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Study of the Magnetization Reversal Behavior of
exchange-Biased System Using
Polarized Neutron Reflectometry

Sungkyun Park*, Ki-Yeon Kim', Ji-Wan Kim?, Hyeok-Cheol Choi®, A. Teichert*, Chun-Yeol You®,
Sung-Cheol Shin?, Jeong-Soo Lee' and M. R. Fitzsimmons®
DepartmentofPhysics,PusanNationalUniversity,Busan609-735,Korea
'"Neutron Science Division, Korea Atomic Energy Research Institute., 305-353 Daejeon, Korea
*Department of Physics and Center for Nanospinics of Spintronic Materials,

Korea Advanced Institute of Science and Technology, Daejeon 305-701, Korea
3Department of Physics, Inha University, Incheon 402-751, Korea
*Helmholtz Zentrum Berlin fiir Materialien und Energie, Glienicker Strasse 100, D-14109 Berlin, Germany
5Lujan Center, Los Alamos Neutron Science Center, Los Alamos National Lab. 87544 USA
*Corresponding author: psk@pusan.ac.kr

Since the first discovery of exchange anisotropy on Co/CoO system[1], there have been numerous studies to
explore the physical origin of exchange-biased system[2,3]. In this presentation, we report that how the polarized
neutron reflectomery can be applied to study the magnetization reversal behavior of the exchange biased system.
As an example, the detailed magnetization reversal mechanism of the exchange-biased Py(30 nm)/FeMn (0, 15,
30 nm)/CoFe(30 nm) trilayers was studied and found that the 15 nm antiferromagnetic FeMn layer mediates the
magnetization reversal behaviors of both Py and CoFe layers through interlayer exchange bias coupling. We also

update the current activities in polarized neutron reflectometer in HANARO.

x|
[1] W. H. Meiklejohn and C. P. Bean, "New Magnetic Anisotropy". Physical Review 105 (3): 904-913
(1957).
[2] J. Nogués, J and Ivan K. Schuller "Exchange bias". Journal of Magnetism and Magnetic Materials 192
(2): 203-232 (1999).
[3] A. E. Berkowitz and K. Takano, "Exchange anisotropy: a review," J. Magn. Magn. Matls. 200, 552 (1999).

+This work is supported by NRF Nuclear R&D Program (2010-0018374 and 2011-0002273).
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Charateristics of perpendicular magnetic anisotropy of CoFe/Tb multilayer will be discussed. And the

perpendicular anisotropy was applied for inverse GMR junction and GMR sensor.
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Crystal Structure and Physical Property of Tetragonal-like
Epitaxial Bismuth Ferrites Film

Joong-Hee Nam*, Michael Biegalski', Hans M. Christen' and Byung Ik Kim

Korea Institute of Ceramic Engineering and Technology, Seoul 153-801, ROK
'Oak Ridge National Laboratory, Oak Ridge 37831, TN, USA

Basically, the lattice mismatch between film and substrate can make those BiFeO3;(BFO) films distorted with
strain structure. BFO phase can be stabilized on LaAlO3;(LAO) represents the example of a multiferroic with giant
axial ratio. Its crystal structure is not strictly tetragonal, but tetragonal with a slight monoclinic distortion and
related to the rotation of the oxygen octahedra. In this study, we show that phases with a tetragonal-like epitaxial
BFO films can indeed be ferroelectric and also can be stabilized via epitaxial growth onto LAO.

Recent reports on epitaxial BFO films show that the crystal structure changes from nearly rhombohedral
("R-like") to nearly tetragonal("T-like") at strains exceeding approximately -4.5%, with the "T-like" structure being
characterized by a highly enhanced c/a ratio. While both the "R-like" and the "T-like" phases are monoclinic,
our detailed x-ray diffraction results reveal asymmetry change from MA and MC type, respectively. By applying
additional strain or by modifying the unit cell volume of the film by substituting Ba for Bi, the monoclinic
distortion in the "T-like" MC phase is reduced, i.e. the system approaches a true tetragonal symmetry.

There are two different M-H loops for Bi;.«BacFeO;5(BBFO) and BFO films on SrTiO3(STO) & LAO substrates.
Along with the ferroelectric characterization, these magnetic data indicate that the BFO phase stabilized on LAO
represents the first example of a multiferroic with giant axial ratio. However, there is a significant difference
between this phase and other predicted ferroelectrics with a giant axial ratio: its crystal structure is not strictly
tetragonal, but tetragonal with a slight monoclinic distortion. Therefore, in going from bulk to highly-strained
films, a phase sequence of rhombohedral(R)-to-monoclinic ["R-like" Ma-to-monoclinic, "T-like" Mc-to-tetragonal
(T)] is observed.

This sequence is otherwise seen only near morphotropic phase boundaries in lead-based solid-solution
perovskites (i.e. near a compositionally induced phase instability), where it can be controlled by electric field,
temperature, or composition. Our results show that this evolution can occur in a lead-free, stoichiometric material
and can be induced by stress alone. Those major results are summarized as follows ; 1) Ba-doping increases the
unit cell volume, 2) BBFO on LAO can be fully strained up to x=0.08 as a strain limit (Fig. 1), 3) P(E) &

M(H) properties can be tuned by the variation of composition, strain, and film thickness.
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Fig. 1. Reciprocal space mapping of Bil-xBaxFeO3-6(x=0.08) film on LAO showing almost fully tetragonal

structure.
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. W. Wang, A. L. Geiler, V. G. Harris, and C. Vittoria, J. Appl. Phys. 107, 09A515(2010)
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Superparamagnetic Clusters in La;xSrCoO;3(x<0.2)

R. Rajagukguk*, Agustina Ismail and B. W. Lee
Department of Physics, Hankuk University of Foreign Studies

1. Introduction

The substitution of Sr*" ions on La’" sites in LajxSrxCoOs (LSCO) results that the Co*" ions co-exist with
Co3+ ions in LSCO. It is generally accepted that the interaction between Co*'-Co’" is ferromagnetic (FM) double
exchange, whereas the Co’"-Co”" and Co*-Co* interactions are antiferromagnetic (AF) superexchange[1].
Frustration appears as a result of the coexistence of FM and AF orderings. This condition is adequate for the
system to have the glass behavior at low temperature if FM and AF interactions are comparable. Based on earlier
results, the LSCO system is reported as a spin glass state at low doping concentration(x<0.18)[1].

In the other hand, superparamagnetic system also has similar characteristics with spin glass system (e.g.
irreversibility magnetization, and time dependent magnetization)[2]. Comparison between superparamagnetic
system (Cug7Co3) and canonical spin glass system (AugsFes) revealed the differences between two systems in
detail[3]. In Cuy;Cos, the bifurcation between zero-field-cooled magnetization (ZFCM) and field cooled
magnetization (FCM) is far above the blocking temperature (Ty,); whereas that of in AugcFes is near the freezing
temperature (Tr). The FCM of Cug;Cos increases monotonically with decreasing temperature, however the FCM
in Au96Fe4 is nearly independent of temperature. With increase of applied field, Ty in superparamagnetic system

decreases considerably but Tr in spin glass system just slightly decreases.

2. Experimental Details

The polycrystalline samples of La;«SrxCoO; were prepared by solid state reaction. X-ray diffraction was
carried out using Rigaku diffractometer with Cu-Ka radiation. The magnetization (M) was measured by a
vibration sample magnetometer over the temperature range, 15-300 K, in various fields up to 5 kOe under ZFC

and FC sequence.

3. Results and Discussion

Comparing our results with those of Cug;Co; and AugsFes, it is found that the magnetic behaviors of LSCO
are very similar to those of Cug;Coj; rather than those of AugsFes. In Fig. 1, the FCM of LagoSro1CoOs is nearly
temperature independent at low temperature whereas the FCM of LagssSr.15CoO; increases monotonically. As the
doping amount decreases, the FCM behavior resembles that of superparamagnetic system. And in the Fig. 1 the
position of Tf and the bifurcation point are similar to those of superparamagnetic system in all range of
synthesized samples. These behaviors may be due to the existence of superparamagnetic clusters in LSCO. With
increase of doping amount, the superparamagnetic clusters decrease and ferromagnetic clusters increase and grain
size becomes bigger. Thus, at higher doping concentration the FCM resembles a ferromagnetic behavior and the

superparamagnetic behavior is surpressed.

- 13 -
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Fig. 1. Temperature dependent magnetization for x =0.05 and x =0.1.

4. References
[1] M. Itoh. I. Natori, S. Kubota, and K. Motoya, J. Phys. Soc. Jpn., 63, 1486 (1994).
[2] K. Binder, A.P. Young, Rev. Mod. Phys., 58, 801 (1986).
[3] T. Bitoh, K. Ohba, M. Takamatsu, T. Shirane, S. Chikazawa, J. Phys. Soc. Jan., 64, 1305 (1995).
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Zero-field-cooled and Field-cooled Magnetization of
Plasma Treated SrRuO; Thin Films on SiTiO3(001)

F. Kurnia'™, S. J. Rhee', B. W. Lee', C. U. Jung', J. Cho?, L. K. Joon®, M. -H. Jung®,
S. -B. Shim* and J. Kim*

1Departmen‘[ of Physics, Hankuk University of Foreign Studies, Yongin, Kyounggi-do 449-791, Korea
2Department of Electrophysics, Kwangwoon University, Nowon-gu, Seoul 139-701, Korea
3Department of Physics, Sogang University, Mapo-gu, Seoul 121-742, Korea
“Center for Nano and Quantum Science, Korea Research Institute of Standards and Science, Yuseong-gu, Dagjon
305-600, Korea

1. Introduction

Bulk SrRuO; has a GdFeOs-type perovskite structure with Pbnm space group and Curie temperature (7¢) of
about 160 K[1]. However, SrRuOs thin films on SrTiO3(001) have shown the suppressed 7,~150 K and the
saturated moment of 1.4~1.6 uB/Ru with low resistivity of 230 uQ cm at room temperature[2]. Briefly speaking,
SrRuO; system is considered to be an itinerant electron magnet system with enhanced ferromagnetic spin
fluctuation which plays a crucial role of using SrRuOj; either as bottom electrode or as metal oxide junction in
heterostructure devices.

Nevertheless, up to date, there is no report showing the spin fluctuation behavior due to plasma treatment
on the SrRuO; thin film samples. Therefore, in this report, we focus on the zero-field-cooled (ZFC) and
field-cooled (FC) magnetization of both as-deposited and plasma treated SrRuOs; thin film samples. We also
propose a modified empirical model to analyze the ZFC magnetization behavior. Furthermore, using this model

we might explain various ZFC magnetization behaviors.

2. Experimental

25-nm of epitaxial SrRuO; thin film was grown by pulsed laser deposition with a KrF excimer laser(248 nm,
34 ns) on a 3x3 mm’ as-received SrTiO;3(001) substrate. Films were deposited at a substrate temperature of 750°C,
and under a pressure of 120 mTorr of pure oxygen. The growth rate is about 0.01 unit cell/pulse with a repetition
rate 4 Hz. After films deposition, the films were placed into the rf plasma chamber with plasma power of 40
W. The temperature was maintained at 680°C under 80 mTorr of plasma gas pressure (O, and H,) with 10 SCCM
of flowing gas. The magnetic properties were measured in zero field cooled (ZFC) and field cooled (FC) modes

using superconducting quantum interference device (SQUID) magnetometry (MPMS system of Quantum Design).

3. Results and Discussion

In the case of magnetization behavior in FC process as shown in Fig. 1, the spin moments are ordered parallel
to the direction of applied field and the samples showed non-zero magnetization below Tc. However, the O,
plasma treated SrRuO; shows ~0.6 pB/Ru magnetization, which is smaller value than that of as-grown sample.
The atomic disorder due to induced O, plasma ions might be considered as the cause of the reduced

magnetization. As a comparison, the H, plasma treated SrRuOs; shows the nearly paramagnetic behavior even in

-15 -



the FC process. The reason is related to the deep penetration depth of H, plasma ions compare to that of O,

ions, which in turn may cause higher degree of atomic disorder of pseudocubic SrRuO; crystal on SrTiO;

substrate.
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e 1of ~, 1
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00 1 L '|:"*’M i Mi“.;’i
0 50 100 150 200
T(K)
Fig. 1. FC magnetization for 3 different SrRuO; thin films on SrTiO3(001) as a function of temperature measured
at 500 Oe.

In ZFC process, for both as-deposited and O,-plasma treated SrRuO; films, we observed of around ~0.25 p
B/Ru magnetization peak at about 120 K, but there was no observed magnetization peak for Hr-plasma treated

SrRuO:;s.

4. References
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Effects of Fe lons Substitution on the Structure and
Magnetic Properties of BQg.¢5Big.05TiO3

W. Yansen*, J. Kim and B. W. Lee
Department of Physics, Hankuk University of Foreign Studies

1. Introduction

BaTiO3(BTO)is known as a classical ferroelectric material with Curie temperature(Tc) at 120°C. It belongs to
tetragonal perovskite structure at room temperature and has a wide range of application such as capacitor, positive
temperature coefficient of resistance thermostat, and piezo electricsensors[1]. It has been reported that the
substitution of Bi’‘ion on Ba’'site resulted an increase in dielectric constant and the T, c[1,2]. On comparison the
other hand, transition metal ions doped BTO are reported to have a magnetic ordering[3]. However, the
ferroelectricity of those materials is suppressed[4]. Based on those reports, we synthesized BagosBio.osTii-xFexO3(0<

x<0.1) in order to study the effects of Fe ions on the structure and magnetic properties of Bi doped BTO.

2. Experimental
Polycrystalline samples of BagosBig.osTii-«<FexO3(0<x<0.1) were prepared via solid-state reaction. The structure
of samples was confirmed by powder x-ray diffraction(XRD) measurements using CuKa radiation. Isothermal

magnetization measurements at room temperature were measured using VSM (Lakeshore 7300).

3. Results and Discussion
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Fig. 1. The M(H) hysteresis loops of BagosBigosTigoFeo 103 at room temperature.
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XRD data indicate that BagosBioosTiOs has a tetragonal structure, but for x>5% of Fe ions substitution, the
tetragonal structure is gradually merged in hexagonal structure. The large hysteresis of MH curve at room
temperature for BagosBioosTiooFeo10s is shown in Fig. 1. The magnetic moments increase when the doping
amount increases. It is believed that the magnetic properties come from the superexchange between pentahedral
Fe'" ions and also between pentahedral and octahedral Fe*' ions[5].
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Flux Growth of CoFe; 9Dyo.104 Single Crystalsand ifs
Magnetic Properties

R. C. Kambale*, K. M. Song and N. Hur
Department of Physics, Inha University, Incheon 402-751, Republic of Korea

Abstract

We studied the effect of Dy content on the magnetic properties of cobalt ferrite single crystal. The
CoFe;4Dy(104 single crystals were grown by the flux method by using Na,BsO7;10H,O (Borax) as a solvent
(flux). The black and shiny single crystals were obtained as a product. The X-ray diffraction test at room
temperature confirmed the spinel cubic symmetry with lattice constant a = 8.42A of the single crystals. The
presences of constitute elements (Co, Fe and Dy) was endorsedby EDAX analysis. The saturation magnetization
(Ms) of CoFei9Dyo.104 single crystals was measured and is found to be 72emu/g or equivalently 3.2uB/fu. at
300 K. The observed Ms and coercivity (Hc) is found to be lower than that of pure CoFe,Os.

Keywords: Ferrites; X-ray diffraction; Magnetic Properties.
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Excellent Magneto-transport Properties of
Lap.7Sr0.3MN1 1. 403-manganese Oxide Composite Films on
YSZ Substrates Prepared by Aerosol Deposition

Hyo-Jin Kim, Young-Joon Yoon', Sung-Hwan Cho' and Sang-Im Yoo*

Department of Materials Science and Engineering, Research linstitute of Advanced Materials (RIAM),
Seoul National University, Seoul 151-744, Korea
'Korea Institute of Ceramic Engineering and Technology (KICET), 233-5 Gasan-Dong,
Geumcheon-Gu, Seoul 153-801, Korea
*e-mail : siyoo@snu.ac.kr

We report excellent magneto-transport properties of pure Lag7Sro3MnOs; (LSMO) and LSMO-manganese oxide
composite films which were prepared on YSZ (yttria stabilized zirconia) substrates by aerosol deposition and then
followed by the post-annealing at high temperatures of 1000~1200°C for 2 h in air. While as-deposited films
commonly show poor magnetic properties, the post-annealed films exhibit very good magnetic properties with
Curie temperatures ranging from 355 to 370 K. Remarkably improved LFMR properties and dMR/dH values are
observed in all LSMO-manganese oxide composite films compared with pure LSMO films, suggesting that a
magnetic disorder at the LSMO grain boundary, known as a key factor suppressing effective spin-dependent
scattering, can be greatly improved by the manganese oxide phase. The largest LFMR value of 1.2% at 300 K
and 0.5 kOe was obtained from LSMO-manganese oxide composite films annealed at 1200C. Details will be
presented for a discussion. This work was supported by the National Research Foundation of Korea (NRF) grant
funded by the Korea government (MEST) (No.2011-0002897).
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Ferromagnetic Coupling in Mn-doped ZnO Mediated by
Hydrogen

J. K. Park, K. W. Lee, H. Kweon, J. J. Kweon and Cheol Eui Lee*
Department of Physics and Institute for Nano Science, Korea University, Seoul 136-713, Republic of Korea

In the light of spintronics and spin-based information technology, ferromagnetic diluted magnetic
semiconductors (DMSs) have been extensively studied. Since the theoretical prediction of room-temperature
ferromagnetism in DMSs, Mn-doped II-VI DMSs have attracted considerable interest, intense efforts having been
made for DMSs with Curie temperatures at or above room temperature. Nonetheless, the origin of the
ferromagnetism has yet to be clarified. While hole-mediated magnetism in p-type materials was predicted
theoretically, ferromagnetism in n-type Mn-doped ZnO (ZnO:Mn) films has called for attention on the
carrier-mediated magnetism. Shallow donors in undoped and doped ZnO systems have been studied in this work
by means of electron paramagnetic resonance (EPR) and nuclear magnetic resonance (NMR) measurements. Here,
we report experimental evidences for coupling of hydrogen shallow donors and Mn ions in Mn-doped ZnO

mediating short-range ferromagnetic spin-spin interaction, theoretically suggested previously but not verified thus

far.
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The Effect of B Content on the Structure and Magnetic
Properties of Fe-Pt-B Alloy Films

Nyun Jong Lee', Jae Young Ahn’, Yu Jeong Bae', Tae Hee Kim'* and Anny Michel®

1Department of Physics, Ewha Womans University, Seoul120-750, South Korea
*Laboratoire de Physique des Materiaux, Universite de Poitiers, Futuroscope-Chasseneuil 86962, France
*e-mail: tachee@ewha.ac.kr

Structural analysis by using TEM and XRD, and direct magnetic measurements by VSM have been used to
determine the magnetic structures of platinum + iron alloys in the neighborhood of the composition FePt3. It is
found that the magnetic structure is sensitively dependent on the precise chemical order, in particular on the
number of nearest-neighbor iron atoms. Bulk alloys of the stoichiometric composition, where the chemical order
is perfect, have simple antiferromagnetic structures with the Neel temperatures below 200 K. Our objective in
the present work is to control the magnetic properties of FePt; films by adding B content: addition of B leads
to a ferromagnetic structure at room temperature. After suitable thermal treatments, our results showed the room
temperature ferromagnetic behavior of the L1, phase is associated with the presence of additional B content of
6%. The [B(x nm)/Fe(0.17 nm)/Pt(0.2 nm)]y were deposited on an epitaxial Pt/MgO(001) buffer grown on Si(100)
substrate by UHV-(molecular beam epitaxy (MBE) deposition. The B thickness (x)is ranging from 0 to 0.05 nm.
The perpendicular magnetic anisotropy was found in the films having at least 8 (N=8) repetitions of B(0.03
nm)/Fe(0.17 nm)/Pt(0.2 nm), after subsequent annealing. One possible explanation for the origin of the magnetic
property change from the antiferro- (or ferri-magnetic) properties to ferromagnetic properties could be related to

the improvement of L12 phase stability by adding small amount of ternary element B.
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Spin-wave Radial-mode Resonant Vortex-core
Magnetization Reversals

Myoung-Woo Yoo', Jehyun Lee” and Sang-Koog Kim'*

'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
*Institute of Solid State Physics, Wiedner Hauptstrasse 8-10, Vienna University of Technology, 1040 Vienna, Austria
*Corresponding author: sangkoog@snu.ac.kr

Magnetic vortices in magnetic nanodisks are applicable as information carriers to future information storage
devices owing to their bistate core orientations with extremely high thermal stability and low-power driven
vortex-coreswitching[1]. Vortex core reversals have thus attracted much attention from both fundamental and
technological aspects.Until now, vortex core switching is found to be mediated by the nucleation and annihilation
of vortex-antivortex pair, by which processes vortex core reversals occur with low-power consumption assisted
by resonant vortex gyration excitations[2].

In this presentation, we report on an additional possible means of ultrafast, low-power driven vortex-core
switching by using oscillating fields applied perpendicularly to the dot plane. In this case, the oscillating field
frequencies are tuned to the spin-wave radial-mode resonance frequencies[3]. We performed micromagnetic
simulations on a Permalloy (Py) disk of 160 nm diameter and 7 nm thickness. For the disk’s dimensions and
geometry, the eigenfrequencies of the radial modes were determined to be /= 10.7, 15.2, and 20.7. To construct
phase diagrams of the core switching event on the strength and frequency of external driving fields, we applied
oscillating fields perpendicularly to the dot plane in the ranges of 100 to 1400 Oe, and from 8 to 21 GHz. From
the simulation results, we found that the threshold field is as low as 200 Oe at 10 GHz and 600 Oe at 14 GHz.
These values are smaller by an order of magnitude than the threshold field strength of perpendicularly static
magnetic field, ~ 6 kOe, and the reversal times are less than 1 ns because this mechanism does not require
resonant gyration excitations to reach its critical velocity required for vortex core switching. The underlying
physics of the new mechanism is associated with the exchange energy density localized highly at the core. This
mechanism is totally different from the vortex-antivortex pair nucleation and annihilation process. This work was
supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) funded
by the Ministry of Education, Science and Technology(No. 20110000441).
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Energy Transfer between Dipolar-coupled Magnetic Disks
by Stimulated Vortex Gyration

Hyunsung Jung'*, Ki-Suk Lee’, Dae-Eun Jeong', Youn-Seok Choi', Young-Sang Yu',
Dong-Soo Han', Andreas Vogel®, Lars Bocklage®, Guido Meier®, Mi-Young Im®,
Peter Fischer® and Sang-Koog Kim'

'National Creative Research Initiative Center for Spin Dynamics andSpin-Wave Devices, Nanospinics Laboratory,
Department of Materials Science and Engineering, Seoul National University, Seoul 151-744, Republic of Korea
*Institut fiir Angewandte Physik und Zentrum fiir Mikrostrukturforschung,Universitit Hamburg, Hamburg, Germany
*Center for X-ray Optics, Lawrence Berkeley National Laboratory, Berkeley, CA, California 94720, USA
*Corresponding author: sangkoog@snu.ac.kr, Phone: +82-2-880-5854, Fax: +82-2-885-1457

Coupled oscillations exist in many forms in nature. Popular examples are coupled pendulums and
capacitively-coupled inductor-capacitor resonators. Coupling between different oscillatorsresults in energy transfer
between them. Based on the concept of coupled oscillators, we explored a new type of energy transfer between
physically separated magnetic nanodisks. A possible energy transfer between two coupled vortex-state disks was
experimentally observed using time-resolved soft X-ray microscopy[1,2]. The rate of energy transfer from one disk
to the other was deduced from the two normal modes’ frequency splitting caused by dipolar interaction. The
interaction strength and the energy transferrate are tunable by manipulating the relative vortex polarization in both
disks as well as the separation distance between the two oscillators. We are going to presentdirect experimental
observationsof energy transfer and the collective normal modes in coupled vortex oscillators, and interdistance
dependences. The stimulated vortex gyration demonstrated in this work is a robust means of efficient energy
transfer and information-signal transport between physically separated magnetic disks, and provides for the
advantages of low-energy-dissipation signal transmission and low-power signal input. This work was supported
by Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the
Ministry of Education, Science and Technology (No. 20110000441).
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Effects of Sintering Conditions on Magnetic Properties of
Nanocrystalline BaTiOs Powders

R. Rajagukguk®, Hadiyawarman, K. J. Parwanta, B. W. Lee and C. Liu
Department of Physics, Hankuk University of Foreign Studies

BaTiO; is known to be a classical ferroelectric material with Curie temperature around 120°C. Due to its wide
range applications, nanocrystalline BaTiOs; (n-BTO) has been getting more research attention over the last decade.
Recently, n-BTO is reported to have a magnetic ordering at room temperature which has never been observed
in bulk BTOJ[1,2]. It was suggested that the existence of magnetic ordering on n-BTO is due to oxygen vacancy
on the surface of the crystal[1,3]. It is expected that the amount of vacancy can be controlled through sintering
conditions. As the heat treatment will yield different phase of n-BTO, we believe that different heat treatment
will induce changes in the magnetic properties of n-BTO.

The n-BTO powder was synthesized by using a polymer precursor method. The precursor was produced using
BaCO;, Ti(O-iPr)s , citric acid, and Ethylene glycol. The obtained precursor was heated at 600~900C for 2-8
h in air ambient. X-ray diffraction was carried out using Rigaku diffractometer Miniflex with Cu-K, radiation.
The magnetization (M) was measured using a vibration sample magnetometer at room temperature.

XRD data shows that the samples which are heated at 900C have tetragonal phase while those that heated
below 900C have cubic phase. The effects of heating treatment on the crystal structure and the magnetic

properties of n-BTO will be discussed.
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In recent years, wide band-gap semiconductors doped with transition metals, called dilute magnetic
semiconductors (DMSs), have attracted intensive interest[1-3]. These materials are applicable to spin-based
electronic and optoelectronic devices, such as spin-LEDs and spin-based transistors[2]. Among DMSs, two
systems of Mn- and Co-doped ZnO are promising candidates, which were predicted to be ferromagnets above
room temperature[1,3]. Experimentally, it has been revealed that their magnetic properties are strongly dependent
on fabrication conditions, sample processing, concentration of dopants, and structure of materials (i.e., thin films,
nanostructures or polycrystalline ceramics). Depending on the variation of these factors, Mn- and Co-doped ZnO
compounds can be ferromagnetic, antiferromagnetic, spin-glass, or paramagnetic. The nature of these phenomena
has not been clarified yet. To gain more insight into this problem, we have prepared polycrystalline Znl1-xCoxO
ceramics, and studied their magnetic properties. The explanation of obtained results is based on structural and
Raman-scattering investigations.

Polycrystalline samples of Zn;.«CoO with x = 0.02, 0.05, 0.1, 0.2, and 0.3 were prepared by conventional
solid reaction. High-purity powders of ZnO and Co3;0s combined stoichiometrically (in atomic percentage) were
mixed well by using an agate mortar and a pestle. These mixtures were then calcined at 800°C for 12hrs in air.
After the calcining process, they were ground and re-annealed at 900°C with the conditions similar to the above.
Finally, the mixtures were re-ground andpressed into pellets, and then annealed at 1000C for 24 hrs. A spinel
sample of ZnCo,04 was also prepared with the same route, but annealed at 1200C. The quality of the obtained
products was checked by x-ray diffraction (XRD, Philips X'Pert).Raman scattering measurements were performed
on Renishaw spectrometers using excitation wavelengths of 488 and 325 nm.Magnetic measurements were
performed on a superconducting quantum interference device (SQUID).

XRD patterns reveal that prepared Zn;«CoxO samples are not single phase. Besides XRD peaks coming from
the main phase of thewurtzite structure, there is the presence of a secondary phase of ZnCo,04 spinel, which
develops with increasing Co content. Studies of Raman scattering spectra with an excitation wavelength of 488
nm have indicated the appearance of six additional modes apart from conventional modes from the wurtzite
structure of ZnO. The analysis of these additional modes indicates that three modes (denoted as SP1-3) are from
the ZnCo,04 spinel structurewhile the others (denoted as AM1-3) are due to an incorporation of Co dopants into
the ZnO host lattice, see Fig. 1. Interestingly, under an excitation of 325 nm, we have observed the longitudinal
optical (LO) phononand its overtones up to the sixth order, indicating a large deformation potential existing in
our samples.

Magnetic measurements at room temperature exhibit the magnetic properties of Zn;.«CoxO depending strongly
on Co content, and there is the magnetic-phase separation. With Co concentrations of x 0.1, the compounds reveal
the paramagnetic behavior. The increase in Co concentration higher than this value (x > 0.1) makes Zn;.xCoO

samples exhibited the ferromagnetic feature, see Fig. 2. Comparing with the magnetic data of reference samples
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of ZnCo,04 and Co030;4 (the inset of Fig. 2), we believe that the ferromagnetism in Zn;«CoxO with x > 0.1 is
generated from unreacted Cos;O; particles, and both phases of the Zn-Co-O wurtzite and ZnCoO4 spinel do not
exhibit the ferromagnetic order. The fabrication of Zn;«CoxO-based spintronic materials is thus impossible in our

case.
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Fig. 1. RS spectra of Zn;«CoxO samples and ZnCo,0, excited by 488 nm. Dotted lines are conventional modes
from the ZnO wurtzitestructure. Solid lines (SP;.3) are from ZnCo,04 spinel while dashed lines (AM.3)

are additional modes caused by an incorporation of Co dopants into the ZnO host lattice.
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Fig. 2. M-H curves of polycrstalline Zn;«CoxO ceramics measured at 300 K. The inset shows M-H curves of
Co0304 and ZnCo,04.
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It is known that besides ferromagnetic and paramagnetic behaviors, Feipo—Alx alloys exhibit spin-glass and
superparamagnetic behaviors. The magnetic spin-glass behavior is found in compounds with x = 25 - 30 while
the superparamagnetic one has been found for the compound with x = 30[1]. The fabrication of nanocrystalline
alloys can be carried out by mechanical milling (MA), including two important effects: (i) the disordering of the
structure, and (ii) the decrease in the grain size. Basically, Feijoo—xAlx alloysprepared by MA exhibit magnetic
behaviors dependent on Al content and the milling conditions[1-3].

This work reports the results of structural and magnetic studies for metastable alloys of Feipo—Alx (x = 10,
30, 50, 70, and 90) prepared by MA, used a SPEX 8000 mixer, and the stainless steel vial and balls. The
precursors of high-purity Fe and Al powders were combined stoichiometrically, and then milled for 24 hrs in Ar
ambient. Final obtained products were studied structural characterization by using an x-ray diffractometer (XRD)
and X-ray absorption spectroscopy. The morphology and the particle size are examined by scanning electron
microscope (SEM). Their room-temperature magnetic properties were investigated by means of vibrating sample
magnetometer (VSM).

The structural analyses reveal that all the compounds were alloyed after 24-hrs milling. When varying Al
content, XRD peaks related to Fejgo—xAlx alloys become weaker and broader due to the deformation of structure
and variation in the particle size. Fig. 1 shows extended x-ray absorption fine structure (EXAFS) spectra for the
samples. One can see that when Al content is increased with x = 10 - 50, the spectral amplitude is decreased
and there is a phase shift. The crystal structure of these samples is the same as that of Fe, indicating the
incorporation of Al atoms into the Fe host lattice. However, for x = 70 there is the presenceof two structures
related to Fe and Al host lattices. The increase in Al content above this value of x = 90 enhances the phase
separation, probably caused by two tendencies Al-diffused and Fe-diffused Al In our case, the value of x = 70
could be considered as the threshold concentration. These results are in good agreement with the XRD results.

Concerning magnetic behaviors, the data obtained from VSM exhibit that both saturation magnetization (Ms)
and coercivity (H.) depend strongly on Al content, see Fig. 2. Here, Ms decreases gradually from 250 emu/g
(for x = 10) to 8 emu/g (for x = 90), which is assigned to the dilution of the magnetic lattice of Fe caused
by the Al doping. For H,, it becomes stable at ~60 Oe as Al content varying in the range of x = 10 - 70, but
enhances rapidly to about 260 Oe as x = 90, as can be seen in Fig. 2. This phenomenon can be related to changes

in the structure and/or attributed to defects at alloyed Fe-Al grain boundaries.
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1. &

In recent years, resonant enhancement of the tunneling conductance is expected from calculation for
Fe/Ag/MgO/Fe junction. TMR oscillates as a function of Ag interlayer thickness between positive values in excess
of 2000% and negative values of the order of -100%. The resonant enhancement occurs because the Ag interlayer
creates potential steps for electrons in both the ferromagnetic and antiferromagnetic configurations of the junction
It offers the possibility of tuning the magnitude and sign of the TMR by the choice of the interlayer thickness.
In this study, we explained about note of Ag interlayer by DC magneton sputtering method.

2. Yy

Dry Etching 5 min
v | N CoFeB 5 nm

Ag 5 nm

MgO(001)

Cooling 1 hour =

Ag 5 nm

MgO(001) Heating 15 min

Fig. Schematic picture of the structure by DC magneton sputtering

The MgO substrate has been cleaned in situ by dry etching process and then the Ag layer has been deposited
on the substrate by varying the sputtering conditions such as sputtering power, gas pressure, deposition

temperature etc.

3. AyE
The results showed that the crystallinity of the Ag layer was enhanced by increasing the deposition

temperature by XRD but surface roughness becoms worse.

4. 1 &

MTIJ needs not only high crystallization but also flat layer. So we must have to consider both of them.
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While depositing Ag, the surface roughness formed is island shape rather than flat shape in thin film. And

crystallization will be increased during heat treatment, but roughness becomes worse.

6. HD2
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1. Introduction

A Two-dimensional electron gas structure has been considered as a good channel for developing spin devices,
because it has the large Rashba field which plays a key role in spin modulation. The spin-orbit interaction
parameter (a), induced by the Rashba effect (Bg,), is produced when moving electrons (k) inside a channel under
a perpendicular electric field (E.) and can be controlled by the gate electrode[1].

In our research, we measured Gate dependence of Rashba effect using potentiometric measurement in an InAs
quantum well structure. The potentiometric measurement is simpler for calculating the amount of Rashba field
than other methods such as the Shunikov-de Hass oscillation (SdH) measurement and Weak Anti-localization
analysis (WAL)[2, 3].

2. Experimental

We utilized an inverted heterostructure with a 2 nm InAs channel grown by molecular beam epitaxy on a
semi-insulated InP(100) substrate. The In0.52A10.48As/In0.53Ga0.47As double cladding layers wrap the channel
layer. The carrier concentration and mobility are ns = 2.01 x 10" cm” and p = 55 000 em’V's! at T =18
K, respectively. A 8 um width channel was defined by using photo-lithography and ion milling and no current
flow in the outside area of the patterned channel was ensured. The permalloy electrode (FM) was deposited for
potentiometric measurement. The thickness and lateral size of FM was 80 nm and 0.5 pm x 32 pm, respectively.

The 100 nm thickness of SiOx was used as an insulator for a top gate electrode.

3. Results and Discussion

Figure 1 shows the potentiometric measurement geometry. The bias current is 0.1 mA, and the voltage is
measured between the FM and end of channel with applying an external magnetic field due to define
magnetization direction of FM. As shown in Fig 2(a), using the alignment of between FM and channel we
measured the spin dependent chemical potential shifts (potentiometric signals) which is proportional to the
spin-orbit interaction.

We also can manipulate the potentiometric signals (AR) using the applied gate voltages as shown in Fig 2
at 7 = 1.8 K. In the results the signals increase with the negative gate voltages, which corresponds to the gate

dependence of the spin-orbit interaction in an inverted InAs quantum well system[4].

4. Conclusion

We detected spin dependent potential shifts using potentiometric measurement and also the gate dependence
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was measured in an InAs quantum well structure 7 = 1.8 K. From the results, the potentiometric signal decreases
with increasing gate voltage, which is well-matched with the gate dependence of spin-orbit interaction in an

inverted quantum well system.
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Fig. 1. potentiometric measurement geometry.
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Fig. 2. (a) Results of potentiometric measurement and (b) Gate dependence of potentiometric signals at 7 = 1.8 K.
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1. Introduction

Reduction of critical curret density (J.) for magnetization switching while maintaining a high thermal stability
factor (Ao) is an important issue in spin-transfer devices such as magnetoresistive random access memory
(MRAM). According to the previous works[1,2], the MgO-based magnetic tunnel junctions (MTJs) with synthetic
ferrimagnetic (SyF) free layers can provide a lower J. and higher Ao than those with a single free layer. In this
work, we investigate the dependence of J. and Ao on the magnetic configuration of the SyF free layers in MTJs

with asymmetric SyF free layers.

2. Experiment details

The samples, MgO-based MTJ cells, are prepared with a CosoFez0B20(2)/Ru(0.8) /CosoFez0Bao()(in nm) SyF
free layer with varying thickness of the second CoFeB layer (t). In the SyF free layer, the thickness of the second
CoFeB layer is varied from | nm to 2.8 nm, and the magnetizations of two CoFeB layers are
anti-ferromagnetically coupled by a thin Ru layer. The samples are patterned into nanopillars of elliptical shape
with a size of 120 nm x 80 nm using electron-beam lithography and ion-beam etching. The samples are annealed

at 270C with an in-plane applied magnetic field of 4 kOe.

3. Results and discussion

We find that the second CoFeB layer significantly affects the magnetic configuration of the SyF free layer,
and thereby influences the J. of MTJs. The results show a tunnel magnetoresistance (TMR) of about 90%,
independent of the second CoFeB layer thickness, but the shape of the TMR curves strongly depends on the
second CoFeB layer thickness as shown in Figs. 1 (a) — (c). Also, we use Julliere's model[3] to calculate the
angle between the pinned layer and the first free layer. The result clearly shows the parallel, anti-parallel, and
spin-flop state of the SyF free layer depending on the applied magnetic field as shown Fig. 1. (d). Fig. 2 shows
the measured J. in current-induced magnetization switching and A of the samples. As we increase the thickness
of the second CoFeB layer, we observed that the switching field and the J. also increased correspondingly. We
used the switching probability analysis based on a single-layer energy model[2] to evaluate the Ao. This analysis

shows that the Ao and the intrinsic critical current density (/co) do not have a simple relationship with the
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thickness of the second CoFeB layer. This result implies that the switching model based on a single-layer energy
profile fails to explain the switching of the SyF structure.

This work is supported by the KIST institutional program, by the KRCF DRC program, and by the
MEST/NRF Grant (No.2010-0019103).
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Fig. 1. Tunnel magnetoresistance curve with the second CoFeB thickness of (a) 1.0 nm, (b) 2.0 nm, and (c) 2.8

nm, (d) the angle between the pinned layer and the first free layer of (c) as a function of the applied
magnetic field.
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1. &

The spin-transfer switching(STS) in MTJs using synthetic ferrimagnetic(SyF) free layers have been studied
because it can provide both large volume to withstand thermal stability and a reduction in switching current. It
is reported theoretically that switching rate of the synthetic free layers is strongly dependent on the strength of
exchange coupling between two ferromagnetic layers[1].

Therefore, we elucidated how the magnetic properties and tunneling magneto-resistance(TMR) of MgO-based
magnetic tunnel junctions(MTJs) with synthetic free layer is affected by the materials and the strength of exchange

coupling.

2. Mg

The MTJ stack consists of substrate/ Ta (5)/ CuN (30)/ Ta (5) / PtMn (20)/ CoFe (3)/ Ru (5) / MgO (1.1)/
CogFe:Bs (2)/ Ru (try)/ FM (2)/ CuN (10)/ Ru (7), where FM is Co or Ni(thickness in nm). The magnetic tunnel
junctions were fabricated by electron beam lithography and Ar ion milling. The magnetic properties were
measured using a vibrating sample magnetometer(VSM) and the TMR properties were measured using a 4-probe

method at room temperature.

3. My U 0N

We fabricated CoFeB /Ru /Ni and CoFeB /Ru /Co trilayers to investigate their magnetic properties. With
as-deposited films, the dependence on Ru thickness of saturation field shows the oscillatory behavior with local
maximum of tr,=0.9 nm for Ni case, 1.1 nm for Co case, respectively. After annealing at 300C, the change of
the interlayer coupling strength becomes more significant for the CoFeB /Ru /Ni trilayer than the CoFeB /Ru
/Co trilayer.

The MTJs with CoFeB /Ru /Co free layer show a relatively higher TMR and larger coercivity field(Hc)
compared to those of the MTJs with CoFeB /Ru /Ni free layer.

4. g9
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Since the antiferromagnetic (AF) interlayer coupling between two ferromagnetic layers with inplane anisotropy
was reported, magnetic elements using this phenomena have been widely used in MgO-magnetic tunnel junctions
(MT1Js) as not only pinned layer but also free layer. In these structures, the metallic spacer such as Ru, separating
two ferromagnetic layers prevents the same texture development of one magnetic layer with the other and AF
interlayer coupling of two ferromagnetic material forms the fulx closed magnetic unit, which is known as
synthetic AF trilayer[1]. Recently, intensive research on the perpendicular MTJs have been performed using

perpendicular magnetic anisotropy (PMA) material to achieve high thermal stability with a low critical current

density for magnetization switching. Considering that MgO templated crystallization 4t SoFeB should occurs to

structure constitutes the pinned layer, MgO templated crystallizatigh of CoFeBawill be facilitated as prOved well

in the inplane MTJs. Also, another advantage of reduced stray #feld near thé frec layer is expected i this structure
because magnetic moments of CoFeB and PMA materig e AF interlayer

CoFeB anddCo/Pd multilayer with P

can be partially ‘compensated by

coupling. In this study, AF interlayer coupling betweep A was investigated

as a function of Ru spacer thickness.

The unit structure investigated in this studyAs a thermally oxidized,substrate of Si/ Ta/ Ru/[Co/Pd]4/ Ru/ Co/
TJs. The thickness of Ru spacer
0se of Cogand CoFeBiwere fixed #0 0.3 and 0.7 nm, respectively. The

CoFeB/ MgO/ Ta, which can be a pinned lpger structure of MgO-petpendicular M
was varied from 0.69 to 2 nm while

stack was deposited using a magnefron sputtering systcm that had twd separate chambers with different base

0" Torr. During the, deposition, the

pressures of 5x10" Torr and 1 samples were transported from chamber to
chamber with a UHV robg#C system, S0 that'the, vacuum wag/not broken during this process.
The representative

Fig. 1. Here, the thie

ZH loops whichhshowshAF coupling/between Co/Pd multilayer and CoFeB are shown in

ess of Ru ‘spaceris 0:77 nm and gimilar shapes of M-H loop was oserved for the samples
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2. AF coupling was observed in the Ru thickness of 0.69~0.95 nm. For the case of samples with Ru thicker
than 0.95 nm, H.. was not observed in the out of plane M-H loop, indicative of ferromagnetic coupling between
CoFeB and Co/Pd multilayer.
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Fig. 1. Fig. 2.
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Since spin-polarized dc-current driven magnetic vortex oscillators (MVOs) were experimentally demonstrated
using nanoscale spin valve structures[1], such MVOs have begun to attract considerable attractions. These MVOs
have several advantages over conventional spin-transfer-torque (STT) driven magnetization precessional oscillators[2].
In recent studies, several groups have reported excitations of vortex oscillations in different types of nanostructures
by using out-of-plane dc currents[1-6]. Although these previous studies have proposed and demonstrated a new
concept of nano-oscillators based on vortex translation mode excited in magnetic nanodisks, quantitative
understandings of the underlying physics of this phenomenon and associated phenomena have been lacking.

In this presentation, we are going to report quantitative interpretations and results of vortex oscillations in a
free standing soft magnetic nanodisk driven by spin-polarized out-of-plane dc current[7]. We conducted analytical
calculations and numerical simulations, considering both the STT effect of the spin-polarized current acting
directly on a given vortex state and comparable Oersted field effects induced by the current flow. To obtain key
parameters for the control of the eigenfrequency and radius amplitude of single vortex core motions in nanodisks
of a different vortex polarization p and chirality ¢ configuration, we analytically derived vortex core motions using
the linearized Thiele’s equation of motion, taking the STT terminto account. It was found from the derivation
that the eigenfrequency and the radius amplitude are controllable with only the external driving parameters of
the current density and its direction, for a given vortex state characterized by p and ¢, and the magnetization
direction of the perpendicular polarizer. We also numerically calculated both the critical current densities and
eigenfrequencies at the corresponding current densities as a function of the dot dimensions. These constructed
phase diagrams can offer how to design dot dimensions and select a proper material for controlling persistent

vortex oscillations and their eigenfrequencies.

This work was supported by Basic Science Research Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education, Science and Technology(No. 20110000441).
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Energy-efficient, ultrahigh-density, ultrafast,and nonvolatile solid-state universal memory has been a long-held
dream in the field of information storage technology. Magnetic vortices in micrometer-size (or smaller)magnetic
dots are one of the most promising candidates for practical storage device applications[1], not only because of
the energetically stable twofold ground states of their core magnetizations but also due to the easily controllable,
low-power-consumption core switching through resonant vortex-core excitation[2-4].

Here we propose a robust information storage, recording and readoutmechanism based on the twofold ground
states of vortex-core magnetizations and the novel gyration and switching dynamics, which can be implemented
in nonvolatile magnetic random-access memories. We are going to present low-power-consumption vortex-core
switching in magnetic nanodisks using tailored pulse fields produced with orthogonal and unipolar Gaussian-pulse

currents. The optimal width of the orthogonal pulses and their time delay are found, from analytical and
micromagnetic numerical calculations, to be determined only by the angular eigenfrequency ®p for a given

vortex-state disk of polarization p, such that © =l/o, and At=%pla, [5]. The estimated optimal pulse
parameters are in good agreement with the experimental results. We also experimentally demonstrate reliable
memory-bit selection and information recording in vortex-core cross-point architecture, specifically using a
two-by-two vortex-state disk array[6]. In order to efficiently switch a vortex core positioned at the intersection
of two orthogonal electrodes, only the corresponding two crossed electrodes are selected, and then Gaussian pulse
currents of optimal pulse width and time delay are applied. Such tailored pulse-type rotating magnetic fields which
occurs only at the selected intersection is prerequisite for a reliable memory-bit selection and low-power-
consumption recording and readout of information in the existing cross-point architecture.This work lays a
foundation for energy-efficient information recording in vortex-core cross-point architecture. This work was
supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) funded
by the Ministry of Education, Science and Technology (No. 20110000441).
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Current driven manipulations of domain wall (DW) motions in patterned magnetic thin-film nanowires via the
spin transfer torque (STT) are of growing interest in the research areas of nanomagnetism and spintronics[1],
owing to its potential applications to solid-state data-storage[2] and data-processing devices[3]. More recently,
fundamental understandings of the nontrivial dynamic behaviors of DW motions driven by magnetic fields and/or
spin-polarized currents have been advanced from experimental[4], numerical simulation[5], and theoretical[6]
studies. However, interaction between DWs and SWs has not been studied[7,8]. In this presentation, we report
on the results of a study on transverse wall (TW)-type DW motions driven by propagating SWs through their
interaction. We also propose that traveling SWs are an alternative means for the manipulation of DW motions
in nanostrips.

In this study, we chose an approach of micromagnetic numerical calculations[9] on a model system of a
Permalloy (Py) nanostrip of thickness # =10 nm, length / = 3005 nm, and width w = 50 nm, where a head-to-head
TW-type DW was placed at the center position (x=0). We perturbed locally the magnetizations at either strip ends
using single harmonic sinusoidal fields for the generation and the injection of SWs having specific frequencies.
From this simulation, we found that the TW moves by propagating SWs having f,, = 18 GHz, whereas there
is no motion of the TW for a frequency of f,, =13 GHz. These results evidence that the TW motions can be
controlled by interaction between the TW and the propagating SWs of specific frequencies. In order to obtain
more information on the relationship between f;,, and the velocity of TW motions, we also examined the variation
of the TW velocity with ranging from 0 to 45 GHz. It was found that specific frequencies of SWs, namely, =14.5,
18, 24, 27, and 32 GHz, can drive effectively TW motions with the corresponding velocities, 1.1, 5.9, 4.6, 2.1,
and 0.8 m/s, respectively. It was also found that the TW velocity varies with the frequency and the amplitude
of propagating SWs. These characteristic frequencies of SWs for driving the TW motions can be understood in
terms of the resonant excitation of several local modes associated with the TW structure inside this type of DW
through the interaction of the SWs of f, being tuned to those of the local modes of the TW. The local modes
within the TW and the frequency peaks in the average velocity-versus-f;,, curve are in quantitative agreements.
The results provide an alternative means of using propagating SWs for controlling DW motions in nanostrips.
This work was supported by Basic Science Research Program through the National Research Foundation of Korea
(NRF) funded by the Ministry of Education, Science and Technology (No. 20110000441)
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Dilute magnetic semiconductor (DMS), which can be generated from nonmagnetic semiconductors doped with
tiny amount transition metals (such as Cr, Mn, and Fe), sometimes exhibits interesting new properties which the
original semiconductor does not perform. As one of the most wide studied semiconductor, pure zinc oxide (ZnO)
exhibits many novel optical and electrical properties at room temperature due to the certain band-gap (E; = 3.37
eV). The doping of transition metals into ZnO can lead to more interesting transport and magnetic properties.
This typical dilute magnetic semiconductor is a promising candidate for applications in multi-functional spintronics
devices. Therefore, the physical nature of this material system needs to be further studied.

In this work, Electron spin resonance (ESR) was used to study the influence of different doping amount of
Fe in ZnO on spin behaviors. The samples of Zn;«FecO (with x = 0.01-0.3) were prepared by conventional solid
reaction method, using fine commercial powders of Zn0(99.9%), Fe,03(99.9%) as precursors. Stoichiometric
amounts of these powders were mixed, ground, and calcinated in air at 500C for 8 hrs. Then pressed into pellets
and sintered at 900°C for 24 hrs. The final products were ground into powder shape for ESR sample to avoid
of anisotropy. The ESR measurement were carried out at 9.45GHz(X-band) using a JEOL-TE300 ESR

spectrometer and in the magnetic field range of 0 - 1.0 Tesla.

Zn, Fe O
=X X
x=0.3
—//\/,,F,O-Z
x=0.1

ESR signal (a.u.)

100 200 300 400 500 600
Field (mT)

Figure 1: Room-temperature ESR spectra of Zn;..FeO.
It is clear to see from the figure 1 that the feature of ESR signal depends strongly on the Fe content in

Zn;«Fe O. Every sample gives a symmetric Lorentzian single line at around H, = 340 mT, corresponding to the

effective Lande g factor of about 2.0. This indicates the spin-spin interaction of electrons of Fe ions playing an
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important role. With increasing the Fe content in Zn;<FecO, the ESR intensity increases, which implies Fe ions
incorporated into the Zn site of the ZnO host lattice, and they are considered as paramagnetic centers. According
to the ESR study on Mn-doped ZnO ceramic materials[1], the hyperfine line emerges around the resonant field.
But in this closely Fe-doped ZnO study, only single broad line exhibited in the ESR spectra, no hyperfine line
was found. The combination of x-ray diffraction (XRD) analyses allows us to explain the above ESR data in

detail.
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Control of magnetization states in magnetic nanostructures has drawn great attention due to the possibilities
of various applications. For instance, memory architecture based on nanowire geometry, so-called the racetrack
memory, has been recently proposed and extensively studied. In the racetrack memory, the information is stored
in the magnetic domains, which are partitioned by the domain walls. The current-induced domain wall motion
is then extensively investigated. In general, the current generates two major effects. One is the spin transfer torque
(STT) effect, which has been the main issue in recent magnetism study. O. Boulle ef al. revealed that the STT
efficiency is about 2.5x10™"° Oe'm’/A in (Pt/Co)y/Pt nanowire. The other effect, called as the Oersted field
generation, has been less studied. It is because the average magnetic field over the nanowire cross section is
vanished due to the symmetry. However, at the junction of the electric contact, the symmetry is broken and
considerable Oersted field has to be generated. In this study, we investigate the Oersted field generation at the
junction of the electric contact. The local Oersted field is found to be locally concentrated at the junction, which
is ascribed to the nonuniform current flux distribution. The magnitude of the local Oersted field is quantitatively

examined.

Side view 0 2 4 6 8
M AH (Oe)

Figure 1 (a) SEM image of the Py nanowire structure with electrodes (upper image). Schematic diagram of the
current path and local magnetic field generation (lower image). (b) Threshold current density in the

nanowire with respect to AH.
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Fig. 1. SEM image of NigFe;9 nanowire with a notch and a nanobar perpendicular to each other. Inset: High

resolution image of the nanobar ending vertical to nanowire.
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Fig. 2. Depinning field with respect to the angle of satuation magnetic field and measuring points, such as A
and B. Open and closed circles indicate depinning fields from pad and notch with stray field caused by

end of nanobar, respectively.
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It is important to understand physically how to control the domain wall (DW) accurately and reliably, because
the field required to depiningthe DW from a constriction is sensitive to the DW structure and chirality[1,2].
Furthermore, the ability to control the depinning behavior of a domain wall through the geometrical structures
of the magnetic wire allows the experimental study of fundamental physical properties of the DW motion. 280
nm wide, 10 nm thick permalloy nanowire with a notch and a nanobarwere fabricated using electron beam
lithography, with edge to edge separation less than 30nm and a asymmetrical pad, [3-4] as shown in Fig. 1. The
arrows indicate the magnetic field directions of Hg and H. are saturation field and horizontally applied field. The
depinning behaviors are monitored by the Magento-Optic Kerr Effect (MOKE) signal detection at position A and
B using a longitudinal MOKE measurement system. Figure 2 summarizes the DW depinning field from the pad
and the notch according to the angle of saturation field. It is clearly seen from open and closed circles as shown
in Fig. 2. that chirality-controlled DW is injected into the nanowire and the DW is pinned by external pinning
force from the notch and the stray field generated from a diverging magnetostatic charge generated by the
nanobar. According to our results, the outward or inward direction of magnetization of the nanobar affects the
shape of the main potential experienced by the DW, whereas the pinning strength strongly depends on interaction

with external pinning force of the notch.

This work is supported by NRF funded by MEST through Mid-career Researcher Program (2007-0056952,
2009-0084542).
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Synthetic ferrimagnets which are composed of two magnetic layers sandwiching a non-magnetic layer have
attracted a considerable amount of interest as a free layer structure in high density magnetic random access.
Synthetic ferrimagnets are expected to have several advantages over conventional single magnetic layer such as
small cross-talk effects, coherent magnetization switching and high magnetoresistance ratio. Furthermore, it was
reported that synthetic ferrimagnets have additional advantage of superior thermal stability characteristic showing
higher value than that of single magnetic layer[1]. Hence, many efforts were made to estimate exact value of
thermal stability parameter of synthetic ferrimagnets by measuring thermally assisted switching rate. Equation (1)
shows thermally assisted switching rate which is dependant on temperature (T), current density (I) and external

magnetic field (H).
P=1—exp(— fotexp(— Ey(1— /1)1 — H/ H)?*/kT)) (1)

In this equation Stoner-Wohlfarth model[2] is used to express magnetic field-dependant energy barrier of
synthetic ferrimagnets. However, no detailed discussion has been presented on the suitability of Stoner-Wohlfarth
model for the synthetic ferrimagnets. In this study validity of Stoner-Wohlfarth model for the nanostructured cell
of synthetic ferrimagnets is discussed by comparing Stoner-Wohlfarth model with numerically calculated magnetic
field dependant energy barrier of synthetic ferrimagnets. Recently proposed analytical/numerical combined method
[3] is used to calculate exact total energy of synthetic ferrimagnets which fully accounts Zeeman energy,
magnetostatic energy, uniaxial energy and interlayer exchange coupling energy. Synthetic ferrimagnets with various
thickness asymmetries and shapes are considered. Energy barrier of synthetic ferrimagnets with small thickness
asymmetry showed significant difference from Stoner-Wohlfarth model, while synthetic ferrimagnets with very

large thickness asymmetry showed similar result with Stoner-Wohlfarth model.
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Magnetic refrigeration based on the magnetocaloric effect (MCE)[1] is currently a promising technology that
can replace the conventional gas-compression / expansion technique. Major advantages of the magnetic
refrigeration comparing to compressor-based refrigeration are environmental friendly technology and low running
cost. To realize this technology, however, the important task for us is the searching of magnetic materials having
large magnetic entropy change. It has been seen that perovskite manganites exhibit the colossal magneto-resistance
(CMR) at the ferromagnetic-paramagnetic phase transition temperature (TC). In this phase transition, large
magnetic entropy change is also observed and is comparable to that of Gd (a conventional magnetocaloric
material)[2]. For the application aspect, it is necessary to find the manganites with large magnetic entropy change
around room temperature. Such the requirement can be achieved basing on some typical manganites of
La0.7M0.3MnO (M = Sr, Pb, or Ba) with TC > 300 K.

In this work, we have studied the magnetic entropy change of Lag;Cao3Mn;«NixO3 (x=0.00, 0.01, 0.02, 0.03,
0.05) compound. Our sample was made by the reactive milling method, used initially high-purity powders of
La,03, CaCOs, NiO, and MnCOs. The powders combined with stoichiometric quantitieswere ground and mixed
well, and then calcinated in air at 1000C for 24 hrs. This process was repeated twice. The mixtures obtained
were pressed into pellets, and sintered at 1300C for 24 hrs in air. This process was also repeated twice. X-ray
diffraction measurement on the Lag;CagsMn;«NixO3 compound was performed by using Cu Ka radiation. X-ray
diffraction patterns indicate all the samples to be single phase in the orthorhombic structure. The magnetization
measurements as a function of temperature and field were carried out by using a VSM with a maximum applied
field of 1.5T at different temperature from 100K to 300K.

X-ray diffraction patterns indicate all the samples to be single phase in the orthorhombic structure. As Ni
content is increased from x=0.00 to 0.03, the lattice parameters and cell volume was increased. When the Ni
content was x=0.05 the lattice parameters and cell volume was decreased. The Curie temperature is decreased,
when the Ni content from x=0.00 to 0.02. The maximum |AS| was increased from 1.52 J/kgK to 1.73 for the
Ni content x=0.00 to 0.03. We have get the maximum entropy change (JAS|) was 1.73 J/kgK at TC = 186K for
the x=0.03. Hence, we believe that the structural change significantly contributed to the enhancement in magnetic

entropy.
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Fig. 1. Temperature dependences of |AS| under an external field interval of 15 kOe for Lag;Cao3Mn;xNixOs (x=
0.00, 0.01, 0.02, 0.03, 0.05).

E. Warburg, Ann. phys. 14, 141 (1881).
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1. Introduction

It is known that the Seebeck effect is a conversion of temperature difference directly into electricity. In
spintronics society, recently, spin version of Seebeck effect, the spin-Seebeck effects (SSE) was observed
experimentally at room temperature[1]. This SSE is expected to useful for future spintronic and spin caloritronics
applications. The SSE generates a spin current by placing ferromagnetic metal and magnetic insulator[2] in a
temperature gradient. In ferromagnetic metal and insulator, the thermally generated a pure spin current induces
spin voltage. The spin voltage can be measured electrically by means of the inverse spin-Hall effect (ISHE) in
a paramagnetic metal[3]. In this study, we reproduced the experiment of SSE in YIG(Y3FesO,)/Pt sample that
the thermally induced spin voltage by using ISHE of a Pt film.

2. Experimental method

The experiment of the SSE in YIG(Y3FesOi2) film, Fig.1 (a) show a schematic illustration of the measurement
system. The sample structure is substrate (Gd3GasOi2)/ YIG(Y3FesOi2, 2800nm) and Pt wires (15nm) are deposited
on the YIG surface. The lengths of the YIG layer and the Pt wire along the x (y) direction are 8 mm (4 mm)
and 100 mm (3 mm), respectively. Then Pt wires were attached on the YIG layer within a gap of 700mm. An
in-plane magnetic field, H, is applied along the negative x direction. An uniform temperature gradient, VT, is
appled along the x direction. The VT on the surface of the YIG layer is indirectly measured by measuring

temperature difference of dummy sample (Si/SiO2(300nm)/Pt(15nm)).

3. Results and discussion

Fig.1 (b) show the measured voltage (V) as a function of the external field (H) for the temperature difference
from 0 K to 50 K. AT indicates a temperature difference of the each ends of the YIG surface along the x axis.
Absolute value of the measured voltage shows minimum at 0 Oe and abruptly increased then saturated when the
field is over 10 Oe. When the AT is 0 K, observed spin voltage is 0 V and spin voltage is increased as the
AT is larger.

Fig.1 (c) show the spin voltage(V) from Fig.1(b) as a function of the temperature difference by using ISHE
for H=100 Oe. In this specimen, the magnitude of spin voltage is proportional to AT. This result of spin voltage
is consistent with the feature of the typical ISHE induced by SSE. We obtained that spin voltage for YIG/Pt is

approximately 3.86 times larger than the reported results[2] in LaY,FesO/Pt at entire temperature range.

- 66 -



100um 7 Nine lines of Pt (b) ' 5uVI‘ Tor

(a) . 20K pra 50K
y H Cool S

\j

X V
16K
15n:_$ Pt 8mm” VT 45K
2800n YIG 13K
Hot
4mm 10K
(c) ] |aok
12+t aQ
8K e
o © 35K
6K
S 8 - o Y3F65012/P1 4
= o0 aK 30K ]
> o AK e
4l o O 2K —  |28K
oo ° N L i
o & A7 1 aY,Fes0,,/Pt [2] oK 24K
_A ALY 2F€sy
0 QAXM | I | I
0 10 20 30 40 50
AT (K) T T

Fig. 1. (a) Schematic illustration of the YIG/Pt. (b) The field dependence of spin voltage in hot zone. (c) Spin
voltage as a function of the temperature difference for H=1000e. Red points in YIG/Pt represented our

experiment results and blue points show reported results[2] in LaY,FesO;./Pt.

4. Conclusion
We have measured the thermally induced spin voltage in YIG/Pt by using the inverse spin-Hall effect in a
Pt wire, and we confirmed that spin voltage is proportional to temperature difference. As a further study, we have

plan to measure the spin voltage behavior from the other location of the Pt wires and different structure.
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G. E. W. Bauer, S. Mackawa & E. Saitoh, Nature Materials, 9, 894-897 (2010).
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To achieve a high tunneling magnetoresistance (TMR) of sputtered magnetic tunnel junctions (MTJs) with an
MgO barrier, the annealing process is indispensable. The structural and compositional changes as consequences
of the annealing greatly affect the spin-dependent transport properties of MTJs. Higher TMR could be obtained
for MTJs annealed at higher annealing temperature, however, diffusion of Ru, Mn and/or Ta in the MTJs may
occur during annealing process is known to be detrimental to spin-dependent tunneling effect. The rapid thermal
annealing (RTA) process was used for annealing the MTJs with synthetic antiferromagnets. To determine whether
the diffusion of Mn, Ru and/or Ta in the MTJs can be suppressed the systematic investigation of RTA effects
on the properties of MTJs by minute controlling the process time and temperature is addressed. A significant
change in TMR value and barrier parameters occurs within 10 sec during RTA. The dependence of TMR on
annealing time and temperature provides the information about crystallization of electrodes and diffusion processes
occurred in MTJs. The structural and compositional analyses were also performed to clarify the effect of annealing

on the properties of MTJs.
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l. Introduction

The exchange stiffness constant A is a fundamental material parameter in the study of magnetism. It is
commonly determines from experimental data from the spin-wave stiffness constants D. There are various
techniques for measuring D, inelastic neutron scattering experiments[1] or spin-wave resonance experiments[2].
Brillouin light scattering (BLS) widely has been used as a powerful tool to analyze thin films magnetic properties
such as the saturation magnetization, magnetic anisotropy energies, spin wave dispersion relations, and exchange
stiffness constant. The spin wave resonance frequencies are measured via inelastic scattering of monochromatic
light with the magnon, spin wave quanta, in a BLS experiment. In this work, we studied the fundamental
magnetic properties of Py thin films, including effective magnetization and stiffness constant A by employing
BLS. We also compare the results of the BLS with Vector network analyzer ferromagnetic resonance (VNA-FMR)

measurements.

Il. Experiment

The magnetic properties were measured by a BLS and VNA-FMR, respectively. In BLS magnetic properties
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// = 1.727 x 10° em™ or 1.221 x 10°
cm’ with the angle of incident as 45° or 30° respectively. In VNA-FMR, the probe is brought in contact with
the sample, and the FMR measured as the VNA sweeps the frequency (30 GHz bandwidth) while we apply as

in-plane magnetic field (Hpc).

lll. Results

Figure 1 shows typical BLS spectrum for the 30 nm thickness Py with different applied field(216450 and
385950 A/m). The peaks labeled B1 and S are the first order bulk standing spin wave and Damon-Eshbach (DE)
surface wave[4] respectively. To investigate the surface dispersion relation, the spin wave frequency for each mode
is measured as a function of the field, as displayed Fig. 2. Then the frequencies of the DE surface spin wave

and bulk spin wave are analyzed using[5]

foe= 7= [a(H+ amr )+ (2ran?(1— ¢ 2] (1)
Foun ==L H+ﬁ( 2+ (M2 | E+ ﬁ( 2 +(”—”)2)+4 M,) v 2
Bulk 2t Ms q// d Mq Q// d TV ()
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And we analyze resonance frequency for FMR data with Kittel equation,
Fritter = %[H(H—F AmM)| o

H is the applied magnetic field, v (=2.322 x 10° m/(A's)) is the gyromagnetic ratio, d is the thin film

thickness, n is the number of order for bulk peaks, 47/, is the saturation magnetization, A is the exchange
constant. We obtained 47/, is 698692 + 4695 A/m from BLS, and 807711 + 4814 A/m from VNA-FMR, 4
is 0.918 + 0.006 x 10"'J/m (bulk value is 1.14 x 10™"'J/m[6]) for 30 nm Py film.
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Frequency-Locking in Serially Coupled Spin-Transfer
Nano-Oscillators

Jae Hyun Park'*, Seung-young Park? Kyung-Ho Shin' and Byoung-Chul Min'
1Spin Device Research Center, Korea Institute of Science and Technology, Seoul 136-791, Korea
*Division of Materials Science, Korea Basic Science Institute

More recently, the characteristics of microwave emission by spin torque induced magnetization precession in
magnetic tunnel junctions (MTJ) have extensively been examined for radio frequency (rf) device applications[1].
Although the spin-transfer nano-oscillators (STNO) can present such an excellent frequency tunability in the GHz
range and fully compatible with a high level of integration, there are two main drawbacks regarding the weak
output power and broad spectral linewidth of the generation signals[2]. One of the solutions to overcome these
problems is to synchronize many STNO devices by use of various local or non local mechanisms[3].

As one of the non local methods, we study on the interaction between electrically connected STNOs through
spin transfer self-emitted microwave current. The fabricated device consists of a nominally 100 X 60 nm’
elliptical nanopillar structure composed of SiO, substrate/Ta (5)/CuN (30)/Ta (5)/Pt3sMng; (20)/CozFes (3)/Ru
(0.8)/CosoFex0Bao (5)MgO (1)/CosoFezoB2 (2)/Ta (10)/CuN (10)/Ru (7) (in nm). The STNO has the tunnel
magnetoresistance (TMR) of 63 % and resistance-area (RA) product of 5 Q - um2 in the parallel state. With
respect to the microwave measurement, the device is connected to a ground-signal-ground (GSG) probe with
coplanar waveguide (CPW) pattern. And the rf output spectra are monitored by a spectrum analyzer through the
bias-tee circuit including a DC bias input and a rf output signal port. The output signals are amplified by a 40
dB preamplifier, but both the amplification and background noise are subtracted for the presented data. All

measurements are carried out at room temperature.
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Fig. 1. Contour map of the emission voltage (in linear scale) as a function of the frequency and the external
magnetic field under I = 0.5 mA.
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In Fig. 1 and 2, we show a contour plot of microwave emission voltage of the two serially connected STNOs.
All the rf spectra are obtained with the in-plane easy-axis external magnetic field. Considering Kittel's
ferromagnetic resonance (FMR) formula, the field dependence of the measured frequency is interpreted as
behavior of in-plane small angle precession. From Fig. 1, it should be noted that the signals of each STNO
devices do not seem to be phase-locked state under the bias current of 0.5 mA with the external field range from
-350 to 0 Oe. In order to enhance the coupling efficiency of coupled STNOs, we increase a bias current to induce
the out-of-plane large angle precession which could deliver a more amplified spin transfer self-emitted microwave
current to each other[4]. As a result, the coupled STNOs have a common fundamental frequency as increasing
the bias current over 0.9 mA. However, this frequency-locking does not mean the exact phase-locking of the
coupled STNOs. If the phase-locking would be occurred, the output power could be increased and the spectral
linewidth could be reduced upto 4 times of the single STNO's[3]. Unfortunately, we do not confirm this estimation

and it seems that a more detailed research would be needed to resolve this subject.
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s it Possible the ab initio Thermodynamics with Defects?

In Gee Kim*

Graduate Institute of Ferrous Technology (GIFT),
Pohang University of Science and Technology (POSTECH), Pohang 790-784
*e-mail: igkim@postech.ac.kr

Phase-diagrams is considered as a starting point for materials design. Recent developments in computational
thermodynamics, so called CALPHAD (CALculation of PHAse Diagram), have used to obtain the relevant phase
diagrams[1]. In conventional CALPHAD techniques, the Gibbs free energies of individual phases are compared
to construct the corresponding phase diagram. There is a critical problem that the current CALPHAD technique
is strongly relied on the existing thermodynamic databases, which are usually assessed by experiments. The
experimental thermodynamic assessments have noticed the fatal problem that a certain set of necessary
thermodyanmic data is not available by experiments. For example, the solubility of silicon in cementite, which
is extremely low, has been required, but the information was not able to obtain by a direct experiment for more
than 30 years[2]. The experimentally unaccessible thermodynamic information can be resolved by utilizing the
density functional simulations[3].

However, current density functional assessments are reliable only on the zero temperature condition. Recently,
there are several challenges to deal with finite temperatures combined with the model Hamiltonians with the
parameters obtained from the solutions of the Kohn-Sham equation[4]. Albeit this approach seems promising in
dealing thermodynamics problem, it has at least four serious problems: First of all, the selected model Hamiltonian
is rather ad hoc, so that one should answer whether the Hamiltonian is physically proper to the problem or not.
Secondly, there is no physically concrete explanation on the validity of the calculated Kohn-Sham orbitals. The
only physically valid Kohn-Sham orbital is the highest occupied one with the fact that the energy from the density
functional theory and the density is rather close to the real particles. Thirdly, the parameters for the Hamiltonian
have been obtained from the zero temperature Kohn-Sham equation. Hence, the final results contain a certain kind
of scaled order parameters. Finally, the consideration of defects, which cannot be removed in any realistic
materials, is obsolete with current theoretical framework..

In a structural material, the point defects, dislocations, disclinations and domain walls (grain boundaries) are
important equally in determining the mechanical properties. For example, a tensile deformation is creating
dislocations and it propagates. Questions have been raised long time how electronic structures and phonon
structures are affected by such defects and vice versa. Brown[5] suggested to transform the Hamiltonian to adapt
such defects and Teichler[6] indicated that the approach of Brown is equivalent to the gauge field theory in curved
and/or twisted spacetimes. Once such defects are transformed into the Riemann-Cartan manifolds[7], the remaining
task is to do calculate thermodynamic properties and the corresponding response functions within the frame work
of finite temperature quantum field theory in the curved and/or twisted spacetime. They say that it began with
the work of Hartle and Hawking[8] and Gibbons and Perry[9] based on the imaginary-time thermal Green's
function for the description of Hawking radiation in black-hole spacetimes.

Recently, the author[10] noticed that a theoretical framework in terms of computer simulations based on an

authentic ab initio thermodynamics, i.e., a fully quantum field theoretic treatments with the consideration of the
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existence of defects of materials by the gauge field theory on the Riemann-Cartan manifolds is necessary for
completing the phase diagram. In this study, the recent achievements of quantum field theoretic approaches with
defects in terms of Riemann-Cartan manifolds are reviewed by introducing an example of spin-wave interaction

with topological defects[11]. The practical aspect of such approach is going to be discussed also.

This work was supported by the POSCO Steel Innovation Program and by the Basic Science Research
Program (Grant No. 2009-0088216) by the National Research Foundation by the Ministry of Education, Science,
and Technology of Korea.

References
[11 P. J. Spencer, CALPHAD 31, 4 (2007).
[2] G. Ghosh and G. B. Olson, Acta Mater. 50, 2099 (2002); E. Kozeschnik and H. K. D. B. Bhadeshia,
Mater. Sci. Technol. 24, 343 (2008).
[3] J. -H. Jang, I. G. Kim, and H. K. D. H. Bhadeshia, Comp. Mater. Sci. 44, 1319 (2009).
[4] F. Kormann, A. Dick, T. Hickel, and J. Neugebauer, Phys. Rev. B 81, 134425 (2010); R. Nazarov, T.
Hickel, and J. Neugebauer, ibid. 82, 224104 (2010).
] R. A. Brown, J. Phys. F: Metal Phys. 9, L241 (1979).
1 H. Teichler, Phys. Lett. A 87, 113 (1981).
71 M. O. Katanaev, Phys.-USP 48, 675 (2005).
1 J. B. Hartle and S. W. Hawking, Phys. Rev. D 13, 2188 (1976).
1 G. Gibbons and M. J. Perry, Proc. R. Soc. (London) A358, 467 (1978).
10] I. G. Kim, “Towards the authentic ab initio thermodynamics” in Thermodynamics/Book 1, Edited by V.
Zgela, (InTech, Rijeka, to be published in July 6, 2011) ISBN 978-953-307-318-7.
[11] L. A. Turski and M. Minkowski, J. Phys.: Condens. Matter 21, 376001 (2009).

-84 -



I-4

Graphene Induced Magnetic Properties of
FM/graphene/FM

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

Using the full potential linearized augmented plane wave (FLAPW) method, we have explored the graphene
induced magnetic properties of Co/graphene/NI and Ni/graphene/Ni systems. It has been found that the magnetic
exchange interaction between two ferromagnetic layers can be manipulated by changing external carrier types and

concentrations. This may provide very useful informa for potential spintronics purposes
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Edge-Soliton-Mediated Vortex-Core Reversal Dynamics

Ki-Suk Lee, Myoung-Woo Yoo, Youn-Seok Choi and Sang-Koog Kim*
National Creative Research Initiative Center for Spin Dynamics and Spin-Wave Devices, Nanospinics Laboratory,

Department of Materials Science and Engineering, Seoul National University, Seoul 151-744, Republic of Korea
*Corresponding author: sangkoog@snu.ac.kr, Phone: +82-2-880-5854, Fax: +82-2-885-1457.

Magnetic topological solitons play the crucial roles in magnetization reversal dynamics of micrometer-size (or
smaller) magnetic elements[1]. For example, vortex-core reversals are known to occur through the creation and
annihilation of a pair of a vortex and an antivortex bulk topological soliton[2-4]. Recently, we have explored a
new reversal mechanism of single vortex cores in magnetic disks driven by currents flowing perpendicular to the
disk plane, as found from micromagnetic simulations. In the mechanism, vortex core switching occurs through
serial dynamic transformations from an initial vortex to a pair of two edge solitons, again back to a newly created
vortex of reversed core orientation. The transformation from the vortex state to an edge-soliton pair takes place
spontaneously whenever a single vortex core arrives at the disk boundary, but the returning process requires a
driving force overcoming a certain energy barrier. We found that this driving force is strongly localized
out-of-plane gyrotropic fields induced by the fast motion of coupled edge-solitons. This gyrotropic fields form
a magnetization dip between the two edge solitons and as the results, the vortex corewith reversed core orientation
creates from the maximum magnetization dip. This mechanism is totally different from the well-known
vortex-antivortex pair mediated vortex core reversals in terms of the associated topological solitons, energies, and
spin-wave emissions. In this presentation, we are going to report not only a comprehensive understanding of
edge-soliton mediated vortex corereversals but also physical insights into the dynamic transformations of magnetic
topological solitons in nanoelements. This work was supported by Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology (No.
20110000441).
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Clustered Ge(Mn) Magnetic Semiconductor: Preparation
and Magnetic Properties

Dang Duc Dung, Z=Azj*
kst =2 st

The injection of spins into nonmagnetic semiconductors has recently attracted great interest due to the potential
to create classes of spin-dependent electronic devices. In order to inject spin-polarized currents into nonmagnetic
semiconductors, many groups have tried to use ferromagnetic ~FM metals ~i.e., Fe as spin sources, forming
metal-semiconductor heterostructures. However, the spin orientation of the carriers tends to be quickly lost at a
ferromagnetsemi conductor interface via spin-flip scattering due to the dissimilar crystal structure and chemical
bonding, and the energy difference between the charge carriers in the ferromagnet and the semiconductor. A more
promising strategy to achieve spin injection into nonmagnetic semiconductors is to use a diluted ferromagnetic
semiconductor ~DFS, prepared by substituting magnetic ions such as Cr,’, Mn,, Co,’, Niy’, and Fe, into
nonmagnetic semiconductors.

Since the discovery of FM in GaMnAs, a variety of systems such as (Galn)(AsP), (GaAI)N, (CdZn)(SeTe),
CdTe, Ge, Si, (ZnCd)GeP», ZnO, and TiO, , etc, have been investigated. Commonly accepted mechanism is hole
mediated ferromagnetism even though the mechanism for some oxides such as ZnO is still unknown. The issue
in this type of research is to evaluate the origin of the observed FM. Does this come from the substituted
transition metals in semiconductor host or the clusters unintentionally formed during the growth? In order to
suppress the formation of the clusters, the growth temperature is maintained as low as possible, which is the
reason for the needs for MBE (molecular beam epitaxy).

In the group IV-based Mn-doped Ge, Park et al. were the first to report that Currie temperature (TC) was
increased linearly with Mn concentration from 25 to 116 K. Chen et al. reported a TC of 213 K in homogeneous
ferromagnetic semiconductor Mn:Ge alloy with extremely Mn concentration up to 57?s in Mn:Ge alloy. It
wassmaller than that TC of Mn-doped Ge in the bulk samples of 285 K. Since the solubility of Mn in Ge were
limited under thermal equilibrium condition, and Mn-Ge alloy were easily formed when samples were grown at high
temperature or during annealing process . It were the reasons that TC of DMS of Mn-doped Ge have not been
archived the room temperature even the theoretically were predicted that the estimated TC ranged up to 400 K.

Here we report on both electron and hole carrier polarization at room temperature in magnetic cluster
embedded in Ge semiconductors. We obtained the p-type conduction in post-annealed samples in Ar, while the
n-type ferromagnetic conduction in post-annealed samples in H, and N». Interestingly, both carriers are

spin-polarized up to room temperature.
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Recently, there are reports the observation of the Kondo effect in MgO based MTJs[1-2]. These MTJs have
the zero-bias anomaly (ZBA) or the logarithmic temperature-dependence peak. In this study, this behavior can
explain the reduced TMR ratio of MgO-based MTJs compared with the theoretical expectation at low temperature.

We were studied that tunneling magnetoresistance was found to be suppressed with decreasing temperature
for mangetic tunnel junctions (MTJs) oxidized under high plasma power[3]. We assume that ferromagnetic layer
under AlOx tunnel barrier change to the CossFe;s00 layer during the deposition process of the tunneling barrier.
In order to prove the assumption, a series of MTJs were fabricated to investigate the effects of oxygen in
ferromagnetic layers on TMR. The samples were deposited by dc magnetron sputtering and the layer structure
is SiO,/Ta(5)/NiFe(6)/IrMn(8)/CossFe;6(3)/CosgsFe16006(2)/Al0x/CossFe6(2)/NiFe(6)/Ta(10) (thickness in nm). The
AI203 barrier was formed by oxidizing 1.6nm Al layer with oxygen plasma. The samples were deposited in
oxygen contaminated chamber and it is expected a small amount of oxygen is included already in the CoFe layers.
In order to add more oxygen, we grew the CossFe1s03 layer by mixing oxygen (1% and 2%) intentionally to
Ar during the deposition process. Three types of MTJs were investigated; oxygen contaminated sample (no
mixture of oxygen inAr), 1% mixture of oxygen in Ar, and 2% mixture of oxygen in Ar. These samples were
not heat treated. The MTJs were patterned by photolithography with the junction size 50x50.m?. For comparison,
a conventional control junction was fabricated in the same condition except that it was grown in oxygen free
chamber with pure Ar and treated by a continuous annealing method.

In order to investigate the origin of TMR reduction at low temperature, we examined the temperature
dependence of the junction resistance. The resistance of MTJs with different O2 concentration in CoFe layer is
plotted as a function of temperature in Fig. 1. Here Rp and R,p are the junction resistance when the
magnetizations of both electrodes are parallel (P) and antiparallel (AP), respectively. At 300 K, Rp for all of our
MTIJs is almost the same (less than 10 kf2). As temperature decreases, Rp increases dramatically and reaches
several hundred k{2 around zero temperature. The more the oxygen is included in the CossFeisOdlayer, the faster
the resistance increases with lowering temperature. For the control junction (see the Fig.1), the temperature
dependence of Rp (the open square) displays a typical behavior: it increases slightly as temperature decreases and
shows about 30% increase of resistance around 2 K. For ideal tunnel barriers, the junction resistance is expected
to decrease with increasing temperature due to thermal excitations of tunneling electrons. In the inset, the
resistance difference(A R= R, p— Rp) between antiparallel (AP) and parallel (P) magnetizations is plotted as a
function of temperature. In contrast to the rapid increase of junction resistance, A R slightly increases with
lowering temperatures. The temperature dependence of A R for the MTJs with CogsFeis006 layers is basically

same as that for the control junction. For usual MTIJs, the resistance difference A R increases slowly with
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decreasing temperature, which is related to the temperature dependence of magnetization of the FM layer. In the
MTIJs with CossFeisOd layers, the increase of A R at low temperature means that the spin polarization (SP) of
tunneling current is not destroyed in spite of dramatic increase of Rp. In other words, even though a strong
scattering mechanism is introduced with lowering temperature, SP is well maintained.

In summary, we fabricated MTJs with a slight amount of oxygen included in the magnetic layers. As
temperature decreases, the TMR decreases and the junction resistance increases dramatically. The temperature
dependence of the junction resistance was analyzed with Kondo model and scaling behavior was observed. The
results are similar to those for previous MTJs with over-oxidized AlOx tunnel barriers[3] while the Kondo

parameters are different.
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FIG. 1: Temperature dependence of junction resistance Rp (parallel alignment) with oxygen contaminated sample
(no mixture of oxygen in Ar : solid square), 1% mixture of oxygen in Ar (solid circle), and 2% mixture of

oxygen in Ar (solid triangle). The resistance difference R.p—Rp is displayed in the inset.
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Effect of Magnetic Field on the Dielectric Properties
BaTiO3-MgFe,O4 Composite
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1. Abstract

In this study we tried to measure the effect of magnetic field on the dielectric properties of BaTiO3-MgFe,O4
soft magnetic composite. Composites with different weight percents of ferroelectric and ferromagnetic phases were
subjected to magnetic field in the order of 0 to 450 Oe and the variation of the dielectric properties was observed.
The Variation of dielectric polarization was discussed in terms of Maxwell-Wagner type polarization in particulate

composites.

2. Introduction

Multiferroic materials were of rapidly interested areas in which the possible coupling within the ferroelectric
and ferromagnetic phases can lead to new conceptualization of electronic devices[1]. The control of electric
polarization was measured by application of magnetic field. Variation of the dielectric properties can be related
to several aspects including coupling[2]. In this study we have synthesized a soft magnetic composite with

BaTiO3-MgFe,O4 and the dielectric properties were measured in presence of magnetic field.

3. Experiment, results and discussion

BaTiO;-MgFe;04 composite system was synthesized in two steps which involved synthesis of BaTiOs initially
combination with MgFe,O4 as reported in literature[3]. Composite pillets were thermally annealed at in the 950
to 1150 OC for 2 h in air. Crystal structure, magnetization, and magnetic field dependent dielectric properties
were measured. Tetragonality of the BaTiO; phase was confirmed by the peak splitting at 45 degrees and the
lattice parameters calculated were a(=b)= 3.9906(4) A, ¢ = 4.0278(8) A[4]. Variation of the magnetization with
respect to the increase of the annealing temperature was related with the exchange of the magnetic cations among

the tetrahedral and octahedral sites of the spinel lattice[5].

Dielectric properties were measured by applying magnetic field in the range of 0 to 450 Oe. Dielectric
constant in accordance with applied magnetic field increased with magnetic field due to Maxwell-Wagner
polarization in heterogeneous type of medium proposed by Catalan G[2,6]. However the generation of
magnetostriction was certainly possible. These observations can be due to the existence of coupling between the
ferroelectric phase and the ferromagnetic phase and the interfacial effect among the ferroelectric and the
ferromagnetic phases[2,6]. Since the increase in the dielectric constant was observed above the 100 Oe the grain

boundary interfacial effect possibly existed[2,6].
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Fig. 1. Diffraction patterns of thermally treated samples at 1050 OC.
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Fig. 2. Magnetization of composite pillets 0.5BaTiO3-0.5MgFe;O4 thermally treated at different temperatures.
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Fig. 3. Variation of dielectric properties of composite pillet 0.5BaTiOs-0.5MgFe,;04 treated at 1050 OC.
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4. Conclusion

BaTiO3;-MgFe,O4 composite was synthesized with soft magnetic and dielectric properties. Correlation between
applied magnetic field and dielectric properties were investigated in this study. Magnetic field dependent dielectric
properties have shown an increase of dielectric constant with increase of applied magnetic filed. Dielectric
properties measured in terms of varying magnetic field resulted in increase of dielectric constant. Higher value

of dielectric constant was observed for a maximum field of 450 OC.
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Crystallographic and Electromagnetic Studies on
Geometrically Frustrated Niy xFexGa,S4
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Fig. 1. Typical SEM images of the gas-atomized Mn-Al powders with different particle size: (a) 25~38 pm, (b)
45~75 pm, and (c) 100~150 pm.
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In the automobile industry, one of the most urgent issues is size reduction of automobile components in order
to improve the fuel efficiency. For example, many kinds of motors used in automobile were already accepted
or are ready to be accepted by rare earth magnet that showing higher performance than hard ferrite magnet. As
well known, rare earth magnets show excellent magnetic properties but the cost of them is 10~20 times higher
than hard ferrite magnets.

Therefore, a low cost process for rare earth magnets is strongly required to be satisfied the demand of
automobile industry. In this study, we designed another HDDR process making a bonded magnet powder with
rare earth magnet scrap and compared their magnetic properties and thermal stability with MQP-B+ made by
Magnequench Ltd.[1-2]

Starting scraps of 32RE-67TM-1B(in wt.%) magnets

were crushed to the coarse powder of 0.5~2.5 mm by e erap 410

hand mill. After hydrogenation treatment at room 7 MARB* powder

temperature, the scrap powders were heated up to - <- : %
750~850C and maintained for 1 hour under hydrogen of /" ,w‘“‘ I L
1 atm for phase disproportionation. Subsequently, ,/" - N»C’ 1. é
desorption and recombination were done by reducing - // - é’

hydrogen pressure down to low vacuum (50 torr) and

high vacuum (10” torr). ] o

As a results, as crushed powder showed poor Applied Field, H (kOe)

magnetic properties because those powders have coarse ) o

. . Fig. 1. Demagnetization curves of HDDR treated
grains and lots of surface defects caused in powder

. ) scrap powder and MQP-B+ powder
making process. But after hydrogen absorbtion and
desorption reactions, the powders could got fine grain of 200~500 nm and the coercivity of them was improved

up to 13 kOe. Fig. 1 shows the demagnetization curves of HDDR treated scrap powder and MQP-B+ powder.
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TMA Study on Phase Evolution During Hydrogen-Assisted
Disproportionation of Nd-Fe-B Alloy
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Pukyong National University, Nam-Gu, Busan, South Korea 608-739
'Korea Institute of Materials Science, Changwon, South Korea 641-831

1. Introduction

The HDDR (hydrogenation, disproportionation, desorption, and recombination) process is a well-established
technique of producing a highly coercive Nd-Fe-B powder with fine grain structure directly from a magnetically
non-coercive ingot alloy with coarse grain structure. The disproportionation reaction is the most critical step for
controlling the magnetic properties (in particular, the grain texture) of the Nd-Fe-B HDDR powder. It has been
widely known that the fully disproportionated Nd-Fe-B alloy consists of mixture of NdHy, Fe,B and a-Fe.
Recently, however, we have found that the phase constitution of fully disproportionated Nd-Fe-B alloy was rather
complicated. In the present study, the phase constitution and evolution during the hydrogen-assisted
disproportionation of the Nd-Fe-B alloy was investigated mainly by magnetic balance-type thermomagnetic
analyser (TMA). As the disproportionated alloy consists mostly of magnetic phases, the TMA may be useful tool

for precise phase analysis.

2. Experimental Work

Ndi2sFegi i x+y)Bs4GaxNby (x = 0 or 0.3, y = 0 or 0.2) alloy powder was first fully hydrogenated by heating
it in hydrogen (P = 0.1 MPa) or hydrogen and argon mixed gas (PH, = 0.03 MPa) up to 800°C (heating rate
= 7°C/min), and holding at there for given period of time (1 hr for hydrogen atmosphere, 3 hr for mixed gas).
Immediately after the completion of full disproportionation, the sample was quenched to room temperature. The
phase constitution in the quenched sample was analysed mainly by magnetic balance-type thermo-magnetic
analyser (TMA). In order to avoid any unwanted phase change in the course of TMA heating, the sample was
heated swiftly up to 800°C (swift TMA). In this swift heating mode the sample could be heated up to 800°C
within 150 seconds, therefore any unwanted phase change could be suppressed practically during the TMA

heating. The phase analysis by swift TMA was aided also by slow regular TMA and XRD.

3. Results and discussion

Fig. 1 shows the swift TMA result of the Ndi»sFegy¢Bs4Gao3Nbg, alloy fully disproportionated in hydrogen
gas. As can be seen, the fully disproportionated alloy shows multiple magnetic transitions above 400°C. The
magnetic transitions at 765°C and 725°C are obviously corresponding to the Tc of o-Fe and Fe;B. In addition
to these two magnetic phases, two additional magnetic phases appears to exist in the fully disproportionated
Ndi2sFeg.6Bs4GaosNbo, alloy. The magnetic transition at 520°C is corresponding to the Tc of FesB. Unknown
magnetic phase (probably Fe-boride with other stoichiometry) with Tc of 600°C also exists. In addition to these
magnetic phases, non-magnetic NdHx is also contained (by XRD). This results indicate, therefore, that the fully
disproportionated Ndi»sFego¢Bs4GaosNbo, alloy consists of NdHx, Fe,B, FesB and a-Fe, together with an extra
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magnetic phase with Tc of 600°C. The fully disproportionated ternary Ndi>sFesiiBss alloy also showed almost
identical phase constitution, and this suggested that the phase constitution of fully disproportionated Nd-Fe-B alloy
was independent upon the alloy composition. Ndi2sFesi i x+y)Bs4GaNby (x = 0 or 0.3, y = 0 or 0.2) alloys fully
disproportionated in different atmosphere of hydrogen or hydrogen and argon mixed gas showed almost identical
phase constitution. In this article, the phase evolution during the hydrogen-assisted disproportionation of the
Nd-Fe-B alloy is to be discussed.

sample positioning 520 °C
600 °C

[ gy
725 °C

- 765 °C
[ 1

0 100 200 300 400 500 600 700 800 900
Temperature ("C)

Magnetisation (arbit. unit)

Fig. 1. Swift TMA results of the Ndi2sFesosBs4GaosNbg, alloy fully disproportionated in hydrogen gas.
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Compensated Half-Metallicity in the
Trigonally Distorted Perovskites

Kwan-Woo Lee*

Department of Display and Semiconductor Physics, Korea University, Jochiwon

A compensated half-metal (CHM), also called a half-metallic antiferromagnet, has one conducting and the
other insulating spin channels, but zero net moment, resulting in no macroscopic magnetic field. Although CHM
is a promising candidate for spintronics, no true CHM has been synthesized yet. Since at least two magnetic ions
are required in a unit cell, the double perovskites, the Heusler structures, and tetrahedrally coordinated
chalcopyrites have been investigated for last 15 years. However, some complicated details such as antisite
disorders and spin-orbit coupling prohibit from synthesizing true CHMs.

In this presentation, we will address a new route to search for CHM. Several trigonally distorted perovskites
with two transition metals were synthesized at high pressure 6-7 Gpa at high temperature 1200°C about forty
years ago. Through first principles calculation including the on-site Coulomb repulsion U, we investigated NiCrOs
and as-yet-unsynthesized PdCrO;. Consistent with experimental observations by Chamberland and Claud, NiCrOs;
leads to insulating with a few decades meV and ~3 eV for each spin channel, and showing a zero net moment
regardless of strength of U. This strong asymmetric gap suggests a insulator-CHM transition under modest
pressure. Futhermore, our calculations of an isovalent and isostructural PdCrOs, which is expected to have less
correlation strength, show that PdCrOs is a true CHM even for ambient pressure. These findings provide another

structure class that may be favorable for synthesis of CHM.
[Acknowledgements] We acknowledge collaboration with W. E. Pickett and Hyo-Sun Jin. This research was

supported by Basic Science Research Program through the National Research Foundation of Korea funded by the
Ministry of Education, Science, and Technolgoy under Grant No. 2011-0004683.
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Utilization of Self-Assembled Magnetic Nano-Chains for
Bio-engineering Studies

Park, Sang Yoon*
Electronis-Inspired Interdisciplinary Research Institute, Toyohashi University of Technology, Toyohashi, Japan

In past years, magnetic colloidal nano/micrometric beads are of vast interest for a wide range of applications.
Particularly, magnetically labeled detection techniques utilizing magnetic beads in vivo and vitro triggered off a
great progress not only in resolving technical problems in medical engineering, but also in realizing Lab-on-a-
chips. To date, the key works of most of magnetic biosensors is commonly based on the fact that individual
magnetic particles functionalized by molecules are immobilized on various magnetic field sensors (Hall sensor,
spin-valve sensor, etc) via biochemical events. Those “inhomogeneous” approaches are mostly time-consuming
because of multiple steps such as amplifying and washing procedures, and may not be suitable for point of care
applications. Recently, enormous attempts to make use of colloidal magnetic particles without any immobilization
on substrates have been employed so as to reach real-time detection, which is referred to as “homogeneous”
method. Additionally, the introduction of self-assembled nano-structure consisting magnetic beads, which is
selectively constructed by incorporation of intermolecular interactions with driven magnetic forces and hydrodyna-
mics on the beads, makes it possible to enhance specificity and sensitivity of biosensor. Moreover, the use of
precisely controlled colloidal structure, mostly chain-like structure, actuated by magnetic field highly is diversified
into a promising technology for magnetically modulated photonic devices.

Our central research aims to develop an alternative approach for “homogeneous” biomolecular recognition
protocol utilizing the change in optical properties associated with rotating self-assembled chain-like structures for
enhancing the recognition rate, thereby reducing the detection time, even in assays containing very small
concentrations of functionalized magnetic beads.

Firstly, we deal with the structural properties of the self-assembled colloidal chain-like structure in given
conditions and its corresponding optical behavior. These studies are focused on transient characteristics of
formation, dynamics, and transformation. Furthermore, their rotational motions driven by rotating magnetic field
are systematically investigated varying hydrodynamic force.

Secondly, the optical transmittance characteristics of magnetic chain with varying the angle between the
orientation of magnetic chains and incident light, and frequency of the rotating chain, and quantified the
relationship between the amplitude of optical transmittance and structure of chains.

Lastly, on the basis of study on optical properties of magnetic chains, we deal with structural deformation
of bio-functionalized magnetic chain due to inter-molecular interaction and bio-chemical event are successfully
evaluated in terms of optical transmittance, and are quantified by simply modeling.

We demonstrate that subnanomolar concentrations of target molecule can be detected by rotating magnetic
chains functionalized with magnetic beads functionalized by representative test biomolecules within 30 s. In our
protocol, the effect of mixing due to the rotating magnetic chains enhances the probability that the functionalized
magnetic beads interact with and capture the target molecules added to the solution. Thus, in our approach,

magnetic chain-induced mixing yielded extremely rapid detection times, using extremely small quantities of
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nanometer sized magnetic probes.

We also adopt our biosensing platform to more practical medical cases so as to verify the validity. In
emergency cases like heart attack, timely prognosis/diagnosis of level of disease and proper interventions are
necessary. Cardiovascular disorder has been monitored by measuring B-type Natriuretic Peptide (BNP) which is
the most important cardic biomarker on the basis of radioimmunoassay and immunochromatography techniques.
To date, these techniques would be inadaptable for real-time hand-held diagnostic device because they have bulky
equipment and require multiple procedures by skilled cardiologists. Therefore, we selected congestive heart failure
as first practical case. Magnetic bead used in this study (FG-bead) contains ferrite nanoparticles rather than
superparamagnetic nanoparticle because of unanticipated technical problems in practical cases. The ferrite is
encapsulated with glycidyl methacrylate (GMA) which is further coated with a polymerized GMA. Subsequently,
the activated FG beads are coated with two different anti-BNP antibodies: KY-BNP-II antibody against BNP and
with the other antibody, BC203. We successfully suggested the possibility for diagnosis of heart failure taking

advantage of transforming of self-assembled magnetic chains within a minute.
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Calculation of Thermodynamic Properties of k-carbide by
Wang-Landau Algorithm

Jee Yong Lee*, Seung-Woo Seo, In Gee Kim

Graduate Institute of Ferrous Technology, Pohang University of Science and Technology,
Pohang 790-784, Republic of Korea
Corresponding Author: igkim@postech.ac.kr

1. Introduction

Due to the increasing needs of high strength light weight steels, the importance of (Fe, Mn);AlC «-carbide
is getting higher. Uniformly distributed nano-size k-carbides in an austenite matrix supports a shear-band plasticity
(SIP effect), and highly improves the strength and ductility of Fe-Mn-Al-C light-weight steel, so results in
excellent mechanical properties[1]. In this work, we set the cell gas model of Fe;MnAIC, and with this model

we calculated its thermodynamic properties by Wang-Landau Monte Carlo simulation.

2. Calculation method

We calculated formation enthalpy of Fe;MnAIC for six states based on the magnetism and the carbon
occupation at octahedra[2]. The First-Principles calculations were done by all-electron full potential linearized
augmented plane-wave method(FLAPW)[3]. After that, the cell gas model of Fe;MnAIC was set from these
values. The ‘cell gas’ means, a bulk of solid that is made up of several unit cells, and these cells act like gas,
i.e., without interaction. Our model is similar to the 3D ising model, and consists of LXLxL cells that may have
6 different states. So these LxLXL cells make up a bulk of Fe;MnAIC.

With this model, the partition function calculation of Fe;MnAIC was done by the Wang-Landau algorithm[4],
which is one of the Monte Carlo simulation method. If a random walk is performed in energy space with a
probability proportional to the reciprocal of the density of states g'l(E), then a flat histogram is generated for
the energy distribution. At first, densities of states of all energy space are set for 1. Then the random walk begins
in energy space by flipping state randomly. If E; and E, are energies before and after a state is flipped, the

transition probability from El to E; is

9(E2> 71} 0

p(By—Ey) = min[g(El)

Each time an energy level E is visited, the corresponding g(E) is updated by a modification factor f, i.e. g(E)f.
This process is done iteratively until the histogram H(E) is "flat", and then f is reduced to +/f . We kept doing
this until _f=exp(10'8). From the final densities of states, the partition function over whole energy space was made.

The classic partition function can be written as a sum over all energies, so

7= Zef E)/kyT — Zg (E)€7 E/k,T
i E
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where g(E)s over energy space are the densities of states. And these g(E)s are independent of the temperature,
so they can be used to find properties of the system at any temperatures. From the partition function Z,
thermodynamic properties can be derived: the Helmholtz free energy F(7) =—kz7(InZ), the internal energy
UT)=<E> ;=X Eg(E)e "2, the entropy S(7)=[U(T)— F(T)|/kzT, and the specific heat

(1) = [KE?) ,— <EY%]/kpT?.

3. Results
Fig. 1 shows the result of calculation for L=3. All values were divided by N = LxLXL. (b) and (d) have

large fluctuations, and it is thought that these fluctuations came from the size effect.
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Fig. 1. Calculated results of L=3 case. (a) Free energy (b) Internal energy (c) Entropy (d) Specific heat. The x
axis of each graph is kz7(J), and the y axis is the value of each thermodynamic property (J/mol or J/mol K).
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ABSTRACT

The limited understanding of the surface properties of PtsNi for the oxygen reduction reaction (ORR) in
polymer electrolyte membrane fuel cell (PEMFC) has motivated the study of properties and electronic structures
of seven layered Pt:Ni (001), (110), and (111) surfaces. The first principle method based on density functional
theory (DFT) is carried out. It is found that the bulk Pt;Ni has a ferromagnetic ground state with the ordered
fce type L12 structure, which is in good agreement with other results. Non magnetic Pt has the induced magnetic
moment due to the strong hybridization between 3d Ni and 5d Pt. The magnetic moment of Pt and Ni enhanced
on the surface of each due to surface effect however the magnetic moment of surface Pt in the Pt-segregated
Pt3Ni (111) decreased and the magnetic moment of Ni in Ni rich subsurface increased significantly. The
calculated d band centers of Pt explain the possibilities for oxygen absorption and play the important roles in
altering the catalytic properties. The spin polarized densities of states are presented in order to understand physical

properties of Pt in different surfaces in detail.

Keywords: Fuel cell, Pt:Ni, density functional theory, magnetic properties, electronic structure
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Diluted magnetic semiconductors (DMSs) have stimulated a great deal of interest because of their potential
applications in spintronics[1,2]. The intensity of research in this area, both theoretical and experimental, is high.
There has been an intense searching for ferromagnetic ordering in doped DMSsfocusing on possible spin-transport
properties, which has many potentially interesting device applications. Spintronics devices such as spin-valve
transistors spin light-emitting diodes, non-volatilememory, logic devices, optical isolators and ultra-fast optical
switches are some of the areas of interest for introducing the ferromagnetic properties at room temperature in
a semiconductor[3-5]. Recently, it was shownthat transition metal (TM) compounds based on the rock-salt GeTe
are half-metallic ferromagnets[6]. It is then of interest to study related compounds, such as SiTe doped with TM
atoms, so their electronic and magnetic properties are revealed.

We report systematic full-potential linearized augmented plane wave calculations of ternary TM compounds
based on rocksalt SiTe structure. All the calculations were carried out with the use of a first-principle full potential
linearized augmented plane wave (FLAPW) method as implemented in QMD-FLAPW code[7] with the
generalized gradient approximation[8] to the exchange-correlation potential. Lattice harmonics with 1< 8 were
employed to expand the charge density, potential, and wave functions inside the muffin-tin radii of 2.20, 2.50,
and 2.60 a.u. for Cr, Si, and Te atoms, respectively. The number of basis functions was about 200 per atom.
All core electrons were treated fully relativistically, while valence states were treated scalar relativistically. The
self-consistent calculations were considered to be converged only when the integrated charge difference per
formula unit between the input and the output charge densities was less than 1x10™.

The conventional unit cell of the hypothetical rock salt SiTe consists of one anion fcc lattice of Te and one
cation fcc lattice of Si. In the case of 25 % substitutionby Cr atoms, one transition metal atom is placed at one
of the four sites of the Si fcc lattice, which result in the space group Pm-3m. The50% substitution is realized
by replacing two of the four Si atoms in the Si fcc lattice by the transition metal atom. In this way one obtains
a tetragonal structure (P4/mmm). Since the investigated compounds are hypothetical, their exact lattice constant
is not determined. Therefore, the calculations were carried out for different values of the lattice constants, so the
total energy curve as dependent on the value of lattice constant could be drawn. From a function fitting to the
curve we found the equilibrium lattice constant for the two investigated systems. In the case of the cubic CrSisTes
it was 11.64 a.u. and for the tetragonal CrSiTe, is was 7.89 a.u.

The obtained results confirm the magnetic properties of the both compounds. The presence of Cr atoms causes
that the other atoms become slightly magnetized in both thecubic CrSi3Te4 and the tetragonal the presence
CrSiTe2. In the equilibrium 25% substituted SiTe, i.e. in the CrSi3Te4, the values of magnetic moment (MM)
on the Cr atoms is 3.615 puB. The Si atoms are positively spin-polarized and the calculated MM on the atom
sis 0.183 uB. As for the Te atoms, there are two types: Tel and Te2 with different surrounding.Both types of
the Te atoms are negatively spin-polarized: the MMs are -0.013 and -0.065 on Tel and Te2, respectively. Similar
trends are observed in the other, CrSiTe,, compound with 50% substitution of Si atoms: the values of magnetic
moments are 3.626, 0.032, -0.074, and -0.119 uB on Cr, Si, Tel, and Te2 atoms, respectively.
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The results of our calculation suggest that the not yet synthesized materials such as CrSizTes and CrSiTe;,

can be considered for potential applications as magnetic materials.
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A systematic study on electronic structure and magnetic properties of binary and ternary spinel Co- and
Ti-substituted Fe;O4 is presented by the first-principles pseudo-potential method. Total energy calculations are
taken into account for both the inverse and normal spinel structures as well as the atomic arrangement of
substitutional elements in order to find out ground state phase for all the systems. Fe;CoOs4 and Fe,TiOs were
calculated to be ferromagnetic half-metallic, but Fe;04 to be ferrimagnetic half-metallic. The electronic band gaps
of the ternary alloys are broader than that of the binary. Being consistent with experiments, calculated spin
moments of 8§ puB/fu. of ternary alloys are much larger than that (4 puB/fu.) of FesO4 due to the magnetic
structures. We will also discuss on magnetocrystalline anisotropy energy and elastic property under tetragonal
lattice distortion, in orderto elucidate physical origin of experimentally observations of quite large

magnetostrictions of the ternary alloys but very small one of the binary alloy.
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1. Introduction

The effect of phosphorous (P) inclusion in steels is quite detrimental on the mechanical properties. For
instance, the decrease of the strength and plastic properties of steel G13L (high-manganese steel) is half when
it contains 0.065 wt% P compared to the case of 0.028 wt% P steel[1]. It has been demonstrated that one form
of intergranular embrittlement in steel is related to high concentrations of the impurities antimony and P in the
grain boundaries[2,3].

Besides the iron based alloys, Cu based alloys have utilized P to enhance wear and water corrosion resistant
Phosphor Bronze[4]. One of the increasing yield strength properties in Phosphor Bronze is considered by the
precipitation of CusSn-type &’-phase precipitation in the Cu matrix. The crystal structure of CusSn phase is similar
to that of Fe;P intermetallic compound. Thus, we raise a fundamental question whether is it possible to precipitate
FesP intermetallic compound from the austenite matrix.

However, there is no systematic first-principles study done for understanding the FexP compounds. In this
work, we carried out fundamental electronic structures and magnetism of FesP intermetallic compounds using a

first-principles calculation.

2. Computational Method

The crystal structure of Fe;P intermetallic compound is tetragonal cell with space group I4. There are three
nonequivalent Fe atoms in 8(g) sites with eight formula units (fu.) per cell. In this calculation, we used
experimental lattice parameters a = 9.107 A and ¢ = 4.460 A[5]. The Kohn-Sham equations were solved by using
the full potential linearized augmented plane wave (FLAPW) method[6] within the generalized gradient
approximation (GGA)[7]. An energy cutoff of 5.0 (2n/a) was employed for expanding the linearized augmented
plane wave basis set. A 18 (2n/a) cutoff was used for the star functions 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 (MT) sphere, with a radii of 2.2 and 1.9 a.u. for Fe and P atoms,
respectively. A 13x13x13 mesh within the three-dimensional (3D) Brillouin zone (BZ), corresponding to 199
k-points inside the irreducible wedge of the 3D BZ.

3. Results and Discussions

The ground magnetic state was investigated by calculating the total energy of Fe;P intermetallic compound
with the nonmagnetic (NM) and ferromagnetic (FM) states. As a result, the FM state is more stable than the
NM one by big energy difference of about 809 meV/f.u.
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Table I. calculated magnetic moments (in unit of pB) inside each MT sphere for Fes;P in FM state.

Present Result Experimentl)
Fer 2.367 2.12
Fer 1.665 1.25
Fem 2.104 1.83
P -0.078 -

" Neutron diffraction study in Ref.[9]

Table I list the calculated spin magnetic moments (in unit of pB) and also include the experimental data[9]
due to compare. As mentioned before, there exist three nonequivalent Fe site in Fes;P intermetallic compound as
denoted Fel, Fell, and Felll. Overall the magnitudes of magnetic moments are rather overestimated compared to
the experimental study by neutron diffractions. The magnetic moment of P atom is coupled negatively to Fe

atoms, even though its magnitude is small.

4. Summary

The fundamental properties of FesP intermetallic compound was investigated in terms of the FLAPW method
within GGA. The FM state of Fe;P was found to be energetically more stable compared to the NM one. It is
consistent with the experiment. In addition, the calculated magnetic moments of Fe atoms were calculated to be
2.367, 1.665, and 2.104 uB for Fel, Fell, and Felll atoms, respectively.

This work was supported by the POSCO Steel Innovation Program and by the Basic Science Research
Program (Grant No. 20090088216) by the National Research Foundation by the Ministry of Education, Science,
and Technology of Korea.
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Fig. 1. (a) The sample structure, (b) and (c)the exchange bias field and coercivity of antiferro-
magnetic FeMn layers with different thickness.
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Fig. 2. (a) The sample structure, (b) and (c) the exchange bias field and coercivity of [NiFe/NiFeCuMo/
NiFe]/FeMn multilayers depending on one intermediately super-soft magnetic NiFeCuMo

layers with different thickness.
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150 I I &4n=r annezing I A er znnezling
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#  #2 #3 #4 85 #6 # #  #8 #0 #1 #2 #3 #4 #5 & & #  # #0
Sample Number Sample Number
(a) Magnetic saturation (Ms) (b) Coercivity (Hc)

a9 2. FeSi-Al @ B dAe] A-% )EHAE} (b)AEe] W)

79 emu/ge] 7Y W2 gHE YERYRITh TS B g2 11794 17.8 A/m7FR] FojH 0™, Fe-12Si-4Al
oA 7P =2 BAe 2 dehi ek thebd 7bg £ A B2 FeSSidAL B RolA] Qo]

on|, Esh ABhTp HAYLE 247 135 emu/ge} 133 A o|ck. E3 BA2 F FeSiAl g 2o
QA B Auu, ok A4S A0, HAY g HATS 14 29 @2 0)F Foo] &
ook olel@ Ak WA A BY Ro] ARIS AAHUS ol

e BEwo Tyo) YAkTh B HHo| G Fe0; Absuto] F4JH FeSi-Al 3 Ru-g Ax51%
T} Fe-8Si4Al 3 Huloq ay BEAo] 74 S4stgon, 23} Aakghat ARG 217} 135 emu/ge}
133 A/m o]t} 3} 700°CoflA] 1A17F BF AA 28 oM 7hA EBR A 9hAgh Bk o] ARses
AAS e} Z8} Aegre F7hsta z
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. Bertotti, Hysteresis in Magnetism for Physicists, Material Scientists and Engineers, Academic Press,
San Diego (1998)
[2] T. Maeda, H. Toyoda, N. Igarashi, K. Hirose, K. Mimura, T. Nishioka and A. Ikegaya: SEI tech. review,
60(2005) 3-9.
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plasma sintering)2 ©|-8-3lo] A7 50 mm, F7 15 mmQl AZAE A X3t AZAE 800°Cof| A ZHoff ¢F
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Cu (Vol.%) 100 90 80 70 50
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FeZ 10% &35t 24 A 9] A7) A EE7} 40% IACSS] &8 ghe 7[AE= AL geld 4= Qlrk vhd Ea)
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S7FskAth
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[1] K. B. Chengi, S. Ramakrishna, K.C. Lee, Electromagnetic shiclding effectiveness of copper/glass fiber
fabric reinforced polypropylene composites, Composites part. A., Vol. 31 pp. 1039-1045.

[2] R. Perumalraj, B. S. Dasaradan, Electromagnetic Shielding Effectiveness of Doubled Copper-Cotton Yarn
Woven Materials, FIBRES & TEXTILES in Eastern Europe 2010, Vol. 18, No. 3 (80) pp. 74-80 (2009).
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H9) Sholth 3} Bel 3

1.2

HEFA7O|E Y7F ASEL 27 R A &H(colossal magnetoresistance : CMR), #s} %= (charge
ordering)¥} 2 @A Hol= EARE du geA YrHl] ©]F RiaStuM0s (R=La, Pr, Na, Sm, Eu) &=
ferromagnetic phase®} charge/orbital ordero]] 2|3} antiferromagnetic insulating phaseE Ho]= o2 A A 9l
13}[2] R=Sm FE+ Eu°|il x=0.45% AEE 01]/\1 F2 L 5(Te)7} 751 JA|E| 3L CMR &7} 27151 Zlo)
o] ] UtH3]. ol# 3t FAS Mn-siteo]] USHA Q&5 AR Ae A QItH4]. ©]o] Mn o|2E Alo]9]
Fo 282 ol3fist7] ¢8| Mn-siteo| CoE X]Q"‘?_]‘ Smy 55S10.4sMn; xCox03 8] 27|12 EAdof tfsl] A-skirt.

A4 SmygssSr04sMn;xCo03(SSMCO) 8] A ZFEL 1A Ae] uk-gH oz F7) Zof| A 24417 ¢ 1200TC
oA aAste] FAsITE XA 3 = (Rigaku, Mini Flex)& 53lo] ARES TdAS 3
VSM(Lake Shore, model 7300)2 ©|-83}o] A& JIoA AL271%] X0 wE magnetization o(T) %
At} 2AL oE 27| RS 71etA] OFT A|RO] L5 E AL oa WrkAlZ] The, QX 27| RS FE|E A
oA AlgS 2= & ZEFHA] 65 S5k zero field cooling(ZFC) WH I} QHA7 S 7halls Alelf ol Al
ANEE YA F 228 LE|HA 373k field cooling (FC) S o]&3t3irt

| a
3. 20 Y U

2t & %b —o—ZFC
H= 500 Oe

) 50 100 150 200
T (K)

Fig. 1. SmgssSro4sMn;xCoxO; (x=0, 0.1) ¢] 2=of wZ magnetization o(T).
Fig. 1:Z 500 Oe®] &]5- 2}7]74 stof 4| SSMCO 9| &m=#i3to]| wh-& magnetization o(T)E LebdH 1otk
x=0%1 A|2+= ZFCX} FC 4 B 135 Ko|A] A}7]2 A o]zl dojid long-range ferromagnetic ordering=-

2ol &F 4= Utk AU x=0.1 21 A]Zof|A+= cluster glass-type ferromagnetic ordering2- X o] Al& o] =7}
ottt x7} 2718wt Te 7F Yol A Mn’ ' 9F Mn*" 0] &5 Ajo]o] Abszlgo] Aojga & 2~ 9}
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Y. Tomioka and Y. Tokura, Phys. Rev. B, 70, 014432 (2004).
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M2, yslol

Sl Al st B2 oka), Ae G4 AubE7t HAY 52

1.4z

ARALEASTNE 1T 2771 20He] A IS A HAR o] g5k 9Iste] xxr]o]uA
(Perpendicular magnetic anisotropy, PMA)¢]| 7|8 & A71EE 43 (Magnetic tunnel junctions, MTJs)o| 114
%= MRAM (magnetic random access memory)S A2318 4= Qe 754 e TEZ g8 AxE QU
[12]. $871 %8 $AA8 R EAstel 71 SUES Z/HIAS 0l 71BuE o] £AHHE)2 Gl A7
DUE/ES B 5 gtk DA AT QLo PMAS o] 88 Sx7|SuA e RS0 Hste] &
£35S AL ool E TUEst Absstel Fu1E Ba gt STTS o849 LU= MRAMO| 713
83 o]l F A AYT E4 orgASRo|tH3]. EEA 7] A& H| (Tunneling magnetoresistance, TMR)7}
2 MTUs Aol glo] 2 % Atolo) Hekek AN §157] 913 ulAA) AAAA BAL A,
QA G 2] T £ PMA S 2 ARE T2 o] ol2ojAn Yk £ Ao A ]
3= Co75Sil5B10-S o]&35to] 2 PMAE Zb= [CoSiB tCoSiB/Pt tPt]xn Th&HMEFS] L W 7|4 E
2AFaE 7120] AlFloA] 3t HE ] Lpolr}, [CoSiB/Pt] 29} [CoFe/Pt], [CoFe/Pt] T8l 122 )3
24, & PMAE ZH= WA AR 2w 1 AnE A wlt

r
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o
o
o e w rlo

=
o
A=
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2. MYy

6712 EtAlo] AztE de AHEH AR S }%s}oq Si-Si02/Pt 50/CoSiB (=30, 50, 70, 100, 150, 200)/Pt
14/Ru 50 (in A) ch5apahe Aabstgich. webA A7) 9] u]LubaiA S (pinned layer) F7 o w2 o]&AS
zA57] 98 CoSiBe] £AS ZAs19100, F2 A 47174 100 Oc 2719 JFA4E o]gato]
AAFe] A2 Ao L SRS 7] BT EE 3x10-7 Torrolsl 9L, FHLYEE 2x10-3 TorrE &
A3t o MEM Hwslr] 9fsf Coot CoFelm AR o= AFsto] 2o 21S grof A3E vlu
B E.gkch

S

3. wE

o] A¥ol HE A= H 194 2= Qith o] Aut= T AR [CoSiB 3A/Pt 14A]%5, [Co 3A/Pt 15A]x5,
[CoFe 3A/Pt 10A]x5 Th2utat itz 2 viwajHron 1 Ax BExgu} 234218 E = [CoSiB/Pt] FRoJA=
Zk7F 223.76 Oe$} 341.25 emu/cm3, [CoFe/Pt] 204 395.86 Oe, 286.79 emu/cm’, [Co/Pt] FLZo|A=
395.86 Oe, 286.79 emu/cm3E A x|l

e
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31 o3Et 2y oA Q) He, Ms A% Ax
Thickness (A) He (Oe) Ms (emu/cm’)
2 123.36 293.84
. _ 3 223.76 341.25
[CoSiB tCoSiB/Pt14A]x5 4 214.64 355.63
5 203.74 363.96
2 246.47 203.99
3 395.86 286.79
[Co tCo/Pt15A]x5 4 540.38 298.67
5 460.58 369.79
2 103.09 344.89
3 155.13 429.98
[CoFe teore/Pt10A]s 4 223.14 514.20
5 242.89 540.31
|
1.0 7]
= 0.5 7]
©
4]
N 0.0
©
% -0.5 7
=
-1.0 }
1

L L I L L
-20-1.5-1.0-0.5 0.0 0.5 1.0 1.5 2.0
Field (kOe)

% 1. [Co tCo /Pt 15A]x5 (t = 2, 3, 4, 5A) thzHhe} 29| s|AH AL Al

A, 2 o AERE BlaE WElr] HsiAe PMA A Kug FHsffof shAlRh, & AdoA a2 At
2 vlart FEshthal B, el =X g S A AHE =SStk 2 A4S viReR o
o2 o]Fojd Aol o] HiolF ol ol dHaE TIsAY YAl S (NOL)E F716te] & thg e

19] $AAORE o 4 9lEo] [CoP] F27F 714 2 PMA S wglont, 19 1o]4e} 2ol 4}
o RS Lol mApAS hNA) kol AgtelA] hrha wk, 1o u] st 0] Aukg A Rt A
skt A7hE BOPANS ZHX [CoSiB/PY Z3to] PMA o] o Hateleia A& 9tk

6. FizH
[1] Takehito Shimatsu, , a, Hiroyuki Uwazumib, Hiroaki Muraokaa and Yoshihisa Nakamuraa, J. Magn. Magn.
Mater. 235, 273 (2001).
[2] S. Tehrani, J. M. Slaughter, M. Deherrera, B. N. Engel, N. D. Rizzo, J. Slater, M. Durlam, R. W. Dave,
J. Janesky, B. Butcher, K. Smith, and G. Grynkewich, Proc. IEEE 91, 703 (2003).
[3] J. C. Slonczewski, J. Magn. Magn. Mater., 159, L1 (1996).
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Ez A 3o A4 &, AlHS A REr dAE Fdo) AT F o5 FFER AU FY
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steich

A7) 25 umo] i, Zo|7F 30 mm<l B A & (2605SC)S % 3 mm, 5 mm, 8.5 mm=Z oA slo] F£H|5}
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Fig. 2. Change of magneto-acoustic profile with respect to the amorphous ribbon width for 3 mm, 5 mm, and

8.5 mm.

Fig. 2+= 3 0e?] #}7]
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e skstel WA 2lwe] = wsjo] ©E A7)
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wf AR
w o e
g wp PLEvE
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2 e / " Fe-based
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Fig. 3. Young's modulus change for magnetic field. Empty symbols are obtained by calculation of the single

domain model.
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o714, E(H)e A7\ Aol M o] 9, B akel A )M GRolh Hy Hyy - N S3A71%
O Hye 95917 A7, N& WA A, ME Astolth. o= AR Aske} U3 27] 2 xfolo] 2,
pAT2) Asioh kA7 Atelel Holch.

A7 Ae] F7Kte] wheh Eol F7ksHe ATk Awe] Zo| Yol d4s AlHel vt §RA%
o Zradto] GEol Aasts ATE & 4 on], dAx muR AL Aol wlwA & AN o7
7)ol S7ketel wheh EBAARAY ABE)R HE Fig 34 sHelat

"
pacs
o

A8 =

v 2-2(26058C) 8] A5 FEE FuTE 22 Fol Frigtel whel WolA A Eu, Q17F A%
Ao whE 2]iEo] JE Q7EAAO] FUgel wet Frkekal, glio] FHo] Iradte| weh FlsFTh
ol AlHEE] WEARE A 9} UHE FaA7del oEE Aoz AEY AR g aee geda Hdle

Adraziel vime An vmy & %S Felstck
5. XFngas]

[1] S. Chikazumi, Physics of Magnetism, New York, John Wiley & Sons, Inc., pp. 161~185, (1964).
[2] D. Y. Kim, et al, J. Appl. Phys., 81.(8), 15 (1997).
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Keywords : H]# & &+F(amorphous alloy), <331 (rapidly solidification), THEH(single roller process), PFC
I 2 A|A(Pannar flow casting process), $F+= 2]+ (alloy ribbon)
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Coupled Plasma - Atomic Emission Spectrometer)?} XRD(X-Ray Diffraction)Z ©|-83}o] A1} AAAHS =4

shaey.

3. HYZY

VSMEA Ay} BA2 o] Zr chip N7} 0-4707HA] S 7L 570 E "ojAl= A 3e UEdth o] Zro]
A 013 477EA & 240l M= Zro] Bfa Wiofl A cobalt grain®] boundaryol| A cobalt2} cobalt+e] ~F &2}
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% 1. Zr chip 7j<=of t3t Hysteresis loop, (a) 17}, (b) 127}

. Acher, S. Dubourg, F. Duverger, N. Mallejac J. Appl. Phys. 310, 2319 (2007)
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Table 1. 4%9) T2 4 A7be] A4 WS B dojxl BAM Az Her

Clinical Period Systolic Reflective Notch Blood Pressure (BP)
Name (Pulse Rate) Time Time Time Systolic BP Diastolic BP
A 749 ms (80) 132 ms 265 ms 321 ms 111 mmHg 74 mmHg
B 920 ms (55) 117 ms 265 ms 329 ms 117 mmHg 72 mmHg
C 774 ms (77) 95 ms 242 ms 300 ms 118 mmHg 66 mmHg
D 896 ms (70) 83 ms 285 ms 362 ms 145 mmHg 87 mmHg
4.32
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Asymmetry of Magnetic Disorder Observed in
Exchange-biased System

Hun-Sung Lee™, Kwang-Su Ryu?, Kun-Rok Jeon' and Sung-Chul Shin'
1Department of Physics and Center for Nanospinics of Spintronic Materials, Korea Advanced Institute of Science and
Technology (KAIST), Daejeon 305-701, Korea
’IBM Research Division, Almaden Research Center, San Jose, California 95120, USA

We report an asymmetry of magnetic disorder in exchange-biased IrMn/CoFe film by means of Kerr
microsocpe, capable of direct domain observation. The domain reversal patterns of the film reveal asymmetric
behavior between both branches of a hysteresis loop. Interestingly, we have found that degree of disorder in the
forward branch reversal is much less than the disorder in the backward branch reversal, where the field is applied
parallel to the exchange-bias field direction. We believe that the asymmetric disorder originates from the local

inhomogeneities of coercive and exchange-bias field in the film.
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