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Coherent control of nuclear spins using spin injection into semiconductor
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(Hokkaido University)
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Sb §-doping of non-degenerate Ge(001) for a spin-FET
with a high-mobility channel

T. Takada'?, H. Saito', A. Spiesser', R. Jansen', S. Yuasa', and N. Miura
( 'AIST, Spintronics Research Center, “Meiji Univ.)

Introduction

Spin-dependent transport in a lateral semiconductor (SC) channel with two ferromagnetic (FM) contacts is the
fundamental operation principle of the spin field-effect-transistor (spin-FET). For an effective transport of the
spin-polarized carriers, the use of a non-degenerate SC is desirable because longer spin lifetimes are expected. The
major requirement to employ a non-degenerate SC channel is to suppress the thermionic emission current and enhance
the tunneling transport across the FM/SC contact by reducing the depletion region width in the SC region [1]. Recently,
Hamaya and his co-workers have developed low-resistance FM tunnel contacts on n-type non-degenerate Ge(111) using
the Sb 5-doping and low-temperature Ge homoepitaxy [2, 3]. On the other hand, Ge(001) is also a promising candidate
as a channel of the spin-FET since epitaxial FM/MgO(001) tunnel barrier can be easily grown, providing a canonical
spin injector/detector. Here, we have investigated the effect of the Sb 6-doping on the electrical transport process of
Fe/MgO/non-degenerate Ge(001) devices.

Sample preparations

Films were grown by molecular beam epitaxy on n-type Ge(001) substrates (a carrier concentration of ~ 5 x 10'® cm™).
Sb was evaporated at room temperature (RT), followed by a 10 nm-thick Ge layer. We prepared several samples with
different sheet doping densities of Sb (ngsp) and growth temperature (7,) of the homoepitaxial Ge layer. Finally, Au(20
nm) / Fe(5 nm) / MgO(1.5 nm) layers were deposited at RT. Reflection high-energy electron diffraction (RHEED)
image revealed that the MgO layers have (001)-oriented single-crystalline or textured structure depending on 7, and ng;,.
Results

Figure 1(a) shows the current-voltage (/-V) characteristics of the devices grown at different 7, with a constant ng, = 2.0
x 10" em™. The devices with T, 2 =400 °C and 350 °C reveal a clear rectifying behavior, showing that the thermionic
emission is the dominant transport process. With decreasing Ty, the current under reverse bias dramatically increases,
and the rectifying behavior finally disappears above T, = 250 °C. For the devices with T, = 250 °C and 200 °C, there is
no large difference in the resistance-area products (RA4) as plotted in Fig.1 (b). This indicates that tunneling becomes the
major transport process for 7, < 250 °C.
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Fig.1 (a) Current-voltage characteristics of Fe/MgO/n-Ge(001) devices and (b) the corresponding R4 at -500 mV
as a function of 7, measured at RT. The sheet Sb doping density ng, is kept constant with a 2.0 x 10" cm™.
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Spin transport in #-Ge at room temperature by using Co,FeSigsAlys/n'-Ge Schottky-tunnel contacts
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('Graduate School of Engineering Science, Osaka Univ., *School of Fundamental Science and Technology,
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Fig. 2 Nonlocal magnetoresistance
curve at 300 K.
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The effect of radical oxygen annealing on CoFe/TiO,/Si tunnel-contact-type spin injector
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1 Si DRI T Si DIEEHHIC 0.1eV FREDORD TR =L X — BB TR ) CE 5, ZIU R R ~—
T A% CoFeSi Al (CFSA)Z SRR Z D ZEC, FEFITARAN N R UEHTA EBIL, SHITEWWAE AR ANERD
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Fig. 2 (a) XPS Si2p spectra of TiO,/Si samples, in which
radical oxygen annealing temperatures are varied.

(b) Annealing-temperature dependence of integrated
sub-oxide peak intensity of the Si2p spectra.
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400 °C-annealed sample. (b) Intensity ratio for the
channel spin component as a function of annealing
temperature.
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Control of the effective damping constant for Heusler alloys by pure spin current
S. Okil, M. Kawano', S. Yamada', T. Kanashimal, Y. Nozaki** , K. Hamayal’3
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Fig.2 FMR spectra of FS for
various frequencies.
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Fig.3 Nonlocal resistance at RT.
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Effect of off-stoichiometry on half-metallicity of quaternary Heusler alloy
Co,(Mn,Fe)Si investigated through saturation magnetization and tunneling
magnetoresistance

Kidist Moges,l Yusuke Honda,' Hong-xi Liu,' Bing Hu,' Tetsuya Uemura,' Yoshio Miura,” Masafumi Shirai,’
and Masafumi Yamamoto'
'Hokkaido University, *Kyoto Institute of Technology, *Tohoku University

We have recently investigated the effect of off-stoichiometry on the tunneling magnetoresistance (TMR) of the
quaternary Heusler alloy Co,(Mn,Fe)Si (CMFS)-based magnetic tunnel junctions (MTJs) and showed that the
(Mn+tFe)-rich composition is critical to suppressing harmful Coy,pe antisites and obtaining half-metallicity [1].
Furthermore, we demonstrated giant TMR ratios of 2610% at 4.2 K and 429% at 290 K for MTJs having Mn-rich,
lightly Fe-doped CMFS electrodes [1]. The purpose of the present study was to clarify the origin of the giant TMR ratio
of MTJs with Mn-rich, lightly Fe-doped CMFS electrodes. To do this, we experimentally investigated the film
composition dependence of the saturation magnetization per formula unit, u,, of CMFS films with various
compositions of @’ and £’ in Co(Mn,-Fes)Sig g4.

Figure 1 shows the film composition dependence of the experimental x, of Co,(Mn, Fep)Siggs and Co,Mn; 40Sig 4
films along with the half-metallic Slater-Pauling values (Z,—24) and the theoretical total spin magnetic moment/f.u.,
mein, calculated using the antisite-based site-specific formula unit (SSFU) composition model [1,2]. Although the
experimental u, was lower than both Z—24 and theoretical mgyy, for Mn-rich Co,Mn, 4Sigss, its value for
Co,Mn; 54Fe) 16Sig g4 in which a small amount of Mn was replaced by Fe for Co,Mn, 40Siggs got almost close to the
half-metallic Z—24. Figure 2 shows how the TMR ratio at 4.2 K of MTJs with Mn-rich, lightly Fe-doped
Co,Mn,Fey 16Si g4 electrodes depends on @’ ranging from o’ = 1.14 (6 = o’ + = 1.30) to @’ = 1.24 (6 = 1.40) along
with the dependence of the TMR ratio for CMS MTJs with Co,Mn,Si g4 electrodes on the Mn composition a ranging
from o = 0.73 to 1.40. The drop in the TMR of the CMS MTJ with Mn-rich a =1.40 and the contrasted further increase
in the TMR of CMFS MTIJs with increasing ¢ from o = 1.30 to 1.40 with a small amount of 5’ of 0.16 was consistent
with the dependence of u, shown in Fig. 1. The theoretical mgy, values well explained the experimental z values except
Mn-rich Co,Mn; 49Sig g4 (o = 1.40 CMS). This discrepancy can be attributed to the assumed nominal half-metallic SSFU
composition for Mn-rich & = 1.40 CMS. Thus, the origin of the giant TMR for MTJs with Mn-rich, lightly Fe-doped
CMES electrodes was attributed to that (1) the nominal half-metallic SSFU composition was recovered by replacing a
small amount of Mn by Fe for ¢ = 1.40 CMS and (2) the residual Coyyr. antisites were further reduced by
(Mn+Fe)-rich composition.

References
[1]. H.-x. Liu et al., J. Phys. D: Appl. Phys. 48, 164001 (2015). [2]. G.-f. Li, et al., Phys. Rev. B 89, 014428 (2014).
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Characteristic temperature dependence of spin-dependent tunneling
conductance of MTJs with highly spin-polarized electrodes

Bing Hu, Kidist Moges, Yusuke Honda, Tetsuya Uemura, and Masafumi Yamamoto
Hokkaido University

Half-metallic ferromagnets are one of the most suitable spin-source materials for spintronic devices because of their
complete spin polarization at the Fermi level (Ef). We recently demonstrated that controlling defects through the film
composition is critical to retaining the half-metallicity of ternary Heusler alloy Co,MnSi (CMS) and quaternary alloy
Co2(Mn,Fe)Si (CMFS) [1-3]. As a result, we demonstrated giant TMR ratios for CMS/MgO/CMS magnetic tunnel
jucntions (CMS MTJs) and CMFS/MgO/CMFS MTJs (CMFS MTJs) of up to 2610% at 4.2 K and 429% at 290 K [1,3].
The purpose of the present study was to clarify the key mechanisms that determine the temperature (T) dependence of
the spin-dependent tunneling conductances G (= I/V) for the parallel (P) and antiparallel (AP), Gp and Gap, in particular,
Gp of MTJs with highly spin-polarized electrodes. To do this, we experimentally investigated how the T dependence of
Gp and Gap varied with the degree of the half-metallicity of CMS and CMFS electrodes.

The preparation of fully epitaxial CMS MTJs (CMFS MTJs) with various values of a (a’and ) in Co,Mn,Si
(Co2(Mn,Fep)Si) electrodes has been described elsewhere [1,3]. The tunneling conductances Gp and Gap were
measured by a dc four-probe method at temperatures from 4.2 K to 290 K at a bias voltage of 2 mV.

Figure 1 shows the T dependence of Gp of three kinds of epitaxial MgO-based MTJs: a CMS MTJ and a CMFS MTJ
both showing high TMR ratios and an identically prepared CosoFeso (CoFe)/MgO/CoFe MTJ (CoFe MTJ) showing a
relatively low TMR. Contrasting dependences were observed: Gp of the CoFe MTJ increased with increasing T, in
particular, for T > 100 K, while G of the CMS MTJ and CMFS MTJ decreased with increasing T from T1 (~25 K) to T»
(~220 K) and then increased for T > T.. This result suggests the correlation between the T dependence of Gp and the
spin polarization at Er.

The possible origin of the contrasting behaviors of the T dependence of Gp of MTJs featuring a wide range of the
TMR ratio at 4.2 K can be explained by the competition between two factors involved in the tunneling mechanisms:
One is a spin-flip tunneling process via a thermally excited magnon (Zhang’s term) [4], which increases Gp with
increasing T, and another is a spin-conserved tunneling process but under the decrease in the tunneling spin polarization,
which decreases Gp with increasing T due to a spin-wave excitation (Shang’s term) [5]. Note that the contribution to Gp
from the Zhang’s term decreased with increasing spin polarization. Thus, it is reasonable to ascribe the increase in Gp
for MTJs showing lower TMR ratios to the Zhang’s term and ascribe the decrease in Gp for a T range fromT: < T< T,
for MTJs showing higher TMR ratios to the Shang’s model because of the relative decrease in the contribution from the
Zhang’s term. Given these consideration, we fitted the T dependence of Gp of MTJs showing high TMR ratios by taking
into account both two factors: Shang’s term responsible for the decrease in Gp for T1< T < T, while the Zhang’s term
responsible for the increase in Gp for T > T, (Fig. 2). We confirmed that the thus fitted curve well reproduced the Gp(T)
for a CMS MTJ showing a giant TMR ratio.

[1] H.-x. Liu et al., Appl. Phys. Lett. 101, 132418 (2012). [2] G. -f. Li et al., PRB 89, 014428 (2014). [3] H. -x. Liu et al., J. Phys. D:
Appl. Phys. 48, 164001 (2015). [4] S. Zhang et al., PRL 79, 19 (1997). [5] C. H. Shang et al., PRB 58, 2917(R) (1988).

110 ; ; 1.02 ; ;
TMR at4.2 K
(TMR at 290 K) il |
~ X
L CoFe MT) '382% (258%) oo PR,
< T P =
; 5 ) ; 99
gn 1.00 . COZManSIo._I?,, MTJ 2011% (329%) g
£ g
G e TS 2500% (429%) i
095 Co,Mn, ,,Feq 16Sipsq MTJ ¢ T, .
0.96 -
= 700 700 300 = T00 300 300
Temperature (K) Temperature (K)
Fig 1. Typical T dependence of the normalized tunneling Fig 2. Experimental (open circles) and fitted (line) curve for a
conductance for P of three kinds of MgO-based MTJs having a Co2Mn1.30Sio.sa MTJ showing giant TMR ratios of 2011% at 4.2
wide range of TMR ratio at 4.2 K and 290 K. K and 329% at 290 K.

—290 —



11aA-9 39l HARBR TS AIGEEMESE (2015)
A UX Y v L URREROT N, AR BIZET 72 Mn,CoAl EfE D Ve

JRWETE . REEAT . AR PR, KB S
(G ER)
Fabrication of Mn,CoAl thin films toward device applications for Spin-Gapless-Semiconductors
S. Hirose, K. Ueda, S. Aichi, T. Hajiri, H. Asano+
(Nagoya Univ.)
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Characterization of occupancy of nitrogen atoms in epitaxially grown Fe,N films
K. Ito'*?, T. Gushi', S. Higashikozono', Y. Takeda®, Y. Saitoh*, K. Toko', H. Yanagihara',
M. Tsunoda®, T. Oguchi’, A. Kimura®, E. Kita', and T. Suemasu'
(‘Univ. of Tsukuba, *“Tohoku Univ., *JSPS, *JAEA, *Osaka Univ., “Hiroshima Univ.)
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Mapping of theoretical approach in magnetics
— coarse graining theory—

Chiharu Mitsumata
(NIMS)

Nowadays, the objects for magnetics are spreading to various fields. Under those circumstance,
the requirements to theoretical analysis increase, i.e. a simple modeling, numerical prediction, etc.
Besides, the requests such as materials predictions based on the data base analysis called “materials
informatics” or “material genome” become strong, too.

Generally, from a viewpoint of magnetics, it is necessary to understand the magnetization
distribution and/or a magnetization process in devices and materials. In this sense, the micromagnetics
theory is convenient to understand the side view of the phenomenalism. However, that theory is
insufficient to define the exact property, because it does not include self-consistency of theory. To obtain
the accurate magnetic property, the knowledge from a microscopic theory should be required.

For the discussion of magnetization state, the magnetic energy can be defined
by following procedure,

1) Spin-spin interaction (including the exchange interaction, spin transfer) is
evaluated within a framework of electric theory.

2) The magnetic anisotropy constant is evaluated within a framework of first
principles calculation for certain materials.

3) The magnetic dipole interaction is generally evaluated by the numerical calculation
of a classical spin model.

4) The thermo-dynamic behavior of magnetization is evaluated by the statistical
average of a classical spin model.

Then, the obtained magnetic energies reflect onto the micromagnetics calculation. At

this point, the atomistic calculation is ready to carry out.

However, to analyze the entire body of materials and devices, the atomistic
calculation needs to expend too much computational resources. In this sense, it is
required well defined coarse graining theory for connecting atomistic calculations and
conventional micromagnetics calculations.

In terms of energy evaluation 3), the multipole expansion method naturally
deals with the magnetic dipole interaction, in which the contribution from the distant
part is averaged over a certain volume. For 4), the formulation of the Landau-Lifshitz-Bloch

equation is suggested”, which includes the degree of freedom for permitting the expansion and
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contraction of the magnetization vector. For 1), the method of single spin approximation® is one of the
candidate to deal with the exchange interaction between the textured grains. Finally, for 2), the conversion

from a single site anisotropy to the expression of energy density form simply satisfies the coarse graining.

Reference

1) D. A. Garanin: “Fokker-Planck and Landau-Lifshitz-Bloch equations for classical ferromagnets”,
Phys. Rev. B, 55,3050 (1997)

2) S.-dJ. Lee, S. Sato, H. Yanagihara, E. Kita, C. Mitsumata: “Numerical simulation of
random magnetic anisotropy with solid magnetization grains”, J. Magn. Magn.
Mater., 323, 28 (2011)
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Fundamental knowledge of first-principles calculation

M. Shirai
Research Institute of Electrical Communication, Tohoku University, Sendai 980-8577, Japan

In this tutorial talk, the fundamentals of first-principles calculation are briefly reviewed for beginners. The theoretical
framework of first-principles calculation, i.e. so-called density-functional theory was established by Hohenberg and
Kohn". They probed that the ground-state energy of an inhomogeneous electron gas can be expressed as a functional of
the electron density n(r) and the energy functional takes its minimum value for the correct ground-state. The advantage
of the theory is that we need no explicit expression for the wave function of an interacting electron system. The
density-functional theory gives us a firm base for understanding the complex interacting electron systems. However, no
one knows an explicit expression of the energy functional. A practical method treating an interacting electron system
was proposed by Kohn and Sham® on the basis of the density-functional theory. They reduced the many-body problem
of interacting electron systems to self-consistent equations, i.e. Kohn-Sham equations, for single electron in an effective
potential, which contains exchange and correlation terms. They assumed that the exchange and correlation potentials
depend only on the electron density at the position where the potential is acting. We usually adopt the explicit form of
the exchange and correlation potentials for a homogeneous electron gas. This is called local density approximation
(LDA). The treatment enables us to obtain the ground state energy as well as the energy band-structure of complex
systems such as molecules and solids. However, there are drawbacks originated from the LDA; overestimation of
cohesive energy and hence underestimation of inter-atomic distances, underestimation of band gap of semiconductors or
insulators including Mott-Hubbard insulators caused by electron correlation effect, underestimation of exchange
splitting of spin-up and down bands in magnetic materials, and so on. Some of these drawbacks can be overcome by
improved treatments of the exchange and correlation potentials; i.e. generalized gradient approximation®,
self-interaction correction”, LDA+U method”, self-energy correction including G approximation® and dynamical
mean-field approximation”, and so on. Typical examples calculated with use of these approaches are presented and the
shortcoming of them will be discussed.

Reference

1) P. Hohenberg and W. Kohn, Phys. Rev. 136 (1964) B864.

2) W. Kohn and L. J. Sham, Phys. Rev. 140 (1965) A1133.

3) J.P. Perdew and Y. Wnag, Phys. Rev. B 33 (1986) 8800.

4) J.P. Perdew and A. Zunger, Phys. Rev. B 23 (1981) 5048.

5) V.1 Anisimov, J. Zaanen, and O. K. Andersen, Phys. Rev. B 44 (1991) 943.
6) L. Hedin, Phys. Rev. 139 (1965) A796.

7) A. Georges and G. Kotliar, Phys. Rev. B 45 (1992) 6479.
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Theory of electron transport in the presence of magnetization textures
G. Tatara
RIKEN Center for Emergent Matter Science (CEMS)

1 Introduction

In this paper, we discuss two topics, an emergent electromagnetic field which couples to electron’s spin in ferromag-
netic metals " and current-induced torques 2 from the theoretical viewpoints.

Our technology is based on various electromagnetic phenomena. For designing electronics devices, thus, the Maxwell’s
equation is of essential importance. The mathematical structure of the electromagnetic field is governed by a U(1) gauge
symmetry, i.e., an invariance of physical laws under phase transformations. The gauge symmetry is equivalent to the
conservation of the electric charge, and was established when a symmetry breaking of unified force occured immediately
after the big bang. The beautiful mathematical structure of charge electromagnetism was therefore determined when our
universe started, and there is no way to modify its laws.

Fortunately, charge electromagnetism is not the only electromagnetism allowed in the nature. In fact, electromag-
netism arises whenever there is a U(1) gauge symmetry associated with conservation of some effective charge. In
solids, there are several systems which have the U(1) gauge symmetry as a good approximation. Solids could thus
display several types of effective electromagnetic fields. A typical example is a ferromagnetic metal. In ferromag-
netic metals, conduction electron spin (mostly s electron) is coupled to the magnetization (or localized spins of d
electrons) by an interaction called the sd interaction, which tends to align the electron spin parallel (or anti-parallel)
to the localized spin. This interaction is strong in most 3d ferromagnetic metals, and as a result, conduction elec-
tron’s spin originally consisting of three components, reduces to a single component along the localized spin di-
rection. The remaining component is invariant under a phase transformation, i.e., has a U(l) gauge symmetry just
like the electric charge does. A spin electromagnetic field thus emerges that couples to conduction electron’s spin.
The first subject of the present paper is this spin electromagnetic
field. The world of spin electromagnetic field is richer than that
of electric charge, since the electron’s spin in solids is under in-
fluence of various interactions such as spin-orbit interaction. We
will in fact show that magnetic monopole emerges from spin re-
laxation processes. Spin electromagnetic field drives electron’s
spin, and thus plays an essential role in spintronics. The other
subject, the current-induced torques, is a reciprocal effect of spin
electromagnetic field.

The effect of spin electromagnetic field was partially discussed

already in 1986 by Berger, who discussed a voltage generated by a
canting of wall plane of a driven domain wall ®. Emergence of ef-
fective electromagnetism coupling to electron’s spin was pointed  Fjg, 1 The spin of a conduction electron is ro-
out by use of gauge field argument by Volovik in 1987 (Ref. ®).  tated by a strong sd interaction with magnetization
Stern discussed the motive force in the context of the spin Berry’s 5 jt moves in the presence of a magnetization tex-
phase, and discussed similarity to the Faraday’s law *. Spin mo- ture, resulting in a Berry’s phase factor ¢/

tive force was rederived in Ref. © in the case of domain wall

motion. It was argued in the context of topological pumping in Ref. ?. Duine discussed spin electric field including
the effect of spin relaxation by use of non-adiabaticity parameter (8) ®%. The Hall current induced by a spin electric

field in the presence of spin-orbit interaction was theoretically studied by Shibata and Kohno %!, The effect of Rashba
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interaction on spin electric field was discussed in Refs. 213, These works &% 191213 have focused solely on the spin

electric field. The magnetic component of Rashba-induced spin electromagnetic was discussed in Ref. 4.
2 Emergence of spin gauge field

Let us here demonstrate that a spin gauge field emerges from a strong sd exchange interaction (adiabatic limit).
Because of the sd interaction, spin of electron traveling through a magnetization structure follows the local spin and
rotates with it (Fig. 1), and the spin acquires a geometric phase '>. The phase is written as an integral of an effective
gauge field, Ay, along its path C as ¢ = £ fc dr- Ag, where e is electron charge and 7 is the Planck’s constant devided by
2r. The vector A turns out to be

Ag = 2h (1 = cos O)Ve. (L

e
Existence of the phase means that there is an effective magnetic field, By, as seen by rewriting the integral over a closed
path using the Stokes theorem ¢ = fs dS - B, where By = V X A represents curvature. This phase ¢ attached to
electron spin is called the spin Berry’s phase. Time-derivative of phase is equivalent to a voltage, and thus we have
effective electric field defined by ¢ = —% fc dr - E,, where E; = —A,. E, and B, are called spin electric and magnetic

field, respectively. They satisfy the Faraday’s law,
VxEs+ B =0, 2)

as a trivial result of their definitions. The fields have a structure of electromagnetism and thus a spin electromagnetic
field coupled to electron’s spin emerges. One should note that those fields are real or observable ones coupling to real
electric charge and current and not just *fictitious fields’.

In the presentation, phenomena arising from the spin gauge field, Eq. (1), are discussed.
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Numerical methods for quantum magnets

Seiji MIYASHITA
(Department of Physics, Graduate School of Science, The University of Tokyo)

Methods for studies on quantum magnets are overviewed. In the classical picture, spin can be regarded as a vector of
magnetic moment. But, various interesting properties due to the quantum effects have been studied as the so-called
‘quantum spin systems’". Quantum mechanical effect in spin systems is originated in the non-commutative property of
spin operators: [S , .S y] = ihS_, etc. In order to take into account the quantum effect, we need to treat the Hamiltonian
matrix # of the system whose matrix is of 2"x2" for a system consisting of N spins of S=1/2. The straightest way to
study the system is a diagonalization method to obtain the eigenvalues and eigenvectors of the matrix. To study finite
temperature properties, we calculate Tr exp(-B#), and we need all the eigenvalues and eigenvectors®. However, often
we are interested in low temperature properties of the system, in particular the ground system. There, we may use
iterative methods for the low energy states, such as the Lanczos method. For such purpose, TIT-pack was released”,
which encouraged studies in this field in Japan, and several method to extrapolate the data has been developed.”. But,
the system size is still limited.

To study a large system a quantum Monte Carlo (QMC) method by making use of the Suzuki-Trotter method® has
been introduced. This method has been developed with the idea of the loop algorithm and the continuous imaginary
time algorithm®, and methods to take into account effects of lattice distortion have been also developed. Now QMC is
the one of the most reliable methods for quantum many body systems. However, the method consists of a sampling of
the so called world lines (paths in the path-integral method) ”, and suffers from the so-called ‘negative sign’ problem,
and cannot be applied to frustrated system efficiently.

As an efficient method to study large systems in one dimension (1D), the so-called DMRG (density matrix
renormalization group) method was invented®. The idea of this method has been developed and is now one of the most
powerful method for 1D systems. This method is extended to higher dimensions” also to finite temperatures. The
similar idea has been introduced as the matrix-product method'?”, and recently it has been studied extensively as

tensor-network methods.'"

Magnetic resonance is also an important subject of the study of magnetism. The ESR spectrum is given by Kubo
formula. As a microscopic approach, a direct calculation of the formula by making use of full diagonalization has been
introduced'?, which gives precise information of the spectrum for given systems, e.g., the effect of spatial configuration
of the lattice, the dependence on the field direction. Application of this method is also limited to small sizes because it
uses diagonalization of the system Hamiltonian. For the ESR spectrum in the ground state, we may use the idea of
Lanczos method, and also DMRG (dynamical DMRG)'*'?. For finite temperatures we can make use of the time
evolution of the so-called typical state.'>'*!” The field and temperature dependent in 1D systems has been studied bay
making use of field theoretical informations'®). The typical state would give a seminal method to give temperature
dependent thermal properties'”"

Moreover quantum dynamics is also an important issue in quantum magnets. The dynamics of magnetization under
time dependent field reflects the energy level structure of the system. Such effect was observed in single molecular
magnets (SMM) such as Mn12, Fe8, and V15, etc. '” The importance of the Landau-Zener process was pointed out.*”
The dynamics in dissipative environments is treated by the quantum master equation””. The combination of quantum
dynamics and dissipative effects provides interesting phenomena, such as the phonon-bottleneck effect or magnetic
Foehn effect’”. Recently the hybridization between magnetic state and photon state in a cavity attracts interests in the
context of manipulation of quantum state. The quantum master equation is also used to emulate such quantum
dynamics™. In quantum systems, the so-called quantum fluctuation plays an important role. By making this fact, the
so-called quantum annealing method was invented”?. This method is used in a quantum computing of the D-wave

machine.?”

With the development of super-computer such as the K-computer, massive parallel algorithm allows us to use a large
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memory. Such technique has been established, and now systems with more than 40 spins (S=1/2), can be calculated.*®
Recently the system ALPS is released for non-specialists, in which some of the above methods are prepared in

user-friendly way*”.
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Micromagnetic Simulation
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Since the pioneering works by Brown and LaBonte' ™, micromagnetic simulation has been used to calculate
the magnetization distribution and its dynamics in nanoscale magnetic materials. Because of the limitations of the
calculation speed of the computers, they proposed the simple algorithms to obtain the energy minimum state, and solved
the problem within these limitations'®. Usually, the exchange, anisotropy, Zeeman, and the demagnetizing energies are
considered in micromagnetic simulation.

E:A(Vm)2+Kusin29—%HD-m—HE-m. Q)

Here, 4, K, H” and H* are the exchange stiffness constant, the uniaxial anisotropy constant, the demagnetizing field
and the external field, respectively.
In 1980s, third generation supercomputers appeared and they extended the limitations. Micromagnetic

™ magnetic fine particle”'?,

simulation was used to solve some problems, i.e., the magnetic domain wall dynamics
magnetic thin film'", magnetic recording media'?, and magneto-optical recording media'®. In these reports,

Landau-Lifshitz-Gilbert equation was used.

m=—ymxH—%mxm. 2
. 4
—>m=—l+a2[mxH+a[mx(mxH)]]. 3)
d¢
Ho % 4
- “4)

Here H is the effective field acting on the magnetic moments. It is calculated by using eq. (4). However since the
calculations of the demagnetizing field required a lot of calculation time even with the supercomputers'*'?, they could
not solve the LLG equation with original form in many cases. However in these cases, they only needed the switching
field of magnetic fine particles or thin films, and did not need the dynamics of the magnetic moments. In the cases, they
dropped the gyroscopic term from the LLG equation (eq.(5)), and used a unity of the Gilbert damping constant to

reduce the calculation time 2.
. v
m=—1+0{2 [a[mx(mxH)]] (5)

In 1990s, the fast Fourier transform (FFT) algorithms were introduced to calculate the demagnetizing
field"*”. It reduced the calculation time drastically. By using this algorithm, the LLG equation with original form can
be solved, and larger scale and longer time simulation can be done with personal computers. Nowadays, there are many

open source programs and products for micromagnetic simulation”

, micromagnetic simulation is used in many fields,
such as nanospintronics, permanent magnet, etc, not only to analyze the experimental results, but also to obtain the
optimum conditions of nanodevices. Recently, many effects except for in eq. (1) are discussing, such as Rashba field
effect, spin hall effect, Dzyaloshinsky-Moriya interaction, etc. These effects can be adapted to the simulation as the
effective field. However even with the personal computers in recent years, the size of the simulation region, which can
be simulated within the acceptable time, is about ~0.5 1z m” in 2D model case. For larger scale or long time
simulations, special computers such as GPU or massively parallel computers are required”.

For the experimentalist, one of the interested points for the simulation is comparison of the simulation and
experimental results. In case of the simple structure target, such as a single crystal material, simulation results in good
agreement with the experimental results without special modification of the simulation model. However in case of the
complex structure target, such as polycrystalline material, many modifications of the simulation model are required. In
the presentation, the simulation results in these two cases will be presented.  The important points for the
simulation will be also presented.
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Finite Element Analysis for Electromechanical Design
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Finite Element Analysis (FEA) is indispensable to design and development of electromagnetic field applications in
industry as well as academic and several software packages for FEA are commercially available today. The basics of
ElectroMagnetic (EM) FEA, use cases and future work will be explained here. It should be noted that electromagnetic
applications can be classified into two categories, i.e. High Frequency (HF) and Low Frequency (LF) and this
explanation will focus on the LF. Although the names imply that there exists a frequency as the divider, no such a clear
boundary frequency exists since the divider is significance of the displacement current in the application's phenomena.
Typical applications of HF are antennas, microstriplines and waveguides. LF, on the other hand, has motors,
transformers and sensors, in which the magnetic field is dominant over the electric field.

The EM FEA was started in late of 1970 in the electrical engineering by utilizing the structural FEA technology which
was originally developed for computational vibration analysis for aircraft in late 1960". The applications in the early
stage were power transformers and generators” for both of which prototyping is difficult due to the size and
sophisticated design is required to achieve high efficiency and reliability for power supply in social infrastructure.

3)4)

Those successes expanded its application range to other systems and products such as TV tubes®”, solenoid valves®,

) non-destructive testingg). In the mid of 1990, as

magnetic recording heads”, EM shields”, induction heating systems"
well known as Kyoto Protocol, the energy efficiency improvement became a must time in most electrical applications
such air-conditioners'® and electric vehicles (EV)'" and hybrid vehicles (HV)'?'® which have to have very high
efficient motors. To achieve the super high efficiency, the FEA was heavily used and it is still going on today.

The basic equation of the EM FEA is the Maxwell’s equations with two constitutive equations which represent material
characteristics and the displacement current term is omitted from them for LF. This modification decouples electric field
from magnetic field so that it becomes easier to solve three equations rather than all the four equations. The drawback is,
of course, one cannot see electric field effects such as displacement current flowing in a capacitor.

It does not mean LF is easier than HF in which one has to solve the four equations because, in LF, there exists magnetic
saturation that leads to the non-linear problem and many applications have motion which is difficult to handle for EM
where both space and objects are have to be modeled.

The remaining three equations can be unified by introducing magnetic vector potential instead of handling magnetic
field directly.

The unified equation is transformed by Finite Element Method (FEM) into a form which can be solved by computers. In
FEM, an analysis region, which includes magnetic materials, conductors and spaces, and time are discretized into small
elements and time intervals. The union of elements is called mesh. The field value, which is magnetic vector potential in
this case, is represented with a polynomial using interpolation functions. It means that the accuracy of the solution
depends on the discretization, that is that smaller elements and time interval will give more accuracy.

The resulting discretized equation forms a matrix equation in which the coefficient matrix contains material
characteristics and the load vector contains currents/voltage/permanent magnet. It is solved by a linear equation solver
to obtain the magnetic vector potential. Recalling that the magnetic materials usually have complex behavior such as
magnetic saturation and hysteresis characteristics, the equation is basically non-linear and needs to be solved with
iterative manner. It should be noted that the dimension of the matrix increases as the number of the elements increases
so that efficient meshing techniques is important to generate efficient meshes which have enough elements only for
sensitive regions minimizing the total number of elements. After obtaining the magnetic vector potential, several
physical quantities are naturally derived, such as magnetic flux density, magnetization, eddy current, losses, force and
torque.

Today’s challenges in the EM FEA are material modeling and high speed calculation for large scale models. Since
material characteristics are basically given parameters for the equation'?, the accuracy of the characteristics will
directly affect the accuracy of the solution. On the other hand, behavior of material is so complex' that it is difficult to
have a material model which reproduces the behavior with reasonable costs. Although it is, of course, possible to use
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the micro magnetic simulation techniques such as the material model, there are two significant problems which are
enormous calculation cost and the fact that it is difficult to obtain parameters for the model by usual material
measurements. Eventually, relatively simple material models, which is costless and can be constructed with measurable
parameters, are employed in today’s practical situations accepting certain inaccuracy. In this context, several new
material models have been proposed and being examined.

The high speed calculation is natural sequence of pursuing highly accurate solution which is required for today’s
sophisticated detail design in advanced applications such as EV/HV. The main stream of speeding up is utilizing
multi-/many cores equipped in the latest computing systems, that is parallel computing. However, the calculation
scheme of EM FEM is not easily parallelized by its nature and many new ideas are required.

The EM FEA is actively used for wide range of applications and is still attracting users because of its powerful and
flexible functionality. The technical challenges are going on to enhance the functionality and it is still evolving.
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Magnesium ferrite (MgFe204) is one of the important magnetic materials for technological applications. Recently
it is more applicable in achieving local hyperthermia when compared with other ferrites . However, it is
necessary to coat the particles with another materials in order to make them biocompatible and suitable for specific
applications. In recent years, silica has been widely used as a coating material, because it is nontoxic,
biocompatible, optically transparent, chemically inert, and has a well-known surface chemistry @, In the present
study, we report large scale synthesis of monodispersed silica coated magnetic nanoparticles generated by facile
chemical method. MgFe,O4 nanoparticles were prepared using the single step ultrasonic spray pyrolysis process.
The particles were synthesized at 700 °C from nitrate precursor aqueous solutions. Then these nanoparticles coated
with silica layer were prepared by hydrolysis and the condensation of tetraethyl orthosilicate (TEOS) using HCI
as a catalyst, with the nucleation of the formed silica on the surfaces of the MgFe,O. nanoparticles that were
characterized sing XRD, FE-SEM, TEM and VSM etc.

It can be seen in XRD patterns (Fig. 1) that MgFe.O4 was successfully coated with silica while the crystal structure
was remained unchanged. The coated pattern also exhibited a hump near angles 26 between 20 °C and 25° which
indicating the presence of silica in the surface of nanoparticles. It can be clearly revealed from TEM images (Fig.
2) that all the particles are highly spherical in shape. A layer of silica was coated onto the dispersed nanoparticles
using hydrolysis and the poly-condensation of TEOS in the presence of an acidic catalyst. The coating process
resulted in a relatively homogeneous amorphous layer, clearly visible on the surface of the crystalline
nanoparticles. Occasionally, some individual silica gel were also present. Relatively better coverage of silica on
big size nanoparticles than small particles; however, the coating looks rougher compared to uncoated surface. The
saturated magnetization value (Ms) for silica coated sample was 11 emu/g which was lower compared to the
uncoated sample (16.8 emu/g). This large margin of saturation magnetization decreased due to the effect of
amorphous silica layer coated on the MgFe2O4 nanoparticles when the introduction of a non-magnetic material
shell (i.e. silica) has led to a dilution of the MgFe,04 nanoparticles magnetic behavior due to the additional mass
of the silica shell.
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Surface coating of high resistive thin film on Carbonyl-iron powder for Iron-based metal composite core
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MO EDX /5 CIPEREZE TN Y ha— SR T0D I L aiR LT,
HEY IR EBL CIP OSHTfERICOVWTHHRET 5. Fig 2127
FRREALREE L 0, U I DY 20 ~ 40 [nm]FRJE O
DRII0OWE T2 Enbhotz. ZHH LY, CIPEHEIZ

BE

1) k% &5, SEl 77 =L L E=— 178, pp. 121-127 (2011)
2)  Stober, W., et al. J. Colloid Interface Sci., 26, pp. 62-69 (1968)
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MgO(001) itk I TR L7 Hifh gl Fe-Al &yl Mg & B URFME

BT EERK -+ )RR - KT TS « ZARIERE - Ml SCR - FRBE(ESET
(PR, “HEEEKR, TIEK)
Structure and Magnetic Properties of Fe-Al Alloy Single-Crystal Thin Films Formed on MgO(001) Substrates
Tatsuya Abe, Tetsuroh Kawai, Mitsuru Ohtake, Masaaki Futamoto, Fumiyoshi Kirino”, and Nobuyuki Inaba™
(Chuo Univ., “Tokyo Univ. Arts, ~Yamagata Univ.)

[FCHIC  BMEFe B BT A AR DELOE —
B DRy, B 2475 & ORI & CIRIE <
W BILTND . BEERENOD FARE SR SR 2 4
BT B 7-OI1E, BREREARICXT U TSR AL
SNz Z Xy UEZ WD Z LA ThD.
Fexix, ZHFET, MgO(001)EAT i Fe-BA=>
Fe-SOAAIHATURL L, HARMEATI T, K
WFPECIE, RER e mEREFMENC o D Fe-AlA4:
(2% L T B X 3 v VRO & il FERIRE
B L OAIFefA R S & BRI T T B
DUWTCRFANZTH ATz

KBAE BERIIBEEZERF~ 7 R ha &
Ny B TEEE B V2. MgOFER EICER
(RT) 75 600 °CORD—iE Kbz T 40 nm/E
DFeAl (at. %) S2EEER LTZ. x%& 05
30 at. %DM T L SH7-. #EERHEICIZRHEED,
XRD, AFM, BHLHIFRRIEIZIZVSMZ -,

EBER RO & L TFepAly 245D
4k & ONEPIXRD /S % — & Fig. 1 (2577

RHEED#IZ2 L v, =iE (RT) ~600 °COIAIE
JEREPH CRe-AllF I X v v LR L, F0DJ7
A BRI FegAlp(001)[100] || MgO(001)[110] T %
Tt EMIR L. mAFe-AI002) 35 L OE N
Fe-Al(200) A HHIBIZZ STV D03, BT
FHIZRD LN, DT LG, DOy B2 7oL
OMAMIIER S TE 5T, NEAKE (A2) 28
JERE S TND Z &7 5. Fig. 2@ KA
DR S U 7= NS 1-EfEa & msh ke
oRT. BB I ATy TF (B3%) OFEEZITTC,
ISR L, m/ME I3 L g Z &2
D . FAARENEEINT 5 &, alk L Ui vy
EIZEDNTE Y, BRI SV TND T & 03Vrh

In-plane

MgO(002) g
1

Al(002) |2
>

D

—~ ~
S <)
S N
<) N
=2 S
o o
(=) [=2]
= =

(a-2)

Fe-Al(200)

b
(i

b-1)

Intensity (arb. unit)

1 1
20 40 60 80 100 20 40 60 80 100
20(deg.) 20y (deg.)

Fig. 1 (a-1)-(d-1) Out-of-plane and (a-2)—(d-2) in-plane XRD
patterns of FegyAl,, films deposited on MgO(001) substrates at (a) RT,
(b) 200 °C, (c) 400 °C, and (d) 600 °C. The intensity is shown in
logarithmic scale.

0.295 @l = 1.0 ©)
0.203 F 2 gosf
0 = A6,
0201 4 206
Y il =1 S oal
< 0.289 - 1 ' Ay,
0.287 - ¢ $02r
~
0285 L L I O Il 1 1
0 200 400 60 0 200 400 60
Substrate temperature (°C) Substrate temperature (°C)

Fig. 2 Substrate temperature dependences of (a) a, ¢ and (b) A6k,
AbGyso.

%. Fig. 2(b)i2A6k 3 X VUGpsy DFEMIRERFIEZ RS, FAEE O EFICHED, WIhoELED L Tnd 2 &
NG, BREASELED L TWE Z 0505, MHIL, Fe-AS4 DA L ORI Z OV T b g4

LTETHL.

ZECHR 1) M. Ohtake, T. Kawai, Y. Asai, M. Futamoto, and N. Inada: IcAUMS 2014, A6-10, Haikou, China, 29th Oct. 2014.
2) T. Kawali, T. Aida, M. Ohtake, and M. Futamoto: INTERMAG 2015, ED-05, Beijing, China, 14th May 2015.
3) T. Kawali, T. Aida, M. Ohtake, and M. Futamoto: J. Appl. Phys., 117, 17A303 (2015).
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Fe-Al(001) B dib T I OO 16558 25 )

JUHHTRR « RATFE « “AIER
(FaRR)
Magnetostrictive behavior of Fe-Al(001) single-crystal films

Tetsuroh Kawai, Mitsuru Ohtake, Masaaki Futamoto
(Chuo Univ.)

[ZLBHIT Fe-Al A4 ITEN -8R R 2 7~ LIRS
SEREENTWD. Al &4 &I L iEmpR R
PEPME T2 LHC R E REEEZ RS-0 Y, K8 2]
AL ERERT~ORERLEIREShD Y. L,
Fe-Al Hifk it i DI AE O s 11T M . ARS8 Tl
HIF(D03)2N BT bee ARG HNLD LAESN
ZAEEKEITH T bee(001) HAE St M A /ERL U [RlRRE
TEDORGEZFEZRE L.

EEAE Fe-Al 4% —7 v b (FejxAly, x=0-20
at. %) A A L CBEEZERF ~ /% ha A%y 23k
B2 D MgO(001) HifE A M _EIZE S 200 nm D%
JEREE 300 °C TEHL L7=. RHEED & XRD (2 X {E
B 72T B2 23 % LR L7 bee(001)HEAK fl ik
ThdZ LR L. B biifiL VSM T, BEITH
Fr b Y7L THROKR 1.2 kOe DIAfinfgss 1 CHlE L. Mk
HHICHAT DY FRERT Y IOV T HRE
EaOBPED B E 2 Z B U EE A AV,

%Eﬁﬁ%&%g Flg 1 0:E§£¥EUE%%%%TO F€90A1|0
P DR E BN T bee(001)[H DO SLBEKIE M (4 B #75)
Z LTk Y pure-Fe & FALL L T\ 5. S Hlh 71
(A//1100]) TEIZ LI-MEEIT A HX 7R T 0.2k0e D
INSIRRESG I ST CICHINZ T L TR Y, BEAK
XL R AITHONTIERRITER <. WEEdh Hm (1)
[110]) THIEE L 7o feaB 1T = AP0 T 0.2 kOe D/ S 721
LTI EL, BENRRKREL DI o0TH
IEIREL 20, 0.7k0e FRETRIFNT 5. T D DOZEH)
6i{|§ﬂ£*§@$¢£§%?ﬂ/ 3)"6%\{"% Hj;EZ) #jj, FegoAlzo
EDREE NI R > TV D, BHEhTIM CRIE LT
WETH-> THZDOHINIKE RBEGRTFEEZ R L,

1.0 kOe UL ETIFEATI4 5. F DIRIEIL FegAl oL D
HIXD IR E W, HOERIIRE R KRE L R DHICD
AVTIEREEC AT < . [R5\ CRLEE L 7=t DR
RTINS, DORXBHIKFEEZRL, 0.7k0e £
TIIARHAIZREEZ R L, 1.0 kOe VL ETlIfafi+ 5.
L/7L: 733\’) T, Feg()Alz() H%Tbj: bCC(OOl)ﬁ@%EﬁHEﬁ%E&ﬁ
P DAHINE 72 B (B 2 (X mE R GPE) DREE
L TWHEEZOND. 1.2k0e TORERE

A/ bee[100] A/ bee[110]
a-1 2
82kge Jorv ff~333§95,~23131

% 1.0 kOe

1.2kOe

Output

W %
| | | | | |
(b-1) (b-2)
0.2 kOe Joav 0.2 kOe Joav
0.5 kOe
\\“///“\\\v///“\ 0.5 kOe
g |07kOe 0.7 kOe
& o ———
=
S NN
1.0 kOe 1.0 kOe
\/\/\ e
1.2k0 1.2kOe
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Fig. 1 Magnetostrictive behavior measured for (a) FegyAly
and (b) FeggAlyy (001) single-crystal films along (a-1 and b-1)
bce[100] and along (a-2 and b-2) bec[110] under various
magnetic fields.

%73) 6@?%%?&%%&?6 k s Feg()Allo H%T&j:/ho()::}?) X 1076, 4111:_18 X 1076, F630A120 H%'@Li/1100:56>< 1076,
An=—4X107° &7 0, Al BIRTEMEIT Ao PIETREL 2D, 4 [FATE OIS < 72D L H Ly

Fe-Al 54 OfHEF L FHELL TV 5.

SECER 1) ARG MR, BEAAN R7 v 7, p. 1078 GAELL, 1975).

2) EEFE, R TEE 79, 305(2003).

3) JIHAEES, fHEEH, K7, —ARIER, 25 38 [\l H AR S EITRHE S, C-05 (2014).

To be published in J. Mag. Soc. Jpn., (2015).
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PLD {£IZ £V Si Heht B~ L 7= Fe-Co DR RF:

W By, IR U, R

A, fEk MR (RIEKRT)

Characteristics of Fe-Co films deposited on Si substrates by PLD method

A. Yamashita, T. Yanai, M. Nakano, and H. Fukunaga (Nagasaki University)

1. I

Fex 13, $010 pm/h DO ESIEH FE 2 45§ % PLD(Pulsed Laser
Deposition)i% % U Nd-Fe-B SR JE M5 %5 4 fERID4- 2 &
iz, INUDEFT A A~ ED TE Tz, MR T,
FOFETOL—=PFE—=LD ARy h¥ A X (R X—
B 0, 2=y PRV um BOM KR L L TR
T IRy 7Ly b OBEORE S, W TETREOMAL
ORRRFEICE LS B RIET 2 L 2@ L0,
AWFZETIE, ERROL—HFE—LDRR Y FH A XD
PERABF D RIEIZ BT3B L C, mfafnie bl & L
THILN, BEESLAN Y Z Y ZIETOERNRE SR
Tb\}:) Fe70C030 @4‘%}1%(3)'(5)0:% H L/7LC0 ij*%‘({i, %E%E‘,‘J

RERELT, L—PFE—LDARY F A 2T EH,

Fe-Co FR % it L 72BR O, RiFFREZ e b TR R
A L7 T 5,

2. EBRFE

6.5 rpm CHlHE S 72 FegeCosy a2 ¥ — 7 v NI K 355
nm ® Nd-YAG 73V A L— % J& 344 30 Hz THRET L, %t

TS RR T L 72 5 mm £ 0D (100) Uit Si JEARICHERE S 72,

FORE, L—YPE—LDARy b A XE2EEE57-
W, BV ADONEEZEHE L, FATERT D DF rate
@ % 0~03 LEFE L TEREIT-T,
DF rate = (TD—FD )/ FD

ZIT, TD XX =7y b bEN L X E TOHEE,
FD I8V o RO B A2 BT 5,

AR CTRTETCOBKBEEITIRBEEZDO LD TH Y
VSM THIE L7z, M HTIZIE SEM-EDX % HV 7z,
3. EBER

DF rate %254 S HAERL L 7230 DR A Fig.l 1277,
HZ—7y NERETO L=V E— AR RS, KT
(2 TJust Focus (DF rate=0)] (Z L7-B%, sEIOMARIZ Y —
7y MHAKIZEE R Ferich 1272 %, Z Of&ERIE, Nd-Fe-B #
—/7y hTOMmE —ET 5 O, REORmPREOBEE L
bbeTEZD L, M RKE L —FE—LaH 1 L7
5 0.15 225 0.3 OFPFHD DF rate TITHEREMHIMEN D
FHELT, #—7y MKERFLZZ Fe 7Ly Fonk
WEICHERB SN0 L HEE SN D, —JF, DF rate=0 @
SfECERIL 723 EHT, R 7Ly ho&ERE L EDT
52 LT, REERENH ET D EAMER SN, EIZ
K%%ﬁfﬂi, FC66C034 %HEZ@&*’?“) ]“%ﬁﬁl/\f:fi&), E
WL T = e — AR EHK - T2B, Fe JR 123 AR5 01
EAEM: 2 FF > THERE S 4L D DF rate=0 OS] 1I2HBW T
FerCos FeE DM b 1520 Z E N TE 72, Fig. 2 133 £ X%
7¢ DF rate DO H EAERL U723 OMSEFETH 5,

ARFEERCUE, A28l R HIIIRE A 1400 kKA/m FEOREALIL 2.2
TZEBZEWVEEZRLTEBY, I KENIBER 16 kA/m O,
TR L7- R0 711%, DF rate DK FIZEWEADT5 2
ENHER ST,

T y T ' T y T
75 [ i
<
s C
o 70+ -
O
T 4
L
=
EN P
65 F X2 e\
. 4> Target composition
| " 1 L 1 " 1
0 0.1 0.2 0.3
DF rate

Fig.1 Average compositions of each sample as a function of DF rate in
the usage of a FessCos, target.
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/V) KIAIOI20D)
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Azooo g
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Fig.2 Maximum magnetization and coercivity at applied magnetic
field of 1400 and 16 kA/m, respectively, of as-deposited samples as a
function of DF rates.

B R

(1) M. Nakano et al., IEEE Trans. Mag. 43, 2672(2007).

(2) H. Fukunaga et al., J. Appl. Phys. 109, 0A758-1(2011).

(3) X. Liuet al., J. Appl. Phys. 103, 07E726-1(2011).

4) Y. P. Wu et al., IEEE Trans. Mag. 50, 100204(2014).

(5) T. Yanai et al., Journal of the Korean Physical Society, 62,
No.12, 1966(2013).
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Anomalous Nernst effect in Fe-based thin films
T. Sachi, Y. Kugimiya, H. Kurisu, K. Akai and S. Yamamoto

(' Yamaguchi Univ. )
[FL&HIZ
BREL AT O/NSOBVERBHAN N E B ST, B

LU AN B AT EVE S T
AL /“!Z~/\/7;<JJ5T%’<E41~IJ)EHL7Z%0)<EJ:I:/\( Mﬂ:ﬁﬁ’( ﬂ@ﬁ%%ﬁﬂJﬁﬂT et

By I R
\CH—DOREMEM BT
BN TWA SR LY

@%IJ,fmtrbxz%é D %_Tzlxlﬂ% Ti Fe %«»—xkbﬁ%ﬂ%@ﬁﬁﬁzw/xbﬁ% CRBBGEIEITHOWVTHRBIL

7=
EBRAE

RF <7 hay A8 238508 % T Si 3T Fe 85 K (Y Fe-Al 1
55, B A AN (Fe—9.5%Si-5.5%A)Z M= 100 [nmIZEHEREL 7=, TR
BHE, b AT VA BVELHIZ L DEE N OREITENE I
SHE . IREVGUBHRIS ) 1 BV A WA IR I 2 1 A s, BRI
TENZ BN TUIRENEERE D EEE AR O TEE ORI 10[KIDIR EE 2241
JTCHEEITo T2,

Fig.1 (2, $kFEHEIEIC I D B RV ANEIE (E,,) OB AT

PEE RS, Bl TSRO IR CIIIE T I NS 7283, Al 24528
THIR LTz, B X ANEE CIIFFICRERIEE 0S5, Fig.2 12,

Fe-Al RO EAFIEAL (M) EBESIRIIR (o) D Al ZAH BIKFEZ =T,

Al OEH EREINTDIEE A bIZ/ NS0, BRI
7oo TRIEMEIRIF -0 Fe 4 1 FICIEREMEIR 1 Th D Al S E S NLH T LN
SEVFIBAL ORI TED, ? Fo, BEREHIRBEINT 50134
AL D A HE T OBELN B 12772 Th A L HENI S5, Fig.3
W2y B RV ANEIE EppD Al &8 EIRAAEE R T, MO o OfEN
EBIZIFEIRE IR EVME LD lE, b6 Al A &N 20 %I T
E e RN D 2NN D00 T2, DED Bl ZEFR L& B S HPTR
DIEICEINS,
FED

Fe MIEClXb 3 B H LSO -T2, B F xb%ﬂ%f
ik%f££$ﬁb>ﬁEM7‘_o EpD¥EINE Fe (2 Al ZEIN4 5241

T, BRI o OBINCERT5H0THY, iili/e Al &4 &) ﬁ“

FTAZEWGy T,

2 ik
1) Y.Sakuraba, K.Hasegawa, M.Mizuguchi, T.Kubota, S.Mizukami, T.Miyazaki,
K.Takanashi, “Anomalous Nernst Effect in L1,-FePt/MnGa Thermopiles for
New Thermoelectric Applications, ” Applied Physics Express, 6 (2013).
2) FREEZ, R, FiasEzl), 1Ael, RN, “Fe-Al G4
IROBERE,” A AERF2EE, Vol.70, No.8, pp.622-625 (2006).
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Fig.2 Aluminum content dependence of
saturation magnetization My and electrical
resistivity p for Fe-Al thin films.
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Fe RENREMEARPORRBKIC K HHERE O BHUIR

WIS, ATDRER, ATl il i
BAUBE RS NI TR R
Depinning field of domain walls at a misaligned grain boundary in Fe-base soft magnets

Keisuke Yamada, Shota Irie, Soh Murayam, and Yoshinobu Nakatani
Graduate School of Informatics and Engineering, The University of Electro-Communications,

[FL®HIC

HREPER BT, ZBESE, BEM, T—F =R 08NS ANLNTEY . TNTNOMBDOESR
BRI ) =R B —DIRBUL R & 72> T D, T3 L X — DB 2 EB T 5 1013, KRR
J1. EEER, KRR OMRE 2 FF MBI A N RO SN TV D, EERER, S b2 oME e L
TERAR— A DOBEARMEHUN H 0 . X572 M6Em L2 BE L T OFER 2SI TW\W5[2,3], #K
REVE R BE O LRSI I, BEBER NS B2 FIA & ST\ D, BREBEERN T, BEMERE 3 2 k1
T CRR) CHEEBEINE VEOEIND Z ENMEENOEFREEZ LN TNDI4,5], LLRnG,
HRRBEMERIZ B D 907 BEBEDRL TR CORBEN A I = X L0, FISZEIT 5 90° BEEED B b A
= AL OWTEEEFEMIZHR N TR, KR TIE, ~A 7 e~ X7 4 7 AV Ialb—v
a U EHANT, SR 2AOBERIZEB D TRIBIRIC L 2 EEE  E O KR OT B =0 Vi 2 1~ T,

#ER

i U 7= A REI X 11271 X 91T x-z8 HF A2 2048 nm x 256 nm (Z/LH A X 1 2 nm X 2nm)
ELTE2WTOfEIE L, 2 OEDN z FIZ B SR R >Tnas b o L Lz, kifix, X1 H
ICHATRISNTZR A Ew = 4 nm OFEIKE Uiz, RO, RO Ly 2 TEA & LT
ST E L, ZORES % D & LELS BT, MEEEIT 6.5 wt% Si-Fe O#RESMEROEE HV =, v~
Sal—ia UREREY ., BEIRR TE LD ENDMN, 250 90° BEERZNENER DR TT
BV END I ENDMol, FEY=U IR, RROES DEWINSE5 LT 52 L Rbho
T=o THUT. DOHINC LY 90° BEBEASRIAE TE L SN AN T 572012, KR TOMEET R
X —DECEDDT D20 THDH L NboT-, Fi-. BEEET RLX—0540 LR N E 72 5 ik
ERHARDZ LT, MR BREFEORIICBIT DT B = TR EfITHINCRD D 2 E N TE T2,

90° domain walls

/ i \»

kY

256 nm

+

v

£

N

v 2048 nm
Fig. 1 Geometry of the grain boundary in the soft magnet.

25 Xk

[1]1Y. Yoshizawa, et al., J. Appl. Phys. 64, 6044 (1988). [2] A. Makino, et al., Mater. Trans. 50,204 (2009).
[3] A. Makino. I[EEE Trans. Mag. 48, 1331 (2012).

[4] C. Kaido, et al., J. Magn. Soc. Jpn. 20, 649, (1996).
[5] C. Kaido, IEEJ Transactions on Fundamentals and Materials 131, 466 (2011).
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CoPd-CaF, J~/ 7' T = = 7 —#RBEMERR O 3 J AR R o
(2} 1E 3 Co & Pd & DR DFZEL

ELVLIESE, fRERDE, AIWIREE, A iisg
(EEREATT)
High-frequency complex permeability of CoPd-CaF, nanogranular soft magnetic films
depending on CoPd nanogranule composition
M. Naoe, A. lizuka, N. Kobayashi, T. Iwasa
(Research Institute for Electromagnetic Materials)

[FL &I

—WREZ, EWVIERBEREFEERET A ERO Ay X FEFEIZB VT, MO CTELS LRWRY mHNEIL
BEAEfGD Z LW, B T =2 LT VT =227 —E~EAT L2 2L, fEfmES
PEORMEHEREEN WS, ThEEDLZENTEDL D). ZRE TOMET, CoPd A&h ik b B ITIER R
DR EREN IR GVERE L 720, Pd=15 at. %FefE DA SR CTRIRRYL & BGVERR & DT o AN i
fbEh, EWERBREROBBEIEBEEE £ 27T 2 ZW LML TE R 2. ZORHEDO T, RO
FiEwEF LA Sy NS H T WAy ZIENCETT 5 &, O BIFUERFUIEE L, f O EEIX0E
KD 4~5GHz 7°5 7TGHz LA Lict B L= Y. F£72, ZOMBEGEEEICE Y Pd DREEENELT S Z N
otz Alal, CoPd Rtk T =a—)v, CaF, %~ MU w27 AL L7z CoPd-CaF, T/ 7T = = 7 — Rtk
BEZFBUWNT, CoPd 7T = o — /WD fICRIETREBLZFHRDHZ LT, b smEk bz e L.
EBRAE

BUTFAANBZETIE, 7/ 77227 —HDrT7=a—Lt~< ) v 7 AMEIOFME, BLOWAE
DFEEZFETE 5. 4FNE, CoPd & CaF, & DFEE —E L L, CoPd 547 7 =2 —/VORMtLE, AN
A THD CoT 4 A7 EOPAdTF v 7ETHEI L=, ZDEE, (Coigo.Pdy)so-(Cags3Foe7)a0 (at. %)D{L=EIZ
BWT, A x &2 5 KMETE (L S 72, BEEIX 1 pm ISRz 7. 7ok, RRIERRICIE, JEM A K298 K)
&L, BAREINZIT > TR, FRBIGHBRED D12, 160 kKA/m O ELFERER 2 3B O i N B LA 5 5 T
FINL, 413K T5min EZEEVLEE 7=, 2 T=ERICBWT, B %E WDS, e bRE%2 VSM, ET L
i lUEEstE, BRI OEHBBBEARY MV EEEA 78 A N v 754 ETHIE L.

EEBHER

CoPd & CaF, & ®HFE, CoPd 73 79.1 7> 5 80.9 %E TIE H DWW, ZOMEIKTZ OREDIL 5o & T,
MERFIE IO R & R a 5 2 7., — 05, AL x 1%, Pd F > 7 BIEEFEL T 12,5, 15.7, 208, 232, BX
W262%EZAL LTz, A RO CHRBHI 2 TN 82 R E 720, CoPd 77 == —/L® Pd

GHRL £ & OBIRICIE, Pd ORIICHE ST A8 < 251 49 vy

DR BT, Fig. 113, (Cop74Pdo26)s0-(Cag33F0.67)20 D T L
{EIREE T AN SN, BRI ERBRR AT MV ERIE LT

P
WRTH D ABORRBALIL 0.94 T, BHPERERIL 110kA/M, F
HAEHIT 4 pQmTh o7, LLG HRRICES<EET, 13 §
10.8 GHz & BATH v/, EHMTIT 113 GHz &7 0, Bida— §
HL7Z(W). LML, CoF 4 AZICPdF v 7 HRUVHFEA o
Sy B OETIEO R L EZ CNDMESEA DD B 0
WL BB, FET 179 GHz L RBLHNG, X0 5 F
FHEDEVEE— s BEEENIC S5 - L Bbha). O |
BEXH I R
1) Naoe et al., IEEE Magn. Lett., 5, #3700404 (2014). 108 Fre agzc (H2) 10"°
2) Ohnuma et al., J. Magn. Magn. Mater., 310, 2503 (2007). Fig. 1 Complex pegmeabil)i,ty spectra of the

3) Kobayashi et al., J. Magn. Soc. Jpn., 23, 76 (1999). hard axis of (Cog 74Pdg 26)30-(Cag33F0.67)20 film.
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FeSiBNb EEfE D VERL & fge SURr M O EAT
BN, BRI E], fPOREET, RTHE ., /RIE
(ZEKRF, "KFEKF)
Magnetic properties of FeSiBNb thin films
Y. Takeuchi, Y.Fujiwara, M. Jimbo®, K.Maeda, T.Kobayashi
(Mie Univ., ™Daido Univ. )

Ui

Wetk 79 = 2 5 — D TMR Z R L7 GIG Bé& o ¥ —" Tk, #RmMEE 2 3 — 7 i3Il
AL, ZORNBERZAML TRELZ ERSETW5, Fix D7 L—7FTlE, BEI— 27
FIZHNWBILTUWD a—CoFeSiB HEIZ Hf 7e K& &EMN 2 5 2 & TlEMERAm B35 2 & 2l
LT&722, LML, Bs HNSKCRREFEFTIERTLTLE S 2HIT, MEWERE L 2O E 5I2E Bs
ERTMEINRLETHDEEZTND, T2 CARIFIETIIEBs BFF CEX D Fe LT ENLT 7
2454 T D FeSiBIZNb ZWM LT N7 7 ARG ZERL L, + ORSKENEZ 3140 L
72D THET 5,
HKEBRF

WEHE, v~ 7% br oz y ZEEEZH, Fe #—4 v b XD EICKF » 7 (Si,B,Nb)
ZRAEE D CER U7z, R OIREITRIEREFFIH L C-10°CRE & L, ER L 72308 o IR X
100-300nm, _E¥FICITfR#ERE S LT SiN 8% 20nm HEfg S 72, BULF I IEZEh T 72, 2
JLERIR 1T 200°C 5 600°CTH 5, BEXHFEIX VSM, #1EfEdTiX XRD, TEM % /-,
HKEBRAER

Fig.1 |2 FeSiBNb J# KD A FIRE A% B O BULEIE K 72 9, 2 ® FeSiBNb B OFHAL
%, Fe:Si:B :Nb=74.3:125:8.8:44 Th 7=, 350°C F TOEIIE CTILAFORE A
WCRERETIR OGN o72, 550°C LV HiE TR 5 L fFBRBENKRE L EH LT
BY, EREPEETHDE2HDEEZLND, Fig2 3RE N OB ERTFECTH D, A
B O I1IE 2.60e Thoto, BULPEEOHME & 6B ITED L. 350°CT 0.20e
FBELRY, 0%k EH Lz, BULEIZ X 2 RESOK FIXS D OERMBRR EEZ NS T
W, METENPHEBARE REICR> TWD Z ERHEREIN S, 550°C LV EiE TOELEEIZ X
LRI O EFIFRESEIC LD b0 B X HND, B AT, Nb IRMEICKHT 2IEFM 2 L2

He
= \jﬁ ZD o
15 3
. .
14 ° g 25
% L]
13 = 9
~ 3
)
212 Z
S 15
1%
Tu L4 ® 2 . o
A o
10{® g
S 05
9 o
0
8 0 100 200 300 400 500 600 700
0 100 200 300 400 500 600 700
Temperture (°C)
Temperture (°C)
Fig.1 Dependence of the saturation Fig.2 Dependence of the coercive force on
magnetization on annealing temperature. annealing temperature.
L Z DTN

1) N. Kobayashi et al. : J. Magn. Magn. Mater., 188 (1998) 30.
2) M. Jimbo et al. : J. Appl. Phys., 117 (2015) 17A313.
3) #71% K. Inomata et al.: J.Magn. Magn.Mater.,31-34 (1983)1577.
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EW F ek HEHGEHE O TRKHFM

ek BR NI YN Tk EHE
(SACO &Alfl=xtt)  (RLK R LYyHR) (R M LYH%K)
Soft Magnetic properties of Fe-base thick amorphous alloy sheets
T. Sato” Y. Koyama® Y. Nakamura®
1) SACO Limited Liability Company 2) Tokyo Institute of Technology

I EHIZ

MAEDOAREET 50um JEDOF e FIFHEGGENETERBRCRE T2 L 2RE LY | TRO#EH
TN A TSR T 72 <, I EME S SR FTREZ2 $EPH CTd 5. BT ClE as cast OREKFFETH - 7228,
D%, T =— N EOBKFHEEZRIET S &M (25 um) ITHATHIRE LI2RpE TIE o 72, LARTORE
Fix, WE 50-60 u m 3T TEARITFNTH o722 . 22T, AT LIzl I OB R 2 il U CRpiE 2
DOHEEZHSNTT .
ERG L

WEAEERE L7 50 pm JEOYERMENS (B-1) (I3 LT, [+ THRIE L7z 30 um EOREL (B-3) IBLOL il 3
(XY, 2) OMEtEAT Lz ATV 2025 um THD. 2D &0 25mm, & X 100mm (2GR L,
Beg7e L7 =—/ L Lz, IREEIX375°C, fRFAIFIIZ604y, FRIAKULAr HATH D, BEFUELAH L Tuian.
e E A EEHH (BK) @ SST (SY-956) ZfEM L7-. SSTEIZHIE T3 (BF) O S A ¥ A fETKRIEL
7o, WERUIHMED 2R A2 RS 2 7o D PSR TRt O REBIZEZ L, Frice —ViElc g Lz, EHT &
Du—VEHO/NS TR (ZT Ry b)) ORES, BdEY O THEE L.
FBRAE R

Fig. LIEERB T =—A#ZOWE f 12 LT ey FLERTH D, Wik 1L.3TI2H1T L2848, 1L
D, Fig. 1 X HITBEOFE (LLFB) ISR KE V. EROARICKE 27281370 <, YU oK
TS (AT U TR Wh) 23, BOSHERKREWHBTHD. £ 2T, Wh OREWER A7 7P Bt
BEORR, BO—VEHIL, EICL T =T RS v bR RE<ED3 %LV (Fig. 2a, 2b). =7 KT v F&E
BbT 2L, BB LOMICVRHAMEIZIR o7, ZOFRERG, Rl (Frlcw—/Lii) O T R 7 v ~OPERIRAE
FR D ITHREREVE EEBRERICAT TH L Z R THISND.

BEIR
1) kit BABS PR HEBEEE 2aE-11 p89 (2014 47) 0) PeiEE S (REA2E 1991 42)
4 | | ‘
375°C X 60min
L ;0!;—:'1;!;] annealed - e bssom
§ : Bm 2w g
X 30 N o eBIUILum)
S L
P R T —
= B (]
B - e
77 -
Thickness obtained from weight =———Other products
1 ‘ TR N R N S N SO S L L

oI 10 20 30 40 50 60 70 80
W, f (Hz)

Fig.1 Core loss/frequency vs frequency. Fig.2 Photomicrographs for 50 1 m (a), 25 u m(b)thick roll side.

— 313 —



11aB - 11 F39E AR FIGREELE (2015)

Fe BIFE G @RI D IRRNTERESA ORE

e B
(SACO &lAlex4t)
Proposal of Large -Scale Production Method for Thick Amorphous Sheet
T. Sato
(SACO Limited Liability Company)

EC¥»IZ

Fe JEIEANE ARV THED 35 um LA EDORMTETT TR CHAFE SN TWRDN > 7228, #ilL, 25 mm 1§ T
50 um JEOREAE 100 kg BUK TRIETE 5 K 5127872, BIRFAIT 50 mm i, 50 o m OFPEHE 100 kg AL T
WETED. LoL, EHIEREZIAT, EZ RELTHITHERH L. ZoOMEE 7 V7 T2 HEZRET
5.
PERIED MRER

AmTEE ZENICRIET 5123 A e — AN B G N 68 ) BE & v — L NE 2 M AUKICHR S 5 BvE
MANT U ALIRTUTR B0 LU, RED 35um 2 REL 225 EREEHTRD. v — /L OIR A FEiE R
LLBICEALTHOBAKENMETL, o — A REDRENH DIREL Z 22 &N ML ED.
EDOMDIRE TR AET 200 FFH BT Fe v — L Zflio TEBRL TN D, ZAUT KAUTK 250°CH Hifbdh
L3 E 5. Fig 1 ITEFEBLAD D OEOR S 58 L OVEDIRE & SBEORGRE R . BREITEERE T 20~23
pm OFHICH 5. 48 AKTERER A D ORHE L 7 — VEE OBMR 27T AR LAUZ A Z— b 130
m (VAR AREE 360°C) L CEHENHMNL TWD. ZAUTREMEDIED LEZXHN5.130m BT 5 r—/L
AL 250 CTH-72.Cu m—LDEE S, ARITNSWARLIT D IREIZ EFT 2. ENELS 25 L@ D
FETIIHAKIC K D BEBENE R0,

Ribbon Length (m)

2a—iiE (21— ORZE 040 50 100 200 300
?L'é%, ‘{%iﬂ = H/l/ti?\/:/ﬁ\/l/wc‘&) 6 . %%&'fi\‘%%@ CU /ﬁ\{jé% - 03 %ann

FIV T b AR OB 2 = % % DI E I o 1L A © N
X\, ZIT, 200REE—AY H5VIEFig 2 DL IC fory

2 Ribbon Length (m) 1
FRZWEM CHE 722 oD L—r b bu— a5 ) S 04 3;oc |: ]

°C anneal !
BEEZREY EOL—rTHhigEE A X — N5, WENEL o0 | 1 at1.3TI50Hz
5L, L— ARIED ERATAE < R D, Fe m— L ORR Ribbon Tomporsture (0)
NEATEXDLIRET D L, FMEIELEN 250 CF TlIthE % Fig. 1 Core loss vs Ribbon temperature
R . N (Inset: Roll temperature vs Ribbon length)
e CTE 5. 250 CIZET HENCHIEL THiEEHFDL—2 — .
BT, RIRRIC R IR 250 CE ClEshi&Ea#i) 5. T O/, WMMIWQFA
E@ L— V@%@YEE ﬂi?’%fﬂﬂ( /C“‘//%fl] é h%yﬁlﬁ < G:E 5 . avr:lortphousn \ t;‘J
TAER D R RITER RV IR ORISR RRETH B, M '
STk
1) Pl B CEMRSC p 114 GRS, 199 149 e
2) P BE AAMSFS5 114241 (201 24) i
” - Fig. 2 Proposed two-lane alternate casting

3) Rk BE HAKFF5270295 (201 34F)
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T VT INF ¥ oy TR T — NE—F O REEFRRE
RA—HE, =, —/ B8
(RAER)
Basic Characteristics of Radial-Gap type Magnetic-Geared Motor
Kazuki Akimoto, Kenji Nakamura, Osamu Ichinokura
(Tohoku University)
1. [ZLE®HIZ Low speed rotor

W VI, FEHEAL CHEBOR N ATRE Ch D720, BET -
WE D/ NS EHEME - RFEOm BRI TE 5, F 7,
V7 FEAE RN — B R K AR E—2 LRI L Th D
7o, BE— 2 L XY g —ME LR ¥ — RE—X
DOFEMMEBIIFRFSND D,

AFa T, BRI O A R A — LB —F ~DJf
HEHPE LT, 707Xy v 7RIEKRX v — R E—%
DOFHEZ DN THRF LI THET D,

2. BEXVY—FE—20D FILYEH

Fig. 112, VT F v v VAKX Y — RE—Z D5

ARERL A RS, B E0IE, 3409 2 v MEHEEROEE

(Output)

Fig. 1 Basic configuration of a radial-gap type

magnetic-geared motor.

Table 1 Specifications of the radial-gap type

magnetic-geared motor.

T & 4kt omiEEER 7 (High speed rotor) THERL S U zia,meter 140 mm
xial length 15 mm

o [EIEFER L OME L HE T [R) SedliA, he > High speed rotor 632.5 rpm
%o WEEFBOOMEITIEIT 1AM A SRR, BEabEHT
AT BBERRE T B, XVHIE, 4 R OmdllE 7 o speedrotor Lo

Number of turns/pole 62 turns/pole
1gh speed rotor WG AR T OW spee High speed rotor

(High speed rotor) & 23 ik o (i [alfi: 1 (Low speed s

rotor) , M— /L E— R L LT B 27 H O R CRERE < - magnet pole pairs
. i s N . . . ow speed rotor 23

No, R—= &= ZOMEITEHBLL, BatBHIxAY magnet pole pairs
LBERERA T B FIBICRT & 910, MR T (High — Gaobicetumperotpoes 27
speed rotor) BNE—FEEXFYHTHEIN TS, Gap length 1.0 mm X 3

FIROERL T, EEFERIC 3 HRRERE AT D
&, AR R U Cmndfaldis 7 (High speed rotor)
DEEEL, ZHAMFVEHT 17575 (=4.723) ITHGES
T, [K#[EEE - (Low speed rotor) 7 & 4&#kH ) 235
biILd,

Table 112, 77Xy v 7KV — RE—F¥D
LA R, RESClEiRE e O, EAAEEL VWA
B ISR O BLRILEE D HIRE L2, BEE R V20T, B
EIHE N 10 A/mm2 12 5.81 N'm ML ETH 5,

Fig. 212, 3t AREFRIELZHWCRELKE, 77
LR vy TR XY — R — X OBRBEX L7
MErRd, CORERDE, BIE N7 % EE>T0n5 2
EWRoND, SkiE, FORIE L EFEEREZITO TET
H b,

¥, AWFFEO—EIE, FFEPREEIHE (26630103)
DA 215G TIT o 72,
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Material of magnet

Sintered Nd-Fe-B

Material of PP

Soft magnetic composite

Material of yoke and stator

Non-oriented Si steel

8

(=}

Torque (N=m)
N

S}

0 2 4

6 8 10

Current density (A/mm?)

Fig. 2 Calculated torque characteristic of the
radial-gap type magnetic-geared motor.

BE X

1) K. Nakamura, K. Akimoto, T. Takemae, O.
Ichinokura, Journal of the Magnetics Society of

Japan, 39, 29 (2015).
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FE) T HHE#H SR T — % O ERER

REUAGHL, BRETBARRS, PAMET, —/ 8 2
(ALK )
Prototype Tests of High-Speed SR Motor for Electric Power Tools
Y. Kumasaka, K. Isobe, K. Nakamura, O. Ichinokura
(Tohoku University)

[TLC&HIZ

AA v F "YU F 7 H A (SR) B—ZIL, EHEF,
[FlfE 1 & IS 2 A L, BERIRHT 02 LIS R
THY T XA MY EFRHLTEEET 5, BT
B EFBORETEIND, £, Bl IEZELO
HCHERR S, BRSO ABAIIARETH D, LR
ST, SR E—H |IEEIRD TR CELUE, 221,
E[EER ST D e FORRERT D,

Axial length 17.85
SN EH DI, BB TEA~OIEAE AL LT, A — e i
§ L Gap length 0.2 mm
[RELFEVE (FEM) & VT SR &— & Zfiffr « B%GT L :
N . Core material 35A300
TR, BEFOKABA (PM) E—ZIZIEET % b —
Winding space factor | 44.3%

NI EHTHZEEZHLNILEY,
AFaTlE, ERROMmFHERICESEFELL SR £
— X DEFEEBROFEFRIC OV THET 5,

FHIESR E—2DFET LRARER

Fig. 112, AIEL7ZEEF 12 %, [Alfs1 8 fizod 3
FH SR £ —#Z OEwzmd, SROMEHIE S 0.35 mm
DRSO A B CThd 5, Fig. 2 1%, EEEOEH)
TREIZAWSNATWS PM E—#ThdH, Zhb 2
ODE—HDAA Ty RETEDTZEBITE L,
—J5, SR E—HZA—TF A2y MEETH D0,
RAERE OB ERIRITN 4% THY, PM E—F D Gap length 0.5 mm
4% &Y bEV, £, Fx vy TRIIPME—Z LY Magnet material Nd-Fe-B
YA Winding space factor | 24.0%

Fig. 3|2, BMEIREER MV 7 Ftkd 7, 2D
Mz R25 & NTFHFBEYO ML BRBLATND D

Fig. 1 Specifications of a prototype SR motor.

22 mm
45 mm

Axial length 17.85 mm

Fig. 2 Specifications of a present PM motor.

ERbbND, £z, BARUTPME—XD M7 % 03
_ . S . PM motor (calc.)
J:lElO“CU‘%)\_&ZZPTﬁﬁFéﬂE)o —Eo.zs | — SR motor (calc.)
- o SRmotor (meas.) | -~ .7
T < 0
Ph L, BT RURFE SR T4 ORERBROGE T o
[ZDWTak 7, g
¥ 0.1
%]
EEXH Z 005
1) K. Isobe, K. Nakamura, O. Ichinokura, “A
0 ‘ ‘ ‘
Consideration of High-Speed SR Motor for Electric 0 5 100 15 20 25 30 35

Winding current density (A/mm?)
Fig. 3 Comparison of winding current density versus
speed characteristics.

Power Tools”, Journal of the Magnetics Society of
Japan, Vol. 38, No. 5, pp. 194-198 (2014).
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TE Y ILEYy v ISR E— X DOERTICET B E %ﬁé@lﬂ%’“

GHRZHE, %R, — A8
(AL RF)
Experimental study of Acoustic Noise from an axial-gap SR motor
K. Ito, H. Goto and O. Ichinokura
(Tohoku University)

[FL&HIC

IR, B & — U W RN T2 OB IENOREE N Ta A RN EWAL v F F U T2 XA (SR) £—4
DEEEZEDTND, EEDIE, AR, —NEA L7 NREFRAOBEBXBEBEHE—X L LT, R
THE MY BEZATITR Yy AX vy v 78 SR T— X 2L L, WfE - ETRBRICBWTH M1
BLTEZ 0, oL, BEIRHZEB T DIRECEENIEFICRENVE WS REDBZH D, ZiuIEMAbIZmT
TR T REFETH S, ATk, ELodET vy ¥y v 7 SR £—4 OEEE OFINZ i 9

ST EAT T2 D THET 5, Power supply Juy
Diameter 266 mm
SR E—42 QEE T \ {m ) ) Sta?oxrizlollagetr:]gth 33.153;;0;:? x2
Fig. 112, BUA O SR T — & OFEAMAE R T, : 8 Sccional wenctstmorpole 1070 o
EE T 18 4, (R T 12 B Th D, 1O OEE T SR Lengh - 03mm 2
I 2 SOIEMET-& A AT S T — e — 4 N E T

Winding resistance / pole 0.465 Q x2

Tdh %, Fig 2 ICFEBISEDIBLZRT, T—F&2F A
TEA—ZITHGE L CAMEZRIINL, Bl Z T A —
ZLELIEZOREENE L SOoNTEEE 77— ; Torque meter
TR, [ OSRE LVOHER BT, B
WIEARE R A Fig. 312”3, X BlXBR 12 E 412 J8H L
[Hz], Y #li3E— % OEERE[r/min], Z X E L~L
[dB]Z/RLTCW5, ZZ T, [HEEFM%p, [FHEE N,
[r/min], M A k(=3)&T D &, T—F DEMS)DIER PR
IR QR TR S NS, e 4.
kprnr ) ] - - ‘
f1 = 650 (1) Fig. 2 General view of the experimental system.
M (a) & 2.2 AR SR CIE, [EEREUTIS U C EXOREE DRIIR > To @il A8l i Tnsd 2 &
DD, ZIUFE—XOBEBDER L TWDE LD E W25, [FIXI(b)Z & ERER D & 75 oAmhX
Z 59, 2000[Hz]ds & OF 3000[HzIZ F-2E & 72 5 mafil il 0 st S iz, Sk kicmly, ZoFzgEs
12 DO W T DIFRGHT Z RET L T D

450

Fig. 1 Specification of 18/12 axial-gap SR motor.

Level [dB]
500

49.0
48.0
470
46.0
450
440
430
420
410

400

¥ 150 400
T_)x 0 200 400 600 800 1000 0 1000 2000 3000 4000
+z @ Frequenriy [H]z] ( l;requency [I-[Iz] |
a)0~1000[Hz b)0~4000Hz
BEIM Fig. 3 Experimental Result of Sound pressure level.

1) T. Shibamoto, K. Nakamura, H. Goto and O. Ichinokura, ICEM 2012, FF-001678 (2012).

—317 —



11aC -4

F39ME HAMKER IR (2015)

RNA (28T 2 FE T — X O EE R _EICBE3 5 M5t

e Bz, MR w3, EHHEOAEL
(FKFHR)
Study on the analysis accuracy improvement of induction motor in Reluctance Network Analysis
T.Umesaka, K.Tajima, Y.Yoshida
(Akita Univ.)

FLEHIS

WA, HERIRBE L3, =L —1HEHH Ol
SN, BREROEARIEIRD LTS .
AR D EVEE B, HARENOEEETID 60%
HOTEY, T—ZOEMFIDE 2 HEEITK
TWnEEZLND 2,

EHHITEIS, FEET—XOERRILEKREFTS
728, M ITEEERFEEEIRIZ BT 5 — X2 RO
HEFE 2N AIRE A, WESCHR B B 1 #7 BT (Reluctance
Network Analysis) i fl 2424 L 7= 9.

AMTIE, WEROEHTET IV THEEIN TR
Sz, IITHIEEE 28T B BR NS — (T OREH Sy
i, MOAX 2 —% BB LT T VEIREL,
T —HRE O  E 2 X - 72D THET 5.
fEITFiE

e — IR E o a T o pEEa T v
%7 —4% (SKD-DBKK8) THh 2. filike—%
DAEEE « ~1E% Table 1 127 L, BEETFB X OEEE T
ORI % Fig. 112~

Table 1 Specification of a specimen motor.

Parameter Value Parameter Value
Frequency 50 Hz Number of stator slots 36
Voltage 100V Internal diameter of stator 45.0 mm
Current 126 A Outer diameter of stator 73.0 mm
Output 750 W Gap width 0.3 mm
Number of poles 4 Number of rotor slots 44
Running capacitor 40 uF Outer diameter of rotor 44.7 mm
Starting capacitor 350 pf_ Iron core length 93.0 mm
Stator core >
Slot \\\\\‘ D 0)
S '7// 5 Air ga
v gap
&\//\‘\{ 2,2
D . o
S 7p /"A‘
N = ~ Rotor bar

Shaft Rotor core

Fig. 1 Stator and rotor of capacitor motor.

RNA €7 /U, EE T & Bz -2 RICEbE T
NEIL, ENENOLEERE S - MENLRD
AR B CE &2 D 2 & TERERZ AR
WTRLELOTHS.

2 I EER - OB RIEET L & LT, 3k 3)D
PEHRE T VTl Fig. 2(@) 12~ 31 L 7 e & B % %
W2 X O TER(MMP) IS SRS & 5 B
AR RBET20THS.

ZHUTKE L, FIRK(D)DIREET LTI, R —
ZE R N OBER S % LV FEIC BB TE 5
X9, rEE A ML Lz, E£72, [AlfiE AN

—MD2AB Yy FPAX 2 —%FEETH-, AT
BT 3 EI L, 45 % ORGKIRIRE 1Ll sk
TlAuy NMyEiZEE TN 5.

(a) Previous model.
Fig. 2 Magnetic circuit model 1/44 rotor.

(b) New model.

R

[FIfE PR, A iy ([FHLEE AR (2o
WTRBET NVICEBRMEDO ANNEIEE 5 2, 18R
FEUE | [A], #HEERRE 1, [A]OFHE ATV, FEERAE,
SCHR 3)DIERTE T L & el L7 ik e & DL R IR T

Table 2 I, and I, of the motor with rocked rotor.
(Input voltage 25.6[Vms])

In[Arms] | 1alArms]
Meas. 12.6 3.45
Previous model. 18.1 2.68
Suggestion model. 14.4 4.04

Table 3 I, and I, of the motor under no-load.
(Input voltage 100[V ms])

Im[Arms] Ia[Arms]
Meas. 7.35 2.57
Previous model. 6.45 2.66
Suggestion model. 6.72 2.57

FEH
TERFIEIT LY AR, [R)H EE Rl Ry o

F—FERPBRBIFICFETE .

p i P

1) R Bk T2 OEBRIE”, BAR AEM F3E, Vol.7,
No.3, pp269-272 (1999)

2)  FrREFR T ITBR R S - B O R E S I
T 2R LRk OB MFEA <FRAWESE > (2009)

3) K. Tajima, and T. Sato : J. Magn. Soc. Jpn., 34, 367-373(2010)
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RNA (2S5 < TEAREE E AW 7 = 7 A4 MCA OJREH-AT

PR, o FRAESL, H 5 5e3C
(FKFHR)
Demagnetizing Analysis of the Ferrite Magnet Using Two-Line Approximation Based on RNA
D.Momma, Y.Yoshida, K.Tajima
(Akita Univ.)

IFL&Ic

A THARG AT DA = O AR RN E ORI,
7 x4 MEAENTEE—Z OE R ED &
NTWBED, 7=7A MEAITIIMIRETIT X - T
il Lo Wb, Wil 2 B8 LGS EIZ e b
#5113, RNA(Reluctance Network Analysis) % i\
Te K AW — & O RBEEICOW TR A HED T
WHM Y, SERBERC X %I A B L T R A
VERIZHESL STV, £ Z TARETIE, RNA &
CEMRTELE AW TR ik A R L, ARRESE
HEFEMIC L 2R EMBE LK EZITH>Z LT, 0O
AHEIZOWTRFZITo 7O THET 5.
RNAIZ& BT 54 FNERDBBAEN

Fig. 1) IZfiFATET L OTIR 2R3, Wit 23 20mm
X 20mm @ U RSO A3 12mm X 20mm, & X
2 2mm O 7 =T A Mg (SSR-420) 138 E N TE D,
FRLDZNFNORNC 20 # — 2 OERBH ST
W5, [FIX(D)Z RNA IS EHRESE 2 RT. £
FNOFIEDD U4 TF V& L, BERDSH 0138
HeL 72 DX v v TEEDITMN L 3B LT 5.
Fig.2 & W\ C EAT IS X 2 R BER OF
BHEEZHNAT 5. 7, SMBEA R 2GS OB
LEMES an b ERAEMIEL, JHEMEE DS D
ZRW, ZEb LFEEEAELIERE hET D KW
T, BRRUCERZ T LT & & O R He & 3R 0,
lo LMHENELL, Hy Z D EAR | & I-H R L D
ZEZctThE, e b®EEE AL TB-HE
PR DM dPEAEER L /D, 22 HANH
WREFHOR0ICT D EBaEfEslT e L.
Fig.l OFREET /L& HWT, Bifa Ok m & i
WA & ORERNIEAET D X D1, EELIDY 230A 1
2B X7 axX Y EERE 3 AT L CTHAENME
REBREL, 7274 Mg OB %217 - 7=
Table 112, Fig.1 IZ/R L7= 3 DO EEDWBLIL DR
HERE2 T, ZOKRELDE, FOEHRL FEM O
FHEE SR L CTRY, BET D TIENER O
Pl RTRE TH D Z AR ENT

20 mm

64 mm

Stack length 20 mm ElementA B C

(a) Shape of the model. (b) Division of the RNA model.
Fig.1 Shape and division of analytical model.

B-H characteristics approximated by two lines

J-H characteristics

l Iy

NER—

Le)
Flux density (T)

=
H.; Hep H(’-(L H, ¢ Diamagnetic field
External magnetic field

Magnetic field (A/m)

Fig.2 Operation point of the magnet.

Table 1 Calculation results of the demagnetizing factor
at the magnetmotive force of 230A.

Element A [%] | Element B [%] | Element C [%]

RNA 213 26.2 213
FEM 22.0 28.4 22.0
BE W

1) Y. Yoshida, K.Nakamura, O. Ichinokura,
Katsubumi Tajima, 1EEJ Journal of Industry
Applications, Vol. 3, No.6, pp.422-427 (2014)

— 319 —



11aC - 6 W30l ARG SIS (2015)
W5t CHREN 9~ 2 /D7 AR O /NI S ?&7‘7“\ D52

SRR, TEERRER, AW
(LK)
Effect of miniaturization on thrust force in small flapping mechanism driven by external magnetic field
Y. Higashi, Y. Hanazawa, T. Honda
(Kyushu Inst. of Tech.)
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R Z 2T ABIZ IV Z D0 BRAN Y REbih%s
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Fig2 (2, ANV A I 7 4V AJED 7.5um & Spm 2BV T,
FhE 10mm CTEREMESR 600e D & & D K#E) L HEOREGRE
RY, ek, BRAHEX. EREROIRE L THE L,
BE14mm 68 <25 0T d 8mm £ TIEHEITHIMN L T
WL 23, 6mm TEHFTH & 720 | 4mm DL TIEKRIEIZHREAD LT,
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bb\o 7o T2 T, 16 EFEEOMDO bR ERKELTH20D
T 5um JEORE K 4mm (2B W T, #ADAHITFIR A< INL L =44
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FEH DT AEAT & P LA RS S C RSN 9% 3P

BENELS R DIFEAM L7225 RITEHR
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PET film
(thickness : 0.1mm,width : 1Tmm)
Phosphor bronze wire

(90.05mmx4.5mm) Polyester Pole

(90.2mm x 11mm)

TS
ram,

Polyimide film
(thickness : 7.5, 5.0pm)
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NdFeB magnet
(@1mm x 3mm)

(a) Top view

Iron wire
(#0.10mm)

/

Polyester Pole —
(¢ 0.2mm X 20mm)

(b) Side view
Fig.1. Structure of flapping microrobot.
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Development of magnetically driven biopsy mechanism for capsule endoscope
S. Murata, Y. Hanazawa, T. Honda
(Kyushu Inst. of Tech.)

[FL®HIC

VAR, R CHMEE N A EETX A eV NEENS A AENTYH AL BRICIEESND L 5127 -
77. LovL. BURTIIEIEEEE L nizd, ZWr-CIBEOMEED BRI FH-N TV 5, AL TlLlalimkE
ROEREOEWERAFA L, 7B 220 ERSE, £REITH) 2L 2R RAT-OTHRET S,

RFHER EEBERE

Fig. 1 (ZEEMAAE 246 UT- B T2 3, B, /MENES 25-30mm (ZxHE LT, 17 &L B 1
SEEAICTOTOD3EHEZ DA, 22 TIHKE DS T LEOEMERE DR LTV 5, SRS,
Wiz 7 v ¥ 2 Tz 7z PC AL F(M2)& 1 72V HUDENZEEE L, AT 4 4 L LT PC T v h(M2)Z R
DATT T D, ARV B OLEEGHTITERENR & U CER S ISl 7z FRK NdFeB B (e8mmx 1mm) % [ &
L7z, ATAFZEERITFIE Y aA >  2M LT, 2ROV 7 ) ZREL, TO0EmIZY Rk
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WG D5 2R DIVEMIRIC IR > TV D, AL, AL EM2)O—8GIZER Imm O b L3> i
WCIEAR S AN AL S 37z AR NdFeB A (¢ 2mm X 2mm) & Y (5726 0T, I 7B VO EGRICk L
THEIZEE L72T Yy PMOICFHAIND, A b L3 OZEHS 2B AEAS B g & SOHAlC 72 %
XoEEIND,

WIZ . 0 7 )V INBEE 2 WAL N O S8 TR NBE DR 2 00 0 B BRI 2 BEIC DWW TR~ 5,
Fig.2 (TS bt & At O BB 4 | JEREEh & 42 OR 9, (SR I, MEROR %2 Z-X mICEINd % =
L THENT 5, R M7 I K> TEBEERARL IREEE L, ATAXNBEITAZLI2E, Voon
WRUBT T TDEHINS ERY | SehkdD PET 7 4 VAR T AMEN S KX BT 5, FORR, =
THERE DS NG IREE L. 0 7B WEE OSIERT 2 L, A7 VX T AMIC L2 65, Zodk
REC, X-Y WIS 242 & ARSI OAR /L FREER L, SEmo4m b Lo oMER D > &
— AR L2223 6, ARKERZE D B . BT 5,

EERER

T T CIHE A & AR RS A BRI L 7oA R 2 R R D, SRS 1T K 2 22 R IR R 20mm,
T/, EAOEREREOZRHEEIZ 10mm THY, 17 BVEREEDES & NMNENREBZ D o7 kE
SEMRTE D2 L 2ME Lo, MARIRIEIZI T 2 & ORI L 700e UL ETH -7, WIZ, £k
HRgIE, /NG EMEH U CHEROBIEERR 21T > 72, 900e. 1Hz OBRENES CHRE) L 7258, 2mm 2D
REE CHMZBITED Z L2 MR LT,
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‘ | | M
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Fig.1 Structure of capsule. Fig.2 Actuation principle.
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Improvement of Magnetic Actuator capable of Movement on Magnetic Substance
Shun SAKUMA (Tohoku Gakuin Univ.)

Hiroyuki YAGUCHI (Tohoku Gakuin Univ.)

1. [FC®IC

ARFZECIL, BREAIIRIC XV IBEARN R ET D
TEME ) 2 HEEIR & U C, RaMEIRIE 2 BB nl RE 72 FE R
T Far—REREL, TOHEMERMEZ T,
HMERBRELY, 7/7F2x2—FI12 90 g DAMEE
L TYH, 38 mm/s OEE CTEEIAHRETH D.
£, K7 7 F a2z —XOFEITHMIL, BREREO
EHRIZX R deEI N,

2. P9F1I—-30%EE

X 1 1 ZEEA B E B BRI O RERER T 7
FaT—FOWHEEE R LD THD. KT 7T =
T— 2%, IREMAZ R T 2 1 EolrEXh, Vo
TRIKINGEA, T 7 F am—F FEICES Shviz
Jibis F BB A 1S L OVK AR I K iR S D . H
Wz, BHEES 25 mm, 4ME 12 mm,
ITEH k=2.689 N/mm D A7 L ZHELEHE =
AMERTH D, Vo ZRUKARATIIME 1 2mm,
N 9 mm, &S 8 mm T S AN E: S L7-#£
AR E 352.38 mT @ NdFeB A 2 VT
5. BEAIE I 80 mm BLWE X 1 mm,
A 2.75 mm, £ & 17.5 mm O R U RIOE 12,
EAL 0.2 mm O %A 740 EEEW- 6 D& AV -,
7 LV HEFRRIZITE & 15 mm, 179 mm, /£ X 3 mm
T, EXFEICHEMINTZWET F=2.6 N 257
% I LBUKIREA & T NSRRI ER Y A8,
ExIToT-.

708, Bk OERBA OERLOSHEX, BiEY I =
L—3a U EEBRICE D b Sz, Aeds, i
Bi%, RECODIEDEE, BHORE &, Bl
BERD 3 DIZHONWTIThIL WA, EBRTIE, i
IR TAR e L MEMAZRIEL, ThET 7 Fax
— B ARARITHL IR IA A TEITRNEZ 3 L 7=,

X 21%, EBREFEBOMIEZRLZLOTHS. X
31X, 7/ Faxz—FOEMAIZ0.14W OEI%E
AT & LIZGA, Afr e TE EFHE & ORMRE R
L7=bDTHD.
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Fabrication of vibrational circuit breaker and its temperature responses
K. Nishimura
(Nat. Inst. of Tech., Suzuka Coll.)

[TLC&MHIC

ol Izix, HE, BRORBICLD2EMODIL, FEIIRES Z ECEIRY TENEND AHOEMER &
D% DIRENNFET H, T DRI NT, REMU EORENZ N2 5 LEET 2IREIOY I v F A
A v FEREL, TOFECONTHRE L CE DY, 22T, FEMLL EOREN 2% % & OFF 4 51R
o7 L—h (REEREE) 28EL, BUWELZ AL v FICR LEMEREZITY), ZHETEHAAS v F &L
THHT 2 L 2OEMIE. B mA REOMIBREREZ S 2

TV, AR L ORISR TE R RS MARED 0 O -
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Fig.1 ® X512, KF Ld 9 WA IZ 2 DORMERE T S | Moving magnet S
HZ LT, ZFRHITHDo T IRRED S FEICED N N
DI LI b O Th D, TIUTHA & 2 S ORI 't S
MWFE L2 b DIZ Y 9 — OB U < AT DI TREMER N."A,N/Ferr%ma%lnet. IIIfN

N e o t
DEACRIERSZE(L L, &2 Wl CRENDRECEETS s wyer b
bOTHL, WRCHO T, BEICLAIE LR TRE TN Insulating NN
M ) —BEN BT bRVE S IcT R ETRLE, 1% Ferromagnet S
KRBT LUVIZER S | T-Magnet S
ST, B LI ARB AT 28 0O B R 7 B @ (b)

T, 2~8 A DA D 2L Wi I & it L 72 & & OIRJE Fig.1 Schematic of vibrational circuit breaker changes
FerEZ2 e Lo, IRERERIE CIX, AT9A4 % >y 7 2fH from (a) ON state to (b) OFF state.
LT, AA v FLAafE Lich—r —Hic—

EOBIAETL, 74 VENHTERR L % 1001
BIE Ulee REERIER. AA v FOEFHIIHENL 5 g0
B EREIT, PRSI Z D (T 572,
Fig.2 k0. IRENVEFEREEIA A 7L —h 3 60
LLTOBATIEARL, 7T L—HLLTD 5 40
RAAEFE L0 EEZ HnD, 2)
REFFED 1%, ISPS IS 24760240 oy = 20 T
BEZTTELDOTHY, KfixELDDHITHT
0. Rk 2 b EEARENIEDOBASILE (B 0 100 200 300 400 500 600
TEPIRE IR ASHEEE) ICHEER LIV, Time (s)
5 E Sk Fig.2 Temperature responses at different AC currents.

1) CSFHGHUE, B ARSI F2E Vol.33,No.2,pp.114-117 (2009)
2) K. Nishimura, M. Inoue, IEEE Trans. Magn., Vol.47, No.10, pp.2808-2810 (2011)
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Enhanced surface flux density of anisotropic bond magnets by homopolar-faced magnetizing
Takuya Sakai, Masatoshi Kanamaru, Shinji [sogami
(Fukushima National College of Technology)

1. FEHIZ BUTT 7 Fax—H—T3( ZAORE EEREIVEREIR, £ ZICH#E S D K AMA B
< DRGHBRESNAGRPHEE 72 CIC L > TIOD LN TS, 5% T A AP A XOHE/INTAEO K ARG A D7)
B e &, DERDBREIMEREN TG HILRWAREME N H D . ZHITHEA L L COXKABANLRET S
WAHEEREMET T 25720 TH 5. £ 2 TH A LB % HalbachBl 5L L > >HH N v 7 5 — 27 OBR%
ol U CIRNRER 2R L, RERGREE O L2 B L T& 72", Lo L, HalbachirE (A2 13BEK 7
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720N, XKoo TAMFZE Tl R ER 7 v 2 ORES A28 L CAL Y &8 Halbachlié A & RIS D FRmE
WHEEEZERT D EEHME Lz,
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3. EERER X 2 1 XFEM A AR 0TI MER o RiGA BARR RN D BER S FE TR EE O il (B,)
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RIS 5. F9, WINDLIZX LTS, EHILVREROB,VPAWNWI ENRRTEND., ZHIZK 1 D
I— 7 EEICB O TREMCAR -V E—ANGFET D720, BMEASERmMICEF LZHEREEZONS.
WICLMEAFMECE BT 5 &, LDETRIZ E> TN L STz, £ L Ty =20 KA OFEHENIZ W Tl
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1) S.Isogami and H. Matsumoto, Journal of Magnetics Society of Japan, 39, 21 (2015).
2) K. Halbach, Nuclear Instruments and Methods in Physics Research Section A, 246, 77 (1986).
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Layer-selective switching of a double-layer perpendicular magnetic nanodot
using microwave-assisted magnetization switching technique

H. Suto, T. Nagasawa, K. Kudo, T. Kanao, K. Mizushima, and R. Sato
(Corporate Research & Development Center, Toshiba Corporation)

'i L: &) ': “Upper Layer (UL) ) Co(6)/Pt(8)/ )
A FoiikE %§E1 LDzl kVReB A RSE 5, 3 RoThé T RCoPtML | [CoX)PiB) X 3

KALERDEBLDT=0121T, nafiE%ﬁ%*}i’bt HMOEFEZIAL B ML rises CR[::;‘L Col10)PIEY

D BITE DS % %f&;z@. AW T, FEXARBANCEAL, 2 BOER | 34 o Sicate)

A 2 Fi L?‘:Eﬁ@ﬁﬁl—‘%“y}\i::}%b \C, JBEEIRU AL RN~ A 70 IcoreB 27) | Me°

BT S AN IER[1-6] &t T DT L TRIRE T H T L& FEREL T2, &b, Ru(£5)

BURE O RALARBNC R T 515 HOREZ B2, & BORIEOFHA =2 i

LR CODRLIRBIE—R DR EE B I/~ a0 A4 layer tlcknssaas ere

EEREE - &R Fig. 1. Schematic configuration of sample
2 E@Elﬁ@’ﬂﬁﬂ%(l—l-, UL) , Mgo H%’ 2 ) . i (b) Wlth 10 GHz microwave field

(a) Without microwave field

%@ﬁm@'ﬂﬁﬂﬁb)%ﬁfé TMR H%%—f 200 nm Initial ﬁ swi:ch ]
%l
=

E =
<F LL %swwl h

H lkoel

(c) With 20 GHz microwave field

switch
£ %swm %

X 200 nm OEZ—RIZINTL, %1 (Fig. “
D AERL. ZoFETFEAW, v/ 70 &
BRIz E1T5 LL-UL ORfbKEEA T

L7=. 2D, LL 28 UL X0 @Eunwis
BIMER DL, BEfEEEHIEL CHD.
£7-, HNBALEL, MR 2 B2 W\,

Reslstance [Q

w
&
=5

&

Resistance [Q]
8

Resistance [()]

250

LL-UL OREERIETEEOIACONG o o o5 e
[6]. Fig. 2(a)lc, LL-UL ORLE T A perpendicular magnetc iR OS  p 1
BIIL LR L, 3874 B 0D T2 1 R s

- - e Fig. 2. H, dependences of sample resistance (a) without microwave field, (b
(H,) AR 4. 22Tl A7 o P P @ (b)

with 10 GHz microwave field. and (c) with 20 GHz microwave field.

RIS TRV, AL ZIBL T, 4 2

(bR AR CX, BEMEARGFEOBOO-D, UL ORMEREDOHLE, e pmny
LL DAL KR 5. 8 250 Oe, JE L (fre) 10, 20 GHz, D~ A~
R A FIINL CRBE ORI EZ B 272> 7-[Fig. 2(b), (c)]. 10 GHz T,
~ AP RIR 2L DA ERERIC UL OKERNEEZY, 7 AR RIZED
ZORHERER MR T LIz, 20 GHz TiE, ZHETLIERZY, 130T LL A A
DEERLT-. ZORERIT, vwmgzmw)mm&%ﬁw@“é_azw, & 4 | ULpwitching SR
BRI E RS FTRE THHZ LA RL T4, Fig. 3()lc, K515 ¥ e e O]
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[1] C. Thirion, et al., Nature Mater. 2, 524 (2003). [2] J.-G. Zhu, et al., IEEE Trans. Magn. 44, component of sample resistance.

125 (2008). [3] S. Okamoto, et al., Phys. Rev. Lett. 109, 237209 (2012). [4] G. Winkler, et al., Appl. Phys. Lett. 94, 232501 (2009). [5] S. Li, et al., J.
Appl. Phys. 105, 07B909 (2009). [6] H. Suto, et al., Appl. Phys. Express 8, 023001 (2015).
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Vortex dynamics-mediated magnetization switching in perpendicularly magnetized FePt | Nig,Fe;q nanodots

T. Seki®**, W. Zhou*, H. Imamura™**, H. Arai***** and K. Takanashi*
(*IMR, Tohoku Univ., **JST-PRESTO, ***AIST)
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V7774 —BIOArAF v 2 v 7z e CHEGIR 2 B 260 nm DFIE F vy b~ ERHEIINM T L 7%,

EERES FICBWTH 7 By b ORISR 2 HE L 2285581, <A F — b — ZICR BN 22 2 B 38l & e,
FePt JED A A v F ¥ T35 (Hy) LA T Tld Nig Feyo B DREALIRIZ A TH D . FePt J8 & Nig Feyo JE23 5L
TRIFEA L TV B MRS N O, ERTHONLBUHEE ~ A 7 a7 %25 4 7 212 X 2 Btz
HEDH L 72 & 2 A, FePt @ EIEHLLZ IRIF L 72 £ £, NigiFeo BN TIZ AV T v 7 ABKREEDTEE S
N EPHEPERS T, T, BEBGZHMRIEZI2ONT, AT v 7 AREEME R AT I E
i Z 41, NigFeyo N DR EIE ST AN LRI 2 ED3b o7,

Z DIEEWEAL FePt | NigiFeyo 7/ By ML, #HB2 & &S (H) % B L T, FePt O Hy, % §Hii L
720 Hy=0 Oe Tl Hy, = 8.6 kOe TH > 773, 11 GHz D Hye=200 Oc ZFIMT 5 Z L12Xk D 2.8k0 £ T H,,
DMEIN U 72, BB 2 O TR EERE O G 22 G S & 2 72 & 2 A NigiFe o BNDO R LT v 7 2D
TEE) %/ LT FePt JEIZEREIX SRRV AER S 4, Z2 DX MEM T 5 2 & 12 & o TR SHES T
LTw3Z R 3ini,

235 ik

1) J.-G. Zhu et al., IEEE Trans. Magn. 44, 125 (2008). 2) Y. Nozaki et al., Appl. Phys. Lett. 95, 082505 (2009). 3) S.
Okamoto et al., Phys. Rev. Lett. 109, 237209 (2012). 4) T. Seki et al., Nat. Commun. 4, 1726 (2013). 5) W. Zhou et al.,
J. Appl. Phys. 117, 013905 (2015).
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V7T BV ARG T
FMR 368 J fE L 2 36 1) 2 B b i R L 2 B 9~ % i g
[8F oAk, RElRr =ik
(BEAFRT)
The study of the transient region of ferromagnetic resonance by using sub-nanosecond pulsed fields
Genki Okano, Yukio Nozaki
(Keio Univ.)

[TLC&MHIC

~A 7T A MELER(MAMR)E, SR ILIEB(FMR) 2 Rl L7z = L ¥ —7 v A M b s D Tk
Thd, ~4 7 v EZHMUEALO FMR 25| & 292 & T, X0 /X7 d Bl COBAEK IR ATRE & 72
%o ZAVE T MAMR IZOW Tk & 22 fRIC W T LIRS D~ A 7 a0 R, TR AR AFPE DS~
LNTE7Z, LL, —KBRESIAERDVIE 10ns LLTO~ A 7 m a2 ) TE RNzl kKX A
F T ACONTOREITD 72, DT~ X Z OB EZ R T 572012~ A 7 22Nz T2 ns iGD /UL
ARG AR, <A 7 v & IV ARG O W Tl 2 2 bR a2 Bl 3 5 2 & T, Wb
AF 27 AOWEIZOWTHATZ[1], S ENIHACERRR X 0 LBV OVARSS (7)) Big) % EEA
32 EZRAEITD, L VEEL B EREES A F X 7 RZHOW T2,
EERAE

BIEIZ 7= NiFe Mi#R O 115 % Fig. 1 1237, &K 2 B LB S 7z Si Bk b, BEEZEAE# L H
WTEE 30 nm @ NiFe flfR A /ERL U7-, Z D%, SO, #6588 (70 nm) % A /3w Z A L 72#% . Au(100 nm)oD =
T U—FHRE0E 2um)EERL L7, a7 L —FREEIC~ A 7 a2V RAERZT 2 & T NiFe iR OIE
FNZ~ A 7 a iy &~V A2 N LTz, Bt RS 13 VNA-FMR 7% % ) T NiFe #l#£ D FMR &
7 MERETHZELV RO, TLTT VA Mg E LTa)~A 7 aiEd, (b)) NIV AL DI, (c)
~ A 7 al+r OV ARG O BERY A HUN U254 CORL RS 2 JE LT,
EERIER

2T, A 7 a WSS GHz, TREE 100 Oe, M& 25 ns) & 7V ARG (R E 320 Oe, 1 300 ps) % BH-&:
FUN L7258 OfERZ RS, A 7 BiEOSEH B D NS VARG OSL S B3 Y £ TORNKMZ fhea &
TEFE U, BALSHERESS O taay ITFIE % Fig2 \I27 0y R LT, Z2°C, BRI VARG O, FRijIT~ A
7 DB AN LT GE OB LIRS 2 R, MRERD E~A 7, 7 VARG OB E L= 5%
ALV bWHFEEZEEANLUIZGE O, BLKEBESG D LT, £~ A 7 alEnsit B b4
(t4elay=0~5 ns) 1ZIVNTIL, [

280F i
CREERE S~ 1 7 o 00N Y S P S Pulse assisted
s O 2601 Microwave assisted
DOEIMfES TR L TED | S0l T 2
EB Db fay=5 ns THAILT  3pm o g ;
VWh, T OREND, LD > tegte 4 ¢°
FEIEF OIRIER~ A 7 2 D 05 X f‘_g Lclay
NS T z 1 i
LTwszenibrs, MR g g ol R .
= St < pulse 5 0 5 10 15 20 25 30
I EHICFEL S Z A T2 h ;
7 AN TR R o o €3 delay /%
WTHHRET D, Fig. 1 Lateral size  Fig. 2 Switching field under a simultaneous application of
S Ehk of NiFe wire microwave and pulsed field

[1] G. Okano, Y. Nozaki. Appl. Phys. Express. 8, 013001
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Microwave assisted magnetization switching behaviors of the
CoCrPt-oxide granular ECC medium

Yuming Lu, Satoshi Okamoto, Nobuaki Kikuchi, Osamu Kitakami
Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, Sendai 980-8577, Japan

Microwave assisted magnetization switching (MAS) is one of the promising candidate technologies for
future ultra-high density magnetic recording. Recently, our group gives an experimental verification of very
large MAS effect on a perpendicular CoCrPt-oxide granular single layer". But the layer structure is relatively
simple comparing with that of a widely adopted perpendicular CoCrPt-oxide high-density recording medium
which has an exchange-coupled (ECC) multilayered structure. From the view point of practical application,
it is essentially important to carry out the MAS measurements on the ECC CoCrPt-oxide granular medium to
verify the potential for the microwave assisted magnetic recording. In this work, we systematically
investigate the MAS behaviors of the ECC CoCrPt-oxide granular medium and have clearly found a
significant reduction in coercivity under the assistance of rf fields. The anomalous Hall resistance of the
device does not change during the rf pulse injection, indicating that the Joule heating effect is negligibly
small.

The ECC CoCrPt-oxide granular film was grown on Ru underlayer by HGST Company. The magnetic
element layers and underlayers were patterned into a rectangular shape of 1x3 um® and a cross shaped
anomalous Hall effect (AHE) electrode, respectively, by using electron beam lithography and Ar ion etching.
After covering the magnetic element with an insulating SiO, layer, an Au stripe line with 2 pm in width was
fabricated just above the magnetic element. Flowing an rf current into the Au strip line generates a linearly
polarized rf field of ~ 310 Oe. The rf current is chopped into a pulse train with the pulse width of 7, = 20 ns ~
100 ps.

Figure 1 shows the AHE curves under the assistance of rf field of 7,s = 2 ps at various rf frequencies fr. The
rf-field-free coercivity of ~ 5 kOe shits to a smaller value with increasing the frequency fi¢ until the coercivity
reaches a minimum value of ~ 4.5 kOe at rf frequency ~ 14 GHz. Figure 2 shows the frequency dependent
coercivity H., for 7y = 20 ns, 2pus, and 100 ps. Contrary to our previous results which exhibit the very large
¢ dependent H,,¢ in CoCrPt-oxide granular single layerl), very small z,; dependent H., is found in the ECC
CoCrPt-oxide granular film, suggesting the small thermal agitation effect in the ECC CoCrPt-oxide granular
film. Detailed discussion on the MAS effect in the ECC CoCrPt-oxide granular film needs a further elaborate
evaluation of thermal agitation effects with and without the microwave assistance. We greatly acknowledge
the sample provision from HGST Japan, Ltd.

Reference
1) S.Okamoto et al., Appl. Phys. Lett., 103, 202405 (2013).
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FIG. 1. AHE curves under pulsed rf fields with the FIG. 2. Frequency ﬁf dependence of Coercivity Hc,rf
pulse duration of 2 ps at various frequencies. under different pulse duration conditions.

— 328 —



11aD -5 3mSR R AR BELE (2015)

[EAE G 2 BT H~A 7 vk T v A FEtdk A
CoCrPt 7' 7 = = 7 TEE MG ER AR D WA b S st

HLER, FHESME, BER, sguihE, MA R, debk &
(ALK )
Magnetization reversal of CoCrPt granular perpendicular media consisting of antiferromagnetically coupled
grains for microwave assisted recording
Y. Nakayama, Y. Kusanagi, N. Kikuchi, S. Okamoto, T. Shimatsu, and O. Kitakami
(Tohoku University)

[XCHIZ FFhkoFBELGFICHO D EEEAETRE LT, MdbhiN THAL 2 SRR A S8 5 2 & TR
7R A 2 AR AT RE 70 OB BE RS B BU(AFC) BRI, ~A 7 a7 v A MR A2V CRigk L, SRRaE
I IC L AT D HEMRS SR TVS . 2R ETICH 1L, CoCrPt-TiO, 7' T = = 7 TE FERIEIA IS
Ru & & F CROBEIERE A 28 A L7z AFC BURICHBIT 5, Wb Ic B L CafgE 2 e C & 72 .
ARFFETIX, VSM, Kerr 0%, B R —/L2h R X 0 bR 2 00E U, BULKEERE o 217 0 & 3kig,
~A 7T A NDRACHEIEIZ G 2 D BEERRET AT o 72

KERAE  CoCrPt-TiO, 7/ T = 2 FHAKIZ DC ~ 7% b v A8y KT XY, T AHM D Ru FHIED
FIZEIRTER LTz, 2 20D CoCrPt-TiO, 77 == 7 JE|Z1d Ru F )& 2/ L CmBERE A 28 AL, Kk
MRS S 2D 572012, RuFMED ETIZ Cof@affA L. v~ 7 a7 v A NHhROWEE, ZoW
Y7V 3 um X 1.6 pm OFEFRIZHGIN T L TiT o 72,

RRBEUER Fig, Fig.2 ICIIRNERE O L TR 2R U M (emu/cm®)

AFC ##i%(CoCrPt(4)/Co(0.7)/Ru(0.9)/Co(0.7)/CoCrPt(4), HAL 800,
nm){ZDOWT, VSM, 35 KT Kerr Zh5R12 K 0 JIE U 74k i 600+

EENEIURT. AIE T, EEBENIZE 0 ThY, AFC 4001
FEENEHTETWA., LML, Kerr iz LA HETIE, 5%
BRAL ML T 5. Kerr ZhFIZ X A HE CIIRBEAIZ R
TV EBOE SRR H D720, Z ORI, E505WT
JEN DB ERT DRI T RE N EERB LTS, 2D
ARIZHRIE 500 Oe, 7SV AE 2 usec, JEAHI 200 psec DL A
AR R 2 JE 5 3 GHz~20 GHz £ T 1 GHz Z &IZHIML
RRE, BER—AEEHTEALREANEL, v 27 v  Fig.1 Magnetization curve for the
W7o A NROME R, FOFE, 10 GHz itk iy AFC medium.

11 %DORBEVREAHEER SN, ZORIE~A 7 a7 v 2

b OB L BALOBEILOEBRER SR TS0, L T8 Normarized Kerr Angle
DOIEED 22 AFC BAROWIES 218 L C, BUEELOFEZ 4
ELT=~A 70l T VA MIRICOWTHERT D.

B CHR
1) T. Yang T, H. Suto, T. Nagasawa, K. Kudo, K. Mizushima and R.

1_,

Sato, J. Appl. Phys., 114,213901 (2013). H (kOe)
2) H. Suto, T. Nagasawa, K. Kudo, K. Mizushima and R. Sato,
Nanotechnology, 25, 245501 (2014).
3) LR, JEEAR, BERC, SRR, A B, dbk
&, % 38 |l H AR Tk < 3pE-2 (2014) Fig.2 Kerr loop for the AFC medium.
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CoPt fo2 /7 T = = TRIBIE DI e 77 7 7 7 —
O B, FEE D
(A ARFUHRB SRR ZE R (PD), PHUALKR)
Effective damping factor for CoPt based continuous/ granular stacked medium
©Shintaro Hinata ®*®, Shin Saito”
(MJSPS Research Fellow (PD), ¥ Tohoku University)

11aD - 6

[ZCHIZ ~A 7 ulE7T v A MR ELFk (Microwave assisted magnetic recording: MAMR) %, hVU L >~
ARESTR S A 22 B & L CIRE SN, ITFEEROBIA~D T o 2 MU NS S bz .
ERMBAITITE — IR E LT CoPt AL AW Y T =2 SO S Tns 2. MAMR i
KOMEBFICH T2 > T, #RBRUER (Fafiriit M, —ifilfs R 2 e e &) [Tz,
IR ER, FFIC~A 7 O ~DIREIZEHD DTN B T T 7 7 B —agy 3 X OBR ARy O
ENEETHS. —ICEEBK LSRR T, BRSSO B AR T 2HEN T 7=27E Lk
\ABE DO IERETE R &2 L CRGMERA O R 72D CoPt A AL EE LS N #mH I T
BY, A7 a2 LZBRICE, BRAERES OIS U CTAEEEL AT 5 E TR IX
IFRNH CREZEERT 5 2 EnmbhTWnD Y. L Lan
5, ZOX D BRBEBEARD g\ OWTIZB B E o TV T
V. ARFZETIE, Fix D CoPt 5275 == 8 & CoPt Hetrd Floc'™
Ek%%&ébztﬁ%ﬁmmowgfggg#%E?4§ ‘//%?;a
IO TR (FMR) Z281E L, FEEEARD o DIES e e
J/\ﬁu(nm): 4

WONWTHH L0 THRET 5.

ERER Fig. | (ZIF—HlE L THEXYDOBEE do 2835
CoPt FEA4HIFE (CL) %2 CoPt 77 =27 (GL) LIz
EREREE X H 72 CogaCrigPts (dep nm) / CogyPt;¢Crio—8mol(SiO;)
(16 nm) #EfAD Q-band FMR LI R4 773, SRR Hpe™
VEBEHEE S AN EN L 72, GL (16 nm) 35 X OV CL (4 nm) HijE ‘AfswwL

(X R D FAR) D FMR XN Z LB Hp'™ = 2.6 13

LU0 10.5 kOe ITIZIFR UARIECEII S -, £/, gk o 5 10 15
D Hpc™ 1% dop ZHIN S/ 512 L2 WEINOME A 2 7= L=, Hoc®® (kOe)

Fig. 2 \ZITMEEEAAD (a) LR Hpc™ B LT (b) o D
dop IAFHEZRT . (a) ORI IT A BRI O N
(Hi—4nMy) B X OB BIEE L y o I SE ¥ E 2 & O Bl
Hpc™ Z 0% U 72 . o 133598 08 AHDC™ 70 D o = R B
AHp 2w 2 K0 U2, Hpd™ 1 dey % 0 (GL HLE ) 72> g
54 nm ~EHMEEDIT L2300 2.6 25 4.5 kOe ~ & H90 X

FMR signal (a.u.)

Fig. 1 FMR signal for stacked media with
layered structure of CoPtCr (dcr) /CoPtCr—SiO2
(16) /Ru (20) /Pt (6) /Ta (5)/sub.

L7z, 26 DOfEIE Hpd™ " L EIExHS L TR Y, FEkic
X VAR O NN szt E 2 bhb. GL B & . ]
V' CL BB D g 3 FNF10.033 THY, 1ZIFRIETH- 7= ol . _Single GL ]
(KA RS L OUEHR). LasL7Zedi s, CL & GL _RICHEkE 0060Fm)
E®deL % 005 4 nm ~EHIESEDIC LA, 0.033 2
50.053 ~ERE<SHEMT D2 ENHH L., Zofak, B«

JEBARIZI T D arerr 73 CL 38 KUY GL D aree D MMEPEIETIL Gmoozo; Single GLCL |
EEOLRNWI EEZTRRLTEY, BED, 5 TIEMmo GL o 1
B CL OHABEDEICBIT AR BHENL, LitiEZs I

DA H = R AZHONTELET S, ° 1 dcjnm) ’ )

FMR resonance field Hpc™ and

BEXHE 1) Y. Nozaki et al., J. Appl. Phys., 112, 083912 (2012). 2) Fig. 2

K. Yamada et al., Digest of the 24th Magn. Rec. Conference (TMRC),
24,64 (2013). 3) S. Hinata et al., J. Appl. Phys., 109, 083935 (2011).
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N7 dl CogoPtag A 4B TR D J - J& AH A S AR E |2 M E T Inoe R 02 E (1)
OHTE FEAH MY, AR B, FEE P
O A AR B F BTS2 (PD), VHAERF)
Effect of additional element on compositional modulated atomic layered structure
of the hexagonal Cog,Pt, alloy film (I)
OShintaro Hinata ¥, Akira Yamane”, Shin Saito”
(YJSPS Research Fellow (PD), Tohoku University)
[ZLHIZ ~ A7 mi7 A MERGEIE, MY Lo~ BITHRICHE A28 e LTiRE S, ITFEEEO
BEUR~DT v A MEAVREEDFER D HE S NED 7= V. EALOBRICITE & L TCoPtEAE % =
7T =2 7RO STV D 2. CoPtIEGARat:sk s o — il R B A (K) 2&b b7
DITVE, FEBOMBARR IR Z X 0 MR O 872 2 R Jg O 2 A gt (R A i) 249 2 P& mEd b
NFRmEERIEDZ NG THD 9. LLRRE, CoPtEAEE WS T = o ZHIRTIE, INEk
MELAAT 5 & RMERE RO KN B BEIEOMO LD REICE TR T LTLEY T ENHBHL TS 9. ZOJR
E LTI 7 =2 b= DI LT IERMER TR IC S £ o & @ ocFE (Si, Ti,...ete) E7IXH ALHE
(0%) DIREMERE SR HIZIRAT L, FERE R BE O 38 A0 U1 T AL S SRS T2 R 0 Bl 23 28 U T 5 RTRE 23 R
i STV DD, FEERAJICIZH] 5 23 STV R ARG TlE, CosoPteo & 4 FLUE L L CIRINEH (S,
Ti, Zr, Cr, W) ORBEIERESRL~D BV FE i E S XL ORI G 2 DB W THE LR 2 MET 5.

EERHFER  Figl (213X CogPty B ~TEHEMEx at Yl L IR IR
Ty = 300 °CIZ THIZARRME L 7= (CoosPto2)100xMx (M: Si, Ti, Zr, Cr, W)
VIR OO IS T S AR A O TSI T B AR A 2 oR T fiEdh i
In-plane XFHR[EHTD 10.0 [EHHRD 11.0 [HHTHR & DA 0 —1L Y KF 0.25
B X OUE A HBELIR THEE L 7= Corrected Iypo/l110 T 5. EIfhIX
Corrected Iy9¢/I110 7 HAERHAIZR F1E%Z W THEH L 72CogPty A4 M
RHEAFMZER LIZSA Ofccf B HBRE S P TH D .
Corrected 719 ¢/I11 o IFx = 0 D CogoPty #MFEIZ BN TIHKI 0.20 2~ L 7=,
Z NUThep Rl I B A S5 fecfFHEE O HELEIE 239 0.5 %
THDHZ EERBL TS, IO FIIMITHEDOIRIZ L - THEMm A
TR Y, CrkB L OWE R L7280k T, 10 at.% Oz vy
T Corrected Iyg o/l o\ CBAKIZIZEE A E R ENAR o7, Fi2, TiB
FOZrZ2 M U 7=5B CIMEME T L, 0205 5 at% DU TPy JIHY
0.5 775 3 %IZE R L. SiZiiLZBIITEERME T2 RS,
T2 at %DM TIEE L Cecfl g & 725 Z L AVHIBH L=, %£@m$$$%P2&3@mg
Fig. 2 213 ERLaEHI B 2 I T LA AT E DTERRE GV DX (CopPtya) M, (M: Si, Ti, Zr, Cr, W) films.
IRAFME % 7T, Mt Zout-of-plane XHRFIHT DMK T-HR O FEMERR & Db
o — L Y[R3 K OYS - HGELR - CTHl IE L 7= Corrected Lyyp /fruna. ©
2. Corrected Iyy/Inung [IMITHEDENMZ LD 0.015 726 HFHIID
L72. CrCiE 10 at %N L CHARA RSN K- 7=, Lo LR
HTiks KOWTIIHR 10 at.%, Siks K OZr Tk 4 %D I TIZIE A
HIFE & 7pofe. ERCAERN D, SUHMED 2 at.% D IR TCogoPtyy 1427
IED R g L O FE it E OB E2E LS HET S
TEWNHIH LT, Lo TCoPHEA 4D 7T = 2 FRIZ B TSI0,
ZIEWEMERI A & L CEE T 2354, (b Eimfi A O Si0, TR RS 2028
LD, HETIIININTENKNC G2 DB HONTHMET S.

0.20}
0.15

0.10

Corrected I1 0.0 / I11_0

0.05

(%) o Buiyoe)s 99} Jo Ajjigeqold

] (] L]
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Content, x (at.%)

o

o
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>l

x

2 1
% [/

Corrected lsyp_ ! fyng.

SEXHER 1) Y. Nozaki et al., J. Appl. Phys., 112, 083912 (2012). 2) K. Yamada et al.,
Digest of the 24th Magn. Rec. Coference. TMRC, 24, 64 (2013). 3) S. Saito, et al., IEEE
Trans. Magn., 50, 3201205 (2014). 4) K. Tham, et al., J. Appl. Phys., 115, 17B752-1 (2014).
5) S. Saito, et al., J. Phys. D: Appl. Phys., 42, 145007-1 (2009). Content, x (at.%)

Fig. 2 Corrected /,/Ifuna. as a function of
X for (COo,gPto.z)mo,xMx films.
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INJ7 6l CogoPtag BB TN O Ji 1~ Ja AR 2R AR E |2 R TSI oTFE O E (1)
OHTAEUREA Y, (AR B Y, FE R
(B AR AR FE R (PD), HILAEE)

Effect of additional element on compositional modulated atomic layered structure
of the hexagonal CogyPty alloy film (II)
©Shintaro Hinata **®, Akira Yamane”, Shin Saito”
(YJSPS Research Fellow (PD), ®Tohoku University)
XU SHIT FEHBIMBRNE L 7= 7T = = T BARIC I TREMERS AR D Ku iy B IR O 3 FREE 1T F TR

TLTULE Y ERICOW TG L7z, A#ETIE, WINocHE (0) OREMERE SR~ DFRAE DN F 7 8 ALK
ARG L O KIS H A DI HOWTHRET 5.

025 - o oy 0 T
EBER CoPEGIHIIL, CowPly ¥ —7 > MafE 2 oo0l :
I UEOREE T = 300 °C, #8H A E4 2.0 Pailf@E 2 <
LT, Art DRSS FEPoy 28T LI L 7= Fig. 1 12 S 0151 113
PR A TN L C MNP L 7= ConPloy 72D Z o] 12 §
NJT e BE G D Poy (RAEVEZ R T, ElhIC 1 8 _ ]
CogoPtyy A &N FHMAMEZ TR LI Dfed T8 § 005 15 ©
J& DHEBIEIA Pre 2 R T, Preld 5X10% < Poy < 5 T T T
X107 PafEI (XK (D FEK) 1238\ T 5% 010-5 10% 10° 102 1070 =

ZaLTEY, heplil FHEE HIZE A S N5 FEE K
DPos 73 107 PadFEHI LT 5 & #ERT AMEH A %7
L72.Poy > 2.5X107 PadFEIRIZ 3B\ TIL AT Prec

Partial pressure, Pq, (Pa)

Fig. 1

pressure of O P, for CogoPty films.

Corrected l100/l110 as a function of partial

DA L, 1ZIEEERhep R FREBERDZ END 0.020 ——rrr—r—rrrm— e
N Tz, .

Fig. 2 \Zi3 LREREHT B DR Bl AdimgE <0015 -
DIGHSER N D Pop K AFMEZ 7”97, Corrected Ly /Irund. g -
1P < 1X107 PadfEIRICIH W TIZIE—EHE % S 0.010 -
o TWBHN, Py > 5X10° PadfE (KH KD %
FEE) (B W TR EAME T L, CogoPty G473 5 0.005 - .
FHARBE TGRS 5 = & AVKIB L. ©

Fig. 3 ICIXVSMEB K ORESR P b2 5HC KV 37T L O s 07 10T 02 10°

72 CogoPty BN DK, K, Ky (Ku +Kp) BELD
M, DPop RAFMEZ T, MidEPor, < 7.5X10° Pad
WIZBWTIRIE—ElE R > TWDR, Ll ED

Partial pressure, Pg, (Pa)
Fig. 2 Corrected g /Ifuna. as a function of Pg, for CogPta

films.

SRl CIT AT L, 1X107 PaTIEKEDICE T g 20 : e 1500
BT L7, £72, KdIPo, < 1X107° Padflli ¥ Tl 3 ]

107 erg/em’ B DB ZARFF LTV 5 A3, 2 Bh Eoofes 5 15 |
(BPR ORE) TIHEA 10° erglem’ BICETIET £ 11000 &
L7z, ZoOfERX, EMERIZIE EftCorrected 1100/ %g’ 1.0 %
L Corrected Iyp/Inpa & DEEREE L THH SR g° {500 <
ELOLMRTE S, U EOFERNS, /=27 <05

BEAR D AESLT 35\ T 7 1 R S R R e 3 .

5L, CoPtAEAEMELT A E 7B R Fats £ 00050t a5 107 10

EQREL SN TARBARE L, KMET T2 2 LR
MRS D, Y B IWriEARIE & B T R T
BRI Rz 22 Tilam 5.
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BEELFRELH I DNN—RT 4 AT ITBITD
THRERE XA & DREEFIN TG kAt

RIS, A2 HEE
(ZRIK)

Dependence of demagnetized domain structure on applied field direction
in hard disks with recording layres consisting of a stacked structure
H.Saito and R.Sugita
(Ibaraki Univ.)

X UHIT
N RT 4 A7 (HD) 28T 2 5iekE ORI AIE 2 B 5 2M2 35 2 L1, sodkietEm bic s - CTfF
T D, T HD OFEREIL, BRFA S Ehe Ve (LE) Lk %a@77ﬁ:7%M@F(Tf)ﬂ
LD REEMEEZA L TR Y, WA I T RREEEEIN T I CARAT L, mNTERE L7254 SRR
DI BIELS 225 Y. F i, ffk~y RIZIZ FL—V > 7o —)L R3g% f%ﬂfk@,ﬁﬁw%wﬁWW“%
BNSE2 2 & CEAROBILKIEEZ BRI LT D Y. ARHFZETIE, R A 1E O RS NG MR 171 %,
I8 & T OB XA OFEICE H L TRE LT,
ERFE
2 FEEO T HD (MR A XY B) & HW 2. B4R A 1%, Feé*/E A 3 nm @ /& (cap layer) & 13 nm & /@
(granular layer) 75 %5 HFCEREFE 530 Gb/in® @ capped BEA, A B 13X, FC8%E72 8 nm D L& (hard layer)
& 8nm® FJE (granular soft layer) 7> % % [ rCék# £ 120 Gb/in® > Exchange coupled composite (ECC) (AT
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Table 1 Demagnetized samples used

for MFM observation. Sample A, Sample A, Sample B, Sample B,
Sample Remarks
. , , Perpendicularly
A Medium A demagnetized perpendicularly demagnetized

or in-plane sample

A, Upper layer was etched from sample A,

Medium B demagnetized perpendicularly

B, . In-plane
or in-plane demagnetized
sample
B, Upper layer was etched from sample B,
Fig.1 MFM images of samples Aj, A,, B, and B,.
BE R

1) G Choe, J. Park, IEEE Trans. Magn., 47, 4058 (2011).
2) S. Sato, Y. Yamaguchi, T. Komine, and R. Sugita, IEEE Trans. Magn., 48, 3181 (2012).
3) L. Guan, T. Shimizu, J. Smyth, M. Dovek, Y. Liu, and K. Takano, /EEE Trans. Magn., 44, 107 (2008).
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