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Strong reflection of spin wave by a periodic modulation field
M. Iwaba and K. Sekiguchi
(Yokohama National Univ.)
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Study of Magnetization Gradient effect on Spin-Wave Propagation
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Magnon-generation process detected by a time-resolved Brillouin light scattering
spectroscopy

K. Oda, M. Iwaba, and K. Sekiguchi
(Yokohama National Univ.)
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Fig. 1 BLS spectrum of pumped magnons.(The inset shows the Fig. 2 Time evolution of magnon density.

experimental set-up for magnon generation.)
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Ferromagnetic layer thickness dependence of laser pulse stimulated spin current in CoxFe1oo-x/Pt thin films
measured by terahertz time-domain spectroscopy
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B A Ui A AW Dy O A B Lk — LR FERIE

AR AL B — N AL RElR ==k A 8
(BRET A BRAEAE)
Measurement of the spin Hall voltage of Dy using thermally excited spin current
Yuri Sakakibara®, Kazuto Yamanoi”, Yukio Nozaki* B
(“Dept. of Phys. Keio Univ., ~ BKeio Spintronics Center)
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NigoFe20/VO2 JEBHAI1ZI81T 5 saksgt: HLnk 1:
FLEE T DR EE R AENE

FAFIE, FEEER . AR, BhHM . FAGE 2 s
(B RBE T, P BRORPERF, 2 B RPest)
Temperature dependence of electromotive forces in NigoFe20/VO; bilayer junctions
under the ferromagnetic resonance
Kazuma Tamura, Teruo Kanki', Shun Shirai, Hidekazu Tanaka', Yoshio Teki?, Eiji Shikoh
(Osaka City Univ. Eng., 'ISIR, Osaka Univ., 2Osaka City Univ. Sci.)
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Spin-pump-induced spin transport in thermally-evaporated rigid molecular films
K. Nishida, Y. Teki*, E. Shikoh
(Osaka City Univ. Grad. of Eng., *Osaka City Univ. Grad. of Sci.)
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Spin transport in thermally-evaporated organic-semiconductor naphthyl diamine films
Y. Onishi, Y. Teki*, E. Shikoh
(Osaka City Univ. Eng., *Osaka City Univ. Sci.)
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Renaissance of Ferromagnetic Semiconductors and Spintronics
Applications (FREGM EEAR L R 2 L A hr =7 A~DILH)

Masaaki Tanaka 123

! Department of Electrical Engineering and Information Systems, The University of Tokyo
2 Center for Spintronics Research Network (CSRN), The University of Tokyo
® Institute for Nano Quantum Information Electronics, The University of Tokyo

Ferromagnetic semiconductors (FMSs) with high Curie temperature (Tc) are strongly required for spintronics
device applications. So far, the mainstream study of FMSs is Mn-doped I11-V FMSs; however they are only p-type
and their T¢ is much lower than 300 K. In this study, we present a new class of FMSs with high T¢, Fe-based
narrow-gap 111-V FMSs. Because Fe atoms are in the isoelectronic Fe** state in I11-V, the carrier type can be
controlled independently and thus both n-type and p-type FMSs are obtained. Using low-temperature molecular
beam epitaxy, we have successfully grown both p-type FMS [(Ga,Fe)Sb [1], (Al,Fe)Sb [2]] and n-type FMSs
[(In,Fe)As [3], (In,Fe)Sb [4]]. The most notable feature in these Fe-based FMSs is that the T¢ value increases
monotonically as the Fe content increases; and there is a tendency that T¢ is higher as the bandgap is narrower,
which contradicts the prediction of the mean-field Zener model. Intrinsic room-temperature ferromagnetism has
been observed in (Gay.x,Fex)Sh with x > 23% [1] and (Iny,Fe,)Sh with x > 16% [4], which are promising for
practical spintronic devices operating at room temperature.

We also present our findings on new magnetotransport phenomena in heterostructures containing these
Fe-doped FMSs. In an Esaki diode composed of a 50 nm-thick n-type FMS (In,Fe)As (6% Fe) / 250 nm-thick p*
InAs:Be, we found that the magnetic-field-dependence of the current flowing through the pn junction
(magnetoconductance, MC) can be largely controlled, both in sign and magnitude, with the bias voltages V [5,6]:
The diode shows small positive MC (~0.5%) at V < 450 mV, but the MC changes its sign and magnitude at V >
450 mV, reaching -7.4% (at 1T) at V = 650 mV. This bias-controlled MC originates from the change in the band
components of (In,Fe)As that participate in the spin-dependent transport.

Furthermore, we found that the current flowing in a nonmagnetic n-type InAs quantum well (QW) that is
interfaced to an insulating p-type (Ga,Fe)Sh layer (20% Fe, Tc > 300 K) exhibits a giant change of approximately
80% at high magnetic field and that its magnitude can be controlled by ten-fold using a gate. The mechanism for
this large magnetoresistance is attributed to a strong magnetic proximity effect (MPE) via the s-d exchange
coupling at the InAs/(Ga,Fe)Sb interface. It was found that a spin splitting in the InAs QW is induced by MPE,
which can be varied between 0.17 meV and 3.8 meV by the gate voltage [7]. Other studies on ferromagnetic
semiconductor heterostructures are underway and novel phenomena and properties are being investigated [7-9];
these new properties of the Fe-doped FMS-based materials and devices provide novel functionalities for future
spin-based electronics.

This work was partly supported by Grants-in-Aid for Scientific Research (Nos. 16H02095, 17H04922, and
18H05345), CREST of JST (No. JPMJCR1777), and Spintronics Research Network of Japan (Spin-RNJ).
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Room-temperature germanium spintronics developed by atomically

controlled heterointerfaces

Kohei Hamaya
Center for Spintronics Research Network, Graduate School of Engineering Science,
Osaka University, Toyonaka 560-8531, Japan

Semiconductor (SC) spintronics is expected for the achievement of novel logic and memory architectures with low
power consumption in future electronics. In particular, because of the compatibility with CMOS technologies and
optical communication on the silicon platform (Si-photonics), germanium (Ge)-based spintronic technologies have so
far been developed®. To operate Ge spintronic devices with nonvolatile memory effect above room temperature, it is
essential to obtain sufficiently large local two-terminal magnetoresistance (MR) signals. Unfortunately, the value of

room-temperature MR ratio in n-Ge-based lateral spin-valve devices has been less than 0.001 % >4,

In this talk, we introduce a new method for enhancing room-temperature MR ratio in Ge spintronic devices. Here,
we utilize an atomic-layer termination technique in addition to our unique technology with ferromagnetic (FM) Heusler
alloy/Ge Schottky-tunnel contacts on Si substrates”’. When we insert five-six Fe atomic layers between the
Heusler-alloy spin injector and the Ge layer, the quality of the Heusler alloy near the interface is significantly improved
%), As a result, even at room temperature, we can obtain a large MR ratio of 0.04 % ¥, two orders of magnitude larger
than those in previous works>¥. For obtaining the highest MR ratio, we can reduce the electric power down to ~ 0.12
mW, one order of magnitude lower than that (~ 1.15 mW) in Si-based devices with MgO tunnel barriers®. Because the
MR ratio at 8 K reaches 0.43 % for above devices ¥, we also explore the degradation mechanism of the MR ratio with
increasing the temperature (7). From the analyses based on the standard one-dimensional spin-diffusion model”, we can
verify the temperature dependence of the FM/Ge interface spin polarization (P). As consequences, the decay mechanism
of the FM/SC interface P with increasing temperature can be interpreted in terms of the 7> law meaning a model of the
thermally excited spin waves in the FM electrodes®. Also, we confirm that the temperature-dependent magnetization of
the ultra-thin FM layer just on top of Ge is strongly related to the degradation of the MR ratio®. Therefore, the strong
ferromagnetism of the FM layer near the interface is essential for high-performance Ge spintronics devices above room

temperature.

The author appreciates good collaborative research with Prof. K. Sawano, Prof. V. Lazarov, Prof. T. Oguchi, Prof. R.
Nakatani, Prof. Y. Shiratsuchi, Prof. S. Ohya, Dr. T. Fukushima, Dr. M. Yamada, Dr. S. Yamada, and the colleagues of
our group in Osaka University. This work was partly supported by a Grant-in-Aid for Scientific Research (S) (No.
19H05616) from the Japan Society for the Promotion of Science (JSPS) and the Spintronics Research Network of Japan
(Spin-RNJ).

References

1) M. Tanaka and S. Sugahara, IEEE Trans. Electron Devices 54, 961 (2007).
2) K. Hamaya et al., J. Phys. D: Appl. Phys. 51, 393001 (2013).

3) M. Tsukahara, KH et al., Appl. Phys. Express 12, 033002 (2019).

4) Y. Fyjita, KH et al., Phys. Rev. B 100, 024431 (2019).

5) M. Yamada, KH ef al., NPG Asia Mater. 12, 47 (2020).

6) M. Ishikawa, KH et al., I[EEE Trans. Magn. 54, 1400604 (2018).

7) A.Fertand H. Jaffrés, Phys. Rev. B 64, 184420 (2001).

8) M. Yamada, KH et al., (submitted).



14pA -3 F44 B BARESR RN R (2020)
Spintronics using local angular momentum of surface acoustic wave
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Spin-vorticity coupling (SVC), which is one of the general relativistic effects in rotating body, enables us to convert
mechanical angular momentum with magnetization, i.e. spin and/or orbital angular momentum of electrons. Since a
novel type of spin current (SC) generation via SVC in a surface acoustic wave (SAW) was theoretically predicted by
Matsuo et al.V, experimental studies on the SVC had been reported by several groups. Recently, we have succeeded to
demonstrate a spinwave resonance (SWR) excitation via alternating SC generated in a NiFe(20 nm)/Cu(200 nm) bilayer
deposited on piezoelectric LiNbO; substrate when the Rayleigh-type SAW is applied?. However, there are still some
open questions. First, there is no clear evidence that a gradient of SAW vorticity needed for SC generation exists in
200-nm-thick Cu film. Second, to understand the SVC quantitatively, we must evaluate the alternating SC in Cu as a
function of amplitude of lattice deformation. Third, the theory expects two different sources for spin accumulation. One
is the time derivative of local angular momentum (2, and the another is (2 itself. We must examine which is dominant
contributor for the SC generation. Moreover, there is a renormalization factor in the analytical expression of SC which
is hard to be determined theoretically. It is significant to quantify this factor because the magnitude determines the
conversion efficiency between the local angular momentum of the SAW and spin angular momentum. To improve the
understanding in the microscopic mechanism of the angular momentum conversion between microscopic electron spin
and macroscopic angular momentum in the SAW, we need quantitative information on the magnitude and spatial
distribution of the SAW in the bilayer system.

In this symposium, we will show our recent experimental studies on (i) highly nonreciprocal SWR excited using
magnetoelastic coupling in Ni/Si bilayer®, (ii) reciprocal SWR excited using gyromagnetic coupling in NiFe single
layer?, and (iii) electrical measurement of alternating SC in NiFe/Cu bilayer®. The nonreciprocity of the SWR owing to
a shear strain component was strongly enhanced by embedding the Ni far from the surface. From the variation of the
nonreciprocity on the thickness of Si covered on the Ni, we can estimate the depth profile of the relative amplitude of
the shear strain component with respect to the longitudinal strain component that gives the spatial distribution of the
SAW. Moreover, a picometer order SAW amplitude averaged over the NiFe film was experimentally evaluated from the
amplitude of SWR excited via gyromagnetic effect whose amplitude was simply given by the vorticity of SAW. Finally,
from the comparison between the amplitude of the alternating SC in NiFe/Cu bilayer and the SAW amplitude evaluated,
we found that the conversion efficiency of the angular momentum from the SAW to the electron spin was much larger
than in the spin current generation using a vorticity of liquid metal®. Theoretically, the conversion efficiency of the
angular momentum from the lattice into electron spins becomes larger when the difference of the energy scales is
smaller between lattice motion and spins. Consequently, the renormalization factor of the elastic system is much larger
than that of the liquid-metal flow because the elastic motion of our setup is in the gigahertz range whereas the vorticity
of the liquid-metal flow is in the kilohertz range.
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Controlling antiferromagnetic resonances

Takahiro Moriyama', Kensuke Hayashi?, Keisuke Yamada?, Mutsuhiro Shima?, Yutaka Ohya?,
Yaroslav Tserkovnyak?® and Teruo Ono!
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In antiferromagnetic spintronics where manipulation of the antiferromagnetic spins is a central technological challenge",
it is important to understand the dynamic properties, especially their THz spin dynamics and the magnetic damping. While
both experimental and theoretical investigations of the antiferromagnetic resonance began in 1950s?, they have been
recently revisited with more advanced experimental techniques®* as well as with more rigorous theoretical treatments®
in the context of emerging antiferromagnetic spintronics. In the early stage of the investigations, the state-of-art
spectroscopy with a rather inefficient and weak far-infrared source! was employed to investigate various antiferromagnets,
such as NiO, CoO, MnO, and Cr,0s. Although their high resonant frequencies have been experimentally confirmed, the
experimental technique at the time was not sufficiently sensitive to withstand detail analyses of the spin dynamics and the
magnetic damping. Moreover, importance of the magnetic damping in antiferromagnet was not seriously argued. However,
thanks to the recent development of the THz technologies, frequency-domain THz spectroscopies with much better
sensitivity than before has now became accessible and affordable for investigating in more detail the spin dynamics in
antiferromagnets.

The talk will be based on our recent results on (1) frequency-domain THz spectroscopies of antiferromagnetic
NiO and the detail analysis of the antiferromagnetic damping®, (2) observation of the THz spin pumping effect in NiO/Pt
and NiO/Pd?, and (3) control of the antiferromagnetic resonance properties by cation substations of NiO%).

This work was supported by the JSPS KAKENHI Grans Nos. 17H04924, 15H05702, 17H04795, 18H01859, 17H05181
(“Nano Spin Conversion Science”), and by the Collaborative Research Program of Institute for Chemical Research, Kyoto
University.
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Interfacial multiferroics with perpendicular magnetic anisotropy
Tomoyasu Taniyama

(Department of Physics, Nagoya University, Furo-cho, Chikusa, Nagoya 464-8602, Japan)

Multiferroic materials have a great potential for low-power mannipulation of magnetization orientation using an electric
field, where the cross coupling between the ferroic orders such as magnetization, electric polarization, strain, etc. plays
a critical role'™. In general, the ferroic phase transition temperatures of single-phase multiferroics is lower than room
temperature, requiring alternative material systems with multiferroic properties for spintronic applications. In this study,
we investigate electric field driven magnetization switching of ferromagnetic/ferroelectric (ferroelastic) interfacial multi-
ferroics with perpendicular magnetic anisotropy (PMA), where the multiferroic properties appear at room temperature*".

The first example which we study is [Cu/Ni] multilayer/ferroelectric BaTiO3(001) interfacial multiferroics with PMA.
Since there are two types of ferroelectric domains, i.e., a— and c—domains, in BaTiO3 at room temperature, different misfit
strains are exerted on the [Cu/Ni] multilayer on a— and c—domains. Such strain gives rise to a change in the magnetization
orientation on each domain through the magnetoelastic coupling. This enables to control the magnetization orientation of
[Cu/Ni] multilayers by driving the ferroelectric @ — ¢ domain wall in an electric field. With this approach, we demonstrate
electric field control of the magnetization orientation of [Cu/Ni] multilayers between out-of-plane and in-plane. Also, X-
ray magnetic circular dichroism measurements show that modulation of the orbital magnetic moments of Ni layers occurs
in an electric field while no visible changes in the spin magnetic moments are seen. These results clearly indicate that the
orbital magnetic moment that could be manipulated by electric field induced strain is responsible for the magnetization
switching in [Cu/Ni] multilayer/BaTiOj; interfacial multiferroics.

Another example of interfacial multiferroics with PMA is [Cu/Ni] multilayer/ferroelectric 0.7Pb(Mg;;3Nby,3)O3-
0.3PbTiO3(001) (PMN-PT) heterostructures. PMN-PT has 8 equivalent (111) crystallographic orientations, along which
the ferroelectric polarization favors to align. When an electric field is applied across the PMN-PT substrate, either
71°, 180°, or 109° switching of ferroelectric polarization occurs, thereby interfacial strain transferred from PMN-PT to
[Cu/Ni] multilayer could trigger the magnetization switching. In this work, we demonstrate electric field modulation
of the magnetic domain structures of [Cu/Ni] multilayer/PMN-PT using Kerr microscopy. When the out-of-plane
magnetic field is swept from the positive saturation to a small negative magnetic field (~ —45 Oe), partial reversal of the
magnetization occurs, thereby a maze-type domain structure appears. As an electric field is applied at the small negative
magnetic field, a clear evolution of the reversed magnetic domains is observed. The result is compatible with separate
Kerr magnetometry experiments, where multilevel magnetization states can be seen by an electric field. The underlying
mechanism of the evolution of the magnetic domain structure will be discussed based on possible distinct interfacial
strain for 71°, 180°, or 109° switching of ferroelectric polarization in PMN-PT.

This work was supported in part by by JST CREST Grant No. JPMJCR18J1, JSPS Bilateral Joint Research Projects
Grant No. JPJSBP120197716, and the Asahi Glass Foundation.
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Electric operation of magnetic skyrmions
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A magnetic skyrmion is a topological spin texture that originated from the competition between the exchange
interaction and Dzyaloshinskii-Moriya interaction [1-4]. Skyrmions in bulks can be driven by the electric current
through the spin-transfer torque with the extremely low threshold current density of 106 A/m? [5] compared to that for
the domain walls of 10*°-10'2 A/m? . In addition to their small domain size ranging from several nm to 1 pm, this
outstanding property offers new spintronics applications, including the non-volatile magnetic memories and
current-driven shift resistors. From an application point of view, ultrathin magnetic heterostructures are favorable
systems rather than bulk magnets because of their compatibility with existing spintronic technologies. Intensive studies
related to the skyrmion observation, driving, and manipulation have been reported in Co-based and CoFeB-based
heterostructures [6-8].

Here we demonstrate the current-driven skyrmion motion in Ir/Co/Pt thin films and MgO/CoFeB/W thin
films. In the Ir/Co/Pt system, skyrmions can be observed under the hysteresis for a magnetic field, indicating that the
skyrmion phase is thermally stable. Skyrmions segregate in the transverse direction to the current flow via the
skyrmion Hall effect, which shows scalability for current density and wire width [9]. We also demonstrate several new
findings: the significant material dependence of skyrmion dynamics, multiplication of skyrmions at the non-linear
regime, and non-local accumulation of nonequilibrium skyrmions over several tens um [10]. These results suggest the
importance of skyrmions' collective nature, while only the behaviors of a single skyrmion have been discussed in
previous studies. On the contrary, in the MgO/CoFeB/W systems, skyrmions can be observed as the transformation
from the stripe domains by the current pulses, indicating that the skyrmion phase is metastable. Besides, the skyrmion
Hall effect is much smaller than that in the Ir/Co/Pt system. The result suggests the difference in skyrmions'
current-driven mechanism between MgO/CoFeB/W and Ir/Co/Pt systems.

Reference

1) 1. E. Dzyaloshinskii, J. Phys. Chem. Sol. 4, 241 (1958)

2) T. Moriya, Phys. Rev. 120, 91 (1960)

3) S. Muhlbauer, B. Binz, F. Jonietz, C. Pfleiderer, A. Rosch, A. Neubauer, R. Georgii, and P. Boni, Science 323, 5916
(2009)

4) X.Z.Yu,Y.Onose, J. H. Park, J. H. Han, Y. Matui, N. Nagaosa, and Y. Tokura, Nature 465, 901-904 (2010)

5) X.Z.Yu, N. Kanazawa, W. Z. Zhang, T. Nagai, T. Hara, K. Kimoto, Y. Matsui, Y. Onose, and Y. Tokura, Nat.
Commun. 3, 988 (2012)

6) W.Jiang, P. Upadhyaya, W. Zhang, G. Yu, M. B. Jungfleisch, F. Y. Fradin, J. E. Perarson, Y. Terkovnyak, K. L.
Wang, O. Heinomen, S. G. E. Velthuis, and A. Hoffmann, Science 349, 283 (2015)

7) K. Litzius, I. Lemesh, B. Kruger, P. Bassirian, L. Caretta, K. Richter, F. Bittner, K. Sato, O. A. Tretiakov, J. Forster,
R. M. Reeve, M. Weigand, I. Bykova, H. Stoll, G. Schitz, G. S. D. Beach, and M. Kl&ui, Nat. Phys. 13, 170 (2017)

8) R.Tolley, S. A. Montoya, and E. E. Fullerton, Phys. Rev. Mater. 2, 044404 (2018)

9) S. Sugimoto, S. Kasai, E. Anohkin, Y. K. Takahashi, and Y. Tokura, Appl. Phys. Expr. 12, 073002 (2019).

10) S. Sugimoto, W. Koshibae, S. Kasai, N. Ogawa, Y. Takahashi, N. Nagaosa, and Y. Tokura, Sci. Rep. 10,1 (2020)



14pA -7 F44 B BARESR RN R (2020)
Antiferromagnetic Insulatronics: Spintronics without magnetic fields

Mathias Klauit?3"*

(*Institute of Physics, Johannes Gutenberg-University Mainz, 55128 Mainz, Germany)
(*Graduate School of Excellence Materials Science in Mainz, 55128 Mainz, Germany)
(3Centre for Quantum Spintronics, NTNU, 7034 Trondheim, Norway)

(*IEEE Magnetics Society Distinguished Lecturer)

While known for a long time, antiferromagnetically ordered systems have previously been considered, as expressed by
Louis Néel in his Nobel Prize Lecture, to be “interesting but useless”. However, since antiferromagnets potentially
promise faster operation, enhanced stability with respect to interfering magnetic fields and higher integration due to the
absence of dipolar coupling, they could potentially become a game changer for new devices. The zero net moment
makes manipulation using conventional magnetic fields challenging. However recently, these materials have received
renewed attention due to possible manipulation based on new approaches such as photons [1] or spin-orbit torques [2].
In this talk, we will present an overview of the key features of antiferromagnets to potentially functionalize their unique
properties. This includes writing, reading and transporting information using antiferromagnets.

We recently realized switching in the metallic antiferromagnet Mn2Au by intrinsic staggered spin-orbit torques [3,4]
and characterize the switching properties by direct imaging. While switching by staggered intrinsic spin-orbit torques in
metallic AFMs requires special structural asymmetry, interfacial non-staggered spin-orbit torques can switch multilayers
of many insulating AFMs capped with heavy metal layers.

We probe switching and spin transport in selected collinear insulating antiferromagnets, such as NiO [5-7], CoO [8,9]
and hematite [10,11]. In NiO and CoO we find that there are multiple switching mechanisms that result in the
reorientation of the Néel vector and additionally effects related to electromigration can obscure the magnetic switching
[5,7,9]. For the spin transport, spin currents are generated by heating as resulting from the spin Seebeck effect and by
spin pumping measurements and we find in vertical transport short (few nm) spin diffusion lengths [6,8].

For hematite, however, we find in a non-local geometry that spin transport of tens of micrometers is possible [10,11].
We detect a first harmonic signal, related to the spin conductance, that exhibits a maximum at the spin-flop reorientation,
while the second harmonic signal, related to the Spin Seebeck conductance, is linear in the amplitude of the applied
magnetic field [10]. The first signal is dependent on the direction of the Néel vector and the second one depends on the
induced magnetic moment due to the field. We identify the domain structure as the limiting factor for the spin transport
[11]. We recently also achieved transport in the easy plane phase [12], which allows us to obtain long distance spin
transport in hematite even at room temperature [12]. From the power and distance dependence, we unambiguously
distinguish long-distance transport based on diffusion [10,11] from predicted spin superfluidity useful for logic [13].
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Study of magnetic properties at the interface in ultra-thin CoFeB
films using a high sensitivity VNA-FMR spectrometer

S. Tamaru and T. Yamamoto
(Spintronics Research Center, Advanced Industrial Science and Technology (AIST), Tsukuba, Ibaraki,
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Dynamical properties of ultra-thin magnetic films are attracting increasing attention with the advent of various MTJ
based spintronic devices such as spin transfer torque magnetic random access memory (STT-MRAM) or voltage torque
magnetic random access memory (VT-MRAM), in which the free layer is a CoFeB film with a typical thickness of
approximately 1 nm or even less. It has been observed that many magnetic properties are dependent on the film
thickness in the nanometer scale [1]. In addition, VT-MRAM takes advantage of the change of perpendicular magnetic
anisotropy (PMA) by the application an electric field at the CoFeB/MgO interface [2]. Thus, these devices require
thorough understanding of the interfacial magnetism.

Ferromagnetic resonance (FMR) is the most commonly used measurement for the study of magnetization dynamics.
FMR provides various magnetic properties, some of which, such as the damping parameter or Lande g factor, cannot be
obtained by other characterization techniques. It is highly desirable to perform broadband FMR measurement to
characterize a magnetic thin film. However, such a measurement on an ultra-thin film has been difficult, mainly due to
the lack of sensitivity or broadband measurement capability in conventional FMR spectrometers.

We have developed a high sensitivity vector network analyzer ferromagnetic resonance (VNA-FMR) spectrometer as
shown in Fig. 1 to overcome this difficulty. In this system, a low frequency modulation field is applied to the sample in
addition to a DC bias field (Hg) while a VNA measures the S-parameter, and the modulation frequency component of
the S-parameter is extracted by a numerical data processing equivalent to lock-in detection, which significantly
enhances the sensitivity while maintaining the broadband coverage.

Using this system, we measured FMR on a series of ultra-thin CoFeB films with thicknesses ranging from 1.5 nm down
to 1.1 nm under Hg applied along the out-of-plane (OOP) direction. Fig. 2 is the FMR spectra on a 1.5 nm thick CoFeB
film as a function of frequency and Hg, which shows a clean Kittel mode FMR signal. The gyromagnetic ratio that
contains Lande g factor can be determined from the slope of the peak frequency vs Hg plot. Fig. 3 shows the value of g
as a function of CoFeB thickness. The value of g increases as the thickness decreases, which suggests that the orbital
angular moment is not completely quenched at the interfaces due to broken symmetry, which could be the cause of the
increase of PMA or damping parameter previously reported in [1].

In the presentation, we will first introduce the high sensitivity VNA-FMR developed in this work, then report the FMR
measurement results on CoFeB films over wide range of thicknesses and deposition conditions to explore the change of
magnetic properties at the interface.

This work was supported by JSPS KAKENHI Grant Number 18K14118.
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Fig. 1, Block diagram of the
VNA-FMR with field modulation
detection developed in this work.

Fig. 2, FMR spectra on a 1.5 nm
thick CoFeB film under OOP He.

Fig. 3, Lande g factor as a function of
CoFeB thickness.



14pB -2 F44 B BARESR RN R (2020)

Magnonic band gaps of metallic one-dimensional magnonic crystals
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Magnonics is one of the most fascinating research fields in spintronics. Spin waves (SWs), also called magnons, have
attracted special attention because of their potential application as information transport and processing for novel spin
devices. In recent our work, some important characteristics on spin waves were reported, such as nonreciprocity [1, 2]
and conductivity effect [3]. Among magnonics, magnonic crystals (MCs) are one of the most attractive topics for both
fundamental physics and future applications. MCs, which are analogous to photonic crystals, are defined as artificial
media with spatially periodic variation of some of their magnetic parameters. As a result, MCs show modified spectra
compared with plain films. SWs with certain frequency ranges cannot be allowed to propagate in MCs and forms rejection
bands, that is, band gaps. The formation of band gap can be used to not only the SW filters but also control of group
velocity, for example, generation of the slow magnon. So far, research on MC using YIG have been the mainstream
because of their ease of sample preparation. Recently, there were some reports about metallic MCs, but the most of the
metallic MCs had structural periods ranging from 0.1 to 1 um because metals have a shorter propagation length of SW
(10 um order) than that of YIG (mm order) and ones try to make a lot of periodic structures in a limited length. The wave
numbers affected by them, however, are too high to access using antenna method. It is important to detect the influence
of MCs on SWs by all electrical measurement method for development of novel spin wave devices. In this study, metallic
1D-MCs consisting of Py strips with periodic grooves were investigated. We measured the propagation properties of the
magnetostatic surface wave (MSSW) in the Py MCs by an antenna method and demonstrated the electrical detection of
the magnonic bandgaps.

Py strips with a width of 100 um and a thickness d of 50 nm were prepared on high-resistivity Si/SiO, substrates. The
periodic grooves with a depth of 25 nm were formed by Ar" ion milling. The grooves are aligned perpendicular to the
propagation direction. The lattice constant (D) was 2.0, 3.0, and 4.0 um, and the grooves with a width of D/2 were
separated by D/2 (see Fig. 1). We also fabricated an unstructured film for comparison. A 80-nm-thick SiO, layer were
deposited for isolation and a pair of coplanar waveguides (CPWs) of signal (S)-ground (G) type was formed for excitation
and detection antennae. The widths of S, G lines, and the SG-gap were 1.0, 50, and 1.0 pm, respectively. A vector network
analyzer and a microprobe station with an electromagnet was used for spin wave transmission measurement.
Micromagnetic simulation of spin-wave propagation were performed using the Object Oriented Micromagnetic
Framework (OOMMEF) software package based on the Landau-Lifshitz equation. The excitation field of the SG type
antenna was separately calculated using MATLAB, and a Gaussian pulse excitation with a pulse width of 50 ps was
applied in OOMMF using the calculated field profile. The SW spectra can be obtained by Fast Fourier Transformation
(FFT).

Figure 2 (a) shows the spectra mapping as a function of distance x from an excitation antenna for the Py MC with D =2
pm. The dispersion relation was also obtained by FFT along x (Fig. 2(b)). It has some pronounced dispersion branches
and the clear magnonic band gaps can be observed at k£ =7/D and 2n/D. The spectrum at detection point (Fig. 2(c)) shows
some dips at corresponding the band gap frequency. Thus, the introduction of a periodic structure yields rejection
frequencies in spin wave spectrum.

Figure 3 shows the experimental (red) and calculated (blue) results of normalized spin-wave spectra for an unstructured
film and MCs under uoH = 20 mT. In the unstructured film, there is no dip in the spectra of both experimental and
calculated results. The shapes of the spectra for the MCs are obviously different from that for the unstructured film and
have obviously large dips (denoted as first dips) at the specified frequencies. The calculated spectra for the MCs have
obvious first (large) and second (small) dips. In experimental spectra of MCs, second dips are not so clear because of the
small oscillations due to interference. The oscillation around here is, however, distorted compared to the unstructured
film, and the frequencies of the dips for the experimental and calculated spectra are almost equal. Additionally, they
depend on D. Therefore, we judged that it is the influence of existence of 2nd dip. Thus, we succeeded in the electrical
detection of magnonic band gaps for Py 1D-MCs with periodic grooves utilizing an antenna method.
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Imaging of microwave electric- and magnetic-fields by optical indicator
microscopy

Kiejin Lee!”, Henrik Parsamyan'?, Arsen Babajanyan?, and Zhirayr Baghdasaryan'-
"Department of Physics, Sogang University, Seoul 121-742, Korea
’Department of Radiophysics, Yerevan State University, Yerevan 0025, Armenia

High-resolution imaging techniques of microwave E-field and H-field can be powerful tools for visualization of the
electromagnetic (EM) field distributions of materials and devices. Using the suggested method based on the optical
microscopy one can visualize the E-field or H-field and temperature distributions through the thermo-elastic effect
utilizing optical indicator films. Depending on the absorption properties of the indicator films, the system can visualize
either the distributions of the temperature, E-field or H-fields.

The optical indicator microscopy technique uses a polarized light microscope method. Figure 1(a) shows the illustration
of the visualization system. Probing green light is modulated to be circularly polarized by using a linear polarizer (0°) and
quarter waveplate (45°). The reflected light passed through the stressed medium changes the polarization from circular to
elliptical due to the photo-elastic effect in the glass substrate. The EM signal generated by the device under test (DUT)
interacts with the optical indicator heating up ITO thin film. The detected heat distribution corresponds to the initial EM
field distribution of the DUT. Finally, by using the analyzer (linear polarizer sheet) a CCD camera recorded the
temperature or EM field distribution images?.

Figure 1(b) demonstrates the DUT representing a microwave lowpass (LP) filter and the optical indicator microscopy
system and the representative measurement results of the microwave H-field and E-field distribution images at 4 GHz.
We used ITO glass for the H-field visualization owing to the rather good conductive properties of the ITO ensuring a
strong interaction with the H-field of the DUT. As a result, the ITO film heats up due to the surface currents induced by
the H-field and the corresponding thermal distribution appears. On the contrary, for the E-field visualization, we used an
indicator consisting of aluminum nanoparticles coated by a poly (methyl methacrylate) (PMMA) thin film since it is well
known that metal nanoparticles embedded in glass and polymer give a large increase in the dielectric loss.

The present technique provides a practical approach for high-resolution visualization of the E-field and H-field, as well
as thermal distributions, which are valuable in investigations related to the influence of thermal variations on the
properties of microwave electronic devices or materials.

Reference
1) Baghdasaryan, Z. et al. Thermal distribution in unidirectional carbon composite material due to the direct heating

and microwave influence visualized by a thermo-elastic optical indicator microscope. J. Measurement. 151, 107189

(2020).
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Figure 1. (2) Illustration of measurement principle of the TEOIM system. (b) The top shows the schematic of the tested
lowpass filter and the optical indicator. The bottom images depict the visualized microwave H-field and E-field
distribution images of the DUT at 4 GHz.

* This work was supported under the framework of international cooperation program managed by the National Research Foundation of Korea (NRF-

2020K2A9A2A08000165, FY2020). klee@sogang.ac.kr
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Observation of magnon polarization through neutron scattering

Yusuke Nambu
Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan

Spin current, a flow of the spin degree of freedom in condensed matter, is a fundamental concept in spintronics
research. Many experimental and theoretical investigations are devoted to developing creation/annihilation and control
methods of the spin current. As one of the creation methods, the spin Seebeck effect (SSE) attracts much attention
recently due to possible applications to thermal spin generators for driving spintronics devices. The SSE is observed via
the induced spin current in ferromagnets and ferrimagnets with an application of a temperature gradient. Driving spin
currents thermally could lead to the manufacturing of a compact spin current source without using an electric current or
magnetic field.

Deep into microscopic views, the spin current in magnetic insulators is carried by the transverse component of
spin-waves (quantized magnons). Magnons can be polarized, and the magnon polarization, i.e., the direction of the
precessional motion of the electronic spin, affects the thermodynamics of magnetic materials, governing the magnitude
and sign of the SSE. However, the magnon polarization of magnon modes has eluded experimental observation. We
here show our recent results of the first direct observation of magnon polarization through polarized neutron scattering
experiment?. Our results describe electromagnetic responses of magnons in THz regime that are spanned over a wide
(Q, ) space.

Target compound, the iron-based garnet YsFesO12 (Y1G), is a ferrimagnetic insulator with a complex structure and is
an essential material for microwave and optical technologies and also for basic research in spintronics, magnonics, and
quantum information. One reason is that it has the highest quality magnetization dynamics among known
magnets—resulting in long magnon lifetimes. There exist major two magnon modes, and the gap separating optical and
acoustic modes is of the order of the thermal energy at room temperature. A maximum of the spin Seebeck signal in
YIG near room temperature® has been interpreted in terms of the competition between magnon modes with opposite
polarization. Our experimental findings are well accounted for by atomistic spin dynamics calculations. The observation
of both signs of magnon polarization in Y1G (Fig.) also gives direct proof of its ferrimagnetic nature.

The research was conducted through a collaboration with J. Barker, T. Kikkawa, Y. Shiomi, M. Fujita, G. E. W.
Bauer, E. Saitoh, and K. Kakurai.

Reference
1) Y. Nambu et al., Phys. Rev. Lett. 125, 027201 (2020).
2) T. Kikkawa et al., Phys. Rev. B 92, 064413 (2015).

H

M.

Fig. Illustration of magnon polarization for two magnon modes in YIGY. The positive polarization
acoustic (left) and negative polarization optical modes (right) are shown.
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Efficient terahertz frequency conversion in a Dirac semimetal CdzAs> and
terahertz anomalous Hall effect in a Weyl antiferromagnet MnsSn

Ryusuke Matsunaga®?, Natsuki Kanda?, and Takuya Matsuda®
L Institute for Solid State Physics, The University of Tokyo, Kashiwa 277-8581, Japan
2 PRESTO, Japan Science and Technology Agency, Saitama 332-0012, Japan

Recently nonlinear light-matter interaction in terahertz (THz) frequency has attracted considerable attention for
fundamental interests in physics and photonics and also for finding novel functionalities of materials bridging
electronics and photonics. Here, we introduce our recent works using THz spectroscopy for topological semimetals®?,
i.e., a Dirac semimetal and a Weyl semimetal with the massless energy dispersion, which may pave a new route for
high-speed electronic and spintronics.

High harmonic generation (HHG) has been one of the central issues in modern photonics since it produces coherent
high-energy photons by multiplication of an incident photon energy, which has been developed in gaseous media for
attosecond science and also utilized for high-resolution angle-resolved photoemission spectroscopy. More recently,
HHG in semiconductors with mid- or near-infrared laser pulse has been also reported®, raising the possibility for
realizing stable and compact soft X-ray sources. For much lower frequency around 1 THz, however, HHG has been still
very difficult due to the lack of intense light source and suitable materials. We have found efficient THz third harmonic
generation in a superconductor originating from the resonance with the Higgs amplitude mode®. If such an efficient
THz harmonic generation is realized at room temperature, it would be a key technology for frequency conversion and
mixing in high-speed electronics as well as for sensitive detection of the cosmic microwave background. Here we
demonstrate room-temperature efficient THz harmonic generation with 3f=2.4 THz in 3D Dirac semimetal CdsAs; thin
filmsY. Our pump-probe spectroscopy for CdsAs;, reveals that the nonlinearity originates from intraband acceleration of
massless electrons across the Dirac node as theoretically anticipated. The unprecedentedly efficient harmonic generation
in the 3-dimensional material would open an avenue for developing a novel THz frequency convertor.

We also investigated the THz response of a Weyl antiferromagnet MnsSn. Spin motion in antiferromagnets is as fast as
in THz frequency far beyond that in the ferromagnets and therefore it has been expected as a candidate for high-speed
data processing in spintronic devices. But the readout of antiferromagnetic spin order is difficult due to the small net
magnetization. The noncollinear antiferromagnet MnsSn shows a large anomalous Hall effect comparable to
ferromagnets in spite of the vanishingly-small net magnetization®, owing to broken time-reversal symmetry by the
cluster octupole moment on Kagome bilayer. Therefore, the detection of the anomalous Hall current in MnsSn at THz
frequency is essential for high-speed readout of the spintronic device based on the antiferromagnet. Here we report
observation of the THz anomalous Hall effect in a MnsSn thin film by a broadband polarization-resolved THz
spectroscopy up to 6 THz?. We found that the non-dissipative large anomalous Hall current appears up to around ~1
THz, while at higher frequency the dissipative part of the Hall current grows up possibly due to the interband transition
across the Weyl node. Our observation of a large THz response in the antiferromagnets paves the way for ultrafast
readout of antiferromagnetism with THz current on device.

Reference

1) B. Cheng*, N. Kanda*, T. N. Ikeda, T. Matsuda, R. Matsunaga et al., Phys. Rev. Lett. 124, 117402 (2020). (*: equal
contribution)

2) T.Matsuda, N. Kanda, T. Higo, N. P. Armitage, S. Nakatsuji, and R. Matsunaga, Nature Commun. 11, 909 (2020).

3) O. Schubert et al., Nature Phonon. 8, 119 (2014).

4) R. Matsunaga, N. Tsuji, H. Aoki, R. Shimano et al., Science 345, 1145 (2014).

5) S. Nakatsuji, N. Kiyohara, and T. Higo, Nature 527, 212 (2015).
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Designing spin textures and topological transports in insulating
antiferromagnets

Masataka Kawano and Chisa Hotta
Department of Basic Science, University of Tokyo.

Insulating antiferromagnets are now being recognized as one of the important platforms of spintroni®dSévesal
advantages over ferromagnets include a relatively high resonance frequency accelerating the writing speed for a memory
storage device, and the absence of stray fringing fields important for microfabrication. However, controlling the magnetic
structures of antiferromagnets, even detecting the orientation of the ordered moments, is not an easy task. Here, we show
that for general antiferromagnets one can theoretically design and control their basic magnetic properties which are tightly
bound to magnetotranspoiffects — an emergent spin texture in reciprocal spat@onreciprocity of magnon barfd3,
and topological antiferromagnons that carry heat cuttent

In noncentrosymmetric crystals, the spin-orbit (SO) coupling supported by the broken global inversion symmetry gener-
ates Rashba and Dresselhaus types of momentum-dependent electronic spin textures in metals. Although one may expect
similar types of phenomena in insulating magnets, the magnons in ferro/ferrimagnets do not have up/down "spin degrees
of freedom” like electrons which can couple to their spatial momerkuin this context, the theoretical highlight of anti-
ferromagnets is the two magnetic sublattices and corresponding two species of magnons, which serve as fjclitvainis up
"spin degrees of freedom”. This allows us to design several types of pseudo-SO couplings and related properties; the
Dzyaloshinskii-Moriya (DM) interaction that twists the spins work to mix the motion of up/down magnons in a spacially
antisymmetric manner, and gives rise to the Rashba and Dresselhaus-types of spin textures of magnon bands. This texture
can be easily controlled by a small magnetic field and might hopefully be detected by the microwave measurements. An
anomaloughermal Hall (ATHE) effect of magnons are also predicted for the two-dimensional square lattice antiferromag-
net with easy-axis anisotropy, when a small out-of-plane magnetic field is applied. The origin of this ATHE carried by the
SU(2) magnorf8 is qualitatively different from the typical thermal Hall ett (THE) of ferro/ferrimagnets in pyrochlore
lattices carried by U(1) magnofis We also show that the pseudo-SO coupling can be generated forioteesion-
symmetry-unbroken cases, e.g. Kitaev antiferromagnets, where the spatially variant interactions are transformed in a way
to mix the kinetic motion of two species of magnénd he basic framework of how to design or predict these phenomena
by a sketch of crystal lattices, spin orientations, and the species of interactions, and the magnetic field &ré @hown

1
Electrons (up/down spins) ku* FAAA NN >
5 z ”
£A . 4 ! z PN
c \ 77%—:+k‘ <, AR Wos
Fo—=> N 77 g & - NP
SO couplin | - (e
& piing \  “~\N/Z-7 L >k, SN P
0 v 1 magnetic field
Ferromagnets Antiferromagnets  Pseudo-spins(up/down) E E ! E:
e < c N A N
=~ S % A ~ K-
S0 e e -~
DM int DM int ol A A ne
@ i ; 4 ’~
¥ 14 \r
-1
k':r > kx el N 0/W 1A ]""0/ﬁ 1
Rashba-Dresselhaus spin textures
References

1) V. Baltz, A. Manchon, M. Tsoi, T. Moriyama, T. Ono, and Y. Tserkovnirgv. Mod. Phy€0, 015005 (2018).
2) M. Kawano, Y. Onose and C. Hott@@pmmunications Physi& 27 (2019).

3) M. Kawano and C. Hott&Rhys. Rev. B00, 174402 (2019).

4) M. Kawano and C. Hott&Phys. Rev. B9, 054422 (2019).

5) Y. Iguchi, Y. Nii, M. Kawano, H. Murakawa, N. Hanasaki, and Y. Ond3eys. Rev. B8, 064416 (2018).

6) Y. Onose, T. Ideue, H. Katsura, Y. Shiomi, N. Nagaosa, and Y. TolBaiance329297 (2010).

7) ST HERR, YEHE Ak, FEAYEE 55,41 (2020).



14pB - 7 Fad |l AR R EEAE (2020)

Circularly polarized microwave measurements for condensed matter
physics

T. Arakawal 2
Department of Physics, Graduate School of Science, Osaka University, Toyonaka, Osaka 560-0043, Japan
2Center for Spintronics Research Network (CSRN), Osaka University, Toyonaka, Osaka 560-8531, Japan

A cavity resonator in the microwave band is indispensable technology in condensed matter physics. The extremely high
Q value of the microwave resonance mode enables us sensitive detection of the electron spin resonance of a small
sample [1]. More recently, such a method has been utilized in spintronics to investigate the spin transport and in
quantum information to control quantum qubits. As a microwave is an electromagnetic wave, it has polarization such as
linear polarization and circular polarization. However, only linearly polarized microwaves are mainly used in condensed
matter physics.

In optical and terahertz regime, a circularly polarized electromagnetic wave has been used for the various purpose: the
creation of spin accumulation, investigation of circular photogalvanic effects, circular dependent spin pumping with an
antiferromagnetic material. This is because a circularly polarized electromagnetic wave has a net spin of £1, which

is suitable for investigating electron spin-related phenomena.

If we can control the circularly polarized microwave in a cavity resonator, this technique will stimulate efforts towards
further research in condensed matter physics. Therefore, we recently established a technique for selectively exciting left
and right circularly polarized microwaves and irradiating them to a sample with a cylindrical cavity resonator [2] (Fig.
1). To demonstrate the performance of the cavity resonator, we measured the ferromagnetic resonance of Yttrium Iron
Garnet (Fig. 2) and estimated the polarization of left- and right-handed microwave excitation as more than 80%.

In this symposium, | will present the overview and potential of the circularly-polarized cavity resonator method. | will
also present our recent results obtained by using this method.

Reference

1) O. Klein et al., International Journal of Infrared and Millimeter Waves 14, 2423 (1993).
2) T.Arakawa et al., The Review of scientific instruments 90, 084707 (2019).
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Fabrication of LLC-LC resonant DC-DC converter using Fe-based composite magnetic core leakage transformer
K.Sato, T.Minamisawa, M.Sonehara, T.Sato
(Shinshu University)
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Basic Study on Magnetic Flux Density Distributioin in Three Phase Hybrid-core Structure
Chie Kobayashi, Naoyuki Kurita, Mizuki Ogi, Akira Nishimizu, Akira Yamagishi
(Hitachi, Ltd.)
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A Consideration of Magnetostriction Force Calculation for
Transformer Core by Using Reluctance Network Analysis
Y. Hane, K. Nakamura, and *N. Kurita
(Tohoku University, *Hitachi, Ltd.)
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A new approach for variable transformer by means of flux control
O. Ichinokura, K. Arimatsu*, T. Ohinata*
(Tohoku Univ., *Tohoku Electric Power Co., Inc.)
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FEBHC T FTRE/R M EFFE C o 5, Fig. 4 NN BERIRO—fC | S —

B IRWHIEFEFRIC D> TRTERE TH D Z LB bnd, Ry ]\Vout le

HLHAE Dk REAHIEC X ’Z)TEKBTEEE IONTiRRTz, AL Fig. 1 Configuration of the
Egsld, BRfafEzfH LW aicb b b3 HAEEE IS W variable transformer.

ZENL, ZMHDORI %fi*ﬁ-ﬁﬁr@ E AR — R SR L O BB A
g e I b M FREE B 2 b, F-REIIHBR T N AL L s /e NN
THIff s D,

96
— 94 “\ —0—No load -
% 92 —0—RL=1kQ &
i 90 RL=100Q2
) —4—RL=20Q
s 88
= —4—RL=10Q
S 86 i
T 84 —— ]
S 8 | V=78 rms.V )
80 v EFffiisec)
. . 0 5 10 15 20 25
Fig. 2 General view ]
of the variable Control current[mean. A] Fig. 4 Observed waveforms of
transformer. Fig. 3 Control characteristic. the output voltage at R,;=10Q
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B H ERE B K AR A IR

— /8 B, BIAR S

(LR, *=AF - =2 - 2L 7 RY v 7)
Permanent magnet type current limiter for arcing protection circuit

O. Ichinokura, H. Sekimoto*

(Tohoku Univ., *H. S. Electric Co., Ltd.)

LI

EF 513, HIPIMS % (BHEIA v 7"V A<= T 32 ba ARy Z Y 7)) 18 LIz 2L AEROB R %

HDH TS A,

ML LTARNy ZIEENTECLDREKE (7T —F7) MRPET oD, BEHEDN

AELDE, Z—=7y PREOER - RBUS & 2 KB DR T, @ERIC XL 2REORHEZH D, il

ERRRPLEND, T 2 TIEHIKARERA & IR THRERL S 15 TR

FEAAE I I BAERR D ReE

Fig. LIZV AT MDA Z =¥, IEHEERRF I R A A >
FraA kel U, BEMENE U CARMEBRNPTFREEB L5
TIZLTY AT L AR#ET S, 22T mEREZBELE LT L RI5m
Ay FREIND E TIEENLAE L S, HIPIMS TiX psec A— 4 —
T 1000~1500V DV ZFEEZHIINS 2 0T, JSEENIZ L 5 ER
FRIIEACE R, RITER IS EBAC L D ER LA 24 57
WIZHIAT D DT 5, Fig. 2@)ICIRITERORER 2 R¥, B E Kk
DIBEANTENENORBE) B2 5 X5 ICEET 5, [FE(Db)
ILRERR OERLTH D, BRI 10EX900, KARBEA LR AT Lk
fa A Uiz, 2B oo 8k 0o W A 2 7k A B4 A0 D 800 i T A D %
O—IZ72 D L HICEET LT GRIESRTIL 1/6) . ARARA DREH
(2 K o TEBMABR D AR B35, BRI ) 23 K AR
FERESI LU T OSA T ARE CEIET 5720, BRIGEHIRA &
— BRI D, BEENE U CORBRE ) 23 K Ao
NEB2 D5 E, BEIIERLORERIERICE Y | RitgRo A v
— X AN L CERS G D, Fig. 3@)IC., MR IEICEE
SWTHE L2 [Riss OJIREFtEZ R T, 2 TAMITEPTIE L,
2V AEETIE < DCEEZ AT » RICEII L7z, D791
FRFEER DRV IHIEA X7 B a i Lz L EOFREEE L RL
2o THERD L, PRIEERIC X > T 120A 725 220A OFiFH CEITHE
MAIH SN TND Z &R 0D, Fig. 30)IFBHIEKETHY . 2
2 b—ya U ERBEOEMNRD Hivd, R 22us (X EREOME
BRENE DN—T DI+ M TH Y | IRz T 52 &
CHEF R B ERENEBR TEDL I EN TMHIND,

HLEBE N FE TCORABAXBTAIIAREU LT 2 ERH - -
NV AFED X9 R ARSI TN E N FTEETH V. R AT
AT F AT ) —RmERRER & L CEMER RSN S,
SCHR D) il 203 “FZARRE 2T U7 B SRR 2 O R D B fig
Bré 2o IE”, FaE, Uik, (M, R, J. Magn. Soc. Jpn., 30,
282-285(2006)

TR OISV T R E TS 72

Current limiter

1
| I

Load current
—

Bidirectional

V switch
&

ON/OFF
Current detect|  SPuttering
coater

@

Pulse power
supply

1T

mm Shunt resistor

Fig. 1 Basic configuration of the
pulse sputtering system.

(b)

Fig. 2 Structure of the current limiter.
(a) Circuit configuration. (b) General
view of the magnetic core.
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3004
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2004
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120A £

/ - 300A
[ Current limiter

T T T T T T
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(a) Simulation result.
ke ; r | tek00986
=1 220A

12 A/‘é: —
0‘ ; 22;:\

Current limit |
region

2

(b) Measured result.

Fig. 3 Step response of the trial
current limiter



14aC - 6

Fad B HARBRFDFIGREELE  (2020)

77 —u—ZREE PM E— & ORERER

I R, AR
(HAER)
Prototype Tests of Outer Rotor type High-Speed PM Motor
S. Sakurai, K. Nakamura
(Tohoku University)

[TL&MHIC

A~— T % 73 E O RIS BEER ORI NI
PRV, BRI FEHR Y — ORI TV S, BR
BILZIX, CPU @& AR LU FIALER 72 & 23 T34 T
WDHR, ZiUT XY, = NNTIEHREAMICEE LW
FHEANAETTEBY, MAEALEEOMERER LA ME O
Lo TW5, flizx DBHEEBEOT THLHEI T 7
Vi, REBEAEICE KR MEREETHLZ L
o, BIAS PRSI CTELR, EkomiE 7 7
DORRIFEL, BLEORE LR,
HITEESIL, 77 VHE—ZOEDRICEL
T, T X —a—2ROKAA (PM) E—% Ola|
IR THEEICE B L, HUARCAREE (IPM) L3252
LT, WAERBEA RS, e RE {dE
TEX5ZLEmRLEY,

Afacix, LRRo7 v —a—2A IPM E—4% O
RERBRZIT o =D THET 5,

7o —O—4%8 IPM E—2 ORERRER
Fig. 112, fEL7=7 v ¥ —u—4 IPM £— %
DETHETT, KE—F OO EHIE X 0.35 mm
OIS EME 7 A BN TH 5, o EHIx AT A
Befb A CTh Y, MERBKEOZD, 1 RY72D
JEAEIZ 5 pEL TS Y,

Fig. 2 IZE— % OsERetEZ <9, FHREICIL 3 oL
HRREFRE (BD-FEM) % Mz, X @d kv
FeEa LD &, BEROBXIIZFELL, M2
REHEY ThHEF R D, MHEOEX, FETIIHE
MIBZEH L TS Z LIk b, FXb)ITEETH
%o [FIXC)TEELANOELTH Y, FEHEIZILEE
O Y, T _ToRENEGEND, —F,
FHECILEE, AR, — A RBIEEE LR
ZNLA OB EITER L TWDE, ZORERS &,
MEDEILSWRESH Y, HRCEERZR L, Ff
HCIXEEBETETCWARWVEIRRS S Z Enbn
%o [AKA)IZEIHETH D, FEHNHRITHR KT 89%T
Hol-, A%, BEDB%EZHEL, HEADERK
IHT & DRSOV THRETZED S TETH D,

Iotor Diameter 34 mm
BEotor spead 12600 rpm
Mumber of tuns/pele 22tums [ pols
Mlagnat pola pairs 2

(Gap length 0.5 mm
Iiagnet langth 2.0 mm
Natenial of iron core 33H500
Fated speed 12600 rpm
Fated torgue 200 mM *m
Targat afficisncy 93 0%

Fig. 1 Specifications of the IPM motor

250 25 -
=—0— Meas
200 [ 20 H o
......... ale
E150 I |
: zis .
2 =] ’/Q
g0 510 -
50 it
0 ]
o 1 2 3 4 5 6 7 8
Current density (A/mm?) Y 50 100 1750 200 250
. Torque (mN * m)
(a) Torque (b) Copper loss
= 100
=——0— Meas
20 MW w‘o = s IR Cale
I e

=15 =
CHN z
A B TATERIRN | Bos

Other lo

0

0 50 100 150 200 250
Torque (mN - m)

0 50 100 150 200 250
Torque (mN - m)

(c) Other losses (d) Efficiency
Fig. 2 Comparison of measured and calculated
characteristics of the IPM maotor.

L Z P&
1) B, PR, BABSS

KRS, 4,72 (2020)
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NANOMET®fgfE = 7 & Fiv 7= & SR & — % O FERETAM

KIS, =R RS, PR W=,

HRoRS

GRAERZE, *(BR)Rdb~Z7 Ry bA VAT 4T 2—h)
Prototype Evaluation of High-Speed SR Motor made of NANOMET® laminated Core
A. Nagai, K. Mitsuya, S. Hiramoto™®, and K. Nakamura
(Tohoku University, *Tohoku Magnet Institute Co., Ltd.)

[ETLHIC

AAwF M) T 2R (SR) B—HI1%, #LE
BRORTHER SN D20, REENSHEMCHBRE,
SN BAE, R EOREEA L, mllEs AR
T D, LU s—F5T, mEEEbIicfE )
PAROBKONFREE L CTEfMENn 5,

T I CARTIX, mfafBRERE, KEHEM & L
THIFFE N TV 5, NANOMET®E# DfEg = 7 %
WT SR E—X&RIEL, FEHGTHZIT - mfERIC
DNTHET D,

NANOMET®#&E a7 SR £E—4% D%tk

Fig. 1 (2, ZEfThECafEL 7z SR E— X DRkt
T D, BRDMENE, —MRE IR A SRR
¥ (35A300) T 5, Fig. 2 12, AFETHUZ NA
NOMET®#H Ot = 7 O FHEZ R~ T, ko
728, [FXFIZ 35A300 DR SR, Z DO E R
% &, NANOMET®RE & = 7 D Frfsd % £ 13 35A3
00 |2k} L TR 503, SfRIIMmeD TR, #iT
WHZ ENTHESND,

Fig. 31C M7 OFEREELZ RT, ZOXERD &,
ME—% O M ZHEEIRIZIEZE LW E b s,
ZAUXA RIER AT o 7o fFH CTIE, BERHUE B
HKRKCTILATERECTH-T-Z LiIcH¥kT 5,

Fig. 4 IZHEOFERETH 5, FXK(@)DHFEIZ>
WL, WEO M ZEEMFIEE LW &b,
R HIZIERETH D, —F, [FK(b)DOEHE & H
BHOFNZHOWTIE, NANOMET®RE g =2 7 2 7= S
RE—ZDHMPBHEFI/NSV, ZZT, WET—FD
X7 Y TER—THY, r—AEE0HEEICH
ZERITINT LD, MEOEE, SHEOELFEL
WE R s, L= -> T, NANOMET®ify & 5 &
L, MLLUTHEWEL7-F—21F, JHVEY 484 K
MR CE D5 2 ERHL N E 25T,

TLEH
LLE, NANOMET®fifg = 7 # W T SR E—4 %
AIEL, FEREHM 21T o 7o RIS OV Tl Tz,
728, ARWFIEO—HITHAL KT AIE R EBE 7
s 7 Ak EEEINT,

7 Gap length: 0.2 mm
Stator pole width: 3.2mm
Stator yoke width: 1.6 mm

45mm

5 Winding diameter: 1.05 mm

Number of windings/pole: 11 turns

Winding space factor: 443 %

\oltage: 144V

Fig. 1 Specifications of 12/8 SR motor.

. 35A300 | NANOMET® /}'
16 35A300
NANOMET® 200
4 ~ © oo | W:1000Hz
I~ A :400H:
e N A

o. H 600

w0 / _—r

e e |

0 4000 6000 8000 10000 12000 14000
H (A/m)

(a) B-H curves (b) Iron loss curves
Fig. 2 Comparison of characteristics of core material.

0.20
018 +
016 +
0.14 + o0
012 + 35A300 e
010 + e \

008 % ** NANOMETH
0.06 + o0
004 o
002
0.00

Average torque (N+m)

0 5 10 15 20 2
Current density (A/mm2)

Fig. 3 Comparison of measured current density versus

torque characteristics.

70 70
60 + 60 +
NANOMET® © s
< 50 e . =50 |
g 40T o & i w0 f .
§30f s ° 35A300 8yt 3§A.309 el
g +
3 20 f 8 gwf .
wi * ol e e ®NANOMET®
0 t t t 0 ; } }
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2

Average torque (N-m) Average torque (N-m)
(a) Copper loss (b) Iron loss + mech. loss
Fig. 4 Comparison of measured losses.

L 2D N
1) K. Nakamura, Y. Kumasaka, O. Ichinokura, Journal
of Physics: Conference Series, 903, 012040 (2017).
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T oA BT NV EMPIANTERIBIEE T ML S
ERESEY T 7 MO 2T Y 3 ZfEMT

AP RE, PR EHAC, A R
(LK)
Hysteresis Analysis of DC-Biased Reactor by using Magnetic Circuit Model Combined with Play Model
Y. Hosono, Y. Hane, K. Nakamura
(Tohoku University)

[XC®HIZ

WK T 3 ADfFEHT « RFHIB T, BEXT Y v
ZHBETEE LIPHEORETFIEOWSIIRD 5
NTW5, LRIZELEDIT, B AT UV RAE2EH
AREZR 7 LA BT NV &M IIA AT RER AT 7 L
FREL, AT A L—FA NI % B R
CEEMRETHLZ LW LNCLE®, Ll
MNH, BREESEIZANOND )T bR Y, B
TR DEE SNT-HRT 3 2A0BaHIfThbih T
BoT, ERFEOEEREIIRITHS T,
FITARETIE, FERoTv AT AEZMBAL
FPHARKET VERAWT, HifESY 727 hLo
RN 24TV, PRRTIEOF AEIC OV TRET 21T -
T-OTHET D,

EREEYT7I FMLOBHEEAMELDL
B

Fig. 1 IZ7' VA ET NVEMAANLTEWKRIRET
NERT, RETMICEBWTIE, BHite AT U A
X7 LA T VT, RERERES LR REE
JIIBA R D FE T CTEHRT D,

Fig. 212, FEBRIZHWZRE 0.35 mm o 57
A FRIRD Fa A Zra T ORIk - SHEETRT,
HIEIZB VT, Fig. 3 OHERZ AWz, F D,
XM, I ZMEER, vk —F 2L LD
EEETHY, 2O EZHAWTRIRH & WREEB %
Kb,

Fig. 4 |1, EREERFOE 2TV v 2L—FDE
HE & FHRE O i & R~ d, SR, BEESf = 5 He,
R RREHEEEB, = 0.6 T, ELEHESHy = 0, 10, 20, 30,
AOAME LT, ZORERD &, FHEMIZENMEE
BRELZEF—HLTWAZ ERNb0d, Bk NE
B INTERET ASNA ADE AT Y 3 A )— T % fifh
THET 5 Z ST LLAES Tideny, KRR
FEXHANHZ LT, 20X REHRIEE SN
R 2T U RO T S, HRAKEE B < B
TEBHBZENHLMNE ST,

BE R
(1) S. Bobbio, G. Miano, C. Serpico, and C. Visone,
IEEE Trans. Magn., 33, 4417 (1997).
(2) H. Tanaka, K. Nakamura, and O. Ichinokura,
Journal of Physics: Conference Series, 903, 012047
(2017).

Play
model

DC hysteresis

Classical eddy
current loss

Electric circuit
1 Anomalous eddy
current loss

Magncl;‘; circuit
Fig. 1 Magnetic circuit model combined with play model.

Fig. 2 Shape and dimensions of the ring core.

(V) 1 Oscillo Ty,
Scope

Function Power

Generator | | Amplifier = E
o7 &
-
Gy

Fig. 3 Measurement system for DC-biased hysteresis loops.

(H)

Q0.4
'z 0.2
v
) j
B 0 \H,,,. = 40A/m
f 02 Hae = 30A/m|
z ’ Hye = 20A/m
5,-0.4 S Hye = 10A/m|
S Hye = 0A/m
~-0.6! {
0.8 4 i i
%fho -50 0 50 100

Magnetic field / (A/m)
Fig. 4 Comparison of calculated and measured DC-biased
hysteresis loops (f =5 Hz).



14aC -9 Fad B HARBRFDFIGREELE  (2020)

T a—7 4 LD E 2 5 TR RIS RIS L7z
PRAR B2 A D A RRER DA~ O 3 R AT

Bl T, SR
(At FSTRURRT, *HAR)

Applicability Study of Iron Loss Calculation Methods for Various Core Materials
under Rectangular Voltage Excitation with Various Duty Ratios
Tomoyuki Hatakeyama, *Kenji Nakamura
(Hitachi, Ltd., *Tohoku University)

[FC®HIS

—RICBHRFEEAX L L TH B D Steinmetz D FERAIL, 747U v PR DC-DC o N"—Z 20 HH
L E AR E G DGR Ch D, T 2 —7 4 BT 2 IEAXTFRO KT B T OS82 R R <
BETERY, ZOMBELZMRT 570, HATHRICE O THEA OSBEEERNER SN TEX 20, g0
VBT 20 A ATREME ORI N 53 S IEE WV EE, AT T, 4 FOSEREERX 2B 5B FT, KL
WX 2 AT RENEIC O W TR B,

Bl 5 &

IR OBHRFEERITR DO LB Y TH D, 1X LHIZ, Improved Generalized Steinmetz Equation GGSE)
I%, Steinmetz O FERINOZEETH 5 JEEESf & e RBEHREEB, DRV IZ, WAHEEZEE (dB/dt) &4
BT HrBBEHRELNTH D, KWT, dB/dtDHEIEF A H 5 51k (Form Factor Equation: FFE) I,
Steinmetz ® FEHRFUZAB /At DL TEHR TR E H475804 5 U TEEZRD 5 H1ETH 5, Waveform coefficient
Steinmetz Equation (WeSE) & [FEETH Y, Steinmetz O FEBRAUTE R B EIRIE Tk £ 2185852 U 5 ik
Thb, FEIC, PAEEIAEEREITHREL CEHR T 2471k (Loss Separation Equation: LSE) 1%, #48%
A7 U2, iERE, REMEREO 3 SOERICHEEL, ThnthzilcicmHLTRELAEDED
FiETHD, Uk 4FBOSBEEERNZANT, 7a—7 1 WAL T 2 EAMFRO 3 B e o % fE

BROM OB ERET 2 & & I, FEHME & ik LT, ”5

b, HRCMOEBOEN a7 ThY, SO oy

WZEBFIRIR, HEFFEL V., g ) e

FHl#ER 5 —iee
Fig. 1 (a), DIC, 3%J7mtEs 1 Fk, /b aik g 10

RPN 31 B 8RO EIIES L ORI e <Y, W f 5 [F=1e

R\ T, BN 2 —F o oD, fbBhIE AR R o LEa203T

O OBEW, THY, Ta—T A NS RDBIEE 0 0o OSUW oo - :

BT D 2 L3005, AR B 15 5L (a) 3% grain-oriented silicon steel

RIZROEBY Th b, FFE X, HERKEMEL, 5 .

2 —7 1 N EAGT 2 R E R by D $R48 D FLE 05 'ﬁfw

I3l S 720, RWT, WeSE 13, fiifEMEIC L T B s . e

DN, BRODMIZ L o TET 2 —T 4 /NS WIGAIZ §:0.4 e

—LSE

PAENRKRE 725, IGSE 1%, FERE L ffErED 7 g 03
YARENTEY, SROMDB T A FMROBEIZITA § 02

RCho—HT, F/ RBEEIH O L 5 Ao |5 losr

LA, T 2—7 4 AN SWEAICRERE N E 0 0 0.2 0.4 0.6 0.8 1
b 5. Bflc, LSE %, SRBOREICHLH O Bty atio b
WSARHRANEL B0, M, Ta2—7 4 (b) Nanocrystalline soft magnetic material

iz X S BIERSEE N EL N, Fig. 1 Comparison of calculated and measured iron losses.
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U o RO EIREEICE B LR

I A0 *, B MY, kI AR, AR e
(ZREmE*, HALREE*)
High-Frequency Loss and split structure of Litz Wire
E.Asahina, A.Nagai, Y.Ueda, M.Ishitobi
(National Institute of Technology, Nara College Tohoku University)

FLHIC

U Vi, SHBE T oG EZ Lo, IEEMRESCHEEMEA L Vot m AR oA VAR E LT
PHENTWD, —FHT, FRRICE > THERU EOFRB LIRS TRV O, WU ROV E
HThbd, £IT, RFRETIII I NAREEOBRKIMBITET VEAREL, REAOFRKTH 2 HEE
L EFRETEOBURICOWT, DT E ATV A,

Dy VRISE T EE

Fig | ICIRET DKM T NV E27mT, U v VBOWmEm? &S
RFRTHDZ D, FRITm & ME IO 5 EEE X Ok
DRI EMBEENRNTA—ZIIHEL, T VT %175
W5, )

Fig.2 \ZM A M D3 ENZxET D ENTET L L IR 2R T, Fig. 1 Analysis model of litz wire
Z Z°C, WER L1[mm], /% 1.2[mm], EARMEEEES S[um] & L,
BB A 1~12 1A E ST 5, £ AER % 2[A],
1[MHz] & U, BRIGEATIIZ AT Z Y 7 v =7 8O Femtet®
ZHWTW5D, Fig2(b)h» B ERITME S M O3 EEBIKAE L7
WZ RS,

Fig.3 (2R G MO ENKT 2 €7 L & AR EE %, (a)Analysis model (b)Loss characteristics
Fig.4 27515 4, 9, 17 OEIE LA =T, STSM1%, H  Fig. 2 Analysis of circumferential direction
JE RO GEEN KT AT LRk TH D, 7275 L, wEEE
1~30 (2 AT L2, RO i KA % 1.2[mm] ITHE—T D728,
DEEDOEACIA > TEHREZ Z B STV D, Figd3 by
9 DL x, HROVY—IPHERTE L, ZD&E, HED - ]
JEEIE I[MHZ)IZ BT AR LZIES § (0.066[mm]) D 2 {GFEE & 72 ) Number of division ’
> TWb, —HTFigd X0, IEFMEFEHFROLZLEIZASH  (a)Analysis model (b)Loss characteristics
HERPERCTE D, ZORXRAOERIE, FRaih s F%%E  Fig 3 Analysis of radial direction
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Fig. 4 Current density distribution on each

thickness



14pC - 1 Fad |l AR R EEAE (2020)
BRPERR DPNE T & 2RI L 7eBxBE g~ A 7 vl o 7 O gfi i1k

RIS, ARG
(LK)
Connecting method for magnetically driven micropump using flapping wings
T. Fukuda, T. Honda
(Kyushu Inst. Tech.)

Axis of rotation

X LIS ol e
EH DI, BRIV S X T B0 _©Ok

— b} PC H~OISAE HIEL, BIEROPIT & % Polymid lm (hicknesssoum) (LS

FIF 7= R 5B~ 1 2 s 7 DRI & s T (s pe

5. KB CIL. MR 7 % BB L7 a0 @ @GD
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FERTEITE B L RO A~ b— Millp s U 73 ; =
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e rin J - N PET film(Thickness :0.1mm)

ThHY EROEMELEL THL ZENbhoT,

ETHR @ | C% J
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26.5 |
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TWb, BEFHRICRTRAZEIMNT 5 &, RfiiE §1m

5 RV 7 52 T IR E) U B & fREhd 5 2 & o
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& USRS 82 >0 a8 72 [mlai e ki & L oLk | |
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B L TR L 47%5ME LT\ %, (2) Flow rate
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R TOERENTY L A R aAf il Lo TT, 2.5 [ = Uismipe pimps

Vi & M ) 2R L2, EENRARICIE, KT

20% AR L 7= Rl 2 i L7z, 2

Fig. 2 12 50 Oe FIMMBFIZI5 1T B MEATTHF O i & (a)
&M (b) D JE B R E A RS, iR - T
EHLAML— ML UFROZEIIFZEA LR R
WA EH ST EBIIE XL Z b T, 0.5
Ky, BETLZUFROEEFENGHTHD
TEERFEIE L, ZOMREZIT. KU TR T
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Z50W 7 5 AD ) —  PCHEBELIZIKEH S AT AT (b) Head
FHAIA TR +§7\f£/’%£ﬂ‘l‘$ﬁﬁ EEHZ LR LT, Fig_ 2 Frequency characteristics.



14pC -2 a4 ml HARRLE R AT LR (2020)
e RBREN PN T2 & PAV (Z381T HHET) & i s O BLR

B2 GV NN N
(LK)
Relationship between thrust and wing structure for magnetically driven wing Pico Air Vehicle
K. Hirano, T. Honda
(Kyushu Inst. Tech.)
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1) R.J. Wood, et al., Int. J. Robot. Res., VoL.31, pp.1292-1302, 2012. and wing length.
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Development of electromagnetic levitation system for thin steel plate with electromagnets and permanent
magnets (optimization of permanent magnet arrangement for applied position of electromagnetic force)
M. N. Hakimi, S. Kayama, A. Shiina, K. Ogawa, A. Endo, T. Narita, H. Kato
(Tokai Univ.)
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1) pH, BRI, MER, KA Z AT @ ik oA 7
U v FiERE Y AT 4, J. Magn. Soc. Jpn., Vol. 37 (2013),
No. 2, pp. 29-34

2) &R, RH, /N, BCH, NEE, R, 7 EHEKES
AR B L 7o B & KA K DR D N1 7 )
v FRERTE B3 AT KITBIT D K AWEAT O fe e & 12 B

T HHFE, HA AEM “£235E, Vol 26 (2018), No. 1, pp.
191-197 Fig. 2 Slide mechanism of electromagnet for

horizontal positioning control.
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Electromagnetic levitation and transportation system for bent thin steel plate
(effect of bending direction on levitation performance during transportation)
A. Shiina, S. Kayama, M. N. Hakimi, K. Ogawa, T. Narita, H. Kato

(Tokai Univ.)
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1) bR, BB R SR C W, Vol. 79 (2013), No. 801, pp. 1483-1494
2) falEsfh, HAK AEM #4358, Vol. 20 (2012), No. 1, pp. 220-225
3) [HkMh, B ARG SRR SCRRE S, Vol. 1(2018), No. 1, pp. 95-100
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Development of electromagnetic guideway for seamless ultra-thin steel plate
(effect of vibration suppression against input vibration disturbance)
R. Nakasuga, Y. Narawa, S. Ishihara, R. Yamaguchi, K. Ogawa, T. Narita, H. Kato
(Tokai Univ.)
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1) R, A, A6, HA AEM F25E, Vol. 11, No. 4, (2003), 235-241.
2) Bessho, T., Ishihara, S., Narawa, Y., Yamaguchi, R., Narita, T., Kato, H., Actuators, Vol. 7, Issue3 (2018), 47.
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Consideration on dynamic analysis of electromagnetic levitation system for bent thin steel plate with finite
difference method
K. Funada, R. Miyazaki, K. Ogawa, T. Narita, H. Kato
(Tokai Univ.)
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Magn., Vol. 50, No. 11 (2014)

() ki, RFR, BCH, JNEE, AA AEM FaEk
\Vol. 24, No. 3 (2016), 137-142

y
A Electroma%net Unit
v
& Gof
No.3 No.4
[ eqe_._ ————— 1 600
No.s
) o
No.1 No.2. _I -
0 155 80 8 .
800

Fig. 1 Analysis model of electromagnet and steel plate
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Development of noise control system for ultra-compact mobility by plate vibration
(fundamental consideration on performance of giant magnetostrictive actuator)
T. Kato, T. Kitamura, F. Maehara, H. Nakayama, K. Ikeda, A. Endo, H. Kato, T. Narita
(Tokai Univ)
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Fig. 2 Model of actuator by electromagnetic

Bk field analysis

1) FE, I, IR, Ak, /g, FRiL, AR AEM F43EE, Vol 25, No.2, (2017), 88-93.
2) T.Kato, R. Suzuki, R. Miyao, H. Kato, T. Narita, Actuators, 7, 49, (2018).
3) T. Kato, R. Suzuki, T. Narita, H. Kato, Y. Yamamoto, IJAEM, Vol. 52, No. 1-2, (2016), 153-160.
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Performance Improvement of Spoke-shaped Interior Permanent Magnet Magnetic Gear
Y. Mizuana, K. Nakamura, Y. Suzuki, Y. Qishi, Y. Tachiya, K. Kuritani
(Tohoku University, *Prospine Co., Ltd.)
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Fig. 1  Specifications of IPM magnetic gears.
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Study of wireless haptic display using magnetic torque with magnet vibration
Y. Sano, S. Hashi, K. Ishiyama
(Research Institute of Electrical Communication, Tohoku University)
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1) T. Hoshi, M. Takahashi, T. Iwamoto, and H. Shinoda: IEEE Trans. Haptics., 8, 155 (2010).

2) Q. Zhang, H. Dong, and A. E. Saddik: IEEE Access., 4, 299 (2016).

3) S.d. Bolanowski, G. A. Gescheider, R. T. Verrillo, and C. M. Checkosky: oJ. Acoust. Soc. Am., 85, 1680
(1998).
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Development of excitation coils for high-frequency magnetization measurement using a flexible substrates

K. Mori, T. Mannen, T. Isobe, H. Yanagihara (Univ. of Tsukuba)
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[ 1]Han, Yehui, Grace Cheung, An Li, Charles R. Sullivan, and David J. Perreault. IEEE Trans. Power Electron. Vol. 27, No. 1, pp. 425-435, Jan. (2012.)

[2] Koichi Yoshida®, Takanori Isobe, Hideto Yanagihara SEf% 31 EEKFEEEAE kv Y=

v A210-3 FEEES  4-039



14pC - 11 F44 B BARESR RN R (2020)
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MRS . EMESR . LRz . Pavel Novak3

GHAbAT . ESICMM2, F = afl7 #73—)

Theoretical study for the orbital moment of the Sm ions of SmFe;, with GGA+U method.
S.Yamashita®?, T.Yoshioka'?, H.Tsuchiura®?,P.Novak3
(Department of Applied Physics, Tohoku Univ!.,ESICMM?, Academy of Science of the Czech Republic?)
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1) Y. Hirayama, Y. K. Takahashi, S. Hirosawa, K. Hono, Scripta Mater. 138 (2017) 62-65
2) Y. Harashima, K. Terakura, H. Kino, S. Ishibashi and T. Miyake, JPS Conf. Proc. 5 011021 (2015).
3) P. Larson, I. I. Mazin, D. A. Papaconstantopoulos, Phys. Rev. B 67, 214405 (2003).
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Sm(FeosCo0.2)12 SR EIR DEE TR ININT X D1 E & e FreE
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(AL BER T, 2 Ju R RIS AP A B FEHL AT
Structure and magnetic properties of Sm(Fe3Coo2)12 thin films by the addition of light elements
M. Kambayashi', H. Kato', Y. Mori', M. Doi'*?, T. Shima'-?
(‘Tohoku Gakuin Univ., ’ESICMM)
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1) Y. Hirayama, Y. K. Takahashi, S. Hirosawa, K. Hono, Scr: Mater., 138, 62-65, (2017).
2) Y. Hirayama, Y. K. Takahashi, S. Hirosawa, K. Hono, Scr: Mater., 95, 70-72, (2015).
3) H. Sepehri-Amin, Y. Tamazawa, M. Kambayashi, G. Saito, Y. K. Takahashi, D. Ogawa, T. Ohkubo, S. Hirosawa, M.

Doi, T. Shima, K. Hono, Acta Mater., 194, 337-342, (2020).
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Study on single phase of high concentration La-Co substituted StM type ferrite
K. Hani, T. Waki, Y. Tabata, H. Nakamura
(Kyoto Univ.)
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1)K. lida et al., J. Magn. Soc, Jpn. 23, 1093 (1999)
2)T. Waki et al., Mater. Res. Bull. 104, 87 (2018)



14aD - 1 F44 lm] B ARRESKE R AN AR (2020)
MI Zh Rz T 7 7 A ASBIS ' 3 o v— 7 Sy Biere afAh

T —55. B oiEiE
(B ERR A ~— T T 4V TRE A ) = a o7 — WFERHFEER)
Peak Resolution using Magnetic Fiber Sensing by Magneto-Impedance Effect
Kazuma Takenaka, Naoki Noguchi
(Yokogawa Electric Corporation)
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Fig. 2 (a) Reflected wave from characteristic impedance
unmatching region. (b) Normalized and overlayed
reflected wave at the position and the magnetic field
distribution by a miniature coil.

1) K. Takenaka, “Magnetic Fiber Sensing by Magneto-
Impedance Effect with Time-Domain-Reflectometry”,
Transducers 2019, Berlin, Germany, June 23-27, 2019
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High sensitive symmetric response MR sensor using antiphase AC modulation bridge
S. Shirotori, A. Kikitsu, Y. Higashi, Y. Kurosaki, H. lwasaki
(Toshiba Corp.)
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. Fig. 2 Output signal spectrum and external field
1) K. Fujiwara et. al., Appl. Phys. Express 11, 023001 (2018)

2) K. Tsukada et. al., AIP Advances 7, 056670 (2017)
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Fundamental study on ring interferometric optical probe current sensor with high temperature stability
K. Furuyal, Y. Teraoka!, M. Sonehara!, T. Sato?, T. Kubo?, M. Miyamoto?
(!Shinshu University, 2Citizen Finedevice Co.,Ltd.)
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Magnetostriction measurement system of magnetic thin films with Fizeau Interferometer
S.Umetsu, Y.Takahashi, and N.Inaba

(Yamagata Univ., Graduate School of Science and Engineering)
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Direction | Deflection d [nm] | Magnetostriction A
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Development of Measurement Technique for Magnetostriction of Magnetics Alloy Ribbons
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BCHEE LZIRETERADOX v v 7HICKET 5. EE LEFImO 9 bo—imicn — Nz B L
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BEER ) FHE -, BERA, ARSHBKES 2,5(1978).  Co-system amorphous ribbons.
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Characterization of magnetostrictive film on shaft surface in magnetostrictive torque sensor using Kerr effect
Kazuyuki Ishibashi*'?, Makoto Sonehara”, Takeyuki Kodaira', Takahiro Sasaki', Toshiro Sato®
('Tamagawa Seiki Co.,Ltd., >Shinshu University)
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Fig.2 Magnetization curve estimated from the contrast ratio



14aD -7 Fad |l AR R EEAE (2020)

CMA-ES 12 X % kAt R o ez S 2 — o fr Al

{{YNLIRESTS
(FHRE=R)
Optimization of Rotation Patterns of Magnetic Field Source with Six Magnets using Covariance Matrix
Adaptation Evolution Strategy
H. Sakuma
(Utsunomiya Univ.)
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Fig. 1 (a) Results of 10 trials of optimization for Bf = B{ = 0. (b) Magnetization direction of magnets for the lowest /.
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Design of magnetic shield case for small sized AC/DC current sensor by electromagnetic simulation
Minako Terao, Koutarou Ogawa, Naoki Noguchi, Kazuma Takenaka
(‘Yokogawa Electric Corporation)
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1)  https://cdn.tmi.yokogawa.com/BU7019-30.jp.pdf (As of Sept. 25, 2020).
2) W.F. Ray and R.M. Davis: EPE Journal, 3, 51(1993).
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Magnetic noise characteristics of a wide variety of automobiles
T.Saito,M.Hayashi,K.Sakai, T.Kiwa,K.Tsukada
(Okayama Univ.)
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Wide Band Direct On-chip EMI Shielding Layer with Metallic/Magnetic Multilayer
A. Kikitsu, Y. Kurosaki, H. lwasaki, S. Shirotori, A. Fujita, H. Nishigaki, S. Matsunaka
(Toshiba Corp., *Shibaura Mechatronics Corp.)
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1) M. Yamaguchi, et al.: IEEE Trans. Magn., 46, 2450 (2010)
2) K.Yamada et al.: 2011 IEEE International Symposium on EMC, p.432
3) S. Chikazumi: Physics of Magnetism, Wiley, New York (1995)
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Inductance estimation of MSL with magnetic film using magnetic circuit analysis
Takahiro MIKAMI, Sho MURUGA, Motoshi TANAKA

(Graduate School of Engineering Science, Akita University)
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Construction of high frequency vibration characteristics measurement

system of inverse magnetostrictive effect type strain sensor
R. Takano, S. Hashi, K. Ishiyama (Tohoku Univ.), T. Hoshi (Pixie Dust Technologies)
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Simultaneous Measurement of Permeability and Permittivity Using a Microstrip Line-Type Probe
K. Nozawa, S. Takahashi, K. Okita, L. Tonthat, S. Yabukami, M. Sato, S. Sugimoto
(Tohoku University)
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Full ac-hysteresis measurements in high frequency magnetic field of several MHz
Baptiste Vallet-Simond, Koichi Yoshida, Tomoyuki Mannen, Takanori Isobe, and Hideto Yanagihara
(Univ. of Tsukuba)
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Research on visualization of high-frequency currents in transmission lines
R. Ishida, S. Hashi, K. Ishiyama
(Research Institute of Electrical Communication, Tohoku Univ.)
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Fig. 1 Schematic of magnetic field measuring system
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