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Micromagnetic Simulations of Collective
Spin Excitations in Geometrically Confined
Nanomagnets : Fundamentals of Micromagnetics

Jehyun Lee*
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Micromagnetic Simulations of Collective Spin Excitations
in Geometrically Confined Nanomagnets : Modeling

Youn-Seok Choi*

National Creative Research Initiative Center for Spin Dynamics & Spin-Wave Devices and Nanospinics Laboratory,
Department of Materials Science & Engineering, Seoul National University, Seoul 151-744, South Korea
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[1] J. Lau and J. Shaw, J. Phys. D: Appl. Phys. 44, 303001 (2011).
[2] Yimey Zhu (Eds.): Modern Techniques for Characterizing Magnetic Materials, (Springer, New York,
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Micromagnetic Simulations of Collective Spin
Excitations in Geometrically Confined Nanomagnets :
Infroduction of Micromagnetic Simulation Pakages

Myoung-Woo Yoo*

National Creative Research Initiative Center for Spin Dynamics & Spin-Wave Devices and Nanospinics Laboratory,
Department of Materials Science & Engineering, Seoul National University, Seoul 151-744, South Korea
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What Makes Magnets Magnetic? Theories on Magnetism
in Condensed Matter

Unjong Yu*
GIST-college, Gwangju Institute of Science and Technology, Gwangju 500-712, Korea

Magnets have been known to human beings for nearly three thousand years, but our understanding on magnet
is far from complete. What is the origin of magnetism? Why is magnetism so difficult to study theoretically?
How to overcome such difficulties? In this talk, modern understanding on the essence of magnetism in condensed
matter is discussed, and important theories and their recent development are reviewed. We introduce basic models
to study magnetism (the Heisenberg model, the Hubbard model, and the periodic Anderson model) and methods
to solve those models (the mean-field theory (Stoner model and Weiss model), Monte-Carlo methods, the

dynamical mean-field theory, and the dynamical cluster approximation).
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First-principles Investigation on the Electronic
Structures and Magnetic Properties; Using
All-electron FLAPW Method

Miyoung Kim*
Division of Energy System Research Ajou University, Suwon 443-749, Korea

We’re witnessing the golden age of innovation with novel materials in both basic science and technological
point of view, where the computation and simulation are playing an important role as a major component. The
first-principles electronic structure investigation is one of the crucial parts of the computational material science.
In this talk, we’re going to review and discuss the all-electron approach of the DFT based electronic structure
investigations from the basics to the specific advances including the various spin-orbit coupling induced

phenomena.
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Electronic Structure Calculation for Experimentalist by
Experimentalist

Bog G. Kim*
Dept. of Physics, Pusan National University, Pusan 609-785
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*E-mail : boggikim@pusan.ac.kr
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Concurrent Magnetic and Ferroelectric Transitions in
Quasi-layered Multiferroics

Chan-Ho Yang"**
1Department of Physics, KAIST, Daejeon 305-701, Republic of Korea
*KAIST Institute for the NanoCentury, Daejeon 305-701, Republic of Korea

Our quest for the ultimate multiferroic material over the last year has drawn our focus on the highly strained
(c/a~1.26) BiFeOs; phase and we have found very astonishing results [1]. The antiferromagnetic transition
temperature of the highly-elongated phase is largely suppressed to near room temperature and moreover the
ferroelectric order undergoes a first order transition to another ferroelectric state simultaneously at the magnetic
transition temperature indicating strong spin-lattice coupling. The c-axis lattice parameter change at the magnetic
transition temperature is ~0.2 % which is comparable with current commercialized magnetostrictive alloys like
Terfenol-D. Our findings reveal a unique example of a concurrent magnetic and ferroelectric transition at the same
temperature in a proper ferroelectric, potentially providing an avenue for room temperature magnetoelectric

applications.

- |
Hn2U

[1] K. T. Ko et al., Nature Communications 2, 567 (2011)
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J. Murbe and J. Topfer, J. Electroceramics, 15 215 (2005).

H. Su, H. Zhang, X. Tang, L. Jia, and Q. Wen, Mater Sci. Eng. B., 129 172 (2006).
H. Su, H. Zhang, X. Tang, Mater. Sci. Eng. B, 117, 231 (2005).

TG, VAT, P57, 18 43 (2008).

M. Pal, P. Brahma, and D. Chakravorty, J. Magn. Magn. Mater., 152 370 (1996).
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Morphological Features and Sanal’s Magnetic Property of
Primo Vascular System

Young-Il Noh, Minsuk Rho', Yeong-MinYoo®, Sharon JY Jung®, and Sang-Suk Lee'™*

1Departrnent of Oriental Biomedical Engineering, College of Health and Science,
Sangji University, Wonju-si, Gangwon-do, Republic of Korea
*Department of Biomedical Engineering, College of Health and Science,
Yonsei University, Wonju-si, Gangwon-do, Republic of Korea
*Nano Primo Research Center, Advanced Institute of Convergence Technology,
Seoul National University, Suwon-si, Gyeonggi-do, Republic of Korea

1. Morphological Features of Primo Vascular System Floating in Rabbit Lymph Vessel

Until now there have been no statistical data on the primo vessels and primo nodes in the lymph flow. We
repeated the experiment with ten New Zealand White rabbits in order to obtain the statistical data about the primo
vascular system. We suggest primo vessels could be easily identified in lymphatic nodes around abdominal aorta
with simple Alcian blue staining under the digital microscope. Also, we observed the lymph valve and the primo
vessel floating in lymph vessel without Alcian blue staining. The specimen reveals the rod-shaped nuclei stained

by Acridine orange.

TABLE 1. Morphological data of the PVS and the lymph (a) (b)
vessels near the caudal vena cava of ten  rabbits
Subject  Sex  Weight Lymph Vessel Primo Vessel
Number (kg) PV LV Lp(mm) PN Pp(mm) I(mm)
1 F 2.2 kg o X 200 3 20.1 1.0
2 F 20k O o 235 4 235 15
3 F 18kg O o 225 5 22.8 1.4
4 F 1.8 kg o X 215 4 21.9 2.5
5 F 19kg O X 225 5 22.6 5.6
6 F 18ks O o 270 4 272 2.0
7 F 1.8 kg o o 265 4 26.7 1.2
8 F 18ke O o 275 3 27.8 2.1
9 F 18kg O o 350 5 35.1 2.3
10 F_18ky O o 325 4 32.6 3.9 - - :
Ave. 2585 26.0 24 Fig. 1. (a) Rabbit lymph bundles before Alcian blue

S.D. 46.2 4.6 1.3
PV, the observation of primo vessel; LV, the observation of lymph valve; Ly, the diameter of the an ection (b) Lymphatlc prlmO VeSSClS Stalned by Alcian

Iymph vessel; PN, the number of primo node; Pp, the diameter of the primo vessel; 1, the average

length of primo vessel; Ave., the average value; S.D., the standard deviation. blue ﬂoating 1I1 lymph VGSS@IS (red SOlld hnes)

(b) | (©)

Fig. 2. The differential interference contrast microscope image of abdominal lymph node in the neighbor region
of rabbit’s caudal vena cava (a). A confocal laser scanning microscope image (stereo microscope image) the
same specimen as in part A inset of (a). (b) Image by DAPI nuclear staining; (c) Image by Acridine orange

and DAPI nuclear staining. The samples taken from the lymph vessel were put on the slide after washed with

phosphate-buffered solution.
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The blue stained nuclei distributed in broken-lined stripe forms tube structure with about 20 mm diameter.
The distance between two neighboring nuclei of the cells on an aligned line, and the diameter of the micro tube
structure is measured about 5 um ~ 10 pm. We obtained 3 ~ 5 primo nodes in the average length 2.4 mm and
up to 5.6 mm in the longest of the primo vessels. The average size of the primo node was 50 um and the average
diameters of the primo and lymph vessel were 26.0 um and 258.5 um, respectively. We also expect the traditional
Korean meridian system which has stand on invisible world for the thousands of year could be revealed to visible

scientific world soon.

2. Motion Property of Biomolecule Sanals of Primo Vascular System under
Magnetic Field
The motion property of sanals of the primo vascular system (PVS) is investigated under a low static magnetic
field of 100 Oe. The sanals with a size of about 1 um are selected and separated from the primo vessel and
node of rabbits' organ surface. The average moving velocity of ten sanals inside of physiological saline solution
parallel and perpendicular to the direction of applied magnetic field is about of 0.9 pixel/s and random,
respectively. It implies that the rotating motion of sanal with nuclei DNA composed of many inorganic magnetic

materials of Mn and Co is monotonically weakened by the increase of applied magnetic field.

Pincette
Primo vessel
_Large . Red blood
intestine Primo node cell (~5 um)
Primo sanal
Abdominal : (~1 pm)
wa"l‘l Primo .

sanal-plasm Primo sanal

(~1 um)

Primo
sanalsom

Fig. 1. A photograph of the primo vessel and node of

the real primo vascular system on the surface of the | _. . }
. P ) Y . Fig. 2. The structure, size, and features of microcells

large intestine observed from rabbits' organ surface. “ » . .
] ) o so called ““sanals” obtained from the primo vessel and

The anatomical experimental conditions are as follow . .
) ] node of the real primo vascular system inside of the

as: laboratory animal-New Zealand 2 kg rabbits, an ) .
) ] surface of the internal organs observed from rabbits
observation temperature of 38 oC, and medium used ) )
. abdominal wall. A sanal is composed of sanalplasm,
to prevent from drying PBS (phosphate buffered

) sanalsom, and sanal-membrane.
saline, pH7.4, Introgen,USA).
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Inverted microscope (DIC)
(OLYMPUS IX71)

|

Thermostat(27 °C ~ 50°C)
(KOKENSHA ENG. CO., LTD)

S, Electromagnet

k-

Computer (video capture)
Analysis ofimage (Image Pro Plus)

~ Power supply
(~3A)

Fig. 3. Schematic of a sanals’ motion measuring
system included electromagnet, thermostat, inverted
microscope, and computer analysis video capture. The
x-axis and y-axis marked in photograph are parallel

and perpendicular to the applied magnetic field,

respectively. An experimental temperature, an
observation condition, and a motion imaging analysis
program are 38 oC, 500ms/60frames, and Image

ProPlus, respectively.

(b) Velocity along Y direction

(a) Velocity along X direction

= #10
-~ #9
- #3
- #7
- #6

Velocity (pixel/s)

Magnetic field (Oe) Magnetic field (Oe)

Fig. 4. Analysis of 10 sanal’s moving velocities along
the direction of magnetic field (x-direction) (a) and
perpendicular to the direction of magnetic field
(y-direction) (b) under the low magnetic field of 0
Oe, 20 Oe, 40 Oe, 60 Oe, and 80 Oe, respectively.
The gray bold lines in two graphs velocity versus
magnetic field are shown two major tendencies for

variation of sanal’s moving velocity.

This research was supported by the National Research Foundation of Korea (2011-0007552).

- 25 -




L8 A8 & O] 8Bt collinear E= 18 HIEY

201™ M52 A5’ Alexander V. Baryshev’, Pang Boey Lim®, Mitsuteru Inoue®
'mE e WHEA 7S A T A, P At S A B 521338 *Toyohashi University of Technology (Japan)
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[1] H. J. Coufal, D. Psaltis, G. T. Sincerbox eds., “"Holographic Data Storage,”" Springer Series in Optical
Sciences, 10, (2000)

[2] H. Horimai and X. Tan, “"Collinear technology for holographic versatile disc,”" Appl. Opt., vol.45, No.5,
pp-910-914, (2006)

[3] S. Mito, J. Kim, K. H. Chung, K. Yamada, T. Kato, H. Takagi, P. B. Lim and M. Inoue, “"Magnetic
property of polycrystalline magnetic garnet for voltage driven type magneto-optic spatial light phase
modulator”™, J. Appl. Phys., vol.107, 09A948, (2010)
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Electric Field Control of Nonvolatile Four-state
Magnetization at Room Temperature

Sae Hwan Chun'*, Yi Sheng Chai’, Byung-Gu Jeon', Hyung Joon Kim', Yoon Seok Oh’,
Ingyu Kim1, Hanbit Kim1, Byeong Jo Jeon1, So Young Haam1, Ju-Young Park1, Suk Ho Lee1,
Kee Hoon Kim', Jae-Ho Chung?, Jae-Hoon Park®
1CeNSCMR, Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Korea
*Department of Physics, Korea University, Seoul 136-713, Korea
3Department of Physics and Division of Advanced Materials Sciece, POSTECH, Pohang 790-784, Korea

The control of magnetization by an electric field at room temperature remains as one of the great challenges
in materials science. Multiferroics, in which magnetism and ferroelectricity coexist and couple to each other, could
be the most plausible candidate to realize this long-sought capability. While recent intensive research on the
multiferroics has made significant progress in sensitive, magnetic control of electric polarization, the electrical
control of magnetization, the converse effect, has been observed only in a limited range far below room
temperature. Here we demonstrate at room temperature the control of both electric polarization by a magnetic
field and magnetization by an electric field in a magnetoelectric (ME) hexaferrite BagsaSr243C02Fe24041. The
electric polarization in this compound rapidly increases in low magnetic fields (~5 millitesla), and its
magnetoelectric susceptibility reaches the highest value (3200 ps/m) among single-phase materials. The
magnetization is then modulated up to 0.62 pB/formula unit in an electric field of 1.14 MV/m. We find further
that four ME states induced by different ME poling exhibit unique, nonvolatile magnetization versus electric field

curves, which can be approximately described by an effective free energy with a distinct set of ME coefficients.
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MTo1

Magnetic Property of One Dimensional FePt Atomic Chain
on NiAl(110) surface

Dongyoo Kim* and Jisang Hong
Department of Physics, Pukyong National University

Through the full potential linearized augmented plane wave (FLAPW) method, the magnetic propety of one
dimensional (1D) FePt diatomic chain has been explord. We find ferromagnetic (FM) ground state for both free

standing and supported system on NiAl(110) surface. In free standing state, both Fe and Pt atoms have magnetic

moments of 3.47 and 0.74 [ p, respectively. On NiAl(110) surface, the magnetic moment of Fe becomes 2.97
M g and there is no spin polarization in Pt atom. In contrast, the surface Ni has an induced magnetic moment

of 0.2/ p. It is found that the direction of magnetization is substantially affected by the NiAl(110) surface. For

instance, the magnetization aligns perpendicular to the chain axis for free standing state, whereas the magnetic
anisotropy parallel to the chain axis is observed. Besides, the magnitude of anisotropy energy is strongly

influenced by the presence of NiAl(110) substrate
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MTo02

Magnetic Properties of Fe/FeCo/Cu(001) and
Fe/FeCo/Co/Cu(001) Fims

Dongyoo Kim*, Hashmi Arqum, Jisang Hong
Department of Physics, Pukyong National University

Using the full potential linearized augmented plane wave (FLAPW) method, we have investigated the
thickness dependence magnetic properties of Fe/FeCo/Cu(001) and Fe/FeCo/Co/Cu(001) films. We have observed
that magnetic moment of Fe atoms located at FeCo alloy layer show different value with two types of structure.
For instance, magnetic moment of Fe atom at FeCo alloy layer have been enhanced in Fe/FeCo/Cu(001), but
suppressed magnetic moments are observed in Fe/FeCo/Co/Cu(001) structure. This means that the interaction
between nearest atoms is the most importantfactor in the essential magnetic interaction. Also, we have calculated
Fe thickness dependent magntocrystalline anisotropy energy (MCA). In Fe/FeCo/Cu(001) structure, spin
reorientation transition (SRT) phenomenon is obtained with increasing Fe thickness. In Fe/FeCo/Cu(001) structure,
all of structures show perpendicular magnetization with surface, and the value of MCA is decreased by increasing
Fe thickness.
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Ferromagnetic transition metal nitrides are very interesting materials for future applications in spintronics [1]
whose electronic properties have been extensively investigated. The crystal structure of the nitrides richest in
transition metal is said to be fcc with a nitrogen atom in the center of the cube. If the atoms at the face centers
are substituted by another element, a simple cubic antiperovskite structure is obtained.

We report the study of the electronic structures and the magnetic properties of manganese substituted cobalt
nitride (MnCosN) (001) surface carried out with the use of all-electron full potential linearized augmented
plane-wave (FLAPW) method [2] as embodied in the QMD-FLAPW code, within the generalized gradient
approximation to the exchange correlation potential. In MnCosN there are two possible terminations of (001)

surface: one contains Mn and Co atoms only, and the other is composed of Co and N atoms, as shown in Fig.1.
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Figure 1. Schematic view of the MnCos;N (001) surface with CoMn-term and CoN-term.

In Table I, 1-decomposed majority and minority spin electrons inside the muffin-tin sphere of the atoms in
S, S-1, and C layers of MnCosN (001) surface with CoMn-term and CoN-term and the values of the magnetic
moments (MMs) calculated for the atom are collected. The values obtained for the atoms in the S-2 and S-3

layers are not shown since they were very close to those calculated for the atoms in the C layer.
TABLE I. 1-decomposed majority and minority spin electrons inside the muffin-tin sphere of atoms in the S,

S-1, and C layers of MnCosN (001) surface with CoMn-term and CoN-term together with the values of the

magnetic moments (MMs) calculated for the atoms.
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CoMn-term
Atom s (T ) p(T 1) act ) total( 1 1) MM [B]
Co(S) 0.09/0.08 0.06/0.06 3.99/2.72 4.14/2.87 1.270
Mn(S) 0.08/0.06 0.04/0.04 4.05/0.45 4.17/0.56 3.607
Co(S-1) 0.09/0.09 0.09/0.10 3.98/2.70 4.17/2.89 1.282
N(S-1) 0.66/0.65 1.38/1.28 0.03/0.03 2.07/1.96 0.109
Co(C) 0.09/0.09 0.09/0.10 4.03/2.65 4.22/2.84 1.373
Mn(C) 0.07/0.06 0.06/0.06 3.97/0.53 4.10/0.65 3.450
CoN-term
Co(S) 0.09/0.09 0.08/0.08 4.07/2.59 4.25/2.76 1.488
N(S) 0.66/0.66 1. 36/1.26 0.02/0.02 2.04/1.94 0.105
Co(S-1) 0.09/0.09 0.09/0.10 4.00/2.67 4.20/2.86 1.342
Mn(S-1) 0.07/0.06 0.06/0.06 3.97/0.53 4.10/0.65 3.447
Co(C) 0.09/0.09 0.09/0.09 4.03/2.66 4.22/2.85 1.370
N(C) 0.66/0.65 0.40/1.27 0.03/0.03 2.09/1.95 0.144

Co atoms in the CoN-terminated surface have enhanced magnetic properties, as compared with the
CoMn-terminated surface, which is confirmed by the calculated values of magnetic moments (MM) on these
atoms (1.49 and 1.27 pB, respectively). In contrary, the magnetic properties of Mn atoms are manifested stronger
at CoMn-terminated surface. The Mn atom at the topmost layer has MM of 3.61 puB while the MM on Mn
subsurface atom in CoN-terminated surface is 3.45 uB. The surface Mn atoms are dominant for the magnetic
properties of the systems. Since the calculated MMs on the atoms in the deeper layers of the both systems are
considerably smaller than those at the surface, we conclude that the existence of the surface enhances the

magnetic properties of MnCosN.
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1. Introduction
The magnetic and structural properties of 3d transition metal phosphides are of considerable interest. For

example, the crystal structure of Fe;P belong to the NisP-type which has the space group 14, eight formula units
in a tetragonal unit cell and three crystallographically different Fe atom sites (denoted as Fel, Fell, and Felll)
[1]. In addition, the magnetic ground state of FesP compound is a ferromagnetic (FM) with a high Curie
temperature of 692 K and saturation magnetic moment of 1.89 puB/Fe atom at 10 K [2]. From Mossbauer and
neutron diffraction measurements, the magnetic moments of Fel, Fell, and Felll have been estimated to be 2.12,
1.25, and 1.83 uB, respectively [3]. As a same space group with FesP, MnsP compound is antiferromagnetic
(AFM) with the Néel temperature about 115 K, and NizP and CrsP compounds show the Pauli-type paramagnetism
[4]. The CosP phase does not exist in the binary system [5]. On the other hand, the other 3d transition metal
phosphides, namely TisP and V3P, known to be TisP-type (space group P4./n) crystal structure [6]. Here, we
investigated fundamental magnetic and structural properties of MxP (M = Ti, V, Fe; x = 2, 3) binary and ternary
compounds using the highly precise all-electron full-potential linearized augmented plane wave (FLAPW) method

[7] based on density functional theory.

2. Computational Method and Models

The Perdew-Burke-Ernzerhof form of the generalized gradient approximation (GGA) [8] for the exchange
correlation potential was used. An energy cutoff of 5.0 (2m/a), where a is the lattice parameter, was employed
for expanding the linearized augmented plane wave basis set. An 18 (2m/a) star function cutoff was used for
depicting the charge density and potential in the interstitial regions. Lattice harmonics with 1 < 12 were employed
to expand the charge density, potential, and wave functions inside each muffin-tin sphere, with radii of 2.2 ~
2.3 a.u. and 1.9 a.u. for 3d transition metals and P atoms, respectively. Integrations inside the Brillouin zone (BZ)
were performed using the improved tetrahedron method over a 5x5x9 mesh within the three-dimensional (3D)
BZ.

3. Results and Discussions

From the total energy calculations, we determined the equilibrium lattice constants and volue of AMsP and M>P
as shown in Table I. One can see that the calculated volume of Ti phosphides is the largest in the considered
systems since the ionic radius of Ti is larger than the other elements. We also confirm that the lattice constants

of these compounds are well consistent with experimentally estimated values. From magnetic point of view, it
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is interesting found out that only iron phosphides system have magnetism, which the ground magnetic state was
investigated by calculating the total energy with the nonmagnetic (NM) and FM states. As a result, the FM state
of FesP compound is more stable than the NM one by energy difference of 809 meV/fu. Furthermore, the
calculated magnetic moments of Fe;P compound were calculated to be 2.367, 1.665, and 2.104 uB for Fel, Fell,
and Felll atoms, respectively. Overall the magnitudes of magnetic moments are rather overestimated compared
to the neutron diffraction measurement [3]. The magnetic moment of P atom is coupled negatively to Fe atoms,

even though its magnitude is small.

Table 1. The calculated equilibrium lattice constant a (in A) and volume VO (in A3/fu.) of M;P and M,P

compounds.
System Space Group Magnetic State a c/a Vo
TisP P4y/n NM 9.989 0.501 62.42
M3P VsP P4,/n NM 9.360 0.508 52.07
Fes;P 14 FM 9.039 0.486 44.86
Ti,P P62m NM 6.555 0.528 44.93
M2P VP P62m NM 6.428 0.500 38.32
Fe,P P62m FM 5.821 0.591 33.68

4. Summary

In this study, the fundamental properties of MP (M = Ti, V, Fe; x = 2, 3) binary compounds were investigated
in terms of the FLAPW method within GGA. The calculated lattice parameters are well consistent with
experimental values. Among considered systems, only the FM state of FesP compounds found to be more stable

compared to the NM one. Discussion on the fundamental properties of MP ternary compounds also will be given.
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1. Introduction

The study on order-disorder transition of alloy has been done for a long time. However, it mostly relies on
only a few physical models, such as the Bragg-Williams model [1-3] which is similar to the Ising model of
ferromagnetism with the mean field approximation, and the Bethe model [4] which is a extension of the
Bragg-Williams model. These models need some parameters, and the CALPHAD method, which relies on the
Bragg-Williams model to calculate phase diagrams of alloys, uses the experimental data for parameters [5].

Firstly, we intended the use of experimental data of alloy model to be replaced by the computational data
from the first-principles calculations, to result in a more accurate simulation of the order-disorder transition of
the alloy system, without experiments. Moreover, we have observed the alloy models with respect to the general

Ising model, and have made various attempts to obtain characteristics of the models.

2. Calculation models

At equilibrium the free energy derivative with respect to the order parameter ¢ should be zero:
28 10U
e
20) ¢

1. All the «-positions (A-atom reservoir) are identical and all the [-positions (B-atom reservoir) are identical.

The Bragg-Williams model for binary alloy uses some assumptions:

2. The interchange of an A atom in an o-position with a B atoms in a B-position means a unique increase
in A in internal energy.

3. The internal energy U associated with the atomic arrangement a unique function of ¢.

1 aU(9)

where n, a, r are parameters represent the total number of atoms, the fraction of A atoms, and the fraction

of «-sites, respectively. Also, ¢ is the maximum value of probability p for an A atom to occupy at an «-sites.

Then the equilibrium condition is

p(l—r—a-l—rp)} A

fl(¢>51n{ (1*p)(a*7’p) :ﬁEfQ((b)
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Calculations were done in a numerical manner with the C++ language.

3. Results

Figure 1 shows the calculational result of the Bragg-Williams model with atom A and B, for the composition
of A atom a=r=1/2, and the interaction coefficient .7 as 20.83 meV, and the coordination number z as 6,
8, 12, respectively. The equilibrium order parameters are obtained by solving the equation f,(¢) = f,(¢) in a

self-consistent way at each value of the temperature 7. We obtained the interaction coefficient ./ from the case
of Fe3Al, which is FCC structure and has the order-disorder critical temperature, at which complete disorder
becomes unstable, as 1450 K. The results clearly show the decreasing behavior of the order parameter of the
system with respect to the increase of the temperature, and the critical temperatures are obtained from the relations

between the Bragg-Williams model and the Bethe model:
Ay = 2r(1—r)” 2(q— a)zJ

where A, is the increasing energy caused by the one position of disorder. Then the critical temperature of

the system would be
T.=(2zJ/k)a(l—a)r(1—r)"".

Fora =7 =1/2and ] = 20.83 meV case

1.0~ ¢forz=6 1.0
——¢forz=8 |

< — ¢ forz=12 o
o 084 RN N e ”;OFF -0.8 3 Fig. 1 Calculated results of the
[ T T W S N o for z= L . . .
v 1 i\:m\ %\ e o forz=12 @ Bragg-Williams model with interaction
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E C:,D coordination number z = 6, 8, 12,
Q J L o .
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° 8- as the temperature increases, until it
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Bismuth telluride (BixTes) and bismuth selenide (BirTes) compounds attract much attention recently as
atopological insulator. By means of thedensity-functional theory based on general gradient approximation, we
studied the structural and electronic properties of Bi,Te; and Bi>Ses;. Being consistent with experiments, the total
energy calculations showed that the optimized lattice parameters a and ¢ of the hexagonal unit cell are 4.44 and
32.20 A for BiTes, those of BixSe; are 4.18 and 31.50 A. Bulk band gaps of 0.09 eV for Bi;Te; and 0.3 eV
for Bi>Ses are calculated in consistent withexperimental values. To elucidate thenature of topological insulator, we
have taken into account the surface states with spin-orbit coupling interaction. Te(Se)-termination with Bi-

subsurface is found to be most stable, where a metallic state is realized in contrast to its insulating in bulk.
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Landau-Lifshitz-Gilbert (LLG) equation with spin torque term (Eq. 1) is widely used for interpreting and

understanding current-induced spin dynamics.
oM/ ot = - MxH+(dMs)Mx( 0 M/ 0 t)+u + VM-~( AMs)[u + (MxV)M] (Eq. 1)

The first term describes the precession of the magnetization around the effective field (H) and the second term
describes the damped motion of magnetization. The third and the last term are adiabatic and nonadiabatic
spin-torque terms respectively. Theoretically, it is known that the dynamics of magnetic texture highly depends
on the ratio between damping (o) and non-adiabatic parameter (f). It is reported that the value of B is
controversial both theoretically [1-4] and experimentally [5-10]. Moreover, it is recently reported that the value
of B is affected by the spin configuration which comes from spin-diffusion [13]. In order to understand the spin

dynamics under complex spin texture, it is needed to study the effect of spin-diffusion on p.

In this work, we performed micromagnetic simulation using LLG equation with spin torque term, and
spin-diffusion. The current-induced dynamics of a vortex core is micromagnetically modeled using a
computational framework based on the fourth-order Runge-Kutta method. The model system is a circular
Permalloy disk with the thickness of 20 nm and the diameter of 270 nm which is vortex favored dimension. The
unit cell size is 1x1x20 nm® on a two-dimensional grid. The a.c. current with the frequency of 605.5 MHz flows
along the x-axis uniformly through the disk. The maximum current density is 1x107 A/em’. Standard material
parameters for Permalloy are used: M=800 emu/cm’, }/:1.76X107 Oe’'s”, a =0.01, P=0.7, and the exchange

constant Ae=1.3x10"° erg/cm.

Fig. 1 shows the initial trajectory of a vortex core with different B and A« (transverse spin-diffusion length).
The symbols indicate the initial trajectory of a core without spin- diffusion. It is observed that the initial trajectory
of a core is shifted upward as f increases [14]. The yellow and purple lines indicate the initial trajectory of a
core with spin-diffusion. It is observed that there is a shift in trajectories just as there exists non-adiabatic spin
torque even though the modeling was performed in the adiabatic limit. Estimated additional B originated from
spin-diffusion is a (or 3a) for A=0.8 nm (or A=1.5 nm). The further studies will be discussed in detail.
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Fig. 1. Initial trakectories of a core with different Ay and B
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Manganese oxide BixCa;«MnO; has a perovskite structure and shows quite variable physical properties.
Depending on the alloy ratio x of bismuth and calcium, BiyCa;.MnOs has been reported to show different electric,
magnetic, and other physical characteristics. So far, most of pre-existing studies on BiCa;«MnOs3 were conducted
experimentally, and theoretical investigation has been done only for limited range of bismuth/calcium content. The
purpose of this study is to identify the stable magnetic phase of BiiCa;«MnO; through the first-principles
electronic structure calculations for whole range of its bismuth/calcium content x.

We performed the first-principles calculations based on density functional theory for BiyCa;«MnO; of x = 1,
0.875, 0.75, 0.5, 0.25, 0.125, and 0. For the BixCa;«MnOs having each of these seven compositions, we compared
stabilities of ferromagnetic phase and three anti-ferromagnetic phases; G-type, A-type, and C-type (Fig. 1). Local
spin density approximation with on-site Coulomb interaction scheme was taken and the projection augmented
wave pseudopotentials were used. Each supercell was consisted of eight manganese atoms, eight bismuth/calcium
atoms, and twenty four oxygen atoms, so that various magnetic phase stability could be compared.

Based on our calculations, it is found that BiyCa;«MnO; is ferromagnetic for x larger than 0.5 and
antiferromagnetic for x smaller than 0.25. Two calculated electronic density of states for x = 1 or 0.5 are

illustrated in Fig. 2. The calculated magnetic moments of manganese ions for each compositions are given in Fig. 3.

ferromagnetic anti—ferro G type

anti—ferro C type anti—ferro A type

Fig. 1. Schematic illustrations for magnetic phases
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Fig. 1. (a) Integrated FMR intensity with time for OA=0, 1, 2 samples (b) TEM photography of OA=0, 1 samples

for 5 min and 60 min of aging time.
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719 4. Dynamic response of the

sensor under 100 A-.turns steps
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Fig. 1. (a) Real photograph of the GMR-SV devices with 2-probe electrodes of 66 number patterned by photo
lithography. The GMR-SV multilayer structure was Ta(5 nm)/NiFe(8 nm)/Cu(2.3 nm)/NiFe(4 nm)/IrMn(5
nm)/Ta(2.5 nm). (b) Real photograph of the GMR-SV devices with 2-probe electrodes of 16 number. (c) Real
photo of one GMR-SV device with a size of 1.02 ym x 18.37 m before deposition 2-probe electrodes of Cr/Cu
thin films. (d) Real photograph of the GMR-SV device with 2-probe electrode. Here the marks of several arrows

are noticed the easy and hard axes with switching status in each other for the two cases.
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Fig. 2. The minor magnetoresistive curves measured by 2-probe method for the micro-patterned GMR-SV device
with Ta(5 nm)/NiFe(8 nm)/Cu(2.3 nm)/NiFe(4 nm)/IrMn(5 nm)/Ta(2.5 nm) multilayer structure. The easy axis is
perpendicular to the sensing current direction. The easy axis of pinned NiFe/IrMn bilayer oriented to the
transversal direction of device and the direction of the easy axis of free NiFe layer oriented to the longitudinal
direction of device due to the shape anisotropy. The minor loops of MR curve according to the three device
rotation angles ; (a) 0°, (b) 45° and (c) 90°.
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Effects of Sputtering Ar Gas Pressure in The Exchange
Stiffness of CosoFes0B2o Thin Films

Jaehun Cho*, Jinyong Jung, KA-EON Kim, Sukmock Lee and Chun-yeol You
Department of Physics, Inha University

I. Introduction

Recently, the magnetic properties of CoFeB are actively studied because it is possible candidate materials for
the spin transfer torque magnetic random access memory (STT-MRAM) application due to the large tunneling
magneto-resistance and perpendicular magnetic anisotropy. However, only a few researches have been found for
the exchange stiffness constants of CoFeB [1]. The exchange stiffness constant is very basic physical quantity
and related with the exchange energy, or Curie temperature of the materials. In spite of the importance of the
exchange stiffness constant, there is no systematic study about the exchange stiffness constant dependence on the
fabrication processes such as Ar gas pressure. Furthermore, recently, it is predicted that the switching current
density depends on the exchange stiffness constant [2]. In this work, we investigate the dependence of the
exchange stiffness constants on the Ar gas pressure. We employ the Brillouin light scattering (BLS) to measure
the surface and standing spin waves (SSW) modes of magnon in Co40Fe40B20 thin films, from the resonance

frequencies we can determine the exchange stiffness constants.

Il. Experiment

CosoFesB2o thin films were fabricated on Si(100) substrate using a dc magnetron sputtering system. The Ar
gas pressure during sputtering processes was varied with 1.5, 4.5, 7.5, 10 mTorr. The thickness of CosFes0B2o
thin films was fixed at 25 nm and Ta (5 nm) layers were used as seed and capping layers. The magnetic
properties of the samples were studied by a Sandercock (3+3) type Fabry-Perot interferometer [3]. The light
source is a single frequency 514.5 nm an Argon ion laser with output power of about 160 mW. Back scattering
geometry used to observe the light scattered by thermal excitations with an in-plane wavenumber q [l =1.727 x

10° cm™ with the angle of incident as 450.

lll. Results
The frequencies of the Damon-Eshbach(DE) and the first standing spin wave mode versus the applied

magnetic field is plotted in Fig. 1. The frequencies of each modes are analyzed using [4]

for = 5= A+ andr)+ ran(i—e )] v

oy 24 nm 24 nm
fggw = ﬁ [(H‘f’ ]L—[S(q?/ + (7)2))(]{4' E q?/ + (7)2

+47TMs))} v

H is the applied magnetic field, v is the gyromagnetic ratio, d is the thin film thickness, n is the number

of order for standing spin wave mode, 47/, is the saturation magnetization, A is the exchange stiffness constant.
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The saturated magnetization was determined by DE mode, and the exchange stiffness constant was determined
by 1Ist standing spin wave mode. Fig. 2. is the exchange stiffness constant as a function of Ar gas pressure. We
found that increasing Ar gas pressure, exchange stiffness constant decrease from 1.41 to 0.98 x 10" J/m. We
believe that these results are caused by the variation of micro-structure with sputtering Ar gas pressures. It is
physically reasonable because exchange stiffness constant is related with the number of nearest neighborhood

magnetic atoms.

IV. Summery
In summary, the BLS experiments was applied to investigate the magnetic properties of CosFe4Byo thin films.

We find that the exchange stiffness constant decrease with increasing Ar gas pressure.

55 T T T T

31F
3.0 §
29
2.8= -

o~ 3

Frequency ( GHz)

(0} ® Damon-Eshbach
Lok \Q 15 o 1stSSW
1 1

0 2 4 6 8

Applied Magnetic Field (kOe)

A (10" J/m)

0.8 R I R I R I R I R I
0 2 4 6 8 10

Ar pressure (mTorr)

Fig. 2. Variation of spin wave frequncy with an

Fig. 1. Exchange stiffness constant in CosFesBa and applied field for the 1.5 mTorr CoaFesoBao
CosoFeyo films as a function of Ar gas pressure. The film. The closed circle are Damon-Eshbach
closed circle is CooFeo film and the open circle are Mode and the open circles are st order SSW

CosoFesBao films. mode. The lines are fitted curve.
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with a CoFeB Single Free Layer.
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1. Introduction

A large thermal stability and small switching current are major prerequisites for the spin- transfer-torque
magnetoresistive memory (STT-MRAM) technologies [1]. The two parameters are influenced by the properties of
magnetic tunnel junctions, for example, in-plane and perpendicular spin transfer torque efficiency, interface and
bulk magnetic anisotropy, and magnetostatic interactions, which are closely associated with the composition of
the free layer. In this study, we have investigated the composition dependence of the critical current density and

thermal stability of MgO magnetic tunnel junctions (MTJs) with a CoFeB single free layer.

2. Experiments

We have prepared MgO MTJs with varying the CoFeB free layer composition, Fe-rich (MT]),
equi-composition (MTJ), and Co-rich ones (MTJ3). The MTJ stacks, consisting of substrate/ buffer/ CoFe/ Ru/
CoFeB/ MgO/ CoxFesoxBao (x= 20, 40, 60)/ capping layer, were deposited using an ultra high vacuum DC/RF
magnetron sputtering system. The films were patterned into elliptical-shaped MTJs of 150 nm x 50 nm size using

electron beam lithography and Ar ion milling.

3. Results

The tunnel magnetoresistance (TMR) of MTJ;, MTJ,, and MTJ; having a 1.7-nm-thick free layer is,
respectively, 120%, 145%, and 132% at room temperature. The switching phase diagrams (SPD), where Hc is
measured as a function of bias voltage or current, shows that the current induced magnetization switching (CIMS)
are influenced by the free layer composition.

In order to obtain the intrinsic thermal stability (40) and the critical switching current (/co), we have measured
the time-dependent probability of CIMS under external magnetic fields. Employing the thermal activation model
with the Stoner-Wohlfarth field dependence and a linear current dependence of magnetization switching, we have
obtained the 40 and Ico of MTJs [2-7].

For the P-to-AP switching, the 40 of the MTJ;, MTJ,, and MTJs is respectively, 30.5, 35.3, and 24.1, and
the corresponding Ico is, respectively, -0.73, -0.89, and -0.72 mA. For the AP-to-P switching, the 40 of the MTJ,,
MTIJ,, and MTIJs is, respectively, 41.6, 39.3, and 24.1, and the corresponding Ico is, respectively, 0.38, 0.52, and
0.63 mA. In summary, The Fe-rich composition gives rise to a largest figure of merit, 40/Ico, whereas the Co-rich

composition presents smallest A40/Ico.
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4. Conclusion

We find that the composition of free layer influences the critical current density and thermal stability of MgO
magnetic tunnel junctions (MTJs) with a CoFeB single free layer. Especially, the Ico for the AP-to-P switching
is greatly influenced by the free layer composition. In terms of the figure of merit, it is likely that the Fe-rich
free layer is a suitable choice for the free layer. A further investigation is required to clarify the relation between
the composition of the free layer and critical factors for CIMS, for example, the perpendicular spin transfer torque

and interface magnetic anisotropy.
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"H NMR Study of the Diluted Magnetic Semiconductor
Mn-Doped ZnO

Jun Kue Park* and Cheol Eui Lee
Department of Physics and Institute for Nano Science, Korea University, Seoul 136-713, Republic of Korea

As one of the best spintronics (spin+electronics) materials with potential technological applications, ZnO-based
diluted magnetic semiconductors (DMSs) have initiated enormous scientific interest. In spite of tremendous efforts
focusing on transition metal (tM) doped ZnO DMS, its origin of ferromagnetism has not yet been well understood
and is still controversial. As a dominant extrinsic impurity defect, unintentionally doped hydrogen can mediate
ferromagnetic ordering among the /M ions. Here, we employed magic-angle-spinning (MAS) 'H nuclear magnetic
resonance (NMR) to probe spin relaxation between proton and Mn ions in Mn-doped ZnO. Two distinct spin
relaxation behaviors are found in the temperature range of 200 K to 400 K. The mechanism governing the
relaxation is due to the dipolar interaction induced by the paramagnetic impurities of Mn ions, dominantly
affecting below 300 K. Besides, NMR relaxation rate follows a Korringa relaxation, indicating a small density
of carriers at the Fermi level above 300 K. The understanding of proton relaxation as a function of temperature

opens an opportunity to study ZnO-based DMSs with NMR techniques.
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Density Functional Theory Calculation of Hydrogenated
Graphene

Gi-Wan Jeon*, Kyu Won Lee, and Cheol Eui Lee
1Depamnent of Physics and Institute for Nano Science, Korea University, Seoul 136-713

Density functional theory (DFT) calculation was carried out to investigate the magnetic properties of
hydrogenated graphene. Density of states, band structure, and spin density of hydrogenated graphene were
calculated by using a pwscf DFT package. Spin-restricted calculation on the hydrogenated graphene gave a flat
band near the Fermi level with a high density of states. Spin-unrestricted calculation gave a spin-splitting of flat

band on the Fermi level, which corresponds to the magnetic moment in the hydrogenated graphene.
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Strain effect on Magnetocrystalline Anisotropy of
Multiferroic Fe/BaTiO3

+

D. Odkhuu1*, W. S. Yunz, O.R. Kwon1, T. Tsevelmaa, P. Taivansaikhan1, and S. C. Hong1

1Department of Physics and Energy Harvest-Storage Research Center, University of Ulsan, Ulsan 680-749,
Republic of Korea

*Graduate Institute of Ferrous Technology, Pohang University of Science and Technology, Pohang 790-784,
Republic of Korea

' Corresponding author: schong@mail.ulsan.ac.kr

Using the highly precise full-potential linearized augmented plane-wave method within general gradient
approximation, we studied the magnetism of Fe monolayer on BaTiO; (BTO), which has been recently expected
as a multiferroic heterostructure. As previously predicted with the pseudo-potential method [C.G. Duan et al.,
Phys. Rev. Lett. 97, 047201 (2006), Appl. Phys. Lett. 92, 122905 (2008)], we approved that the ferroelectric Ti
polarization alters significantly the magnetic moment and magneto-crystalline anisotropy energy (EMCA) of
Fe/BTO. In addition to the change of EMCA due to the electric polarization, it is also found to be very sensitive
to substrate strains. As the compressive strain is applied, the calculated EMCA decreases from 1.4 meV/Fe at
the lattice constant (3.991 A) of BTO to 1 meV/Fe at the compressive strain of 2.2 % which corresponds to
the lattice of SrTiO3 (STO). Whereas, the tensile strain increases the EMCA and large value of 2 meV/Fe is
obtained at the tensile strain of 3 %. Magnetic moments of Fe and Ti atoms reduce (increases) slightly as the
compressive (tensile) strain increases. An example model of Fe/BTO/STO in this study reveals that the changes
of magnetization ofa ferromagnet in response to the ferroelectric polarization across the interfacecan also be

manipulated by the lattice strain with a suitable third alien.
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Growth and Transport Properties of Epitaxial Fe-Ga thin
filln on GaSb (100)

Duong Anh Tuan*, Yooleemi Shin, and Sunglae Cho'
Department of Physics, University of Ulsan, Ulsan 680-749, Republic of Korea

' Corresponding author: slcho@ulsan.ac.kr

The Fe-Ga alloys have recently attracted great interests because theyexhibited ferromagnetic properties with
high Curie temperature (Tc), high saturation magnetization (Ms) and unique magnetostriction properties which are
promising to real applications such actuators, acoustic sensors, torque sensors, and positioning devices in particular
for micro and nano-electromechanical systems (MEMS and NEMS) and the integrated magnetostrictive devices
(MagMEMS) [1-4]. Clark et al. reported that in the bulk Fe,(Gayx (4<x<27) alloy, the magnetostriction constant
(Moo) has two maximum values; 265 ppm at x = 19 and 235 ppm at x=27[1]. Similar results are reported by
Kellogg et al. that single crystal FeogiGag9 has the saturation magnetostriction and magnetization of 298 ppm
and 1265 emu/cm’ at 80 °C, respectively, and by Cullen et al. that Feps,Gaois has ~300 ppm [5,6]. Expitaxial
Fe-Ga thin film has been grown on GaSb (100) substrate by molecular beam epitaxy. The bec -Fe crystal structure
(A2) with the lattice parameter as 2.967A was observed by X-ray diffraction. The temperature dependent
resistivity showed metallic behavior. The Hall resistance, RHall, is given by the sum of the ordinary Hall effect
(OHE) due to the Lorentz force and the anomalous Hall effect (AHE) originating from asymmetric scattering in
the presence of magnetization. The carrier densities,which are calculated from Hall measurements as 2.05x10”'

em-3 at 370K and decrease to 1.11x10%" c¢m™ at 20K.
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Phase Separation in Proton-Irradiated Graphite

Cheol Eui Lee*, Kyu Won Lee
Department of Physics and Institute for Nano Science, Korea University, Seoul 136-713, Republic of Korea

Detailed nature of magnetism and defects in proton-irradiated graphite has been revealed by our electron spin
resonance measurements. Proton irradiation creates defect regions confined and imbedded in the graphite
background, consisting of a central part of itinerant spins and an outer part of localized, magnetically correlated
spins. Our results indicate that proton-irradiation creates confined defect regions of a metallic island surrounded
by an insulating magnetic region which “isolates” the metallic island inside from the metallic graphite background
outside. We have thus come up with a picture of phase separation in proton-irradiated graphite comprising three
regions of distinct electrical and magnetic properties. In effect, an illuminating phase separation picture was

3

addressed in this work, involving two metallic regions “insulated” by a magnetic region in between.

- 87 -



Magnetoresistance in a Tunnel Junction with an
Antiferromagnet Electrode

Byong-Guk Park*

Materials Science and Engineering, KAIST, Daejeon, Korea

A spin valve is a microelectronic device in which high- and low-resistance states are realized by using both
the charge and spin of carriers. Spin-valve structures used in modern hard-drive read heads and magnetic random
access memories comprise two ferromagnetic electrodes whose relative magnetization orientations can be switched
between parallel and antiparallel configurations, yielding the desired giant or tunneling magnetoresistance effect.
Here, we demonstrate a large magnetoresistance effect in a tunnel junction with an AFM electrode of IrMn and
a nonmagnetic counter electrode [1]. Antiferromagnets (AFM’s) have been used in spintronics devices so far only
to pin the magnetization direction of a ferromagnetic electrode through the exchange-bias effect. Spintronics
devices whose transport is governed by AFM’s have been theoretically proposed, but remain a great challenge
for experimental realization. In our device, the tunneling resistance depends on the magnetization direction of the
IrtMn electrode, so-called tunneling anisotropic magnetoresistance (TAMR) effect, which is based on the spin-orbit
coupling. This is quite different from the conventional spin-valves where the resistance depends on the relative
magnetization directions of two ferromagnetic electrodes. The magnetization direction of the AFM IrMn layer was
manipulated with a relatively small magnetic field of 50mT by the exchange spring effect of coupled soft NiFe.
In addition, We employ this device to study the behavior of exchage coupling between an antiferromagnetic IrMn
and a ferromagnetic NiFe. Experiments performed by common laboratory tools for magnetization and electrical
transport measurements allow us to directly link the broadening of the NiFe hysteresis loop and its shift (exchange

bias) to the rotation and pinning of antiferromagnetic moments in IrMn [2].

Figl. Schematics of a tunnel junction with an antiferromagnetic IrMn
electrode and its Magnetoresistance

Reference
[1] B. G. Park et al, Nature Materials 10, 347 (2011)
[2] X. Marti, B. G. Park, et al, Phys. Rev. Lett 108, 017201 (2012)

- 88 -



an
o

KMS 2012 Summer Gonference

5=






GHEIE 0|88 {100} BEEXE H=
=2 T MxE R X E8 Bt

1. Mg

2 0] B2 SN Yokt YL LA 8 (100] GEEol P Aol it ol
2 galtd gtk A4 ARE ASEE F 9 HA FEelAE (100 FakEA o) Aol e Fash
olraldl, 1 ol A W AA T AlolgA wolth & H Wl AA Tl Al [001] o] Aehe

yeFo] Apehto] oty wakA {100} A4S FAJSHA = Aekg-o] ko]

N
=

fllo ©
A
rlr
)
)
il
)
;
o
A
X2
X
it
g 4

o [
ox & -

E 1 AR AR a2 (wi%)
Alloys Fe Si Mn P Al Ti C S O
Pure Iron | bal <0.001 0.003 0.001 <0.001 <0.001 0.001 0.0005 0.0015

G B917101A AT AR G ARG AEAL Xy Y, FHE B4 5

o

Fig. 1.2 0]&7 o] -60°CQl 222 Ho|7|o]A] 1087F A a|E AA] s
ot Al 2o i HExAE WSl giok Fojx g Fuf
oo AHHES A= 229 910°C ool AXeS AXSE F 2 ’ !
3 (100} AHEHE0%)0] FAH o] AL oF & ek Tl Bk 3
ofm} AFHEIE A8l EoH= 910°C o]5te] LEollA] dxeH Al# : ~aw
o AN AAY YARA HT v HR(fiber) WA2HG woiF £ o
AL Sleh | & iiii?i
Fig. 2= 950°Col|A] 1087 GA2]3E A|H Q] n|A|%2]S HolFil
olek wA|ZH ) BAE Ao A7Iv} g ZefalA shfe] ap A7) 0 T RS S
7} S o] EARTE 2 columnar RS ZETL 9tk Aolt). o]gA zq_] Temperature (°C)
@ AA7h B ol fis AR RO S=r hg- 7] o], 4 Fig | Effect of anncaling

Hel7} vhAEE o AF A o] o] Lx) ule 37] fjRo|gta 3t 11:_]—%1—4— temperature on texture evolution

-91 -



sk, olzjst =0

ek, Kl 3t columnar +25 zH= ¢x7t =3t
= oube obA] TR EHoA et (100} Agzde i RO T
A2 ol N E Gastehs 21S Eabu], wkeba] g A
7 {100} FFEA S ZHeths AL

Fig. 3¢ 950°Col4] 1087F A elgt Ao (200) ¥
(110) FHEES HojZm Qlck o] Avte] mzd Al Ew

Fig. 2 Optical micrographs of the annealed

L 738k {200) JakxZo] A o] o T3 <100> L
o= 7t {200) I B sfel glen, samples at 950°C for 10 min in hydrogen
e kAol flolAl, cube-on-face T2 o] 34 E o] atmosphere
heg o 4 gk
RD Max = 153.0 Max =38 2 [111] Max =85 8
1.00 1:00 1.00
30.00 8.00
60.00 16.00 4.00
— 90.00 - 2400 X\ - 8.00
120.00 32.00 — 16.00
D -
A — 24.00
— 3200
— 64.00
{200} [001] [110]

Fig. 3 (200) and (110) pole figures and inverse pole figures of pure iron, which were heat-treated at 950° forl0
min in H2 atmosphere(dew point:-60°C)
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5. N2
[1] JK. Sung, D.N. Lee, D. H. Wang, and Y. M. Koo, ISIJ Int. 51 (2011) 284-290.
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Fig. 1. Demagnetization curves of sintered magnets prepared by mixing various Dy-TM alloy powders.
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[1] K. Hirota, H. Nakumura, T. Minowa and M. Honshima, IEEE Trans. Magn., vol. 42, no. 10, pp.
2909-2911, Oct. 2006.
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HMO02

Oxidation and Coercivity of Near Single Domain Size
Nd-Fe-B-type Alloy Particles

H. W. Kwon"*, and J. H. Yu?

D Pukyong National University, Nam-Gu, Busan 608-739, Korea
% Korea Institute of Materials Science, Changwon 641-831, Korea

Fine particles of Nd-Fe-B alloy in near single domain size have increasingly found new applications for high
performance micro-magnet. However, because of high oxygen-affinity and high specific surface area, the ultra-fine
Nd-Fe-B-type particles are readily oxidized in air, hence causing a radical coercivity loss. In the present study,
an ultra-fine Nd-Fe-B-type particles in near single domain size was prepared by ball milling of HDDR-treated
Nd12.5Fe80.6B6.4Ga0.3Nb0.2alloy.The prepared near single domain size Nd-Fe-B-type powder (= 0.3 pm) had
high coercivity over 9 kOe. However, the coercivity was radically reduced as the temperature increased in air
(< 2 kOe at 200 C) (Fig. 1(c)). This radical coercivity reduction was attributed to the soft magnetic phases, a-Fe
and Fe3B (Fig. 1(a), (b)), which were formed on the surface of the fine particles due to the oxidation. The
magnetic soft phases (a-Fe, Fe3B) at the surface of fine Nd-Fe-B-type particle facilitate the nucleation of a
reverse domain, hence reducing coercivity radically. Feasibilty of surface nitrogenation of the fine particles for
improving the long-term stability of coercivity was studied. Long-term stability of coercivity of the nitrogenated
fine powder was improved markedly. The nitrogenated powder showed no coercvity reduction even after 1 month
in air at room temperature. In this article, the surface passivation of near single domain size Nd-Fe-B-type

particles by nitrogenation for improving long-term stability of coercivity is to be discussed.
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Fig. 1. XRD pattern (a) and TMA trace (b) of oxidised alloy, and the coercivity variation with temperature (c)

for the near single domain size Nd-Fe-B-type powder.
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BH E4=01 AZZ MZEE (Nd, Dy)-Fe-B X 212]
OIMEIL X 1H £ O1XI= BT
Effect of Microstructure on Magnetic Property in
(Nd, Dy)-Fe-B Permanent Magnet Fabricated by
Spark Plasma Sintering
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2HY 2712 Wsh717] lste] SPS B A8 F TR Wste] U2 AHEAL Table 1. =
UERHSTh SPS 47 Folle ARASUEL 06 TR 5247 Al 3] o 50% ashet

o Hce Br (BH)max 0 Grain size
sintering process
(kOe) (T) (MGoe) (g/cm3) ()
Isothermal sintering
16.77 1.19 35 7.46 7.3
10500C/4h
SPS 10000C/15m 7.1 0.6 11 7.65 59

Table 1. Summary of sintering conditions and their results.
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AZFsha §3E8 4 (Finite Element Method)S 53t sh41% wiel 44 AE =S g vlwshelch
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Tablel. Specification ferrite and proposed DC brush motor.

Section Item Ferrite motor Unit
Br(T) 0.44 T
Outer diameter 38 mn
PM ]

Inner diameter 31 mm
Axial length 36 mm
Outer diameter 30 mm
Number of slots 10 mmn

Armature .
Axial length 32 mm
Number of winding 27 turn
Return yoke Thickness 2 mm

3. Mz
Fig 4% ASIsh: HASE weRbe BAHE 4S5UELES chhd FEM Aujolth, (&1} &3e
A4S FEME B31et 2205 sislo Ao 2304 28mm Soolnet £24 S S
2 13mmell A Hej g 2448 Lhehf iekFig 5). Fig 60 @A) AL 9l sletol= 57Ioh & AT
AN AT 2571 YL 13 Vol 2T TN 54 Aol
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Excellent Low Field Magnetoresistance
Properties of Mn Ferrites

Hyo-Jin Kim* and Sang-Im Yoo'
Department of Materials Science and Engineering, Research linstitute of Advanced Materials (RIAM),
Seoul National University, Seoul 151-744, Korea

' Sang Im Yoo, e-mail : siyoo@snu.ac.kr

A significant enhancement of low-field magnetoresistance (LFMR) could be achieved from Mn ferrites
polycrystalline samplesprepared by standard solid state reaction process in argon atmosphere at temperature of
1150~1250°C for 4h. The effects of the annealing temperatureon the microstructure, magnetic and
magneto-transport properties of the Mn ferrites were carefully investigated. Field dependency of magnetization
wasmeasured with a SQUID (superconducting quantum interference device) magnetometer, and low field
magnetoresistance (LFMR)was also measured with the SQUID magnetometer using an external current source and
voltmeter. The X-ray diffraction analyses revealed that all Mn ferrites of the spinel structure were a pure phase
without the second phase. High LFMR ratio over 2.9% at 300K in 0.5 kOe was achievable from Mn ferrites
sample annealed at 1200°C. The relationship among the annealing temperature, microstructure, magnetic and

magnetotransport properties will be presented for a discussion.
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Fig. 1. HRPD patterns of LiFeosMnysPO4 at various temperatures.
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Fig 1. X-ray diffraction patterns of the FeGa,O4 thin film at room temperature.
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Fig. 1. Magnetic hysteresis (M-H) of a) BaTiposFeo0sO3, b) BaTigoFeo 103,

¢) BagosLagosTiooFeo 103, d) BagoLagTipoFeo 103 measured at room temperature.
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Fig. 2. Ferroelectric hysteresis loop (PE) of BaggsLag.osTiooFeo.10s.
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Fig. 1. Temperature dependence of ZFC and FC magnetizations (a) YMnOs and (b) Yo.sSro2MnOs.

4. 402

[1] L. W. Martin, Y. H. Chu, R. Ramesh, Materials Science and Enginering R 68, 89 (2010).
[2] Z. J. Huang, Y. Cao,Y. Y. Sun, Y. Y. Xue, and C. W. Chu, Phys. Rev. B 56, 2623 (1997).
]

[3] H. W. Zheng, Y. F. Liu, W. Y. Zhang, S. J. Liu, H. R. Zhang, and K. F. Wang, J. Appl. Phys. 107, 053901
(2010).

- 115 -



MO06

WXPI|TE ARG O|§ T AL ADHE CUCr0,2| X1
=% 2 ATH O k17

CuCr,0; B4 AB0:9] Bt814 g 7HE 23 F20] AR A siteo] Cu’'o]2o0] zpejstaL gL,

B siteof] Cr'*o]2o] Zp2jatar glr). o] o] A Axlo]7l dojubs Ll 850KR o] 21 o 4foA

x*%uqiﬂ FRYA} o] 2= OBMW% FA = wighth ofwl 22 Wk Jahn-Teller distortion}

U= 1 O] 4kt whEole
Abel &2 7}7] HoH/ﬂ Hy 5]% A& ettt CuCnOs=de

o] 2Eo|t}. Cr''o]2-9|

—?J‘(octahedral F= tetrahedral)7} =] ‘;i'% SERS
Ao A AT T sbA) 0|25 3d Awel WL oRA] Rg A
e A= AGES 7FA AL YA GAIEE Cu’ o] 9] 72 3d FEo] 9742
A3 93, T2 Aol7l dojiie 1 ofsfolAl Cutol e Fle] 4vje
7} "y Elo] ER o] AA Al LR YA S HA|

A2 H3}A = oH1,2]. ©]2 3t Jahn-Teller distortion 0.2

_|_,
;:O
e
_|>:l,
o o

QA7 oA A= AFEE 7t
AAArER FAE tetrahedral -3

o 1o

E48 Holk BAEA A=YYL B Ay @ T
Eo go] 3 & ]_,_ h;]. +25K
2 . —v— 35K
AlE e CuCr0s THAA TFEEA|RE o] 835)o] 4= oK

593 Cu'o] & 9 Cr''o] 2-0] NMRAZHEZS spin
echo YL 0|85k A3t CuCrOsZ Aol et

Cu NMR
Intensity (arb. u.)
=}

AR B YA E S Folrgror), Cuol Lo dist iz} 00 coaadmmeced Y.
71BHATEE oF glod FRABY} BEATT Tt " Frequency(Hz)
4 oA e Aqste] FHETSTL AnlelA S Folr ol 68—y

o} 29 1(a)2 29 257} 7K 1 160MHz-175MHz S (b)

Aolof 4 THATIL BEEE AL o 4= r). L7} §§166.’ S ]
F7h A4s AMEYS] W Fuls gelo olgst  § Fies e .
AL B 5 Qed ole vhERaEt ek S g3 T S~
ZFgtol whet 7tasly] wEolth Lo wE wpaye 2 [ ]
SRES MBS IR e Zlo] 1Y Ib)eldk 160l
STt 2EAbo]o] HAA R Y sHE(1(b) 2] Temperature(K)

W-7FA1) spin wave dispersion ©f| 4] 9] energy gap2 &

G gl Cuoleel B of KRSl spin gap b I8 1 @ £EE WsAEA de
Ae Ao u}a};;m. Cu’'0]29] NMR A EF (b) Cu’o]2]

ge ESION A Fue vs. 2%
o2 M2 el YLAB), AHALE el 248

FEFe] Bt dolH: QLo AHAFLEA WA
Hgolth. W7 ZYATFAA WEY EFol g5t z “o
bt 63.2MHzo|th o]tz 9] AgATe} 7o) Zeh(1H 20b) Crol&9] 7% HX7F YA} Cuole

- 116 -



o Aol Hls) AWAEE AN TKAES] £& LEdqE AHERS 22 5 otk LE8 F7H7H
A Qe Croleo] Asl=ge wuste] P spin gap oF 40KAHE o]t} 7 o] 0] NMRAH = o] L]

O

r

ZX O 72 HE AL spin gap2 H| WS EH Cuol29 IA9o] ¢ 22| spin gap2 anisotropy]] W3l =2
exchange energy+ A& Zthal 23S off Cu Q] anisotropy”} Cro]-29] anisotropy 2t} ¢ Zbchal AJzkak

4 9lek.
ohoo] AR 7t 9RAIEE AYLS W,

NES AT T AREY cHe AY
kol e choFat WK AW cZo) W . | | |
o] 0EONA 360EAI0|9] Thabet ZEE o]8)S RS TR ﬂ!'-r , e
A Hee angel dAt dgez ) SEosf .iﬂ;'_a Hbeer,
delol Y AeolA AWgYI cHe) gy 0 b " e,
okt wao] Hck e S| Ty A EY E ool fwm
9] AZo| uj$ oA gt AmAgdo] Yo g Mo "% Erequenty (MHD) 20
& A0R ASEE CuTol &) YRR T S S S L S . SN
T Ao A = ool W] E E;%, 08} (0) “‘{ P
AdEge dmd, 5T GARA Y] 5200 Sam
AL Cu''ol2e] AHEYL 0TH g Ao 58 0 A

8] A 4HH7P Holzlok 319 9| %at 50.045 s ussnu;: b,
oA dL Crioleo ATlEZL 0T £5A}7] Frequency (MHz)

ool @3 2w Eg o] u]3) 26 F=ute] Y
O A A QAQITh(ZL72) HE fFA A Stol|l A & 18 2. 3T EA7| A oA =A3E CuCr,04E2 o
NMRAHEH O] A Zo| Ho]x=d| anisotropy”} Cu’ 0] 2(a)7 Cr'o]&(b)e] NMR AHEH

AR HEE 7]ojal=t] Cu™ 0] 9] spin gapo] Cr'*
o122 spin gapieh A9 AL AZHARE P HolW HES Cuolee] AwAY riRoletn AzHe 4
e,
A7 BH AT ol 4510] CuCr0sBAe] AEA Dol ik A7E STt FHFEAGo| Lxol
AR

F4 A9 A3} Cu™ o] 29 spin gapo] Cr''o]2-2] spin gap Rt} HujHE 2H2d| spin gap®] Z7]% anisotropyo]]
HlFslE g2 Cu’'o] 204 2] spin-orbit couplingo] Cr''o]&o] Ao nvlaf Zri= AL & 4= g} o=
CuCr,0,2% 2] Cu*'o]£-0] Jahn-Teller o] o7 oA 9= Ay} A3l FEAHo] gl CuPtolLo]l Ao

YRAI G A=Y S AN W AEH L] G o 2o AHE] ulste] Zo] wj$ H e
ol= NMRAHEF O] o] AEHLEIT 2 GFE 7137 vgoldh

k]
[1] E. Prince, Acta Cryst. 10, 554 (1957)
[2] Brendan J. Kennedy, Qingdi Zhou, Journal of Solid State Chemistry 181, 2227 (2008)
[3] Le Dang Khoi, C. R. Acad. Sc. Paris, t. 262 (13 juin 1966).

- 117 -



MOo7

SMn2t e Mt SIX17 1T E 2 AT MN;0,4°]
K701 4=t ST EHG 44

= 1 =41 1 =
Aza", Mms' 20t o/2d
R e L

1. 42

ol MnsOMn2+Mn3+n0:]e1 4 9] 2 A7]o] e oln] oo Ase e A7aEe] whie Tof
Ak Mni0s9] o5 ABhEerEol i, ab-FHe AahgolHHeld], 30 dl&ete] 2 47| 4] A% ab-HH ol
Aako} o2 gape] Ash @obA A greth Aol Ao) AL E 42 mape] opl-r|d Ax T
£ Boltd, Mo Mn™ WIS} M -Mn® mEBAGo] BE WA B At golet o
K. Dwight'= Mn™*¢] c-Zef] 2 wZo] 4ol Slrkar 7bgskel Mn0so] AXZQl 470l S A
o] 9ol = Mn*, & Mn®'¢] abg o] BuiA7lol Aol GElehE Mni0.9 2 470l ga e AHd 4= ek

4
N
30,
™

N
o
o
x
IE

N2} 7] 57 (Nuclear Magnetic Resonance)> A}7] %o 2]sfo] Zbebzl of 1 & Abejol

e

2k o Rlo] dure AA|E sofio] MAWSe] BE) Wslels AL Wsls Aol B
T olgaiy T2 AFS 1 AR AUESS 747k BT 4 YL Bk o2, 2L AFS AT

o
J_I
5

o

B e 9 A 71 Qo) AAUES 3
o} A7) Atolo] ZhEg 24T 4 9k $ele ol AT
A7178E Mn3049] abg I} e-F 0 2 71ske] o] o] 7HAAL Qle 2 A7|olgAdo] ofd F72 AHdoleL
2RE 28X, E olH Bele] Aol AL EXE AT T A718E ab-BHA oo
2 ERE 0 4L, Moo} Mo RRIESF A7)} o] R ZhEg ate], 7 oA Aot mateAgS

a3 s,

3. My

ab-H ) 4713S 715HS wol, Mn® 9] FYFTL 475-495 MHZZA GA47139 9] s
550~560 MHzZ5€] 75 MHz 3= 0§35}tk 18|T ab-BHolA] c-Zo 2 A7|4-S 52 ufo] FHFu}4
LAY Z71stol, 4710l - Fk Uk o), 515 ~ 540 MHz el A A7k Ugteh el a el A tha)

=

ab-BHOE A4S BN u, oA FYF5T} FolSrhrh A7)l ab-BHlol] 7F5tol 5 uf, 475-495
MHz §ol4 A 4157} Uit

2o WA O Mo FHETSE S5, Ma o] R AB 248 ~ 267 MHz Sl 4] T

=5iek. ab-BHo] AL 7S wel, 295 ~ 302 MHz Gfol A AE7} BAEUR, A7 FE HOR
EUSE FYFTIL FOIETHE Aol B0 LRI 9] FYFTAE 253 ~ 274 MHz ol ick
ol GA/IFOIH BAE Fukser vlSter.

AR O] el ab-BEO R EHG ), EWRETS Folihrt ab-B o] 271l Fhslel R
S ), 295 ~ 302 MHz Gejo|A] Az} Lpghch

- 118 -



GAN A AT EHT} v|wsto], ZF Asto A 27| A7 RuHE
How 7hehalS Hﬂ, Mn”" wHIEE 27 WJ# 7)) B3}l 1, Mn™*

Mn™" HHIESL 2174 Afo] 9] Zhi= 87= Tk K. Dw1ght% 7¥3 T3 o]y *é m o], Mn*® HHIEE0] ¢-Z

o A A, A7)AE o| WO ® JsteiatE, MnT BHIET} ¢-%3}f o] 2= ZtEsL wol wWEkx] o
< Aolgts #5355 skl K. Dwighto] o4t 2eH =02 271348 71st3lS o, Mn3+ alixp7] g3 Als
v ANE AEE FHOE 474 4 MHz J= 9], obdj2 Hojxl JYolA A7 sE A7t yetof
ok gy A olef A o® PRI FA A ATt yEEnh Tea o] A A= Mny047t
743t w0l A diAl Mn™ 9] ab- o] FHo A S ZHAE AL oJulgit) %Y gt %o 2 7%
< 7hshy Mn**

of Al EH= Aotk
% o], A7]ZT Mn*" ZHE Afo]o] ZtEES o] &3}o]

v
K

p
o_,>_“, o
o
JZi

op
°¢
12

Mn?"e] o] AF2=9} Mn®-Mn BAE Tolgth o] T WAL oA oA, AAK
o oA, LA oA ol meln 3 4714 Eas ﬂdozfa 29l MM 28h
skl 40}@1 % g Eaa} anu BEPAe] fstel WiE 2ak A2 BRI 4es,

e BA7F FEE o] oA Mn®' 9] Zhwst A Ent add,
% o2, Mn*9 wéolwu Mn*"-Mn"" @A T A2 0]
A7 F B Fo] e AL M’ BHIETL 27|43} o] R 2wy}t mE ol T197]
o of, Mn*' 9] -2 Wk thEoluby Ab4v) 71842 Mot Mn'' mEAFE RS AbgTh 713

5 A2

7142 ab-Hrel] 715t wel, Mn® HHIE: 47143 Ueksha Ma' RHEZL 47143 12029
AEE o Ze}, o 2R E, MnO7t o] A9 Sl SH T oflr|d ehle] AW TRE AL S HAT 4 9
STk, SHAIEL, %02 2% 27142 ZFtelehE Mn'"o] Fro A wlie] M HEESo] BE ab-Fu
o Glan, M HWIESS Mo Mn" mEFEAg tio] S8 471l ekslAlA gk Ao ekt
th. o2 qlste] FAB} ab-FRNMuIE HaFE A btk of W, M HUIESS ab-Po] RolFeln
B U A% A7l o Sstol 1 Aol 25 dgetdl A0w AsIgc ol vlstel, Mi ol ol
e o B B Brle 7hE A0 Hollul Ma¥ o oWy Aot M Mn' MBAEAG A4l

HAE 3ol A B

(e

. Dwight, et, al. Phy. Rev. 119 1470 (1960)
. V. Nielsen J. Phys., Paris 32 suppl. 51-2 (1971)
O. V. Nielsen and L. W. Roeland, J. Phys. C: Solid State Phys. 9, 1307 (1976)

[
[
[
[4] T. Suzuki, et, al., Phy. Rev. B 77, 220402 (2008)

- 119 -



MO08

Electron-Spin-Resonance study of Ball Milled
BaTip.9sMng.0203 Nanocrystalline

P. Zhang*, T. L. Phan, Y. D. Zhang, D. Nanto, and S. C. Yu'
BK21 Physics Program and Department of Physics, Chungbuk National University, South Korea

' Corresponding author: scyu@cbnu.ac.kr

Due to its large band gap (around 3.2 eV), Barium titanate (BaTiOs) was considered as not only an important
ferroelectric and piezoelectric material, but also a good candidate for dilute magnetic semiconductors (DMS).
Nakayama and Katayama Yoshida in 2001 theoretically predicted that ferromagnetic properties can be obtained
by doping some TM ions such as Cr, Mn, and Fe in BaTiOs. Recently, Ferromagnetic properties in BaTiO3 based
materials have been reported by many research groups, leading to a bright prospect of application in spintronics
devices in the future. However, the origin of ferromagnetic property is still controversial. It has been found that
various energetically metastable defects strongly influence the charge carrier density, and the oxygen vacancies

were also supposed to play a crucial role in ferromagnetism in DMS.
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Fig. 1: Room-temperature ESR spectra of BaTiposMno2O3 with different milling times.

To discover the intrinsic ferromagnetic originin BaTiO; system, electron-spin-resonance (ESR) study of ball
milled BaTiO; with 2 at.% Mn doping polycrystalline ceramics wasperformed in this work. Samples were
prepared from conventional solid reaction method with a sintering temperature of 1000 °C, then put into
mechanical ball milling for various milling time of 1 hr, 3hrs, 6hrs, Shrs, and 12 hrs, respectively. The ESR
measurement were carried out at 9.45GHz (X-band) using a JEOL-TE300 ESR spectrometer. The
Room-temperature ESR spectra were shown in Fig. 1. It is clear to see the two types of signal in the spectra,
one is the broad linewidth signal which originate from the Mn ions incorporated into the Ti site of the BaTiO;
host lattice, and they are considered as paramagnetic centers. The other one is the sharp peak located around

340 mT which was believed to be from the oxygen vacancy defects generated during the milling.
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1. Abstract

Iron-excess gallium ferrite, GagsFe1 403 (GFO), is known to have room-temperature ferromagnetic phases and
potentially exhibit ferroelectricity as well [1]. But, leaky polarization-electric field (PE) hysteresis curves of the
GFO thin film are hurdle to prove its spontancous polarization, in other words, ferroelecticity. One of the reasons
that the GFO films have leaky PE hysteresis loop is carrier hopping between Fe*" and Fe’ sites due to oxygen
deficiency. We focus on reducing conducting current by substituting divalent cations at Fe’* sites. GFO thin films
were grown epitaxially along b-axis normal to SrRuOs/SrTiOs (111) substrates by pulsed laser deposition. Current
density of the ion-substituted GFO thin films was reduced by 10’ or more. Ferroelectric properties of the
ion-substituted GFO thin films were measured using macroscopic and microscopic schemes. In particular, local
ferroelectric properties of the GFO thin films were exhibited and their remnant polarization and piezoelectric d33

coefficient were obtained.

2. Experiment

GFO thin films were deposited on SrRuOs/SrTiO; (111) substrate by pulsed laser deposition at 750 C using a
KrF excimer laser (A=248 nm) with a 5 Hz repetition rate and a fluence of 3 Jem’, By controling concentration of
the substituted ions, change of conducting current density was examined using a HP4145B semiconductor para-
meter analyzer. In addition, surface and ferroelectric properties of the GFO thin films were measured using scan-
ning probe microscopy and piezoresponse force microscopy which is useful to obtain local polarization-electric

field hysteresis curves.

3. Result and discussion

Preferential b-axis oriented growth of the ion-substituted GFO thin films was investigated by x-ray diffraction
patterns. We measured I-V characteristics of the ion-substituted GFO thin film, which show a drastic decrease.
Furthermore, we measured the temperature dependence of the I-V curves over a range of temperature from 300K
to 400K. I-V curves were fitted on Schottky thermionic emission or Poole Frankel thermionic emission models.
PE curves of the lowest conducting current GFO thin films were measured by microscopic and macroscopic
schemes. Local PE curves using piezoresponce force microscopy (PFM) tool showed the potential ferroelectricity

reversal of the ion-substituted GFO thin films by controlling conducting current.
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4. Conclusion
The epitaxial GFO thin films were deposited with different concentration of the substituted ions. structure and

electrical characteristics showed a clue of ferroelectric properties at room temperature.
5. Reference

[1] M. Trassin, N. Viart, G. Versini, S. Barre, G. Pourroy, J. Lee, W. Jo, K. Dumesnil, C. Dufour and S.
Robert, J. Mater. Chem, 19, 8876-8880 (2009)
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Fig 2. Magnetic flux density using the FEM 2D, 3D analysis
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Magnetotransport Properties of CrAs Thin Films on Si(111)
Substrate

Yooleemi Shin*, Duong Anh Tuan and Sunglae Cho'
Department of Physics, University of Ulsan, Ulsan 680-749, Republic of Korea

" e-mail: slcho@ulsan.ac.kr

Epitaxial magnetic films on semiconductor substrates such as Si and GaAs have attracted a great deal of
attention due to applications to new magnetic/semiconductor and spintronic devices [1-3]. The CrAs compound
presents the orthorhombic MnP-type structure and a first-order helimagnetic-paramagnetic transition accompanied
by discontinuous changes in the crystallographic parameters at 265 K [4]. On the other hand,epitaxial growth of
magnetic films on a semiconductor substrates allow the synthesis ofspecific crystallographic structures and/or
properties that are absent in their bulk, and often the magnetic properties of the thin films dramatically depend
on the growth conditions and structures of the substrates. Interestingly, Akinaga et al. grew thezinc-blende CrAs
thin films on GaAs(100) substrates by molecular beam epitaxy (MBE), which exhibited ferromagnetic ordering
at 300 K [5].

In this work, we have investigated the structure and magnetotransport properties of CrAs thin films grown
on Si(111) substrates using MBE. The structure of CrAs films were determined by x-ray diffraction (XRD). In
order to investigate the correlation between magnetization and charge carrier transport, we performed
magnetoresistance (MR) and Hall resistance measurements by using a physical property measurement system. The
transport and magnetic behaviors of our epitaxial CrAs films on Si substrates were significantly different than
that of the bulk CrAs and thin film CrAs on GaAs substrate.

Huzd

1] G. A. Prinz, Science 282, 1660 (1998).

2] J. Stephens, J. Berezovsky, J. P. McGuire, L. J. Sham, A. C. Gossard, and D. D. Awschalom, Phys. Rev.
Lett. 93, 097602 (2004).

[3] M. Solzi, C. Pernechele, M. Ghidini, M. Natali, and M. Bolzan, J. Magn. Magn. Mater. 316 221 (2007).

[4] N. Kazama and H. Watanabe, J. Phys. Soc. Jpn. 30, 1319 (1971)

[S] H. Akinaga, T. Manago, and M. Shirai, Jpn. J. Appl. Phys. 39, L1118 (2000).
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We did zero-field NMR study on the annealed single crystal of multiferroic helimagnets BagsSrisZn,
(Feo.92Alp.08)12022 (AI-BSZFO). This material shows extremely high magnetoelectric susceptibility so that the
critical field for switching electric polarization is less than 1 mT below 90 K [1]. NMR frequency change by
the temperature follows Bloch’s 7 3/2 law which presents the low temperature excitation is ferromagnetic spin
wave. The nuclear spin-lattice relaxation rate and the nuclear spin-spin relaxation rate were also measured. Both
increased rapidly as the temperature increases above 60 K at which the spin structure changes from normal
longitudinal cones (NLCs) to alternating longitudinal cones (ALCs) for the case of as-grown (not annealed)
sample [2]. Due to rapid shortening of spin-spin relaxation time, the NMR signal intensity abruptly reduced above

60 K. We also studied rf pulse width and power dependence.

kL]
[1] S. H. Chun et al., Phys. Rev. Lett. 104, 037204 (2010).
[2] H. B. Lee et al.,, Phys. Rev. B 83, 144425 (2011).
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Lanthanum and Calcium Deficiency of
Lap.sCap.2MnNg 9750305 ON Magnetocaloric Effect

Dwi Nanto'*, Seong-Cho Yu', Andrey Telegin2
'BK 21 Physics Program and Dept. of Physics, Chungbuk National University, Cheongju, 361-763, South Korea
*Institute of Metal Physics, UB of Russian Academy of Sciences, Yekaterinburg, 620990, Russian Federation

Tel. 82-43-261-2265, Fax. 82-43-274-7811, e-mail: scyu@chungbuk.ac.kr

Perovskite manganite has attracted to explore on magnetocaloric effect due to manganites are relatively easy
to synthesize, are tunable by adjustment of the doping concentration, and are considered promising candidates
for magnetic refrigeration at various temperatures. Rare-earth doped manganite in general formula of R;-.MMnO;
(R = La, Pr, Nd, etc., and M = Ca, Sr, Ba, etc.) exhibit a rich variety of magnetic phenomena especially
magnetocaloric effect. Recently, deficiency of manganite has reported influence the magnetocaloric effect. In this
work we purpose another series of deficiency of perovskite manganite and investigate their magnetic behavior
using vibrating sampel magnetometer (VSM). LagsCag2Mng 9750305 and (LagsCao2) 097sMngo75030s5 polycrystal was
made using conventional solid state reaction and were investigated of their magnetocaloric effect (MCE). Curie
temperature of LagsCap2Mnoo750305 was 191 oK with entropy change AS,... = 1.76 J~kg'1-K'1 which behave first
order transition. On the other hand Curie temperature of (LapsCaoa) 097sMnoo7sOs0s was 146 °K with entropy
change AS,.c = 0.96 J-kg'lK'1 which behave second order transition. Deficiency of both lanthanum and calcium
play role in curie temperature and phase transition thus will influence their maganetocaloric effect. Different phase
transition due to the deficiency both lanthanum and calcium presumably come from lattice parameter and some

local defect in polycrystals specimen.
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