in the
rotation angle, one of which is in the subpercolatregion and the other region is near the
percolation threshold. The first maximum was obsdrin work [1] and was connected with the
interference effects. The second region is likedglained by the percolation [1,2].

The layered structure of Co/Ti@vere obtained by consistent deposition of Co |ayef titanium
oxide layer by ion-plasma sputtering on glass sated. This structure consists of 10 layers. The
thickness of the magnetic layer was 50 nm, thekttass of titanium oxide layer was 170 nm. Study
of spectral dependence of polar Kerr effect shothedl the spectrum has a pronounced resonance
character with giant inhancement of angle of rotatiear the resonancéwas established that the
maximum Kerr rotation angle 7.3 deg was observe®{ayer structure at a wavelength of 540 nm.
It was shown that the maximum value of rotation efefs on the number of layers of non-
monotonic way. Also, the resonances position onvihgelength axis depends on the number of
layers of intricately.

It is necessary to note that anomalies of magnét@pspectra of the composite materials
containing dielectric in the form of a layer or mpatwere observed and have been predicted by
theoretical calculation [3].

The mechanism of a magnetooptical rotation enhaaneim nanocomposite Co-TiGilms will
be discussed.

[1] A.M.Kalashnikov, V.V.Paul, Pisarev R.V., et,&iz. Tverd. Tela46 (2004), 2092.

[2] Jiang Z.S., Jin G.J.,. Ji J.T, et.dl. Appl. Phys78 (1995), 439.
[3] M. Abe and M. GomiJpn. J. Appl. Phys23(1984) 1580.

144



MISM 2011
22P0O-1-46

THE EMERGING OF GIANT MAGNETIC ANISOTROPY IN Au-Co

NANOWIRES
Tsysar K.M, Smelova E.M Bazhanov D.|.Saletsky A.M.
Faculty of Physics, Moscow State University, 11988%cow, Russia

The progress in spintronics requires more intens® @mprehensive study of the magnetic
properties of low-dimensional structures [1]. Laktcade special interest in theoretical and
experimental investigations was devoted to the stigation of spin-dependent ballistic electron
transport through magnetic nanowires and nanoctnfat Especial interest was devoted to the
study of mixed nanocontacts (NCs) and nanowires §N\We changes their elemental composition
can be most effectively, controlled the magnetid eonductive properties of the system as a whole.
The possibility of stable Au-Co nanoalloys formatwas found in several experimental works [3].
In this paper we present a comprehensianitio study of the atomic and electronic structure of
mixed Au-Co NWs. It is shown that Au-Co NWs exhilgiant magnetic anisotropy. Our self-
consistent electronic-structure calculations of @a-wires have been performed by means of the
projector augmented-wave (PAW) technique as impleatk in Vienna Ab-initio Simulation
Package (VASP) codé,5] which based on the density functional the@¥T). We investigate the
properties of atomic and electronic structure afarm and non-uniform mixed Au-Co NWs [6].

The possibility of the Codimers formation was

shown. It's shown that the formation of dimers kad S "zig-zag" linear .
to a non-uniform distribution of electron densityda =~ @, [AvCONW| AUCORW
consequently leads to the rupture 3_11

between the atoms of gold at its extension. It was ©
found that only uniformly mixed Au-Co nanowire is o 3 |
stable under tension to larger interatomic distanite = g -
is first shown that the uniformly mixed Au-Co NWs 2 '12':.%
have a giant magnetic anisotropy with the values of : : :
the magnetic anisotropy energy MAE~130meV per 2.4 2.6 2.8
atom Co in wire comparable with the experimentally Interatomic distanced]

established values for the layered structures himd t

films. The easy magnetization axis is perpendictdar Fi9-1 The total energy of Au-Co NW for both
the axis of the NW (Fig.1). As result it was foundagnetic polarizations - magnetic - moment
that the mixing of noble metal atoms withP2rallel (1) and perpendicular (2) to the wire
ferromagnetic elements leads to the formation @fuiitz?gtgvrgrcogitslt_;::r;tseractuon (3) as function
stable one-dimensional nanostructures with unusual '

magnetic properties.

Supported by grant of RFBR N010-02-012vdnd by grant of “Dynasty Foundation”.

[1] K.M. Smelova, D.l.Bazhanov, A.M.Saletsky, et ahyP. Rev. B. 77,033408 (2008).
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[3] Shigehito, JST, 80, 225(2001); H. Nabika et a\1.C., 12, 2408 (2002).
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TEMPERATURE DEPENDENCE OF INTERLAYER COUPLING IN Fe /Si/Fe

TRILAYERS
Drovosekov A.B, Kholin D.12, Kreines N.M', Biirgler D.E?, Schreiber R.
! p.L.Kapitza Institute for Physical Problems RA®sKgina 2, 119334 Moscow, Russia
2 Institut fur Festkérperforschung, Forschungszentdiilich GmbH, D-52425 Jiilich, Germany

Magnetic interlayer coupling between iron layerpasated by a thin silicon spacer has been a
subject of studies for decades [1-3]. Neverthelapsto now, the complete understanding of the
phenomenon has not been achieved. Investigationsaghetic properties of the system at varying
temperature and spacer thickness can shed light wmpechanisms responsible for interlayer
coupling. This report is mainly focused on tempamatdependence of coupling strength in Fe/Si/Fe
structures.

In this work we present results obtained for Fe(78#ts)/Fe(70A) trilayer samples using
SQUID magnetometery and FMR technique. Two san(@#sand S2) withs~10A were grown by
MBE technique on MgO(100) substrate with ~1000Avesilbuffer layer. Magnetization curves
were measured in 5-350K and FMR spectra in 77-3@bhkperature range. Magnetic field was
applied in the film plane in all the experimentfieTobtained data were analysed in the frame of
biquadratic coupling model (BCM).

At relatively high temperatures ~300K the experitaérdata for both samples show a good
agreement with the BCM. Thd(H) curves can be good approximated by the BCM invthele
field range up to the saturation point. The FMRc$f@e demonstrate the presence of the optical
branch with a typical BCMy(H) dependence. The absolute values of the couptingtants for two
samples have the same order of magnitdgel,~1erg/cm, but the sign of the bilinear constaht
corresponds to AFM coupling for S1 and FM for Sehgke. This difference can be explained by
small deviations of the spacer thickness from
ts=10A.

As temperature diminishes, the saturation field
(and, consequently, the coupling strength)
increases for both samples. The data for S1 (AFM)
sample can be described by the BCM relatively
good down to the lowest temperature. The
resulting temperature dependences of the coupling
constants are shown in the Fig.1. Both constants
are increasing at cooling. On the contrary, the S2
(FM) sample demonstrates relatively strong | | | | ‘ J
deviation from the BCM belowi~100K as the 0 100 200 300
saturation field is steadily growing [4]. Temperature (K)

To summarize, the investigated samples o
demonstrated increasing coupling strength tg.l. Temperature dependences of bilinear and

cooling, but the applicability of the BCM at lowP'duadratic coupling constants for S1 (AFM)
temperatures is under question. sample. Points are experimental data, lines are

plotted for an eye.

[\

Coupling constants (erg/cmz)

The work is partially supported by RFBR (grant I3d1110).
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PASSAGE OF Fe/Cr/Fe THREE LAYER FILM MAGNETIZATION CURVE

BEYOND THE LIMITS OF HYSTERESIS LOOP
Gudin S.A, Kurkin M.1}, Gapontsev A.Y.
!Institute of Metal Physics Ural Div. RAS, S. Kovad&aya str. 18, 620219 Yekaterinburg, Russia
2 «Spetsneftegaz NPO» JSC, Beryozovsky, Zapadnayzomanl4, Russia

Nanometer thickness Fe/Cr layer films are studmdnisively during last 15 years and some
unusual physical properties of these structurese hbeen discovered: the ferromagnetic,
antiferromagnetic and noncollinear ordering of heiguring magnetic layers of iron, the giant
magnetoresistive effect, short and long periodssaillations of interlayer exchange coupling. This
work is encouraged by uncommon experimental re$oift&e/Cr multilayers published in [1]. The
conditions of the coexistence of Fe/Cr/Fe film etatwith parallel and antiparallel Fe layer
magnetizations are obtained using the model [2Jsider these conditions, the transition from
antiparallel (AF-) to parallel (F-) orientation &@nmagnetic fielH, is related to the phase change of
linearly polarized spin-density wave in Cr intedaywave node in a center of the layer is replaced
with an antinode). The coexistence of these twiestéAF-, F-) means that the transition of the
Fe/Cr/Fe film to the ferromagnetic F- state stinedaby magnetic field retains afteH shutdown.
This effect is manifested experimentally in a fHtt the magnetization curwd(H) of initially
antiferromagnetic Fe/Cr/Fe film would go beyond limits of remagnetization hysteresis loop in
ferromagnetic state stimulated by fietd(Fig.1.).

M _
2M, — —
l |
T : Figure 1.
| H Fe/Cr/Fe film magnetization curve
0 : and remagnetization one for the
-H || 1H HF case of F- and AF- states
l coexistence.
-— -ZMO

This work is partially supported by RFBR, projeat.NL1-02-00093 and the program of Presidium
of Russian Academy of Sciences.
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The magnetic properties of layered Ni—Ge films waxestigated with the local distribution of Ni
and Ge atoms and availability of the interface tayere studied also. Two-layered and five-layered
films were prepared by ion-plasma sputtering aaselpressure of £0Torr in Ar atmosphere. The
Ni layer thickness in the Ni-Ge structure variedrio~8 to ~26.5 nm and the Ge layer thickness
amounted to ~ 47 nm. The Ge outer layer thicknedke five-layered films amounted E®20 nm,
the Ni layer thickness varied form ~10 to ~20 nrd #re Ge internal layer thickness changed from
~1 to ~10 nm. The Ni-Ge film structure was studieg EXAFS spectroscopy and X-ray
reflectometry. Magnetization was measured with aJ&ED
magnetometer at 4.2-273 K in the magnetic field pi ta
1 kOe. The magnetization temperature dependences we
obtained in two cooling regimes - field cooled (F&) zero
field cooled (ZFC). The analysis of EXAFS - spectfews
that in the investigated samples nickel oxide waseat and
the Ni layer had a crystal structure. In the Gecspethe
availability of oxide was observed, also, the abseof distant
peaks said about the amorphous state of the Ge I8gectra

1 Inttial model
2Experimental
3Fit

(a)

0 10 20 30 40 50 of X-ray reflectivity for the Ni-Ge (15/46 nm) filmare
Angle (mrad) represented in Fig.a. The experimental curve 2 cidés

0,8 S satisfactorily with curve 3 calculated for the sture with the
W (b) | interface of approximately the same compositiom@lall its

depth. If it were not so, curve 2 would coincidethwi
calculated curve 1 which is attributed to a systeithout an
interface layer. In the last analysis the variatioh the
thickness/ roughness for Ni was (11,7/1,4) nm,Ger it was
(42,3/0,75) nm; the roughness of the substrate & nm
and NiGs, thickness was 93 nm. A strong difference (Fig.b)
between the magnetization dependences on the tatapeM
(T), in two regimes (FC and ZFC) was observed fbfize-
e layered films. FC and ZFC curves coincided withreather
/-;:FJ ) | only for the temperature T exceeding some temper &ty ~
/-/ ] 40K. The hysteresis loops measured at 4.2 K shadtaetdfor
/ 4 the layered samples the loops asymmetry and ifs abing
- e E the magnetic field axis took place (Fig.c).

The peculiarities observed are explained by thenébion of
i ‘ ‘ the antiferromagnetic phase in the interface batwibe Ni
-%00 -400 O 400 800 and Ge layers, and the rough surface between theakd/

H (Oe) AFM layers.
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MAGNETO-OPTICAL PROPERTIES OF PERIODIC DOMAIN STRUC TURE

IN MAGNETIC FIELD
Eliseeva S.V Sementsov D,lOstatochnikov V.A.
Ulyanovsk State University, Lev Tolstoy 42, 432700yanovsk, Russian Federation

Single-crystal iron-garnet films with stripe domamucture is one of the most typical examples
of natural product structures controlled by an mdemagnetic field. When the light propagates in
such a structure along the axis of periodicity sbkective properties of the structure should appear
in the Bragg resonance region, while at propagadingg the domains and domain boundaries its
wave guiding properties should be manifested.

We assume that all domains have the same mataraimeters their thicknessSj, where
1 =1,2, and period of structurD=3S; +S,: periodicity of the structure is realized alcOY,,
magnetic moments in the domains lie in the p/ XZ and their directions in the readout from the

axis OX are determined by the angl¢(z), that depend on the applied magnetic field folheac
group of domains. In this case, the dielectric déessructure is given by:

& —if cosp ) 0
£(2)=| if cosp (2) & —if Sip )| (1)
0 if sing @) &
Magnetic gyrotropy at optical frequencies is netda X = l).

Taking into account the continuity of fields at theerface between the layers, we find the
transformation matrix for one period of the struetuequal to the product of transformation of

matrices of the two domains with different direogoof magnetizatic P= Sl S whereS
fourth-order square matrix that connects the faldhe entrance to and the exit from a domaln. In
the absence of damping, these matrices are unimoduie dispersion equation is fourth ordered of
magnitudeC: expi x D), whereXef - is the Bloch wave number:

C*+B3+B P +B (+B= 0 (2)

where the coefficientB are expressed through various combinations of@isof the matri: P.

Free term of the dispersion equat B, is equal tcdetP = 1. The report will present: a numerical

analysis of the dispersion relation (2), the dusttion of the wave field on domain structure, the
polarization characteristics of reflected and tmaitted radiation having passed through the
structure, the analysis of the possibility of cohtwver these characteristics with the magnetizing
field.

This study was supported by Federal target progt8nentific and research and educational staff
of the innovative Russia» on 2009-2013 years, gowent contract No. P2603.
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THE COERCIVITY AND INTERLAYER EXCHANGE IN THREE-LAY ER

FILMS PREPARED BY CHEMICAL DEPOSITION
Chzhan A.\/.Patrin G.S, Kiparisov S.Ya.Seredkin V.A.
! Kirenskii Institute of Physics, SB RAS, Krasnoyaf80036, Russia
?Siberian Federal University, Krasnoyarsk 66004 1ssRa

For obtaining of new materials and their practical aations in spintronics is necessary to
monitor and control both electrical and magneticapgeters. The most interesting and informative
to all other magnetic characteristics is the vatithe exchange coupling between magnetic layers,
which depends on many factors: the layer thicknessiface properties, etc. In this paper we report
the results of studies of the exchange interaaimhits influence on the coercive force in thedhre
layer films consisting of ferromagnetic layers whesm the Co-P amorphous and polycrystalline,
and a nonmagnetic layer of Ni-P obtained by chelmiagor deposition [1]. A typical hysteresis
loop of soft magnetic layer has an asymmetricahfand it is characterized by exchange bias field
Hex respect to the zero value of the applied magrfetid H and the two critical fields & and
Hco. Critical field H; corresponds to the left, and.Hight branch of the hysteresis loop. The
coercivity of soft magnetic layer can be expressed in the tdgnw (He.-Hci) / 2, and the bias field
Hex = (He1 + He) / 2. Change H is inversely proportional to the thickness of #wdt magnetic
layer d. Such dependence is preserved to a
thickness of ~ 30-50nm and varies from on 190
sample to another, which, apparently, is_-
determined by the microstructure of this layerg 140 |
and the interface [2]. The change of coercivit)'ﬁ
has no smooth appearance that is related to te 90/
difference in changesddand H; the thickness §
of the soft magnetic layer. The value aof; first ‘25 40]
increases and then decreases, while; H TN . —e
decreases with increasing d (see figure). The -100 20 40 60 80
these dependences are associated with the Soft layer thickness, nm
difference in the mechanisms of magnetization
reversal in that fields. At H = i (at the chosen experimental conditions) leadkéddrmation of a
Bloch domain wall (BDW), while at H = i is the annihilation of its contribution in acconda
with this contribution to the coercive force of bBuboundaries would be asymmetrical in
nature. The appearance of the DW will have to m®eeH,, their disappearance will have to
decrease of H.

[1] A. V. Chzhan, S. Ya. Kiparisov, V.A. Seredkin, GEatrin, and M.G. Pal chilBulletin of the
Russian academy of Sciences: Physi8$2009) 1161.

[2] J. Nogues, Ivan K.Shulled. Magn. Magn. Matey 192 (1990) 203
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NEW MODEL FOR MAGNETISM IN ULTRATHIN FCC FE ON CU(001)
Meyerheim H.L., Tonnerre J.-M, Sandratskii L%, Tolentino H.C.N, Przybylski M!, Yildiz FZ,
Fu X.L!, Bontempi E, Ramos A, Grenier &, Kirschner J*

! Max-Planck-Institut f. Mikrostrukturphysik, Weintge2, D-06120 Halle, Germany
? Institut Néel, CNRS & Université J. Fourier, F-330Grenoble, France
% Laboratorio di Chimica par la Tecnologie, Univiadii Brescia, 25123 Brescia, Italy

Using soft x-ray resonant magnetic reflectivity in
ﬁ combination with first-principles calculations weepent
a new model of the magnetic structure in fcc-Fengro
ﬁ 1.9 on Cu(001). Magneto Optic Kerr Effect experiments
@ 1.9  indicate an inverse spin reorientation transitismere
'ﬁ"l_g the easy magnetization axis changes from in-plank a
— 11 ﬂ Lo 19 mo_nolayers (ML) to out of pla_me at 8ML thickness,
= o7 .06 G ' % while at 6 ML a hysteresis loop is found for bathand

o= 06 N 19 out of plane magnetization [1].

G004 504 y19 X}. 1.9 Three samples were prepared consisting of 4, 68and

703 0 02 ¢ 13 A\ 1.3 ML on Cu(001) capped by 3nm Au. For each atomic
AMLRT  6MLRT 6ML40K 8mL40K layer both, the magnitude and the direction of the
magnetization is fitted. Fig.1 shows the layer hest
=> —> ﬁ ﬁ spin structure in the samples for different magraitn
directions (see arrow at the bottom) and tempesatur
While at 4ML the sample is ferromagnetic, for theia
ferromagnetic structures in the coverage rangedmivé
and 8 ML we find blocks with robust magnetic struet
separated by dashed lines. Number hile _the relative Qirect_ions_ b_etween '_[he blocksyva
indicate magnetic moments i Bohr'”VOlV!”g a non-collinearity within the spin struce [2].
Magnetons. Experimental results are supported by parameter-fre
calculations within the framework of the density
functional theory.

“0H uOH HOH HOH

Fig.1: Spin structure for 4, 6, and 8ML
fcc-Fe on Cu(001). Spin blocks are

We thank Urs Staub, F. Nolting and the SIM beaméitedf for their support and hospitality during
our (HLM, JMT, MP) stay at the SLS in Villigen.

[1] H. Jenniches, J. Shen, C.V. Mohan, S.S. Marahatl. Barthel, P. Ohresser, M. Klaua, and J.
Kirschner,Phys. Rev. B9, (1999) 1196

[2] H.L. Meyerheim, J.-M. Tonnerre, L. SandratskKiC. N. Tolentino, M. Przybylski, Y. Gabi, F.
Yildiz, X. L. Fu, E. Bontempi, S. Grenier, and JdrsChnerPhys. Rev. Let{2009)103 267202
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MAGNETIC RESONANCE INVESTIGATIONS OF SINGLE CRYSTAL LINE
CuCr,S; SPINEL LAYERS IN HETEROSTRUCTURE BASED ON CuCrS ,

SINGLE CRYSTAL
Pankrats A?, Abramova G, Tugarinov \%, Zharkov S-?, Zeer G2, Kondyan $, Boehm M,
Vorotynova C.
LL.V. Kirensky Institute of Physics SB RAS, Krasnoslg 660036, Russia
2 Siberian Federal University, Krasnoyarsk, 6600Rdssia
% Institute Max von Laue-Paul Langevin, Grenobleg©e9, France

A chrome-copper disulphide CuGrBas a layered structure with weak chemical boredwden
the layers and can be considered as a dichalcagevith CU ions intercalated into the van der
Waals gaps between the Gi8yers. In this study, we present the resulthefrhagnetic resonance
study of the CuCrssingle crystal synthesized by chemical vapor pans(CVT).

CuCrS undergoes the paramagnet-antiferromagnet trans#étoTy=37 K. But in contrast to
polycrystalline samples, the CVT single crystal iasnd to possess the strong anisotropy of the
resonance properties at T=300 K [1]. The magnetisadropy increases with the temperature
decreasing, and different frequency-field dependstior parallel and perpendicular orientations of
the magnetic field relative to the CVT single calgilate were obtained at T=90 K (see the figure).
The observed behavior of the resonance properfieheo CVT CuCr$ single crystal can be
- . S explained by the presence of the ferromagnetic
80 polyerystal 1, o | oOrdered phase with easy and hard
70} T=90K o magnetization  directions  parallel  and
perpendicular to the single crystal plate,
respectively. We found that the ferromagnetic
properties of the CVT CuCsScrystal are
connected with an additional CuSk impurity
41 phase (about 8 % by the XRD analysis) which
is also single crystalline in accordance with its
resonant properties. This conclusion is

confirmed by the temperature dependency of

0 s 10 15 20 25 a0 s the magnetic anisotropy of the impurity phase

H, kOe which  decreases with the increasing
temperature and vanishes at approaching a temperatwabout 400 K consistent with the Curie
temperature of CuG®,.. The presence of the single-crystal Ci8grimpurity layers in the
rhombohedral CuCtSsingle crystal may be attributed to the similatytheir crystal structures
containing similar layers of the octahedral sitesupied by C¥-ions. As the XRD data show, the
CuCnrS4 (111) crystal planes are parallel to the CuGf®1) planes.

The studies of the microstructure and the phaseposition of the sample by the scanning
electron microscopeJEOL JSM-7001F show that the samplen cbe considered as a
heterostructure consisting of alternate CyGn®l CuCsS, layers with the thickness of the spinel
layers much less than 1 micron. The total amouth@tpinel phase agrees with the XRD data.

The frequency-field and angular dependencies of rdsnant parameters indicate that the
CuCnrS; (111) crystal plane is an easy plane of magnétizathich is characteristic for uniaxial
ferromagnets. We suggest that that the loweringhef crystal symmetry in the thin layers of
CuCrS, occurs due to the influence of the adjacent lagéreombohedral CuCsS

60 |-

50 |

]
{ Q
3

f, GHz

40 - H along C axis 4
30
20}

10 |

[1] G. Abramova, A. Pankrats, G. Petrakovskii edaAppl. Phys.107 (2010) 093914,
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FORMATION OF Cr MAGNETIC MOMENTS AND MAGNETIC ORDER ING
IN LAYERED COMPOUNDS Cr,TSe, (T =Ti, V, Nb): THE ROLE OF THE

PARENT COMPOUND
Sherokalova E.M, Baranov N.\/?, Pleschov V.G, Selezneva N.V.
! Ural State University, 620083, Ekaterinburg, Rassi
2 Institute of Metal Physics, Russian Academy okSce, 620990, Ekaterinburg, Russia
*e-mail: elizaveta.sherokalova@usu.ru

Layered structure of transition metal dichalcogerid> (X = S, Se, Te) allows to intercalate
various guest atoms with non-full filled 3d sheli® space between X-Ti-X tri-layers and to obtain
the quasi two-dimensional systems with alternayerk& of magnetic and non-magnetic atoms [1].
The present work aims to study the crystal striecturd magnetic properties of\Cée systems (T
= Ti, V, Nb) in order to reveal how the type of tharent compound affects the formation of
magnetic moments and magnetic ordering within
subsystem of intercalated Cr atoms.

The CtTSe compounds (T = Ti, V, Nb) with Cr
concentration up tax = 0.5 were obtained by
ampoule synthesis method [2]. The quality of all
samples was checked by powder x-ray diffraction
analysis by using a Bruker D8 Advance
diffractometer with Cu I radiation. The magnetic
measurements were performed by using a Quantum
Design SQUID magnetometer at temperatures

0 £n 0 o o =5 from 2 K up to 300 K. o
H.1O All compounds are observed to exhibit spin-glass
or cluster-glass states at low Cr concentratians (

0.25). However, further intercalation of Cr atomeads to the appearance of a long-range
antiferromagnetic order in {riSe, below Ty = 42 K atx = 0.5 [2], or ferromagnetic alignment of
Cr moments below¢ = 100 K in the case of gsNbSe (see Figure 1). The magnetic moment per
Cr atom reaches &t = 50 kOe a value about of 2ug which is lower than thaixpected in a local-
moment model. No long-range magnetic order wasctklein the GVSe, system. The GVSe,
compounds show a spin-glass or cluster-glass behewtih freezing temperaturds< 30 K in the
whole concentration range upxc= 0.5. The values of the effective magnetic momeptderived
from paramagnetic susceptibility data for,G6e, and CpsNbSe are found to vary within 3.jig
— 4.1pg, i.e. close to the spin-only valugr = 3.78pg for the CP* ion. The effective moment of Cr
ions in CLVSe decreases with increasing Cr concentration frofugatx = 0.1 down to 2.2 at
x = 0.5. The change ¢k at the intercalation may be associated with séweigins, in particular,
with partial hybridization of Cr 3d states with &g states and d states of T metal of the, Beent
compounds. The results obtained are indicativdhefstrong influence of the parent compound on
the magnetic state of intercalated systems.

This work is supported by the Russian FoundationBasic Research (Grant No 09-02-0044 1-
and by the program of the Ministry of Education &wience (Project No 2.1.1.1682).

[1] M. Inoue, H.P. Hughes, and A.D. Yoffadv. Phys 38, (1989) 565.

[2] V.G. Pleschov, N.V. Baranov, A.N. Titov, K. laoe, M.I. Bartashevich, T. Gotd, Alloys
Comp, 320(2001) 13-17.
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ELECTRON SPIN RESONANCE STUDY OF VANADIUM OXIDE

AEROGELS
Chernobrovkin A.LY, Demishev S.¥.Semeno A.V.Balakhonov S.¥. Efremova M.A,
Churagulov B.R.
1 A.M.Prokhorov General Physics Institute of RAS, avilov str., Moscow 119991, Russia
2 Lomonosov Moscow State University, Lenin Hills, 860w, 119992, Russia

Recently new vanadium oxide (VYOnanoscal
magnets have attracted attention due to a num
unusual magnetic properties [1]. The quar
critical behaviour of oscillating part of magn:
susceptibility has been found in VOx nanotubes
nanorods. Moreover a strong departures from C
Weiss low were observed in these nano:
magnets at temperatures T>100, which has
explained by the presence of the antifferomag es |
(AF) dimers formed by the 4/ magnetic ions.

In the present work we report results of the Temperature, K
study of electron spin resonance (ESR) in,\ <
aerogels, which represent the mesoporous crystaitructures from M0s-nH,O precursors by
overcritical drying. Two aerogel samples marked @&S-15 and GS-17 were studied. ESR
measurements at frequency 60 GHz have been cawicd the temperature range 4.2-200 K with
an original cavity magneto-optical spectrometer [Bje obtained results may be summarised as
follows.

Experimental ESR spectra comprise the one broaddirall studied temperatures for the GS-15
and GS-17 samples. Calculated g-factor values \gefe96+0.01 and were not depend on the
temperature. The temperature dependence of the iB®Brated intensity for the free spins
demonstrate antiferromagnetic behaviour at tempersitoelow =110 K with Tapm~0.9 K in GS-

15 sample and AFv~2.5 K in GS-17 one. At the temperatures abovetAe transition to
ferromagnetic behaviour withefi~100 K is observed in both samples.

Similar FM-AFM transition at T~110 K was recentlybserved several different O
nanomagnets [3]. The comparison of the experimefaal for various VQnanoparticles indicates
that the most probable cause of the change inyihe of magnetic interaction is a change in the
concentration of ¥ magnetic ions.

01}k

0,01 i

Susceptibility, a.u.

Support from the Federal Program “Scientific andu&dional Human Resources of Innovative
Russia”, Programs of RAS “Strongly Correlated Hi@as” and “Quantum Physics of Condensed
Matter”, and the RFBR grant 09-03-00682+e acknowledged.

[1] L. Krusin-Elbaum, D.M. Newns et aNature 431(2004) 672.

[2] S.V. Demishev, A.V. Semeno et &hys. Sol. Statd9 (2007) 1295
[3]S.V. Demishev, A.L. Chernobrovkin et alETP Letters91 (2010) 11.
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MECHANISM OF GROWTH AND MAGNETISM OF EPITAXIAL Co(1 11)

FILMS ON ATOMIC FLAT AND VICINAL Si(111)7x7
lvanov Yu.P?2, lljin A.1.3, Davydenko A.V, Zotov A.\:
! Far Eastern Federal University, Vladivostok, Suttka str. 8, Russia
2 Institute of Automation and Control Processes FEBRVIadivostok, Radio str. 5, Russia
% Interdisciplinary Nanoscience Center (iNANO), AashNy Munkegade 118, Denmark

The artificial heteroepitaxial Co films adjacent nonmagnetic metals have been intensively
studied due to their importance for technical aggtions in magnetic or magneto-optical recording
devices. Magnetic properties of ultrathin films fefromagnetic metals on silicon substrates in
conditions of epitaxial growth now are poorly intigated. It is due to the complexity of
preparation of the epitaxial metal films on Si dudtes consists of formation of metal silicideseTh
structure and morphology of ultrathin films areedatined by phenomena occurring during growth.
Therefore, it is of fundamental importance to cheaze the growth process in order to achieve an
efficient understanding of the relevant parametard to be able to control the structure and
morphology of the growing films to obtain the deslproperties.

In this work, we attempt a characterization of streicture and magnetic properties taking place
during the heteroepitaxy of Co on Cu(111) epitakiafer layer on various Si(111)7x7 substrate by
means of STM, RHEED and MOKE meagements at diftese&ges of the growth.

The experiments were performed in an Omicron UHSteay. The base pressure at the deposition
and STM chambers was 3x10Torr. The standard preparation of Si substratéls w0.10 and 4.0
miscut was made for reception of atomically cleariaxes Si (111)7x7. Cu and Co was evaporated
from effusion cells with the rate of 4.3 and 1.5 Mhin. The Co coverage is given in monolayers,
where 1 ML is defined by a one—to-one atomic raiiih the Cu(111).

In the present study we observed the regular RHIgEENSity of specular beam oscillations at
deposition Cu on Si(111)7x7 since the coverage MiL3up to 14.5 ML that testifies the layer-by-
layer mode growth. The sharp RHEED pattern indgdhat this is a epitaxial 1x1Cu(111)-R30
buffer layer.

Further we investigated the growth and magnetistf@film deposited on the Cu buffer layers
with the thickness of 11.5 ML on atomic flat andimal Si substrate. Our study have revealed the
regular RHEED intensity of specular beam oscilladiat deposition Co on epitaxial Cu buffer
layer. The sharp RHEED pattern indicates that ihia epitaxial 1x1Co(111) film. As shown the
STM studies the double-atomic and one atomic haegjands is formed at the Co coverage up to 1
ML. Let's note that the Co islands decorate thestands formed the double-atomic height rings
with the diameter of some tens nanometers. FuttieerCo(111) epitaxial film grows layer-by-
layer-like fashion and then passes in a multilayewth.

MOKE measurements at RT probably demonstrate therparamagnetic behavior up to the Co
coverage of 2 ML. Since 2ML magnetic loops haveeadod the ferromagnetic behavior. The
magnetic behaviour of the Co films deposited omatdlat Si(111) is different from that Co films
on vicinal Si(111) at the range of the Co coverfigm 2 up to 5 ML (layer-by-layer-like growth).
Since 5 ML the coercitive force and the magnetis@nopy practically do not change (multilayer
growth).

The study is supported by the program the Russtamdration for Basic Research (the grant 09-
02-00022a), the graniNe2.1.1/3005, the gratNe 02.740.11.0549, the grant 02.740.11.0111.
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FORMATION AND MOTION OF DOMAIN WALLS IN COUPLED Co

LAYERS WITH PERPENDICULAR ANISOTROPY
lunin Y.L, Skryabina O.\}2, Nikitenko V.I**, Shull R.D? Chien C.L*
! Institute of Solid State Physics, Russian Acadefryciences, Chernogolovka 142432, Russia
2 Department of Fundamental Physical-Chemical Ereging, Moscow State University, Moscow
119991, Russia
% National Institute of Standards and Technologyift@asburg, Maryland 20899, USA
* The Johns Hopkins University, Baltimore, Maryl&i®18, USA

Quasi-two-dimensional Co/Pt multilayers with pergealar anisotropy have received much
attention in recent years due to their relevanctundamental science and their potential use in
high-density data recording applications. These enws exhibit a number of features of
magnetization reversal processes, which are natreéd in bulk magnetic materials [1-3]. The
reversal properties of Co/Pt multilayers are inficed by the interlayer coupling and the response
of the individual Co layers to the applied magnéatd.

We studied the nucleation and motion of domain svall ultrathin Co/Pt/Co structures with
variable Pt spacer thickness in the perpendicubgnatic field. Ultrathin Co(0.6 nm)/R}(Co(0.6
nm) x = 0-10 nm) structure with a wedge-shaped Pt enerl was deposited by DC magnetron
sputtering onto a Pt(10 nm) buffer layer on Si snabss and covered with a Pt(3 nm) cap. The
structure has been cut into 10 samples with avePag@erlayer thicknesses= 0.5, 1.5, 2.5 ... 9.5
nm. The domain structure evolution was investigdigdnagneto-optical Kerr effect microscopy
which has the advantage of providing informationratividual Co layers [4].

We have plotted the domain nucleation field as maction of the Pt spacer thickness. The
nonmonotonic dependence of the domain nucleated fn the perpendicular field on the spacer
thickness has been revealed in the thickness ran§el0 nm, where the perpendicular
magnetization anisotropy is observed. Along witlamjitative variation of coercivity, a qualitative
change in the reversal mode has been revealectt8ta with the spacer thickness in the range
1.5-5.5 nm show nucleation at the same field anthééed motion of domain walls in both Co
layers. An abrupt transition to the layer-by-layeversal with independent domain wall motion in
the layers is observed at thicknesses above 5.3triorned out that the order of reversal of layers
in this region depends on the sweep rate of magfield.

The domain wall velocity as a function of the Pasgr thickness has been measured. In the
region of bounded motion of domain walls a rapidréase in the velocity is observed with the
growth of the spacer thickness. In the region eflétlyer-by-layer reversal domain wall velocities in
the layers differ by an order of magnitude and ficatty do not depend on the spacer thickness.
When cycling the applied magnetic field, it hasrbesvealed that the velocities of the forward and
backward domain wall motion are equal in the regibbounded domain wall motion, but differ in
the region of the independent domain wall motiohe Thature of effects revealed is briefly
discussed.

[1] Y. L. lunin, Y. P. Kabanov, V. I. Nikitenko, etl., Phys. Rev. Let@8, 117204 (2007).

[2] Y. L. lunin, Y. P. Kabanov, V. I. Nikitenko, et., J. Magn. Magn. Mate820, 2044 (2008).
[3] P. J. Metaxas, R. L. Stamps, J. P. Jamet,rdé Fet al, Phys. Rev. Lett04, 237206 (2010).
[4] M. Robinson, Y. Au, J. W. Knepper, F. Y. Yarig}, Sooryakumar, Phys. Rev.7B, 224422
(2006).
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HIGH-COERCIVE FERROMAGNETIC STATE INDUCED BY A MAGN ETIC

FIELD IN THE ANTIFERROMAGNETIC LAYERED COMPOUND Fe ¢5TiS,
Baranov N.\A?, Sherokalova E.M, Volegov A.$, Selezneva N.¥.
! Institute of Metal Physics, Russian Academy okSce, 620990, Ekaterinburg, Russia;
2 Ural State University, 620083, Ekaterinburg, Rassi

Titanium dichalcogenides TiXX = S, Se, Te) being intercalated by 3d metal 8ibms having a
magnetic moment demonstrate a rich variety of m@égrieehaviors ranging from spin-glass or
cluster-glass states up to ferromagnetic (F) orfexrdmagnetic (AF) long-range orders. The
magnetic order in WX, compounds depends both on the chemical const#lrand X, and on
the concentratiorx of the intercalant M. Because of quasi two-dimenal crystal structure the
M,TiX, compounds intercalated by 3d-transition metalshmnonsidered as an analog of artificial
multi-layer structures with magnetic M layers whente separated by non-magnetic tri-layers X-Ti-
X. The intercalated compounds (k€iSe
atoms is observed to exhibit a tilted
antiferromagnetic structure below = 135 K
[1], while there are contradictory data in the
literaure in respect to the magnetic order in
FeysTiS,. The magnetic state of &G1S;
was proposed to be antiferromagnetic or
0 50 ferromagnetic with complicated structure as
H (kOe) well as antiferromagnetic with inclusion of
ferromagnetic clusters (see Ref. [2] and
references therein).

The Fe@sTiS, compound synthesized in the
present work has a monoclinic crystal
structure (space groud2/ml) which is the

superstructure of the initial crystal structureTal, (P3mil) owing to the ordering of Fe ions and
vacancies between S-Ti-S tri-layres. The magnet@asurements were performed by using a
Quantum Design SQUID magnetometer in magnetic dield to 70 kOe. The maximum of the
magnetic susceptibility observedTat 140 K (Fig.1) for the zero-field cooled sampteresponds

to the Neel temperature of this compound. Applaranf the magnetic field belowy induces the
AF-F metamagnetic transition which is accompanigduibstantial hysteresis which increases upon
cooling (see inset in Fig.1). The coercive fieldalees a value about of 50 kOe at low temperatures.
Ising-like behavior of FgTiS, results apparently from the presence of a veryh hig
magnetocrystalline anisotropy associated with tifeuénce of the crystal field and spin-orbital
interactions [3]. The magnetic behavior o FES, compound is suggested to depend sustantially
on the distribution of Fe ions in the layer.

Fig 1. %
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CRYSTAL STRUCTURE AND MAGNETISM OF Co ,«NixB,0s

PYROBORATE
Platunov M.S, Ivanova N.B*®, Kazak N.\}, Bezmaternykh L.N.Vasil'ev A.D*, Eremin E.\%,
Ovchinnikov S.G?
! Kirensky Institute of Physics, SB of RAS, 66008&ademgorodok, Krasnoyarsk, Russia
2 Siberian Federal University, 660074, Kirensky 86, Krasnoyarsk, Russia
% Krasnoyarsk State Agrarian University, Mira s, &rasnoyarsk, Russia

The pyroborates with general formula MM@®;, where M and M” are divalent ions Co, Mn, Fe,
Mg, Ca, Sr, are interesting primarily due to thetiuctural, magnetic and optical properties [1]eTh

crystal structure MM BOs can be of triclinic or monoclinic symmetry witha groupP1(2) or
P2, /c, respectively. The metal ions are placed insideodiesd oxygen octahedra, which sharing

edges form substructuresibbons The ribbons are extended along the crystabxisand contain
two distinct crystallographic sites 1 and 2. In tieterometallic compounds (M M") the metal
lons occupy the both sites so that these matearaistrinsically disordered. The pyroborate group
(B20s)™ formed by two trigonalBOs)™ groups is the most strongly bonded. The low-dinesi
substructures in the form obbons andzigzag wallsare the common feature with the other well
studied oxyborates, such as warwikites [2] and igdes [3].

In the present work, we synthesized the high qualitgle crystals of Ni — substituted {8205
and investigated the crystal structure and magpetiperties.

The single crystals of GaNixB,Os pyroborate were prepared usindgli method.The crystals
were dark pink in color, circa 3 mm long, they lzadoblique prism shape and good optical quality.
The crystal structure study has shown the monoctmadification whereas the parent B8gOs has
the triclinic crystal structure. The obtained moiwicl lattice constants wera=9.23 A, b=3.16 A,
c=12.36A, f=104.18°. The metal Co/Ni atoms are surroundingéfprined oxygen octahedra. We
have found a strong distortion of both types ~*
octahedra 1 and 2. The octahedron 1 is distol
much stronger than in position 2. This
indicated by the electric field gradient data a _ * |
the calculation of distortion indexes.

The magnetization and magnetic susceptibilg 31
study have shown the antiferromagne'-(’:
ordering below T = 47 K. The effective— 27
magnetic momentuts = 3.49ug) indicates that=
the magnetic ions Co(Ni) are divalent and in 11

5

u/g

high-spin state. The substitute the part of'C8 f=0.1,05,1,5, 10 kHz

= 3/2) ions by Ni* (S = 1) leads to decrease 0 : : ; ; ; ,

average moment per formula unit. 0 50 100 150 200 250 300 350
T.K

This study was supported by the Russian FoundatioBdsic Research (project no. 09-02-00171-
a), the Federal Agency for Science and Innovati®osfauka) (project no. MK-5632.2010.2), the
Physical Division of the Russian Academy of Scientiee program “Strongly Correlated
Electrons”, project 2.3.1.

[1] J.C. Fernandes et &hys. Rev. 67, 104413 (2003).

[2] M.A. Continentino et alPhys. Rev. B4, 014406 (2001).
[3] N.V. Kazak et al. J.M.M.M. 323, 521 (2011).
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INFLUENCE OF METAL-DIELECTRIC NANOCOMPOSITES

MORPHOLOGY ON ANOMALOUS MAGNETOTRANSPORT PROPERTIES
Stognei O.\/.Sitnikov A.V,.Kashirin M.A, Belousov V.ABulvina Yu.S.
Dept. Solid State Physics, Voronezh State Techhtloalersity, Russia

A comparative investigation of magnetic, magnetste® and thermomagnetic properties of
Co(CaF)pox and Cq(Al,0On)100-x Nanocomposites have been done. The samples obthposites
were obtained by ion-beam sputtering of compositgets.

All studied composites exhibit tunnel magnetoregsteffect (MR). The classical negative
magnetoresistivity is observed in Q8aF)q0-x Nanocomposites (see fig.1 a) in a wide concentrati
range (41 <x, at.% Co <67) as in most well-knowmatamposites. In the GQ®&\l20n)100x
composites the anomaloymsitive magnetoresistivity was observed in addition to tisal
negative MR (fig. 1 b). The positive MR value reesh.5 % at relatively low field (500 Oe). The
positive effect in the Gg@AI>On)100x
m appears in the vicinity of the

percolation threshold (54 <x, at.%

Co < 68). There is no any correlation

between magnetization curves of the

Coi(Al20n)100x Nanocomposites and

L L o o field dependence of the MR. The

BT 42 H7i0e2 4 nanocomposites have usual
a‘ b superparamagnetic-like behaviour.

Fig. 1. Examples of magnetoresistive effect in The correlation between MR and

: S . . . magnetic thermal electromotive force
nanocomposites with different dielectric matrix: . : .
P (MTEF) in the studied systems is also

MR, %
MR, %
o N b o e

a - Caos(CaF)s, b - Cag(Al,O ;

TR s R observed. The MTEF in the
Co(CaF)oox nanocomposites
monotonously increases with

magnetic field without any
anomalous. Opposite to that the field
_ dependence of the MTEF has negative
e sign and shows anomaly similar to the
| b) SR t positive MR in the CgAI,0n)100
Fig. 2. HRTEM images of nanocomposites: nanocomposites.

a - Cag(CaF)s b - Cae(Al20n)s It was shown earlier [1-2] that the
positive MR may be due to the structural peculesitof the nanocomposite - the simultaneous
presence of individual nanoparticles and clusteith Warge form anisotropy and dipole-dipole
interaction between these structural elements.

According to HRTEM investigations a labyrinth-likstructure from chains clusters is formed
from 2-3 nm nanogranules in &AI,0n)100-x (fig. 2 @). In the CdCaF)0.x COMposites the situation
is different: the granules are larger (up to 5 mmd they are almost completely isolated from each
other in the CaF matrix. The reasons of such mdogyadifference are discussed.

a)

HRTEM investigations were performed in researchot@anter of Belgorod State University.
Support by RFBR (Grafe 11-02-90437- Ukr_f_a) is acknowledged.

[1] O.V. Stognei et. alSolid State Physic49(2007) 158.
[2] A. A. Timofeev et. al.Low Temperature Physic33 (2007) 1282.
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DYNAMICS OF MAGNETIC STRUCTURE IN FRUSTRATED 2D

ANTIFERROMAGNET PbBaFe ;05 AS SEEN BY ZERO-FIELD NMR
Gervits N.E,, Gippius A.A', Tkachev A.V, Rozova M.G, Tyablikov O.A, Pokholok K.\#,
Filimonov D.S?

! Physics Department, M.V. Lomonosov Moscow Statevéhsity, 119991, Russia
2 Chemistry Department, M.V. Lomonosov Moscow Staméversity, 119991, Russia

Introduction of the cations with a lone®Gsectron pair (Bi", PF*, etc.) in the A position of the
perovskite ABQ structure leads to the structural instability todvan off-center displacement of
the A cations caused by spatial character of time lpair and the covalent type of the bonding
between the A cations and oxyge
atoms [1]. Such displacements lead Pb, Ba,Fe,O. (20% °Fe enriched) “Fe zero-field NMR
ferroelectricity in perovskites BiMnO ]
and BiFeQ, where the magnetic
ordering also occurs due to the @
transition metal cations at the |
positions.

PbBaFgOs is a perovskite-like
compound with a complex cryste
structure:  perovskite blocks ar g
connected by crystallographic she
planes, which results in  twc
unequivalent positions of Fe: the firs
six-coordinated (in the center of th
octahedron Feg), the second is five-
coordinated (in the trigonal bipyramit
Fe(). Moessbauer spectroscopy ai
neutronography show quite unusu
magnetic behavior, in particular, th
temperatures of the magnetic transitic
according to these methods are 520 ¢
625 K, respectively [2].

Zero-field NMR spectrum of the
sample consists of four lines witl
different  integral intensities in 69 70 Tt
contradiction to the data obtained Frequency,MHz
Moessbauer spectroscopy. The ratio _.
integral intensities of the lines changes in wideperature range and does not correlate with
occupation numbers of two Fe sites. This fact alemitty the controversary data of the transition
temperatut evidences for dynamic character of magnetic strecn PbBaF£s. The reduction of
the integral intensity of lines in the zero-fieldVIR spectra can be explained by presence of fast
fluctuations of Fe magnetic moments.
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[1] D. I. Khomskii, J. Magn. Magn. Mater. 306, 10(0b).
[2] I. V. Nikolaev, Phys. Rev. B 78, 024426 (2008).
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“y-Fe PROBLEM” AND EPITAXIAL GROWTH OF Fe ON Cu(001)
Myagkov V.G-3, Bayukov O.A&, Bykova L.E, Bondarenko G.N?
! Kirensky Institute of Physics, Russian Academsoiences, Siberian Branch, Krasnoyarsk,
660036 Russia
2 Institute of Chemistry and Chemical Technologys&tan Academy of Sciences, Siberian Branch,
Krasnoyarsk, 660049 Russia
% Reshetnev Siberian State Aerospace Universitysigarsk, 660014 Russia

In recent years, great efforts have been focusestualying the correlation between the magnetic
and structural properties of iron films grown epigdly on Cu(001). This correlation is of
fundamental importance for physics of magnetic pheena [1, 2]. Theoretical calculations predict
the dependence of tlye~e total magnetic moment on atomic volume (theated magnetovolume
effect). Similarity of the lattice parameters of ¢0.361 nm) andy-Fe (0.359 nm) favors
stabilization of the high-temperatugeFe phase as a result of its pseudomorphic growth o
Cu(001). Data of most experimental studies of FEICQ1) films obtained at low (~ 100 K) and
room temperatures reveal the formation of varidusctural and magnetic types of titd-e phase
at thicknessesgd < 11 ML (monolayers). However, the results obtdirge ambiguous and the
presence of the magnetovolume effecy-ife has not been experimentally proved yet. Regssd|
of a deposition method used and a vacuum levelhieknesses @ > 11 ML they-Fe growth
becomes unstable and thd-e(110) phase growth epitaxially on Cu(001) inBtsch orientation.

In the experiments, epitaxial Cu(001) with a thieks of 100-150 nm was deposited onto
identical Cu(001) surfaces. A part of Cu(001)/Mg@(Pwas oxidized in air, which resulted in the
formation of the epitaxial GO oxide layer on the Cu(001) surface. The obtained
Cw0O(001)/Cu(001) and Cu(100) film samples were plaosdl a vacuum chamber again and a Fe
film was deposited on the top at a temperature26f K. Surprisingly, thex-Fe(110) layer with the
Pitsch orientation grew not only on Cu(001), bsoabn CyO(001)/Cu(001). Measurements of the
biaxial anisotropy constant yield the same value K1.4+ 0.1)10° erg/cn? (Ko/ Ms = 82 Oe ) for
both samples. Since biaxial anisotropy constantisKsensitive to the structure, equality of the
experimental K values, along with similarity of the diffractioragerns fora-Fe(110)/Cu(100) and
0-Fe(110)/CwO(001)/Cu(001) films, make us draw a conclusionualidentity of the epitaxial
formation of thea-Fe layer in both cases.

Basing on the mentioned facts, it is reasonabgiggest that the ultrathin intermediate,Gtike
layers are formed at three-Fe(110)/Cu(001) interface in ultrahigh-vacuum @2 Pa) systems. The
only feature of the epitaxial growth afFe(110)/Cu(001) is that the thickness of the itarslayer
in a vacuum of 10 Pa exceeds that in the ultrahigh vacuum by faabt0-15. If our arguments
are true and, indeed, the intermediate layer isnéor during the epitaxial growth odi-
Fe(110)/Cu(001) in the ultrahigh vacuum, the curraterpretation of the formation of metastable
phases during the epitaxial growth on single-clystidstrates that is based on the pseudomorphic
growth and stabilization gfFe at low temperatures might be changed.

This work was supported by the Ministry of Educatiand Science of the Russian Federation,
project no. 2.1.1/9193, the program “DevelopmenhefResearch Potential of Higher Education in
2009-2011."

[1] E. Sjostedt and L. NordstrorRhys. RevB 54 (2002) 014447 .
[2] L.T. Kong and B.X. LiuAppl. Phys. Leti84 (2004) 3627.
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MOSSBAUER STUDY OF CHANGES IN THE MAGNETIC STRUCTUR E OF

THE COMPOUNDS La(Feo_ggsixAl 0.12-x)13
Serikov V.\..Kleinerman N.M.Vershinin A.V.
Institute of Metal Physics, Ural Branch of RAS K®valevskaya 18, Ekaterinburg, Russia

Previously [1], in the compounds La@seSikAlo.12x)13 there has been discovered a concentration
transition from the antiferromagnetic (AF) to femagnetic (F) state; however_niature is not clear
so far. As a hypothesis, various options have lpegrforward, such as formation of F clusters or
change in the electronic structure upon substitubioAl by Si.

To ascertain the nature of transition, the Mdssbapectra were measured on these compounds
at 100 K. The measurements were carried out at a
spectrometer MS1101 in the constant acceleratiogy 0-€j '
mode; the quality of spectra was about 60%, thex 0.
accuracy of maintenance of the temperature was

0.2 K. For the spectra processing the MSTOOL'R 0. T ]
[2] program package was used. 8 0.2

From the analysis of spectra it follows that the 0.1
AF state has a positive quadrupole shift while the !
F state has a negative one. The calculation of two 0.0 :
core distributions of the probability density oeth £ :
quadrupole splitting allowed us to establish theE_8-8g: !

presence of two regions with the quadrupole=, |
splitting of different signs which we defined asO®’ % Q% % ‘%\% % % %
clusters with different types of magnetic ordering. F ]

Figure presents the dependences of the integral 010
probability ), average quadrupole splittin@) T
and average hyperfine fieldsl), The dashed line =
marks the concentration corresponding to the AF-I 25
F transition. =

As can be seen from Figure, both the AF and F 20k , , , , , o
clusters are present in all the compounds. 0.00 0.02 0.04 0.06 0.08 0.10 0.12
The transition from AF to F is related to the X
increase of the volume fraction of F clusters.

Support by RFBR grae 10-02-96019 is acknowledged.
[1] S.M. Podgornykh, Ye.V. Shcherbakova, G.M. Makax, A.A. YermakovEASTMAG — 2007

“Magnetism on a nanoscale” Book of abstracts, (20086
[2] V.S. RusakovMdssbauer spectroscopy of locally inhomogeneousrsgs Alma-Ata, (2000)
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FUNDAMENTAL STUDY OF COLLIMATED SPUTTERING FOR

MAGNETIC RECORDING MEDIA WITH INCLINED ANISOTROPY
Honda A, Honda N.
Tohoku Institute of Technology, Sendai, Japan

Bit-patterned magnetic recording mediu
(BPM) IS Oone OT 'pr0m|S|ng teChn'lqueS to extel 8 Ta(10)/Pt 10)/Ru(10)/Co-Cr(30nm)
recording densities of perpendicular magne 4 PA=0.8/0.8/0.8/0.8Pa
recording beyond 1 Thit/fn However, when the . T~L0deg. incinedsubstrate oy

packing density of the magnetic dots is increas \/
magnetostatic interaction between the di £ s T“\ & - _amo

drastically increases the switching fiel

distribution (SFD) of the media, which limits th g
recording density. We have proposed a methoc
reduce the SFD by using inclined magne
anisotropy for the dots [1]. Therefore, fabricatic
of such inclined anisotropy film is crucial for th
media. Only a few studies were reported on ! .
subject. Fundamental study of deposition of filr 0 0.05 0.1 018
using collimated sputtering will be presented. 1/Deoll [mm-1]

Collimated sputtering was investigated Fig. 1. Change of orientation dispersion of

fabricate films with preferred orientation tfcc(lll) Ruhcp(00.2), and Co-Chcp(00.2) plane
inclined directions from the film normal collimator. '

Collimators exhibited to enhance preferre

orientation for stacked films of Pt/Ru/Co-Cr on A
Ta seed layer as shown in Fig. 1. The orientat
dispersion angle was evaluated as FWHM of 1
X-ray rocking curve 46y Upper layers showec
better orientation. The inclination of th
orientation direction,dg, was also enhanced i
oblique incidence sputtering when an appropri
collimator was used (Fig. 2). It was found that t
amount of inclination was much affected by tl
initial layer material. An inclination angle o
around 8 degrees was obtained for ¢ axis of Co
alloy film using a Pt/Ru stacked under layer. 0

Deflection angle A650 [deg.]
B
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Ta(10)/P{10)/Ru(20)/Co-Cr(30nm) _ pr 1o
P~ = 0.8/0.8/0.8/0.3 Pa

= 1414 - collimator //!! Ru Aeso
10 Co-Cris A&

Co-Cri=s da

8 / pmy

6 2 Ru d&
S22 Pt da
”’

Z
*

&

a==""

Lo
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Support by the Green IT Project of NEDO

acknowledged Fig. 2. Collimator angle dependence of the deflec

angle,dg, and the orientation dispersion angl#] of
Pt fcc(111), Rihep(00.2), and Co-Chcp(00.2) plane

[1] N. Honda, K. Yamakawa, and K. OuchtEE for Ta/PURU films.

Trans. Magn.44(2008), 3438-3441.
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MAGNETIC RELAXATION OF WEAKLY INTERACTING MAGNETIC

NANOPARTICLES
Déjardin P.-M.
Université de Perpignan Via Domitia, 52 Avenue Peduy, LAMPS, 66860 Perpignan Cedex,
France

The effect of dipole-dipole interactions on therthal fluctuations of the magnetization of an
assembly of single-domain ferromagnetic partickesreated by adapting Berne's approach to the
forced rotational diffusion [1] yielding a nonlineBokker-Planck equation governing the dynamics
of the distribution function of the magnetizatiomemtationsW(u,t), namely

20nOW=Ba7 U, (U XE,W) + 8u(BWE, U+, W) 1)

whered, is the gradient operator on the unit sph@re, (KT)?, k is Boltzmann's constari, the
absolute temperature; is a dimensionless damping constamt,- A(1+a?)MV/(20y), y is the
gyromagnetic ratiolMs is the saturation magnetization of a partiglés the particle volume](u,t)
= Us (U)+Vaai (U,tW), Us (u) = Kvu? ~MvHu, is an effective single particle potential made of
anisotropy and Zeeman energiss the anisotropy constar,is the intensity of the applied field,
andVyqi(u,t;W) is the dipole-dipole interaction potential thailinear functional V. Equation (1)
reduces to Brown's Fokker-Planck equation for niemacting particles [2], and allows one to treat
both equilibrium and nonequilibrium properties bétassembly. We have shown that well above
the mean blocking temperature, the longitudinaimadized equilibrium magnetizatiorus>, can be
fitto

<U>o = L{MH/K(T + T)}, (2)

whereL(2) = cothz - ' denotes the Langevin function amdis an interaction temperature. The
FPE (1) can also be solved numerically to calcullagethermally activated relaxation time of the
assembly. It is then shown that the relaxation tim@oticeably increased while increasing the
concentration, thus leading to an increase in tbheking temperature of the system, in qualitative
agreement with the Dormann-Bessais-Fiorani (DBFdehd3]. Thus a model for the thermal
fluctuations of interacting ferromagnetic nanopaetisystems is developed allowing one to treat the
effect of dipolar interactions on static and dyneahiproperties of such systems. For a random
space distribution of particles, the thermal ingitgbof the magnetization may significantly be
reduced with respect to that of Brown's model, ihufualitative agreement with the DBF model
predicting the rise of the temperature of the pefathe zero-field cooled magnetization in samples
of maghemite nanoparticles embedded in a polymgmjgh increasing the concentration of
particles. At last, our treatment of dipole-dipaiéeractions can be extended to cases, where the
orientational correlations can no longer be neghlkciThus, in this work, we have presented an
adaptation of Berne's model of the forced rotatidliffusion to magnetic relaxation of an assembly
of single-domain ferromagnetic particles subjectedboth thermal agitation and dipole-dipole
interactions. This model can reproduce some feataf@nteracting nanoparticle systems such as
the rise of the temperature of the peak of the-fietd cooled magnetization as a function of the
concentration found in a number of experiments [3].

[1] B. J. Berne, J. Chem. Phy62, 1154 (1975).

[2] W. F. Brown Jr. Phys. Rev130, 1677 (1963).

[3] J. L. Dormann, L. Bessais and D. Fiorani, JyRIC, 21, 2015 (1988) ; J. L. Dormann, D.
Fiorani and E. Tronc, J. Magn. Mag. M&02 251 (1999) ; Adv. Chem. Phy88, 283 (1997).
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TRANSPORT AND MAGNETOTRANSPORT PROPERTIES OF

NANOCOMPOSITES (CO 41Fegngo)x(CaF2)1oo_x and Co x(CaFg)loo_x
Kalinin Yu.E, Morozova N.A.Sitnikov A.V.
Voronezh Technical State University, Voronezh, ZBl(Russia

The results of investigation of electroresistivilg well as magnetoresistivity (MR) of granular
nanocomposites (Gd-esgB.o)x(CaFR)i00x and Ca(Cak)iox are presented. The granular
nanoclusters of pure metal or metal all@o( CaFe;B20) randomly distributed in dielectric
amorphous matrixaF, were obtained by ion-beam sputtering of compositgetts and deposition
of the material to ceramic substrates. The gramaktia from metal amorphous or crystal granules
placed in dielectric matrix with wide and continsapectrum of concentration were formed during
simultaneous deposition of metal and dielectric sesaowing to use of complicated non-
symmetrical targets.

The areas of the percolation threshold for the isthdomposites have been determined. The
temperature dependence of electrical resistantkeohanogranular (Gd-e39B.o)x(CaR)100x and
Cox(CaF)oo-x. composites have been investigated. It was showahfor the studied composites
with low content of metallic phase at low temperasu(80 - 180 K) the dominant mechanism of
charge transport is hopping conductivity via looadl states of the dielectric matrix at the Fermi
level with variable-range hopping. The densityaxfdlized states at the Fermi level for,E@;oB2o
and Co metallic systems have been estimated. Hotr@h density of states at the Fermi level for
metallic phases of investigated composites coreladll with the values obtained in other systems
with oxygen-containing matrices.

It was shown that the temperature range from 1880 K the inelastic resonant tunneling in a
finite number of conducting channels with a powep&hdence of the conductivity were performed.
The estimation of the density of localized statesha Fermi level and the average number of
localized states between the neighboring graintherconcentration of the metal component have
been made. It was established that with an incre@aske proportion of the metallic phase, the
average number of localized states between thehbeigng grains decreases. This behavior
coincides with the analog dependencies for othgmgen-containing matrix composites studied
previously.

It has been established that concentration deperd#rMR at room temperature is similar for all
studied systems: non-monotonic MR dependence oal mabicentration with maximum MR values
near the percolation threshold and sharp decrdasiRdehind the threshold with metal rise. The
concentration position of the MR maximum is detema by geometrical (morphological)
peculiarities of the composites: near the peramtathreshold granule magnetic moments are not
still correlated but the thickness of dielectricrixs between the granules is minimum therefoee th
probability of polarized electron tunneling is mmaxim.

Support by the Russian Foundation for Basic Rekg&cant N 10-02-90030) is acknowledged.
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DEPENDENCE OF MAGNETIC NANOPARTICLES PROPERTIES ON THE

MORPHOLOGY AND ENVIRONMENT
Vompe A, Perov N, Rodionova \}, Zaichenko $, Chernavsky B, Zakharenko M,
Kuznetsov A, Samsonova ¥.Safronova E.
! Faculty of Physics, MSU, Leninskie Gory, Moscow 229 Russia
?Institute of Physical Metallurgy and Metal Phys@NC I.P. Bardin Central Institute for Ferrous
Metallurgy, Russia
Department of Chemistry, MSU, Leninskie Gory, Mosctl9991 Russia
“Taras Shevchenko National University of Kyiv, 6@latlymyrs'ka St., 01601 Kyiv, Ukraine

The work is aimed to investigation of different pesties of the magnetic nanoparticles prepared
by various techniques and especially to the stddyarphology and crystal structure dependency
of their magnetic properties. It is inspired byhricariety of properties appeared in nonostructured
materials in comparison to the bulk parent compsuriReduced size itself results in increased
surfaces energy promoting formation of metastaltddes like non-specific crystal structures,
incomplete crystallization etc. Different technigusuitable to prepare the nanoparticles introduce
even more opportunities to vary their shapes siaed structure. Eventually surface states
themselves rather different from the volume onesoat for many properties of nanoparticles,
especially of those which are as small as few naters in diameter.

Magnetic properties of the materials are rathesiea to variation of crystal properties and
morphology originated from nanostructuring. Botlrimsic and collective behaviour are affected.
Modification of saturation magnetization, enhancemef the anisotropy, onset of the exchange
bias, dipolar interactions and formation of chaans among the numerous phenomena known up to
date.

We have prepared Fe and Fe-Cu nanoparticles inuwacenvironment using evaporation
technique and probed their crystal structure, molgly and magnetic properties. Experimental
values of magnetization and magnetic anisotropguiaed in the range of temperatures from 77 to
350 K, are correlated with the crystal structureapseters measured by X-ray diffraction, chemical
composition analyzed by Auge-spectroscopy and nuogly revealed by SEM imaging.

This researches were partially supported by RFERigHo 11-02-90493«p_¢_a.

166



MISM 2011

22 August

17:30-19:00
poster sesston

22PO-]

“Magnetic Oxides”

167



MISM 2011

22P0-J-1

SPONTANEOUS GENERATION OF VOLTAGE IN SINGLE-CRYSTAL

SMg55Sr0.4sMNO3 and La g 75Bap :sMNnO3
Zashchirinskii D.M, Koroleva L.I, Morozov A.S.
M.V. Lomonosov Moscow State University, Leninskigery, 119992 Moscow, Russia

In single-crystals SpysSt.49VINO3 and La 7sBa, 29VINn0O3 grown by the floating zone method with
the cooling in oxygen the spontaneous generatiomltdige (SGV) has been observed. The voltage
observed across the sample was regarded as spoumdasmce a current was not supplied on
sample. In single-crystal S 49MNO; the maximum of SGV observes &, ~ 255 K that
almost does not depend from the cooling or heatatgand direction in crystal. The rate of cooling
or heating changes from 1.13 to 17.5 K/min. Thevalue far exceeds the Curie poirg = 134 K.

In this time theTyvalue is closed to paramagnetic Curie point= 270 K. Paramagnetic
susceptibility obeys the Curie-Weiss law at tempgeaabove ~2.. Clearly in the temperature
interval Tc < T < ZT¢ the clusters, obtained by magnetic order, areepted. The maximum SGV-
value reaches 6V which is two times as big than in another commtsufFeS, TiNi, FeNi, Ce,
Gos(SikGerx)s and SmMpGe,). The magnetic field strongly influences on SG\lwea The
maximum SGV-value decreases on ~ 45%at 14.2 kOe. We established that the maximum
SGV-value did not change for the time 24 hourss hbvious that SGV is nonequilibrium process
with big relaxation time. We emphasize that the imaxn SGV-value is bigger than in another
compounds mentioned above and can to be sourcepfdysa nanoobjects with electricity. The
SGV behaviour is connected with the presence irptathe antiferromagnetic (AF) clusters of CE-
type with charge-ordering since Bit> 140 K the clusters of this type are only. Theximaim on
SGV(T) curve can be caused by the simultaneous destnuofi charge-ordering and AF order of
CE-type since afl > ~ 140 K the clusters of this type remain. Obsiguthe generation of
spontaneous voltage necessitates the presencenplesthe regions with the opposite charges. In
cluster with charge ordering Mn-ions, occupied lBctons (Mr*), alternate with Mn-ions without
electron (M. They are fixed in the cluster. So, there isagé between cluster and paramagnetic
host deprived of charge carriers. These cluste&rsyanmetric disposed in sample from Coulombic
repulsion if they are identical. In this case thectical field from each cluster compensates the
electrical field from neighboring clusters. As aold the spontaneous voltage is absent. But the
cluster sizes can distinguish and in this case gbentaneous generation of voltage can be.
Obviously the distribution of cluster sizes widarthe temperature region of the phase transition
from AF of CE-type phase to paramagnetic phaseithamaller temperature that explains the SGV
maximum inT = T,,. We observed SGN in the §.aBay 29VInO3 single-crystal too. Maximum value
of SGV take place in region of Curie point whicheigual to 250 K. SGN.value almost does not
depend from the cooling or heating rate and dioedin crystal as in SgasSr 49VINO3 but it smaller

on one order In this compound the ferromagnetistehs occur in which the electrical charges are
localized froms-d exchange gain. They are disposed in the paramaghest deprived of the
electrical charges. Obviously the cluster sizes detinguish in Curie temperature region that
achieves SGN.

We are acknowledged to A.M. Balbashow and Ya.M. duskii for preparation of samples and
their analisis.

[1] C.D. Eee, F.G. Hhh]. Appl. Phys.33(1999) 133.
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NEW FERRIMAGNET PEROVSKITES La,CrAg75Wq 2506 AND
La,CrAo67Nbo 3306 (A = Mg, Cu, Ni)

Zakharov K, Markina M, Vasiliev A, Istomin S.Antipov E.
Moscow State University, 119992 Moscow, Russia

We report the magnetic properties of the ne

family ~ of  perovskite-type  compound B
LaaCrMgo.75Wo.250%, La,CrMgo s Bo.380s,
LayCrNig.7aWo.250s, LaxCrNip.6Nbp 30, L

LaxCrCuh.7sWo 2506 and LaCrCuo 67Nbo 380
The temperature dependences of the

compounds’ magnetization demonstrs =

ferrimagnetic behavior in good accordance w

the Neel law as shown in Fig. 1, taken as | /

example  LaCrMgo7sWo2:0s.  Curves  of

dependences M(H) are in the form of a narrc 4

hysteresis loop that typical for ferrimagnets, ot - - -

shown in Fig. 2. The saturation in a field of 2.5
does not occur. However, the saturation appear. ..
be 5-6 times smaller than 3 uB (maximum possibfg9: 1. Temperature dependence of reverse
moment for LaCrMgo.7sWo.250s). magnetization. Blue line is Neel law.

The ferrimagnetism is usually associated with
the presence of several different magnetic ions |

T.K

LaCrMg W, O

the structure of the compound. However, TR e
La;CrMgo7sWo2:0s and  LaCrMgoeMNbpsOs ] K”
there is only one type of magnetic ions{Tand .|
it is impossible for Cr to be in nonequivalel
positions in the perovskite-type structure. Tt= °°
behavior can be explained assuming formation _, |
ferromagnetic (FM) domains due to the exchar
through the free d-orbital of the tungste 1 ___,/,
Cr’*- 0 - W*- O - CP*, Antiferromagnetic (AFM) _ | |
exchange Cf- O - CP* on the boundaries of the o 2000 o000 0 0000 20000 30000
domain fully compensate the contribution of the "o

FM-domain to the total magnetization becauskid. 2. Applied magnetic field dependence of
almost all (97.6%) Cf ions, participating in the Magnetization ar=10 K

FM exchange, also participate in the AFM exchanyyden exposed to magnetic field the FM
domains are oriented along the field, but boundsfiv Cr®* ions will compensate this magnetic
moment except for the moment, which arises dudserace the moment against the field in place
of tungsten ion. Thereby, the value of the satanathoment will be the ratio of the W content to
sum of W and Cr contents and is 20% of the maxinmossible moment that agrees with the
experimental data.
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TEMPATURE INFLUENCE ON KINETICS OF MAGNETIZATION

REVERSAL OF LSMO THIN FILM
Uspenskaya L.§.Tikhomirov O.A, Nurgaliev T2
! Institute of Solid State Physics RASc, 142432, r6bgolovka, Russia
Z Institute of Electronics BASc, 72, Tzarigradskaabsee blvd, 1784-Sofia, Bulgaria

Manganites thin films as well as hybrids of manta@nd HTSC are prospective materials for
spintronic applications because they exhibit thepprties of resistance switching under relatively
weak magnetic and electric fields. These abilitgwitching, the value of the effects, and the ddite
the response to the fields are inevitably relateth wvinagnetic ordering and magnetic domain
structure of manganites.

Here we present the results of the study of magndtmain structure and kinetics of
magnetization reversal of thin LSMO and LSMO/YBG{nE in temperature range 10 K — 340 K
performed by magneto-optic visualization techniqtiee technique which allows the real time
observations of domain structure, its transfornmtiand direct measurements of dynamic
characteristics [1]. The samples were grown byasfs magnetron spattering on hot (100) LAO
substrates and annealed at 800 The Curie temperature of LSMO film was 340 KeTrhain film
area was free from the twins.

We discuss the correlation of magnetic domain srecwith real crystal structure, we show the
metastability of the structure in twin free ared &éme origin of two principally different types tife
domains realized in the same film area, dependmgiagnetic prehistory; we talk about dynamic
characteristics of magnetization reversal and vgai@arthe origin of magnetic after-effects at the
magnetization reversal; we show unexpected tramsfbon of the type of magnetic domain walls
at temperature ~ 170 K and corresponding cross-olvéine dependence of coercitivity upon the
temperature; finally, we discuss the influence dCO vicinity on magnetization reversal of
manganite film at temperature below 90 K and expleomplicated magnetic flux penetration
patterns observed in LSMO/YBCO hybrids [2] via thetastability of manganite domain structure.

Support by RFBR grant 09-02-00856 and by RAS progi@Quantum physics of condense matter"
is acknowledged.

[1] L.S. Uspenskaydulletin RAS: Physic§4 (2010) 711 lzvestiya RAN, Ser. Fizicheskayd,

(2010) 744.
[2] L.S. Uspenskaya, T. Nurgaliev, and S. Mite¥aPhys.: Conf. SeR34(2010) 012046
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INTERPLAY BETWEEN MAGNETIC, ORBITAL AND CHARGE
ORDERINGS IN CaCu,Mn+,01, (0 < x < 1) MANGANITES: *’Fe PROBE

MOSSBAUER SIAGNOSTIC
Presniakov I.A, Rusakov V.§.Sobolev A.V, Glazkova Ya.§.Demazeau G, Gubaydulina T.\,
Gapochka A.M, Matsnev M.E, Volkova O.S, Vasil'ev A.N!
! M.V. Lomonosov Moscow State University, Moscow, Bias
?Institut de la Chemie de la Materie Condensee dedix, Bordeaux, France

Manganese perovskite-derived oxides CAGy.,O1, (0< x < 3) containing MA™ and Mri™ in
six-coordinated polyhedra have attracted a wider@st due to their specific physical properties,
such as structural transition and colossal magesitstance associated to the charge ordering (CO)
and phase separation (PS) phenomena [1- 2].

Detailed’Fe probe Mossbauer investigation of the double rmaites CaCiMne g6 Fe&y.00012
(0= x<1)including the range of their structural and metgc phase transitions, have been carried.
On the basis of X-ray data it is proved that intrctibn of the®’Fe atoms does not perturb the
manganite structure. By means of magnetic measuntsnitbe degree of influence of the probe
atoms on the temperature range of structural arghete phase transitions of the manganites has
been established. The magnetic and structural tsedor CaCuyMn7.,O1> manganites are
summarized in d-x phase diagram. In particular, it is proved thiadse transition aty, = 90K for
CaMnO., is related with magnetic ordering of RifMn®* cations, leading to formation of
nonuniform magnetic microstructure. Méssbauer sidif>’Fe doped CaGiin;O1 (x < 0.4)
confirms two phenomena: (i) the structural phasedition of the trigonalR-3) phase to a high-
temperature cubicl{3m) structure in vicinity of charge ordering temperatT = Tco with
coexistence of both the phases; (ii) the existefi@aly non-distorted (Mng) octahedra at > Tco
due to the fast electronic exchange betweef"nd MA* cations.

A model explaining nonmonotonic character of changh a chemical composition (x) of the
manganites CaGMn;.4O;, the temperature of their magnetic ordering ha@mginimum at x = 0.4
was proposed. This model is based on the assumpitiarcompetition of different contributions in
magnetic interactions between manganese catiomi$erzammagnetictgg3-p6-t293 interactions with
participation of half-filled t,y orbitals; and ferromagnetic “double exchangg'-p>e,’ with
participation of half-filled (Mr%*) and empty (M) g orbitals of heterovalet manganese cations.

[1] R. Von Helmot, J. Wecker, B. Holzapfel, L. Sttau K. Samwer, Phys. Rev. Lett. 71 (1993)

2331.
[2] C.N.R. Rao, A. Arulraj, A.K. Cheetham, B. Raued. Phys: Condens. Matter 12(2000) R83.
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PRODUCTION AND MAGNETIC PROPERTIES OF THE Mg(Fe ;«Gay),04

BULK-SAMPLES AND FILMS ON Si
Trukhanov A.\}, Stognij A.I*, Novitskij N.N%, Trukhanov S.V, Ketsko V.A, Nipan G.D?
! Scientific-Practical Materials Research Centre NA8elarus, Belarus, Minsk,
P. Brovki str., 19.
2 Kurnakov Institute of General and Inorganic ChemgjsRussian Academy of Sciences, Russia,
Moscow, Leninskii pr., 31.

Phase-pure Mg(k&Ga).04+ solid solutions were prepared by the pyrohydrolyrocess [1].
Structural, magnetic and electrical properties lo¢ tMg(FeGa).04+ solid solutions were
investigated. In our case [1], the use of citricda@as a reductant in the synthesis of
Mg(FexGa)204+5 led to the positive deviation from Vegard's laweovhe entire composition
range. It was probably due to the transition of sdfeé*cations to F&. The samples remained
single-phase under heating to 570 K. All the pregapolycrystalline materials were soft-magnetic.
The optimal compound was selected as a ceramiettéog preparation thin films. This ceramic
Mg(Fey sGa.2):04+ Was characterized by the highest values of condtyctf4*107%- 8108 S/m)
and saturation magnetizatiom/£28 A*m?kg) in the range of Mg(ReGa,)-Oasss solid solutions
[2].

Thin films on Si substrates were optained by oxymenbeam sputtering of the pollycrystalline
Mg(Fe.sGay 2)204+s target in high vacuum. The depth and compositiofilols was controlled by
AES and FIB for interval thickness from 120 to 400. As-prepared samples were characterized
by amorphous structure and cation stoichiometrgeaticlike to the massive target. Afterwards the
optimal conditions (temperature and time of theeating) for crystallization of thin films were
determined. The optimal thermal treatment of thet4gputtered film samples was annealing on
atmosphere over a period 30...40 min ()0 Our investigations showed that the highestaslof
Mg(Fe sGa 2).04 magnetization in thin films (200 nm) was approxietatl6 % from the value of
the magnetization massive sample. The main reasothfs negative fact was active chemical
interaction between the film material and Si duramgpealing processes.

We designed the protection layer — Ti@hickness 8...10 nm) on the film-substrate intezfac
decrease the intensity of chemical interactionseth&@hat nanotechnology process was used to
enlarge annealing temperature (~1W0 It was necessary for shaping the crystallinebetter
quality. It led to the increase in magnetizatiotueaMg(Fe sGa 2)204 of thin films (200 nm). The
highest value was about 44 % from magnetizationevaf the massive sample.

Support by BRFFRNe ®10M-017)

[1] Ketsko, V.A., Beresnev, E.N., Kop’eva, M.A., &t, Specifics of the pyrohydrolytic and solid-
phase syntheses of solid solutions in the (M@zR(MgFe0,4)1« system,J. Inorg. Chem., 2010,
vol. 55, no. 3. pp.427-429.

[2] A.l. Stognij, A.V. Trukhanov, V.A. Ketsko, an@. D. Nipan Properties of Mg(FraGay 2)204 +
Ceramics and Films, Inorg. Mat., 2011, vol. 47, 2gpp. 204-207.
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NUCLEATION AND DEVELOPMENT OF CLUSTERED STATE IN

La;xSryCoO3; AND La;,Ca,CoO3; SINGLE CRYSTALS AT x=0.15
Lazuta A.V4, Ryzhov V.A, Kurbakov A.E, Khavronin V.P., Molkanov P.L%, Mukovskii Ya.M,
Pestun A.E, Privezentsev R.¥.
! Petersburg Nuclear Physics Institute RAS, Gatctsn@etersburg,188300, Russia
2 State Technological University ‘Moscow Steel arltbys Institute’ (MISIS), Moscow 119049,
Russia

The origination of the ferromagnetic (F) clusters the paramagnetic state of the doped
manganites was well established. Study of thisesiatthe doped cobaltites is the topic of the
current research activity. Structure investigatignsutron diffraction), as well as the data on
resistance, and magnetic properties @bdinear, x ?, and nonlinear (secorid, and third order
Ms) susceptibilities) are presented for the singystalline La xSrCoO; (LSCO) and

La;«CaCo0; (LCCO) at x = 0.15. These insulating compounds leklthe orthorhombidR3-c
space group. Although the data gfT) andM3(T) do not give direct evidences for the clustered
state, they show that the clusters in LCCO carsbkated down to 80 K, whereas the F particles in
LSCO can undergo a spin glass state below 80 Kowig to theM,(H,T) measurements, the F
clusters nucleate in these compounds by a firstronganner. On cooling, the F clusters start to
form just belowT (= 213 K in LSCO and 255 K in LCCO). This stage ikted to the cluster
nucleation at the preferential sites that are Vikedoduced by variation in the oxygen or doping
stoichiometry. At the end of this stage,Tdt (= 130 K in LSCO and 174 K in LCCO), tiM,(H)
signal of a regular shape is observed. The wethéat isolated F clusters, which are in a single
domain state, are assumed to account for it. Atimgdoelow T**, the signals begins to increases
down to availablel = 97 K, indicating a growth in the cluster densitykoth compounds. The
M_(H) signals are very closed in these cobaltitesdhiitences about the practically same character
of the clusters in these materials. A differenceéhi@ amplitude (5 times large in LSCO at 97 K)
indicates the difference in the cluster densityisltmportant that a closed correspondence exists
between the nucleation and growth as well as theats of the F clusters in the doped manganites
aboveTcand the cobaltites. This universality is the maisutt of the work.

This work was supported by the Program of PresidRAE No 21 (project 4.4.1.8) and RFBR
(Grant No 09-02-01508).
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INFRARED SPECTROSCOPY OF SmCo0O ;3 AND EuCoO 3
Kaschenko M? Kuzmova F, Klimin S?, Pytalev D?, Kamenev A.
! Moscow institute of physics and technology (stat&ersity), 141700 Moscow, Russia
2 Institute of Spectroscopy, RAS, 142190 Troitsk,selmw region, Russia
3 Moscow State University, Chemical Department, BE9Bloscow, Russia
* Moscow State University, Materials Science Departin119899 Moscow, Russia

The RCoQ compounds (R - rare earth) are novel functionalenms. Significant changes in
conductivity can be used in various devices (sensdrtemperature, pressure). They attract
attention of researchers because of rich phaserasiaglepending on temperature, chemical
composition, and pressure [1,2] (e.g., the metHator transition and the high/low-spin state
transition of cobalt).

In this work, we have studied the optical propertd RCoQ (R=Eu or Sm). Transmission
spectra of powder samples were registered in bspadtral (1800 — 8000 ¢thand temperature
(3.5 — 300 K) ranges. The compounds have a maxitmansmittance at 2000 ¢émAbsorption
increases in the range above 3000 amhich is due to thel-d transitions in the C6 ion. Narrow
lines belonging to théf transitions in the & ions were observed. A scheme of th& &nergy
levels of was obtained and used to interpret thgreigc properties of RCaO

Support from the grant of the President of the Runsd-ederation Ne MK-1329.2010.2) is
acknowledged.

[1] M. Tachibana, et alRPhys. Rev. B77 (2008) 094402.
[2] T. Fujita, et al.,J. Phys. Soc. Japai3 (2004) 1987.
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SPIN STATES AND MAGNETIC INTERACTIONS IN ISOTOPE

SUBSTITUTED (Pr,Eu) ¢.7Cag3C003
Kalinov A.V*?, Gorbenko O.Yd, Taldenkov A.N, Rohrkamp J, Heyer O?, Jodlauk S,
Babushkina N.A, Fisher L.M?, Kaul A.R?, Khomskii D.I, Kugel K.I%, Lorenz T
! All-Russian Electrical Engineering Institute, Krakazarmennaya Str. 12, Moscow, Russia
211. Physikalisches Institut, Universitat zu Kélnjlgicher Str. 77, 50937 Kéln, Germany
3Department of Chemistry, Moscow State Universit}9991 Moscow, Russia
“Institute of Molecular Physics, Russian Researaft&@e'Kurchatov Institute”, Moscow, Russia
> Institute for Theoretical and Applied Electrodynamjilzhorskaya Str. 13, Moscow, Russia

Based of the measurements of the specific heatndieexpansion, magnetization and resistivity,
the magnetic/spin-state phase diagram of.J8%)o Ca sCoO; series was obtained. The phase
diagram reveals three different states dependintherstatic distortions (Eu content), the oxygen-
isotope mass, and the temperature. The samples thigh lower Eu concentrations are
ferromagnetically ordered up to moderate tempeeat(about 50 K) most probably due to the low-
spin C8* — intermediate-spin Gdinteraction of the double-exchange type. As thed&ping (and
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the static distortion) increases, the®CtS (S = 0) state becomes stabilized and the magnetic
ordering of the CH ions is suppressed to temperatures well belowrgs(lting in the insulating
ground state and a low-temperature anomalg,irAt higher temperatures, we observe a first-order
spin-state transition from the LS to the IS stdt€o™, which is accompanied by a decrease in the
electrical resistivity, an increase in the
<r,> (A) magnetization, and a strong lattice expansion.
11r2 1170 1168  1.166  1.164 The isotope-effect is clearly observed for the

100 ——— ——— T 7 T spin-state transitiolss The temperatur@ey

| Tes):—A="0,—A="0| intermediate A | has only marginal but visible dependence on the
g0 L Teu): =@ -70,-0 - 70 SpV_ isotope content. However for both phase

boundaries Tsdy) and Trm(y)], the isotope

/ 1 exchange is equivalent to the changeyiby
60 |- paramagnetc N A . appro>.<imately 0.02. This means that the st_atic
o [ O==g_ low spin state distortions due to the change in the mean ion-
: a0l ) radius of rare-earth are somehow equivalent to

changes in the lattice dynamics due to the
isotope exchange, although the physical
4 mechanisms are apparently different. An
. increase of Eu content leads to an increadg, of
Cooaemna ] - e crystal field splitting, which stabilizes the
LS state. On the other hand, the main effect of
the oxygen isotope substitution is in the change
Eu content, y of the effective intersite hopping, i.e., of the
bandwidth.

20 | "bad" metal insulator

0 | I | & s
0.12 0.14 0.16 0.18 0.20 0.22 0.24 0.26

The present work was supported by the Russian Fdiomdfor Basic Research (Project No. 10-02-
00598) and by the Deutsche ForschungsgemeinstmaaBhB 608 and the German-Russian Project
No. 436 RUS 113/942/0.
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STRUCTURE AND PROPERTIES OF Ca; Eu,MnO3; SINGLE CRYSTALS
Naumov S, Telegin S:? Kostromitina N, Solin N, Elokhina L!, Loshkareva N, Tsvetkov D.
!institute of Metal Physics of UD, RAS, S. Kovalesgk st, 18, Ekaterinburg, 620990 Russia
?Ural State University, Lenin pr., 51, Ekaterinbusg@0083 Russia

Various magnetic phase transitions and transitiorthe orbital/charge ordered state of calcium
manganites with electronic doping GRMnOs (R = La, Pr, Nd, Sm, Eu) make these compounds
by model objects for strongly correlated systernslystand a subject of intensive experimental and
theoretical researches, for example, [1-4].

The aim of this work is growth of single crystalay GEuMnO3 5 (x=0.1, 0.125, 0.15) and study
of their structure and physical properties.

Single-crystal growth of GGEuMnO3 s was performed by floating zone melting using theNJR
2-3P equipment. Polycrystals and single crystal<af,EuMnOs s were investigated by x-ray
diffraction, x-ray phase analysis, x-ray microasay The dilatometric measurements of the
polycrystalline samples were made.
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The grown single crystals had the cylindrical fomith length of ~50 mm and the diameter up to
8 mm. The growth speed of single crystals amoutdest15 mm/h, the atmosphere of the growth
was air. X- ray microanalysis showed the even ithstion of elements (Ca, Eu, Mn) along the
sample. Single crystal samples with approximatelgnimal composition and size of ~5 x5 x 5
mm® were selected from parts of the cylinder corresipanto the end of growth.

Table and Figure show the results for single ctyS ss= 19VINO3.5, as the example. It was
determined that the direction of gEuW 1IMNO35 single crystal growth coincides with the
direction [100], large and small single-crystaldis are oriented along this direction.

Table. CassE 19VINO35single crystal and polycrystal lattice parameters

Sample aA| bA c,A b~2,A V/formula unit, &
Polycrystal 5.282 7.485 5.308 5.292 52.47
Single crystal 5.283 7.5138 5.300 5.313 52.58
= Magnetoresistance of Ca0.85Eu0.15Mn®3single
IST H= 90 kOe (zfc) - 1 crystal is represented in the Figure. Two peaks of
L 0l 60 -2 magnetoresistance are observed near two magnetic
g 11V 28 :j phase transitions. T1 and T2 is Neel temperatufes o
g 1 10 -5 AFM phase G-type and AFM phase C-type,
2 “ respectively. Similar features were observed imglsin
5 14 crystals of Cal-xLaxMnO3 and Cal-xCexMnO3 [3,4].
(O]
c
g |s
14 Y , This work was supported by the Presidium of RAS

150 20 250 " project 09-P-2-1004 and a joint Project of Far East
T K Branch of RAS-Ural Branch of RAS.
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SPIN-GLASS STATE IN SmFeTi ,0+
Petrakovskii G.A?, Drokina T.V*?, Shadrina A.L, Velikanov D.A-?, Bayukov O.A?,
Kartashev A.\/.Molokeev M.S.
L.V. Kirensky Institute of Physics, Siberian BranmhRussian Academy of Sciences,
Krasnoyarsk, 660036, Russia;
?Siberian Federal University, 79 Svobodny Pr., Kegsmsk, 660041, Russia

Systems are contained 3d - and 4f - elements aimportant class of materials on account of
interesting physical properties and possible appbas.

The polycrystalline sample material of Sm-contagnizirconolite was synthesized from
stoichiometric mixtures Sg®s;, FeOs;, TiO, by solid-state reaction method. Thermal treatments
were carried out on air in 3 stages at temperatl288° - 1250° C with intermediate regrindings.
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The compound crystallized in orthorhombic spaceugrd®bcn. The crystal structure of
SmFeT}O; contains four-, five-, six- and eight-fold oxideslyhedra [1].

The SmFeTJO; results of the temperature dependence of the miagheno(T) and specific heat
Cp(T) are shown in Fig. 1 and Fig. 2.
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Fig.1. Temperature dependence of the Fig.2. Temperature dependence of the
magnetization for sample SmFedj specificheat in SmFe 0,

cooled in zero field (ZFC) and cooled in

magnetic field H=0.05 T (FC).

The temperature dependence of the specific heajestg) the absence of long-range magnetic
ordering. On the curve af(T) the hysteresis is observed for zero-field-cdo#ad field-cooled
samples at temperatures lower then 7 K.

Thus, the analysis of the experimental resultsrbasaled the existence of magnetic spin-glass

state in SmFe}0;

[1] E.A. Genkina, V.I. AndrianovE.L. Belokoneva, B.V. Mill, B.A. Maximov, R.A. Tamgan.
Kristallography,36 (1991) 1408
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MAGNETOASCOUSTIC INVESTIGAION OF THE JAHN-TELLER EF FECT

IN CHROMIUM DOPED ZnSe CRYSTAL
Gudkov V.V, Bersuker I.B, Yasin S, Zherlitsyn S, Zhevstovskikh 1.¥.Maykin V.Y,
Sarychev M.N, Suvorov A.A.
! Ural Federal University, 19, Mira St., 620002 Ekatleurg, Russia
2 Institute for Theoretical Chemistry, The Univeysif Texas at Austin, Austin, TX 78712,USA
® Hochfeld-Magnetlabor Dresden, Helmholtz-Zentrunegfen-Rossendorf, D-01314 Dresden,
Germany
* Institute for Metal Physics, Ural Department of fRussian Academy of Sciences, 18, Sophia
Kovalevskay St., 620041 Ekaterinburg, Russia

Our recent investigations of II-VIid3crystals (see [1] and references therein) havesstibat the
Jahn-Teller effect (JTE) manifests itself as a pealtrasonic attenuatiorr (T) and a minimum in
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0,3

phase velocity v(T). We have proved that
ultrasonic measurements may serve as a powerful §\
technique for evaluation of the JTE parameters. ozl i
Here we present results of ultrasonic [\
experiments performed in external magnetic fieleism
applied along the sound wave veckorWe used & | ¥
the ZnSe:C¢" crystal with concentration of theS
dopantn = 3.8x10® cm®. It has a zinc-blende oo
structure with tetrahedral surrounding of the
Cr¥(d* ion in the®T,(e’t?) high spin ground state. gyttt
Shear waves of the frequeney/2n = 237 MHz B(T)
were propagated along the [110] axis and had the
polarization parallel to the[ﬂO]. The temperature dependenaed) and the wave number
k(T) = «/v measured in the fixed magnetic fiddd= 7 T resemble those obtainedBat O T but
exhibit increase by 15% changes. The quantifiegB) = a(B) —a(0) and Ak(B) = k(B) —k(0)
measured at = 2 K and given in the figure by the curves 1 ande®pectively, evidence for the
existence of a resonant anomaly, as well as presehanonotonous contributions. At higher
temperatures the anomalies disappear: see cuaed 8 which showAa(B) and Ak(B) atT = 20

K. Taking in consideration the results of EPR studythis system [2] we can argue that the
anomalies aB < 2 correspond to the conditi@n> 7z, whereD is a constant aDS’ in the spin
Hamiltonian. The observed anomalies can be duleetdransition in the vicinity of the crossover of
the energy levels wittM, = @nd M, =+ 1 Besides, tunnelling spitting [3] should be acdedn
for the interpretation of the results; this will dene in the nearest future.

4
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MAGNETIC EXCHANGE INTERACTIONS AND SUPERTRANSFERRED
HYPERFINE FIELDS AT *°Snh PROBE ATOMS IN CaCu 3sMn4O,

MANGANITE
Rusakov V.4, Presniakov I.A, Sobolev A.V}, Demazeau G, Gapochka A.M,
Gubaydulina T.\}, Matsnev M.E,Volkova O.S, Vasil'ev A.N!
M.V. Lomonosov Moscow State University, Moscow, Rass
2 Institut de la Chemie de la Materie Condensee ddé&uix, Bordeaux, France

The double manganite Cagin,Oi, is the end-member in the series of the ferromagnet
perovskites CaGuMn4+x012 (0 < x < 3), which have attracted interest of the scientfommunity
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due to the interesting interplay between their netignelectronic and structural propertidhese
correlations inducevarious physicalphenomena, like colossal magnetoresistance, nmudtite
properties and colossal dielectric constants wiaieh interesting for developingasic Science as
well as for potential applications.

The manganite CaGMn4O;, doped with°Sn atoms (~1 at. % with respect to manganese atoms)
was studied by Mossbauer spectroscopy. It was dsimated that diamagnetic tin atoms has no
effect on magnetic and structural properties of ifenganite. Formally tetravalent “Srions are
substituted for isovalent manganese ions in thahectral (Mi*Og) polyhedra. The covalency
effects on the magnetic interactions like superarge in C&"-O-Mn*" and Mr*-O-Mn** bonds
and super-transferred hyperfine interactions of'ti&n probe atoms in the manganite structure
were discussed. Using a semi-quantitative neareigthbor cluster model relating the hyperfine
magnetic field on thé**Sn nuclei Hs, = 105 kOe afl = 77 K) to covalency parameters and angle
characterizingthe Sn-OM (M = Cu, Mn) bonds, it has been shown how such atysinaof
supertransferred hyperfine interactions of tin gradns can get fruitful informations about strength
and sign of the super-exchange interactions betwesgmnetic MA* and Cd* ions.

Taking into account that the partial contributitashe hyperfine fieldds, made by the MH and
CU?* paramagnetic ions are comparable in magnitudecgpdsite in sign, temperature-induced
changes in these contributions should be direathated to the character of the temperature
dependence of the magnetization of the correspgnditagnetic sublattices. A consistent
description of the results of magnetic measurements Méssbauer data in the framework of the
Weiss molecular field model considering the spedifical environment of tin atoms has made it
possible to estimate the €«O-Mn** indirect exchange coupling integrallsumn = —=51.1 + 0.3 K
for CU¥*-O-Mn** andJynun = —0.6 + 0.2K for Mn**-O-Mn**. It has been shown with the use of the
Goodenough-Kanamori-Anderson rules that the madeiind sign of the intrasublattice exchange
integralJunwin iS consistent with both the electronic configuratof Mri** cations and the geometry
of their local crystallographic environment in tiitte manganite.

22P0-J-13

COMPETING INTERACTIONS AND SPIN ORBIT COUPLING IN D OPED

RARE-EARTH MANGANITES
Shah W.H.
Department of Physics, College of Science, King&duniversity, Hofuf, 31982, Saudi Arabia
wigarhussain@yahoo.com

The effect of Fe doping in kasCa 3gVin1.xF&03 (where0 < x < 010) compound on the Mn site
in the ferromagnetic phase has been studied inl.détee XRD results showed that all compounds
crystallized in a tetragonal phase and no apprecieftange is observed in the lattice parameters
with increasing Fe concentration. Resistivity measwents of the compound from ambient
temperature down to 77 K exhibit a peak at tempegal,, which decreases with increasing Fe
content. Substantial rise in resistivity correspagdio the | and increase spin disorder are also
observed with increasing doping. Two models, vaeiabnge hopping (VRH), and polaronic have
been used to explain the DC transport mechanistheaninsulating region above,.TThe VRH
model shows better fit to the resistivity data ampared to the polaronic model. The localization
length is found to decrease by increasing Fe coratémt. The activation barrier, W, has been
calculated and found to increase with the increzisee content. In the metallic region (TgTa
linear decrease of W with temperature has beenraddelt is observed that near to the metal-
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insulator transition temperature, transport in ¢hesmpounds may be described in terms of carrier
hoping between states, which are localized aswdtresEmagnetic and non-magnetic disorder. The
variations in the critical temperaturep,, TT., confinement length, magnetic moment and
magnetoresistance show a rapid change at about Be&%olossal magnetoresistance has been
shifted to lower temperature, and enhanced by édoThe maximum magnetoresistance is seen
to increase consistently with the additionF&f and increases upto 400% for 8% concentration.
However, conduction and ferromagnetism have casigt suppressed by Fe doping. The effect of
Feis seen to be consistent with the disruption efMim-Mn exchange possibly due to the formation
of magnetic clusters. The formation of ferromagnednd antiferromagnetic clusters and the
competition between them with the introduction et'Fons, which do not participate in the double
exchange (DE) process, have been suggested taretpalow value of magnetization at higher Fe
concentration.

22P0-J-14

THERMODYNAMIC EFFECTS OF THE SPIN ORDERING OF ELECTRONS
IN HYBRIDIZED STATES ON THE IMPURITIES OF TRANSITIO N

ELEMENTS
Okulov V.I*, Pamyatnykh E.A.Zabaznov Yu.¥.
! Institute for Metal Physics UD RAS, EkaterinbuRyssia
2 Ural State University, Ekaterinburg, Russia

The present report shows the results of the thieatettudy of the effects of manifesting the
spontaneous spin polarization of electron hybridiidenor d-states system in conduction band of a
crystal. On the basis of the theory, developedli2][ we present the justification of the spin
polarization phenomenon of the given type and gikie description of temperature and
concentration dependences of both spin splittingle€tron energies and corresponding electron
contributions to thermodynamic quantities (electrgpecific heat, elastic modulus, magnetic
susceptibility), using the model of exchange Fdiquid interaction constants. In the framework of
this model the spin splitting of the peaks of dgnef states, characterizing the localized compbnen
of hybridized states, is described by the condiamthich in the case of full polarization (one peak
was filled only) proved to be equal

B=wyn : _ 1)

Herey is the interaction constant andisithe concentration of localized component. Theithe
polarization of componeni., characterizing homogeneous density (conductiectens), takes
also place and equal to:

Be = (yei/w)B. (2)

Here y¢ is the interaction constant, characterizing theeraction of the components of free
motion and localization of different states. Forawul1l) and (2) are valid, when the valuepof
exceeds the interval of hybridization. In the cadepartial filling of spin splitting peaks the
polarization is considered in [3]. Therefore we éaahown that spontaneous spin polarization of
electrons in hybridized states is accompanied byptiiarization of conduction electrons in energy
interval of hybridization. This result is of impartt significance as far as it gives a justified
conclusion concerning the polarization of condugthectrons under the effect of direct interaction
rather than indirect less effective interaction. Wave considered specific low-temperature
anomalies of thermodynamic properties due to hytattbn of the states of polarized electrons. It
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was also shown that the fact of spin polarizatiam e established, in particular, from the
temperature dependences, the form of which is gaigrlependent on the interaction parameters.

This work was supported by the Russian FoundatorBasic Research (Grant no. 09-02-01389)
and by the Program of the Physical Sciences BrasfcRAS (Grant no. 09-2-T2-1037) and
Russian-American Program BRHE.

[1] V.. Okulov, Phys.Met.Metallogr 100 (2005) 23.
[2] V.I. Okulov, E.A. Pamyatnykh, V.P. Silifiz.Nizk.Temp 35 (2009) 891.
[3] V.I. Okulov, E.A. Pamyatnykh, Yu.V. Zabazndsolid St.Phenom168-169(2011) 489.
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OXYGEN ISOTOPE EFFECT IN ORDERED PrBaMn ,04
Taldenkov A.N Babushkina N.Alnyushkin A\, Kalitka V.S% Kaul A.R?
NRC “Kurchatov Institute”, 123182 Moscow, Kurchatsy.1, Russia
?Material Science Department, Moscow State Uniwerdit9991 Moscow, Russia
3Department of Chemistry, Moscow State Universi}9991 Moscow, Russia

Complex transition metal oxides with the generahfola R -,AxMnO; (R-rare earth element and
Y, A — Ca, Sr or Ba) exhibit different ordering ploenena and phase transitions, e.g.,
antiferromagnetic (AFM) and ferromagnetic (FM) ardeharge (CO) and orbital orderings, metal-
insulator (MI) transitions. Among all of the manges barium half-doped compounds
RosBapsMnOs; have the highest £y and a significant magnetoresistance. Recently ds w
discovered that an ordered structure of alterndtiggrs of BaO-MnO-RO-MnO can be formed in
these manganites. Physical properties of orderedgamate RBaMpOes strongly depend on the
degree of ordering. Praseodymium-based ordered ani#egRBaMnOs is the only composition in
which the FM order parameter is suppressed by dpirel CO ordering (fig.1). The purpose of this
study is to investigate the influence of the oxygeass on the processes of magnetic and charge
ordering in PrBaMgDe.

Ordered samples of PrBaMds were B 15
synthesized by oxygen reduction method. R 600
material, disordered ceramic mangan
ProsBapsMnO;, was made by “papel
synthesis”. Then oxygen-reduced order
PrBaMnOs was prepared by annealing wit ©
Fe-FeO getter. The obtained PrBaf@dawas =
saturated with oxygen, so that an order ¥
manganite PrBaMi®g was
synthesized. Isotope substitution occurred
simultaneous prolonged annealing of the p \
of PrBaMnOs samples in an atmosphere 1 10 200 20 300
%0 and O (90%) at 750C, leaving the
ordered structure unchanged. Temperat
dependences of ac-susceptibilit
magnetization and resistivity were measur
in magnetic field up to 35 kOe.

Temperature, K

Fig.1. Temperature dependence of magnetization
in permanent magnetic field. The insert shows
field dependence ofcb.
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In agreement with the well-known results of Zhaalef1] obtained on disordered JgCa sMn™®
80, and N@ sSt, sMn** 0 we found that heavy oxygen suppresses FM magretie and favors
arising of CO AFM ground state. The applied magn&éld and light oxygen stabilize FM phase,
thus the positive isotope shift o and negative isotope shift otd occur. The shift in do is
about 7K+10K, whereas isotope effect ipyTis rather small and does not exceed 2K. The Mi
transition coincides well with do, and also is influenced by oxygen mass. The obthresults and
possibility of site selective isotope substitutame discussed.

The work was supported by the Russian FoundatioBdsic Research, project 10-02-00598-a, and
by the Russian-German project DFG-GR 1484/2-1.

[1] Guo-meng Zhao et al., Phys. Rev.583,(1999) 81.
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EFFECT OF ELECTRON IRRADIATION ON THE NON-STOICHIOMETRIC

AND DOPED LANTHANUM MANGANITES
Arbuzova T,.Naumov S.Arbuzov V.Danilov S, Kostromitina N.
Institute of Metal Physics of UD, RAS, S. Kovaleagh st, 18, Ekaterinburg, 620990 Russia

The presence of M# and MA™ ions in lanthanum manganites leads to ferromagmetind
colossal magnetoresistance (CMR) near [ the paramagnetic phase all the manganites have
semiconducting character of conductivity. Correlasi in the ranges of limited size are considered
to explain the CMR effect in the region Tx.TIn order to confirm the existence of magnetic
polarons it is necessary to have experimental diatdne magnetic properties at T>2Wwhich are
scarce in the literature. We measured the temperdipendences of magnetic susceptibility for the
initial and electron-irradiated samples 1L&In:.,O3, LaoeCa:3MnOz and LasBao3MnOs.
Electron irradiation can lead to local structurdlanges, without varying the composition of
samples. The Fig. 1 shows the temperature depeasl@fisusceptibilityqc in the field H = 90 Oe
for initial and irradiated LauMn1.,O3 sample. The analogous dependences of susceptiifi)
for Lag 67Ca 33MINO3 and La eBap 3MNnOs are presented in Fig. 2.

1.04 1.0 -

0.8 0.8 - WLag 67Ba 33MNO;

0.6 1 0.6

Xy AU

0.4+ 0.4 1

Xdo» @.U.

0.2 0.2

0.0

100 150 200 250 300 350 400 N

Fig.1. 1- F=0, 2 - F = 9 x tde/cn? Fig.2. 1,3 - F=0; 2,4 - F = 5xi0e/cr?,
5 - 9x103% e/cnt

Electron irradiation with fluence F = 5 x£0e/cnf decreases by 3K in La-xMn1,O3 and by
8K in Lag 67Ca 3Mn0Os. This irradiation has does not influence anof Lay s Bay3dVINnOs, but at F
= 9 x 10® e/cnf the phase transition neat ® smeared, pointing to a nonuniform distributifn
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defects. Curie-Weiss law starts to fulfill in thegron T > 500K. When the temperature decreases
the perr Value becomes larger as compared with expgeded 4,59us. This indicates the presence
of magnetic polarons of Varma [1]. Below 330K thentinuous increase Qfierr is observed.
Possible reasons for this are short-range magaoetier and correlated polarons in areas with E or
CE - type structure [2]. Effective magnetic momehthe irradiated samples is larger tham of

the initial samples. Thus, electron irradiationded@o decrease ofcland conservation of magnetic
polarons till higher temperatures.

Support by program DPS RAS ,Physics of new mateald structures” and program of scientific
cooperation UB of RAS and SB RAS is acknowledged.

[1] C.M. Varma.Phys.Rev. B4, (1996) 7328.
[2] T. Hotta, M. Moraghebi, A. Feiguin, et.al. eohd-mat 0211049
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ORBITAL AND MAGNETIC STRUCTURE INVESTIGATION IN RAR E-

EARTH MANGANITES.
Leskova J.V, Gonchar L.E-?, Nikiforov A.E*
! Ural State University, 620000, 51 Lenin Av., Ekatburg, Russia.
ZUral State Railway Transport University, 620034 kg@8mogorova St., Ekaterinburg, Russia.

The magnetic properties of perovskite are reponte@d huge number of studies over a half
centure. The investigation of rare-earth manganitiés general formul&®MnQ; (R**=La, Pr, Nd,

.., Tb, Dy, Ho) with orthorhombic symmetry of crystal structurallca great interest. Earlier
investigations of these compounds were devotethdostrong correlation between lattice, orbital,
and spin degrees of freedom. This correlation besomore complicated because of discovery of
multiferroic phases of orthorhombic manganites.

The orbitally-dependent exchange interaction models used in order to describe the
superexchange interaction in all rangeRdMnQ; orthorhombic compounds. The model of nearest-
neighbor [1] and next-nearest neighbor [2] exchamge used to describe the magnetic structures of
manganites with small rare-earth ion sublattiRely, Tb, Ho). We investigate two typesdandE
— of magnetic structures. The antiferromagnetiomaace spectra of both structures have spin-flop
transition region. The influence of electromagnf8jsand rare-earth sublattice magnetism [4] were
not taken into account. The-structure AFMR
spectrum has more complicated external
0 magnetic field dependence.

0 The models of NMR spectra calculation of
. Mn®*" ion in RMnQ; compounds are proposed.
Manganese ion spectrum consists of one broad
line. It's position depends upon the type of rare-
) ) earth ion.
[0z rod 106 [0S L1 [12 114 116 For different rare-earth ion IRMnG;, the
e BEERE crystal lattice parameters change. Thus, the
Fig 1.3'+I'he dependence _of hypgrfine interaction patam hyperfine parameter (HF) also changes. The
of M™ upon rare-earth ion radius RMNQ dependence of the HF parameter is drawn at

1(1)
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Fig. 1. The magnetic interaction¥y(dependence) in several orthorhombic perovskiteh ss
RCrG; andRFeQ had been investigated early [5]. For consideredyskites, the dependences of
Neel temperature and HF parameters upon the tgpsition-metal ions share same features from
the same dependences of lattice parameters. Tieidptal structures distortions determine the
magnitudes ofTy and isotropic HF parameter. Perovskite crystalth wlfferent rare-earth and
transition-metal ions have different types of magnstructures. Thé\-type magnetic structure is
considered in NMR spectra calculations RMnQs. The E-type magnetic structure causes no
changes in zero-magnetic field case. The additiaf@nges of spectrum could be in field
dependence of HF interaction.

[1] M. Mochizuki, N. FurukawaPhys. Rev. B30 (2009) 134416
[2]. ]. V. Solovyev,Phys. Rev. B33 (2011) 054404

[3] A.A. Mukhin et.al.Phys. Usp 52 (2009) 851

[4] A.A. Mukhin et al.J. Magn. Magn. Mat226-230(2001) 1139
[5] J.-S. Zhou et aPhys. Rev. B81(2010) 214115
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SYNTHESIS AND MAGNETIC PROPERTEIS OF Mn,GeO, SINGLE
CRYSTALS
Volkov N.\-?, Balaev A.D', Sapronova N.V, Sablina K.A', Velikanov D.A.Molokeev M.S.
Popkov S.1.
! Kirensky Institute of Physics SB RAS, Krasnoya®&0036, Russia;
2 Siberian Federal University, 660079 Krasnoyarsissta

Within the framework of our research of manganesédeas the single crystals MGeQ, have
been grown by the flux method using the originghtéque described in our work [1]. Also, the
Mn,Ge(Q is interest of due to the fact that crystal swetis characterized by strong geometric
frustration; which can lead to multiferroic propest [2]. The crystal structure, an isomorph of
olivine, was determined on single crystal by X-daffraction method: cell parameters, a=10.7401
A, b=6.3116 A, ¢=5.0766 A, and the space group Pnma

Magnetic measurements were performed
on a Magnetic Property Measurement
System (MPMS, Quantum Design) in the ] T H=1 kOe
temperature range from 2 to 300 K and in os4 : —+—a
magnetic fields up to 50 kOe with the exact -
orientation of the applied magnetic field
relative to the crystallographic directions of 04+
the crystal. Figure presents temperature
dependence of magnetization in theg’
magnetic field 1 kOe. It is obvious that thereo 034
are three sharp magnetic phase transition at
T1=47 K, T,=17.5 K and =5.5 K, with
phase transition at,;Tdepended on applied
magnetic field. ] e ——

Also the specific heat measurements of
single crystals were carried outhe heat o o 10 20 3 4 s e
capacity of MpGe(Q, exhibits three sharp T.K
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maxima, which exactly correlate with the magnetiage transition temperaturesg, T, and T,
respectively.

[1] Sapronova N.V., Volkov N.V., Sablina K.A., Petrak&ir G.A., Bayukov O.A., Vorotynov A.
M., Velikanov D.N., Bovina A.F., Vasilyev A.D., Bdarenko G.VPhys. Stat. Sol. B246 (2009)
206.

[2] Khomskii D. Physics2 (2009) 20
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UNIVERSAL SCALE FOR EFFECTS OF Mn-SITE DOPING IN
Lay;3CaysMnO; ON CHARGE ORDERING TEMPERATURE AND

SUPERSTRUCTURE PARAMETER
Orlova T.S!, Laval J.Y%, Monod P, Noudem J.
! |offe Physical-Technical Institute, 26 PolytekHméskaya, St. Petersburg 194021, Russia
2 ESPCI, 10 Vauquelin, 75231 Paris, France
2ENSICAEN, 6 boulevard du Marechal Juin, 14050 C&@edex, France

The origin of charge and orbital ordered stripe@esstructures in the manganese perovskites
(REX, AEZ MnQ@, whereRE is rare earth andE is alkaline earth) is not still well understood as

well as their role in magnetic and electrical bebawf these materials. Although charge ordering is
considered to be primarily caused by strong Coulortdractions among the charge carriers of near
neighbors, the question on what drives the orlatdering: Jahn-Teller distortion versus orbital-
orbital superexchange is still op@odifying the key manganese chains (...<Mn>-<Mn>-<Mn>
with <Mn>=Mn*" and Mr™), which are responsible for interplay between iorhital and spin
ordering, through Mn-site doping could be an effitikey in understanding main factors affecting
the charge-orbital ordering in the manganites.

Effects of initial doping of the Mn-sites in LgCa:Mn1,MyO3 by various cations M = Fe, Ga,
Cu, Ni, Mg, Cr, Ru with differentd-shell filling (withoutd orbital, with d’, d*° or d") on striped
charge-orbital ordering have been systematicallydiestl by combining transmission electron
microscopy with magnetic and transport measureménigs found that for the dopants M: Fe, Ni,
Ga, Mg (the group A) in the rangey0.07 and dopants M = Cr, Ru (the group B) in thegea
0<y<0.05 the temperaturéco of charge ordering (CO) transition gradually deses with dopant
concentratiory, but practically for each dopafito(y) curve has own signature. However analysis
of Tco(y) dependences showed a unique behaviolfef change with increasing doping level
through change in the effective relative conceitmatiynz:=Mn*7(Mn**+Mn*") of Mn*" ions:
Tco~Chuns+ for all studied dopants. The coefficie@tdepends only on the valence of dopant and
does not depend on it$-shell filling. This finding allows us to conclude¢hat none of the
considered dopants is involved in charge trangpdte charge ordering.

TEM studies revealed that effect of doping on thenftion of extended striped superstructure
critically depends on fillingl-shell of doping cations. The striped superstriectuas kept only in
compounds doped by ions with actité?) orbital (F€" and Nf*cations). All the other dopants
suppressed the superstructure formation. Analigdisg into account the electronic structure of
dopants and their ability for Jahn-Teller effecowlked dominant role electronic orbital-orbital
(super)exchange (versus Jahn-Teller distortionseractions) in long-range superstructure
formation. In the doped compounds (Ni and Fe) tipesstructure is incommensurate. It was shown
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that regardless on doping element (Fe or Ni), asameteig=(nun3++1/3y)a* (a* - reversal lattice
parameter), i.eg-parameter is determined by concentration of ioagigpated ind(Z)-orbital
ordering.

The dopants of group A decrease and ones of gromgrBase Weiss temperature. The transition
from AFM state with insulator conductivity to FMasé with conductivity of ‘bad’ metals (close to
the Mott’s criteria) was found for Ru-doped systeith 7% Ru on Mn-sites. All the other doped
systems remain in AFM CO state at low temperatudesninant role of ruthenium valence (Ru5+)
in the insulator-metal phase transition is discdsse

22P0-J-20

DIRECT EVIDENCE OF THE LOW TEMPERATURE CLUSTER GLAS S

STATE OF (Nd 0_9Y01)2/3C3.1/3Mﬂ03 PEROVSKITE
Fertman E*, Desnenko V, Beznosov A, Dolya S, Kajiiakova M?, Feher A2
1 B. Verkin Institute for Low Temp. Phys. & Engin. BASU, Kharkov 61103, Ukraine
ZCentre of Low Temp. Physics of the Faculty of Sceenf UPJS and IEP SAS, Kosice, Slovakia

One of the fundamental question of the physics afganites whether the phase segregated state
(PSS) that develops in many systems can be dedcabe canonical spin-glass or it is a cluster-
glass, representing ferromagnetic entities in n@matc or antiferromagnetic matrix. To answer
the question we have studied a colossal magnettaese (CMR) perovskite
(Ndo.gY 0.1)213Ca/sMnO3 which possesses self-organized phase segregatedasiow temperatures:
two antiferromagnetic (AFM) phases and the ferrometig (FM) one coexist below 42 K [1]. The
compound demonstrates common for the glassy magsydiems features, such as a gap between
zero field cold (ZFC) and field cold (FC) magnetian, specific frequency dependence of ac
susceptibility. In this work we have shown that doenpound possesses an exchange bias which is
specific for cluster-glass systems.

Magnetic hysteresis loops were

[ | FC measured at 10 K by SQUID

1oL (NdggYs.),,Ca,,MNO, AAA:;* magnetometer technique after cooling

- A A the polycrystalline sample in zero field

I ‘Af‘/ and after cooling in an applied field of

o 5l '4.33&‘ Hc0o=800 Oe (Figure). The shifts along
S - L5 both magnetic field and magnetization
e I WA "'/éFC axes have been found for FC but absent
o ol H, a* ot in ZFC process that manifests the
= - “‘ N :ﬁ * ot exchange bias phenomenon. This effect
/{:;AA:.".,." = 800 Qe Is a result of a unidirectional exchange

5[ 4 /.j:’:.of“ anisotropy interaction, which drives the

[ .88 10K FM clusters back to the original
1000 ;5'00 0 '560' 1000 Orientation when the magnetic field is
removed. The magnetic field induced

H, Oe shift of the FC hysteresis loop was

defined as

He, =—(H,+H,)/20 3870e, a coercive field was defined a&$. =(H,-H,)/20 1320Ce,

whereH; andH; are the fields at which the magnetization equats.zThe vertical magnetization
shift was defined asM ., = (M, +M,)/ 20 3.7 emu/g, the magnetic coercivity was defined as
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M. =(M,;-M,)/201.5emulg, whereM; and M, are the magnetizations atH=0. A
ratioM .z / M ([] 0.04 found is large enough: its value is in a good egrent with the results for

the related BCaysMnOs; compound [2], where nanodroplets 0f10 A in size were immersed
within AFM host.

In summary, we have revealed intrinsic exchangeplooy in the phase segregated
(Ndo.oY 0.1)213Ca1sMNO5 at low temperatures, evident of the presence afldiM clusters immersed
within the charge-ordered AFM phase.

[1] E. Fertmaret al, J. Magn. Magn. Matey321(2009) 316.
[2] D. Niebieskikwiat and M. B. SalamoRhys. Rev. Br2 (2005) 174422.
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NANOPHASE SEPARATION AND MAGNETIC GLASS IN Nd ,3Cay3sMnOs;
Kajiiakova M, Feher Al, Beznosov A. Fertman E?, Desnenko V.
! Centre of Low Temp. Physics of the Faculty of Sceenf UPJS and IEP SAS, Kosice, Slovakia
2B. Verkin Institute for Low Temp. Phys. & Engin. BASU, Kharkov 61103, Ukraine

Insulating perovskite NgCa;;sMnQOs is a colossal magnetoresistance compound whickepess
nano-phase segregated state at low temperatunsterd of two antiferromagnetic (AF) phases and
the ferromagnetic (FM) one coexist below 70 K Rirect observation of magnetic domains shows
that fine ferromagnetic particles are embeddednirastiferromagnetic matrix [2]. Here we have
studied macroscopic low temperature magnetic ptigseof the compound. The data obtained, such
as strongly divergent ZFC and FC static magnetnat(figure, left insert), frequency dependences

of the ac magnetizations (figure, right
1z ] insert) and the aging effect (figure), are
10 Hz evident of the glass behavior of the
100 Hz system. Magnetic field up to 5 T does not
1000 Hz suppress completely the glassy state.
X The rate of the frequency shift of the
freezing temperature gl estimated as

alan/aInlocu::0.0Z’ is in a good

agreement with analogous estimations,
made for other glass systems [3].
Relaxation of the magnetization in the
interval 0.5 min. < t < 30 min. is
described fairly well by the dependence

2
. M(t)zzizoMi exd—t/ri)’ whereM,; is
0 10 50 30 equal to 1.29, 0.004 and 0.027 emu/g for
t, min | = 0, 1 and 2, respectively, and
corresponding relaxation times; are
Fig. 1. Relaxation of the magnetization M(t) of tester glass equal tooo, 1.47 and 29.2 min. Weak

compound Ng:Ca,sMnO; taken at 10 K after cooling in q; : ; At
magnetic field 10 mT. Solid line is a fit of expegntal data by %Eﬂ?ésfigh(t)firrggrt(;ypnoailmlsc tgnggvnaer?ezt?“gfn

a sum of two decay functions and a constant. ) :
relaxation times of the system.
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The data obtained permit to conclude that phasaragpn in the compound MeCa;sMnOs
leads to its cluster glass magnetic behavior.

The work is supported by Slovak Grant Agency VEGB159/09 and Grant of NAS of UkraitNe
01104006085.

[1] C.D. Eee, F.G. Hhh]. Appl. Phys.33(1999) 133.
[2] Xiao-Juan Fan et alBhys. Rev. B5 (2002) 144401.
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HIDDEN MARKOV MODEL AND THE PROCESSING OF OPTIC AND

MAGNETO-OPTIC SPECTRA OF 3d OXIDES
Zenkov A.V}, Zenkov E.\*?, Sazanova L.A.Inkina N.A%, Trubina A.YU.
! Ural Federal University, Kuibishev St 88-43, Ekatburg 620100, Russia
2 Institute of Metal Physics, Russian Academy ok8ces, Ekaterinburg 620219, Russia
% Ural State University of Economics, Ekaterinbu§$44, Russia

The processing of experimental optic

and magneto-optic spectra in the T 1 T 1 T 1 T 1
framework of some theoretical concept [ g
and the evaluation of theoretical 3}
microscopic parameters require the spectra
fitting by the linear combination of
Lorentz-shape dispersion lines and,l
occasionally their derivatives with respect
to resonance energy [1]. The number of [
parameters to be fitted (after tiny graphs in,]
the journal publications) makes the
standard least-squares method as good ag
inapplicable. We suggest an essentially,
diffgfent technique b%lgsed on the hidde%O | | | ! | PhTton en,ergy (e!V)

= Experiment [Kahn et al.]

HMM simulation

Markov models concept [2]. To our o 2 4 6 8
knowledge, no similar attempts have beerThe imaginary part of the diagonabmponent of tr
made as yet. permittivity tensor &, =& +i&  of  YsFeOuw

‘ In thjs concept, we associate anexperimental data [3] (bold line) and hidden Mai
optimal’ sequence of states to a sequencmodel simulation result (thin line).

of observations, given the parameters of ¢

model. A ‘reasonable’ optimality criterion

consists of choosing the state sequence

that has the maximum likelihood with respect taveg model. This sequence has been determined
recursively via the Viterbi and Baum-Welch algonith as well as the Kalman filtering [2].

As an example of our computation results, we pitetien figure showing the hidden Markov
model simulation of an experimental spectral depand for the yttrium iron garnet from the
classical paper [3]. The agreement with the expemiad data is excellent.

Using this technique allows us to obtain very tdkaestimates of the microscopic parameters
such as resonance energies, line widths, linegttienetc.
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MAGNETIC PROPERTIES OF SOME RARE EARTH OXYHALIDE

CRYSTALS
Bunda \2, Bunda S, Kova® J?, Feher A
! Transcarpathian State University, Zankovetsk®%t#, Uzhgorod 88015, Ukraine
Z Institute of Experimental Physics SAS, Watsonowakbsice, Slovakia
% p.J. Safarik University, P. Angelinum 9, Ko3icel B4, Slovakia

The layered structure of rare earth oxycompound®iR& (RE — Rare Earth; Hal= Cl, Br and 1)
suggests that materials of this type may exhibiteBztronic and magnetic behavior. The quasi-2D
nature of the host lattice has been confirmed leygenergy transfer and migration studies. The
polycrystalline EuOCI and EuOBr samples were pregday heating intimately ground mixtures of
europium oxide, Ei0; and ammonium halide, NHal in static N atmosphere. The magnetic
susceptibilities for EXU(EW") ions in polycrystalline tetragonal europium oxigide and
oxybromide were measured in temperature region dmiwl,2 and 310 K. The susceptibilities of
EuOCI and EuOBr follow the paramagnetic Curie—~Wéiskavior down to low temperatures. The
temperature dependence of the experimental paratiaguisceptibility for EUOCI and EuOBr was
simulated with the aid of the van Vleck formalism.

EuOCl and EuOBr samples studied thus present parastia behavior down to low
temperatures. However, at temperatures lower tRad@ K, significant deviation from the linear

Curie—Weiss behavior was observed for nearly edépy curve (see Fig.). This difference may

ave

be attributed either to the crystal field effect tie 41
energy level scheme or to exchange interactionthen
EU®* sublattice. The temperature dependence of the
inverse magnetic susceptibility of EuOBr is complex
characteristic to a Curie—Weiss paramagnet at high
temperatures, constant for the lower temperatungera 200
between 55 and 15 K and then sharply decreasirayvbel
8 K. This behavior can be qualitatively explaingdtbe
exceptional ‘F; (J = 0-6) ground term energy level -
scheme of the Eliion.
The "Fo ground level is non-magnetic and gives no 2
contribution to the susceptibility of EuOBr at low _=
temperatures. Below 10 K, the sharp decrease in the<
inverse susceptibility is probably due to the pneseof a 160
slight amount of E%f impurity. The E@" ion with the 4f
electron configuration has high  paramagnetic
susceptibility. The EX impurity is present because of the
reduction of E&" by decomposing NiBr during the
preparation of EuOBT.

220

1

180

umol

140 |-
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The temperature evolution of the paramagnetic qidskty for the EUOBr was mathematical
simulated in a satisfactory manner with the varcklmodel using data for the free ion.

Support by Ukrainian Ministry of Education and $wes and Slovakian Academy of Sciences
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MAGNETIC CLUSTER STATE IN THE ANION-DEFICIENT

Lag 70Sro30MNO, s MANGANITE
Trukhanov S.V.
Scientific-Practical Materials Research Centre NA8elarus, 220072 Minsk, Belarus
(*e-mail : truhanov@ifttp.bas-net.by)

The temperature and field dependences of the magmedment for the anion-deficient
Lap 70S1h.30MINO, g5 manganite depending on the prehistory in the teatpee 4-300 K range and
external magnetic fields 0-140 kOe. It is estal@asithat the inhomogeneous magnetic state of the
sample studied is a cluster spin glass and itdsékult of the frustration of exchange ¥#®-Mn**
interactions due to the redistribution of oxygecascies [1].

- FC  TF40.4K

H=50 Oe

M ( emu/g }

T, =244.3K

2

I150I
T(K)

0_....‘|...‘| M S .
200 250 300

0 50 100

Temperature dependence of ZFC (full circles) andfBICqguares in temperature decrease regime and sgeares in
temperature increase regime) specific magnetic moidield of 50 Oe for the anion-deficient {gSr 3gMnO; g5
manganite.

The increase of the external magnetic field at Heginning (H <10 kOe) leads to the
fragmentation of ferromagnetic clusters, and thdn>(10 kOe) it leads to the transition of the
antiferromagnetic matrix to ferromagnetic statee Ticrease of the degree of polarization of local
spins of manganese is observed. With increasingnetagfield up to 140 kOe the magnetic
ordering temperature reaches ~ 160 K [2]. The frepzemperature of the magnetic moments
varies as T= 65-6H%, while the temperature of the divergence of ZF@-BE-curves varies as

v = 250-90H It is established used the magnetic criteriort tha phase transition into the
paramagnetic state for the anion-deficient 46315 30MNO; g5 manganite is a thermodynamic II-
order phase transition. The causes and mechanighe ahagnetic phase separation are discussed

3].
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DIVALENT AND TRIVALENT MANGANESE IN A-POSITION OF

PEROVSKITE CELL OF SELF-DOPED LANTHANUM MANGANITES
Ulyanov A.N, Pismenova N.E.Yang D.$, Levchenko G.&.
! Donetsk Physico-Technical Institute of National Aemy of Sciences, 83114 Donetsk, Ukraine
2Department of Physics Education, Chungbuk Natiamaversity, Cheongju 361-763, Republic of
Korea

The A- andB- site substituted perovskite oxidesB03) have been studied intensively and their
properties are carefully characterized in literatdrhe self (or vacancy)-dopediL&nOs.s (LMO)
manganites are less carefully studied and thekcrg#®n contains some uncertainty. The problem
Is in the complexity of the self-doped manganitesrf the crystallochemistry point of view: how
the structure accommodates the nonstoichiometryaodncies. The magnetic and structural study
of LayxMnOs.5 showed the fallout of Mi©4 oxide and segregation of vacancy-dopegdMnOz.s
phase withx increase [1].

Recently, in the crystallochemistry [2] and powdwesutron diffraction [3] characterizations,
performed on the LMO samples with different La/Mtios, therivalent Mn ions was suggested to
substitute the La sites for La/Mn=0.91 compositibhe authors of the two last papers noted that
the local structure could be quite satisfactorynexf in any distribution models (with and without
Mn in the La sublattice) and without supporting iiddal evidence impossible to choose the proper
one; also, at studying the 1RMnO; [4] and L& eSrh4xMnTixO3 [5] compositions thelivalent
manganese iA-position of perovskite cell was detected.

To elucidate the noted peculiarities, we preseatstiudy of self-doped LaMnOs.; manganites
(x=0.0, 0.05, 0.1 and 0.15) with the x-ray powderrddtion analysis (XRD), magnetization
measurements and x-ray absorption near edge seue{ANES) analysis. Thg=0.0 composition
belongs to orthorhombi®nmastructure, anck=0.05, 0.1 and 0.15 compounds exhibit tR8c
space group. No traces of any parasitic phases aeteeted by the XRD. Position and shape of the
XANES spectra of the samples evidenced that thencal of the manganese is higher than 3+. No
evidence of Mfi" in the studied sample was observed. Curie temperat, of the samples equals to
~140, 160 and 180 K for the=0.0, 0.05 and 0.1 samples, respectively. Theof the x=0.15
composition completely coincides with that of t.1 sample. All the data will be discussed (and
explained) with suggesting that some amount ofalent manganese occupy theposition of
perovskite cell.

[1] P.A. Joy, S.R. Sankar, S.K. Dafe Phys.: Condens. Matté#d (2002) L663.

[2] R. Horyn, A. Sikora, E. Bukowskal. Alloys Comp.353(2003)153.

[3] M. Wolcyrz, R. Horw, F. Bourée, E. Bukowskad, Alloys Com.,353(2003) 170-174.

[4] E. Pollert, Z. JirdK. Sol. State Cher5 (1980) 262.

[5] A.N. Ulyanov, D.S. Yang, N. Chau, S.C. Yu, SYbo.J. Appl. Phys.103(2008) 07F722.
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AB INITIO MODELING OF 3d METAL IMPURITIES INFLUENCE ON THE

ELECTRONIC AND MAGNETIC PROPERTIES OF ZIRCON
Bannikov V.\,.Shein I.R.lvanovskii A.L.
Institute of Solid State Chemistry, Ural BranchiRAS, Ekaterinburg,
Pervomayskaya st., 91, Russia

In the frameworks of DFT-based band structure d¢almns (implemented in VASP code) we
have investigated the influence ofi-Getal impurities (Ti, V, Cr, Mn, Fe, Co and Ni) dhe
electronic and magnetic properties of zircon. Thpes-cell modeling the formal stoichiometry
Zro 79Mp.25510, of doped crystal was used in the calculations.

The main results of our calculations may be sunuedrias follows. While the isoelectronic
substitution Ti— Zr takes place, the density of states (DOS) thigtion for Zp 7sTi0.25510, does
not suffer the significant changes as compared putie zircon: the Ti@impurity states are mixed
with the states of the filled valence band and gnepnductivity band, therefore #5Tio 2550, is
still non-magnetic wide band-gap semiconductorsH®iiuation changes drastically when the V, Cr,
Mn, Fe, Co and Ni impurities are introduced intocan. The growth of the valence electrons
concentration tends to partial filling of Md3mpurity states, which suffer the spontaneous spin
polarization. As a result, gV 255104 appears to be the magnetic semiconductor havingrtiall
band gap (~0.5 eV) which separates filled and emspty-bands of V-& impurity states. At the
same time, Zy7sCrp25Si0; is the so-called magnetic half-metal (MHM), bea@atise sub-band of
Cr-3d; states is partially filled, while the filled andnpty Cr-3l, states are separated by the wide
gap. Zp79Ving2sSi0, also has a DOS distribution of MHM type. Furth@rp 79 25510, is
predicted to be a magnetic metal, where the maxauatribution to DOS at Fermi level £Eis
provided by Fe-8, states, however, fC 255104 and Zp 75Nig 25510, also “tend” to MHM state,
where the spin-up states are of semiconducting, typde the spin-down ones contribute the non-
zero DOS at E In this way, the modification of £¢sMg 25510, electronic properties in the M = Ti
— Ni series may be specified taking into account factors: (I) the growth of valence electrons
concentration while the atomic numbérof 3d metal increases, and (Il) the shift ai getals
impurity levels down towardsg

The results of calculations of atomic magnetic moim¢MM®*) and total magnetic moments per
unit cell (MM™) are presented in Figure. It is seen that theiiatian is non-monotonous, and
Zro 7£Cy 25510, exhibits the maximal values of magnetic momentstHer, it should be noted that
for Zro7fV,Cr,Mn)o2Si0; systems the MKEMM™ relation takes place, while for
Zro75(Fe,Co,Ni)2sSi0; systems MM>MM™. This
point may be explained taking into account the si _,_ . .iwwu
orientation of small magnetic moments induced bys L] e — \

impurity on the nearest oxygen atoms. So, irg
Zro74V,Cr,Mn) 2sSi0; system they are oriented 3
parallel to MM, while in Zp.75(Fe,Co,Ni} 2sSi0, the
local anti-ferromagnetic ordering takes place. Note
also, that for all doped systems under considarahe
character of inter-atomic bonding does not change
significantly as compared with pure zircon, being o ‘ , , ‘ , . ,
mixed covalent-ionic type. Ti Vv Cr Mn Fe Co Ni

,_
1

192



MISM 2011
22P0-J-27

THE INVESTIGATION OF PHASE TRANSITION IN THE THREE-

DIMENSIONAL SITE-DILUTED POTTS MODEL
Murtazaev4.K.?, Babaev A.B>, Aznaurova G.Y.

! Russian Academy of Sciences Institution Kh. I. Adanov Institute of Physics Daghestan
Scientific Center of Russian Academy of Sciencesayskogo Str. 94, Makhachkala, Russia
2 Daghestan State University, ul. Gadzhieva 43a,Hdakkala, 367000, Russia
% Daghestan State Pedagogical University, Yarags&ig®7, Makhachkala, 367000, Russia

An influence of impurities and different defectstbe phase transitions and critical phenomena of
magnetic systems is one of more actual subjectieophase transition theory [1]. A majority of
real solids contain impurities and other structdegects which influence on their thermodynamic
characteristics, particularly, a behavior of thetegns of the phase transitions. Therefore latedy th
attemptions of researchers are directed at undelisa how the structure defects influence on a
behavior of different systems at the phase tramsti When study the critical properties of
disordered spin systems are distinguished the regstath quenched and and annealed impurities.
In solids the impurities are usual quenched. A gmes of quenched impurities is revealed as
random disturbance of the local critical tempematiim a case of the spin systems, experiencing the
first order phase transitions in a homogeneouse,stifie impurities lead to softening of this
transition close to induction the second order phieemnsition in them [2].

In this work, the influence of quenched nonmagnetipurities on the phase transitions in the
three-dimensional 4-state Potts model was studrgtidoMonte-Carlo method.

Constructing three-dimensional 4-state Potts modglsa simple cubic lattice one should
remember that in sites of the lattice locate sfinghich can be in one @2 states (see Fig.1) and
nonmagnetic impurities (vacancies).

The Hamiltonian of studied system can be written as

H=-23Yppd(S.S). §=123.4 ()
i

@

1 ecau § :Sj
0 ecu S % Sj

occupied by the magnetic atom, gidO, if in a sitei locates the

nonmagnetic impurity,J is the exchange interaction. The
@ investigation is carried out on the basis of MoG&rio method.

The systems of non-linear sizésLxL, L= 20-44 at the spin
@ concentrationg=1.00; 0.90; 0.70; 0.65 are researched.

By means of the forth order Binder cumulants mettioel
second order phase transition is shown to be oeddn/this model at spin concentratipr0.70;
0.65, and for pure modeh£1.00; 0.90) to be occurred the first order phasesition. On the basis
of the finite-size scaling theory are calculated #tatic critical exponents of heat capacity
susceptibilityy, magnetizatiof and exponent of correlation radius

where 5(3131_):{ , §,5=%1, pi=1, if a sitei is

Support by RFBRNe 09-02-96506), PHCP\¢IT1554 1 Ne02.740.11.03.97) is acknowledged.
[1] J.M. Ziman. J.M. ZimanModels of disorde(Cambridge University Press, London-New York,

1979)
[2] Y. Imry, M. Wortis,Phys. Rev. BL9 (1979) 3580.
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EFFECT OF PARTIAL OXYGEN ISOTOPE SUBSTITUTION ON TH E

PHASE DIAGRAM OF (Pr 1-yEu¥)o_7Cao_3C003 COBALTITES
Babushkina N.A, Taldenkov A.N, Kalinov A.V?, Kuz’'mova A.\?, Kamenev A.A. Kaul A.R?
! Institute of Molecular Physics, Research Centarrtifatov Institute”, 123182 Moscow, Russia
2 All-Russian Electrical Engineering Institute, 1502Moscow, Russia
% Department of Chemistry, Moscow State Universify9991 Moscow, Russia

The effect of"®*0—'%0 isotope substitution on the properties ofi{Py)oCa 3C00; cobaltites
(0.129<0.26) was studied earlier in our paper [1]. Weehtound that with increasing Eu content,
the ground state of the compound changes from arRréerromagnetic metal” to a “weakly-
magnetic insulator” af < y.r = 0.18. A pronounced spin-state transition (SSa$ wbserved for the
insulating ground state (in the samples with ), whereas in the metallic ground statey(at
Yer), the magnetic properties were quite differenthaiit any indications of a temperature-induced
SST. Using the magnetic, electrical, and thermah,dave constructed a phase diagram for this
material. The characteristic feature of this phdiagram is a broad crossover range ngar 0.18
corresponding to a competition of the phases meatd@bove. Th&0—%0 substitution gives rise
to an increase in the SST temperatliggand to a slight decrease in the ferromagneticsitian
temperaturdey.

The unique sensitivity of the transition temperasuto the changes in the average oxygen mass
stimulated our experiments on the partial oxygetose substitution, which allowed us to perform
a detailed study of the phase diagram in the cv@ssegion, where the effects of phase separation
play a dominant role. We prepared a series of timaltite samples with the different degrees of
enrichment by the heavy oxygen isotdf@, namely, 90%, 67%, 43%, 17%, and 0%. This allowed
us to achieve a nearly continuous tuning of theptaroharacteristics with the emphasis on tracing
the evolution of relative content of different peasas a function of th#0/*°O ratio. The Eu
doping of the samples was chosen to be near atitedroth sides of the crossover doping lgyel
a composition with the high Eu content exhibiting SST, a low-Eu composition corresponding to
the nearly ferromagnetic state, and the sampleeaplhase crossover, where bodtgandTgy, were
observed. For all samples, we performed the meamuns of the temperature dependence of the ac
magnetic susceptibility(7) and electrical resistivity(7). Based on these measurements, we were
able to analyze the evolution the sample propewi#sthe change Eu artfiO contentAn increase
in the oxygen mass as well as in the Eu contergsgiise to an increase irss and to a slight
decrease iffgy.

The work was supported by the Russian FoundatioBdsic Research, project 10-02-00598-a, and
by the Russian-German project DFG-GR 1484/2-1.
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EFFECT OF PRASEODYMIUM DOPING ON MAGNETIC AND KINET IC

PROPERTIES OF LaggPrq1CapsMnOs;
Zainullina R.1%, Bebenin N.G, Ustinov V.\#, Mukovskii Ya.M.
! Institute of Metal Physics, UD RAS, 18 Kovalevsdt., Ekaterinburg 620990, Russia,
2 Moscow State Steel&Alloys Institute, Leninskii ppect, 4, Moscow 119049, Russia

The lanthanum manganites L®,MnO; (D=Ca, Sr, or Ba) attract attention due to colbssa
magnetoresistance (CMR) that is observed near Gemperature d. A characteristic feature of
the manganites is the strong interaction betweencttarge carriers, localized spins, and crystal
lattice. The properties of the materials dependhentype of a divalent metal. In La-Sr and La-Ba
crystals the magnetic transition always is secaa@rowhile in La-Ca crystals witk arounds the
transition is first order, which results in stropgculiarities of magnetic, elastic, and transport
properties near d [1, 2]. The properties of the lanthanum mangandas be changed also by
substitution of Pr for La, because first the iorddius of Pt is less than that of Baand second in
contrast to lanthanum the praseodymium ion has gtagmoment.

The aim of our work is to study temperature and meéig-field dependences of magnetization,
resistivity, thermopower in laPrp 1Ca sMnOssingle crystal grown by floating zone method and to
compare the data obtained with those for the drg$taa; Ca) sMnO3

The temperature dependence of magnetization isasitoi that for LgCa sMnOs. The magnetic
transition in Pr doped crystal is first order asFnfree one but J is lower. Application of a
magnetic field results in increase of the Curie gerature with rate B=0.8 K/kOe. The
spontaneous magnetization ofglsBry1Ca sMnO;3 is a little higher than that of baCa 3MnOs,
which can be an evidence for the ferromagnetic lmogibetween Mn and Pr magnetic moments.

The low temperature resistivity obeys the relatio(T) = o(0) + AT?, which is typical for

CMR manganites in metallic state. Neay the well-known peak of resistivity is observed dhe
peak resistivity in the Pr-doped crystal is sigrafitly greater than in Pr-free crystal. In the
paramagnetic state, §.8P1.1Ca 3MnO;3 crystal is in semiconductor state with activatemergy of
E;s=88 meV, which is close to,£78 meV in La Ca 3MnO; single crystal.
Lo _ p(H) - p(0)

p p(0)
value of Ap/ p is as high as 80% in the field of 10 kOe. The terajure dependence Bjo/ p at a
given magnetic field H is well described by theat®n obtained in [2]

Ap(T,H) _ p(T - AT (H))-p(T)
P p(T)

where p(T) = p(T,H =0), AT. =B,H.

In the magnetic transition region, the temperatutependence of thermopower of
Lap 6Pro.1Ca sMnOgs is sharper than that of §.#8Ca sMnOs.

Magnetoresistanc reaches maximum in the transition region and tbakp

Support by RFBR grant No. 09-02-00081 and by thegfm Nel8 of Presidium of RAS is
acknowledged.
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LOW-FIELD MAGNETIC PROPERTIES OF La ¢7Srg3MngoCug 103
Zakhvalinskii A, Lashkul A%, Lahderanta E, Pilyuk E*, Mashirov A
! Department of Physics, Belgorod State Univer$ttyS-308015 Belgorod, Russia
2Department of Mathematics and Physics, Lappeentamitzersity of Technology, PO Box 20,
FIN-53851 Lappeenranta, Finland

Lap 7Sr.3Mno o«Cly 103 sample was obtained with the conventional sokidesteaction method [1].
MagnetizationM (T) was measured with an RF-SQUID magnetometer afteling the sample
from the room temperature down to 5 K in fieldBot 70 G, 1 kG and 10 kGyfcor field-cooled)
or in zero magnetic field xgrc or zero-field cooled). Temperature dependence led t
thermoremanent magnetization (TRM) was measured efioling the sample from 300 K down to
3 Kin the field of 10 G and then reducing thedi& zero.

—a— 10kG, ZFC —— %o Xzre for 70G
2,00 —a 10KG, FC
' —o— 1kG, ZFC 044 —¥— TRM/B for 70G
—= 1kG, FC

——T70G, ZFC

—v— TUG, FC 024

0,01

1 [AMAgT)]

02

TRM/B, 7~ ee [AM(GT)]

04

I 50 I 100 I 150 I 260 I 250 I 360 I 3éO 50 100 150 200 250 300
T (K) T (K)
Figure 1. Temperature dependencex@FC andxFC in LSMCO sample at B =70 G, 1 kG, 10 kG (left
panel) and temperature dependences of TRM/ By&@l-xZFC (left panel).

Additional features of the magnetic irreversibility LSMCO are displayed in the left panel of
figure 1, where the plots of the TRBIAersusT are compared with the difference gic(T)-
Xxzec(T). One can see clear divergence of these plot8dd@s. The irreversible magnetic behavior in
figure 1 left panel indicates a frustrated magnstate of LSMCO. Such behavior is pertinent to
spin-glass (SG) or cluster-glass (CG) phases, whathin below the onset of freezing of the
magnetic moments in conditions of competing intéoas between the moments [2]. In the SG
phase the expression TRM/B(T)xec(T)-xzrc(T) reflects a symmetry of the energy distributain
potential barriers in the presence or absenceeoéxternal magnetic field [3]. In the CG phase this
symmetry may be broken due to the anisotropy, &s®ocwith the shape and orientation of the
magnetic clusters, leading to violation of the egsion above [3]. On the other hand, such behavior
implies an important role of large and stronglyretated FM clusters, attributable to percolation
over a system of hole-rich FM patrticles.

Work at Belgorod State University was supportedsognt GCNe 02.740.11.0399.
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ANOMALIES OF ELASTIC PROPERTIES AT PHASE TRANSITION S IN

RARE EARTH COBALTITES RBaCo 407 (R =Y, Er - Lu)
Kazei Z.A. Snegirev V.V Kozeeva L.R Kameneva M.Yu.
Moscow State University, 119991 Moscow, Russia

Rare earth (RE) cobaltites RBaflp characterized by geometrical frustration of exg®an
interactions and coupled 3d- and 4f- subsysteme ladivacted considerable interest due to their
remarkable magnetic and electronic properties. Heheagonal structureésmc of these compounds
undergoes orthorhombic distortions at temperatomenlg and the temperature of structural phase
transition (SPT)T, monotonously goes down when the RE ion radius aesluDistortion of

structure at PT removes the frustration of the arge interactions in the Kagome lattice and thus
affects magnetic PT (MPT) in the Co subsyster,ak T,. In the present work elastic properties

for RE cobaltites RBaG@- are investigated in the range of SPT and MPT.

Young'’s modulus and internal friction coefficierg* were measured by the composite resonator
method at frequency ~(110 — 200) kHz in the tempeearange (4.2 - 300) K on polycrystalline
samples RBaC®y (R =Y, Er - Lu). Significant softening of Youngrsodulus for these cobaltites
is found at temperature decrease, showing an ifistatf the crystal structure and accompanying
with a reverse jump at SPT. The contribution toYle&ing’s modulus due to the SPT (when taking
into account the phonon contribution) exhibits atidct regularity throughout the RE cobaltite
series (Fig.). For the last Lu compound, tdperaturels is the lowest, while the softening and

jump of Young’s modulus reach the maximal vald&(T)/E, =210 (AE(T) =E(T)-E,).

Softening and jump decrease more than by the ooflaralue, while the temperaturg and

hysteresid\Ts enlarge from Lu- to Tm- and Er- compounds. Hexafjstructure remains stable up
to lower temperatures when the RE ion size reduS@d. is accompanied by a maximum of
absorption atTs and an additional maximum beloW. Besides a huge absorption maximum

q*=10"is observed aT,, = 9 for all the RE cobaltites whose relation to SBTot clear.

Elastic anomaly at the MPT in Lu cobaltite is leégsthe order of magnitude, than at SPT and its
value depends on experimental conditions (insert in s
Fig.). For other RE cobaltites elastic anomalies at 0\
MPT are of qualitatively different character (¥
cobaltite in insert). -

Comparison of elastic properties at SPT &
performed for RE cobaltites and RE zircons witﬁﬁ'ﬁ
cooperative Jahn-Teller effect. The essentigh
softening of Young’s modulus allows to assumef
that the corresponding elastic constant goes to4a
zero at SPT in Lu- and Yb cobaltites. On the -15
contrary, in Tm- and Er cobaltites this constant is
not a "soft" mode of PT. Various models of SPT in
RE cobaltites are discussed.

! T O,

10+

This work is supported by RFBR, Gr. 10-02-00532.
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ULTRAFAST PHOTOINDUCED MAGNETIZATION DYNAMICS IN

ULTRATHIN Co/GARNET HETEROSTRUCTURES
Pashkevich M3, Atoneche E, Stupakiewicz A, Maziewski A, Kimel AZ, Kirilyuk A?,
Stognij A%, Novitskii N°, Rasing TH.
! Laboratory of Magnetism, University of Bialystdkipowa 41, Bialystok, Poland
2 Radboud University Nijmegen, Institute for Moleesiland Materials, Heyendaalseweg 135,
Nijmegen, The Netherlands
3 Scientific-Practical Materials Research CentrénefNASB, P. Brovki 19, Minsk, Belarus

Large ultrafast photoinduced magnetic anisotropsy lteen observed in Co substituted YIG films
[1]. In such garnet films the phase of the photoosetl magnetization precession depends on the
polarization of the light. After deposition of wthin ferromagnetic layers on a garnet film one can
expect new effects of ultrafast magnetization dyisandue to the influence of the effective
magnetic field of the ferromagnetic layer or a dmgpbetween ferromagnetic layer and garnet.

The initial garnet film was grown using liquid pleaspitaxy and had a thickness of 5.8 um.
Afterwards it was thinned down to 1.8 pum by oxygem beam etching in the low energy regime.
Au(4nm)/Co(2nm)/garnet(1.8 and Su#n) heterostructures were then obtained by ion-bsautier
deposition.

A strong influence of a 2 nm Co layer on the donstiacture geometry, magnetization processes
and coercive field has been found for 1.8 um gafilres. The observed magnetization reversal
process in the heterostructure could be explairyelddbh thickness-driven magnetic anisotropy of
the garnet films and a strong magnetostatic cogdigtween Co and garnet films.

Ultrafast magnetization dynamics of garnet filmsl &o/garnet heterostructures were studied by
time-resolved measurements using an optical purapeptechnique. The amplitude and precession
frequency were measured as functions of externgnetsc field and linear polarization of the
pump light. These experimental results are discustking into account the following
contributions to the total magnetic anisotropy ggen the heterostructure: cubic anisotropy, light-
induced and in-plane uniaxial anisotropies.

This work was supported by the EU Seventh Framewer&gramme FP7/2007-2013 under grant
N214810 FANTOMAS.

[1] F.Atoneche, A.M.Kalashnikova, A.V.Kimel, A.Stakiewicz, A.Maziewski, A.Kirilyuk, and
Th.Rasing, Phys. Rev. B 81, 214440 (2010).
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MAGNETO-OPTIC EDDY CURRENT INTROSCOPY: MAGNETOGRAPH'Y

VERSUS STROBOSCOPIC TECHNIQUE
Vishnevskii \!, Berzhansky V., Mikhailov V, Pankov F, Levy &, Agalidy YU/
! Taurida National University, Vernadsky ave. 4, &irapol, 95007, Ukraine
2 NTUU “Kiev Polytechnic Institute”, Pobedy str. iev, 03056, Ukraine

Eddy current (EC) introscopy with use of magnetteMO) garnet films (GF) is a new
effective tool in non-destructive control of mei@ktonstructions mostly for the crack detection in
aerospace units [1]. Known technical realizations laased on coil-type EC inductors, GF MO
converters and problem-oriented software for rimagtvideo data processing [2]. As a rule, GF are
mono-crystalline, uniaxial anisotropy and low ceegc Taking into account both the films domain
structure (DS) dependence on the external magfietet distribution and the interference of EC
and video framing, it is necessary to provide sisgiopic illumination. In practice MO EC image is
slightly differs from the real defect geometry (Fig a, b) and this difference is conditioned by th
metal type investigated, the GF’s properties andiidlictor's features. Because the revelation
ability of real-time MO EC introscopy is limited some cases magneto-graphic technique can be
applied. Thus, besides the stroboscopic schemauiti®rs of this report modeled two variants of
MO EC magnetographic devices: with intermediate metig tape and without it. For the second
case MO GF was synthesized high-coercive but witificgally decreased Curie temperatufe.
Heating the garnet layer up 1o Tc during the short packet of pulses in EC indudtevas possible
to observe “printed” [3] thermo-recorded MO ima@ésnner inhomogeneities in different metallic
objects such as thin welded joints in polished @wm plates (Fig. 1, c, d). Coil-, frame- and bus-
type EC inductors, bipolar and unypolar excitatomrents (100 Hz-40 kHz) were approved in the
experiments. GF were grown by means of liquid phegigaxy on (111)-oriented G@a0:2
substrates. High-coercive GF's properties were: pmsition (Bi,Lu,Sm,CaJFe,Ga,Al,Sca0;2,
Curie pointTc=55-70°C, coercivity =20 °C) H=100-250 Oe, DS periodwg=4-6 um (meta-
stable) and ®,=10-16 um (stable). Low-coercive films of (Bi,Eu)kfiFe,Ga,Al}O1, were
characterized by coercivit§.=0.5-0.7 Oe and DS periotv235-40 um. Total Faraday rotation was
~5-6° (1=0.63 um). All the films were covered with TiN lageby vacuum deposition. Heating of
high-coercive GF was realized by electric currenisps (3-5 A, 10 ms) propagated through the
cover.

i . o SRR d

Fig. 1. Surface (a) and MO EC image (b) of 10 potisl thin Al plate (stroboscopic mode); surface &tO
EC image of defect-free welded joint in thick Ahf# (magnetographic mode).

[1] Development of an improved magneto optic/eddgrent imager. Final report DOT/FAA/AR-
97/37, Office of Aviation Research, Washington 20591, 1998.

[2] Y. Deng, X. Liu, Y. Fan, Z. Zeng, L. Udpa, Whi§, IEEE Trans. Magn42 (2006) 3228.

[3] V. Vishnevskii, A. Nesteruk, A. Nedviga, S. Doko, A. ProkopovSens. Lett5 (2007) 29.
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LONGITUDINAL KERR EFFECT ENHANCEMENT IN 2D

MAGNETOPLASMONIC CRYSTALS
Chetvertukhin A.V, Baryshev A.V, Dolgova T.\#, Uchida H3, Inoue M?, Fedyanin A.A.
! Lomonosov Moscow State University, Faculty of PhgsLeninskie gory 1, Moscow, Russia
>Toyohashi University of Technology, Tempaku, Toysiiat41-8580, Japan
3Tohoku Institute of Technology, Taihaku, Sendai-8827, Japan

The significant enhancement of transversal Kereafican be
achieved in presence of surface-plasmon resonaliceln this
paper the longitudinal Kerr effect (LKE) enhancemisnobserved
in plasmonic nickel structure.

The samples are a 2D periodical nickel columns bnlk nickel
substrate with height of approximately 50 nm arahditer of 290
nm. Columns are packed in hexagonal lattice. Peonbdthe ‘ x ¥
structure is of 500 nm (Fig. 1). — .

Fig. 2. shows experirr_]e_ntal Iineqr rgflection spectf the Fig 1. SEM image of experimental
sample. Reflectance minimum shift in the dependemte sympie (nickel columns on bulk nick:

azimuthal angle yielded by coupling of incide*
beam energy to resonantly excited surfe
plasmon-polariton (SPP). B
Dependences for two angles of incidence <&£"
and 45° and two key azimuthal angles 240° ¢35,
270° are measured. Fig. 3. shows a LKE spect 8 “

25

8OO

750

Reflectance (%)

for azimuthal angle 240° (equivalent to 300° a 3™

360° on Fig. 2.). Z o ;
Significant LKE enhancement at 725 n ™

coinsides with surface plasmon-polaritc . . . .0 w s w0 s w0 0w

resonance at 725 nm that can be seen on Fig. Azimuthal angle (deg)

azimuthal angle 300° and 360°. Experimental
LKE spectra shows shift of LKE resonance
together with SPP resonance while changing020
azimuthal angle of sample. Thus the gain of LKE ]
effect is associated with SPP resonance. 019

0,14 o -
0.12

[1] A. A. Grunin, A. G. Zhdanov, A. A. Ezhov, E. A. ]

Ganshina, and A. A. Fedyanin, Applied Phys. Letg;,,gEzi §;+,-§§o%;+.*r°
97 (2010) 261908. Uoon] LT

Fig. 2. Azimuthal angle linear reflectance spe

Azimuthal angle 2407, angle of incidence 45°
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Fig. 3. LKE spectrum at azimuthal angle 240° and
angle of incidence 4t
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SPECTRA, ENERGY LEVELS, AND SYMMETRY ASSIGNMENTS FO R
STARK COMPONENTS OF Eu **(4f®) IN GADOLINIUM GALLIUM

GARNET GGG (Gd 3Ga5012)
Gruber J.BY, Valiev U.V? Burdick G.W2, Rakhimov S.A.Pokhrel M}, Sardar D.K*
! Department of Physics and Astronomy, The Universityexas at San Antonio, San Antonio,
Texas 78249, USA
2Faculty of Physics, NationalUniversity of Uzbekist&uzgorodok, Tashkent 100174, Uzbekistan
$Department of Physics, Andrews University, Beri@arings, Michigan49104, USA

Absorption and fluorescence spectra observed betw®8 nm and 750 nm at 85 K and room
temperature (300 K) are reported for *H4f®) in single-crystal Czochralski-grown garnet,
GdGasOr. (GGG) [ ]. The spectra represent transitions betwtne™L; multiplets of the #°
electronic configuration of Etl split by the crystal field of the garnet. In ahston, EG*
transitions are observed from the ground st&tg,and the first excited multipleffs, to multiplet
manifolds®Dy, °D; andD,. The Stark splitting of th&; multiplets § = 0 + 6) was determined by
analyzing the fluorescence transitions frobw, °D1, and°D;, to ‘F;. The Ed* ions replace G
ions in sites oD, symmetry in the lattice during crystal growth. Asgted with each multiplet
manifold are (2+1) non-degenerate Stark levels characterized leyobriour possible irreducible
representations (irreps.) assigned by an algoritased on the selection rules for electric-dipole
(ED) and magnetic-dipole (MD) transitions betweetars levels in [ symmetry. The quasi-
doublet in°D; was characterized by an analysis [1] of the magmircular dichroism (MCD) and
magnetic circular polarization of luminescence (M{ERpectra measured on the allowed (on
symmetry) optical transitions observed betwedh and ‘F; multiplets. A parameterized
Hamiltonian defined to operate within the entiféZlectronic configuration of Bliwas used to
model the experimental Stark levels and their Bréfhe crystal-field parameters were determined
through use of a Monte-Carlo method in which nimiependent crystal-field parameteB;,, were
given random starting values and optimized usiagdsrd least-squares fitting between calculated
and experimental levels. The final fitting standdae¥iation between 57 calculated-to-experimental
Stark levels is 5.9 cth The choice of coordinate system, in which theerﬁsj are real and the

crystal-fieldz-axis is parallel to the [001] crystal axis andg@srdicular to they - plane, is identical
to the choice we used previously in analyzing thecta of E¥" and HS* garnets [1,2].

[1] U.V. Valiev, S.A. Rakhimov, N.l. Juraeva, R.Rupp, L. Zhao, Z. Wang, Z. Y. Zhai, J.B.
Gruber, and G.W. Burdiclhys. Stat Solb), 245, (2009), 429.

[2] G.W. Burdick, J.B. Gruber, K.L. Nash, S. Chamdand D.K. SardaiSpectroscopy Let#3,
(2010), 406.
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MAGNETO-OPTICAL PROPERTIES OF Co AND Ni IMPLANTED S 0,
Petrov D.A!, Ivantsov R.0, Seredkin V.A, EdeI'man I.S, Khaibullin R.I1?, Stepanov A.E.
! Kirensky Institute of Physics of Russian AcademyBoiences, 660036, Krasnoyarsk, Russia
27avoisky Physics-Technical Institute of Russian deray of Sciences, 420029 Kazan, Russia

The silica glasses (Sgpwere implanted with 40 keV Nior Co ions to high doses in the range
of 0.25-1.00x1Y ions/cnf. Our early studies of these samples by coil magnetry [1],
ferromagnetic resonance [2] and high-resolutiongmaission electron microscope [2] showed the
formation of Co and Ni spherical nanoparticles wathe ~5-20 nm in the implanted near-surface
region of SiQ. The ion-synthesized nanocomposites revealedanepmagnetic anisotropy that is
typical for thin granular magnetic film.

In this work we present magneto-optic (MO) studies 3d-ion implanted samples by
measurements of Faraday (FR) and Kerr rotations),(lB well magnetic circular dichroism
(MCD) in the optical spectral range in dependenceh® implantation dose. MO spectra of the
implanted samples are strongly modified in comperis/ith ones of continuous Co and Ni thin
films (see figures). We observed the strong chamhgés in the polarity and spectral shapes. The
enhanced absorption near 400 nm related to sugsmon resonance takes place in optical
spectrum of Ni-implanted samples. This feature Itesdn MCD maximum and the reversal of FR

sign.

0,15 5
..... Co K N
; . 0,001 4 .
0,10 §  —-d=05 -
; . A ——d=075 %
) A\ —— d=1 .
4 = |\ QRS Ni film, 206.A y
] : © 0,000 \ gt
g 0051 ¢ ___g=025 3
2 —-— d=0.75 =
— d=1
...... Co film, 300 A
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Fig. 1 MCD spectra of SiQimplanted with Cdions Fig. 2 MCD spectra of Sidmplanted with Ni ions to
to different doses (d), as well continuous filmcobalt different doses (d), as well continuous film of kat
metal metal

The off-diagonal components of permittivity tenseere calculated by using experimental FR,
and MCD spectra of Ni and Co nanoparticles implanie SiQG substrate and an extended
Maxwell-Garnett theory including the size dependsfdcts.

[1] I.S. Edelman, O.V. Vorotynova, V.A. Seredkina, Phys. Solid Statg0 (2008) 2088.
[2] I.S. Edelman, E.A. Petrakovskaja, D.A. Petretval.,Appl. Magn. Resonanet (2011).
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THE SPIN -WAVE ACOUSTIC OF 2D MAGNETIC METAMATERIAL S

(EFFECTIVE MEDIUM APPROXIMATION)
Sukhorukova O.§.Tarasenko S.V.Yurchenko V.M, Shavrov V.G.
! Donetsk Institute for Physics and Engineering naafeet A.A. Galkin of NASU, R.Luxemburg
Str., 72, Donetsk, Ukraine, E-mail: tos1980@mail.ru
2V.A. Kotelnikov Institute of Radioengineering ante&ronics of RAS, Mokhovaya Str., 11-7,
Moscow, Russia, E-mail: smirnova@cplire.ru

At the present time the search of acoustic anasogfi@xtraordinary electromagnetic properties of
metamaterials (such as superlenses, cloaking, imegafraction, double negative medium etc.) is
the main direction of the composite medium of mad@hysical acoustics. The resonance
amplification by the left media of the evanescdattomagnetic waves field is a physical basis of
this effect; as a consequence evanescent wavdsigete in the reconstruction of image. That
enables to overcome a diffraction limit.

However, despite the constantly growing number wolblisations devoted to this theme, all
theoretical and experimental works known until ngeare associated exclusively with non magnetic
acoustic metamaterials.

The aim of this report is the theoretical studyaighe possibility of resonance amplification of
SH evanescent acoustic wave by means of 2D magiigstic metamaterials slab. As an example
of 2D magnetic acoustic material we consider the-t@mponent acoustically continuous structure
representing an elastically isotropic nonmagnesiedsmatrix in which there is a set of infinite
ferro— or antiferromagnetic rods of circular cresstion with a metal covering.

In the frame of effective medium approximation thecessary conditions, under which for
acoustically continuous structure from 2D magnatioustic material slab and elastically isotropic
nonmagnetic layer the incident shear elastic waotufne or evanescent) reflection coefficient is
equal to zero, is determined.

The anomalies found in this work in the propagatiérthe shear elastic wave through a layered
acoustically continuous structure containing a flayfea composite magnetic material represent an
acoustic analogue of the effect of amplificationpbioton tunneling by a layer of the uniaxial
anisotropic left medium.

[1] Joannopoulos J.D., Johnson S.G., Winn J.N. éHotCrystals: Molding the Flow of Light. 2nd
ed. Princeton:Princeton Univ. Press, 2008. 304 p.

[2] Pendry J.B. // Phys. Rev. Lett. 2000. V. 853966—39609.

[3] BpexoBckux JI.M., F'omun O.A. BomnHbl B cioucThix cpenax.M.: Hayka, 1973. 416.

[4] Tapacenko C.B. // dKOT® 2002,T.121,Ne3, C.663-677.
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SPIN DYNAMICS ON A TIME-SCALE OF THE EXCHANGE

INTERACTION: AN X-RAY VIEW ON ULTRAFAST MAGNETISM
Radu 1%, Vahaplar K, Stamm G, Kachel T, Pontius N, Diirr H.A2°, Ostler T.A%, Barker J°,
Evans R.F.I%, Chantrell R.W, Tsukamoto A?, Itoh A?, Kirilyuk A%, Rasing TH, Kimel A.V!
! Radboud University Nijmegen, Institute for Molecsind Materials, Heyendaalseweg 135, 6525
AJ Nijmegen, The Netherlands
2Helmholtz-Zentrum Berlinifr Materialien und Energie, BESSY II, Albert-Einstebtrasse 15,
12489 Berlin, Germany
Department of Physics, University of York, York YOEDD, United Kingdom
“College of Science and Technology, Nihon Universiep4-1 Funabashi, Chiba, Japan
>SLAC National Accelerator Laboratory, Menlo Parld 84025, USA
® PRESTO, Japan Science and Technology Agency, #drgho Kawaguchi, Saitama, Japan

The exchange interaction, the strongest force igne@sm, is ultimately responsible for long
range magnetic order. The response of the spingever, in a magnetically ordered material to an
excitation on a time-scale comparable with thishaxge interaction is still a fundamental question
at the frontier of modern magnetism and fast magnetormation processing. Nevertheless, the
physics of these phenomena is still poorly undestwhich is largely due to the absence of proper
experimental and theoretical techniques that camige both the essential time resolution and the
necessary spin and element specificity.

Here, by using advanced experimental (femtosecqidad excitation combined with ultrafast
X-ray measurements) and computational (localizedmadtic spin model) approaches, we
demonstrate that in spite of the antiferromagnetichange interaction between Gd and Fe in the
ferrimagnetic alloy GdFeCo, the ultrafast laser itkion triggers substantially different
magnetization dynamics in the two sublattices (Bag 1). This even leads to the temporary
appearance of ferromagnetic alignment of the antifeagnetically coupled Fe and Gd magnetic
moments. A coupled (antiferromagnetic) motion of &l Fe spins sets in only after about 10 ps,
which is much longer than the characteristic timéhe exchange interaction between these two
sublattices (~100 fs). Our findings provide unexpdcnew insights into the fundamentals of
ferrimagnetism, showing that two magnetic sublatticnay have totally different spin dynamics
even on a time scale much longer than the charstitetime of the exchange interaction between
them. The discovery of this novel dynamics is int@ot for both understanding the physics of non-
equilibrium magnetic phenomena as well as for gtaldishment of the fundamental limits on the
speed of magnetic recording and information prangsechnology.

Fig. 1. Ferrimagnetic alignment of the Fe and Gdymedic moments as measured by element-
specific time-resolved x-ray magnetic circular dabm (TR-XMCD).
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EXPERIMENTAL STUDY OF THE FARADAY EFFECT IN 1D PHOT ONIC

CRYSTAL FOR MILLIMETER WAVEBAND
Girich A.A%, Polevoy S.Yl, Tarapov S.t, Merzlikin A.M?
!Institute of Radiophysics and Electronics of NA®Warkov, 61085, Ukraine
?Institute for Theoretical and Applied Electromadgecebf RAS, Moscow 125412, Russia

As it is known [1, 3], a significant enhancementtbé Faraday effect can be obtained by
embedding the magneto-optical media into the resonaultilayer structure. Examples of such
structures are photonic crystals with defects [f]pbotonic crystals, bounded by the strongly
reflecting medium. As a result the Tamm surfacdesfd] can be formed in the transmission
spectrum of such a structure.

The experimental study of amplification of the Feha effect is presented in the given paper. The
experimental structure represents the photonidaryair, teflon, quartz), loaded with ferrite aod/
thin metal layers (Fig. 1b). The structure is pthoea circular metal waveguide. A static magnetic
field is applied in parallel wave propagation. Tasic mode, which is the TEmode, is excited in
the structure.

An analysis of the transmission/reflection spectr{ifig. 1a) for the unloaded photonic crystal
and for the photonic crystal loaded with ferritelanetal layers (arranged sequentially), shows that
the surface oscillation mode is formed in the bgap. They manifests as a “surface wave peak” in

figure.
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Fig. 1 — Transmission spectrum of the structurevésious polarization angles (a); the measuring famistudying the

structure (b)

This mode is identified as the TM mode, which aias a result of amplification of the Faraday
effect in the ferrite layer. For the purpose ofailletd study of the properties of this mode the
dependencies of the mode intensity on the(the angle of the analyzing waveguide), i.e. the
polarization of the wave inside the measuring umits been analyzed. A satisfactory agreement
between experiment and outcomes of numerical ciounlis obtained.

This paper is partially supported by the Joint &t§ RFBR-NASU (grant #7/10 on 01.06.2010).

[1] M. Inoue, R. Fujikawa, A. Baryshev, A. Khanikad. B. Lim, H. Uchida, O. A. Aktsipetrov, T.
V. Murzina, A. A. Fedyanin, A. B.Granovsky, “Magoehotonic crystals,J. Phys. D: Appl. Phys.
vol. 39, p. R151, 2006.

[2] A. P. Vinogradov, A. V. Dorofeenko, S. G. Erakh M. Inoue, A. A. Lisyansky, A. M.
Merzlikin, A. B. Granovsky, “Surface State Pecutias at One-Dimensional Photonic Crystal
Interfaces,Phys. Rev. Bvol. 74, N. 045128, 2006.
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[3] A.V. Dorofenko, A.P. Vinogradov, A.M. Merzlikin A.B. Granovsky, A.A. Lisyansky,
“Magnetooptical Faraday effect amplified by surfas@aves in 1D systems”CAOL 2008
September 29 — October 4, Alushta, Crimea, Ukragpe192-194
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MAGNETICALLY CONTROLLED FARADAY LASER BASED ON THE

TAMM STATE IN PHOTONIC CRYSTAL
Zyablovsky A.A, Dorofeenko A.V, Vinogradov A.P, Pukhov A.A, Granovsky A.B.
!Institute for Theoretical and Applied ElectromadeeRAS, 13, Izhorskaya, Moscow 125412,
Russia
2Faculty of Physics, Moscow State University, LeRiassori, Moscow 119992, Russia

Faraday laser based on the Tamm state on bounfiawo@hotonic crystals [1,2] is proposed.
Operating modes of this laser are investigateds Ishown that external magnetic field allows
controlling of operating modes of laser.

In our research we use single-mode approximatioriasing. In addition, we use the slow
amplitudes approach:

% @ £ 2zip
dt 2Q
a—P+iP:—i\d\2nE
ot 71,

on 1

—+—(n-n)=Re —-iIE P
) e -iE P
These equations determine the amplitude of eledteid, the polarization and the inverted

population, respectively.

Presence of the layer wedging causes anisotropywafinear polarizations, leading to different
values of theQ factors,Q, and Q, [3]. Furthermore, the anisotropy can be introduoésntionally
[2].

It is shown that two kinds of transition, statiopdasing/beating and stationary lasing/absence of
lasing, can be observed when varying amplitudéefixternal magnetic field alqifactors of both
the linear polarizations. The condition of switatween the operating modes is obtained.

Employing both the linear stability analysis aneé thumerical methods we have obtained the
values of relaxation times for switching the lasomgand off

[1] T. Goto, A. V. Baryshev, M. Inoue, A. V. Dorafeko, A. M. Merzlikin, A. P. Vinogradov, A.
A. Lisyansky, A. B. Granovskyhysical Review B9 (2009) 125103

[2] A. D. May, P. Paddon, E. Sjerve, G. Stéptinysical Review £A3(1996)2829

[3] M. I. D’yakonov, S. A. FridrikhovSov. Phys. Us®0 (1967) 837
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MAGNETO-OPTICAL PROPERTIES OF MULTILAYER

NANOSTRUCTURES WITH COMPOSITE MAGNETIC LAYERS
Gan'shina E%, Buravtsova \}, Novikov A%, Kalinin Yu?, Sitnikov A2
! Moscow State Unversity, Faculty of Physics, Moscd®9991, Russia
2Voronezh State Technical University, Voronezh, 3Bi(Russia

In this report we present the results of magnetid amagneto-optical (MO) studies of
[(CossFessZri0) (Al 203)100-AX)/a-Si(Y)], multilayers (ML), where the granular compositedzhen
CossFessZrip with concentrations before the percolation thré$hweas used as a magnetic layer.
Such structures with different thicknesses of mégng=1,39 — 6,90 nm) and non-magnetic
(Y=0,18 — 1,82 nm) layers and differn€to Y ratio were investigated. This made it possibleary
the relative contributions of interfaces into M@pense of the nanostructures.

It was found that the Transversal Kerr Effect (TKdpectrad(hv) of multilayer films strongly
depends on semiconductor and composite interldnyekrtess. The spectra shape of the structures
with X <2 nm and X> 4,63 nm was similar to the gdpeof metal-insulator nanocomposite [1]. For
the X < 4,63 nm TKE value was positive throughdwe tvavelength range (0.5-4.2 eV) and the
TKE spectra was similar to the ggbeysZr1¢/Si ML spectra [2].

Measurements of the TKE field dependend@d in the near IR range has shown their abnormal
behavior that was considerably differ fr@fH) curves obtained in the visible range of spedthae
maximum of TKE was achieved at small field$ € 100 Oe), and with following increasing of
magnetic field H the sign of the effect changedhvirther saturation at fields ~2.5kOe. In some
cases the TKE value at maximum was 3 times greateomparison with the saturation value.
Anomalous behavior o6(H) disappeared with increasing of Si layers thickess TKE spectra
measured in small and large fields were essentiligrent.

The X andY thicknesses for which the anomalous changes inmidgnetic and magneto-optical
properties took place are well correlated with pharanges in the electric properties for all series
So, changes of ML transport properties in the sthadkness range of silicon could be related with
formation and growth of intergranular Si layer omgnetic CoFeZr granules. It means that at the
granule-semiconductor interface there is a formatb new (CoFeZr)-Si or (CoFeZr)-silicides + Si
composites, where a concentration of magnetic ptegends on either shapes or sizes of granules in
the magnetic layer, X/Y thickness ratio and the ddtsilicide formation. Increasing 8i thicknesses up
to the percolation threshold range will lead to giveg of neighboring granules through Si island$init
the layer as well as between of adjacent layei$,hamce to increasing of the magnetic phase in the
(CoFezr)- silicides + Si composite. This could besaplanation of the magnetization and TKE growth
with institution of silicon. Similar conclusionsrtdoe made also from the coincidence of TKE spectra
shapes and TKE magnitudes of nanocomposite-siitwhferromagnetic-silicon ML in the range of
small Si thicknesses. The maximum of magnetizatimnes and TKE for ML structures have been
observed near the percolation threshold for thd=@2o) - Silicides + Si composite.

Anomalous behavior in the nearest IR range mogighly relates with a competition between of
two contributions from different (CoFeZr)- &); and (CoFeZr)- silicides + Si composites that have
opposite sign of TKE in this spectral range.

[1] V.E. Buravtsova., V.S. Guschin., Yu.E. Kaliniet al.: CEJP. Vol. 2(4) 2004, p. 566.

[2] M.V. Vashuk, EA. Gan'shina, S. Phonghirun.: et al.: Journal of Roystalline Solids, 2007,
V.353, 8-10, 962-964.
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SURFACE PLASMON POLARITONS AND INVERSE FARADAY EFFE CT
Khokhlov N.E® Belotelov V.12, Bezus E.AS, Kalish A.N'%, Zvezdin A.K'
1 M.V.Lomonosov Moscow State University, Leniskigigh Moscow 119991, Russia.
2 A.M. Prokhorov General Physics Institute, Rus#iaademy of Science, Vavilov Str. 38,
Moscow 119991, Russia.
% Image Processing Systems Institute RAS, Molodbd 5, 443001 Samara, Russia
E-mail: akhokhlov@physics.msu.rlt,’lvladimir.belotelov@gmail.con?evgeni.bezus@gmail.com,
Yalish@physics.msu.rlgvezdin@gmail.com

Exciting possibility of ultrafast control of a meain magnetization at subpicosecond time scale
via light was demonstrated recently [1]. It is afnpe importance for modern magnetic storage
systems demanding very large operation rates. idtitiverse Faraday effect (IFE) takes the main
role. Due to this effect, circularly polarized lighnduces a static magnetization in a medium:

:%[E XED], where y is the magneto-optical susceptibiliti, and E” are the electric field
7T

of the light wave and its complex conjugate, reipely. Thus, in order to observe pronounced
value of IFE there should be a phase shift betwb#arent components of the electric field and
electric field amplitudes should be sufficientlyde.

In this work we investigate the IFE in the magn&emonic crystals. The magnetoplasmonic
crystals consist of a 1D or 2D perforated dieleobtn metallic layer and a uniform paramagnetic or
ferromagnetic layer. Main feature of such strudueethat at some incident wavelengths surface
plasmon polaritons and cavity modes can be exditedas demonstrated that at these wavelengths
the local electromagnetic field energy near the afditlectric interface gets increased
substantially. One can assume that the plasmonHaoia also enhance the IFE.

In accordance to numerical calculations based errijorous coupled-waves analysis (RCWA)
the IFE in considered nanostructured materialoisid to be locally increased by an order of
magnitude at the spatial scale of several tenapbmeters. In addition to that the electromagnetic
field intensity is got increased as well and thexiima of the intensity are usually very close to the
maxima of the induced magnetic field. It leads toctm more efficient influence of light on the
medium around these spots as several impact mecharare enhanced: magnetic, thermal and
energetic. Thus if the medium is magnetized it banlocally switched by means of incident
circularly polarized light of moderate energy. Maver, the loci of the enhanced dc magnetic field
can be changed by shifting light wavelength ordeaice angle. It is very important for possible
applications related for example to the magnetrmagswitching and magnetic data recording at
record densities and rates.

The work is supported by RFBR and grant of RussiasiBent for young scientistMK-
3123.2011.2).

[1] A.V. Kimel, A. Kirilyuk, P.A. Usachev, R.V. Paev, A.M. Balbashov and Th. Rasiigture,
435(2005), 655.
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INFLUENCE OF Cu — DOPING ON THE ELECTRONIC STRUCTURE AND

OPTICAL PROPERTIES OF RNis (R = Er, Ho) COMPOUNDS
Knyazev Yu.V, Lukoyanov A.\2, Kuzmin Yu.E, Kuchin A.G*
!Institute of Metal Physics, Ural Division of RASk#&terinburg 620990, Russia
ZUral Federal University, Ekaterinburg 62002, Russia

The RNk-type (R is rare-earth) compounds attract the attemot only because of diversity of
their physicochemical properties, but also duehtartapplication in hydrogen storage technology
and as adiabatic cooling agents. Replacement ofayeecarth with another or substitution of Ni for
some other transition metal lead to essential @mfie on the electric and magnetic characteristics.
A number of studies indicate a direct correlati@meen this anomalous behavior of the physical
parameters and energy structure evolution with mpmiontent increase. The useful information
about modification of energy bands upon the reptaciickel by another element can be extracted
from optical study and calculation of electronicesppum. In the present work the effect of
substitution of Cu for Ni in (Er,Ho)MiCu (X = 0, 1, 2) compounds on the electronic structmek a
optical properties has been investigated.

We report the ellipsometrical study of the optigadperties of these systems in the spectral range
of 0.08-5.64 eV at room temperature. It is showat tthe energy dispersion of the optical
conductivityo(w) of alloys in the region of the fundamental absorpband depend considerably
on the substituent concentration. The two-peakctira of a(w) for binary (Er,Ho)N§ modified
with an increase of Cu and display a new maximuntered at 4.5 eV for the ternary compounds.
The intensity of this maximum increases with thevgh in the copper content. The optical data
obtained in the infrared range of spectrum wered usedetermine the relaxation and plasma
frequencies of conduction electrons.

The electronic structure of (Er,HOWNCu (x = 0, 1, 2) (hexagonal Caguype of crystal
structure) was investigated using LSDA+U method psempenting the local spin density
approximation with a correction for strong electioteraction in the #shell of rare earth element.
The total and partial (fdr and Cu 8 electrons) densities of the electron states forgpin systems
were calculated and used to determine interbanidabptonductivities of these compounds. The
observed evolution of the experimentdiv) dependencies upon replacement of Cu for Ni atems i
satisfactory described within these spin-resolvaldudations of the electronic spectrum. Both the
theoretical calculations and the spectroscopic dataaled the strong interband absorption peaks at
range of 1 — 3 eV and the appearance of the nelwdmngrgy absorption maximum formed by Cu
3d - Ni 3d quantum transitions.

This work was supported by RFBR 10-02-00546, MK&32Z011. 2, scientific program of the
Russian Federal Agency of Science and InnovatialeuRroject No. 02. 740. 11. 0217.
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«MEMORY-EFFECT» IN NANOSCALE THICKNESS ION-BEAM

SPUTTERED Bi:YIG FILMS
Prokopov A.R, Shaposhnikov A.N.Karavainikov A.\}, Kotov V.A? Berzhansky V.N.
V.l Vernadsky Taurida National University, Simfem®5007, Ukraine
2V.A. Kotelnikov IRE RAS, 11 Mohovaya St, Moscow,5009, Russia

The perfection of magnetically active layers and thansition layer presence will exert the
considerable influence on the magneto-optical (M€Eharacteristics of one-dimensional
magnetophotonic crystals for short-wave visiblecspen region. Therefore, the properties of ultra-
thin Bi:YIG films are of great interest. In thisger we present the results of investigation of the
substrate surface crystalline state effect on ti@ prioperties of nanoscale thickndsYIG films
(Faraday rotatioi®r, the spectra of magnetic circular dichroism MCD).

Bi:YIG films have been prepared by reactive ionfhesputtering of BigYFe0,, target on
GGG (111) substrates and subsequent crystallizatioair. Substrate surface crystalline state
modification was performed by Atreatment. It was found that the ion energy andeci density
significantly affect the properties of the filmshi$ makes it possible to identify the original
substrate surface crystalline state. In this seresean say that Bi:YIG films saved the information
about substrate surface crystalline structure dutieir preparation. This is confirmed IB¢(h)
dependences and Faraday hysteresis lops for the fieposited on the GGG substrates, whose
surfaces have been pretreated by low-enerdyglaw discharge plasma (curve a, A-type films), by
1 keV and 2.3 mA-cih Ar*-beam (curve b, B-type films) and 1 keV and 3.6 om#® Ar*-beam
(pointc) (see figure).

At room temperaturé&g approaches zero in both film types up to thickress$.6 nm, which can
be caused by size effects. A-films are charactérizg in-plane magnetic anisotropy and high
saturation magnetic fields as conventional Bi:Yilen§. The typical for Bi:YIG films®@r u MCD
values occurred &t~ 12 nm, this corresponds to ten cell parametersoappately.

B-films have anomalous transition layer structusppsite®@r and MCD signs) in comparison
with A-films. The transition layers are significninfluenced the properties of the large thickness
films: ath < 70 nm all B-films have perpendicular magnetic amm@py. O=(h) and MCD) at

5.6<h<10.3 nm indicates that during crystallization,j®:demm

process growth (BiGd¥jFeGagO,. garnet films, whose _ | :#L=/\ i%%\
composition varying in thickness. A correspondifig ol b h, nm
and Tcomp changes in these films occu®: and MCD 1 5 %, 10 15 20 25
invert their signs ab>10,7 nm. Anomalous properties of | ay |

B-films are due to destruction and amorphizationhefr ] \‘\ <

substrate surfaces by ion beam treatment. As dtrest] i/\ \-5\_
during the crystallization process the film grovatcurs ] % —
from an amorphous layer containing both substrack a? ——

film elements oxides.

We believe that the effect of controlled ion bearatyggatment of the substrate surfaces can be
used to create the MO thin film device with differéypes of anisotropy in the magnetically active
layers.
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INFLUENCE OF ANNEALING ON NONLINEAR OPTICAL RESPONS E OF

BISMUTH-SUBSTITUTED IRON GARNET FILMS
Dubrovina N.\A, Kumar P?, Levy M? Maydykovskiy A}, Aktsipetrov O.A.
! Department of Physics, Moscow State University, 9BlI9Moscow, Russia
Department of Physics, Michigan Technological Unsitg, Houghton, Michigan 49931

Magneto-optical garnet films are formed of a welblwvn material which is currently used in
various types of optoelectronic devices and areerg@l for the applications in nonreciprocal
devices, such as optical isolators and circulatdrshe same time, a task remains to figure out the
technological parameters of the composition andidabon of garnets that are responsible for the
achievement of high values of magneto-optical #@gti@nd for a good crystalline quality as well.
One of the possible ways to realize such film®imtroduce epitaxial stress in thin garnet filrims.
this study, thin epitaxial garnet films of the tkness of 3561200 nm were epitaxially grown by
RF-Magnetron sputtering method on (111) galliumadaiim garnet (GGG) substrate and their
crystallographic structure and magneto-optical eesp are studied using the nonlinear-optical
probe of second harmonic generation (SHG). Anngalere produced during 4 hours at 700 C.
We calculate the value of lattice mismatch straid anicro-strain by analysis of XRD data for
annealed and unannealed films.

SHG experiments are performed using the outputefTi-sapphire laser (at 800 nm wavelength,
pulse duration of 80fs) as a fundamental radiati@r. the magneto-optical characterization of the
films the geometry of the transversal nonlinear nedig-optical Kerr effect (NOMOKE) is used.
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Fig. 1. Fig. 2.

We have performed a systematic analysis on a sefiBsYIG films. Figure 1 shows the SHG-
dependence on lattice mismatch (LM) — the openledrcorresponding to unannealed, the close
circles to annealed films; it is seen that theeasing trend with LM is disturbed by annealing and
second harmonic response becomes lower on avdfagee 2 shows the dependence of SHG on
micro-strain (MS) before and after annealing (samogation). We observe the appearance of
increase of SHG with micro-strain. Assuming quadrgtowth of shg on strain we suggest that the
dominant contribution into the nonlinear responséote annealing is played by LM strain from
interface film-substrate, whereas after annealingg iplayed by micro-strain defined by micro-
crystallites. Magnetic contrast of NOMOKE does depend on strain and bismuth concentration in
range 0,2 - 0,3 per formula unit.

[1] M. Inoue, R. Fujikawa, A. Baryshev, et. al.,Phys. D: Appl. Phys39, R151, (2006).
[2] I.LE. Razdolsky, T.V. Murzina, O.A. Aktsipetro¥]. Inoue JETP Lett, 84, p.451, (2006).
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PECULIAR OPTICAL PROPERTIES OF SELF-ASSEMBLED MAGNE TIC

CHAIN
Park S.Y}, Sandhu A, Lee B.W-
! Electronis-Inspired Interdisciplinary Researchimsg, Toyohashi University of Technology,
Toyohashi 441-8581, Japan.
2Department of Physics, Hankuk University of Fore®indies, Yongin, Kyungki 449-791, Korea

Recently, self-assembled structures composed ohet@gmicro-/nano-size beads are of interest
in a wide range of applications such as photonnicge drug delivery, and actuator. The self-
assembled structure and its motion are able taabiyecontrolled with not only external magnetic
field but also surrounding structure. More recenthe use of self-assembled magnetic chain in
solution makes it possible to develop optical mathr for optical telecommunication and optical
biosensor. The motion and formation of the magngti&in have been well-known to be described
with Mason model, which is the ratio of magnetiac® to hydrodynamic force. The optical
response corresponding to magnetic chain has heeessfully explained by diffraction of periodic
linear bead array, or Mie scattering. Nevertheldss,optical properties of magnetic chain are still
open to question. For instance, some of studiespbical transmittance of magnetic chain in the
presence of magnetic field showed controversiaultesTherefore, to elucidate the optical
properties, we systematically studied the opticahdmittance of magnetic chain in solution with
various conditions: wavelength of light source, metge field strength, magnetic field direction,
average length of the chain.

Magnetic bead used in this study is polystyrened bmmtaining superparamagnetic nanobeads.
The size of the bead is from 1 to 8 um. The magagtin determined by vibrating sample
measurement (VSM) is approximately 8 emu/g. Foromatand motion of magnetic chain is
controlled by two couples of Helmholtz coil, andnAmolarized incoming light was guided by
optical fiber, then optical transmittance was takgrspectrometer. The average length of magnetic
chain was determined by high-speed optical micnpsco

Optical transmittance of magnetic chain exhibitgiltion as a function of magnetic field
direction. The amplitude of so-called oscillatimarismittance for all bead size is found to be
dependent on average length of magnetic chain. mlaxi and minimum value of the amplitude are
nr, (1+n/2), respectively.(shown in Figure) Where n is inted@drs result could be explained by
the fact that light scattering in normal directibatween magnetic chain and light path is greater
than parallel configuration. On the other handsspacific wavelength region, we found satellite
peaks in oscillating transmittance plot, which srdly explained by simple scattering theory.
Therefore, we will discuss about that kind of peubptical properties of magnetic chain.

Support by EIIRIS is acknowledged.
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EVOLUTION OF OPTICAL SPECTRA OF Fe ,Ga; BO3; CRYSTALS AS A

FUNCTION OF Fe CONCENTRATION
Edelman I}, Malakhovskii A, Sokolov A, Sukhachev A.Zabluda V. Yagupov $,
Strugatsky M, Postivey N, Seleznyova K.
L L.V. Kirensky Institute of Physics SB RAS, 66008&snoyarsk, Russia
2 Taurida National University, Vernadsky ave., 409% Simferopol, Ukraine

Rhombohedral GaBf{Fe single crystals of high structural perfectionithwisomorphic
substitution of GH ions by F&" ions were synthesized by the solution-in-melt rodth
Concentration of Fé ions varied in wide range and was determined RFEA and REM methods.

Optical absorption spectra were investigated in gpectral region of 350-1000 nm using the
home made automated spectrometer (Fig. 1). A ehifte fundamental absorption edge to longer
wave lengths with the Fe concentration increase ne@saled. But the shift is not proportional to
the Fe concentration: for the lower Fe concentnatithe absorption edge shifts faster. For samples
containing lower Fe concentrations absorption maximaar 380 and 450 nm are well resolved. In
particular, maximum near 450 nm corresponds to ¢hserved at 443 nm in the stoichiometric
FeBQ; single crystal and can be ascribed to the,—"E,,*A14 transition between Bé d-states.
Position of this maximum does not depend on Fe @aination.

In higher concentrated sample, absorption bandsed with’A;,—*T;4 and—*T,g transitions
are observed. Their positions are also close tsetho FeBQ@ [1]. But decrease of the Fe
concentration results in shift of these bands teelowave lengths (sample 11% Fe in Fig. 1). The
fine structure in the long wave length edge of etA@g—>4Tlg transition in the 67% Fe sample is
similar to that observed in FeBQL]. This testifies to appearance of the magnetaering. The
spectra and their transformation depending on thecéncentration are discussed taking into
account the crystal field and spin and vibratianaitations in the crystals.

2,0

67%Fe  Fe(%)GaBO,

1,5 11 % Fe

N11.0- 7 % Fe

0,51

0,0

400 600 800 1000

A (nm)
Fig.1. FeGa, ,BOsoptical spectra measured at 85 K.

[1] Zabluda V.N., Malakhovskii A.V., Edelman |.®hys. Stat. So(b) 751 (1984) 751.
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The magnetic linear birefringence of an
FeBO;:Mg crystal is investigated as a
function of the magnetic field strength
and its orientation. The structure of the
inhomogeneous magnetic phase of this
weak ferromagnet is determined by
analyzing the experimental results
obtained. It is shown that, in an
inhomogeneous magnetic state, the
ferromagnetic moment does not deviate
from the basal plane of the crystal and the
angle of its deviation from the direction of
the applied magnetic field is described by
a one-dimensional function of the spatial
coordinate  along the axis of
magnetization.

The transition from a homogeneous into
a modulated magnetic state in weak
ferromagnetic FeB©Mg is studied by a
magnetooptic method. AT < 13X, the
application of a magnetic field in the
weak plane of the crystal is shown to
excite the modulation of its magnetic
order parameter, which manifests itself in

a periodic deviation of the local ferromagnetisnctee from the magnetization direction. The
modulation period and the azimuthally angle spéugfithe local ferromagnetism vector direction in
the modulated magnetic state of the crystal ardiedluas a function of temperature and magnetic
field. The results obtained are discussed in teritlse of the «magnetic ripple» theory.
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Mansurova M., Kolokoltsev O.
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Mexico

In this work we present a new concept for

measuring high intensity pulsed magnetic fields
through the spectral analysis of magnonic "] ’L ,,
excitations in thin ferrite films. 12 rlv\ |

In the experiments we used a saturated yttrium- P M
iron garnet (YIG) thin film grown on a gadolinium
gallium garnet (GGG) substrate. Magnons were
excited in the sample by picosecond pulsed
magnetic fields applied perpendicularly to the
magnetization vector. The pulsed fields were
generated by a microstrip line transducer fabritate 2~ o
on film's surface. The magnon spectra were Frequency (MHz)
measured in a 0.37 - 1 GHz frequency range, with

-y

Typical spectrum .

Magnetic Field (mT)

the help of the magneto-optical guided wave Figure 1.
technique [1], [2]. . 379 MHz
Fig.1 shows the frequency of magnons vs bias DC | & eeun:
magnetic field, at a constant value of the pulsed =~ | imohercconsome o 4

Linear Regression 679 MHz

field. Fig.2 presents the amplitude of magnon  o¢-
spectral component as a function of the pulseds
voltage applied to the transducer, at fixed biakifi >

As seen in these figures, both experimental £ o+
dependencies have a linear character.

The analysis of experimental data shows that the o
bias field (frequency) resolution is about 1 Oe oo+~
(3MHz), and pulsed magnetic field amplitude Pulse Voltage (V)
resolution is 10 - 30 Oe. The pulsed magnetic field
sensitivity was estimated to be better than 1 O, f
this particular configuration.

We conclude that proposed setup can be impleménted magnetometric device, consisting of
an optical fiber coupled to a YIG-GGG thin film.

Arb

0,24

Figure 2.

Support by PAEP-2011 program is acknowledged.

[1] O.V. Kolokoltsev, Yu. A. GaidadMMM, 204, (1999) 101
[2] S.E Irvine, A.Y ElezzabiOptics Communication220, (2003) 325

217



MISM 2011
22P0O-K-19

TRANSFORMATION OF ELECTRONIC STATES OF Tb ** ION IN
TbFe3(BO®)* CRYSTAL UNDER THE INFLUENCE OF MAGNETIC

ORDERING
Malakhovskii A", Gnatchenko §.Kachur I Piryatinskaya V¢, Sukhachev A.Temerov \.
LL.V. Kirensky Institute of Physics, Siberian BranmhRussian Academy of Sciences, 660036
Krasnoyarsk, Russian Federation
2B. Verkin Institute for Low Temperature Physics dfmhjineering, National Academy of Sciences
of Ukraine, 61103 Kharkov, Ukraine

Crystal and magnetic structure directly dependgshenelectronic structure of atoms which the
crystal comprises. Electronically excited atomastually, an impurity atom, and, consequently,
geometry of its local environment and local magneproperties can change. Therefore,
investigation of the excited state properties iparticular interest.

Optical absorption spectra of trigonal crystal T{B6s). were studied in the region & — °D.
transition in TB" ion depending on temperature (2 — 220 K) and ogretic field (0 — 60 kOe) [1].

It was shown that the splitting of Thabsorption lines observed @t= 2 K in zero external
magnetic field result from the splitting of the @rd states connected with the magnetic ordering,
while the splitting observed near the Néel tempegeatire mainly due to the ground state splitting.
Measured splitting of the absorption lines in thagmetic field permitted us to obtain the
corresponding splitting of states and their Lama&ors. The negative sign of the excited state
splitting indicated that the orientation of thetstmagnetic moment is opposite to that of the gidoun
state. In particular, this takes place for the &@vergy components of the exchange splitting of some
of the TH" excited states. Determined orientations of theitedcstates magnetic moments
permitted us to explain the ratio of the intensit@f components of the lines splitting in the
exchange field of the Fe-sublattice: stronger itenms occur without overturn of the magnetic
moment.

Step-wise splitting of one of the absorption lines
(~20615 crit) was discovered in the region of the
Néel temperature (Fig.). This is shown to be due to
step-wise change of equilibrium geometry of the
local TB"* ion environment only in the excited state
of the TE* ion. Asymmetric shifts of the excited
states at cooling froniy to 2 K and the character of
the temperature dependences Bf transitions

: : : : ‘ : : intensity indicates that the magnetic ordering is
C0 P0G accompanied by temperature variations of thé"Tb
local environment in the excited states. Crystaldfi
splitting components have been identified according
to crystal quantum number and according to irreducible representations. ibeatification is
consistent with the experimental results. In paftdg the ground state (ilD; symmetry
approximation) consists of two close singlpt) (M=x6) (or A; andA; in symbols of irreducible
representations) which are split and magnetizeeflgctive exchange field of the Fe-sublattice.
The identification allowed us to explain the ratb intensities of the crystal field splitting
components.

20616+
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= _ 20614

k(cm

206124

20610+
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[1] A.V. Malakhovskiil, S.L. Gnatchenko, I.S. Kachur, V.G. Piryatinskayal.. Sukhachev,
V.L. Temerov,Eur. Phys. J. §2011), DOI:10.1140/epjb/e2011-10806-x.
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MAGNETOREFRACTIVE EFFECT IN MANGANITE

HETEROSTRUCTURES
Sukhorukov Y&, Telegin A, Bessonov V, Gan’shina E, Stepantsov E.
! Institute of Metal Physics, Ural Division of RA620990, Ekaterinburg, Russia
> Moscow State University, 119992, Moscow, Russia
3 Institute of Crystallography of RAS, 119333, MosgdRussia

Manganite-based structures with a colossal magesittance (CMR) attract great attention
because of existence of a huge high frequencyd@ptiesponses to metal-insulator transition and
CMR like as a sharp change of the infrared (IRfigraission and reflection of light near the Curie
temperature (d), and magnetorefractive effect (MRE) on magnetectibn and
magnetotransmission (MT) modes [1-3]. Furthermorewas shown one can control the
magnetoreflection, magnetotransmission and magesgiance parameters by fabricating
manganite heterostructures with layers of differ@rpositions or geometry [4]. The goal of this
work was the study of the features of MRE and ifice of an artificially created interface™ spacer
on the magnetooptical and magnetotransport pr@gseofimanganite heterostuctures.

The two type of heterostructurds: Lay3CasMnO;s (thicknessd = 70 nm)/La3SrsMnOs (90
nm) and Il — L&3Ca;sMnOs/SITiO; (2 nm)/LasShisMnO; were grown using pulsed laser
deposition on single crystal substrate SrIig).

It was obtained the magnetoreflection (as welle®nance-like effect) and magnetotransmission
effects in manganite heterostructures can reacht gialues (see Fig.). It depends strongly on
magnetic, and charge homogeneity of the heterdsmes layers. For the heterostructures as
compared with the single-layer films: (i) there amere charge and magnetic inhomogeneities, (i)
Tc and the light intensity are decreased, i) maigaéon is reduced, (iv) MT is lowered, (v) the
temperature range of all magnetoophcaJ; 8

effects is broadened. The dielectric nonm i I o% -§
magnetic SrTi@ spacer influences on the2 6 , g '** 13
temperature and spectral behaviour 1 2 28 i > 18
at ﬂ*‘f * X 13
magnetotransmission and® 2 ¥ \ /* =
magnetoreflection and enhances the o ol 5 0 5 1% I lg
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The obtained data is consistently explaine o e *\l °
in the framework of the developed concept -2 .
of the magnetorefractive effect in the waoq,s o
infrared spectral range for metal alloy and -4 | - without space
granular system [2,3]. . . . Il - vith spacer |
R 10 15
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Support by the RFBR 10-02-00038,
program of UD-SD of the RASk 09-C-2-1016, program of DPS “Physics of new materiald a
structures’and youth scientific project UD of RA% m-6.

[1] E. Gan’'shina, N. Loshkareva, Yu. Sukhorukoakl. Magn. Magn. Mater300(2006) 62.
[2] A. Granovskii, Yu. Sukhorukov, A. Telegin, VeBsonov et allETP,112(2011) 1.

[3] Yu. Sukhorukov, A. Telegin, A. Granovskii, Ea@'shina, et alJETP,138(2010) 3.

[4] Yu. Sukhorukov. N. Loshkareva et &hysics of Metals and Metallograpt@7,(2009) 6.
[5] Yu. Sukhorukov, A. Telegin, E.Gan’shina, E.Siafsov et allechnical Physics30 (2010) 8.
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SPECTRAL CROSSOVER IN PHOTONIC CRYSTALS
Yurasov N.
Bauman Moscow State University, Moscow, RussiaQ087
e-mail: nikyurasov@yandex.ru

The results of the theoretical investigations af #pectral crossover in photonic crystals are
presented. The spectral crossover is connectedoatibrent waves [1]. We have found the points
of spectral crossing or conditions of the coheremtes excitation. We have analyzed two cases of
spectral crossover in photonic crystals. We havesidered the case of the empty photonic crystal
and the case of the photonic crystals embeddefétrmmagnetic inclusions. Such photonic crystals
are investigated experimentally [2].

We have used the periodic model of multilayer ABABAwith refractive indexes sand 1 [3]
for the empty photonic crystal. The dispersion lavr(k, m)=cos(ka)-f(n, ns, na / ng)=0, where k
(0,0,k) is the wave vector and,¥l, s =n(w), where o is the circle frequency of the
electromagnetic wave exiting the coherent wave® ditmssover condition i8F/0k=0 if another
condition 0F/0w+#0 is satisfied. So we have equality kax where m=1,2,3,... and the equation
(-1)™-f(1,n(),1/n(®))=0 determines the crossover frequencies in sto@zin second case we have
considered the Faradey’s geometry. The componédritealielectric susceptibility were functions
of magnetization and magnetic field, applied to tph@ crystal. In this case we have used the
dispersion law in forn} a(w) k" = 0, where n=0,1,2,3,...,2m, m is integer. Then weehthe
following equalityy’ (-1)" &.1 -1= 0, where n=2m, 2m-1,...,1. So the coefficieptara functions of
frequency, magnetic field, applied to photonic tay$he last equation determines the conditions of
the crossover formation: frequencies and magnituafespplied magnetic field. In Faradey’s
geometry we have spectral crossover in stop-zasw dlherefore the Bragg's peak may have the
complex structure and the empty photonic crystahenopal matrix base has one peak

[1] N.Y. Yurasov, Vestnik MGTU, Estestvennye Nauki,4, (2004), P. 124.

[2] V.S. Gorelik, N.Y. Yurasov, Y.P. Voinov, M.l. @noilovich, V.V. Gryasnov, Solid State
Phenomena, vol. 152-153 (2009), P.518.

[3] A. Yariv, P. Yeh, Optical wave in crystals. \&§-Interscience Publication, New York-1984.
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THE ANALYSIS OF THE MAGNETOREFRACTIVE EFFECT IN

Lage7Cap33sMnO3: THIN FILMS AND SINGLE CRYSTALS
Yurasov A.N, Bakhvalova T.N, Telegin A.\f, Sukhorukov Yu.B.Granovsky A.B.
! Moscow State Institute of Radioengineering, Elatite and Automation (Technical University),
119454, Moscow, Russian Federation
2 Institute of Metal Physics, Ural Division of RAS2@8041, Ekaterinburg, Russian Federation
3Faculty of Physics, Moscow State University, Moschl®991, Russia

Magnetorefractive effect (MRE) is a high frequenmegponse on magnetoresistance (MC) and
consists in variations of the coefficients of refien and transmission of electromagnetic waves of
samples with GMR, TMR or CMR under magnetizatioee(gl], and references therein). Recently,
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it has been shown that magnetotransmission and et@gflection in manganites §.&Ca 3MnO3
in the infrared spectral range (1-2Bn) near Curie temperature are due to MRE [2,3]. The
developed theories of MRE in metallic multilayeradagranular alloys with GMR and in
nanocomposites with TMR are not appropriate fayg@a 33VinO3 [2-4]. In this report, we present
results of calculations of MRE in bgCa 33VInOs single crystals and thin films in the framework
of the effective medium approach (EMA) supposingt thay 6:Ca 33VInO3 manganites consist of
low and high resistivity phases with volume franBaepending on an applied magnetic field.

We considered semi-infinite single crystals ana tlims 320, 180, 50 nm in thickness on the
LaAlO substrate (see experimental details in [Jhe frequency-dependent conductivity for
magnetized two-phases samples in the frameworlviX Ean be written as

80,0, 2|, (1)
20,-0,+3y(0,-0,)
whereo, ando; are the conductivities of the low and high resistiphases, correspondentiyis

the volume fraction of the high conductivity phdee magnetized samples. If to denotes the
volume fraction of the high conductivity phasehie tase of zero magnetic field, then

o(w,H =0)[ 0,[1- 3|+ 2(w,H = 0)] @
o, = :
2 0, +o(w,H =0)[1- ¥]
The values of were obtained from [4-6]. Then udihg), Frenel's formulas, the experimental
data onog(w,H =0)and g, from [4-6] we calculated MRE spectra&t250K. It was shown that

MRE spectra strongly depend on MC and optical pritogse Both the magnitude and the spectral
shape of the obtained MRE spectra in reflection ename in a good agreement with the reported in
[2,3] spectra of magnetoreflection.

o(w,H)=[0.50,-0.250,+ Q 75/(0, -0, )| ¥ (%

This work was supported by the President Grant udsin Federation MK-2261.2011.2; by the
Branch of Physical Sciences, RAS (project no. 08-1013); by the Ural and Siberian Branches,
RAS (project no. 09-S-2-1016); by the Russian Fatiod for Basic Research (project nos. 10-02-
00038, 09-02-12455-0fi, and 09-0200309); and byUhe Branch, RAS (youth scientific -project
no. 8-m).

[1] A.B. Granovskii, E.A. Ganshina, A.N. Yurasovadt,J. Commun. Technol. Electrob2 (2007)
1065.

[2] Yu.P. Suhorukov, A.V. Telegin, A.B. Granovskii al.,JETP,111(2010) 355.

[3] A.B. Granovskii, Yu.P. Suhorukov, A.V. Telegat al.,JETP,112 (2011) 77.

[4] N.G. BebeninPhysics Metalls and Metallography/11(2011) 242.

[5] A. V. Boris, N. N. Kovaleva, A. V. Bazhenov &k, Phys. Rev. B59 (1999) R697.

[6] Z. M. Zhang, B. I. Choi, M. I. Flik et alJ. Opt. Soc. Am. B11 (1994) 2252
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THE NATURE OF THE FARADAY SIGNAL INDUCED DUE TO THE

INVERSE FARADAY EFFECT IN PARAMAGNETIC DIELECTRICS
Mikhaylovskiy R.VV.Hendry E, Kruglyak V.V.
School of Physics, University of Exeter, StockeaRoEX4 4QL, Exeter, UK

The ultrafast inverse Faraday Effect has been dnéh@® most intriguing magneto-optical
phenomena over the last decade. The developmearaveérful ultrafast laser systems opened the
prospect of experimental studies of interactionswben light and magnetic materials on the
femtosecond timescale. It is suggested that thersgvFaraday Effect can serve as the means for
ultrafast control of the magnetic order via optieatitation [1].

We report an experimental observation of the wstafnverse Faraday effect in terbium gallium
garnet (TGG) in an all-optical pump-probe setupr@m temperature. TGG, a transparent
paramagnetic dielectric material, has been chogethé study due to its high Verdet constant at
room temperature. The Faraday rotation of the propécal pulse due to the transient
magnetization induced by the circularly polarizemnfosecond pump pulse was measured. The
behavior of the measured signal as a function efpithmp polarization and intensity revealed the
magneto-optical nature of the observed effect. Hamnethe observed amplitude of the Faraday
rotation significantly exceeds that predicted by ghenomenological theory. Moreover, the study
of the transverse spatial profile of the magnettoeapsignal shows that it differs significantlyofn
the simple convolution of the transverse profiléshe pump and probe pulses. Instead, we show
that the contribution due to a convolution of thhelge and the transient magnetic field created by
the magnetic dipole induced in the sample by thegpshould be taken into account. Importantly,
the probe experiences rotation not only when davsrlapped with the pump spot but also when it
illuminates the vicinity of the pump spot. In thatter case, the sign of the observed signal is
opposite to that observed in the case of the pesigatial pump-probe overlap. The spatial shape
and amplitude of the signal depend strongly onpiln@p spot size, which cannot be accounted for
just by the pump intensity scaling.

Therefore, our results suggest the nonlocal natdiréhe inverse Faraday Effect and add an
additional argument to the long-lasting discusstomcerning the relation between the observed
magneto-optical signal and the magnetization dyoamni the sample under study.

We will also present results of the rigorous caltiohs of the THz magnetic fields emitted by the
transient nonlinear magnetization induced in thesTigy the circularly polarized pump pulse. We
will show how these fields can lead to the nonlibgadf the observed signal and will discuss the
different nature of the Faraday signal within tlwenp spot and in its vicinity.

The research leading to these results has recdivating from the Engineering and Physical
Research Council (EPSRC) of the UK and from thesReeh Council of UK (RCUK).

[1] A. Kirilyuk, A. V. Kimel, and Th. RasingRev. Mod. Phys§2 (2010) 2731.
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ROBUSTNESS OF RESONANTLY ENHANCED FARADAY EFFECT
Nechepurenko I.A.Dorofeenko A.V, Vinogradov A.P, Pukhov A.A, Granovsky A.B.
!Institute of Theoretical and Applied ElectromagogtRAS

?Physical Faculty, Moscow State University

At an interface of two photonic crystals the Tamtates [1,2] can exist, that is an analog of
surface electron state in a crystal. The Tamm $tasea frequency from the band gaps of both PC
and is observed as a peak in transmission specifben.Tamm state, along with defect-mode of
photonic crystal [3], can be used for amplificatafrithe Faraday effect.

Being a resonance, the Tamm state is expected sernmtive to random deviation of PC layers
thickness, which always takes place in practicevitp used T-matrix technique, we have
calculated the Tamm state parameters for differealizations of random system. Our analysis
revealed that at realistic parameters the Tamne sgasstable against 10% thickness variation.
Basing on numerical and analitycal techniques & wstablished that in the presence of the Gauss
variation of thicknesses the Tamm state resonareguéncy also has gauss distribution with
variances proportional to one another. The propoality coefficient can be considered as a
stability measure. The mentioned property is a equence of linear dependence of the resonance
frequency on the PC layers thickness. Howeverridigton of resonance width proved to have
asymmetric non-Gaussian shape. This fact can béiegd by nonlinear dependence of the
resonance width. This is due to the fact that gmomance width depends on the quality factor
which is maximal for the Tamm state.

It is known that the Faraday effect can be amplifizy the Tamm state. We have considered
influence of disorder on the Faraday effect.

[1] A. P. Vinogradov, A. V. Dorofeenko, S. G. Erakh M. Inoue, A. A. Lisyansky, A. M.
Merzlikin, and A. B. Granovsky, Phys. Rev. B 745028 (2006)

[2] M. Kaliteevski, I. lorsh, S. Brand, R. A. Abrand. M. Chamberlain, A. V. Kavokin, I. A.
Shelykh, Phys. Rev. B 76, 165415 (2007)

[3] M. Inoue, T. Yamamoto, K. Isamoto, and T. Fujii Appl. Phys. 79, 5988 (1996)

22P0O-K-25

NEW MAGNETO-OPTICAL SENSITIVE MEDIA FOR VISUALIZATI ON AND

MAPPING OF INHOMOGENEOUS MAGNETIC FIELDS
Ivanov V.E, Lepalovskij V.N.
Ural State University, Ekaterinburg, Russia

It has been experimentally shown that at the mesaguongitudinal Kerr effect in FeCo films
with a plane anisotropy the complex magneto-optitadging is observed when applying
inhomogeneous magnetic field. After separation hed tmagneto-optical image®OIl) on the
pictures_correspondingolar and longitudinal Kerr effect sensitivity thfe coordinate dependences
of their intensityare analysed by comparison with coordinate depesedeof normalH,) and plane
(Hp) components of magnetic field that is shown in fig.
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The MOI correspondinghe polar sensitivity are analytic representatbithe distribution ofH,
component The linearity of transfer characteristie, correspondence of image intensatyd the
field value is provided by the large form anisoyay indicated FeCo films. This offers timew
challengeof using these magnetic films for mapping of norrmnamponent of inhomogeneous
magnetic fields.

The MOI correspondindongitudinal sensitivity are analytic represerdatiof the angular
dependence dfl, component (fig. 1b). The sensitivity of such imagglane component of field is
high enough therefore the investigated films carubed for visualization of the hidden images
possessing the low magnetic moment.

One-to-one correspondenctlocal intensity of MOI, value dfl, and ofH,, direction in the films
with the large form anisotropy is confirmed by slation (fig. 1¢c). The modeling images show
presence of singular points just like the experitaeNlOl. In these point$l, approaches to zero
(fig. 1a). The quantity and topological propertiefs singular points characterize the form and
symmetry of separate magnets as well as all magsygttem in whole.
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Fig. 1. Vector plot oHy,-component of inhomogeneous magnetic field (a)etkgerimental
(b) and simulated (c) MOI corresponding the plote@an see that specific points of MOI
coincide with the singularity of vector plot Hy.

This work was supported by the Russian FoundatorBasic Research, project no. 08-02-99081-
r_ofi.
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STRUCTURAL STUDIES OF BIOMINERAL PARTICLES PRODUCED BY

KLEBSIELLA OXYTOCA
Balasoiu M“?, Anghel L3, Ishchenko L.A&, Stolyar S.\*, Meiszterics &, Almasy L%7, Rogachev
A.V% Ivankov A.I, Soloviov D.\}, Kurkin T.S%, Jigounov A, Kuklin A.I1%, Raikher Yu.L*°,
Iskhakov R.$?, Rosta L%, Arzumanian G.M.
! Joint Institute of Nuclear Research, Dubna, 14188@sia
2Horia Hulubei National Institute of Physics and Muac Engineering, P.O.Box MG-6, Bucharest,
Romania
3Institute of Chemistry of ASM, Chisinau, Moldova
“Siberian Federal University, 660041, Krasnoyarsksdta
®Kirensky Institute of Physics, Siberian Branch &3 Krasnoyarsk, 660036 Russia
®Research Institute for Solid State Physics andd®pBudapest, Hungary
"Paul Scherrer Institute, Villigen, Switzerland
8 Institute of Synthetic Polymer Materials RAS, Mosgd 17393, Russia
%Institute of Macromolecular Chemistry, ASCz Prague
Yynstitute of Continuum Media Mechanics, Ural BramdtRAS, 614013, Perm, Russia

An important area of research in nanotechnologysde@h the synthesis of nanoparticles of
various chemical composition, size and controllexhadispersity. The control on the nanoparticles
shape is a recent addition to the list of requirgisiénposed on newly emerging synthesis methods.
Currently, there is a growing need in methods todpce environmentally benign nanoparticles
without use of toxic chemicals in the synthesist@rol. As a result, researchers in the field of
nanoparticle synthesis and assembly have turnkmkogical systems.

Bioproduction systems are of special interest dug¢heir efficiency and flexibility. Microbial
cells are highly organized units, regarding morphggl and metabolic pathways, capable of
synthesising well size-calibrated and structuripedgticles. Furthermore, biogenic nanoparticles
often are water-soluble and biocompatible, whicasisential for many applications.

BacteriumKlebsiella oxytocgroduces several types of ferrihydrite nanopasich response to
variation of the growth conditions (duration, exgpios to light, medium content, etc.), whose
properties were identified by means of Mossbauectspscopy and static magnetic measurements
[1-3].

Studies by means of high resolution scanning edactmicroscopy and X-ray scattering have
shown that biogenic nanoparticles removed fromdyach Klebsiella oxytocare wrapped in in an
organic sheath and display structural parametesembling those of a cylinder of radius
R=4.87%x 0.0znm and lengthL =2.12+ 0.04 nm [4,5]. Hereby we present the results of thekwor
aimed at further elucidation of the structural paeters and aggregation state of the afore-
mentioned biogenic particles dispersed in watenlbysonication.

[1] S.V. Stolyar, O.A. Bayukov, Yu. L. Gurevich et,dhorganic Materials42 (2006) 763.

[2] Yu. L. Raikher, V.I. Stepanov, S.V. Stolyar et.&hysics of the Solid Stai (2010) 298.

[3] L.A. Ishchenko, S.V. Stolyar, V.P. Ladygina et.&hysics Procedia (2010) 279.

[4] M. Balasoiu, S. V. Stolyar, R.S. Iskhakov etRémanian J. Phys55 (2010) 782.

[5] M. Balasoiu, L.A. Ishchenko, S.V. Stolyar, et.@ptoelectronics and Advanced Materials —
Rapid Communicationg (2010) 2136.
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DIFFUSIVE MOTION OF NANOPARTICLES UNDER DIRECTED

EXTERNAL STIMULI
Belzik MY, Dobbrow C?, Schmidt &, Gottlieb M!
! Chemical Engineering Dept., Ben-Gurion UniversBger-Sheva 84105, Israel
2 Department Chemie, Universitat zu KéIn, K6ln 5098@rmany

The diffusive motion of magnetic nanoparticles smfed in a liquid is affected under the
influence of external magnetic field as result adgesses such as chain formation, self-assembly or
micro-phase separation. The magnetic cobalt natiolesrexamined in this work are stabilized by
a combination of steric and electrostatic effed@ise absence of charges on the surface leads to
chain-formation due to magnetic dipole-dipole iat#ions. By adding tri-n-octylphosphine oxide
(TOPO) to the synthesis mixture, a surface chasggeated, and occurring electrostatic repulsion
overcomes magnetic dipole attraction and Van deral$Vdorces. Thus, the particle-particle
interactions are dependent on the TOPO concentraishown in Figure 1.

FiQuré 1 Transmlssn >I
no TOPO is added during the synthesis; b) 6.3 MMAPO; c) 12.7 mmol/l TOPO; d) 25.4 mmol/l TOPO.

We employed Dynamic Light Scattering (DLS) and Dapmed Dynamic Light Scattering
(DDLYS) to study the dynamic behavior of magnetiaagarticle samples that differ in the amount
of TOPO. Translational diffusion coefficients amdtion of particle concentrations were obtained
by DLS measurements. Differences in the diffusioefficient with concentration can shed light on
particle-particle interactions. DDLS measuremeritswa determination the rotational diffusion
coefficient of chain structures from which the dimam®n, thus the length of the chains can be
deduced. Comparison of the dynamics of these sgsteithout an external field, and while
subjected to an external magnetic field of 3.7 naE been carried out. We find that under the
influence of the magnetic field the diffusion coent of all system examined decreases. The
decrease of the diffusion coefficient is most kkdle to chain formation or cluster formation under
the magnetic field. We show that for particles wiabnsiderable surface charge (high TOPO
concentration) the slowing down of the diffusiondan an external magnetic field is a time-
dependent process, which surprisingly diminisheh wicreasing concentration.
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VISCOELASTIC PROPERTIES OF FERROFLUIDS
Zubarev A.YY.Chirikov D.N.
Urals State University, Lenina Ave 51, 620083, tekaburg, Russia

Magnetic fluids (ferrofluids) present colloidal gpemsions of single-domain ferromagnetic
particles in a carrier liquid. The typical diametdrthe particles is about 10-15 nm. In order to
prevent the irreversible coagulation of the pagsclnder the action of the colloidal dispersion
forces, they are covered by special layers whichestthese forces. For many modern ferrofluids
the surface shells consist of surfactant moleculestypical thickness of these layers is about52-2
nm.

One of the interesting and important features ofofaiids is their ability to change rheological
properties under the action of external magnedidfiThe first theories of the magnetorheological
effects in ferrofluids [1,2] deal with very diluteystems, where any interactions between the
particles can be ignored. The maximal magnetovisaitect predicted by these models does not
exceed several per cent. However, experiments {eeesxample, [3,4,5]) carried out in recent
decades with various commercial ferrofluids, denras increase of their viscosity under the field
by one-two orders of magnitude and the time of Idggoal viscoelastic relaxation which is 4-5
orders of magnitude more than that predicted byctassical models [1,2]. Analysis shows that the
strong rheological effects can take place due peagance of heterogeneous aggregates consisting
of the ferrofluid particles [3-5]. Two types of ttstructures in ferrofluids are well-known — the
linear chains and the dense bulk “drops” as well.

One can suppose that experimentally detected Egjoelastic phenomena in ferrofluids appear
due to finite rate of evolution of ensembles ofelheyeneous aggregates after alternation of
macroscopical shear rate of the fluid. Characferistne of evolution of these ensembles can
determine the time of macroscopical viscoelasticftthe fluid.

We propose a simple statistical model of kineti€sewolution of the chain-like aggregates in
ferrofluids and effect of this process on the macopical viscoelastic properties of ferrofluids.rOu
analysis shows that the viscoelastic phenomena lmandetermined by evolution of the
heterogeneous aggregates in ferrofluids. In spiteeoconscious oversimplification of the model, it
leads to reasonable agreement with known experahesgults.

We are grateful for the financial support to thesflan Fund of Fundamental Investigations
(projects 10-01-96002-Ural, 10-02-96001, 10-02-0D0® the Russian Federal Education Agency,
projects 2.1.1/2571 and 2.1.1/1535; to the Russkederal Target Program, projects
02.740.11.0202, 02-740-11-5172 and NK-43P(4).

[1] W.F. Hall, S.N. Busenberg, J. Chem. Ph$4.(1969) 137.

[2] M.I. Shliomis, Soviet Phys. Uspekhi (Engl. Ted)il7 (1974) 153.

[3] S. OdenbachMagnetoviscous Effects in Ferrofluids. Lectures dsoin Physics Springer,
(2002).

[4] L. Pop, S. Odenbach, J. Phys.: Condens. Matt@(2006) S2785.

[5] J. FleischerRheologische Eigenschaften magnetischer Flussegkemter-schiedlicher
chemischer ZusammensetzuBgrlin. Verlag. (2004).
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GROUND STATES OF FERROFLUID MONOLAYERS IN THE PRESE NCE

OF AN EXTERNAL MAGNETIC FIELD
Kantorovich S:?, Danilov V2, Prokopieva T, Holm C?
! Ural State University, Ekaterinburg, Russia
Z Institute for Computational Physics Universitatt8art, Stuttgart, Germany

It is well known that the geometrical confinemeanccrucially influence the properties of the
system. Thus, the microstructure of ferrofluid miayers (thickness on the order of 40 nm) [1],
differs greatly form the one in bulk magnetic flsitdoth for the case of the absence of an applied
magnetic field and under its influence [2]. Thestfiand important step is to analyse the groune stat
structures formed in a monolayer.

Computer and theoretical investigation of partaleangements in a thin film of a magnetic liquid
at low temperatures is presented. The approachlapae by us combines the simplicity of
simulations and accuracy of the analytical model allows to study particle aggregates and their
properties [3]. The microstructure was investigatedsistently in three steps: monodisperse and
bidisperse model in the absence of an external etegfield, monodisperse model under the
influence of an external field. The careful anaysf the most probable microstructures of a thin
layer of a magnetic liquid has been carried oudkat The analysis of stability of structures under
thermal fluctuations allows to draw the conclusairout the microstructure of investigated systems
at low temperatures.

This research has been carried out within the @rssupport by RFBR Grant No.08-02-00647-a,
AVCP Grant No. 2.1.1/1535, FASI No. 02.740.11.0268d the Grant of President RF MK-
6415.2010.2 and Alexander von Humboldt Foundation.

[1] Klokkenburg M. et alPhys. Rev. Letb6 (2006) 037203.
[2] Kantorovich S. et aPCCP,10(2008) 1883.
[3] Prokopieva T. et alPhys. Rev. B0 (2009) 031404
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MICROSTRUCTURE OF BIDISPERSE FERROFLUIDS IN MONOLAY ER
Dobroserdova A, Minina E!, Cerda %, Pyanzina E, Holm C?, Kantorovich S
! Ural State University, Lenin av. 51, Ekaterinbug8p000, Russia
2 Institute for Cross-Disciplinary Physics and CoexpBystem,
Campus University de les llles Balears, 07122, BalenMallorca
® Institute for Computational Physics, UniversitySifittgart, Pfaffenwaldring 27, 70569, Stuttgart,
Germany

Ferrofluid particles can form various structuresnionolayers in the absence of an external
magnetic field. These clusters in constrained gégnae different from the ones in 3D. Recent
quasi-2D experiments performed by cryogenic trassion electron microscopy (cryo-TEM) [1]
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have demonstrated the formation of chains and riHgsvever, the microstructure of ferrofluids in
2D is not yet completely understood.

In the present investigation we try to describerntherostructure of bidisperse ferrofluids in quasi-
2D geometry where the centres of all particlestiagped in one plane and their magnetic moments
can rotate in 3D. This system is the model caserefl liquid which is polydisperse. However, the
influence of the polydispersity is observed evethmbidisperse system [2].

We have performed molecular dynamics simulationsifalerstanding the system microstructure.
The simulations were realized using simulation paek ESPResSO [3]. Together with the
simulations we have constructed the theoreticalehofithe bidisperse ferrofluid. It is based on the
minimization of the free energy density functionahder the mass balance condition. Our
theoretical analysis has allowed to determine sinambers and types of the main structures in
thermodynamic equilibrium. These results and dedenfmolecular dynamics simulations have a
good agreement.

We have compared the microstructure of the bidspérrofluid in quasi-2D with the one in 3D
[4], too. This comparison has shown the differebewveen them: in 2D one finds more topological
configurations of chains (different combinationssafall and large particle positions in the chain),
rings, and, besides that, the chains in 2D aredoftizan in 3D. However, the longer chain can be
explained only in terms of entropy, not energy.sTfact has been also proven by studying pair
formation probabilities.

In future we will investigate the microstructure tife bidisperse ferrofluids in constrained
geometry in the presence of an external magnetid. fBesides we would study the ferrofluids with
stronger interparticle interactions, and for thase the development of a new theoretical approach
IS needed.

This research has been carried out within the Gizusupport by RFBR Grant No. 08-02-00647-a,
AVCP Grant No. 2.1.1/1535, FASI No. 02.740.11.0288d the Grant of President RF MK-
6415.2010.2.

[1] M. Klokkenburg at allPhys. Rev. Lett99 (2006) 037203.

[2] A. Ivanov, S. KantorovichPhys. Rev. EZ0 (2004) 02401-01-10.

[3] http:// espressowiki.mpip-mainz.mpg.de/wiki/exdphp/Main Page

[4] C. Holm, A. Ivanov, S. Kantorovich, E. Pyanzjita Reznikov,). of Phys.: Cond. Matt1,8
(2006) 2737.

22P0O-M-6

DETERMINATION OF THE MOST PROBABLE MAGNETIC MOMENT

ORIENTATIONS OF A PAIR OF DIPOLAR HARD SPHERES.
Elfimova E, Efimova V, lvanov A.
Ural State University, Yekaterinburg, Russia

Classical result of the virial expansion of therghstribution function is a power series over the
ferroparticle volume concentration. For the syst#ndipolar hard spheres, the coefficients of the
series (virial coefficients) depend on the distabheéwveen a pair of the particles and intensity of
magnetodipole interaction in the absence of anreatenagnetic field. These coefficients are the
result of averaging of the interparticle interastipotential over all possible magnetic moment
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orientations and particle positions. Thus pairrthstion function describes the probability density
of the location of a pair of ferromagnetic particten a certain distance.

The aim of this paper is determination of the nmmstbable mutual orientation of the magnetic
moments of a pair of dipolar hard spheres taking sonsideration the influence many particle
correlations. For that, the virial coefficientstbe pair distribution function are not averagedrove
the magnetic moment orientations of a pair of fermgnetic particles. In the obtained function, the
points of local maximum are found.

In order to determine the pair distribution funatio is convenient to use the diagram method for
representation of the virial coefficients. The setoirial coefficient corresponds to the set of
double-particle diagrams; the third one is theo$¢tiree- particles diagrams and so on [1].

In the first approximation, when only double-pddiaddiagrams are taken into account, the
obtained result is rather predictable. The “heathiid position is the most advantageous situation
from the energy viewpoint.

In the second approximation it is necessary toyssixithree-particles diagrams. The examination
of all these diagrams allows to get the most prtgbatutual orientation of the magnetic moments of
a particle pair and to find the influence of thiedromagnetic particle on these orientations.

This research has been carried out within the Gr@drsupport of Grant of President of RF MK-
1673.2010.2.

[1] E.A. Elfimova, A.O. Ivanov,). Exp. Theor. Phy411, N.1 (2010) 146.

22P0O-M-7

THE EXPEIMENTAL SETUP FOR MEASURING THERMAL PARAMET ERS

OF MANETIC FLUIDS IN AC MAGNETIC FIELD.
Yelkhova T.M?, Plyashkevich M.E, Spichkin Y.F, Tishin A.M*?
! Faculty of Physics, M.V. Lomonosov Moscow Statevdrsity, 119991, Moscow, Russia
2 Advanced Magnetic Technologies and Consulting L142190, Troitsk, Moscow region, Russia

The setup for measuring of heating effect of magn#tid in ac magnetic field has been
developed. This apparatus is made for examiningainetic fluids’ thermal properties to use them
in the magnetic hyperthermia procedure.

The setup consists of:

- a system of the magnetic field creation;

- a temperature measuring system.

The system of the magnetic field creation considtgenerator GAG-810, an amplifier and a
magnetic coil (solenoid). The signal from generasaamplified by 200 W amplifier that allows to
reach the magnetic field strength of 80 Oe indiderhagnetic coil with working bore of 16 mm and
linear size of 43 mm. The temperature measuringesysonsists of differential thermocouple and
voltmeter Agilent 34410A.

In the experiments a flask with the magnetic flisgut into the solenoid working bore and the
magnetic field is applied during fixed time intekv@he temperature change caused by the field
application is measured by the temperature meagsgistem. Then thermal parameters of the fluid
are calculated by model equations.
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USE OF MICROSIZED FERROCOMPOSITES FOR IMMOBILIZATION OF

BIOLOGICALLY ACTIVE COMPOUNDS
Feofanov V.SKomissarova L.Kh Kuznetsov A.ABrusentsov N.A.
N.M. Emanuel Institute of Biochemical Physics of fRussian Academy of Sciences,
Kosygin str. 4, 111977, Moscow, Russia. e-mail: lssarova-lkh@mail.ru

Magnetic nano- and microsized particles can be dgedarious biomedical applications: cell
separation, immobilization of enzymes, detoxificatof biological liquids, magnetic drug targeting
und others [1-3].

We have mainly studied sorption efficiency of ircebon microparticles [1]. It is actual to study
sorption efficiency of ferrocomposites of differeclhhemical content and dimension in order to
evaluate the possibility of using them for immatalkion of biologically active compounds. It is
necessary to modify the surface of these compaositesder make it biocompatible. The aim of the
research is to work out new modifications methoflscavering the surface of microparticles
ferrocomposites by biocompatible materials for filowing immobilization of biologically active
compounds.

We have modified the surface of composites: iromaa (FeC), iron-silica (FeSipsized 0,5-2
mkm, magnetite (R©,) sized 1-3 mkm; iron of content 90% restored iemd 10% F¢O, sized
0,06-0.1 mkm. Carboxilate-modified magnetic paesclwere obtained by albumin or gelatin
coating with the following glutar-aldehyde processialdehyde-modified —by dextran coating with
NaJQ activation. TiCl-modified composites were obtained by Ti@cttivating of gelatin-coated
microparticles. We have studied immobilization afnmoglobin, hemin, barbiturates ond other
substances on modified particles. Adsorption of églobin and other substances on modified
particles was carried out in a physiological soltand in a model biological liquid (0.6% albumin
in physiological solution) at 2C (pH 7.2) at different mass ratios of compositefpound. The
sorption efficiency of ferrocomposites was detemdiras the ratio of the quantity of the adsorbed
substance to its initial amount (w/w), expresseéoimnd in mg/g composite (absorptive capacity)
for a certain ratio of adsorbent/substance. Theimalxabsorptive capacity of hemoglobin was
found for iron particles modified by albumin andxttan: 40.4 mg/g and 47.3 mg/g, accordingly.
The maximal absorptive capacity of natrium phenbibalr (25.7 mg/g) — for iron particles modified
by albumin, of barbituric acid - for composite F@5{58.0 mg/g). These meanings exceed those for
FeC composite. Thus, modified by albumin and dexta microparticles, and FeSi€omposite
can be recommended for detoxification of biologicglids from free hemoglobin and barbiturates
by the method of magnetic hemosorption. The meshamf biologically active compounds
immobilization at different modifications of compies surface is discussed.

[1] L.Kh. Komissarova, A.A. Kuznetsov, V.I. Filippcet al., in: Book of reports symposium “Use
of biomagnetic carriers in medicine” (2002pscow, p. 68-76.

[2] N.A. Brusentsov, L.Kh. Komissarova, A.A. KuzeeV et al., Biocatalytic Technology and
Nanotechnology. Nova science Publishers (2004) Blosp. 59-66.

[3] O.V. Salata, J. of Nanobiotechnolo@/,No 4 (2004) p.1-6.
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MAGNETIC AND MECHANICAL PROPERTIES OF MAGNETOELASTI CS
Nikitin L.V}, Gladkov A.A, Nikitin A.L%, Stepanov G.¥.
! Moscow State University, Physical department, Mescl19899, Russia
2 SSC RF GNIIChTEOS, 38, shosse Entuziastov, Mosta]23, Russia

The magnetoelastic is magnetically controllable posite material, which is able to change
significantly its shape, elastic and viscous charétics in an external magnetic field. It is an
cluster of small magnetic particles in a polymetnraSuch kind of materials is supposed to be use
as elements of active suppression in mechanicallatsg systems. That's why it is of great
importance to study magnetic and magnetically-ddpenelastic properties of the magnetoetasti
We have examined two series of samples:

1. With unchanging size of magnetic particles of 2660
and the concentration of particles ranging fror#36 82%

2. With the unchanging concentration of magnetic pbasi of 62%
and sizes ranging from 10 nm up to 50000 nm.

Our samples of the magnetoelastic were made obdbis of silicone rubber, with the magnetic
particles infiltration in the polymerization phaskthe sample.

We have examined the dependence of the magnetiaatbastics of magnetoelastics on the size
and concentration of magnetic particles. In addjtiave studied the amplitude-frequency
characteristics of the system with the damper - mataglastic. It is shown that the amplitude-
frequency characteristics depend much on the sideeancentration of magnetic particles.

In measurements we have obtained hysteresis laopboth series of samples, the values of
magnetization of saturation and magnetic suscéipfibhs the result of these studies we came to
the conclusion: clusters of larger particles aremonore strong in displaying magnetic properties,
and hence the using of large particles is much nedffiective in magnetoelastic control. On the
other hand, we should not forget that very larggme#ic particles can deform the subsystem of the
elastic matrix.

Also, we have obtained the amplitude-frequency attaristics of forced oscillations of the
oscillating system. We have measured the ampliftetpiency response of the system with
different values of external magnetic field thatswapplied to the magnetoelastic to show its
influence on the oscillatory system. Thus it hasrbshown that the amplitude of the system in the
resonance state decreases with increasing of exteragnetic field and the resonance frequency
increases. There was investigated the influenextairnal magnetic field on the frequency response
of the system that depends on the concentration sines of magnetic particles in the
magnetoelastic.
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MODEL OF A THIN ROD WITH VISCOELASTIC MAGNETIZABLE

MATERIAL IN THE ALTERNATING MAGNETIC FIELD
Zimmermann K, Zeidis I, Naletova \?, Kalmykov S, Turkov \?
! Technische Universitat llmenau, Faculty of MechahEngineering, lImenau, Germany
2 Department of Mechanics and Mathematics, Lomondgoscow State University, Leninskie
Gory, Moscow
% Insitute of Mechanics, Lomonosov Moscow State ersity, Michurinskii Pr., 1, Moscow

Dynamics of a thin rod with magnetizable polymerinylindrical channel under the action of an
alternating “travelling” magnetic field is consieéek. Magnetic field provokes periodic deformation
of the rod, so the rod moves along a channel. pfraved experimentally, that the direction of its
motion is opposite to a direction of a “travelingiagnetic field. An experimental installation (a
channel with the system of switching electromagnedils) and experimental studies of the rod
behavior are represented in [1]. The theoretiaaliss of the rod velocity based on the calculations
of static deformations was performed in [2] for dMfr@quencies of the magnetic field. The model
of dynamics of a thin rod with magnetizable elastiaterial was used in [3] for a rod velocity
calculation for an arbitrary frequency of the field

In present paper in order to correct the model mbar of new effects are taken into account.
Polymer under consideration has an appreciablesiis¢ so the model of thin rod with viscoelastic
(using Foight model) magnetizable material is ugde equations describing the dynamics of the
neutral line of thin rod under the action of exedrforcesK (magnetic, gravity and friction) are:

dP 0% 0%6 d 926 ol d ol
Pik=ps2" p=-£)29-33 9429 p-g|g L -1]+zpd 9]
ar TR (aﬁj 3 [dt a|2j t S{ (mo J 3'7o|ta|J

Herer is radius-vector of the neutral lind, §) are natural coordinates of the neutral likeis
Lagrange coordinate of non-deformed r&l,is a cross-section area of the deformed doi, a
moment of inertia of cross-sectidajs Young’s modulusy is viscosity coefficient.

In order to obtain edge effects for magnetic fieddhr the coil ANSYS is used for magnetic field
calculation. Friction coefficient on channel sides a non-linear dependence on the reaction of the
support. Using this model a problem of the rod owtin a vertical plane under the action of
“travelling” magnetic field is solved numericallZ ¢+ program was written).

Numerical calculations of the rod motion were perfed for various parameters: length of the
rod, concentration of magnetic particles in polynterand /7. It was shown that viscosity and

elasticity have insignificant influence on the redlocity for small field frequencies. Magnetic
properties considerably influence on the rod véjyodror high field frequencies all parameters
dramatically influence on the rod velocity. It isosvn the strong dependence of rod velocity on an
initial rod position.

This work is supported by Russian Foundation fosiBa&Research (project 10-01-91333) and
Deutsche Fourschungsgemeinschaft (DFG Zi 540-14/1).

[1] K. Zimmermann, |. Zeidis, V.A. Naletova, V.Aufkov, Phys. Stat. Solidl(12) (2004) 3706

[2] K. Zimmermann, V.A. Naletova, I. Zeidis, V.A. ufkov, E. Kolev, S.A. Kalmykov,
Magnetohydrodynamicg4(2) (2008) 143.

[3] V.A. Naletova, K. Zimmermann, |. Zeidis, V.A.ufkov, S.A. Kalmykov, M.V. Lukashevich,
In: ESMC2009, September 7-11, 2009, Instituto Sup&eanico, Lisbon, Portuga{2009) 124.
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MAGNETIC PROPERTIES VARIATIONS IN IRON COMPLEXES

DEPENDING ON THE SYSTEM SPIN STATE
Khenkin L.\, Novakova A.A, Perov N.S, Vompe A.A, Sotskiy V...
! Physics Department of Lomonosov MSU, LeninskieyGar Moscow, 119991, Russia
2 Chemistry Department of Ivanovo State Univerdiismak str., 37, lvanovo, 153025, Russia

In some metallo-organic complexes of transitionatsetcalled spin-crossover materials (SCO), a
central metal cation can switch the spin statenfftow-spin to high-spin state) under influence of
external factors, like temperature, pressure angnetz field[1]. Simultaneously with spin state
switching optic and magnetic properties of systdrange. This phenomenon has a wide area of
applicationsin switching, sensing, memory and other deviddse investigations of temperature
spin transition were performed by methods of a Massr spectroscopy, magnetic susceptibility
measurements and magnetic moment in high field uneagents, which allowed to receive the
information about a spin transition temperaturenvél and the changes of iron valent and spin
states.

Complexes of bivalent and trivalent iron with ligenbased on benzimidazole derivatives have
been synthesized and investigated. Samples havednaded in two series by the nature of anion
(CI" or CIOy) and within series samples ligands differed inléregth of alkyl radical. The samples
differed from each other by color which, as it isolwn, depends on a spin state. For bivalent
samples temperature dependencies were obtaineds@ndtransition temperature interval was
established.

Some samples were found in a mix-valence state,ctbraplicated spin transition observation.
Combination of Mossbauer spectroscopy method andnetec moment in high field (16 kOe)
measurements in temperatures from 120 K to 350d¢val us to establish the valence of iron ions
under spin transition in our samples and spin it@nstemperature frameworks for these mix-
valence compounds. It was found out that trivalssmnpounds undergo spin transition in lower
temperature interval than compounds with bivalest ions.

[1] P. Gutlich, H. Goodwin “Spin Crossover—An OviéiRerspective” // Top Curr Cherd33
(2004), 1-47.

22P0O-M-12

BEHAVIOR OF GAS-VAPOR INCLUSIONS IN MAGNETIC FLUIDS IN
ALTERNATIVE MAGNETIC FIELDS
Klimenko E.M., Simonovsky A.YaKholopov V.
! Stavropol State University, 1 Pushkina str., 355868/ropol, Russian Federation
?Institute of Mechanics, Lomonosov Moscow State @rsity, 1 Michurinskiy ave., 119192
Moscow, Russian Federation

Results of experimental investigation of influerafealternative magnetic fields with intensity 3
kA/m on heat flow and frequency of gas-vapor inidas formation at the boiling of magnetic fluid
are presented.
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The vapor-fluids nanodisperse magnetizable syssethe object of research. It was received by
means of heating of magnetic fluid up to the bgilicondition. Gas-vapor inclusions are the
disperse phase of the system. Magnetic fluid wasspersion medium of the system. Magnetic
fluid (MF) is fulfilling role of the environment. W& used magnetic fluid (MF) magnetite on
kerosene type with volume concentration of solidgghof 5,75 % and density 1040 ki/m

Formation frequency of gas-vapor inclusions attibiding of magnetic fluid was measured by an
inductive method. Heat flow determined by meansystem of thermocouples. In the process of
heating the sensor indications are recorded bygitatioscilloscope.

The Helmholtz’s coils were a source of alternativeégnetic field. Magnetic field direction in our
experiments was perpendicular to a measuring agits (horizontal magnetic fields) or parallel one
(vertical magnetic fields).

Observations shows that in the vertical magnetidd$ (as opposed to horizontal variable
magnetic fields), magnetic fluid started to boikagnificantly lower temperature. The emergence of
gas-vapor inclusions in the vertical magnetic Beldas fixed at a temperature of the heater near
93°C (in horizontal magnetic fields at 1%3. Frequency of gas-vapor inclusions formation in
vertical magnetic fields exceed on 26% frequendyadrizontal one.

Behavior of heat flow in vertical horizontal andriadle magnetic fields was researched. Heat
flows behavior in vertical magnetic field like taitizontal magnetic field in all intensity range.
However, the flows in vertical magnetic fields &% above than the heat flow in horizontal
magnetic fields.

The results suggest that the magnetic field isidenably influence on the behavior of gas-vapor
inclusions in magnetic fluids. Therefore the e#id control of heat exchange processes in complex
magnetizable systems by an alternative magnetat iBepossible.

22P0O-M-13

THE RAYLEIGH-TAYLOR INSTABILITY OF A THIN FERROFLUI D LAYER
IN A PERPENDICULAR MAGNETIC FIELD
Kazhan V.A, Korovin V.M?
! Moscow State University of Environmental Enginegrih27550 Moscow, Russia
2 Institute of Mechanics, M.V. Lomonosov Moscow Stdgiversity, 119192 Moscow, Russia

In the present work we study the influence of ingzbsuniform magnetic fieldH,on the
development of the Rayleigh-Taylor instability ofNeewtonian ferrofluid layer, which wets the
faced-down surface of a horizontal plate made @freagnetic matter. The layer typical thickness
is assumed to be much smaller than the capillargttel,., and the layelower boundary interfaces
with a quiescent gas. Since the Rayleigh-Taylotainity is a gravitational instability, which
develops in presence aflverse density stratification in fluid, the magnéulk force and magnetic
normal traction effects should appear for any sfiterof magnetic fieldH,. The Rayleigh-Taylor
instability of a ferrofluid thin layer in a longitlinal magnetic field has been studied theoretically
and experimentally in Ref. [1].

From experiments with nonmagnetic viscous fluidelay it is known that the Rayleigh-Taylor
instability growth leads to formation of two-dimeémsal patterns exhibiting different symmetries
[2]. The preferred symmetries are the hexagonalaaial ones. At the latest stage of the instability
development the liquid layer disintegrates intoibgularly arranged stable pendant droplets, if the
Bond number does not exceed the critical valuBof= 004. The distance between two neighbor
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droplets in hexagonal patterns is very close to ttteoretically obtained value for the fastest
growing mode wavelength.

Within the framework of ferrohydrodynamics, we haderived a nonlinear equation which
describes the evolution of the local thickness wfirtially flat liquid layer. The equation was
obtained by asymptotic procedure of simplificatiapplied to the full set of hydrodynamic
equations and boundary conditions [3]. Considering normal modes to bproportional to
exp{i(kx—cut)] , the following dispersion equation was obtaiimethe framework of the linearized

evolution equation and boundary value problem ofjme#ostatics

w=-2 x2(Bo+Tk -k . wherei is an imaginary unitx = kc,
g y
C
2 2
_| ¢ _ / a ) (,Url_l) _CHy 42 _ -7 H
Bo=|—| ,|. = |—,T , ,q)= , g=—>=H;, =410 " —
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Here p, a andn are the ferrofluid density, surface tension argtaesity, respectivelyg is the
gravity accelerationg is the layer initial thickness; and,,, 14,, are the relative permeabilities of

the fluid and plate matter.

Dispersion equation analysis has shown that thg@eraof unstable modes is considerably
expanded for magnetic fields easily attainableldboratory conditions. It was found that upon an
increase ofH, 4,41, 4, , the distance between neighbor pendant dropleteases.

The work is supported by the RFBR (project 11-005X).

[1] V.M. Korovin, A.A. KubasovJMMM, 202 (1999) 547.
[2] M. Fermigier, L. Limat, J.E. Wesfreid, et dl,Fluid Mech.236(1992) 349.
[3] A. Oron, S.H. Davis, S.G. BankofRev. Mod. Physic§9, No. 3 (1997) 931.

22P0O-M-14

MAGNETIC HYDROGELS AND THEIR PROPERTIES
Nikitin L.V}, Gladkov A.A, Nikitin A.L®, Korovushkin A.E, Nikolaev A.L% Gopin A.\A
! Moscow State University, Physical department, Mesc119899, Russia
2 Moscow State University, Chemical department, Megcl19899, Russia

Hydrogels - solidlike disperse systems, charaatdriay the formation of the structure, which
gives them the mechanical properties of solids.ikgnbrdinary hydrogels magnetic hydrogels
possess magnetic properties inherent in clustessafl magnetic particles. This paper investigates
the conditions under which magnetic hydrogels carcieated and their properties can be studied.
In this work to create a magnetic hydrogels, theglrogels have been used as source material: agar
hydrogel, polyacrylamide hydrogel, a solution ofi®hic F-127, Temperature detector hydrogel.
These hydrogels have been chosen as the commoneadiagesearched. Also these hydrogels have
a good repeatability of the samples.

Experiment has shown that the mass concentratiomagfnetic particles should not exceed a
certain critical value, otherwise the polymer mael will not formed. We have identified the
critical mass density of magnetic particles in whithe formation of magnetic hydrogels is
proceeding.
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Also the change of the magnetic characteristicsnafjnetic hydrogels samples during their
drying-swelling has been studied. Was obtaineddngsts loops, magnetization of saturation and
susceptibility patterns. Dependence of the elgstperties of magnetic hydrogels on the applied
magnetic field was researched. It is shown thaeddence of the deformation on the compressive
stress is linear in agar and polyacrylamide magnieyidrogels. Observed that with increasing
magnetic field the Young's modulus in the examis&ahples increases.

Despite the fact that the magnetic hydrogels amapbetely new materials, there are already
proposals for their use. It is supposed to use themumidity sensors, new composite materials and
new devices in medicine.

22P0O-M-15

STRUCTURE PROPERTIES OF POLYDISPERSE MAGNETIC FLUID S
Krutikova E, Anokhin D.
Ural State University, Lenin Av, 51,Ekaterinburgjdlia

Structure properties of magnetic fluids are desctiby pair correlation functiog(i') —1 which

means probability density for the mutual positiohtwo randomly chosen ferroparticles, the
magnetic moments of which are averaged over a#ntations. The pair correlation function
describes interparticle correlations which respaledior the differences between the properties of a
magnetic fluid and those of an ideal paramagnetg §mall-angle scattering experiment allows to
investigate structure properties of ferrofluidspEsimentally measured intensity of scattering make
it possible to obtain the so-called structure fgatdnich is actually the Fourier transform of thearp
correlation function of the ferroparticle systenmus, for correct processing of experimental data, i
is necessary to develop the theoretical model, kviaiould allow to do transition from structure
factor in Fourier's space to pair correlation fuoetand back. In actuality, magnetic fluids are
polydisperse, so the model is obtained in bidispapgproximation.

The ferrofluid is modeled as a system of bidispélipelar hard spheres. All particles were formal
divided into two types — «large» and «small». Thaye diameters - ds, dl and magnetic moments
ms, ml, correspondingly. For this system, the pairelation function is a function of the typical
interparticle distances («small» - «small»)J, («large» - «large») and, («small» - «large»),

and depends on the ferroparticle volume conceotrgts nnd®/6 and the dipolar coupling constant
A= mP/dkBT. Here kBT is thermal energy and n is numbercentration. Three different parts of
pair distribution functiong(r'), corresponding typical interparticle distancegy. Xr, ) and

ss !

g(ry), determine pair interactions between «small» - atbbm «large» - «large» and «small»-

«large» particles. Calculation method for eachhafse parts was described in papers [1, 2] for
cases, when particles were modeled as monodisggae soft’/hard spheres.

We examined the diagrams which are corresponditigetsecond and the third virial coefficients
in bidisperse case. All diagrams have been divitea three blocks, by the main characteristic
distance (between particles with numbers 1 anth@§ each pair distribution function contained on
three basic diagrams — 2 - three-partial and lo-partial.

As a result, we have constructed the interpartifd®retical model of polydisperse magnetic fluid
within the bounds of bidisperse approximation. Tgar correlation function, which describes
interparticle correlations and structure propertasferrofluid, were determined analytically.
Adequacy of constructed model will examine on eikpental data. This work is the subject of our
further investigation.
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[1] E.A. Elfimova, A.O., IvanovJETP.,111, N1(2010) 146.
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EFFECTS IN MAGNETORHEOLOGICAL ELASTOMERS POLYMERIZE D

IN MAGNETIC FIELD
Bica I}, Balasoiu M**, Kuklin A.12
! West University of Timisoara, Department of Elaity and Magnetism, Timisoara, Romania
2 Joint Institute of Nuclear Research, Dubna, Russia
% National Institute of Physics and Nuclear EngiimegrBucharest, Romania

Magnetorheological elastomers (MRES) are composéterials that include an elastic matrix into
which magnetizable particles and additives are ediggd. In magnetic field, like the case of
magnetorheological suspensions, the magnetizablasephforms aggregates, determining
considerably changes in the physical charactesisiicMREs. This property is used in various
applications and studied intensively.

The materials used for manufacturing MRE are siecoubber (SR), type RTV 3325/Bluestar
Silicones (30 cr¥); catalyst (C), type 60R/Rhéne-Poulenc (6%griton carbonyl (IC), type Merck
(18 cnf), with granulation ranging between 415 and 5.41m and min. 97% Fe; silicone oil (SO),
type Merck, 6 crivolume.The mixture consisting of IC and SO is Igfaiuto the temperature of
600K+5% and kept at this temperature for about 300sdecomposes thermally. In SO, there
remains a solid phase in the form of Fe microplagi¢iMs).

A homogeneous mixture consisting of SR, SO, IMs @nid formed, which is then poured in a
cylindrical mould located between the poles of as&/electromagnet.

a) (b)
Fig.1. Magnetorheological elastomer: a) shape &&j b) microphotograph of Fe microparticles areshn
the elastic matrix, obtained by transmission in RX.

Conclusions on the study of the magnetoelastidith® MRE sample can be resumed as follows:
* MRE in the form of a body with cylindrical symmgtiobtained by polymerization in magnetic

field has its magnetizable phase in the shape ainshformed of Fe microparticles arranged on
plane-parallel surfaces (Fig.1);
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* In longitudinal magnetic field, MRE compresseseTielative variation of the length of the

cylindrical bar, in absolute value, increases whith increase df , like the increase in hydrostatic
pressure;

» The compressiorz of the cylindrical bar is influenced by the intagsH of the longitudinal
magnetic field and by the k valyg is the rigidity coefficient of a rod connectingrpeles). For
k=324 N/m, the theoretical data sufficiently appnoate the experimental ones;

» Due to the magnetic interactions in the voluméhefMRE sample, the Young module increases
with the intensity H of the longitudinal magnetield.

Results on small angle neutron scattering invesstiga of the elastomer matrix, with induced
deformations due to the inclusion of micromagnpédicles, are presented.

22P0O-M-17

SELF-ORGANIZATION OF HARD-MAGNETIC SrFel12019 PLATE- LIKE

PARTICLES IN COLLOIDAL DISPERSIONS AND ON SOLID SUR FACES
Kushnir S.E.Koshkodaev D.SZuev D.M, Gavrilov A.l, Kazin P.E, Tretyakov Yu.D.
Lomonosov Moscow State University, 119991, GSPehihskie Gory 1, Russia

M-type hexaferrites are promising magnetic matsriaith high magnetic anisotropy, high
saturation magnetization, good chemical stabilitgf mexpensive raw materials. The hard-magnetic
particles of SrFg0O;9 are typically plate-like. High magnetocrystallia@isotropy of strontium
hexaferrite allows plate-like particles to have agmetic moment perpendicular to the largest face
of the crystallite. Such particles have propertiesiicroscopic permanent magnets, so that under an
applied magnetic field such particles in the calleblution will orient themselves and the optical
density of the solution will change. At the sammdj synthesis of colloid solutions of hard-
magnetic hexaferrite particles is rather problemdiecause of thermodynamic instability of such
solutions however, decreased concentrations oicfegtcould extend coagulation time and make a
life-time of magnetic colloids longer. The new nmhwas developed for generation of the
colloidal solutions of plate-like Srk£.9 particles based on the glass crystallization teglenand
on the hydrothermal method.

It's seem very attractive possibility to use thilmf materials based on single-domain hexaferrite
particles in microwave technology as shields, waidgg, filter elements and generators. This is
due to the fact that strontium hexaferrite hasreofeagnetic resonance frequency around 60 GHz.
Hexaferrite film should be well-textured and magged for efficient operation of active microwave
components. However, there remains the problembtdiming simultaneously high-textured and
high-coercivity hexaferrite films because the teixtg leads to coalescence of grains and a sharp
drop in the coercive force. To solve this probleme, used pre-synthesized particles and deposit it
onto substrates. Substrates were kept in coll@dhltions in magnetic field (different value and
orientation). At the same time adsorption of pwesiy charged nanoparticles take place on a
negatively charged surface of the substrate.

The aim of the present work — is to investigatésrjanization processes of hard-magnetic plate-
like nanoparticles in colloidal solutions and onidgcurfaces under magnetic field and determine
anisotropy of magnetic and magnetooptical propedidormed structures.

Obtained plate-like strontium hexaferrite nanogdet have coercive force >800 Oe, saturation
magnetization >20 e.m.u/g, mean diameter betweeand8®20 nm, aspect ratio up to 15. Coercive
force of the colloidal solutions is very close &ra In the solution particles behaved as molecules
of paramagnetic gas and showed self-aligning utigerapplied magnetic field. Dynamic light-

240



MISM 2011

scattering data of obtained magnetic fluids indidie absence of large aggregates. The magnetic
properties of the colloidal solutions show that thagnetic field of 100 Oe is enough for complete
rotation of the particles in one direction (magoéigld perpendicular to the plane of the particle)
Obtained magnetic fluids of SrE©19 nanoparticles show significant linear dichroisndenthe
applied magnetic field related to the shape aropgtrof the particles (ratio of optical densities
achieved 3.8 for the wavelength 550 nm).

Mono-layers ofc-oriented nanoparticles were obtained on glassl@@dsubstrates. We studied
the effect of the magnetic field and exposure timehe structure of the resulting planar structures

This work was supported by RFBR, grants 11-08-012%6d 10-03-00694-
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TRICRITICAL BEHAVIOR OF A FERRONEMATIC AT THE

FREEDERICKSZ TRANSITION
Semenova O.RZakhlevnykh A.N.
Physics Faculty, Perm State University, BukireviSt. Perm 614990, Russia

Within the continuum theory we study the Freedeszckransition induced by an external
magnetic field in a ferronematic. We take into astdahe segregation effect of magnetic particles.
We consider the layer of a ferronematic, and thteraal uniform magnetic field is directed along
the limiting plates. The axis of easy orientatidraderronematic on the limiting surfaces is paall
to the boundaries of a layer and is directed petligetarly to the direction of the external magnetic
field. We consider ferronematic with soft homeotcogoupling between the magnetic particles and
the director, and soft planar coupling betweendinector and the boundaries of a layer. In theefatt
case we take into account the surface anisotropipwth order, the so-called modified Rapini
potential [1, 2].

We show that the ferronematic can be in one oktktates with different type of ordering. One of
them is the uniform state, at which the directatirected along the axis of easy orientation, dued t
magnetic particles are orthogonal to the direcidre second one is the disturbed state when the
director and magnetic particles settle down undeermain angle to the direction of an external
magnetic field. The third one is the saturationestd which both the director and magnetic paricle
are aligned along the direction of a magnetic fisle study the transitions between these states at
fixed anchoring energy on the layer boundary andhensurface of the magnetic particles. We
obtain the equations determining the critical fetd this transitions (the Freedericksz field, #mel
saturation field).

We show that magnetic-field-induced Freederickandition in a ferronematic has the tricritical
behavior: for strong segregation it is of the secorder, and for low segregation it is of the first
order. We derive the analytical expression forttiwitical segregation parameter, determining the
phase-transition character change. We determinedépendence of the tricritical segregation
parameter on the energy of coupling between thenetagparticles and the director and energy of
coupling between the director and the boundariesaofayer for quadropolar and dipolar
ferronematic mode. In case of rigid coupling on bloeindaries of a layer our results confirm with
the results of Ref. [3].

This work was party supported by grant 10-02-9608t Russian Foundation for Basic Research.
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AGGREGATE SIZE DISTRIBUTION IN AQUEOUS MAGNETIC FLU ID BY
IN-LIQUID ATOMIC FORCE MICROSCOPY AND SMALL-ANGLE X -RAY

SCATTERING
Shulenina A.\*?, Avdeev M.\}?, Besedin S.Ig‘.‘,zé/lolkov V.V, Hajdu A®, Tombacz B, Aksenov
V.L5
' M.V. Lomonosov Moscow State University, Moscow, Bias
National Research Center “Kurchatov institute”, kims, Russia
3 Joint Institute for Nuclear Research, Dubna Mos&agion, Russia
* A.V.Shubnikov Institute of Crystallography Russiacademy of Sciences, Moscow, Russia
> University of Szeged, Szeged, Hungary

Microstructure and corresponding properties of netigrfluids are of current interest taking into
account the potential of these systems in biomédipglications (contrast medium in magnetic
resonance imaging, controlled targeted drug dsfid®y an external magnetic field, magnetic
hyperthermia, etc.). Stabilization of biocompatibteagnetic fluids, which would prevent any
aggregation and its subsidiary effects (e.g. clat®lood) in living organisms under various
conditions, is still a challenge. In this connegtithe important task is the registration and asialy
of aggregation in water-based magnetic fluids.

In the given work atomic-force microscopy (AFM) liquid conditions is used for determining
the size distribution function of nanoparticle aggates in aqueous magnetic fluid with magnetite
coated by polyacrylic acid for stabilization. Farcaoring the aggregates at the substrate (melted
quartz) the external magnetic field is used. Th&iokd results are compared with the data of
small-angle X-ray scattering (SAXS), as well as ARbr dried precipitates formed under
evaporation of liquid medium both in absent andenee of an external magnetic field. It is shown
that in-liquid AFM gives the distribution, which tdosest to that obtained by SAXS. The reason for
significant shifts in “dry cases” is related to tiermation of additional aggregates during
evaporation.
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INVESTIGATIONS OF A CoFe ,0,-FERROFLUID BASED ON MAGNETIC

MEASUREMENTS
Stan C', Cristescu C.P, Balasoiu M**, Perov N*, Duginov V.N§, Mamedov T.N, Fetisov L*
! Department of Physics I, Faculty of Applied Phgsiolitehnica University of Bucharest, 313
Spl. Independentei, R0-060042, Romania

2 Joint Institute for Nuclear Research, 141980, RulRussia;

®Horia Hulubei National Institute of Physics and Ewmgring, P.O. Box.MG-6, Bucharest,
Romania
* Faculty of Physics, Moscow State University, MoscRussia

The magnetic properties of ferrofluid systems ateresting both in the development of a large
spectrum of applications and from a theoreticahpaif view. The investigation of a system of
ultrafine particles and clusters allow the studyhaf influence of the finite size of the systentloa
material properties. Nanoscale clusters make ayérizetween the bulk system and the atom and
their study may show how the bulk properties evdheen the atomic properties when increasing
the number of atomic clusters.

In this work we present results of the experimentafestigations of a Cok@, ferrofluid
dispersed in water. The magnetization curves wezerded at temperatures 80 K and 300 K.

In the theoretical treatment the magnetogranulametr
methods based on Langevin model and on the hypstbks

a log-normal distribution for the magnetic diamstef ¢ 031

particles were considered. %
According to the Langevin model of paramagnetidme, t £ 021

ferrofluid is considered as composed by non intergc 2

spheres with a permanent dipolar magnetic momeitg 1|
rotating together with the particle when applying a3
external magnetic field. The macroscopic magnetinas <

o

obtained as a result of the combined action ofremntation 0.01 ‘ , , , ‘
induced by the external field and a destabilizapiooduced 2 4 6 & 10 12
by the Brownian motion. The magneto-granulometric Particle diameter (nm)
analysis [1] for the ferrofluid sample performed Tat= Fig.1 Probability distribution function
300 K, where the Langevin model is applicable, gitlee for particle diameters.

parameters of the size distribution.

The experimental results obtained 16r80K cannot be treated using the Langevin model. On the
assumption that the saturation magnetization isrs@quence of the effect of a total orientation of
all individual magnetic moments in the directiontbé external field, we can compute the mean
magnetic diameter at this temperature assumingypethesis that the density of particles does not
change with temperature [2]. The reconstructed gdvdity distributions based on the computed
parametery = 6.30 nm,S= 0.23 forT = 300 K andDy = 6.55 nm,S= 0.41 forT = 80 K are
shown in Fig.1. Results of the magneto-granulometnialysis are presented and discussed.

The authors acknowledge the financial support thinothe grant of the Romanian Governmental
Representative in the Joint Institute for Nucleas&rch, Dubna n0.148/15.03.2011 item 2 and the
UPB-JINR cooperation scientific projects no.1460852011 item 5 and n0.151/15.03.2011 item 5.

[1] M. Rasa, D. Bica, A. Philipse, L. Vékag&ur. Phys. J. EZ (2002) 209.
[2] C. Stan, C. P. Cristescu, M. Balasoiu, N. PedvN. Duginov, T. N. Mamedov, L. Fetisov,
UPB Sci. Bull., Series A3, Issue 32011).
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DYNAMICS OF A POLYMER MICRODROP SUSPENDED IN A MAGN ETIC

FLUID IN ELECTRIC AND MAGNETIC FIELDS
Tkacheva E.$SZakinyan A.R.Dikansky Yu.l.
Department of Physics, Stavropol State Univerditushkin Street, 355009 Stavropol, Russia

The study and design of new composite materiakgystbased on magnetic fluids attracts much
attention owing to wide potential applications oicks systems. One of new materials based on
magnetic fluid is a magnetic fluid emulsion, digesystem composed of two liquid phases one of
which is a magnetic fluid. In the present work wedy the behavior and dynamics of the shape of
the magnetic fluid emulsion microdrops under thgoacof external electric and magnetic fields.
The magnetic fluid emulsion studied comprises thgaid caoutchouc microdrops as a dispersed
phase and the kerosene based magnetic fluid apargion medium.

Droplet behavior was experimentally studied by obstons with an optical microscope, which
was placed between Helmholtz coils generating Bormimagnetic field in the space where the cell
containing a magnetic emulsion was located. The deil with emulsion was assembled of two
rectangular glass plates covered with a transpaerducting coating. A variable voltage applied to
the plates generated the electric field betweemtherst we studied the droplet behavior under the
action of ac electric field and then under the $iameous action of ac electric and dc magnetic
fields.

It was experimentally observed that at relativelwy lfrequencies of electric field, the droplet is
flattened taking the shape of oblate ellipsoid e¥alution; at higher frequencies the droplet
stretches along the force lines of the electriltl flecomes prolate ellipsoid. When the electritdfie
strength rises, the droplet shape changes: a hskesan the middle of the droplet and it takes the
toroidal shape. Upon a further increasing of tleeteic field strength the toroidal droplet bursttoi
several smaller droplets. These small droplets thegin to rotate. The evolution of the droplet
shape with increasing of the electric field strénaft constant field frequency is shown in Fig. 1.

Fig. 1. Microdrop at different values of electrielfl strengtha —E = 0;b — E = 150 kV/m;c — E = 200
kV/m; d —E = 315 kV/m;e —E = 420 kV/m. Initial microdrop size is 58n. Electric field frequency is 8 Hz.

Additional action of constant magnetic field diredtin parallel with electric field changes the
droplet shape evolution. In particular, the torbstzape does not appear when additional magnetic
field acts. The frequency of rotation of small dedp formed after the breakup of initial microdrop
depends on the electric field frequency and elearnd magnetic fields strength. The observed
peculiarities of the microdrop behavior have beemlyxed and the theory of the observed
phenomena has been developed.

This work was supported by the Russian FoundatorBasic Research (grant no. 10-02-90019-
Bel_a).
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HEAT CAPACITY OF A MAGNETIC FLUID: THEORY AND EXPER IMENTS
Elfimova E%, Korolev V?, Korolev D?, Titova E?
! Urals State University, Lenin av. 51 Ekaterinb8&9000, Russia
2 Institute of solution Chemistry of RAS, lvanov&3D45, Russia

Specific heat capacity of a magnetic fluid was mddoth experimentally and theoretically. The
temperature and magnetic field dependences offgpbkent capacity were investigated.

Experimentally specific heat capacity of the magnéuid on the base of E®, has been
determined by calorimetric method in the tempermtange 288-353K in the magnetic field from O
to 0.7 T. The measurement was carried out on audtonmaicrocalorimetric installation. The
microcalorimetric cell with isothermal shell wasapéd between two poles (60mm) of electric
magnet. A volume of reaction vessel was 2 ml. Inemcy of measurements did not exceed 2%.
The experimental results have shown that the testyer and field dependences of specific heat
capacity have a complex nature [1].

For explanation of these anomalies we have devdldpeory. Since the magnetic fluid is a
dispersion of nanopatrticles, the interaction eneavfjyerroparticles is significant. Therefore it is
necessary to take into account contribution to ifipdweat capacity from this interaction. For that,
the magnetic fluid was modeled as a system of hemegusly magnetized monodisperse hard
spheres suspended in a liquid carrier with voluvhelnteractions between ferroparticles were
described by the sum of the hard-sphere potentral the dipole-dipole potential. The
configurational part of the Helmholtz free eneilgyf the magnetic fluid has been calculated for
this system using virial expansioR over ferroparticle concentration. The method ofiavi
coefficient determination is described in [2]. Themputation of heat capacity is a standard
procedure if the free energy is known:

Crny = [ai-r KT 2 %]v ' (V Z_\FJT D P

whereC,, is the contribution to specific heat capacity frisroparticle interactiond, andP are

temperature and pressure correspondently. Finrsahge the magnetic fluid is heterogeneous
system, the specific heat capacity was calculatedssumption of additivity of the specific heat
capacity of the dispersion components:

CP(MF) = (CP(fp) +CP(int) )w(fp) +CP(Ic)w(Ic) +CP(sa)a“(sa)1
where Cp ey s Cpinys Cpey @NAC, are specific heat capacity of magnetic fluid, gsghase,
liquid carrier and surfactant accordingly ) . &(ficy and &s, are mass fractions of solid phase,

liquid carrier and surfactant correspondently.
The theory is being tested against the experimeesailts.

This research has been carried out within the Gr@drsupport of Grant of President of RF MK-
1673.2010.2.
[1] V.V. Korolev, .M. Arefyev, A.V. Blinov,Journal of Thermal Analysis and Calorime®§, N.3

(2008) 697.
[2] E.A.Elfimova, A.O.lvanovJETP111, N.1 (2010) 146.
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THE INFLUENCE OF INTERPARTICLE CORRELATIONS ON INIT IAL

MAGNETIC SUSCEPTIBILITY OF A FERROFLUID
Elfimova E, Ivanov A, Turysheva E.
Urals State University, Lenin av. 51 Ekaterinbu9@00, Russia

Ferrofluids are stable suspensions of the one-donmanoparticles of ferromagnetic and
ferrimagnetic materials in liquid carriers. Ther&dluids synthesized by now have record-breaking
high values (~100) of an initial magnetic suscalitybat room temperatures. Such ferrofluids are
highly concentrated, and the intensity of intergéetdipole-dipole interaction exceeds the thermal
energy. Any known theoretical model [1, 2] cannesdribe so high values of the initial magnetic
susceptibility (Fig.1). - : : :

In present work the statistical model, describimgal i
magnetic susceptibility of dense ferrofluids, haser |
developed. The ferrofluid is considered as a systém .
homogeneously magnetized monodisperse spheres. The
system Hamiltonian contains the following termse th'| 1
spherical part of interparticle interactions (haphere
potential / square-well potential) and the dipoiieege *
interactions of the particle magnetic moments. iAftel
magnetic susceptibility is calculated using theiabir «
expansion over ferroparticle concentration. To wale .
the dipolar hard spheres virial coefficients we gagi = 3
their expansion in power series over the intensity
dipole-dipole interaction; this method is describied
details in Ref. [3]. So, each virial coefficientpsesented

. . . . . . . . TK) .. A

as power series over dipole-dipole interaction o Fig.1 Initial mabnetuc susceptibility as
After averaging of the virial coefficients over nmagic function of temperature. Points are ini
moment orientations and over all particle positiams mMagnetic susceptibility of concentra
obtain expression for the initial magnetic susdsjity as decanesased ferrocolloid; ~ curve
a function of the ferroparticle volume concentratiand SC'Tésponds to Langevin model, curv
the dipolar coupling constant. The theory takesefcahr 's the theoretical model [2].
account of the many-particle correlations that @aominant role in concentrated systems.

The theory is being tested against the experimeesailts and computer simulation data.

1 | 1 1 |
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The work was supported by the Grant No. MK-1673®PDbf the President of Russian Federation.
[1].M.1. Shliomis,Usp. Fiz. Nauk112(1974) 427.
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NON-EQUILIBRIUM MAGNETIZATION OF A DILUTE SUSPENSIO N OF

BROWNIAN MAGNETIC PARTICLES
Tyatyushkin A.N.
Institute of Mechanics, Moscow State University chirinskiy Ave., 1, Moscow 119192, Russia

Non-equilibrium magnetization is the reason dugkich magnetizable substances are heated in
a periodically varying magnetic field. This phenarae can be applied for various purposes. One of
the most interesting its applications is the uséhefmagnetic hyperthermia as a method of cancer
treatment (see, e.qg., [1], [2]). The goal of thisrkvis to investigate theoretically non-equilibrium
magnetization of a dilute suspension of magnetmABiian particles and its influence on heating of
the suspension in an alternating magnetic field.

Consider a suspension of spherical Brownian pagidEach particle has the moment of ineftia
and the embedded magnetic momt= M(t) (|M(t)| =M is constant). The suspension is in a
uniform harmonically oscillating magnetic field wiintensity vectoH(t) = H.cos(t), whereH,
and w are the amplitude and frequency of the oscillatlbil, does not exceed some critical value
at which non-linear effects can no longer be ndgthcthe heat production power density
q = x'aH:2/2 [1], wherey'is the imaginary part of the complex magnetic spbity, x'+ix".

Let the suspension be so dilute that the interaatiba single particle with the others may be
neglected. Then the equation that determines tiadion of a single particle is as follows

JZ—?=MxHacos(al)+Kv+KB, (1)
whereQ = Q(t) is the angular velocity of the particl€g is the moment of the stochastic force that
causes the rotational Brownian motion of the pkti€, is the moment of the viscous force acting
on the rotating particle. The magnetization vecfahe suspensiom, is calculated with the use of
the equation

2

M(t)[—E—z [ [Mncoss £(6,,4,)dodg )

wheren is the number of the particles per unit volurieand gy are the initial angle betwedth,
and M and the corresponding azimuth angts 8(&,¢o) is the angle betweer and M,
f=1(&,@o) is the probability density function that descslibe distribution of the initial magnetic
moment vectors of the particles over directions.ti@nother hand,

M (t) = Rel(x' +ix")expl- iat)H, (3)

In order to obtain the functio= 6 (&, ¢o), the equation (1) is solved. The obtained fumci®
then used for the calculation of the integral ih The comparison of (2) and (3) yielgtsand ¥ as
functions ofwand of the parameters of the suspension.

Knowledge of the frequency dependenceyadnd " allows controlling magnetization processes
more effectively. In particular, the frequency dtigh g is maximal can be calculated. This can be
useful in the design of apparatus in which heaimglternating magnetic fields is used, e.g., of
apparatus for magnetic hyperthermia.

Support by RFBR grants 11-01-00051 and 10-01-0@®asknowledged.

[1] R.E. Rosensweigl. Magn. Magn. Mat252(2002) 370.
[2] W. Andréa et al.,J. Magn. Magn. Ma}.194(1999) 197.
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HEAT EXCHANGE IN VAPOUR-LIQUID SYSTEM BASED ON MAGN ETIC

FLUIDS
Yanovskiy A.A, Simonovsky A.YaKholopov V.12
! Department of Physics, Stavropol State Univerditfushkina str., 355009 Stavropol,
Russian Federation
?Institute of Mechanics, Lomonosov Moscow State rsity, 1 Michurinskiy ave.,
119192 Moscow, Russian Federation

Heat exchange in a vapour-liquid nanodispersed sigmble system was experimentally
investigated. The dispersed phase of the systeapisur bubbles and the dispersive medium is the
kerosene-based magnetic fluid. The vapour-liquistesy was obtained by heating the magnetic
fluid to the boiling point. Interest to heat exchary processes in vapour-liquid system is caused by
possible use of a magnetic fluid as the hardeniedinm and as the heat transfer medium in heat
exchange devices.

We used the experimental setup consists of thetzyggass cylindrical container attached to a
steel plate on which the magnetic fluid boils. Heelivery to the plate was carried out by means of
the steel rod serving as a heater. The steel redadgined to a central part of the plate. Theeplat
and the rod were made of nonmagnetic steel. Twomiheouples were placed along heat-
conducting rod. The experimental setup was exptsea constant magnetic field produced by
Helmholtz coils. The constant magnetic field wasegfrom O to 4.2 kA/m.

Signals from thermocouples were transmitted todbmputer with analog-to-digital converter.
On the basis of the temperatures indicated by tbeonples heat flow in the vapour-liquid system
was calculated.

We investigated three samples of vapour-liquidesystThe first sample based on magnetic fluid
with density 1.447 g/cthand saturation of magnetization 50.9 kA/m. Theosdcone — based on
magnetic fluid twice diluted by kerosene and thirdbased on four times diluted initial magnetic
fluid. Experiments were carried out under the actd vertical and horizontal constant magnetic
field.

The experimental results have shown that the haatffom the plate to the vapour-liquid system
is incremented by 30 % in a temperature range PB0’C of heat exchange surface under the
action of vertical magnetic field, and 50 % in anperature range 125-130 under the action of
horizontal magnetic field. Magnetic field influenca the second sample more feebly, the heat flow
is incremented by 20 %. Magnetic field influencetbe third sample was detected at temperature ~
150°C of heat exchange surface, the heat flow decrdns&s %.

The obtained results indicate the possibility afignce of heat exchange processes in the vapour-
liquid magnetizable systems by means of magnedid.fi

This work was supported by Russian Foundation si@Research (grant no. 11-01-00@%.1-
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PARTICLES SIZE DISTRIBUTION IN AGGREGATED MAGNETIC FLUIDS:

OPTICAL MEASUREMENTS
Yerin C.V.
Stavropol State University, 1 Pushkin st., 3550G8/®pol, Russian Federation

The definition of the form of particles size dibtition in aggregated magnetic fluids is the
important problem. Definition of a particles sizstdbution function in a colloid system demands
the solution of an integral Fredholm’s equatione Bolution of such integral equations is incorrect
or ill-posed problem. For the definition of parésl size distribution functions of particles in
magnetic fluids the wide range of regularizationtimes is used. One of the most simple
procedures is histogram representations of an wakrabstribution function or distribution function
approximation simple one or two-parameter function.

Electronic microscope data of magnetic fluids asila can be approximated by two-parameter
distribution function like to a log-normal distritbon. In this work we have tried to estimate the
form of particles size distribution in kerosene dzhanagnetic fluid on the basis of optical
experiments - kinetics of a magnetic birefringeica pulsed magnetic field. The definition of the
from of particles size distribution function fronptecal experiments essentially depends on the
physical mechanism of particles orientation ine&dfi(relation of constant and induced magnetic
moments of particles and aggregates). Taking iotoant peculiarities of a log-normal distribution
function the a relaxation of birefringence effemt &ggregates of magnetic particles with an induced
magnetic moment look as follows:

AAn—rEt): exp(—1802)J' f(y)y® exp(—%t}dy. (1)
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The experimental relaxation curve of birefringencethe magnetic colloid of a magnetite in
kerosene with concentration of solid phase of @0&nd the histogram of particle sizes distribution
which was calculated on this basis is presentefigori. The dispersion of particles sizes on these
data from 10 to 80 nanometers. The dispersion dfgpes sizes in kerosene based magnetic fluid
has been measured by means of spectrometer PhdBwroplex which allows to make the
automated examinations by a method of dynamic bghttering and to spot a form of particles size
distribution. Distribution curve gained on the Riuuir Complex spectrometer (fig. 2) is the two-
extreme function with the medial values of 13 arfl tanometers corresponding to separate
magnetite particles (10-20 nm) and to nanopartiatggegate (40-80 nm).

Supported by Russian Ministry of Science and Edocal in Scientific Program “Development of
Scientific Potential of High School” and the RussiBoundation for Basic Research (10-02-
09019Bel_a).
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EFFECTS OF MAGNETIC FIELDS ON SURFACE TENSION AND

STABILITY OF FERROFLUID INTERFACES
Zhukov A.V.
Institute of Mechanics, Moscow State University cNirinskiy Pr. 1, Moscow 119192, Russia

In [1] the authors studied the dependence of serfansion at the ferrofluid-water interface on
magnetic field using the phenomenological modekbdasn surface magnetization. They used the

expression for the surface thermodynamic poteftialo + y,H?+ ), B2, where both tangential and
normal coefficientsy;, y, have dimensions of length. This leads to new bondanditions for
magnetic field with second order derivatives and #&mnisotropic surface tension
tensow, = (0 -y, B2+ y,H)J, -2y H,H,. It was found experimentally thgt<O0,y, >0, which
provides the correctness of the magnetostatic kanyndalue problem. The studies based on
interfacial structure analysis for model one-congatrsystems with dipolar interactions in external
magnetic [2] and electric [3] fields predict, howewvthe opposite signg; >0, ), <O0.

We investigate the structure of the flat interfde#ween two phases in a liquid with dipolar
interparticle interactions via the generalized sgdayradient model (like introduced in [2]) as well
as via the model with non-uniform magnetic permigbiThe magnetic field is considered as a
perturbation. The expressions for the coefficignty, for various equations of state and the bounds

for them depending on the effective interface theds are obtained. The inequaljty> 0is shown

to be valid for the small particle volume fractions
For the casey, >0,y, <0 the magnetostatic boundary value problem is cofisecbig domain

size L (in the limit L /max§, y;, )— o) if and only if 1 <q=-y, / y, < 1, where y, i, are the

relative magnetic permeabilities of phases. Snallles of L have no physical sense, because the
values of y;, y,, are of the order of the interface thickness omdess. Forg <0the magnetostatic
problem is incorrect for big domain sizes. Thide#o instability of the interface.

The linear stability of the horizontal interface teen two magnetizable non-conducting
incompressible fluids is studied using the moddgl fldr surface tension. This model is also
applicable to thin magnetic fluid films. The dispi@n relation for gravity—capillary waves on an
interface between two semi—infinite fluid domainghe external magnetic field is obtained. For big
tangential fields and, # Othere exists an instability due to negative surfeeion eigenvalues

[1]. A normal field causes the classical Rosensvirstability, with critical field values depending
also ongandy, / A_,,, where A, is the capillary-gravity wavelength, which may ey small in

cap ! cap
this problem. Fory, >0, ), < Othere exists also a short-wavelength instabilitgt &ve critical field
value drastically decreases |(dﬂ & —JJ <<1 this occurs even for relatively smgjl/ A, ). Relations

to the instability caused by capillary-wave fludtaas and generalizations of the model on curved
interfaces are discussed.

Supported by the Russian Foundation for Basic Reké&rants 10-01-00015, 11-01-00051)

[1] A.N. Golubyatnikov, G.I. SubhankuloWagnetohydrodynamics(Engl.TransRR (1986) 62.

[2] V.P. Shilov,J. Magn. Magn. Matey302(2006) 495.
[3] V.B. Warshavsky, X.C. Zendghys. Rev. F68 (2003) 051203-1.
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ABOUT CORRELATION OF MAGNETIC MOMENT OF MAGNETITE

NANOPARTICLES IN FERROFLUID
Dikansky Yu.l.Kunikin S.A.Gladkikh D.V.
Stavropol State University, 1 Pushkin st., 3550G8/®pol, Russian Federation

Possibility of the long-range magnetic order inlaids single-domain nanoparticles was
considered earlier in a considerable quantity ti€las and in some of them the effects testifyimg i
its advantage [1,2] whereas in others this podsilid sharply criticised [3]. In this work we perst
the investigation of well developed system magedtisggregates which arise under certain
conditions in magnetic fluids, initial samples irhish can be created them, and also magnetic
fluids.
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We have found that in magnetic colloids with lapgeticles (diameter more than 10 nanometers)
can arise aggregates with large permanent magnetiment. Such aggregates as a rule have
considerable form anisotropy, quickly interact watt external magnetic field and without the field
its oriented along magnetic field of the Earth.sbhme cases such aggregates have the threadlike
shape and a minimum of a magnetic field energyoutla magnetic field is reached at the expense
of a ramification and an interlacing of aggregakldagnetised aggregates can occur at long-term (to
several tens years) storage of magnetic fluids gitbat value of the medial size of particles.
Besides we have created such structures by simulaftgngement of aggregative stability of initial
homogeneous magnetic colloid at coagulant addi@oinplus oleic acid). In some cases threadlike
magnetised aggregative structures can possesbilikgxthat leads to interesting features of their
motion at change a field direction. The behaviduthe threadlike magnetised aggregates is shown
in fig. 1 at a change of direction of an externalgmetic field & — the field is directed on the right -
on the left;b, ¢, d, e — a view of aggregate at regular intervals (aldosec) after reversing of the
field direction). Complex investigation of magnepioperties of aggregate in DC and AC magnetic
fields has allowed to make a conclusion that shuglsain particles in this aggregates is not
superparamagnetic. Their transfer in a paste-liki st increasing of concentration or introduction
of polymerizing additives leads to hysteresis orgnadisation curves (fig. 2). Also such systems
possess some features of magnetisation processds peculiar usual magnetic fluids without
aggregates.

Supported by Russian Ministry of Science and Edoeal in Scientific Program “Development of
Scientific Potential of High School” and the RussiBoundation for Basic Research (10-02-
09019Bel_a).

[1] H. Mamiya, |. Nakatani, and T. FurubaysRliys. Rev. Le{t84 (2000) 6106.
[2] D. Wei and G.N. Pateghys. Rev. Lett§8 (1992) 2043.
[3] A. F. Pshenichnikov and A. V. Lebed@wlloid Journal 67 No.2 (2005) 189.
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MICRO-EXPLOSIONS IN MAGNETIC FLUIDS
Golubiatnikov A.N.
Moscow State University, 119992 Moscow, LeninskieygMech. & Math. dept., Russia

As is well known, the application of sufficientlyreng external magnetic field gives rise to the
formation of aggregate drops in initially homogemganagnetic liquid. The corresponding theory
of structural phase transitions induced by instaedas jumps of magnetic fields was developed
earlier [1]. In the present work this theory isemded by means of addition of dissipative terms
involving spatial derivatives. After the field isirhed off, the diffusion of aggregate drops is
accompanied by the fluid motion that in some caesslts, for the model of incompressible fluid,
in the concentration of kinetic energy at the cemtf the spot and in the micro-explosion with the
formation of a bubble [2]. In the talk the spheligaand axisymmetric problems are discussed.
Hydrodynamic interaction of two aggregate dropal$® investigated.

The work was supported by the RFBR (projects 100051, 11-01-00188).
[1] A.N.Golubiatnikov,Proc. 14 Int. Plyos Conf. Nanodisp. Magn. Flyiédyos (2010) 183 (in

Russian).
[2] A.N.Golubyatnikov, A.N.Zonenko, G.G.Chernyi, Appl. Math. Mech.71(2007) 661.
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23PL-A-1

NON-VOLATILE MRAM FOR LOW POWER ELECTRONICS
Sousa R, Papusoi C, Hérault J*, Gapihan E%, Bandiera S, Marinz de Castro M, Auffret S,
Rodmacq B, Buda-Prejbeanu £, Prebeanu 2, Ducruet C?, Portemont G, Kay K.Mc?, Vila L2,
Nozieres J.P, Dieny B!
1SPINTEC, UMR8191 CEA/CNRS/UJF, INAC, CEA/Grenohl@,rue des Martyrs, 38054
Grenoble, France
2Crocus Technology, Grenoble, FRANCE
®Nanostructure and Magnetism, INAC/SP2M, CEA/GreagHl7 rue des Martyrs, 38054
Grenoble, France

In a recently published report (July 2010), the Ejimgy Research Devices working group of the
ITRS (International Technology Roadmap for Semiemtars) identified Spin transfer torque
MRAM and Redox RRAM as emerging memory technologiesommended for accelerated
research and development leading to scaling andnesoialization of non-volatile memoires to
and beyond the 16 nm generation.

The talk will first concentrate on MRAM technologynd then compare the state of the art in
MRAM and Redox RRAM technology

Magnetic tunnel junctions (MTJ) are very interegtielements for integrating magnetism with
CMOS components because of good impedance matokitity MOSFET, good down-size
scalability, very large endurance (>1016 cycles)yinsic non-volatility, capability of being
deposited and patterned above integrated circ@itsgua back-end magnetic technology. These
elements are the basis of various types of MRAM eundevelopment. Besides MRAM
applications, this CMOS/MTJ hybrid technology cam bsed to intimately combine logic and
memory functions in so called logic-in-memory citsuallowing to conceive a normally-off-
electronics.

In the presentation, | will review our on-going wayn MRAM particularly Thermally Assisted
MRAM using field or spin-transfer switching. Presimal Spin transfer MRAM allowing ultrafast
switching of magnetization will also be discussed.

In magnetic materials, it is well known that it is
easier to switch the magnetization of a magnetic
Rmin RmaxA
]
n
70%Rmin““‘ ‘\‘

nanostructure at elevated temperature than at room
temperature. This concept is used for instance in
the field of hard disk drives (Heat assisted
Magnetic Recording) wherein it allows combining
excellent retention of the written data in standby
together with the ability to write the information
with moderate energy at elevated temperature.

We adapted this concept to the field of MRAM
written either by field or spin-transfer-torque.

In Thermally Assisted MRAM (TA-MRAM), the
Figurel: 1Mbit Thermally Assisted MRAM heating enabling the writing at about 250°C is
chip from Crocus Technology showing the chijyroduced by the Joule dissipation in the tunnel
layout, views of the MTJs patterned on the Viggrier. The concept of TA-MRAM can be
emerging from the CMOS underlying wafers;\slemented in various ways with in-plane
Distibrution  of - Rmin  (parallel “magnetic magnetized or perpendicular-to-plane magnetized

configuration) and Rmax(antiparallel . ) .
configuration) across the 1Mbit chip. magnetic tunnel junctions (MTJ).

254



MISM 2011

The heating takes place within a few nanosecondd wurrent density of the order of
2.106A/cmz2, The cooling takes about 10 to 20 nsddmg on the composition of the stack and
especially on the thermal diffusivity to the electes. 1Mbit demonstrators were realized and tested
by Crocus Technology and Tower Semiconductors.

We also developed precessional spin-transfer MRAMclv are characterized by an ultrafast
switching time of 200 ps. These precessional STTAMRcomprise a perpendicular polarizer
which allows injecting electrons polarized out-ddupe in the storage layer which has in-plane
magnetization. Due to the 90° relative orientatdérinjected spin-current polarization and storage
layer magnetization, the spin transfer torque issahaximum value from the very beginning of the
current pulse yielding this very short switchingaei.

Figure 2: IIIus'Fration (_)f §pin_ 100 nm circles  Toc 1o AP i -

transfer precessional switching in > L=83x10A/cr MTJ
using a perpendicular polarizer e ebvzer Ié and
in-plane storage layer. 4 — S

Oscillations of switching ”:::'L;:f‘:f;:c”) - 5 o5

probability as a function of 3/c05m) e s

current pulse duration. The first Metallic spacer (cu) §

oscillation shows that switching e, endicuar polarizer " from
parallel to antiparallel state can ®/co/Ptl/CorCu/co) 0.0F—————————— be
achieved in 200ps. 0.0 05 1.0 .(E;‘s)z.o 25 3.0

This type of memory looks particularly interestimg combination with logic applications
requiring high frequency of operation.

The reliability of MTJ has been tested in accekntatonditions. Successive pulses of voltage
were applied to the junctions until dielectric kk@awn occurs. The results are quite encouraging
for achieving a write cyclability larger than 10d¢cles under normal operation.

In a second part of the talk, The MRAM propertiegc{ability, speed, retention...) will be
compared to the Redox RAM properties. This secgpd bf memories is based on voltage induced
change of resistance due to the migration of oxygacancies or metallic ions dispersed in
insulating or semiconductor matrices.

23PL-A-2

MAGNETOELECTRIC INTERFACES AND SPIN TRANSPORT
Tsymbal E.Y.
Department of Physics and Astronomy, UniversitiNebraska, Lincoln, NE, USA

Since the seminal discovery of giant magnetoresigtan magnetic multilayers the exploration of
spin-dependent electronic transport has providecebaising avenue for applications in data storage
and processing. Devices based on the electrontgpically require the application of magnetic
fields or spin torques generated by large curranthe system, consuming power and producing
heat, hence limiting the application of such desicde avoid the need for large currents, there have
been recent efforts toward manipulating magnetimaby the application of electric fields. Such
magnetoelectric effects can be induced at the sesfand interfaces of many ferromagnetic metals
affecting both the interface magnetization and tht&erface magnetocrystalline anisotropy.
Ferroelectric materials are especially helpful his tregard because they possess a spontaneous
electrical polarization which, when reversed byetattric field, can induce a large magnetoelectric
response at the interface with a magnetic metgbohtantly, ferroelectric films can now be made
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thin enough to allow measurable electron tunnelge still maintaining a stable and switchable
polarization. Experiments and modeling show thagmedic tunnel junctions with ferroelectric
barriers allow the control of spin transport byréelectric polarization and even lead to giant
resistive-switching effects. This talk will overwerecent research efforts related to magnetoetectri
interfaces and the effect of ferroelectricity ormige and spin transport.
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PREDICTIVE MODELING OF ORGANIC MAGNETIC AND MULTIFE RROIC

TUNNEL JUNCTIONS
Lopez J.M, Burton J.D? Tsymbal E.¥, Velev J.P-?
! Department of Physics, Institute for FunctionahNmaterials, University of Puerto Rico,
San Juan, PR 00931, USA
2 Department of Physics and Astronomy, NebraskaeZdat Materials and Nanoscience,
University of Nebraska, Lincoln, NE 68588, Unitetéi®s

Organic materials are considered excellent canelsdftr certain electronics applications due to
their virtually unlimited variations of function&fi mechanical flexibility, relatively low producin
costs, and low environmental impact. Their longngglaxation times make them attractive for
spintronics applications as well [1]. In additi®@@me organics, such as the polymer poly(vinylidene
difluoride) (PVDF), are ferroelectric and can fomgh quality ordered layers and exhibit robust
ferroelectricity down to a monolayer [2]. These gedies make organic semiconductors and
ferroelectrics an excellent choice for barriersmagnetic tunnel junctions (MTJs), ferroelectric
tunnel junctions (FTJs), and multiferroic tunneigtions (MFTJs).

MTJs consist of magnetic electrodes separated hysatator. The change in resistance when the
orientation of the magnetization in the electrogeswitched from parallel to antiparallel is known
as tunnelling magnetoresistance effect (TMR). Fddssist of ferroelectric barrier between non-
magnetic electrodes. The change of resistance @urvitching the polarization orientation is
known as tunneling electroresistance effect (TEW}TJs can be thought of either as MTJs with
ferroelectric barrier or FTJs with magnetic eled&s. In a recent work we have shown the
existence of multiple resistance states in MFTJso@ated with different magnetization and
ferroelectric polarization configurations [3].

In this talk we present first-principles modelinfytbe properties of organic MTJs and MFTJs.
Using the Landauer-Bittiker formalism implementeithim a plane-wave pseudopotential method
we calculate the spin-resolved conductance for llghrand antiparallel magnetization of the
electrodes and/or different orientation of the paktion. First we consider crystalline
Co/Algs/Co(0001) MTJs where Alg(tris-[8-hydroxyquinoline] aluminum) is a popularganic
material due to its optoelectronics applicationgviRI effect in these junction have been
experimentally observed but the spin polarizatibthe interfce transmission is a matter of debate
[4]. We also study crystalline Co/PVDF/Co(0001) MIsTwith ferroelectric PVDF barriers [5]. Our
calculations predict sizable TMR effect in thesacfions. Moreover we predict very large TER
effects in asymmetric MFTJs where a monolayer oisFdeposited at one of the interfaces. Our
results show that TER and TMR coexist in thesectitres. Furthermore, we investigate the role of
interface oxidation in these junctions. We showt @R could arise from interface Co oxidation
which is expected during PVDF deposition. The otiaiaacts to make the MFTJs asymmetric.
These results indicate that organic ferroelectrademals may open a new promising direction in
organic spintronics.

[1] V. A. Dediu, et al., Nat. MateB, 707-716 (2009).
[2] A. V. Bune, et al, Natur891, 874 (1998).
[3] J. P. Velev, et al, Nano Lef, 427 (2009).
[4] C. Barraud, et al., Nature Phy.615-642 (2010).
[5] J. M. Lopez, et al, Nano Lettl, 599-603 (2010).
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THEORETICAL STUDIES OF THERMAL SPIN DISORDER EFFECT S IN

SPIN-DEPENDENT TRANSPORT
Belashchenko K.D.
Department of Physics and Astronomy, UniversitiNebraska-Lincoln, Lincoln, Nebraska 68588,
USA

First, 1 will present our first-principles calculas of spin-disorder resistivity (SDR) of Fe, Ni,
and heavy rare-earth metals (Gd-Tm series), in lwhiee Landauer conductance is explicitly
averaged over spin disorder configurations [1]. Ferthe calculated SDR agrees very well with
experiment. For Ni, comparison with experiment ssjg that the average local moment in the
paramagnetic state is reduced to 0.3-0.4 Bohr magseThe effect of magnetic short-range order
on SDR is found to be weak in both Fe and Ni. OVethe results suggest that thermal spin
fluctuations in Fe and Ni have an effectively clealscharacter. While the crystallographically
averaged paramagnetic SDR for rare earth metageagyuite well with experiments, its anisotropy
systematically and significantly exceeds the aéélaneasurements. This discrepancy is critically
evaluated, suggesting the need for additional exgers.

Next, | will discuss the possibility of Ohmic spinjection in semiconductors without using
Schottky or tunnel barriers. Usually such a higsistance interfacial barrier is used to overcome
the conductivity mismatch problem, but this barhenits the injected current density. A half-metal
used as a spin injector overcomes this problemeat remperature, but the situation at finite
temperatures is nontrivial. | will argue that thetcurrent model is inapplicable to half-metalsd an
that barrier-free spin injection from a half-metadhy be possible even at finite temperatures. | will
present an intuitive model summing up multiple ®raigs at the interface, as well as direct
calculations of the spin injection efficiency insample tight-binding model with averaging over
thermal spin fluctuations.

There is much interest in Gd-doped EuO as a haléintleat could be used as a spin injector. Gd
doping (and, more controversially, O deficiencyargity enhances the Curie temperature from 69 K
up to as much as 170 K. I will report the resuitfirst-principles studies of exchange interaction
Gd-doped EuO. In the virtual crystal approximattbe indirect exchange through the conduction
band qualitatively explains the observed dopingedeence of the Curie temperature. We also
considered EuO supercells with one or more sultistital Gd atom, as well as with an oxygen
vacancy, and found deviations from the virtual-tay/sehavior, which can be associated with local
lattice relaxations.

Support by NSF (DMR-1005642, EPS-1010674, and MRSHIR-0820521), Defense Threat
Reduction Agency, and Research Corporation is aglauped.

[1] A. L. Wysocki, R. F. Sabirianov, M. van Schiffgrde, and K. D. Belashcheni®hys. Rev. B
80, 224423 (2009).
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MECHANISMS OF PERPENDICULAR MAGNETIC ANISOTROPY AT

Co(Fe)|MgO INTERFACES
Yang H.X, Lee J.H, Chshiev M, Manchon A-®, Shin K.H?, Dieny B!
!SPINTEC, UMR-8191 CEA/CNRS/UJF Grenoble 1, 3805dr@®ble, France
2Korea Institute of Science and Technology, Seo6+131, Korea
*KAUST, Thuwal 23955-6900, Saudi Arabia
" Corresponding author: mair.chshiev@cea.fr

Interfacial perpendicular magnetic anisotropy (PM#gtween ferromagnetic (FM) and non-
magnetic layers has become of huge interest iewa of next generations of tunnel junction (MTJ)
based spintronic devices. The PMA with surprisinigifge values up to 1 to 2 erg/timave been
first observed at Co(Fe)|MOx interfaces (M=Ta, Md, Ru etc) [1]. Furthermore, large PMA
values have been reported for Co|MgO [2] and CdHAgB| MTJs [3]. The latter have been
extensively studied because of Bloch state symmedised spin filtering leading to high tunnel
magnetoresistance (TMR) values [4] making themablgt for implementation in hard disk reading
heads or as bit cells in magnetic random accessonesn(MRAM).

Here we investigate the effect of interfacial oxioa conditions on the PMA in
Co(Fe)(001)|[MgO(001) MTJs and elucidate mechanisesponsible for the PMA from first-
principles [5]. The calculated PMA values along hwinoment distributions for Fe|MgO and

Co|MgO structures are summarized in

TABLE I: PMA value(erg/cm?) and magnetic moment m(up Table | [6] and are in agreement with recent
per Fe(Co) atom) for different layers of Fe(Co) in Fe(Co)|MgO

MTJs with different oxidation conditions. expenments [4] As one can Se_G'_ the PMA
Fe[MgO ColMgO weakens in case of . oyerqmdlzed and
pure under- over-  pure underoxidized interfaces indicating that PMA
PMA - 12-‘;3 2-21 0.98 0.38 correlates with TMR which agrees with
interfacial 2.73 2.1 3.33 1.67 :
m(ug) sublayer  2.54 2.41 2.70 1.84 eXperlmer.]t as well [7] L.
bulk 956 255  92.61 1.60 To elucidate the PMA origin at Fe|MgO

interfaces, we performed detailed analysis of
the impact of SOI on electronic band structure witit-of-plane (b, di,, d;;) and in-plane (g@.y2,

dyy) Fe-3d and O-porbital character. When no SOI is included, thadotevel resulting from
hybridization between Fesand O-p orbitals is present. The double degenerated baittisAs
symmetry related to minority Fe are also presepselto the Fermi level. When spin-orbit
interaction is switched on, the degeneracy isdifd majorityA; and minorityAs are mixed up
producing bands with both symmetry characters. Assalt, band levels with,g d.,, d,; and p
character split around the Fermi level and thigtsp is larger and the lowest band deeper for out
of-plane magnetization orientation. Thus, the diftdegeneracy of,g and ¢, orbitals along with
their mixing with Fe-gb and O-p orbitals is at origin of perpendicular magneti¢satropy for pure
Fe|MgO interfaces. Similar analysis explains theAPdiécrease in case of over and underoxidized
interfaces.

Support by Chair of Excellence Program of the Naimeyges Foundation in Grenoble, France, ERC
Advanced Grant Hymagine and the KRCF DRC prograatksnowledged.

[1] S. Monso et al, Appl. Phys. Lett., 80 (2002b641B. Rodmacq et al, J. Appl. Phys., 93 (2003)
7513

[2] L. E. Nistor et al, Phys. Rev. B, 81 (2010) 200
[3] S. Ikeda et al, Nature Mater., 9 (2010) 271
[4] W. H. Butler et al, Phys. Rev. B, 63 (2001) 828
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[5] G. Kresse and J. Hafner, Phys. Rev. B 47, 38983); 54, 11169 (1996); Comput. Mater. Sci. 6,
15 (1996)

[6] H. X. Yang et al, arXiv:1011.5667

[7] L. E. Nistor et al, IEEE Transactions on Magogt46 (2010) 1412.

230R-A-4

THE BEHAVIOR OF THE FERROMAGNET/WIDE-BAND POLYMER

HETEROSTRUCTURE IN MAGNETIC FIELD
Vorob’eva N.V.Lachinov A.N.Kornilov V.M.
Institute of Physics of Molecules and Crystals URAS, 151, October Av., Ufa, 450075 Russia

A few years ago there has been reported a new wfpemagnetoresistance — huge
magnetoresistance (HMR) [1]. HMR exists in the eioklectrode/ polydiphenylenephtalide (PDP)
film. PDP is non-conjugated, diamagnetic polymeheTeffect of HMR reveals at room
temperature, it is really the reversible conductasevitching controlled by the low external
magnetic field. The sign of the switching is detiraal by the initial state of the structure.

Electrical resistance dependence on the magnetat &f the experimental structure is shown in
the picture [2]. Circles and squares correspondptsitive and negative polarity on the
ferromagnetic electrode respectively.

It is worth mentioning that the effect is reallycerdingly large, the resistive change is up to
million times. Also it is remarkable that PDP isdeiband dielectric material (band gap width is
4.3 eV). So it is not the ordinary material for magpresistive heterostructures.

The phenomena of conductivity changing
nickel/PDP system has been checked together \
the strain gauge measurements. It has been prc__ g
that magnetostriction can not be the cause of E
conductivity switching. Consequently the HMR is n ©.
connected with the deformation of the electrod % 4 4
Cases for the energetic character of HMR phenom 3
and the nature of control of the process parame
(threshold field, type and magnitude of the effect 0 — T T T
actuated in the report. 70 80 90 100 110 120 130 140

The ability of conductivity switching under th B, mT
influence of magnetic field is closely connectedhwi
partial spin polarization of charge carriers in
ferromagnetic electrode. There are some resultgipgito the ability of spin transport through the
polymer layer in the nickel/ PDP/ nickel spin-valstucture. It is remarkable that spin-transport
polymer layer width can be up to 1200 nm.

In the same system it is possible to observe tfexteivhich looks like the well-known tunnel
anisotropic magnetoresistance. It is connected thighmagnetic anisotropy of the nickel electrode.
The external magnetic field permits the injectedrgles to overcome the potential barrier on the
nickel/polymer interface. This process resultshia &lectronic switching, that is the abrupt change
of conductivity. The additional energy is acquirfed such barrier overcoming. The fact that the
extremum of angular dependence of magnetoresistangecides with magnetic anisotropy
direction proves the magnetic nature of this addél energy [3].

6_
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The model for the charge and spin transport irhigh-conductive state is proposed in the report.
It is based on the idea of two tunnel barriershat interfaces and ballistic transport through
nanosize channel in polymer layer.

Support by Physical Department of RAS project OFah# Project of the Presidium of RAS 18P is
acknowledged.

[1] A.N. Lachinov, N.V. Vorob’eva, AA. Lachinov,JETP Lett.84 (2006), 604.
[2] A.N. Lachinov, et al.Synthetic Met(2011), doi:10.1016/j.synthmet.2010.12.010
[3] N.V. Vorob’eva et alSolid State Phenomenk;8-169(2011), 329

230R-A-5

IMPROVED INTERFACIAL LOCAL STRUCTURAL ORDERING OF
EPITAXIAL Fe 5Si SPIN INJECTOR ON GaAs(001) BY MgO(001)

TUNNELING BARRIER
Makarov S.I. Krumme B.Stromberg F.Weis C.Keune W.Wende H.
Faculty of Physics and CeNIDE, University of Duisiiessen, 47048 Duisburg, Germany

Although the quasi-Heusler compound;&ie ————1
IS a promising candidate for spintronic 13 ZOMLA
applications, its combination with the reacti
GaAs surface is problematic since it deteriora
its beneficial attributes due to a large amount
interdiffusion at the FSi/GaAs
interface [1 - 3].

Here, we report about our structural agZ
spectroscopic analysis of the interfacig
chemical ordering in epitaxial & thin films =
on GaAs(001) surface. For our conversiq
electron Mossbauer investigation (CEMS) of t2
buried FgSi/GaAs interface, we have applieS
the S’Fe;Si tracer layer (95 % enriched ifFe) &
technique. In addition, the & growth was
analyzed with in-situ RHEED. A thir
MgO(001) tunneling barrier was inserte
between GaAs(001) and 4§32(001) in order to
prevent the atomic interdiffusion at th
Fe&Si(001) /GaAs(001) interface.

Although on both  GaAs(001) ani S 4 o
MgO(001)/GaAs(001) substrates epitaxi VELOCITY (mm/s)
grovvth -Of Fes-i thin films was Observed-’ Oult;i 1 CEMS spectra at room temperature (RT) frosSF
_CEMS _InterfaCIal StUdy re_veals a Iarg_er dlsorcthign. films Withp57F638i probe Iayees at the interface
in FeSi on GaAs(001) without insertion of thGaas(001) (upper spectrum) and at the interfac
MgO tunneling barrier, as shown in Fig. MgO(001)/GaAs(001) (lowespectrum). The black dots

(upper CEMS spectrum). We confirm, howev(‘eiperlmental data; the red curve is to guide tle ey

57ML Fe,Si

7ML Fe,Si
GaAs(001)

20ML Au

57ML Fe,Si
7ML Fe.Si

14ML MgO

GaAs(001)
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that the insertion of an epitaxial MgO tunnelingriE prevents a chemical reaction /interdiffusion
between F¢5i and GaAs(001) and leads to a high degree affati@l chemical ordering in E8i,
which is comparable to that in £ on single-crystalline (bulk) MgO(001) (see Fig. lower
spectrum). From a quantitative analysis of the spem terms of different local Fe sites we
obtained the chemical order parameters of th&iHg#ms.

Support by Deutsche Forschungsgemeinschaft (SFBig@tknowledged.
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ROOM-TEMPERATURE TUNNEL MAGNETORESISTANCE IN SELF-
ASSEMBLED CHEMICALLY-PREPARED NANOPARTICLES
SUPERLATTICES
Dugay J, Tan R.P.Meffre A, Blon T, Lacroix L.-M, Carrey J, Fazzini P.F, Lachaize S.
Chaudret B.Respaud M.
Université de Toulouse; INSA, UPS; LPCNO, 135,@ Rangueil, F-31077 Toulouse, France,
CNRS; LPCNO, F-31077 Toulouse, France

Chemical synthesis is a powerful way to control $hee, 241
shape and anisotropy of metallic magnetic nanapesti 20+
(MNPs) but also to elaborate a large variety ofaoig 2 161
tunnel barriers [1]. Using such metallic MNPs witlell- 124
controlled properties may open new opportunities fé 8+

4_
0_

)

s

spintronics. Indeed, in the field of spin-transfiteoretical
studies predict a strong reduction of the injectoamrent >
for magnetization switching and/or radio-frequen -1,5 -1,0 -0,5 0,0 0,5 1,0 15
precession [2,3]. Moreover, the interaction betwe w,H (T)
Coulomb blockade and magnetic field leads to a viety Figure 1. Magnetoresistance mesurement of the
physics opening the way to innovative devices T4] date, CoFe superlattices for =1V at room temperature

the single observation of tunnel magnetoresistdmt&R) in chemically-synthesized metallic NPs
was obtained in 2000 by Blaek al. on Co nanoparticles [5]. However in their expemtseTMR
disappeared above 20 K.

Here, we report TMR up to room temperature in midter-size superlattices of CoFe MNPs
(TMR~25%, see Figure 1) and in networks of chenycalnthesized metallic Fe nanocubes
(TMR~1%) both separated by a thin organic insutptayer (long chains acids and amines). All the
devices were synthesized and connected in a gloxeubder Ar atmosphere. The superlattices
were connected using Au wires and silver paint.elaborate Fe nanocubes devices, we trapped
them between micrometric electrodes using dielpbtiboesis [6]. To protect the system from
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oxidation this deposit was then capped by a 100tmok amorphous alumina layer using a RF
sputtering. All the devices displayed Coulomb bk properties at low temperature. In iron
nanocubes devices, the temperature dependence ab#icitive field gHp (£ 150 mT) deduced
from TMR curves is compared withofdlc measured by magnetometry on NPs thin films. At low
temperature, ¢Hp is higher than gHc; this is attributed to the fact that, in the Couloblockade
regime, current flows preferentially through thegka NPs, which display both a smaller charging
energy and a larger coercive field. At 300 K, both gHp and Hc vanish to zero, evidencing the
superparamagnetic behavior of the nanocubes. The d@&treases by only a factor 3 between low
temperature and room temperature, which evidert@@stiie organic ligands used to stabilize the
nanoparticles can be efficient spin-conservativenéll barrier without any further processing.We
thus demonstrate the feasibility of an all-chemistpproach for room temperature nanopatrticle-
based spintronics.

[1] Dediu, V. E., Hueso, L. E., Bergenti, |. & Taiii, C.,Nature Mater 8, 707-716 (2009).

[2] Waintal, X. & Parcollet, O.Phys. Rev. Let@4, 247206 (2005).

[3] Jalil, M. B. A. & Tan, S. G.Phys. Rev. B2, 214417 (2005).

[4] Seneor, P., Bernand-Mantel, A. & Petroff, J.Phys.: Condens. Mattd®, 165222 (2007)
[5] Black, C. T., Murray, C. B., Sandstrom, R. L.S&n, S.Science290 1131-1134 (2000).
[6] Kumar, S., Seo, Y. K. & Kim, G. HAppl. Phys. Lett94, 153104 (2009).
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MAGNETOTRANSPORT BEHAVIOURS OF FEW La-BASED

MANGANITES
Keshri S., Joshi L, Rajput S.S.
Department of Applied Physics, Birla Institute afchnology, Mesra, Ranchi — 835215, Jharkhand,
India
"E-mail ID: s_keshri@bitmesra.ac,isskeshri@rediffmail.com

During the last decade, the development of ) g 20100190200 250 _ 300
colossal magnetoresistive (CMR) materials [1] J L. i
as well as CMR— based composites has been a 5] + LCMO g, 1T i
source of discovery of spectacular new 1 T
phenomenon, with potential applications in the 04 LB2
fields of information technology and .
telecommunicationThese materials show high T .8 A

. 0 o bty
magnetoresistance (MR) and hence useful for ] LB5MT %
fabricating ~ magnetoresistive  transducer 201 AN

magnetic sensors etc. The grain size of th 0d LB10

materials as well as the nature and distributi :

of second phase in the composite samples ¢ ] LB20 A

an important role in determining theoperties so e SR

of such materialsTherefore, understanding and ] : - A

controlling the structure of such material is q \

essential to obtain desired physical preperties. 7T T T T 1
The present work describes the structur e vl B

transportand magnetic properties of few CMi (@ T

materials, (LCMO), (LSMO) and (LCSMQ} a Fig.1
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matrix and some of their composites using magnetic insulabrs, BaTiOs(Bro), etc. as a second
phase. The properties of these samples are found torgegieongly orgrain size and the annealing
temperatureFrom the conductivity measurements we observertiast of the samples show two
types of transitions: intrinsic and extrinsic. Tih&rinsic behaviour is indicative of the alignmaeait
Mn spin within the grain, which is governed by dlmulexchange mechanism. The extrinsic
behaviour can be attributed to the interfacial lmy due to difference in magnetic order between
core and grain boundaries.

Overall pattern of temperature dependence of reisyshave been bestfitted with the formula,

whereand Pru are the resistivities of the PM and FM contentthim sample andi is the volume
fraction of FM phase in the sample. InvestigatiomsMR using magnetic field upto 3 T show
enhancement of MR in the composite samples, the MBults for LCMO-BTO composites are
shown in Fig. 1. The observed linear behaviour engerature dependent MR for a wide
temperature range below @ould be useful for practical applications.

Support by University Grants Commission and DepSa@ & Tech., India is acknowledged.

[1] C.N.R. Rao and B. Raveau, Review Golossal Magnetoresistance, Charge Ordering and
Related Properties dflanganese Oxidesdited by (Singapore: World Scientific, 1998).
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INTERLAYER EXCHANGE COUPLING IN THE MULTILAYERS WIT H

FERROELECTRIC BARRIER
Zhuravlev M.Yé2, Vedyayev A.¥,. Tsymbal E.Y.
! Department of Physics and Astronomy, NebraskaeZdot Materials and Nanoscience,
University of Nebraska, Lincoln, NE 68588, USA
2 Kurnakov Institute for General and Inorganic Chetnyi, Russian Academy of Sciences,
Moscow 119991, Russia
3 Department of Physics, M.V. Lomonosov Moscow Staéversity, Moscow 119899, Russia

Magnetizations of two ferromagnetic (FM) films seggad by a thin insulating barrier layer are
exchange coupled due to the tunneling spin pol@mizgropagating across the barrier. In a three-
layer system with ferroelectric barrier and differelectrodes the change of the polarization of the
ferroelectric barrier leads to the change of transproperties of the multilayer [1-3]. In the pees
work we predict a new magnetoelectric effect oagimg from the interlayer exchange coupling
between two ferromagnetic layers separated by taathih ferroelectric barrier. It is demonstrated
that ferroelectric polarization switching driven &g external electric field leads to a sizable gean
in the interlayer exchange coupling[4]. The effecbccurs in  asymmetric
ferromagnet/ferroelectric/ferromagnet junctions tlwa change in the electrostatic potential profile
across the junction affecting the interlayer coupli The predicted phenomenon indicates the
possibility of switching the magnetic configuratioha multilayer by reversing the polarization of
the ferroelectric barrier layer. The multilayer ®yas where the effect can be enhanced are
discussed.

[1] E.Y. Tsymbal, H. Kohlstedt, Scien84.3 181 (2006).
[2] M.Ye. Zhuravlev, R.F. Sabirianov, S.S. Jaswgly. Tsymbal, Phys. Rev. Let®4, 246802
(2005).
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[3] M.Ye. Zhuravlev, S.S. Jaswal, E.Y. Tsymbal, RSabirianov, Appl. Phys. Le®7,222114
(2005).
[4] M.Ye. Zhuravlev, A.V. Vedyayev, E.Y. Tsymbal,Bhys.: Cond. Mat22, 352203 (2010).
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THERMALLY ASSISTED FIELD-WRITING IN MAGNETIC TUNNEL

JUNCTIONS WITH PERPENDICULAR ANISOTROPY
Bandiera S, Sousa R.C, Marins de Castro M, Ducruet C?, Portemont G, Vila L3, Auffret S,
Prejbeanu 1.l Dieny B!
1 SPINTEC, UMR(8191) CEA/CNRS/UJF-Grenoble 1/GreedblP, INAC, 17 Rue des Martyrs
38054 Grenoble, France
2 Crocus Technology, 4 Place Robert Schumann, 3802Boble, France
3 SP2M/NM, CEA/Grenoble, INAC, 17 Rue des Martyr8)034 Grenoble, France

Magnetic tunnel junctions (MTJ) with perpendiculaagnetic anisotropy (PMA) attract much
interest since they allow to scale down the din@msif spintronic devices below the 45nm node,
while keeping a sufficient thermal stability (K\#k>50). In these MTJ, the magnetization can be
switched either by using spin transfer torque (Soihy field. This work shows how field writing
can be used in combination with thermal assistaasein Heat Assisted Magnetic Recording
(HAMR) in order to achieve simultaneously very higbercive field in standby mode (Hc>1000
Oe) and low coercive field at the write temperatitieating is indeed a very efficient mean to
decrease the PMA of the storage layer [1] in otdereduce the field required to switch the free
layer in a perpendicular-to-plane magnetized MT&. Wil show that the field required to switch a
highly stable free layer can be greatly reducedkbao current pulses.

The developed MTJ stack consists of SAF/MgO/FL, eh8AF is a (Co/Pt)n based synthetic
antiferromagnetic reference layer and FL is a Cafa®Pd)n multilayer. This free layer has been
optimized in such a way that it presents high PMAa®mM temperature but loses its anisotropy
when heated to about 175°C.

> : N The KV of such a layer is 709Kk at 300K

= 10 -t 10 < 1,0 = for a 100nm diameter pillar, which gives a
Qo T ﬁﬂjﬁ """""""""""""""" O coercive field of 1300 Oe (blue loop). Such
8 08 z J 04 "_Y\I:;"t:: 0.8 3 high anisotropy can fulfill  stability
O o6l — : o AT T o & requirements down to the 22nm technological
G | LtV appliedpuise || 0oz L e N node. It will be shown that if a 1.25V pulse is
D 0.4 0.4 3 applied for 3ns, the coercivity is decreased to
= % @(@ — about 60 Oe (black points, see also inset),
ﬁ 0.2 L 1 02 = making possible magnetic field switching in
T 00 : 00 P MRAM cells.

U;) 2000 o000 . 000 2000 Additional optimizations may further

) . reduce the energy consumption. Ultimately,
Applied field (Oe) current pulses could also switch the free layer
by combined thermal assistance and spin transfgu¢owithout the need of any magnetic field.

[1] P.J. Jensen, and K.H. BennemarRhys. Rev. B42 (1990) 849.
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INTEGRATION OF A PERPENDICULAR POLARIZER IN A IN-PL ANE

MAGNETIC TUNNEL JUNCTION
Marinz de Castro M, Sousa R.C, Bandiera S, Ducruet C?, Auffret S', Papusoi C,
Prejbeanu I.I% Ebels U, Portemont &, Vila L3, Rodmacq B, Dieny B!
! SPINTEC, UMR CEA / CNRS / UJF-Grenoble 1 / GremsINP, INAC, 17 Rue des Martyrs
38054 Grenoble, France
2 Crocus Technology, 4 Place Robert Schumann, 3802Boble, France
3 SP2M/NM, CEA/Grenoble, INAC, 17 Rue des Martyr8034 Grenoble, France

Magnetic random access memory (MRAM) cells can diwi¢ated based on magnetic tunnel
(MTJ) junctions with two ferromagnetic layers (nefece and free layers) separated by a tunneling
barrier. It has been demonstrated that the freer leyagnetization can be reversed by the current
spin polarized by the reference layer [1]. For agapions, a fast switching of the free layer below
the nano second-scale is desirable especially M©E/magnetic devices. This writing procedure
can be improved using an additional ferromagnefigel magnetized perpendicular-to-plane
keeping the reference and free layer magnetizatioridane [2]. The perpendicular anisotropy
polarizer induces out-of-plane precessions of the fayer and consequently a faster switching can
be achieved.

We show the integration of a synthetic perpendicptalarizer based on two Co/Pt multilayers
separated by a Ru spacer at the bottom of an mepémisotropy MTJ. The figure shows the
switching probabilityfor a patterned elliptical nanopillar of 80 nm by02¥n as a function of the
pulse width plotted for 1.87 V corresponding totarent density of 1.16-1@/cm® The current
direction corresponds to electrons flowing from bwtom electrode to the top electrode. Square
black points correspond to the parallel (P) to@artllel transition (AP). For this transition, an
ultrafast switching of less than 300 ps is achievédio clear oscillations of the switching
probability are observed in pulse width rangingrirb0 ps to 2000 ps with a period of about 750 ps.
These oscillations are due to the
precessional switching of the free layer
induced by the perpendicular polarizer.
" ] When the magnetization makes half a

. precession, or multiples thereof, the
probability of switching from P to AP is
=\ . 1 maximal. If the pulse duration
. | u 1 corresponds to a complete precession, the
" ] final resistance state is the same as the
] initial one. The presence of coherent
. pronounced oscillations of the switching
J ] probability as a function of the pulse
T width is in part due the synthetic
1000 1500 2000 antiferrimagnet structure of the polarizer
Pulse Width (ps) which considerably reduces the stray field
on the free layer.
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[1] J. A. Katine, F. J. Albert, R. A. Buhrman, E. Blyers, and D. C. RalplPhys. Rev. Let84,
3149 (2000).

[2] O. Redon, B. Dieny, and B. Rodmacq, Magnetim gmlarization and magnetization rotation
device with memory and writing process using sudewce. US patent 6,532,164 B2 (2003).
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CURRENT INDUCED SPIN INJECTION IN Si-MOSFET
Shlimak I*, Butenko A, Golosov D, Friedland K.-J%, Kravchenko S.V.
! Jack and Pearl Resnick Institute of Advanced Teldyy, Department of Physics,
Bar-llan University, Ramat-Gan 52900, Israel
2 Paul-Drude Institut fir Festkorperelektronik, Haorgteiplatz 5-7, 10117, Berlin, Germany
3 Physics Department, Northeastern University, Boskbassachusetts 02115, U.S.A.

Longitudinal resistivity in strong parallel magreefieldsB = 7 and 14 Tesla was measured in Si-
MOSFET with a narrow slot (90 nm) in the upper rietgate that allows to apply different gate
voltageUg(1) andUg(2) across the slot and, therefore, to controleleetron densityy; andn; in
two parts of the sample independently. The expearialescheme allows us to pass through the
source-drain channel the DC curremgcf up to few pA, while the dynamic resistance was
measured using a standard lock-in technique weghsthall AC current (50 nA) at a frequency of
12.7 Hz. It was observed that the sample condtgtiviasymmetric with respect to the direction of
DC current. Figures below show the sample condiigtey and its symmetridcs and asymmetric
parts As. measured in the case whel(l) = 7V (. = 0.910"° m™ andUg(2) = 18V f, =
2.510**m™ as a function ofpc in fieldsB = 0, 7 and 14 T. It is seen th&d<(Inc) is negative aB
= 0, which reflects, in our opinion, the Joule gty Ipc, while atB = 7 and 14 TAog(Ipc) is
positive and weak. Asymmetric pafis, first increases linearly withpc and saturates at high
current. The small lineaxo, is observed even 8t= 0.
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The explanatory model of the observed phenomembisaissed in terms of spin accumulation
near the slot (or depletion, depending on the doecof the electron flow) and positive
magnetoresistance of SI-MOSFETSs in parallel magriietids.
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CURRENT-INDUCED PHASE TRANSITION IN BALLISTIC AND

DIFFUSIVE NANOCONTACTS OF MAGNETICS
Bukharaev A.A? Gatiyatov R.G, Lisin V.N?
! zavoisky Physical-Technical Institute of RAS, Kaz420029, Russia
2 Kazan Federal University, Kazan, 420008, Russia

It was recently shown in our previous study [1] the passage of electrons through magnetic
metal nanocontacts, that Joule heating of the oeatact region should be taken into account not
only in diffusive nanocontacts, but also in baitisbnes. Moreover, the temperature of the near-
contact region can reach its critical value at whitee magnetic phase transition takes place.

The features of the transition from the ballistiecéron transport regime to the diffuse one in Ni
nancontacts observed with increase in the size bese investigated. Nanocontacts with transverse
dimensions in the range from 1.5 to 15 nm have lieemcated using the electrochemical technique
described in [2]. The local magnetic phase tramsifrom the ferromagnetic to the paramagnetic
state in the near-contact region of Ni nancocosthes been experimentally observed at the high
current density [3]. It has been shown that théagd UC needed for Joule heating of the near-
contact region up to the critical temperature dogsdepend on the contact size only in the diffuse
regime. For the ballistic contact it increases wiétrease in the nanocontact size. The reduction of
the transport electron mean free path due to hggatimancocontacts may result in the change of
the electron transport regime from ballistic tduke one.

A theoretical description of heating of the contaegion by the current taking into account
relaxation processes in the contact region of feagnetic electrodes has been proposed. The
gualitative and quantitative agreement with theegexpental results has been achieved for the case
when both the energy and the energy relaxation timelectrons depend on the applied voltage
when the excess energy of electrons exceeds thaotbastic energies of phonons and magnons.

An important characteristic, the value of the nplitation of the transport electron mean free
path by the resistivity has been found while thedging transition from the ballistic regime of
electron transport to the diffuse one for the Nno@ontacts. It allows one to estimate the electron
mean free paths for the scattering of the electammsnpurities, phonons and magnons at different
temperatures.

Electron transport with the high current density Nh nanocontacts fabricated by controlled
indenting of the magnetic tip of a scanning turmgelimicroscope into magnetic film has been
studied as well. The obtained experimental depereteindicate the magnetic phase transition in
the near-contact region due to its heating abosetitical temperature.

This work was supported in part by the Russian Hatian for Basic Research (grant no. 09-02-
00568) and the program of the Division of PhysiBealences of the Russian Academy of Sciences.
[1] R. G. Gatiyatov, V. N. Lisin, A. A. Bukharaesppl. Phys. Lett96(2010) 093108.

[2] R. G. Gatiyatov, S. A. Ziganshina, and A. A. Bulder,JETP Letters86 (2007) 412.
[8] R. G. Gatiyatov, V. N. Lisin, and A. A. Bukharagg TP Letters91(2010) 425.
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