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Quantum Magnetism in Kamchatkan Copper Minerals

Masayoshi Fujihala
Advanced Science Research Center, Japan Atomic Energy Agency, Tokai, Ibaraki 319-1195, Japan

Quantum spin states in low-dimensional magnetic materials have been extensively studied because of emergent spin
gaps and topological features. Intensive studies of one-dimensional linear spin chain antiferromagnets have succeeded
in capturing several quantum spin states, such as the Tomonaga-Luttinger spin liquid state and the Haldane state.
However in many cases, the lack of suitable model materials of theoretical models has hindered the observation of
exotic quantum spin states. In the study of low-dimensional quantum magnets, minerals are often employed as model
materials. For example, azurite (Cu2(CO3)(OH)2)" and herbertsmithite (ZnCus(OH)sCl2)® have been identified as
candidates for the diamond chain (1D) and kagome lattice (2D) antiferromagnet, and many experimental studies have
been performed. In this presentation, I will present results of comprehensive studies of magnetism in Kamchatkan
copper minerals fedotovite® and atlasovite®.

Fedotovite KoCu3O(S0O4); is a candidate of new quantum spin systems, in which the edge-shared tetrahedral (EST) spin
clusters consisting of Cu*" are connected by weak intercluster couplings forming a one-dimensional array (Fig. 1(a)).
Comprehensive experimental studies by magnetic susceptibility, magnetization, heat capacity, and inelastic neutron
scattering measurements reveal the presence of an effective S = 1 Haldane state below 7 = 4 K. Rigorous theoretical
studies provide an insight into the magnetic state of K2CusO(SOa4)s: an EST cluster makes a triplet in the ground state
and a one-dimensional chain of the EST induces a cluster-based Haldane state (Fig 1(b)).

Atlasovite KCusAIBiO4(SO4)sCl is a first candidate of a square kagome lattice spin-1/2 antiferromagnet (Fig. 2). The
USR measurement shows no long-range ordering down to 58 mK, roughly three orders of magnitude lower than the
nearest neighbor interactions. The INS spectrum exhibits a streak-like gapless excitation and flat dispersionless
excitation, consistent with powder-averaged spinon excitations. Our experimental results strongly suggest the formation
of a gapless QSL in KCusAIBi104(SO4)sCl at very low temperature close to the ground state.

I will also discuss why I focused on Kamchatkan copper minerals as candidates for exotic quantum magnets.
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Fig. 1: (a) Crystal structure of K2Cu3zO(SO4)3 . The Fig. 2: Crystal structure of KCusAlBiO4(SO4)sCl.
edge-shared tetrahedral spin cluster of the Cu2?+ The square kagome lattice of the Cu2* ions (blue)
ions (blue) displayed with nearby oxygen (red) and displayed with nearby nonmagnetic ions.

sulfur (yellow) ions. (b) Schematic effective model

of cluster-based S'= 1 Haldane chain.
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Discovery of Magnetocaloric Materials by Machine Learning

Yoshihiko Takano
National Institute for Materials Science (NIMS), Tsukuba 305-0047 Japan
University of Tsukuba, Tsukuba 305-8577 Japan

The liquefaction of hydrogen gas using the magnetocaloric effect (MCE) is expected for the development of hydrogen
society to prevent the global warming. The magnitude of the magnetic entropy change (ASw) tends to peak at a
material’s magnetic ordering temperature, such as Curie temperature, and its maximum value for a AH strongly depends
on the material itself. Thus, it is highly desired to discover suitable materials showing marked MCE in the working
temperature range. However, it still remains challenging to explore and design new materials that can exhibit a
remarkable MCE. To tackle this issue, we constructed a machine learning (ML) model for predicting ASyMAX only
based on the applied field change and chemical formula of the materials. We used the gradient boosting method as
implemented in XGBoost [1] package, and optimized hyperparameters in the ML model using HyperOpt [2], and
obtained a best model that gives a mean absolute error of 1.8 (J kg-1 - K-1) for the test dataset and R2 = 0.85 as depicted
in Fig. 1. Then, we applied this ML model in conjunction with our domain expertise to filter possible candidates for
experimental verification. Through this approach, we synthesized the most promising candidate and experimentally
found that HoB; exhibits ASuMAX of 40 J kg-1 K-1 (0.35 J cm-3 K-1) for a field change of 5 T [3], to our knowledge the
highest value among all known bulk second-order phase transition solid magnets in this temperature range as shown in
Fig. 2. Therefore, the discovered material HoB, would to be highly suitable for liquefaction of hydrogen gas.
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Fig. 1 ML model for prediction Fig. 2 Comparison of AS of HoBz with current known
of magnetocaloric materials. magnetocaloric materials between 4.2 to 77 K
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Search for new superconductors

using bulk combinatorial chemistry method

Akira lyo
National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba 305-8568, Japan

Effective methodologies for developing innovative, high-performance materials are essential for sustaining materials
research in Japan, where the human resources are shrinking. We have been testing whether new superconductors (SCs)
can be discovered efficiently using the concept of combinatorial chemistry (CC) ¢, which has a successful history in the
field of drug discovery. Keys to the success of CC are the simultaneous synthesis of many compounds and high-
throughput screening to extract substances with the desired function.

Figure 1 shows the protocol for searching for new SCs by the CC method (called the bulk combinatorial (BC) method
because bulk samples are used). A sample consisting of many compounds is prepared by heating a pellet with randomly
selected elements for a short period of time (the simultaneous synthesis of many compounds). Because of the huge
diamagnetic response associated with the superconducting transition, even a small fraction (~0.01%) of new SCs
accidentally formed in the pellet can be detected by a high-sensitive magnetometer (high-throughput screening).

Figure 2 shows the examples of SCs discovered by the BC method 2. SCs with various structure types were found.
Some SCs would not have been synthesized without the BC method. Unexpected discoveries are another advantage of
the BC method. Through this study, we are convinced that the BC method is a very efficient method to find new SCs.

We believe that the BC method can be applied not only to SCs but also to other functional materials. It is then important
to find high-throughput screenings suitable for the material's properties. Furthermore, the BC method has the potential to
grow into an even more powerful method by combining materials informatics to determine more promising starting
elements and sample preparation conditions etc.
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Intercalation compounds of 1D-structured transition metal trichalcogenides

M. Fujioka
(Hokkaido University)

In general, intercalation into two-dimensional (2D) materials is well known to induce lattice expansion. However, in
the case of one-dimensional (1D) materials, the effect of intercalation on the structure and physical properties is not
understood comprehensively. Transition metal trichalcogenides (TMTs) are typical 1D materials and comprise 1D
trigonal prismatic units surrounded by van der Waals gap. This three-dimensionally spread van der Waals gap can
accommodate three equivalents or more guest ions, although the capacity of 2D material is only one equivalent in
general. Based on such a high ion accommodating capacity, 1D materials are expected to show various functionality.
However, the detailed crystal structure of 1D materials after intercalation has not been experimentally revealed because
it is challenging to intercalate guest ions into 1D materials while maintaining high crystallinity.

In this study, Ag ions were intercalated into ZrTes, which is @ member of the TMT family with a 1D structure, via a
proton-driven ion introduction (PDII)(Fig. 1): solid-state intercalation process”. The change in crystal structure and
physical properties according to Ag concentration were clarified for the first in our study. Here, six essential novel
findings of TMT intercalation compounds are listed below.

® 1D trigonal prismatic structure in ZrTes changed to 1D octahedral structure via Ag intercalation using PDII.
During the structural transition, the long-range order of crystals was disrupted, despite the retention of the 1D
order. This unique state was referred to as a “quasi-amorphous phase” in this study.

® The formation of the quasi-amorphous phase affords a reasonable explanation for the previously reported
contradiction that the crystal structure did not change in the initial stage of intercalation into TMTs?.

® The quasi amorphous phase shows the homogeneous Ag concentration in the macroscopic region via SEM-EDS
measurements but inhomogeneous Ag concentration in the nanoscale region via STEM-EDS measurements. DFT
calculations indicated that the origin of the nanoscale Ag inhomogeneity is the attractive interaction between Ag
ions.

® In the quasi-amorphous phase, the electric properties changed continuously from superconductivity to
semiconductivity according to the Ag concentration. In particular, the highest T, (6.3 K) and B, (12 T) were
obtained in AgosZrTes among TMT intercalation compounds. The nanoscale Ag inhomogeneity explains the
enhancement of Bc, and the coexistence of both CDW and bulk superconductivity reported so far®.

® Due to the attraction between Ag ions, the activation energy for pair diffusion of Ag ions is much lower than that
for single diffusion. The former is less than 0.05 eV along the b-axis. This material should show anisotropic fast
Ag ion diffusion.

® Judging the attraction or repulsion between guest ions in TMTs would — Anode
predict whether to induce a quasi-amorphous phase or simple lattice Hydrogen Corona
expansion like 2D materials. A current overview of TMT intercalation (H,) discharge

compounds was presented based on this interaction between guest ions. & l D U proton (H)
The quasi-amorphous phase with the 1D order is the state of matter based } @ y
on a novel concept. It has the potential to open a pathway to achieve high Electrom lon souce
functionality, such as fast ion diffusivity for low activation energy, a low f
thermal conductivity derived from the phonon scattering in a " T
quasi-amorphous state, and high controllability of the electric carrier density *-:S’ 3808 Host material

based on the high guest-ion accommodation capacity.
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Figure 1. Schematic of PDII.
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Layered ruthenium and iridium oxyfluoride thin films fabricated via
topochemical fluorination

A. Chikamatsu® and T. Hasegawa?
!Department of Chemistry, Faculty of Science, Ochanomizu University, Tokyo 112-8610, Japan
2Department of Chemistry, The University of Tokyo, Tokyo 113-0033, Japan

Layered ruthenium and iridium oxyfluorides have various crystal structures and oxidation states and exhibit unique
physical properties. We fabricated phase-pure and single-crystalline thin films of Sr,RuOsF,;, Ca;RuO2sF,, and
SralrO25F3 via topochemical fluorination of Sr,RuQs, CazRuOs, and SralrOs using polyvinylidene fluoride and
investigated their structures, electronic states, and electron transport properties [1-4]. All the fluorinated films exhibited
a largely expanded c-axis than the precursors, indicating that fluorine ions are preferentially inserted into the SrO or
CaO rocksalt blocks in the perovskite structures and that the oxygen atoms in the precursor oxides were partially
removed upon fluorination. The X-ray photoemission spectroscopy, transmission electron microscope, and density
functional theory revealed that Sr,RuOsF; is a Mott insulator with Ru“* states and has two inequivalent F- sites in the
SrO layers [1,2]. On the other hand, Ca;RuO2sF, thin films had the Ru3* state and only one F- site in the CaO rock-salt
blocks [3]. This discrepancy is probably due to the larger lattice distortion in the Ca2RuQ4 precursor than Sr.RuO.. Both
Sr,RuO3F; and CazRuO;sF; films were insulating, with resistivity (p) of 4.1 x 10 Q cm and 8.6 x 102 Q c¢m at 300 K,
respectively [1,3]. Moreover, the temperature behavior of p of Ca,RuO;sF, thin film was well described by the
two-dimensional variable range hopping model [3]. Optical and photoemission measurements of Sr2lrO2sF3 thin films
revealed that the effective total angular momentum Jer = 3/2 is stabilized upon fluorination owing to the large
electronegativity of fluorine [4]. The SralrO2sF3; film exhibited a semiconducting behavior described by
Efros-Shklovskii variable-range hopping [4]. These results will be useful for modifying electronic states by anion
doping to explore unprecedented physical properties in Ruddlesden-Popper-type oxides.
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Expectation to Magnetic of Electrical Motor, Power Electronics in
Electrical Vehicle

Keisuke Fujisaki
(Toyota Technological Institute)

Commercial use of electrical vehicle is now expanded year by year for the reduction of environmental impact . The
electrical vehicle is driven by electrical motor drive system with an electrical motor and a power electronics technology
2, The electrical motor is driven by magnetic force ®. So the soft magnetic material is used as a motor core to obtain
high magnetic flux density, and the hard magnetic material is used as magnetic field of the rotor 4.

NO (Non-oriented) silicon steel is mainly used as motor core due to good cost performance. However, to reduce the
iron loss, lower iron loss material is commercially used as GO (Grain-oriented) steel, amorphous material and
nano-crystal steel. They have a good magnetic performance as low iron loss and high magnetic permeability. When they
are applied to the motor core and tribally manufactured, core loss reduction is measured 7. Cost reduction is one of the
main problems to be realized.

When the inverter excites the magnetic material for the motor drive system, the iron loss usually increases due to the
carrier frequency and modulation index characteristics ®. Ringing phenomena is observed in GaN-FET inverter
excitation because high rising up voltage of fast switching operation makes a resonance with the load. So the ringing
iron loss increases in high carrier frequency operation 9.

The power electronics circuit needs an inductor with soft magnetic material. So the magnetic material for high
frequency operation is now a bottleneck technology to realize the power electronics realization

About 30 years old or so, high frequency magnetic material technology was more advanced than power electronics
technology *%. More than 1 MHz magnetic material and the device were researched and trail manufactured, though high
frequency power device such as MOS-FET was under developing. However, since high frequency devices such as
IGBT or GaN, SiC devices are researched and in practical use, air core is used as an inductor device or low frequency
operation is used.

Ferrite is expected to be for high frequency, but it has small magnetic saturation or is weak for high temperature such as
100 degree or so. Metal powder with magnetization characteristics is developed, but it has small magnetic permeability
due to demagnetization characteristics. Magnetic metal sheet with small thickness is expected due to high magnetic
permeability. High density of power semiconductor and control one is advances now, so most of the components of the
power electronics circuit are often shown to be the magnetic material ®.

Magnetics are important technology for the realization of power electronics society and EV society.
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Magnetic domain structure and magnetic properties
of soft magnetic materials

M. Takezawa
Faculty of Engineering, Kyushu Institute of Technology, Kitakyushu 804-8550, Japan

Low-loss soft magnetic materials are used for transformers and motors as magnetic core materials. Because the higher
the operational frequency enables miniaturization of the devices, recently, it has become necessary to reduce the loss of
soft magnetic materials at high frequencies. For this reason, various soft magnetic materials have been proposed, including
amorphous and nanocrystalline materials and molded cores using their magnetic powders">.

The magnetic properties of these magnetic materials largely depend on the magnetic domain structure®-®. Therefore, it is
important to observe the magnetic domain structure of magnetic materials to improve the performance of magnetic
materials and devices. We have observed magnetic domains of various soft magnetic materials using magnetic Kerr effect
microscopy®-'?). In this paper, we report on the relationship between magnetic domain structure and magnetic properties
of soft magnetic materials.

Figure 1 shows an example of magnetic domain observation of an oriented Si-Fe sheet used for a transformer. The dark
and bright domains in this figure have magnetizations pointing upward and downward, respectively. Fig. 1(a) shows a
stripe-shaped magnetic domain pattern parallel to the rolling direction. A motion of 180° domain walls was observed
when a magnetic field along the rolling direction was applied. On the other hand, Fig. 1(b) shows the magnetic domain
configuration of a Si-Fe sheet with a 50 pm x 50 pm square scratch on the sheet surface. It can be seen that magnetic wall
motion was pinned at the edge of the scratch, as shown in the figure. It was found through the result that scratches on the
surface of the magnetic material suppress magnetic wall motion and cause increased iron losses.

In order to reduce eddy current losses in soft magnetic materials at high frequencies, decreasing the thickness of the sheet
is useful. However, it is known that the ratio of the measured value to the classical theoretical value of eddy current loss
increases when the sheet thickness decreases below 0.20 mm in non-oriented electrical steel sheets due to changes in the
magnetic domain structure'®. Figure 2 shows the domain structure of 0.35- and 0.15-mm-thick non-oriented Si-Fe sheet
at a remanent state. Chemical etching was used for thinning the sheet from the underside to observe the same spot before
and after thinning. Stripe domain configuration running parallel to the rolling direction was observed at the thick sheet of
0.35 mm. It was observed that the domain pattern changed to the stripe domain configuration along the transverse
direction when the sheet thickness decreased to 0.15 mm, as shown in Fig. 2(b). The stripe domain observed at a small
thickness of 0.15 mm is part of the closure domain structure created by the normal magnetization component to the surface.
When the magnetization component inclines from the normal direction, the in-plane magnetic field causes the wall motion
inside the sheet, which causes a large eddy current loss.

Figure 3 shows the magnetic domain configuration for 6.5% Si-Fe powders. Figs. 3(b) and 3(c) show enlarged images of
a part of Fig. 3(a). Pinning of the magnetic wall occurred in the area circled in red, as shown in Fig. 3(b). When the applied
magnetic field was increased, the magnetic wall moved, and depinning occurred, as shown in Fig. 3(c). The composition
was examined at the locations of the pinning sites by SEM-EDX. At the pinning sites, Mn and S were detected in addition

Magnetization@ 100 pm 1 Rolling direction

o d

100 pm IH Rolling direction

Fig. 1 Magnetic domains of an oriented Si-Fe electrical sheet. Fig. 2 Magnetic domains of a non-oriented Si-Fe electrical sheet.
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Fig. 3 Magnetic domains of 6.5% Si-Fe powders.
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to Fe and Si. It was found that Mn-S included in the magnetic powder causes pinning of the magnetic domain wall.

In concluding, we have described that scratches, impurities, and changes in sheet thickness affect the magnetic domain
structure of soft magnetic materials and cause an increase in their iron loss. In the future, it is expected that magnetic
domain observation of various soft magnetic materials, such as nanocrystalline materials, will be further developed to
achieve higher efficiency and lower loss in electric devices.
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Basics of Power Electronics

Nobukazu Hoshi
(Tokyo University of Science)

Power electronics is a technology that integrates mainly three fields which are devices, circuits, and control
technologies. In power electronics technology, input power is converted to the output power form, which is expected by
the load, by turning semiconductor switches on and off. The size, voltage, and capacity of power electronic applications
are wide-ranging from large devices such as high voltage DC power transmission and frequency converters to small
devices such as point-of-load (POL) converters mounted on a motherboard in a personal computer. The basic principle
remains the same in any application, and power conversion is performed by turning the semiconductor switch on and
off. Table 1 shows the types of power conversion circuits and typical examples of each circuit. Although the switch is
schematically drawn in the figure, diodes, IGBTs (insulated gate bipolar transistors), and MOSFETs
(metal-oxide-semiconductor field-effect transistors) are used in single or in combination.

The desired output is obtained in each circuit by controlling the switching period, duty ratio, and phase of switches.
In addition, the switching period tends to be shorter, i.e., the switching frequency tends to be higher to reduce the size of
the device and improve the quality of the output waveform.

Reference
1) Kawamura, et.al, “Introduction to Power Electronics (Revised Edition)”, Corona Publishing Co. Ltd., (2022).

Table 1: Types of power conversion circuits and their typical examples.
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Magnetic properties expected of soft magnetic materials by motor designers

M. Hazeyama
(Advanced Technology R&D Center, Mitsubishi Electric Corporation, Amagasaki 661-8661, Japan)

Against the background of acceleration of worldwide decarbonization, it is predicted that there will be an acceleration
of electrification, mainly in the automobile and aircraft fields in the future[1], and motors are attracting attention as a
key part of this electrification. On the other hand, in terms of electric power demand across all industries in Japan,
motors currently account for half of the total demand [2].

There are two main types of motors: induction motors(IM) and permanent magnet(PM) motors. The former is mainly
driven at commercial frequencies (50 Hz and 60 Hz), while the latter is mainly driven by inverters capable of variable
speed driving, and this is attracting attention as a motor for electrification. Therefore, it is necessary to consider the
efficiency improvements in the motor based on the type and driving method of the motor. Therefore, in this lecture, we
summarize the causes of motor loss according to the type of motor and the driving method and describe expectations for
soft magnetic materials for each of the motor types.

Firstly, a schematic diagram of the loss breakdown of a commercial frequency-driven IM and an inverter-driven PM
motor is shown in Figure 1. Figure 1 demonstrates the percentage of the total loss at 100 %. In the induction machine,
primary copper loss mainly occurs in the stator conductor and secondary copper loss mainly occurs in the rotor
conductor. In addition, the harmonic component of iron loss is also relatively high in inverter drives. Therefore, a
different approach is required to improve the efficiency of each motor. Figure 2 shows the relationship between the
magnetic properties of each motor ({ 1>B50) and the iron loss (W10/400). The overall demand for soft magnetic
materials is high magnetic flux density and low iron loss.. However, as copper loss is the main cause of loss in
commercial induction machines, the motor current can be reduced by increasing the magnetic flux density. In the case
of permanent magnet motors for electrification, however, this is mainly iron loss, so materials that reduce iron loss are
required.

Reference
1) J.Inst.Elect.Engnr.Jpn Vol.142, No.5, pp.284-287, 2022(Japanese)
2) Nikkei Electronics, Vol.1055, pp.34-41, 2011(Japanese)
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Recent trend in soft magnetic material for power electronics

I. Nakahata!, K. Mori 2and H. Matsumoto?
! Materials Research Center, TDK Corporation, Narita 286-8588, Japan
2 Magnetics business group, TDK Corporation, Narita 286-8588, Japan

Magnetic materials are roughly classified into both metallic magnetic materials and oxide magnetic materials by their
composition. In addition, magnetic materials are also classified into both soft magnetic materials showing the smaller
coercive force (Hc) and hard magnetic materials showing the large Hc in their magnetic properties.

Ferrite materials are well known as typical oxide magnetic materials. Since OP magnet and CuZzn ferrite core were
invented by Kato and Takei in 1930’s, various kinds of hard/soft ferrites have been developed and used in many
applications.

Generally, as shown in Fig. 1, ferrite materials show the low saturation magnetic flux density compared to the silicon
steel such as metallic soft magnetic materials. However, ferrite materials with a higher electrical resistivity exhibit the
excellent magnetic characteristics in high frequency. From the above reason, soft ferrites have been widely used as the
core of inductor and transformer for high frequency application, and new materials are continuously being developed to
contribute for the advancement of the power electronics.

Mnzn ferrites and NiCuZn ferrites are known as representative materials of soft ferrite.

However, suitable applications are different because these ferrites show different magnetic characteristics. For example,
as shown in figure 2, appropriate operating frequency range for each ferrite is differed by their permeability range. In
addition, even for only MnZn ferrite, there are various materials with different features such as the temperature
dependency and the high frequency characteristic. Therefore, it is important to choose suitable materials for applications
considering magnetic characteristics of each magnetic materials.

On the other hand, power electronics have been required to handle increasingly large power with small volume in recent
years. Thereby, metallic soft magnetic materials with a high saturation magnetic flux density are attracting attention,
and the material development of that is being actively advanced.

In the presentation, recent topics of the development of ferrite materials and metallic soft magnetic materials for power
electronics will be reported.
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1) T. Hiraga: Ferrite (in Japanese), p.89 (Maruzen, Tokyo,1986)
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Faraday effect of CoFe.O4-fluoride nanogranular films
Nobukiyo Kobayashi, Tadayoshi lwasa, Kenji Iked, Ken-Ichi Arai
(Research Institute for Electromagnetic Material, DENJIKEN)
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1) N. Kobayashi, K. Ikeda, Bo Gu, S. Takahashi, H. Masumoto, and S. Maekawa, Scientific Reports, 8, 4978 (2018)
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Fabrication of isotropic Co-MgF. granular films and their magneto-optical properties.
M. Miyamoto, T. Kubo, S. Sue, M. Sonehara, T. Sato
(*Citizen Finedevice Co.,Ltd., Shinshu University)
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1) M. Miyamoto, T. Kubo, Y. Fujishiro, K. Shiota, M. Sonehara and T. Sato: IEEE Trans. Magn., 54, 11, #2501205,
2018.
2) Y. Shimada: IEEJ Journal, 4, 2, pp.93-100, 2009.
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AC magnetic susceptibility of superparamagnetic Co-Pt nanoparticles synthesized
in Pyrococcus furiosus virus-like particle crystal
Kakeru Tagata!, Daisuke Kanda!, Naoto Kobayashi!, Satoshi Ichikawa?, Noriaki Kishida',
Akifumi Higashiura3, Ryoichi Nakatani!*®, Atsushi Nakagawa®, and Yu Shiratsuchi!*5
(1 Grad. Sch. Eng., Osaka Univ. 2 UHVEM, Osaka Univ. 3 Grad. Sch. Med., Hiroshima Univ. 4 CSRN,
Osaka Univ. 5 OTRI, Osaka Univ., 6. Institute for Protein Research, Osaka Univ.)
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[1] M. Taniguchi, K. Tagata, Y. Shiratsuchi er al, J. Phys. Chem. Solid, accepted.
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Study on High-frequency Magnetic Properties of Amorphous Fe-B Chain Particles
K. Murata, T. Miyazaki, H. Aoki, H. Masumoto, Y. Endo (Tohoku Univ.)
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FIG. 1. Frequency dependence of complex
permeability for amorphous Fe-B particle
composites. Solid lines and dotted lines
represent the results of Fe-B chain particles
and those of Fe-B spherical particles,
respectively.
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SZX#k 1) KM et al., T. Magn. Soc. Jpn, (Special Issues), 5, 1 (2021)., 2) D.A.G. Bruggeman, Annalen der Physik.,

416, 636 (1935).
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Thickness Dependence of High-frequency Magnetic Properties for Fe-Ga-C films with Fine Crystalline

06aB - 5

Shogo Muramatsu, Takamichi Miyazaki, Yasushi Endo (Tohoku Univ.)
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BEXHK 1) =S, ~ 72T 1 v 7 AFFREERE, MAG-20-111 (2020)., 2) JIIZ#Z 5, T. Magn. Soc. Jpn,
(Special Issues), 3, 34-38 (2019).
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FIG. 1. Change in coercivity (H.), saturation magnetostricion (4s), and effective damping constant (a.sr) of Fe-Ga-C
film with film thickness.
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(KRB 1 RBRR: CSRN2, 7 /boN 7 i B 2)
Evaluation of transfer entropy and its relaxation time for skyrmions
H.Mori', M.Goto'?, R.Ishikawa®, S.Miki', H. Nomura'?, Y.Suzuki'?
(Osaka Univ.!, CSRN-Osaka?, ULVAC, Inc.?)
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DODAXNIA L DT T 7 EEBOKE N OBEIT Y h o B— & Z ORI 2 350 L7,
R 7 K

W T NAEEIL SiO, AR |Ta (5.0 nm)|CoisFessBao (1.26 nm)|Ta (0.23
nm)[MgO (1.5 nm)[Si0> 3.0nm) TH 5, E HLITIEFED/NZ — 2 T Si0,
(0.5 nm) % ENFIET 5 & | S5 — L O A XL S A L8 Cidw B
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Fig.2, The transfer entropy between skyrmion A and

L BN skyrmion B

1) T.Schreiber, Phys. Rev. Lett. 85,461 (2000)  2) Y. Jibiki et al., Appl. Phys. Lett. 117, 082402 (2020)
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ERIERIC L A ZAX LI F 0 O L EROHIHE

AR, TRIERE*, BPADE*. SRARZE R
(T 7 B, *BOREHE T, *BX CSRN)
Control of distribution and motion of skyrmions by sloped electric field

R. Ishikawa, *M. Goto, *H. Nomura, *Y. Suzuki
(ULVAC Inc., *Osaka Univ., *CSRN-Osaka)

HRES

A X)L AT MR T DB IR E SN IR TH Y | EERTICLEITFEET D 1D, AF LI 40T
WAHROERMBAE L L TCOIHBIHFINTEY, AFAIAVEZRHALEZL—ZA NI v 7 2] 99°n Y
v 7 OP|EIN TS, ZNHDOHAEEFINC, AXAIAURERTCTT 7o v EBT 25 2R A L
TR ESCE ANV X —FHE E Vo I H B IESN TV D, Frox O TV —7 ClIfMsFiEE A%
NI F VB FBEOMBIZH UIAD DRI 907 T 0 L EB ¢ 2 A5V I 4 OB EERZRI AL
e T—F— b~ b RET 6>7332:Zf NETICHBLTE, 79V VEIBT LAV IA U ZHAL
THBERICB W T, HFROANEIIT A XL I 40 DIEF Z A SHEIET 5 HIENLETH D, AFZE
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HELEED T LETAFNI A EIED O HIET D FiEE2 EZRICHRG Lz,

EEBRAE

ARy 2 ZYEIZ Y Ta/CoFeB/Ta/MgO/SiOy #£5  ERL L7z, T OHAIZTEMT Si0, & 50 nm i L,
%@LK%@%ﬁﬁLﬁngl;?ﬁii;$Wi1%mn@thuEk2mn®§%RuEﬂ%ﬁéoﬁ
Wﬁﬁm%ﬁ%m#k%\_o®*W% FXEMENAELTTWD, ZOBEBMAEIZEY | R LIZERBTEK
ENB D, 2 OOBEMBENCEILZ T 7215 2nm O Ru EBRE | O RS E % R t%ﬁ—ﬂ&ﬂﬁmmﬁﬁﬁ
IR VBTS2 LT, BRER FIZBIT 2GR LOA XV I A O L EEHIZ OV TI~ T,

EERER

Fig. 2 (3 A F /LI A4 OiEH) 2 MOKE BMEEIC K VB L7 Th 5, Fig. 2()iXEEEZ T HETOB TH
. ZAFAIFNTEFCHML TN D, Flg 2(b). @B LO@IFZENZEIL, 7 FINEMENZ+55V OE
JEZDTTHH 058, 15SBBLOS0BEBROBTHD, AF/II A ONHMITHRA2 AR TV E,
5.0 BRIITBIEMAITFNIC AT L I A NRUIIETFELRLS 2o TS, ZHUT, B LZEEIC L mEMER
iﬁ@@@ﬂ%ﬁﬁéﬂé LT, AXNAIAUNEE L TFET DN LT 5 L RIFFC, MERA R

FHOEFNZIR > TAXAI LN T TV ENNCLVBEH L TNEDTHD EBELLND, *F@W@
%@@ﬁzéﬁﬁ R E O CHER Y HITE T 5,

AWFFEI%. JSPS BHFE 20H05666, K& N JST. CREST, JPMICR20C1 OBk %3272 6 D THh 5,

L Z DN

1) T H.R. Skyrme, Nucl. Phys. 31, 556 (1962) 2) U. K. RoBler, et al., Nature 442, 797 (2006)

3)  A. Fert, et al.,, Nat. Nanotechnol. 8(3), 152 (2013). 4) X. Zhang, et al., Sci. Rep. 5, 9400 (2015).

5) Y. lJibiki, et al., Appl. Phys. Lett. 117, 082402 (2020) 6) R.Ishikawa, ef al.,, Appl. Phys. Lett. 119, 072402 (2021)
7)  H.Kakizakai et al., Jpn. J. Appl. Phys. 56 050305 (2017)

(a) Cross sectional view (b) Top view
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(c) Optical microscope image
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(nm) Substrate
Fig. 2 MOKE

Fig. 1(a) Cross sectional view and (b) top view of sample (@)0V or (b)~(d) +5.5V ‘
configuration (c) Optical microscope image of the sample (b), (c) and (d) show MOKE images 0.5 s, 1.5 s and 5.0 s after

applying +5.5 V respectively.
Observed region is indicated by dashed square in Fig. 1(c).
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Micromagnetic simulation of the conservative-join circuit

operated by the Brownian motion of skyrmions
S. Miki, R. Ishikawa*, E. Tamura, H. Nomura, M. Goto, Y. Suzuki
(Osaka Univ., CSRN-Osaka, *ULVAC, Inc.)

[EFLHIC
LM C R BT 2R AT A I A I PR e P H VIR ERAE UAEE TR LTS D EV, Bt
XTI F L), BGRENR O THENTE D 2 LB RER A T Y MR R E OIS AR ST
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EHWET =T URIEBOEBICHTC, v M7 e~ I X T 4 v 7 v alb—v a3 &b Coin Bl
OENVMEMRE B ET 5,

YEalb—Yavhk

Uz b—ya U FER (B00K) AEGE L TITH, MREFMET L —EEEZ L - THE L= R Iz
AFNIAEALIAD 2, BIEPINS R R LT —2 (R b)) ZEALTAFALIAOETE 2
Y ha—9 5%, Fig. 1), N ERDAX NI AU EFHESE D 72O M NEREICE W= R VX —R T > b &
BREL, SHICAF NV IAVICE S KBEHAEERZRES LIS AT A IAURBHTEL LA
TRy hOTZ R X —ZFET D,

YZal—YaliER

Fig. 1(b)IX 130 ns FRiAZ DV I 2 L —v a VIR TH D, ANEH D 2 DDOAX VI AL NT T 7 ViEENC
FOERARRB L%, XX —Rry MBS, AAXAI A UPIEET 5, ZO®%RHKEL WD 2
DDAXNVIFUNANAFRNI A EORFHEFERZLY 23V —R 7y bbb HIND, BHS
Niet, ANAZIAVIF L ZEERINC IV EEL, BIREZIELET 5, £/, ALWAZFAIF N1 20
LA TIIBHEERN NS WD, FEL TV A LI T UIIRE SN2V L2/l LT, RARE
TIEFERICBIT D, KREFEFERT HEDICHNERBEREMIONT biEm T D, AT ST 1
v 7. JSPS BHufE 20H05666.,
O} JST, CREST. JPMJCR20C1
DR EZ T b DTH D,

&R

(a) 0ns (b) 130 ns

0.5
1) J. Lee, and F. Peper, ACRI, E g 0 s
Ascoli Piceno (2010) = - N

2) Y. Jibiki, S. Miki, et al. Appl.

Phys. Lett. 117, 082402 2856 128 0 128 256 2856 128 0 128 256
(2020) x [nm] x [nm]

3) S.Miki, et al. JSAP Spring
meeting, Kanagawa (2022).

Fig. 1 Simulating condition and simulation results. (a) circuit
design of C-join. Deep blue region shows the circuit to confine the
skyrmions. (b) simulation results.



06aB -9 5546 AR F 2 AR 2R (2022)

=2 E B JH



06pB - 1 2546 O] AARLERTENEFEZEAE (2022)

i M E TR MEAR 22 PV N T2 U RIS & 0D e ]
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Voltage control of magnetic interlayer coupling using insulating ferromagnets
Atsushi Hidaka!, and Hideto Yanagihara!
(University of Tsukuba)
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B B A (EC) D E L HEH(VCIEC) X, 2N FE TITEE A RN 2 SN TNDH LD DR
TEMARE 72 RIS > TV 1], T @B D IEC 23 —MXAI T 208, HMafgMEimper:
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ZEEEZTWD, CFO O FEEMEIZIE, Wﬁaiﬁﬁ@%éé%ﬂﬂzét&)xtz\/wf%a_
ZH L., 7> CFO ([ZiiY) 7 E A E AT 572012 MgO (a = 4.2128) & DT AFEE D3 /NS0
HONEFE LW[3], EEMEA R WE&@ME%@&#T\ % 1ZCoV,0,(CVONZHOWTHEH L
72, CVO [THE T 65mQem THY . O EEIL 8.407 A[4]THDHZ b, Lito%k
O TiEmRE & L THIFRFTE 5, £ 2 TR TIX Fe/CFO/CVO/MgO(OOl) BUF 5 VCIEC

OREZ BIE L. IEC Ok A IRE Tl 2 3K 7=, T L koo
[528% - #53] 800} "é NEE
BUBHHE 13 P2 nm)/Fe(l nm)/CFO(30 nm)NiO(0, 5 nm)/ &, | s/ 2

CVO(50 nm)/MgO(001) & L 7=, NiO JEI% CVO Difeib #Bh <

7o OFEfEfE & L CHiA L7z, CFO, NiO, CVO Xt RF

~ XAy Z ) T Fe,PtiZ DC A8y &Y 2000

B XD 2R EAUER U7 /ER L 7RIl LT XRD IZ 05 1 -

& 2 HE R EE AT, VSM (C X DREEEF R 21T - 72, 26/g (degree)
1 12 CFO/NiO/CVO/MgO(001)IZ5%f4 % HipN J71a 0> XRD ~ Fig-! X-ray difftaction patierns of the films.

75

HRETT, M 1| SOE— 2 ORBHSHEZ D Fer | =
5. CVO, CFO 1T TR -IRY EHAAL, WO | el

TFHERA MgO %*ﬁ RSN TS Z LA RRENS, [2 | |l=rone

(CRFEID M-H B 2R, ZORENS ., RSB S 0

CFO HiJg L [FIERIC PMA Z/x 9 2 L3300 NiO/CVO ffA /

\ZfE D CFO DRERFFENDRBIT/NS W Z LSRR TE D,

HUCHT IEC OREASRETHIT VA ERE R o0 T e T

Wb, ol (T)
EE3a) Fig.2 Magnetic hysteresis loops.

[1] D. Zhang, et.al., Nano. Lett. 22, 622-629 (2022) [2] H. Koizumi et.al., AIP Adv. 10, 015108 (2020)
[3] A. Kismarahardja, et al., Phys. Rev. Lett. 106, 056602 (2011)
[4] S. Mesoraca, et.al., J. Phys.:Condens. Matter. 30, 015804 (2018)
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Fabrication of Fe/NiO(001) thin films for voltage-controlled magnetic anisotropy measurements.
J. Shimayama, A. Hidaka, and H. Yanagihara
(Univ. of Tsukuba)
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Fig.2 Magnetic hysteresis loop of
L Z DG multilayer sample.

[1] T. Maruyama, et al., Nat. Nanotechnol., 4, 158 (2009).
[2] W. Skowronski, et al., Appl. Phys. Exp., 8, 053003 (2015).
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KRBUWEIZ K D CoPd & HBIRDOBESRFFEEH
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(AR HEMR)
Modulation of magnetic properties of CoPd alloy thin films by hydrogen absorption
Yuji Kono', Takayuki Kojima®, Toshio Miyamachi', Masaki Mizuguchi'
(Nagoya Univ.', Shinshu Univ.")
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KOBAL L E AW KFEE P —0BREEZ AR E LT, CoPd A&iEliEE FH ., T DKEWE
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[1] Jaw-Yeu Liang et al., Appl. Phys. Lett., 111, 023503 (2017).
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MgO/CoFe/Pt fEfBIE DB T L 2 vy T EED
BVLERZ X B AL

ANPEIEL, RIS, RS KR
(F T ER)
Effect of annealing on magnetic anisotropy and damping constant of MgO/CoFe/Pt trilayer films
Y. Konishi, T. Kato, D. Oshima
(Nagoya Univ.)
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1) W. Wang, et al., Nat. Mater. 11, 64 (2012). )
MgO/CogoFeao/Pt trilayer films

2) R. Matsumoto, et al., Appl. Phys. Express 12, 053003 (2019).
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Magnetization dynamics of FeCo/Cu/GdFeCo trilayers triggered by ultrashort pulse laser
K. Seguchi, D. Oshima, T. Kato
(Nagoya Univ.)
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T BEHOBHES A+ A, SOV AN S00 s OSE L

AT 7 AN —HF & O B SRR Kerr %D R _;-;
(TRMOKE) ZX W #H L7=. probe Yl GdFeCo M5l £ FeCo/Cu(80)/GdFeCo

5, pump JEITZ O H AL (B pump) L, GdFeCo fii& <

Dk AATEB R, RIER &2~

SEERIER 0 200 400
Fig. 1 {& FeCo / Cu (80) / GdFeCo, 33 L O* Cu (80) / GdFeCo Delay time ¢ (ps)

DOEE pump @ TRMOKE OFERTH 5. FIUIME S IIMERR
D5 O=15 D IFANZ Hee=5k0e ZFIN L 7=, pump D 3D
—%, 44mlJ/lem?> & L7z, Fig.1 £V, FeCo BDIFEIZLD,
GdFeCo D AEBIHRIE N K E < 72D Z LBy d. £z, ik
FEYERE S FeCo BN 2WEA D 17 GHz 725 14 GHz 2
JEICIKF L7z, Fig.2 1%, FeCo/Cu (80, 120)/GdFeCo 3 L
Cu (80, 120) / GdFeCo {Z 2V T, EE pump © TRMOKE HI|E
D> B FLFE o 7o ik 2 s £ JER AL oD SN ES5 FIVIN A4 BE O AT
MZER LTS, 7238, He=5kO0e, pump J&i& 1.5 ml/em? T

Fig. 1 TRMOKE waveforms of FeCo /
Cu(80) / GdFeCo and Cu(80) / GdFeCo.

125
o Cu(80)/GdFeCo

® e _ Cu(120)GdFeCo

[ ]
o O
110 | ° l‘/'

Angular frequency w (Grad/s)

®»7%. Cu/GdFeCo Tldeh DML & HIT, oM HFJHD L, ’ °** ®e ! $
BER T M & RS & 3 DMK BTENFEL TND 2 En 95 | '\ FeCo/Cu(80)/GdFeCo  §
3b. —J5, FeCo/Cu/GdFeCo =@ TIX, 6~ 307128\ FeCo/Cu(120)/GdFeCo

T, oM K& Lo, ZO/RAIE Cu BESHEWGEIZEY

BE LD, ZORKE LT, BE VAN THEI N 800 26 4‘0 -

FeCo D& E@h» HA Uz A ¥ iiA GdFeCo JBIZIEA &
NIZZ LIZE DV EC AR P EZEND.
B R Fig. 2 External field angle 61 dependence

of the precession angular frequency @ of
the GdFeCo layer.

External field angle 6, (deg)

1) T. Kampfrath et al., Nat. Nanotech. 8, 256 (2013).
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L1lo-FePt i lIZ 31T Db & A 7 I 7 2 DR AR A7

e A &KL, 85K —F 1 Ruma Mandal'?, & 1E &k, & A 1!
(1 1A, 2WPI-AIMR)
Temperature dependence of magnetization dynamics in L1o-FePt thin film
Y. Sasaki?, I. Suzuki!, R. Mandal*?, S. Kasai?, Y. K. Takahashi*
(*NIMS, 2WPI-AIMR)

[FLHIZ

N—RF A7 KZ A 7 (Hard-Disk-Drive : HDD){3#iir = X | « Gk AR EOB AN LT —F L ¥ —
IZBITDAAL AN L= LTHRASTW S, @il « R EEEXS Societys.0 DFEBUZHT= 0 57—
?ﬁ%%®é%&éﬁkﬁﬁﬁiﬂét%FDD@ﬁﬁ&f@ﬁiﬂ*@%ﬂfwé¢h%mm,%w
FERR R T A2 AT 5728, HDD OREEE ) EIC MIE A BERGGRERBE AR EL & U CHIFSE - BHES 3 HE S
LI TWND.[L2] —FAT, MmO E S D0 Lm%mmui5@Mﬁ%ﬁm%@%5:&#
5, BT o A MR GEER )T 2 (Heat assisted magnetic recording : HAMR) % FlV /2 AL SCER 2 BT & AL T
L. L LR s, @IRMEEEORUMLZ A F 2 7 2T 2 FEBRIFRIZIZE A LR L, FRcx v
T EBOEERFMEII N E THRE SN T\ oo, £ 2 TRIFETIE, 26 FMTEE RV T
L1o-FePt VEEIZ 31T D BML A A T X 7 ADIRERFEZ T~

EBAE

MgO(00)Eati Fic~ 7 % b 23w Z ik AW TRl A VERL U 7=, SRS Al 1 B 2
FePt(30)/C(5) (B HAAL nm) T 5. JEAIMEEEE % 400°C & L T FePt JE & aliEE L 7. ff%if&o“%%ﬁur“
XRD, 5L SQUID-VSM % W TENEHaEil L7z, Bk & A I 7 ZOWPEITIT I FRIR
7 7 —7HEIC XD B RSy e (TRMOKE) 2 VW 7=, SEJRIC IE A% & 1030 nm, ,%;%1 R UJE
10 kHz, 7~V AlE 230 fs O YO:KGW L —H—% o, AR 7 W% 365 HZ (AL, 4T AR 7V
A5 F W2 7T T 0 —7 D 71 —BHEA Apx ZHIE L7z, ERHIZ IR IR E 7 [ 526 80°0
B COMBBES woH ZEHM U2, £/, ¥ 7 I v 7 b —F—% AW CRREH A ME L, 30BE miRE TI3E
Bkt 2 W CEHRI L 7=,

ERHRS L USE @ |

4 1(a), 1(b)ICARFR I T=530 K & L7=F%0 TRMOKE > 6.;“‘ 1o |
B RALE S 7 L DRIBIR A~y L TR 3 AT
R LT, WO woH (280 T bR EY 7L 278 < 2" =
HTETWD. K 1Q@)DFEBRFE R A M5 &, FFIZ uoH= 0% 10 20 30 40
70T“C IXENRIZ2 8 T TES aert 75 0.034 T o 72, BE At (ps)

ICHE STV D, Llo-FePt IZ351T 2 IR T D oerr 2% 0.05 F2 b) [ LHm ‘ ~
FETHDH70, [8] MET 2 Z & T oer DIED/NS L7125 2 El N
LSRR ST RE TS v E L 7 B OB E R < 6o !
DNTE DR E T D £ 6o \ ]

AHBFZEIE ISPS BHFE (21K 14218, 18H03787)35 L (N IDEMA I T [V

-ASRC DBk &5 1T Tt . f (GHz)
%%Kﬁﬁ 1. (a)@%ﬁfﬁ% 80° L L7-Rd
T TRMOKE #IiET — & 3 X O\(b)Bé{ bk
[1] J. Wang, et al., Acta Mater. 166, 413-423 (2019). FETFIVDEP I AR F L. AR
[2] I. Suzuki, et al., J. Magn. Magn. Mater. 500, 166418 (2020). FIIRESS woH 2284k S THRIE 21T -
[3] X. Ma, et al., Phys. Rev. B 91, 014438 (2015). 7=, X O FER TR HE R A R T
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N T GRBsE M = JE A& 1 36 1T D 2% i i oD FEFE RS

FAATEG, JIRFATR, AR, W AEE, HFHE
(HOREE)
Nonreciprocal propagation of surface acoustic waves in a tri-layer synthetic antiferromagnet
H. Matsumoto, T. Kawada, M. Ishibashi, M. Kawaguchi, and M. Hayashi
(Dept. of Phys., The Univ. of Tokyo)

FLHIC

R EPER X EARERICRAET 2IEEE— N TH Y, MFERER EIC LRIEmZ(ERL L 7-7 /31 A1
RUCEIE AT 5 2 & Chll Tx 5, RmmrER OBIER E~ER X :mt RS P A VR N~ 25 i P 98 & )
MF 2 &, BEERHEMEREGIC L0 BRI A E R S5 Y, 20X 9 R Tik, Fm kR & 2
DN T 4 I ATy T IO R R OIER R o R 02 K0 | SR M ORI A3 5 R
EBATTA TR DIFAAGIRN AT D Z ENME SN TWD, TTH., BN IRFERMEIRBRELER D Bk D
SIEREE T, BRIBKOIR A BRI X 0 R B OSBRSS R H RN BN, U E R L
7o R AR O B R 72 R AR DS s ST 5 810 RBFSE Tk, CoFeB/Ru/CoFeB 7> 6 ik 5 A TR ifish
P =BG IV TR AW OISR 2 B L. 2 OEFRIZOWTRITAICE SR LT,

ERF5 L

128° Y B v h=F T U F 7 LHAM B~ Ta/Cu(50nm)/Pt x5 725 < LAVEMZ ) 7 b4 7iEIC X » TE
BT, ZO%, BWEICEFEO/ Y — % ERIL | % Z ~ Ta/[Ru/CoFeB(5 nm)/Ru(tru)/CoFeB(5 nm)/Ru &
WOREEZ U 7 hA TR L=, BBEIIXf~ 7 R ha ARy B ) T N == TIiE 7+ Y Y
777 4 w0, X7 MRy NU—I T I AFIC K DEEATHIRIED S, 5 REF#HE TH S 2.3 GHz
DFE MR A S NEMM 2 G L T\ D 2 L 2R Lo, sBh~SNBS 2 Fn L, #G & isl L
25 2.3GHz ORI T 2 EH M- AGROEZBREEZ T Ny NI —2 T F 74 2L - THE
U7z, AMEBREES 3% eI O IR 7 18] & 45 FE & 724 i ~Fin L=,

ERER

Figure 12, try=0.5nm OFREHZ BT 2 REER 27T, HehIRmEIER OFR AT —OEvEEr 7 a v
FLTED, EFAEROEFAICE W THE 2RI E — 27 BB TW5D, [EHHEAH TEilE/ T — Ok
BRAFHE N R > TEBY . IFMERGIRIHER TE 2, =2 1B O RE SPNETHBMEE S R -
THEH ., NLKRBNE =BRSSBT 2IEF e A HEOSBBERE KL TS, v 7B AL VET L
ETUH YY) Ty YK — h R E AW Rk 2 WSS & | RIEHEMEIE ORI ST — 2 EFHE T
ROT-AER, EBRER ERROMBEI S LT,

B CHR
1) M. Weiler et al., Phys. Rev. Lett. 106, 117601 (2011).
2) L. Dreheretal., Phys. Rev. B 86, 134415 (2012).
3) R. Sasaki et al., Phys. Rev. B 95, 020407(R) (2017).
4) S.Tateno and Y. Nozaki, Phys. Rev. Appl. 13, 034704 (2020).
5) A. Hernandez-Minguez et al., Phys. Rev. Appl. 13, 044018
(2020).

6) M. Xuetal., Sci. Adv. 6, eabb1724 (2020).
7) M. KURB et al., Phys. Rev. Lett. 125, 217203 (2020). ‘ . . . .

. -40 -20 0 20 40 60
8) PJ.Shah et al., Sci. Adv. 6, eabc5648 (2020). HoHext (mT)
9) M. KR et al., Phys. Rev. Appl. 15, 034060 (2021). Figure: External magnetic field zoHext
10) H. Matsumoto et al., Appl. Phys. Express. 15, 063003 (2022). dependence of normalized SAW
11) Y. Shiota et al., Phys. Rev. Lett. 125, 017203 (2020). transmission for each direction.
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TR T HABIZ L 0 ERLL 7= FeCo Ziki D
TN - SR ke

INE TR AR, E25E0. MRS
GRFNES)
Crystal structure and magnetic properties of FeCo nitrides prepared by ammonia gas nitrification
C. Kodaka, M. Kishimoto, E. Kita, and H. Yanagihara
(Univ. of Tsukuba)

FLHIC

Llo-FeNiDHIAIA &1, R A ABEAMEL L LTEWRT oY VA H T AR TH D, Z OBAIFEIL,
FANEIRE DMENW T2 DR Omary e 7 m & A TIIERANEETH > 7203, Hilf FeNi E{b a4 252 &
TEBAIE O Llo-FeNi HLAIG SN A ATRE & /e o729, ZOFEIC X 0 HANERSE#E L o» 720, HERE
FE L COMARZ GRS 2 mTRENMENR & 2 23, B TIX FeNi LISV COMF TR A2V, & 2 CTH 21X, B
{EDORKE 72 FeCo %5 L L TE T FeCo ZibMaE A L., TNAEMRET5H I & TH=/ FeCo BAIGED A
ERETT 52 & L Uiz, AR, ARk & 72 % FeCo bW D Sk & BB EIC W TS T 5,

R &
RIS A 13 5 72012 Fe?* | Fe¥*, Co*'A A v &ZhTh

0.0135mol, 0.0225mol. 0.036mol 3 eA¥iIT NaOH il Z I _ | !g O
A5 LTI ST, R A HEVRYE LR L, # 5 ] oo i
J ST 550°C T 2 IFfHl, KFEE LT 2 2 L THIEIL A FelCo:l/l 5] 2§ i
Ok 4RO FeCo # FH L7, IC FeCo Mok T4 400CT20 51 = i z s
Wpf], 77 =7 A TRIG S FeCo LM+ 21572, R | J At

TER L 7230t ORIl & LT Z i i - BEE(TEM) TORF-TF
IRBLER,. X AREIPTXRD)C & % S ARHT . RO/ 3

(VSM) 12 X ARG, ZLTA AN U — S EEFo7-, 30 40 50 6 70 8 90
20 [deg]

] P""":';:
=211

FEEEER Flgl XRD patterns of FeCo and FeCo
nitride.

Fig.1 |Z FeCo ¥k 1-35 & OF FeCo ZE bkl 1 XRD
B =R, ELE T FeCo I3 bee i, FeCo £k
(TRT7 8 FesN H3E DRI AVBLIR S 4172, Z4LiE FeCo
ZbWDs Fe & Co hep ¥+ 2>< U, ZD/\HEY A
MINDMRALIZ L D efiEa o2 & &/R"7, Fig2lc
FeCo (b DRl & WAL= DIREZEL, 10 K TORL
MRz "d, TN O OHERTITIEMETH Y F = U —iE
FEMR 100K (HElcd D2 Ebholz, £72 10K TOf
Fiieibi% 76.9 emu/g TH Y | FeCo ZEALMITARIE TIL i
PEZoRT 2 LD o T, G TIEE AR S,

M |emu/g|

0 T T T T T
BESFFEIC DWW CREM 72 SEBRFE A 5 5, 0 50 100 150 200 250 300

Temperature [K]

BE R
Fig.2 Magnetization and inverse magnetic
1)  P.Wasilewski, Phys. Earth Planet. Inter. 52, 150(1988). susceptibility of FeCo nitride as a function of
2) S.Gotoetal., Sci. Rep. 7, 13216(2017) temperature. Insert: Magnetization as a

function of applied magnetic field at 10 K.
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NREZ 7T 4> 7 Rtk AV Fe X848 REMME O /ERL

ARG AR . MRS 2L R T K PR
(AdTER, 2B
Synthesis of Fe-based magnetic alloy materials using topotactic reaction
Takeshi Hiramatsu', Mikio Kishimoto®, Hideto Yanagihara®, Toshio Miyamachi', Masaki Mizuguchi'
(Nagoya Univ.', Tsukuba Univ.?)

1L O

ERERERE A AEH T B B HLPESE, B RERE, R ERRA R CHRENEG E-> TS, Lo, BUETR
L2 o T D R ARBAMEHNIA TH A & 2, BIRORLERECMFE O migHEICIER LT\ 5, £ 2 Tat
Haa £V OKABAMEIR RO DTS, AT INETIS, ERREE NRZ 7T 4 v 7 RIS
(Z XDz R A L7z Lo FeNi MA@ 2 ER L, s RIREESIAIE & R OFEBUTHKZ) L T
B[] AWFFETIE, Baw b L1 FeNi LV MWK GEZF5 2 L3 FHRIS L% FeCo HRIIG@IZIER L
2. NRZ 7T 4 v 7 RGE MO TRz i m bR M Bt OB IZ I D MA TS, ETo. KEWIRDOMEE & Fr
D Pd % FeCo lZH =Jt# & LTIRIMNT 5 Z LIZ K 2WIEDEALIT O T Hl~7z,

ERGIE

Mo R E AR CE Dbk &L KFEIEITE T FesoCoso. (FesoCoso)xPdioox (x=90.0, 92.5, 95.0,
97.5) OREIEAZERLL 7=, JFUEFE LT FeCli*6H20, FeCla*4H20, CoCl:+6H:0. PdCL % A /=, RiBRIAZE 7
YE=T HAIZE 5T S5 Lmin, 325 C, 30 KOS T CELEE L LTz, 5 bilc Bk KFET AT
X o T2L/min, 250 C, 4 BRI F CHERLIEE Uiz, KBt fEmEE & bz 22 X #j
[T (XRD) %&iE & IRENGURHRLRS /)5t 2 IV TR CRIE L=,

EBRER

XRD (T £ #E A 2 T L7k, (b OFEHI(Fe, ConN i L 2> TS Z RN yhoTz, ZD
MEHT Z AV E CTITHER OB EFI NN IERMEER TH D | < HHAR BRI CEX -2 L 2R LTV 5,
F 7o, PEFLHE OREHT bee ~X— A D FesoCoso T 72h3, XRD O & — 7 FAEIEIZ AL 7 Sz,
—J5. Pd I L 722 b OB CIL, Pd DIGHRBEHIZLDE B2 65 XRD DE—27 7 A6
7oM, —H, FePd 2T L. Pd OWRIMEOHININZ LT HHE S HEIMT 2IRA B bR Sz, £72. Pd
W UTZZ 12 XY (Fe, ColsN D XRD &' — 27 OAEIE A L, Zhud, S 794 X 5\ ki
FEREOZENENL L TV D AEEMEEZ R LTV D,

PO, MEEHEOIIER ROV THRBIT L. AMBIORT v X VEEwT 5,

BiEE
AWFFED TR S TN T HPRF: B P B Heffiiife SIS H L BT %,

BE R

[1] S. Goto, Hiroaki Kura, Eiji Watanabe, Yasushi Hayashi, Hideto Yanagihara, Yusuke Shimada, Masaki Mizuguchi,
Koki Takanashi, and Eiji Kita, Scientific Reports, 7, 13216 (2017).

[2] BA)IGE, R OGE A, 141, 105 (2021).
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ARBEEERT R TFOEBRREMRER & EFIRBOHE

WAFFL, 7V a—Jd— v—x—2 PaEpst Filil e, JRITIER S MEED 4 BA)IIAHE S,
fifg LI S, 1L D 12
(LFIERPET 2. TIERST TN 3. BEBIEEKR 4. FERIF 5. 25 1)

Growth and electronic structures of organic magnetic-metal nanoclusters prepared on metal surfaces
R. Nemoto?, P. Kriiger'?, F. Nishino?, Chi-Hsien Wang?®, M. Horie?, T. Hosokai*, Y. Hasegawa®,
S. Kera’, and T. K. Yamada®*?

(1&2. Chiba Univ., 3. Taiwan Tsing Hua Univ. 4. AIST, 5. IMS)

FLHIZ

AAE L ha=7 A%, AES T2 BEMELe LTERT 5, AED FIIRFLEHR L
DEIEHREN D 725720, BEF OB EHZ X2 A hr =7 AFE T L RI%ELL EORBSEFEN I
FAUX, WHROREMENC2 Y 5 5, FrZ, A0 o EIRIEITRENEEE 3d B 7IKRE L 9k
IR L., $iTc R AV ARE s e RiBZ2 A4 M, 2 E CEICH -GS TR KA
TN T& e, —FH T, Ay I LS RBEZEE LR, fm CToRE 7 vt A EREIC
<o Ty,

HHY

AW T I OGS T~ 5L M Co)RF A2 WE LT-BRD, WtER L OWHEeR T/ 7
T AL — O FEIEFE I LT, ke LT EEmEZE TEE (N id & 0.001 i1 E(ML)LLT)
&R (R AT 7 ABE 50nm LA ) L7z &4 8 Cu(111) K & H L=,

B T(L) : THAERE S BB EL EOETICHIAHBHIN TV, EAHOEE L7 41
DT =0t RVT 4 VTR LTS Y, BT Q2) L TR SV fEEE TR A Moo &
LTHLNTWS Y T rm—T VT2 L2, RN EL orHRic) v 7 &R, “7
AR THIES D F AT %, RARSTFDOY T THIBRT HHERENH 5,

ERFIE

AT R TR OV 7 VS EZE R T Lo, WSRO AKS FIE L TCoORE®REZ
R fRiEE AT HAKIR - ER b R VBMEE(STM) &, 2 DO TOREL O AT E 1R iE
(LDOS)MMHIE T & B AER b v RIVEFSHIESTS) 2 ANz, EHICREOEIRELZBZRT -
. EHANEFNEBELLHA L, 612, FREFREZ W Ta v MNEFORZENE L
BoT-,

ES S r

BRI T Cu(111) etk i Lo BLRIRCA U 72 A #E Sy F BUE IR Co JF- A 49 0.01IML Wes L
oo TR, AEDF L BMEERITHEMAEEREZES RN A Lz, A F =T L—
var, T TR, SERTH Y R ORRFTIZ > TN K- THEBEF & ith e s i
MR SID Z LR o TEI,

L Z DN

1) The Journal of Physical Chemistry C 124, 3621-3631 (2020); Scientific Reports 8, 353 (2018).
2) The Journal of Physical Chemistry C 123, 18939-18950 (2019).
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N—=FG ARG =0y Ne WAy N1 —RRF ANy Z Y 7285
MgO [ D 5 8 s
IR RKED, FE)II H4E , Seong-Jae Jeon ¥, /K ALY, AL FEAED,

A ERER D, /NI 2, g (D @RALR:, D8 B LR
High rate RF sputtering for MgO thin film by hot cathode method with porous target

°Daiki Miyazaki®, Yuki Hirokawa ®, Seong-Jae Jeon®, Akihiro Shimizu®, Kosaku Iwatani ),
Shintaro Hinata ¥, Tomoyuki Ogawa , and Shin Saito ® (3 Tohoku University, ® Toshima Manufacturing Co.)

[FLHIZ B EZEHERIEREOE AT, HEAR AT Y | BAGEk - A ha =7 AT, ZAEO0E
FF N A% FERT D L CHAEREEENTh 5, FHOEOMEWE, B8R ERGENE. 2 WE ke
HT 5 MgO 1ZEDFFRZTED L Thk A 227 3" A CEELHEEZH - T 5, Mgo ORESRAN & LTk, % -
EEEMEOBAENPL RFE= 7R b ARy 2 U ZENFETH Y . RIEEE 2 — % DO4 BB E £ Tasik
a“é ZENEMEMRSR TV ﬂ%x RF A% 2 U 2 7N CRUEHE 26 E S 512130 Y — R~
7 & BN ST LV, %03 G O A A FVDOFBIRINX—IZLoTH—F v FOBENREFR L, ¥—
’7 v hERyFLTTL—1 (BP) & %‘:?ﬁ%b’(b\ % In (@l 157°C) DEITTBP 2N TLEHI>Z & @ ArA
F o DEBLH —7y NNOBESHICEI Y X —7 > bR L TLE S Z EENRMGEHE I, BEMITEAE
EHEVEOLNR, AEFLITIBP R In R T 4 7 & HET MgO B8 O & THER S A 5 @i 2 —
Ty RERBEL. Y —FRTL— 0 b0BHEMAT LRy Y — RED ZANWTEEA Ny X U 7 % EfiE
TEEOTHRET S,
RBRER ERixTLv—F—EEXA Ry XY U TEEE W, X =y NEMOBBOT=®, Cu Bokin
HY—=KTVL =X —Fy FEORIZEZ2mmDSi0, 7L — h2ALEZ, FL— FBIOY—7 v Ok
X414 F g X—72 > b—FREEERIL 60 mm, ~ 7% b HOBAIZIZFOEAEO 2 o—H) 7Y~V
T A3 Mg E AW, Fig. LICBAB IO X A 5F v — k& MgO Bl % — 47~ + % RF JCE S & 72k & 7R
To XA LT v — rO FANZIET 7 A~ ORIREE, THNZIZZDOHEAETT 7 AV HEBEEEIELTZEZDO X —
7y RREORERIEZ T LTz, 77 A<= HiE, BABHKIZE bRWEN Ar IGER T2 R%E615 Mg 12
KT 28kt (& LT5184nm) ~E LTS, ¥—7 v MIFRENLFRAL TR, BABEBHERIZE
B R WRBGRE NI 2o TWADH Z &5, 1000 W ERHZ MIEZ /ERIS 2 & 2.0 nmis O AIBGHEE 73 5235 S
NTWe, ZTHTEEOHBH D V) — R~ 10 FREORPBSEE TH D, 7272 LERIERIZITE Y —7 » M3
Wr U7z, Bk E 2 — 7 > N OB ORI, BUE N E X —7 v NNEFTCRREMSE 5K —7 A& Th 5., Fig.
2 | & LT 230 um OB HHE & MgO ¥ & IRf# Lfk}%ﬁfﬁ“éf’ T AH =7y N OVERIEAIK & EEEO
A —77y NRINOEEETBMEGZ 7RI, HAMOFM, £, BERREZBUIORET 5 2 LI X BERk# OF
HP“J ’/h?LMﬁ%@“’ LINTEDL, BIRLIEH—47 > b T :tk;sﬁk?%:@ﬂ‘fo 150 um F2EE, BFEIE 2.60 glem® (MgO
FREE: 358 glem®) TH oz, FEH T LA —T A MO ¥ —47 v b TElEETE D Z L&/ ML
J%EJZ‘%*#F&\ RF i FEIREE, ¥ —47 > b OREWIHE & OREFRICOWCRLAT %,

SZH 1) M. Terauchi et al., Terauchi et al., J. SID, 16/12, 1995, (2008).

1000 |- elct Pore
N - | 2 50 e

750 |-
= 3
. - — 260 glem
§ 500 |- L [ Ideal MgO

[ — go“"’ 3.58 glem?
250 ‘(,‘
Pre-SP Fabrication
I 1

45

Time (min)

Fig. 1 Process flow of hot cathode RF sputtering. Upper Fig. 2 (Upper) Schematics of fabrication of

photos are plasma discharge, and lower photos are red heat  MgO target with high fracture resistance during

of MgO target surface just after discharge. sputtering. (Lower) SEM image of surface of
porous MgO target.
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N IRMIZ Fe-Al A &IOS LRI - BIZERHEIC RIET 8

PERRATR - AADICH - BITFEEEL | RATSE ! + JIFRETER 1 “AIERS !« FRBFSCE 2 - FRIE(G

(BREEER, 2 AR, B IER)

Influences of N Atom Addition on the Structural, Magnetic, and Magnetostrictive Properties of Fe-Al Alloy Thin Film

Takayasu Sato!, Kosuke Imamura!, Yura Maeda', Mitsuru Ohtake',

Tetsuroh Kawai', Masaaki Futamoto', Fumiyoshi Kirino?, Nobuyuki Inaba®
("Yokohama Nat. Univ., *Tokyo Univ. Arts, *Yamagata Univ.)

[ZLOHIC Fe-Al E&ITR W BRFE 2~ THBMEMEICH Y, BEK =2 T~
OEHTHEEEEZB L TWVDD, BENKEWI EREMRREEE > T
%. Fe-Al & DOFHERIE 21T 5 O & DD FikE LT, N 722 & OBITHES
MREBEZ oD, ZHET, Fe-Al 5& 2B L SR AIIIThbI T 5
23 199 bee #51-0 Fe-Al B4212 N & [EVA ST L 72 it 1358 S .
2O &) eREtOERITIE, M ST B X 2 v VR RE DTS
ANERDTH D, AHFIETIE, MgO(110)HLAE G FMR BIo, FRISHEA Sy
Z U U 7EIZE D Fe-AlN #EZ R L, N WINEDHE & A - BEE
REPEIC RIT T B AR~ T

EEBAE WRIITESEZ RF ~ 7 X fry - ANy X 7R Y
FAUN7Z. 400 °C O MgO(110) A5 S FEMR EIZ Ar & Ny DIRBH AFHR T
T Fero AL 5% —7 > b (TRREBHET — XX x =10 at%) & A/Xy ¥
THZEICLKY,40nmED Fe-Al-N % 2Rk L 7-. #3312 13 RHEED,
XRD, EDS, XPS, AFM, WALEh#RAIEIZIT VSM, BEEIZITH RS
gk W=

REBER MgO(110)JEM B2 L 7= Fe-Al 3 L (N Fe-Al-N B2 %F L T
MgO[001] /577> & 825 L7~ RHEED /X% — > % Fig. 1(a-1)3 X OY(b-1)IZ
RPNy SJEEE 0% TR L 72 Fe-Al 1%, A : Fe-AlQ11)[111]c |
MgO(110)[110]3 E T B : Fe-Al(211)[111]pec || MgO(110)[1 101D 5 5z
BRTZEX XU v LlE LTS, Ny EL 0.5% TERL L7Z Fe-ALlN
BUZDOWTh, OB Y — L 2BIETH N TE, TEXF Ty
VEELTWD Z ENR5h5. XRD 734 — % Fig. 1(a-2)8 L (b-2)IZ
T WDFROBEIZH LTS beecRINED D DIHDE Z R+ 5 2 &
NTE, becc B THD Z 0N 5. £7-, NIs DRETF AT L
% Fig. 1(a-3)B L Db-3)IT7RT. Fe-Al ETIZE— 27 RN R 5208,
Fe-Al-N '8 Tld 397 eV fFITIC NIs B — 27 NENLTE Y, N JEF 7 bee #
TACEBE L TWD Z ENanD. YHIE, MK - MERECZ, tho
R TR LIZEIC O W T H G+ 5.

1) W.D. Li, O. Kitakami, Y. Shimada, and Y. Takeno: J. Magn. Soc. Jpn., 19,
429 (1995).

2) S. Kikkawa, M. Fujiki, M. Takahashi, and F. Kanamaru: J. Jpn. Soc. Powder
Powder Metall., 44, 674 (1997).

3) A.S.Kamzin, S. A. Kamzin, F. Wei, and Z. Yang: Tech. Phys., 50, 129 (2005).

(a-1) Fe-Al
228 222,
2l

0225 200, ' 200, 022,

(b-1) Fe-Al-N
222, g,
2.

022, 200, . 200, 022,
. B

MgO(220)

(a-2) Fe-Al

Fe-Al(211)

(b-2) Fe-Al-N

Intensity, | (arb. unit)

MgO(220)

Fe-Al-N(211)

20 40 60 80 100
Diffraction angle, 26 (deg.)

N1s

\ \ \ \
00 398 396
Binding energy (eV)

Fig.1 (a-1,b-1) RHEED, (a-2,
b-2) XRD, and (a-3, b-3) XPS
data of (a) Fe-Al and (b) Fe-Al-
N films formed on MgO(110)
substrates.

Intensity, | (arb. unit)

N
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N L 8 T sl (e S il = 1 7 5% =
B-Mn %! CoZnMn & i

R KEE, = B, Ll 517, g WS, BR 2%
G-I N
B-Mn type CoZnMn thin film epitaxially grown on single crystal substrate
D. Oshima, R. Mitsuhashi, N. Ikarashi, T. Kato, M. Nagao
(Nagoya University)

ZL®HIZ

B-Mn #4D CoZnMn (X EERIFRE DIV T 1 A T VEEMEIR D —FETH v, =RIRLL_E T Bloch FL DR A /L
AU BERIE TS D, BMn B CoZnMn S HV T, SHBIEOBERS S b OD D, HifkHIEH
b~z 2 XUy bR SEL LW EITRV. £ ZTABIZETIE, MgO(001) Bk f LA o> p-Mn Y
CoZnMn == E' 4 % ¥ VRO (A 3R 76 2.

RERAE

YT MIRF v 7% bu o A8y ZEEZAWCTER L7, il o> Ar T AEIL0.5Pa & L, Co-Zn 5
2=y MBI Mn Z—7%5 > RZHW, MgO(001)Hif5 IR EICAR AT 5 2 & THRIEEZY 150 nm &
725 K9 [Co-Zn(10—t)Mn(t nm)|is-FEBIEZ TR L=, 728, v — FEBIOF ¥ v 7EIC W % 10 nm HEfE
L7z, Co-Zn 8 DFAAIT T H /LT — 38U X M0 B E D EHIL, ZOMAtkIL Co: Zn=44:56 % Th 5
ZLEEMERL TS, AL, BIOBEZETF v o SN TEVLEL AT 7o, BRI B R DB 15,
AR X XRRIEHT (XRD) & RV CREE L 7=,

EERIEE

Mn 8% t=2nm & L, ZVLFLRE % 300°C & - (a)
Lich o P oifits -~ v B 7 ORERE K 1 (a)
W29, MgO(130) i (2 AT 72w CHIE L7 H @
T, OyIX MgO[310]J7 1A, Q-1 MgO[001]J5 1T
17727 FThH 5. KHIZ B-Mn HD CoZnMn
? 103,104,204 AR > FBREHNTEY, p-Mn
CoZnMn AL, AR _E1Z(001)ELmM L TRl LT
WHZ ERDbND. X1 (b)E 103 AR > hEET I 1 MaOB10]
J:5@1(1)23'\”?\/%??’)7%%%’63?)575&§+82'§0) 0 P RN RS B R B
E— 7 MR HITWS. 2L, CoZnMn[100]75 1] -02 0 02 04 06 08
M ZEINZF N Mg0[310]3 & O"MgO[3T0]1Z 47 72 Q, A
BE 2o TNDZ ERRBL TN, SlEERIL
72 CoZnMn [T MG EH L TNDH 0D, HfE G
W_ED B-Mn B CoZnMn = E° % & I v /LD VE#L
WP LTZ E B2 5. G T, Ar T AEREL
FRREE DFEVZONT HIk 5.

B TR 180 -90 0 90 180

de
1) Y. Tokunaga et.al., Nat. Comm. 6, 7638 (2015). ) ) | @ g? i M
D) I, 5 66 FIRIpAE A A 8 ) () Beciproea space mappine 9 the Corntin
2, 9p-PBI-15 (2019). film in the plane parallel to MgO(130). (b) ¢ scan for the
film including B-Mn type CoZnMn 103 diffractions.

I
1/ MgO[001]
—

0.5

Q, A

10000

[ (b) B-Mn CoZnMn 103

5000

X-ray intensity (cps)

0 L
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IRENFE I ST FEr 6 R OIRE) D5 %

JUFFETRR « 1B « RYT Fe - ZARER
(B ER)
Effect of the Vibration of Cantilever Beam on the Vibration Power Generation
Tetsuroh Kawai, Eishi Ishikawa, Mitsuru Ohtake, and Masaaki Futamoto
(Yokohama National University)

Pr

IXCWHIZ 10T DHERIZENZEOE DI, ZOERE L TREN O ZRLF—%2 IV AL, Wb
BHIERNLF—N—_Z MNUREH I TW5. mmﬁﬂ%ﬁo%%%%$i%®ﬁﬁﬁﬁﬁ@ 2T, %<
DWERHD V. BEDEORNWT AL AERGFT H-DICITIEE L REELEE OGREZRAMKICL TR &
PR %, AME CIIEMEIZ > 7 AR H 5 @%@% EDBIG % T N A ZARFHIE LT L LTk
WHZEERMET S, FEDROBEERZ IR HRD, HHSOESRZ BN S 25 ik ES o ES) 5
AL L, ZORENFEEBRTICKITTREE TN & bhlg U722 ST L.

ERGE EERENAEDLRICIT Cu R (BEE 1 40mm, 1 : 10mm, EE :03mm) (2 Fe-B-Si 27 %
N7 7 AYRY (A4 RE SAL JES :25um) ZZRE B TAED 7202 L, REREBRIK T
JE WS A 1 Hz A A CfiliREh 87 ChdE I 1 S/ ICEE) . BEaA v (&Pt : 1.2kQ) 121X Cu
BOO1mmE) 2ROEIERICOE> THEW-ZaA L (X— ‘/iﬁ'SOOO BN 12mmX 16 mm) Z{H
AL, 2OaALVOBBRICRAET IEE L AT 0 2 a—7TEHHN L. B3NS T AR TE o83,

T HREN 720 DB A R AT I LTz,

EREREEBR AFLRZOAMREZHENT, ZOWBRIREOK 2B E ISy L, RIEORFIRTEIEA TR
BEIFCE L TR EES (B=0.0061) ZRed7-. HHREMEIT 117Hz Th o7z, Z OREUERZHE, H
H it O IR B S SR IR B OB S RRAUCHE 9 & U CRHAE L2/ R % Fig. 17, BRI HIRE RS 2
Hz 6 L CHHEIRE) S B 720 B BHIOIRIED .S BN Y ZEM OB E L ORLTH 5. KoK S
%ELK%%%@’%%&T’mb@éﬁ&@ﬁibf“é*&ﬁbﬁ5F@M@iiymx:—ffﬁ@
L7EREEEONS LD 23T, &b RERIEEEEDG ORI G 2 Hz T6 L7oREE

5. Fig. 1(a) L FFEICRZE LCEBIENHFONDIETIZOAD ZAETLTWA T Enbrs. _n%zoml%tlz
52 L2k Y, EESREASIIEELEZE L AR O ES H R CiRd ks Z ERnbns.

( P o
- C— ) ‘w”"((“'\\l( ‘lW il tl"”)‘ M n

Fig. 1 (a) Calculated bending at free-end and (b) observed generated voltage of the cantilever beam at 119 Hz.

BEE Fe-B-SiRT7TENT 7 AURV & THRMLBEWZBYLARE (BK) A 7T AR Mk KR
BB L EFET.

BE R
1) EREpEE: S HEL, 89, 82-86 (2020).
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AR E IR A bz & H B &ITE T
INA T AW D R
ANEEL: « JIFFTRR « KT Fe « ARIERY
(B [ER)

Influences of Bias Magnetic Field on the Magnetization Behavior and the Output Voltage
in Magnetostrictive Vibration Power Generation

Eishi Ishikawa, Tetsuroh Kawai, Mitsuru Ohtake, and Masaaki Futamoto
(YYokohama Nat. Univ.)

IZLOHIZ BEREFNAAZ BV EEHRES 22— LOAVRERE L THASDED Z LT, 10TF N1
ADTAXVANDALT 7 U —LRAHRIZ /2D 2 ERYIFF STV D, BEMEMEIORAL T AR L 0
BT RN R TG LI IREIRE T, MO EERKEI ST H0ICIE, BERNA T ABRN
VI THDZENHLNTNDEY. L LRNRG, NA T AR ORECEHINNT 0 2353 BRI R T 8
RSOSSN, R T, SRR ERD, MR RMEZFOZ ENMLN TN D
Fe-B-Si-A 7 E /L7 7 AR N DR D A E e VT, A 7 ABR R I X OEIIN A M 23 1 B & FE 3
A SRR,

EEAE  PHEHT Cutk (50 mmx10 mmx0.3 mm) (2 Fe-B-Si 27 &/ 7 7 A{EH (B 4B SAL, 50
mmx10 mmx25 pm) % TR ¥ UEEEM TR AT D 2 LI X W ERL L 72 BT MO 10 mm Oy & [FHE L,
ZERRLORREIZL, BEaA L L 1.2kQ, &%k : 8,000 8], HALL : 12 mmx16 mm, 4K : 40 mm)
IZHRA L, ZOHZREREEZ O CHREEE S8 7. ZodHEREHIL 105Hz Th-o7=. £7-, ~LA
R A N HNTRICA, T AEREHM U, 72, AifbREET A I AT TRETSHZ L THHA
Ui D HRE 2 FHAI L 7=

KEBRER IO, ROEFSL LATEFHAICAA 7 AR ZEML, BESGRE RS ERFIEIC RIT T
Bagi~To. Fig LICHE Y — 7 BEOBAEINEEKREE 2R, RFEFEICEN LSS, HOBRERRE
725 W5E 10 Oe THoTDIZx LT, FEFHMTIL38 Oe TIHeRE o7, 7z, BFHMICHIML S
&, 316 mV OEmWHARR LN, — T, BEFFENSHWBERZHIMLTLE S &, HANEMICEEL
TLEIDIHL, EFHATITHERBOBERATYH, HAORKEIET LN ENghotz. RIZ, IKE)
DB I D FE BRI R TR B 2R~ Fig. 2 [ZABBIKFEE 2~ . RFEBLOEFOVTAO T MIC
NAT AR ZHIN LTZ B A8 TS, REEBOL TRyl AnGoh, £Inbinsg &K
T oEmARObND. HHIE, ZhbORREMAEHOET VKIS THHT .

400 — — 400 . _.
—— H // Longitudinal direction — H /I Longitudinal direction
- | H // Transverse direction | (100e)
E 300 300 [—— H // Transverse direction
£ i | (380e)
S
8 200 200 —
o
~ N
X~
& 100 100 —
e ! 105 Hz i
0 | ‘ ‘ Q= = b e TR R SRR OSSS ®; 0
0 20 40 60 80 100 50 60 70 80 90 100 110 120 130 140 150
Magnetic field (Oe) Frequency (Hz)

Fig. 1 Magnetic field dependence of peak voltage. Fig. 2 Frequency dependence of peak voltage.

#EE AL REMAStEA N7 T AR TG OMEISERIC T TV 7 7 Atz TIRITHE £ L.

1) T. Ueno: J. Appl. Phys., 117, 17A740 (2015).

2) LpRbcfe, FE—RS, )%, EMEF, AE, @EKE, g% £TY &, 59, 14 (2020).

3) Z. Yang, R. Onodera, T. Tayama, Z. Yang, R. Onodera, T. Tayama, M. Watanabe, and F. Narita: Appl. Phys. Lett.,
115, 243504 (2019).
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e R XIRENFE RIS T D BIVEE I EDTZH D
FRF D B DR A W A% S DX

ANBEE « JIFERR « RPTHE « ZAKIER
(B ER)

Design of Magnetic Cross-Sectional Structure of Cantilever Beam for
Improvement of Power Density in Magnetostrictive Vibration Power Generation
Eishi Ishikawa, Tetsuroh Kawai, Mitsuru Ohtake, and Masaaki Futamoto
(Yokohama Nat. Univ.)

[FLEHIS 0T 731 ATHHT 5 AMERE LT, JHHORESCHEE O E 200 M IREHEET A
AAPERSNTWD. T, WRERRZFIN LIZEEICT, mﬂjjﬂtﬁﬁf ET, MIAMECTNEE & &
NDZ LMD, ITF, ARSI TN D M. ZRBEEO RN LD -oliX, BAEBEDORKMEZITT
<, WEORSEICER T 2ENEE LN SEL ZENEETHD. %’7<@ﬁéx7ﬁ§%§a37/\47«f
WEEM B DR & BB BN A 7 AR Z NS 272900 3 — 7 MEtORZ A5 &8 732 %Hﬁ%fﬁﬁ
THOMENFH SN TS, £ LT, IREITRICENT L ZFMITMEICLY, hrmzsEe 425 LT Tl
MR EEMDRRDISHNFEAET S, WE, PIEEZDLRNE D ITHEMEMES I E SN D720, BEM
BHZ SR & EME OIS IR FFHCE < Z &322, LA LRn s, RRRICENT 2 Z Lk, EhEE
DA IR D ATREMEDS 8 5. ARFTETIL, HROEBERTZ BRI, Ao 7 AR 2 I — 7 /K05 TR
<, AV LRLY « AT K DN GEIINT 5 Z L2k Y, ROREHHIFIZID BRE, RORKBI7ZM
G & BRI ORBGR LR~ £ LT, EABELN LSE 572D ONEEEEZEE LT,

KEBAE P O~IEIE50 mmx10 mmx0.3 mmT—E & L, Fig. 1@IRTAFEO R A L7=. 1> H1%0.2
mm/EDCutR E120.1 mm/E D J7 e e (Fe-Si) MRz EIEH RN EFHM & 72D L IR ¥ M5 Tl
0 &bE (Fig.1(a-1) . 22HIFI2HD EFE#ic L=H D (Fig. 1(a-2)) , 3-2 HIZ20.1 mm/ZDFe-Si
BC0.1 mmEDCutk Z A 726 @ (Fig. 1(a-4)) , = LT, 4281203 mmEDO#HK (Fig. 1(a-5) & L7-.
EFH M 010 mmOE Sy % 4Hl 72, ﬂfz)ﬂ#ﬁ)mﬁgkb WEaAN (KL 1.2kQ, ¥ — % : 8,000, &N
£ 12 mmx16 mm, & :40mm) ([ZHHAL7Z. LT, aA VIR ST, 20 A% iR CRE)
¥ F£7, /“4TX@ﬁ%A/VAZh/V‘/:l/fll/%)ﬂb‘“fiq@@ﬁ?ﬁﬁ@iﬁﬂﬁﬂLf:. 7ok, IREHEERE D
INEEDOWIZIL, EEXIEEY Y 77 v 72 HWCTEHAI L=,

Voltage  Acceleration

KEBRER 0.1mm/ED Fe-SifiE 0.2mm/ED CutiZ iV 55 (1) Fe-sicu (@) 7
&, Fe-Si 78 BfilC 725 & 0 ICIRB S B BAOMABEOWE [l P |\ A
% Fig. 1(b-1), FHEilZ/2% & 912 LIBROEIERIE % Fig. 1(b- - N TN
NIRRT, WIS L7 B & 725 TN D 2 E B h =) .
%. Fig. 1(b-4)iZ 0.1 mm JE Fe-Si 4C 0.1 mm JE Cu #iA-He \EEYA A2
PRI %ﬂ%@] SEEHAOWH AT, FHEIC Fe-Si iz AvARRvERR =
0T G/ T, =2 P —JHEITIRELIFEDHS T (0:3) (b-D)+(b-2 ]
WARWNEDD, J“J&é;f(z’»ZP IoTND L RARTZ ERTE, A DA
EHBEE N L TWAZ A5G, 72, Fig. 1(b-3)i% Fig. VY X
1(b-1) & (b-2) DI EZE L EGDOETHDTHY, Fig. 1(b-4)& X (a-4) Fe-SilCulFe-Si  [(b-d) /\ \ /9
—HLTWE. 2Dz &, LTG) Fe-Si HRITAMY LCHNE [l = LA LA 2
LCno 2 L ameLTRY, RIZRAET 2315 L EMOES REVRAAE
RRMICIERTE TV 2 }:75:/\75 %.% LT, Fig.1(b-5)I2 0.3 (@5 Fesi Qi-s) 7 E
mm E0 1 KO Fe-Si HiaRBIS w5 = Lic ko Bonit)) [ LA
BT Fig W0-9) Fig 0-4) L [RAIETY £ 720 T80 ssomy i J E
WEMELE LT Fe-Si @& HW 2546, 3EMEIC LT 25ms  Time (ms) 10C
b, [FAERRIENGEOND Z LRSI, Fig. 1 (a) Cross-sectional structures of cantilever

beam and (b) output voltage waveforms.
1) T. Ueno: J. Appl. Phys., 117, 17A740 (2015).
2) Z.Yang, K. Nakajima, R. Onodera, T. Tayama, D. Chiba, F. Narita: Appl. Phys. Lett., 112, 073902 (2018).
3) S. Yamaura, N. Kimura, M. Yokoyama, T. Kubota, Y. Furuya: Trans. Mat. Res. Soc. Japan. 42, 131 (2017).
4) T. Okade, S. Fujieda, S. Hashi, K. Ishiyama, S. Suzuki, S. Seino, T. Nakagawa, T. Yamamoto: Mater Trans,61, 1799
(2021).
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AR o X EIC L O AR LT Fe-Co 4 224 A\ - B SR B 56

PG - ABEE « PARMER - RATFE « RS « —ARIER
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Magnetostrictive Vibration Power Generation by Using Electroplated Fe-Co Thick Film
Shunsuke Aketa, Eishi Ishikawa, Yuta Nakamura, Mitsuru Ohtake, Tetsuroh Kawai, Masaaki Futamoto
(YYokohama Nat. Univ.)

[FLBHIZ =T — « "N—_RT 4 VT HITO—2>Th HMENIBEHEENTEH SN TS, ZHET,

WG R A B S DM EE LT, BEEEE DK E 7 Fe-Gad=e Fe-CoPA &N %, BIRBETMEN/N &
72 Fe-BIX° Fe-SIVAE D MFT ST\ b, Fiz, WMIEEIIREMA B O W fIZ bl 5 72, 25~500 pm
JED V7 RS L IZEHEAHVLRTWDS. — 5T, &t um BEDOESTHIIE, IKTEEHZD
ZENTED. EREERKT D FEE LT, BBEEERENO > ZIERFHTHD. £io, Ho EFEITEY
IS XV AN T L0 b REBRBELFFOLGAOHREINTEY, MEAFEHBMEMEHCE L WS Z &
WEZBND. ABFZETIE, BEMEE LT Fe-Co A&ICHH L, B > XIEIC X 0 IEBREK 21T - 7=

Z LT, FEMBMA B~ 2 27z

EERAZE MIEAIZIIBEMRDS Fe M, MRS Cu AR (25 mmx8 mmx0.1
mm) DEMRD > ZEBEBEMEH L2, WD Fe & CoA AL DHR%E
Bz DL TR A2 S8, B OHT 1L EDS, A&
%X XRD, RERAFIEREMICIE VSM, BEERERHEICIZ A R bRk s A
WL REEHEOFRICIE, VAR - A IS LA BN
AT AR AN TE 2REBEEEL H W2, Do R B ORFHRO
5mm Oy EEEL, AFFbROREE L, B2 (&5 : 053
Q, B¥ . 4000 [\, FNEL : 14 mmx10 mm, 2K :20mm) ([ZHA L -
7. 2LC, a4 NVIREHIET, ROArZEREHIEL. /-, EF
TN A T ARG & EIn L7z,

\
(R
o
o

\oltage, v (mV)
o

{
N
o
o

0 0.02 0.04
Time, t ()
REER Fig. 112 Cu B EITIBAL L= 27 um JE D FegoCos 524 151  Fig. 1 Output voltage waveform
Hz CHLiE S, BEFHIIC 34 Oe D3 A 7 AR AFEIN Li=34 1o obtained by using an FegCou thick

BoN AL 2 7. RHOEMICHE,, 100 mv fEo® M

ERBREENTEY, oI ThHANTONL Z D3m0 7 10
oo Fig. 2 (CHALIE &7 0 O BE ORI E =T, HhE S gL
EHRICIR WBERT TOD 2 Ena05. YHIE, voxo E
WIS « R - RETEARRE & BRI O BIRIC OV CREMICHERR T 5. £ 5
g T
1) A. E. Clark, K. B. Hathaway, M. Wun-Fogle, J. B. Restorff, T. A. ?>’ 2 __
Lograsso, V. M. Keppens, G. Petculescu, and R. A. Taylor: J. Appl. Phys., § T

93, 8621 (2003). 00 20 40 60 80 100
2) |. Hasif, T. Kubota, M. Matsumoto, S. Yamaura, and Y. Furuya: J. Jpn. Soc.

Appl. Electromagn. Mech., 26, 254 (2018). (F_e) . (Co)
3) BIHL, FE—HS, AILFIE: BRFREEKRE, 2, 146 (2019). Film composition, x (at. % Co)
4) NS, FIE—RR, R, mlnag A ARSI Fig. 2 Compositional dependence
F4E 43, 26aE-7 (2019). of peak voltage.
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[ 4R*, R (o>, g v TEEPE Sx. JuIl &>
(BRR TEBFZER, =HAEK ~A 7 v v 2T AREHZER%E v 7 —)
Effect of device size on vibration power generation property of grain-oriented electrical steel
T. Okada”, S. Fujieda”, S. Suzuki™, S. Seino”, T. Nakagawa"
(*Graduate School of Engineering, Osaka Univ., **uSIC, Tohoku Univ.)

XL &HIZ

WEEZN R (S ATEINC L 2 BEE M ED 2 L) 2R LI IREIREIL, 10T 7731 ADORHE
HFEE LTEEESNTWS D, FEHNM EO—2>DFREE L TTF AL 2 A ZORBULNELT
HDHND, FLEMETTH D Fe-Ga A& HAL L O KEULHEANMIIM LRI DB TH 5, Z DL H ik
DT, Fe-Si A4 HkE i L O M EREEIAR & R4 5 R AE J7 A1 2 <100>fd M) L 7= Fe-Si &4
EIC BV T S BIF AR IRENIE AN A S A7z 39, ABFSE Tl Jr P ERasim 2 54 L 7 IREh %
BT N ADIEBRE RIFE T RKEUOZh R A2 T~ T,

EBRA &
07 6 VE B RLEIAR % JE4E J5 161(RD : rolling direction) it L (a) Bim

THATICE Y0 T2 & T, b7, 0k gk A
o U 77 L— LI 1T, 22 = A L &K % ?

WOAHTHZ L Ta=tL7 UTRT S ZE/#K LT, e 80mmRD J/; 40mmRD
AU OF A AR IR S, B AT L7

EREER
Fig. 1 (@279 X 912, 16X4x0.35 mm3 Dikkl, 32%8
X 0.35 mm® DR 2 FrEE A, F6 K1 64X16X0.35 mm® D

A4 ERE NV 2R 40mm OF 31 2 (40mmRD), £ 40F (p) ' ' ' i
25 80mm OF 3 % (80mmRD) L UM4E 160mm »  E e° 160mmRD
FAA A (160mmRD) ZEBILTZ, ZHEDF A 2% £508 @ Ad=80mm
IR R E A 100 Hz L 72 5 K O ICIRB S H 72, F 72, 5

T A 2D I E o T 40mmRD, 80mmRD, & LT §_

160mmRD D Sedi AL DR IEA (X Z L 2.0mm40mm 5

BEO8O mmIFHE L, A VIcHk LIZARHEILR - 3

WD EENGRD YT Pae & Flg 1 (b)GCﬂ??o :I%)ﬁ

40MmMRD @ Pae I3 KIET 0.28 mW ZsL7=, T35 A g

D RIULITALE Pave [ZHIIN L 160MMRD @ Pae 13:.36.7mW <

DIKEER LT, DFEV ., T, ADO~HEE 4% (IKFE
1% 64 {j) 717‘4%) Z k "G\Pave @iff‘/‘j 131 {%k 73?’37%_0 J:OT\
J7 AP BRI BN T RAUL DN FITBAE TH Y | ®iH Fig. 1 () Picture of vibration power

Load resistance R (kQ)

T72 KIUF S ZA~DIEANEFF X 5, generation devices using grain-oriented

electrical steel. (b) Relationship between
2 R average output power Pa. and load
1) T.Ueno etal., IEEE Trans. Magn., 47 (2011) 2407. resistance R.

2) LEFEeE, AARGRETFSSM £TYH 59 (2020) 6.
3) F Osanai et al., Proc. 24th Soft Mag. Mater. Conf., (2019) P-071.
4) T.Okada et al., Mater. Trans., 62 (2021) 1798.
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CuxCo1xFe20q4 031%?124%@ k %Eﬁ%iﬁw Ba{;f‘:

R e, JIAASEIG, AMEFHE, TEERRSL. Bl &
(B Tt gest)
Relation between magnetostrictive properties and crystal structure of CuxCo1xFe20x
S. Fujieda, M. Hisamatsu, S. Kosugi, S. Seino, T. Nakagawa
(Graduate School of Engineering, Osaka Univ.)

[FL®HIC
ST A B RIAEE D CoFe04 R 7 = T A I FIRICE W THERI KR & 2R BE 21, B 213

C008Fe2204 DEIRIZ IS 1T 5 <100> 7 A1 DREEEEIEL-590 ppm TH Y . Z OfaxHEIT FesOs DE X D
HR30FHRE VY, CoFe0427 =T A N OBEMEI~DISHIZHIT T, BERMELM ESE5
BN BT RN RD LTS, A ERAEE D FeTiOs 1% 142 K LLF T /IHY
Jahn-Teller ZhF1Z & 0 1EJ5 8l *a;ﬁﬁ% L. 77 K {ZHWT<100>J7 [8] DO RETE E )Y 4700 ppm F2E O E
KR ZRT ZEDRRESINTND I, £ T, AERUEEEZHERT D 6 DOfEFE THENTZN
miROH.L, TRbbmEEYTA F &2 Cu?* BN EHAT 5 & Jahn-Teller hRNBAELCHZ LIZEH L, K
FZEClX Co % Cu THEI/rE#L L 72 CuxCor«Fe 04 DIEERFME & i fh s O BItR 2 30 72,

EEBAE

Co0. Cu,0 BIXWNoa-Fe, 03 ZHHEEE LTHW, FNRHEEAELTNLy MELEEZ., KRH
IZF T 950 °C T 10 R O BLER 2 ifi | T CuyCorxFe 04 3B ZAERL L 7=, X FREIFFAIEIZ L 0§
EAEE AT, F7o. BEEREOFMMICIX. EATS—TE W,

ERER

FIRIZEB T CuCorxFer0s i BHI., x<0.7 TIEN HiatEiE 2~ L, x> 0.8 TiL# 7184 Jahn-Teller
NFRICL Y ESREEE R LY, £ C, L HmEED x =05 B X ES & D x=0.8 DEA
ALIL DREEARTFNE % Fig. LIZR T, BAOPNEF NI L, EATH X OMRE T M s 2 FHin Lz,
1EJ7 i D x = 0.8 DALIL X EATRESEIIN (Hy) 12XV
Wb L BEBSEIN (H) (CX 08T 5, 20, 200 | | o5 ]
el D 7= 012 L7z x=0.0 (CoFe.04) & [RIAEIZ, x=0.8 ~+— '
ICBWTADEENEL D, x=0.8 O KHIES ZF 100
F % Hyds KOV HLOALL O fiEid, x = 0.0 DfEL Y & Y x=0.8
INEV, T THERTANE AL, EHREED x=05 b
BOMEZRT I, KENBESZZEBT 5 HiB L HL
DALIL DHRHEIZ x=00DEL D b RX N2 L TH D, -100
DFVY | 5 L E IR LA EIR IZ 33 T CoFer0s «= 0.0
DREEEEIL Co D CuthyEIC L v ks ey 20 Pt
S/ Ay

AL/L (ppm)
X
1
o
[e0)

-300

x=05
5/% ol - | | 1
57 30k 400O 5000 10000 15000
1) R. M. Bozorth et al., Phys. Rev., 99 (1955) 1788. H (Oe)

2) Y. lIshikawa et al., Phys. Rev. Lett., 26 (1971) 1335.
3) M. Hisamatsu et al., IEEE Trans. Magn., 57 (2021)
2100804.

Fig. 1 Magnetic field dependence of strain
AL/L of CuxCoixFe;04 with x = 0.0, 0.5
and 0.8.
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Fe-Ga =¥ ¥ ¥ v VEIRD/ER & BERE

Tk BRI Y, =S mALILE Y
(AL R, 2 HAEREE TR
Preparation and magnetostriction of Fe-Ga epitaxial thin films
H. Ding!, T. Seki?, Y. Endo?, K. Takanashi®
({IMR, Tohoku Univ., 2Grad. Sch. Eng., Tohoku Univ.)

[T L&HIC

YRR O ANER DO —2THD (=7 ) v-T% ) VRG] X, 74/ v EF S T-BKEE S OHIEZ: &0
PHSREME A RBICE 2 220 n, IFEEREZED TWD, MEMEICHD Fe-Ga B4IE. KT & AR
FHIZRWNHBER SV, v 7 ) e T4 ) CORCEAEERPEIFCE 5 Z LD, Fe-Ga B MEERESL
TR 2 W AR ED BTV D YV, L L, flix O bIC Fe-Ga 2 BN E S ¥ 5
T2 DDEMR, ED Fe-Ga B IREBIZ IS 1T DR O 50 i B B SRR O & SR UK F X+ 0 127
NENTELT, w7 ) -7 ) UEOMFERE LT 57 DI EARHEOBMEN AR R ERoTND, £
TCARFETIE v 7R ba ARy ZEEZ W T Ga ki D 57 5 Fe—Ga il 2 4k 4 7o FEARA B LIZAE L,
FNO OBEER LOBERE, FHCBEROTAEZRALNCT L2 HNE L,

EBRAE

TR IE, JEATHFZE TH DTz GaAs (100) ZEHK V23 J OV Mg0 (100) JE4R © . & B ik o 7= Rl Si
MR Z IR U7z, R ERNCIT~ 7 32 ha o 2oy &2 Y v Z3EE 2 AV, HAR ELZ FeyoGa, (20 nm) / Pt (2
nm) (x=0, 20, 30, 50) Z &M L7=, Fe-Ga &R O HAIEE ITRIEIS L OV400°C & Lz, X BREHT (XRD) 33
& OV i FE - HR1E 4T (RHEED) % W THEEMRAT 21T o 72, S OICEUEHRURBIRE 3G 2 WO CRESURRE & 5
i, HToiEZ AW TR O 32 380 L 7=,

®wR

F9°, GaAs FERDORETHEFL DO 7 10 & X & Mist LTz, GaAs AR Z 36%HEREIC 3 4. #RHIAKIZ 30 FEE L.
Z D% Ay KRR T 400°C X 30min OBULER 21T 7= & 2 A e H &2 789 RHEED /8% — U 3l X
N7z, 51T, WEFOEMRIREE 400°0C L9252 £I12 LD, GaAs (100) FHARFS L T M0 (100) FHEARK D _EIzds 0
T, FegoGazo, FerGas, 35 L O FesGas AT B X T v )L ET 25 Z L2300 o 72, Mg0(100) Fti _E D Fejgo-Gay
@D XRD /8% — 2B NT, Ga ORI 2 Al >N TRPFTE— 7 BEMEAEI~L 7 N L, Fe-Ga &40
KT EBMDHERT H 2 & DR vz, Mg0(100) Fobiids K O GaAs (100) HAR > 1T 400°C THEEE L 7= FeqGas
ML, L7 D Fe-Ga 54 Y LRIFREDMEZRTZ ENDND | BROTHRE~T ) -7 ) FEED
RERRDIZDDOMB LI DT X XV v LA ERIT 2 Z LN T2,

L Z D&,

1) F. Godejohann et al. Phys. Rev. B 102, 144438 (2020).
2) D.E. Parkes, et al. Sci. Rep. 3, 2220 (2013)

3) H. Nakayama et al. Phys. Rev. Mater. 3, 114412 (2019).
4) A.E.Clarketal. J. Appl. Phys. 93, 8621 (2003)
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RI2 Dt TALO T B X F 3y b y'-FeaN SRR DS & i Rt

IS L FIATER Y - S EE L - RTHKER Y « RYTE L - JIIHAGER T « ZAIERE L -
PRI 2 - MBS R 3 - fiEfE =t
(CREIEER, 2WbPHeE, SHURER, 4ILER)
Structural and Magnetostrictive Properties of Epitaxial y'-FesN Thin Films with Different Orientations
Kouta Abe?, Yuta Nakamura®, Kosuke Imamura?, Yura Maeda?, Mitsuru Ohtake?,
Tetsuroh Kawait, Masaaki Futamoto?, Shinji Isogami?, Fumiyoshi Kirino®, Nobuyuki Inaba*
(YYokohama Nat. Univ., 2NIMS, 3Tokyo Univ. Arts, “Yamagata Univ.)

FLBIZ ZEHEOVEHSTHD y-FeNIZ L1 (VT V75 : cP5, ZEMIRE : Pm3m) OfESEEZ 5D,
e R I T E RS Ky = 1.6 X 10° erg/lem® D EA{K <, A3FIRE LS Ms = 1556 emu/ecm® 2 & i\ B U 7 s
PaRd. E, ACURBENRRE N ENB A ba=27 ZSHICHET TER S TWA T TR,
B FEREHEIZ LY Lo = —143x10°8 IO KR ERWEEREAFOZ LN RBINTNDT®D, LT AX LT Y —
EMELE LTCOIEH IR TE 5. L L) b, yHOBEIZEET 0281358 E1Thiv T e, £ 2T, il
4 12 MgO(110) Hipl 12 y'-FesN(L10) i S &2 ok U, WaEER A M LTz, ZDORER, lioo=-80x105, Ji =
+220x10°8 DR X 2pBEEEEDG STz, BEEIZERGTZREHETH Y, FEBLHAI OE NI K> TE U S HE M E
WX THEEBEZITHZENEZLND. ABFFETIE, (001), (110), (LL)ELMOTE X F o v LR LT >
X LB DO ZHESIR A TERR L, A & BB RHE O BIR 2 Ji~ 7.

REAEE WRICIEBEEELERF 7Ry - ARy

2 ) o 7GR 2 . BSRICEE, MgO(001), MgO(110), < (a-1) (a-2)

MgO(111)/Al,03(0001), poly-MgO/SiOx % FV 7=, FEbE '§ ] s0x10¢ 1 50x10°

FEI3400°C & L, Ar & N DIRG AT ATRIAK (21£:067 S g [ s

Pa, N2 SJJELL 1 5%) DT, Fe 4 —4y ey ad § EJ/\\//\\ 3/\ /N

HZ L2k 40 nm @ y-FeN BA AR L7z, fERHE = 3 e N/

IZIZ RHEED, XRD, XPS, ¥} XUFAFM, Bibbigiie 2 | i

(I VSM, BB RS b & 2. &g §-§-g-8— E-E§-g-§

EEREER  MgO(001), MgO(L10), MgO(111)/Al,05(0001) 0 90 180R§;1(t)i0r?gﬂgle ’ ( de;‘)’ 180 270 360

AR ISR ENER, FaNOOBAEES (O)WS: ' (b_z)'

B, ()RR T E S X 2R L, MgOSior § | Toox 100

HH I SRR S s, 1.2 k0e IARER T S [ | 50x10° L

U L 72 (001) Hifk SO [100]45 & OO T O~HEZE £ 2 =

{b# Fig. 1(a), (110)BSERIEoO[0L)H L oI lmot g £ <

Wb Fig. Lo)omd. HRIE L A2 g9 2 biim 2 T L <L

EHEFHT 2 2 L8CE, QO)BROWUOHEHEHIED § L - o o | [ o, %, =, 2]

REETEH oo, 2un)l, ZHUZH, (40x10°6, +80x109)k = S = S & ada g
0 90 180 270 360 0 90 180 270 360

F ON(-80x10°°, +220x10°6)CTd - 7=. (LL0)FEDEL [ 53 Hk
Abso 13 1.2° T > 7=DIZxt LT, (001)FED Abs 1 3.9°T (1) Allna(®) and (22) All(@) of

y ig. -1) Allpog(6) and (a-2) Al/lug(6) of a
ot ZOiw, A RIRLT, Qockyk Fg 1o (a1) Alluwo(d) o)

N _ . L, ... v-FesN(001) single-crystal film and (b-1) Al/lwox(e) and
SRBEREONEOOEEAONS. HABUDRE  (h9) Allgin(p) of a y-FeN(110) single-crystal film
AR KONt i IR OREERIE-C, EARBCT), 3%,  measured under an in-plane rotating magnetic field of 1.2
WERFE & OFBNC OV T HREIC R T 5. kOe.

1) K.R. Nikolaev, I. N. Krivorotov, E. D. Dahlberg, V. A. Vas’ko, S. Urazhdin, R. Loloee, and W. P. Pratt: Appl. Phys. Lett., 82, 4534 (2003).

2) 1. Dirba, M. B. Yazdi, A. Radetinac, P. Komissinskiy, S. Flege, O. Gutfleisch, and L. Alff: J. Magn. Magn. Mater., 379, 151 (2015).
3) Y. Zhang, Z. Wang, and J. Cao: Comput. Mater. Sci., 92, 464 (2014).

Rotation angle, ¢ (deg.)
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(Feo.7C00.3)95Als A48 HLHE f v B D A1 & e « BB Rk

AT - RATFE L« JIFERR T« “ARIER T - MRS SR 2 - FRdE(R e ®
MBEER, 2 AR, 3 IER)

Structural, Magnetic, and Magnetostrictive Properties of (Feo7C00.3)9sAls Alloy Single-Crystal Thin Films
Yuta Nakamura?!, Mitsuru Ohtake?, Tetsuroh Kawai®, Masaaki Futamoto®, Fumiyoshi Kirino?, Nobuyuki Inaba®
(*Yokohama Nat. Univ., 2Tokyo Univ. Arts, *Yamagata Univ.)

FLEHIZ Fe-Co A@RITMNERM BB TH Y, MBERLTEAMSEMA LD 100x10°6 L EORE e EER~T
ZENS YY) WREENRAEFIH LI ET A ATV F a2 — X HEA~OISHICHT THEE IR TND
Fe-Co AT BT DB RO ERK DO OE DI, bee #7-D A2 AHANFEIZ, bee #-1-0 B2 HAIFESC fee 441
D AL AHHI 1:575\%/ VALV TIRIET D ZLICE DI THD ZEDRRBENTWS Y. — T, BAF#RE
PAEED DI, MRBERR T R —NTIE Y e &5 X 9512 Co fak % 30~40 at. %2 Hl#4 2% =
é:?ﬁﬂﬁxbf%%’). BT, Fxlk, MBS EZTIAND L& HIZ, FenCon A4l B # 5 at. ikl L7z
BRI 2 TER L7z 9. 2 OF5E, BIRINC LY B2 #HA~OBAMEAMERE X 41, 78T Lo H3+310x10°6 £ T
HIML7Z. AliIZFeX°Co & DAEICBWT B2 ZIER L, Fe-Co A4~ Al IRIMZ LV, B2 HHOHM LR %
JEREZEDHEMENH D, AIFSETIL, FenCos &4l Al % 5 at. %ishN L 7= (Feo7C003)esAls HifE fh T D T
i il A, M &R - BERREIE A TN

ERBAE WECIIBEEEZ RF v/ % hoy - 2%
v B ) 7 E A . 600 °C D MgO(001) Bk it
FaH 12 10 nm JE o VN(001) Hifk 5 FHUE, 10 nm JE *
D(Feo7C003)esAls > — RIEZTERL L, & D%, =i (RT) (b) s % 4B2
25 600 °C O —EIEE T 90 nm JE D (Feo7C00.3)ssAls fi5

K LT, %Lpﬂﬂﬁ IZ RHEED, XRD, EDS, AFM, PP | orftracton angie 20 cog)
i - BEEAFERIE(CIE VSM, R Bk A . Fig. 1 (a, b) RHEED patterns and (e, f) out-of-plane

N 8 R 4 . . XRD patterns of (Feo.7C00.3)9sAls films formed at (a, €)
RE#ER VT NOEPGREICENTY, mES Ry RT and (b, f) 600 °C. (c, d) Schematic diagrams of

YVHLRS IR 2SS 7. Fig. 1(@)B L TNb)I, RT¥  RHEED patterns simulated for (001) single-crystal
J V600 °C TR L 7= RHEED /X% — % fi| & L surfaces with bcc-based (c) disordered A2 and (d)
TR, Z ORERPI TR L BI P b [Aggse  Ordered B2 structures.
B — PNBIE S TEY, A2 AHAFES L < 1% B2 HAIFE O bee(001) Hifs
ERAEICHHS L TWD., =X % vV HN BRI , (Feo.7C00.3)95Al5(001)[110]bee ||
VN(001)[100] Cd 5. A2 & B2 FHOMEW T, Fig. 1(0)3”0J:U“(d)ﬂ:ﬂ?ﬁ‘ RHEED /<%
— 2 DIEAPIZIBNT, 003 70 E OB T OAETH SN, Fe & Co DR
BELR 02N E L, F2, AN =2 ROEHiNZ = LipoTNDHT70,
RHEED TIIfH T& TWRWAFEMED & 5 . IR D RT 3 L OV RO 600 °C D Jk
HURE TR L 72D m sk XRD 3% — 2 % Fig. 1(e)B L ORIz nLird. »
FTHDOREIZ KR L TH Fe-Co-Al(002) AR S Bl S Tnb. — 5T, 600°C T ] -
TER L7 ClE, Fe-Co-Al(001)EEE R A3 R H Ay, A2 FHIZ B2 FHANEIEL TV 5210123
B EBIND. BLEOFRLY, FenCon DHEICHN T, AlZ 5at %l /Meanetefield H(koe)
L, EEMRE CBRT 52 LIck Y, B2 H~ORANLARETE 5 2 Loy Fg 2 Magne(;'za“fo“
S, BLHRE Fig. 2 10RT. HRIREOENC LD BARIHELELL T (o Go oAl films
52 ENRTHENS. M, RAELEELSOEYIEORLRIZ OV TEEMIC  formed at (a) RT and (b)
w9 . 600 °C.

1) H. M. A. Urquhart, et al.: DTIC Tech. Rep., no. AD0018771 (1953).

2) R.C. Hall: J. Appl. Phys., 30, 816 (1959).

3) D. Hunter, etal.: Nat. Commun., 2, 518 (2011).

4) Y. Han, H. Wang, T. Zhang, Y. He, J. M. D. Coey, and C. Jiang: J. Alloys Compd., 699, 200 (2017).
5) Y. Nakamura, M. Ohtake, T. Kawai, M. Futamoto, F. Kirino, and N. Inaba: J. Magn. Soc. Jpn., 45, 136 (2021).
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FHRR L 0D B 7 5 GdFe HFEIZ 31T 5 B AR — L 5h B O 1R B R A7

AR, AR, HIIKRE L BAR?
(‘H Zlijt%jt%ﬁmfjﬁl%lﬂ? B, 2 BARRFE T
Temperature dependence of anomalous Hall effect in GdFe thin films with different composition ratios
Yoshihiro Sou!, Yuichi Kasatani?, Hiroki Yoshikawa?, Arata Tsukamoto?
(! Graduate School of Science and Technology, Nihon Univ.,
2 College of Science and Technology, Nihon Univ)

IF LT GdFe (2R éﬂéﬁi*ﬁ%%éﬁ @7 = U BRI 2R LRI B (AOS) 2 ED A B b
B =7 2O RE A~ O FERIZ T 728 (20D D R 3 2 < E S T oL RIS, B AR —
/Viﬁ%(AHE)li%“ﬁr’ﬁﬂif%iE@ﬂ:*ﬁHﬂ%%%f\@mfﬁ%?é’ih% RS DR O B O - 0IZHER STV .
— 7T, M tHEBSRGE T = U BMERIZIIT 5 AHE TIREB S BT — A & M2 TR <A RS
F—AL M EOHBAL RSN TE YR, §40/7RT AHE R EHEIC S 2 55 0H OKEIF OFHMIZ DU
TIEREM S TIEZR V. R E 2 oT# 7Y Gd £721 Fe & 722 GdFe &@ IR 2 W T
SR VE DI BE IR AR B SR R — VA RITH T 2 K m R R OB RICESS FEZHRAT 5.

ERFGE Ay &Y o7 EICE 0 ERL 7= SiN (5 nm) / GdaoFeso (20 nm) / SiN (5 nm) / Si sub. (GRUEFA), SiN
(60 nm) / GdzoFeso (20 nm) / SiN (5 nm) / Sisub.  (FRELB) 12k L, 7o —_"—%& AW URAFHINC X D R—

JVEEBIE AR U7z, BEZEHE 3x10° Pa FRE G, F5EUEFE 100 K, 200 K, 300 K (2T, FEEN y HAIZ 0.1 mA O
ERERAZEML, BEEEE z Flli K 24 kOe OIVEES H ZHINLTZ & &0 x FnO R R —/1VEE
Vit L7z, £, RIREICBIT DHHEDIE po bROT. 1

—@—sample A sample B

T=100K
ERERLESE Figl 12100 K 28T 232K A, BD V, D

FUNBE S AT M 2 97, JEREN O RKEESZIZ BT 5 1,
i E AR CIRERICBRE R — VP par 2R L,
Fig.2 /8 L7z, F72, Fig.2 N7 LiABRXIHEHEHIER py D
BEEREEZ T, RIRICBW T po TR TRE B2 D
—, pamp (ZFIKETH 7=, Tz, HRIEEOEITH L
P DEALITNT ORI W T /S o7z, Lo,
pane (FIREZ IR LRI L W RE < Bip o7z,

-25 -12.5 0 12.5 25

bz &b, — KT EE L TEES R TRICHE Magnetic field H
TAHLEINDIHHHEERBSEEERTORER—ILHEIZ Fig.1 magnetic field dependence of Vi
AL, HIEERLAEICRS REGEEAT L5260 18 osample A sample B
5. °

o

HEE ARWFEO—EBIL, ISPS FHFE(21K04184) DX EA =T 12 | L
EHbDThHS. 5

G 0.8

3

= —06
7;5%3.(@( E 6 204 o0 o
[1] Ryo Ando, Takashi Komine, Shiori Sato, Shingo Kaneta, ‘F02
and Yoshiaki Hara, AIP Adv. 8. 056316 (2018). P,
[2] Hirosige Hachisuka, Yuichi Kasatani, Hiroki 0 T . .
Yoshikawa, Arata Tsukamoto, 2 42 [B] H ABIR ST 0 100 200 300

Temperature T [K]

S gz N -
W 2. 14aC-1 (2018). Fig.2 Temperature dependence of p g
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MOD 12 & v /E#L L 7= CoFex04/LiNbOs F& & [ oD e K — B & 20 B

Kl =8, #hE Bk, AR s —
(B ERF)
Magneto-electric effect of CoFe,04/LiNbO; laminated films prepared by metal organic decomposition
K. Yoneyama, K. Kamishima, K. Kakizak
(Saitama Univ.)
@ LiNbO; @ CoFe,0, V/ Sn0,

[E LIS -

TAENE & R EMEE IR D MG ER SR BB S AR —E ®
’L Y YV |t =
.v o10®B | s0n

Q)

KMERZ T b OIE, Bkt PR EAE Y ~OISHBHGF S
TV Y, KAFFE TIEZFRBEMEMIZ CoFe:04(CFO) | 3835w KT

LINDOSLNO)% 84 L, MOD 2k 9 Zn b oREm# N L, ME =[olejobo |ve B | 25n
WRCEF LI, EORE, LNO AR —ielie 720 MEBRAE 2 ] T Y

BLLARWHERE U, ZoOFKIE LNO J82 3BT DB, WOk I A i i‘LL o
BETES 2 Llebs LB, MREROMASEEN ()R |elelobe |ge B | 1on

CFO/LNO fEf@le 2 ER L . #n6 D ME V23540 L7- D THE+ 5,

20 30 40 50 60 70
26 [deg.] Cu-Ko

PEHX MOD VA TIERL L 72, HIREEWKIX Li. Nb, Co, BL UV Fe OFF
&R BAMEHSYMETRIX) 2 W (b7 Eamfiak & 72 5 K o L7z,
CFO IARII KA, 24 Wi L 7=, —J7. LNO KILFIERIZ 1~4 I
MR L7ot%, BE L CHIZ 24 KRB L7, 2O O % FTO &
fift & 7 A Hb FI1C CFO, LNO DJETA Y v o— k L7z, @ik,
KA 350°CTC 30 5 AL 2 FrE L, B & el TR A 3 [BIfT
o7z, FlEL. CFO JBIX KA T 640°CT 5 HEfE. LNO J&i% 640°CT 3
RERBVLER 24T\ 3R 2 1572, K ekl OBk ME fR5U T MR ALEE L 72
BB A IV I BB (A C B RGSS & s A FIn L, St S b
BEEZO Y IA LT U TICEVRET D Z ETRDIZ,
BREESUER

Fig. 1 130K R 28 572 5 LNO ¥ CERL L 72 CFO/LNO f& /3 it
O X BEFTREZ RS, $RTORETHRE T2 CFO 3K UV LNO
DIHEBPAER LT,

Fig. 2 12 25 OFEFRIICE T D Nb DA &2 /R T, mye=1 BL U2
h.OFEFCIE Nb AT B3 —TdH D DIZxE L, my=2.5 38 L O 3 h.0FkE
TIEAE—L72) R ARERIC /> Tz, T AUIAKfEREE OB
FEVATE DREEE NABIZ B U F DR IS T L2 2 & SRIA
LEZLND,

Fig. 3 1% 4.08 kOe D HE itk FIZI 1T 5 ME fRE8 % 7~ 3, MK S iR
DI MESRBUTFER L. myo=2 h.OFEHZ F6U Tl K 46.5
mV/em:-Oe & 7257z, T AUINK 3 R O HEANTAEV Y LNO FH O &
EREITL, RO REREEIREZRILIZTZOTHD, L,
hy=2.5 B L3 h.oFEFCIE, MEREMNEACEE U7, i3 LNO
JENARHEHBNZ 72 0 . CFO BB OIS TMBRZEN AR —I 72 0 HiREEN
HBonnolzlzd Thd EEZILND,
2E Bk

Fig. 1 X-ray diffraction patterns of the
CFO/LNO laminated films prepared by
hydrolysis reaction of the LNO layer for
Thyd:1-0'3-0 h.

(a) (b)

Tiim

3 pm
(c) (d)
Fig. 2 EDX maps for Nb of the LNO films

prepared by hydrolysis reaction for
mye=(a)1.0 h., (0)2.0 h., (c)2.5 h., and (d)3.0 h.

L
(=]

[ [¥5] -
[ (=] (=]
.

[mV/cm=Oe]

—
]

Maximum ME voltage coefficient

0

1.0 1.5 20 25 3.0
Ty [h]

1) T. Kimura, et al. : Nature, 426 (2003) 55. Fig. 3 mya dependence of the ME voltage

coefficient of the CFO/LNO laminated films.
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T f-Mn BEE N 4 7 VREMERIC BT 3
BERAFALIA VD Ry rvBFYN

Topological Quantum Properties of Magnetic Skyrmions in Filled f-Mn-type Chiral Magnet
RO, RE RE. PR Th, B8 ORE FR OEA B ER. BF HX

ZIN TN

PR AL L (2022)

B.W. Qiang, T. Fukasawa, T. Hajiri, M. Togashi, M. Kuwahara, T. Ito and H. Asano
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Figure 1 (a) A schematic illustration of topological Hall effect induced by magnetic skyrmion. (b)
Magnetic field dependence of topological Hall resistivity,pry, at 4 K of a Fe,..Pd:MosN film with x

max

=0.32. (c) Temperature dependences of topological Hall resistivity,prii -, and normal Hall
coefficient, Ry, of a Fe;,Pd:MosN film with x = 0.32.
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Effect of Lanthanoids substitution against Bi on various magnetic properties of
multiferroic (Bi,L)(Fe,Co)O; (L: Lanthanoids) thin films
S. Ratha, R. Suzuki, Y. Suzuki, K. Takeda, D. Yamamoto, G. Egawa, “S. Yoshimura
(Akita Univ.)

[ECOHIT sametk-mFEMENL, BHE)D L < IERSEDIC L DRALM)B X QBRI 8(P) D J5 A1 HIH 3 A
RREENTNDZ &b, BRI OKINEE LR RE T A ZAHMEE L TIFERNIETRI L T
TW5. EYERERR T A A MM ERERIZ X, K& e b(M,), KERBEMBEKETEE) (1LY
TR E 72, TEEAERE S (He ),/ TR (He ) )8 L OTRE A TS ), TN ARES ), K& eBiA Kerr
R A (O) 72 & DEVEREME D SR D DD S, BUTOIREEE - WA EMEHERO Zh b OfEiT kE <72 <, R
MO HIC L VR T ANA ADRMEEE I TE CHLEMEEILIIAES TRV, FH S ITITE,
(BixBax)FeO; (BBaFO) J#%, (BijiLax)(Fei.,Coy)Os (BLaFCO) (233 1) % [E Hir R B O ki & ¥, BBaFO
B CIE 90 emu/em® FEEE D M, BLaFCO 35 Tl 75 emu/cm® BREED M, 1 #8225 Heo/ Hoy BE NS/ Sy,
KRERO, ENELNDZEEHREL TS, N6 0MEEEL HWT, RFrEREIMNC LY F0HE%y
DBACIERIC BRI L, T A A ORFELIT-> TS . L LR D, HIZT A AFEEEZERT 5
7o DI, BRI B AV T IR - MA B A IRRF R 2 Z L BB L e D TR E TOMFND,
AV A FOBEBTHEE B A FOBBTHEOMAADLEICLY, FoEEMTOBROEL LITE2BRD
WREFENEOND Z LR TN D. Lo TARIFIETIE, Fix DT % /4 Kt L (=La, Nd, Sm, Gd, Dy,

Er) % B#ICHEICH O 2(BI,L)(Fe,Co)Os Ml 2 /ERL L, BN -BREHEE2 AT DM ERERORRE 21T 72,
& (Biosoalosos)(Fe,Co)Os (L= La, Nd, Sm, Gd, Dy, Er) (BLFCO) #ifi (/5 200 nm) %, KJiME L2 DC
ANy B Y 7k (R 100200 kHz, /7 150 W, 7 2—7 ¢ —t 0 2:1) ZHWT, Wbl % Si
FHR/Ta(5 nm)/Pt(100 nm) FHuJE FIZRRE L 7. FEIEIEIX, Ta 2 =R, Pt % 400 °C, BLFCO % 700 °C, @}k
RS CRRIEE U7z, BERE IR BRI ) 3 (VSM) B K OBER Kerr 20 SR E S E 1 & 0 3l 217 - 72.
$ER  Table.l lZ, EHLL 7= BLFCO WD My, Hei, Hei/ Hey, Si/ Sy, 6, 2ZNTIRT. KlEHTHE
DIFAFrr, A AL BROL (% Bi), Fe lZxf7 % Co @iz, & HiHH T/RT. BLaFCO RISV T, Fe
X9 5 Co BEHIED 25 at%IEEICH VT, WINOMKEHE bR RMEEZRTZ ENHD. ZORESE
ZC, BLFCO {#RIZHI1T D Fe lZxf9 % Co E#amt 25 at% e/ & L7z, BLFCO #EEIZHB VT, —RRICKE
MR BTN, O THEFIC ND S Br TE# L7238V T 140 emuw/em® FRE NG Bz, £ LT,
—BRICK X 72 Hot/ Hyy 3R D2, EOHTHEFC Sm<° Gd TEHE L 723N T, S0/ Sy b 1.0LLE

THIMEIC R ERRE NS ST, Table 1 Magnetic properties of (Bi,L)(Fe,Co)Os-based films with various
T, —FRICKERONESNTN, Lanthanoids substitution against Bi.
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BOWTO0R2M G0N, BiDT ¥
) A RCOEBIZITIE, 4 7-PNo» | Atomic number 57 60 | 62 | 64 | 66 | 68 | 83
A A NT L AFE LR (W atioof 1.11 1.09|1.07|1.06 | 1.04 | 1.04| 1
b 3+) TEnD, T OBEMRIEKE o

- E - (0]
PEICIERE R A 52 A0 TlERL, (Fe**+Co™) 0 [0.05]0.12(0.17|0.28|0.310.25{0.25|0.24 | 0.27 [ 0.24 | —

Fe |Zkf LTSI Co DATRRE M. (emuicr®) | 15 | 25 | 50 | 70 | 80 | 55 | 140 [ 110 | 65 | 75 | 135
PEIZH LT, &7 % /A RILHE» K&
ETRP R DD LEFZZIDND.

H.. (kOe) 0| o0 |28[31|26]|27]21[19|22|27]|19]| —

35%‘jcﬁk 1) S, Yoshimura et al.. TIAP. 57 H../Hcy 0 0 11112116 | 10|26 |21 |28 (17|15 | —
—& . u .y b s

0902B7 (2018) 2) M. Kuppan et al. S/ 8 0 0 08|109(13|(05|10(14 |14 |06 (06| —
Scientific Reports, 11, 11118 (2021) o« (°@800nm)| O 0 [0.02({0.03(0.08(0.01(0.09|0.05|/0.08{0.12]|0.05| —
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Effect of laser-assisted heating / annealing on various magnetic properties
of multiferroic BiFeOs-based thin films

“R. Suzuki, G. Egawa, S. Yoshimura
(Akita Univ.)

[TLHIC =BT TR - si55EN 2 A4 5 BiFeO; IZH T B Fel &b etk 2 A9 % ¢
FCEMT D2 LT, MBEMENBITLZEAMEINTND. Fxld, JUE LA DC ARy H Y T
E% VT 695 CTE#RL L 7-(Bi,Ba)FeOs, (Bi,Nd)(Fe,Co)Os #5231 T 90 emu/cm?®, 140 emu/cm® F2JE D 5
WA LMY E DD Z 2 MELTWa D L L, EBRBREREK T SA ANSHAT 21X 6125
WD MR B3 5. BiFeOs R, AERICT =— VILEL 21T 9 Z L2 X DARTER OIS X - THMER
M b4 2L, EEEREEOEBMBVEE O ERIC X v fEmENm ETs 2L, R—AcmbhTns,
AMFFE T IE(Bi,Ba)FeOs, (Bi,Nd)(Fe,Co)Os #fIZ N T, EZZpLIEIEEICH Y T 7261 £ 0 b ST
RN L —F—T 2 A NN 2 FTHIC Y, T OREBORE IS RIETHEREATME L, £ E AV CEICEIR
TOREER LU T =— L &21TV, ZRENDHEE & FEICE 2 2RO KR E SIZO0 TR L.
AiE  (BiBa)FeOs, (Bi,Nd)(Fe,Co)O; (BBFO, BNFCO) #f5(200 nm)% Sttt/ LA DC A Sy & U > ZYEIC
o THIE L7z, B bl & Si FEH I Ta(5 nm)/Pt(100 nm)%z FHUE & L CRIE L2, Z D& & Ta JBiX
DC &R %z TR T, PtJEiX RE &R A VT 400 ‘CTAUME L 7=. BBFO, BNFCO J&id, TE/EREEE
WD T 7 e — 2 —Z T 695 CCRUBEGHE T A, 695 C TR L 72 2 IC R 3R 55 PH <+ T 30 43 o
BT == (T =— Vi), 77t —4%—» ON OREIZBWTHEIZL——E2BHT27 & M
ENEAT - TR L 721212 O F FEEHEFIHR T T 30 D% T =— (L —HF —i % 7 =— Lk, %
FEEZROTER L7, Fig 1l (I2L—H—7 3 & MINEWERE 2 B0 715
TBEEZE ANy 2 ) v JHEE ORI X % 73, Pt 38 XU BBFO,
BNFCO # 5% s 58, #mtbom bLz2X 57D, VAF 77 X~
AR LT, ARy H Y 72 —5y MZIX, BBFO JEiX Ba-Fe-O £
XK, Fe ¥yH %, BNFCO J&iZ Nd-Fe-O ¥R, Fe ¥yR, Co ¥yH % BEfs
éﬁ'ﬂ’@%bt%”@é@& Ty MZ B Y hEEELZLOEZHW
. BBV A DC ARy Z ) U VBB S VAL E LT,
BBFO, BNFCO i, JAWHAE £ £ 100kHz, 200kHz, /i

S TE—48—(700 "CETHMATHE)
BB GREED)

N ’ e i, Fig.1 Schematic diagram of ultra-high
150 W, ON:OFF fhix3:2 & L7z, Mbdﬁ%@@rﬁﬂff (CIFIRERUERIE Y] vacuum sputtering equipment with laser

FHVSM) %, fé5 Kerr [Bl#R M ORI 135 Kerr BB E 2 H U -, assisted heating system.

BE 5.7 —F—MAMATL—F =T 2 MNE6 W)E G 120
T2 LT, BHIREEZ 695 T 858 TR ELHZ &N
T&72. Fig2 ITEFRIEGE), %7 =—/VElE(E), v—¥—RE%
T == VRRIEGIR), D% TFiEE W TYERL L 72 BBFO #I8 D M, (231
% Bi x4 % Ba OE#EAKIFMES L OMREN T M-H B %R
Ba EH#1E Y 50~60 at% DIz I T, %arﬂzﬁ%ktﬁxbﬂﬁ*}u
— VRIS TCIE, Mo3imL, S5 —Y—MREH% 7 =— LakiEick
DT M 1% 98 emu/em® EHEANL, Z AL E ToO BBFO MO Tlifk b
EVMEN S O, BIEORSSEEO M EXRmFHEOLUEICL S b O s s 7m0
DEEDLNDZ EMD, RELRMMPELNZEEZLND. B ADOE X(Ba/Ba+Bi) (%)
EE T, b ——MRE% T =— LRk BNFCO #IEO %4  Fig2 Dependence of  Saturation
Mz i’d”;dj%\ BiFeO; R DO RiA Kerr [HHEF4 125 2 B B82S0 magnetization of BBFO thin films on
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Perpendicular magnetic anisotropy of an interface of Fe/NiO investigated by
polar magneto-optic Kerr effect

S. Jung!, A. Hidaka!, and H. Yanagihara!
1. Department of Applied Physics, University of Tsukuba, Tsukuba 305-8573, Japan

The voltage controlled magnetic anisotropy (VCMA) is of great interest in that its properties can lead to useful low energy
consuming, high speed spintronics devices. According to Maruyama et al., the VCMA property and perpendicular
magnetic anisotropy (PMA) were found at the interface of ultrathin Fe and MgOV. However, the change in its VCMA is
not enough to be utilized for devices as it is. Inspired by the result, Kobayashi ez al. recently found that the interface of
ultrathin Fe and NiO shows PMA which is measured by VSM?. They also evaluated the thickness dependency of the
interface with AHE measurements, from which the interfacial magnetic anisotropy energy of 1.07 mJ/m? was derived. As
it is hard to investigate VCMA properties with conventional magnetization measurement, a suitable method should be
considered. In this research, the magnetic properties of the interface investigated by polar magneto-optic Kerr effect
(PMOKE) are presented.

For the measurement, a Cr (2)/Fe (0-3)/NiO (10) thin film was prepared with reactive RF magnetron sputtering method
grown on MgO (001) substrate. A NiO layer was grown at 500°C, while Fe and Cr layers were grown at room temperature.
The thickness gradient with a range of 0 to 3nm was applied to the Fe layer. The Cr layer was used as a cap layer. After
the fabrication, the sample was annealed at 450°C for 1 hour. The crystal structure and saturation magnetization of the
film were investigated by an x-ray diffractometer (XRD) and VSM measurement, respectively. The magnetic properties
at the interface were investigated using PMOKE. From the analysis, the evaluated interfacial magnetic anisotropy energy
was 0.93 mJ/m?.

In order to study the VCMA effect of the Fe/NiO interface, a thin film of conductive spinal oxide CoV,O4 was inserted
as a bottom electrode between the NiO and MgO substrate, which makes it possible to apply voltage to the interface of
Fe/NiO layer. The insertion of the electrode layer did not greatly affect the interfacial magnetic anisotropy energy of the
interface.

References
1) T. Maruyama et al., Nat. Nanotechnol 4, 158 (2009)
2) S.Kobayashi et al., 16p-Z19-7, JSAP Spring Meeting (2021).
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Fig 1. Normalized Kerr signal which is derived
from two sites on a wedged Fe layer with thickness
of 0.8 and 1.6 nm grown on NiO, for applied
magnetic fields.

Fig 2. Interfacial magnetic anisotropy energy of the
Fe/NiO interface evaluated with PMOKE
measurement. The red line is extrapolated from a
linear part of some measured values.
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Magnetization process of Co/Ru/Co Synthetic Ferrimagnets
Yuichi Hisada, Sachio Komori, Keiichiro Imura, and Tomoyasu Taniyama
(Department of Physics, Nagoya University, Japan)
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FORBEMEREBIZB VT, BRE— AV FRT B LEDLT, FIROMEZ RS 7 = U BAEARIL, SRBEIEARD
LR DTHISE L, IO SRBEVEIR D X 9 72 @l 7o & 2 97 [1,2) 72 8, AR TR 0N g AN AT
PITWD, ZOHTY, AREFIETIE, TRBEEAIFERNE RREE RS D FEH SN D AT 7 = U BRI
EH LU, ZoMETIE, FEEEEZT L, Zo0MBHREN 7 = VMO X 5 ITHEIhs Z Enmbh
TWDH, ZDOBALIBFRIZ DWW TIE 023 72 STy, Sk~ X, AT 7 = U RO bIE
FIZBWTRELRBIRAZ RN Lo T, #ET 5,

EER &

RE~Z % hay 2y &Y o7& HWT, (011)EA D Ph(Mg1sNbys)Os-PbTiOs (PMN-PT) Mt Fic, AT
7 = U BEMEAR Nb(3 nm)/Co (3 nm)/Ru(dry)/Co (3 nm)/Nb(5 nm) % il L, BEEHHE 2 BRI F Kerr 205 K OE
BB N EHC L > THIE LT,

ERGR

Fig. 1 {2, Nb(3 nm)/Co (3 nm)/Ru(dru)/Co (3 nm)/Nb(5 nm) A T.7 = U fEMEARIZ 33 1) 2 i o Ru BRIE AT
P& 7R, dre=0.5 nm FAHTIZERBWT, SRRSO & 7220 | Ru &4 L7z 2@ Co MO sk ERE &
W< 70D 2 L DHER ST, dre = 0.5 nm OB OB HIRRZ Fig. 2 12T, BRrBEGFHITIE, 7= VR
PERFA OFRBENERR 53 3RS Sulz, F72. 500 Oe fHTIZ W T, g AR L P LAYy 7a vy 7D X
I RALRBEDHER SN T2, ZOBGIZOWTIBERES Th 5, #EY AL, 7 = U BEEAR DR
TR, S HITTEMDRICONTHEHEET 5,

23R

[1] K. J. Kim et al., Nat. Mater. 16, 1187 (2017)
[2] L. Caretta et al., Nat. Nanotechnol. 13, 1154 (2018)
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M EE, AR RE, SR B
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Magneto-optical hysteresis analysis in FeCo-SiN nanogranular films
Kenji Ikeda, Nobukiyo Kobayashi, Ken-Ichi Arai
(Research Institute for Electromagnetic Material, DENJIKEN)

1T EHIT

T 7T = a7 —EEL, A0~ N v 7 ARICHMEGR T SR A B ST EEE A L TR,
SERYIVER R T Z L THLNTWD, F’x DI N—T1X, T oAbRT ) 7T =2 T —ERE R A R
LY BEXR77 77— 3REerT xR/ LE Y, 7/ 7 T7=2 7 —HBEICEIT 2 KE BRI FR
X, ~ U v 7 AREEFEOBMHR T OMKRE— AL PRT NV AIND Z EICRERT S EE2 LD Y,
T T T = a7 EE T, T MR IOER T BB E R T 2 ENZ VR, S LT T T T
—E ATV RAZT D Z R ARE L AT, BRSNS TORWVREETH > THRBESROLT R & F
BT 52 EnHIffEND, AFETIR, MRIEFEAT IV U AZHETLF /77 =27 —@EOEREZ BHY
ELTSiNZ~ M) w7 RELTET /) VT =a T =AM LTz, ASETIE, FeCoSiN T/ 27T ==a
T—W_D, 77 TT—N—T ORNTRERIC O THRET D,

ERGE

T 7= a7 —@EEORKEIZIE, Y art A NI A RZ =5y b EIT FegCos AT v 7 ZRLE LT
BE2 =7y 2ROV, ArtNy OIRE T AFHRUTB W TER L7z, BRI 400°COMMETRBS TITU, K
JEA3) 800 nm DA ER L7, fEduiEIT XRD CghT L. BiblhifilE VSM THIE L7, 77 77 —%)
Fix, T 7 77— FBELEE (NEOARK, BH-501F-SVD % A TRHG L 7=, #IE0 EE R,
53 K EEFH(Shimadzu, UV-3150) % FHWCHIE L7z, KFEEIT =Y 7Y A —# (Horiba, UVISEL-Plus)IZ £ % fig
Hrick ki,

ELTIEES

AR BHOIREH AR E 2 Z CTHRIEE L 72 FeCo-SiN T/ 7T = 2 T — DG #ifR % Fig.1 12”1,
BRI ALENEG L DI, BERNED ORI T 5 2 &R SV D, Fig2 12 N2 JRHA CfE
WU RO 7 7 77 —EiEA /L — 7 (1310 nm) &2~ 7, W7 7 77—z 27 UV U 2 Z5R-d 2 & D3
PREN D, 10kOe HIJRED Faraday #5423 1.9deg/um THDHDOIZX L, Baifit COREHRAIL 0.8 deg./ 1
m THY ., BHROHMMBRVIREETH > T H EV Faraday RIEEA %2 /R T2 L3005, SEIOERIT, A%y
ZIFDIT AFREEZ D Z LT XD FeCo Kt DREKFESTMENEL LT Z LR L T D EHERITZE 5,

BEE

ARSI IST CREST,
JPMICRI9TI 33 & O} JSPS FHiff £
20K 03843, 20H02468, 19K21959 &
Bigx =37 b 0T,

Reference
1) N. Kobayashi H. Masumoto, S.

Takahashi and S. Maekawa,
Sci. Rep., 6, 34227 (2016).

2) N. Kobayashi, K. Ikeda, B. Gu,
S. Takahashi, H. Masumoto and
S. Mackawa, Sci. Rep., 8, 4978 -
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Optical and magnetooptical properties of Co-SiO; granular thin films
Yuya Funaki, Akira Kitahara, Ryosuke Hashimoto, Hironaga Uchida
(Toyohashi University of Technology, *NIT. Suzuka College)

[FLHIZ

FLWBEROEY: (Magneto-optical : MO) #EHE LTS NYV 7 =a 7 —@ENEE I TS, ZOM
BHE, FEEREARPISRBEIERL T 0 LT 7 =2 7 — s a2 D, RN RE TRV IEHRR L K&
MO NENFHLT 5 Z ENHEINTHD Y., TxlE, 20V T7=27—#EICONT, BOBRRESLK
&7 7 77 —RlEA 245 5 12 DI FE IR mMBEMER B O OB 8, (FREORF 217> TE T
2. JFATHFETIL, Co-SIO R NFT T = = 7 — I CRBUMAEE U c/ERL L7308 C, & 900 nm iT%C
B 25%, 7 7 7T —[Alfisfq -1.6 deg./um ORI A ERIT S Z L3 TE Y. R TIE, ZoREE
AWT, KB XK FIEZIT, TOMEICOWTERLEDD.

EBRHRESLUER

Co-SiO RN F 7 7 =2 7 —#IX, RF~7 3 har Ay &2k
T=E (E & 330 nm, Co 41 atom%) 3L OV 200°C (&£ & 280 nm, Co 39
atom%) THIEVL TIERL L 7=, Fig. 112, =R & 200°C Thnzh L Tl L
72 Co-SiO e X7 T = 2 7 —HIROBZBmE AT L (UV-3150,
Shimadzu) %779, 200°C CHRIE L7227 T = = 7 — IO = O IR T, 0 ‘ .
W D Co DBIRILRIFLE T - 7273, 200°C THEME L7254 0% 00 wekength o]
WRIFMETFTLTLE -T2, EHITEWIRETH B 400°C & 600°CTHEL  Fig. 1 Transmissivity spectra for films
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1%, IR LB O EREN L0 SV EICERNT S O TH Lo ¢
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I ~v—R7n—=y bt DREMNT, 77 77 —FHEMEZRDT. coefficlent spectra
ZNHDARY M)V Fig. 31RT . 7 7 77 —[ElEf 1% 400~600nm
TIXIED FiclEls L, 800 nm LA ECIXA D FIZ[Ezd 5 D0, 20
RELORE R TH Y, M TORMADORENEN DD, 77 77
—HEHRAD AT FVEEERA OIS LI b DIZe %, 5%,
IDI T =2 T —EROBERT NV ERD, VI al—varl

&, n [deg./um]
[==]

IZE VIR ED D . 400 800 1200 1600
Wavelength [nm]
BEZ Tk Fig. 3 Spectra of Faraday rotation

angle and faraday ellipticity angle
1) N. Kobayashi et al., Scientific Reports 8, 4978 (2018).
2) VEANAL fih, ~ 7 XRT 1 v 7 AR E R MAG-19-227, 35-29 (2019).
3) ALRUE i, % 44 [\l A ARG 2 AN 2R, 17pB-4, 207 (2020).
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Magneto-optical surface plasmons on CoPt/Ru stacked films with antiferromagnetic coupling
H. Yamane, M. Kobayashi*, Y. Yasukawa*
(Akita Industrial Technology Center, *Chiba Institute of Technology)

LI

R E RBERIEFISE L

ST A Y L — BRIV RN A A W EYERET N 2 D EMERE LI

B05

EHIFFE N TS, Foxid, hep(001)-CosoPlao FEELIALIRIZ T/ fiE 2T 595 Z & T, 7T X' AR

TN X DR R DR AR
HrpE (W Kerr 20 5)
ERFGE

B OIS E L, Fig. 1IR3 X 912, [AlLO3(5 nm)/CoPt(4.8
nm)/Ru(x nm)/CoPt(4.8 nm)/Al-ZnO(30 nm)]/jJ T A5 E L. Ru
FEDOEXE2E %25 Z & T CoPt BREIOBERMEE ZHl#E Lz,
HELOERLZ 1T~ 7 % b o v A%y ZEEE 5 V. EEBSSS
PEDm EZM 572512 Al-ZnO THIE, KO, AlOs Kk
EEATN LT, BA T ) XL LIRS ST R
2T, RET 7 XE U2k LT, FEAREmENG, pﬁﬁ‘ﬁ(‘#
WKL —H: 1 =658 nm) & RS L7 RRET, M i E 7 i
2 N3 24 Kerr BliE (2 CREROEFRI R ORIE 21T - 710
EL LTS

[CoPt/Ru/CoPt]f&)E i <%, Ru H1[#JE %/ L C CoPt &R
< RKKY B972722#4F8 A ERIC X » TR O SCOEATELS K BE
NEBEND, Fig. 2 12, @H OM Kerr 2@ THIE LTIz~ A
T =T DT MR GEHAE S B Hex) O Ru 8RR
%759, RuJEIE: 0.26~1.0 nm O#iH T, SRR & (AFC)
DEBINTWDDR30 5, WIT, Fig. 1 TR LI
FRIZIEBW T, AFC-CoPt FJE i od SOFHE TR 36 & OMi ik g
DRGSR AFMEZBIE LTz, TORER, K77 X 0k
ETIER, RE72ME5 Kerr 212 (ROGA: 6 = 745 FE) & &I,
SO TR S RGN X - TR E S BT 5 2 & 23k
7=, Fig. 3 1%, Ru BIEN 0.77 nm OFRELOFERTH Y . CoPt
J& DWACELS CPAT/ BOAT) IR AT LT IS EREE DS K & <
HIpD D, KBS RCEIEFT 5 RE T 7 X
T UILIBICER L2 PRI OFENIC L - TH T & %, fafn
WALIRAE TIE, RO YIS s RYER ST THERK S5 DTkt L
T, BOPATECA T CIIEHEIRY 72 FERE %ﬂ( BL7p D | BEROETFENR
DI U Cs IR 1A Uiz DI RS E S 45,
ARIFFEIL, BHFE (20K05375) DBk % 5% 1 T 320 L 7=,
L 2B N
[1] H. Yamane et al, J. Appl. Phys. 124, 083901 (2018)
[2] H. Yamane, Jpn. J. Appl. Phys. 60, SCCGO01 (2021)

(252 DB OV TR 21T 7,

ﬁi&ﬂh_m%t/%mmm%_owfﬁd%@bfwém[a
KAFFE T, OISR A& 243 % [CoPYRU/COPt] & ELRHM LGB IEIC W T, Rl 7 A& 4k

N 3% SO 7
Protective layer Al;O5 (5 nm)
Mag.
Magnetic layer CoPt (4.8 nm)
I Intermediate layer Ru (x nm)
Magnetic layer CoPt (4.8 nm)
Seed layer Al-ZnO (30 nm)
Substrate 77 Glass
Incident Prism Reflect
(p-wave) (Kerr effect)

Fig. 1 Schematic illustration of AFC-CoPt
magneto-plasmonic system.
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Fig. 2 Dependence of exchange coupling
field on Ru thickness for AFC-CoPt films.
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Fig. 3 Change in reflective intensity of
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BWRFREZETAA X ~T UV T v W=~ A 7 ailoE s

WERZ ' BB 2, KRB S, S 4 MLIES 4 MAR S EHHE "
(ALK m B, 2 R TR 1. P AR RBEER, AL RZ oo, ° BAL K CSIS)
Microwave Frequency Conversion Using Time-Varying Permeability Metamaterials
Toshiyuki Kodama', Hiroyuki Kurosawa?, Seigo Ohno’, Nobuaki Kikuchi*, Masatoshi Hatayama4,
Satoshi Okamoto*, Satoshi Tomita'

('IEHE, Tohoku Univ., 2Kyoto Inst. Tech., 3Dept. of Physics, Tohoku Univ., *IMRAM, Tohoku Univ.,
CSIS, Tohoku Univ.)

XL ®HIS

% 6 HARBENBE T AT LOHREBHEOIZDITIEI VLT 7~ (THz) XO/NWNVETF 2 —F 77
THz NJEDPSEERAIR T D, BN H R CA b7 2 V8 - i U 72 BEmai i, s 250 407
HEMRIEND, £ TERXITERFEEZLRTSELRMETA 2 ~T VT VERNT, w4 7 2O EHE
AL, JIVESTHZ A BLZ L2 HELTWA D, ARG CIIEMES I 2L —r 3 VORRERT,
PEalL—YavE#s

BRI FHFIZIE COMSOL Multiphysics & RF €Y 22— /L& W5, BEHEO 2 kRtETF LT, EFHMIC
Z2RJE . BRI A 2~ 7 U 7 VMM Z18E LT IVE | 2258 & 3 SO a kT 5, FmEns i
DZELDRED D AFT S, BREERFHEIZT MM A8 L, 7 OEK[OE~ G 5, MR mOEE 2.5
mm Ch b, ZRDEDOEIIIANT LA 7 0D ED 4 50 1 Thod, A 7 nOESITETF N
RS T D, A7 alN AR EZITHA T 2RO/ &/ & O R ITEsESER SR 525, BT
MO & OB EITERERN G E 5 25, SRR MM 21808 L2 E o hd sz, = 1+
Ag{l — coSTtfinoa X )}E LTH X 5, T2 Tl FEFE I TH Y | B IIRM Th 5, BEWERIRFHIZ R
MM % L CEKEN O MR T2~ A 7 aliioBESEMEZFHE Lz, REEEEZEL 2O~ A 7 rlEo
NFEFZ % 0 & LT 80 nsec £ CTOREZ FEhi L7,
HRLER

VICEHER RO —FlzRmd, AT H~A 7 2l OEHEEIX 10GHz & LTz, HiEBROIRIEA X 100 &
L7z ZZRREE finoal® 2 GHz & L7z, BHEHERFHRIZT MM OJE XX 0.1 mm & L7z, ffARNIRERHIIEE T
b, Iihk T — ) B L TH LN AT VAR LTV D, A f#REIZAY 0.01 GHz Th 5,
A & LWEBEEC10GHz O~ A 7 0 lEO(E BIREN R H R E VN, — 75T 10 GHz O = & H A & K& A
WCHEERELNTND, ZNHDEFIT 10GHz N HEEN D IZ DN THREMET L TWD Z LB3gnd, £
22N HOEFFEMMICENTRY ., BYEREL2GHz THh D, ZIULEREROLHFER L E K< —& L
TWD, ZOfEHRIE, FBREREFHZT MM (2

FO~A 7 v OB EL TND e S

TEHERRLTWVD, R TITERBEROHET _ o.sé 0s) |

g o 5

HE :i' o6F8 .| a

SRR L L OB I L E g2 ol R |

9, AMFZEIL IST-CREST (JPMJCR2102) I §

XoTEEENTVET, < 02F i

e 2D IN oo

1) ZguufiB  fh, % 69 S A A 0o 2 4 6 8 10 12 14 16 18 20
ZRAN R 2, 22p-P01-7 Frequency (GHz)

Fig. 1 : Frequency-domain spectrum of transmitted microwave
through a time-varying permeability medium. (Inset: Time-
domain waveform)
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(1AL RZ oeht, 2 R, ALK CSIS)
High-frequency electromagnetic wave absorption in micropatterned magnetic disk array
M.Peng?, T.Onuma?,M.Hatayama?,N.Kikuchi?,S.Tamaru?,S.Okamoto*?
(:IMRAM, Tohoku Univ.,AIST,*CSIS, Tohoku Univ.)

XU

% 5 B ENEE TGEG) DM KIZ L > T, LV @R BENEH X5, @AW /) A A0REE 785,
J A A — H(NSSHIXFERE T RIE DO RS & L CHWSNTE Y . 56 FiR CII BRI WL Rt 2 5t
sk UHF #7(300MHz ~3.0GHz)7> 5 SHF #7(3GHz — 30GHz) ~m A4 2 BN H 5, NSS 1L, R Pt
SR ERY ~—DEEMEETH Y | Z OB WIURFE TR R NI O BERAEE DS IR IR EE (BER
Vortex) & 72> TE Y | R 7e A £ X NILBHER AT SAUVRHATE 5 2 LNy ho Tz D, RAHFETIE,
5 Vortex &7 /WS T ORGEZ B E LTI LT 0 A7 RBEE R R 7 LA Z/ERLL |
= DB & G L7z,

ERGE

AL T, BN L2 AT, 7 v 7 o v A BT t=200nm, D = 10pm
A4 AZIRFeSI Ky T LA Z{ER L7z, FeSi Ny FOBERIID = 60

2~20 pm T, JEZA (X t=200nm, 400 nm & L7z, BER AL hv 0

% N7 2 AREE BRI EVEL T TC-Perm) 2% e,

TC-Perm TIISMTBEGEIIN T OBRERRENFIRETHY . 22T = 20

1% woHae = 0~ 200 mT ZFIA0 L 72, JEI40% 10 MHZz ~40 GHz & L o

77

% -200.01 0.1 1 10
Fig.1 (2f&M: K> 7 LA (t =200 nm, D = 10 um) D BB 3R A Frequency (GHz)

R MVEIRT, ZIVE TORTERER 2 2 NSS & RIBRIZ S A
FEXNBIBRGR AR "L AETpoTED | B Vortex IREENZ
DOERJFTHDHZ LE2WOHTHR LT, Fig2IZBMMERrFy b7 LA
(t =200 nm) O & JERE AR &' — 27 fur S OMEJE I & — 27 JE B fLr DAL
BRI 2R LTZ, R Vortex BRgRICEESWCHE SR D
Gyrotropic mode® & Flux closure mode C M FHEE R 2 Z 2 R
BREFTR TR U fur & flr X Ky MO IS B ERAANZ
7 L TEY ., NSS O EE N IEn OEREZ T 5 Z
EBRETHD Z ENREND, £72 fir 1T Gyrotropic mode D Ff
FAE L IFIFE B LTV DD, fur i Flux closure mode & ¥ &KW
EE72o TS, ZOEW Ry MARISEARR 722 [ &R 2
LOALIRENFRNEEZTEBY, S%EMICHRETT 5,

Fig.1 Imaginary part of permeability of
magnetic dot array

t=200nm

o fug
o fin
0,

Flux closure

Gyrotropic mode

Resonance frequency (GHz)

0 10 20
ﬁ%ifﬁk Diameter of sample dot (nm)

1) FHE RMT. SEASEMAR#. 2021 Fig.2 Peak frequencies of
2) S. Tamaru, et al. IEEJ Trans. FM, Vol.141, No.5, 2021

3) J. Neige, et al. Appl. Phys. Lett., vol. 102, p. 242401, 2013.

4) B.A.Ivanov, C. E. Zaspel, J. Appl. Phys. 95, 7444 (2004)

fur and fir of magnetic dot array
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FEHTEA. AR, BIFEZEA
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Study of quantitative evaluation methods for anisotropic magnetic field in magnetic particles

H.Kubota, M. Kishimoto, and H. Yanagihara
(Univ. of Tsukuba)

[XCHIC

B AP DAoL TP AT RE DREMEAT BHZ I W TR, — IRAOICBEAUSRE T 1
TR ST e D FE B 7 il IINEE T D, 18R BBy ARG L fif ikt

BEORR STV TiE & L THREA hv 7 olalfine 27 U 3 A% V5 J71E[1]

RES CORBMLIERZ VD FIERIVH BN TND A, ZNHOTFETHED
DR MEER DO FIE A3 C & 2 572 E 3 ZMIC - B &
TS EIIEWEE, & 2 TR TR, BRI ITHERBER O A EHZ D
W, FEGE M OEANWEZ LS E R 2 HE L, b 2 2OFEICK
V) WIS M DRRAT 24TV RIS 15 0D E B 70 b 2 52 7,

ERAE

WEMERFEEE LT HHRDERIR v -FeOs POk 12 Hv iz, ILEAHIIRC/ v
A 2 TAO) & MIBK ¥ BE A FE#E U CHERLL 72 20 wt% D /3 A > X —¥IK 10
gL ¢=5.0mmDE—X60g, v-FO3% 1.0g, A—IVEHNTH5
REREE L Tl S t7e, REt2 77 2AF v 7 7 0 VA BICELSBY | F
N9~ 2 RO WER] 2 R U Clidm S ¥ 72, 9% U 7=k 2 IR Ehal R R R Rt
(VSM)IZ L B LHIE 21T\, AT (M Ms) &3 UTe, RS T HEIC D0
T, BR MV HIEEITV, SMETHRONFEEEE 27 Y 22 WD
Tk & IRENBURIRIRE 352 K D RALIIE 21TV, il C o fafnifir il
(LAS)Z WD Z oD FETRGVERIGZ RS o7,

ERER

Fig 1 IZEFBLORALIER R 2~ 7, A AFUEH AL M/Ms = 0.5)1Z5%t
L. EINS 2 BaG-ORE 8 BN 32 & AR TN L, A KT M/Ms=0.79
R LTz, BRBREGENXERTHD L35 L #HIRy -Fe0s DB J51E

W /W, max (arb.unit)

dMidH

100
075 ~
050
o I — MJMs=0.5
a0 MdMs=06 |
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<050
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1
g

/“ — MJ/Ms=0.65
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Fig.1 VSM measurements
for different M/ Ms

—— M,/Ms=0.5
—— M,/Ms=0.69
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20 275 30 35 46 45 58 55
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Fig.2 Rotational hysteresis

loss of different M:/Ms

a4 MIMs=0.5

Gobos cobes | oobon
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Fig.3 LAS at high magnetic
fields

51X 2.5 kOe Th 5, Fig2 IZlAlfiit A7 U o AR W, ORBSGELE ~T, ©— 7 iz I2% DL S H
SEMANC =0 1Z/ME L, x UIR 75 BAVERSS Hy 2D 70, KBt ATIIZEI D 57" Ha = 1.7 kOe
FBECTH 7o, Fig.3 [T AT H MY 2 FIN L CRAABIIE L 727412 LAS & IV THEbT L 7o R 2 0R
T x WS VP, y S dM/dH D 75 7 ISBIEEEZ 71 v F LT LN —RADOU R LEHE L RS
PR 2 Uiz, M/Ms=0.5 D86, Ha=4k0e T 7=, il TlL Stoner-Wohlfarth model[3]DEE > 2

2 b—va vy EEROEEIZOWTHHRET 5,
2D

[1]
[2]
Soc.Powder Powder Metallugy 63 (2016) 1053—1059.
(3]
Soc. Lond. Ser. A 240(826), 599-624 (1948)

H.Nishio, H.Humihiko, H.aguchi, and T.Takeishi: J.Jpn.Soc.Powder and Powder Metallurgy, 41,701(1994)
T. Kuno, S. Suzuki, K. Urushibata, K. Kobayashi, N. Sakuma, K. Yokota, M. Yano, A. Kato and A. Manabe: J. Jpn.

Stoner, E. C. & Wohlfarth, E. P. A mechanism of magnetic hysteresis in heterogeneous alloys. Philos. Trans. R.
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XMCD Z# i\ 7= Co 7 =54 MDA F v RaD E BN

FEARIEE, FHORER, AR FHES, WIS AN™, AR
FRORER, 44 TR, " K
Quantitative analysis of cation defects in Co ferrites studied by XMCD
J. Okabayashi, M.A. Tanaka®, M. Morishita®, H. Yanagihara™, and K. Mibu®
U. Tokyo, ™Nagoya Inst. Tech., ™U. Tsukuba

IXL®HIZ ARV T =25 A | CoFe0, (CFO) I, AE T 4V F— HEET A A BERBRMER R e
EDISHANDZ L OMZERITOITE TN D, ITFE T, BRSO ORI & 5 EEBA 5 PE (PMA)
LEE SN TWS 1], CFOIX, O, % B A R Co™, Fe¥, Fe¥, T kI#HA FDF b ENS, Zh
OO ZFHRD 1T, TRIBIRD OV A MR FHDASLTE L 720 . NS 2 FV 72 X BRIy
JE(XAS), X RREAU Ak (MCD) 358 ) 70 Rk & 72 %, AlEl, XAS, XMCD 225H3RFE % Co & Fe DAL, B
AF VA FOJEFEOL, B ESMEENS T2 LI~ T, BA A YA FOXKEBEEE TEMITK
DD FEERR L0 THRET S,
EBHE  RHEHZOWT, 2SR L— W —HEREEIZ T Mg0 (001) 258 EIZEE 13 nm @ CoFes 04,5 (x=0. 2,
0.6) ZHEFE L 72, x=0.2 TITPMA 27~ L, x=0.6 CIXHENMBALE G A 77, REIZILCuZ 1 nm HERE L7z,
X BRIEHTH S CFO DEMIZE -8R0 OFTHAHMENTND Z &b H->Tnb[1], Fe, Co L WLILHGD XAS,
XMCD JELNZDUVT, =1 4ff Photon Factory BL-7TA CRKER) 12T, FERIZTIT o7,
RERLEBE  XAS OMELA FeiCom14: 1 FEE L 720 x=0.2 & —F+ 5 2 & &M DI=, Fe? (0,), Fe* (0,)
DOWRTE—A > FPFATT, ZHHILF (TY) DR E— A M EREATHRETH D Z LK 1 @ XMCD OFF
BOLIAMICBIITE 5, YA MIORDICHEET 272012, B FHERFRICE D2 A7 MLVOFR %A
To7, Co™ (O) IT—RAI M B SEDZ E N AT MV B 72, PMA DRZJRIX, Co DR X 72 HE
KE—A Y MTERT S Z LA -2 [2],

x=0. 2 DLGEDORKEEOFMO =D, WA A VA ML, BAIREANOE R HPE, XMCD FREE DU TL
RN E-wiN AIRVASR

14Co%* = Fe?* + Fe3*(0,,T,) D

2C0?%* + 2Fe?* + 3Fe3*(0,,T,;) = 8 (2)
Fe3*(T,): Fe3*(0,):Fe?*(0,) =1:1.3:0.25 (3,4)
IRZ A —H L Co, Fe(BFR) DA AL D4 >TH Y
FREAOKIL Fe XMCD OF&E (2 2) #FHHT4 D
b, ENFERADLETA a2 ED D FETENE
b, BEXRMETLWLOLET D, TORE, &
F A DM S DT EA A4 v Kkt L
THREbLND, EBRICHEA 4 REHIT0.185 720 |
FIZBYA "RIBIZE D Z L7, Co kD F7n "
LA THRA, KEEOMBRIKGFIEEZR X D kL 190
LTHEHTHDLZ EEFEIEL TS, ZOfTIL, W
A FRINC A B BERE A T & A NERREE ST Fig. 1, XAS and XMCD of Coo.2Fe2.804+s film.
KD TIAD b Th b, BT, XA (ol 48 () Co L adge Dot cuesfn XNCD ar
Bt (XMLD) % F\VN 7o /& &MRAT OFEM, ©7 Loz
IZOWTHigimdT Do
L 2PN
[1] K. Naruse et al., J. Magn. Magn. Mater. 475, 721 (2019).
[2] J. Okabayashi et al., Phys. Rev. B 105, 134416 (2022).
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s R M LB E 1T X A EuBizFesxGaxO1z R D LAl

SRR MU VH OARZE 2. RERBE S, MNERMIGE 3, 2 FREE A, TIRLESE S, VH)IPHEE L. AfElEest
CRMBEFIR, PHEEE, 34 TRERT, ATLRT, S EiE k)
Characterization of EuBiFes.xGaxO12 thin films by Ferromagnetic Resonance Measurements
W. Asano?, T. Nishi?, D. Oshima®, T. Kato®, K. Lee*, M. Kawahara®, M. Nishikawa?, T. Ishibashi!
(*Nagaoka Univ. Tech., 2Kobe City College Tech., *Nagoya Univ., “*Sogang Univ., °Kojundo Chem.)

1. [FLCHIC

Fx X2 FETIZ, NdosBizsFesOw A BT L, BEKIEHEA A — Y U 7128\ T 6 GHz £ TOE KIS
JIGETHZ L EMR LI Y, EEERATEE SHICA ESEAOICIBRERE A RS E LI LERDH D,
Fox i, AEBEAMEMRRMI CRE RBREEL SO Z EICER L, £ LT, A LEILEIC Bu
ARG 5 Z L C, AEB)EMEMRA T CHNER B AR L E ., SRR OSEN TE S
MRS D & T LT, £ Z T4, EuBiFesxGaxOiz (x=0, 0.5, 1, 1.5, 2)#fix 2 /ER L shkaM: 1 (FMR)
BB L0 R L 72k ROV THET 5,

2. EEBRAE

EuBi Fes«GaxO12 (x=0, 0.5, 1, 1.5, 2)#5|X, MOD ¥&iZ(BiFeEu(2/5/1), BiFeEuGa(2/3/1/2), i AL 2 hiF 4L )
VT Ga BHIEIC/ D X 9 ICHREL L 72 1A % GdsGasOr, (GGG) (100)FEAk iz F, Ay a—H#—7T
3000 rpm, 30 B DSMETEAT Lz, T D%, 100°C D& v F 7 L— kT 10 S SE, 450°C DRy 7
L— hT 10 R BERR 21T > 72, T OfEZ 5 [Af VIR L7k, 770°C D~ v 7 )VIF T 3 REF AR 21T -
72o FMR JIEIX, ~ A 7 a2 §JE¥ % 9.09 GHz, 75| 55 %iPH 0 - 10 kOe, #7715 mW, BEIGEIINAE A= 0 - 180°
(AHE Mm% 0°) L LTiTo 7=,

3. HRBLUEER s
Fig.1!Z Ga [E#af=1 > FMR DRI ENIN A R AFE 0 T8 1 ft 5 . 0 gzg

T, SRS e EFIMBES % WIS (= 0O DENS & | a0des

] (8= 90°) 1225 {k & % & 2.45 kOe 75 1.70 kOe F TZAL L 7=, St ~s0deg

Hres 1282 90° R/ MER T LTS = &40 h . fNFIICRALE & oder

BiE ST L b, Fig2 A= 0°TO Ga FHAR L Hes 35 odes

F O Rlts Ly ORfR A R T, Hies I3 Ga i@ #ii=0-05 TKI 5 ‘ ‘ ‘ ‘

kOe %7~ L7-7% Ga iE#ifE=1- 1.5 TH 2.5 kOe & 2AIMIZ TR - 7=, 1 2 3 4 5 6

—J7, y1% Ga [E#L = 0- 0.5 THI 15 MHz/Oe %7 L7275 Ga f& Magnetic Field (kOe)

B 1 <9 3k - SN
=1 ]:.5 T#J 30 MHz/Oe &‘,uf\{%ﬂ\_\i%ﬂﬂbto ZOEBIL, G:’i Fig.1 FMR spectra of EuBizFe:GaiOu
EfED 1 AT EBEMEARSFEL TWDH7EDEE X thin films measured at f=0—90°.
bNb, £7-. Ga BEHE 1 OyOEIT. BEICHRESNL

L2}

40

NdosBizsFesO1 D= 0°CTOy D L Ll 2 L5 1.3 fF RV, &% 'g o ® Hres
[ ]
T, 4 BT S, X S R I
] <
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S 4 20
HTRE © ABFZEO—H 1%, ISPS [ A $+ 3£ (JPISBP120208805) IR A . r;
i BRFASRI L & 2T LDAFFERT AL R8O S8 25 THE g 2 ¢ ¢ 0 2
i XAz, g, 0
0 0.5 1 1.5 2
w Ga content
1) T. Ishibashi et al., J. Magn. Soc. Jpn., 44, 108 (2020) Fig.2  Resonance magnetic fields  of

EuBisFesxGaxO12 thin films with Ga
content of O - 2 measured at 5 = 0°.
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X s S P Y6 R G BE NS % F O 72 5 al M B S A OD transverse fig [X. (D 8152
RMES, EREAN, PHEE ROKH* SEE -
BHE G, JFE 72 /)Y —F)

Observation of transverse domains in grain-oriented electrical steel by means of
X-ray magnetic circularly polarized emission microscopy
T. Inami, K. Sugawara, T. Nakada®, Y. Sakaguchi®, and S. Takahashi*
(QST, *JFE-TEC)

1 @FL®IC

Tt BRI X A SR OSSN D EREEMEMEIT, TRV X —HHK B L REOWENEE FOFEERETH D,
JET 300 pm FEEEDOIIR T, FIE & FEESCAEIC K Y FIE A [001] #. FKiH@AY (110) HE WD, ERIZHMDE S > /-H
KRR NSRRI NG, /2. ZORANLERBMIEE KL, [001] #IOEATIREICHELUZ A N T 1 DROBRE A, HAL
RLWEETH D,

—H. FEEOAAMEEEMK T, [001] 83K L BRIEITTIRALS, BEOHES 2FK>TWS, ZOMEE BMA LN,
BIRO B ATk, REEAIC & DEET RV — % (EJRT D20, Fig. 1 1ITRT &8, WX & EIEN D R A ihE BN
%, MBI X IFZRE O lancet fEX & 2z D& SNERD transverse B X 5K X 41, KT transverse B4 X 13 [100] & 7= 1% [010]
HAZEELTWD LEZONTE Y, AMEEMROEEDFRE L 2>TW\W5d,

UMD UBMS, 2O transverse (X I, BEMERPREBICIEET DM ENZME THY . REOHK % BT DALY Kerr 415H
PWERE CIREEBNT S Z R TER, mit, {4k, WEEHEREDO W X SR T 3d EB-SEGRE OB ITEE DS
WAIEERN R, X MK M RYERYE (XMCPE) % RIH U 2 BABMER O 2 7572 V2, SR ZOBEME % H, Hrodam
M DRBEIX A5 % HUF U, transverse X DBZRIZHEII L 2D THET D I,

2 WBREIUEER

FERIZ KRB Y 63 SPring-8 DEMEMA LY —A 51 > BLIIXU THEMLU~, AH X BMOTIIV¥—% 26keV & L, Hf
LU 72t X #f e i ar L~ AT 10 um MAIZEE U, B0RE (AT A v BRI (CIRE U 72 30RD S B 3 v etk X it
(FeKa §%) 1&. I 5—T30, FIHb U, TGS CRMmMIGE % 310 Uz, 18517 HEIGE D S FLEB O L% R
BEYD., IR EEEL, 2 WonORX G % BT L 72,

SR OFEFRORHE LTIk, B XBARICEE L TRIELAZD
ERHIT5MNB, XMCPE Tl s X #GMNIZHE U ik & Bt

$2. T, AREE L AS X 8. B L ORBIEE L LS X B0 [110] <=

R % A 0, B & ORI 6, LEHU. Oinber) = (90°70°), V®

(70°,90°). (50°,110°) ® 3 DDZAT. lancet BEX DA FE % M52 [001] v

UZee G, % 90° MEMBICF B 2 212 & ). SUBRIEIC EE A BALR 5 =

% R D transverse X IZN T2 REZEDD Z EAHMNTH D, R, Transverse domain )
Boe = 90° THE A k5 1 TIROBIK R lancet K L DI k5 2 b % Lancet domain
KEL LMD, transverse WK % i L - K &% 83 = & A5t Ro”irﬁection

k7=,

T, 35N 2 RO K G ERT L LI, SEBIMITE  Fig 1 Side view of a supplementary domain. The ba-
transverse B X DRFBEIC DN TN S, Z7z, HHARBIXET V&G sic slab domain and the lancet domains are magnetized
FCEON/RE D RRECRAAAZZRER LB U, MIBIREKIZDW along the [001] direction, whereas the transverse domain
ThHhIEEEENRERZITOTFETH D, is magnetized along the [100] direction.

References

1) T.Inami: Phys. Rev. Lett., 119, 137203 (2017).
2) K. Sugawara et al.: J. Appl. Phys., 130, 113901 (2021).
3) T. Inami et al.: J. Appl. Phys., submitted.
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(AT — 7 At HAEKR)
Kerr Effect Microscope using Femtosecond Laser Pulses of Optical Frequency Comb
Sakae Meguro, Shin Saito
(NEOARK Corp., Tohoku University)

FLHIS

L= PORITEEE BN A RENE W RrREAT 20, BRI WESE, Y31 imim o
AT X2 THROBELED THIC L 2 Ay 7 v ) A ARAE L TEBEEDORSEHEREZILT LV &0
IMENR DT D ZhbiEae— L —ORETHY, L—YRNZER - RFRICERYV G Z&ICX
DAETD. Fxld Ker DIRBMEEONIRIZ T = & ML= THLNEEBK T LEZHNDL Z L THROERY
Ze I AL D8 L H R0 2y 7 1 ) A R AR L 72X AR O AR S LI D THET 5.
RE

Fig. 1 lIZ— A A= o —OfEEZ TR T, A A=V P —ZI3RBR T2 RET D00 T T
ABEO T ENTEY, AFHLZE Q@) 3BT 20 h—HJloE THH I (@), & HIC Ao
THOKH SN T (@), REBFZBHICAHT L. BT AOWEIZIFIEITRIENOATNEOLEEBT T 2D
AH@DNTHT D Z LIk 0 PN AE LS. 22 CRA T ADELE 1mm, BITHEE 1.5 &35 &4
HE@IFAHHOIZHF LT 10 psec. BN TR —IZAST 5 Z 1272 5. Fig. 2 1L RO B2 H L
AAI T Fy—hThHD. (a) DL IITERER L —Y (CW) TIEAFIEO &L KEL@NFICERD &
IO TWNET D, —F, IV AMERTR OEIERFHE 10 psec. & ¥ 4 0.1 psec. = 100 fsec. DIEJRZ HV iU
XA BV 2B $TH LN TEL0ab— Ly PREFETH - T THRMITEC RN &Itk 5.
EERER

Fig. 3 1T YIG Hiffidh O Kerr 2RI K 2 WX A2~ T, (a) 1ZIIR 1550 nm O3 A lfiE R 8k L — %
CW Bi#) L7258 OBIEE TH LD, BXBICHTRO TEENAEEL TWD I EB8brs. 7o, HEso
FROEBIZHGELIEIC LD ARy v ) A4 ABRSHAE T TV D, (b) 1ZHEERE 1550 nm OYE S = A% iz
BOMEBTHS. TWHROEBIZIARONT, A7V /)4 XHEFENTNDEZ EBb05.
SEBRORE

SR A E AU e — L v MR TH o THZER - R 2k
DERY ZIHITE, FUERA Y 7V ) A X EARW L 7oK A4 & A5
TEDLZELamLTc. AFETIE, AL OEXEFICRAHEETT =
LM L—FERIEIELNLT2D, HJERITOR e REREHTE
%. 5t GHz~THz BiER T DA M REXBIEEITR O TETH L.
F70, WREBICE S 7750m, 517nm HIC X 2BXBIERLFE L TV 5.
BE R

1) 7 i, HE 5 fth, 5530 [B] B ARG BRSSPI H S ELE,
11pB-1 (2006).

Inlterference
L mm @) O E—
— ] CW Laser ®
| —
U (b) @ No Interf
@+ ©) Femtosecond |l— o Interterence
Laser ®,1.0.1 psec.
_ 10 psec, | ,
Window Time
sensor Fig. 2 Timing chart of light incident on  Fig. 3 Magnetic domain image
Fig. 1 Structure sensor with (a) CW Laser, (b) Femtosecond  of YIG single crystal with (a)
of image sensor. Laser. DFB laser, (b) optical comb.
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SOREE, BRSO BEE U miEbesE
(Eﬂﬁﬂﬁ\ﬁwﬁ’ﬁﬁi%ﬁ\”%ﬁk)
Magnetic domain observation of grain-oriented electrical steel with insulation coating
using magneto-optical imaging plate
H. Sakaguchi, S. Meguro, H. Saito, T. Ishibashi
(Nagaoka Univ. of Tech., *Neoark Corp., **Akita Univ.)
1. LI
FATEERR 7R & OFF LB A S 2 G VBRI L, 8RB L dE AR D 72 O 3R 1 1 A
LTS, 2 OB~ DI I 512 X 2 WKAEE OFIE 617> Th SRR MO S E I H L L
TWo, L, —RICHW SR TO D Kerr ZEREABEBE TiE, #ERPEORESLREHIENLETHY, =
DAL D 5 %TZIKSE(DMmq%Eﬁ LITHERD T ENBREINTWD, — ., BKNEFA A=V 7T L— |
(MOIP) & FIV /2 MO A A— 2 7 DTIE, #EMIR D & 2 IR fE %ﬂﬁﬁmﬁif%MEﬁﬂ@ﬁ ETH D,
S BT, Fox HPAFE LT IRIRIESS O 3 IRtk BAfr b R ATEETH 2 2, A ElE, AL O B G R
[ZDWT, MR D L BREKBIER 21T - o RICHOWTHRET 2,
2. EERAE
Fglu%% WIS R A RS, RIRIZIRE LED % [
. MOIP |2 B 2 A8 L7z, MOIP 1374 5 A Fbf LI A
H%/f)é YARIEIC LV Bi RS — % v NI R, &
WA Z TR Lo b D& Wz, JERTSRICIL, #Ek Polarizer rjr\ Imaging
_%zmm%ﬁﬂewm% 0.23 mm O J5 [ 14 LSRR ES .
Beam Polarization
(WE%ﬂCm%BKMW$%%w\MMP&%%éﬁTIE splitter > Camera

L7z, 2 5OxH L X (Mitutoyo, M Plan Apo 2x)%& VY,

LED

YUYy FCRRERES AR EED AT Bumer, O L

VCXU-SOMP) CHEE L7z, BB 71N B85 2 FIITL - *®<‘3
FOLREE 10 ms, FEEIEE 500 B THREE L2, 15 DL/ mt Sample

A 1 R E-CHE L= 1G24 B L,

Fig. 1 Optical setup for MO imaging

3. WREEW using MOIP.

FIINBESS 299 Oe Tkt L 7= 7 M R © MO & %
Fig. 2 1T~ 9, sl o 72308 T HiE 0.2 mm F2 5
DA T A TEXAHBICBIEE S, 5 ORI S BEIX
DOBEFLHME bR TE 2, ThbDar b7 X ME %
BEX DAL AN TR i | ﬂbfﬁwrwé & TAEL HIRR
WSO LEZ BND, ZOX 1T, Kerr ZhHABMEE
TIEA AT RE 7R MR S A DAL TR O BE X BLZ2 5 MO A
A=V TR TH D,

275 3k
1) T. Ishibashi, J. Magn. Soc. Jpn., 44, 108-116 (2020).
2) H. Sakaguchi, J. Magn. Soc. Jpn., 46,2, 2203R002 (2022).

Fig. 2 MO image of a grain-oriented
electrical steel with an insulation
coating.

BIEE ARFZED—IE. JSPS —[EMAi ¥ (JPISBP
120208805) . %ﬁ%k%ﬁ%ﬁﬂ AT AR REIAFGE OO X1 & T C M S iz,
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DPC-STEM EIZ K A RéHEng o 8 52 31
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KB BN DA RTINS, R C, e — M SemESR
(B RF R LR ER e S HFIeHERE, °JST S X8, ° ~ 3 ¥ BEhELARE LAFERT el
MBI, ' 7 7 A 8 T X v 7 Ak F—T  HENZERT)
Direct measurement of magnetic domain wall width by DPC-STEM
Y. O. Murakami, T. Seki, A. Kinoshita, T. Shoji, Y. Ikuhara, N. Shibata
nstitute of Engineering Innovation, The University of Tokyo, Bunkyo-ku, Tokyo, Japan, 2JST presto,
3Advanced Material Engineering Division, Toyota Motor Corporation, Susono, Shizuoka, Japan,
“Nanostructures Research Laboratory, Japan Fine Ceramics Center, Atsuta-ku, Nagoya, Japan

[FLHIT . EEZEBEREFIEMERE(Scanning Transmission Electron (a)
Microscopy: STEM)[I# # D BFTHEE - NS WLV ERSHERET
BERTE3FETHS. SHITFigl ITRTHEIRBREE%E STEM
[CBAT DI LIZKY, HHPOMISEATEEERMTARIET 5 =
2I#83 > k5 R b (differential phase contrast: DPC) &[11ZFIET 5
CENTES. DPCELAFRRE SN - BHIGRERF7F6E
STEMR2]##AEHE S & T, RFHISOEEBEE THAIEEIZH
271=[3]. F£f=, X DPC BRICIFEFRIFICERT 2 EHIZUND
AVESRMAEERT HMENH o=, BFREAHICHLTH
THERSE, SEITELEIREHO DPCEREFHIELT S L
TREOSWVSEHRINTEEL Lo 12[4,5]. SHIZTDPCEIZKD
HISEIRRIL, hd) STEMRIZ K 2B EHREERFH D LIER—1HEH
TITA 516, HHEMBETOHBSEE S MBAEOMREERDAEER
~DEENEFEIND. T T, AMAETIL DPC-STEM Xk DHSIE
EEEE, STEM-EELS IC& A mEREZHAEHE, HEITIKEFL
TELT HHBIEOERESRZT o=

EEHE : Nd-Fe-B REAMHAIZ La #2BSETHBERAANICNID
BEARERL- LaBRERM L, La@B0OANERRRMIIHL, %
NETNWERAF U E—LFIBEEZRWVT TEMAHZER L. LaEH
BRI TIX, DPC #1282 & EELS #iRRIZ & Y R—#ERAIND Nd-rich
$Ei8 & Nd-poor fEEEZ F - < | ROHWEEHEHEL, ThThoEE
TEfEEDDPCBEME L1z, HRBEHMTHREINHERICK
L THRERICEEE DPC B EMF LI

REMER : Fig2 [CLaBROGUVVERRBM CTIMBLE-MEOSEEDPCKEETYT. NdDEBEDEL S5
3DONMBETEBHDBEREBL, TAENHEBICRA>E-THICKYBETOT 7AILICw L THEOER
fRy = tanh(x/d)TI 4 VT4 VT &1{Tof=. BIRAV LS R MDEESL T v T4 VI EEOFELEE
LEBZEZEH L. RSN HERw =nd&, BHAETILd= JA/KTIBEHN—ELRE L THEH
LI-#E@REREAEDOERES Table.] ITRY. HEEA NI DREERICE L THEEICELRTHIENHAL
MNERY, MRERICESHIREAHORMEIL R
ZAHT EITEM LT FHITEEICTRERNS.

(b)

Electron Probe
Bright Disk

Specimen |

Lorentz§ Deflection
-

R
<D

Fig. 1 (a) DPC STEM O#ERE[X]. (b) 40 4351
Doy ERIRRHI % & ADF B HEF O AR X,
HLOOBEWT 4 A7 IFRETT 4 AV %
#z7.

40-Segmented Detector

Fig. 2 WEBERHAI D 7= D A L 7= i =R
DPC 4. RENIWSG O %, Mgl
74 T 4 v I ROI O— i &=
\34

Tablel. BEEEMEFHHIE & 5 H S 7o ki 07t

SZ B ¢ 1) N. Shibata ef al., Acc. Chem. Res., (2017), U NS | AR
2) N. Shibata ef al., Nat. Commun. (2019) RHRfEm) | TR
3) Y. Kohno e al., Nature, (2022). TERAERE 8.01+06 !
4)'Y. O. Murakami et al., Microscopy, (2020) La it | Nd-rich il | 103407 0.62
5) S. Toyama et al., Ultramicroscopy, (2022) AR Nd-poor i)k | 11.1+0.6 0.54
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Application of compressed sensing to high-throughput magnetic domain imaging by spin-SEM
Yuta Imait, Teruo Kohashi', Mitsutoshi Kobayashi', Shuhei Yabu? and Junichi Katane?
(* Hitachi, Ltd. R&D group, ? Hitachi High-Tech Corporation)

ERLEW

A U R AEATE FHEMEE (A 2 SEM) 1, EEE FEMEIE AV ARk RmE e — 78
MCEREL2RETOAE UV RBELZ~ Yy 7T 528 T, MG EH LD TELHETHDH[L,2].
FxIIAE L SEM OFEETH S % SIN DA B TORG ALV —7 > O EE B B 7Y o 7 iR
EEMEE v v T OB B e A U R E T Al o & A 7

REB X

Motto i 85 & i 2. 72 A £ SEM IZH\ T, BUEBIROR b2 BHO AT 1 —7 BT ARE S
KO ICAF ¥ a2 BEL TRIRGET V., By 7Y v 7 B a i, BoREBy 7 ) v 7 gIick LT,
BHAH=a—T ARy PU—I EROREFEN—2OT V3 Y X0k AW THEIGE TET 7,

HER

Fig.1 (2 #k % 4 (001) i D A B2 SEM I K A MXBBIZICATFIEAEA Lo REm7, ()X 0d) 1%
WERG O XFM, Y FAOWKEETHY | SREMEOBKRESTECHELTZa U R XA MRBNTWS 2 &
WorhD, (b)F KO E)FFEIO R UfE C, B EIRAIRD 1/10 OWisE O &\ E--HR R IS Lz gt o 7
V7B ThY, BERGERO U0 OREBEM TREL E T N
LD THD, TNLOBY LT Ib,e)E R ; Yors
FHEMALE LB e % OB L OMicEnEiord,
FEEL L LT fEort(c, f) 1T T bl iR i a, d)
WCHBNDEIREEXKa L R X FRBLFRENT
WD ZENHRTED, o, WEREER @ )5S
B L 2AE TR ORY ML~y T RIS, B
U 7@ HEH LAY b~y T Eh)IC
AT, BB b EH LAY Ml vy IS T
b, WEREQ)E B L, FEROMEIE, A E3HEE T
ETCND ZENMRTEIz, £, Boutgn b O s
BT/ A AR E R — BEX T ORME~T N VDR 5
RPN ZVEBEBHELRTWD,

COXICATEERAND Z LT, @EREO 1/10
O Rt ¢ R OB T IR +53 e B ME D

. N . " Fig 1. Reconstruction of magnetic domain image with
5 LN mirole AFBEIMBNOBEORE S HH 10% available pixels of Fe single crystal by spin-SEM:

BN AR 7R Z & DR SN D, (a, d) original image of X- and Y-direction; (b,e) 2D
sparse image (10% sampling); (c,f) reconstructed image
L 2B from (b) and (e); (g,h) vector map from the original and

. reconstructed images.
1) Koike etal., Jpn.J. Appl. Phys. 23. 3., L187-188.(1984).

2) Koike etal., Microscopy 62.1.,177-191.(2013).
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B M ERET 2 N T 28 D BRI L D
HEE R GLER S~ R ORI« m ARG A A= 7

g B M. Makarova, [EIED i, A &, A U
(BKH RBRT)
Wideband high-frequency magnetic field imaging of perpendicular magnetic recording head
by alternating magnetic force microscopy with superparamagnetic tip
K. Suzuki, M. Makarova, H. Sonobe, T. Matsumura, H. Saito
(Akita Univ.)

[T L&HIZ

N RT 4 AT RTA T ORBELICIE, FERHTH DRRGEE v FOBEMEREO & 8 15 & & 221
DIREETCBIET A2 EBARE 70D, ZODFx X, SRR OIS % & 228 4 fiffe CrlEL vl e
7. AEERR ) BEREE(Alternating Magnetic Force Microscopy; A-MFM) % BH% L. Iz CTHEREHRALASELN
XN DREF BT D E IR 2 VL BEG L 0 TR ) L e DR = A X — 2 TS 2 b
TREWEMSRRELZ FEBLL T D D, K CTld, BEBMEREHZIS W TEWERE E TOMEINEMS X
O 72 DRI COMBISEDOEREDOENARETH H Z LIZHKH LT, MEMBKGLE~ v FIZ20 T,
100 kHz 76K e~ v FOBEREEATHT O 1 GHz £ CORRSA A —2 v 7 4T i ok~
Do
EERAE

PREHTIT Co-GdOx A MR H M EREST (AR 100nm) 2 FV, TEERIAGLE~ v REBE L, MAGE~
v RO JER R 72 A-MFM 23 H © & 2 BB A T 5 72012, R~y FICIEEEEE o, OB 21K
WEE L o, CHIRIEZSFA LB A HN L ¢, RIEEFAES H=H; Q+acos(at))cos(w,t) Z R4S E7-,
T T3y U T, o 13ERERE, o IFIREERERTH D, AL m™ IZEESHCEINE NS
BB 20T (m™ = yH ), BKAAAE F =0*(m™H)/o2" O o5y,
F, (0.) = ax(d*(H®)’ 1 82°) cos(aw t) & 720 | ARG D 2 D ABLIZ /e D 2 & H b AR = % /L — D Afid
WX DRFEHRIIDRET D, ZOREMR I ZIEE LN 2 5 2 & TRAT D REHREI O 8 B 5
FET & %I e v 7 A4 VT 5 2 L CEERBIS DA A—V 0 TR o 12, BB T, o, % 100 kHz
25 1GHz £ T8 EY, o, 1289Hz, «1%09 T—EL L,
ERER

Fig. 1(a), (b), (Q)IZ&~ . Rtk A1 o, 3 100 kHz, 10 MHz, 1
GHz DA O ERERRATIT D A-MFM 18 (Lock-in X &) %<1,
H ORGRR I Z TR E R GLE S v RO ERMBOERENZ R L TW\Wb, £ T
D JE P HCT MR D RAET D RIS PRI x5 2 &
Bond, BORAKE 2 T A MIZTBS = 3LV X — 0 E 72
R LD FNHThH 5 Z L 2R LTEY , W Tl xLX
—REIIL TV D & EITiE, BTG =R X —03 A LT b,
TR T DOBAES & 2 ORFTIZBED Ao TV D Z &b TR
FH B34 LT BRI = 3V 3 — N FE A D RS 0 R B i (2 W L
AENTND 2 ZERDbND, EHTIEIN D DOFEMIZ OV TR
~5,

L Z BN
1) 4, ik i, 55 44 B 0 ARR A2 AR 2LE, 15pD-1, 125 , :
Fig.1 A-MFM images of perpendicular
(2020). magnetic recording head by using a
2) P. Kumar, H. Saito et al., J. Appl. Phys, 123(2018) 214503 Co-GdOx superparamagnetic tip.

[(a) 100 kHz, (b) 10 MHz, and (c) 1 GHz]
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AER GRS VB 2 W Te @ RS A A —2 > 7N 7z
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MR AT, M. Makarova, ¥ [, faks &, O
(BKH KRBT
Development of microwave radiation system for high frequency magnetic field imaging
by using alternating magnetic force microscopy
N. Umeda, M. Makarova, H. Sonobe, T. Matsumura, H. Saito
(Akita Univ.)

IFL®HIC EE MRFSRICB T D~ A 7 a7 v A M FRCE R ESREHIFOERS LY, ~1 7
o i A 2 fé&@ﬁﬂ@ﬁﬁ%@ﬁ&iﬁ@ﬁ%% P TG M2 W S A 1 2 D B AN T 31 @of%fwéo
ZDOFHAIE, TETICBRE Lz, Rk 25U C MR H e 7 m S M REE &2 A 9 D R
ESWALEL € kwf RS A A= v THINORB 2D TN D, SEEBSGA A — T 2 fa D
WA BHT IS T 2 121X, BEREHI ~ A 7 IR % PR3 2 Mt % 28 B ) WA B (S AL A To L B
D, ZOEHRAIFZINETEHBEERAY v N T T HCER L CREREEED L WETIRA T 5 % B
L TEXEN, HEENOEEEEZ RS T ENTE TR~ A 7 ol BEOHMKICERERH -T2 Y,
ARWFTETlE, #Hicls, ERIEOERE O —MmERKR LR O T o7 HcE& BB NI 2% 2 & T,
REEOHENO~A 7 i B TEX 2B EZHE L0 TEOMEEMET D,
$BR  Fig. LICRIELTIZ~A 7 0 RS TR BS

\

>

MORAM ZRT, v A 7 v EfEER D O o k
)%, — iz B L 72 B S (WRJ220) (2 [ i 5 Coaxial waveguide ;Srjgtzilir:?pedance E
WSRO A N CHERE Lo, B E Y TELO  ransducer ¢ SA

E— RFCTHEMAL., £ORBEEFEIT 17.6~26.7 N
GHz Th 5, W& % KIFHE D7 W ETIE T >~
T ETHEED, A =X AEEFADAY -

v NERJREEORIUZFRT, AV v l\%ml’?/l'ﬁ . _ . ?glmp'“ltagf
= A “_'& L:E LTC%E%‘I’%%%E éﬁf::{kﬁgf\ Coaxial cable ﬁ\ﬁZf;t?'I-”n film) \lass plate)
~ A 7 EES O v IS B Ltjﬂ'ﬂ

EAORIENI NN D X HIC., &Est Fig. 1 Schematic figure of present microwave
FANE LR AES AL LT v 1: B A radiation system.

BEHEIToT,

Fig. 2 (CEABINKT 2EATIE ) O 0 J8
KA Z R d, ZORBITHFMEMEI TERAE X
SHE S 2 E L TRz, & TOREETHEITIE
DA 99.9% L FICHHEETE 5 2 L biro T,

DA = RH ééﬂﬁ%&£7/7+#Em
Hand~A7aiiz, KoK 5 ITeBlEL Aoz
HHRIZ 45° A &85 2 & T Le~ A 7 w258t
"ﬁ‘@;’ﬁ“@ﬁ‘%ﬁﬁ%ﬂ‘ﬁ“é%%%%wﬁ L7, w147 ulinE

LG OHF MK OEY Th Y, EEBMLES X O
MBI REALIEIZ DWW T, SRR IC LB L 72 D |
{BEGH M EER TN~ A 7 a2+ 5 2
LINTED,

BUE, ZO~A 7 v s IR S 0 22 B e 5 T BRI ) ) . ) )
FEA~OMAIALZHEDTEY | IRIBEMR~ A 7 vk a H 13 20 ez 24 e
WHZ LT, WEE L CERSERETE D Z L AR Frequency [GHz]
TETWD, B3 Lo~ A 7 o il BRI IR 72 5% Fig. 2 Frequency response of Power
PEILIE S %&A(ﬁ%”ﬂﬁ’@/f A=V TICETHHEDEE transmission ratio.

Z T35, IR, ABEREOFERD & IR RBkA IC Rl &
D] i%ﬁ%é’ i Lo @%M{ﬁﬁﬁf®p+{ﬁﬂ‘ftﬁﬂ< IOWVWTHHMET L TETH D,

B2 SCHR
1) VeRkE BRI, FEEE UE, M, 5 45 [B] 0 ARG AR EEEELE, 02aA-2, 141 (2021)

I [=)] o0 5
o o o o
X
* i
X
X
X

Power transmission ratio [%]
[l
o
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B MBS 2 AW T AR B TSR L D
IKIMEAT DEFESG DEEA A— T

IO BR. =i R IR & R HE
(BKHREET)

Quantitative magnetic field imaging by using alternating magnetic force microscopy with
superparamagnetic tip
R. Ehara, K. Miura, T. Matsumura, H. Saito
(Akita Univ.)

IFEHIC R BEMSEIIRS AR R LT\ D 720, 22BN MREEITEN S b OO EBOEEMIZE D

ZLENHETH o, Box HELE, @Wi’%ﬁ@&mﬁ% B 22 W3 AR C BB HH C & 2 AR RS BB
(Alternating Magnetic Force Microscopy; A-MFM) 2, @& EMEEE (LB EIINC X 0 #5505

MBS R I bef LT3 AE) & R ERET H N aA v (W OZE/R oA ABEm) 12X Vi

WIPERS 25 2 & T, BRGSO TEEA A —V 0 TIEERE L, 7o, KABAEBIEREE L

T, —ERRANHMEESG ZHIINT 5 2 & T, BIGEOKRIEOREEEZ 7~ Le, ARG Tl KARARE O

A-MFM 872> B HE L 725812 DWW T, ERLOFEZHWT, SRR EENRD Z L THIGOERERA A —

VT ERBIFEREIRARD,

SFERAE AR L U CERBEREN 2. 3[k0e] B D Hil D NdFeB Rifi & A\ -, BH R ?“fjr

Si BREHRAIZ Co-GdOx AR REMEHMEZ 100 nm s L CIERL L 7=, E%En PEBREF D EIREIZ 1T 2 g 28

A (B, AMES) R, SRELOBIZHE N ZE L A L O/ SO g

HEOCERE L, BRI TE T M O AR ik HE cos(wt) Z il ;ﬂ@#“ﬁjr Z  (a)

FUN U7, & 2 COBESHI ) D6 H O3B B AT S BTS2 H®

e BRI
H=H®*+HXcos(awt)e, (272 % 7= . HEEBIL m™ [ XBES (C 4 5
(m™=yH), 2T, AMM 2T 28K N ARF, =d*(m™eH) /o2’

D E. F (o) =240 (HEH®) [ 6z)cos(wt) & 725, A=A BT %

ZETHNDZEL A ND HE, oHE oz, PHX 1 67° DIEIZEEMTH 5 7=

W, INLEEKE LT, BHICHRDLIREO HS &, oHE oz 4.

a Hd°/8z %%, WEHMBERMEICIE S BB 7 + V¥ —MBE1T

i) %Hab‘j L7z (BB, RO HE GOBSEOR X, Z2iia

/I’/I/@T R L7 EAAI XD — R EREES J D KD Ei}’bt H %o

EMEOELEE AW TITRbill,

EEBRER Figl() ITAMERKE N E o 0REORE O AN £
(S*(H®H™)/az*1%) %, Figl(b)iZ Figl(a) 2> L7-3El R E
(HE ) 239, 7233, BREHBURHRIEERET 200 nm TH 5, X (b) D H®

BT, RIESNTBSHEOS@mRE HbE ORL WD, ZOMIGHED

RIEIE, AME ERLYS (-300[0e]) Z FIIN L CHRIE L 72 A-MEM > & 4 H

L72 HE B OSERICB VT, ¥ rER CoOMEEE%E 300[0e] & LT, Jt

DIGIE B Z WG EICERT 2 2 L2 X 0 iThiiz, -300[0e] HIIMIZ B

Tl HIE L2 P (HEHX) [ 621 SREBEINET % T L RN Z &b, ,

RELOBALIRBEIZERREGEIII TEE L TW W2 & 2R L TV 5, Figl A-MFM image and

7285, A-MEM AR SR U7z HYE 80 D Z2REM 3 7 4 v &7 — Bz X D

PHE 1o’ RO D & SMNBERBES ORI L ST REETHVBIZL

7= A-MEM 8 & XIS S22 &b, A-MIM BIZ°H [ o’y & R7a

ZERTELZ ERbinolz, 2O OFEMITFRTIRRS,

275 3Tk

1) BAE HE. =M R, ftho: 2 45 [BIH AR

contour of extracted

magnetic field imaged

,\

3R eI AE 02aA-1, 140 (2021)



06aD- 9 2546 O] AARLERTENEFEZEAE (2022)

ARG R ST BREE BT B AV EREE D
ERSRERL R A A — 2 v T~ DG

e
(K HREET)

Application of superparamagnetic tip to advanced magnetic imaging

“|

on alternating magnetic force microscopy
H. Saito
(Akita Univ.)
[FLEOIZ FEFICLVIRESINT-RZEMK BB (Alternating Magnetic Force Microscopy; A-MFM) 1%, i
B S o WEMEREHC E O SR E R & 7 D IR DO AZEREK ) A HIUINT 2 2 & TRAT 2 BREHEE) D8 I
BEFBL ZMM LK DBMETH Y . BBR T ORK ) 2 MBI T&E 5 2 L2 b @22 Mo fitee
PFFB I, RENTH W D BRI A2 IS 2 Z & CREKGLERIEARO K A A M B OB . 36 K OBESGRL &
~y NENDDRMSGZBET L2 LN TED Y,

ARR OB FWNERREH T AAMFM CHRBEMEREH 2 W58 IR e AT U S AR L BET S

REBOIRDIZOICEAEZED T2 O TH Y | Ml Co-GdOx FREt (7T = 2 7 —HBHE A A4 D Co
KL DERFES 3RS 44 vol% FRIE) OBIFIZEII L T\ 5 2, BHEBEREHT, 1) MRe AT U v AR B
SHREAL DS EVIRE S5 2 LB U C RIS T TN rIfi I A2 L, 2) PREMEAE2Y GHz LA L@ JE T &
GHONE L, FTRR D BB OBEGICEDEREDOE N R Th LR EE AT 5, AHWE T, MEMER
FHIIT R BN WN S OB FE MRS ORMARIA T 5 2 & THRBIZ /2 2 MBI A A — T 72D
THITT %,
ERBEOEEA A —DV T WAHBEMSIIHG AR AR L T\ b7, ZRSHEIIERD OO0
HERDERMICH D T EPREE SN TE o, RFETIE, EEBIERS O R 5 ) & SRS i
TR A D Z N TED T & FHEES 718 2 S A iy J7 TN [ E) . d6 & OV & R PR PR ET D [EiREA L,
DNERERN B DERES B3 5 Z & 28 2, BBHmICEE S W O EEY: H. cos(wr) ZHREHZEIN
Lot EHC D H X, B OB AT D ERMSG 2 HC & 75, H=H"+H* cos(ot)e, & 72
% FREEALZ m™ X SIS D (m™ = yH ) O T A-MFM BRI 28K N0 BB F =8> (m™ «H)/ o2’
D o K5y TREHRE O 8BS TR 2 5] i 4 RBREN) 13, F (o) =24 (0" (HEH )/ 6z ) cos(wt) & 725

I CRMRIRICZE R a A v E WS Z LT, RO RBICLVEND HC, 0H |6z, 0°H | 62" 7SEEAN
ERDBDOTINGEESE LT, R D OGRS HE, 6H |6z, °HY | &2° %, TREHMEERSKICES
 ZEMJEWE T 4 V2 —BEZ1T O Z LI XV T 5, WG EOKREIT, AN —kR A B %
FUmL7zBichiti s n s BB 502 b FIHT 5, RIS VGO ERA A —V 0 FINalREIC /e 5,
RRHBOERRAA—D VT BRSNS T, &R O RGO FNREETH 5 = &R
e SN TE, RFIETIE, BEBEMRSD GHz L EO & W ERE THRIGITISZE L, £ 2 BT O/
GISEDOERGDENRETH L Z L 2RI 5, @A RO Y 2 A-MFM 236 H T & 2 JERE TR
HT 2 7=0lz, @RS 2 RE R CMELR (EWEHR) 35, (H=H)(+acos(w,t))cos(wyt))

BB m™ 1RSI BT D DT (m™ = yH ), BEK SRR F =" (m™«H)/dz° O o K71,
F(@,)=am(@(H ) 10z°)cos(w,t) &5, ZDRERR I %, KB LIZENTINZ 5 2 LiC kv REHES)
W JE BRI AN R L. GHz LA LoD J8 e 5 DR HIIAN ATREIC 72 B

TR PRET 232 2 & THIICHEI TE D mERERR A A — Y 0 7 OFEMIT T2 THRE T 5,

L 2 BGN
1) H. Saito, ¥ < #3a/Magnetics Jpn., Vol.11, No.4, 214-220, 2016
2) Y. Cao, H. Saito, et al., J. Magn. Magn. Mater., Vol.462, 119-126, 2018
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T REWR EOa S v ERAWE-a T L RAERE T OB

BRI, ILNIFHE, /NSRRI 2
(& LBEHAER), *8B LEE A — ¥ —#))
Development of coreless current sensor using coil on printed circuit board
S. Kuribara, H. Yamauchi, K. Koizumi, S. Harayama
(Fuji Electric Corp., *Fuji Electric Meter Corp.)

‘i L:U)': pattern coil

PTAE, B 3R & 2B TR S VTV D03, EREEE T/ current line
A AVERROEN T BN 2 EBLT 56 BRIk vy
YR KREUET 5720, INULDOEBNRETH L, £ 2 THAL, 7
U v MEWR EOFR N F — TR Lz aA WL /37— a A L)
T, WtER a7 o/ Vb A R L7z D, AlElL ER 5/ kD
e, a7 L AERE I ORE T o 72O THRE T D,

K1)

hole

printed board

Fig.1 Sensor Configuration

Fig IR 851, RIBEMAEE T2 L0 ICFTICRE LB |
BE 4DDAT— Al VERBLET Y v NERE 2. BREOT 5o, | - 0126x
TSR T2 2 O BRI RUE T B Rk E R Lz, AMRIZT,  §3a
BN &> TEIMROFFIAE L HMROEE Y —rafvTo 25|
FHEEEL LTIRY T 2 & CERERINT 5. g0t

RHERCCIT, SV OB BERO 0, WEEKo®E o 7
THANT 2 DD/ 5 — 2 af MRS L BB L 0 & U 5 i S o
JEMEADAA L TINR SN S K 5 BFNTHRE L TV %, ZOREIC & Fig.2 Sensor output characteristics
0 HEARFEIETT [0 OISR D 58w Fi A O = A L THE LRI T X 2,

SHI0, BROEH - HRISHLT2MOAT v af VERBEL, 4 o on|
DO IA NV EBINCHEERET S 2 & T BIRRIEE A EL TS, g |

EREMOMET LY L L 2 BIRRHBEOLBLIRDOTZD E §E "% P g
WO R LB A BT OB A I AL L S PR § 300 |
RO LT OB L OIS L5 85 iRl LT0d, Zhic 5800
£V BN Figl O Y HEISTNIGE, B ETOERRICH L § o
T HITESE b~ HITES B0, FERALETIIC K DR Vorticaldispigcement dislancaof the board
@Zﬁé'ﬂj AR CE, EIR HREEE D25 ) EMZHIENTE D, Fig.3 Rate of change in sensitivity

when the board position shifts
SR EIREE

RGO 2 8E L T Eitt v ORGHRGEEEZIT 72, ods | Y
VAR AR 0.5A~250A 12T BESURNT 2 IO T aA LV OFBEEIED  E505 | k’ i &
SRS LI AEEOMIER R Y Fig2~4 \on T, ditimgs  $Er 2 e
0.12mV/A TV =7 7o KEAM5 5 AU(Fig.2), FEMAZE 34 UF(=0.1mm) é :EP o output at :e?:ai:;:e\git?i:;d
DIEE BT K 0.016% (Fig.3). FMHEL5(0.125mT@50H2)I1Z L 5 5 B 0.%:3 [ external magnetic field : 0.125mT(@50Hz)

5 —

Hjjj%/ﬁ\%{i%j( 0015%«6% D (Flg4)‘ %?}:ﬁiﬂz :/‘]j- k LT+§7\%£‘I‘§'§E front and back I vertical I left and right
71)§?%; % j/l/ }Z) : k 7&?%%}8\ L/ 71’:0 (X direction) (Y direction) (Z direction)

Direction of external magnetic field
L Z DU

Fig.4. Output error due to external magnetic field

1)  S. Kuribara et al., Proceedings of The 2022 Annual Meeting IEE of Japan (1-040)
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BN e — 7 ERE Y
BRI — 7 HIARI YNy ROk

)

A B PR, AR B, AR MRRRY, T B2 ALR RLRE EOR R
MEMKREE, 2 F AT 7 A T4 R)
Investigation of magnetic yoke with embedded sensor head for optical probe current sensor with high sensitivity
T. Murakamit, M. Sonehara?, T. Sato?, S. Sue??, T. Kubo?, M. Miyamoto?
(!Shinshu University, %Citizen Finedevice Co.,Ltd.)

X LI

BFE, it iy ¥ o MEHLERS CT (Current Transformer), 2 A ¥ —a A L7 ERFIH I TV
W, HERERE ) A AR T, EBEERE LOBRUEBICER A ANEET S 2 LafEllEh,
FIATRE R BRBE DS BRE S 2 M & 5 .

EH DR A ADOEBEZIROERE L L O REE BN S T = 2 7 — R
Faraday 2% FIfIT 2067 0 — 7 RBHE v OBREED TS V. BIfE, NERIHINCE T 2® vl
TIMEL, /A RITHBRTLE S Z L BRI L R>TWD., 0T, Bl k4 /N BRIk
THIEEEME LT, Brth~y NIRRT AR 2 O B AR 3 — 7 2535
S CHIMBER AT N AL, BRER B TY OR AR S B RE EED T X2,

AR, B Y OE A BB E BT, By REICH 59 2RK 3 — 27 IR 2 Tt L,
Uty REBRT—27 THY A v F LESGEORIZOW TR LD THRET 5.

BRI—I BROBE LBFTER

ZE T*ﬁg‘{f INTE f:@‘”ﬁ qa—7 ﬂélﬁ(% £ U@ffk Magnetic yoke
39— Z{f5 L7 Faraday & ¥~y K% Fig. 1 - “"”’"""\
(R, FEPRUay REATBREEK S —2 (8 [ 00 K mx#4#
Ilmm, BiZ5mm, BS5mm, ES Imm, I—7H o R v
¥ v 7 02mm) THOBETMEICRS>TNT, & e
Yo~y RO TN E — 2713 20 KfECiE, & Magaetle yoke
ANy ROTFNZHES 01 mm TI—7 Xy v Fig.1. Faraday-effect optical sensor head with

magnetic-yoke (long side: 5 mm, short side: 1 mm,

o INTA T = - S R N -
7 0.1l mm OEPRBERT =7 ZEATL, ErP o~y length: 5 mm, thickness: 1.0 mm).

FETOERRER I —7 OREZEZ 1 mm & L,
IMAG-Studio % AW TEREFEAT LT-.

FEMNTHRE R 2 Fig. 2107 F . HolIeA 3 — 7 W55 Ho = 10 [kA/m]

DERFRE TH L. TEK I — 27 OFETHKRS 2 E

&, THA I —7 205 LB ENGEITEN E

T, BERKLEHEE 220, k3 —7 BikE fva 2

VIR R0 BRI < 2o 7o, BRI A st ]
DIHTE R L B0 Y HHT 5. L i
BETHR : ’ Positi(?lilx [mm] 02

Fig.2. Analysis results of magnetic field
1) 1%2?1%%%& fill - ZE41I0] H AR U 2 i A 2R, 21aB- magnification H/H, vs. position x in magnetic-yoke.

2) SFh AE7S, fh : BRI EEKRE, 2-C-p2-5 (2021).
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AC BT E R GMR & o Y OGS TGS IS & 2245 fRHE

B RAESL, BIRFERL. ARENE. *RIEHER, *ER—, RO
(RS, *HEF 7 7F VU v A(KE))
Application of High Sensitive AC Field Modulation GMR Sensor to a Magnetic Field Microscope and its
Spatial Resolution
A. Kikitsu, Y. Higashi, Y. Kurosaki, S. Shirotori, *T. Nagatsuka, *K. Suzuki, *Y. Terui
(Toshiba Corp., *Toshiba Nanoanalysis Corp.)

[TLC&MHIC

BES% GMR % AC BERAET T 2 M ER R 2 o 2 BB L D, Uf 7 A AR ELAY7: GMR # 7T H K
PRI OIS IIRIR & B IR CTE DO CTH D, ZOX I REBEMR OB E LT, 2k
WRT > 7 ST DM e KGRV A WS CRIPME T 2 RS TEIEE 203 508 SREEITE IRF D S 2h
PR L 2SR RREIC 72 D ARl BME LT R A RIGIEMEI S A T A A L, Cu 7Y v MRS
BT DR AAT N, B & B RREICE L CTB R A T o O TG 5,

GMR modulation: . Ferng arecten

RBRTTE 10 ke i e
. YA s N - fi reference GMR analogue out ) i .

Fig L ICRESBTBE L B v o=y FOBRRE [ [ costirony [ ol

scan 424‘

sensor

9, Bk GMR 713 10 kHz O AC BER CAH &
nNo, EROMMETEBRNT L7V T Y v OB T
2=y &L, 4% GMR FEFOMHNIZ 1 mm D NiFe ©
MFC (Magnetic Field Concentrator) Z &%} 72, MR %54 E printed wire

DREEE 1340 5%/0e, /A A L1t 13 pT/NHz@100Hz ‘ =mpe sample modulation:
THott, CuBLERY TV 100 Hz ORGSR E AIF Figselsor;;:;matic view of magnetic microscope
L, BvVa=y MOHEHEe Yy 7477 THRIE  and GMR sensor unit

T 5, & oV & BEE L mm TY 2 70 Lot ST 0.1/
pixel (16 umx10 pm/pixel) THEA L7z, MR 1 MR TS 72 I
< 72 %I TV EIE CRRE & A L. A IRERE TR -
TR & Pl T B 2 b CeR A RRE A FTAN L 7z, AR '
%, MI &2 (5 pTWHz@100HzZ) & brigs U 7=, HIEIE. simuiation]
K= RERTWRWERE T TfT- 72,

R L URE _ o
/A KU Bl b BT, Mk D2 Mot flld Images of GMR sensor

GMR & > % CRHRFULFE U ThH 72, £ 10 nT OBREE

BRI AXDEDTHY, 2D A RZ 2O rYa=y MCED2EBRECRBTE 2 Z & 2R LT,

Fig2 IZ 45 mAp ZFIIN L7z & & OGS LR T v 7 7 A NV ERT, 7T 2 78D Cu B IR D 8L

TE, ML B R0 S EWERISRRER G T, WET 7 7 7 A IR0 OFHRAE D & EE T 3

mm /AR ->TEY, MFC 2 &®Hizt o=y NOIED 34 FBRENRHBEOY A X Lo TD,

&R

1) S. Shirotori et. al.: IEEE Trans. Magn., 57, 4000305 (2021)

2) K. Kimuraetal.: Electro. Packaging Technol., 28, 16 (2012)

3) A Kikitsu et al.: Abstract book of 2022 Joint MMM-Intermag, IOF-07 (2022)

This work was supported by the Cabinet Office (CAO), Cross-ministerial Strategic Innovation Promotion Program

system K
Lock-in amp control unit

reference

GMR-B  GMR-A
[ 1
[ 1

g

GMR-A | | GMR-B

profile along the broken line

gnetic
(simulationz
0 1°2 3 4 5 6

S5 4 3 2 1 8 9 1011 12

distance (mm)

(SIP), “Intelligent Processing Infrastructure of Cyber and Physical Systems” (fnding agency: NEDO).
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2y baefT20~vA 7R RN yTRT 0—7\2 X5 HERHE

HODEERE, WFHIH, SORMEDR, eAmpsE, hEfmE, #EE
(ALK
Evaluation of Permeability using Microstrip line slitted Probe
Y. Watanabe, A. Mashiko, M. Sakamoto, K. Sakuma, K. Okita, S. Yabukami
(Tohoku Univ.)

FL&HIZ

BEMKBEES AT L5656, 66 & mEARAEEBEFRRBWTIE, BE-T— @%iiﬁﬁ%&ﬁé%
WET T —OMEIER A LERATRE 2> TL 5. _@%%@Fa@ﬁu\ﬂ%ﬁm&%éuwxmf’aﬁ%\éwﬂ\é T
TWD Y. RERIE, ZhDOBEBERIADBRER &\ 5 S & ff 5 mszraﬂﬂﬁﬂ“é%':/f%%%*;
L, ZixHWZRIERRIZONTIERS.

B|: P20-15R(¥/\irhit)
SAEEE:18um

A 7R bY v FETu—TORE

50 ~ 100 pmFEE O IHEWEIMER 2506k o <
A7 AN) 7 T4 (LABEEMSL) THIET S &, K
W ORET, FREEIE IS ER DS, SERAZ > 7 R
THEMRESN TS, ZOHEOMEEBE L,
FRE O I MSL & 3%, Mﬁ@%é%%/7w IR~
NHEEHMAT, £7-GHz HICBWCHHE & 7 5K
ZhRORE-C, HEIEF T MSL ORRE J7 17 O v 12 4
F45., ZOMKRREL LT, Fig. 1IZRTHEZ, MSL ©
SR T O 2 Y » N & 8 AELE L, AR RS &
1B BIREEOY—{b & BimATZ.

%W% 6 L S T T T T T T
NiZn ferrite sheet(3 mm x Imm x 100 pm)
*IE L/ 7L_M S L FH) 7° 7— ‘7“ %’fﬁb N len ferrite _H_ 5 [ - ® ' microstrip probe with slit cond\mor_
v o ].lr". microstrip probe with slit conductor

N DEBIGERET L MG T o S21 OfEE
3y NU—=ITFITAY—THEL, ZOESNLHE
FILBHRZEH L=, Fig. 2 12F OB R LIERERN
ERE R AR BOER L, v Lo RER

p,". Nicolson-Ross-Weir method
e T ", Nicolson-Ross-Weir method

Relative permeability
T

% Nicolson-Ross-Weir 5% TORIEREFTH @ ZN ‘?&ﬁmw

BEFETHEH LEREFO Ry b LB L, RIE% L
LTS DRGNS, ZOfk, KRG TTH%# ot me 1x1|0'°%
L2V >y AT 5 MSLIEX, EFRORERAER Frequency (Hz)

KM TEDFELERD. Fig. 2 Comparison of NRW method and MSL

slitted probe
BEIHR: 1) S. Ajiaet.al, /. Alloys Compd, 903,
163920(2022). 2) Yabukami et.al,, / £'£'E Transactions on Magnetics, Vol. 58, No. 2, p. 1-5 (2022).
3) W. B. WEIR: Proc [EFF, vol. 62, 33 (1975).
BEE: AWFIRITRREE [T O @ o FRAEFHI - MENTHAIN 296 L7z 7 A XNl OWF 2B % | (JPJ000254),
NEDO Entrepreneurs Program(0349006), AMED(22ym0126802j001) D 34 % 5} 7=.
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774 MEREEZBLE LTEEEEA F 7 2D

GHz 7 1Z B 1 & HEM R A

REFPRE, EIRAIR, RIR L NI T JE 1 R
(TDK #Ez=1t)
Improvement of Electromagnetic Properties in GHz Frequency of Ferrite Thin Film Integrated RF Inductor
Takuma Nakano, Shota Miyazaki, Yumiko Ozaki, Kuniji Koike, Daisuke Inokuchi
(TDK Corporation)
[FLHIZ
5G DEANIZEE, @A A &7 ZRFDICH LT, & 625/ QEDM EOSLEMENREE L CX

2o TIRD RFI TIEEILZEEI A TOA Z 7 ZBRFMENT 0D, A EZ=aT7IC$52 LT, 2410
WIFEFEOB S AT O T2 ENHRD 72D, TNDDEREERT D 2 EBHIFF SN 57, GHz & ClImért:
R 5 FEGE R LMBENMEILGO E E R E LR ENRE L 2> T D, 7=T4 MISE LKL TRWE
SEHAFD, AAKETO S TEMBALIMTEL 2 LBHMONTWD, o, BMEREZERILT S Z &
T, LV RERVREREGEZFIATE . IRWERER B O TEBRET LM TE DA’ H 5,
AW TIE, NiZnBE D Co 7 =T A MERZ N L7 RFL Z/ER L, 208 B RFHEC SV TR 2,

7¥ﬁ7;5§ | (a)Top view |
7254 MEBERDE LY LA Fadg gz v £03
RFI 0)571‘%%& Wir A [ % Fig.l L:ﬂf\‘ﬁo RFI 61?%&@%& 7z l w Ferrite thin film
T MR, LR DHER SN, L TR E TS X WSy Solercid co
DESKIICER SN TWD, 34 E531E Cu DEMED > X H E@@ o
WCE DR LT, ke LT A 7O RFLIZOWT (b)Cross sectional view

ERIL7-, 7294 NEBEIZTZ7 274 Do ZIENTRDY
FME U FEE% TS Nig6Zno20Fe26304:5 B L < 1% Coo.11Fe2.8004+ 5
L L,

RFI O & J& I RIS RE Wil GS 7'm — 7 28kt L 7= »
N —27 T F T AP E AW CEHIG L7z,
KGR

VERLL 7= RFI DA ¥ 7 5% 0 A% LU Q D JE # stk
% Fig2 lTRd, ZE% A 7O RFI &L T, NiZn 7 =
FA MeLE LB AIXIGHZBEE T, Co7=71 b
RGO E LT EI1X2GHZ £C, A VX T XA, ka
b b2 LAMRINT, 7 =T A MEBREORMIZ ;
%SG%&ﬁ%ﬁK%wf%@ﬂk%%ﬁ%ﬁ%%oRH ' Freq [GHz]
DFOENDZEDgmole, YHIXTZ =74 MEREEDEJE (b)
BOBRGAR IR & % OB b O TRET 2,
HiEE

NiZn 7 = 7 A MEEOY 7 TR ZEE £ LS
FOLTERT MM IRERR., w8 B 2 e LT 0
V272 & E L7 Tohoku-TMIT 3% HE8d%, mgEASHEH o Freq [GHz]
B PRRZHFER IS ER AT LR Fig. 2 Frequency dependence of (a) inductance and

B E ik (b) Q factor of ferrite thin film integrated RFI

Fig. 1 (a) Top view and (b) cross sectional view of

ferrite thin film integrated RFI

Air core

Indactance [nH]

o - N w EN 4]

o
=

K
=
o T

N
]

Air core
5 [ == =Mag core (Co ferrite)
— - = Mag core (NiZn ferrite)

Q factor

1) N. Matsushita, et. al., J. Surface Finishing Society Jpn., 61, 425 (2010).
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B TR o SEIEI B I W AT RE 4 R R B RS IE FEE DR R
XIS 12, FFRER 12, Bl — 2, Il 2
(HULRFR R TSR, 2 HUERYE: BAGEIETFSE

Proposal of a High Frequency Near Magnetic Field Measurement Method Applicable to Actual Circuits in Electronic Devices

T.Karita?*, R.Ishida'?, T.Goto?, K.Ishiyama?
(*Graduate School of Engineering, Tohoku Univ., 2RIEC Tohoku Univ.)
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EWERE S ORIARHETH 5, FlTHIFE TITHlEN

S &L 7 BANIEE AT H L. 2% fleT i i>=| -
WML L L — PRI R X €T, L, ige gl e

GHz %&@{%% %HX D Hj'ﬁ— Z k Ci\ {E”ﬁf;@%ﬁ’\ J /f X % 5 Fig. 1 Schematic of the magnetic field measurement system
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FIRFEBH A Tl & BF s &Rl ERT 3, Fig. 2 Measured magnetic field distribution near MSL

InICE D, REEY 2T L2 KBEOETHER~NIGARE L 7 b . X 0 3R I 78 7HEES © EMI XT3k
BITHTERTERLEZ S,
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Fig. 1 ICARWFFEIC BT 2R EHI Y 2 7 2 og 2R3, HIERNRD~A 7 a2 Y v 7 (MSL)
ICHCE L2 — % v ML — N2 EEICHES LS 2R T 3, KEDGET— 3 v b DA
BRI X 0 EEMFERE KT L 2 RCIREDZEL SIS 2720, ZnERIET 5 2 & CEETA
R DRGSR EASHIE T & 2, SRFHEEE L CHIERKOHEA 7 vy 7E5HOKERIR ) L LT
7voIvavyzxrL—2FGQEHWS, FG 25 PLLICER{ES & LTI10MHz D5 % AJiL.
32GHz DfE 5 %43 5, G ERWT1/32 58 L., REOREEZH L =% U HESE4E
K3, FG X0 10 MHz DZBEESICL > CTHRBIL TWwW3 v 7 F Ay 2 4 L — 2 (SG) % HI5E [ #E N
® PLL KL, MSL ~0# A& 1% 17dBm & LT, 900 MHz, 1200 MHz, 2400 MHz @ 3 D IE# i
BRI oW TENENREFHE 21T - 7=,

KERR

MSL DR RS R % Fig.2 IR 3, MSL O ic iRz ao 2 Mo iRc s, ®E
L7z =y ML CHESROREMAPBE L BB TECnwE e[z s, £72. FGo%
M55 &2 5iC SG THEK L 72 D FBE DI I OV T O EREHHII AfRETH b, IREL ZFikIC X
> T, FAfES & L OKBRIRGFOEARZ 0y 755 zgiRetillsvggchb s b 2nd
BTE T, Wt BT HEEZHOZHPERRICO W CTIEREHAS THKRT 5,
B
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).
IZEKRE, FE—ES, FHILFE, ~v AL —F % Ao SABGEEERRFHINICE T 28 L W RBTFEORE, HAMS ERHRES,

Vol. 4, No. 1, pp. 37-40 (2020 4 4 H)
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Study on Driving MI Sensor Using Low Frequency Wiegand Pulse
R. Yao"? Y. Takemura®, T. Uchiyama'
('Nagoya Univ., “Yokohama National Univ.)

ELHIZ

TENT 7 AT A Y7 EOBRMRICE R ER TSV ABRZ@EET S &, REHRICE-TEDA
VE—F RIS XL D ERE b E T, T RS- =X AR (Magneto-impedance
effect, MI ZhH) ZFES, MI & 2 S OBRENZIE, FEHIE MHz LA & JE AT B L0/ LV ABIRAME DI D
ZENEL Y, KRR B A o - BRENC BT D HFIEIED 22V, Wiegand & v ORI, KB TEALT D
Rk L CE OB E I IZIE AR e SV 22 T 562 THY, Ny T U —L & ToT & OFHIICH
At DT D2 AWFFRITARE R R ERBRENC K 5 MT & > O Rt 2 et L7z ks BIc SV
2NV A R TE BREN E] S 2 B %S L, 10Hz O Wiegand # /L AT MI &>V OERENCLEN L7z D THET 5,

EERAE

Ty rvarYaRxL—E b0V RERAE M B UoFICEE LT, S B BRI, . R0 RSE
B f e  TDBEFET 1, Z AL ML £ Y DO AEREE, 28 L7, Wiegand & > ¥ (Wiegand VA ¥ : ¢:0. 25
mm, length:11 mm, FH =1L : 3000turr1) DORFIHFMENT f =10Hz, 500e DASHMER A2 FIN L, Wiegand »/L
A % B I ERE Rl 20 5 MT oY ic@E L, ML Vo EEE, Z230E L,

EEBER
Fig.1 _ﬂ“ﬁﬂ:j Z. 500kHz LAF /v 2B & AFVTZIE, MT & 25 0 DR 1A 0 SR JE 3 5L £ 12
REET HEEIXIZER CTH DM & YO BTG ER S, &35 B30 B, IO KEF L,

1y, &, 75§/J\éb\6i}: MI Zh R IEBEE I C 70 B IR L - T, 2SIV AN 20 u s @ Wiegand #S)V A % 3F
B EA Y IR, 23 100ns LLTF O & TR E 7 M RN BRI C & 7=, BIRRIEOINTET V.. 22735 &,
MI’YZ‘/’H’@)\)’]EEF?EQT{ETZ) Fig. 2 12”79 K912, &/ V=1 31V T, ML & o9 H 710 B U ERRE % #E

a2 LbmRETH D, Z EOM BV OEBEENTH 20N ThH 5,
B CEk

1) K. Mohri and Y. Honkura, Sensor Letters Vol.5, pp. 267-270, 2007.
2) Takahashi et al., J. Mag. Soc. Jpn. 42, 49, 2018.
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95 & 100Hz v o4V
20 v 20Hz a0® " 4 5V
854 | ] + 10Hz .
204 70 &
2 o] ! g T
T 654 z 50+
W ogo ] § u L
55 e &
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4 : . '
4 i w 1 . B
35 U 104 . - = ;
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25 +—v T T T T T T L T T T T T T T i
-30 -25 -20 -15 -10 -5 0 -40 -35 -30 -25 -20 -15 -10 -5 0
Hex (1 T) Hex (4 T)
Fig 1. Characteristics of pulse driven MI effect Fig 2. Ew-Hex characteristics at different pulse
depending on different frequency of pulse. input Vee.
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FEIRREICAICE T7= TMR € 232 & 58RO BB IRENETE

PR, €K, KRHE
CRAERZR 2B L 5eEt)
Natural Vibration Measurement of Steel Plates by TMR Sensor for Nondestructive Testing Application
Jun Ito, Jin Zhenhu, Mikihiko Oogane
(Graduate School of Engineering, Tohoku University)
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7 N T ARERESE LN, D OfREEIL. REREOEFES O B 1 SEBCEE O
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1
1
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1) N. Gucunski et al., National Academies of Sciences, Engineering, and Medicine. Nondestructive Testing to
Identify Concrete Bridge Deck Deterioration. Washington, DC: The National Academies Press (2012)

2) M. Oogane, K. Fujiwara, A. Kanno, T. Nakano, H. Wagatsuma, T. Arimoto, S. Mizukami, S. Kumagai, H.
Matsuzaki, N. Nakasato, and Y. Ando, Appl. Phys. Express 14, 123002 (2021)

3) P. Dumond, D. Monette, F. Alladkani, J. Akl, I. Chikhaoui, MethodsX, 6, pp. 2106-2117 (2019)
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BOFEGL, EaE f, BUR Ak, AR RIS
(BRASHE S wigERs v 2 —)
Investigation of output signal in symmetric response GMR under AC modulation
Yoshihiro HIGASHI, Akira KIKITSU, Yoshinari KUROSAKI and Satoshi SHIROTORI
Corporate Research and Development Center, Toshiba Corporation
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BBEBERR T . 2 REMSCSEREIIK O U — 7 BRRA. S OB R R 72 & ol I
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as 2 as 2 [roTTTTTmEmn e - M ¥hEE
5 = 2lmbac {6a4 (H” " H> Tz <4—a4) } ® | mems - L B | [ 7o
220, MBBEOPRITENO RHFFECE 4% | QL Ll LC
L S AV I P AR S By b [t =T 0 Al O/ R S R —— (— ;| EERNES
FEROWNME T EZ RO, ERAXOHNEEIZ, £ — mEEs Y =
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BECT7 4 v T 4 7 %8ITV, SR HERD, X (3) Fig.1 #lE7 1 v 7 X
EHNTRELT, () o Measure (b) [ measure
#HE i L UKE , e fitting ° 15 w— calculation
B o BH, =30.7A/m F10
Fig.2(b)IZHH N EEDOH KN EE "9, Hye = ; ®
307.A/m () CIE. FHFHEE EMETEV—8 g0 3%
RRBILE, Hy =623 A/m () TH. FE{HE g B0
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(1) K. Fujiwara et. al.: Appl. Phys. Express, vol. 11, no. 2, Feb. 2018, ()N BIED A T ABGIGR AT

Art. no. 023001.
(2) S. Shirotori et. al.: IEEE Trans. Magn., Vol.57, Iss.2, Part1, 4000305, 2021
(3) Y. Higashi et. al.: Abstract of MSJ 2021
This work was supported by the Cabinet Office (CAQO), Cross-ministerial Strategic Innovation Promotion Program (SIP),
“Intelligent Processing Infrastructure of Cyber and Physical Systems” (funding agency: NEDO)
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Fabrication of feedback-type GMR sensors using antiphase magnetization modulation
K. Komuro, D. Oshima, T. Kato
(Nagoya Univ.)
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1) GAWangetal.:J. Phys. D: Appl. Phys. 44, 235003 (2011).
2) S. Shirotori et al.: IEEE Trans. Magn., 57, 400305 (2021).
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Analysis of strain sensor operation by local anisotropy measurement
K. Toyoda'?, T. Goto?, K. Ishiyama?
(*Graduate School of Engineering, Tohoku University, 2RIEC, Tohoku University)
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1) ER, F, All, FABKFmCREES, 4, 41
(2020).
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Magnetic anisotropy control using permanent magnets and applying direct current
A. Ueno, M. Tanii, H. Kikuchi
(Iwate Univ.)
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1) T. Yanai, et al., J. Magn. Magn, Mater., vol. 320, e833-e836, 2008. Magnetic field H (Oe)
2) R. Dost, et al., J. Magn. Magn. Mater., vol. 499, Art no. 166276,

Fig. 2 Field dependence of impedance change AZ
2020. when heating time changes.
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Considerations on Appropriate Slit Width of Line Type Thin Film Magnetic Field Sensor
Masaya Sakamoto, Ryota Suzuki, Tomoya Ishihara, Junichi Honda, Shin Yabukami

(Tohoku University)
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Fig. 1 Structure of proposed sensor.
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Fig. 2 Amplitude of transition coefficient versus

magnetic field.
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Fig. 3 Calculated amplitude and phase sensitivities.
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