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Structure and magnetic properties of doped and undoped Pb;Mn,O;;
N.V. Volkov, E.V. Eremin, O.A. Bayukov, K.A. Sablina

Kirensky Institute of Physics SB RAS, 660036, Akademgorodok 50, Krasnoyarsk, Russia
e-mail: volk@iph.krasn.ru

The wide variety of physical properties in doped perovskite manganites stimulates the
study of other Mn oxide families without perovskite structure, but with a mixed valence state
of the Mn ions (Mn>"/Mn*"). The quasi 2D crystal PbsMn;Os is of interest because of
presence of the mixed valence state in undoped case. First bulk measurements indicated a
pronounced correlation between changes of electronic transport properties and variations of
the magnetic system. One can expect that doping allows changing Mn*"/Mn*" ratio, local
structure and, as result, magnetic and others physical properties. In addition, the stereoactive
ions Pb>" with 6s* lone pair may provide the conditions for the occurrence of ferroelectric
state and, possibly, for coupling between electric polarization and magnetism

We performed the study of the nominally undoped PbsMn;O;s single crystal and ones
doped with Fe, Ge and Ga ions. It was found that structure of the undoped Pb;Mn;O;s in
temperature range 2-300 K is orthorhombic with the Pnma space group. With increasing
temperature the crystal transform from the orthorhombic to the hexagonal (P63/mcm space
group) structure [1]. Around 250 K the charge ordering occurs in the crystal, when the Mn®"
and Mn*" ions are arranged in the specific order among crystal sites [2]. PbsMn;O;s has
complicated, strongly frustrated magnetic structure. Below 160 K the short-range magnetic
order starts forming within Mn layers. At Ty=70 K the compound reveals the transition to the
long-range magnetic order. The magnetic state can be characterized as canted
antiferromagnetic with moments lying in the basal plane of the crystal [3]. Below 20 K the
crystal undergoes one more magnetic transition that corresponds to spin reorientation.

All the crystals doped with iron ions (Pb3(Mn;4Fex);05, x=0.05, 0.1, 0.15, 0.2) belong to
the hexagonal P63;/mcm space group over the entire temperature range [4]. At small (x=0.05)
dopant concentrations, the value of magnetization and Ty decrease insignificantly. With
increasing x, the three-dimensional magnetic ordering does not occur and temperature
dependences of magnetization at x>0.1 exhibit spin-glass-like features in the low-temperature
region. The exchange interactions in PbsMn;O;s and Pbs;(MnggsFep5);015 were analyzed
within an indirect coupling model. The latter allowed qualitative explanation of the variation
in the magnetic properties of the PbsMn;O;s single crystal upon doping with iron ions.

The structure of the Pb3(MngosGegos)7015 and Pbs(MngosGagps);O1s crystals is
orthorhombic with the Pnma space group over the entire temperature range. Substitution of
Mn*" for Ge*" ions does not result to significant change of the magnetic properties.
Insignificant decrease of Ty and the effective magnetic moment occurs. On the contrary, Ga®"
ions exert strong influence on the magnetic properties of PbsMn;0,s. At doping, Ty decreases
by 10 K, but paramagnetic Curie temperature decreases in almost half as much. The magnetic
anisotropy is changed significantly too. The analysis of the exchange interactions showed that
the different effect of the Ge and Ga ions is provided by the different distributions of the
dopants over the nonequivalent Mn-related sites in the crystal.

[1] N.V. Volkov, L. A. Solovyov, E V Eremin, et al. Physica B 407 689 (2012).

[2] N.V. Volkov, E.V. Eremin, et al. J. Phys..: Condens. Matter. 22 375901 (2010).
[3] N.V. Volkov, K.A. Sablina, et al. J. Phys.: Condens. Matter 20 055217 (2008).
[4] N.V. Volkov, E.V. Eremin, O.A. Bayukov, et al. JMMM 342 100 (2013).
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Investigation of structure peculiarities and non-linear properties of TM-
doped strontium barium niobate crystals

Ivleva L.L.", Kuz’micheva G.M.z, Zverev P.G.!, Lykov P.A', Shilova G.V.!
"Prokhorov General Physics Institute RAS, 119991, Vavilov str., Moscow, Russia
2Lomonosov State University of Fine Chemical Technology, 119571, Moscow, Russia
e-mail: ivleva@]lst.gpi.ru

Strontium Barium Niobate SryBa; Nb,Og (SBN) crystals are of interest because of their
electrooptic, non-linear and thermoelectric properties. It is known that SBN solid solution is
disordered as chemically as in the positions of Sr/Ba ions. Introduction of heterovalent ions
into the matrix leads to further lattice disordering and strong modification of SBN physical
properties. We report on the influence of chromium and nickel doping ions (TM-dopants) on
the barium and strontium content in SryBa; - \Nb,Og solid solution by comparing of structure
peculiarities both nominally pure Sr o¢Ba ¢39Nb,Og (SBN:61) and SBN:61 doped with
Cr’(0.005 at.%) and Ni**(0.03; 0.50 at.%). The investigated crystals were grown by modified
Stepanov technique, doping ions were added into the melt in form of oxides. The crystals
have been studied by X-ray diffraction methods. The chemical composition was determined
taking into account the statistical distribution of strontium in two (Sr(1) and Sr(2)) sites and
the vacancies in niobium Nb(2) and oxygen sites in the tetragonal tungsten bronze type
structure. It was shown that doping of SBN leads to a change in the content of Ba*" and Sr**
ions in SBN crystal compositions and to their redistribution over the crystallographic sites.
XRD analysis of crystal microparts (local regions) allows determining all possible types of
point defects which may be present in the crystal structure. Full-profile Rietveld method gives
an average real structure, which is more correct for the investigation of bulk properties. The
full-profile Rietveld method have been used for the refinement of crystal composition, in
particular, Sr content (in Srl sites) as well as Ba and Sr content (in Sr2 sites) in structures of
undoped and TM-doped SBN crystals. Change in the structural parameters should affect the
structural-dependent properties. To establish a relationship between structure, composition,
and physical properties, the values of nonlinear second-order susceptibilities, ), were
obtained based on the temperature dependences of the SHG intensity in the SBN samples
studied. It should be noted that the nonlinear properties were investigated in the ground
samples which were previously used for structural analysis. The investigation of second
harmonic generation (SHG) of 1.064 um laser radiation was performed on the ground SBN
samples with average particle size of 2-4 pm, which corresponds to the maximum coherence
length of the SHG process in SBN crystals at 1.064 um. The single-mode single-frequency
radiation from pulse-periodic YAG:Nd laser (pulse energy, 10 mJ; pulse duration, 12 ns;
pulse repetition rate, 5 Hz) with Q-switch by phototropic LiF:F;," crystal was used for SHG
study. Sample investigation was carried out in the temperature range of 5-90° C. As a result, it
was found that an increase in dopant concentration in the composition of the SBN crystals,
1.e. an increase and decrease in the a and ¢ unit cell parameter, respectively, reduces the x(z)
value. On the basis of established relationship between the unit cell parameters and Sr content
in Srl sites in SBN structures it can be revealed that the X(z) value should decreases with
increasing Sr content in Srl sites.

The results obtained by XRD and XRPD analysis, in general, do not contradict each
other. It is important for the successful detection or/and confirmation of congruent melting
composition, evaluation of deficiency of O sites and dopant content (based on the values and
behavior of U, thermal parameter), and establishment of composition-structure-property
correlations.
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Magneto-Controlled Jahn-Teller Transitions in Slightly Doped Lanthanum
Manganites

Kh.G. Bogdanova', A.V. Golenishchev-Kutuzov?, V.A. Golenishchev-Kutuzov?,
R.I. Kalimullin®, A.V. Semennikov’

! Kazan E. K. Zavoisky Physical-Technical Institute (KPhTI) of the Kazan Scientific Center
of the Russian Academy of Sciences, 420029, Sibirsky Trakt st. 10/7, Kazan, Republic of
Tatarstan, Russian Federation.

? Kazan State Power Engineering University, 420066, Krasnoselskaya st. 51, Kazan, Republic
of Tatarstan, Russian Federation.

e-mail: campoce6e@gmail.com

By combining the results of ultrasonic spectroscopy at 0.7 — 1.0 GHz, magnetization
up to 2 T, resistivity data for La;,SryMnO; (0.1 <x<0.18), we constructed the phase
diagrams that describes magnetic, transport, and structural properties as well as relationship
between them as a function of composition and temperature (140 — 400 K). We demonstrated
that with increasing Sr content, the Curie temperature increases linearly while the temperature
of an orbital ordering transition to state with a large coherent Jahn-Teller (JT) distortion
decreases (x <0.15). We observed two phase-transition, which is directly connected to the JT
structural distortions [1]. The upper peaks in orthorhombic phase at Tyr =270 K (x = 0.125)
and T;r =180 K (x=0.15) are possible due to incoherent JT distortion to cooperative JT
distorted phase at the lower temperatures. The low-lying peaks at 150 K and 120 K
respectively are caused by the reverse transitions in the incoherent JT phases. When the
transition to the ferromagnetic state occurs in a phase with a large cooperative JT distortion
(x <0.15), a strong magneto-lattice coupling is observed. The cooperative JT distortion is
dramatically reduced in the ferromagnetic phase. These observations are consistent with a
competition between ferromagnetism and JT distortion that is mediated by a colossal spin-
charge-lattice coupling [2]. For these JT structural phase transitions of a first order was
discovered the pronounced influence of an applied magnetic field Bey. For Bex =2 T, the
upper Tyr decreases with increasing magnetic field; as opposite, the lower T;r increases with
increasing Bey. Thus the pronounced magnetic field dependence of these JT phase transitions
demonstrates strong relation between charge mobility, the JT effect, and magnetism in the
doped manganites [3,4].

[1] A.R. Bulatov, Kh.G. Bogdanova, V.A. Golenishchev-Kutuzov // Solid State Phenom.
V168, P 181 (2011).

[2] A.O. Sboychakov, K.I. Kugel, A.L. Rakhmanov // Phys. Rev. B 74, P 014401 (2006).

[3] E.S. Bozin, M. Schmidt, A.J. DeConinck // Phys. Rev. Lett. V 98, P 137203 (2007).

[4] R.F. Mamin, T. Egami, Z. Marton, S.A. Migachev // Phys. Rev. B 75, P 115129 (2007).
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Explosive Crystallization of PZT Microstructures by Multipulse

Femtosecond Infrared Radiation
E.D. Mishinal, V.L Emelyanovz, A.S. Elshinl, K.A.Grishuninl, L.P. Pronin® , O.M.Zhigalina4

'Moscow State Technical University of Radioengineering, Electronics and Automation,
Vernadsky ave. 78 , 119454 Moscow, Russia.

*Physics Department, Lomonosov Moscow State University, Vorob'evy Gory 119899
Moscow

3Joffe Physical-Technical Institute of the Russian Academy of Sciences, Polytekhnicheskaya
26, 194021, St-Peterburg, Russia

*“Institute of Crystallography of the Russian Academy of Sciences, 119333 Moscow, Russia
Email: mishina_elena57@mail.ru,

Pulsed laser annealing is a useful approach to crystallize PZT thin films at low
substrate temperatures. However, widely used excimer lasers provide only limited thicknesses
(<300 nm) crystallized in this manner due to the limited thermal diffusion length of the
absorbed laser pulse in the film. For some applications, such as thin film MEMS, a higher
thicknesses is required. In addition, the mode structure of excimer laser spot does not allow
localizing crystallization in the submicron region.

Femtosecond laser processing both inorganic and organic materials is a rapidly
advancing area of ultrafast laser applications. It is dramatically different from conventional
laser processing which uses either a continuous wave (CW) laser or longer micro- or
nanosecond pulsed lasers. The big difference comes from the basic principle or mechanisms
of laser-induced material removal processes. For long-pulsed lasers, ablation of materials
occurs through melt expulsion driven by the vapor pressure and the recoil pressure of light.
For ultrafast lasers, energy deposition occurs on a timescale that is short compared to atomic
relaxation processes. The laser energy is absorbed by the electrons, leaving the ions cold, and
only after the laser pulse is gone does thermalization take place. As a result, compared to
micromachining with CW and long-pulse lasers, ultrafast lasers have several advantages:
micro-sized structure creation, no collateral damage to the surroundings, clean process look,
no material property change, and capability for transparent material sub-surface engraving.

In this paper, the process of the local laser heating and crystallization is studied
experimentally and theoretically. TEM images taken after different durations of the annealing
process allows to consider the crystallization propagation within the film under the multipulse
femtosecond laser annealing. Theoretical analysis of the process and its comparison with the
experimental time dependence of the SH intensity suggests the mechanism of crystallization.

We proposed to use for annealing of ferroelectric film on platinized substrate a single-

mode multipulse femtosecond laser with a wavelength that falls in the transparency range of
the PZT film. Contrary to excimer-laser annealing, in this case laser irradiation is absorbed by
underlying platinum layer and the heating of the film is carried out by the platinum. The
heating is carried out locally with a Gaussian distribution of temperature along the radius of
the laser spot. The use of femtosecond laser allows diagnosing the formation of the
ferroelectric phase during the process of annealing based on optical second harmonic
generation (SHG), which is an effective method for studying phase transitions, including the
crystallization of perovskite phase.
We found that under certain conditions crystallization occurs vary rapidly, within subseconds.
This time scale allows to use while the process modeling an approach which is generally
applied to description of rapid thermal annealing. However, in-plane localization of the heat
source within micrometer requires in the description of the process to take into account not
only temporal but spatial derivatives as well.
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Microstructure, phase state and ferroelectric properties of thin PZT films
at morphotropic phase boundary

LP. Proninl, A.G.Kanareykinz, S.V. Senkevich', E.Yu.Kaptelovl, V.M. Stozharovz, V.P.
Pronin?

Noffe Institute, 194021, Politechnicheskaya, 26, St.-Petersburg, Russia
Herzen State Pedagogical University, 191186, nab. reki Moiki, 48,
St.-Petersburg, Russia

e-mail: petrovich@mail.ioffe.ru

Thin films of Pb(Zr,4Tix)O3; (PZT) solid solutions are excellent materials for applications in
microelectromechanical systems and infra-red and magnetoelectric arrays [1,2]. To increase
an efficiency of the device performance, it is desirable to use PZT solid solutions at
morphotropic phase boundary (MPB) where the ferroelectric film parameters reach their
maximum values. It is suggested that the extreme properties of the films are associated with
the presence of monoclinic modification of ferroelectric phase in a fairly narrow
concentration region (x ~ 0,46-0,48) at room temperature [3-4].

In the work, to study the phase state of thin PZT films at MPB we used two-stage technology
— (a) RF magnetron sputtering of ceramic Pb(Zrs4Tig46)O3 target onto “cold” Pt/SiO,/Si-
substrate and - (b) sequence annealing of the samples at high temperatures in the air to form
perovskite phase. Fine variations of Zr/Ti ratio (in the range of 1-2%) were reached by
changing as the distance between the substrate and the target and the working gas mixture
(Ar + O,) pressure. The elemental composition and microstructure of the films were studied
by scanning electron microscope EVO-40 (Zeiss), atomic force microscope “Smena” and
near-field microscopy. Crystal structure was analyzed with X-ray spectroscopy (DRON-7)
and energy electron diffraction. To study dielectric properties an impedance meter E7-20 was
used.

It is shown microstructure, phase state and physical properties of fabricated thin-film samples
to depend strongly on as an annealing temperature T,n, (550-650 °C) as a thickness of PZT
layer (300-800 nm) and Zr/Ti ratio. The phase analysis has revealed the quantitatively
different coexistence of rhombohedral, monoclinic and tetragonal modifications of
ferroelectric phases at room temperature which changed at heating. The correlation between
phase state and dielectric properties (frequency, field and temperature dependencies of
dielectric permittivity) are studied. An abnormally large dielectric permittivity observed at
MPB is discussed. A method for determining inclined MPB boundary based on analysis of
temperature dependencies of dielectric permittivity is evaluated.

[1] J.F. Scott. Science, 315, 954 (2007).

[2] N. Izyumskaya et al. Critical Reviews in Solid State and Materials Sciences. 32, 111
(2007).

[3] B. Noheda et al. Appl. Phys. Lett 74, 2059 (1999).

[4] B. Noheda et al. Phys. Rev. B. 66, 060103(R) (2002).
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Magnetoelectric Effects in 3d-Ion Implanted BaTiO; Crystals

F.A. Mikailzade ', M. Maksutoglu ', N.I. Khalitov*, V.F. Valeev*, R.I. Khaibullin*

! Department of Physics, Gebze Technical University, Gebze, 41400, Kocaeli, Turkey
? Institute of Physics, National Academy of Sciences, Javid Ave. 33, Baku, Azerbaijan
3 Kazan Physical-Technical Institute of RAS, Sibirsky Trakt 10/7, 420029, Kazan, Russia

e-mail: faik@gtu.edu.tr

There has been a great interest in multiferroic materials due to their attractive physical
properties, multifunctionality, and wide applications in various fields of information
technology, radioelectronics, optoelectronics, and microwave electronics [1]. In these
materials the coupling interaction between ferroelectric and ferromagnetic substances could
produce a magnetoelectric effect in which change in magnetization is induced by an electric
field orthe change in electric polarization is induced by an applied magnetic field [2]. It is
well known that a strong magnetoelectric effect could be realized in the composites consisting
of magnetostrictive and piezoelectric substances. In this context the production and research
of new composite multiferroic structures based on ferroelectric crystals with ferromagnetic
inclusions is of great interest.

In this work we report on the synthesis of nanocomposite materials obtained by nanosized
inclusions of magnetic 3d-metals (Fe and Co) in surface layer of barium titanate (BaTiOs3)
ferroelectric crystal by using ion-beam implantation technique and the results of
investigations of magnetoelectric effects in these structures.

The samples were prepared by implantation with 40 keV Co" and Fe" ions into (100)-face
oriented single crystalline plates of BaTiOs (CrysTec GmbH, Germany) at the fluences
between 0.5x10'" and 1.5x10" jon/cm” and with ion current density of 8 pA/cm®. The
implantation was carried out at room temperature and residual vacuum of 10™ Torr by using
the ion-beam accelerator /LU-3 (Kazan Physical-Technical Institute of RAS). Then the
samples have been characterized by scanning electron microscopy (SEM) with X-ray EDS
element microanalysis, coil magnetometry, ferromagnetic resonance (FMR) and
magnetocapacitance measurements.

Remarkable shift of FMR line has been observed on applying dc electrical field on the
sample. These results revealed a strong magnetoelectric coupling between the ion-synthesized
magnetic nanoparticles and the ferroelectric matrix of BaTiOs;. Maximal magnetoelectric
constant of 14.5 Oe:cm/kV was observed in Fe-implanted BaTiO;. Another evidence of
magnetoelectric coupling 1s magnetocapacitance effects observed clearly in 3d-ion implanted
plates of BaTiO;. The relative changes in capacitance reached to 6.3% upon applying the
magnetic field with of the strength of 2T.

Thus, our studies show that ion-beam synthesized nanocomposite BaTiO3:Fe(Co) layers
reveal ferromagnetic properties and strong magnetoelectric effects at room temperature that
makes them useful for magnetoelectric applications.

The authors acknowledge support through the bilateral programme RFBR (14-02-91374
CT a) - TUBITAK (No. 213M524).

[1] G. R. Slemon, Magnetoelectric Devices Transducers, Transformers and Machines (Wiley,
New York, 1966) 544 p.
[2] M. Fiebig: J. Phys. D: Appl. Phys. 38, R123 (2005).
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Computer modeling the phase states and phase transitions in 2D S=1
(pseudo)spin systems

Yu.D. Panovl, A.S. Moskvin', V.V. Konev', F.N. Rybakovl’z, and A.B. Borisov'*
'Ural Federal University, 620083, Ekaterinburg, Russia
*Institute of Metal Physics UD RAS, 620990, Ekaterinburg, Russia

*e-mail: alexander.moskvin@urfu.ru

We made use of a special algorithm for CUDA architecture for NVIDIA graphics cards, a
nonlinear conjugate-gradient method to minimize energy functional, and Monte-Carlo
technique to directly observe the forming of the ground state configuration and phase
transformations for the 2D anisotropic S=1 spin and pseudospin systems described by a
general Hamiltonian

A= (8% —hiSu)+ ) 1h8uSy+
i

i>j

z 1584 S;- + $i-Sj.) + zjiJ]-'(THTj— + T T + z tij (SASF + SESH

Y i>] i>j

where Tz = {fz, i—L}. The Hamiltonian can describe both conventional spin S=1 systems with
a single- and two-ion bilinear and biquadratic anisotropy in an external field and
unconventional systems such as extended bosonic Hubbard model with truncation of the on-
site Hilbert space to the three lowest occupation states: n = 0, 1, 2 (semi-hard-core (shc)
bosons). For the shc-bosons the Hamiltonian describes the on-site (A-term) and inter-site (/-
term) density-density coupling, magnetic field corresponds to chemical potential, while the
last terms describe the one-particle and two-particle inter-site transfer. The technique used
allowed us to examine earlier implications and uncover novel features of the (pseudo)spin
phase transitions, in particular, look upon in the on-line regime the nucleation of the odd
domain structure with antiphase domain walls and specific vortex-like topological defects for
large square lattices, 300x300 and more. Furthermore, we could simulate different forms of
impurity potentials and examine its effect on the (pseudo)spin phases. In addition to classical
mean-field and Monte-Carlo methods we made use of two different quantum Monte-Carlo
(QMC) technics, the standard stochastic series expansion (SSE) with loop updates and a
continuous time world-line QMC for square lattices. In the talk we demonstrate great
potential of the technics for visual simulation of different specific features of the (pseudo)spin
systems including domain structure, domain walls and its transformation under
magnetization/charge doping.

The research was supported by the Government of the Russian Federation, Program
02.A03.21.0006 and by the Ministry of Education and Science of the Russian Federation,
projects Nos. 1437 and 2725.
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Dependence of the ESR spectrum YbMnOQO; on the synthesis features

R.M. Eremina’?, LV. Yatzykl’z, T.P. Gavrilova'?, V.V. Parfenov’, V.I. Chichkov’, N.V.
Andreev’

'Kazan E. K. Zavoisky Physical-Technical Institute (KPhTI) of the Kazan Scientific Center of
the Russian Academy of Sciences, Sibirsky tract, 10/7, Kazan, 420029, Russia

’Kazan (Volga Region) Federal University, Kremlevskaya st. 18, Kazan, 420008, Russia
*National University of Science and Technology MISiS, 119991, Leninskiy pr., Moscow,
Russia.

e-mail: REremina@yandex.ru

Polycrystalline samples of ytterbium manganites YbMnO3 were synthesized according
to two different ceramic technologies (YbMnOs-1 and YbMnOs-1II). These technologies differ
in the sintering time and annealing temperature. The X-ray analysis of the synthesized
manganites (I and II) showed that both samples belong to the space group P6;cm and they are
in single-phase state. The analysis of the XRD peak intensities demonstrated only the slight
deviation in oxygen content and Yb/Mn ration between two samples. Electron spin resonance
(ESR) was much more sensitive to such small differences in the crystal structure.

ESR measurements were carried out in the temperature range of 100 - 320K at the
frequency of 9.48GHz. The ESR spectrum of ytterbium manganite YbMnO; (I and II)
consists of one broad exchange-narrowed resonance line in all temperature range for both
samples. At the same time the fitting of the ESR spectrum of YbMnOs-I gives the g-factor
above 2.1 (Fig. 1a), which is unusual for Mn®" ions. The g-factor of YbMnOs-II changes from
1.99 to 3.3 (Fig. 1b), that corresponds to middle g-factors of Mn®" and Yb>" ions systems,
respectively. This temperature dependencies g-value and linewidth suggests the strong
exchange interaction between Mn®*" and Yb*" ions. The ESR linewidth is about 800 Oe in
room temperature in both cases, that is 2.3 times less that in Lag 9sSrposMnO3 or in GdAMnOs,
where the linewidth of the ESR line at room temperature is several thousand oersted, and the
effective g-factor is less than 2 [1, 2]. Moreover, the ESR spectrum of YbMnOs-I splits in two
lines in W-band, when the ESR spectrum of YbMnOs-II still consists of one exchange-
narrowed resonance line. The possible reasons of the phenomenon are under discussion.
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Fig. 1. Temperature dependence of g-factor (a) and ESR linewidth (b) in YbMnOs

[1]. J. Deisenhofer, M. V. Eremin, D. V. Zakharov, et al. Phys. Rev. B 65, 104440 (2002).
[2]. L. V. Yatsyk, D. V. Mamedov, L. I. Fazlizhanov, et. al. JETP Lett. 96, 416 (2012).
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Off-resonant Raman quantum memory for light in impurity crystals

A.A. Kalachev'
1Zavoisky Physical-Technical Institute, 420029, Sibirsky Tract str., Kazan, Russia

e-mail: a.a.kalachev@mail.ru

Developing optical quantum memories is one of the most important problems of modern
quantum optics and quantum information (see the reviews [1-3]). Effective memory devices
which are able to store and reconstruct quantum states of the electromagnetic field are
supposed to be necessary for scalable optical quantum computing and long-distance quantum
communication. The most promising approaches to the problem use the interaction of light
with optically dense media. Currently, one of the most commonly discussed materials are
rare-earth-ion-doped solids [4], in which the phase relaxation time at cryogenic temperatures
may be as long as several hours [5]. In particular, efficient storage has been demonstrated
recently in Y,SiOs crystal doped by Pr’* [6-8] and Eu’" [9] ions.

In the present work the possibility of implementing quantum memory schemes based
on off-resonant Raman interaction of a weak signal field (e.g., single-photon wave packet)
and a strong control field in impurity crystals is discussed. In particular, Y,SiOs crystal doped
by odd Nd** or Er’" isotopes is considered as the most promising material. It is shown that the
schemes based on the control-field angular scanning [10, 11] or spatial chirp [12] can be
implemented in this crystal via cavity-enhanced Raman interaction. In doing so, quantum
storage and retrieval requires neither temporal modulation of the control field amplitude nor

additional electric (or magnetic) field for modulating atomic levels.

1] K. Hammerer, A. S. Serensen, E. S. Polzik // Rev. Mod. Phys. 82, 1041 (2010).
2] W. Tittel, M. Afzelius, R. L. Cone, et al. / Laser Photonics Rev. 4, 244 (2010).
3] C. Simon et al. / Eur. Phys. J. D 58, 1 (2010).

4] C. W. Thiel, T. Bottger, R. L. Cone // J. Lumin. 131, 353 (2011).

5] M. Zhong, M. P. Hedges, R. L. Ahlefeldt, et al. / Nature 517, 177 (2015).

6] M. P. Hedges, J. J. Longdell, Y. Li, M. J. Sellars // Nature (London) 465, 1052 (2010).
71 M. Sabooni, Q. Li, S. Kroll, L. Rippe // Phys. Rev. Lett. 110, 133604 (2013).

8] G. Heinze, C. Hubrich, T. Halfmann // Phys. Rev. Lett. 111, 033601 (2013).

9] P. Jobez, et al. // New J. Phys. 16, 083005 (2014).

10] X. Zhang, A. Kalachev, O. Kocharovskaya // Phys. Rev. A 87, 013811 (2013).
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We research the thermal diffusion, thermal conductivity, and heat capacity of Bi;.
xRexFeO; multiferroics (Re — rare-earth element; x=0 - 0.20) in temperature intervals from
130 K to 1200 K. The substitution of a small amount of rare earth elements for bismuth leads
to a change in temperature anomalies of the thermal diffusion and the thermal conductivity in
an antiferromagnetic phase transition region, an increase of the heat capacity in a wide
temperature range, and a temperature displacement of the antiferromagnetic transition. It is
established that the temperature dependence of the excess heat capacity is related to the
Schottky effect for three level states that appear as a result of structure distortions in the rare
earth doped compositions.

The analysis of the results obtained in this work together with the structural and
acoustic data indicates, that local distortions of the crystal lattice, which are caused by the
distortions of oxygen octahedra of FeOs and polar shifts of Bi*+ and Fe’+ ions from their
initial positions, constitute the main mechanism of the scattering of phonons in BiFeO3 and
Bi;xRexFeOs; multiferroics. It has been found that doping with a rare-earth element leads to a
significant change in the temperature anomalies of the thermal diffusion and heat conductivity
near phase transitions, namely, to the smearing of the ferroelectric transition 7. and the
appearance of a minimum in the region of the antiferromagnetic transition 7.

The dominant mechanisms of phonon heat transfer in the region of ferroelectric and
antiferromagnetic phase transitions have been revealed. The temperature dependence of the

mean free path of phonons has been determined.
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Sodium bismuth titanate Na,,»Bi;,,TiO; (NBT) belongs to perovskite-type materials with
its two different isovalent ions Na and Bi at the A-site of the 4ABO; structure. It has recently
attracted attention as environmentally friendly lead-free relaxor ferroelectrics, which exhibits
very attractive piezoelectric properties %!, Results of most detailed studies of the dielectric
properties of NBT in a wide temperature range on medium measuring frequencies were
presented in ). However, the interpretation of these data is discussed until now, and the
question of carrying out a thorough study of the NBT dielectric response on the middle and
low measuring frequency remains actual. In this report, the results of detailed study of the
single crystal NBT dielectric properties in wide frequency and temperature ranges are
presented.

The measurements were carried out on single crystal Na;,,Bi;»TiO; . Sample has the
shape of thin plate of 9x8x1 mm’. This thin plate was cut out with the normal to its plane
parallel to the (001). The

dielectric response was studied °°®°7 Na,,Bi,,TiO, /\ ——230kHz
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MHz and temperature region 1
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We have fitted the experimental frequency dependencies of the real and imaginary parts of
permittivity by sum of the phenomenological Cole-Cole (CC) distributions of relaxation time
for describing relaxation processes and term describing DC-conductivity in order to identify
the relaxation processes and the temperature dependencies of their parameters. In our
experimental frequency window, we were able to distinguish three relaxation processes
described by CC distribution and have estimated the contribution of DC-conductivity. The
temperature dependencies of the dielectric strength and mean relaxation time of CC processes
were obtained. Activation energies of processes were estimated. The temperature dependence
of the characteristic relaxation time of one of the processes don’t described by the Arrhenius
law, and obeys the Vogel-Fulcher law with 7~370K. Thus, in the system exists freezing that
previously has not been observed in NBT.

[1] S. M. Emelianov, L. P. Rayevsky, V.G. Smotrakov and F.I. Savenko. Fiz. Tverd. Tela 26,
1897 (1984)

[2] K. Roleder, 1. Franke, A.M. Glazer, P.A. Thomas, S. Miga and J. Suchanicz. J. Phys.:
Condens. Matter 14, 5399 (2002)

[3] C.-S. Tu, L.G. Siny and V.H. Schmidt. Phys. Rev. B 49 11550 (1994)
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The presented study of the domain structure change in periodically poled congruent lithium
niobate crystals (PPLN) induced by soft proton exchange (SPE) has been done for
explanation of the poor nonlinear performance observed in certain channel waveguides [1].
The complementary methods have been used for domain visualization: piezoelectric force
microscopy (PFM) and scanning electron microscopy. The degradation of the nonlinear
response of the waveguides has been attributed to formation of nanodomains in PPLN
crystals.

The samples under investigation were prepared on a 0.5-mm-thick Z-cut congruent LN wafer,
which was periodically poled by E-field technique with liquid electrodes and photoresist mask
[2]. The SPE procedure was carried out in benzoic acid bath with 2.9% lithium benzoate at
300°C for 70 hours, using a SiO, mask on Z+ polar surface to fabricate the channel
waveguides along the X axes. The planar waveguide Z- polar surface was used for
determination of index profile.

The high-resolution PFM images of the static domain patterns allowed to visualize in the
waveguide a dense structure of isolated nanodomains with lateral sizes down to 50 nm with
aspect ratio ranging from 50 to 100 (Fig. 1) [3]. It is reasonable to assume that the
nanodomains extend into the crystal bulk down to the depth ranged from 2.5 to 5 um.

(a) 2o (b)
Fig.1. Domain structure of a PPLN crystal crossed by a SPE waveguide.

The formation of nanodomains can be attributed to switching under the action of pyroelectric
field during cooling and gradient built-in field due to gradient of spontaneous polarization.

The equipment of the Ural Center for Shared Use “Modern Nanotechnology”, UrFU has been
used. The research was made possible in part by the Ministry of Education and Science of the
Russian Federation (UID RFMEFI59414X0011) by RFBR (Grants 13-02-01391-a, 14-02-
01160-a, 14-02-31864-mol-a, 15-32-21102-mol_a ved), with financial support of young
scientists in terms of UrFU development program and for the joint supervision of doctorate
thesis by government of France.

1. L. Chanvillard, et al. Appl. Phys. Lett. 76 (9), 1089-1091 (2000).
2. M. Yamada, et al. Appl. Phys. Lett. 62 (5), 435-436 (1993).
3. V.Ya. Shur, et al. Ferroelectrics. 236, 129—-144 (2000).
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Physics of the ordered phases in the cobaltates is a challenge for theory. The problem is
to reconcile the metallic state of the CoO, planes strongly doped by 3d-electrons with the
robust arrangement of the charge and magnetic states of the Co ions in Nay,CoO, (2/3 < x <
0.85). The compound Na,;3Co0, provides a prototypical system to study this behavior.
Experimentally, at low temperature, in the given cobaltate the triangular lattice Co’**"
separates in the non-magnetic sites Col3+(t2g6) and the Kagome lattice, Co2***", accumulating
the itinerant holes Co*".

The aim of the present work is the ab-initio investigation of the magnetic states of
Nay3Co0, within the LDA+U approximation. The realistic distribution of the sodium ions
was taken into account explicitly [1]. No imprints of the Kagome structure were detected
among the low spin (LS) states with the on-site moments pc, < 1 pp, related to the
configurations C03+(t2g6, s = 0) and Co* (tzgs, s = 1/2).[2] However, we have identified the
intermediate spin (IS) state of Co ions with pronounced Kagome structure with magnetic
moments of about 1.55 pug, which has negligibly higher energy of about 50 meV per Co-ion
at representative U =5 eV.

Ideal structure Ideal structure Optimized structure
LS, U=15eV IS, U =5eV IS, U =5eV

(b) - : ©

Nal Na2 Co2aCo2b

AAODO

Figure 1. Spatial spin distribution in CoO, layer of ideal structure of Na,;Co0, in LS state at U =5 eV (a), IS
state at U = 5 eV (b) and in geometrically optimized structure in IS state at U = 5 eV (c). The cobalt radius
proportional to its magnetic moment. Sodium ions above and below the CoO, plane are shown as filled and
empty symbols.

Thus, the magnetic Kagome structure, detected in Na,3CoO; with the experiments (NMR
and NQR) at radio-frequencies, could be an the indication of a proximity of the system to the
transition between phases, where the collective LS- and IS-states become intermixed due to
slow quantum and/or temperature fluctuations.

[1] H Alloul, I. R. Mukhamedshin, T A Platova, A V Dooglav et al., EPL, 2009, 85, 47006.
[2] Y. V. Lysogorskiy, et al. J.of Phys.: Conf.Ser. 2012, 394, 012019.
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The influence of the dopant atoms on the electronic properties of conducting layers
has initiated large debates in High Temperature Superconducting (HTSC) cuprates as well as
in other complex layered oxides of transition elements. Whereas in many systems this
influence is masked by miscellaneous effects, there are many experimental evidences that in
the sodium cobaltates Na,CoO, a large interplay between the Na atomic ordering and the
electronic density on the Co sites occurs. In the Na;CoO, compound Na atoms occupy only
the so called Na2 positions (Na sites above a triangle of Co). This phase is a band insulator in
which the Co sites are in filled-shell nonmagnetic Co>” states. At x<1 the system becomes
metallic, but only specific Na compositions can be obtained, which correspond to some Na
orderings as observed by diffraction techniques. E.g. for x=0.5 the Na atoms are ordered in an
orthorhombic superstructure commensurate with the Co lattice and a small charge
disproportionation into Co>~** (with £<0.2) occurs on the two Co sites .

We have synthesized and characterized different stable phases of sodium cobaltates
NayCoO, with sodium content 0.65<x<0.80, including one of the most stable magnetic phases
of sodium cobaltates with a well defined Néel temperature of Ty=22 K. We demonstrate that
»Na NMR allows to determine the difference in the susceptibility of the phases and reveals
the presence of Na order in each phase. Our detailed NMR /NQR studies allowed us to reveal
the peculiarities of the x=2/3 phase. We could establish reliably the atomic order of the Na
layers and their stacking between the CoO, slabs. We found that the Na" order stabilizes filled
non magnetic Co>" ions on 25% of the cobalt sites Col arranged in a triangular sublattice. The
transferred holes are delocalized on the 75% complementary cobalt sites Co2 which
unexpectedly display a planar cobalt kagomé structure [2].

*®Co NMR experiments give clear evidence that such Co charge disproportionation is
a dominant feature of Na cobaltates for 0.65<x<0.80 [3]. Only a small fraction (=25\%) of
cobalts are in a non-magnetic Co’" charge state whereas electrons delocalize on the other
cobalts. We found that the magnetic and charge properties of the Co sites are highly
correlated with each other as magnetic shift Kz, scale linearly with quadrupolar frequency vo
[2]. Such correlations can be understood as both measured values vy and K77 contain terms
proportional to the quadrupole moment of the #,, hole density distribution which involves as a
coefficient the hole concentration on the Co site. Therefore this correlations reflects the fact
that the hole contenton the Co orbitals varies from site to site in both phases and the hyperfine
coupling (or the local magnetic susceptibility) scales with the on site delocalized charge. Such
unusual charge differentiation in sodium cobaltates calls for better theoretical understanding
of the incidence of the Na atomic order on the electronic structures of these compounds.

This work was partially supported by the RFBR under project 14-02-01213a and
performed according to the Russian Government Program of Competitive Growth of Kazan
Federal University.
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Sodium niobate NaNbO; (NN) belonging to an extensive family of oxides with
perovskite-type structure stands out in the large number of structural phase transitions (PT).
The diversity of the instabilities of the NN lattice accounts also for the complex
polymorphism of Na; (K\NbO3 and Na;LiyNbOs solid solutions. Although sodium niobate
and its solid solutions have been the subjects of an extremely large number of studies, no truly
comprehensive investigation of thermal characteristics in the region of the phase transitions as
well as the effect of thermal prehistory of a sample on the stability of the distorted phases has
been performed so far. A large number of PT’s observed in NN and its solid solutions are
manifested by very weak anomalies of the structural, electrophysical and optical parameters,
and the data on the T-x diagrams based on the results obtained in the previous studies are
fairly contradictory. Thermophysical methods are characterized by a high sensitivity and
provide a possibility to detect any energy variations in a sample, irrespective of their nature
Thus they permit investigation of transitions driven by ferroelastic, ferroelectric and
antiferroelectric transformations.

We report the results of dielectric, heat capacity and thermal expansion studies of
Na; xKxNbOs and Na;4LixNbOj; ceramics over a wide temperature range of 100-750 K.

The dielectric, calorimetric and dilatometric studies of NagosKgosNbOs ceramic
sample revealed anomalies in the behavior of related properties associated with consecutive
phase transitions in the sequence T1 — S — G — Q — N. It has been shown that hydrostatic
“chemical” pressure inducing rotational distortions is one of the most essential factors
governing variations in the arrangement of phase boundaries.

The data about phase transitions and T-x phase diagram of Na;Li,NbO; solid
solutions at small Li concentrations (x=0.00 — 0.10) are more contradictory and dependent on
preparation methods, samples quality and thermal prehistory. Anomalies of heat capacity C,
and thermal expansion observed in our samples with x=0.05 are characteristic either for NN
or for compositions with large Li concentrations. After multiple heatings up to 800 K we
observed only the main anomalies at N — Q — S or N — Q — R phase transitions,
characteristic for compositions with x > 0.05. Moreover, annealing at 603 K lead to splitting
of the anomaly corresponding to Q — R/S phase transition. At subsequent heating after
cooling, heat capacity as well as thermal expansion exhibit only one anomaly.

Different mechanisms of structural distortions in the solid solutions studied are
discussed.

23


mailto:gorev@iph.krasn.ru

Charged domain walls in lithium niobate
with inhomogeneously increased bulk conductivity

V.1 Pryakhina, D.O. Alikin, L.S. Palitsin, S.A. Negashev, V.Ya. Shur

Institute of Natural Sciences, Ural Federal University,
620000, 51 Lenin Ave., Ekaterinburg, Russia

e-mail: viktoria.pryahina@urfu.ru

The formation of the charged domain walls (CDWs) during electric-field polarization reversal
has been investigated in lithium niobate (LiNbO3) single crystals with the conductivity in the
surface layers increased drastically by annealing single crystalline plates in vacuum and by
low energy ion irradiation.

The treatment of 0.5-mm-thick LiNbOs; plates during 2—20 minutes by annealing in vacuum
in temperature range from 650 to 850 °C and by Ar' ions irradiation with energy 2—5 keV
have been used for increasing of the bulk conductivity due to lithium segregation and oxygen
out-diffusion. It was shown experimentally that both treatments resulted in significant
decreasing of external electric field in the treated volume thus leading to the domain growth
in the crystal bulk. The obtained polarization reversal is characterized by formation of CDWs
which position and aperture were defined by created inhomogeneity of the bulk conductivity
[1]. The geometry of CDWs has been investigated by optical microscopy and confocal Raman
microscopy. The significant difference of the domain geometry in vicinity of Z* and Z polar
surfaces has been revealed.

The study of formation and expansion of the CDWs allowed to separate the main stages of
the domain evolution in the bulk. It was shown that kinetics of domain structure for the
treated crystals represent two stages. First, nucleation on Z  polar surface with subsequent
merging resulted in formation of CDWs in vicinity of Z surface and in the bulk [2]. Second,
the sideways domain wall motion with increasing of the CDWs area. The obtained effect can
be used for producing of the periodical domain structure in the crystal bulk with controlled
geometrical parameters which can be used for investigation of CDWs properties and for
domain engineering in LiNbOs crystals.

The equipment of the Ural Center for Shared Use “Modern Nanotechnology” Ural Federal
University has been used. The research was made possible in part by the Ministry of
Education and Science of the Russian Federation, Federal Target Program “Research and
development on priority directions of scientific-technological complex of Russia for 2014—
2020 years” (UID RFMEFI59414X0011) and by RFBR (grants 13-02-01391-a, 14-02-
90447 ukr-a).

1. V.I. Pryakhina, D.O. Alikin, I.S. Palitsyn, S.A. Negashev, V.Ya. Shur, Ferroelectrics, 476,
109-116 (2015).

2. V.Ya. Shur, D.O. Alikin, A.V. Ievlev, M.A. Dolbilov, M.F. Sarmanova, N.V. Gavrilov,
IEEE Trans. on Ultrason. Ferroelectr. Freq. Control, 59(9), 1934-1941 (2012).
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The presence of inhomogeneous magnetic states dramatically modifies the magnetic,
magneto-optical, and magnetic resonance properties of the sample compared to those in single
domain state. Furthermore, the magnetic textures like domain walls, vortices, and skyrmions
locally reduce the symmetry of the crystal and give rise to new properties such as electrical
conductivity, magnetization of ferroelectric domain wall [1], and electric polarization of
magnetic domain wall [2].

In this report the results of experimental studies and

8 = Domain wall repulsion |
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numerical simulations of electric-field induced micromagnetic
structure transformation are presented. The voltage in the range
of 500V-2kV was applied between the tip electrode and the
substrate of iron garnet film. In the immediate vicinity of the tip
the high electric field up to several MV/cm was generated.

Micromagnetic structure transformation in this region was
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observed by conventional magneto-optical technique. In figure P
1 the dependence of the stripe domain hqqg displacement on the Absolute value of the voltags, V
DC voltage is shown. The application of AC electric field leads to the oscillation of the
domain wall at the forcing frequency.

The application of the in-plane magnetic field enhance the effect of electric-field
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In TbAI3(BO3)4 single crystal the magnetoelectric polarization has been observed for the first
time with anomalous temperature dependence: electric polarization induced by in-plane
magnetic field (P || a; H-lc-axis) which is small at low temperatures (4K) remarkably increases
by almost an order of magnitude at high temperatures (15+300K) [1]. A giant
magnetoelectric polarization is found in the magnetically (nearly) isotropic HoAl3(BOs),. The
polarization value in transverse field geometry at 90 kOe reaches 5400 uC/m* which is
significantly higher than reported values for the field-induced polarization of linear
magnetoelectric or even multiferroic compounds [2].

It is important for understanding of the mechanism of the magnetoelectric polarization
formation to find out the mutual influence of holmium (Ho") and terbium (Tb>") ions in the
rare-earth subsystem. In this case, in terms of polarization, the Tb; HoxAl3(BO3)4 crystal
can’t be considered as the superposition of (3-x) TbAl;(BO3)4 + x HoAl3(BO3)4 with its own
polarization vectors.

The main element of the crystal structure of rare-earth alumoborates (sp. gr. R32) is helical
chains of edge-shared AlO¢ octahedra oriented along the ¢ axis. The chains can rotate both to
the left and to the right. We suggest that the polarization has the opposite signs for left and
right twins, so the measured polarization value is determined by an uncompensated fraction of
the left and right twins [3].

1. A. M. Kadomtseva, Yu. F. Popov, G. P. Vorob'ev, et.al. // Phys. Rev. B 89, 014418
(2014)

2. A.L Begunov, A.A. Demidov, [LA. Gudim, Evgeniy V. Eremin // Solid State
Phenomena, 215 (2014), p.352.

3. Irina A. Gudim, Evgeny V. Eremin, Maksim S. Molokeev, Vladislav L. Temerov,
Nikita V. Volkov, Magnetoelectric Polarization of Paramagnetic HoAl;.
xGax(BO3)4 Single Crystals // Solid State Phenomena, 215 (2014) p.364.

This study was supported by the Russian Foundation for Basic Research, project no. 13-02-
12442 and no. 14-02-00307.
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We present the study of polarization reversal process and domain kinetics in the novel
representatives of the single crystals of the lithium tantalate family most important for high-
power nonlinear optical applications: 1 mol.% MgO doped stoichiometric lithium tantalate
(MgOSLT) and 8 mol.% MgO doped congruent lithium tantalate (MgOCLT) [1,2]. The
polarization reversal has been studied by in situ visualization of domain kinetics and by
analysis of the switching current using modification of the Kolmogorov-Avrami approach.
The studied MgOSLT and MgOCLT z-cut wafers were produced by Oxide corp. and Yamaju
Ceramics, respectively. The hexagon domains with walls oriented along Y crystallographic
directions was obtained in MgOSLT and triangle domains with walls oriented along X
directions in MgOCTL. Two stages of domain structure evolution were revealed for both
crystals: slow growth of the small isolated domains and motion of macroscopic domain walls
by merging with isolated domains. The appearance of the residual domains resulted in
qualitative change of domain kinetics scenarios in MgOCLT.
The switching current data measured during application of the rectangular field pulses were
divided into three parts corresponding to the stages of domain kinetics revealed by in situ
visualization. The analysis of the switching current was based on modified K-A approach
taking into account the fast motion of the macroscopic domain walls. The characteristic times
and the macroscopic domain wall velocity were extracted by fitting of the current data. The
activation field dependence of the switching time has been revealed with activation fields
equal to 3.2 kV/mm in MgOSLT and 4.9 kV/mm in MgOCLT. Dependence of the coercive
field on the external field ramp rate dEc«/dt was measured by application of the triangular
field pulses. The lowest coercive field in MgOSLT (about 150 V/mm) and MgOCLT (about
1.2 kV/mm) was estimated in quasi-static limit (for dE.,/dt approaching to zero). The main
parameters of the switching process have been compared with other representatives of lithium
tantalate family [3-5].
The equipment of the Ural Center for Shared Use “Modern Nanotechnology” UrFU was used.
The research was made possible in part by the Ministry of Education and Science of the
Russian Federation (Agreement 14.594.21.0011, UID RFMEFI59414X0011) and by RFBR
(Grant 13-02-01391-a).
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27



Studies of Ferroelectric and Magnetic Phase Transitions in PbFe(sB(s0;
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Stachki Ave. 194, Rostov on Don, Russia
e-mail: igorraevsky@gmail.com

This presentation gives an overview of the recent results obtained in the laboratory of
multiferroics of the Research Institute of Physics, Southern Federal University, in
collaboration with other Russian and foreign laboratories, in studying complex multiferroic
perovskites PbFeg 5B sO; (B-Nb, Ta, Sb ) and some solid solutions on their base [1-16]. With
the help of dielectric, piezoelectric, pyroelectric and magnetic measurements and Mdssbauer
spectroscopy ferroelectric and magnetic phase transitions were studied and x, T- phase
diagrams of several PbFe(sB(sO; - based solid solutions were constructed. We discuss the
coexistence of antiferromagnetic, spin-glass and superparamagnetic states in the systems
under study, anomalies of structural and electrophysical parameters in the range of magnetic
phase transitions, as well as the possibility to change the temperature of the magnetic phase
transition in PbFe 5B 503 by technological means.

This study was partially supported by research project 2132 of the Ministry of education and
science of the Russian Federation and by RFBR grants 13-03-00869 a, 14-02-90024 Bel a
and 14-02-90438 Ucr _a.
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Dispersion of switching processes in ferroelectric ceramics

0.V. Malyshkina, A.Yu. Eliseev

Tver State University,170100 ul.Zelyabova 33, Tver, Russia
e-mail: Olga.Malyshkina@mail.ru

A study is made of the polarization processes in ferroelectric lead zirconate-titanate
ceramics (PZT) in AC electric fields with an amplitude of 840 V/mm in a frequency range of
50 to 1500 Hz. Dielectric hysteresis loops were measured by the Sawyer-Tower method
simultaneously with distant temperatire control with the aid of thermal vision camera Testo—
875-1. High voltage amplifier TREK 677B was exploited as a source of high AC voltage. The
experimental results given below were obtained for a sample with a size of 5x5x1 mm.

On applying an AC electric field of fixed amplitude the sample initially demonstrates non-
saturated minor hysteresis loops which become saturated with further exposure under field,
i.e. the loop reshaping takes place. This reshaping is accompanied by a self-heating of the
sample. Maximal temperature of the sample self-heating (7.,..x) was depending on the sample
area.

Loop saturation was observed only for those frequency values (220 Hz and above) for
which the sample heating temperature is larger than 90°C (fig.1a). This temperature range
corresponds to a sharp decrease of the coercive field of the PZT which may be observed by
ordinary heating of the sample in an oven. The rate of self-heating increases with the increase
of the frequency thus resulting in the shortening of the time of hysteresis loop reshaping.

The increase of the electric field frequency results in a decrease of the reversible
polarization values (P;) both for initial minor and reshaped loops (fig.1b). In the last case
voltage drop at the sample is observed which is explained by the increase of the conductivity.
This decrease obeys the exponential rule (fig.1c). Approximation of the experimental data
making use of exponential regression with the aid of MathCad14 resulted in an analytical
expression for the frequency dependence of the polarization value P:

P =P -exp(—f-7)+ P, =0.279-exp(-2.826- 107 £)+0.032.

Here P; is the maximal value of reversible polarization in C/mz, P 1s the irreversible
component polarization, 7 is the time constant in s, characterizing the exponential decay of
polarization, and f is the frequency in Hz. The maximal experimentally observed P, has a
value of 0.6-P;. The time constant may be interpreted asz =7/2=1/2f,, , where f, is the

maximal frequency for which the full switching of the sample is possible in the given field.

T € T P,Cm”
ax T 220y 0.204 T
|
2001 e 7
T — 0.151
1501 - 500 [y
e 0.10]
100 R e TR
| : 210 Iy
509 )y 0.05] 1
Ls LT L) 2
0 400 800 1200 1600 T 0 500 1000 1500
f, Hz T f, Hz

fig.1. Frequency dependence of (a) Tmax; (b) reshaped dielectric hysteresis loops; (¢) maximal
reversible polarization (curve 1 — experiment, 2 — calculation). Eymp = 840 V-mm™

The presented work was performed under the State Assignment Nel11.1937.2014K of the
Ministry of Science and Education of Russia.
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Heterogeneity of Lanthanum — Gallium Tantalate Crystals
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One of the main problems for the operation of a single crystal of La;GassTag 5014 (LGT) is

its heterogeneity. Optical transmission spectra and their transformations at electron
irradiation and isothermal annealing have been investigated for LGT crystals nominally
pure and grown in the different atmospheres (argon or argon — oxygen atmosphere with
various concentrations of oxygen (2% and less 2%) and air). The crystals were grown by
Czochralski method by the company Fomos-Materials.

Optical transmission, diffused reflection and scattering spectra were measured with
spectrophotometer “Cary 5000 UV-VIS-NIR” in the wavelength range 250-3000 nm and
attachment “DRA 2500 for diffused reflection and scattering measurements.

The polar cuts LGT samples were oriented at irradiation perpendicular to the electron
beam and the irradiation doses were 10'* -3-10"° cm™. Quite different transmission spectra
have been registered for the crystals after each electron dose irradiation. The electron
influence was surprisingly different for crystals obtained in various atmospheres.

For the crystals grown in the argon atmosphere, the transmission spectra exhibit a weak
absorption band in the range 290 nm. On the same wavelength range a wide absorption
band for the crystals grown in air was observed too, but it is much stronger. The optical
transmission spectra of the crystals grown in the argon with oxygen atmosphere
significantly differ from the spectra of the crystals grown in argon and air. Strong
absorption bands in the range 290 nm, 360 nm and 480 nm was also observed.

After electron irradiation (1-10"° ¢cm™) the crystals grown in the argon atmosphere exhibit
the strong absorption bands at 290 nm and 350 nm. The doses increase influences on the
intensity of those bands for all investigated samples variously. As for crystals grown in the
argon with 2% of oxygen the electron irradiation leads to the strong changes of the
absorption band at 360 nm and 480 nm.

The crystals obtained in different atmospheres (the argon and in the argon with 2% of
oxygen) were investigated by diffused scattering of X-rays before and after the irradiation.
The results of research indicate the vacancy mechanism of color centers formation in these
crystals. It may be explained by presence of oxygen and gallium vacancies.

Presence of point defects in structure and processes of recharge have an influence on color
centers formation. It leads to generation of optical active localized states. Formation processes
might be activated with additional postgrowth treatment particularly with annealing.
Isothermal annealing in the air was carried out at temperature 500 0C, 600 0C, 700 0C, 800 OC,
900 °C, 1000 °C, each sample was held within 4 hours at only one temperature. The
experiment required using the polar cut samples 2 mm thickness. All samples were
investigated with methods of optical spectroscopy, optical microscopy, atomic force
microscopy, X-ray photoelectron spectroscopy before and after annealing. A strong effect of
the annealing temperature on the state of defects in langatate structure and crystal surfaces has
been revealed. It depends on the growth atmosphere.

In this study scattering spectra of LGT crystals grown in argon — oxygen atmosphere were
also observed and investigated.
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Increase and relaxation of abnormal conduction current in lithium niobate
crystals with charged domain walls

A.A. Esinl’z, A.R. Akhmatkhanovl’z, LS. Baturinl’z, V.Ya. Shur'*

"nstitute of Natural Sciences, Ural Federal University, 620000, Lenin Ave. 51,
Ekaterinburg, Russia.
’Labfer Ltd., 620014, 8 Marta str. 2-22, Ekaterinburg, Russia.

e-mail: Alexander.Esin@urfu.ru

The time dependence of the conduction current (j.) just after partial polarization reversal has
been measured in temperature range 100-200°C in stoichiometric lithium niobate (SLN)
single crystals. The obtained 10°-10" times increase of j. as compared with the single domain
state has been attributed to appearance of conductive charged domain walls (CDW). The
temperature dependence of characteristic times of increase and relaxation of CDW conduction
current was measured [1].

It was demonstrated that the current, measured during polarization reversal, consisted of
conventional switching current and the CDW conduction current. The temperature
dependence of j. increase rate resulted in negligible input of j. for T < 150°C and domination
of its contribution for T > 200 °C. The linear dependence of high-field CDW conductivity on
the total switched area for the area less than 2 mm” and conductivity decrease for further
switching was obtained. This fact was explained in the framework of the model based on the
complex conduction current pathway along CDWs.

The visualization of the static domain structures on the Y cut after partial polarization reversal
allowed to reveal that the domains nucleated at Z+ polar surface grew in the polar direction
and stopped close to Z— surface while merged at Z+ surface, thus forming the large domain
with spike-like charged domain wall (CDW area).

The CDWs border, which connected the opposite polar surfaces by the shortest path, gives the
maximum contribution to bulk conductivity. The input of the inner part of CDWs is
significantly reduced, due to its connection with Z+ polar surface through the complex
pathway.

Two stages of the switching process have been separated for analysis of the current data in
terms of the modified K-A model taking into account the input of CDW conductivity. At the
first stage the lateral size of the CDW area is relatively small and the conduction current is
proportional to the switched area. At the second stage only the boarder part of CDW area,
which is situated closer to the electrode boundary and the inner perimeter of the domain
structure provides the input to the conduction. The physically clear parameters have been
extracted by fitting of the experimental data within this model [2].

The equipment of the Ural Center for Shared Use “Modern Nanotechnology” UrFU was used.
The research was made possible by Russian Science Foundation Grant 14-12-00826.

1. V.Ya. Shur, I.S. Baturin, A.R. Akhmatkhanov, D.S. Chezganov, A.A Esin, Appl. Phys.
Lett., 103, 102905 (2013)
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(2013)
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Cascade of phase transitions in a complex multi-sublattice magnetic oxide
CllB204

M. N. Popova
Institute of Spectroscopy RAS, 142190 Troitsk, Moscow, Russia

The copper metaborate CuB,0O4 CuB,04 has a complex crystal structure (SG 742d ,
Z=12). Magnetic Cu?" ions (S=1/2) in the unit cell occupy two different crystallographic
positions, 4b and 8d. The compound demonstrates a unique combination of magnetic,
magnetoelectric, linear and nonlinear optical properties. To mention some of them, Cu(4b)
and Cu(8d) magnetic sublattices order at different temperatures, 21 K and ~ 8 K, respectively.
Multiple frustrated and nonfrustrated antisymmetric exchange interactions within and
between the 4b and 8d magnetic sublattices result in a rich complex magnetic phase diagram.
Narrow zero-phonon (ZP) exciton lines were observed for all transitions between the crystal-
field-split 3d-states.

In the Institute of Spectroscopy, we carry out high-resolution optical studies of
CuB,0; single crystals. We have found a large sublattice-sensitive optical linear dichroism
(LD) on ZP Cu(4b) exciton lines which arises below the temperature of the antiferromagnetic
ordering in the crystallographically isotropic (xy) plane of CuB,0O4 [1]. We elucidate the
nature of this LD attributing it to the magnetic Davydov splitting. Using the LD data we have
discovered a splitting of the phase transition at ~ 8 K into two transitions and have found three
additional magnetic phase transitions at the temperatures below 2.0 K. Moreover, we were
able to specify arrangement of spins in different incommensurate phases of the copper
metaborate.

As a result, we show that the discovered optical LD can be used as a new efficient
method for revealing hidden features of magnetic phase transitions and magnetic structures in
complex multi-sublattice magnetic oxides.

This work was supported by the Russian Academy of Sciences under the Programs for
Basic Research.

[1] K. N. Boldyrev, R. V. Pisarev, L. N. Bezmaternykh, and M. N. Popova, Antiferromagnetic
dichroism in a complex multisublattice magnetoelectric CuB;0, arXiv:1410.8727 [cond-
mat.mtrl-sci]; Phys. Rev. Lett., in press.
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Anomaly of dielectric, piezoelectric properties and conductivity of strongly
doped LiNbO;:Zn crystals

M.N. Palatnikov, V.A. Sandler, O.V. Makarova, N.V Sidorov, I.V. Birukova, D.V.
Manukovskay

I.V.Tananaev Institute of Chemistry and Technologyof Rare Elements and Mineral Raw
Materials ICTREMRM KSC RAS); Akademgorodok, 26 a. 184209, Apatity Russia, e-mail:
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LiNbO; crystal interests experts in integral and nonlinear optics, acousto-electronics,
quantum electronics, solid state physics. Especial interest towards crystals doped by
“threshold” concentration of Zn (~ 4.5+5.0 mol. %) is caused by high optical damage
resistance and perspective of application in planar technology of optical converters based on
periodically poled structures.

Polar clusters formed by antisite defects localized along the polar axis appear in
strongly doped crystals, such as LiNbO3:Zn. In originally LiNbO3:Zn poly-domain crystals
doped by “threshold” concentration (~ 4.5 mol. %) essential spontaneous unipolarity appears
after high-temperature measurements and high-temperature shorted annealing (T = 850 —
1000°C). Perhaps, this effect is caused by two factors: instability of polydomain state in
doped crystals at high temperature and conductivity, and collapse of the structure clusters that
stabilize domain walls. This state of the crystals could be close to the single-domain one due
to the static piezoelectric effect, thus it is meta-stable. Rise of unipolarity is accompanied by
sharp jump anomalies of o(T) and &(T) dependences. The same jumps are observed for
LiNbOs:Zn crystals subjected to forced monodomainization. This means that the crystals
contained “not switched” residual or "stubborn" domains that do not disappear at polarization
switching. These domains are wedge-shaped domains with non-through charged slanting
walls [1]. The monodomenization process does not lead to absolute unipolarity. It is possible
that even after monodomainization crystals contain domains of the opposite sign. Turning
crystals to single domain state is cooling of crystals from temperatures higher than Curie
temperatures Tcyrie at constant current. At high ion conductivity on lithium this means solid-
phase electrolysis of the crystal. In the conditions of not completely reversible on lithium
electrodes this leads to appearance of components concentrations gradients. This will rise
concentration of structure defects that stabilize “stubborn” domain structure. In strongly
doped crystals polar clusters that are formed by defects localized along the polar axis appear
[2].

Anomalies on the temperature dependences of conductivity and dielectric constant
occur at temperatures ~ 800+10K both for originally poly-domain and monodomainizated
LiNbOs:Zn crystals.The domain structure evolution in the LiNbOs:Zn crystals starts by
thermal collapse of charged clusters that stabilize charged domain walls. The piezomodulus
d333 of monodomainizated crystal rises a bit less that piezomodulus of originally poly-domain
crystals. It is connected with the higher unipolarity of of monodomainizated crystals and
much less amount of domains that are able to evolve at high temperature shorted annealing.

1. V.Ya. Shur, E.L. Rumyantsev, E.V. Nikolaeva, E.I. Shishkin Formation and evolution of
domain walls in congruent lithium niobate // Applied physics letters. 2000. V. 77. Ne 22. pp.
3636 —3638.

2. Sidorov, N. V., Volk T.R., Mavrin B.N., Kalinnikov, V. T. Lithium niobate: defects,
photorefraction, vibrational spectra, polaritons. Moscow: Nauka, 2003, P. 255
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Possibility of the ferroelectricity and multiferroic behaviour [1] due to charge ordering
were recently discussed [2]. The complicated interplay among charge, spin and lattice degrees
of freedom in doped manganites lead to the unexpected phenomena such as phase separation
with charge segregation [3]. The problem of spatially inhomogeneous states in the charged
systems frustrated by the Coulomb interactions is constantly under debate for different
systems. We consider the possibility of polar states and multiferroic-like behaviour due to
magnetic phase separation with charge segregation phenomenon in pre-percolation regime in
manganites. It is expected that pronounced changes of the electric properties might occur if
the concentration of doped carriers is locally varied in a controllable way. The colossal
magnetocapacitance effect at La;.Sr,MnOs single crystals [4] was discussed in framework of
that approach. The Coulomb interaction determines charge distributions and characteristic
length of the phase separated states. The phase separation with charge segregation becomes
possible because large dielectric constant and small density of extra charge in the range of
charge localization. Localized charged states and phase segregation are described in the
framework of the phenomenological theory of phase transitions. The energy gain of the phase
separated states is estimated. The role of the Coulomb interaction is elucidated. The influence
of magnetic field on that states is investigated in the pre-percolation regime and the possibility
of polar states induced by external electric field. The dynamic of induced states is investigated
and the sizes and the expansion kinetic of induced areas are determined. The influence of the
external magnetic field on the writing of electric-field-induced polar states is considered.
These phenomena are discussed in the framework of the model, which supposes the phase
separation with charge segregation. Thus the properties of the local states induced by electric
field in Lag oSty MnO; and Lag goSt1:MnO3 single crystals [5,6] can be associated with this
phenomenon.

Acknowledgment. The reported study was partially supported by RFBR, research project No.
14-02-01154 a.
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Search for lead-free materials with the electromechanical properties comparable to lead-
zirconium titanate (PZT) is driven by the increased demands of environmental protection
from lead. [1] The strontium doped sodium-potassium niobate (KNN) ceramics are
considered among the promising piezoelectrics for the replacement of PZT. [2]

In this work we studied the influence of Sr*" doping on the domain structure of KNN
ceramics doped with Sr. [3] Ceramics with the compositionsr (Ko sNags);.2xSrxNbO3, where x
=0, 0.005, 0.02 and 0.08 have been produced by solid state synthesis. The sample surface has
been polished carefully. Piezoresponse Force Microscopy (PFM) has been used for
visualization of the domain structure and surface topography. Revealing of the grain structure
by topography analysis was hampered by revealing of the initial domains structure during
polishing. The scanning electron microscopy in low voltage regime allowed us to obtain the
contrast between individual grains and reveal the grain boundaries. The complicated quasi-
periodic domain structures have been revealed by PFM.

The obtained experimental results are discussed in terms of ceramics processing and influence
of the domain walls on piezoelectric performance.

The equipment of Ural Center for Shared Use “Modern Nanotechnology” UrFU has been
used. The research was made possible in part by the Ministry of Education and Science of the
Russian Federation, Federal Target Program "Research and development on priority
directions of scientific-technological complex of Russia for 2014-2020 years" (UID
RFMEFI159414X0011).

1. Union, E. in 2002/96/EC (ed. European Union) (2003).

2. T.R. Shrout, S.J. Zhang, J Electroceram., 19, 111-124 (2007).

3. B. Malic, J. Bernard, J. Holc, D. Jenko, M. Kosec, J. Eur. Ceram. Soc., 25, 2707-2711
(2005).
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In the last decades the focus of interests of researchers of solid state physics is shifted
to disordered and partially disordered materials. The mixed ferro-antiferroelectric (FE - AFE)
crystals of K, x(NH4)H,PO4 type are good examples of such materials. The crystals of this
system undergoes transition to ferroelectric (FE), antiferroelectric (AFE), relaxor (RF) or
dipole glass (DG) states in dependence on concentration x. Their dielectric properties,
structure, lattice dynamic etc. are studied now. However the electromechanical and acoustic
properties of these mixed crystals are not discussed practically, in spite of the fact that they
possess piezoelectric effect in both the tetragonal paraelectric high temperature phase and in
the low temperature phases.

The purpose of present work to discuss electromechanical, dielectric and elastic
properties of K, (NHy4),H,PO4 type of single crystals in the vicinity of transition to low-
temperature phases.

The main attention we concentrated on analysis of temperature dependencies elastic
compliance S¢e, piezoelectric constant dis and dielectric constant €33, which are
interconnected and pass through maxima in the vicinity of transition temperature.

It was found in particular.

1. Temperature dependences of €33, elastic compliance difference [SE66 -sP 66] and dse
are obeyed to Curie — Weiss law in PE phase within wide temperature range. (S°s is
compliance of electrical clamped crystal.)

2. The shapes of corresponding &33(T) and S%(T) dependences near the phase
transition temperature for FE, RF and DG compounds are similar. It is an evidence of
considerable contribution of strain component X¢ to polarization P; in paraelectric phase due
to piezoelectric effect.

3. A smearing of the both dielectric (g33) and elastic (S”s) anomalies in the vicinity of
FE phase transition is increased with increasing of inhomogeneity x(1-x) is observed.

4. The shapes and positions of €33 and St ¢6 anomalies for AFE single crystals in the
vicinity of phase transition temperature are different. It was revealed a weaker contribution of
strain component xe to polarization P; in comparison with contributions of other polarization
mechanisms.

5. Analysis of $%(T) dependences shape for AFE single crystals speaks in favor that
AFE phase transition is inproper ferroelastic transition too.

6. Obtained temperature dependences of nonlinear permittivity and elastic compliance
for relaxor compounds can be explained qualitatively in the framework of Random Field
model proposed in Ref. [1].

1. M.D. Glinchuk and V.A. Stephanovich, Theory of nonlinear susceptibility of relaxor
ferroelectrics, J. Phys. Condens. Matter 10, 11081 (1998).
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Strontium titanate SrTiO3 (STO) is the top model of the family of strongly-polarizable
ABOj; perovskite structure oxides revealing a variety of unusual phenomena. Recent interest
to Mn-doped STO is related to the so-called “magnetoelectric multiglass™ state that was
reported in STO:Mn ceramics and considered as an intrinsic effect associated with presence of
12-fold coordinated Mn*" off-centers [1]. Later, e.g., in [2] this effect was treated as an
extrinsic one due to observed precipitates of the ferrimagnetic Mn3O4 [2]. At the same time,
dielectric anomalies were found in Mn-doped STO single crystals, too [3]. So, the micro-
scopic origin of Mn-impurity induced dielectric anomalies in STO is still an open question.

We report on extensive EPR study of a series of high-quality Verneuil-grown STO:Mn
crystals from Furuuchi Corp. (Tokyo, Japan). It was found that the development of the
dielectric anomalies correlates well with the concentration of the Mn®" impurity centers. EPR
spectra of these cubic symmetry centers at T > 100 K experience drastic broadening on
cooling from 500 K to ~ 60 K. This behavior originates from the slowing down of the Mn*'-
center dynamics with characteristic activation energy of ~ 34 meV. Interestingly, this
dynamic at high temperature Mn>" center gives rise to two types of static centers at T < 10 K.
The higher symmetry one is oriented along the quasi-cubic [110]-direction revealing C,
orthorhombic point symmetry. Another one is monoclinic C,, whose principal axis is slanted
by ~12 degrees from <100> towards [110]-type axes. In general, the EPR spectra of all the
STO:Mn samples reveal presence of both centers with the sample-dependent concentrations.
We found that most likely the Mn®" center of Cs-symmetry are formed in perturbed metastable
regions of the sample while centers possessing the C,-symmetry — in the relaxed ones. This
follows from the observed transformation of the EPR spectrum on a weeks-long timescale at
room temperature. To our mind, this situation reveals presence of the two energetically near-
degenerate microscopic structures of the Mn*" impurity centers in STO.

Regarding the origin of the long-lived perturbation in STO, it follows from the EPR
studies of the Mn*"-ion centers that one of the possible sources is a residual stress. It looks
that the structure of STO has a pronounced tendency towards tetragonal distortion in the
(100)-oriented platelets and [100]-needles with the sign and a value of a distortion depending
on the samples size and shape. At last, a huge irreversible quadratic electric-field effect on the
EPR spectrum of the Mn*" jons in STO in the cubic phase (T > 105 K) was observed. So,
SrTiO3:Mn single crystals are complex objects providing researchers a lot of a new
information and revealing a strong interplay of the intrinsic and extrinsic properties of STO
and peculiar features of Mn-impurities.

This study was partially supported by the Russian Foundation for Basic Research,
project no. 14-02-31166 mol_a.
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Nontrivial topology, strong electronic, spin and orbital correlations in planar
honeycomb lattice yield a rich variety of ground states. We present nuclear magnetic and
quadrupole resonance studies addressing to the ground states of the quasi-two-dimensional
honeycomb lattice compound InCu,3V303.

In the quantum spin-1/2 lattice long-range order is prohibited due to the presence of
quantum fluctuations. This effect depends on the spin coordination number z (the number of
neighbors). The long-range order is possible at T=0 in the 2D case in Heisenberg square
lattice model with z=4, while the magnetic ions in the honeycomb lattice have coordination
number z=3. Thus quantum fluctuations are weaker than in the 1D case but stronger than in
the 2D square lattice and the AFM order for the honeycomb lattice is fragile.

In the InCuy;3V,50;3 quasi Heisenberg 2D magnetic system is realized by copper
magnetic ions with spin S=1/2. Uncorrelated finite size structural domains occurring in the
planes are expected to inhibit the long range magnetic order. Surprisingly, our experimental
data show the development of two collinear antiferromagnetic sublattices in InCuy3V;;303
below 35K. We have investigated the mechanism of setting the antiferromagnetic order with
several methods focused on NQR and NMR results. In order to describe the experimental
results some models of magnetic sublattices were considered and the most successful model

was chosen.

38


mailto:ymf.physics@gmail.com

From lead zirconate to PZT: evolution of structure
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Antiferroelectrics and antiferroelectric-based functional materials are known for more than
60 years. (PbZrO3);x(PbTiO3)x (PZT) solid solution attract special attention due to their
practical importance. Despite of the long history the microscopic origin of their exceptional
dielectric and electromechanical properties is not completely understood. A lack of adequate
description to large extent is related to the limited possibility of the study of the structural
transformations and critical phenomena in the ceramic samples. In recent years the revival of
the interest to the physics of PZT solid solution is observed. To large extent this revival is
related to the developments in the single crystal growth and to the new experimental
possibilities in studying the extremely small single crystals using high-flux synchrotron
radiation sources. Particular interesting are the concentration regions in the vicinity of the
pure PbZrOs and so-called Morphotropic Phase Boundary (MPB), separating the regions of
rhombohedral and tetragonal symmetry.

In a last few years we performed systematic study of the structural transformations in the
PZT solid solutions [1-5]. A number of complementary experimental techniques
(predominantly scattering) were used to determine the details of the phase diagram and
formation of the nanodomain states in the low-x and MPB regions. Critical dynamics in
different points of the Brillouin zone was studied, providing the ideas about the microscopic
origin of the structural instabilities in the PZT crystals. Phenomenological theory describing

the sequence of the phase transitions in the pure PbZrOs.
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This contribution is devoted to studies of physical properties of ferroelectric nanocomposites
(NCM) on basis of porous magnetic alkali borosilicate glasses. Magnetic glasses were
produced by induction melting [1] and conventional melting in a platinum crucible [2]. After
special heat treatment and chemical etching the micro- (PGMIP) and macroporous (PGMAP)
matrices with average pore diameter 5 and 50 nm have been prepared. The crystal structure of
glasses has been studied by X-rays diffraction and it is shown that magnetite nanoparticles
exist inside of these matrices skeletons. We have studied the magnetic properties of these
glasses. At the next step the porous space has been filled by ferroelectrics NaNO, and
KH,PO4 and a new type of NCM with spatially separated magnetic and ferroelectric orderings
has been produced. In Fig.1 and Fig. 2 the dependencies ¢(T) at 1 kHz at B=0 T and B=10 T
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Fig.1 Dependencies &(T) for NCM
PGMAP+KH,PO, at cooling and
heating in zero applied field

Fig.2 Dependencies &(T) for NCM
PGMAP+KH,PO, at cooling and
heating in applied field B=10T.

are presented for NCM PGMAP+KH,PO;, . It is easy to see that application of magnetic field
B=10 T results to a shift of ferroelectric phase transition on ~6 K to the side of high
temperatures. This shift appears due to magnetostriction [3] in magnetic porous glasses.
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We report on experimental and theoretical studies of spectral and magnetic properties
of dilute and concentrated quasi-one-dimensional lanthanide oxides SrR,Os, SrYzO4:R3+
(R=Yb, Er) which contain two different types of zig-zag chains formed by deformed oxygen
octahedrons with the trivalent lanthanide ions at the center. In particular, the unusual
magnetic structures revealed earlier in the neutron scattering investigations of SrEr,Oy4 [1] and
SrYb,04 [2] are interpreted within the self-consistent four-particle cluster model.

B.Z. Malkin is grateful for the support from the Russian Foundation for Basic
Research, grant Ne14-02-00826. The work of R.V. Yusupov, D.G. Zverev, R. Batulin, LF.
Gilmutdinov and A.G. Kiiamov was funded by the subsidy from the Ministry of education
and science of Russian Federation allocated to Kazan Federal University for the state
assignment in the sphere of scientific activities.
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The article contains new data of the CuCrS, (the rhombohedral unit cell, space group
R3m) that relates to multiferroics [1]. The samples used in the study were: the powder,
ceramics and single crystals. The samples were investigated by XRD, the scanning electron
microscope JEOL JSM-7001F, neutron scattering (triple axis spectrometer IN3), magnetic,
resonance and electrical methods. It is found that the powder and ceramic samples CuCrS, are
antiferromagnetic semiconductors. The propagation vector k=(—0.493, —0.087, 1.25) r.L.u.

describes a three-dimensional helical arrangement of magnetic moments of Cr3T ions below
the Neel temperature 37.5 K [2]. The magnetic, resonance, electrical and transport properties
of the real single crystals depend on the detailed technology of synthesis and the
microstructure and elemental composition. Single crystals CuCrS, synthesized by chemical

fi—s : ; : : vapour transport (CVT) from pure elements Cu, Cr, S
5| CVT-CuCrs, (ILL) s Wbﬁ ] are of particular interest because of their
A ™ e . . . .
2| L "?;.,‘.‘,‘&fﬁ*;‘ 1 microstructural and physical properties. It is found that
> FLA T R .
1R P j‘;“. T wab v ] these crystals can be considered as layered
axMear? Y - .
of gAY S 1 heterostructures consisting of alternating layers of

4l 1 single-crystals of disulfide CuCrS, and spinel CuCr,Ss.
2t 1 The thickness of spinel layers ranges from 20 nm up to
" 42K/ - 1 micron. The current-voltage characteristic is non-
] linear, and the resistance depends also on the measuring
1 carrent. The resistance and magnetoresistance (MR,

MR, %
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" HIIC lllab
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Tyt 1 Fig. 1) are anisotropic. The resistance of a single

o oo o0 s soo oo crystal in the plane perpendicular to the C axis is two
H, Oe . .
orders of magnitude less than that along C axis.
Moreover, the type of conductivity is anisotropic in the single crystal: it is metallic in ab-
plane (below 150 K) and semiconducting along c-axis. The figure shows the field
dependences of the magnetoresistance for the CVT single crystal CuCrS, with 15% of
CuCr,S; phase.
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Here we discussed microscopic studies of spatial heterogeneity of phase transition of spinel
Li4Tis0; into rock-salt-type Li;TisO;, during lithiation.

Lithium titanate oxide Li4TisO;, (LTO) is one of the commercially available anode materials
with low price, excellent safety issues and outstanding structural stability during cycling.
Electrochemical Li" intercalation in spinel-type Li4TisO;, and formation of Li;TisO, can be
described as follows:

BLi 'L, 5Tis;3] **°04 + Li* + e —'Liy '[Li,;5Tis;3] **°04 (1)

Despite the fact that LTO is rather well-studied material, there is no clear understanding of
peculiarities of phase transition and even the symmetry of Li;TisO;, phase. While Julien et al
[1] claims that phase transition (1) is accompanied by lowering the crystal symmetry from
cubic Fd3m to tetragonal 14,/amd, Mukai at el [2] argued with it standing for cubic rock-salt
type of Li7Ti5012.

Here we present results of heterophase structure study using different microscopic techniques
with micro- and sub-micro spatial resolution thus bridging gap between integral macroscopic
and local nano-scale TEM studies of LTO. We demonstrated notable heterogeneity of
partially lithiated Lis+xTisO12 using Micro-Raman spectroscopy and attributing phase
transition with Raman Spectra band shifts. For the first time we studied local heterogeneity
using Electrochemical Strain Microscopy [3]. Unique compact samples without binder and
conductive additives allowed us combine Micro-Raman with optical microscopy. Phase
transition in LTO during lithiation is discussed in terms of fractal geometry [4].

1 Julien C. M., Massot M., Zaghib K., J. Power Sources, 136, 72-79 (2004).
2 Mukai K., Kato Y., Nakano H., J. Phys. Chem. A, 118, 2992-2999 (2014).
3 S.V. Kalinin and A.N. Morozovska, J. Electroceramics, 32, 51-57 (2014)

4 J. Feder, Fractals (Physics of Solids and Liquids), Springer, (1988)
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The bismuth layer-structured ferroelectrics (BLSF) materials are of technical interest in
the field of electronic industry and information technology for their potential use in high
temperature piezoelectric devices and nonvolatile ferroelectric random access memories due to
their high Curie points (T;), low aging and excellent fatigue endurance property. However the
piezoelectricity of these materials is limited because of their relatively high conductivity, whose
influence is enhanced with porosity of ceramics. Therefore the researches devoted to the solution
of these problems are important now. The purpose of the present work was the preparation of the
dense ceramics of the BSLF phases by hot pressing and the studies of the influence of the
additions of different atoms on its dielectric, transport and piezoelectric properties.

The ceramic samples of BLSF phases Bi3TiNbOy - I, Bi;CaNb,Og — II and Nag sBi sNbyOg
— III with additions of 1-5 at.% different atoms (W, Ta, Sc, Ce B for I, Li, Nd, Sc, W, Mo for II and
Bi,Sc — for IIT) were synthesized by the hot pressing technique. The values of the measured density
of the received ceramics were 99% of theoretical values. By the X-Ray diffraction studies it was
established that ceramics possess a pure BLSF phase and no second phases were found. The unit
cell sizes of the contained in samples BLFC phases were determined.

In the temperature range of 290 — 1250 K and the frequencies range of 25 - 10° Hz the
peculiarities of temperature- frequency dependencies of the dielectric permittivity €(T) and
losses tgd(T), and also electric resistance p(T) were studied. The temperature dependences of
piezoelectric and pyroelectric effects were studied by the alternating mechanical load and
quasistatic method respectively in the temperature range of 290 — 1000 K. The ferroelectric
P-E hysteresis loops were measured at 295 K by Sawyer-Tower technique.

It was established that samples show ferroelectric properties with a temperature of a Curie
point varying with compositions from 1030 K to 1295 K. High-frequency (f > 100 kHz) € and tgd
show the expressed maximum and a minimum respectively at the temperature near to T.. The
maxima, plateau-like areas and/or breaks were also found on the temperature dependences of
g(T), tgd(T) which positions were displaced with a frequency towards high temperatures. The
conclusion was made about relation of these dielectric features with the relaxation processes
caused by the existence in structures of the phases of oxygen vacancies. It was established that
additions of some atoms significantly increase the electric resistance of the samples and that at
temperatures lying higher than 600 K the temperature dependencies p(T) submits to Arrhenius's
law p=p.exp(-E/kT) with of activation energies E, equal to 1,0 or 1,6 eV for the samples of
different compositions. These values correspond to thermally activated oxygen vacancies
diffusion. It was found that the polarized samples show piezoelectric and pyroelectric effects. The
value of piezoelectric module ds; of samples at 295 K varies with their composition within 10 —
20 pC/em?, these values remain under heating to 1000 K. The conclusion was made that the
synthesized and studied samples are perspective for creation of high-temperature piezomaterials.
The ways of introduction of the addition atoms to crystal structure of BLSF phases and
mechanisms of their influence on electrical and ferroelectric properties are discussed.
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A new multiferroic perovskite solid solution system of Pb(Fe;xMny),3W 303 (0<x<1)
has been prepared by conventional solid-state reaction under different sintering conditions
(air, vacuum or Ar environments). Structure, phase composition, thermal, magnetic and
dielectric properties of prepared compounds have been systematically investigated and clean
perovskite phase was established at room temperature for compositions with 0<x<0.4.The
gradual incorporation of manganese is accompanied by a complex evolution of the lattice
parameter and of the magnetic and dielectric properties. Combined X-ray and neutron powder
diffraction, EDS, iodic titration and Mossbauer data allowed determination of chemical, phase
composition, valence state, site assignment and occupancies of all perovskite sublattices. It
was found that the ordering degree of the Fe and W/Mn cations strongly depends on the
amount of Mn substitution. As was derived from the Rietveld refinement of X-ray and
neutron powder diffraction patterns, the compounds crystallize in space group Pm3m
(0<x<0.8) or Fm3m (0.8<x<1). The substitution of Mn>"cation for Fe’" one suppresses spin
and dipole states obviously, leading to a gradual reduction of both antiferromagnetic and
relaxor ferroelectric phase transition temperatures. While the antiferromagnetic order of the
undoped compound is rapidly suppressed by the doping, a relaxor ferroelectric behavior
similar to that of the pure phase is observed up to relatively large Mn contents. In contrast, an
additional spin-glasslike behavior which appears around 20 K is essentially unaffected until
x=0.1. It was established that multiferroic properties of perovskite Pb(Fe; «Mny),3W ;303
disappear completely for x>0.4. For heavier Mn doping the prepared samples were not single
phase with several impurity phases.

Antiferromagnetic G-type order with propagation vector k = (1/2,1/2,1/2) was derived
from neutron powder diffraction data registered for the samples with x<0.4 below and above
Tn. This type of magnetic structure does not change with the amount of Mn*"cation but the
value of magnetic moment on the B-site decreases with increasing of doping concentration.
The origin of spin and dipole ordering of Pb(Fe;.x\Mny),3W ;303 are explained in terms of the
super exchange interactions via anions and local distortions of the crystal structure owing to
special polarized lone electron pair of Pb>" captions.

Effect of the Mn doping in different Pb-based perovskites are compared and discussed in
details and possible reasons for the observed difference are described.
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The materials include, first of all, complex oxide compounds where due to the strong
electronic correlations unique spin and transport properties, pronounced smearing of the
dielectric transition, charge and magnetic order (low-doped lanthanum strontium manganite)
are observed. The search for the materials with the magnetocapacitive properties is mainly
focused on the weakly conducting multiferroics [1, 2]. Possibility exists to achieve analogous
results by means of acting on the charge inhomogeneities possessing the magnetic properties.
The distinct contrast of the electric field induced polar states was observed in
Lag 39S19.1:MnOj single crystals [3]. Here we report the results of the dynamic of the induced
states in the different condition of writing and relaxation and influence of magnetic field on
this behavior. Local charged states have been induced at the surface of lanthanum strontium
manganite single crystals as result of the local bias application by a conducting scanning force
microscope tip. Charge and size of the created structures increase significantly if the induction
occurs in a magnetic field. It indicates the tendency of manganites toward charge segregation
stimulated by the magnetic ordering. The polar nanoscale areas are formed at room
temperature by applying electric field via the tip of scanning probe microscope to the surface
of the La; «SryMnOs (x=0.1, 0.11) single crystals. Local properties of the induced states are
verified with techniques of the piezoresponse force microscopy (PFM) and of the Kelvin
probe force microscopy (KFM). The piezoelectric contrast is observed in these states pointing
to the existence of a local polar state. It is amazing that the induced charged states relax with
characteristic time constant of about 50-100 hours at room temperature. These results are
complemented by the measurements of surface potential hysteresis loops in standard pulse dc
mode. The electric-field-induced contrast is observed in Kelvin mode confirming local
modification of the surface electric properties of manganites. We investigate the dynamic of
induced states and determine the sizes of induced areas. These results show the dependence of
the surface potential of induced area on the writing time a similar as for ferroelectrics. The
influence of the external magnetic field on the writing process of electric-field-induced polar
states 1s found out.

Acknowledgements. The reported study was partially supported by RFBR, research project
No. 14-02-01154 a.
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Electrocaloric effect (ECE) in dielectric materials has a great potential in realizing of
solid-state cooling devices with compact size and high efficiency what is highly desirable for
a wide range of applications such as on-chip cooling and temperature controlling for sensors,
electronic devices, and medical instruments. This effect is the change of the temperature or
entropy connected with electric field variation under isothermal and adiabatic conditions,
respectively. Rather large EC effect can be obtained in ferroelectric materials near phase
transition point under large electric field (E>300 kV/cm). However, the breakdown field for
bulk materials is typically no more than 60 kV/cm. On the other hand, thin ferroelectric films
can support higher breakdown fields, namely at about 10002000 kV/cm, due to small
thickness and low voltage. This is the reason that gigantic intensive ECE ( Tap = 14 K) was
observed in such kind of ferroelectric materials [1]. Unfortunately, monolayer thin films have
small thermal mass which brings about small electrocaloric heat. Multilayer ceramic
capacitors (MLCCs) have been suggested [2, 3] as an alternative design for electrocaloric
coolers as they combine high breakdown field due to thin layers (typically > 5 um) as well as
large thermal mass and, therefore, high cooling power.

In this work, we present the experimental data concerning ECE studied under
1sothermal and adiabatic conditions, permittivity depending on frequency and electric field,
hysteresis loops, pyroelectric current, heat capacity and thermal expansion in MLCC based on
BaTiO; widely used at the moment in ceramic capacitors due to high values of permittivity
near room temperature. A commercially available MLCC (C4532Y5V1A107Z, TDK
Corporation, 100 uF) consisting of 200 interdigitated layers of doped BaTiO; and Ni was
used. The nominal thickness per layer is 6.5 um for BaTiO3 and 2.0 pum for Ni.

The results obtained are discussed in relation to transformation of physical properties
ECE associated with phase transitions in multilayer thin films of barium titanate compared to
bulk material with experimental data of the other authors. The effect of nonequilibrium
conditions as well as frequency of external electric field on dielectric and thermal properties is
considered. It was found that cooling power can be scaled using intensive and extensive
ECE’s in the set of MLCC.

[1] A. S. Mischenko, Q. M. Zhang, J. F. Scott, R. W. Whatmore and N. D. Mathur. Giant
electrocaloric effect in thin-film PbZr( 95T ,0s03. // Science, 311, 1270 (2006)

[2] S. Kar-Narayan, N. D. Mathur. Direct and indirect electrocaloric measurements using
multilayer capacitors. // J. Phys. D: Appl. Phys., 43, 032002 (2010)

[3] N. A. S. Smith, M. K. Rokosz and T. M. Correia. Experimentally validated finite element
model of electrocaloric multilayer ceramic structures. // Journal of Applied Physics 116,
044511 (2014)
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The aim of this work was an investigation of the dielectric ageing processes and
subsequent “rejuvenation” at different levels of the field and temperature impact on the
material under study — ferroelectric ceramics of
(K075N8.0,5)(Nb1XSbX)O3+0.51’n01.% Ml’lOz (KNN—X) with x =0.05 (KNN—S)

Dielectric studies at low and infra-low frequencies were performed with Sawyer-
Tower method which supposes the measurements of the polarization loops after various
durations of the constant amplitude sinusoidal field £ application.

In Figure 1(a) an evolution of the polarization loop is shown after different durations
of the £ =8 kV/cm at 1 Hz application to the KNN-5 ceramics sample preliminary kept for 24
h at 61°C. In Figure 1(b) the time dependence of the effective dielectric permeability & (1) 1s
presented that was obtained from the polarization loops with the given value of E. This value
of E ensured the measurements of the so-called partial (non-saturated) loop cycles. This
allowed to follow the development of the polarization P of a sample with the described
“training” of the preliminary aged KNN-5 sample. Moreover, the choice of the low E values
(less than the coercive field E.) practically excluded either the sample heating with such a
field “annealing” or the field degradation of the sample (field fatigue). It has been found that
an increase of the effective dielectric permeability is well described by the power law &’y =
¢’y +B (° (solid line in Figure 1(b)), where ¢’ is the initial value of ¢, B — an amplitude ¢ —
an exponent that can be extracted from the fit of the data.

The obtained results are analyzed within the approaches with interaction of the domain
walls with defects [1,2].
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Figure 1.

1. Sidorkin A.S. Domain structure in ferroelectrics and related materials [in Russian].
Moscow: Fizmatlir, 2000. 240 p.
2. AN. Morozovska, E.A. Eliseev, G.S. Svechnikov, S.V. Kalinin/ J. Appl. Phys. 113
187203 (2013).
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The formation of ferroelectric domains by irradiation of polar surfaces by focused electron
beam has been studied in MgO doped congruent lithium niobate crystals (MgOLN) both
experimentally and by computer simulation. The periodical domain patterns have been
produced and effective second harmonic generation (SHG) has been demonstrated.

The irradiation of polar surfaces was performed by scanning electron microscope (Auriga
Crossbeam workstation, Carl Zeiss) with electron-beam lithography system (Elphy
Multibeam, Raith) using dot, line and stripe exposure regimes. The opposite surface was
covered by solid Ta electrodes and grounded. The irradiated Z -surface was coated by resist.
The domain patterns revealed by chemical etching were visualized by several microscopic
methods: optical (OM), piezoresponse force (PFM), scanning electron (SEM) and confocal
Raman (CRM) microscopies.

Dot exposure of Z" surface led to formation of the stable needle-like domains with lateral size
about 2 um and length above 200 um at 100-nm-distance from the surface. For linear
exposure the domain geometry changed with the increase of the dose from the chain of
isolated domains with average size about 200 nm and period about 800 nm to comb-like
structure as a result of domain merging. The main stages of domain structure evolution have
been revealed. The mechanism of domain appearing and growth under the field produced by
space charge was proposed and explained in terms of kinetic approach [1]. The domain
forward domain growth has been attributed to electrostatic interaction of the elementary steps
existing at the charged domain wall of needle-like domain [2].

The domain formation on Z surface for MgOLN crystals coated by resist was investigated
experimentally and by computer simulation [3,4]. It was shown that the pattern quality
depends on the resist thickness and electron energy. The measured dependencies of domain
size on dose were revealed and used for optimization of the poling process. SHG of green
light was demonstrated for the domain structure with period of 6.89 um. The high
homogeneity of the periodical poling was confirmed by achieved efficiency of SHG, which
was significantly higher than for conventional electric-field poling.

The equipment of the Ural Center for Shared Use “Modern nanotechnology” UrFU was used.
The research was made possible in part by the Ministry of Education and Science of the
Russian Federation (UID RFMEFI59414X0011), by RFBR (13-02-01391-a, 14-02-31255-
mol_a, 15-32-21102-mol_a ved) and by UrFU with the financial support of young scientists.

1. V.Ya. Shur, J. Mater. Sci., 41, 199-210 (2006).

2.V.Ya. Shur, D.S. Chezganov, D.O. Alikin, M.M. Neradovskiy, D.K. Kuznetsov,
M.M. Smirnov, Appl. Phys. Lett., 105, 052908 (2014).

3. X. Li, K. Terabe, H. Hatano, and K. Kitamura, J. Cryst. Growth, 292, 324-327 (2006).

4. D.S. Chezganov, M.M. Smirnov, D.K. Kuznetsov, V.Ya. Shur, Ferroelectrics, 476, 117-
126 (2015).
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The formation of domain structures during polarization reversal was studied in single crystals
of MgO doped lithium tantalate (MgOSLT) and near congruent lithium tantalate (NCLT).

The kinetics of phase transitions in highly non-equilibrium systems is related to the
investigation of self-assembling of nanoscale structures, which are considered as one of the
main trends in nanotechnology. The domain structure evolution in single crystals of uniaxial
ferroelectrics can be considered as a model for investigation of phase transformation in highly
non-equilibrium conditions. Moreover the self-assembled ferroelectric domain structures with
submicron periods can be used for production of nonlinear-optical devices with new types of
nonlinear-optical interactions. In this work the highly non-equilibrium switching conditions
were obtained by polarization reversal of MgOSLT with metal electrodes and NCLT covered
by photoresist layer.

It was shown, that polarization reversal in MgOSLT with metal electrodes leads to formation
of dense quasi-regular submicron-size domain structures at Z- polar surface revealed by deep
chemical etching. The hexagonal domains with walls orientation mostly along Y
crystallographic directions have been visualized on Z+ polar surface. This fact can be
attributed to domain growth from Z+ surface and formation of the charged domain walls with
the domains tips situated close of Z- surface. The self-organized formation of the quasi-
regular structures is governed by electrostatic interaction between the elementary steps
propagating along the domain walls [1,2]. The obtained independence of the domain structure
period (about 1 um) on Z- polar surface on the electric field indicated the self-organized
nature of the domain formation.

In situ visualization of the domain kinetics during polarization reversal of NCLT crystals
covered by photoresist film allowed to separate two stages of domain structure evolution:
(1) formation of maze domain structure; (2) motion of macroscopic domain walls.
Visualization of static domain structures with high spatial resolution by atomic force
microscope has revealed the chains of isolated nanodomains oriented along Y directions
appeared in front of the macroscopic domain wall [3].

The equipment of the Ural Center for Shared Use “Modern Nanotechnology” UrFU was used.

The research was made possible by Russian Science Foundation Grant 14-12-00826.

1. V.Ya. Shur, E.L. Rumyantsev, E.V. Nikolaeva, E.I. Shishkin, Appl. Phys. Lett., 77, 3636-
3638 (2000).

2. A.R. Akhmatkhanov, M.A. Chuvakova, I.S. Baturin, V.Ya. Shur, Ferroelectrics, 476, 76-83
(2015).

3. A.R. Akhmatkhanov, V.Ya. Shur, LI.S. Baturin, D.V. Zorikhin, A.M. Lukmanova,
P.S. Zelenovskiy, M.M. Neradovskiy, Ferroelectrics, 439, 3-12 (2012).
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The possibility of cation substitution in pyroxenes allows the investigation the gradual change
of structural and magnetic properties under doping. NajsLiysFeGe,O¢ was prepared by the
standard solid-phase reaction method and has been investigated using X-ray and neutron
powder diffraction, and further characterized by magnetic and calorimetric measurements.
The crystal structure of NagsLipsFeGe,Og¢ at 300 K is monoclinic C2/c. Calorimetric
investigations indicate a displacive first order phase transition at T = 271+1 K which is
accompanied by the appearance of superstructure reflections in the X-ray patterns. At this
transition Nay sLip sFeGe,Og undergoes a space group change from C2/c to P2,/c) (fig. 1).
a  ce b, P2/
- ’ Fig. 1. Crystal structures of a) G, phase (C2/c); b)
Yatn) ‘ G, phase (P2,/c); ¢) G, phase (P,21/c) where red
e Toisk , tma arrows show the magnetic moment of Fe ions.
Big black arrows show phase transitions under

FeO, Ge10, Ge20,

cooling. Critical modes which distort the crystal
e ‘%s.’i structure at phase transitions are indicated near
o L. P2/c(1480) the arrows.

FeO, Ge10, Ge20,

Magnetic order has been found below the Néel temperature Ty = 18 K and has been refined
from neutron diffraction. The quasi-low-dimensional magnetic spin system Nag sLig sFeGe,O¢
exhibits a collinear antiferromagnetic structure with the space group P,2,/c and the doubling
of the unit cell along the crystallographic a-axis of the pyroxene crystal (propagation vector k
=(1/2, 0, 0)) (fig. 1). The critical modes which are responsible for the phase transitions have
been determined.
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Magnetite (Fe;O4) nanoparticles play important role in living organisms. Presently
there are some experimental facts of observation of electron magnetic resonance (EMR)
signals of magnetite in biological systems. The wide anisotropic signals were detected in
different biological systems: cultures of dividing cells, magnetotactic bacteria, organs of
navigation and magnetoreception in insects, birds and fish, in mammal and human tissues
(nerve, brain, heart, liver, placenta, blood etc.) in cancer cell cultures, in tumours.

At room temperatures (T=300K) magnetite is ferrimagnetic material with inverse
spinel structure, but in the vicinity of 124 K, Verwey Transition temperature [1], it is
transformed into monoclinic structure. At Verwey transition, Ty, there are anomalies in most
of the controlling magnetic energies, most notably in magnetocrystalline anisotropy energy,
where there is a very large increase in its magnitude. EPR-technique allows us to detect and
investigate changes of magnetic parameters of magnetite nanocrystals. The present report
concerns the characteristics of magnetite nanocrystals that we detected investigating different
biologic tissues by EPR technique (human cancer tumors [2], brain of snails, pathologic
spinal cord, heart and lung of rats). The temperature and angular dependencies of EMR
signals were investigated. When studying the temperature behavior of EMR signal the
characteristic non-monotonic temperature dependencies of resonance field (Hi), linewidth
( H) and integral intensity (I) K were observed within the temperature interval 5-300. MR
parameters of EMR spectra demonstrated the following behavior:

1. In the vicinity of Verwey Transition temperature of bulk magnetite a maximum for
Hies, I and local minimum for H were observed. In different samples some dispersion of
Verwey temperature values was detected within interval about 110-125 K, as it is known
about the dependence of T on the stoichiometry of magnetite.

2. High correlations (more than 0.95) between the temperature dependence of the
H,(T) and H(T) and temperature dependence of magnetite magnetocrystalline constant K;
are detected in high temperature phase.

3. EMR signals of biogenic magnetite are characterized by anisotropic behavior of
H,s, in a wide interval of temperatures 100-300 K. The resonance field of EMR line is
successfully described by the expression:

H,es(6) = — H,,,Py(cos6) — Hyp, [1 — zsin2 20) — %sin“é’sin2 (2 )].

The values of axial and cubic contributions depended on temperature and changed when
going through the phase transition temperature.

4. At about 130K anisotropic point (Tx) was detected, at which the anisotropy
disappears.

All listed peculiarities allow to suppose, that there are oriented magnetite nanoparticles
in all studied tissues. The coincidence of referred anomalies temperature with Verwey
temperature in bulk magnetite single crystals and the fact of observed anisotropy of EMR
signals indicate high degree of order of magnetite nanoparticles in biological tissues.

[1] F.Walz..J.Phys.:Condens. Matter 14 R285-R340 (2002)
[2]S. V. Yurtaeva,V. N. Efimov, N. I. Silkin, A. A. Rodionov, M. V. Burmistrov, A. V.
Panov, A. A. Moroshek.:Appl.Magn.Reson.42,299-31,(2012)
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Strontium titanate SrTiO; (STO) is a very popular and thoroughly studied compound
that is representative of the family of highly-polarizable ABO; oxides. At room temperature it
adopts the cubic Oy' perovskite structure. At T, =105K it undergoes a second order
antiferrodistorsive cubic-to-tetragonal Op'- Dy structural transition.

Relatively recently STO doped with manganese have attracted significant attention of
the researchers due to the observation in STO:Mn ceramics of the so-called “magnetoelectric
multiglass phase” [1]. In spite of rather intense studies there is still much of the controversy
on the mechanism of the ordering effects as well as symmetry and properties of Mn centers in
STO (see, e.g.,, [2-4] and refs. therein). One of the most powerful experimental approaches
that allow studying Mn impurities is the electron paramagnetic resonance (EPR).

We report on detailed EPR study of the small tetragonal distortions of the octahedral
Mn*" impurity centers detected in the cubic phase of high-quality Verneuil grown STO:Mn
single crystals (Furuuchi Chemical Corp., Tokyo). Presence of such Mn*" center distortions in
STO above the T, have been reported by Miiller [5] and was related to the off-center shift of
the octahedral Mn*" ion along the [001] crystallographic direction. However, presence of such
center was not confirmed by any further research.

We have detected the obvious distortion of the ideal cubic structure of octahedral Mn**
centers in EPR spectra of (001)-oriented platelet-shaped STO:Mn crystals. It turned out that
this observation is not consistent with the simple assumption on the off-center Mn*"ion
position. Instead, Mn*" spectra clearly reveal almost homogeneous macroscopic symmetry
lowering from cubic to tetragonal structure. Moreover, it was found that the distortion in the
case of [001] oriented platelet is inversely proportional to its thickness and even changes sign
on going from the platelet shape to the rod one revealing the sensitivity of the Mn*" centers
symmetry on the macroscopic symmetry of specimen under study. We found also that the
anisotropy value decreases slightly, by ~10% for samples annealed at 1000°C for 10 hours in
air. This indicates that the observed anisotropy is only partially related to the residual
stress/structural disorder in the sample. Possible origins of the observed phenomenon are
discussed taking into account surface energy size and shape effect in highly polarizable
samples.

This study was partially supported by the Russian Foundation for Basic Research,
project no. 14-02-31166 mol _a.

1. Shvartsman V.V. et al. // Phys. Rev. Lett. 2008. V. 101. 165704.

2. Savinov M., Trepakov V. A., Syrnikov P.P. //J Phys: Cond. Matt. 2008 V. 20. 095221.

3. Kvyatkovskii O. E. // Phys. Sol. State. 2012. V 54. 1397

4. Zorko A., Pregelj A. M., Luetkens H., Axelsson A.-K., Valant M.// Phys. Rev. B 2014, V.
89, 094418.

5. Miiller K. A. // Phys. Rev. Lett. 1959. V. 2. P. 341.
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Sodium cobalt oxides attract attention due to enhanced thermoelectric power,
superconductivity and existence of magnetically ordered phases [1]. Sodium content in
NayCoO, may be changed reversibly in wide range and immensely influence to physical
properties. However phases with specific sodium content can be obtained, which correspond
to some Na orderings as observed by diffraction techniques. Phases of Na,CoO, with x=0.5,
0.66, 0.77 show sodium ordering commensurate to cobalt oxide lattice and therefore are in the
focus of many studies. But most of them have been done on polycrystalline samples. This
work devoted to synthesis of Na,CoO; single crystals with x=0.5, 0.66, 0.77.

Single crystals of sodium cobalt oxide NagsCoO, were grown by the optical floating
zone technique in an image furnace (Crystal Systems Corp., Japan) acquired in Kazan Federal
University [2]. One of the as-grown crystals is presented at fig. 1a. In such ingots the c-axis is
always perpendicular to the growth direction and the crystal is relatively easy to cleave along
the ab plane (fig. 1b). The growth of phases with lower Na content was unstable, thus
electrochemical de-intercalation of sodium ions was used to obtain phases with lower sodium
content [2]. A home built analogue potentiostat was used to control potentials and current in
the electrochemical cell. X-ray diffraction (XRD) allows to measure the sodium content in the
crystals as the c-axis parameter sensitive to sodium content [1]. In fig. 1c the positions of 008
diffraction peak in the XRD patterns of single crystal after subsequent treatments are shown.
The positions of the peaks correspond to phases have been mentioned before.

This work was partially supported by the RFBR under project 14-02-01213a and
performed according to the Russian Government Program of Competitive Growth of Kazan
Federal University.
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Fig.1 a) Sodium cobalt oxide Naj gCoO, as-grown crystal;
b) Nay sCoO, crystal freshly cleaved along ab plane;
¢) XRD pattern of electrochemically treated Na,CoO; crystals, peak 008 is only shown;

1. LR. Mukhamedshin and H. Alloul, Physica B 460, 58—63 (2015).
2. I. R. Mukhamedshin, I. F. Gilmutdinov, M. A. Salosin, and H. Alloul, JETP Lett. 99, 471
(2014).
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Thin films of barium titanate (BaTiO3;) were deposited on silicon substrate using ion beam
assisted deposition (IBAD). Then 40 keV Fe and Co ions were implanted into BaTiO3 films
with high fluences (0.5-1.5)x10'7 ion/cm” to synthesize nanocomposite multiferroic materials.
In addition, the implanted films were annealed at 500°C in vacuum to stimulate precipitation
of dopant in the form of magnetic nanoparticles. The samples were characterized by using X-
ray diffraction, scanning electron microscopy and Mdssbauer spectroscopy. Magnetic and
magnetoelectric properties were studied using coil magnetometry and magnetic resonance
technique.

EDX element microanalysis of Co- or Fe-implanted BaTiO3; shows that the films consist only
“host” elements (Ba, Ti, O) and cobalt or iron dopant. Cross-section images of BaTiO; films
before and after ion implantation allow to calculate sputtering yield (S= 1.7 atom/ion) and
depth profiles of metal dopant concentration. XRD study shows that both as-deposited and
subsequent implanted BaTiO; thin films have polycrystalline structure, and the peaks
corresponding to tetragonal ferroelectric phase of BaTiO3;. Mdssbauer spectra of Fe-implanted
BaTiO; film display the doublet with isomeric shift for charge states of Fe’” ions in BaTiOs
lattice. Non-annealed BaTiO; films implanted with Fe ions at fluence of 0.75%10"7 ion/cm?
have no magnetic signal, while films implanted at fluence of 1.5x10'" ion/cm® show weak
ferromagnetic  signal. After annealing in vacuum Fe-implanted films reveal
superparamagnetic response for low-fluence film and ferromagnetic signal for high-fluence
sample. On the contrary, the films implanted with cobalt exhibit a pronounced
ferromagnetism with magnetic hysteresis loop at room temperature. However Co- or Fe-
implanted BaTiO; thin films don’t reveal any magnetoelectric effects, although ones were
early observed [1, 2] in the single crystals of BaTiOs implanted with Co or Fe to the same
fluences. We assume that iron or cobalt nanoparticles form into the pores of polycrystalline
film. This leads to weakening of mechanical coupling between magnetic nanoparticles and
ferroelectric matrix of BaTiOs;. Therefore magnetoelectric effects in our samples weaken
considerably.

N.I. Khalitov et al. // Nucl. Instr. Meth. 2012. V.272. P.104-107.
N.

1.
2. N.I. Khalitov et al. / Phys.Solid State. 2013. V.55, Iss.6. P.1187-1196.
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Previous and today’s dynamic random access memories (DRAMs) have been advanced by
mainly focusing on how to make memory cells small to realize high density DRAMs. The
most critical challenges in gigabit density DRAMs are yield loss due to large die size and
small feature size, standby current failure caused by large chip size and small data retention
times owing to reduced charge packet in the memory cell. In the recent years thin film
perovskite materials with high dielectric constant such as PZT, SrTiO; and (Ba,Sr)TiO3; (BST)
have been investigated as dielectric materials for future DRAMs.

In this work, we report a voltage-induced domain growth kinetics in ferroelectric BST 80/20
films fabricated by RF magnetron sputtering measured via piezoresponse force microscopy
(PFM). The experimental setup for the PFM measurements included Ntegra Prima (NT-MDT,
Russia) atomic probe microscope, conductive tips NSG30/Pt with apex radius of 30 nm and
function generator for applying DC voltage to the tip. A RF magnetron sputter system was
used to deposit BST 80/20 thin films (thickness 150400 nm) on (100)-oriented Si substrate.
The surface of the sample shows small grains which diameter ranges from 50 nm to 75 nm
and roughness is less than 5 nm. Nanoscale studies revealed the existence of a self-
polarization effect in the studied BST 80/20 thin films. Using the piezoresponse mode of the
SPM to detect the out-of-plane polarization, the domain sizes were measured as a function of
the applied writing voltage and the pulse time. The dynamics of domain growth is analyzed
experimentally taking into account the strong inhomogeneity of the external electric field in
the film. In addition, we investigated the thickness dependence of the induced polarization
state in BST films. The experiments shown, that the value of induced polarization state
increases with thickness of the BST films. In order to evaluate the stability of piezoresponse,
we characterized the microscopic retention behavior of BST film. No obvious back switching
can be observed when the piezoresponse read out again after 18 h.
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The process of spontaneous backswitching (“flip-back™) after abrupt removing of the applied
field has been studied in relaxor ferroelectric SrxBa; x\Nb,Og (SBN) single crystals in terms of
analysis of the switching current and formation of micro- and nanodomain structures.

The studied samples represent the 0.5-mm-thick plates cut perpendicular to polar axis. The
initial single domain state was created by sample cooling in dc field. The polarization reversal
under application of the single rectangular field pulse with varied duration was realized using
liquid electrodes. The switching current data and kinetic of the domain structure visualized by
optical microscopy have been recorded simultaneously. The final static domain structures
were visualized by piezoresponse force microscopy (PFM) (Fig. 1).

The dependence of the backswitched charge on the pulse duration has been measured. The
switching current data have been analyzed using modified Kolmogorov-Avrami approach [1].
The main stages of the domain evolution during backswitching have been revealed. The
appearance and growth of isolated nanodomains and sideways motion of the domain walls of
residual domains have been separated.

It was demonstrated that the typical square-like shape of micro-domains (Fig. 1 a) correlates
with the crystal symmetry (C4y) [2]. The formation of rough domain boundaries (Fig. 1 b)
was attributed to formation of isolated nanodomains in front of the moving domain wall due
to correlated nucleation effect [3,4].

Fig. 1. Micro- and nanodomains appeared as a result spontaneous backswitching in SBN.

The equipment of the UCSU “Modern Nanotechnology”, UrFU has been used. The research
was made possible in part by the Ministry of Education and Science of the Russian Federation
(UID RFMEFI159414X0011), by RFBR (Grants 13-02-01391-a, 14-02-31864-mol-a).
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BaBi,Nb,Oy (BBN) belongs to the Aurivillius family of Bi-layered perovskite-like oxides.
The extensive class of perovskite-like compounds are actively investigated by specialists in
solid state physics. The most important feature of perovskites—the presence of frameworks,
layers, or networks of octahedra BXs, pyramids BXs, and squares BX4 linked at their vertices.
Bismuth layer structured ferroelectrics (BLSF) were synthesized and described for the first
time by Aurivillius [1]. The general chemical formula of the Aurivillius compounds is
(A202)2+(A/ n,anX3n+1)27, where n is an integer between 1 and 5 indicating the number of the
perovskite-like blocks between two adjacent (AZOZ)2+ layers, A and A/= Bi, Ba, Ln, Sr, Ca,
Na, where B = W, Ta, Nb, Ti, Fe, Ga, and X= O, F, Br [1,2]. The Aurivillius compounds
attracted considerable attention because of their potential application in ferroelectric random
access memories, multilayer ceramic capacitors, electro-optic devices, ultrasonic and medical
imagining devices. Macquart R. et al. have shown the presence of a diffused crystallographic
phase transition near room temperature in BaBi,Nb,Og [3]. Authors believe this is from the
paraelectric [4/mmm structure to the ferroelectric [4mm structure.

To understand the temperature phase transitions mechanisms in the BaBi,Nb,Og ceramics the
Raman spectra were studied at temperature range from 8 to 550 K. The spectra in the 180
geometry were recorded on a Horiba Jobin Yvon T64000 spectrometer. The temperature
studies were performed using an ARS CS204 X1.SS closed cycle helium cryostat. Raman
spectra assignments have been performed. Detailed analysis of the line positions changes has
been performed. The significant changes with temperature have been observed in the low
wavenumber part of the spectrum. This part of the spectrum dues to vibrations of lattice and
bismuth.  The lattice vibration spectra in I4/mmm and [4mm phases were calculated.
Comparative analysis of experimental and calculated spectra was made.

This work was partly supported by the Russian Foundation for the Basic Research project no.
no. 13-02-00825, and integration project SB RAS no. 28, SS-4828.2012.2.
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LiNbO; crystal interests experts in integral and nonlinear optics, acousto-electronics,
quantum electronics, solid state physics. Especial interest towards crystals doped by
“threshold” concentration of Zn (~ 4.5+5.0 mol. %) is caused by high optical damage
resistance and perspective of application in planar technology of optical converters based on
periodically poled structures [1 —4].

The system melt-crystal LiNbO3:Zn in impurity concentration range 4 < Cp, < 9 mol.% was
searched with small concentration step. This allowed us to determine more accurate values of
the concentration thresholds in the melt as ~ 5.4 and 6.8 mol. %. Three concentration areas
were revealed. Significant change of physico-chemical melt properties occurs in each area.
Thus LiNbOs:Zn crystals grown from each concentration area have different characteristics.
Favorable conditions for growth of optically and compositionally homogeneous defect-free
LiNbOs:Zn crystals are achieved in 5.4 < C,, < 6.8 mol. % concentration of impurity in the
melt. At C,, > 6.8 mol. % significant change of physico-chemical properties and thus structure
of the melt occurs. Thermodynamical properties of the melt in this impurity concentration
range are the following: obtaining of single-phase defect-free LiNbO;:Zn crystals is possible
only if less than 20 wt. % of the melt crystallizes into a boule. At crystallization of more than
20 wt. % of the melt the grown crystals contain two phases, LisZnNb4O;4 and LiNbOs. In this
concentration range impurity distribution coefficient of LiNbO3:Zn crystals is much less than
unity. impurity distribution is classical in this case: concentration rises from the cone to the
bottom part of the boule. Crystals grown from this concentration area contain great amount of
defects and have a high tendency to crack due to compound inhomogeneity of the crystals.

Due to significant change of physico-chemical properties of the melts from different
concentration areas it is quite possible to obtain LiNbOs:Zn crystals with different intrinsic
structure, but the same impurity concentration. The searched LiNbO3:Zn system is sensitive
towards the zinc concentration in the melt. And this is why this system is completely different
from system LiNbO;:Mg. So the proximity of ionic radii of Zn*" and Mg®" cations is not a
significant factor for making of conclusions that melt-crystal system would behave alike.
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The study of magnetoacoustic resonance is assotiated whis the possibility of the influence
of both the magnetic field on the acoustic properties of the material and the external
mechanical stress on its high-frequency magnetic properties. Magnetoacoustic resonance is
determind as a common point in the spectra of sound (phonon) and spin compound a-Fe,O3
(hematite) is an easy-plane antiferromagnet in the temperature range from the Morin point Ty
=262 K to the Neel temperature Ty = 950 K. Interest expressed in (magnon) waves at which
the frequencies and wave vectors k of this waves coinside respectively with each other. The
interaction of the spin and elastic degrees of freedom (magnetoelastic interaction) splits these
two interesting branches of the spectrum into two magnetoelastic branches that have no
common points. In this work we investigated the branch of magnetoelastic waves, which is
usually called the quasi-magnon or quasi-sound branch.

The experiments were performed on a hematite sample in the form of a parallelepiped,
the faces were oriented with respect to the crystallographic axes of hematite within one
degree. The acoustic measurements were performed in the transmission mode. Acoustic shear
vibrations at frequencies of 5 — 50 MHz were excited by x-cut LiNbOs; piezoelectric
transducers, the sound propagation direction (k) was parallel to the threefold symmetry and
the plane of polarization of acoustic vibrations was perpendicular to the basal plane of
hematite and contained the chosen twofold symmetry axes. This scheme provided excitation
of the magnetically dependent mode of the vibrations. Changes in the quasi-sound velocity
(V) were detected by measuring the phase shift. In the experiments directed compression (P)
up to 180 MPa and magnetic field (H) up to 6 kOe was applied.

Our experiments results of measurements of the quasi-sound velocity V near the
orientation phase transitions with variation in the parameters H and P (dependences V (H) at
P = const and dependences V (P) at H = const. The most interesting features, in our opinion
are as follows.

1. Dependences V (H) have minima for all the chosen values of P. The values of fields H =
Huin at the minima of the dependences V(H) at P = const increase with an increase in the
pressure P.

2. With an increase in the pressure P, the width of these minima also increases.

3. The minima are also present in the dependences V (P) at H = const.

A comparison of these results with the conclusions of the existing theory of
magnetoacoustic phenomena performed.

This study was partially supported by the Russian Foundation for Basic Research
(project no. 14-02-00260).
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The research of the physical properties of materials in a restricted geometry is one of
the very interesting problems of modern solid state physics and is not only of fundamental
interest but also of practical importance. In recent years, a considerable attention was focused
on studies of ferroelectric porous glass nanocomposites. The properties of confined materials
and in particular various types of phase transitions in some ferroelectrics have been
extensively studied by different experimental methods. It was shown that the physical
properties of nano- and micro- materials are significantly different from those of bulk
ferroelectrics [1]. The main reason of a porous matrix usage is an ability to produce a
controlled pore matrix with a large range of characteristic pore sizes and various geometries.

In this paper, we present the results of study of the phase transitions in the well-known
ferroelectric NHsHSO,4 embedded from the melt into porous glasses with pore size of about
46 nm. Bulk ammonium hydrosulfate undergoes two phase transitions at T;=271.7 K and
T,=160 K [2]. However, despite that fact that it widely studied some questions at least
regarding the phase transition at T, remain open, since at this temperature there is very sudden
and significant change in the volume [2]. It was shown also that gigantic barocaloric effect is
characteristic for this transformation [3].

The structural characterization of nanocomposite using electron microscope and X-ray
powder diffractometer has shown that pores of glass matrix are filled with single crystals of
pure ammonium hydrosulfate. The information on heat capacity, thermal dilatation,
permittivity and susceptibility to hydrostatic pressure of ferroelectric component in confined
conditions was obtained by the study of the same physical properties above of nanocomposite
and empty glass. The influence of the pores on the ferroelectric phase transitions in NH4HSO4
nanocrystals embedded into the porous matrix was determined. The results obtained are
discussed in comparison with the data for bulk NH4HSO, investigated in [2,3,4]. The
temperatures of phase transitions were found to be rather lowered. 7—p phase diagram showed
that ferroelectric phase in nanocomposite exists in more wider range of pressure.

The reported study was partially supported of Leading Scientific Schools of the Russian
Federation (grant NSh-924.2014.2).
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The dependence of the domain kinetics on the applied field and the thickness of the proton
exchange (PE) surface layers have been studied systematically in congruent lithium niobate
(CLN) single crystals with various thicknesses of the modified layer.

The obtained formation of the nanodomains in front of the moving domain wall and self-
assembled structures consisting of isolated domains — broad domain boundaries (BDB) [1]
have been attributed to realization of highly non-equilibrium switching conditions caused by
retardation of the bulk screening of depolarization field [2].

The samples under investigation were modified by PE parts of 0.5-mm-thick Z-cut CLN
wafer. PE was carried out in sealed ampule with benzoic acid at the temperature of 300°C [3].
Variation of time of procedure results in formation of the non-ferroelectric layers with
different thickness at both polar surfaces: 3.4 um during 100 min and 4.6 pm during 230 min.

U Y | WY

It was shown that the domain kinetics strongly depends on the excess of the applied field over
the threshold value E., = E; — Ey. Three types of the domain evolution were observed in
studied field range in the sample with 3.4 um PE-layer: (1) appearance and continuous growth
of hexagonal domains for E.~0; (2) growth of domain rays for E..=1.2 kV/mm; (3) formation
and anisotropic growth of BDB for E..=1.7 kV/mm. The domain kinetics changed
qualitatively for 4.6 mm-thick layer: (1) growth of domain rays for E,,=1.4 kV/mm, (2) denser
and less ordered web-like domain structure formed for E..=2.4 kV/mm.
The field dependence of the wall motion velocity has been be attributed to activation wall
motion mechanism taken into account existence of the bias fields

V(E) = veexp[-E./(E-Ep)] (1)
where E,. is the activation field, E, is the bias field, v, is the limiting value of the wall motion
velocity. For 3.4 um PE-layer: E,. = 3.2 kV/mm, E,, = 20.3 kV/mm.
The equipment of the Ural Center for Shared Use “Modern Nanotechnology”, UrFU has been
used. The research was made possible in part by the Ministry of Education and Science of the
Russian Federation (UID RFMEFI59414X0011), by RFBR (Grants 13-02-01391-a, 14-02-
31864-mol-a, 15-32-21102-mol_a ved), with financial support of young scientists in terms of
UrFU development program and for the joint supervision of doctorate thesis by government
of France.
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Both single crystals and ceramics of ternary perovskite PbFe;,,Ta;,0O3 (PFT) exhibit relaxor-
like dielectric behavior. However in contrast to classical relaxors such as PbMg;3Nb,/;305 or
PbSc;,Ta; 05 the dielectric permittivity maximum in PFT is located not in the cubic phase
but within the temperature range of tetragonal phase [1,2]. Surprisingly, it was found out
recently, that PFT ceramics obtained by sintering the mechanochemically synthesized
powders does not show the relaxor-like behavior [3].

In the present work we carried out comparative dielectric studies of highly-resistive Li-doped
PFT ceramics obtained i) by sintering the mixture of nonactivated oxides and ii) ceramics
obtained from mechanically activated powders.

Mechanical activation was carried out in the planetary-centrifugal mill AGO-2 (Russia). The
formation of nanodispersed structure with the particle size 15 - 20 nm as a result of
mechanical activation for 15 min at room temperature was demonstrated by X-ray diffraction
and TEM. The sintering process was investigated by means of X-ray powder diffraction. The
lattice parameters, the sizes of X-ray coherent scattering blocks and their distortion, as well as
the density depending on annealing conditions were determined. Our studies have shown that
due to mechanical activation dense PFT ceramics can be obtained at sintering temperature as
low as 900 °C.

Both types of PFT ceramics exhibited a very large dielectric response (maximum permittivity
values about 20000 at 1 kHz). However the relaxor-like behavior was observed only for PFT
ceramics obtained from the nonactivated mixture of oxides.

It is supposed that in contrast to PMN, the relaxor-like behavior of PFT seems to be due to
coexistence of tetragonal and cubic phases in a wide temperature range.

This study was partially supported by research project 2132 of the Ministry of education and
science of the Russian Federation and by RFBR grant 13-03-00869 _a.
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Thin ferroelectric films are attractable for a set of microelectronic applications such as
random excess memories, microactuators, electromechanical and infrared sensors,
magnoelectrics, microwave electronics, and so on [1]. In the last decade, experiments on
interaction of infrared (IR) irradiation with thin PZT films have revealed not only pyroelectric
response but photovoltaic one, too. According to [2,3] a photovoltaic effect observed in the
films may bes caused by inclusions of semiconductive lead oxide in dielectric PZT perovskite
matrix.

In the work, thin-film PZT-PbO heterostructures were deposited on platinized silicon
substrate using RF magnetron sputtering and then annealed at high temperatures in the air.
Variations of electrical response on IR irradiation of PZT-PbO heterostructure were studied
depending on temperature of perovskite crystallization (Tann). All the films under study
showed different degrees of unipolarity. It was shown that polarity and waveform of the IR
response is associated with a strong change of lead oxide content with T,,, variation (fig.1).

1
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Fig.1. Different types of electrical response of PZT-PbO composite versus temperature annealing
Tam: @) 570 °C, b) 565 °C ¢) 560 °C

An analysis of the results obtained has shown at least two distinct mechanisms of
electrical response. The first oscillogram (fig.1,a) reflects a classical pyroelectric signal, and
other two oscillograms (fig.1,b and 1,c) — different kinds of photoelectric response in the
vicinity of arrangements of lead oxides inclusions in thin-film perovskite matrix The
possibilities of the optical information reading in such heterostructures are discussed.

[1] J.F. Scott. Science, 315, 954 (2007).

[2] A.A. Bogomolov at al. Phys. Solid State, 48, 1194-1196 (2006).
[3] L.A. Delimova et al. Appl. Phys. Lett., 91, 112907 (2007).
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Considerable attention has been paid recently to the development of nonvolatile
resistive memory devices (memristors) based on metal-insulator—metal (MIM) structures, in
particular by using insulators in the form of oxides with high mobility of oxygen vacancies
[1]. A number of physical models has been proposed to describe the electroforming and
resistive switching processes in memory cells that includes the formation of conducting
pathways (filaments) composed of metal atoms in oxide matrix and induced by the presence
and electric-field-driven migration of oxygen vacancies or mobile oxygen ions in
nonstoichiometric oxides [1—4]. The nature and morphology of conducting filaments are still
a subject of debates and depend strongly on the composition and heterogeneity of oxide
material.

The present report is focused on the results of cross-section transmission electron
microscopy (XTEM) study of capacitor-like MIM structures based on a single insulating layer
of yttria-stabilized zirconia (YSZ) containing 12 mol.% Y,0O3 demonstrating the reproducible
resistive switching after electroforming. The MIM structures with top Au electrode were
fabricated by the method of magnetron sputtering on commercial TiN/T1/Si0,/Si substrates.
The structure and chemical composition of either the as-deposited thin-film structures or the
structures subjected to electroforming and switching were analyzed by using the JEOL JEM-
2100F high-resolution electron microscope operating at 200 keV and equipped by the X-Max
energy-dispersive spectrometer (EDS).

The as-deposited YSZ film has a polycrystalline columnar structure typical of
magnetron-deposited materials. Certain changes occur in the microscopic contrast after
electroforming and repeatable resistive switching that correlates with the grain interfaces in
oxide film. In particular, the EDS-measurements of chemical composition at the various
depths in a direction parallel to the surface of YSZ film show the existence of metalized areas
(100% of Zr, Y) in the memristor structures after electroforming compared to the quite
uniform metal distribution in the as-deposited structures. The lateral size of these metalized
areas is found to be about a few nanometers. A number of these areas increases while the
O/Zr concentration ratio decreases with the increase in the insulator film depth, that
corresponds to the polarity of voltage applied during the electroforming process.

1. P. R. Mickel, A. J. Lohn, M. J. Marinella, Mod. Phys. Lett. B 28, 1430003 (2014).

2. K. Fujiwara, T. Nemoto, M. J. Rozenberg, Y. Nakamura, and H. Takagi, Jpn. J. Appl. Phys.
47, 6266 (2008).

3.J.S.Kwak, Y. H. Do, Y. C. Bae, H. S. Im, J. H. Yoo, M. G. Sung, Y. T. Hwang, J. P.
Hong, Appl. Phys. Lett. 96, 223502 (2010).

4. M. J. Rozenberg, M. J. Sanchez, R. Weht, C. Acha, F. Gomez Marlasca, P. Levy, Phys.
Rev. B 81, 115101 (2010).
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We investigated the structure of PZT-19 and DTN-19M ceramics with different
stoichiometry of the composition. Investigations of the surface topography of the polar cut
were performed using an atomic force microscope (AFM). To identify the structure of the
grains on the AFM sample surface was polished and then etched in a solution of HCI with the
addition of HF for 10 seconds. No considerable difference in grain size in the ceramics of
different compositions was found. At the same time in the composition of the PZT-19M
observed occurrence of grains conglomerates, while the PZT-19 composition has a more
compact grain structure (fig. 1).

b)
fig. 1. AFM image of the surface corresponding to the negative end of the spontaneous
polarization vector of PZT-19 (a) and PZT-19M (b) ceramics. The image area is 15x15 um,
height: 90 nm (a), 30 nm (b)

The difference in the structure was observed on the sides corresponding to the positive
(+P;s) and negative (—Ps) end of the spontaneous polarization vector. This is related to a

different etching rate for +Ps and —P; areas.

The presented work was performed under the State Assignment Nel1.1937.2014K of the
Ministry of Science and Education of Russia.
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The X-ray diffraction and dielectric studies were performed on the single crystals of
the ferroelectric solid solutions (Pb; «Bay)sGe;O;; with 0 <x < 0,12 obtained by flux method
in the conditions of slow cooling of the melts. It was established that the substitution of the Pb
atoms by the Ba atoms causes the monotonic increases in the sizes of trigonal unit cell of
crystals. The peculiarities of the dielectric properties and conductivity of the crystals were
investigated in the ranges of temperatures of 4,2 - 800 K and the frequencies of 0,1 - 200 kHz. It
was found that the increase of the concentration of Ba in crystals causes rather sharp degradation
of the ferroelectric properties: temperature of Curie point T, drop from 450 K to 120 K, the
values of the peaks of dielectric permittivity &, and losses of tgdn in the vicinity of T, reduce
and broaden. In addition to anomalies in the range near of T, dielectric properties show
anomalies of relaxation character in the temperature ranges 220 - 260 K and 30 - 170 K (see
fig.). Dielectric characteristics of crystals with x = 0,06 — 0,08 noticeably depend on their
thermal prehistory, in this concentration range the decreasing of &, with increasing of Ba
concentration is replaced by growth. Observed peculiarities of the temperature and concentration
dependencies of the dielectric properties of the solid solutions are related with dynamics of the
thermolocalization of charge carriers on the defective levels with activation energies U,1=0,65
and U,»~0,2 eV, occurring in the temperature ranges 240 — 280 and 110 - 150 K respectively and
with shift of T, to temperature range of the charge localization on the Uy, level with a increasing
of the Ba concentration.
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Fig. Temperature dependencies of &(T) and tgd(T) of the crystals (Pb;Bay)
5Ge30q; with x = 0 (curves 1), 0,02 (2), 0,04 (3), 0,06 (4), 0,07 (5), 0,08 (6), 0,09
(7) and 0,10 (8), measured along a trigonal axis C of crystals on 1 kHz.
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Microwave absorption (MWA) recorded on an electron spin resonance (ESR) spectrometer
in the type II superconductors is due to the dissipative vortex motion [1]. Upon the transition
from the superconducting state to the normal one such absorption has to disappear. However,
if there are superconducting fluctuations with the Cooper pair lifetime larger than the
microwave field period at temperatures higher than the critical one 7, they can be revealed in
the MWA measurements. This work is devoted to searching for MWA in Bi,Sr,Ca;.
«YxCuyOg+y single crystals at 7>T, and to studying the vortex liquid state with its help.

We investigated single crystals of the Bi-2212 compound with the yttrium dopant
Bi,Sr,Ca«Y«CuyOg+y. The Y dopant concentration controls the hole doping level and the
critical temperature. When the Y concentration is low (x = 0+0.1), the hole-doping level is
close to the optimum (OP) and the critical temperature is high (>90K). In the crystals with x =
0.3 the hole density is low (underdoped samples) and 7= 37K. The microwave absorption is
measured on an ESR spectrometer BER-418s Bruker with the frequency of 9.3 GHz.

The study revealed MWA in samples at temperatures both lower and higher than that of
the superconducting transition. In underdoped samples MWA is found at temperature at 89K
and below. It is by 40K higher than 7,.. The MWA signal hysteresis is observed at 7<65K in
this sample. Its shape looks like the hysteresis loop in the case of the vortex pinning by the
surface [2]. At 7<T. the hysteresis loop changes and takes the shape characteristic for the
volume pinning. In the OP samples the temperature of the MW A appearance is higher than 7,
by only several degrees of Kelvin.

The observation and behavior of MWA above critical temperature can be explained by
using the hypothesis of the phase fluctuations of the superconducting order parameter and the
existence of the vortex phase at 7>7, [3]. Assuming that the vortex liquid is formed in the
regions with the uncorrelated Cooper pairs, the vortex pinning should be of the surface type
here because of the inefficiency of bulk pinning and the developed surface.

[11Y. W. Kim, A. M. de Graaf, J. T. Chen. Physical Review B 6, 887 (1972).

[2] T. Shaposhnikova, Yu.Vashakidze, R. Khasanov, Yu.Talanov. Physica C 300, 239 (1998).
[3] Y. Wang, L. Li, N.P. Ong. Physical Review B 73, 024510 (2006).
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Nowadays a search of lead-free ceramic materials is actual theme for investigations in
materials science. One of prospect directions of such kind of search is synthesis of solid
solutions based on BiScOs. It was found that a lot of BiScOs-based solutions have extreme
values of physical properties near morphotropic phase boundary (for instance, BaTiOs-
BiScO; [1], BiScO;-PbTiO; [2]). KTa0;-BiScOs system is a new system among lead-free
ceramic materials containing BiScO;3; as one of end members. KTaOs in this system is a
virtual ferroelectric having at room temperature a cubic symmetry.

The aim of this report is to prepare and examine dielectric properties of (1-x)KTaOs-
xBiScO; ceramic material in order to find any anomalies of ferroelectric nature.

The samples with (x=0.05, 0.1, 0.2, 0.3, 0.4 and 0.5 were synthesized using a
conventional solid state reaction method.

A set of dielectric anomalies at high temperatures were found for the samples under
study. Temperature positions of these anomalies are x-dependent. For instance, two ¢’ (7)
maxima centered on 7,,;~680 K and 7,,,~980 K are clearly observed for the sample with x =
0.5 (Figure 1). These maxima can be well taken into account as diffuse ferroelectric phase
transitions.
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Figure 1. Temperature dependence of ¢ for the sample with x=0.5
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Li,ZrCuQy is as an intrinsic magnetoelectric two-component material where a
frustrated quasi-1D S = 1/2 quantum spin magnetic Cu”" sublattice is coupled with a
frustrated 3D pseudospin-1/2 quantum Ising-glasslike electric Li; sublattice. [1]. Here we
present the results of experimental and theoretical study of the low-temperature 'Li NMR line
shapes in a axis oriented polycrystalline samples. The onset of an incommensurate spin-
spiral-like order below Ty ~ 6 K leads to a dramatic change of the 'Li NMR spectrum. The
proposed model of interacting incommensurate spin and glassy ordered electrical pseudospin
sublattices enables a consistent description of the 'Li NMR line shapes[2]. We show that the
peculiar NMR line shapes are determined by the specific, sample dependent, distribution of
the Lij ions in the glassy ordered electric sublattice. The spin-flop transition occurs at 3.5T
that leads to the spectrum transformation. That allows making the preposition concerning to
the spin structure in the spin-flop phase.

[1] E. Vavilova et al., Europhys. Lett. 88, 27001 (2009).
[2] A.S.Moskvin et al., Phys.Rev.B 87, 054405 (2013)
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We studied the magnetic properties of GAMnO; thin films deposited onto Nb doped
SrTiOs substrate. We performed the measurements of the magnetization in the temperature
range 1.9-300K under different values of the external magnetic field using the zero magnetic
field cooling (ZFC) and the magnetic field cooling (FC) regime (Fig.1).
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Fig.1. Temperature dependence of the magnetization of GAMnO3/SrTiO3:Nb thin films at
different values of the external magnetic field H=500 Oe —a) and H=1000 Oe — b).

The splitting of the FC and ZFC magnetization of the GAMnO3/SrTiO3:Nb heterostructure
starts from the temperature T=40K (Fig.1.a), that corresponds to the ordering temperature in
the sample [1]. In addition, the zero-field cool run shows a cusp at ~10 K under H=500 Oe
(Fig.1 a). If the measurement is repeated under a higher field H=1 kOe (Fig. 1 b), both the
splitting temperature and the cusp shift to lower temperatures. From these features the
presence of competing ferromagnetic/antiferromagnetic interactions leading to a glassy
behavior can be suggested.

[1]. Hemberger, J., Lobina, S., Krug Von Nidda, H.-A., et al. Phys. Rev. B, 70, 024414
(2004).
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Synthesis and research of metals’ and metal compounds’ nanoparticles with magnetic
properties is associated with advanced technologies of magnetic fluid use in biomedical
applications. Ability of magnetic fluids’ movements contactless control allows to use them
into the organism under the action of an external magnetic field as targeted drug delivery, to
conduct tumors’ hyperthermia by heating of the magnetic particles in an alternating magnetic
field, to contrast NMR-tomographic images, and in transfection of cells by means of a
magnetic field. Iron oxide nanoparticles that are used as the dispersed phase in magnetic
fluids, can be used as targeted products in biological objects due to their low toxicity.
Selection of nontoxic synthetic nanoparticles’ stabilizers with biosimilar structure and
properties is an urgent task. Especially promising for this purposes are non-toxic
hyperbranched polyesterpolyols (GBPP). Branched structure with the presence of terminal
functional fragments combined with the presence of cavities in the structure of
macromolecules allows to control of magnetic nanoparticles’ stabilization mechanism, to
adjust their size and dispersion. The degradation and biodegradation of polyesterpolyols and
their derivatives allow unhindered utilize the magnetic fluid’s components from the human
body.

In this research composite nanoparticles Fe,O3/H20, where H20 — hyperbranched
polyesterpolyol (Boltorn H20), that are based on 2,2-bishydroximethylpropanoic acid, were
synthesized and measured by EPR. Concentrated samples in the form of brown powder and a
frozen solution were investigated.

EPR measurements of powder sample at room temperature (300 K) detected the
Lorentz shaped line with the linewidth H ~500 G and g-value about 2.015.

Sediment fraction and over sediment fraction were also studied. Over sediment
fraction didn’t demonstrate any EPR spectra. In sediment sample there was a complicated
wide and a multicomponent EPR spectrum with super hyperfine splitting due to a few (three
or four) nitrogen nuclei.

To determine magnetic characteristics of nanoparticles the temperature dependence of
EPR spectra of synthesized polymer samples with nanoparticles of Fe,O3;/H20 was
investigated. Temperature behavior of the signal corresponding to iron oxide nanoparticles
was the following. When decreasing the temperature within the interval 300K — 100K, the
EPR line was slowly moved into the low fields, and the linewidth was gradually growing. But
lower the temperature 100 K the more large displacement of line into low fields and its strong
widening were observed. Temperature behavior of parameters was analyzed by Nagata-
Ishikhara dependence. As it was determined the temperature behavior of nanoparticles was
close to superparamagnetic. This fact is agreed with the detected size of the particles (5-10
nm). At low temperatures (<100K) the superparamagnetism was frozen.
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Ferroelectric thin film integration with Si and other integrated device substrates has the
potential to enable new modes of photonics integration as well as a new class of high
work/volume piezoelectric devices for MEMS integration. Thin films of Lithium Niobate
(LiNbO3) posses a number of advantages over bulk material including the possibilities of
producing step index profiles, selectively introducing dopants, and the fabrication of
multilayer structures. The prospect of producing high quality (oriented and possessing low
optical loss) thin films of LiNbO3 on silicon substrates is particularly attractive because the
silicon provides a rigid and flat substrate ideal for large area processing of devices by
lithographic techniques and it allows for the integration of lithium niobate electro-optic and
silicon integrated circuit technology. The studied LiNbO3films were deposited by applying
the electric field during radio-frequencies magnetron sputtering of the single-crystalline target
in Ar/O=1 atmosphere (0.6 Pa) on Si(110) substrate at 550 °C. Atomic force microscopy
measurements indicate that the surface roughness of the LiNbO; thin films was 4-10 nm,
which meets the demands for practical waveguiding devices. The ferroelectric properties have
been studied by visualization of the as-growth domain structure, recording induced
ferroelectric states by piezoresponse force microscopy (PFM) using Scanning probe
laboratory NTEGRA-Prima (NT-MDT, Russia). The asymmetry of the distribution of vertical
PFM (VPFM) signal is a manifestation of the so-called self-polarization effect. The maximum
of the VPFM histogram of this distribution is shifted toward negative (or positive) values of
the piezoelectric response, which implies that the polarization vector in most grains is directed
toward the upper (or lower) interface. In work discusses the possible mechanisms of the
origin a self-polarization in LiNbOs thin films.

This study was supported by the Ministry of Education and Science of the Russian Federation
for acquisition of equipment for the Shared Facilities Center ‘“Materials Science and
Metallurgy” (ID project RFMEFI159414X0007, contract #14.594.21.0007), by RFBR research
project No. 14-02-31039 mol a and by the Ministry of Education and Science of the Russian
Federation (state contract no. 11.1568.2014/K)
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In recent years the magnetic properties of compounds RFeTi,O; (R=Sm and Gd) were
investigated [1, 2]. Polycrystalline samples of LuFeTi,O; were prepared by a solid-state
reaction from a mixture of oxides Lu,Os, Fe;03, TiO; with the high-temperature treatment at
1200-1250°C and have been investigated using X-ray powder diffraction, and further
characterized by specific heat, magnetization and frequency dependent AC susceptibility
measurements. According to results of the X-ray investigation, the LuFeTi,O7; compound is
crystallized in the orthorhombic crystal structure (the space group Pbcn), the unit cell
parameters a=9.8093(1)A, b=13.5069(1) A, ¢=7.30302(7) A, and the unit cell volume V=
967.61(2) A’. Table shows the result of the X-ray measurements. It is found that the disorder
in the distribution of the Fe’* ions over four various crystallographic positions is realized in
LuFeTizO7.

Table. Atomic coordinates, population of the structural sites p in LuFeTi,O; compound.

Site
Atom multiplicity X Y z P
Lu 8 0.24831(73) | 0.13186(12) | 0.00462(39) 1
Til 8 0.2550(18) 0.38632(39) | 0.4887(10) 1.000(31)
Fel 8 0.2550(18) 0.38632(39) | 0.4887(10) 0.000(31)
Ti2 4 0.5 0.25 0.2613(20) 0.84(12)
Fe2 4 0.5 0.25 0.2613(20) 0.16(12)
Ti3 8 0.00603(77) | 0.48713(43) | 0.2587(15) 0.140(70)
Fe3 8 0.00603(77) | 0.48713(43) | 0.2587(15) 0.860(70)
Fe 4 0 0.25 0.3379(17) 0.78
Fei 8 0.0272(59) 0.2846(39) 0.1899(72) 0.11

The heat capacity behavior indicates that no magnetic order transition has been observed.
There is magnetic moment dependence not only on the temperature but also on the sample
cooling conditions. Hysteresis is observed for a sample cooled in zero field (ZFC) and cooled
in an applied magnetic field (FC). From the results of low temperature heat capacity,
magnetization and frequency dependent ac susceptibility measurements we conclude that
LuFeTi,0O7 compound undergoes a spin glass transition at a specific temperature Tr= 4.5 K.

It is possible that the nature of the “frozen” spatial distribution of the spin magnetic moments
orientations of the Fe" ions are associated with the presence of the specific topology of the
exchange bonds caused by the peculiarity in magnetic ions moments arrangement and as a
result a complicated character of the competitive magnetic interactions between the nearest
neighbors of Fe’" ions.

[1] G.A. Petrakovskii, T.V. Drokina, A.L. Shadrina et al. Fizika Tverd. Tela 53, 1855 (2011).

[2] G.A. Petrakovskii, T.V. Drokina, D.A. Velikanov et al. Fizika Tverd. Tela 54, 1813 (2012).
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