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Development of fundamental technologies for motors in Technology
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Shigeo Morimoto, Masayuki Sanada, Yukinori Inoue
(Osaka Prefecture University)

The Technology Research Association of Magnetic Materials for High-Efficiency Motors (MagHEM) was founded in
2012 to develop the innovative high-performance magnets without/less rare-earth materials which exceed current
magnets with rare-earth materials in performance, the high-efficiency soft magnetic materials (Iron core) for internal loss
reduction, and compact high-efficiency motors.

Targets of R&D are new magnets exceeding Neodymium magnets with 2 times in (BH)max (180°C), and high efficiency
motors with 40% reduction in loss, 40% improvement in power density using new magnets.

This paper investigates the performance of three modified versions of IPMSMs typically used in automotive
applications and compares them with a reference model. The modified IPMSMs use a strong magnet model designed
to have the properties of NdFe12Nx, which is a novel hard-magnetic compound developed by Hirayama et al. (1).
Table | shows the motor specifications, and Fig. 1 shows the cross-sectional analysis model with three types of rotor
structures(2)(3). Model B and model C achieved the target of motor in FEA, and model C could meet the strength to
centrifugal force.
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TABLE | MOTOR SPECIFICATIONS

Reference model Model A Model B Model C
Number of pole/slot 8/48
Stator diameter (mm) 264 210
Stack lengsh (mm) 50 54
Maximus speed (p.u.) 1 1.8
Rotor Structure 1V 2D
Bsolp.u.) 1 0.888
Iron core Wio/solp.ul) 1 0.556
Yield stress(p.u.) 1 1.5
Remanence (140°C) (T) 1.04 1.39
PM material |Coercivity (kA/m) 784 1052
Wolume (cm®) 100 69
Reference model
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Fig.1. Rotor structure and result of analysis
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1.Background

Recently, vehicle electrification expands rapidly. It is well known that electrified vehicle has additional
component compare to conventional gasoline vehicle, i.e. battery, inverter and electric motor. At this moment, supply
and demand seems to be acceptable for all additional electric component. However, most of future forecast says that
amount of electrified vehicle become two to five times larger than current vehicle sales. This means that we need
number of electrified unit, at least, more than two times compare to current demand. For example, IEA scenario
described in Energy Technology Perspective 2017 forecasts electrified vehicle increase from 14 million in 2020 to 40
million in 2030 [1]. When we look at even only around vehicle technological shift, it is easy to forecast enormous
number of rare-earth magnet will be needed. From this circumstance, we research coerciviy mechanism of rare-earth
magnet and consider what we can do for balancing global supply and demand of rare-earth materials. In these ten years,
we discovered molten Nd based alloy with low melting point infiltrate spontaneously into bulk magnet and enhance
coercivity in 2010[2,3]. Using established technique, we vary coercivity by varying nano-structure of magnet samples
for understanding coercivity mechanism. From our research activity, we successfully fabricate relatively high coercivity
magnet than expected from rare-earth composition, at that moment we focused on Nd-Ce, in 2013[4,5]. Then we move
to investigate intrinsic properties to understand role of rare-earth element for magnetization and curie temperature. All
attempts that we made for understanding coercivity mechanism [6,7,8] inspire ideas for development of Nd reduced
high coercivity magnet to us.

2.How to realize high coercivity with reduced Nd amount

In order to reduce Nd from NdFeB magnet, we focused on light rare earth (here after LRE) Lanthanum and
Cerium. It is well known that adding substituting from Nd to LRE, both magnetization and anisotropy are weakened
and performance get worse. Therefore, we noticed mechanism of magnetic properties and combining three techniques,
two for nano-structural control and one for alloying technique, for exhibiting high performance even using LRE element
[9]. For enhancing coercivity, we control nano-sturcuture of magnet, grain refinement, include magnetic insulation
between main phase grains, and Core/Shell structure of grains. When we noticed coercivity model, i.e. Kronmuller’s
micro-magnetics model, Hc = o H, — Ner M. One can easily understand increasing o, parameter and/or decreasing Neg
work for enhancing coercivity. In this development, we employ grain refinement and magnetic insulation for improving
Nefr, smaller is better in this case. Furthermore, we put magnetically harder shell, Nd enriched RE;Fe 4B phase, for each
grain.to enhance o value. From TEM/EDX observation, one can easily found that Nd enriched region located at surface
of each grains and poor in inside grain. This nano-structural control is same as former work reported Ito et al [5]. For
improving magnetization, we adopt compositional design for magnet. We start with Nd-Ce alloyed RE;Fe 4B phase, it is
well known that magnetization decrease with alloying Ce to RE,Fe 4B phase. In order to slowing deterioration of
magnetization by Ce, we focused on La as co-alloying element. Co-alloying La to Nd-Ce seems to have good effect to
magnetization relative amount of LRE element of RE;Fe 4B phase.

3. Performance of magnet and discussion

Temperature dependence of coercivity of Nd reduced high coercivity magnet are shown in Fig.1. Comparing
NdFeB and Ce alloyed and Ce-La co-alloyed magnet, temperature dependence of coercivity, LRE alloyed magnets, Ce
alloyed and Ce-La co-alloyed magnet, are better than NdFeB magnet especially in temperature range around 373K.
From Fig.1, Nd infiltrated samples show higher coercivity, therefore it seems that Nd enriched shell harden grain
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surface magnetically and enhance coercivity. In Fig.2, Temperature dependences of normalized magnetization of
various sample with different composition are shown. Magnetizations are normalized by room temperature value and
several Nd reduced composition samples are plotted. When we look at temperature dependence of magnetization,

Ce,Fe 4B has worst temperature dependence. When we add La to Ce,Fe4B, temperature dependence, or curie
temperature, drastically improved, even though La destabilize RE,Fe 4B phase. This behavior is same as Nd alloying to
Ce,Fe4B. Finally, we co-alloy Ce and La to Nd,Fe4B, temperature dependence of magnetization seems to have peak in
certain ratio of Ce and La, or La improve magnetization in elevated temperature. From our experimental results,
temperature dependence of both coercivity and magnetization seems to be affected by LRE alloying.
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Fig.1 Temperature dependence of various magnet coercivity. Sample Fig.2 Temperature dependence of normalized magnetization.
name correspond to RE composition. Sample with NdCu infiltration. Sample name correspond to RE composition

Infiltration condition is 853K 165min.
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Powder neutron diffraction study for magnetism of rare-earth in
(Nd,Ce,La)zFemB
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Introduction

To reduce expensive Neodymium in rare-earth magnets Nd.Fei4B without decrease of magnetic properties, cheap
Cerium is paid attention. In general, the Ce atom is in non-magnetic Ce*" state. However, when the magnetic Ce*" state
is stable, the Ce should work as a substitution for Nd. Previous research reported that the larger ionic radii rare-earth
prefer the larger cell volume [1]. The magnetic Ce** state has larger atomic radii (1.15 A) than that of Ce*" state (1.01
A) [2]. Therefore, the La (1.17 A) is doped as a spacer to stabilize the Ce*" state. Previous powder neutron diffraction
study reported that Ce atom in (La,Ce)2Fe14B has no moment [3]. Following the previous results, in this study, powder
neutron diffraction experiments were performed on (Nd,Ce,La):Fe14B to evaluate the rare-earth moment and the Ce
state.

Experimental

The powder samples of Nd2Fe14B, (Ndo.75Ceo.225Lao.075)2Fe14B, (Ndo.sCeo37sLao.125)2Fe14B, and Ce2Fe1sB were
measured. The mass of samples is 5g each. Diffraction patterns were gathered on the Echidna — High-Resolution
Powder Diffractometer in Australia's Nuclear Science and Technology Organization (ANSTO). Natural boron was
substituted with ''B due to strong neutron absorption. The wavelength of the neutron is 2.44 A.

Results

Figure 1 shows an observed diffraction pattern of (Ndo.sCeo375Lao.125)2Fe14B together with a result of Rietveld analysis.
The experimental data was well explained by the calculated pattern. Figure 2 shows the obtained Nd content
dependences of rare-ecarth moments. The moment sizes change linearly at Nd 70 % compounds. In contrast, at Nd 50 %,
the moment size of 4g site deviates from linear change and increases. The reported rare-earth moments in
(Nd,Ce)2Fe14B, shown as open triangles in Fig. 2, quickly decreases with decreasing Nd content [3]. This result suggests
that some Ce atoms in 4g site are magnetic Ce’" state instead of non-magnetic Ce*" state thanks to the La atom spacer.
The details will be discussed.
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Fig. 1: The diffraction pattern of (Ndo.sCeo.375Lao.125)2Fe14B

T Fig. 2: The Nd content dependence of rare-earth moments at
together with Rietveld refinement results at 300 K.

4f and 4g site. The Moments shows here are normalized by
Reference the Nd moments of Nd>Fe14B.
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[Purpose]

The high-performance Nd-Fe-B magnets have been receiving considerable attention due to their outstanding magnetic
properties. Owing to large magnetic moments of Fe atoms, the main phase of Nd-Fe1sB exhibits large spontaneous
volume magnetostriction of about 2%. In addition, the spontaneous magnetostriction is highly anisotropic as shown
in Fig. 1. Andreev et al. have reported that the linear spontaneous magnetostrain along the a-axis (4a) is about 4.5 times
larger than that along the c-axis (c).Y However, Yang et al. have reported that J, is only 1.7 times larger.? It is very
curious to find out the clear reason for this discrepancy, since magnetostriction should be intrinsic properties re-
lated to magnetization and magnetoelastic-coupling coefficients. In our previous study, ® we showed the temperature
dependences of the lattice constants for each constituent phase in a Nd-Fe-B-Cu anisotropic as-sintered magnet and
found that they change differently from those expected for the pristine metal or compounds. This result indicates that
lattice constants are influenced by some additional factors. In order to acquire a better understanding about the changes
in the lattice constants, we have conducted high-resolution synchrotron XRD measurements in several kinds of samples.
[Experimental]

Isotropic and anisotropic Nd-Fe-B-Cu as-sintered magnets, their powdered samples, and powdered single crystals were
used in this study. The preparation methods have been already reported.>¥ The synchrotron XRD measurements of
as-sintered magnets were conducted using rectangular rod-shaped samples (0.2 x 0.2 x 5 mm?®). Synchrotron XRD pro-
files were collected at the BL0O2B2 beamline at SPring-8.

[Results]

Above Tc, the lattice constants of the Nd2Fe14B phase in as-sintered mag-
nets, their powdered samples, and powdered single crystals showed a similar
temperature variation. Lattice constants of all the samples exhibited a clear
anomaly around the same temperature of Tc =~ 580 K and exhibited an in-
var-like expansion below Tc, which is similar to previous reports [see
Fig. 1].%? Interestingly, the behaviour of the lattice constants below Tc was
different, and the a-axis increased and c-axis decreased in the following or-
der: the isotropic as-sintered magnet, anisotropic as-sintered magnet, their
powdered samples, and powdered single crystals. In addition, a broadening &
of the diffraction peaks was observed for isotropic and anisotropic T
as-sintered magnets below T¢, while this broadening was negligibly small
for powdered samples. The Williamson-Hall analysis clarified that the origin 8.7? : : :
of the peak broadening was likely due to internal lattice strain in the sintered 00300 TS(OI% 700 900
magnets. These results indicate that there exists an anisotropic stress applied
to the NdyFe1sB crystal grains in the sintered magnets. Our experimental re-

sults settled the problem of discrepancy in Ja/Ac.
We thank T. Nishiuchi of Hitachi Metals, Ltd. for supplying the samples. A
part of this work is supported by ESICMM under the outsourcing project of

Isotropic sintered

Fig.1 Temperature variation of lattice
constants of Nd.FewsB in isotropic
Nd-Fe-B-Cu as-sintered magnets in
comparison with previous reports.?
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Achieving a high coercivity, uoH., above 3.0 T at room temperature is important for Nd-Fe-B permanent magnets

for the application to traction motors of electric vehicles and wind turbines to avoid thermal demagnetization. Grain

boundary diffusion (GBD) is promising to achieve the high coercivity without the significant loss of remanence that

cannot be avoided with Dy alloying. In the GBD process, heavy rare-earth element (HRE) is diffused from the surface of

the bulk along the grain boundaries, thereby forming HRE-rich shell on the surface of the Nd,Fe 4B main phase.

This contributes to the coercivity increment. However, the coercivity cannot reach 3.0 T by the GBD process alone unless

the initial sintered magnets are alloyed with Dy; a substantial amount of Dy must be alloyed in the base magnets in order

to achieve the high coercivity of 3.0 T after the GBD process". In the present study, we investigated the magnetic and

microstructural characteristics of the GBD processed Dy-free and Dy-
containing sintered magnets in order to understand the origin of the high
coercivity of 3.0 T.

A GBD process was applied to two different sintered magnets with the
chemical composition of Ndis3Fess.15BsoCuo.1Alo4Co10Gages and
Nd]1‘2Dy3_1Fe73,1586,0Cu0‘1 Alo_4CO1,0Gao_()5 (at.%). The Dy—free and Dy-
containing samples have the coercivity of 0.64 and 2.29 T before the GBD
process. They were kept in Dy-vapor at 950 °C for 4 h for the GBD treatment
followed by the post-diffusion annealing at 520 °C for 1 h. The Dy
distributions in these magnets have been investigated via the use of SEM
(Carl Zeiss Cross beam 1540EsB) and TEM (FEI Titan G2 80-200).

The coercivity increment, ApoH, by the GBD treatment for the Dy-
containing magnet was only 0.08 T, which was much smaller than that for
the Dy-free magnet of 0.87 T due to the discontinuity of the Nd-rich GB
phase in the Dy-containing magnet (Fig. 1). After the subsequent

post-diffusion annealing, a substantial coercivity increase was
observed, and the poH, of the Dy-containing magnet reached 3.05
T while that of the Dy-free magnet saturates at 2.29 T. One reason
for the 3T coercivity in the Dy-containing sample is the formation
of the thick GB phase with high Nd content.

Interestingly, we found the formation of a “secondary Dy-
rich shell” within the well-known primary Dy-rich shell® . The
Dy element enriched in the Nd-rich GB phase during the GBD
treatment is diffused into the main phase to form the secondary
Dy-rich shell during the post-diffusion annealing. Such a
secondary Dy-rich shell gave additional rise in the coercivity to
3T due to the increase in the Dy content at the GB
phase/(Nd,Dy),Fe4B interface.
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Improved coercivity and squareness in bulk hot-deformed magnets by two-step
grain boundary diffusion process

Xin Tang,! J. Li,! H. Sepehri-Amin,* T. Ohkubo,! K. Hioki,? A. Hattori? and K. Hono*
"Elements Strategy Initiative Center for Magnetic Materials, National Institute for Materials Science,
Tsukuba 305-0047, Japan
2Daido Corporate Research & Development Center, Daido Steel Co., Ltd.

In order to use Nd-Fe-B based permanent magnets for the traction motor of hybrid (electric) vehicles, a
coercivity of 0.8 T is required at 160 °C to avoid their thermal demagnetization during operation. To meet this
requirement, grain boundary diffusion of RE-based eutectic alloys is employed to improve the coercivity in
the hot-deformed magnets. Y Recently, Li et al. reported a coercivity of ~2.57 T with remanence of 1.38 T in
a 2-mm-thick hot-deformed magnet by the grain boundary diffusion of Tb-Nd-Cu alloy.? However, such high
performance was demonstrated only using a small piece of samples with a thickness of ~2 mm and a question
is whether or not we can apply the process to large bulk samples. Previous reports on conventional Dy-vapor
diffusion process in micron-grain sized Nd-Fe-B sintered magnets has shown that the limited diffusion depth
results in a poor squareness of demagnetization curves. ¥ In this work, we investigated the method to improve
the squareness of demagnetization curves of Nd-HRE-Cu eutectic-diffusion processed 5.6-mm-thick hot-
deformed magnets.

The hot-deformed Nd-Fe-B-based magnets with composition of Fegz.1Prs 7Nd21.2C035GaosB1 (wt.%) were
used as starting materials. The samples of x 7 x 5.6 (c-axis) mm? in size were covered by the 12 wt.%
Th2oDy10Nd4oCuso ribbons (with respect to mass of hot-deformed magnet) followed by annealing at 750°C for
1.5 h and post-annealing at 650°C for 9h, which is called as “one-step diffusion process”. In comparison, the
two-step diffusion process was carried out as follows: the initial samples were covered by the 10 wt.%
Th2oDy10Nd4eCuso ribbons (with respect to the mass of hot-deformed magnet) followed by annealing at 750°C
for 1.5 h. Thereafter, the surface of the magnet was polished and the magnet was again covered by 6 wt.% of
NdsoCuzo alloy ribbons followed by heat-treatment at 650°C for 9 h. The magnetic properties were studied by
pulse BH-tracer.

Fig. 1 shows the demagnetization curves of the one-step and the two-step diffusion processed
samples. The coercivity is improved from ~1.14 T in the as-deformed sample to ~2.38 T while
remanence degrades from ~1.49 T to ~1.28 T after one-step diffusion procession. In contrast, the
coercivity is enhanced to 2.43 T with remanent magnetization reduction to ~1.29 T by the two-step
diffusion process. The squareness factor of demagnetization curve is defined as poHx/poHe, where
poHy is the absolute value of external field when the magnetization equals to 90% of remanent
magnetization (poM:) and poH. is the coercivity of the sample. The squareness factor was calculated
to be ~0.83 for the one-step diffusion processed sample, which is improved to ~0.91 after the two-
step diffusion. The origin of the obtained magnetic properties will be discussed based on detailed
microstructure characterization.
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Theoretical study on the magnetization reversal of rare-earth magnets at finite
temperature
A. Sakuma,Y. Toga3, T. Miyake**, and S. Miyashiti>®
(*Tohoku University?NIMS, 3ESICMM, “AIST, 5The University of Tokyo8JPS)

In viewpoints from both the energyffciency and environment problems, the development of high-
performance Nd-Fe-B permanent magnets is strongly desired especially for electric vehicles. It has so far been
recognized that one of the important issues to be overcome is suppressing the thermal degradation of their
coercivity,Hc. As a measure, Dy is currently substituted for part of Nd in Nd-Fe-B sintered magnets. However,
this is unfavorable because Dy is expensive and the magnetization decreases owing to the antiparallel coupling
between Dy and Fe moments. For these reasons, the microscopic foundations for the magnetization reversal
mechanism of Nd-Fe-B magnets are sincerely needed and many theoretical works have been done intensively
based on several different approaches.

A direct way to study the hysteresis loop is to employ the Langevin equation so-called stochastic LLG equation
which takes into account the thermal fluctuatidtowever, the method consumes much computation time to
reach the observation time of a few seconds. Alternatively, to handle such a slow relaxation process, usage of the
free energy landscape is useful and appropriate. Actually, the magnetization reversal can be interpreted as the
transition from metastable magnetic state to a stable state by overcoming the free energy barriers under a reverse
magnetic field. The reverse nucleus is formed in this process. To deal with such processes at finite temperature,
one needs to evaluate the free energy landscape instead of searching the energy minirdum path.

Recently, wé& have succeeded, for the first time, to calculate the free erfe(@yH,, M,) of a finite-size
particle of NgdFe 4B as functions of temperature );Texternal magnetic fieldH, < 0) and the z-component of
the total magnetic momeni,) with using replica-exchange Wang-Landau metfiothis method enables us to
evaluate thé (T, H,, M;) with using only the magnetic parameters at zero temperature such as the local magnetic
moments i), exchange interactions() between them and the anisotropy constants (crystal field parameters)
all of which can be determined by the first principles calculatton.

Figure 1(a) shows the spatial distribution of the reversed magnetization around the barrier as shown by the
arrows in Fig. 1(c). In Fig. 1(b), we show the averaged magnetization density. From these data one can find that
the reverse begins at the corner because of the weak exchange field, and then the domain wall propagates toward
the center of the particle. Once thg¢T, H,, M,) is obtained as in Fig. 1 (c), we can calculate, without using
any empirical parameter, the energy barfes(T, H,), activation volumeVy(T, H,) and viscosity coefficient
(fluctuation field)Sy(T, H,). Taking account of the thermal fluctuation, the coercitity in the observation
time of one second can be determined from the reld&gfT, Hc) = 25.3lgT. Further, we have demonstrated
both analytically and numerically thaty(T, H,) which is defined as a volume swept out between minimum
and maximum energy positions of the domain Waltorresponding ta\M, in Fig. 1(c)) is always given by
—(0Fg/0H,)/Ms, regardless of the form (magnetization reversal modeBgdfl, H,). From the data, we found
that theV,(T, H;) drops sharply with increasing, in a low H;, region and goes to a certain constant value as
H, approaches tdlc. This implies that~g(T, H,) is approximately proportional to (& H,/Ho)" with n close
to unity whenH, ~ Hc, while, for H, much smaller thatlc, nis larger than 2. The resulig « (1 — H,/Hg)"

(n =~ 1) for Nd-Fe-B magnets seems agreeable with the experimental findings by Givord amalOkamoto et

_9_



al® Thephysical interpretation fon ~ 1 (V; is nearly independent d¢d,) will be given in the conference.
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Fig. 1 Free energy landscape simulation of surface nucleation.(a) Snapshots of distributions at the three mag-
netization points i - iii in the free energy landscape (Fig. 1(c)) simulated by the replica exchange Wang-Landau
method for the NgFe 4B isolated particle spin system, whose size is 14.%imh.1nmx14.6nm (212,536 spins).

The dots of each color denote reversed Fe spins in each snapshot. (b) The distributions sliced by (110) plane
of the possibility of spin reversd&y at Fe sites. (c) Free energies as a function ofzdsemponent of the total
magnetic momenl, at 0.46'l§a'. The blue and green lines are the results of applying reverse magnetidfields
along—zdirection to the red line.
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Recent progress in studies on crystalline phases and magnetic domain
structures in high coercivity permanent magnets using synchrotron X-rays

T. Nakamura”
(JASRI, “ESICMM)

In the last three decades, synchrotron X-rays have been widely used in materials science. To date, they have
become essential means of getting information about crystal structures and electronic and magnetic properties of
materials. In the earlier studies, the structural, physical and chemical properties had been investigated mostly in
pristine substance like the single crystals or the single phase compounds, whilst the recent applications of the
synchrotron X-rays extend to practical materials which are generally polycrystalline and inhomogeneous. In
addition, the in situ measurements are becoming more popular in order to get better understanding about what
happens in materials during manufacturing processes or practical uses.

A study of permanent magnets using the synchrotron X-rays is such a recent subject since magnets are usually
inhomogeneous with the microstructure. A Nd-Fe-B sintered magnet has been the strongest permanent magnet
since its invention by Sagawa et al. in 1983 [1] and is widely used in many applications such as electric vehicles,
wind power generators and voice coil motors, which are crucial for realizing a sustainable society. However, the
coercivity mechanism in the Nd-Fe-B sintered magnets remains a debated issue in which the practical coercivity
of approximately 1-2 T is rather moderate compared to the value expected from its magnetic anisotropy field of
approximately 7.5 T. We have, therefore, carried out the synchrotron based characterizations for the analysis of
structural and magnetic properties of the Nd-Fe-B sintered magnets by applying X-ray diffraction (XRD) and
X-ray magnetic circular dichroism (XMCD) experiments, respectively. In this talk, I will present recent studies on
structural and magnetic properties in high performance permanent magnets using the synchrotron X-rays at
SPring-8. | will also illustrate the developments of measurement techniques which have were motivated by the
necessity of the characterization of the permanent magnets.

Figure 1 shows the summary of the measurement techniques and their measured examples which have been
obtained in studies of the Nd-Fe-B sintered magnets at SPring-8. In the experiment using soft XMCD, the
fractured surface in Nd-Fe-B-Cu sintered magnet was investigated to evaluate the magnetic property of the grain
boundary (GB) phases directly [2]. This work has clarified that the GB phase which is exposed in the fractured
surface shows ferromagnetic at room temperature and have the lower Curie temperature than that of Nd;Fe14B
crystal by about 50 °C. Since this result was recorded using an unfocused soft X-ray beam with the irradiated area
of about sub-mm? in the sample surface, the magnetic property were detected as the laterally averaged from a
number of grains. In order to increase the spatial resolution in the soft XMCD measurement, we have developed a
scanning soft XMCD microspectroscopy measurement technique with the apparatus equipped with an 8 T
superconducting magnet at BL25SU of SPring-8 [3]. This observation technique using the focused soft X-ray
beam with the beam size of about 100 nm makes us possible to visualize magnetic domains with the elemental
distribution not only for the flat surface like the polished one but also for the irregular surface like the fractured
one. The substantial difference in the magnetic domain reversal is observed for the polished and fracture surfaces
[4]. The magnetic domain reversal behavior is also compared with the result of the FORK measurement, showing
that the magnetic domain observation is valuable to give an interpretation of the FORK diagram [5]. Regarding
the uses of the hard X-rays, we performed the scanning hard XMCD microspectroscopy experiment using the
focused X-ray beam as small as 100 nm? at BL39XU of SPring-8 [6]. In the magnetic domain observation using
the hard X-rays, the surface insensitive observation becomes possible though the deeper probing depth decrease
the lateral spatial resolution. More recently, the observation technique for visualizing magnetic domains three
dimensionally has been developed using the focused hard X-ray beam. This development directs the future uses of
the magnetic domain observation techniques, where the soft and hard X-rays will probe the surface two
dimensionally and the interior three dimensionally, respectively. In the structural analysis, the in situ XRD



measurement at elevated temperature and the Rietveld analysis have also been applied to studies of the
Nd-Fe-B-Cu sintered magnet in order to evaluate the variation of the constituent phases during the annealing
process. As the result of the Rietveld analysis, it is implied that dhcp Nd phase in the Nd-Fe-B-Cu sintered magnet
contains a certain amount of oxygen and shows the phase transition to the fcc structure when the internal stress is
removed [7]. Here, |1 would like to emphasize that the structure and/or magnetic property of crystalline phases in
materials with the microstructure are possibly different from their pristine materials, meaning that the new
functional material would be found even in materials which is practically used at present. The synchrotron X-ray
measurement technique with the nano-scale resolution will possibly becomes a tool to discover a new material
which will make an innovation.

Y. Kotani et al.[3]
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Fig.1 Measured examples in synchrotron X-ray experiments and developed measurements techniques at
SPring-8 for studies of permanent magnets.
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Effects of microstructure on magnetization reversal inside
hot-deformed permanent magnet
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'"High Energy Accelerator Research Organization (KEK), Tsukuba, Ibaraki 305-0801, Japan
*National Institute for Materials Science (NIMS), Tsukuba 305-0047, Japan

Introduction
For the development of high-performance permanent magnet, it is indispensable to know magnetization
dynamics inside the permanent magnet. In demagnetization process, magnetization reversals are initialed
and domain walls move across inside grains and grain boundaries. Magnetizations are interacted with
each other through exchange and dipole fields, and these interactions play important roles in the domain
wall displacement. However, the mechanism of magnetization process is not yet fully understood. In this
study, we performed large-scale micromagnetic simulation using our simulation code [1] based on Landau—
Lifshitz—Gilbert equation and analyzed simulation data to clarify magnetization reversal process inside the
hot-deformed magnet.

Model and method

Figure 1(a) shows the simulation model of a nanocrystalline hot-deformed permanent magnet of size
1024 nm x 1024 nm X 512 nm. The simulation model consists of 3,391 tabular grains whose aver-
aged diameter and thickness are 158.4 nm and 32 nm, respectively. Easy axes of the grains are ran-
domly orientated from the z-direction, and the averaged tilt angle of the easy axis is 11.7°. The fol-
lowing NdsFeioB material parameters are assumed in our simulation: saturation magnetization 1281.2
emu/cm?, uniaxial constant 4.5 x 107 erg/cm?®, exchange
stiffness constant 12.5 x 1077 emu/cm?®, and Gilbert
damping constant 1.0. We choose 12.5 x 1079 emu/cm3
for inter-grain exchange interaction.

Results

Figure 1(b) shows a snap shot of magnetization rever-
sal process inside the permanent magnet. The magneti-
zation reversals are initiated in some regions where the
dipole field of over 1.0T is applied. These dipole fields
promote the magnetization reversal. After initiating the
magnetization reversal, the domain walls move inside the
grains and across the grain boundaries. The domain wall
displacement creates pillar-shape magnetization reversal
regions owing to the dipole filed. The distribution of the

dipole field has relationship with the microstructure of

the permanent magnet. Figure 1(c) shows the magneti- S
zation reversal and the easy-axis orientations of the grain g 06 o ° ° :
(Af) and contacted grain (Af;**). The magnetization 2 ‘. e e
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Defect grain influence on the mechanism of coercivity and its angular
dependence of exchange-coupled polycrystalline Nd-Fe-B magnet

J. Lit, Xin Tang?, H. Sepehri-Amin?, T. Ohkubo?, K. Hono!

LElements Strategy Initiative Center for Magnetic Materials, National Institute of Materials Science, Tsukuba
305-0047, Japan

The coercivity mechanism of Nd-Fe-B-based magnet has been in dispute since its discovery. Considering the
existence of the defect regions such as the grain boundary (GB), where K; is locally damaged or grains are largely
misaligned, the nucleation model suggests that the coercivity is determined by the formation of the reversed magnetic
domain at these defect regions, whereas the pinning model suggests that domain wall (DW) pinning/depinning process
is dominant for the coercivity. In recent years, the finite element micromagnetic simulation method has developed into a
strong tool to study the coercivity of Nd-Fe-B magnet with complex microstructure. However, even for a simple case
with uniform ferromagnetic GBs, the predicted coercivity by simulation can diverge largely from experimental results,
ranging from 1 T to 3.2 T [1-3]. A systematic study is necessary to clarify the physics behind these simulation results.

In this work, we focus on the exchange-coupled Nd-Fe-B magnet, based on the simulations of a three-phase
micromagnetic model including the polyhedron Nd-Fe-B grains, the continuous thin ferromagnetic GBs and a defect
grain on the model surface (Fig.1 (a)). It is shown that, depending on the anisotropy degradation of the defect grain,
K%Ky, both pinning- and nucleation-controlled reversals can appear (Fig.1 (b)). The linear formula, poHc = auoHc —
NetitioMs, is confirmed to be valid for both pinning- and nucleation-controlled coercivity but with different dominant
factor of . If nucleation starts at a defect grain, a is directly influenced by K;%K; as indicated by the linear relationship
between K;%/K; and coercivity, whereas for pinning-controlled reversal, o is hardly influenced by K;%VK;. The
simulated angular dependence of coercivity shows strong dependence on the reversal mode (Fig.1 (c)). In a
pinning-controlled reversal, the coercivity continuously increases with measurement angle 6, whereas in a
nucleation-controlled reversal, the coercivity decreases at small 8 but increases again at large 6.

To compare the simulation with experiment, 0.5%-Ga-doped sintered magnets with/without post-sintered
annealing [4] are utilized to measure the angular dependence. Our simulation of pinning-controlled model agrees well
with the as-sintered sample, indicating the pinning mechanism for the coercivity of this exchange-coupled magnet. In
addition, the angular dependence of the post-annealed exchange-decoupled sample will be further discussed, in
comparison with our simulation of magnet model with non-ferromagnetic GBs.
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Demagnetizing field correction of rare earth permanent magnets using
finite element method

J. Fujisaki', A. Furuya®, H. Shitara', Y. Uehara’®, K. Kobayashi®, Y. Hayashi*, K. Ozaki®
'Fujitsu Ltd., Kawasaki, 211-8588, Japan
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Among the problems with performance improvement of electric vehicles, recently the accurate measurement of
magnetic curves of the rare earth permanent magnets such as Nd-Fe-B sintered magnets” is attracting much attention.
The problem is the difficulty of measurement of full loops of permanent magnets having high coercivity using closed
magnetic circuit measurements, due to the magnetic saturation of pole piece in apparatus. It is possible to avoid such
problem with measurements of open magnetic circuit, such as VSM, and employing the demagnetizing field correction
method with single coefficient N of the sample (conventional method). Although the above correction method works
well for most magnetic materials, there are some cases that the open magnetic circuit curves for Nd-Fe-B sintered
magnets are not fully corrected by using conventional method. In order to overcome this problem, many researches on
the accurate correction method are being performed?. In this presentation, a new demagnetizing field correction method
is proposed and some results are shown.

The detailed algorithm is as follows: First, the mesh model of the magnet and the measured open magnetic circuit
hysteresis curve are prepared. Second, temporary closed magnetic circuit curve defined as the following equation is set
at all meshes in the model,

Mclose(H) = Mropen tanh{A(H - HCOpen)} + B(H - HCOPen) .............................. (1)
where, M,.°P¢™ and H.°P°" are the remanence and the coercivity of the measured open magnetic circuit curve. A and
B are the parameters that are initially set to zero. Then, the distribution of the demagnetizing field and the magnetization
of the mesh model are calculated by using finite element method for all steps of the applied magnetic field. Next, the
averaged magnetization of the whole meshes is compared with that of the measured open magnetic circuit curve, and
the difference between them is evaluated. Based on the difference, the parameters in Eq. (1) are modified. The
procedure explained above is repeated until the difference becomes smaller than the threshold.

The result for 4mm-cubed Nd,Fe;4B sintered magnet is shown in Fig. 1. The dotted curve is the measured closed
magnetic circuit curve and the solid one is the calculated closed magnetic circuit curve. Moreover, the long dashed
curve is measured by VSM with ceramic superconducting magnet and the dashed one is obtained by convectional
method. From Fig. 1, it could be said that the new demagnetizing experiment (dosed) — experiment (open)
field correction method is able to reproduce the squareness of the —simulation -~ conventional method (N=1/3.791)
measured closed magnetic circuit curve with higher accuracy than ] 1 1 1 1
conventional method.
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Easy measurement of anisotropy constants for Nd-Fe-B sintered magnet
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1. Introduction  To reduce the irreversible demagnetization of Nd—Fe-B sintered magnets at elevated temperatures,
it is necessary to significantly improve coercivity (He) which is related to the quadratic (first, K1) anisotropy constant.
Recently easy measurements of anisotropy constants [K; and quartic (second, Kz)] have received considerable interest in
connection with related fields of applications. We have newly developed useful and simplified torque measurement that
efficiently operates in high fields (H) using a superconducting magnet (SCM) in the temperature range of 298-473 K.1)
2. Experiment The composition of the sintered magnet used was Ndi3 sFepaiC01.1Al 3Bs 7 with Hey of 0.99 MA/m
and saturation magnetization (Js) of 1.51 T at 298 K. The composition of the magnet with excellent orientation is
considerably close to the Nd,Fe14B single crystal, so that it can be considered as K; value makes no great difference. To
obtain anisotropy constants, we made use of a new torque magnetometer mounted strain gauges on a rigid pipe (made
of Ti) to sense the force (F) in a highly uniform H (0.02%/10 mm cube).? Sample is mounted on the free end of the
rigid pipe in the center of SCM. It is only in the case of an ellipsoid that the demagnetizing field becomes uniform for a
uniform distribution of magnetization. Thus we chose a sphere (diameter of 7.0 mm) for the shape of sample. To
measure the Ki and K, from the results of F obtained from the strain output (¢) using Wheatstone bridge circuit, we
ensured angles of inclination (¢) of 45° and 20° to the perpendicular unidirectional H. The torque L(¢) obtained from F
is equivalent to the values of magnetic torque [L(6)] curve at 8 of 45° and 20°, where & is the angle between the easy
axis and Js. L(6) exerted by the magnetic anisotropy energy of sample can be measured by the mechanical torque [L (=
F x I5)] acting on the rigid pipe, where Is is the length of the rigid pipe. In highly uniform H, the force (= M x 6H,/0z)
based on magnetic moment (M) does not act on the rigid pipe, because a gradient of H (0H./0z) can be disregarded.
Therefore, L acting on the rigid pipe is the only L(8). L(6) of a tetragonal symmetry is generally expressed: L(6) = — (K1
+ K2) sin(20) + (K2/2) sin(46). F was loaded the outside of the SCM by the weight in free end of the rigid pipe mounted
horizontally on a vice. The torque proofs were corrected using the product of mass of the weight (10-300 g) and s.

3. Results and discussion The large L was almost proportional to &: L = 3.839 x & — 0.003. Fig. 1 shows the strain
output for the magnet at ¢ of 45° and 20°, and the blank sample. The measured values of & are necessary to make the
correction using the values of the blank sample in these respective H (4.8, 5.6, 6.4, and 7.2 MA/m). Fig. 2 shows K; of
the magnet, which was extrapolated to the infinite H at various temperatures. K; and K> of the magnet were 4.6 and 0.37
MJ/m® at 298 K, respectively. K; was in substantially agreement with the published values for the Nd,Fe14B single
crystal.? As the temperature rose to 473 K, these deteriorated remarkably to 1.0 and 0.23 MJ/m3, respectively. Both K;
and K, decreased as the temperature increased. Anisotropy field of magnet at 298 K was 6.09 MA/m. A significantly
higher H than Ha was necessary to obtain Ha for the Nd-Fe-B sintered magnet. Despite the very simple mechanism, this
method can measure the large K; and K> of Nd—Fe—B sintered magnet at elevated temperatures in high H.
Acknowledgment  We are grateful to Showa Measuring Instruments Co., Ltd., for helping to mount the strain gauge.
References 1) H. Nishio and K. Machida, IEEE Trans. Magn., 54 (2018) 6000904. 2) D. Givord et al., Solid State Commun., 51 (1984) 857.
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Potential of RFe; (z = 9-12) alloys as permanent magnet materials

S. Sakurada
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RFe, compounds (R = rare earth element, z = 9-12) crystalized in the ThMna» structure [1] or the ThCuy structure [2]
have been investigated as promising candidates for next-generation high-performance permanent magnet materials
because they can contain large amounts of iron. Some of these compounds are reported to exhibit intrinsic magnetic
properties of exceeding that of Nd.Fe14B [3,4]. We have focused on the crystal phases appearing in such iron-rich R-Fe
alloys, their phase stability, and the magnetic properties of these compounds for the last 30 years, and mainly obtained
the following results and findings.

(1)

()

The atomic radius of the element occupying the rare-earth site is an important factor to stabilize the ThMni,
structure in RFeoSi, system. The ThMny, phase was found in the system in which the individual rare-earth atomic
radius were smaller than those of neodymium in RFesoSiz. In the (Nd,Zr)Fe10Siz system, zirconium occupies the
neodymium site and facilitates the formation of the ThMn1, phase owing to the decrease in the atomic radius of the
neodymium site [5].

In (Nd,Zr)Fe12-Six, the ThMn;, phase was not observed at x= 1, and the ThyNii7 phase or the Th,Zn17 phase were
observed together with a-Fe. However, in (R,Zr)(Fe,Co)1 rapidly quenched alloys (R=Nd, Sm, Vs = 40m/s), almost
a single phase with the ThCuy structure was obtained. The presence of zirconium makes it possible to realize a
ThCus structure with a high lattice constant ratio c/a of more than 0.87. In the structure, it is believed that a greater
number of the dumbbell arrangements of iron atoms exist. (Sm,Zr)(Fe,Co)woNx prepared by rapid quenching,
annealing, and nitogenation exhibited a high saturation magnetization (uoMs) of 1.70 T and an anisotropy field
(uoHa) of 7.7 T [4].

(3) We have developed isotropic magnet powder with the composition of (Sm,Zr)(Fe,Co);Bo1Nx (z = 9-10). A small

(4)

addition of boron is effective for forming the amorphous phase in the rapidly quenched alloys and for obtaining
uniform and fine grains of the ThCu; phases after annealing. The magnetic properties of these powders are B, =
1.00-1.07 T, Hcy = 640-880 kA/m, (BH)max = 160-180 kJ/m?®. Isotropic bonded magnets fabricated using such
powder show highest (BH)max = 123 kJ/m? [6] and are currently commercialized and used in various motors.

Compounds containing a greater number of the dumbbell arrangements of iron atoms such as RFei> having the
ThMny, structure and RFeg.12 having the ThCuy structure tend to be appeared in alloys having the smaller atomic
radius of the rare-earth site. However, use of heavy-rare-earth lowers the saturation magnetization. Therefore, it is
important to realize a situation similar to the heavy-rare-earth compounds by the substitution of Nd or Sm with the
element having a smaller atomic radius such as Zr.

In this presentation, | also mention recent topics on the intrinsic magnetic properties of RFeg.1» compounds and
attempts to improve the coercivity, as well as some interesting issues that have not been solved for these compounds.
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Site preference of dopant elements in rare-earth permanent magnets
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Rare-earth permanent magnets (REPM’s) fabricated on the basis of Nd-Fe-B alloys have a problem in temperature
resistance of magnetic properties due to the relatively low Curie temperature at 585K of the main-phase compound
Nd,Fe 4B and sometimes need expensive elements like Dy in industrial applications for traction motors of electric
vehicles to supplement the high-temperature performance. It is desirable to raise the Curie temperature, enhance the
temperature resistance of magnetic properties, or/and avoid expensive elements in REPM. While prospective
SmFei,-based REPM could provide an ideal answer to all of the above wished requests, addition of extra elements
seems to be unavoidable to ensure the structural stability of the particular 1:12 crystal structure, among which one of the
most typical ones is Ti, yielding RFe;; Ti compounds. Here the best compromise in the tradeoff between ferromagnetism
and structure stability is pursued. In order to estimate the best possible magnetic performance in the operation
temperature range of the REPM compounds, we inspect from first principles the intrinsic magnetic properties and
energetics for the site preference of dopant elements in Nd,Fe 4B [1] and in RFe;; (R=Sm and Nd) partly aided by
experimental data obtained by neutron scattering experiments. We put a focus on the effect of dopant elements on the
exchange couplings between rare-earth and Fe-group elements which basically put the most stringent constraint on the
utility of the main-phase ferromagnet [2]. Contrasting trends between Ti and Co in the preferred sites are elucidated
referring to the magnetic exchange couplings between dopant and host atoms. Implications of those numerically and
experimentally observed trends on the robustness of localized magnetic moments on Fe all through the sample
fabrication processes are discussed. The best compromise with Sm(Fe,Co),;Ti and Nd(Fe,Co),; TiNy is inspected.
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The ThMn,-type the Sm(Fe;.,Co,)1» (0=x=0.2) compound films exhibit intrinsic hard magnetic properties
superior to those of Nd,Fe,B for x=0.2". Therefore, it is important to investigate the origin of intrinsic magnetic
properties such as magnetic anisotropy and magnetization of the Sm(Fe;,Co,);; compound and their temperature
dependence. In this work, we evaluated the magnetic anisotropy constant of the Sm(Fe,;Coy),, films by using the
anomalous Hall effect (AHE) torque measurements. The results were compared with the ab-initio calculations of the
crystal field parameters at the Sm site using a spin model of Sm(Fe;.,Co,);, compounds. We also evaluated the magnetic
moment of each Fe site in Sm(Fe;,Co,);; films and their temperature dependence using the total reflection
synchrotron-radiation Mossbauer spectroscopy method.

Epitaxial Sm(Fe;,Co,);, films were prepared by an ultra-high vacuum magnetron co-sputtering system with the
stacking structure of MgO(001) substrate/V(001)(10nm)/Sm(Fe,Co,);2(288-325nm)/V(2nm) (x=0, 0.07, 0.2).
Anomalous Hall effect was measured by using a physical property magnetic system (PPMS) with a maximum magnetic
field of 14T. °’Fe Mossbauer spectra were measured at RT and 250°C on the beamline BL11XU at SPring-8.

Fig.1 shows the temperature dependence of K; and K, for the Sm(Fe;_Co,);, films with various Co contents. While
K, monotonically decreases with increasing temperature, K, changes its sign from negative to positive with increasing
temperature. This behavior is consistent with the effective spin model approach® based on the ab-initio calculation.
Fig.2 shows the internal magnetic field of each Fe site and their magnetic moment as a function of Co content at RT and
250°C from the analysis of Mossbauer data. The fitting was performed using three independent spectra for the 8i, 8j and
8f Fe-sites. The site dependence of internal magnetic fields follows the sequence 8i > 8j > 8f, which corresponds to the
previous Mossbauer measurement in ThMn;, structure”. When the moment of Sm is assumed to be zero, the estimated
saturation magnetization value without Co (x=0) is about 1.65T at RT, which is in a good agreement with the
previously reported value". The enhancement of magnetic moments was observed at each Fe site as increasing the Co
content, which could be the reason for the magnetization enhancement of Sm(Fe,_Co,);, compound.
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The scarcity of rare earth elements (RE) categorized as critical raw materials have stimulated the search for new
rare earth-free/lean alloys alternatives for Nd-Fe-B based permanent magnets. Some of REFei» compounds with
tetragonal ThMny, (1:12) structure show high magnetocrystalline anisotropy [2] and an inherent lean content of rare
earths (7.7 at.%) compared with Nd-Fe14B (11.8 at.%) can induce high magnetisation. However, binary REFe; is not
thermodynamically stable and a ternary element in substitution of Fe is needed to obtain the 1:12 structure in bulk,
which reduces the saturation magnetisation of the compound [3]. Recently, it has been reported that substitution of Sm
with Zr stabilises the 1:12 structure without decreasing magnetisation in the certain range of Zr concentration [4,5].

In this work, we have measured XMCD spectra at the Fe and Co L;3-edges and the Sm Mas-edges in (001)
oriented epitaxial (SmiZry)(FeosC0o2)12 (X = 0, 0.14 and 0.26) films grown on a (001)-oriented V underlayer deposited
on a MgO(001) single crystalline substrate, as reported by Hirayama et al. [6]. The magnetisations of these films at
room temperature (RT) are summarized in Table 1. The XMCD experiment was performed at BL25SU of SPring-8. The
element specific magnetisation was calculated by the sum rule analysis for the XMCD spectra recorded at RT and 20 K,
which showed an increase of the magnetisation for the sample with x = 0.14. The present results show that the small
addition of Zr of 0.14 enhances the magnetic moment of Fe atoms by a 6% while a large change of a 23% of the
magnetic moment of Sm is found. The relatively low concentration of Sm in the 1:12 structure compared with Fe makes
that the total magnetisation of the alloy is driven mainly by the enhancement of the magnetic moments of Fe, with a
total increase of a 6.3%. Since the intensity of the resonant absorption (not shown here), which is proportional to the
number of the 3d electron, doesn’t change significantly, the charge transfer between Fe and Zr can be discarded as a
dominant factor for this enhancement. This observation likely suggests that Zr substitution mainly affects the crystal
structure such as the increase of local Fe-Fe distances or the weakening of Fe 3d — Sm 5d hybridisation, which leads to
the enhancement of the ferromagnetic coupling.

Table 1.- Summary of the magnetisation measured at RT by SQUID and the magnetisation and magnetic moments of
each element calculated by XMCD which was recorded at RT.

Magnetisation (T) | Magnetisation (T) Magnetic moment
Zr content Am (%)
SQUID XMCD m (UB)
Fe 2.32 -
x=0 1.78 1.75 Co 1.53 -
Sm -0.42 -
Fe 2.46 6.0
x=0.14 1.87 1.86 Co 1.55 1.3
Sm -0.32 23.8
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Recent investigations on intrinsic magnetic properties of SmFej>-based compounds with the ThMn;,
structure have shown that Sm(Feo3Coo2)11Ti and SmgsZroa(FeosCoo2)i1.5Tios alloy compounds have
comparable intrinsic hard magnetic properties and better temperature dependence with those of Nd,Fe 4B [1].
The remaining challenge is to further develop those intrinsic properties into practically useful extrinsic ones,
particularly coercivity. In this work, we focused on reduction of the grain size of SmFe;»-based compounds by
jet-milling and investigated the phase stability of the powders with different particle size [2,3]. We also
introduce a few grain boundary phases that can exchange decouple SmFe1,-based grains in order to obtain high
coercivity.

Starting alloys with compositions of Sm(FeosCoo2)11Ti, Sm(FeosCoo2)105GaosTi, and
Sm(Fep3C002)105CuosTi were prepared by induction melting. The ingots were crushed into coarse powders
and hydrogen decrepitated to reduce the particle size below 100 um. The powders were jet-milled for the
particle refinement study. The magnetic properties were measured using a SQUID-VSM. Microstructure of
the samples were analyzed using SEM/FIB (Carl Zeiss 1540EsB) and TEM (Titan G2 80-200).

We used three different compositions of SmFej»-based alloys and demonstrated fine, anisotropic, single-
crystalline SmFe; Ti-based micro-particles with high roundness by jet-milling using N, gas. The smallest
particle size of 2.7+0.6 pm and roundness of 0.73+0.13 was achieved in the case of Sm(Feo3C00.2)10.5CuosTi,
as shown in Fig. 1 (a). Although the ThMni»-type structure is preserved even at high milling gas pressures, the
coercivity of the powders remained below 0.2 T. The intergranular phase that originally exist in the as-cast
alloy is removed or changed to an amorphous surface phase as shown in Fig. 1 (b). Detailed characterization
of jet-milled powders using BF and HAADF-STEM showed that the SmFe>-based jet-milled powders
experience plastic deformation through crystallographic slip and the formation of slip bands during jet-milling
process (Fig. 1(c)). Observed projection of the atoms in HAADF-STEM image (Fig. 1(c)) show that Sm atoms
are missing in the slip bands
indicating the crystal Sm(Fe,5C002)105CU 5 Ti Jet-milled powders
structure is damaged at the __ a Powdermorshology b) Amorphous surface ¢) Formation of slip-bands in the powders
slip bands. These defects . ' i
decrease local
magnetocrystalline
anisotropy compared to the
matrix region that can be
nucleation centers for the
formation of reverse magnetic
domains and thus limiting the
coercivity. We will show that
possible solutions for
minimizing defect formation

s et o =
et S P10t | 2000

. . Figure 1: (a) Secondary electron (SE) SEM image showing morphology of jet-
are, using lower milling gas jjjed powders, (b) STEM-EDS maps and micro-diffraction pattern showing
pressure, performing a post- amorphous Sm-Cu rich phase at the surface of jet-milled powders, and (c) bright
annealing step or using Ga field (BF)-STEM and high resolution HAADF-STEM image (inset) obtained from
doped starting alloy. inside of the jet-milled powders with composition of Sm(FeoCoo.2)105CuosTi.

Temperature-dependent XRD results showed that unlike large sized powders (>100um), jet-milled powders
with a size of smaller than Sum decompose from the surface at temperatures above 600°C resulting in
formation of a-Fe. We will also show low-melting alloys with good wettability with SmFe ,-powders that can
be used for metal bonded magnets.
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Development of Sm-Fe-N bulk magnets showing high maximum energy
products

Ryo Matsunami, Masashi Matsuura, Nobuki Tezuka, Satoshi Sugimoto
(Tohoku University)

Introduction

SmzFe17N; compound shows high Js, high Ha and high Tc, therefore the SmyFe17N3 based bulk magnet is expected to
show high thermal stability with high (BH)max. However, it is well known that preparation of bulk SmyFei7N3 based
magnets cannot be obtained by conventional sintering process because of decomposition of this compound above
around 600 °C. For obtaining bulk Sm-Fe-N magnets, applying metal binder having low melting temperature and/or
applying Spark-Plasma-Sintering (SPS) have been reported by many researchers. Recently, our group and AIST group
have reported that decreasing oxygen content in SmzFe17Nx based magnets is effective for suppressing deterioration of
coercivity after heat treatment 4. In our previous study, we applied Arc plasma deposition (APD) and SPS for
preparing Zn-bonded Sm-Fe-N bulk magnets, and we reported (BH)max Of 153 kJm?® with Hg of 1.1 MAm? for
Zn-bonded Sm-Fe-N magnet and (BH)max of 179 kim with Hc; of 0.8 MAmM™ for binder-less Sm-Fe-N magnet 4. We
also reported that the Hydrogen-Plasma-Metal-Reaction (HPMR) method is useful for preparation of fine Zn particles
with low oxygen content 2. Thus, in this study, we applied HPMR method and SPS process for preparing Zn-bonded
Sm-Fe-N magnets, and we obtained high (BH)max Sm-Fe-N bulk magnets.

Experimental Procedure

SmyFes7 coarse powder was pulverized by ball milling. The fine Sm-Fe powder was nitrided under N2 gas at 450 °C. Zn
fine powder was prepared by the HPMR method. After mixing Sm-Fe-N and Zn powder, the Sm-Fe-N/Zn mixed
powder was pressed under magnetic field, and it was sintered by SPS with conditions of 750 MPa at 380-440 °C.

Results and Discussion

Oxygen content of the Sm-Fe-N powder was 0.22 wt%, and remanence and coercivity of the powder was 151 Am?kg*
and 0.72 MAmY, respectively. Magnetic properties of the Zn-free Sm-Fe-N magnet were Hc; of 0.86 MAm™ and
(BH)max of 188 kdm3, respectively. It is shown that coercivity of the magnet did not decrease after sintering because of
low oxygen content. The 10 wt%-Zn Sm-Fe-N/Zn bonded magnets showed excellent magnetic properties of (BH)max =
200 kdm® with He; = 1.28 MAm™. Compared with previous studies, this (BH)max is highest level of Sm-Fe-N bulk
magnets showing high He;, simultaneously. The (BH)max of the Zn-bonded magnet was higher than that of Zn-free
magnet in this study because of higher relative density. Therefore, Zn binder is effective for not only increasing
coercivity but also increasing density of the magnets. Temperature coefficient of coercivity of the magnets were
evaluated, and -0.38 %/K and -0.35 %/K for Zn-free and Zn-bonded magnets were obtained, respectively. Consequently,
it is successfully obtained high performance Sm-Fe-N bulk magnets.
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ER LIRSS = Si HAR/Ta(5 nm)/Pt(100 nm) FHUE BIZARE L7z, FEREMEIL, Ta 2=, Pt % 300°C, BLFCO %
695°C, DFEMIEE CTRIE L=, A Xv X U7X —74y MIiE, La-Fe-O ¥R, Fe ¥iRK, Co Mk % et X
HCER U8B —4 Y MCBI — FERE L2 b0 &2 W, RS SV 2 DC 28y # ) o Z71EIC
BBV AL L L, B % 100 kHz, F/% 150 W, 5 =—7 ¢ — (ON:OFF) ft% 2:1 & L7-. BLFCO
7 JBE R R 1% )7%%7&%%mt)/7?74 TatRICkY, BELEEBRETEEETD
[Co(0.7nm)/Pd(2.0nm)]s ZJEED 3 um D K> b & FEE I L OB L7z, FEE IR~ D /[pTE R AR L OE
FINAT# OREX R L OV s s c i, 88 o — 7 BMEEZ vz,

FER  Fig1 o, ER L2 XL OIS EREINZ i U725 7T c B4 2 A, = LT, ERENETO
MFM 4, aﬁﬁﬁﬂm@%) MFM #, ZZh$hosd. ERENRTO[CoPIL ZEIE N v v (EAVWThb) O
MFM & TIE, BLHOIY FTAMNRT U X ADIHLND I LD, {HEIRETH D Z L3 5. EHRAIN
%D MFM BT, RS T2 () O Ry by b7 &2 MIEEReW—7, SRS
Ni=HFoO Ry b () iZonTiEar b7 &2 b (BOEY) MFE A E2RL foe D, HERLIREED D EMEIRREIC
B LT (e Eizmnwg) E 52 5. Cross section of electric writing FaF et & "

SA LT T 7 A I DOFERMIRIEAT 5 . = S8 before
BLFCO .
@ ‘ Plane view of
electric writing
(Bi,La)(Fe,Co)O4 :

T &AL LT e o 75 %%ar”
% MFM image

NDEMECKEELEZZ LN, 20
FEH XV, (Bi,La)(Fe,Co)Os/ [Co/Pd], fE)E
B2 W T, EREINRALR R (RS

) MBEISN L2 5. Bottom electrode 1 . >33 after
hr'r - -': 3
Substrate — P by -, m,-!q electric writing

BEELE 1) HH F 42 I H AR S =

2o pfret e 13aA-5. . 2) = 47>  Fig. 1 Schematic images of appllcatlon of local electric field to
EET;?QAE%%% Rapese %g)% 1* ¥ A%l BLFCO/[Co/Pd] multilayer and MFM images of [Co/Pd] dots before and
RT R T IT a » 13aA-10. after application of local electric field.
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BiFeO3/Coi1CusFe,O4 15 & i I D g — B R0

T ORER, MR Bk AR B —
(B ERT R¥FE B TAER)
Magnetoelectric effect of BiFeO3/Co;..Cu,Fe,O4 multilayer thin films
S. Tsuchida, K. Kamishima, and K. Kakizaki
(Graduate School of Science and Engineering, Saitama University)

FCHIS

SRV L SREEEME 2 R FRF O~ AT 7 = m A v ZMEHE, BREA L EBNREZI LT, W5 03E R 5
. EHEDBEROE BB ST MR- ERME R E R L, ZEAE Y —OKE =R E~DJE R
HFF STV D D, ARHFSE TIXIRBEMER & L T CoFe,04(CFO) % |, 555 (121 BiFeOs(BFO) % £ L 72, MOD
I£7C FTO 7E## 1=(C BFO/CFO/BFO FfJE I 4 plE L 7=, % DFE CFO @ Co*' % Cu?" TE#LT 25 Z & THEdk
IR DK A Y  CFO J8 D2 ET 5 2 LIk RESMENBEEZRRIE L L 2HBNE L,

RBRAE

AEHX MOD B K 0 ERL L 72, HIRIHRICIE Bi, Co, Fe eBiFeO; vCoFe,0, 08nO,
B LU Cu DA R EAMESYMETRIX) % IV, BiFeOs
LY Co1.CuFe,04(CCFO)DAARL & 725 L S IR L 7=, 24
Z R C 24 R HR L7212 A B2 22— AT FTO il &
T T AFEM N A LTz, Tz KEH 350°CC 30 47 il Rzg:
7%, RKH 640C T 1 FRFHIZMLEE 21T o 72, 2 O LA fik
VK4 Z & T BFO/ CCFO/ BFO @iz ERL U=, /ERIL
7o B O RE A& I X BREIPTIE(XRD)IZ L Y T L 7=, ME %)
T AL ER U 72308 & AV, ERE 8B & OV % -
FICHIINL, BRESNDIEEEZR Y 7 A4 T 7L 0 HlE
L7,

Intensity [a.u.]

10 ZIO 3-0 4I0 SIO GIO 70
26 [deg.] Cu-Ka
BRE S URE Fig. 1 XRD patterns of BFO/CCFO/BFO

Fig. 1 |3 BFO/CCFO/BFO FiJE il (x=0~0.39)> X #RIE{T multilayered thin films with various Cu

o, Z2TORECHM E T % BFO 3 X O CFO 3K contents.
%705, Cu EHLEDHENNT ALY BFO AR O S 2K T -9~ 5 )
2D, ZA, CFO DR BIRENME T L2 Z & T, &8
O FL i THAILEH A U7 < 72 BFO H1 0 Bi 28 CFO JE1il
~NERL7EZ ENRREEBZ HRD,

Fig. 2 |3 BFO/CCFO/BFO F & il 2 B s & L C Hoe=3.85
kOe ZFIN L7z & & D ME AR D Cu E#EAKFMHEZ "7, Cu
EHE Y x=0.07 DOFEHIIB VT ME ££30% 104.9 mV/em + Oe
EIRBRERMEEARD, 2T Cu BHRIZE Y CFO DM

=
=3

H,=3.85kOe

=
S

80

60 |

40

20

ME voltage coeflicient [mV/cm=0Oe]

PEDSA L, KD RERBREANEB LI LEZ BN 0 : : :

B, LivL, Cu BHEAS BICEIIT 5 & ME (REIEH S ’ o

Do ZHUE, BEOFRMmICIIT DM AEILHNC XY BFO FHDORKS Fig. 2 ME voltage coefficient of BFO/

EENMETLEZ ERRRTHDLEEZLND, CCFO/BFO multilayer thin films at the
maximum magnetic field of 3.85 kOe as

&2 30k a function of Cu content, x.

1) N.A. Spaldin, M. Fiebig : Science, 309 (2005) 391.
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Fe-Ga A& HiEd DIREIRET A RITHE L7 IREB TORXEE
25 SN 1% TR S Ml o B i el | " Aataia N (1= = b7 1G4 SXaiaiadaN %7 NI s el
(PR TEARZERE, **BAER Zoohif, **3ALR @R, >4 B abaT)
Magnetic domain structure of Fe-Ga alloy single crystal on vibration power generator
S. Fujieda*, T. Takahashi**, R. Simura**, T. Kawamata***, T. Fukuda****, and S. Suzuki**
(*Graduate School of Engineering Osaka University, **IMRAM Tohoku University,
***IMR Tohoku University, ****Fukuda Crystal Laboratory)

1=
=]

Al

Fe Ga G@DWHENRZFH LIZIREIFRE L, HORD DR LHIV Uy OB & hEIC
W CTE 5729, 10T (Internet of Things) 7 /XA A ZBREN S 572D A T F o A7 U —/NUEJR & LTO){%
AR INTND Y, ZOT A AT, UFHT L— A Fe-Ga G & IE 0 (i REETa A L a2 %X
T, KAWEA THAA T A 2T 2, BEEmICIREIZMZ 5E, U FENARERD, 9 —HDH
M2 iR < IREV S 5. IRENC LY Fe-Ga /E;\% SRV B LOVEMEIS I 5 & WEENRIZ LY a4 L&

ELWRNET - 0BRFEIC L VBEEENINEL S, AT, IR EEEOMEIIC T T,
U FRIT S R THEE L 72k e TFNMQ%%F%®ME@ﬂ%ﬁotO
EERAE

Czochralski {£IZ X 0 ERE L 72 K Fe-Ga A& HUfEAL A > 2> b MRIAEIN(001) 38 L VR FH M
[0101J5 A DACIREEL 2 G) 0 H L 7= %%, %WHE%JU i fRAIT IS 2o i U 7 IRENIC K 2071 03[010] 47 1) & AT
W5 X9 ITHCREEHE U 787 L— AIZBE 0 11 72, BEXBIECIX Faraday 2R 2 FIH L7 7 « —
JU RA[HRAL S 27 A% =,

EEREER

U FHRURENEET /A A ~D(@FE#ATI L Ob)FEHZICH T 5 Fe-Ga @ ki OREXBIZRE R 2 X 1
WRT . T3 AEEFATICI VT, Fe-Ga &4a HUfs i I XRURH 2 I B W TR CTRME KRS 2~ 3, 7
NA ZEHAZIZB N TS, Fe-Ga A4 Bk in 1% B HI 560 C 130 CREME A i XA & & o 3, ﬁ iﬁw
1E[010] 5 N AT Zp iR IE 2 "3, Kerr 20 3EBAEE 2 72 Fe-Ga &4 UG fn OREXBIZZIZ L b | <100>
FhEFATIZBIR VIS 2T 5 & FRIS I EEMT 5 X 5 ICHREEITZL LT, 5l8ED ﬁr'lﬂ AT
IRRAE T OREX E K ONERRAY7e 180° BEBE CHERK S NI HRIOMIREE RN TERR T2 Z EAHE ST b
9, DFEV, 7A4x%ﬁ%@i5@f@ FIRBE X OTE UL IR Y OIRBEIS I ORAZERT 5, Fe-Ga 54
B % 7 3 AT 272010 U T T L— NIl 0 (1T 2 L FRFIG 3 E U T, BERKEE I A —72
REEL 705 Z ERBH LT fgoto

[100] S
1—> [010]
[001] 1 mm A & Ed
Fig. 1 U TRURBIIEET S A~ @EHATE L OCOIEH% D Fe-Ga &4 H
i e 0 (001) [ D figh XA 18,
23 3R

1) T.Uenoand S. Yamada, IEEE Trans. Magn., 47 (2011) 2407.
2) _EEMEGE, HA AEM %24, 26 (2018) 185.
3) S.Fujieda, S. Asano, S. Hashi, K. Ishiyama, T. Fukuda and S. Suzuki, J. Appl. Phys., 124 (2018) 233901.
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i X i MCD By IS K 2 BRI TRk DO pA b e AT

Prouasct, SEMER T, A9MUmBA Y, AT 22, db e,
SEARMFARRR 237, /INBRIEURER 28, /NAERE S, A 28, AREE 4, REHT°
(P HALR, 2ESICMM, NIMS, 3JASRI, “(#R)# A F—FE+, S KFEFFZRIER)), "(Bl)KRBRK
Magnetization reversal process of hot-deformed Nd-Fe-B magnets
using soft X-ray magnetic circular dichroism microscopy
M. Takeuchil, T.Yomogital, N. Kikuchi!, S.Okamoto!?, O. Kitakami?,
K. Toyoki?®", S. Kobayashi?3, Y. Kotani®, T.Nakamura®®, A. Hattori*, and K. Hioki®
(*Tohoku University, 2ESICMM, NIMS, 3JASRI, “Daido Electronics Co., Ltd., *Daido Steel Co., Ltd.) ,
“Present : Osaka University

XU BN L Nd-Fe-B B (HD Béf) 1 c-lifdmbe, o7 i dahi(~300 nmyz A L CH v, ki
RCORBEY =0 VP PMERS IR D TER TH H Z N> TnD [1,2]. A ORI Z i+ 5 7=
WIZIE Kerr BEMGEE CITZEMMRRED -+ T2 <, BERITAMEE CITEEHER T — A v b O ECRE HHlE
DEEL W2 EORMBENRD D, F-REMEEICEL DX A —T OB WH CE /2. —JF, SPring-8 BL25SU T
B S 7ok X BT bt (XMCD) Btk Cik, HMEZEFREK T COREHKENIZ L 54 A —
7 U —FKETOBENARETH Y, FZERIOMAEIX 90 nm & HD B DR L Y+ &<, »ollE
A RS THENATRETH H[3]. LI > T, HD B DFRIR TO Y =0 F R D~ v ¥ 73 HE<e,

Z DN L DRIR TORMFE TN ATREL 725 Z ENWIFF T 5. AWFFETIE, RO EZ22S HD
A%t LC XMCD A A — > 712 K D BB 21T - 7o R 2 s 3 5.

ERGE TEEBML 13T, 720 T 27257 HD B IE 0.5%0.5x5 mme (1L L= 7 —Jdk (il // c-
i) &L, BEEZE R TR O SIS U=k 2 i #iE 3T~-3T T XMCD A A — > ZHIE %
fTo72. XMCD A A=Y 7 HIE#IZTa 10 nm 2 =— b L, FE-SEM T KL % R &g 217>, XMCD
BLERAEDLELZEICEY, RAEDRIER LN =2 75N Ol 217> 7=

EBRER  Fig. 11277 HD B OB UIRAL AR S, 0~1.0 T B8 LW 1.5~2.0 T OFLPH CRALER = < 72
STEY, 2BEBEOBCIEIEZ & > TND Z NN 5. — AL 1 Bt B ASETHREIRRE T D 2R 1,

2 BeEE DRI CORBEE L =2 72D b kB X BS. Fig. 2 B X O Fig. 31X XMCD & kit kL —
AZBEREZLOTHY, THENEGEELRREZR B ONT 1.6 TEINOFERETH D, RARIT T 260 nm FLE
HY, WHEAREEDOIXIEIZFEL T 0.7 um BETH 7. BMXKIEF M 2~3 HORFRNEENTEY, Bl
BOIRBE COZREX R II U PO PAIFEZ TR VWL IR 2 5. 2 B H OBLIBRRICFH ST 5 1.5 T Ti,
2L ODBEENRIR TE L =20 7 LTV DEE T AR TE 5208, — 8, KIN TIEEL TV D EEE LR TX 5.

| — ) I R AT Ve Ht
— SN | % A N ?5:,. >
RS ¢ . §

Norm. M
=3
”

' ! 2 3 e lum R A L 8@l | Lm
#oH [T) NBOR < = SR 9
Fig. 1 Remanent initial magnetization Fig. 2 XMCD image of thermally Fig. 3 XMCD image of the HD magnet
curve of the HD magnet. demagnetized state of the HD magnet.  after applying a magnetic field of 1.5 T.

BIEE OB TE - 7 S RBEBIIGET 7 A 7 2 A | R OSTHR ISR ER B SR LS O S 0 T TAT b iz,
L 2 BGN

[1] J. Liu et al. Acta Mater., 82, 336 (2014). [2] Okamoto et al. J. Appl. Phys. 118, 223903 (2015).

[3] Y. Kotani et al., J. Synchrotron Radiat. 25, 1444 (2018).
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- BT & D REKEH A B RsPd,(R = Ho, Tb)wﬁﬂﬁ%ﬁﬁﬁ
A ' RSS2 2 L. Keller®, S ', $aRtE.Z ' MIEIAH] ', A, Donni', S. Lee', H
RFELN °, & 7-8Fd o JRJIEAS
(WIFTHERS ', CROSS Hifi 2, PSI®. KAERIY, JF-f/IkkE °)

Short-range ordering of magnetic refrigerant materials RsPd, (R = Th, Ho) by neutron diffraction
H. Kitazawa®, Y. Kawamura?, L. Keller®, N. Terada®, H. S. Suzuki, H. Mamiya', A. Donni’, S. Lee*, N. Metoki®,
K. Kaneko®, N. Igawa’
(*NIMS, 2CROSS-Tokai, °PSI, *KAERI, *JAEA)

X EHIZ

KFBIEIHLVWZRALX —F v VT ERVELIHEMO—DE L THEAINL TS, KFEKXREHEMLS
DEBOT-OITIL, RV bLEMMPOLRIHG T D720 DKFHREM & LT, BERAEHIZ KD
WALER RSN TWD, 20D, LIS E 2R EaEE (T7K-20K) T D K& ek v
o —ZbE2 R THEIER RD BN TWD,
jﬁ%m@@ﬂ%%%%%%om@@ﬁ\ﬁﬁ@ﬁ%ﬂv:%MT%ém%ﬂﬂb%f\miwﬁ
020K IZHTVY 34 K TIEFIZ K E MR BN E MCE) 23 H 5 & 0 BBV #1152 Samanta 512 &
Tﬁénto&bimﬂd@ww%L (CHLOR & R u%\ﬂws_m%éntﬂ$%%%ﬁot%
KM 7 EHr FEBR A 1T o 72, HosPd, 1X T, (T LA 225 k= [0.18,0.18,0. IB]OREESRM~ 2 L%
FoleBkFn#ZEL-SOL, KR K ECREMBRTFZFHTZRWVWT I AT ZI > TV L FENREI
i, 2E, LW ERHOFEREBL-D, AA A PSI HPEFERMEHR SINQ ICHRE S N-H T
EIPTEF DMC 2 W T, ZHW'E TbPd, (T, = 70K) ZiEaalEt O B4 X% — o O EE b2 JlE L 7=,

EBRHE
HVET-EPTSERR L, SINQ (A A A PSI) O@mHYETEIPTEEDMC (2= 4.507 R) Tirbiviz, 7 — 7 IF CIafE
. 800°CC 100 FefAIFRE B Z2edl S L7 b 2 M R(b L7-slB D EBRRCHE Sz,

ERAER ——
112 1.5 K ~ 70 K OIRFEFFICIT 5 HrET-ByRE < cENS g aome E
4 B, 90 deg B BB S NS E— i, B 2§ il
BB DTS2 =2 Th b, T,= 28K £ 0 b hMC mu\ s ¢ . FRoEE T
70K 2> HIREN TRET HIC0E- T, KA D Sdeg fFiITIC gm‘z'» ::z - @E;
[6,06,08] (&5 =0. 18)@¢Ef£u\t"—m§§§ébfﬁ<ﬁ%% I W
DS, Fo, k= [LLUOYA RO k= [1£6, 1 ! ‘ o
5, 128 JICHIBDIE B E— 2 SBNShiz, k=[5, o w w W w m
5, 80]1DE—s ORREZRECBME LTF 0y b5 e
ET, A BARIEIC T o TRIKICHEMT 2 ER Do 7=, Fig. 1 Temperature dependence of neutron
powder patters of HosPd.,.
BEE

ARIFFEIL, JST Rkt S AlEF 2 TREKE RN IC L DK FERILY A7 2 0BI3 | (G ID: 18077503)
DO—BE LTEmMBLE LT,

L Z DN

1) T. Samanta, et. al., Appl. Phys. Lett. 91, 082511 (2007).
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Mn R A A T —8E 4 Mn,CoGa ORGP & R+l

{253 1V RN <2515 NN 3 NN = F =K -/ RN WA IF: i/ Nl = P 1= el
(" AAERAAF, ALK CSRN, P HAEK CSIS, AR —L - v T,
SR, AR, T AL @A)
Magnetic properties and atomic configuration of Mn,CoGa in Mn-based Heusler alloy
R.Y. Umetsu'**, K. Saito*, K. Ono’, T. Ishigaki6 M. Tsyj ikawa**’, M. Shirai**’
(‘IMR, Tohoku Univ., *CSRN, Tohoku Univ., *CSIS, Tohoku Univ.,
*Paul Scherrer Institut, "KEK, *Ibaraki Univ., ‘RIEC, Tohoku Univ.)
I EHIT
Mn,CoAl KA AT —E40 HeCuTi BHEEOF ALY EZ L TV AHEIC, AV X v v 7 L AR
(SGS-type) D AR TBEFIRFEAZ AT H Z L N~ FHEHE LV RB SN P HEHESA TS, LLARBS,
Mn-Co-Al =7 RRIERIC L B & 1273 K LUTF Tl MnyCoAl i 2 MIFEISIC & 0 P, I/ BED 7= HkE 245
SVWZ ERESND, 2T, AR TIEREYE & LT Mn,CoGa A5 A X 7 — &0k (ER L TR
HEZ el L, PR REHTE L R FESIZRE L, Zd b L ICEFREBOFEEZIT 7,

ERGE
Mn,CoGa D ik S it & BRI TIERL L, 1173 K IS T 1 H OB EVLEL 4 it U 7= %% K T BEA
L. 773 K I THANLD 72 OBLEL 21T > 7=, Bl — ABRFEE IR 2 R 5 -0 lOREEB A E
(DSC) HIEZITV, BALRE I TREHEEN RS ) 3H(VSM) K& OY SQUID RE/1EF 2 W TIT o 72, Bk L72# R
AEHIERREOBMLELZ Jii L, J-PARC (25X & L T d 25 KR IEA B IE A7 AT 2 iIMATERIA) % WO CTHRATIRE
W% (TOF) 12X V47V, fEHTICIE FullProf & 7z ¥,

FEERAE R

VSM & U 57 B b tifr £ W Mn,CoGa A4 D = UV —iREITN 740K TH D Z L2300 DSC #hfgic
BOTHAI—FRHAIZERRICHE D & BN A RIS 1050 K IR W T S iz, 5K 2B A biifio 7
2y b ey MR L AREBEEOMEIT 2.0 usg/fu.TH D,

12, Mn,CoGa O =i CHIE % 1T - Ty R e T [BIH 8% — o -t Ly 13 FullProf 2 AV Cf7= [m147
P B TR L[B) Lt Top, (EEBR T2 88— L D4R, HeCuTi BUR T-BLA 2 RE L7284 L 0 .
Mn & Co 728 T v & AITHEISI LTz L2, BiEE & LIZ35A D1 5 28 RAEIZEL (T & 0 G o i-mst—
Ay hOMES, BEERFHEMECBALIE CHE LN BRBELOEICEWNZ EXHH L, ZORFESIE,
HAADF-STEM 4812312 L 5555 & 6 LT 5 O L2, B FEi %00 Mn,CoGa IZ%f LTk —L v FRT

VX L E O TR RBEE R 2T o7 8 2 A, Y
SGS-type ETRIEIFA LW DD, ¥ 7 A4 I, =

A RO =)V SHILHICHER v » TO9B S, il [ 1, (L2,tpe)

MAE L SERORCETRETHS ZLpnhot, | —Ta-Toy

BELHK E ]
1) G D. Liu et al., Phys. Rev. B 77, 014424 (2008). g I , g

2) S. Ouardi et al., Phys. Rev. Lett. 110, 100401 (2013). 2 | j l j 5 l

3) R. Kainuma et al., J. Alloys Compd. 269, 173 (1998). - 0 _4d||.“l H_1

4) R. Carvajal, Physica B 192, 55 (1993). L ll L * . T. .

5) RY. Umetsu et al.J. Phys.: Condens. Matter 31, 10 20 30 40 50 60

065801 (2019). T. O. F. (m sec.)

6) K. Minakuchi et al., J. Alloys Compd. 645, 577  Figure Powder neutron diffraction pattern of Mn,CoGa
(2015) Heusler alloy obtained at room temperature, together

with the calculated pattern as the L2,-type structure.
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HEEL LI D X B MR Atk & IR -5 — A > h DEH

AR L, AR AR AT 23, Qingyi Xiang?, I E 2, = aknE] 23 (LHKRHEL, 2NIMS, 5L K)
X-ray magnetic linear dichroism in perpendicular magnetized films and estimation of quadrupole moments
Jun Okabayashi?, Yuki lida?3, Qingyi Xiang?, Hiroaki Sukegawa?, and Seiji Mitani??

The University of Tokyo, 2NIMS, 3University of Tsukuba

Introduction

X B —AME(XMCD) I, S AR D7y & L TER S, A2 W@t s A e
CHLUERRT— AL FEEINTE LN TIETH D, ANAEIMKTFED DHLERKE— A v ORI #
MTCTE D, £, AVUEBIRE— AV MEIEMEICKRD D Z SI3EEL <, BERPBFIE mr (URBRFRsy) 23 E%k
T 5 3c0s20—1=0 &£ 725547 HIFEEBICTAEUHERKE—RAY NOBZBRD LD, —FH., DK
-« TEE O EAME O &2 O 72 XA T BE(XMLD) I, A2 R IVIRIT 2> B BB 7 P E 5 K B OV 1
— AV N QuERHTE2FIETH D, BAEMIZIT, LTOKRANC X v EHEN5([1,2].

_ $np Az — 2411,

T24 I+,
( ) _ l(Zl - 1)nh AIL3 + AILZ
Qzz) = 2 L+ 1,

ZIZTC, L EANTENEN XAS, XMLD FREZ R T, & XA CHUERGES. mid 3d ZHEREL, | ITH0E A
HEENEAZERT, A TEBMENELEIC X2 TH 5, HRRKRGEEZAT 23 ChE. mR L &t
EAMFIEDESG 7 ML OMAEEHOFEEZL Y | XMLD > 7 ARG o5, —JF, BEBILTEEH
T 5555 O XMLD 134 £ TIZAThLIL T, £ 2 THRL FEREBLIREE TORERLHUEI DO XMLD OFH
FEEHFE Lz, 2T XMLD 22 bR H L- BEMKE G ET RV X— 234 L, UM — A M2
DVT XMCD bR SN AE E iR+ 5 Z L2 B ET 5,

Results

ME BRI T A2 R 33BN T, B aBGic CTRERL A B8 L Zfafimiib & [ CHA 1T, EERILIR
REIZT60° ORI ARBLE I THEAED KSR, BEFMOEZN7 ML TOART M ERIEST HZ & T
XMLDY 7 FABELND Z o7z, ZAVUTEEHE DO AT AEEZ 5 Z L B R VX—%
HHTx5Z &b, —flE LT, 1.2 MIMOEEKK R T RV X —% 73 %5Fe/MgO R 2T
XMLD A2 hvZHl L, #FRlZHWD Z & TREMEZ R =23 Lz, EXE BV Tk, 2
FPET R VX —1F500 peV & 72 b . ZALIEFe/MgOFt i O BEELRL S PRI S+ 5, St EMRDRE ST 5 IEHE
PRBLEICITAR BV, VB/2(5IC KV HIE SN D, ZAUTAEEREXMCD) bR 72 & BB L+ 8 L[3].
XMLDOA DR 7z,

BRI - — A > hmrl, mr=—Qz SORIRIC X 0 MM 1% Qr & BET 25, XMCD D FER TN D
bmrzEH L, Quil W Tl T& 5, — . XMLD& #FnHID 5 Q%2 S Ll L7z, Fe/MgORia Tl
QT AR TILH % MMEIFHED T/HE L, BERAFHEORFIIM O E 513 T/RE <, BERESE— A b
DOBRGENOHATE DL Z L o7,
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TbCo 7 &/ 7 7 A TEEMAVIE DR N 5258 OIRE 24L

AR RS BN SSIEY . BnoRZEHEE, RS, ShpAr R ISR
L SR & Gk
(BERS R, *EMIR, **JASRI, ***QST)
Temperature dependence of the magnetization switching behavior for a TbCo amorphous perpendicular
magnetic anisotropy film
A. Harako, H. Sakurai, X. Liu*, C. Ma*, K. Suzuki, K. Hoshi, N. Tsuji**, Y. Sakurai**,
and A. Agui***
(Gunma Univ, *Shinshu Univ., ¥*JASRI, ***QST)

X C®IT

BERIEHAE Y MRAMBED AL Y B =7 AT, Zd HWVIEHRA P L—Y AT 4 TIZB T, At
HEBSRT T T 7 AREOEEMKESTFEOFAOMENED LN TEY . KBS OHEZ B E L
T B AL SR 2B B OAFZE 23R D BTV 5

INFETHRAIIHR 2T b /%&ELMIJJﬂ L7z A B - WEERBAC IR, & 2 W don 3R IR bl o
HEEZ B L 19, ThyCorox 7 E/NV 7 7 AEEBAVIEO BB O SR A2 it L CXx 729, 20
FER, AV - HUEMRE— AL FHDOIE T Co R E— A v FOBALKIERENIR —TH 5 Z & 2 A
7ZUlTz, % 2 TS B DR EMRAFEIC DWW TIHIND 2 & & LT,
EBRF W 1Y

TbyCoroox (x=12, 14, 16, 18, 20, 22) fEi% Al FEA FIZ DC ARy & U o 7 TER L 7Z, EPMA TR Z
fER L7=, XRD IZX D TENLT 7 AEEZfER L7, SQUID B IEHE W T bihftZ K72, SPring-
8 BLOBW (2 Tl =1 > 7 F U BUELER ATV A B @R ki (SSMH) %3k, afifbilifi & SSMH
D7 XV HE R iR (OSMH) %R, FloKar 7 b7 a7 7 A V& LT Tb, Co BT
— A v b OICHRBIEA IR A R DT,
EBRAER

Fig| ZARIETE— A v b ORRIRL DML - RiEAzt: 2 3%
R, BRTE— A Y N TSR T x=17 THICR b€ . 7
B L7 RSB S, BAHBMLRIRE OIS T £ 180
L &Iz Co U v AN BE) L=, TR BRBE L R AR g 120—
M, FEEHIA L Y Co U v FMITIE Co RRE—AY
B O ZFE, T Uy FRITE To BT — A | Saturation
RSB J % IV TN 2, BUBREAE — A > b 1% Th 5y feageiigation
RE— AL FOZFEMITHIS LT, Composition x
L Z D4 Fig.1 Temperature and composition
1) A. Agui et al., J. Synchrotron Rad. 17 (2010) 321, dependence of saturation magnetization

2) A. Agui et al., APEX 4 (2011) 083002.
3) A. Agui et al., J. Appl. Phys., 114 (2013) 183904.
4) A. Agui et al., Mater. Res. Express, 4 (2017) 106108.
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7 VxR VT NVERE Co BIRDEN M5 REAIC X D HERSK R HEHIH

IRATEIRE 22 K EHEL 220 /N Lgnsh 23, TR 23
R T, 2POREEMT, 2K CSRN)
Control of perpendicular magnetic anisotropy of Co thin films formed on a flexible substrate using an
in-plane biaxial tensile strain technique
H. Matsumoto®?, S. Ota?, T. Koyama?2, D. Chiba?3
(!The Univ. of Tokyo, ?ISIR, Osaka Univ., 3CSRN, Osaka Univ.)

FLHIC

FODWHBET VA BB U 7 TR OB L T RIT% A — F — DO E R —di5| 5 1R EEAIC K
DHIERIREZR Z E A BT WA L T, 5| ok EAREMA D &, A E BEE N X (TN E AR
HLELD (K7 Y U@hR), fee(11)ELm L7z Co G, mE G ~TEMEEAZMZ 5 2 LI X0 \mERE
BEEOBENIMHEIND Y, L, —#li5oED EATITEN T R~FHE SN DR B DTN KE
<, ZOMENT7ITHEPD HIT 2o 72 M, ARIFZETIL, HNIC 5| >R Y EAZEIINT 2 FiE%
FAWTHEHE G AN ORERMGERZ N, Co HIKOMALE S E% HN» D EEFA~AL v F 55 2 LK)
L7,

EEBRAE

Ta/Pd(2.0nm)/Co(0.9nm)/Pd(2.0nm) & W H #EEZ 7 LT TR Y =F Lo F 7 X L— MR E~EHE A
Ny BB LT, 74 NIV T T7T7 4 —T NI AF IV U TIZHoTHR—AN—FR~NSML L, F—
S R—=INHNIR D K H I U THEHRZ +FRUCOI 0 i LT, + RO G 2 ORI RTHE 2, 16RO
Mi@% BEHIET 5 2 & CiGmA~INx 55| 28RV EADREAFTI Lz, 25 L TMA T8 5 EHLRIC
*UTC, WmESFASBG 251 L7e 6 B A — W REUE L — 7 O EEIT - 7=,

REREER
Figure |2, M7= “HATE 7 &% £= 0.0%, 0.5%, 1.0% & L7-% 0.3
NZNDEEIT DN T DI R — /VARHUE L — 7 O J & i 5 0.2}

R Lz, BAHEMAZ TGS (6=0.0%), /L—7RIE relLAL
FIUNEES 6 L CEMPI T 0 | REREHNAES ThDH 2 & % T 0.0
RLTND, e=05%~EAREEEMIE 5 & mEFH~0f =
FIRER WL L TWDORDD, Zhix, —Hl5l -9k B

75 Co M~ EEM K EFELZFEL TVDLZEZ2RLTND,

e=1.0%¢ LEBAIZIEAROe 257 )  ABENELNTE ﬂﬁm R0 0 50 120
D A SR D BN & o CRHLA S AN A1 ~ZE L L tpH, (mT)

el &HRLTWD, ZOENF NG EE S M~DOBALES  Figure: The result of anomalous Hall
BT LB AL, ColciET 2 " oD Pd @D/ H£7-1x  measurements under 0.0%, 0.5%, 1.0% biaxial
i PUE~ B L7 BUBHC 50 T b BB S e, tensile strain.

\\3&

5 SCHR

1) S. Otaetal., Appl. Phys. Express. 9 (2016) 043004.

2) R.Asaietal., J. Appl. Phys. 120 (2016) 083906.

3) H. Takahashi et al., J. Magn. Magn. Mater. 126 (1993) 282.
4) S.Otaetal., Nat. Electron. 1 (2018) 124.
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By L hr=y VRS R OVEERS O EVIE & O R

T REE, AU R, NEFER B, X Z v T — i, BAR &, OB,
R EHBT, mAT K, I s

RO TZERY Lkt EXRETR, HULLERT WEHE TFPE $#ESR)

Characterization of the pressurized structure of piezo-electric magnetic tunnel junctions
S. Urashita, R. Kitagawa, H. Onozawa, Y, Stutler, T, Harumoto", J. Shi",
Y. Nakamura®, Y. Takamura, S, Nakagawa
(Dept. of Electrical and Electronic Eng., Sch. of Eng., Tokyo Inst. of Tech., “Dept. of Materials Science and
Eng., Sch. of Materials and Chemical Tech., Tokyo Inst. of Tech.)

[XL&MHIZ

Bx ORI NV—TPIRETLHE Y L7 N v VR N O RVEAPE-MTHAIE, BREEMEI T Y
—EERERL LT MT) & 2 DJEICER SN EERE Y > 7 EOBMIZ X 55 DENIEED & k5 Al
HYEAEVHRZFTHD. 2O PE-MTI OBALERRFIZIE, HEEERIZE Y MTIICHE D) ZEIN L b ERD 72
DOTRNX—=NRY T EFTIFDIENT VA NBAHETH Y, 56D MTI X0 BIWIZ/N S 22 S Cril
KHEAMT2 5. 20 PE-MTJ] Z#EBT 57211, JENHIEE OBERGEZIT O BN H Y, T E TIZ
Fex D7 )V—7"TlL PE-MTJ O MTJ 543 %W&ﬁWW@ﬁﬂﬁ3F%Lf%%@ztﬁﬂ IZBWTC, JEE
RICEIEEIINT % Z & THALRHEDO B L 2 fesB L7z Y. ARAFZE CIXEBER~OHNEE & b Frrt 0% %
LV EECA, FHMIEIT 720 THE T 5.

EERAE

Fig. 1 \ZVERL U 7= )£ DEUINREE 2 3. 3BHT W/SmFey/W @ 3 JE#EIED 6 ik 5 AL 10 um OFFEE Z 0
\IEAR LI EER AIN L OVAIN O ETFICHER L2V o 7 EOBEmH SRR SN D, 3 @i 3t~

—7y ANy ZiEE D TEERE St AR RIZAIE L7z, AINDIZEIR CRUGHE A /S > ZIE TR L 7.

HEBLOWAM TAIZ 7 + BV V7T 7 4 BitioA Ao 3 U v Z3EE R 2 Hvi=. RN ORALEPEE

REFERE SR (VSM)Z IO CEHMli L 72, F£72, 20 VSM OJIEICB W THo7Ry 7F ViR E 2155 7=

DIT, 1RBHI S & PFEEK) 10 HEER L7, KA
—

SmFe, (100nm)
EEBRR f — W (40nm)
Fig. 2 \JEAEINIMERE T O SmFe, FFEORALEHEZ 4. JEBRIC T £ y ]

BIELHITHZ LT, ENITHACREDNZ L LTz, 24, HEIH]
DAEIE D & FAE LT E NS L 0 R EZN A A St L T SmFe, DRI
FTHNEL LT Z L2 RLTWA. £72, BEICHH LIZENHME
MENTWAHZ xR LEZ. LLELY, PE-MTI OEBUC AT Z)E
FTTEIIIREIE 2 B W TR RRIE DB L 2 FEf8 L 7.

~~Si/Si0, Sub.

Fig. 1. Schematic of a sample structure

KRGO —HHTHE A E VMR OB SEY 2215 7=, A% 1.0- ' ' :
DL, XEREEDF )T ) aP =TTy N Tk —LDKE
TR CHEM ST, AREE R ME SR R L £ m

< 5l ot .
B Tk = — OV
1) S. Sugahara, et al.: 2017 IEEE S3S, 1 (2017).
2) Y. Takamura, et al.: Solid-State Electronics, 128, 194 (2017). % 5 10 15 30
3) AR KAl By AR ARG A 123 [EEEE K2, 1-32A (2018). H (kOe)
4) T.Harumoto, et al.: J. Appl. Phys., 113, 084306 (2013). Fig. 2. Demagnetization curves

for the SmFe pillars
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Fe 2 nH&EREICBITAHmNB LI ONHESY B 7 DO

EEEAS, Nguyen Thi Van Anh, JIDEZRZ, BHE GRAEKRT)
Comparison Between In-plane Damping and Out-of-plane Damping in Fe Binary Alloy Thin Films
Y. Endo, T. V. A. Nguyen, Y. Kawabe, Y. Shimada (Tohoku Univ.)

FC®HIC

FaREMEEE (Ferromagnetic Resonance: FMR) JIE 1, 7317 ofifisins & 72 2 S EM Bl o & o v o 7 (a)
Il CE BRHED 1 5 THDH Y. U4, 7 Xy U= T7F T4 (VNA) & & ERESHRE %
MAG Y7 m— RN RifigEMESEnE  (Broadband FMR: B-FMR) HIEENIALS FH EN TV S 2. FMR
BIEE T, BUBHIN R 2 SRR OEIN T AN & » THRAL O R —F — ROFAEOHEN R STV
5H0OD, B-FMR HIEIEICIR > TXZ ORI OV TR A WA B W CHER R L 726ITF & A e,
AHFFETIL, Fe R _iiha (Fe-M) A REVEMBREL L UTEBIRL, Fe-M ERIZISI1T 2 NI L OVH E & >
v 7% B-FMR IEIEIC K VRl L, R 21T - 72,

EER K

10 nm J£® Fe-M (M=Ni, Si, Co, Ga) &%, 7 AHM LIz DCV&zbm/xA/&%mwTW%bt
D OO HTIZ EDX HWTIT o 7. VB L 7O B RURFEICBE L T, SRRt oI AT
SNEE S A FIINT 2 55 I3 ERA (K 3k0e) %, F 72 UB O i B E AN A2 HIIN 5551 iﬁf
%%77*9%(Wﬁ%ﬁ%)%,%h%hﬁ%ﬁﬂMA&h%ﬁ%%ﬁﬁébﬁkB$MRME%%ﬁ%f

FHME L7z, 7ok, WIEIT T _RTHRIRTITo72. F£72, 2105 OEERBEOM O Ei: 0 3/ oD SCRkiLZ G dk 3E A
T 5.

REBEBIUZEE

# 112, Fe-M (M=Ni, Si, Co, Ga) 21T 2 %hfafé b, HNBIOHEEY o727, Aohfafn

WALICBI L CiX, mANFmO%E, VSM Z HV TRl L 72 fafniibiE (4nMy) (IZH_TEL B LIS 72
ST ZORKITRIMKETHEORXIIZED %@k%zf‘ozé it HEF O, VSM IZ L 5 4nM,
LIFIFIFE-HLTWSE., —F, X ZIicELTIL, M=Ni® 2iE, ABOREE IR B AR O

FUmAmiz X 6791% iﬁlﬁw VBT EmEY T ODFE iﬂ&&f&) v, MEHEAOZ v 70
BHTEDHZLERLTWS. — T, M=Si,Co, Ga D &i, M (256t B AMERBSE S D N5 [ AR A7
L, MNF U7 REEY 7T 2~5 %5 < fio?‘:. Z OJRRNE, B AT IS AMA RS 2 FIN
TRGE 2-~ 7 ) VEGLD L ITER T DE 7 EOMKR A — I L DAY —F— RNBETDHZ LI
koabotE2oN5. UEOXHIZ, BEHZ XL >  Table 1 Comparison between in-plane and out-of-plane dynamics
THOMIBRES OEIIN S 1 2 LR 5 LB dp 5 TOF Fe-Mbinary alloy films.

TEERIBELTWS. Materials Fe-Ni Fe-Si Fe-Co Fe-Ga
_ (Fe,,Ni,g)  (Feg,Si;3)  (FeggCo,,)  (Fe,qGa,,)
Bt (Fe-M) (M=Ni)  (M=S)  (M<Co)  (M=Ga)

ARBFFED—EE, HFAERFIEm A v b v =2 24

4nM /, [kG] in case

of external magnetic 12.64 13.40 17.36 11.18

ZEBAFEE 2 —, RALRFEAE Y bu =7 Z5qfnd EE L

EMRHE 2 —, FARFEBEERE=L 7 o 4nM; | [kG]in case

=7 AR X — BRI OHERA b L— UHEERAS ?nfa?;z:?:el g 1004 1504 2324 13.93
(ASRC) DIAED & D LiTbiviz, £z, AWfste> Lfimoplane

4nM, [kG] by VSM 10.38 15.05 19.86 14.61

—¥0ik, BHFEILARAFSE (B) (No.17H03226) i
Bhot & TiThbis-.

In-plane damping
(o) in case of

0.00626 0.01082 0.03321 0.02600

SE Lk 1) J. H. E. Griffiths, Nature 148, 670 (1946).,

2) G. Counil et al., JAP 95, 5646 (2004)., 3) M. Toda et al.,

IMSJ 31, 435 (2007)., 4) Y. Endo et al., JAP 109, 07D336
(2011)., 5) Y. Kawabe et al., TMSJ 3, 34 (2019) ft.

external magnetic
field // film plane

Out-of-plane
damping (o, ) in

case of external 0.00641 0.00545 0.00722 0.00741

magnetic field
1 film plane
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MOD %12 £ 0 {ERL U 7= Bi:YIG/Pt BAELHAT /S A 2D
A By 7 B L REAEE I LTV O R

EEER, Mo hnrE
(B R)

Annealing effect of spin Seebeck voltage and surface structure of
Bi:YIG/Pt thermoelectric conversion device made by MOD method
Y. Takahashi, T. Takase, K. Yamaguchi
(Fukushima Univ.)

X C®HIT

WM IR A U DIRE AR K o> TAE B AR T 5 A U EB—_y 7 1R (SSE)NL, &RIEZ /LT
BIICEWT 52 2 EN T, BVEAH L L CHEH SN TS, SSE ZHWEVELWT A AL, mEZ k5
KEDZEicky, HARBRBITHRT DLV BMERT D V. ABFZETIE, i K i w T
REZR & B AL B W/ fiR(MOD)iE 2 FIW T, i B A~ A EHLA >~ F U 7 AT —F » FBiYIG) IR A /FR
L, BEPHFERBEZOBMENA LB —y 7B L ZEMEEICS L CRIETHREHETD.
EBR - R

MOD #:% VT, JEE 0.45mm O34 T A AR FIZ L4 BiYIG % 300~400nm R L 7-1%, i A
Xy ZAEE(Ar  10Pa) % VT PR Z 10nm filifE L7=. & 612, BB E KEE FT300CH 5 700°C D
PH % 50°CH| 7 CZ L4 lhour DELEE A 4T\, PtIRORE OW#E A 1T~ 7=. Fig. 1 [ZRED B L THEE O
REARZ K FRE L L, FBWHEE CERLEZABOA Y U E—Xy 7 EEOUER R EZ =T, 4EH
ENZHV S Bi:YIG/Pt i B O U A XX Tmm X 13mm & L7=. F£72, Fig.2 IZ 400, 500, 600, 700°C D ELELIE FE
TYERL L 7= 3Bt o i & AR T BAMEE (SEM)IC X 0 Bl Lo R &2 R,

Fig.1 £ 0 ZVLEREEE 600°CIZEBWVWTAE Y B—Xy ZEBENRK LR, BULIEE ML 7251220 A
B PRy VEENNEL 2o TND I ENMERTE D, £, BYWLHERE 700CIcBW IR B—
Ry JEEEHERTH I ENTE 0 o7-. Fig2 L 0B HE O Pt EO B RAEE OEENEE &\ O A EVILEL IR
FEIZE TR, ARy VEEOHNBEICEEZRIILTVDI LD LEEZLND.

400

200

-200

-400

spin Seebeck voltage Vsse(nV)

| 1 1
-200 -100 0 100 200
magnetic field H (Oe) ] Ry S5
Fig.1 Spin Seebeck voltage at each annealing Fig.2 Surface structure of samples annealed at
temperature (a)400°C and (b)500°C and (c)600°C and
(d)700°C by SEM

2 3Lk

1) A.Kirihara, K. Uchida et al., Nature Materials Vol. 11, No. 8, (2012) ,686-689.
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JE B B 5 | SRR SRR 1 S - fE R

JUHHRS - iXHE L™ - KI5
(BRE[E K, *Magnontech)
Resonance absorption peak-width on frequency-sweep ferromagnetic resonance
Tetsuroh Kawai, Shigeru Takeda™, and Mitsuru Ohtake
(Yokohama National University, *Magnontech, Ltd.)

EU®IZ AEY b o =27 20RO BRI O BB IIB(FMR) O X B A3 H ShTns Y. fEko
FMR X 2R 2RI L 7=BGm 8 N £ TH - 7228, GHz £ THRIEAIE/R Y MRy T —7 T+ 7
A F(BNA)DE KA EWER SRS FMRBIED 2 <177 d K 5 iZe o7z, LinL, & ORI A
W 0D S 0E FE e R AN I T A B AR T 2 L RN STV D DL R Tl S~ —~ 1 o O E R
51 FMR JIE 21TV, SEISWRINAENE & BN L 72 #ié (H) 36 K OEmSJE I B (IR MEIC D W CREdT L 7=,
EBRFE EI200nm (4xX4mmf) O —~vaAf @EEEEV— LV REl~vf 7a AN v T T A ERICE
L, 1kOe % TO§flES % ImNICEIIN L /R EdR 5| FMRIIE 21772 - 72 9. EIRO AN $K1E 10 GHz
ThHDH. HEBMICEERANEZER L, 0 HB IO AREE T L.

EBRERLEER LRI E—7 OEH % Fig 112Rd. B — L Y RORINABH S, 4O
v— 7 B A £, TOEREAf & Lz, H AL ESETHIE L7ZAf & Fig. 212789, H /NS WIEAT 1%
REL, HRKRE L 25 LHICAHTER T 528, T O%IMAE LIRS OB TIXAFIXIF L A EZE L LA,
—BIZ H 2SN S WERIZAT BN R E WDIIBR AR IO =0 EE 2 BN DM, KERTIE500e T/i—~A
BOIFESAEFL TS, 2T, AfZAHICHE L, 20O fARGFMED S AH(f 2K F L2V IH) & Gilbert 42
v T ER(a) B RD T, KD TZAHK(6.2 0e) & o (0.00758) % fiti > TAf D H K fFIEA FH 4 % & Fig. 2 D ERIC
AT ROICERERLS —& L7z, L7eh-> T, AEEdRS] FMR TIZAf OFENZAH, AR E S EEEST 52 &N
D, Thb, BEREITIXAH L f IZIKAE LIRWIETH 528, ARG CTIIAH 2 ISk F+ 2T E L
THEND Z & 75)5)% LTI o7,

BEE WEERHFIEICEN o —~ v A MR TRATEW O RAE RS R B BIRRE e, ALK R
K bRk 5‘61% J;< BILH L BT ET.
L 2D 4N

1) J.C. Slonczewski, J. Magn. Magn. Matter., 159, L1 (1996).
2) B.K.Kuanr, R. E. Camley, and Z. Célinski, J. Magn. Magn. Matter., 286, 276 (2005).
3) S Takedaand H. Suzuki, J. Magn. Soc. Jpn., 33, 171 (2009).

300 § 3 ‘ 0.6

O : Measured
—: Estimated

%QO\D—OT_O_O_.O__O—_O—O

Complex permeability

2.0 2-5F 3.0 ’ 35 40 0O 200 400 600 800 1,000
requency (GHz) Magnetic field (Oe)

Fig. 1 Measured complex permeability for the Fig. 2 Measured (circles) and estimated Af for
permalloy film under H=103 Oe. the permalloy film as a function of H.
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AW D mclr O R & IR TR & - iR MR
ACo, X, %2 U=T7 VB U &Jm, 7/ 58 ; X=P, As, Se)

B R L ARILAR L R L APIRER— 1 AIFIER L2 KETEA L3, 45 @58 L4, Gl T 1,
REFETEDT 1, AR Al 5, &l — 5, miEEEAd ¢
(R CIRBF - SRR, PR TR, CHUNATRL R, HOK - MERF. O SeE U NZR)
Recent Development of Itinerant-Electron Magnetism and 2D Itinerant Ferromagnetic System, ACo0,X,
System (4= Alkaline and Alkaline Earth Elements; X=P, As, Se)
K. Yoshimura', K. Moriyama', K. Nara', J. Murakawa', M. Imai"?, H. Ohta"-*, J. Yang1’4, C. Michioka', H.
Ueda', A. Matsuo’, K. Kindo® and Y. Takahashi®
('Kyoto Univ., JAEA, *Tokyo Univ. of A&T, “Hangzhou Normal Univ., *Univ. of Tokyo, “Hyogo Univ.)

#E

Pt (Fe-As) O ot & i & LTz @i SR OBEME & LT, FfED =L MEEWTH
% LaOCoAs IZBWT, #ilz/2 “RBREE FMEMERIR 2 BN R Sz [2], & OMBEMEDOIR S i
A DL EHEHOH LWEBBIC L » T, B E SN FH-RERBRSR TH D [5RBEIER LT mm
DOFvy Ty b (M us HM) TIERLS . BbD 4 -F 0y b (M vs HM) (2065 1 2 ERNHBNTR
0. mREE AR OF TR EA~ OO TN D, 2, 122 #EiED Co {bA# BCo,P, (B=Ca, Sr, Ba, R)
RICB W CRBBEEFRMEN L STV 5 [4-6],
EERAE

ARTWITE ColbBWR DA E BEMEISER LT 7 v 7 RAEIZLVIToT2, T2, AREEEREO X
HRIEIHTIC X A& ORNT . BRIRHT - BER - WAV W oo~ 7 m WP EEA . SV RBREESE A FH N T R BE SR
LR OWE, BEIEE - BEFINMR)IC L 25 X 7 o PEEEn M E 21TV, 2 O FEBRAER L BEE 7RICD
WTORE DL ZHEE & DEEN 2 R 21T - 7=,
RERFER

LaCoAsO &= LaCo,P, %, AC0,Se, R iE. Co ZFfH L L7z “WRITEIREE it 2 34 2 E NI LI
2o TWAHN[2, 4,5]. DR, TGV ST TIEBMbo T 2y b« Py b (M vs HM) 7 B2 CE
MERSTP, BEOWMET v b (M vs HM) DEMROE 2D ZEBHLNITR->TWD[3], ZOEEN
X LR S THERE THY . 2. AL VDL ETDE AW S EDHELE B S EDHEDOKRMN —ETH
HEEIEEMELL, AP LEOH LWEGREICE > THLMMNI o R WL I —&%T 5,
F 72, SrCooP, IF IR ITE D AHIE TR S Fu72 Pauli HRAEIR TH - T, 50T F2E OSRBESE 2 FIMT 25 Z &l k-
THBME DIRBEME~E BT 5, Wh W D EREE T A X BRSNS R SER SR TWD 3, 7L AH
352 £ % Sry.,Ca,Co,yPy (x<0.5)12 DN T D IR BEALIIE OFEF . x=0, 0.2 TITIBEE TR D A ¥ BMEEEZE N
TERICBRIEND Z EBRHLNCR T[S, 0 EOBREE T A X BMESBIIA UL E BBV IAALTE

FRCHRVWEBTEX N ERH LN ERoTe, & 51T LaCoyP, @ HfE & % VT NMR HIE 21TV 6],
A DB XOBGHIZ L o TEREMICHNT L, ZRCEEE 758 OIR 2 B 2 NI 52T 5 2
EMNTE Iz, HE TR, Bl A SARRIC AT L7 4,C0,P; (4=Mg, Ca)ilz >\ T H LT FETH D,

& Xk

[11Y.Kamihara, H. Hosono et al.,J. Am. Chem. Soc. 130, 3296 (2008),

[2] H. Ohta and K. Yoshimura, Phys. Rev. B 79, 184407 (2009).

[3] @G« EAT. BN L 2 ) b X7 (N HZEIE, 2012).

[4]17J. Yang, K. Yoshimura and M. Fang et al., Phys. Rev. B 88, 064406 (2013).

[5] M. Imai, C. Michioka, K. Yoshimura et al., Phys. Rev. B 90, 014407 (2014).

[6] M. Imai, C. Michioka, H. Ueda, and K.Yoshimura, Phys. Rev. B 95, 054417 (2017).
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T IRTCITHERS 5% EuSnaAsy O EVE S HAMER

YRR, FHRAER Y, BEEST 2, RMEZ !, FHREE !, R AR (L EE KRR
Abhptst 1, Kk OfE— 2 BGIER !, MR —!
("BER, 2 EHHBK)
Thermoelectric Properties of Two-Dimensional Kondo Lattice, EuSn;As;
R. Sakagami', H. Karimata®, Y. Goto?, N. Azuma', K. Hirata', M. Nakanishi', S. Iwasaki!, M. Yamaguchi',
I. Kitawaki, Y. Mizuguchi, M. Matoba!, Y. Kamihara'
('Keio Univ., *Tokyo Metropolitan Univ.)

1. #8

BNEAABAEMEM & L CHRMBEE T RER SR TW5D D Eu ® 4 BT &2 ate AT ER LAY EuSnAs,
I, SRARBEE RO, RITUTER R Td 5. EuSmAs, DFfEEEIT, Fig. 1 (a) (2789 X 912, Eu O A
FA 2 #) &, vander Waals /] (}) THLAEE L2 2 D[SmA* 7 =4 V& (§) &P HICTEE LM
T D 2. Arguilla 512 X 0, EuSnaAs, OFEL A1 i O B3R O FE MR TAFE 23] E S 41, Bu?' & f C D SR i)
F 72V E A SR BEE ) 7R RSB R FS L OY Eu? 8 N T O SRBEME ) 7R SRR R 23 RIR S L7z, SRIR T EuSnAs,
HES O c i EBE R F R OBSIEIIE (p) 120.73mQem Tho7z?. EIREHAETE LN NV RO
TlX, Bu @ 4f B ROz Ny RGO 2. OV R, FRRABED 72 53, mn
Seebeck 1245 (S) < EHIFF SN D. AW TIL, EuSmAs, DENIK 1 (P=Sp ") OIRERGFIEEZTRS.

2. Ak
Sakagami b D 1LY THEK L7 EuSmAs, it 4, MR L, —#EIC LV Ay N7 L2 (HP) L7z, —
EhNE T NS TR E 72 70 (PL) (281D HP RED pks L OV S OIRFEERIFME 2 JE L7z,

3. #BR
EuSmAs; # F4H & 4% HP 5B PLT A D pODIR EEARAFMEZ Fig. 1 (b) (2, S OIREMKRAFMEA Fig. 1 (c) 1R
7673 (2) K TD HP i ELD PLE M TDpiL 0.503) mQem TH Y, SI1E52(1) uyWK ! Th o7z,

4. FEHESEBDRE
673(2) K iZEBW T, EuSnzAS2 ZEMET D HPREIO PLFHTO PIX0.544) mWm ' K2 Tho7-. 5k
EuSmAs, DFEIREER FHH L, St 2 RN 4 5.

(a) (b) T T T T (C) T T T T
# C Eu
] —~ 04+ 1 — L i
§ 1 Sn g « 40
#C G =
[ As k3 <
§ 1 Unit cell Q 0.2F 4 @ 5 i
# A with increaing T
[ c v with decreasing T P, P,
§ "I O 1 1 1 1 O 1 1 1 1
4 Com | a b 300 400 500 600 700 300 400 500 600 700
o T(K) T(K)

Fig. 1 (a) A crystallographlc structure of EuSn2As>? in hexagonal axes. The music sharp sign, section sign, and up down arrow
denotes Eu?* cations, [Sn2As2]?” anions bilayer, and van der Waals bonding, respectively. The structure is reproduced from Sakagami
et al.¥) (b) Electrical resistivity (p) and (c) Seebeck coefficient (S) as a function of temperature (7) for a hot-pressed (HP) sample of
EuSn2As measured perpendicular (P1) to the pressing direction in a hot pressing process.
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2) M. Q. Arguilla et al., Inorg. Chem. Front. 4, 378 (2017).
3) R. Sakagami ef al., Mater. Sci. Tech. Jpn. 55, 72 (2018). in Japanese
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IR 7 A A MEEE AT D CasRu07 DR &2 5

)11 IEA8f, Chanchal Sow*, BIEFPlE*, HHELAN, BN
(W& - MBI ZTRERE, *RUER )

Magneto-caloric effect of a bi-layered perovskite ruthenate Caz;Ru,O
N. Kikugawa, C. Sow, Y. Maeno, N. Tsujii, and H. Sakurai
(National Institute for Materials Science, Kyoto University)

[ZL®HIZ

TR T 204 MEEERT DT =7 AREY CasRwO7(ZE[MEE: Bb2im)IE RuO: 23 2 1
WD B s T CIRIEREE 56 K C a WG IZRALAS Gyl & 72 5 SOBBEMERRT, S 51248 K T 1 IROMEE
%&%ﬂ" & ERUTHE O BALR S EY b s 7 1 ~ZE 0 U 7= SORBEMERR IR IE 2 7R3 2. FilEriss C©fF D - Bk

XY, REECRBEEELRT I L, B FREBAE IRAESLE T NIE NCLY, ZomE

bx%mﬁéf W 2 RoetED D Y V7R THDH Z ERME SN TWD. E7z, RuO: M A ~DBEEEIIN
IZE Y AZREMEER L, ZHUCHE D BT - BRIEOZ(LABI Y, & BRI, SORBIRAED
DDA ZEME~DEERBITE CER LI MEMEEEZ AT 52 LRI LN o7z 9. 2D XS Skt %s
7R CasRwO7 ([ZHB W T, BRI E 2 LT 25 2 & &2 BWIC b 7 [0 ~OREEFININC X 2 B LREIZ
DNTHET 5.
EEFE

AL THVE CasRuO7 B S ITIFER A TER Lz, X 51 7 7 =B X0 fdbslh 77 & il L
SHITIEFE C ANy FOREHZBW T, KIRE CE&BIMEEEZ T Z L 2R L TWA. BALHIEIL, Quantum
Design #: SQUID &R FHMPMS) % VY, 80K £ CTOIRE(T) T IR~ 7-.
ERER

FENZ, 5T £ TORYS T CORBALMDIEEKRFEZ RS, 20 ORIEIKSTHHA FICTE I o7
LOTHD. KBRS TH D 56 K LLETORALIL Curie-Weiss AIlIZ £ < HEVY, Rut(4dh)DIKA B 0k
RIZBIT2AE Y S=1 O TLHMATE S, 72, KBS TO 56K, 48K TO LD, NSO
HRELE BB LTS Z LD, AGRETIE, 7T £ TOBLRIEDFEREZ M 2 72 T, Maxwell

R aS = [ZdHE VT b e B AS % RF

1.0
fli L, b HI7 I ~DORESGEIINC 31T 5 Be-R EEFE ] &
DRI DN THET 5.

~0.8
BE R o)

£
1) G. Cao et al., Phys. Rev Lett. 78, 1751 (1997). S 0.6
2) B. Bohnenbuck ef al., Phys. Rev. B 77, 224412 (2008). g

3) N. Kikugawa et al., J. Phys. Soc. Jpn. 79, 024704 VO 0.4
(2010).

4) F. Baumberger et al., Phys. Rev Lett. 96, 107601 §
(2006). 2

5) E Ohmich et al., Phys. Rev. B 70, 104414 (2004).

6) D.A. Sokolov et al., Nat. Phys. 15, (2019). 0
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LG R 7 7 U VR B SR DO REE

EOHER, BRI BRIEFEE], EREHY REZERY, RIFEE, SREEEZ . AL TR
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Magnetic properties of porous squarate metal complexes
M. Miyako, N. Nomoto, T. Fujihara, Y. Sawada*, T. Kida*, M. Hagiwara*, N. Kamata, and Z. Honda
(Saitama Univ., *AHMF, Osaka Univ.)
X CBIC
BEOEBBIZENAEET 20704 4 GUHEERAT) 250 RERITISRE LICHKRE—A Y MYVR
EL., RAGENL T2 LGB AERNME < 72D, AV ROBWEMBME L 70D 2 ERHHNA TN D,
— IR AR AR IO BEMER Td 523, OH B F 23 @B 24 90° TGS 2 Z & T, miMrIz 22
DT EBMBNTWD, —fIC OH 43 TIFZRIGHELNL T2 72 D IT < WS, VR U E AN—F—ICHND Z &
THRIBENLF LD EBMBNTND, £ T, A=Y —EfFIZAZ T UEE(sqa) B E L, KEBS
JBKEEAL) & DKREORIZ XY OH ZRiG 2 A S RISIROMERR 1T 72, T OFER. sqa & Cu, Co DFLAE
DT T M3(OH)2 8572° sqa 12 K 0 384G S 4, MFLIEIE 2 TRk L 7o 268 B 5 IR O 10 NS i & 1572 (Fig. 1),
Ma(OH) S A3 FfME, UL 7 = U M2 R T856 . H—8ia & 72
DR D B, € 2 TN D ORISR DRSS 2 Bk X OH M sga
A EMATIEIC LV IRAE L, BRBEEDRE RN HDHNO A
Ry 2 B2 LTz,
ERG L
K AER B B KAIRIZ NaOH KIS A Nz, o icii# s
{Tolze T, T70REBITsqa & L HICBEL, BRF
Z HVIREORIC K0 fidh 2 BR L 72, £ OB INEMEEE &
BRI 2 M L 72, AR URt O RIS MEAT T IR R X MR K& OVH Fig. 1. Ms(OH), chain of
il X BT IE A2 V. SRR O REKURNE 2 RS &7 TR TG [M3(OH)2(C4Oa)2] - nH2O.
F OV ZGACTNE S AT M X VT2 72,
ERAER
Co(OH), & sqa ® 200°CIZ351T D AKESG DFESR, MFLIEE
L1585 [Co3(OH)2(CaO4)2] * 3H0 DD IREE (A HE H . Cu(OH)2
& sga @ 140°CIZEBIT 2 KBSUG DFER, FiElEIE D
[Cu3(OH)2(C404)2] * 2H.0 @Dkl A3 5 DTz, BERME
OFEFR, O 1TRE 2K THEROMbEfRZ 7 L, bR 8
K LR CRBICEM L7z, —77 . @R OB & 23580 T
Ho ., KRR TdH o 7= (Fig. 2), Ol Ma(OH), 81l - 7=
M-O-M & A2 90° 1T <. TAHIE V) SREGMERY 70 B A5 HAFH L1
AT D Elbhd, —FH, Qi Cu* A D —r -
T IR LD, —ED Cu-0 B EM L= &z kv,
Ms(OH)2 BN D FEAZHAAR HAE I DS ROBRREMERNIZ 72 o T2 6 & 2 6
N2, HAFEMEHRET 2,

B

S AN O N M~ OO ®
T T

M (u_/f.u.)

H (10kOe)

Fig. 2. Magnetization M vs. magnetic field H
curves for [M3(OH)2(C404)2] - nH20.
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— Rt B EE AR M(sba)(H20)2: H20 (M = Co, Cu) DR 54

BPARMIZ, REIRPE], BRI AREZER> B>, SREEZ. ALEKRR
(B RBEE T, *BRRSEom stk ss)

Magnetic anisotropy of one-dimensional metal complexes M(sha)(H20).*H.O (M = Co, Cu)
N. Nomoto, T. Fujihara, Y. Sawada*, T. Kida*, M. Hagiwara*, N. Kamata, and Z. Honda
(Saitama Univ., *AHMF, Osaka Univ.)

XL®IT
DRI 71-04 AV DNEEEUL L TR S I D S8 RHAIL. @R A 42 EICEARET— X

¥ IRE L, BUEENL A2 L OB BAER MBI 72 /km:% RITRENEIR D B BRI
BEmD, 205, —RICIBHBEMERIT— $Hiﬁ%m§‘ejﬂ$ﬁ>9§b\ W OV 289 2 L
5. EEEMKGERT A A EA~ORBISHANESN S, *%“ Z4e *ﬁ@ﬂu% L 7oA HE BAE A
IIECGERBEMERI CTH 225, 90 ° #5E L7 HoO Z4UGHEN 1 & T D& BRIt 2 R Z LN b
TW5, T2 CEMERICHESR BT TEDRNa /L b A 2 23R E L, HO B2 ZELSED
TV B H LB IR WETRR LT R, sRBsE 2~ g H20 G O — Rt B EEIR

Co(sha)(H20)2+H20 (sha : p-A /LR %2 B EWE) & 157, AWF%E - L,
AR 755581512 K0 M(sba)(H20)2+-H20 (M = Co, CU)OD%#E%:& ( ’o tl

B Z ORGENE L HEVE, R OB TTEZ I 52N H,O ¢ : o g sba
FHZLEAME L, \ 0P oy
ERGHE

e o )L | REERER & sha DKIEIKRIZ, T EB=T KEIK
kAl E LTz, [EEM C—EiREZ R DIRELZ KRR IES

LT BB DR A TR U, SRR ORGSR o 03 o ST,
(IR S X BABTSFREATIE 2 W o, F72. BEAGRIET t o° o° %o®
SQUID REREH& FHIU N, HEh 00 2 i Sl R85 2 FVIN L C R 2 b P  Po P
ZRE LTz, Fig. 1 . Crystal structure of

ERER Co(sha)(H20).* H.0.
FEmm AR S AR A L7253, M(sba)(H20)2-H20 (M = Co,

Cu)DHfiAH (R &K 1mm)Z21525 2 LICpksh L7z, Hififdh X 4 LTI
FHEXEAAT DRSS, A IBSEIR Co(sha)(H20)2-Hz0 1% 2 S0 3 L HLERmE

H,0 7% Co A A > [ Z 4790 © TZEFEEMT L T b il 716 1 2 HIS T

R U~z IER L, S 7S sba (2 & 0 fRdF S v 7ot ER _
T o(Fig 1), BASBORFHIAICK LTRIIAE Lo 0 o
BB EMA D L SFIRHLIES 3.8us DIRBALH RIS ) o

R LT MR I3/ E < K 1oo Oe Thole, — )i, W 2

B AR T ICEI L2 5E . RIS & A SR 3 | T=2K
ﬁf\@%mmmiflmuT®ﬁ%&é_&ﬁ%ﬂot 4| (T

(Fig.2), —77. Cu(sba)(H20)z- H0 ORALAEITBESEIIN S5 1) 04 ko 8
I E A SR LR o T, SBEEREE S 2 WS Fig. 2 . Magnetization M vs. magnetic
HIEIZ &Y Co(sba)(Hz0)2 HoO A3 THRV MU 7 P27 field H curves for Co(sha)(H20)2* H-0.

T EEWLMNI L, HHFEMAERET D,
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K% = Y —iRJE CoPd/Pd L JEIE % A=

NATY v RAEYBO STT ML KEE D IR EE R
HEEER, MERAIES, REIOE, FEEZEI* mff e 5 mk
(Al BKY:, P h A HAMIEHT)
Temperature dependence of STT switching of hybrid memory layer using low Curie temperature CoPd/Pd
multilayer
W. Zhao, T. Kato, D. Oshima, Y. Sonobe*, S. Takahashi*, S. Iwata
(Nagoya Univ., *Samsung R&D Institute Japan)

1. IZL®IZ

A N T AT 7 — L7 (STT) BHLKEEAFRIIMR T v X LT 78 AAE Y (MRAM) OEXIAL
FEL L TR ENTWA2, 10 Gbit kO RAE D MRAM % EILT 51213, BB TEPEA & ROV EER BT
B Jo OWIL L, X0 ENRRBLKEETHROBRRNRD bR TW5E, KERE MRAM 2 EH 4587 2 %
b STT BHLIKHED AE VI E LC, B2 D% = U —IREOBMEZ A A Lo A 7 0 v RAE VU @R
RINTWB[], TNFETIZFHRAIE, EF =V —iRE (To) @ Co/Pd ZfEM (ML) &AK Tc ® CoPd/Pd ML
DOZHFES " JEEENA TV v FAEVEEER L, CoPd/PdML @ Tc L ETHD 170CTH S HHT DL
T CoPd/Pd ML ORALIFT MDY, AZHFESIZ L Y & Tc Co/Pd ML
DORALF I XL SN D Z & W& Lz[2), 4B~ 1%, (K
Tc CoPd/Pd ML) /(i Te Co/Pd ML)DZZ#ifE & LT @A =7
U FREED STT BHALKERIZ DWW THRET 5, F7-, STT B
{EERDET o A MR EGET D7, Z OIREKRFEE
STz,

2. EERITIE

ENERLIEAT SIEM Bic~ 7 % b o R % ZIEIZ KD, Sisub.
/ Ta (10) / CuzoTas (150) / Pt (5) / [Pt (1.0) / Co (0.6)]s ML/ Cu
(2.5)/[Co (0.4) / Pd (1.2)]5.y ML/ [Co4sPds; (0.4) / Pd (1.2)]y ML
/Cu(5)/Ta(5) (N=0-3, BIEDHAILnm) &\ 95 GMR H
WEER U=, B, EB#ELICE Y, GMR MG T
L, BEAEROEAEA 120 nm 2> 5 300 nm F= T CPP-GMR #4
ZAERL L 72, STT B4 #A13 CPP-GMR #8127 L A & E)

100

Jeo =56 MA/cm2 , A = 115

Switching current density J(MA/cm2)

108 106 104 102 100
Pulse width Z (sec)
Fig. 1 Pulse width dependence of the STT switching
current densities of the hybrid memory layer of
[Co/Pd]2 / [CoPd/Pd]: with a pillar diameter of 180 nm.

- N=0

I U7 ORI 2 W5 = & ORI L 7=, T 22 —
3. B £ T Nz

Fig. 1 [Z[Co/Pd], / [CoPd/Pd], JE§ % # E U J& & 4% CPP-GMR T s .
Be& 0 STT REALS R OB AT E D/ L AMRIKIFHE T %, o] N T e
PEAEAIT 180 nm TH Y, Fig. 1 ({ZIZSOEATIREE(AP) D> 5 AT < :
RIEP)~DEFHESE Jarr), P 20D AP ~DOETREE (Jp-ap), % N=2
BLOZE DO ZR L TN D, SR E TS OL 20 O o 10 %0 200

D RIZEVHD L TND, r=1ns DL ED Jy D% Jo &
L, Joy D7V ZMEKAFNEDIE X 72 & BV EVEFRIRA= KoV ks T
b RAL 57, Fig 2 ERBEKO RS AT v FAEY Fig. 2 Temperature dependence of Jeoqay) for the STT
& [Co/Pd]s.x/[CoPd/Pd]y DB RSB T OREKIEE switching of the 2 different hybrid memory layers
T2, N=2DONAT Yy FAEVETIIN=0Dm Tc A E VB LIS, FRTRFRBRETH 7 Jo 23,
FHR CIEDTRE D Jo M3 DIV, BV EMAD Jo L RITCIRERFEEZ R L TV D, 7285, ZORRIET I
2 L— g v EEMRIC 8 L[2], A EOR R STT BIMLKIZDET v 2 MR LB B2 b5,

4.2 3R

[1] Machida et al., IEEE Trans. Magn., 53, 2002205 (2017).
[2] W. Zhao et al., IEEE Trans. Magn., 54, 3450405 (2018).
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Inducing out-of-plane precession of magnetization for microwave-assisted
magnetic recording with an oscillating polarizer in a spin-torque oscillator

W. Zhou!, H. Sepehri-Amin!, T. Taniguchi®, S. Tamaru?, Y. Sakuraba!, S. Kasai', H. Kubota® and K. Hono!

'National Institute for Materials Science (NIMS), Tsukuba 305-0047, Japan
National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba 305-8568, Japan

Microwave-assisted magnetic recording (MAMR) is one of the promising technologies for maintaining the continuous
increase of the recording density of hard disk drives. One major challenge for MAMR is to generate high frequency (f),
large amplitude ac magnetic field (4..) within a nanosized area, which is expected to be realized with a spin-torque
oscillator (STO). Previous studies used a perpendicularly magnetized polarizer to apply spin-transfer torque (STT) to
another magnetic layer (field generating layer; FGL), in order to induce the out-of-plane precession (OPP) mode
oscillation for /,c generation.!) However, this design usually leads to a thick structure that is difficult to be embedded in
the narrow gap of the recording head. Recently, Zhu et al. proposed a novel design of STO, where only a soft magnetic
thin layer is exploited as the polarizer.? The polarizer first has its magnetization reversed to the direction opposite to the
magnetic field (H) within the gap due to STT (Fig. 1(b)), then spin-polarizes the current to induce the OPP mode
oscillation of FGL (Fig. 1(c)).Y In this study, we experimentally demonstrate the OPP mode oscillation using the
aforementioned design.

A 7-nm-thick Fee7Cos; (FeCo) layer was used as the FGL while a 7-nm-thick NigoFey (NiFe) layer was used as the
polarizer, which were separated by 5-nm-thick Ag spacer. For characterization of the microfabricated STO devices, the
resistance and the power spectral density (PSD) of the device were measured with increasing bias DC voltage (U) under
a constant H. The positive U was defined as the electrons flowing from the NiFe layer to the FeCo layer.

The experimental results shown here were measured from a device with a diameter of ~ 28 nm. The magnetoresistance
(MR) ratio of the device is ~ 6.2%. Under H to align the magnetization of both the FeCo and NiFe layers to the
perpendicular direction, as U increased, we observed signals of the resistance indicating the reversal of the NiFe layer,
followed by the emergence of multiple microwave signals. Figure 2 shows the mapping of PSD under uoH = 0.81 T
tilted 2° from the perpendicular direction. When U > 30 mV, both the NiFe and FeCo layers are in OPP mode oscillation
at faire and freco, respectively. And the strong microwave signal marked fur is due to the MR effect with a unique
relationship of fur = fuire — freco, as indicated by Fig. 1(d).¥ Such dynamics were well reproduced by micromagnetic
simulation.

References

1) S. Bosu et al., Appl. Phys. Lett., 108, 072403 (2016).

2) J.-G. Zhu, Joint MMM-Intermag Conference (2016), AB11.

3) H. Sepehri-Amin et al., J. Magn. Magn. Mater., 476, 361 (2019).
4) W. Zhou et al., Appl. Phys. Lett., 114, 172403 (2019).
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Fig. 1 (a) Schematic illustration of magnetization of both NiFe
and FeCo aligned along H. (b) NiFe is reversed by STT. (c) Both
NiFe and FeCo are in OPP mode oscillation. (d) If the xy-plane
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due to the MR effect (fmr). tilted 2° from the perpendicular direction.
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B AL MRAM (28T 5
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Voltage-driven switching with long tolerance of voltage-pulse duration in a perpendicular MRAM
R. Matsumoto', T. Sato'?, and H. Imamura'
(1. AIST, 2. Chiba Inst. Tech.)
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Magnetization switching of a perpendicular magnetic nanodot induced by nonlocal spin injection
H. Suto, T. Nagasawa, T. Kanao, K. Yamada, and K. Mizushima
(Corporate Research & Development Center, Toshiba Corp.)
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Study on current-induced domain-wall motions of antiferromagnetically
coupled layered magnetic wires with various nonmagnetic interlayer thickness
Masaaki Tanaka, Tatsuro Ohmasa, Takahumi Suzuki, Shunsuke Honda,
Syuta Honda*, Hiroyuki Awano**, Ko Mibu
(Nagoya Institute of Technology, *Kansai University, **Toyota Technological Institute)
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1) P. P. J. Haazen et al., Nature Matter. 12, 299 (2013). 2) S. -H. Yang et al., Nat. Nanotechnol. 10, 221 (2015).
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Fig. 1. (a) In-plane magnetic field dependence of DW velocity of {Tb/Co}4/Ru/{Co/Tb}4/Pt wires. (b)
Dependence on the designed Ru thickness of the effective longitudinal magnetic field He in
{Tb/Co}4/Ru/{Co/Th}4/Pt wires.
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Spin ice reservoir computing
Y. Kuwabiraki, H. Nomura, Y. Suzuki, R. Nakatani
(Osaka Univ.)
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Fig 1. Schematic of a spin ice reservoir.
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Significant modulation of spin-orbit torque by inserting oxidation layer into Co/Pt interface
K. Hasegawa, T. Koyama*™**, and D. Chiba™"*
(The Univ. of Tokyo, *ISIR, Osaka Univ., **CSRN, Osaka Univ.)
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Fig. 1 (a) The damping- and (b) field-like effective fields
SE R as a function of current density in the Pt layer for the
1) X. Qiu et al.: Nat. Nanotechnol., 10, 333 (2015).
2) K.-U. Demasius: Nat. Commun., 7, 10644 (2016).
3) K. Hasegawa et al.: Phys. Rev. B, 98, 020405(R) (2018).
4) M. Hayashi et al.: Phys. Rev. B, 89, 144425 (2014).

interface-oxidized (I0) and unoxidized (UO) samples.
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Gd content dependence of spin orbit torques of SiN / GdFeCo / Ta trilayers
K. Kawakami, K. Kadowaki, T. Kato, D. Oshima, S. Iwata
(Nagoya Univ.)
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Fig. 1 Gd composition dependence of (a) net

2% ik magnetization My, (b) damping- and field-like
1) L. Liuet al, Science, 336, 555 (2012). fields, Hpy. and Hry, respectively, and (c) damping-
2) M. Hayashi ef al., Phys. Rev. B 89, 114425 (2014). and field-like torques, 7p. and %, respectively, in

SiN / Gd(FegoCo10)100 / Ta trilayers.
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Spin-orbit-torque induced magnetization switching for an ultra-thin MnGa grown on NiAl buffer layer
Fumiaki Shimohashi, Nguyen Viet Bao, Michihiko Yamanouchi, and Tetsuya Uemura
(Hokkaido University)
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Electric-field-assisted spin orbit torque switching in MgO/Co/Pt trilayers
K.Kunishima, X.Zhou, D.Oshima, T.Kato, S.lwata
(Nagoya University)
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1) L.Liuetal., Phys. Rev. Lett., 109, 096602 (2012).
2)  T.Inokuchi et al., Appl. Phys. Lett., 110, 252404 (2017).
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Fig. 1 Optical microscope Fig.2 SOT switching of  Fig.3 Pulse width dependence of Jc
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Domain wall propagation by spin-orbit torques in in-plane magnetized systems
Ryuhei Kohno!, Jodo Sampaio', Stanislas Rohart' and André Thiaville!

Laboratoire de Physique des Solides, CNRS, Univ. Paris-Sud, Université Paris-Saclay, Orsay, France

E-mail: ryuhei.kohno@u-psud.fr

The effect of damping-like spin-orbit torque (DL SOT) on in-plane domain walls (DWs) in tracks was
studied by micromagnetic simulations and analytically. We considered a magnetic thin film on a heavy
metal layer and investigated the situation where spin polarized current from the heavy layer is injected to
the magnetic layer (Fig. a). We find that DL SOT can drive vortex DWs (VDWs) more efficiently than
spin-transfer torque (STT) in a comparable system, whereas transverse DWs (TDWs), the other typical DW
structure in soft tracks, are not driven in the absence of Dzyaloshinskii-Moriya interaction (DMI). The
trajectories of VDWs with different core polarities and windings have different propagation directions and
dissipations toward the edge (Fig. b). Our analysis based on the Thiele equation shows that the driving
force for the vortex DW is associated with a distortion from the perfect vortex configuration due to
geometrical confinement. This distortion is higher, and the SOT DW driving is more efficient, in narrower,
thinner tracks. Also it is revealed that the propagation direction depends on the core polarities, and the
dissipation depends on the windings. In the presence of DMI, this distortion is also enhanced only in a
certain direction, leading to faster movements with one core polarity and slower movements with the other.
Interestingly DMI enhances the distortion of TDWs as well and it produces the driving force. In the end
TDWs can propagate even faster than VDWs by SOT if the system has the DMI. We show also that it is
possible to determine the relative amplitudes of STT and DL SOT by comparing the motion of different

vortex DW structures in the same track.
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Fig. a: Schematic of SOT in a track of HM/CoFeB/MgO with in-plane DW structures. A charge current Jc flows
mainly in the HM layer and induces a spin accumulation in the CoFeB layer

Fig. b: Trajectories of VDW cores with (black) and without (brown) DMI (J = 10 GA/m?, =5 nm, w=150 nm).
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Co,Fe(Ga,Ge)zx W= EBiim B A B L T -+ D
S ARHUEME I K IE T Co,Fe(Ga,Ge) il D Ge ik o 2228

UTHRREIE Y, AR Y, JF REAs Y RIRFNE 2, hEBZ 2 REAT
(tAbHRE K, *TDK #alaxth)
Influence of Ge composition in Co,Fe(Ga,Ge) films on magnetoresistance characteristics of
Co,Fe(Ga,Ge)-based current-perpendicular-to-plane spin valves
Y. Chikaso!, T.Tanimoto!, M. Inoue', K. Inubushi’®, K.Nakada? and T.Uemura®
(*Hokkaido University, *TDK Corporation)

1. [XLHIC

IN=T X BNMED —FETH D Co FakA AT —541F, TOAE URBEROE S5, EFtmEAE K
LHEHU(CPP-GMR)FH I W - BRIC K & AR HIMR) EE S I SN B 72D, HIE, AICHIZERED S
TW5 Y, i, %13 Co,MnSi(CMS) % U /= CPP-GMR #FI123\\ T, Mn #L A kP Bk L v &l
RNz D LT, CMS D N—T A X NHEHEZR KT &¥ 5 Coyy 7 > F A F23MHI &, MR e ET 25 2
CERFFHLE Y 2D L, Co kA AT =D N—7 X ZVEM O EI2IE, MEEESADTH
HEEZLBND. filT, Cofe(Ga,Ge)(CFGG)% 7= CPP-GMR # 1128 W\ TLLEGI BV MR LA &
72289, CFGG DAL HIEIC %35 MR BPE~DREEI LTI 5072 > TV eV, ABFFED B, CFGG % M
V7= CPP-GMR %10 MR FHPEICx 9 2 A OB ZBH 500275 2 L THh 5.

2. EERAE

CFGG A & Ag spacer A9 % P )17 CPP-GMR 3 7128\ T, CFGG @ Ge fk %z R E(L X
V=R AER U7, BEEEIL MgO(001) Bk b F:Ak E12, MgO buffer (10 nm)/CosoFes, seed (10)/Ag buffer
(100)/CFGG lower electrode (10)/Ag spacer (5)/CFGG upper electrode (8)/Ru cap (5)DINEE L7=. i, MR kb E
X% 7%, Ag spacer & b CFGG FEMMMICIE & 0.21 nm @ NiAl fHfE 2 fA L 7-F 7+ b 1ER L7- Y. CFGG
EAROALAHIENL CFGG # —5 > b & Ge #—74" v FDRIKE A /Ny ZIEIZ K VATV, CosFeysGagaGe, 1230
Ta=02475 106 FTEISET. CFGG BMOKE LR D72, L CFGG k4 ==iIZ THERR,
in-situ T550CHT =—/L&AT o7z, LEEOEMEIT LT, MM L2 L, CPP-GMR # 7 &4ER L 7=, 3
F O MR FeEE, FEIRIZIBWCTEGE 4 S FIEICZ D BEE L2, MR HIE(Rap—Rp)/RpICE W EFK L. 22T,
Rapp)| B SCFATCHAT)RE DO HFEFHEIITH 5.

3. BRBIUEE 60 —————

Fig. 112/ L7= CPP-GMR % T-DEIRICHIT 5 MR IO Ge fili a 50} © wjo Nial % ]
(KT B IRAFIE A R, o OHWICKL, MR HHEEHRIC EH L,  F,00
NIAl R % FE > 38712350 C, o= 1.06 12 TRk 55.6%0 MR HAE S

©30F °
LAz, ZaUE, Gerich MR KD Co 7o F oA FOIEIENFRK L £ e %0
£ 505, DL LY, Gerich CFGG & CPP-GMR % 33175 =20 he
P e - 10 ©
AR A FERE LT, 290 K
0 02040608 1 1.2

BE R ain Co,Fe; ,;Ga, 4,Ge,,
1) Y. Sakuraba et al., Appl. Phys. Lett. 101, 252408 (2012). Fig. 1. MR ratio at 290 K for
2) H. Narisawa et al., Appl. Phys. Express 8, 063008 (2015). CFGG/NiIAl/Ag/INIAl/ICFGG
3) Y. Duetal., Appl. Phys. Lett. 107, 112405 (2015). CPP-GMR  devices as a
4) M. Inoue et al., Appl. Phys. Lett. 111, 082403 (2017). function of Ge composition a in

CoyFe; 03Gag 41Ge, electrode
5) J. W. Jung et al., Appl. Phys. Lett. 108, 102408 (2016). with NiAl thickness of 0 and

0.21 nm.
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Ag-In:Mn-Zn-O F / 2 ViRY vy M AR—H—%2FT 5

CPP-GMR 3%+ Ol G & A B AR E

s A, PexoR R/, BeiE 9K, EE AR
(W'E - MBI EREAE)
Microstructure and spin-dependent electronic transport in CPP-GMR devices with Ag-In:Mn-Zn-O spacer
Tomoya Nakatani, Taisuke Sasaki, Yuya Sakuraba, Kazuhiro Hono
(National Institute for Materials Science)

[ECHIC

CuAlO 2 EDF ) a RV y M AR—H—BIZHNWD Z & T, BFS nm YA ROEF/SATRES 1,
CPP-GMR EMERT 5 Z EDREH BTN D V. Fox IR, RA AT —54 Cox(MngeFes)Ge (CMFG) % 58
WetEARIE (2 72 CPP-GMR %112, Ag-In-Zn-O (AIZO)& A—H—L L THWBH Z & T 50%%:#—525‘.%\
MR RGN D Z EA2HE L2, X, CMFEG H o Mn & 1ZO H D Iny0Os DB DO FEALIE IT G
Mn-Zn-O ¥ ~ U » 7 AT Ag-In @& D/NSABHH LTS/ a R Yy MRS, Ag-In /S A E A 59%43
THHRICED EEZEZDND. T7bH AIZO JEIE Ag-In:Mn-Zn-0 F / 2R Y~ b ORIEFMA L L CTHERE
L. LU G, AglZO 2 f@kkiEx A—H—ORIBMAICH WG EIC/HE B D MR EiE AIZO 2 H\iz
GEICHEART/NE WD, R T, 26 2FEORICEIT S MR LOEWERET H A =X L%, il
HEXEMNT OFE R A TTICBELE LTz,

EEBRA &

CPP-GMR % 1- D@ 1%, Cu FEME/Ta(2)/Ru(2)/CoFe(0.5)/CoFeBTa(1.5)/CMFG(5)/CoFe(0.4)/ A ~<—H—/
CoFe(0.4)/CMFG(5)/CoFeBTa(1.5)/Ru(8) (/£ X nm) TH YV, A_X—H—HEEAK L LT 1.2 nm ED AIZO (&
PR Ag IR 29 at. %) &, Ag(0.4 nm)/1ZO(1.3 nm)?%ﬁﬁ We BRIER12 280°C T3h OB A B Z o7, =
U5 O CPP-GMR RO S %2, AABIRE - IAMEE (STEM)IZ X - THENT L7-.

EERER

IR TO RA & MR i, AIZO FIBRIAIZ R L Tk 0.08  Q-um?,
50%, Ag/1ZO FIBFAICR LTI 0.1 Qum?, 30%&, [0 RA

IR L TCREZR MR EEOEWDH S, K112 STEM (2 & é =
fiEfE HAADF (8 % . WP ORBHI BN TH A,
Mn-Zn-O~ ~ U w7 2 fec G D Ag-In 33 L)/ = ‘/‘J‘g
Uy MEETH D, Ag-In HT HHAIXEFRAZEE (CCP) & L THERE
T5HEEZBND. Ag-In CCP DK & X1, AIZO HiBRA DA,

AL 5-10 nm F2 & (AFIPATE OMKEBIZ L 0 E), S 1.8 RO RIAO NIl
nm CTH 5 DIZHF L, AgIZO BiBEEDGEEK 3 nm, &I
24nm EEWVWRRLND.

2 JiRE T AT IS 2 CCP-CPP-GMR O EEGR M L 5 L, 78
WlEARE & CCP D A BRI AMEDBLE NS, MR DN
RiZ72% CCP DEZRNBFIET D, AIZO, AgIZO Fil{EDZ i
ZRUIZOWNWT, AV UVIRFA RS 72L& 25, AIZO AR
(2 X% Ag-In CCP D5 Ag/lZO R ADEA LY 1, CMFG
SRETERE & DA B IRPIOBEAS MR L2 LR STz,

(a) AlZO precursor
CMFG Mn-Zn-O matrix

7

CMFG Ag-In path

X 1 (a) AIZO B L DN(b)Ag/1IZO A~—
— {7 BR K 2 v 7= CPP-GMR & ®
HAADF-STEM 4.

£#E Xk 1) Fukuzawa ef al. IEEE Trans. Magn. 40, 2236 (2004).
2) D, 542 Bl A AR FER NGRS 13-aB-7.  3) Sato et al. IEEE. Trans. Magn. 44, 2608 (2008).
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Llo Bt S8 D A v By R — )V R BT A5 — R B E

=i RKE, A0 i, ¥E EIT
(W'E - APEHMITIERSEA)
A first-principles study on spin anomalous Hall effect of L1o-type magnetic alloys
Yoshio Miura, Kenji Nawa, and Keisuke Masuda
(NIMS)

[E =
AR, A UHGER BAERICERT 2 L7 (A E VA RV 2 :SOT) & AW 7= B OB LIRS A B
AEVIZBIT AN EZALTEL L URAIHFRE STV D[], SOT XA OB I Btz Lz
ISR A Y R — VI R(SHENZ L > CTAE VA4 U S, SEBMERICAE AT H Z EI2LY
FRIEIEIR DI FVv 7 252 5, SOT I X DALERIL, A F T U AT 57— M7 XD EE &
D bR LN IR TE 55T, MBMERBICIEASN D A B bEiom & K OSERNERE O
B2 B2 % bV O & PR IT CIRBENEE ORER I TR SITRIFT 5720, 73 AEEICHIN 2%
J5, 22T, MEMEERBICBIT2AE VR AR (R VREAR—AZE  SAHE) ZFIH L-EH LR
B UHLE MV B WS E S ERGIICIRE STV D [2,3], T OFIETIL, @Mt IcER a2 L T
ZOEEFANZFEAET D SAHE IC L > T, JERMEBA AT S 5 — HF Ol A v o iaiEAL, My
7 3 S TCTWME IR Z1T 9, SAHE & W e bR OF L, HEAT HAE RO A B v & kil
&, KO O5EEENERE OREIZ - 2 % bV O & A SAHE % 38813 2 i Ok om it L - T
HIEATRE/R Z & TH D, FATOIIRAIIE[2] TIE, SAHE (2 X > TKE 72 SOT #1525 72 DITi%, samttigo 2
B B TR — AR E(SAHC: 0yy™") & B2 R — AR E (AHC:04) D Jl (=050 # RE K §T5 2 ENEET
HDH LRI TWD, &2 TR TIEE —FEEFHEIC L Y NERPED SAHC & AHC % BEmfEiT L K& 72
ooy 1D 12D DIEE EZH LIS 5,
&R
WK D SAHC 35 X Y AHC I3 B I E BRI FED W T
B IR E ATV, SREEMERE & L CRE R
MEAHT D LB D FePt 8 X O FeAu 541 EH L=,
DFHR TITHAIX z A AN EE L, @ OEDRIE x
jilﬂ AR—/VERIL y TR D b D& LTS, 200
Fig. L IZA B V3R UTo AR — UARE B DR RS B 2 T, 300
22T AHC 1 0ymoy Ty 0T TL SAHC ol = oyt wo Moo b
I 0= 3y T-0 W T H- 2 HAL 5, Fig.l £V L1o-FePt
® AHC X 04,=761[S/cm], SAHC I 05,P"=498[S/cm] T&H %
72, FDO ooy lE 1 L0 /IS, ZHULFePt o |
AEVEFNPLORERAECHUEHAEMAIC LY A E U RKEIEBELZ 2 T ot DAL L, R
DAZ oM IEIZHEIM L7 EBE 2 Hivd, —JF FeAu @ SAHC 15 0yyP"=472 [S/cm] T  Z #uiL AHC
oxy=79[S/ecm] LV K&, Ko TEDHIFL=59 £ 1 ZRE<B2 D, THULFeAu D | A EA DR
RBEEE N 7 = )b IYERAHE T/ S WD A B U EREELS BN S 4L o USRI L7272 Th b &
EZoND, ARFZEE, SCHRRE B ge g miBh & HRFZE(S) JP16H06332) DBk 4 % 1T TiThh iz,

L ZDE N

1) Miron, et al., Nature 476, 189 (2011).
2) Taniguchi, ef al., Phys. Rev. Appl. 3, 044001 (2015).
3) S.Iihama, et al., Nature electronics 1, 120-123 (2018).
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Fig.1: Spin-resolved anomalous Hall
conductivity of L1o-FePt and FeAu.
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L1o-FePt (281 5 A v° 0 BLg i — L zh iR

BRI 2, SRR AARKY EAdsLE
(" RAEKRAHF, * ALK CSRN, AL KA BB E 0T, * PERRAT)
Spin anomalous Hall effect in L1o-FePt
T. Seki'?, S. lihama®, T. Taniguchi* and K. Takanashi'-?
('IMR, Tohoku Univ., 2CSRN, Tohoku Univ., *‘WPI-AIMR, Tohoku Univ., “AIST)

X CHIT

A VHEREERIL. AEY a2 ARG LVEEE RS A OOEEAF—T — R Th 5,
Bl 213, A CHERAENZER L 55 2 VL R— AR R(SHE)Z VWi, B & A 1k
ICA B EBROTN T 2 A EVRIVEEY 2 LR TE, 20 IS k0 Py 2 hRaE
ROWALMNZ V7 2Nz 5 Z & b A[AEE 72 %5, SHE I 2 iV E TIMMEERZ FOICHN G TE
T3, BEIZ 72 o THBEMERIZ 351 B AR OB A B MM b B Shd L9 Icao TE i 12,

HEAVERTIL, M & Je DAV RIS B4 R — VR RAHE)NC & D BIEAVE U 5, MEATERN T
J PEEIC A B ARBET TH Y . AHE (IZ LV AL MG MER S A E AR T 5 L BEZHND, it
(R DR % B, MRS T DR %2 BRORFER— A A% am & LIS,
AHE (2 XYV E L BT A B AL Js o ($- f) ann [MAM] < J] THR BV 5, ZHUMBA B B R
— VB R(SAHE) T % Y, ABF%ETIEL, K& 72 AHE %757 Ll-FePt £4:78 K & 72 SAHE %759 7]
BEMEIC#E H L. Llo-FePt O A vy B R — LA 3 OV SAHE OEFEZ X, X 512 SAHE % W
T AL R s e A 7

EBRfE R

1 IZHEAYIZ IR L7z Llo-FePt | Cu | NigiFeio D BLRBESRIEHUGMR)EIZ BT, EEii 2 IR N I
It L7z & & D NigiFero B OBALmIZIER T 25 hv 2 #5035 Z & T, L1o-FePt 8 SAHE (2 L %
J BRI T 5 2 LN TE D, AW TIE, ANy Z3E%Z FHW T SrTiOs (110) 34K _EIZ L1o-FePt (30
nm) | Cu (3 nm) | NigiFeio (20 nm) % =& X % v Lk S 7z, 2 2T, Llo-FePt & 13 f5Em PNz —if
BB TMAEAT 2EANBAIE L oo T D, Z OFBEUEHIMEI LA 4 Z L 12X V| FePt
& DAk (p) & J. AEAS L 72 3 1(Orthogonal configuration-device), 35 X W' p & J. 23 1T D 3% 1-(Parallel
configuration-device)D " FHIHDZ - ZER L7z, 2N O DR FIT OV TEGLETTLe.) Z FIIN L7253 5
FREEMEILIG 2 ML ZIE LT & 2 A, Lo \ZHAF L 72 JEIGHRIE DO ZSFH 3 BUHI S 41, Llo-FePt D A
BV EEAR—VANY 025 £ 0.03 & RS bl TOfEIX Z4VE TIZ CoFeB THE AL TV A HE
VI HREV, X 51T, Orthogonal configuration-device & Parallel configuration-device O 5 % LL i
THZET, B SNT-ER-A VU MA#HIL SAHE OXFMETHIATE 5 2 LRS-, i
HRFIZIE SAHE Z WAL BERIZ DWW T b iam T 5o

BETHR Nig1Fe1g
1) B. F. Miao et al., Phys. Rev. Lett. 111, 066602 (2013). cu
2) T. Seki et al., Appl. Phys. Lett. 107, 092401 (2015). 11, FePt
3) T. Taniguchi et al., Phys. Rev. Applied 3, 044001 (2015). Je

4) S. lihama et al., Nature electronics 1, 120-123 (2018).

Fig. 1 Schematic illustration of current-in-plane giant
magnetoresistance stack with L1o-FePt | Cu | NigiFeio
for the evaluation of spin anomalous Hall effect.
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Cu-Ir AV U R—/VEEZ AT 5 AN TR o gl

AN BRI 2 EHATS L AL
(" AR e mAT BT IERT, 2 AL CSRN)
Fabrication of artificial antiferromagnetic structure with Cu-Ir spin Hall layer
H. Masuda', T. Seki'*?, T. Kubota' 2, and K. Takanashi'*>
(‘IMR, Tohoku Univ., 2CSRN, Tohoku Univ.)

XU ®HIZ

RIS 3 IRAUIESS O 1] S OV O SRIE IR S i 8 7 & %8 < ORI & B3 2 ROBRIE MRS A B b
0= 25 CTHEAEZED TND Y, RBHMEA Y b =27 20O 1908, ROREMER S S 2 2%
AT 2 FEOHNL CTh 5, KRB RO SOREMERIZRT L THENZ 2 D LB BN TWDH D0, A
EUR—ANRICE > TAEUD A VELE V2 (SOT) DIFHTH S, ZTNE T, 27 KRR & X
BB AAER OKE 72 Pt 72 E OIEWMESE 245 DR T2 RICEB W T, SOT & iR ER SIS OFH A
TERDHR O TE 223, L, 2L SORIBEME AR CIIREX SO SRR RS B RS 2 il 3 2 2 & 8 #E L
<. DOBHEMERICIERT 5 A Ul MV Y ORFERRIFRICIIARME Th D, ZHUTxH LT, SRR
A L& | N TR T2 O IR IERGE JE & 72 1358BEE OIS A2 4 2 5 Z 212 K - TRORBEMERE A 58 %
52 ENFRETHL, MAT, ZEHLIREONEICL > TRERAE HGE NV 7 BIEELT 5 wHeME:
NV | SRR AL HE bV Y OWFZEICE L72FE B Th D EF 2D,

L7235 T, ARFROEMEBINEL, RO G R ORERAE B M7 Z N TE 8B AL
TOWRTHD, ZOBMEERT DO, AWFFETIL, Co/Culr/Co ATHTIZEH L7, Co/Cu
/ Co SRITSGEREMERE G 2 R TREMREBA T T THY . M TEORIRERELKBEIRITIEBLN
RFEIC K o THAL T Z 3 i3 2B/ R & 72D, — . CulIAE R — R E1Z LA ERI 72N
B, CullIr 25281285 T Osu=21106% DAL R—NAEZELNDZ ERHEINTNS
9, LML B, Co/Cu-lr/CollH T D MBENERE A IZ OV T OHEIT RV, £ 2T, AHFZETIL Co/
Cu-Ir / Co N ECHRIEMERE & & AV IR — VSR & W C & D IERMER M BN Ch 2 &2~ T2,

ERAE R

RS LT, w7 R bu ARy &Y v 7EEE Z T ALOs (0001) il / 23y 7 7 —J& (Cr(10
nm) / Au (5 nm) / Cu (35 nm) ZELEIZ L > THe(bLizH?) /Co(2nm)/Cu, Ir, F721% Cu-Ir (tnm)/ Co
2nm)/Cu@2nm)/Cr (S nm)Z{ER L7z, Z Z T Culr OfLEIZ, Cu:lr=95 (at%): 5 (at%)) TH 5,

PRENFUBVIRE 715 2 - TERL U 7230 OB LA 20 E U, SORBEMERS B0 O R EE ¢ K AF1% % 3
Rz Z A, Co/Cu/Co KW Co/ Culr/Colkt=0.75(nm) DXkl Co/Ir/ Co L ¢t=0.5 (nm)DiREHI I
W CSORBEPERS B IRE N R R E 72D Z E 0¥ Y . Culr HEZ AW C AN TS 2 R TE D 2
ERABNERST,

Wz, Culr ® Osu ZEEMIZHAMES 57290, ALOs (0001) AR / Co (2 nm)/ Cu-Ir (¢nm) / Cr (5nm) @ 3
JEREEIC BT D A E VR — VERIEPI R PN, T OFER, AV R—L Osu~43% LW O NS
BAL. ABFZETHWZ Cu-lr JEREME TR S SRR A & A VR — VR E RN T M ChH 2 &
DIHERE STz,

BER

1) T. Jungwirth, X. Marti, P. Wadley, and J. Wunderlich, Nat. Nano. 11, 231 (2016).
2) W. Zhou et al., Phys. Rev. Mater. 2, 094404 (2018).

3) T. Moriyama et al., Sci. Rep. 8, 14167 (2018).

4) Y. Niimi et al., Phys. Rev. Lett. 106, 126601 (2011).
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B FEB LN o #H W-Ta 54 /CoFeB F&J&E % D A B L 7k — LRSS H P10 5B

FOREAFIE L, FORAL 24, M IE T 13AS PEse R 13AS . I ETTAR 1
(RJEK ICIES, 2 I%Eﬁ £, 3CSIS, “CSRN, SRIEC)
Spin Hall magnetoresistance in - and a-phase W.Ta alloy/CoFeB stack systems
Y. Saito?, N. Tezuka?*, S. Ikeda®®?®, H. Sato'*® and T. Endo™®
(Tohoku Univ. 1CIES, 2Graduate School of Engineering, *CSIS,  CSRN, °RIEC)

XL &HIZ

A B HLIE R L7 (SOT)-MRAM, skyrmion, domain wall 734 A0 FEB & Hig L, E4&RE, RBMEEE RO
A B UHLE MV OBFFERRRE N AAATOIL TN D, FRIC, BMEREEDO R, 2F D, H2DEII) %t Lz
EEDAE U Js) DEMBIETHHLAE R =LA (0= Plc) ZIMIE D720, £ < OEBGBM
BROE AR SREBIE R ORFIE T, |OsuS HIZBIZEEM L TS, LHL, B KERZL OESR
MEHT, HEFBARECORBIRTH D, LSI 72 EOREUERIEE P TR E 2R 28R E LTHWD
L HBEDRUXF DK, A — FOBEBIE, REREERETZ2LE0 LEFELI 2V, I OREE M
I D720I2iE, Rt KL ’tlﬁ‘élHSHIODi*‘jt ZHES T, KRB A B AR — L) B (intrinsic SHE) %
WRTDZENEETHD, 40, FH—JFZHEHE VT intrinsic SHE O KN TSN TS B HH WigoxTax
FBEO a FH Wigo«Tax a:iswt AV IR =LA O Ta MK E R~ T D THRET 5 2
EBRAEE

BAFEZEANy XN T, TORBERMNE2EZX L2818 0, a2 TalREX)EZAET D B FH WigxTax
B L a 18 Wig«Tad/CoFeB/MgO/Ta & i 4 /ERL L=, 6 Z M L LA — L x—RIChi T L, &
BV R VBRSNS (SMR) & Il L 7=, 1% 305 K, -4Tesla~ +4 Tesla TIT > 72, £ SN ER D
EHOTRERE W0, AEUIEBELZRD, Tb0

o]

Ta IR ERAFPEZ R~ T, T

% 0.2k 305K .. o. . [ 1
Fig. LICkk % 22 TalREEZ A3 2 B #H WioxTa/CoFeB % % 0l

D SMR (ARyy/REZ®) OFERZ R LTz, HITRT LI < .

SMR OHEHEIL 8 5 Ta B THIR LIKEE & 5 Z L g -o.6f

PND, KEZ LD WipnTaddEZE S 2L Tnd, £ o8l oW,Tar

fo. TITEHRSRVA, TalREEZBAT S & ot o WorTas

WigoxTa/CoFeB 5% D5 4[RO SMR O E O HE N A3 S b

B =i, fta (NI

B AAH L a 40 WieoTad/CoFeB —Tl’*@ SMR OfE % | Fig. 1 SMR plotted against the heavy metal (HM) layer
BSOS A L CRERT L 7=, Fig2 12, MRNTREE G % thickness tw.ta for the devices with p-phase W-Ta HM.
A IR — LA DAEHE (|Osu]) D Ta /&%Eﬁkf MR,

AL affl bICd D Ta ik Closl LRI E 72 & L/—-\_\‘
BN ERRoT=, B ABICEI LT, TaltEaHAT 2 ol B—phase :
& WigoxTax O HARBL O MBI T HF AT 5 72 Bl o6}

SNT|Osl D IARMIE, BB TS G oaa}

intrinsic SHE O RICHIFN L T\ B L E 2 b b, AFgE 0.12f L

1T JST-OPERA, AHfF £} (15H05699, 19H00844) D& D & & ;:8 : ///:_'p/h —a
TiThii, D_UGZ/ o 4
L ZB N

Composition: X (WigoxTay)
1)  X. Suietal., Phys. Rev. B 96, 241105(R) (2017).

. Fig. 2 Estimated magnitude of the |#sn| as a function of
2) Y. Saito et al., Appl. Phys. Exp. 12, 053008 (2019).

Ta concentration x in the Wioo-xTax alloy HMs.
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CoFex04/Pt FLIZ 35 1T B T #2250 5 0> & )1 il 4]

Omp AR T ILUARIE L WINERE 2, R HECR 2, RIEKHR 2
(AERBeR Lt AERBET 2)

\oltage control of magnetic proximity effect at CoFe,O4/Pt interface
©S. Nodo?, T. Yamamoto?, T. Yanase?, T. Shimada?, T. Nagahama?
(Hokkaido Univ., Graduate school of Chemical Sciences and Engineering!
Hokkaido Univ., Graduate school of Engineering?)

XL HIZ

T4, PYCOFe04 D & 5 7R FEMENEE B . MBEMERERRAR ) & Bl D S (HMIFMI)IZ 3 1 2 58 BLER 28 IA < WF5E
ENTWD, BHCREKOTEN RIE. FERAER B 2 & HIEiF & L TR ShTwd, Ptix HM/FMI O
HM & LTHWSHN D Z E23% <, Stoner SRIFITEWETRRIE[1]D 7o OBERITHEZN RIZ K - THEMENTHE S
nNTNESbhTnd, Lad> T, Pt~OELEOHIINT Fermi ¥ 2 2L S5 Z L TPUZHRE S
DWHNEN T HZ L AMIRF S D, £ 2 CARIFE TR, A A UiRiEE W EEOR[2)IZ L - T, Pt
DGR R 2 HIH T 5 2 & iR i,
EBRA*E

NGB BOGE Sy TR B 4 % o —(MBE)EIC L - THERL L 7=, IEA%RZIE MgO(001) 2 A/ NiO(5 nm)/
CoFe204(50 nm)/ Pt(0.5-3.5nm) T 5, BPEZRILI 7+ NV V7T 7 41— ArA A2 ) 72 X 28600
L. Hall N—HEDFETEER LT, F7-A & IRIE[EMIT[TESI] @ 4L 3 — K (TA210:EMI-TFSI=1:1)
ZFRFITHE AT, F— MEmE L,
EBRER

CoFe;04/ Pt(2.5 nm)7> & % % 56 112 A A kIR Z I LT 7 — MEEOHIINZ X - T Figure 1(@)IZ~T £ 5 7¢
BXIRPLOZEN GO N, L7 — NEEOIC X > TPt @ Fermi LN E(L LI/ d7E B 25
%, Figure 1(b)IZi%5— MNEEIZ X 25 Hall {EUE@WH:%/TTT Hall iHiIL e 27 U v R 7228 k(25 Hall
HRYERL, ZHIEBERIEEDRICL > TPUHCEMERNBE SN TWE Z L2 KB LTWS, /2, #F—
BIEIZ Lo TERF Hall RO K& SRET DRI HE O, ZHIXELEOMMZ L > T, Pt OBAGT
BIRDEN LT eEZE LN,

(a) (b)
T T T T T 20 T T T
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Figure 1 (a) Ve variation of the electrical resistance for CoFe204/Pt(2.5 nm). (b) Ve variation of Hall resistivity for CoFe2Oa4/Pt
(2.5 nm) at room temperature.
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[1] A. H. MacDonald et al., Phys. Rev. B 23, 6377 (1981).

[2] S. Dushenko et al., Nat. Commun. 9, 3118 (2018).
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HE227E bee Cu FAE & FlV 72 CIP-GMR #1281 5 BRBSIR DR R

K. B. Fathoni'?, BAFERRR |, e x RFth ', S RME ", k!, €oFmE 2
(oA Hists |, HLIRE )
Giant magnetoresistance effect in CIP-GMR device using meta-stable bee Cu spacer
K. B. Fathoni, Y. Sakuraba, T. Sasaki, Y. Miura, T. Nakatani, K. Hono
(NIMS', Univ. of Tsukuba® )

Gk

A b= AOREFWBLGTH 5N E RS E KRB SIPI(CIP-GMR)Zh F X, HDD U — K~ K& L
TZOFSEEIRENZ2M L2 7o b L, BIfETHMECREER AT — & LTIRIASFIA S
nNTns, ST, IR COMBISGFHE TH ATREICT 28 BB ER K P — OB JEBIR A IIE L T
L, TMR FE7 L0 AREWE 7 A ZH/hS (1], FAHEEOHE I N LER - KRR LT
CIP-GMR H# IR E RFAEARH H, LrL—FH T, CIP-GMR F 1D MR thiL, U — R~y RE L THHE
EREZTEIVIZTERLR OIS, A LT REETIE 1I8%REREICHE>THBI[2], B —&LTD
UL O8] EO 729121, MR A B3 < kD Hiv b, CIP-GMR F 7D MR 2L, (DE O AR
TR - QS FRE - QREEF N FEGOZERPEETH L7720, (1)DEMED BB ORI E
SIPLROR M EHI R SN D, £ 2 TARIFIETIX, Fe RICHRENHE SN D HELRTE bec Cu 2B L L
[3]. CoFe & #lAfiH7= CIP-GMR £ 1127 EH L7z,

[EEBRAE]

MgO(001) HiiE i FMR 12, Coy(Fe,/Cu/Co,Fe,/IrMn f i D A

L L7 (SV)E CIP-GMR 3% 1% Co:Fe DK %228 2 C ¥ —=— max

TEBLL ., 2 O S XS CRE SRR R O 4l & TEM 12 L % sl = gy = 28

WAL B 22 51T - 720 Cu BEELIIBANE L LT 0—5mm £ T

B &R, £~ TEMBERICL AEE~~—2L L, Hi— &

JRHREHEIZ I o T CoyFe,/Cu/Coy (Fe, S i d 18 2R O i N i 4% -%
z

EAFPED R ZAT > 72,

[RERFER] °r

1127”579 MR .0 Co:Fe DR HARTEIED S x 23 5F fec bee

25,50,66at.% ClLi K 25%Ri#% & 72 5 SVA#E T & LTl 0 20 20 50 " 10
=D MR a5, TEMB8EORER, bee & D CoFe £ T Co X Fe

WRLHEZEM & LT bee Cu SR LTE Y Fmisfns 4 < 1 CoyFe,Cu/Co, Fe/IrMn CIP-GMR % 70
RVHAHR) R FREASREDFONTND Z LR gnol, SRR O Co:Fe #AR HL A 171
Fe/Cu/Fe (23T b [AEED bee Cu D% & Sk -3 A D3 e

WENTZH, MR L 5% E 72, FHJREFRICL 2 A UMRFOE T OBZELFHEOFE R, Fe & bee
Cu TIEZEA L LNy ROBSVENEWN | HETFE DL CosgFeso TIFIEAMEN R EX < EL, Kl Y
T o — BRI OW R FE O N T IRk T D E T OFEAMENE VT & A3, Fe & CosgFeso MR
DRERZEDEINTH D Z LW h->72, beec Cu & CosoFesy & DARD TEWEFHRRAMEE ZH AL R R
FAIZX Y, ItMn ZERE bee Cu 20 L- BRI KRBEMERE G 2RI Lin A o 7 —ERIE T T, 3 )3
CIP-GMR ## it CTherdr & 72 2 IR T 40.5% D MR LA EB X7z,

L E DY

[1]K. B. Klaassen, et al, IEEE Trans. Magn. 42, 108-113 (2006) [2]R. Sbiaa and H. Morita , Appl. Phys. Lett. 84,
5139-5141 (2004). [3]B. Heinrich et al., Phys. Rev. Lett. 64, 673-676 (1990)
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Correlation between spintronic properties and ferromagnetism of ferromagnet/semiconductor interfaces
M. Yamada !, Y. Shiratsuchi 2, M. Tsukahara ', H. Kambe !, K. Kudo !, S. Yamada >,
K. Sawano , R. Nakatani %, K. Hamaya >
(‘Grad. Sch. Eng. Sci., Osaka Univ., 2Grad. Sch. Eng., Osaka Univ.,
3CSRN, Osaka Univ., “Advanced Research Laboratories, Tokyo City Univ.)

el nET, BBEMERA AT —FA 4 CoFeAlosSios(CFAS) &
HEEAR Ge D~T R REAATHMUA L L VTR T EHNT,
FRTHAEUESEEST 5 Z LTI L TWA[L 2128, £ DIES
EIIIEFIT NS W E W IFEN o7, —J7, ZDFE % 300C
T == BT 5 &, ~T o REDOKISOEETRIRETOA L
EEDHI 0% T D Z L AL, AV UGS L SE S E OBIfR
WL BT D ERD TV B [3]. ABFJETIE, CFAS/Ge FLrH I Fe #%
SER AT D 2 L CREDEFOMEEZSEL, AR A 1E5D
HREZBH Lo CTHSET 5. £72, MEKEHEOBLE S b Ui
BEFHIL, A A5 & OMBEZRHE L7

Fig.1(a)lZ/~k 3 & 9 72 CoFeAlosSios(CFAS)/n-Ge I A &° L /3L
THETFEZER L, Fe Kk DEIRA E A5 2RE LI-fE 5%, 16k
DFR AN E R TEBRENN 60 52 KT 52 EnH-7-
[Fig.1(b)]. HAADF-STEM #l£3k v, %tk CFAS/Ge HHE TR LI
TV D W] 5 E[3]1F, Fe #Iiz1T9 Z & TRIFICKESNT
WD EEMERR LTZ[4]. — T, ~7 v FlE O/ & T3 5 7201,
A RN EREE O S EE OREZ BT 5720 D Ge(111)3E
D CFAS(5 ML)/Fe(5 ML)/ & CFAS(10 ML) 5% % Z 1 fE
R, KRR CTHNBEIET Ker ZVRBIEEIT 72, TOREE, Fe
SML A4 A L7 T, Kerr [FIHEADY 10 (GREICR>TEBY
(Fig.2), T OMMENR KR E S WHEINTND Z EVRIB I T,

T, A UGB OB L Kerr RG5O BT
PEOFBI S O Cilgan 5.

AHWFFED—HL, JSPS FHiF#(Grant No. 16H02333, 17H06832,
17H06120, 18J00502)7 424 5 17 7-.

BE R

[1] M. Yamada et al., Appl. Phys. Exp. 10, 093001 (2017).

[2] K. Hamaya et al., J. Phys. D: Appl. Phys. 51, 393001 (2018).
[3] B. Kuerbanjiang et al., Phys. Rev. B 98, 115304 (2018).

[4] M. Yamada ef al., (in preparation).

(@) Co,FeAl,:Siy/Fe
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Fig. 1. (a) Schematic of a lateral spin valve
device with Co2FeAlosSio.s/Ge electrodes.
(b) Room temperature nonlocal spin signal
for devices with CFAS/Ge and CFAS/Fe(5
ML)/Ge contacts.

CFAS/Fe(5 ML)/Ge

6« (mdegree)
o

5 CFAS/Ge |
4 _
" | f
-500 0 500
By (mT)

Fig. 2. In-plane magneto-optical Kerr
effect loops for CFAS/Ge and CFAS/Fe(5
ML)/Ge films at room temperature.
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Nonlinear bias dependence of spin accumulation signals in ferromagnet/semiconductor devices
Y. Fujita, M. Yamada ', M. Tsukahara ', T. Naito ', S. Yamada 21 K. Sawano *, K. Hamaya 21
(‘Grad. Sch. Eng. Sci., 2CSRN, Osaka Univ., *Advanced Research Laboratories, Tokyo City Univ.)

oz lL, FRmEMER A A T —44 CosFeAlosSios(CFAS) & K Ge D ~T v 2 H T DA A B 3L
THRTHEHNT, AU ESZEEIRTEET 52 LI L TWA[L, 2], O 2 i FESIRHIMR) I A
ThEWV3B] —F, FEEAY CHEFICBT D 20 MRIBEFICHT 2 2R ETONIETIE, A7 AEE
FIMZ L0 2 R 7 REIEAH KT D 2L TAL UV EERMIREIN D LG SN TEX72034], o
HIZ2WFZE TlE, A B R EARA OIRIG R A B R LA BET 5 L NEETH D & 0L H 5[5].
ARFZE T, PG AR 2 &2 LT R FATEB DT 2805 MRAG B DA T AMRITHE 2 FEAIIC G L 7= 55 58,
NA T ZABEITK L TA Y CEEEEAVL) DRI T 285 2B L 7O THET 5.

Fig.1(a)lZ "% K& 9 72 CFAS(FM)/n-Ge B A &0 L7 HT-2/ERLL, 2 D FM Ui RN BB 1)
ZEIINT 52 & TAEAAEFZ2HE LT, Fig1(b)ITix, Hx
RHIINEIR F COA Y VEREEBELEANESZRT. BRE
W U, [ OBERRG S OEETH-ThH, AV UEED
BFENKET 2BENBHl S T\WD. 22T, Bk
DR BR| % DFEA% Device A, Device BE L, AL E ID
BAtR %A £ & =DM Fig. 1(c)TH 5. AVLIL Fert & Jaffrés D
ETNOISH D K D2 1Tk 2 iR A kA R~ O T
<, sin H—T7 DX I 7RI BlbEZ R L TnD, Eiz, >
0 (I < 0)DFEI T HAE)DAVL BEHEI SN T[T, ZDZ
X, PEERAE R TICBT D 2T AEAGED, HIN
B I DA TRIBRTE L0 TIE 2L, MOLPOENEE
SN TIHMEEZ BB L2 L 2RB L TN D,

T, [F UK CHIE S D IERT 4 T A8 15

BERVEMICHEERT S Z LITMA, A URHEmREAO A B
MM DI /e A & BHRL A Y R 7 N DR o T
— - o -
CERHHECHERLIT, RS A EMIICERT S, s? °a_ ﬁl,
=0 g L)
i 31 20F g % @ B& Device A |
AL O — 1%, JSPS Fl 4 # (Grant No. 16H02333, nD:»%o% B,
— — 40+ . [o] -
17H06832, 17H06120, 18J00502) 7 3248 % 1 7-. * N T T
-60 -el.o -4|.o -2|.o 0 zfo 4!0 6.0
sEH HmA)
Z &
Fig. 1. (a) Schematic illustration of a lateral

[1] M. Yamada et al., Appl. Phys. Express 10, 093001 (2017).
[2] K. Hamaya et al., J. Phys. D: Appl. Phys. 51, 393001 (2018).
[3] M. Tsukahara et al., Appl. Phys. Express 12, 033002 (2019).
[4] T. Sasaki et al., Appl. Phys. Lett. 98, 262503 (2011).

[5] R. Jansen et al., Phys. Rev. Appl. 10, 064050 (2018).

[6] A. Fert and H. Jaffrés, Phys. Rev B. 64, 184420 (2001).

[7]1Y. Fujita ef al., (submitted).

ferromagnet/semiconductor device. (b) Local spin
accumulation signals at 8 K at various / for devices A.
(c) Bias I dependence of AV at 8 K for devices A

(open circles) and B (open squares).
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% i AR DT EE 2 - CTAERR L 72 A B i D E s ff T
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Quantitative analysis of spin current generated using vorticity in surface acoustic waves
Yuki Kurimune?, Mamoru Matsuo B¢, Sadamichi Maekawa ©B, Yukio Nozaki*P
(ADept. of Phys. Keio Univ. , BKITS, UCAS, °RIKEN, PKeio Spintronics Center)

IZC&HIZ

BRSSP A E"S/E.ELSEWE{’E?H(SOI)O)?(% fx%@)@%ﬁﬁb\ﬂ:x EUMEART A LT, AV b=
AT N, AMFRICEBT D RE R TH D, 2013 FITRE DI, AV U AEEIE L SRR X D iED
#i& & (spin vorticity coupling, SVC) % FH T R I BMER (SAW) 2> B R B Uit &2 A pk 3~ 2 Pk 2 Blimie %S L 72 [1].
I OB IR EOERMAS N A U RIEE 720 . R VTR N R BRI BT A 725, SOl @
I Cu <2 Al WA B UAERRICAERI E & 2 Tz, _h ZRPU, KEROFEMAERNCE F D E R BRI
JEHEJRA A AR T D 2 L NEBRMBGE S [2]. EHRMICD 2 DOAEBMENFET D Z LIRS
[8]c 2D X D IZHMIEENC K D A v I L TR - Bl @ﬁﬁf@ﬁkﬂ%*ﬁ B9 253 AL TV D —T7 . SAW
ERAWZ A UPAERIZE LTiE, NiFe/Cu —BIRIZEIT 2 A B0 ZERBEENHE I NTZOALTH
D[4]. T3A ASHOBED B B SAW (T K 5 A B iiASUHEIE O RN R A R Ch 5, % Z T SVC EhHRD
B ERIC LS & | FEMMERICAER SN D A U ROME « BERBURFEZEL <N, S HIT, g
PEIRN OIBEE T L DKM R & X — 2%y FIFRIZOWT S, JEIEIC SAW Z7EA L7ZESICAE L 5 2
v IS A T EAISRRNT LT,
EERAE

M 1IZRT X5 7% SAW 7 4 v Z —F 72 ERL L, SAW & £k, B3 2 372 R EMIDT) ORI NiFe(20
nm)/Cu(200 nm), NiFe(20 nm) & OF Ni(20 nm) & Bl L 72, Cu 12 SAW 23 EA I LD & SVC HRD A A B
TROSREENE T~ BLICAE Y NI VAT 77— Mo B2 5252 L TAV VIR RFE SN DS, Z0
LEOBR~A 7 aEOREEY, X7 MRy NI TFIAVEACCHE LT, 728, IDT OHfiilg &
BAEM 22 b S &2 2 Lic kD, FolSD SAW O [E A &R 5 4 fil4E Lz,
EERFER

X 2 IZKFBFITOWTHIE LIz A B EILIBIZE S ~ A 7 a VIR D SAW JE UK GETH 5,
NiFe/Cu —JE I CIIWR ISR EE 3 JE W E D 7 el kel 9~ 5 284k 27~ L7 —77C, NiFe X O Ni HiJg ClZZzizhn
AR D 3L 1 RICHHTHEINA SN, BIEIL SAW O SVC 2Lk > T Cu NTERENS AV ViR
D RVZIZE - T, BEIIN—F v M & BRI EROALIC B 2 DR V7 Ik » T, F
BENDZAEVHIEBOREDKTELS 74 v T 4 V7 &Iz, ZOAE PSR E O 8 1 BR 7k 0%
WXL Cu 2BV T SAW @ SVC WA B U AZ AR LT 2 & 2 m T EZ BRI CH Y . SVC Zh RO
B OB ITT-EERHMATH D,

5 Akl ® NiFe/Cu
_____ Y
A 7w NiFe
= ¥ ) .
X o A Ni
g 3
5 e
Q. 2 ¥ -
= e -
= 1+ -!‘_l""
0_".
0.0 0.2 0.4
In(f/fo)
X1 SAWIZ L - TAEREINTZAEUIRIZL D % 2 NiFe/Cu &K, K& T NiFe, Ni @ Th~ 1 7
2PN O E . o R W LN 5 B 0D JE I AR AE

27 3k
[1] M. Matsuo et al., Phys. Rev. B87, 180402(R) (2013). [2] R. Takahashi et al., Nat. Phys. 12, 52 (2015).
[3] M. Matsuo et al., Phys. Rev. B96, 020401(R) (2017). [4]D. Kobayashi et al., Phys. Rev. Lett 119, 077202 (2017)
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Spin absorption and spin conversion at paramagnetic heavy metal interfaces
D. Ito}, T. Kimural?
(* Dept. of Physics, Kyushu University, 2 Research Center for Quantum Nano-Spin Sciences)

Pt <° Bi 72 & OIEREIEE SRR O FUH TIL, BV A B U BUE R BRI O mahsie 2 v v R LB IS
ENDTD, RSN TE 72, TNET, ZOX ) RREA CCPGEREER 263 2 WER~O
AEVENEE LT, BHAEURUEVZERAVON TN SR, ZOFETHE, MBETE R R
Nernst 2R D & 9 22 (5 5 N EET D720, MR A B - BRERE S O 2 WEHZ LT 5, —
JT MR IV TREEICB T DHERPTA B EANEE I OIE, JEBA B ioRz, HEHEREESR
REICEATE D720, ROFEEZIERNT 201 LIz FiETh b, 2T, AR TIL, FERIEERR
IS 5 A ¥ - BRAEHYE 5 0 E RO 72 8 O F BTS2 B LT,

LIZAMIZEICAE ] SN2 7 31 2D SEM B KLY, MIEHEICOWTRT, 2O 7L Tk, BilAg
{24 U % inverse Rashba-Edelstein effect(IREE)(Z 7 +—# A L 7=, IREE (. Rashba ZhENTFET D 2 IRt H
IZBWT, AN ERSEEBRENLBRLTH D, @%N%ﬁ#%#ﬁ%% ICHEA SN A E U
Bi/Ag i ~L & L WINEH., IREEIZ X » TEI~EEHIIL, BilAgHIFRICI > 72EEE L THRIEHTE
%o BilAg F DA E PEITIRD A B WIIZ Ko TERMICHEIE S D23, @V A B 3% £ CoFeAl % 1E
ANEBMIZHEAT 22 LI L > THE mmIChbeVEFORIMEFREL 785,

AP Tl BilAg Fi LA OFE % 0 et B4 8 R 22V T o RS R b T,

Spin - Charge

“ ‘ : : Spin absorption
e .

Spin injection

1 /51 AD SEM #4 & IREE i D&,
L 2D,

1) T. Kimura, Y. Otani, et al..  Phys. Rev. Lett. 98, 156601(2007)
2)J. C. Rojas Sanchez, L. Vila, G. Desfonds, et al.: Nature Communications vol.4, Article number: 2944 (2013)
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Mechanism of strong enhancement of anomalous Nernst effect in Fe by Ga substitution
H. Nakayama®, K. Masuda®, A. Miura®, K. Uchida®, M. Murata?, and Y. Sakuraba®
(*NIMS, 2AIST)
[FLBHIS
BUEEHMBIRI SV BVEREHINI Y OL R b TREREFIEL VW OICHOBLENL HEHR S

TS, FrICIE, BERV A MIROICHBEIRE SN TEY, ISHE, BREXRLVC X MIRORE
MEIOBIEA R D T 5. Y2 21 E TIC FeGa 44 Td % Galfenol 1350 THERIY K & 72 A F L v &
FMORBHESNTNE DD, ZOAH =X LIPASNTR> TRV, Y BE R X MhROHRIC
(T EH AR — LR LT o RN R R E 2 R 2 L h, Y R TIE, SRR E &
—FHEHEEZIHT 22 LT, Fe #EO Ga Eific X é;‘%ﬁ;ﬁw/x 2R DGR Z SOV TR 21T -
7z.

RERAE (@) -
MgO(001) AR Fiz = 2 /Xy Z{EIZ KV EJE 50 nm @D
Fer,Gay (x = 0-0.44) #ilA FR U7z, (R L 7o sz o
T XRD, VSM, XRF (2 & V0, #i ¥ L ORI 2 1~ 7
NS OEEFEHIOWT, 74 NI VT T T BIORT L
I A2y TF T EANTEHR— AR L L.
MTL7F#E 2Ry VA MR, BER—12) R
BIOBEBSEIONE 21T 72,

P
o
—

AR ]
< sl gt
e 2,17 it el
1(b) | RH R A RO Ga B x AP A Z. mete g
ZanL7o. FeZ GallEHMAL7Z-Z & T, Fe OENED - ode ]
TWARWZHEDL S TRE RV A RO K E SBEIRIC 0 10 20 30 40 50
HRTDHZENghotz. Fl—OFERIZBWTRER—LE) © x (at.%)
BB LOE -y 7 B ROPEEITH 2 L TRE SHI i o
NF 2 AREIE LITR LTz, BV T = 250D x A7 TR 3
R IR DTN EZ R LTS, ZHUE Fe OB EEL Ga % 1+ g i
EHICEDE S R IORERRL TND D EEXDL > N ‘5‘;_‘
D LT o REIT x =01 BLON03 EETE—2 % © ;;‘ﬂil "‘ghlf %

FFOn, GaREERKIE 5 L EREPENEHFICH KT 5 0 10 20 30 40 30
Todh, BEFA LA NIREOKE ST x = 0.3 WHHIB VTR X (@t%)
KOMER E B2 LR INE 7o FIG. 1. (a) Schematic of experimental

configuration for the anomalous Nernst effect
ZEW (ANE). (b) The Ga composition x dependence
1) M. Mizuguchi et al., Appl. Phys. Express 5, 093002 (2012). of the magnitude of the ANE Sane In Fe1.Gay
2) Y. Sakuraba et al., Scr. Mater. 111, 29 (2016). thin films. The inset shows M, dependence of
3) Y. Yang et al., AIP Advances 7, 095017 (2017). the Sane. (C) x dependence of the transverse
4) Y. Sakuraba et al., arXiv: 1807.02209. Peltier coefficient o, in Fe;.,Gay thin films.

5) J. Weischenberg et al., Phys. Rev. B 87, 060406(R) (2013).
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Time-dependent measurements of the anomalous Nernst effect using a laser heating
M. Mizuguchi® >3, M. Saito"*, S. lihama®, H. Sharma'-?, M. Kotsugi’, S. Mizukami* ¢
('IMR, Tohoku Univ., 2JST-CREST, *CSRN, Tohoku Univ., *Tokyo Univ. Sci.,
SWPI-AIMR, Tohoku Univ., °CSIS (CRC), Tohoku Univ.)

[FLHIC

BENRDO—2ThH DB RN A NHRIT, BBEBEBE T2 EOTFNF — =T ¢ v 7 Hifff~
DISHPFFEESN TS D, Fxld, THVETIZERITHEBEIZOWT, BERL A MR O R 72 HE %
1ToCT&ET, ZORE. L1 BHIHIE 4 FePt NI R R BIF XV A MR ZRTZ A2 RH L 2D, BE
FI A NNRE RNV BEZTF~OSHOWREMIZ O WTHE LY, £/, xRS &ICB T 57
AR A MR LR B ITEOFR Y0, N—T R A AT —HaIlBT D BE x VA MR ORI R R
PENTONTHHE Lz, EBRIC, BEFL A MIROIGHZ R T2 8546 . BRIk 2 md R e
WEERMA LD, 22T, AT, AWML B RV A NEES~OEBIEFRIZONTE 5
[CEREED DT, 7SV A L —P—Z FWTREBH B L, B 2L > X b3 B OB SRR E 24T > 7,
BRI, BB OBt AT M & BRI AR 2L v A IR OBRIZOW T, MRS 21T 572,

EBRAE

HEEEY TR ANy Z Y 720 Lo ARG 4 FePt 2 /ERI L7z, IEE25 1-500 nm @
HPH CHEBOBREORE 2 /ER Uiz, IREECEHRIRL N § 2 W CUERL L 7o MR O RS ORI 24T - 72,
B RV A MR OBIERZIE, 3 R800 nm O Ti: Sapphire L —H— % IE & 95 /L ZHE 120 fs O L—H
— VA R USRI 1 kHz CTRBHZIE L7z, KENORIRSh I L—F—kid, A7 te 7 n—
TINEIS L, ENENIEF I A Z @ U CGREHZ RS Lz, L—V—1%, T 2 »/3—%4 LT 800 Hz
(CZEFH UT-, MRS N T 1S 15 kOe DRSS A FUIN U 7=, BEEH710 & A8 5 FIANCH 2 B0 11, A b L
—VFvuRAa—TEEEE=HF LT,

ERER

WTHOREHZ DN T S, 7V AL—F—DRERZIC, BENSIIIINT IR HODB RN, L—
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Experimental observation of a conversion of spin and heat currents in nonmagnetic heavy metals
R. Matsuda®, R. Suko”, D. Ito*, T. Ariki* , T. Kimura®B
(Dept. of Phys. kyushu Univ.#, Research Center for Quantum Nano-Spin Science, Kyushu Univ.5)
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Observation of the spin-dependent Peltier effect in lateral spin valve
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(Kyushu Univ., *Spin Research Center of Kyushu Univ.)
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Examination of Hall element fabrication using GdFe alloy thin film
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(1 Graduate School of Science and Technology, Nihon Univ., 2 College of Science and Technology, Nihon
Univ., 3JSPS Research Fellow)
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Controlling nonlinearity for magnetic tunnel junction based sensors by
second order magnetic anisotropy of CoFeB

Takahiro Ogasawara?, Mikihiko Oogane!23, Masakiyo Tsunoda®*, and Yasuo Ando*23
!Department of Applied Physics, Tohoku University, Sendai 980-8579, Japan
2Center for Science and Innovation in Spintronics (Core Research Cluster) Organization for Advanced Studies,
Tohoku University, Sendai 980-8577, Japan
3Center for Spintronics Research Network, Tohoku University, Sendai 980-8577, Japan
“Department of Electronic Engineering, Tohoku University, Sendai 980-8579, Japan

An achievement of high tunnel magnetoresistance (TMR) ratio [1] has enabled to develop highly sensitive magnetic
sensors using magnetic tunnel junctions (MTJs) [2]. On their electric vehicle applications for current monitoring, the
linear output, i.e. low nonlinearity should be achieved for safe operations. However, previously, sensitivity and
nonlinearity were reported to be in the trade-off relationship as a function of effective anisotropy field, Hi®, and it thus
results in a lack of either of them by controlling H™ [3]. Therefore, in order to break this restricted relationship, we
focused on second order anisotropy field, Hx. and established a new approach for decreasing nonlinearity while
achieving a high sensitivity simultaneously.

The MTJs with Ta/Ru/Pt/[Co/Pt]/Ru/[Co/Pt]/CoFeB(1)/MgO(2)/CoFeB(1.5-2.0)/Ta/Ru (thickness in nm) were
deposited on SiO; substrate by dc/rf sputtering at room temperature. After pattering them into the circular junctions and
post annealing at 300°C, TMR curves were measured by four-probe-method at 50 - 400 K using probe station and
PPMS. For the magnetic characterization of the free CoFeB layer, Ta/MgO/CoFeB/Ta films were prepared separately by
the same method. The effective and second anisotropy field, H™, Hy, and saturation magnetization, Ms were measured
by angular-dependent FMR and SQUID, respectively.

Fig. 1 shows conductance ratio curve for the MTJ with 1.5-nm-thick CoFeB. The jump of the curve at =4 kOe
corresponds to the large antiferromagnetic coupling field of [Co/Pt] via Ru. The linear output within #=2 kOe is due to
the rotation of in-plane magnetized free layer CoFeB, where its H™ and Hy. were measured to be -1.7 kOe and 0.4 kOe,
respectively by FMR. The nonlinearity was evaluated by the equation of (Gexp-Grit)/(Gexp™-Gexp™") X 100 (%), which
quantifies the normalized differences between experimental and linear-fitted conductance, Gexp and Grit. As shown in
Fig. 2 summarizing the maximum nonlinearity against Hi/HE™, the experimental results coincide very well with the
calculations using simultaneous rotation and Slonczewski’s TMR model. Therefore, we succeeded in establishing the
new approach to describe the nonlinearity quantitatively with second order magnetic anisotropy, which is greatly useful
for diminishing nonlinearity of MTJ sensors.
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Fig. 1 Out-of-plane conductance ratio curve for MTJ with Fig. 2 Maximum nonlinearity dependence on Hie/Hi

1.5nm-thick-CoFeB free layer
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Improvement of Sensitivity of a Parallel Fluxgate Sensor by DC-Biased Excitation
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Magnetometer Based on Inductance Modulation in Coils Made of High-T. Superconductor (II)
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Development of multi-channel MI sensor system for bio-magnetic measurement based on FPGA
Z.Yang, J.Ma, T.Uchiyama
(Nagoya University)
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Optimize MI sensor circuit and ADC with FPGA
Shi Ke . T.Uchiyama

(Nagoya Univ.)
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Fig.2 The S/N ratio of the system by frequency analysis

1) Shingo Tajima, et al., “High Resolution Magneto—impedance Sensor with TAD for
Low Noise Signal Processing,”
Proc. IEEE INTERMAG, 2014.
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Flip-chip bonded high-frequency thin-film magnetic field sensor

H. Kudo, H. Uetake", H. Onodera™, L. Tonthat, S. Yabukami, J. Hayasaka®, K. I. Arai”
(Tohoku University, "Research Institute for Electromagnetic Materials, " Tohoku Gakuin University)
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Fig. 1 Structure of the thin film sensor.
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Fig. 2 Phase change as a function of thickness of CoNbZr film.
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Fig. 3 Signal and noise of sensor when a small AC field (2.7
nT and 20 Hz) was applied.

2% CHR 1) H. Uetake, S. Yabukami etal. J. Magn.  Soc.

Jpn, 38 (3-1). pp. 83-86 (2014)
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Proposal of new synchronization method in high frequency near magnetic field measurement
D. Tatsuoka, R. Ishida, S. Hashi, K. Ishiyama
(RIEC Tohoku University)
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1) R. Paul: Introduction to Electromagnetic Compatibility 2nd edition, pp. 10-11, John Wiley, NewYork
(2006).

2) M. Takahashi, K.Kawasakil, H.Ohba, T.Ikenaga, H.Ota, T.Orikasa, N.Adachi, K.Ishiyama and K.I
Arai J. Appl. Phys. 107, 09E711 (2010).

3) H. Nasuno, S. Hashi, and K. Ishiyama IEEE Trans . vol 47, NO. 10, Oct. 2011
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Permeability Measurements of Thin Film Using a Flexible Microstrip Line-Type Probe Up To 67 GHz
K. Nozawa, K. Okita, L. Tonthat, S. Yabukami, Y. Endo, Y. Shimada* S. Saito, R. Utsumi*
(Tohoku University, *Toei Scientific Industrial co., Itd,)
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1) S. Yabukami et al., J. Magn. Soc. Jpn., 41, 25-28
(2017).

2) M. Namikawa et al., J. Magn. Soc. Jpn., 27,371-374
(2003).
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Development of flexible heat current sensor using anomalous Nernst effect
W. Zhou, H. Nakayama, Y. Sakuraba
(NIMS )
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Characteristic evaluation of reverse magnetostrictive effect strain sensor by forced vibration
D. Sora, Y. Kubo, K. Arai, S. Hashi, K. Ishiyama (Tohoku Univ. )
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Fig. 1 Schematic diagram of the piezoelectric element.
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Vibration-type energy harvester using Wiegand sensor with separated wire/coil and
its equivalent circuit analysis
Haruchika lijima, Xiaoya Sun, Kazue Hara, Takafumi Sakai, Tsutomu Yamada, Yasushi Takemura
(YYokohama National University)
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HE AR E 90, AREROTU AV - aa
VOTHERI T o alfist o~ OIS Y%t L TE T2
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O DI L DAERDCEBI R R EEBE LT,
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BEXH Fig. 2 Consumed energy in the load resistor

1) Wiegand and Velinsky, U.S. Patent 3,820,090, connected to the Wiegand sensor depending on the
1974, vibration amplitude of the excitation coil.

2) Takemuraet al., IEEE Trans. Magn., 53, 4002706,
2017.

3) Takebuchi et al., J. Magn. Soc. Jpn., 41, 34, 2017.
4)  /NFL, J. Magn. Soc. Jpn., 34, 347, 2010.
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(FRIEENL KT
Wireless power transmission using a Wiegand wire
Shumpei Kawazoe, Shuhei Waguchi, Takafumi Sakai, Tsutomu Yamada, Yasushi Takemura
(Yokohama National University)

ZC®HIZ

BN I L& Jifi L 7= FeCoV Bt D A v(Wiegand U A Y)DIiL, BhEEEIR BT & 7o\ m il 22 BERERS Bl |2
LoT, RO INDBU Y v T EMIN DRI E AT 5720, ZORVICHRE A LV ERE
T35 IO NS 2 L A AN ESN S, %@H&&ﬁmu&&ﬁﬂ?@ﬁﬂﬁ%@i MnZn

T4 FaTIZkBHEREOBIEL Y kﬂ”?ﬂﬁk//¥/7 DB DOHMENENTH D &

WESNTWD D, £7o, EFEEIROEKHEE R LI mziummNuTm 51 CHh-oTH 50

BN D B, JZO’CZIKH%E’GH Wiegand U 1 ¥ & 27| »ﬁﬁb‘é;k AR DB ENY A ¥ L
A TR D /N A A8 1 kHz UL F ORI K0 T A Y & il U 7= 0 AR THELNDE A IE

L7,

RB7E Excitation coll

Fig.l 1Z/R 9 XL 912, Wiegand 7 A ¥ (¢:0.25 mm, Wiegand wire
length:11 mm)® J& ¥ (2 3000 turn D FGFEM MR = A v
ZxE L Y, S HIZEOIMANTITT A ¥ O IE S
bl S5 K I o A V& & IE5EIE A il
A E40 Oe Thb: S 7z, i = A VRO RIFE I I

A F—=RTY v URParyT o4 ek L, EA
W7 D73 ZAH ) OFE - SEEL ATV, AR TO

Pick-up coil

HEENERB LI, Fig. 1 Configuration of measurement.
KRR

Fig. 2 \ZJihté)E 45 % f= 1 kHz, 800 Hz, 600 Hz, 400 O 1kHz O 80OHz © 600Hz
Hz,200Hz & L7=58I1CBT 5, AMIEHER &4 .
WTOES P OBEERT, f=1kHz TR=3kQ& e émawgg """""""
L7=5&. ZOAMT 100 pW BREOENRELH g "l o .
L MR LTs, E1o. BRBIE AR g 9 o o, ofmmm o
MRE | EFIIE RN DI D AR £ w o "ol
AR E D & Bmo T, » 6 © 27T oy

Fe 2 1% Figl ([ZRTEIEOMIZ, 58RI 0 Aoéy#ii,,m,,if,,,m
FROEBARER, 207 AL B HED o Resistance Q] w0
WEBIZOWTHREZIT-o TV 5D, BT A =20

= Fig. 2 Electrical power consumed in the

PSS, KRB E/HFDH IO DOBRFHI OV TY Bl load resistance.
w5,
B35 3

1) J. R. Wiegand and M. Velinsky, U.S. Patent 3, 820, 090, 1974.
2) Takahashi et al., J. Mag. Soc. Jpn. 42,49, 2018.
3) Takemura et al., IEEE Trans. Magn. 53, 4002706, 2017.
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Fundamental study on high S/N ratio optical probe current sensor using sensor head with collimator lens
K. Yamazakit, S. Otal, K. lwami?, K. Furuya?, T. Kubo?, M. Miyamoto?, M. Sonehara?, T. Sato!
(!Shinshu University, 2Citizen Finedevice Co.,Ltd.)

[FLHIC

EHDIL, B A RAOREEZ TS, HE»OEENEE CHIEREREREVTOERRAEZBRL,
Co-MgF, 7/ 77 = = 7 — M D Faraday 2h 2 FIH L7t 7' v — 7 &t o Off%E - B 2 D T\ %
VAT, Byt ay Rtz U A—% LU XEFIHL 2, BERE~O AR EELSE, KRERE YO
SINtZEL T2 FEERELE.

EBRAE

Fig. LIZRT L 212, R~y NIIREERFEZ 748 (PMF) 225 LI EREE DS 2 ) A—X2 1L
Rk EREN, BHEFEEZBB L, FERI 7 —C)E, HOMMEREZ SR, HFEa2) A—Z 1L X2k
DN SN PMFIC AR T D/ TH L. Fig. 2 IR T m—T7 &t oty R Z Fig. 1 O
pc& L, 800 KA/m — -800 KA/m — 800 KA/m &Mt H ZFIIN L 72356 DA mICHRE P, PsZllE L7z,
Faraday #121%, Co-MgF. 7}/ 77 == 7 —#E (Co:MgF,=1:2, JEX 1.38 um)Y ZfEH L7z,

AIEHRER

Fig. 3 ICa U A—X LV AOFEIBIT DN T 0 —TEf oV OER & £ CHEE O BRI E R 3%
AT Fig3 XV, aUA—F LU XEMHT DI & TR IMOIRENE . AERETO® P H
TNE, RICHRE O B KAE Prax 38 & O Faraday 20512 K 2 RGO [mlisf (BALELR XS 72 W o Faraday [l 68
[PIAIM)]) OFETHE S, SIN HITEET 5. BROMEY 2 U 2 — 4 Lo RO T Prax 3550 3 (FHIK L 7= 7=
®, SIN LK) 350 E < AR R STz, A%, EITHE SIN b Z2 X 5728, £/ 3
— 7 OPFH bETT 2 9.

. = P-Polarization P;
Co,MgF;—f 1.38 an S-PnlanzannnPls’:
1 g — 350, -
ik Diclectric mirror z

e ) ? ~ 340 .t

# o XY

g = e
o 330) i
=
2 320
E :
ERL YT TLM

e 00800 - %o 00 o 80

1 41_ A= 1550nm
SLD
| light souree

I@ Applied magnetic field H [kA /m] Applied magnetic field H [kA/m]
[Fr) (a) Sensor head (b) Sensor head
with collimator lens without collimator lens
Fig.1 Photograph and schematic Fig.2 Optical system for Fig. 3 Experiment results of relation between
view sensor head with collimator lens. optical probe current sensor. applied magnetic field H and optical intensities Pp, Ps.

L Z D&

1) M. Miyamoto, T. Kubo, Y. Fujishiro, K. Shiota, M. Sonehara, T. Sato, “Fabrication of Ferromagnetic Co-MgF
Granular Film with High Transmittance and Large Faraday Effect for Optical Magnetic Field Sensor”, IEEE Trans.
Magn., 54, 11, #2501205, 2018.

2) T.lJitsuno, K. Tokumura, H. Tamamura, “Laser ablative shaping of collimator lens for single mode fiber”, OFC
2001, Tech. Digest Postconference Edition, #7091585, 2001.

3) K. Yamazaki, Y. Fujishiro, K. Shiota, K, Iwami, M. Sonehara, T. Sato, “Study on shape of magnetic-yoke for
Faraday-effect optical prove current sensor”, The 42nd Annual Conf. Magn. Jpn., 14aD-9, 2018.
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Fundamental study on ring interferometric optical probe current sensor with high temperature stability
K. Furuyal, K. lwami!, S. Otal, K. Yamazaki?, T. Kubo?, M. Miyamoto?, M. Sonehara?, T. Sato!
(!Shinshu University, 2Citizen Finedevice Co.,Ltd.)

[FLHIC

EHDIL, B A RAOREEZ TS, HE»OEENEE CHIEREREREVTOERRAEZBRL,
Co-MgF, 7/ 77 = = 7 — M D Faraday 2h 2 FIH L7t 7' v — 7 &t o Off%E - B 2 D T\ %
D KR TIE, EmWIREZEMET bbb E IR BN U EHO DI SRR ALY
YT HAR T 0 —TERE T EREL 2, TO/BRICONTIRRD,

EBRAE
Fig. 1 (I ik D FEi Faraday ZhSRAN 7' v — 7 &t o OISR AT KRBt o IXEAME %
REMEREIZ ASE L, Bt PRt & SIRIGIC/H S, 2 S OHHRE A AP [W]Z EiffE & L THRE T2 .
L2aL, EFREICENE LTSS, HL CODRIERE 7 7 A4 " (PMF) OEIRITHE & RIEHKRICTE L
DECUTRERNY 7 MRAETTLES. EBEITICHESIRE RY 7 FOfifE, L OMEEHEKOREZLIZHE
I HHRE DEEIE, T PMF @ Slow i3 X OF Fast #li O difl 2 F f L T2 sk S5 5k, BIO
Pt & SIREDKIREAE AP W] E AN ETLZERNAENTHD. LLEEEEFE X CRREFLIZY V7T
WA TR % Fig.l (b)iZR7. ‘ H H

AR

IR (ESPEC; SU-240) izt ¥~ FE% AR, (i) -
-40~85 [°C]D[H T, PRt & SRIEDIEHRE 2 E L, e
2B DS AP A HH LT, Fig. 2 [0tk E BRI (a) Transmission intensity modulation typszm
E?%}%ﬁﬁkjg*%*%%@ U qu:{/j:‘jiit@{ﬂl?l}_g T [OC] SLD H Isolator HI‘ larizer (=0 U"'"::A-‘u"
(x4 506 7) D7 AP W& R~d. Fig. 2 LV, ZiEil O 1S 1 PBS 2

B0 EE 25 07 20 CITE L7 IR EE RPN TH 14 uW Ol
ERU 7 MRS, —F, V7 FEHEATIE }_mmi‘[‘;:ﬁh{m“
BERY 7 N5 uWRETH Y, fidoi@E v IREEL (b) Novel ring interferometric type
OENTE D EELZBNRS. 40°C LI ET, jEpE Fig. 1 Schematic view of two kinds of optical probe
BUZ RABELCVDA, rHy RECHA L sensor system.

T2 QWP DIREFFMENIRINTH D LEZE 2 BND. ST T
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1) M. Miyamoto, T. Kubo, Y. Fujishiro, K. Shiota, M.
Sonehara, T. Sato, “Fabrication of Ferromagnetic
Co-MgF, Granular Film with High Transmittance and
Large Faraday Effect for Optical Magnetic Field
Sensor”, IEEE Trans. Magn., 54, 11, #2501205, 2018.

Ring Interference

Transmission|Intensity %y "% ]
modulation \

Optical intensity defferences
AP [uW]
a1

2) H. Tamura, H. Tozuka, T. Nakaya, O. Kamada, “Ring '1546 ‘ éo ‘ 6 ‘ ‘210 ‘ ‘410‘ ‘ ‘610‘ ‘ ‘810‘90
interferometric magnetic field optical sensor using a Temperature T [°C]
garnet single crystal”, J. Magn. Soc. Jpn., 34, 4, pp. Fig. 2 Relation between optical intensity differences
537-542, 2010. AP and temperature T.
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Evaluation of magnetization process of partially excited Wiegand wire
Takafumi Sakai, Tsutomu Yamada, Yasushi Takemura
(Yokohama National University)

FLHIC

Wiegand VA YIZEIT DR NNV IT AT DX T 5D BRI BALKER X, M2 A Iz OV A&
AT 5D, ZOHNITEERTHEOLND Z &IMBREA ORI ZALITIK T LW e EOR M AEH LT
BY., BERE Y2 EA~OISHPIF STV D D, RIS T, A— 28 % T Wiegand 7 A 7
D H DR DGR B 2 HIE LT,
RBL R _ Hall Hall

R — /L3 F(ASAHI KASEI £ HG-166A-2G)% Flesap element1  element 2
AV 2 ORE L, a4 s Lo T Excitation coil
{bHs STz, BMEALEICX LT —FIZ 22D
R VFHE T HRRE L(Fig.l), — 7R OBEESE) % _
WE Ui, $7-. h— BT & [ CAEIC R 2 ‘ B L Piokup
A NVE 2 ORE L CRIBERBENCES SV AEIE D | e
FIFFICHIE L, A—NHBTFEetbias voEnz ' '
TLOREHE & ) ORI 220 B eRE i 8 2 L Fig. 1 Configuration of wire, coil and Hall element.
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ERER

RE LR NVFFNOE-BR M A
NS ET OV AW Z R KIE TR L2 b O
% Fig. 2 & Fig. 3 1TRT, R—ILRF LA
VELLDOBEIZBW T A LD ORR
BT S L7 IS RF R 2Bl S 7z, Lo L,
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TNOELONTRFRZENREN ER o7z,
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ZTHICE D AR TR E R DR OZ L Time [us]
I Wiegand UV 1 Y 2R OBALIEFRE L R L TEY | Fig. 2 The magnetic flux measured by Hall element.
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1) J.R. Wiegand and M. Velinsky, U.S. Patent 3,820,090, S
(1974). a3
2) Y. Takemura, N. Fujinaga, A. Takebuchi, and T. Yamada, g
IEEE Trans. Magn., 53, 4002706, (2017)

Time [us]
Fig. 3 The output voltage of pickup coil.
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The fine magnetic structure of magnetic multilayer with 90 degrees magnetic coupling layer by using
Polarized Neutron Reflectivity analysis
Y. Zhong, G, Nagashima, S. Horiike, T. Hanashima, Y. Kurokawa, H, Yuasa
(! Faculty of Information Science and Electrical Engineering, Kyushu University, 2 CROSS )

Recently antiferromagnetic (AFM) spintronics are drawing attention owing to the high resonance
frequencies and zero stray fields. It has been theoretically reported that spin transfer torques (STT) in AFM
materials can be obtained . However, it is hard to directly observe spin torque oscillation (STO). Comparing
to this, we fabricated the novel quasi-AFM layer which has multiple domains with alternatively antiparallel
magnetization by using biquadratic magnetic coupling between two ferromagnetic (FM) layers through Fe-O
layer. The magnetic property of the quasi-AFM layer is expected to have properties that are intermediate
between AFM and FM. The macroscopic result of its magnetic property is shown in ref. [3], and the crystal
structure was also be reported in ref. [4]. And to analyze the magnetic structure, we carried out polarized
neutron reflectivity (PNR) analysis by BL17 SHARAKU in MLF, J-PARC.

The Ta/Ru/IrtMn/CoFe(A)/Fe-O/CoFe(B)/Cu/CoFe(C)/Cu/Ta films were sputtered on thermal oxidized Si
wafers and annealed in a field to fix the magnetization of CoFe(A) in x direction by IrMn. We measured the
polarized neutron reflectivity of this film and used the software named GenX to fit the data, from which we
can find out the magnetization direction and magnetic moment of the film.

Fig.1 (a) shows the M-H curve of the film, which

means the magnetization of CoFe(A) and CoFe(B) were 5 ‘,\
coupled with angles of about £ 90 degrees through Fe- ; |

O and the CoFe(B) had become the quasi-AFM. The Hin measurements X
schematic magnetization images and fitting result is ‘yL) '
shown in Fig.1 (b). We can see that the magnetization i anne::ng 100

of CoFe(A) was fixed in x direction and the . , X
magnetization of CoFe(C) had reversed in low field. (b) 2780 20 i
The CoFe(B) is expected to be quasi-AFM and the x geg: - N 1’?5: i g ? B igi: ,’ ’ T R
component of magnetization should be zero. However, e o \ x J ey \ J o \ )
the result indicates the CoFe(B) had magnetization of = :: = :: = ::
1.35us in x direction, which means the biquadratic o Vg %:\ ot I8 %}\ ol I T \
coupling was not strong enough and the magnetization S TN RN /
of it was not completely antiparallel. The average angle | () . AN :/ i = il A :/
between the magnetization of CoFe(A) and CoFe(B) g;g: 4 gig: ’// A ‘;gé: // /\ \
was estimated as * 42 degrees from cos'(1.35us T ey IR Sy TN )
/1.82u3). In presentation, we will show the process how | oFe(A) P AN AN S
we fitted it and explain the result in detail. Fig. 1 (a) M-H curve, (b) schematic magnetization

This work was supported by The Canon Foundation. images in field of -27.8 Oe, 29 Oe and 1000 Oe.

[1] A. S. Nuiez et al., Phys. Rev. B 73, 214426 (2006).

[2] T. Jungwirth et al, Nature Nanotechnology., 11, 231 (2016).
[3] G. Nagashima et al, JSAP Spring.65, 17P-p10-17 (2018).
[4] Y. Zhong et al, JSAP Spring 66, 9p-PB1-30 (2019.)
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P. Dubey, P. Kumar, [R5 {8, 7k %
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Local magnetization measurement of magnetic recording head by detecting energy cross term
of DC and AC magnetic field by alternating magnetic force microscopy
P. Dubey, P. Kumar, H. Sonobe, H. Saito
(Akita Univ.)

[TLHIC MmEBKGEEE > N CILRERBESE ORIRE « SIIEAK O TRY, MK~y NOFE R 5H%HE
m BT O e K2 R T2 Z ENEEE 25, FEE LI, MKABMEED S CRER T
OB OF A FREICT 5 Z & TLEMMERE 2 KIEIZ A | S 728 F/ WA 1 BMEE (Alternating Magnetic
Force Microscopy; A-MFM) % BH%E L, & BIZERMEERD Co-GdOy AR MEVEE 2 B3+ 5 Z & T, Bk~
R BIAET D25 L TE D 2 FEIZKHST DG X —3HllZ AIEIC L, & B 725 225 fiF
e EZFEB L TWD 12 RIFZE T, BX~y NICE#ES % B8 SRk 2 A ST, Bk
5 & ks & ORFZET RVX—THE N 5 Z & TR v KO RPTH 72 bRE %2 & 7.

AiE  Co-GdO B MRS (BEMERIE 100 nm) % AW THEAR~ Y RO A-MFM Bl 51T - 7. BH IR
FHTITRER A~ > RS O SFiBS H cos(wt) 12 & % &ZHiHMAE m™ = yH cos(wt) 28FE4:4 5 O THEF ORISR S
I3 7(0°H? 1 82%) cos’® (wt) oc cos(at) & 72V, WEMG D 2 F ks T DR = x VX —15 5 (A 20) &k
T5HZ L TR DT AN X — 2B b T&E 5. ZZCHEFAA T A LIZER | =1, +12 cos(wt) ZBIR
~v RIZHIN L7256, B~y FEICEE S OBEM, =M sing (013~ b~y N5 O
FOAEE) 13X, 1y & 1 X DETHS B XL ORTEKSGICEY, M, =M sin(@+Afsin(wt)) THEMIIZZE
T 5. Z 2 CRIHES DNERESIR LTS WS (A0<<0) 1T,

M, =M (sin@+Afcosfsin(wt)) &725. Z DL R~y Rifnidrfs T -
M, LD~y REICEBEFEO~y RS H, =HE+H® 2% Y? =
BT D ZZTHHTBWTHS & HE ORER;— F 1 % —TH, oo

\ 1

H H® =~ AOM Zsin@cos@sin(wt) csin20 & 725 Z LICEHT S &, *
R x X —IH (AR o) OFEFMES(w) 1Lsin20 IZHE1F 25 Z 2 “’\.\ (@ ]
SN D. FZTILHEE LT S(0) DN ARIEEZRT$ 5 2 & TR ;M \\:

Sy FORFMRBHLR T - 12
R M 1@IC 1, =3mA TORR~ Y FORHRS= L F—1% TR e e s
b Z O T OB RS L SRR O KRS (@) (R e
iz 1 THUEIL) D1 RFEEZR T, S(w) 13 1, OEEINT W EIR 09f OM

0 / (b)
CHIIL, 1, =3 mAMSECRAINA & -7 %10 x (Kb T3 2 & /
(= v]
MRbnd. M U S(e) NERKRE 2D & XOBLOST LY faEo % 5 ﬂnB:Mi
45° L LT, S(w)73sin20124t9 & LTRDE-OZMNT, ~v il M,

(ZTEE T 1A OB (~ v REALORIFIE THA) M, /M, =sing
TR BRI g OEEAINZEWEIIZHE L £ 0%, fafiZisonT

L " L " s " s " L "
0 2 4 6 8 10 12 14 16 18 20

W ZENDND. BETIEZ OATOFEIZ SOV TR 5. I, (mA)

BEE WEGLERS Y FOBSG =R LVX —( A=V 7T 2 Fig. 1 (a) 1, dependence of
xELC, 0B SIMFI7 74/ ATAA BRI T L E T normalized S(), (b) 4

£ ik 1) Kumar et al., Appl. Phys. Lett., 111, 183105 (2017), dependence of normalized M, .

2) P.Kumar et al., J. Appl. Phys., 123, 214503 (2018)
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Dynamic observation of domain wall movement of patterned permalloy thin films
by alternating magnetic force microscopy
T. Osaka?, J. C. Wu?, H. Saito!
(*Akita Univ., °National Changhua University of Education)

[FLHIC BEAMEIOMRER FICIIRXAEEZ B LHET 5 2 ENEE L 25, ITFE, V7 MR
ER S 2057 3 A A ORI - @RI KV, BEXBLZITITE 22 M o fERE S K ONRE R 43 fRRE 23 5Kk 0D
LTS, I Z CHEEY 2 B3 2 1Rk ORI BIME(MFM) X,  FRIEEIEZREF) & F8 L4 2 IaiRagss 1
£V Y7 M O BIRENL B A Gl O TRIXBLEICEEN D 5, £ 2T TARBIFETIZ Y 7 ML R ook X8
2% MFM CTEBT L2 L2 HIE LT MR Z L — 7% LT A Fihds 2 i H C© & 2 2 e ) B sss v
(A-MFM) & FRBREAL D3 72 W REMERR S 2 W TR —~v A« RE — 0 FEEOB X B 2R D TR 2
HT D,
ERAE BB S M LI Lo =~ o - X7 — 2 REIE (Ta ¥ v v 78 2nm) 122V C, MFM
B A-MFM 81235 KRR CiTo7z, AMFMBIZETIE 7 = 74 b a7 2B A 7 — VB FICECE L, f5H 5
B 7 [N A i s ( HE® = HES cos(at); HE =0~250 Oe, /27 =89 Hz ) ZFIM L 7=, MFM BlZIZ IR D
CoCrPt #8+%, A-MFM BIZIZIZBE w_ Co-GAOx RH HREMEGREH & IV T, BIEESRIE L LT, AU il
B, PREFRUEHHIRERE, PREEE T MA L4 2L STz,
KEREER Figlic il LTax4um D/ S\—~a A /8% —2 RO MFM %35 L O A-MFM 8% =4,
Fig.1(a)®> MFM £ Ti%, 90°HEEED> & 72 2 iR ik X )38l
L INDHD, BEEEITHBUR CTh  BREHES DRI L D
B BeEEINn5, Kb)~(d)?D A-MFM 4 TiX, 90°k
BEDBE S e RALE & U CTBIES S 4, IEE DB 8 I L RGHE
DOF 72 < AR Y, BEIEILASTRRES ORI =
L7z 22 T7 T4 a7 ook idasimic Fig.l MFM image of permalloy patterned thin film
WREE CH 52, b BORTo LT hmeo (@) and AMFM image (b)-(d) {(@) Hxo =0 Oe, (b)
TR F D BRI LT3 b 0 b HEES S5 Haco =50 Oe, (c) Haco =100 Oe, (d) Haco =250 Oe }.

Fig.2 (a), (D)IZH&EED i RIBENNLIE DRLAX 2 757,
A-MFMEGDOHBa L N Z A MDY I ab—a Ik D
FEATIZ K0 BERED e RBEILIE 13— 7 THE <, fith )7 CTH
HWZ LiRDh o To, T ORI BIEEIXX D ZEA T5 1)
WICBEI LTS Z Enbiolz, Fig2 (a), ()D%FED
BT RERE S A TREE A HUIN L C b BB ictm < Fig.2 Schematic figure of domain wall movement.
THEY, BEOC= IR v f RSN, AT (a) Maximum movement position on the right side

of the domain wall and (b) maximum movement

137 MR ORGEE & BB S5 O °C, AR O position on the left side of the domain wall.
FRIBLEL L el U C, BERENL B 2 D 72 W EIFREL TR T
&, TORIMGERE LIFCBIET L2 LBNES Th D, £io, RIMIHT K 5 HEEOBEIRREAL —E ol
THETDZENTE, BEBEOE =R, FOFHMIS FIRETH D Z &b, V7 MEM R ORI E
RLHBERE OFEHIZA M &L B X TV D, il TIIARTFEOFEMIZ OV THRET 2,
SEZICER 1) W. Lu, H. Saito et al., Appl. Phys. Lett., 96, 143104 (2010)

(a) (b)
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FHE B3P, Zhao Yue, KT 1%, HEHE %E
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Three-dimensional magnetic field measurement of permanent magnet by alternating magnetic force
microscopy: Conversion of measuring magnetic field direction based on MFM tip transfer function
S. Wada, Y. Zhao, T. Matsumura, H. Saito
(Akita Univ.)
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Fig.1 Measured (9%H ,/dz?) image [(a)], signal transformed
(0?H«/0z?*) image [(b)] and signal transformed (0?Hydz%) image
[(c)] of NdFeB sintered magnet.

BE R
1) H. Saito et al., J. Magn. Magn. Mater., 191 (1999) 153
2) Y. Cao, H. Saito et al., J. Appl. Phys., 123 (2018) 224503
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Co-GdOx B H REHE MFM #6025 8 e R i 25k D
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Evaluation of high frequency magnetic field response for Co-GdOx superparamagnetic MFM tip
by X-band waveguide slot antenna
T. Kamimura, H. Sonobe, T. Matsumura, K. Ito, H. Saito
(Akita Univ., National Institute of Technology, Akita College)
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Development of Peak to Peak Voltage Detector Type MI Gradiometer for Magnetocardiography
J. Ma, T. Uchiyama
(Graduate School of Engineering, Nagoya University)

FLHIC

Ml EUET BT 7 AT A YOKA v E—Z 2 A(MVIREZFIH U=/ TR E Rt o Th

0. xS, BlZIE, B NR,
%o HERBR e & OBUN R
X, B U RT AEEOm EE ) A A0 E B E LT,
TS PERE ML 2 BA% L. RG22 & AR IR
E—VE—9# Mt Y

PEFRILELERT, HLVE YTV AT AET AT AOBENMES
BEEUGEL, VA Y ~ORNVRAEREY TV T AL vF
PNV ADIEEEE Uiz, #ERMIE, B — 7 i & FUETE AT 7
Z->T, 20EZMNT 5, H~7E—7ﬂMyt/%
TR D H IR B 2 AR L, M5 Rl & B IEA] 38 12
D, “oDXA = /ﬁﬁ#htx4yfﬂwxéiﬁﬁé
ot~y RO A VERITITEE SV AERON S L3 D
ENETFD ;xﬂ“mbtgo@t—ﬂﬁ)%éo Tra AL T
%@of\&ﬁmﬁkﬁk%m@®%%mﬁﬁé RO REH

TR FHANC LR A R RRUEEA OB ERE
@H%®ﬁ%%; %@ﬂ%ﬁf%éo%%mib L
WU AT AOREEEITH 1L 4 fEm EEFER L. BB

Boi, EAT Y URE FEAER LR, Fig. 1IEH
N A RORART NVEEEZRT, /A XL-LE, 1Hz
M5 100Hz D 32 Kig 1 pT F2E (60Hz fr<) TH D,
“'wian’r?ﬂll
P300 X#B MM D T HERECHIWT L BEN H 0 | NI
@*Ti%&%%%ﬂk%<\M&muﬁ%&k@ﬁﬂ&ﬁ
R ECTHERT DI ENAEETH D, P300 1%, FIEDOHAR
|2 250~500ms DERF2 AT 5 IEDRTTH S, P300 TlXF
—OFREIZBNTH 52 O 5 HRFREDO S A < 7o
% & E— 7 R ORIENHE XN TV DT, A@@%%
FEUE L R OB DO A 10:5, 10:6, 10:7, 10:8 L 48
T%h%hﬁw%ﬁot@hgzi%ﬁ%l#%%%htﬁ%
Th D, FERUIERIRIE T DI, s AR R
T WM, BRI 2 IR, 300m s 275 420m s
@%f\%@@PwOE 7 ISHER T E 7o, YD TT, P300 15
FFEAEFER SN otz HREREOES EIZ L - T,
%mﬁ TOWEREIL, FEYE L EERYRIR O ER D HIZ K - THM
T5Z &%%uf%to

ITS. FEMGEEMRT & AR 72 &~ AN,
BEEFT D720, pT L NNVOBRORENNELEZ LND, KFFET

WX T

BRE . % A KD E— 2 E— 2 BRI

R o 7.

>~‘1F 09

ctral densit

pe

I 1E-14
Pk-pk VD-type M| Sensor System

e
o

Magnetic

01 1 10 100

Frequency(Hz)

Fig. 1. The magnetic noise spectral density of Pk-pk VVD-type
MI sensor system comparing with the environment magnetic
noise spectral density
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Fig. 2. Averaged P300 waveforms evoked by target and
standard stimuli in 4 kinds of diameter ratio task conditions

1) J. Ma, and T. Uchiyama, IEEE TRANSACTIONS ON MAGNETICS, VOL. 53, NO. 11, 4003404, NOVEMBER
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Noise Reduction Method for Low SNR Magnetocardiogram by ICA with Adaptive Filter Preprocessing
K. Miura, M. Iwai, M. Abe, T. Fujioka, K. Kobayashi
(Iwate University)
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Z ZTCARBIETIE, IS 7 4 VZ DR HWTER /) A A&BRE LT —ZIZx L ICA 2179 Z & T, K SNR
TIZBT D 0MEX D ) A AREREEOM EEZBHE LY I 2 b—ya VICKDRETE 7o 72,

BREGE

Valb—ya T, BRY—/v RNTHE L2 ORISR UINESEE 2T D01 2 A Redk s L
E%%@E%%\FF@%%M%LK%@%/4X?—&&LT\:n%mv X EAEE D SNR & 705 &
INTIRE LTHW, BEFIEIL, TEOBREEES 7213, GREMEKT —ZI12% < &FEh5 50Hz K
ﬂ\kiU%@%%&)@Eh&ﬁﬁ%ﬁﬁkﬁkbf74wﬁﬂﬁﬁmw\Mﬁ%%KﬁETéﬁitﬁ
fu DS B DA EREE T D, W7 A MV Z KV HEE SN T30 FEREEREZ Y I 2L —v g
YT AMBEET S LIC Ko T, FEDEEER S OB ERET D HIETH D,
Yial—vavitR

AIFFRTIE I 2 b—ra ik /A AREREZ MR L7z, Figd |2 SNR30dB OV a2l —y a7
%&%mmt EDOVIal—va UERERT, Fig 1 (@I2-30dB DY 2 b—2a T —XOEEERL,
OIUCIREFIEIC L DATLE ATV, ICAIZ LD ) A AREZ DA RT, Tablel 1Zv I alb— a7 —
5&@@%?&®W%%iﬁﬁm%mﬁbt%%ﬁ%éoVi:V%V3V®%%\%$$%H%3MB®
MEE T C. RMLERZ N2 TWRWWT — & | Bl 7 ¢ L & (BPF) » #7i8bRZ% 7 ¢ /L % (BEF) & BIALER A
L7 —Z L LT, KVEBGERICENWT —#ZHHATETWDL I ENghote, (VA XBREOREE.
HAE 5 & OB 0.93, SNRIE21.22dB Tho72),

300
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(a) Simulation data (b) Signal processed data
Fig.1 Waveforms at -30dB simulation data.

L Z D&

1) [FEFRVRSZAL Sy 04T 15 B ALER D H LR (3538 : Aapo Hyvirinen, Juha Karhunen, Erikki Oja)
2) RRRECOR, KN, ZRFEAN, S EHREBE S OGEE A, Vol. J92-A No.2 pp.71-83, 2009
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(LIFHE IE . A H5FAE. Madan M. Gupta*, Francis M. Bui*, /NRZZ—H[S
CEFRF, *PABIF 2T KF)
Investigation by Simulation of Active Magnetic Shield with DPM Controller
H. Yamazaki, M. Iwai, Madan M. Gupta*, Francis M. Bui*, K. Kobayashi
(Iwate University, *University of Saskatchewan)
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1) M. M. Gupta, et al, The 28th North American Fuzzy Information Processing Society Annual Conference, 2009.

2) M. M. Gupta, et al, 2010 International Conference on Industrial Electronics, Control and Robotics.
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Wireless power transmission to implantable medical devices using Wiegand wire
Shuhei Waguchi, Shumpei Kawazoe, Takafumi Sakai, Tsutomu Yamada, Yasushi Takemura
(YYokohama National University)
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SEHE Fig. 2 DC magnetization curve of Wiegand wire.

1)  Takahashi et al., J. Magn Soc. Jpn., 42, 49, 2018.

2)  Wiegand and Velinsky, U.S. Patent 3, 820, 090, 1974.
3)  Takemuraet al., IEEE Trans. Magn., 53, 4002706, 2017.
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Effect of ELE Magnetic Field on membrane potential of human cancer cells
S.Hayashi!, M.Kakikawa!, S.Yamada?
(*Kanazawa University, 2Komatsu University)
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Application of superconducting magnetic separation for the removal of scales from boiler feed water in
thermal power plants
N. Hirota', H. Okada', F. Mishima&’, S. Nishijima?, Y. Akiyama®, H. Matsuura’, S. Namba’ and T. Sekine’
(NIMS", Fukui Univ. of Tech.2, Osska Univ.*, Shikoku Research Ingtitute Inc.*, EbaraIndustrial Cleaning Co. Ltd.?)

KIPEEIXFERBEEFEETH LN, ZILRFBOEHEDN L, 2D, KIPEEITICB W THRERD
LK ESENIE, BEO-DOBRBIEEEDOEIZ 20D . OWTIiE, “B{biREOPEH EDOHIHEIZ
BNDEHEEND, KAWFETICBNTIE. RA T —ICBWTHRE L @EOEKUT S — & U R B ]
LCHELZTHTZOL, BMELTKERD, BEEZBELUTHRS T—IZRD, KNBEATEKEE ITITECRER
{E A — VDO EPER D Z OBICE DB R LT IELRE L 2o T, LB ->T, A
VDM EZERBTE L, CBERBEHEOHIRICH G TE5 B2 b, Ar—idFE L LTHE
b8 THERR &N 5, SRITHE/KELE T o LEEREEIE SR 2 DBER 2> H¥RH L, 200°C LA LD EIRIZ /R B8 T~ 7
FHABNEIRoT, HMABREREEIZMNET D, ~ 7344 NMIZOBKIIMEZFH L RIS 2
LBRTED, £ CHRAITKNIEEIHRAKEE PO R r— NV EREICEARBER BN 283 5 5ikE %
FLTWD, SRS EE CIIMEEY A Y —2RATZEEHEE L TR END 72—~ s v 7 A
T R ERA OR T P A EIR T HIENICERE L CTHERT 5, v 7 ¥ A MRIEBME Sz it v A v
—RKENIRINC L > TR EHFEOND Z &L THRIEFLO DB S ND, A7 ey =7 FTlE, k3 E
FTARA 7 —F6KFRD E DGR THES AT LAGRIET D O0N@EEI, /e~ MU w7 A, BG%
f, EEEEAOFIER Sl N Ty I a2 b—ya r EERICE D BRFIE21T2 o 72, AVT X A 7Dk IIREFT
DA, IR 200°C, i 400—500 mYh, 7 20 am DO EE R LA 2 L TS ST AN m e 72 2% ST &
BronbZ enbhrol, Ny FROEGRSEIER, HiRFEERKEOHRAERZEL T, v ) v 7
NIRRT Lz, U HIZ IO OBEHEROFEMZIME T 5,

A
ABRFED — R IXENLAFTEBFEIE N FHFHAN IR EBEAR (IST) Sl R SR AL BAR PRI (ALCA)D 77 - b 75
JPMJAL1304 2321 THM L2 b D TH D,
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Wik~ —A—0nr7 7 AZ Rz M LTz
Dot TREAE OGN RATE DB %

BRE R, TORR Rk, AR, FELBER, [EmEC, SRR
LN, ZEE) )

Wash Free Detection of Biological Targets Utilizing Cluster Formation of Magnetic Markers
K. Akiyoshi, J. Goto, T. Yoshida, T. Sasayama, K. Enpuku, M. Hara*
(Kyushu University, Tamagawa Seiki*)

[FLHIS

SRR & XM A 7e & OEEZENC BV T, FEERBROEQERIEILL SO L FWE (i) @
FESEZNET 2 HIETH D, BR~——Z2 AW 0BRELETIE, 77 U U BRERBG 2 W5 Z
LIZE Y, A AWEICHEA LTZER ~— 4 — (Bound markers) & RfE&~—H— (Free markers) % RiS A
IZHBITE D, 2O, WEROEFHFIETHE L SITE 7 BF DBEO 7= OB TR ZE W Tl 72
BRAENFREE 72D, Al MR~y — I — N A ATWEORERICL VMR~ — I — DI FAZEZRRESEDLF
EEEAL, 207 7 AX EROERE TRRAEORELEZB LT,

RBAE Agglomerate of Free markers
Fig. | [ZRER IS MR AE D R 4 733, ABFJETIE, /A 44y  bound markers Lo
B LT CRSHEAE (CRP) &MNTHY, Bk~ —h—I% ,1@4 \
Coce Bl & BG E— X & C2Bilkf S FG E—X (BRI §E | i
AV, CRP B OF 2 MR RER~ — 0 — &SI T 1 B \ }é{ ;
SHDHZ LT, Fig 1IRT LT, CRP #4r L TR ~—H — 7 . ‘/:
U5 AB BT B, CNES~—h— LB, k., it () Magneticparticle B

IZIEREA LTV WS~ — 7 —  (Free markers) & I(77 5, v €6 antibody

BIF- 007 T w7 ARt 1 TR FOERIC LV R FE D, By |4 €2 antibody
BELEIC L VI LA~ — D — (2 T A %) OBEZRE dis > o CRP
lum TH B2, BRI >04s &725, —FH., KiEE Fig. 1. Wash-free detection of biological
~ = — ORI FRERIL die =160 nm TH Y | FEMEFHIL  targets using cluster formation of
gr=1.6ms £725, magnetic markers.

Z OFEFIRFE OFEVC LV | f>> L & 72 2 JEE O ik 100
REFMUIZGEICE, BE~— =0 bIIMRUETHHED
NT KA~ =IO DRMEENIEE LN D, > T, BF p
ITBEARRANCAT O T E N FREE 72 D, FEBR TILIRIE 4 mT, JA e
W%k 330Hz OS2I L, Mt a A iz XD i L2 ol ) |
ZEARE (f=990Hz) ZMIERES L LT, e

EEHER &
Fig. 2 |Z CRP O R &2 ~r7, KORHNT CRP DR dcre -

Thd, MOMENIE —SmEEFORbFE g2 Rd, 2T 06— -
Jh = g 13 CRP 2372 W IREEDHIELE & Vo(dere = 0) 7> 54 CRP 0.1 1 10
BIEORER Vo) & BIV=fE% Vo THlo =Tl 5. berp(ng/mL)

WRTE DI, WA RIZICRPEE L LI L, M IZIZE  Fig. 2. Wash-free detection of CRP.
WHIR NS BT, SN ORHIRRIE 0.1 ng/mL & 72 ~7-, =  Reduction of 3" harmonic signal is
DFEFIT Yo TH 2 LT CRP ORHNATREZ = £ & LTy  Shown when concentration of CRP is
0 R FIEOEE S T changed from 0.1 to10 ng/mL.

g(%)
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INBP SR
SrEALAE, SHERAT, B
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HAEKT,

Fa3 A HAR D FIGREMELE (2019)

mm

FhmmE", #HEEDT, BEEE,

CHAERY:, "HALFRE R, T X = 2 F Rt
Measurement of bacteria using magnetic beads by switching magnetic field.
S. Takahashi®, L. Tonthat", H. Onodera™, K. Okita™, S. Yabukami®™, K. Yokota™™, M. Furuya®, H. Kanetaka",
Y. Miura™, H. Takahashi™"
("Tohoku University, “Tohoku Gakuin University, ““JNS Co., Ltd.)

1 I ZL®HIT ALy FREFUTHT T DR B —
R DISEMEDN S HURPURRNZ X 0 8548 U7z O Bl
HERRM LT,

2 Gk Fig. 1 1Z3AMES 27 L DORERL A=

LTEbDTHD, KUAT LIRS, s, B
AR LOE = A L, BERE— X5 ORISR %
BT ARy (==X 28 Ml )
D ORERR S5, SUBHIK AR A (NdFeB i A, 4mm
X4AmmX1mm) THJ 600 FPHEIERE S 4v. KA &
Y BT 54 [ml8i59 % ([l#6 EE 1% 100 degree/sec) .
Jihtse =2 A AT KD BRI A A v FREFUT L0 Rk
T IR E AL v TF U BRI R A NS %,
A U K D RO AR T 10 #~30 FPFEEE,
WES TR 13 K 10mT FREE & L7z, AamidElE LT
St o TREME T R T OIRIVBER R LT
HE & DOFESDEWNZ LY AL v TSI T D4
P R DISEVEN T2 D Z & ) BRI A A f
T2,

3 BRI AR Fig. 2 13 BE OB R R &2 R L
72bDTh D, Protein A BYSHI S U7 meET / bi 1
(Nanomag-D, “F¥JHRIFE 0.5 um¢) & 1 KHLIE (Anti-
S. mutans antibody & % \ 2 Anti-P. gingivalis antibody)
G SHET%, O #hE (S mutans) & DV E
i (P gingivalis) & HURPUAS G E SH 72, ME
DIREZ S TAA v FREFITF LTS/
TS SR 3 2 BR OO E E & ikl 3% L7,
S. mutans & %\ X P. gingivalis DN E < 7251
e T, BEMET 2 R ORISR B 7R R T i
MEL 725 2 &0 MERE, MBS FH FT6E
ThbdEEZILND, FMEREIZOWNTIE 104
CFU/mI 2 £ CORMMATRETH v AL IN T
VN D BIEEAR 7 2 el LU CIRIBREE N L 0 B T
BT EBNDND Y, EEER LR AR
DOOPEE 2R L TR0, A ES ClEws 7
ETHD,

BEE ABFFEO—HRIE JST COI TOHOKU 7’1 &= o

N DIFFREETH D, AWFTED—HB
R TH D,

2EZ3CHk 1) W.F. Brown, J. Appl. Phys. 34, 1319
(1963). 2) MEH V> H a2 7O Y=y 7).

1% JST ASTEP

Sample
Magnet

Magnetic

field sensof)

Drive coi
(3000T)

AD converter Signal generator

PC
Fig. 1 Schematic view of the sensor.

2.5 T T T

1 1 1
0 5x10* 1x10° 1.5x10° 2x10°
S. mutans (CFU/ml)
(@) S. mutans

15+ B

B(mT)

0.5 1 1 1 1
0 2x10° 4x10° 6x10° 8x10° 1x10°

P. gingivalis (CFU/mI)

(b) P. gingivalis
Fig. 2 Magnetic flux density when the magnetic
nanoparticles are reversed as a function of density of
bacteria.
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MPIL I BT 5 KEEERIF & SR OB F 15O B3

FOREE, B DA, & HE B
(JUNRF)
Development of the discrimination method of mobile and immobilized magnetic nanoparticles in MPI
Oji Higashi, Yuki Noguchi, Takashi Yoshida, Keiji Enpuku
(Kyushu University)

1 [XC®HIZ

WA, BERUGHIC X 2 ERZMENSER SNLTEY . ZOHO—DIZMEBL A A —Y v Z(MPD %S
Hivh, AWIETIZ, MPI THWOL N DREK T/ Bt MST IZEBW T, *ﬁﬁxf%kﬁébth%% NES G R7alvg
TV, KiEe ORI & ARV 7r) L UTREIRICHBL L, 2o @aliE SR EOE T K0
FOWHMNEITO Z 2RI LT,

2 R
2.1 BB RS

MPI THIW &3 2 ERAERHE U2 . @ik o5 SRt 2 FIH U CGRBI 21T 5 . AR 71 & [EFE
YIVTIE, BRERISGEWRAE L D720, EERE U T 55 5 OREICERDEL 5,

AW CIX, Y o TN OB Gl A2 LRt & R U A mcHiz . ERIEERSE LTE =, HH
mIREE WS Z & T, BEOmVIREER 2 B L,
2.2 EGEER

= BIEHEORIE S via & vsu 22O WK OFEFY 2 7V OZER 340 ciig & e & FHIERL T 2 FIE
& LT, LLUFIZZRd NNLS(Nonnegative Least Squares)i: % V%,

e Apg ig3rd Aggiars
(wilﬂj l g5tk Agg :tn][cs
2 2
- [ €tig
ta [C.sai] (2)

Atigara  Asotzra Clig] _ Varg
||L1‘[-"5r? Asnasrr“fsni] [1"5:&]

Z 2T, Aligid,Asoizra V. HEAH « EAHY > 7L D5 = =3 PSF(Point Spread Function), Auigsm,Asolst 1 #&AH *

B A > 7L OF T ik PSF TH 5,

3 ERER
YU TNVEIROY A XL ER 6 mm K S 13 mm , .
O EAER LTz, WY 7 I MS] & 108l (o) (mm) %

(1)

—min

(HEELK 139.2 uL M A TR L. B4R > 711 . :

MS1 % 10.8 pL (2= F T HE 180 mg iR A o+ i G,

THERE LT, B
AW CIARY > 7 A % (y) = (T mmO mmIic | e oo @ *

e t 200 600 "
(mm)

X KR EATo T, MERFIIRBREERAOR  ~ @ P fruni)
— N o o Ton N (L)
Wi 3.5 mT, JA%L 3 kHz, EGRBURHEI S x 7 Fig. 1 MPI images for (a) mobile and (b) immobilized samples.
MC 1 mT/mm, y $i 5 A2 2 mT/mm & L7z,

Fig LITRT L 912, @l E st aRf M2 2 & T, IREFHTATWD Z LD, EEY
JVEWRFET TNV ERIRFICELE L, A A=Y U T ETo TR OV THEHRETHTETH D,

L Z D&

(1)

1)  Yoshida, Takashi, et al. "Effect of alignment of easy axes on dynamic magnetization of immobilized magnetic
nanoparticles." Journal of Magnetism and Magnetic Materials 427 (2017): 162-167.
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Wk T VAL DR T /R T T T 4 DEASE

e BER, EHHO8K
JUMIR)
Magnetic nanoparticle tomography using magnetic sensor array
Teruyoshi Sasayama, Takashi Yoshida
(Kyushu University)

1. [FL®HIC

F I A= MY A AORT /i@y Ta—7 47 L, TORMIMERESEFZEHE LD

iwmvﬁﬁ EIREI D, EOWR~— I —EENIZEAL, BR~—— h%@@h%%%@m¢é

LR EEOFRINE A SR - SRR LT DR A A=Y 7 (MPD) B ERZKE
W’CEE 32}%“0/‘6 MPI [ L5 MERMEESS 2 W5 2 & TR REEN m < 72 D03, /\M—(X’?‘*—/V“Cé’éfﬂb
£ eToL, TOMBESEEERT 52 & DBREE R Z & RFER > TV 5,

— 7, DRSO N T H AR SR R T LA “Cuﬂﬁ'J'ﬁ“%)?/ﬁﬁ‘%éo h
HORHE E LT, RSN E WML, R o — 2 B EICEET 5 2 L2 X 0 EROHREE & b il
Do Floo NMEZES X5 RERSG 2 A VIIRE L 2D, £ 2 T\ﬁﬁTﬁ\@ﬂ@%ﬂ4w%%Pf@
KoY T A ZHWTHSR T /R O5 & ks 2 FiE (KT /R N ET T 7 4) Z8RET 5,

2. Ak

1B L CWABRT JhiF NS T 7 4 VAT AERT, LEORE R 2 A A OREN 16 fE O
NSRRI A VA BLE LTV D, MREERE O B S E 5400 Hz & L, #RIEIX 1, 2, ..., 20 A L AL EE T,

R R LV ELN AT — X 2SS E-, BilaA VOEEE A/D :1//\~5”Cn+(E'JL I wa
IR BET L 3 @M OMME T E T — U BRI L 0BG L, R~ — P —1X. MPI D4
THELS AL TWS Resovist (-7 4V ARI 7 7—~#) ZHW, #nEd 27U e — L CEMBILLE
HroInNERAWE, £ U TAEHBMAT VU TER LVAT ATy v a v EER L, I, T
VN EEEECGE L CTBERGHI 2TV, ZOFER E FANICEIE LI AT ATy va RV
MEZ X, Vo7 VOMNEZHEE L, ok, A veEd 7L oL 30 mm & L7,

3. &R
212, 2 Y T VAR L=, MREET I L 20 v I AE O ER R AR, KLY, 2 @D
Yo T ANEE KL CHETXTNA I END, AEEFENGNTHD 2 ERnbns,

BEEE © AWFITIL JSPS BHFFEr (19K14996) 35 L OVMAMEE AN~ F BRI L 5

280

. 200
A "
120,20, 20,
T & n e
13 14 15 16 IZG
& 0 &

/
910111IG \

¢ R él
e 1;| e }@ 1\5 Z 0
.\ P\ckupcml Direction of '
flux detection

50 turn

ug
200

4150

Top view

NS

= (O JIv|=

v/ mm

Cross-section 4 U Iy L 20
e -50 0
4 Flux 30 =50 0 50
~ Unitmm 'l
- — X/ mm
Magnetic nanoparticle sample
Fig. 1 The arrangement of the coils. Fig.2 Estimated distribution of the magnetic

nanoparticle concentration
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AEHRERE, AR R . BIER
(RBRR)
Magnetic linear dichroism of iron oxide nanoparticle suspension under alternating magnetic field
Masayori Suwa, Akira Uotani, Satoshi Tsukahara
(Osaka Univ.)

[ZLHIC
PRENME S P Iz BT DT/ ki1~ (Magnetic nanoparticle, MNP) DA « [Rl#sEB) X, b4 A — v
T ORERER0NA 73— — I T OFEGHRIT L T T, £72. MNP DT FROE\EFIR LT~ A 4
T4, MNP 27 a—7 L Lct/ LA o—fllERE, MNP OEERZFIH L7-HFELERLINT
W5, Fx IZLARTOME VT, IRENEES T MNP 23R O W % Faraday Bl CHIE L7 & 2 A, E DK
2517 & MNP ORLH - FIHSEEN BN TE 5 2 & 2 EKAE L7z, ZAUIHIE L7z MNP ORELA S il & S
DIATT, KT E BIBEE O ) ISR AR AT 5720 Th b, Ll WESIZAERY Hn
MBS TRER O MNP ZI7E Lo 6. BOLEZE R IEF TN S TR HREECh -7, & 2 TARIFZE T,
WG &t A Tl L 32 Voigt Bl 12 L 0 BT ELAR ko B REANE 2 3 A T,
REBRAE
Fig.1 (SRR AR ER MR EEE 28, LA
it & AARIZ. LCR [RIEE O T H i 5 = iR E) Coil
Wah R Lz, BIENOX v /U 2 2519 5 45° 90°

LT, 27 KHz~180 KMz ORI CHERINIC ks 4 771 saances
|i| Wollasw[

Y=

detector
2z T2, Voigt BbiEIZfET D72 A7 Y » MlloD
Zefia L (R7E10mme) Z/ER L7=, MNP Optical cell
IHGREHIEEE R 3 mm O A 3DEFE VIC A L, = Fig.1 The illustration of the experimental setup for magnetic
A VRITERIE LTz, JERICITIE R 405 nm O L —H%  Jinear dichroism measurement under oscillating magnetic field.
S AV ASHRE G & 55515 L C 45012 L
Too DA T AT Y AL THIEIEA 0°L 90°DE

prism

BAFICICTBE L € D 2T v ARIHARIT LY 12f @)
WE LT, Bonicy 7T ant, BN O 10¢
MR K ARt b E RS o7, BB E L g o8t
T, K& 10nm~25nm O~ 7% %A h MNP 23t E os}
% (Sigma-Aldrich) Z & L 7=, % 04}
BRLER 0.2t

Fig.2 |ZIBCRHR RS NS A > 72 [ 10 nm O 00— . . . .
MNP 53 i p ORI 25 %59 MNP ILIZIEER o4f | | | (b)
T Cfiél %2 D MNP O ZgatEA/h Sz LLRT O E_g:g A[W\/\[\AMAMWMNM—
SEEALRER TIHE D BRWEENE bR - op , , , ,
T3 ARBPIE I IE R AP O EREBIIIC XV &k 0.0 02 04 06 08
BEALIC R L, BIRAREESBBITE 2, Sbic, t/ms

WAL S MNP RS Eh D ¥ % RFED D |
MNP OFE[f] « [aldsEE) ORI B A E 2 A LT,

L Z D&,

1) M. Suwa, A. Uotani, S. Tsukahara, J. Appl. Phys. 125, 123901 (2019).

Fig.2 Typical waveform of polarizing angle change A®@in MNP
suspension (a) under the damped oscillating magnetic field (b).
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S E G ANA N— =T~ 721 Faf
ARTEME ' A 2 b OFEERE

OALRHEER L, /IINEZ Y B, XT7F v RT7 Uy ¥T U2 JIING—3
(LIRAER S, 2B RN R, 3 U E R R R F)
Heat generation characteristics of bioactive bone cement containing magnetite
for hyperthermia of metastatic bone tumor
OMoe Kubotal, Tomoyuki Ogawa’, Shin Saito!, Balachandran Jeyadevan?, Masakazu Kawashita®
(*Tohoku University, 2University of Shiga Prefecture, *Tokyo Medical and Dental University)

1. BIRER

T, BDARBFEZIIEMO—GE - E>TRY, BBEBIIZ OBLVBFIZRD SN IERTH 50,
BB T 5 ERIREIE S U CIE, AVRHERIE, BORBREIE, b RER ERET o508, BIER R &
HR~OEHNPRENZ ENREE o TW0D, £io, BESITEZMIE L2 SRS 5720, R4
REEEHE LTI ENDHD, MAHAEEBL, BOmELED L kL LT, M o8 (BRCHER)
DOWNEBIZE & A > N & FeEHT IR (REAORERTEAIN) Bd 5, =2 THheid, BREAHERIERITICE
WTHEE A Y FOFEHE & RIFFICN A DOIREEIT 21X, i%ﬁ%ﬁ’a@(ﬁf&#%ﬁf%ék%i\ HiR~DHH
W7  JRETHI IR IB RN ATRE 7R . REMER 2R Lo A =3 — 37 (EEVEE) ICHER Lz, AR
T Ay MTEWERBREZ 8T 25F % =7 (TiO2) KON, Eﬂ@tbfvﬁ*&4ﬁ (FesO4) %EA
SHBZLET, BEOBMENRELS, LLLDBADOERBIRHENREREEA L FOAIREZ BN &35,

2. RBAE

AU RBEKE LT, BURAFALALZS Y L—F (PMMA). j@g Table 1 Composition of cement
b A v (BIEEAD) . FeasOs ¥y % O TiO2 KK & Table 1 Ol Sample o e
L@ 0 IR E AW T 10 oElIRG L1z, F£7o. BA Y MEE LT, TiO, FeO, PMMA MMA

AL 7 Y VERAF L (MMA) KOYN,N-2 A F)L-p- hLA P (f¢  Control 0 0 40 60
HEFH) % PV 72, BRAGAIIE MMA O @RIk LT 4 % (2E#1IE MMA Exg g 2 i g
DHEEIZHLT2 %e Lz, EDH, BALV MHREEAL MEEZK  10M20 20 20 24 36
Sy B ICIRR LT, (ER LS RB OB E A IREIBUR RS ) TIsM2s 15 25 24 36
#12 L v 32, 600 kHz, 40 Oe DAHiIRE Flci 1T 2B o gesgeyy TI1SM0 15 30 22 33

ET

3. &R * [—o=T10m10 40 Oe, 600 kHz
EEt Ok (Ms) & {1 (He) %  Table 2 Magnetic properties ” | —8—T15M15

Table 2 12, #AREHIAZ TS % 10 >R of each sample _ izgng

MUT- & & D& Ay FREOEEZLE % Fig. %WE[M% ﬁ; 240 1
- N . emu/g e v
G;%zh;%zhmfh T15M25 & Of T156M30 T10M10 95 116.6 % 36

5i®¥fﬁﬁﬁ2%®Eﬂj}mCiof 42 OCIJ\J:&:iu T15M15 16.2 114.5 GE-;_

L7, ZOREX, IRBIRFICHEDZREE  1oom20 185 1174 5 3

EVDONTNDTD AIFFETER L2 B®  TisM25 250 1234 o

AL MI RN NN—Y—I T OREGEL  T15M30 287 1234

U CHERES % ATREREAS IR S 7z, 2 , \

UR T, A AL R ORGRNE L RE LR L OB, B P tmersy
MOFED— D> Th HELUAE I 5 7 3% A MEARBERHN DR Fig. 1 Change in temperature of
RICONWTHHMET L TETH D, samples placed under alternating
BE R magnetic field of 600 kHz, 40 Oe

(1] AAREERESESS, BBBESIRETA K74 >, ML, pp.2-10 (2015)  for 10 min.
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i JE R A LI R E O m RS EEAL & BT R

ANEPSRALET L RUEAR YL MRS BEE SR
(I, PR RFBEEL Y ¥ — ), P HERT)
Improvement of accuracy in a high frequency magnetization process measurement and superposition of a
static magnetic field
R. Onodera', T. Kuroiwa®, H. Yanagihara® and E. Kita'
('NIT Ibaraki College, *Univ. of Tsukuba)

[FCHIZ

Wt 7/ Ko+ O @ ARG FUING K 238 ZE D3 AT IRICRII o A R —H — I Tl T, FEEIT T
VRO AT U L ABKIAFT D120, FDO M-HV— 7% IEMEICTHET 5 2 L I3EETH D, £/-. =
DHERIFER[E—RA L DT T UFEMB L OR— /RN L > TEL DM, M-HV—7 056 ENZOFEmM
BREORG %2 0BT 5 Z LI TE R, BRI X 0k 2R X7 OB LINE & it i iE,
B OEERAZME L7z ETO M-HAV—7 B335 LB b5, Hift « RitOBEAHS T OMKFRHE
IR, T R DR BRI T D AR O % 5 O EBRIIBETICE T 5 L B TV D,

LLEDZ EMBARIFETIZ, NA = — 7 AT /R OB FIR R CER X 2 @i B 72 & 8 I
EREREE F L O, FUINT A % Sl AT g 7o B EE R E OB 2 B s LT 5,

EEBRSLUERAE

AEEE X, DC R AE & 2 E Tlowmd Lz AC B LI E 2w %
MAB DY E 7> T D, Fig. 1 I3 T X 912, DC BEREAEI
1% 50mm DORNGZ A3 5 ERA %2 AV, Z OMmEIZ AC BALHIE X
2D AC WG E A N L Bk -G = A L Z2REL TV D,
DC RGBT 0 TR L% 1kOe DBEHZRANREL 78> T\ 5, AC
BB A IR AR RN af Ve a T o306 7 5 EY]LC HE[F Fig. 1 Schematic representation of
B & FRBCEIR( kW) TR S LTI Y L 20 k~1 MHz OFEHCTHEI 0 experimental setup.
WG RAESEDLZENnTES D,

WAL E DOXEE & BB AR 2 5 5 7= 012, fEHERE S L
THNE Dy,0s 3R, YIG3mm BK, MnZn 7 = 7 4 b & B E@ﬁﬁﬁ“
PEASBERN DR 2 O TR 60 k-200 kHz, AC B35 HR1E 600 Oe, os| 1
DC #4%5 500 Oe O i CTHIEREE OFAT 21772 - 7=,

Field signal [V]
o
°
i

LEES

Figure 2 1, BMRREICEE L7z AC MR E A VOEIRLE I —
TE SRS fé\ RAEWMGOENE RS, ZIhbbnd LI, 1o . .
AC By = A VR 55 mm (Sx LTF ¥ » 723 65 mm OB TR T e ’
SOMNIBELZ231IZEICTHEA LTS Z ERnb25, ZUEDC Fig. 2 Detected magnetid field with wide
TANSEE L TORNRATH, RA LT AC B 125 L Ok and narrow gaps, and without a magnetic
BIGELTNDEDTHD EEALND, £z, ZORBIX Y > e
7795 mm TIEIFERWVS, —J7 T DC B E % 560 Oe £ TET
LTLED ZENRHLNE R T, FRHERES K OREME G A D JIE
fERICBI L TiE, S H®ET 2,

-0.5 -

EEB N
1) A. Seki, et al.,J. Phys.: Conf. Ser., 521 (2014) 012014
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e BE L7 7 =V VAR R > D SLP

FONEST L, Prada |, SoetB 1, R 2, WAL, Bt 3,
TNEE—AR 4, Bl 4, I ST VAR E] !
(BRI [EIN R, 2§ K7, 3 JUN R, 4 40 il e SR s tt)
Specific loss power of magnetically fractionated Ferucarbotran
Mamoru Ishikawa', Seiji Takeuchi', Guannan Shi!, Satoshi Ota?, Takashi Yoshida®, Keiji Enpuku?,
Ichiro Kato*, Satoshi Nohara*, Tsutomu Yamada', Yasushi Takemura'
(*Yokohama National Univ., 2Shizuoka Univ., *Kyusyu Univ., *Meito Sangyo Co. Ltd.)

XL ®HIS

23 AUBEL I E BRI & bhi U C, AE AR SRR E TH ML B & OGEEEENMR W 2o K 42.5CTHE
W35, 2L T, ZOFEETEN LT, BRNA/N—F—I7 L0 BN AR EBVCIEIR S & 2 IR IENE
HENTWD, WRNA = — I 7 OEBUITITNRE B2 B8 LIRS E - JEERECT TR/ kL
DA IRBAEGD Z EDNRETH D, AWFETIIWNET / KiA DOREZITV, mWFEEG)ZR Specific loss
power (SLP) 235 LN 7D THET 5,
EBRAE - KHR

AW TITHERL - & LT 7 = VA1 VR k7 > (Ferucarbotran, y-FexO3/Fe;04) % W5 57HE L7 MS1 (44 6E
PEFEMEASH) D EPRIEE 61 nm, = 7HRIZR 21.6 nm" ") & L7z 2, ThaEmR Lo =R %
BHIE CHEE L7z 2 OB 2 ER Lo, BEEREHI W T, RS T CRElE 2 U 72 R & e 08k (Fig. 1
(a)) & 575 KA/m D EikES 1 CREE 2 L ChLF OB Sl 2 il 2 7 B m [ & 50N Fig. 1 (b),(c) & 2 fiE %
ERIL7Z 3, EHL0OREHIB W THEBREN 2 mg/mL (2725 X 5 I Lz, TN ORE OB AL
Relk, F7-BGTRE 4kA/m, 16kA/m, JEE 5L 1-100 kHz CASFRBALAFEOBE 217\, Bl skl VWi
WAL G et U CHAT I & MBE T NS ibié s LT, 5B ori b Sl IRl 57 i O I E 217>, SLP &
AR LT,

Fig. 212 MS1 ® 4kA/m @ SLP Z =3, KA TITHETRUEID SLP 2R KIZ72 0 . @JE I CTIEA S5 m
DOELAFUELD SLP N K &7 D Z E MR TE 72, B HIZZN L DOFRROFEMITIN A, Resovist® & 0 Ll
bEET D,

ZE 3R

1) FHHEL, F <A Vol. 13, No. 4, ppl61-166, 2018

2) Sasayama et al., IEEE Trans.Magn, Vol. 50, No. 11, 2015

3) Shi et al., J Magn.Magn.Master, Vol. 473, pp. 148 —154, 2019
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. O Oriemted dicul
Solid sample wle Liqud (perpendicular) g
(@) Randomly (b) Parallel  (c) Perpendicular g 8 o
oriented | DC or AC field for hysteresis measurement o 1E 8
oo oo /[0 ? o AC
\ 0.1
0“3 29" 0 @oﬁ ¥ 4 KA/m
@ o®| (00 ool MSL
1 10 100
Frequency [kHz]
Fig. 1 Preparation process of oriented samples. Fig. 2 Frequency dependence of SLP of MS1.
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Cu~ U 7 2zl A9 A
TRGIE RS AL T/ 2 — 7 DR AR

AIMRER Y, IUEEEE L, A MTHEEVLANL ILESFL REEL 2, MkffRE !
(M BEIRESZ R, 2§ K 7)
AC magnetization characteristics of oriented ferromagnetic single crystal nanocube in copper matrix
Shota Kobayashi?, Tsuyoshi Yamaminami?, Hibiki Sakakura?,
Mahoto Takeda?!, Tsutomu Yamada®, Satoshi Ota?, Yasushi Takemura®
(*Yokohama National University, 2Shizuoka University)

FLHIC

etk ki1 % W T2 BERANA 3= — I 7RI W T, RS P BT DR T/ B DR EI &
MEND, HERTIIMMET /BT ORISR R G EICHE B LIFENM Thiu e D—J7, Rtk kivo
ARG MEICE B LIt E 0o b o i/}iﬁb\c}: I THDH, RWIETIE, i~ F U 7 AHZEm LTHF
ET DT ) X2 —T 12O TOBILRIEZIT S Z LI X V| KB G YEICHE KT Db E 2 8l
W42z Ligksh Lz,

EBRAE

ARFZETILFig. LITRT & 9 2 B4 ST 187K Curs-Nigo-Fes alloys 2% I BTGV E % i 50 B 4-1200
KA/M, ZZ iR LIRIE % ihtsdJE i 5L 1-100 kHz, W3R 4 KAIm O TIT o729, Fio, Rk LREICE
W, EREHC B RS 1200 KA/m ZFHIINT 5 2 & T~ b U 7 AR OGRBENET ) 2 —T12AE T D
BRI LDIEFOLEZRE L, BB ZHM LR WGE E0ES LV RB (bR ZEH L, 20L&,
[ELERE S XA & BEELICEIAN L 7o, JE IXRUB RS 742 [100], [110], [111]H I OWTENENIT -

= Cu matrix
o

EEER
ERBACHE X0 S =L BRIz v T, [110] [111] =
64 KA/m LA EORESGEEIIN LT & & fEdbia 2 A ]
BT Db E OB b 2GR T2 2 LN TE 1,
i dh 7 AL[100] 7 N 381 D A5 fiksé Ak B #g % Fig. 2 (2R
Ty WPFNORRIMIZE N T, 2 OSBRI
AL R OGN o7, THIISHBALRIE ik, B

‘ [100] ’,ﬁ@

/ 0
Ferromagnetic nanocube

PEZ R CEDIIE+ N RERBIGEEIMT 52 &2 Fig. 1 Schematic representation of
TERWVWEHDTHD EEZ LD, TEM ZFEOREFIAG S, Curs-Nigo-Fes alloys.
RS R TEIC & 2 BE(LAFYEORERIE Y A R T 5. 003 [ _Ni_To, alors ~
= 002 |100)
SEH S oo
1). Guannan Shi, Ryoji Takeda, Suko Bagus Trisnanto, s
Tsutomu Yamada, Satoshi Ota, Yasushi Takemura, § 0
J Magn Mgn Mater, 473, 148, (2019) g -0.01
2). R, SR, TREWLA, & 8154, 56, 102 < -002
(2017) -0.03

-4 -2 0 2 4
Magnetic field [kA/m]

Fig. 2 Hysteresis loops of Cuzs-Nixo-Fes alloys
oriented in [100] direction.
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Au 71— b FexOs Kif- DAk b Frtk & 58 BV

IIFASE !, /MREB K, Tonthat Loi?, /KFHE—2%3, # L5 2 IHHES !, RSEL 4 Viktds] !
(M BRIERE N R RT3 B R, 4 BRI K 77)
Evaluation of AC magnetization and heat dissipation of Au coated Fe,O3 particles
Tsuyoshi Yamaminami', Shota Kobayashi', Loi Tonthat 2, Kazutaka Mitobe?,
Shin Yabukami?, Tsutomu Yamada', Satoshi Ota*, Yasushi Takemura!
("Yokohama National University, *Tohoku University, *Akita University, *Shizuoka University)

[FCHIZ

VAR TR 2 R ERRICHA S TR Y, €O 1 DICBXIRBIERNH D D, OO ZH{E
I T, RO L EAADIRD B AZMHT 2 Z A EETH S, AWFETIE, Fe031C Au 22 —7
A T LTRLAFITOWTHRABIIEZ T2 2 LI2 L 0 | BB OB bR R O BRI 2 B5T L 72,

EERA &

ARAFE CTITRERRE & L ORI 50-120 pm @ Fe,O3 i f-& Au % 2 —7 1 7 L7z FeOs hi & W, Z
AL AVEEREAL I E 2 R308RI 4, 8, 16, 1200 kA/m, A UichséA b & % bR JE I 45 10-400 kHz, BE%THRE 4 kA/m
D LN TIT o Tmo RTRRESHEVNEE 7 7 A N—TF 1 — 7 TIRERIE 24T - 7288 Au = — b Fe O3 K2 713 FexOs
BTN TRE LA RNFEFIZRE N ERREINTWD Y, £7-, BXIBBEEHAA 77 FD Au =
—RL727 =274 MNCBWTRAENRM ET5Z L bHEIN TS Y, Aua— hOFETRZS 2 20K
BHEB W CTHBAEIEZ T 5 Z LI2E D, Au=a— MZXDEELZBRGT LT,

EBRER

M EEHZ D W CERBALEIE IZ B W TERBEIDNE & A EHER S 720 > 7=, Fig. 112 Fe05 i 10 4 kA/m,
10-400 kHz |2 55 1F 5 28 el Hhi#  Fig. 2 (2 Fig. 1 O FRBAL AR Z 1T B IS Oy KX % 2 2R,
Fe,03 K+ D R FiMA b iR 2 3 W THE I X E R LI E 5 5 & IZIER CCThd 528, AR O MR )
DOEEMPHER S 72, Au 21— b Fe03 K1 DA Fii b AR IZ B\ TIE Fe03 K- DA & AR I O JE ik
BEITIFTIE e <. BB OBEINIAE S R OBMAHER SN, Au 22— b Fe05 ki T-OREUL, £ DR
TR N RERER L VP S5, FFITY ARERT D,

SE >

1) Jordan, et al, J Magn Mgn Mater, 201, pp.413-419 (1999).
2) Loi Tonthat, et al., IEEE Trans. Magn., 54, 5400506, (2018).
3) Takura, et al., [EEE Trans. Magn., 43, 2454, (2007).
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4l 0 DC o |% o 3
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- o 10 kHz - °. % q
3 0 50 kHz 2 008 © ° %
=) 5 0.05 1 o olo o®
£ 210 100kHz S 00° o
5} ) o %O o o0 o
'E' O 200 kHz ‘E' o 8) fo) o % qb o
§ Lo 300kHz S o o o Qo000
i O 400 kHz ® o o 098
= g 08 (o] o ©
(] [} fo) o
c 2L o o (o] (o}
(EOU’ Fezoa § -0.05 %3;)0 %Q) og oo © Fe,O,
Fixed = o .
o Fixed
4 4 kA/m N 0®0° o 4 kAm
] 1 -0.1 1l 5 O o
-4 -2 0 2 4 -0.1 -0.05 0 0.05 0.1
Magnetic field [kA/m] Magnetic field [kA/m]
Fig. 1 Hysteresis loops of Fe;Os particles. Fig. 2 Enlarged view of the hysteresis loops.
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2V ANgE e N T e 7 7 R+~
F—IVEEFI & 7T 7 ARFE AR O HAABLH

REEH !, Vrkr#Rs 2
(" B R, 2 AR E SR
Superposition of Néel and Brownian relaxations of magnetic nanoparticles in applying pulse field
S. Ota', Y. Takemura®
(‘Shizuoka University, *Yokohama National University)

FL®HIS

etk T R DA == T RO A A — ¥ 7 (Magnetic particle imaging: MPI) & Vo 72 EE)G
MEZ 2 DB, BMKEMZIXLO LT ML A T 7 AZBILERAIR TH D, FHE DT —/VEE
e 770 ARMOES 2 R R O, VARG 2T 5 2 Lok 2 B ot ER %25
BRAJIZBLAIT 5 Z & T, Rosensweig D7 L 72 FERNAIREFIRER] rog 23 % — VREFIREE o & 77 0 U REFIIREH 18
DYWILDFN V= Vantl/s TREND & LB VTIE, RETERWBEKRRBIG 2 M L7229, E28
I alb—ya BN Th, BEREMOEEIIBN SN TVD 9, ABFFETIE, R—/ViEMERLL T O
B CINE T 2 7V A DT B OB IS E TR OB TRE 21T D R — kBRI & 7T O RTINS
HE LB LISE B L, 2 DOEFEFE 2 538 L7 i@t 217 > 72,
EBRAE - R

TR L7z FesOs 7/ RI 23k & LT, 32 B B3 0 IR 18 ns, BESATRE T 384 A/m D/ /L AR
S HIUIN U7z, RLFRRIREE I 1.24vv% & LT, FERIRMVIGE Men(n)ld, LT ORNTR T Z LN TE D,

t t
Meit(6) = Mn(6) + My (6) = Mymax {1 = exp (=)} + Mamax {1 - exp (- )} (1)
2T, R/VIREE Ma(f) & T T U R Mp(f) DI RKEEAL B F I E I MNmax, Mmax & LT2 & &2, 3 7RI
de. FERNRIRWER I T Koy VAR TV FHIRIEE di My max \ZFTT 2 Mp max D HEHE Mp max/ M max & RAE S 2 72,
FEFNRERI, o= roexp(Ku ks T) & O tp=3nVu/ksT & LT, Z 2 T 1o IIERIEHRIZ B 2R TR, Vvl =
THRIAOEFE, ks lTAVY ~ B, TITRE., n 1T ERE, Va iR FHIERE T 5,

Figure 1 (ZFHHI U 72f8AE Moy & RERAE T D Men(f), Ma(£), Mp( % 715 L=, EHITIEX, F—/ViBFEDHKIC
770 RN EREORBEFLEE SRS BI Sz, R()EAWERE I, RO EBET S 2
ECREFRFERIE~DT 4 v T 4 VT EATAT, B/ FEICE Y AR o3RI W T A —2 1%,
dc=11.9+2.0 nm, K,= 18 kI/m?, dy=40£11 nm, Mg max/Mxmax=3.7 T o712, UL EX VD KD X 5 7o x— 4
MET T ARRMOEERIT 2 SOBLEFREOFE LTRIND Z & &2 ERIICHER Lz, AFETIEH, &5
(22 DOFEFIBEED ZEE TEH D Mpmax/ Mxmax & FEFIRFE OBIRIEIZOWT Y | R FIRE 2 A 2 7= EHZ
WCEHAIZAT S 2 & C, X0 AAEFH OBERIEFI~DE B % AW CTHRT L 7=,

B

~ — 11 1.24vv%
AWFIEO T, PEEEFLEME. BHfE g
15H05764, 17H03275, 17K14693 OB &% 1F T S 0.8 -
Feh L7, C 0.6F
jel
SEXH# T 04
1) R. E. Rosensweig, J. Magn. Magn. Mater., 252, 370 "GC_J'
S o2l L
(2002). g
2) S. Ota, T. Yamada, and Y. Takemura, J. Appl. Phys., 0 deceor”
) ppe Ty 10° 10% 107 10° 10° 10% 10°
117, 17D713 (2015). Time [s]
3) S. B. Trisnanto, S. Ota, and Y. Takemura, Appl. Phys.  Fig. 1 Experimental magnetization Mey,, and calculated
Express, 11, 075001 (2017). values of effective magnetization M.x(?), Néel
4) H. Mamiya and B. Jayadevan, Sci. Rep., 1, 157 (2011). relaxation regime Mn(?), and Brownian

relaxation regime MB(%).
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FeSiBNb/Cu JE 5 O e K B M & WS MR

BEREL, SEAREA, AR, R E], FRORBET, JARIE
(ZHKT, *KFK)
Magnetic properties and structural analysis of FeSiBNb/Cu films
T. Uwabe, S. Teramoto, R. Mimura, Y. Fujiwara, M. Jimbo*,T. Kobayashi
(Mie Univ., Daido Univ.)

TC®HIC

WA, 7RV T AER E~DBEBFT AL ABROBLENGE > TS Y, 7 LU 7R BICKEE S
WIERIL Y ¥y RER EO b O &bl LT, MR, AR RE<BETHHOT, IHOKE 2
AREMEN B D, ZNHDOEZIZE b2V, SHEHEMEEEZ 7 L2 o 7OV BICERG 2R B8 Tbh T
TV 5, Fe ROMHREMEL 7 7 A4 > A v FOITIERRLS, SEREEZTRTHETH D82, —f%IZ 500°C
VI EOBBRNETH 5720, 7LF T T AER ECOERABREECH D, + 2T, AFETIT. KULEL
SLEHIR B CHGRE f b S/ 5 72| Fe, Cu OFALE 2 (b & & 72 FeSiBNb/Cu 2 JE R 2 (ERL L, % OfeRFE.
& 5l L7 D THE T 5,

EEBRAZE

BIEIZ1E DC EBIF - RF BRAZHESA T~ TR a2 Z ) U TEBEER L, A3y X HAFEIX
FeSiBNb TiX 0.5Pa, Cu TI& 0.8Pa THEME L7z, FEMUIMERFFME I B L Is T & Sy M i 7 |k
T —F &M L=, FeSiBNb ( Fe,,SiuBy &4 LICNb F v 72 HE L-EEF—7 v el L, £7-
BHEHX—7 v MTFeF v 7RET D Z LIk > T M HlE L 7=, VSM, #&Ef#T1213 XRD, TEM, EPMA
EREA L7,

EERER

i D Fe-6, Fe-10 1% Fe v 7% 6 #Z, 10 D+ 7= FeSiBNb -

% 300nm HiJ&@ THME, FeCu-x,y,z 1% Fe F v 7" x K D+ 7= FeSiBNb Aiﬁ
% ynm, Cu % z/10nm ZZ A2 300/y JERKIE L 7= v Th 5, " ~ /,,’:I B

FeCu-10,5,2
—a— FeCu-6,10,2
—— FeCu-3,10,2
—e—FeCu-0,10,2

Fig.1 % FeSiBb/Cu DO {#f4 1) He OEVLEIEEIKFMETH D,
XRD 7> 5 B s X OV FeCu-0,10,2, ZULELE & 7 /L7 7 A
EThDH, — I, LTI x=10 Tl as-dep.. x=6 TI% 250°C, o

x=3 TI 300°C L OBV T XRD |2 & 0 #h@fbasm b, T
e L HERR S N3 T x=3,6 T 10e % T al DR 1 ) 0315 Fig. 1 Annealing temperature dependence of
Hiv7e, Fig.2 1% FeCu-6,10,2 % 200°C CEWLEE L 727kl TEM coercivity.

% T D, XRD CTIIMEBH KRN T7208, b kbbbt
ZoTWAHZ ENbind,

FREOFERN S 200°C & D IR ELEL T & f0hs da bk 23
HARETH D Z BT,

2B E L #k

1) J.Y.ChenY.C.Lau,J. M. D. Coey, M. Li and J. P. Wang: Sci.
Rep., 7, 42001 (2017).
2)  EHIRA, IUNTEME: B AEREF5EE, 53, 241 (1989). Fig. 2 TEM image of FeCu-6,10,2 annealed at
200°C for 1 hour.
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Hoom JET €V T 7 AR ORBKRFE

PR, phfREET*, BRI E], /NVRIE
(ZHKRTI, *KFX)
Magnetic properties of amorphous films with a few nm thickness
S. Nozue, M. Jimbo*, Y. Fujiwara, T. Kobayashi
(Mie Univ., * Daido Univ.)

[TL&HIC

CoFeSiB <X° FeSiB 7 & /L7 7 AWML BAF e eSS 2 R L, THFETIX, TMR, GMR ZFIZHH SN,
BRERR RO ThE P E LTSN TS D). ZHHDHFRFTIET /LT 7 AEEIE nm 7>
H¥ 10nm FBEEDBEE i S TW5. FE O TROREORE G ED 72 8 OEVILER 73 & 25 i 1
T=%a, 7%»77x%ﬂ%@wx%r¢7sxﬂm‘5 ENRTHREINDTZD, £ nm EOT E/N 7 7 AWERKEK
DORGZFFNE, HEOBLHLIC L 5 EE RN T 2 0 ER S D EEXH. £ T, AR TIE, FW¥

552D CoFeSiB %;H%iootoﬁu =R D FeSiB Wil OB, RIETPIROBULBKFEHEZHFHE L. £
5 O HE, Nb ZUshn L, fHEWEDm a2 X - 7.

EBRAE
BIEIZIE~ 72 b ANy 2 Y o FAEEZ R U, RISk U7 2 bl = Si 2 vz, 2
FEELZEEEIE 9X 10 Pa LA FTh Y, FBESEIT Table 1 12% L72. Co RO ELIL LA 2000e D ELFTHRL R H
TAT -7z, Fe R TIIBESUIEIMNL TW
2N, BVILEEE S 1 OUERY I3 150°C ~ Lable 1 Sputtering condition

400°C, 1 W TH 5. SR OREEME T Ar gas(Pa) | Thickness(nm) | Applied Field
VSM THIE L7-. E£7-, 3BlorEEfgiTx | CoFeSiBHL 0.8 3.0 ~1000e

RD, #ifikOMERIE AFM Tf7 572, | FeSiBIND) 0.5 50 | e
ERER

Fig .1 % CoFeSiB, CoFeSiBHf, FeSiB, FeSiBNb D fRfE /1 DO EBMLERIR KA T T 5. as-dep. DT —H 1L
O CONLEIZRLTWD. £/, PRIEI)IT as-dep. TOETHIFIL L T 5. CoFeSiB #EI% 250°C D EALERL
FCIEE TREEIDME T3 I H 553, 300COEULELT 3 (FREE £ THMNT 5 Z En3bnd. Hf 23K
at.% ¥R L7 CoFeSiBHf I TIX, 300COEMLELE CRIENTIZIE—EDEEZ /R L. —F, BERD
FeSiB D L1 /113 350°C DEVLEL £ TIK T L, 400°C DEMLEE CH# T
BN+ A H - 72, £72, FeSiBNb 5% 400°C DEULPE £ TIR:A% 10 S —
TWMEF LTz, ZORTORNOREETINTH 030e THo 7. ;gg;e;iBHf

Co RHEMTIX Hf IRINCTMHEWEN R E L T\ D Z &b 5 Fe % | |0 FeSiBNb
TIFBVLEIC LV REESI MR E IR T LTHRY, THIFEVLERIZ LV A~
JERFICE AN S NI AR — RGN AP EE I N R TH D k%zf
W5,

L Z PN

Normalized coercivity

o

0 100 200 300 400
1) Y. Hashimo, N. Yamamoto, T. Kato, D. Oshima and S. Iwata: J. Appl. Annealing Temp.[*C]
Phys., 123’ 113903 (2018) Flg 1 Annealing temperature

2) Y. K. Kim: J. Magn. Magn. Mater., 304, 79 (2006). dependence of normalized coercivity.
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Preparation and Magnetic Properties of ZnFe,O, by MOD Technique 11
Y. Nakata, T. Ota, N. Adachi (Nagoya Institute of Technology)

LIFC®HIC

ZnFe:04 13, FIFDEHEIRICE RO H D7 =T 4 FO—D2TH Y | KBt EZ RTI L TMHIL TS
B, 2miES PLD IEIC i@@%btbﬁ@hﬁmfi\%Mﬁ%m?ﬁ%#&éﬂfwémk%&
AL R RRIEIC LV |, 2R ZnFeOQu RN TEX D Z L2 R Lz, Zn2" A 4003 2 NE AL E
=D Fe3" A A WAL ETT7 = VEEZ R T EEZ LN TS, FEFEORETIE, 600°CTOELEE
FEm LRBERIC BV T, WMEEE R 2 8T A —& L Ui b Ms 28inswoh s, fEE 4
[HANLEIZ 10%FEE D Fed' A AL A E#T D Z ENTE 72, AIE T, S OICBMLBHEE 2 /37 XA —XH(Z
Ms ##NT&x 52 &, £72, FeZz—f ColTEEXHZ 2 2 L CREFFDMPIRLIZZ L 2HET D,

2. EBFH*E

LT, AR RMOD)EE VT, T U B8 T AR EICVERL L 72, 7RI T 1413, 100°C TR L |
300°C CIREVIVEE 24T\, MERPEE £ C, 2O TREEZMEV KL, & ISR LR %Z 480°CH5 600°CT
I S TERBYL OB Z il ~T=, E7=. Zn(FesxCox)204 (x=0 ~0.2) Z 1EHL UGG E DT 21T - 7=,
3. WRLER

fEdm b L7238 E, ZnFes04s & Zn(FeaxCox204 & HIZHAHD A B 1 LIIEE 2 /R 3 25 E T v — 27 O A
NERIES, ZRMICE D e—7 3@l sz o7z, EDSIC X AT Tk Zn <° Fe, Co ORE AT
DR SN oToZ Emn, MDY —72 a5 2 L3R CTE 7=, Fig.1 IZ/ER L7z ZnFe:04 O£
TG LI B9~ 2 BVLBRE FE R 2 /R 37, RS ab b3 i & 2 (KIEM]C Ms KT 2 EmA8lgg Sz, 4K T
® M-H #i#ClE, Fig.2 12787 X 912 Co B TIE, 2k0e 2B 25 K& Ipfil ) 2 /r 458t e 27 L
AN SN, CoFe04 M 5 T ZnixCoxFex04 F1 H ~— RN Z /RO T, 560 R
KDREXBTHIVLERH DM, CoA AN Fe A FOEHI N TOIUL, ROMEEER T EZ K
T HMRNHIRFTE D,

References

1) K. TANAKA et.al. , J. Phys. Chem Solids Vol 59, No. 9, pp. 1611-1618 (1998)

2)N. Wakiya et.al. J. Mag. Mag. Mat. 310 (2007) pp.2546-2548
3) N.Adachi et.al. 13aC-9 H AR 420l sk Ee TRk
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Fig.1 The saturation magnetization Ms Fig.2. The H-H curves at 4 K of ZnFe;04and
depending on annealing temperature for Zn(Fe1.8Co0.2)O4films annealed at 600 °C.
ZnFe204films.
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Spontaneous polarization of layered hexagonal compound, EuSn2As2
K.Hirata, R.Sakagami, M.Matoba, Y.Kamihara
(Keio Univ.)

EuSn,As, 1320174 (2 Arguilla & 23816 T A RRICEEh L, LB SRR (DFT)IC K D /3> Ry o FHE e,
BERIHUR & LR OIR LR AAED A ST BEER B T 5 . EuSnAs D it i i 18 12 IR 38 TN b2 038
SN 5. EuSmASsIE, Eu @ JE L van der Waalsift & L7z 2 D [SmAS P BN R BICHEE Ltz L 5. £,
EuSn,As, D As% P TR L 72 K3 D EUSNP2IE20194E 2 GUI H IC K » TEM S B, Z ok 5 ZeiEi, #mEIc
ENEMBHER & L T AATHIFIE S VT BIA & 2 AP BULE 1AL AB S (0 22 1) 7o Wi 6 BLE S B S 4 5 Al e
Do HEMWE L LT, BOWEXG L 72> T 5. A RIIX20174 12 Sakagami © (2 K - TRl E R O & Ak
T EDHENT SN T-BIEUSnAs 25 B L, £ O HRESBOIRERFIEZ ST 5.

EBAHE

A FEER TR EE &1 T ¥EH(SQUID) & IV TEUSNAs; DIKIE T CORULZRIE LTz, T D, Bitks%
B L7222 RRE E W 2, B ARBEEHIBAERIE I BN DN B2 DNV EEMERTH DT
Jaryr—rFAbr—%2HAVWCEE L.

S IES

Fig. LT/ERL L72M-H curveZ /=9 MIZREAL, HIZBES % ¢ °

NERET, CORME, BED ERICHENS T 7RER  of ey [
MO MR~ Lz, THUR, Curiel B2 BBk, S L] e e | |
MBS o8 R, E, @RS T4 TICE 3| ‘ 3 A5 |
WTAE R 2 ISR L, SRBHLICES W, 2oz 2 Al EEEK |

2B, FIFIRAKIX5.0 pe/FUFRE TH D ERE S, Fig. 212
1345 S 7z Arrott plot /3. 24 & Y Curiedd £1320.5 K L
BELRE 7. ZOREL FORTI®RBEMEEZRT. L o

L7275 & Arguillac> DFT #5513, SOMBENE 2 08 L T et (T)
BY, ZOMEOHBIIRNAZ =T THHT S. Fig. 1 M-H curve of EuSn,As; at around the Tc.
2 j Y-177147X | ® alsK
— Lo i
[1] M.Q.Arguillaetal, Inorg. Chem. Front. 4, 378 (2017). st A A 5 iggg
[2] X.Guietal.,, ACS. Cent. Sci. 10, 1021 (2019). NP WL
[3] H.J. Goldsmidand R. W. Douglas, Brit. J. Appl. Phys 5, 5 | % = % T e
386(1954) | Fag T P
[4] H.J. Goldsmid, Proc. Phys. Soc. London 71, 633 (1958) o EMITL ML S vy v ate 1
[5] R. Sakagami et al., Mater. Sci. Tech. Jpn. 55, 72 (2018). = o5 7o s 20 25 3.0

H/M (T/(u /F.U.))

Fig. 2 Arrott plot of EuSn,As; at around the Tc.
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L — BRE S 3 % 5 R(Nd or Pr)-Fe-Bla-Fe
T AURY y MEATEOERI R R
R, @R, LR ETE, MIERE, PEFIER, kIR (RIREREE)
Effect of laser irradiation conditions on preparation of isotropic R(Pr or Nd)-Fe-B/a-Fe nanocomposite film magnets
M. Ueno, K. Takashima, A. Yamashita, T. Yanai, M. Nakano, and H. Fukunaga (Nagasaki University)

1 XCHIC

HBEMAATIC LV ENEREEN R INER 2B =T 2 VR Yy MMgAE, A8y 2 ) U RIS
HIEAEE LT, BB E % 9 Nd-Fe-B 5%, Sm-Co 5272 H TN Fe-Pt 2/ o iRy v b llER: A 3
WS SN TEWE, —J, RIFIEETIE, T3 ASAZEAT2 10 um 28 %2 A REORAFE S O —> &
LT, TFLX—EE 10 Jem? L EOSINRIEE YAG L —¥% Nd-Fe-B ¥ —% v MIBHTHLHFHICLY,
as-depo JRAEIZBUVTT E/L 7 7 A Nd-Fe-B FHHNIZ a-Fe filZ =2 7 A —IRIZES L7z B SMRkAL &, ARARER
DENIVERL | ARG A L3 A, o-Fe fdihz & NdoFewB i abhinF /2 4 — & T ilE 5 Fika i
HIL, B2 : 10 um Bl E, kO (BH)max 48 120 KIM3 (ZFEF 2% 50T ) 2V K Y o MR A EBL L C& 7=
M RAFZE T, Z ORBBROEZ KIEICH OS2 &7 <, N2 ESE, OV T, BH)mx %M E
IHARZEASTAIZ, NdFeuB FAOEGHESH 4.5 MIIm3 It~k & 2B EEH (6.79 MIIm?) #H4 5
ProFewB FHIZE B LB, Pr-Fe-B/a-Fe 7/ oL RY v MUAEDOVERZ Gt LD T#HET 5,

2 EBRFGE

LT — (I, LP) %[ 1.5~4W O L —¥ ' — A% PryFeuB (X=2.6~14) 844 —4 v NEHEIZT
+—7H A (DFrate=00r0.1) ©19-% J 5 B4 L, sl 30 ~90 min & LC, Ta 2EM Ik L7, tigo
729, BE#H D NdxFesB (X=2.8~2.0)44:% —47 ~ MZ, LP:4W, FBEERFEIZ 30min & L, Eitl AL —
WG S CERL U 72 SEBRAE e b R 3, R OREA Ik L PA(Pulse Annealing 7£) % V>, 2.0 sec F&JE D
*g%ﬁﬁ?ﬂf’aﬁg?}\%@%ﬁ@ L7z, REAHRME, BRHLRR O F-AEIE4S % VSM, SEM-EDX Z FHV>, it it i i3 X a4y
BICE VBB L,

3 EBMERE

LI LP:4W, JEBEEER] 30 min TR L7~ Pr-Fe-B SRRl PraFewB a‘ndlor a-Fe(110)
D RIEE% OfE i %2 <3, BEHO Nd-Fe-B 2% —7 > & H» | L B —
7~ FEERRE B L AR, B4 1T o-Fe FEMBIZZ S 15—, ProFewB I ' O : PryFe, BH
FIIZEE Y 5 ©— 7 NEERBT DTSR S, 2ULELE ]
ICEN TR E 2 5D 720121, 2-14-1 FHOTE R E Jl 52
MBENBH T, Z D PrFeuB DRI, ¥ —7 v ML —H%
MRS U2 BROBES BN LD EMRED ERICE D2 b0 LB L,
LP Z 4W /5 1L5W ~ME T S, 223 DJEREA L0 7= 8 R
190 min. CRBIA/ERL L 7= & = A, RIKICRTEEC, a-FefHD ]
HDNERL E U7z as-depo #lBh & EHL L7, LR Pr-Fe-B R % —7 [ o -Fe(110) ]
v k& Nd-Fe-BHR A —47 F(:%Héﬁ@féﬁ%@ﬁ%*ﬁ%ﬁjﬂ L\ LP:15W Ta a-Fe(211) |
) f:&), /%\ﬁﬁ‘, }J_JZH%H%@%*&{E}EO){EU%% é’*ﬁ?ﬁ#é%ﬁiﬂf‘o{b 50 40 ' 50 60 70 80 90

212 LP: 1.5W TIESRL L 7= Pr-Fe-B A i o BVILEL #£ 0 . .
(BH)max & 7153, LG D 728017 Nd-Fe-B BT/ 2Ry MGH Fig.1 Crystalline structure of Pr-Fe-B

(LP:4W, REIERERH] : 30 min.) OF —# & 0f8TRd, PraA& film magnets deposited using the laser
75 11~13 at.% D FEBIZ 35\ T 60~80 kd/m® D #iPH D (BH)max 2345 power of 4 and 1.5 W, respectivery.
e, M2 T, v=7—0XNEHW, Z560ED o-Fe 725 -

o -Fe(211)
Pr,Fe.,B and/or Ta i 1

LP:4W L
00 o0 ©

Intensity [arb. units]

NZ ProFewB i ORIR & LAl b > 72 L 25, 10 ~13 nm Ol S moreB) ° 5 .
DT 2B Yy MEABICE L RR Ch o E LR L, — o ©

L7 L, 1500 (BH)ma fEIZBEH O Nd-Fe-B ARG A D & DIz <, g 100 @ % o 7
BT 40 KM LR VME T~ 72, RREOMKICH TS R =2 Oo‘% © *% ]
BRGSO 18 LB B —J, AR THISL e 5 Sy

72 ProFewB fHORRIC L AR M LSRR S e WE LR L T s50F WO .
72 Pr-Fe-B 2% —7% v MTBWTENTZBREHERSE LR o & ° e 7
TIRFNCE L TIE, 2 0F =07y ME WO THER O L .

B | R TPr-Fe-B & Nd-Fe-B i LIREE D725 | % & 34l L, o
HICRHAT D TETH D, 4R aan 10 A
L 2B Fig2. (BH)max values of R(Nd or
[1] M. Nakano et. al., AIP Advances, 8, #056223 (2018) Pr)-Fe-B  film magnets with

[2]J. Zhang et. al., Appl. Phys.Lett., 86, 122509 (2005)

[3]J. P. Liu et. al., Appi. Phys. Lett., 72, 483 (1998)

[4]Wei-Bin Cui et. al., Advanced Materials, Volume 24, 1966 (2013)
[5] K. H. J. Buschow, in Ferromagnetic Materials(North —Holland Publishing, 4 (1988)).
[6] H. Fukunaga et. al., Journal of Applied Physics, 109, 07A758-1(2011).

various rare earth contents
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B227 — 7 REE TR L7z Nd-Fe-B 2l 5 M O Fe v O Rt & 288
el B e, e RESE, @&UEEG, (LT ETE, BIHGE, TEIEE, fkiEER (RIFKT)
Properties and Characterization of Nd-Fe-B film magnets together with Fe thin films
using vacuum arc deposition
M. Momosaki, N. Inoue, K. Takashima, A. Yamashita, T. Yanai, M. Nakano, and H. Fukunaga
(Nagasaki University)

FUHIZ FTERWAEDOEFT N AL MEMS ~OJSA &R, %< OREIZI Y ARy Z ) T
W= B REAR~0 Nd-Fe-B RO 72 STV A MR KEFFEERTYH, 4 (Fe, Ta) <
Si HEMIZH 1T D PLD %2 W2 10 um JELL O Nd-Fe-B REABEOER 2 HE L CT& 7=, TR, A
f & A FRIAR O R\ BT DEAENE] 72 EOBMEYEE OFEY, BEEHEORME & F%, BECTHDH L
R L T\ 5, filx1X, PLD 5T 500 nm JEDOEEE(LIEAT X Si EMIC Nd-Fe-B A A M % pl L 7B,
EVVEERE O BB OB Nd A &IKTF T 2R 2/ T 58,

AT TIE, EFLo SiF 21T 5 Nd-Fe-B R A ORI E 2 PLD 15 CER L 72t o RF o
Lo 0zB L, PLD ¥ & RS, LLEHIREEIZ 10 um JE LA E D Nd-Fe-B SRlif & (ERL A RE /R 28 7 —
I REEEZROEERFEREZ B L=, AT, Nd-Fe-B R AREDO T ETHD FelZFEH L, &7, Si,
T AEDZFEIMIC Fe WA E 227 — 7 ZRATEIC L 0 A L, BERE LB O F AT HE 2 31T - Blg2 L,
Nd-Fe-B &l A D FERFE R & OBIRZ MG - BE LT,

ERFE AEBRICEBWT, Nd-Fe-B ZialEe Fe Misa BH227 — 7 REFEHEIC I ERT DB, K4, T4
—7y MLV E um B LR & Rk AT RE 7R BB L= 55 (Baal) | & TR & et lse S i & s
REETHIZRT 2 DIZHE LTz Fe dIEOMERSAME ) © 2 MEE W -, Wi FOREFEICENT, (1) MERD
77— KONz, MfERkos Y — K& =7y MNEFEL, Qa7 ot EEROMAGDHICL>TT
J— R« BV — FMICHEEHCOL 2N T — 7 hE4 1 BB 1A (1 shot) 34 S8 2 FEIFLEL TW
%o WMESRMEOHENCZLY, JFF - A A E2hibd LEEBERRFEUMS, Ry Ly MEDHERK
T RBOR TR ST LEBIERTIEEHE DT, SRR, Si(HRER L - B biEfs )R, 77 A
FEAR AT 2 RIS U 7= RESURERME & (LR O 3412 1% VSM, SEM-EDX, # dh i i@l 221213 X BREHT 2 A=,

EBRBE 500 nm EHRERLIEM X Si MK I PLD T L7 Nd-Fe-B A ED Nd &H &
(Nd/(Nd+Fe) 78 15 at. WA FIZ72 5 &, Si HRH) D OWAEOFIEETIT /2 <, Si BAROWNERD D ORFER,
GRAEL, 20 um L EOERRLARETH 5 FE2FTAITHME L TWDHE, KRR THW-EZET — 7 K51k
WZEBWTH, [ARkZ Nd &8 RIS T AHEACEROBIENBIZ S, ZOBSN PLD IETORAEDO LD T
L7 WEZRERR LTz, AT, EFLo PLD ETHE L 72 Nd-Fe-B RfEA R L Si e & O E #2225 &,
HPEETICROEE N NE LD ER E LT, [Fe-Si-O {bLEMDIFTE)] BN Rg Stz 2T, BZET —
7 KEEE A, OBRBCFRAT X Si & .
12 @500 nm JFEMERALIE Si HohIZ Fe T ‘W"”g) — —
%R LT BR OB B 2 B LT K x D : ; :
Si 212 1000~5000 shots D #iPH T Fe
AR L= = A, BHRERLEET & Si
W EDFRELD 503720 shot #%, T 7205 _
5000 shot ’Ciﬂ%ﬁ'@’ﬂéfﬁﬁﬁﬁﬁ%—? é 21’1/, %ﬁg Si(soonmg,&ﬂ:ﬁﬁjg)
ERRAS & SiFA 100 Nd-Fe-BRBEATEOIE  mmemm 5 3000shots
S MEBEMITENCND Z LR SN, | '
ZZC, XBRENT 2 vy, BULERRE ORE i
EZBZELEZbO0, BURTIL, Fe-Si-O _ . o i - ’
LAMO E— 7 TR TE DT m0E B ol e T

HEOFK ISV T4 R B RAT 5 TIE Fig.1 Each surface morphology of Fe films on Si substrates with
Thb, BT, FERRTREBERST T 0 pho’ogy

; B = a natural oxide and a 500 nm -thick thermal oxide layers,
;ii‘}i;’C@ﬁ%LOb‘f bEkT 5. respectively, deposited using vacuum arc deposition.
2D

[1] /N, BLAFEL~ IR ¢ 7 JFFELEH, vol.169, pp.7-11, (2012).
[2] R. Fujiwara et al., Int. J. Automobile Tech., vol.7, pp. 148-155, (2013).
[3] M. Nakano et al., AIP Advances, 7, #056239(2017).
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La-Coi&ifASrM#! 7 = 5 4 b DAL Cr, MniiNC X D& BT PRI 3 5 5%
PEFERC, AR, FAEER R
(5LHBR)

The influence of Al, Cr and Mn additions on magnetic anisotropy of La-Co substituted SrM type ferrite
H. Nishida, T. Waki, Y. Tabata, H. Nakamura
(Kyoto Univ.)

1 5=

MA7 = 5 A I (4Fe12019, A4 = Sr, Ba, Po) I3 filit& AL IE AL E 2 LD &L JESH KR LT
W B KAMEMETH 2, BUE, EIERE7 = 74 FREADIVHE L 7% 5T 3 b D 3La-CodkiEi
SrMV(Sri-La,Feiz-,Co,010) T, Co®* DM HER HICH L LTWw 5, LA LConDAtit& i3 IEHIC
ALET, Coff HHEDKIEAD — D DHETH %, LFDWFE THMBDFeS 1 I (2a, 12K, 2b,
4f, 4f2)D 9 B, PHHEHR@AN) YA P IZ A5 72 Co 21T DR BT DO M LICFHF S5 LTWw 522 LA
o> 7, CoDIMBA TRtz A B3 2 gt & LT, La-CoftE#aSrMIT S
TR =DEWICEDOBMHPBE 2S5 %, AL T, La-CotbE#SIMIT /Ay A F 2 5F L
P OSliDRIEA A > (AR, Crée, M) Z B § 5 2 & I2 k> T, 5T MR _E o rTRet: 2 5
2 L7z,

SriLaFers,.Co,M.O0 (M = AL, Cr, Mn) | | 7
DHEGZ 2V T 7T v 7 ZHKIT K D AL o TR —
L7, (Sr+La): (Fe+Co+M)=1:4 ...111:‘};::..‘..‘_.@.‘&;41-». |
&7 % X 9 12SrCOs, Laz0s3, Fe203, Co30a4, 08 _'..AA.‘:‘O. e 7
MnO, Alz0s, Cr20s% PTEDRFFE, a5 ol - ::.' |
D, HEOEHEZDIXICE L, 1450°CT = S .70
I2BSHIEE, 1200°CE TS5 CORER osf 0 Al 22013 |
¥, 35 NIHFTRO—E2 B L . - A Cr Z=0.06
BIARXHEHTRD)IC & > THIFE 21T 72, oz Mn Z = 0.05 :
F 7o, R BIXER TR E(WDX) % H 't
WCEEA A VIREZER L, 6D o0 0 26 3 m 50303

H <kOe>

HFERIZ D WT, SQUIDREGRET % F v TRk
ELHIE 217V 5T 1M 2 51 L 72,
3.4

BB RICEWT, Sr/La =z 1 O TR S Y RREDOPHIROMEL 7 = 5 4~ DHfG 5D
356 17z, WDXIZ X 2 I0E ST ORGSR, xR TO.35REE, pld K TO0.28fEE, i3 A TL.0
PREETH > 7o, y = 0.231230 > MR D WGA A 7 m O LA (Fig 1) 2 B L 72 & 2 5
La-Codt E#ASrMIC e RMnE#R TIEREE T EDN A L, Cr, AIE#SR TR L 7,
&% ik
1)K. Iida et al., J. Magn. Soc, Jan. 23, 1093 (1999)
2)H. Nakamura et al.,J. Phys.: Mater. 2, 015007 (2019)

Figl. Magnetization curve for H// a
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N7 —NAMEZr(Fe,Sb)2 DK XA & UTDRBEK

=EieA. MRMAl. BASET. PiEe
(R#EK)
Possibility as a permanent magnet of hexagonal Laves phase Zr(Fe,Sb)2
T. Miura, T. Waki, Y. Tabata, H. Nakamura
(Kyoto Univ.)

1. #a

BUR DK AMEAT T 55 ISR DS R il 2 45 R & L WESRRIR 1325 2 3472 7 = 5 A
MREA &0 MR A A T I NTEh ., I s ORZLO 30 EE T UXH 7 il
LD %, ZOOII3A TR L EORMiZIuHE 2 3, BGPTSR )
HTHLEDH 5, ZifiTdH O MWL D R E WA L LCFez i L L 2@ BRLAEYDE
Z6N5, ZOEPTANITMPIETBDICEYDGAMEBIOEME 2D 9 5, KAWL TldFer K&
E LT, ANHREER & 27 —X2AMLEWZrFe21l & H U7z, ZrFe2 3 B L EmME & LTI
mC15M % & 223, Fed HE A E > ZrzoFert DL TIZEIR TR HC36HMBFEIEL TW» 5 £ 9
WG0[1], ZrFe2lcCriz E2IINT 2 EANHRHCIAANZ 22 5 L W MENH 5 (2], ocERM>
WY 7 BV C— R D H 2 N2 HE 5 2 ENTE UL, KAWA L2 b 0[RglEd D 5,
A58 TldZrFe2l2 Sb2 i LY 2 BB 2479 2 & TR 7 —XAMHZ AR L, Z DN
PEx2FHEidT 2 2 L2 HNE L7,
2. Wk

Zr(Fei-6Sbs)x ( 0 =0.15, 0.2, x = 2, 2.5, 3) MU Zr29Fee2Sho% 7 — 7 iKf#IC L D A4 v T v b
EER LT, BonlA vy FRARPEEICT LT VAR EFRICEA L 1290°C T 245 EVILE L |
KKkTamz Lz, 56075 HIXRDTHIFEE 21T > 72, ATREMHOEIGIIK E WEAEHZ D W
TSR 2 3T L 72, BORIRE(E 1 SQUIDRGREFTOK, &I CHIE L7z, ¥ 2V — i ITHR
1 U 7 IR 2 IREERHRBE E TR S - 70, BERERTEIFMRIC L Z25Bl 2 4 ¥ A4 T
WA S &, B CES TR & REET 112 38 2 0 % IREDGURMRIRE 5T CllE L ST L
72
3. MREER

XRDIZ & ZHFEDFER., TR TORBICCIARIDHER S N7z, Z DHTH ZraoFes2Sbo D it}
AN IHCIATI DG D3 b R & D> o 7o 7 DRGSR 2 517 L 72, S L 135kl kT
74emu/g (£), 87emu/g (5K) & AfEH 541, Cl15MZrFe: D fufilfk(l(85emu/g, i, 92emu/
g, 5K) L LI L TRPE T LT/, £/, F2U—EIF210°CL AEb o, ZNndHCI6M
ZrFe:dD ¥ 2 V) —ififE (310°C) LM LR T L7, o, FFEHIETEORMIC L 27T
H 5, BRI 72 AL IE OF5 R C147Zr (Fe, Sh)2 & clili 23 S il & 72 2 —Wili 8 51 % LT
B, B TORGENSIZ10kOef2ETH > 72,
Zx
[1] F. Stein et al., J. Phase Equilib. 23 (2002) 480.
[2] X. Meng Burang and D. O. Northwood, J. Less-Common Met. 170 (1991) 27
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] Co/Gd/Pt 7 = V) BEMELBIRIZE1T 5
Tx VAR —FAHEBERAE ALY UHE bV

Pkl sER 1, Dae-Yun Kim23, Duck-Ho Kim!, Yune-Seok Nam?, Yong-Keun Park23, ¥ HB5— 1,
#ILEIA 1, Byoung-Chul Min3, Sug-Bong Choe?, and /NEFHE S 1.4
(U KABHIE, 2V O VKRR, 8 e E R HANATSEHT, 4 A &0 b v =7 RAZnEENEE o % —)

Dzyaloshinskii-Moriya interaction and damping-like spin-orbit torque
in Co/Gd/Pt ferrimagnetic multilayers
T. Nishimura?, D.-Y. Kim23, D.-H. Kim1, Y.-S. Nam?, Y.-K. Park?3, Y. Shiotal, T. Moriyama?,
B.-C. Min3, S.-B. Choe?, and T. Onol4
(1ICR, Kyoto University, 2Seoul National University, 3KIST, 4«CSRN)

IZC®IZ

Ty a v AX—SFRMAER (DMD) RCAEVELE Ly (SOT) 1FAE Y hr =27 AGEETIES
ICHEHRINATND, 2D O RIFTZEMREEIFEOBNICER T 5 2 &R mon Tk, Fnb%x
WFFET 5 7o DI AT 22 SR RHFRE S R FTBOICAE D AL TV 2 AR/ TRME g o Rm AR & h
T &7, AWFFETIE, Sl FPEA i S 2K 28 U Tl T 5 ColGd/Pt 7 = V) MR Z @ IsIC 1) 5
DMI & SOT %##~7-,
EBRF 1L

ARIFFETIE, DC v~ 7 R br ANy ZHEEZHEH L T, FiRICBWTE®M Si K LI
Ta(5)/Pt(3)/[C0(0.5)/Gd(1)/Pt(1)]n /Ta(3) [HAAL : nm]~” = U HtfiEZERL L=, = ZC. NiZ. Co/Gd/Pt ®
3OV IR LI AR L, 15 FTCEbS VT, ZNOLOMEEZ T+ N VY TIT7 =TI AF
TV T EHACTHIFRIZI T L, DMI & SOT ISt Kerr BEMSEE 2 W CEIRFINEE S BRI RAE RS
7~ bl L 72 [1].
ES IS

1@FB LN IONTFT L IIC, DMIEE D BLORA L R—4 s iZ. NIKT L TIZIE—ETH
LD InoTe, TRHORRIE, NITHE] U CTRETOET7Z1T Tre < SRgEE 0B b ¥4 % 72—
EODERL, £l2, BETHNOT X COESBBIISECBENT5ORRLMWHET 5 EHBLOT
ERRRGMESE ~D A & i AR KD IEBRA B U R— A AICHF G TERWIZD—TED sy T &5 %
bivs,

(@) o6F () o03F
‘co4f 02}
~
3 5
£ PY § 3 ® ° o ® o
q02r ® 0.1+
- o
00t 1 1 1 1 1 1 00t 1 1 1 1 1 1
0 1 2 3 4 5 0 1 2 3 4 5
N N

1(a) DMI &% D L (W) A ¥R —f Gsn OFEERIEL NIk,

\%7

= SR
1] D.-Y. Kim et al. NPG Asia Mater. 10, e464 (2018).

—
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P77 v UFeBRLF ) B 72 5 SMC O BRI URFE
Iy el ZEE L, B R 2 AR 12 R AR
(P ALK PR B T GERE, 2 ALK FFER 7 v 7 0 T HFSERN)
Dynamic Magnetic Properties of SMC made of Submicron FeB Particles
IB. Fang, T. Miyazaki, 2H. Aoki, 2H. Masumoto, 1Y. Endo
(!Grad. School of Eng., Tohoku Univ. 2FRIS, Tohoku Univ.)

XL DI

TEINT 7 A FeB MEHIIEMOERRT BT 7 AREHE LT, fafiig b L OBV EMEN
BWEBZ LS. ZHITIZ, BN RBSREEE S A2 BT 5720, TELT 7 A
FeB /L7 MPBFDOBEKAFEIC BT 2R3 1= < S A ATV TW e Y4 —0F, BT shEE
BOE LR LmEEESIZE B, WEIBRIMES FMR R & WL B A E E i
TWa., Fixix, W73 7P A XDTENLT 7 A FeB R ta AL, FhL =R Mg
EEO T AR Yy MOMC)EERL L, Z OBIBISUFRE 2 RET L7z,

ERGE

NaOH DK % VT pH Z 33 L 7= Fe3*, B2k
FRIRIZ NaBH, DK EZT T L, Y717 aA X
D FeBhi %Rt - Bk L72. &k L7tk 71
R E2E SEM, FEAEEIX XRD, BHYEHIEIL VSM %
FWTIT 7=, %72, FeBKi+?D SMC IZB I 5% %
WSRO JE P EAEME, R N v 7T A2k D
BSRBE RGN ELEE & W CHE L7z,
EBRAER

AR LT FeBRI X7 BN T 7 AEEE M L
BRIRMk - CTd 5. Fig. L@ITARER & L TR 1 X
73570 nm T DT E/NLT 7 A FeB hi T DRt %
R U7, A LTz FeB RO FREE /1 (H) s 8.3 Oe & 72
STEY, BWiEtEE2RE>Z Eibhoiz. F17,
Z OEFIEA (o) DEDS 103 emulg TH Y, 737 DO
(170 £ 5 emu/g)t £ VK< 72 o 7o DITRL 7 D F R
fEElchkT2b0EeEEX6N5.

Fig. 1(b)iZIA] Ui+ Vo1 X & Fi> FeB Ki+ D SMC IZ
BT OERBEREOFE W ETH D, L 3GHz IC
BWTFMR E—27 2838z, £7-, p”iX13GHz 2B
WTH T E—7 R8N, 2N X% 16 GHz O
HEIEZFHSZ nd, Y7370 HY A X7 ENT
7 A FeB b 1@ A B/ A AR & Ui A
WFTEDLE25.

BE R
1 R. Hasegawa et al., Appl. Phys. Lett. 29, 219-221 (1976).

2 R. Hasegawa and R. Ray, J. Appl. Phys. 49, 4174-4179 (1978).

3 F.J. A den Broeder et al., J. Appl. Phys. 50, 4279-4282 (1979).
4 A.B. Beznosov et al., Low Temp. Phys. 25, 641-644 (1999).
5 N. Hiratsuka, J. Magn. Soc. Japan 37, 141-146 (2013).
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Fig. 1 (a) The magnetization curve of
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and (b) are 570 nm.



25pPS - 11

F43 Bl HAMKF TR (2019)

22 FesQs V7 2 7 o LRI BIT 5
AV UIRIVT v I AR ORI A AR

oA, TEECE. RE. A R
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EFRET, 'I7= Fr I ~RE VAL T 2T KF)
Effect of particle size on spin vortex formation for FesO4 sub-micron particles
K. Noguchi, M. Chiba, S. Kobayashi, T. Murakami, T. Watari, J. Manjanna!, Jerzy A.Szpunar?
(Iwate Univ, Rani Channamma Univ, 2Saskatchewan Univ)

IZL&Ic

FesOq O WK & AR A ME, W ONS PZERBED G L 7o P22 FesOu K135 DDS 72 & ~D 23]

BENTWD, RITDOHZE FesOs 7 I 7 1 ki FIT

BIF 5 1 REEGHRR(FORC)HIE DB, WAk KBRS

BNWTAEYARNLT v 7 ASV)BEET 5 Z LN RIS, PEMIEICKIT S SV GO &R 1E
RE(KIT-H A X, FHEIRAEZR &) & DFBEIZI D T2 o TWRW[L], ARFIE TITRI T3 A X7 L DTREE &
FEIITHIE L 7= 22 FesOs ¥ 7 2 7 11 k-1 DWW T FORC Il E L. SV DIERHERE 2 84 L 7= THE 4 5,

RERAE

FeClz » 6H,O, CH3COONH4. EG ZHV, hi+H 1
A 300~700nm D HIZE FesO4 V7' X 7 1 LKL % VA i
BAERRIETUERR L72[2]e X BRIETIC K B fG S g
#r. FE-SEM KO TEM 2 Xk 2 EREETHAT. SQUID f#
WHEHZ L % FORC JI7E(T=10~300K) % Sk L 7=,
KRERER

Fig.1 (25 & L CThi1-4 1 X 318nm, 690nm 7kt
T=10K K T} 300K 231} % FORC X Z =3 (it £
finfdds Hr, ARERXEIINESES H), Mialel s & 10K T
IZFORC il 2 ¥ —Z7 &L, HELEF L LI
2O — 7 BNEEMIZS 7 P L A= 2 5 L
I IREDLEE WA BT, Fig.l(@T oD, @9 FORC
O3AR B — 7 SNBSS Hr 2 2 0 E 40 SV D%
AR Hn, THIRRGY; Ha & iEFRT D,

Fig.2 {2 SV @ Hn KT Ha DR EMEIEN: 27,
318nm FETIE 690nm HUEF & Hik L HnHa & & 125
CEWMEZ R LTz, IREOER L L HIZ, 318nm R
BHCIE Hn, Ha & 61228028 L, 30K LA CIEiE
E—E & 72D —,690nm 3BT 300K E THESCD»
WCHEIMT 5 Z Enghot-, ZORRITR A4 X
/NS NWRZERIF-1F L SV BRAE LT LS
TN &L Verwey BRI (~120K)LL T THEIZ SV
DEEUENEL L TNDZ EEZRLTWVS,

B TR

[1] M. Chiba, S. Kobayashi, T. Murakami, J. Manjanna, J.

Szpunar, AIP Advances ,Vol.9. (2019) 035235.
[2] Peng Hu, Lingjie Yu, Ahui Zuo, Chenyi Guo, Fangli
Yuan, J. Phys. Chem. C, vol. 7 (2008) 900.

i~ Hr(Oe) 1490 (b)
T=10K

size 690nm

(a)
T=10K
size 318nm

(c)
T=300K
size 318nm

-700

-1400
~1400 =700 0 700 1400 ~1400 =700 0 700 1400

Fig.1 FORC diagrams at T=10K and 300K
for 318nm [(a), (c)] and 690nm [(b),(d)] samples
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Fig.2 SV nucleation field (Hn) and annihilation field (Ha)
as a function of temperature for 318nm and 690nm
samples
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(=] Bi i&#em ST — 4 v P IENLHR TR EZ R T 2o, M2t T 4 A -
V7L —bMIcHHINTHS Y, LT T, BEESESFAEMOD %) AW CELE Y v ¢
AT XY SR Bl EiaAs SR — 1 v P R2FRLL C & 72 2, RIFZE T, BRI OG54 O L
FRELEDT 7 L3 v T AHEMEICHEES — 2 v P BE(NdosBizsFessGagsO12) Z T 2 2 & % HIY
ELZHLWwW T re R0REFE LT, VAL —FEHWCEEERIRIE L 2 L 72 5T % (K5 ©

fEE L & 4 356 MOD i oW ThRET L 72,

[528%) #HAK I Nd:Bi:Fe:Ga=0.5:2.5:4.5:0.5 ® MOD &% (&4t
JEAL ) 2 HAE R GdsGasOn(GGG)Efiic 1§ Ay vy a—+
L 100°CT 10 4r[E9zkE & & 7= 1%, 450°CT 10 o [EIREERK % 1T -
2o D%, WE 248nm O KrfF L —#F (e L v i) 2k v
b 7L — b E(450°C) TlRBERK L DD L2 & BST L 7=,

[ e EZE] M 1(a) IS o - e | g L CEVILE 7 o
€ 20X o> CTEELL 72D XRD &% — v %9, {ESLL 7
I =4y b D 444 Bl v — 27 HBEH E 7z, 60 mJ/cm? DL —
FEETERE L 2o v — 7 3BV 7' o & 2 CERLL 7230k}
EFIREDMELRSE L Lz, X 1(b)IC 40 mJ/cm? & 60 m]/cm?
DL — VG CfFR L 2250k & | e L CEVILEE 7' e & X
o TFRLEZRBICOWT 775 F— 227 ML %R
T, L=V ERME L 230ENE, B 7 e 2 CfERLL 225K
Bl & AR ICHE R 520 nm CTRAREEA 235 6 L7z, BEGTIRRRM]
FRAT2CEICED, BEEAEIRELS A7z, £, 40
mJ/cm? & 60 mJ/cm? Zt#KT % &, XRD OFfER LY 60
mJ/cm? D J5 B IZE N T 5 23, [BlEEA 1X 40 m]/cm? D
B REL, HEBREON R o7, 77 T T — [BlHEf 3B
W 7 v A CERL 7230 K D /NS Wl & LT, fEasiE
DA TH B L, Bl DBEBEEIFEL T\ 5 aJgEMED
ZzZbid,

Faraday rotation [degree]

HIEE AWTIE 1L, BHITE LRSS (A) (18H03776) D B Ak X 17

272,

S Xk

1) Y. Nagakubo, T. Ishibashi et al., Jpn. J. Appl. Phys., 57 (2018)
09TC02/1-5.

2) G. Lou et al., Optical Mat. Exp., 7 (2017) pp.2248-2259.
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L1y % FePtX (X=Mn, Cu, Ru, Rh) ®F 2 ) —JRE (I T 25— [ H 5

/NH T
(f8 5 T S M)

First-principles calculations of Curie temperature change in L1-type FePtX (X = Mn, Cu, Ru, Rh)
Y. Kota
(National Institute of Technology (KOSEN), Fukushima College)

1 FL®IC

R EREEMSESMZRT Ly B FePt XS ERAGRIERIIBWTF LR 5B TH 2. fREEDX
5R5M EDEHODHED—DL UTET VA MFANMBG INTWED, Ll B FePt iZZDEWF 2 ) —HE
(~750 K) DMIZE ZIAAREDO MBI & 5 T3V F—HBIRPEAROBEEPBRESINT VWS, ZORBEIZH LT FePt 12
Ru%z R—793Z L CRERBEMKREGMEZHERFL OO F2) —HEZEBTELZZNRESINTHD D,
xR DOFHHEZITE N T RuBMORN R DWW THERINIIMGE U 72 AR 2 5 U7z 2. S RIOEE CIRRInc#Ez2
X =Mn, Cu, Ry, Rh & UZZBEIZOWT, tHO@EHE Y ¥ 1) —iREOBGREH—FEEREIC X > TREMICEK
HUZOTZORRIZODWTHRET 5. SHEFEIEHMAE VEEELIZEDS XA ML v T 1 VIR~ 7«
VIFA VEEEERRA U, Ll AL LU 72 FePt i23% U T (a) Fe d—#%& X IZ@E#, (b)) Pt D—#% X IZ@E#L -
20ODGEEBERL, TEEHBIZIARHAMIZae—L Y FRTF VY v IVEBDOENTH - 7=,

2 BRBLUER

Figure 1 iZ (Fe|_yX,)Pt, Fe(Pt;_,X,) D F 2 1) =% Tc L EE o IKFMEOHBEREEZRT. c=0D L & T¢
DFMEAERIZ 975K &2 0, FEEHE (750 K) 28 30%1E K5 LT W5, ZORKE U TEEEELUCIED < Hik
TTc ZiHMiLTWB Z EAREZX 5N 5D, Staunton & DFRERDFIETE R U/ FePt D Te £ 950K & 52 L %
MR L 723, ITEBUZ X D Te DELDIRDEFEVIZEH TN, Fe 2 X ICEMT 254 [Fig.1(a)] TIERMTHE
DFEFIZ L 5T T XA UEIETRRITEL RAMEAB R SNE Z 205, BlETRERTH S Fe DIRENHMDT S Z
EMTe DETIZDOBFR->TWEHDEEZ OGNS, —F, Pt X IZEMT 254 [Fig.1(b)] TiX Tec DRSNS
BT EORBEICRET 2 AP E S50, K RuEHIZE > T Te BERBEEFIERTLTWS. T Ru &I
& o THiET % Fe OB Z 55 HEICEFIRENRE(LT 2720 EZ2 505, #E T &1L Mg %
S GMEE K, OFIEERZRUCHmT 2 TETH 5.

‘ S
1000 4., 10004 oo o 3
g S
s N~
< < ; R
w ]
L© 500 | [0 500 | 1
Mn —m Mn —m
Cu e Cu e
Ru 4 Ru 4
Rh @ Rh (®)
0 L | L 0 L | L
0.0 0.1 0.2 0.0 0.1 0.2
o (o)

Fig. 1 Calculated T¢ in (a) (Fe;_,X, )Pt and (b) Fe(Pt;_,X).

References
1) T. Ono et al., Appl. Phys. Express 9, 123002 (2016).
2) /NEVEE, 5 42 [0 H AR AR A S 12aPS-45 (2018).
3) J. B. Staunton et al., Phys. Rev. Lett. 93, 257204 (2004).
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7 = VMR GdCo I281T A5 A B ik sk

SRR, TOATSEREL HEEG . M)A, ARk, RILEIL, NPT
CRURABAT)
Spin wave propagation of ferrimagnetic GdCo
S.Funada, T.Nishimura, Y.Shiota, S.Kasukawa, M.Ishibashi, T.Moriyama, T.Ono
(Institute for Chemical Research, Kyoto University,)

[ZL&HIC
KRR DO A v =7 ZXZDISEOERI 72 ENGEREZHED TS, ZOHTT = U BEMHER
GdFeCo O TEEh SRS 1235 1T D SORMME X A T X 7 RN L 72 EEB B L OB KBS S v, £ 0
WAL Z A F 27 ABNEH SN TWB[L], Al Fex i3 AESRMHESIFICRBIT 2 A HOREE BIF L
T7 VMR THLTENLT 7 A GdCo DAV U EOREGEE - HER E WV MEEA, Gd & Co DOk
EEZDH I ECTHETSEEZELIF WL O0ORETHIE LT,
EEER

ARy B EERVTRBALY Y 5 BB 150 7 & GdypCoyrs A GgagCogoo
GdxCo1.x(20 nm)/Pt(2 nm)/Ta(5 nm) % Bkl U7z, & RAA 2 /\é B Gdg4C0pep  ® Gdg50C00 .
72 HEHX = 0.22, 030, 0.40, 0.59) BT, BULDRERE ““‘“o., —
PEZ 7 L 7= (Figure 1), SIRICIVVT x = 0.22, 0.30, 0.40 D _51'0 I ...-......-tau--:'“' 1
FH Co. x=059 WatEHE Gd OREAT— A FAKEINT § 00,

D Ly T, RS & BB AR S ORICIE S0.5] o0
DD 0 [2]. A TAWEREHC BV TRRICBIT 51E 2

o AEIHE O KX I X Gdo40Co060 < Gdg30C0070 <

GdoseC0041 < Gdo22C0078 T D LHEE SN D, KITHKHEZ 0'00 50 100 150 200 250 300

AR UL BhEA &M 07 7 F 21T 5 = & Tempareture (K)
TR UHIESZT L Lz, A IREIRT I TRE 72 i Figure 1.Temperature dependance of magnetization.
Wl T C7 7 TSR B R 2 FN L C A B & bl * * *

L. RZ MAEy hU—2 T F 54 FCREEW S Sp) 2 20x10% Gdosf;’(osﬂ )
21

Hi L7=(Figure 2), & 222 GREHE AR | F 72, AR5 ’U?q i - = Im(S,,)
-4 ~

@Y/TTE%KfEﬂ%XE/&@ﬁﬁﬁ%ﬂﬁbt o AW 1
(Table 1), HEIXETHEIBTIT o/, AMETHOLNIZAE 00
/&®ﬁﬁﬁkﬁﬁ§iﬁ@é%®xt/&ﬁ‘ ckaE g T

G L IS LT, 20— Tx=030 oREHT T
BOTIIHBEENFEMLY 2 FRERKESI R ZLH0 !
Mhote, RIS ERET D, -2.0x10™ . - .
Table 1. The values of group velocity and attenuation length for the =0 zf?equengl)?(GHZ) > *

sample with x =0.22, 0.30, 0.59. The values in parentheses are Figure 2. Transmission signal for GdoseCoo.1.

theoretically calculated values.

X vg [km/s] Latt [um]
0.22 10.4 (7.5) 2.13(2.60)
0.30 75(3.2) (0.98)
0.59 3.2(2.8) 1.65(1.85)

2% 3R

1) K.-J.Kimetal., Nat. Mat. 16, 1187 (2017)
2) Y.Hirata et al., Phys. Rev. B 97, 220403(R) (2018)
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Large nonreciprocal frequency shift of propagating spin waves

in synthetic antiferromagnets

M. Ishibashi, Y. Shiota, T. Li, S. Funada, T. Moriyama and T. Ono
(Institute for Chemical Research, Kyoto University)

Introduction

Nonreciprocal spin wave propagation is of great interest for the realization of spin-wave-based logic circuits. It is
known that spin wave packets excited by antennas exhibit different amplitudes depending on the relative direction
between magnetization and microwave field [1]. In addition, asymmetric spin wave dispersion due to
Dzyaloshinsky-Moriya interaction leads to nonreciprocal frequency shifts of propagating spin waves [2]. In this study,
we observed large nonreciprocal frequency shifts of propagating spin waves in interlayer exchange-coupled synthetic
antiferromagnets.

Experimental method
Ta (3 nm)/Ru (3 nm)/FeCoB (15 nm)/Ru (0.6 nm) /FeCoB (15 nm)/Ru (3 nm) were deposited on a thermally oxidized
Si substrate by dc magnetron sputtering. From a magnetic hysteresis loop at 300 K, the canted magnetization

configuration of two layers was confirmed in the low magnetic field region below the saturation field of approximately
1 kOe. The films were patterned into 50 umx100 pm wires by EB lithography and Ar ion milling. Subsequently,
80-nm-thick SiO2 insulating layer was deposited by rf magnetron sputtering. Then, two coplanar waveguides consisting
of Cr (5 nm)/Au (100 nm) were fabricated at the distance of 10 um by EB lithography and evaporator. The propagating
spin waves were measured using vector network analyzer at room temperature.

Experimental results 0008

Figure 1(a) shows the propagating spin wave spectroscopy (@ o003 200 e - :EE{EJ ]
(PSWS) under the bias magnetic field H = 200 Oe, when the bias 0,002} | = ]
magnetic field is applied to the perpendicular direction of the

=

0.001 - B

Re [S21], Re[Sq2]

microwave field, namely transverse pumping configuration as 0000 fr————— | | N
shown in the inset of Fig. 1(a). The different amplitudes depending ooorr Pl ]
on the propagation direction were observed due to nonreciprocal 2 Zz ‘ ‘ ‘ o
coupling between microwave fields and spin waves [1]. Figure 0004 ]
1(b) shows PSWS under H = 200 Oe, when the bias magnetic field 0 5 10
is applied along the microwave field, namely longitudinal Frequency (GHz)
pumping configuration as shown in the inset of Fig. 1(b). Unlike  (b)  q40| 200Qe | 22{32}
the results in the case of transverse pumping configuration, a large =
nonreciprocal frequency shift depending on the propagating %— ooy i
direction was observed in the case of longitudinal pumping Y] A I—
configuration. This nonreciprocal frequency shift is attributed to %' Transverse puTping
the asymmetric spin wave dispersion due to dipolar contribution o 208 H UHH » |
[3]. In the presentation, we will discuss the microscopic origin of 0010 ] :_
the asymmetric spin  wave dispersion in  synthetic 5 10 15
antiferromagnets. Frequency (GHz)

Figure 1: (a) Re[Sz] and Re[Si2] spectrum
Reference measured ~ with  transverse ~ pumping
1) V.E. Demidov et al., Appl. Phys. Lett. 95, 112509 (2009). configuration under 200 Oe. (b) Re[Sz] and
2)  J-H. Moon et al., Phys. Rev. B 88, 184404 (2013). Re[Si2] spectrum measured with longitudinal
3)  F.C.Nortemann et al., Phys. Rev. B 47, 11910 (1993). pumping configuration under 200 Oe.
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LE~T ) =y IR ERWEAE WAL v F T
], IR, B R
(B (] N2 R 5 B L)
Spin-wave switching by a double dynamic magnonic crystal
M. lwaba, S. Fujiwara, and K. Sekiguchi
(Yokohama National Univ.)

[FLHIC

WM EHIGFET 2 A B T, # LVMRIEHEE OB RS 27 AOHT M & L THEEE S,
E%ﬁ%_ﬁnémfwéottzi\xt/ﬁ$$%ﬁwt7/&wmﬁﬁﬁﬁwb%’%&%¢Tmm
WS D~7 ) =y 7fERERSH TN D, ~7 /) =y 7fEhE LT, BRsGE AW~ s =
v I RERIIAE U OB AN REEDL Z LN TE, CMOS FSD L 972 b T o DA X A ERlT 5 2 &
MNHRETH 2 3, AETIE, BN~ T ) = 7 E WA VAL v F U 72O THIIE LT,

EBRAE

A PR L LTA » U T A —% > b (Yitrium lron Garnet: YIG) A L TEY ., JEX 5.1 um,
g 1.3mm ThHo, K 1 I8N~ ) = 7 i E AW EZBROBRE - WK ZRT, AV EIT~A 7
RSV ABEANNT T FICEATHZETRIE L, 7SV ARIE 10ns & Lc, AT TFICL-T, A
VU L AHERE AR L, ALY e A a—FCHIE L, AV VEORR. REHEOT TS
WX, 75um DEOT T TR AW, 7 o7 HEREL 155 mm Th D, ERHEERESE LD, AT
VHIZET 1=012A EiiE LTz, SNBSS He=378 Oe ZilEHE T HIAICHIML, A DNy 7 T — R
£ — K (Magnetostatic backward volume mode) # 34 S W7 8~ ) = 7 CTH D AT o XX 75
um & 90 um DOFRME LAY | FHIEENER n=15 ThH D,

BRELUSBE

15.5 mm
2 \ZJRAHA v m A 3 — 7 TR L 72 2 E 2 00 SEIRFfRT I

Bamrd, B~ 7 ) =y VR TH D AT o XIERZ T L T
W E XX, AV VEORKIRIE 2 T0uV Thotz, —7,
AT UHICER 1=012A it L CEMSG 2 8EIEL L, A
B DR RKIRIED B5 UV F TR L7z, A BRI ORIE I

NE~ 7 ) =y 7ML 2T 21 % HELTWD Z Enbh

ST, JAWEASRT bzt LTh, WEEREMRT 5 2 &R Input Anntena Meander Output Anntena

YIG

TE, A vF o 7 OEBFHPHERTE 2, — >
oA K1 ~7 /=R

LEENI~ T ) =y IR EHWS LT, AV K
OWENEZ D - L A2HRTHZENTE 2, By~
J = 7 RERIC K A MERE A T S - L R TEAUL, 1001

>
AW DTERAL v F U TR FEBT HLRTE 2 l'fw! }I‘AM,‘WM« 2,
B, w7 v NI UVASERA~OERSIECTE 3 Of ﬂ“;”wirﬂ
%, o ‘| ﬁ“ “I !
E -100[4 w AMHWH,I ' —/=0A
BE CBR 1=0.12A
15D ZDD 250
1) N. Kanazawa et al: Sci. Rep., 7, 7898(2017). Time [ns]
2) K. Sekiguchi: AAPPS Bulletin, 28, 2 (2018).
3) A.V. Chumak et al: J. Phys D, 42, 205005 (2009). B2 R EOFIERFRIEE
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HifESh NiO BIEIZRIT B R ¥ U iitfaiE Dk sl MR 1t

AT, ARILEIR, ANEBEA, EWEE, NS
(RURAEAT)
Crystal orientation dependence of the spin current transmission
in single crystalline NiO thin films
T. Ikebuchi, T. Moriyama, K. Oda, H. lwaki, and T. Ono
(ICR, Kyoto Univ.)

FEHIZ

BOBBEEARE A e =7 ADSBICHW D RADNEEER 8O TV D [1], FBATHE CIE, sRiErEdE
MEJEIELC L 0 FRBETER FeNi 2> & 24 5h O BORBEIMER NIO I A B U iEAEEA L, NIO B2 D A D
EZ AL -72[2, L2 L. NiO DR B UFHREIZ DOV TOFEMZE A B = X DIRTZIA SIS > T
720N, F ZCAMIZECIR(11L) f & (001) 1 Z 412 AU HLRE fh kR S 72 NiO IS Z/FR L [FARORIE %
% 2 & TR URIHE OfE S EC AR M & SR 72,

ERAE

Al,03(0001) F:A 35 & OF MgO(001) FE#K 112 NiO (tnio) / Py(5) / SiO2 (5) (HAAZ:nm) Z @A A /X X 5 CIERL
L7z, XRD JIEFR L RHEED #I2 XY NiO L Al,03(0001)EH Tl NiO(111)iZ MgO(001) KAk Tik
NiIOQODIZZENFNHFEREE L TND I 2R LT, TNOLOREEZ 7+ N Y 7T 7 4K »> Tl
BRI U, TilAu TR S 7z 2 7 b — R A B fHi) 7o, DEIL A TR TV, BTICEE A
B E L7 A — @ B BT 2 Bt L7 s DAV 2 /55 2 & Ttk Ibng 235 L 7= (3],

SIS

FT.XFAN— N UE U TER o ZIGART B —_—
Bib 0. NIOBEICH LT m y b Liz(Figl), ALY HRLE B e B
L7 ORFHRAE TS L o O NIO B KNS NiO H L et
DAY AR o RO D Z LIRTE B (4], ZORE, R
NiO(L12) Bl 1/ 0 HLifE b 3B TIE Awio 13 68£10 nm & 72 0 | . . .
NiO(00L)AL I 0 B ekl Tl o 13 NiO Skt L T2k L T ® w o owm o w

tnig (nm)

RN ERHB TR o T2, 2 ORFRIZ NIO00)EL I DA T Fig. 1. ot as a function of tio in single crystalline

% NIO(LL)EL M DG A & e L Tine D BV ERREZ A B0 7

BT 52 L2 RBL TS, S5, AE WA NIO BZEEL TWD Z & &2 572D PUNIO/Py
SHEBEICENTHRBROFERE L. o @ NiO R T 2FMELRA Lz, £ OIS AREKT 2,
B 3R

1) T. Jungwirth, X. Marti, P. Wadley and J. Wunderlich, Nat. Nanotechnol. 11, 231-241 (2016). ; V. Baltz, A. Manchon,
M. Tsoi, T. Moriyama T. Ono and Y. Tserkovnyak Rev. Mod. Phys. 90, 015005 (2018).

2) T. lkebuchi, T. Moriyama, H. Mizuno, K. Oda and T. Ono Appl. Phys. Express 11, 073003 (2018).

3) T. Ikebuchi, T. Moriyama, Y. Shiota and T. Ono Appl. Phys. Express 11, 053008 (2018).

4) Y. Tserkovnyak, A. Brataas, G. E. Bauer, and B. I. Halperin, Rev. Mod. Phys. 77, 1375 (2005).

— 126 —



25pPS - 18 H43 | AARESR AR ANREAEEE (2019)

Snell’s law for isotropically propagating spin wave

Tian Lit, Takuya Taniguchi® 2, Yoichi Shiota!, Takahiro Moriyama!, and Teruo Ono" 3f
Ynstitute for Chemical Research, Kyoto University, Uji, Kyoto 611-0011, Japan
2Deptartment of Physics, Technical University of Munich, Munich 85748, Germany
3Center for Spintronics Research Network (CSRN), Graduate School of Engineering Science, Osaka Univ.,
Osaka 560-8531, Japan

Introduction

Control of spin wave (SW) propagation is one of crucial tasks in magnonics [1]. As one of the important properties of
the propagation, refraction of magnetostatic surface spin wave (MSSW) has been investigated [2]. However, anisotropic
Snell’s law of MSSW requires complex calculation and it is not easy to apply techniques grown in optics. Regarding the
dispersion relation of SW considering exchange interaction and dipole-dipole interaction [3],

w? = (wy + awyk?) [mH + awyk?® + wy (1 - l_z;kd)] 1)

SWs propagating in-plane with out-of-plane magnetization propagate isotropically. Furthermore, Eq.1 describes the
dispersion relation of magnetostatic forward volume wave (MSFVW) when awyk? = 0 is assumed. In this study, we
investigated Snell's law for both MSFVW and isotropically propagating dipole-exchange SW.

Simulation condition

The micromagnetic simulation is performed utilizing mumax3[4]. We use material parameters of yttrium iron garnet
(YIG). In the simulation, samples are shaped as Fig.1. The black and white areas are respectively the thicker and
thinner regions. And the thickness step, the boundary between two regions, is tilted with the angle 6:. The rf magnetic
field is applied at the antenna. MSFVW is excited in the thicker(800 nm) region, passes through the thickness step and
propagates in the thinner(400 nm) region.

Results " lsotiopic Snel's aw (kyk, =05).
The incident wave is refracted by ol ' ' ' ‘
. ing, k

following Snell’s law T2 The - 3|

sing, ky b a
wave number is independent of the s R 8
direction of propagation due to the L e
isotropic  dispersion _prop_erty._ For I T
MSFVW, a wavenumber is varied in order 8, (degree)
to keep kd constant when it passes through ) )

Figurel Figure2

a thickness step. Hence, the Snell’s law ) ) i
L Figure 1: Simulation setup
for MSFVW is independent of frequency

(Fig.2).
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Figure 2: Refraction angle versus incident angle of MSFVW
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Bending Magnetic Levitation Control under Disturbance Conditions
(Experimental Consideration Using Sliding Mode Control)
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mm, JEX h=0.19mm) ZfH L T\W5, EHEHKE
5 fET OB X 0 IERRSFRT S 72012, Sl %
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Thin plate steel magnetic levitation system combining electromagnet and permanent magnet
(Effect of steel plate shape on levitation stability)
Y. Ito, Y. Oda, A. Shiina, T, Narita, H. kato
(Tokai Univ.)
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SINNENT D Z & HREGTIC L > THERB L TV 5, ZOMITHERZ BB T LT Y XA AICHEAT S 2 &
TURTE O % EZEMER M LT 2 KAMABEASD 2 AR, UL, ZIVE TOMECHIR
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BHA - KAMAHAYERAERELORATLA 0
7% Ext8i3E & 800 mm, 1 600 mm, AK/E 0.24 mm O E 5 o
RGN » X B (B SS400) AMT 5%, % %o b

HZ 5 S0F EABMA L=y FEREL, BRAT=> b
DEICER D7 = T4 MR ERET D, w EAEMA ¢ s
=y ME 2 DOEHA & MERAENME Y 1 DOTHER SN 02

%o 5mm OREREAZ RO X O ICHIE AT 5, .

BERTILTY XL & BB —m mﬁ
BARI T V=Y XN T2 KA O R Rc B R R 21T RO I A
ST, BRICE > TH LN AABE OELEXE ZD L X0 '

BliE & W2 BR O B o @ik z Fig. 1 & Fig. 2 1277,
LS. FHIETHWTW D EAMREOM AL L, KABA
DERFERERRZITD, BRERE b LI EFEREITO 2
&P BZEEVEN B b B K AR A BLE O LR R 21T 9,
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1) AU, BH, IR, ERAO & KARGAIT K D EHIR O~
A7V v FERFREEY AT LA —BBOM AN 258
U 7 et B i 4 SR L B 97 2 JR UGG — A R AEM F
&8, Vol. 24 (2016), No. 3, pp. 149-154 Fig. 2 The shape of steel plate
2)  RCH, BRI, MR, KARGA & T HEEAR D o~ A
7V v REERE L AT 2, J. Magn. Soc. Jpa, Vol. 37 (2013), No. 2, pp. 29-34

o
r

0.4

Fig. 1 Arrangement of permanent magnets
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Characteristic Comparison of Bidirectional LLC Resonant DC-DC Converters
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KIGHFEELIRN)FEEIIRBEFIC LV MIVE B RELE L 25720, HEMFIZLDHEOFHELDIRD
b oW, %%Hﬁ%i‘ﬁﬁ%fé%ﬁ%?ﬁ & LT, B\ DC-DC =t >/ "—H 3 Hﬂb‘%ﬂéo AdTix, [A
BAER ORI 5 3 FROB G MR DC-DC 2 o NN —2 B LI OEIIRATH D2 W HF M T a v S HFORE
gz, v ab—a rEAWTUTS iR a2 T, £z, WGMMER DC-DC =2 > /3 — X ORIFEBEETO
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54 59 p>

I ab—FOZHWT, HEORIim = =2 O )R, BROER X O OMOREE A 1T o
oo 22T, Yalb—va UEIEITFEHERIC K HEEERKE & Fancbie U, Biadii £ 4 s ¢
TTWVWAZ L EHER L, REBGHAIZYZD hT o 20aTidk—& L, F£a X=X I LTENLETN
MG TN FRREDEINRIENTE DL Z &2 FKME UTRGH LR Tl L7z, £/, R = =42 T
WTAA > F o THRIOKH % BRI ZVS(Zero Voltage Switching) DB & 51 & LTz,
BEt

BIG AR DC-DC = o8 — % Tid, BIEOLIREHR I E & T o AOBLIZ L EHRENEILT 5,
Fig. 1 lIZRT =77V v VROBIEEZFICT D LV BV ~DEIMek %2 BT 5, KR TR L&D
PRI O ARSI S TR D Lo lcR SN D,

1 1

f. = Vo = N RN ¢ )
f. =5,10,15,20,30 53 L O'50 (kHz)®D & %@ Fig.l Oz
3= 2 DBEENJE ISR D Vs BV~ D ) E T R
% Fig2 IZR"T, 22T, Vg=100 (), =10 (V) & L7z, ' '
EMENEE BRI ABIREL 2D, —F, fLEIELT Fig.1 Bidirectional DC-DC resonant
BELIEL 2D, T AORIRO BT R AR L Converter. (- - ‘Power transmission current path)
a7 ORKEFINMEE 725, £z, b7 AOBEEIIZ
KoTa v "=2DEREAENPHES S, Bl 2ITEK

H10:1 205 6:1 ~EET B L, Vg BV OBEREREO | N e iar
TUADBIES A Y BRELBDTD, Vyh DY MEET 200
HAEL 2B, —HCUHAOUI DV ~OBES B |5
SRS B, FETEDENBAS AL, ¥ 212
L=t a i o CRE I CRBREOR KN ENZEL £ 5
NBEMIL WAL, FEBRIH T £ o
B 23 m&x T
(1) Shigenori Inoue, Hirofumi Akagi: “A Bidirectional DC- 10 40 50

Sw1tch1.ng frequency 15 (kHz)
DC Converter for an Energy Storage System With

Galvanic Isolation”, IEEE Transactions on Power Fig.2 Simulated characteristics of the
Electronics, Vol. 22, No. 6, pp.2299-2306(2007) converter. Output power (Vg — V) v.s.
(2) http://www.intsoft.co.jp/products/product04.html switching frequency f;.
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Investigation of dual-layer selective recording using microwave assisted magnetic recording
W. Saito, S. J. Greaves
(Tohoku University)

X C&HIZ

Zﬂﬁiiﬁ@iﬁ@?ﬂﬁ}% BZEBTENL, BEAT 47 LRI RERFOEREELENT DI N TED.
LrL 2L, 72 DOFEZIALRLHA LR EICHERFEL TV D, FEZIARIZEBWTUL, ZEHo
FREA *Hl—ﬂ/ﬁﬁﬁ 75> FUERJE OB TR R A AT T, 8 I ORI E A ks & (Antiferromagnetic
Exchange Coupling, AFC) ZEHA$ 2% Z & T EHOFFMSMH AN ZTHIE L, fidttieom L2 Bfa+
[1]. AHRE T, e~ EX AR~V A 7 1T v A MK FLEk (Microwave Assisted Magnetic
Recording, MAMR) # i\ Z L2 MEL, v1 7 Ry I 2 b—ra VATV LT D, EX AL
v RIZHWT, 28 M7 3 RFE T (Spin-Torque Oscillator, STO) 75 D =iJE . (High Frequency, HF) it
DI MO THALEEZ T Z E AR TH 5.

ETILESIaAL—Y 3y, BLURR

TREORSEAERE LY IaL—va V THWCET L o
% Fig. 1 |7, RRBHEEO-D, KitdEZhZhiconT, \
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1591 emu/cm?, HF B OFIINIEHIL 2 ns, 4706008 TM, = —T— = b

== Easy axes

750 emu/cm®, o = 0.02, RL1 O#kEME T K, =1 Merg/
cm® Th 5. KL T, RLI OfENEE C K, = 8.1 Merg/ ) ‘ _

3 R 3 oo A Fig. 1. Simulation model of dual-layer.
cm3 RL2 TK, = 6.1 Merg/cm® & LT\W5., I =2lb—T3 e
1% Landau-Lifshitz-Gilbert (LLG) 523 % VT 5. S

Fig. 2 IZAE R 2R~ L0 Lo ofER (UL FHEE O
) L, FEEERATORE/BRETHD. FhICKL, B
DIX Fig. | OET/VCRIFE LR (BLT AFC & L 0%
B) , To2l3Fig. 2 OFET LD JERIC —4.74 X
1078 erg/cm @ AFC # M A L7-f5RTHDH (BLF AFCHY
DOFER) . FEFRD B AFC M L O Redk X HE Oftsk & s

20 nm

ok et Sastapa ks DR DR o d
ERENELDHZ ENRDND. IR L AFC B Y OfEFRT C Y Peongee "
1%, RL1 T R EERES 0.99, RL2 T 0.90 T 7-. AFC H D Fig. 2. Switching probability vs.

FERICIB T DR RIS &, AFC 18 L OFER L 01X, RL1 T STO frequency for various models.

A, = 0.06,RL2 T A, =0.07 ThHotz. LEND,AFC AT 5 Z LIk, HEORRITITRIZR0 A,
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[1] S. J. Greaves, Optimizing Dual-Layer Recording Using Antiferromagnetic Exchange Coupling, IEEE, Trans. Magn.
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Stability of the Antiferromagnetic Skyrmion
Kai Hamada, and Yoshinobu Nakatani
Graduate School of Informatics and Engineering, The University of Electro-Communications
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Fig. 1 Annihilation at the edge of racetrack of Fig. 3 Annihilation at the edge of racetrack of
ferromagnetic skyrmion antiferromagnetic skyrmion
30 . 30 "
I Annihilated 5= solAnnihilated
start
— 10 __ 10
10 210
* start o
N N 517.3 MA/cm?2 —
-30 -30 517.2 MA/cm’
60 40 20 0 20 40 60 60 40 20 0 20 40 60
Py (nm) Py (nm)
Fig. 2 Path of the center of ferromagnetic skyrmion Fig. 4 Path of the center of tiferromagnetic skyrmion
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Electrical Detection of Alternating Excitation of All-Optical Magnetization Switching
in GdFeCo ferrimagnetic alloy by Anomalous Hall Effect
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Er OBRICDOWTIX, BEENHEA X =Y Y 72 RAWEIZENED 5 Tn5 2 —H T, A0S O F A S
T HBRAA v F oV TOBLINEENRHPEER TWD, RIFFLTIE, MMlETFHEEEE T 5 GdFeCo 7 = V) i
FIZBNT, =P =L RINC X DIFRINTREN AOS * BE R — VR ZAA L CESHNICHEE Lk,
2 EREAE
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P52 e TEULBVREDORZENZE e, BER-AMRZAHALTEFRL UTHIE L7,
3 BRBLUER

Fig. 1 ICERIE T TOL —HF — L 2F|BE RO BE R —VEE Vy ORBZ(LE X UBRHEGO—EE2RT, &
EEE NI U723 BHC i = 0 TREIDHE—L —F — L AP MEET X, Vi 25 HIREED 5 L IREEA ¥ AR
EbLizo The FARFICHKOEZBRD &R — N — DRI ) SEKEIZZE Lz, £ LT, XROHE—L —F —%
NV ZBBENC XD Vg 25 LIREED & H IRFEICAIBICEL T % L RIS, R—AAN—FLOEICB W TRIEDAS B E MKEE L =,
D, =Y — oL ZADRBHIN2BIC N6 —HEOZEA HIRE Y LIREO ZIREETEDIBELEL 2, DLk
Bns, Vy OABLZE. GdFeCo iI2BWT L —F — UL RF| OIS & - TA U =K% AOS 2 BSANIHH L
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Fig. 1 (a) Time variation of anomalous Hall voltage and typical MOKE image of samples (b) before and (c) after irradia-

tion.
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Proposal of full granular stacked perpendicular magnetic recording media:
Cap layer with high K, CoPt grains and ferromagnetic oxide grain boundaries materials
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-2IU 7—1‘ 0 0 .,‘”I“U 2IEI
: 7 H(kOe)

4t

MM,

ERETD. AW CIEMBEMER LR M & LT RE Bk % LSOy Sl
V7= CL % CoPt—B,0s GRL LICHlIE L7= 7 L7 5 = 2 SHEDRIA S e TR TR
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1T CoPt— Gd,03 CL A5 Jd L 72 JHAA 0D BRI 15 05 2 A 1 0t o -
W85 (ADF-STEM) Mifg % 9. #8221, ADF-STEM MEif% & [7l—15
o Gd, O, Co, Pt® EDX t# oMb L TWD, CL DRIFUTHE
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SEXHE 1) Y. Sonobe et al., 91, 8055 (2002). 2) Y. Sonobe et al., J. Magn. Magn.
Mater., 303, 292 (2006). 3) K. K. Tham et al., IEEE Trans. Magn., 43, 671 (2007). 4)
T. Shimatsu et al., J. Appl. Phys., 91, 8061 (2002). 5) G. A. Bertero et al., IEEE Trans. Fig.2 ADF-STEM image for a medium with

Magn., 38, 1627 (2002). 6) K. K. Tham et al., J. Appl. Phys., 112, 093917 (2012). CoPt-B,05; GRL and CoPt-Gd,O; CL. EDX element
analysis of Gd, O, Co, Ptare included in the figure.
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Study in adsorption of NIPAm on Montmollironite using magneto birefringence measurements and
guantitative NMR measurement
M. Yamato, K. Komine, T. Miyazaki, H. Kawakami
(Tokyo Metro. Univ.)
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— 135 —



25pPS - 27 H43 | AARESR AR ANREAEEE (2019)
B EF BMEZE Ve

MR Ky oA ZRV—TF > NMEFT
AN EKL, BE E, W EAL WA XY, AF Mz, KN FHRE? M BEAL
(1. EFEHEBIKE, 2. JASRI)

High throughput analysis of magnetic dot array by PEEM
Keita Kimura?, Tadashi Nishio?, Naoto Oki?,
Masahiro Yamamto?, Tomoyuki Kadono?, Takuo Ohkochi?, Masato Kotsugi!
(1.Tokyo Univ. of Sci, 2.JASRI)
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HDOHFEGNEZEZbND, £o, BRI R OBRENERT — & THESNTIRLI BN E BRI BT 52 &
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Fig.1 Magnetic domain for Py dot with a
diameter

of 5.36 um by XMCD-PEEM measurement

Fig.2 Magnetic domain for Py dots with diameters of
4.51 pm to 4.21 um by XMCD-PEEM

[1] W. Zhou et. al., Phys. Rev. B, 220401(R), (2016)
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