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Requirement of magnetic material for high frequency and high power
excited by power electronics

Keisuke Fujisaki
(Toyota Technological Institute)

Electric energy is often converted various energies such as mechanical, light and heat ones due to high
responsiveness and high conversion efficiency, and 43% of energy in Japan is consummated as electric energy. The
power consumption related to power electronics technology has been dramatically increased recently, and it is expected
that 80% of the electric energy will be consumed by the power electronics technology in 2030.

In power electronics technology, we can generate electric power with any voltage and any frequency by using power
semiconductors. The markets related to power conversion have been being expanded by downsizing and an increase in
power capacity using high-frequency driving. One of the serious factors to prevent expanding the markets are magnetic
materials for high-frequency driving. For example, the weight of magnetic devices such as inductors and transformers
for the mW to MW class account for 30 - 50% of the total weight. Although the increase in an operating frequency is
effective to reduce size of magnetic devices, efficiency for the power conversion typically decreases since the magnetic
loss of the magnetic materials increases. A cost analysis for a 20 kVA-uninterruptible-power-supply points out that the
cost of inductors for filters is 44% of the total cost, and this value is larger than that for the power semiconductors and
the storage capacitors.

Thus, the magnetic materials for high-frequency driving are the bottleneck of expanding the power electronics
technology in terms of the difficulties of the reductions in size, loss, and cost. Although the widespread of power
semiconductors with high voltage resistant such as GaN and SiC enables to increase the power capacity, we need to
develop mass-production technology of the magnetic materials.
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Possible Design and Development of Ultra-high Strength Permanent
Magnet Based on Fundamental Conceptual Change in Magnetism

Yoshiyuki Kawazoe
(New Industry Creation Hatchery Center, Tohoku University, Sendai, Japan)

After the discovery of neodymium magnet NeyFe1sB in 1984 by Dr. Masato Sagawa, no permanent magnets better
than that have been commercialized over 35 years. As a matter of course, a number of developments have been done to
improve its properties. In the long history of magnet development, basically experimental findings have led the
improvements. Theory basically contributes to explain the phenomena realized by experimental studies. We have
proved the fundamental and serious misunderstanding in the origin of magnetism, which has been explained in the
standard textbooks that exchange interactions between electrons reduce the system energy for the magnetic ground state.
This misunderstanding originated in the old and famous paper by Slater in 1929 just after the invention of quantum
mechanics (Ref. 1) which explains well the Hund’s first rule (Among the degenerated low-lying states, the highest spin
state is the ground state.), and is still introduced in the standard textbooks in magnetism. However, when Slater
developed his theory, he did (could) not include the effect from the nucleus, and simply electron-electron interactions
were considered.

Slater’s explanation of magnetism has been claimed by Davidson (Ref. 2) and other researchers. They basically
solved the magnetic ground state in high accuracy including all the interactions between nucleus and electrons, and
proved that the effect from nucleus-electron interaction contributes most to reduce the system energy to realize the
magnetic ground state, where electron-electron exchange energy even increases the energy. However, these studies are
only considered to be for specific cases, and not accepted as a general aspect of magnetism. We have solved the
magnetic ground state in atoms and molecules in high accuracy and proved that the Davidson’s theoretical explanation
holds in general for the magnetism in atoms and molecules (Ref. 3). We have proved based on checking the virial
theorem satisfaction. By this way, most of the standard theories in magnetism such as Slater’s perturbation theory for
Hund’s rule, Heitler-London model for hydrogen ground state, Hubbard model for magnetic and superconducting states,
etc. are fundamentally incorrect, since they violate the virial theorem (for the equilibrium state V/T=-2 should hold, and
this is a necessary condition for all Coulombic systems.).

Recent progress in computer power has made it possible to apply the density functional theory (DFT) to compute
numerically the magnetic ground state. Although DFT is called ab initio simulation, within the theory it is not
possible to determine the electron exchange-correlation functional and the researchers introduce parameters, such as
LDA+U, hybrid functional, etc. which try to fit to the experimental observations (therefore, not ab initio but
phenomenology). These phenomenological methods can be checked by virial theorem satisfaction; violation means
incorrect. We therefore know now exactly what we should do to be able to predict new permanent magnet; what we
should do is to solve the quantum mechanical equation without any parameters.  Although this is costly, it is important
to have good guidelines for theoretical prediction of new magnet without experimental help, which is time consuming
and costly.

We have successfully performed several theoretical predictions of new magnets; (1) Atom cluster based high
magnetic moment magnets, (2) Two dimensional magnets with only light weight elements, (3) Carbon based magnets,
etc. These new magnets have been predicted with confidence, because we have solved the Schroedinger equation for
magnetic ground state with no parameters for fitting to experiments.
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Vector Magnetic Hysteresis Characteristics of Electrical Steel Sheet
and its Application

Masato Enokizono'?
'Vector Magnetic Characteristic Technical Laboratory, Usa, 879-0442, Japan
*Nippon Bunri University, Oita, 870-0397, Japan

Vector magnetic characteristics have been proposed as magnetic characteristics required to effectively utilize mag-
netic materials for the purpose of reducing the loss and increasing the efficiency of electric machines."

Conventional magnetic characteristics represent the relationship between magnetic flux density and magnetic field
strength in one direction, particularly rolling direction. However, conventional magnetic characteristics are extreme-
ly unsatisfactory for design and development to realize low loss and high efficiency of power electrical machines
such as motors and transformers. At this time, the magnetic flux density vector B and the magnetic field strength
vector H are not aligned with each other and have a spatial phase difference angle Gz . In other words, since the
magnetic characteristics represent the vector relation between the B vector and the H vector, they can be generally
said to be vector magnetic characteristics.

This can be seen in the dualities established between the electrical characteristics (voltage, current, power factor)
and magnetic properties (B, H, ;) of the electrical machines as shown in Fig. 1. Since it is not possible to satisfy
this duality relation from the conventional scalar magnetic characteristics, expressing only the size of B and H, it is

impossible to introduce to the magnetic characteristic analysis and design of electrical machines.
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In addition, handling of electrical machine is carried out under voltage drive, resulting in the problem of obtaining
current and power factor. When voltage is applied, the reactance is larger than the circuit resistance, so the magnetic
flux density level is automatically determined. Similarly, in the magnetic characteristic analysis, it is a problem to
calculate the B vector and H vector and the spatial phase difference angle Gsy. These constitute an inverse problem
analysis of solving I, cos 6, H, &gy by applying a voltage. In other words, it indicates that the hysteresis loop of
magnetic properties is not given but solved. In order to clarify the relationship between B, H and &gy constituting
the vector magnetic characteristics, we indicate this as shown in Fig. 2.

In the case of the electrical steel sheet, taking the rolling direction as a reference, the inclination angle 63 of the B
vector from the rolling direction is defined and represents the vector magnetic characteristic in an arbitrary direction.
The spatial phase difference angle &gy between vectors is expressed as the difference between the inclination angle
6 of the H vector and the inclination angle &3 of the B vector. The following equation (1) is a magnetic power loss

(core loss) calculation formula.
1 B 1 oB oB
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The above expression shows the relationship by introducing 6sy.The pis mass density. Figure 3 shows the B-H
characteristic in an arbitrary direction under the alternating magnetic flux condition as the characteristic including
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Gz Comparing the features of the non-oriented electrical steel sheet and the grain-oriented electrical steel sheet
shown in this figure, it is possible to clarify the characteristic difference with respect to the conventional characteris-
tic expression. Instead of the conventional core loss characteristic expression, Fig. 4 newly shows the core loss char-

acteristics in an arbitrary direction.
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(a) Non-oriented steel sheet (b) Grain-oriented steel sheet Fig. 4 Core loss of arbitrary direction.
Fig. 3 magnetic characteristic.
Although basic vector magnetic characteristics can be seen from Fig. 5 and Fig. 6, we show the characteristics
Oy — 0, —|B| of Fig. 5 and the characteristics |H| -6, —|B| of Fig. 6 in order to extract the features due to the dif-

ference between the magnetic characteristics and the magnetization process.

From the viewpoint of vector magnetic characteristics, the behavior of &z and H vectors is also a very important
characteristic because it gives the necessary knowledge to the design of electrical equipment. In the magnetic char-
acteristics of the electrical machine core, examining the material characteristics of the H vector and 63y leading to
the current and the power factor as described above will lead to the establishment of an effective utilization tech-
nique for the electric machine core, providing knowledge necessary for the development and design for loss reduc-
tion and high efficiency.
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Fig.59, -0, _|B| characteristic. Fig. 6 ‘ H‘ -0, —‘B‘ characteristic. Fig. 7 Vectors magnetic hysteresis loop.

The motor and the three-phase transformer generate rotational magnetic flux in the iron core, and the rotational core
loss caused by the rotating magnetic flux is larger than the alternating iron loss. In the magnetic characteristics under
the rotational magnetic flux conditions, the involvement of &y appears more prominently.

By virtue of hysteresis loop expression of vector magnetic characteristics, it can be sufficiently predicted that sy
and change of H vector affect each other, so we can capture those behaviors as a whole. In addition, it is possible to
analyze the influence of various factors governing the core loss increase, and to indicate the utilization technique for
development and improvement of materials based on physical phenomena. Vector magnetic characteristics are taken
as a waveform of one period abouti|B|,i|H| and @,,, when the waveform obtained from Fig. 3 is displayed as
i|B|—i|H| and g, —i|H| characteristics, it is drawn as shown in Fig. 7. This vector magnetic hysteresis character-
istic clarifies the hysteresis modeling of characteristics and the effect of stress.”
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Measurement of magnetic characteristics of traction motors at driving

H. Nakai !
1Toyota Central R&D Labs., Inc., Nagakute 480-1192, Japan

The issues for a traction motor of HV, EV are miniaturization, low cost, and low loss. The volume of the motor has been
miniaturized by such as high rotation, oil cooling, utilization of flat wires, and high voltage. In order to reduce the cost
of the motor, reduction of the use of rare earth elements, which are high-cost materials, was mainly involved. Examples
include reducing the amount of magnets by using reluctance torque, and reducing the use of heavy rare earth elements
by using grain boundary diffusion magnets. The loss of the motor has been reduced by thinning an electromagnetic steel
sheet and increasing the electrical resistance of the sheet. The characteristic of the traction force of a car is that high
torque at the time of start (low speed range) and high-speed driving are compatible, and the area used frequently is in
the medium speed range. A traction motor often requires a wide operating range, since they cover the entire operating
range without a transmission. Furthermore, in a traction motor, it is important to reduce the loss in the medium speed
range. In order to reduce the loss in the medium speed range, it is necessary to reduce the iron loss as well as the copper
loss. Iron loss generated in the sheet of the motor core is caused by magnetic flux fluctuation in the sheet. The causes of
the magnetic flux fluctuation include the arrangement of coils, current harmonic components due to switching operation
of an inverter, and changes in magnetic resistance due to the rotation of the rotor. On the other hand, iron loss changes
in the state of the sheet also . The difference in the grade of the sheet, the stress applied to the sheet, etc. cause the
difference in iron loss. In low loss motor design, it is important to clarify the above factors of iron loss change and
incorporate them into the motor design. Our motivation to measure iron loss is to design a low loss motor.

Iron loss measurement is done by reproducing the condition with test pieces. We also measure iron loss in test pieces,
which is important. On the other hand, it has not been clarified yet to what extent iron loss measurement in test pieces
can reproduce phenomenon for an actual motor where various factors overlap. Therefore, by measuring the actual motor
in actual driving conditions, we are challenging the measurement in the actual motor driving condition with the purpose
of confirming the certainty of iron loss measurement in test pieces. In order to realize this measurement with the actual
motor, we have newly developed a magnetic flux sensor that can measure magnetic flux in three directions inside the
motor core without disturbing the flow of magnetic flux®. Figure 1 shows the developed sensor. In order not to disturb
the flow of magnetic flux, the developed sensor has 2 ideas. The first idea is that the thickness is 170 micrometers
thinner than a magnetic steel sheet by using a layered flexible printed board. The second idea is that it is not necessary
to make a hole in a magnetic steel sheet by combining the technique of a needle probe method. Using the needle probe
method, the flux in the radial direction can be calculated by measuring the induced voltage between r1 and r2, the one in
the circumferential direction can be calculated by the induced voltage between 61 and 62. The magnetic flux in the axial
direction is calculated by measuring the induced voltage of the square search coil located on the flexible printed board.
We have been able to measure the magnetic flux
inside the stator core of an actual motor in the actual
driving condition using this sensor. In the future, we
will measure the actual motor using this sensor,
confirm the phenomena that occur with the actual
motor, and organize the relationship between the
phenomenon of the actual motor and the
measurement using the test piece.
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Figl. Thin sensor capable of measuring 3-dimensional magnetic flux
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Requirements for magnetic material used in products for electrified
automobiles
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! Metal Eng. Dept., Materials Eng. R&D Div., DENSO Corporation
2 Development Dept. 1, Advanced Motor Development Div., DENSO Corporation
3 Advanced R&D Dept., Production Eng. R&D Div., DENSO Corporation

It has been 112 years since the first Japanese gasoline engine car was manufactured in 1907. Today, we are facing a
revolution in automotive technology that happens only once in a century. DENSO Corporation, an automotive products
manufacturer, has continuously worked to fulfill its mission of developing better products to realize a safe society where
people can live in peace and prosperity. Our provision of safe and comfortable mobility has helped enrich people’s
lives.

Two keywords, CASE (Connected, Autonomous, Shared & service and Electric) and MaaS (Mobility as a Service),
represent this revolution. It requires changes in several areas including hardware, software, and infrastructure covering
automotive industry processes ranging from development, manufacturing, sales to utilization. To meet requirements, we
continuously uphold our mission to contribute to socicty as we have demonstrated throughout the history of our
company. Our product development efforts are aimed at global environment protection realized by increasing the
efficiency of electrified products and motor vehicle accident prevention achieved by expanding ADAS (Advanced
Driver Assistance Systems) products.

Figure 1 shows an overview of the development of automobile electrical equipment and magnetic material
technology through the years. From the 1960s to 70s, DENSO Corporation started applying the concept of “magnetic
characteristics” to the components of engine starters and alternators. These components were optimized to work as
magnetic circuits taking into account the magnetic saturation and magnetic flux leakage. As the electronic control of
engines evolved, the optimization was followed by the development of materials used for magnetic circuits? , which are
built into parts such as fuel injection valves, fuel pumps, engine rotation angle sensors, and ignition coils. To utilize
these materials, we have also worked on magnetic field analysis®* and developed magnetism evaluation technology. In
this report, we introduce, with reference to our history, some cases in which magnetic circuit materials were applied to
automotive products made by DENSO Corporation. From the viewpoint of an automotive products manufacturer, we
propose requests with respect to the development and application of magnetic circuit materials to prepare for the future
electrified society.

Starter Alternator Fuel injection valve  Ignition coil HIQ:I;ZQ‘;IS:W Diesel fuel injector Core for HEV
EPS motor
Primary Fuel pump
electrical % ﬁ o *
equipment /L \é e /
Low-carbon steel sheet Medium-grade Low-loss cold rolled High-efficiency High-efficiency, thin
Primary (cold rolled sheet) electrical steel sheet sheet electrical steel sheet electrical steel sheet
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_ Grain Boundary Diffusion
( Ferrite magnet ]( Neodymium_sintered magnet J| No-Fe-B sintered magnet
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| | ] |
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Figure 1. Evolution of automobile electrical equipment and magnetic material technologies
at the DENSO Corporation.
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Research of the Motor characteristics with Nanocrystalline Soft Magnetic

Alloy Stator Cores

Y. Yamada, S. Makino, and T. Nonaka
YASKAWA ELECTRIC CORPORATION, Kitakyusyu 803-8530,Japan

Recently, a series of nanocrystalline alloys (NANOMET®) that exhibit excellent soft magnetic properties has been
developed?® and its applications to motor cores have been reported?. In our previous study, we promoted research on the
NANOMET® lamination process and constructed a prototype motor with NANOMET® stator cores®. The iron loss of
the motor with NANOMET® stator cores was reduced by a factor of >2 compared with that of motors with
conventional electromagnetic steel cores. However, the torque density of the NANOMET® stator core is lower than
that of an electromagnetic steel core. To improve the torque density of the core, it is necessary to improve both the
space factor and flux density. In this study, we fabricated a toroidal core with NANOMET® and an electromagnetic
steel sheet and evaluated its magnetic properties. In addition, we investigated the cause of the decrease in the space
factor of the NANOMET® stator cores.

A toroidal core was fabricated by laminating NANOMET® and electromagnetic steel sheets. Table 1 lists the
specifications of the toroidal cores. The space factors of the core were 98.1% for 35A360 and 87.0% for NANOMET®,
respectively. Fig. 1 shows the measurement results of the iron loss characteristics. Compared to 35A360, the core loss
of NANOMET® was significantly reduced, and the core loss at 1 T, 400 Hz(W1o0/400), Was 5.5 W/kg (22% of that for
35A360). Subsequently, to consider the difference in the space factor, the surface roughness of the sheet was evaluated.
Fig. 2 shows a comparison of the surface roughness of sheets. The sum of the surface roughness of the obverse and
reverse sides of NANOMET® is a factor of ~3 greater than that of electromagnetic steel, and therefore the space factor
was decreased.
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Table 1. Toroidal core specifications.
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Emergent Phenomena and Functionality in Topological Magnets

N. Kanazawa
Department of Applied Physics, the University of Tokyo, Tokyo 113-8656, Japan

Since the discovery of quantum Hall effect in a two-dimensional electronic system, ¥ the concept of topology has been
appreciated in the classification of quantum states, leading to the identification of topological states and the emergent
electromagnetism in condensed matters. With combinations of well-established physics of strongly-correlated systems,
magnetism, superconductivity and so on, topology in the quantum system has been offering a platform of versatile
electronic and spintronic phenomena. 2 For example, topological spin textures, such as skyrmions and hedgehogs, and
topological electronic states of topological insulators and Weyl fermion systems can realize low-dissipative drive of
magnetic domains or non-dissipative electron and spin currents. Also, Majorana fermions with non-Abelian statistics at
an interface of superconductor and topological insulator are one of the promising candidates for robust bits in quantum
computation technology. Nowadays, when a huge amount of electricity is consumed for information processing, it is
expected to create power-saving electronic technology that utilizes these topological states, namely ‘topological
electronics’. And control of topological states by external stimuli is an essential factor to realize such energy-saving
technology.

In this talk, we introduce how topological states in electronic and spin structures are coupled with multiple degrees of
freedom of electrons and provide unique electromagnetic responses. We illustrate that the effective electromagnetic
fields, so-called emergent electromagnetic fields, have critical influence on quantum properties, and also overview the
real-space topological spin textures of skyrmions and momentum-space topological electronic structures in magnetic
topological insulators (Fig. 1).
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Fig.1 Skyrmions and magnetic topological insulators as representative examples of topological spin and electronic
states in condensed matters.
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Topological materials, which have nontrivial electronic structures in the momentum space, have recently attracted
burgeoning research interest especially in terms of novel magnetotransport phenomena and emergent spintronic
functions. In contrast to topological insulators, topological semimetals host three-dimensional Dirac or Weyl cones in
the bulk state, besides the helical surface state due to the bulk band inversion. Exotic quantum magnetotransport
proposed for such topological semimetals, such as chiral anomaly and Weyl orbit, are derived from characteristic
Landau levels formed in the bulk Dirac dispersions, called a chiral zero mode.

Cd;As; is an ideal material for exploring exotic magnetotransport and spintronic functions proposed for topological
semimetals. In addition to its high electron mobility and long mean free path, its growth orientation is different from the
rotational axis connecting the two Dirac points. This allows us to detect possible orbital motions in topological
semimetal surfaces, which include the Weyl orbit, looping the two surface (top and bottom) arcs through a called bulk
chiral mode. We have successfully developed a growth technique realizing high mobility Cd;As, films with excellent
surface flatness, and first observed quantum Hall states induced by quantum confinement ". Related film techniques
such as electric gating and chemical doping also enable systematic transport studies of the topological semimetal films,
with controlling the bulk dimensionality », Fermi energy *, and band topology .

More recently, by fabricating three-dimensional Cd;As, films with controlled thickness above 85 nm, we have
found surface quantum oscillations and their evolution into quantized states *. This is confirmed by distinct differences
in oscillation frequnecy, field angle dependence, and temperature change from the bulk ones. On the other hand, we
have also revealed essential contribution of bulk carriers to the quantized surface transport and resultant changes in
quantum Hall degeneracy depending on the bulk occupation. We discuss possible magnetic orbits realized in the
quantized surface transport.
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Giant spin-orbit torque generated by BiSb topological insulator
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! Department of Electrical and Electronic Engineering, Tokyo Institute of Technology
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3 CREST, Japan Science and Technology Agency,

Topological insulators (TIs) are exotic materials with insulating (semiconducting) bulk states and metallic surface
(edge) states. The electron spin on the surface of TIs is locked to its momentum, resulting in many novel physics. These
include the quantum spin Hall effect in two-dimensional TIs, the quantum anomalous Hall effect in magnetic TIs, and
Majorana Fermions at TI/superconductor interfaces. So far, those novel physics have been observed in TI-based
heterostructures at extremely low temperatures, making them less attractive for device applications at room temperature.
Here, we present our recent results on the giant spin Hall effect at room temperature in a conductive topological
insulator, BiSb. We show that BiSb have both high electrical conductivity"” and giant spin Hall angle? at room
temperature, which are very promising for applications to ultralow power spin-orbit torque magnetoresistive random
access memory (SOT-MRAM). Evaluation of spin-orbit torque in BiSb/MnGa bi-layers reveals a colossal spin Hall
angle of 52 and a spin Hall conductivity of 1.3%107 #/2e Q'm! at room temperature. We demonstrate that BiSb thin
films can generate a colossal antidamping-like effective field of 2.3 kOe-MA-'cm? and a critical switching current
density as low as 1.5 MAcm™ in BiSb/MnGa bi-layers. Furthermore, we identify the origin of the giant SHE in BiSb
thin films by measuring the spin Hall angle under controllable contribution of surface and bulk conduction. Our
quantitative analysis shows that the giant SHE in BiSb is almost governed by contribution from the topological surface
states.” We further show that the surface sheet spin Hall angle is proportional to the number of Dirac cones on the
topological surface states, indicating the Berry phase nature of the observed giant SHE. BiSb is the best candidate for
the first industrial application of topological insulators.

Acknowledgment: This work is supported by Grant-in-Aid for Challenging Exploratory Research (No. 16K14228),
Nanotechnology platform (12025014) from MEXT, and JST CREST (JPMJCRI18TY).
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Photocurrent in topological materials
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Materials with strong spin-orbit interaction show intriguing opto-electronic functionalities, including optical excitation
of spin subsystem and generation of spin-current/spin-polarized charge-current. Dirac and Weyl materials are of recent
interest, due to the possible wide-band operation coming from their zero-gap nature and the Berry phase contributions

to excite large zero-bias photocurrents'-?.

Doping topological materials with magnetic elements brings about essential modifications in their originally mass-less
Dirac dispersion, providing an additional path towards exotic physics and future dissipation-less electronics.>* With the
progress in film fabrication techniques including modulation doping,” we will be able to explore a variety of
electron/spin dynamics at the modified Dirac states and cooperative phenomena between two surfaces (top/bottom of a
film) in topological insulators.

Here we discuss several optical responses observed in (magnetic) topological insulators (TIs); (i) enhancement of
photogalvanic current by chemically tuning the Fermi energy,® and (ii) generation of large zero-bias photocurrent
resulting from magnetic interactions.” When a TI thin film is doped with magnetic elements, such as Cr, its easy-axis
anisotropy induces an energy gap at the Dirac point. The surface-state dispersion recovers its mass-less state by the
application of an in-plane magnetic field, due to the helical nature of the spin in the k-space, and further shifts/deforms
through the Zeeman effect. In this situation, the photoexcitation at +k» and —k» becomes non-equivalent, even for the
incidence of non-polarized photons, leading to a finite spin-polarized photocurrent j». We examine this
magneto-photogalvanic effect and realized that the zero-bias photocurrent dramatically increases for the mid-infrared
photoexcitation, pointing to the relevance of surface-state dispersions and the strong influence of bulk-surface
scatterings. We also demonstrate that it is critical to precisely control the Fermi energy to observe intrinsic nature of TIs.
For example, the photogalvanic current shows a pronounced peak when we tune the Fermi energy across the Dirac cone.
If time allows, on-going works on the proximity effects and photocurrent in Rashba semiconductors/Weyl materials will
also be presented.
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Among magnets, only ferromagnets have been used for applications, for example, as the main active materials for
memory devices. On the other hand, antiferromagnets have attracted recent interest for designing next generation
high-density and ultrafast devices because they produce no stray fields and have much faster dynamics. Here we
introduce a new type of functional antiferromagnets with vanishingly small magnetization, namely, topological Weyl
magnets that can be easily controlled by magnetic field, produce large responses, and thus could be useful for future
applications including spintronics. After brief discussion on emergent electronic phases based on a Luttinger semimetal
found in pyrochlore iridates, we will introduce the frustrated antiferromagnets, MnsX (X =Sn and Ge) as the examples
of a topological Weyl magnet [1,2,3]. We show that the cluster multipole order on the kagome lattice of Mn moments
can be controlled and lead to a variety of new functions at room temperature that have never been seen in
antiferromagnetic metals. These include the large anomalous Hall and Nernst effects in bulk and thin films[1,2,4,5],
large magnetic optical Kerr effect [5] and a novel type of spin Hall effect (magnetic spin Hall effect) [7]. Finally, we
show that they should be significantly useful for designing antiferromagnetic spintronics, and energy harvesting
technology [8]. This presentation is based on the collaboration with Takahiro Tomita, Tomoya Higo, Muhammad Ikhlas,
Ryotaro Arita, Michito Suzuki, Takashi Koretsune, YoshiChika Otani, Motoi Kimata, Kouta Kondou, Kenta Kuroda,
Takeshi Kondo, Shik Shin, Pallab Goswami, Hua Chen, Allan MacDonald, L. Wu, J. Orenstein, R.D. Shull, O. van’t
Erve.
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Non-equilibrium skyrmion dynamics under the direct current
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Magnetic skyrmion is a topological spin texture 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 10® A/m? [5] compared to that for
the domain walls of 10'°-10'> A/m? . This outstanding property, in addition to their small domain size ranging from
several nm to 1 um, 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 tri-layer thin films. 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. These results suggest the importance of the collective nature of skyrmions, while only
the behaviors of a single skyrmion have been discussed in previous studies.
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Remarkable success in the deep learning triggered the 3™ boom in demand for the artificial intelligence (AI).
Exploding demands requires R&D of energy saving Al system. One of the effective way is the usage of TPUs (tensor
processing unit) that already reduced the energy consumption of the alpha-GO by a factor of 1/40. Another attempt is to
make neuromorphic hard ware using certain physical phenomena. In this talk, two attempts to realize energy saving Al
chips from topological magnetic system will be introduced.

The first attempt is to make neuromorphic system using MRAM technology. The neuromorphic system needs to
have memory capability and non-linear calculation capability. Needless to say, MRAM is a memory. In addition, if
magnetic cells in MRAM interact each other through dipole-dipole interaction, MRAM may get non-linear calculation
capability. Such method was tested in our group using simulations. As a result, the device with 12 magnetic cells could
be trained to calculated AND, OR and XOR of two bits among successive 3 bits inputs [1]. However, the training was
possible only at low temperature, because of small energy of the dipole coupling. To overcome this difficulty, we started
to use topological state to carry information. One of the example is an artificial spin-ice in a honeycomb lattice with 72
magnetic cells. The system is capable to learn XOR with 2-bit delay [2].

The second attempt is to make zero-power consumption calculator using magnetic skyrmions in a film. Magnetic
skyrmion is known as a topological object appeared in ferro(antiferro)-magnetic materials without point symmetry.
Interesting point of this object is its Brownian motion. Skyrmion shows Brownian motion in all solid state device
without any motion of real mass. Therefore, it can be an ideal system to investigate a diffusion and information
thermodynamics. By now, we have successfully controlled diffusion of skyrmions by an application of voltage [3] (Fig.
1), through a voltage induced change in the magnetic anisotropy [4], or DMI [5]. By using such techniques, we are now
trying to design reconfigurable Boltzmann machine with zero energy consumption. It does not consume energy for the
calculation in principle but small energy for the observation, just like the Maxwell’s daemon does.

Acknowledgements (Titles are omitted): The work has been carried out by collaborations between AIST, National
Institute of Information and Communications Technology (NICT), NIMS, and Osaka University. The first part of the
talk (reservoir computing) was mainly done by Y. Kuwabiraki, T. Furuta, H. Nomura, and R. Nakatani of Osaka
University, and K. Yakushiji, A. Fukushima, H. Kubota, S. Yuasa of AIST. The second part of the talk (Skyrmion
diffusion) was carried out mainly by Y. Jibiki, S. Miki, M. Goto,
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Highly sensitive magnetic nondestructive testing using
magnetoresistive sensor for diagnosis of steel structures
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To ensure the safety of civil infrastructures, simple and accurate inspection methods have been in high demand. Many
types of nondestructive testing (NDT) methods are used in the diagnosis of steel structures. Corrosion and cracks often
occur in steel structures, and ultrasonic testing (UT) is usually applied. Compared with UT, magnetic NDT such as eddy
current testing (ECT) is limited to surface testing. Recently, we developed highly sensitive magnetic NDT using
magnetic sensors to detect defects not only on the surface but also in deep regions of steel. By using an extremely
low-frequency operation and highly sensitive magnetic sensors instead of pickup coils, we could also detect magnetic
signals from deep regions. In the case of UT, surface treatment such as paint or rust stripping is necessary to obtain
acoustic matching contact. By contrast, magnetic NDT is not affected by these types of interference materials. Based on
this advantage, we developed an extremely low-frequency eddy current (ELECT) system using an anisotropic MR
sensor to detect the reduction in thickness due to both surface and inner corrosion. In general, magnetic measurements
for steel are difficult because of the high permeability of the material and the variations in their residual magnetization
as compared with nonmagnetic material such as aluminum. To solve this problem, magnetic spectroscopy analysis was
developed to achieve precise thickness measurements. The steel thickness of severely corroded steel structures of a dam
and bridge, to which UT could not be applied, were successfully measured by the ELECT system. Related to the
corrosion of steel structures is the collapse of lighting and road marker poles as a result of corrosion in underground
locations, which has become a social problem as it sometimes results in major traffic accidents. To detect steel
corrosion in hidden parts by soil or concrete, an integrated sensor probe consisting of two tilted magnetic sensors was
developed. Results of field testing show that 1-mm thinning was successfully detected even at a depth of 50 mm.
Furthermore, the magnetic results measured from the ground surface correlated well with directly measured results after
ground digging operations were performed. As another defect of steel structures, cracks must be detected at an early
stage. Cracks sometimes occur in welded parts and can be very difficult to detect. To detect cracks in these complicated
parts, we developed two types of magnetic NDT systems. One is an unsaturated AC magnetic flux leakage
(USAC-MFL) testing method that uses a gradiometer with AMR to detect inner cracks, and the other involves a small
ECT probe that employs tunneling MR for use with complicated structures. The USAC-MFL is used to inspect inner
and surface cracks in welded parts of rail. The small ECT probe is used to inspect surface cracks in welded angles such
as U-shaped ribs used in steel decks of expressway bridges.
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Aging transportation infrastructures has become a social issue. Almost 50 years have passed since many road bridges
and railroad bridges were constructed during the high economic growth period in Japan, while 50 years is said to be the
expected lifetime of bridges. Some prestressed concrete bridges built during that time have deterioration in steel inside
concrete due to insufficient grout filling and salt damage. However, it is not possible to degrade the internal steel by the
usual visual inspection

We have developed a nondestructive inspection method that can detect the breakage of internal steel as one of the
means to grasp the deterioration condition of a prestressed concrete bridge. By detecting internal steel breakage, it is
possible to improve the quality of the prestressed concrete bridge's inspection, and we believe that this can lead to
diagnosis of residual performance.

We named the developed method "Magnetic Stream Method". In this method, a special magnet is applied to the internal
steel material from the outside of concrete, and a magnetic field is run from one direction, thereby capturing the sudden
attenuation phenomenon of the magnetic field due to breakage. If there is no breakage in the internal steel, the magnetic
force flows in a fixed direction while gradually weakening in proportion to the distance, so the magnetic force detected
by the sensors also gradually decreases, but if there is a breakage, the flow of the magnetic force is stopped because of
being divided, the magnetic force drops sharply at the divided portion.

Here is an experiment of measurement results using a post tension method prestressed concrete bridge model installed
in our laboratory. The steel material to be measured is a standard type sheath tube with an inner diameter of 45 mm and
a thickness of 0.27 mm, and a PC steel material (1S28.6) consisting of 19 strands with a diameter of 28.6 mm. As
shown in Figure 1, when a two-component model in which sound steels and broken steels are arranged 20 cm apart is
installed and measured, the sensor immediately above the broken steels can catch the rapid damping of the magnetic
force as shown in Figure. 2.

Currently, the technology to analyze the data of "Magnetic Stream Method" on the cloud has been improved, and while
conducting demonstration experiments with stakeholders and inspections on actual bridges, we always confirm
customer value and usage scenes, and we are developing this technology as a nondestructive inspection solution
combining magnetic sensing and loT.

Magnetic flux density

. i Position
Figure 1 Model for experiment Figure 2 Experiment result
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Failure analysis with magnetic field microscopy
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We, recently, see many consumer electrical products, which include smartphones, electric vehicles and drones,
around the globe. Consumers have been demanding electric products with various functions and applications and
long-lasting batteries, and manufacturers have been developing electrical products attracting more and more consumers.
Such electric products have various semiconductor devices including power field effect transistors and lithium ion
batteries.

Not just those products but also failure analysis technique has been making progress. We are likely to confront
failure while developing or mass-producing things and we have to scrutinize it. When physical part of them has a
problem, we, first, have to locate a defect. Generally speaking, the methods to locate such defects fall into two
categories: a destructive method and a non-destructive method. For example, seeing the outside of a sample is the latter
and seeing the inside of a sample after cutting it is the former. The non-destructive method is supposed to be performed
before the destructive method. Non-destructive methods include X-ray computed tomography (X-ray CT) and magnetic
field microscopy (MFM). X-ray CT is very useful in seeing the inside of a sample in three dimensions, which will
provide insight into how things such defects within the sample look. MFM visualizes magnetic field intensities across a
sample with a magnetic sensor. A superconducting quantum interference device (SQUID), a giant magneto resistance
(GMR) sensor, a tunnel magneto resistance (TMR) sensor, and magneto-optical frequency mapping (MOFM) have been
used for magnetic field imaging [1, 2, 3, 4]. Data analysis is also important, and some magnetic field analysis
techniques have been introduced [1, 3]. When it comes to locating short circuits, it is really important to have a clear
magnetic field intensity image. To do that, an electromagnetic field reconstruction method can be used, which calculate
subsurface magnetic fields [3]. Using this method, we can obtain the intensity distribution of magnetic fields that are
closer to the electric current that creates magnetic fields in distance than the positions where some of the magnetic fields
are measured with a magnetic sensor.

In this study, we used a magnetic field microscope that we bought from Integral Geometry Science Inc. The
microscope had a TMR sensor and an MI (magneto impedance) sensor. We also used a three-dimensional X-ray
microscope, Xradia 520 Versa (Carl ZEISS X-ray microscopy Inc.).

We visualized the path of an electric current flowing through a power metal-oxide-semiconductor field effect
transistor device. We, then, made a short circuit between the gate and the source in a power MOS-FET and succeeded in
locating it from a magnetic field image. Another example is a ball grid array package with a short circuit between two
solder bumps. After locating the short, we put the sample through the X-ray computed tomography scanner and clearly
visualized the short circuit in three dimensions. We will talk about more details and other examples such as locating
short circuits in lithium ion battery cells in the presentation.
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Monitoring of structures and material characterization of steel using
electromagnetic nondestructive evaluation method
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Fundamental structural constructions such as bridges, highways and power generation plants are typically used for long
term period after their constructions, and not easy to replace them frequently. However, a degradation and decrepit of
structures progress during long term operation which may cause a failure of structures. Meanwhile, steel companies
require the detection of nonmagnetic inclusions and defects during steel fabrication to enhance the reliability of their
steel products for structural components. In both cases, inspection must be conducted nondestructively. Most of steels
include iron and they therefore exhibit ferromagnetic property which indicates a potential of nondestructive evaluation
using magnetic measurement. The ferromagnetic properties of materials are characterized by a magnetization hysteresis
loop, and its magnetization process results from magnetic domain wall motions and magnetization rotations. Several
parameters, coercivity, initial permeability, Barkhausen noise, defined on the magnetic measurements are used for
evaluation (See Fig. 1). Since lattice defects like dislocations, precipitations and grain boundaries have interactions with
domain wall motions and magnetization rotatthnghe magnetic hysteresis loop is subjected to changes in the
microstructures. On the other hand, degradations and mechanical properties of steels also depend on the microstructures
which means degradations and mechanical properties of steel have good correlation with the magnetic properties (See
Fig. 2). As to detection of small inclusions or defects in steels, companies aim to detect defects legmth&tebént

progress in development of a magnetic field sensor offers high sensitive and miniaturise® sérisbrenable us to

detect small sized defects in steel by the magnetic flux leakage method. In our experiments, defect withmpcan30

be detected using a commercialized magnetic field sensor. Example of detection small defects using high sensitive GMI
and GMR sensor will be introduced in the presentation.
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Many steel materials exhibit hysteresis in the variation of magnetic flux density B with respect to magnetic field H.
Because the hysteresis curve contains a number of independent parameters that is sensitive to factors such as stress, strain,
grain size and heat treatment, they have been used in the determination of material properties in nondestructive evaluation
(NDE). Although ultrasound waves can propagate through optically opaque substances, the majority of existing
ultrasound techniques are restricted to determining the mechanical properties from the elasticity or mass density of a
target. Recently, however, magnetic properties have been successfully measured and visualized by ultrasonic excitation!-
4. The principle of this technique is based on the generation of acoustically stimulated electromagnetic (ASEM) fields
through magnetomechanical coupling. In the ASEM method, the spatial resolution of magnetic imaging is determined by
ultrasound focusing, not limited to the size of magnetic sensors or the distance between the sensor and an object (lift-off).

The ASEM measurement setup is shown in Fig. 1(a). An ultrasound transducer with an acoustic delay line is used for
avoiding the EM noise generated by the transducer. A specimen is subjected in external magnetic fields H which is
applied by a commercial electromagnetic coil. The ASEM signal emitted from a specimen is picked up through a resonant
loop antenna tuned to the ultrasound frequency.

We measured magnetic hysteresis curves and visualized the magnetic-flux distribution in a steel plate®. The monotonous
ASEM intensity over the scanned area is observed in a defect-free plate (Fig.1(b)), while a clear contrast of the ASEM
intensity is widely observed in the plate with a defect (Fig.1(c)). This result indicates that a magnification effect due to
magnetic flux distribution. We should note that the minimum detectable size of defects is not limited to the size of the
ultrasonic focal spot due to the magnification effect, which is beneficial for NDE. Magnetic-flux probing by ultrasonic
waves is thus expected to be a viable method of nondestructive material inspection.

Figure 2 represents the stress dependence of local hysteresis loop measured by the ASEM method. The hysteresis loop
changes clearly under tensile stress, indicating that local hysteresis quantities such as coercivity will be a promising
parameter as an index of quantitative evaluation of stress.
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Low invasive high-frequency field measurement system
using magneto-optical effect

Kazushi Ishiyama
(Research Institute of Electrical Communication, Tohoku University)

Measuring magnetic near field is one of the key technologies against the problem of the electromagnetic
interference (EMI). However the previous methods generally use metal probes and cables. Therefore the accuracy of the
system is poor by the many unexpected couplings between the metals and the measuring magnetic fields [1].
Measurements that use the magneto-optical effect can overcome this problem. The magneto-optical measurements do
not use any metallic materials and cables, therefore it has very small invasivness for the magnetic fields. To achieve a
high resolution, a stroboscopic method that employs short laser pulses are utilized. To improve the sensitivity, a new
modulation system was carried out. Two waveforms having same frequency and different phase are used for modulate
the pulsed laser. By switching the waveforms, modulated signal can obtained. Therefore the measured signal can be
enlarged using the Lock-in amplifier. As a result, the proposed system can visualized RF magnetic near-field around IC
chips.

In the previous works for magneto-optical measurement system [2], the magnetic field have to be burst
modulated in order to obtain high sensitivity. However, this is not suitable for real circuit. To overcome this problem,
we propose a new modulation schemes that do not require the modulation of the circuit current. That is obtained by a
BPSK (Binary Phase-Shift Keying) modulation method. In this method, two signals of same frequency and different
phase are switched by the SPDT (Single-Pole Double-Throw), and the generated signal is used as an external input
trigger of the laser. As a result, the pulsed laser oscillates while periodically switching in two phase groups. The
measuring circuit was shown in Fig.1. By applying these modulation schemes, the detection sensitivity of 0.1mOe (peak
to peak) was realized up to 6GHz. Figure 2 shows the measured result of field distribution around an amplifier chip.
The measuring condition is as follows; RF input: 1GHz, 10dBm, burst modulation 7.5kHz, measured area: 5x5 mm,
100x100 points. The strong magnetic field was observed at the output port. It is confirmed that the system is suitable for
detecting the point to be shielded for EMI.

References
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Difference in crystal growth morphology between Co,FeSi and Co,MnSi films on oxide substrates
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Origin of positive linear magnetoresistance effect in a Heusler alloy CoFeVSi
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Structural-order dependence of anomalous Hall effect in Co.MnGa
full-Heusler alloy thin films

Q. Wang', Z. Wen?, T. Kubota'”, T. Seki'*, and K. Takanashi'>.
nstitute for Materials Research, Tohoku University, Sendai 980-8577, Japan
2National Institute for Materials Science, Tsukuba 305-0047, Japan
3Center for Spintronics Research Network, Tohoku University, Sendai 980-8577, Japan

Anomalous Hall effect (AHE) is attracting great attention as a new scheme for generating spin current for novel
spintronic devices. [21 Recently, a large AHE has been reported in Co2MnGa full Heusler alloy films with an anomalous
Hall angle of ~10%.34 The origin of the large AHE was attributed to the topological properties of their electronic
structures. It has also been reported that the electronic structures of Heusler alloys can be tuned by changing their
degree of structural order. Bl In this study, the dependence of the AHE on the degree of structural order was investigated
in CooMnGa full Heusler alloy thin films by varying the deposition temperatures.

The Co.MnGa films with the thickness of 30 nm were deposited by a sputter system at different deposition
temperatures of RT, 200 °C, 400 °C, 500 °C and 600 °C. The structures of the thin films were characterized by X-ray
diffraction (XRD) with out-of-plane and in-plane scans. The (002) and (004) peaks were observed for all the samples
regardless of the deposition temperature, which indicates the films were grown along the (001) orientation on
MgO(001) substrates. By tilting the samples to x = 54.7°, the (111) peaks were also detected. With increasing the
deposition temperature, the (111) peak appeared and was clearly observed at the temperatures of 500 °C and 600 °C.
The degree of structural order of the samples was evaluated as a function of deposition temperature. The CooMnGa
films possess two kinds of ordered structures: L2 and B2 structures. The degree of order for B2 structure increases with
increasing the deposition temperature from RT to 400 °C, then is nearly saturated with a degree of B2-ordering of ~80%
from 400 °C to 600 °C. The degree of order for L2: structure starts to increase at 400 °C. The maximum degree of
L21-order of 40% was achieved in the sample deposited at 600 °C.

In order to evaluate the AHE, the films were microfabricated to Hall bar structure. The dependence of anomalous
Hall resistivity on the deposition temperature and measurement temperature were investigated. Large anomalous Hall
angles were observed for the samples deposited at 400 °C, 500 °C, and 600 °C. Anomalous Hall angles of ~14% at 10 K
and ~12% at 300 K were achieved at maximum. Considering the structural order of CooMnGa films, it is found that the
samples containing L2 order show enhanced AHE. The mechanism on the structural order dependence of AHE could
be the variation of electronic band structures due to the different order in the CooMnGa films. By further investigating
the dependence of Hall conductivity on longitudinal conductivity, we have found that the dominant contribution to the
AHE in the system is intrinsic contribution. This research could contribute to the design of new materials exhibiting
large AHE by the control of structural order.
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Structural insight using anomalous XRD into Mn2CoAl inverse Heusler
alloy films fabricated by magnetron sputtering, IBAS and MBE techniques
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Recently, spin gapless semiconductor (SGS) [1] attracts much attention due to its unique half-metallic and

zero-gap semiconductor behaviors, which could be applicable to novel spintronics devices. In SGS, an almost zero band

gap in the up-spin state and a usual band gap in the down-spin state are expected at the Fermi level [2]. Several recent

papers on Heusler alloys reported the SGS properties that can be expected from such a band structure; however, their

magnetic and transport properties such as positive linear MR ratio and semiconducting temperature dependence of

resistivity are still in debate. It is known that atomic arrangements, i.e. X4-type and L2:-type structures, and its disorder

strongly influence their SGS properties. In this respect, laboratory XRD is not sufficient to distinguish structural

differences in Heusler alloys due to the nearly identical atomic scattering factors of constituent elements, e.g. those of

Co and Mn at Cu Kea. Therefore, careful structural evaluation of SGS materials are a key to solve the above

discrepancies of magnetic behavior.

In this report,
XRD, we
arrangements and their disorder in MmCoAl
(MCA) thin films
sputtering, ion-beam assisted sputtering (IBAS),

using synchrotron

anomalous evaluated  atomic

fabricated by magnetron

and MBE [3]. Here, we briefly explain only on the
results by MBE. The lab. XRD shown in Fig. 1(a)
apparently indicates well-defined epitaxial MCA
films. However, STEM-EDS (Figl.(b)) shows
there exist two phases of different elemental
compositions (Mn-rich and Co-rich phases). Based
on the above results, we constructed structural
candidates for these two phases. AXRD results of
111, 002, and 004 reflections at Mn and Co K
absorption edges are shown in Fig. 1(c) and (d),
where calculations for the final structural models
of the two phases, i.c. the L2:1B and disordered L2
structures respectively shown in Fig. 1(e) and (f),
well reproduced the experimental results. The
synchrotron XRD were performed on BL13XU at
SPring-8. This work is partly supported by JSPS
KAKENHI (17H06152, 18KKO0111).

Reference

1) M. E. Jamer et al., Appl. Phys. Lett. 103,
142403 (2013). 2) 1. Galanakis et al., Appl. Phys.
Lett. 115, 093908 (2014). 3) L. S. R. Kumara et al.,
J. Magn. Mag. Mater. to be submitted.

a b
= Mn,CoAl =

— bl

c

=

o

[

©

~ _
> 23 24 25 26 27 28 29
= .

7] =)

c o~ IS)

i) =)

= S

T T T T T T Mn Co
20 30 40 50 60 70 80 920

20(degree
c 20 ( g ) d2,0
1] ——Calc. 111004 ¢ Mn Kedge| 44] Co K-edge ~ —— Calc. 111/004
31 S ga|c,101012/.'0%(14 16 --=----- Calc. 002/004
= —_— i 2 7 e
D14l . Eiﬁﬁ 002/004 /41 1.4 ' _. E:g' (1)(1);;833
D12 /r 1y 1.2 ﬂ\ ‘ 3
10 - = ~ 1,0..‘_—4“’0&74
: 081 0.8 \ 7
E 0.6 0.6 \:?:
= 041 Eh 04 vl
0.2 021 ’
0.0+ u T T T~ 0.0 T T T T T
6.3 6.4 6.5 6.6 6.7 75 7.6 7.7 78 7.9 8.0
Energy (keV) Energy (keV)
e f
A

A B C D A B C D
@Mn/Co @Mn  @Mn/Co @ AIlMn g Co/Mn @Mn/Co @Co/Mn &Al/Mn/Co
125125 25 12.51125 20/6 1510 15(10 1510  15/5/5

Fig.1 (a) Lab. XRD patterns of Mn,CoAl films fabricated by MBE. Inset: 111
reflection profile. (b) STEM-EDS mapping of Mn and Co in Mn,CoAl film.
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Exchange bias effects on Co-doped Mns;Ga antiferromagnetic Heusler alloy
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Figure 1. In-plane magnetization curves of Figure 2. Out-of-plane magnetization curves of
Mn2.15C01.09Ga (30)/CoFe (3.3) bilayers measured Mn.18C01.00Ga / [Co (1.0)/Pt (1.6)]s bilayers
at 100K after thermal activation at Tact. measured at 100K after thermal activation at Tt
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Magnetic Properties of poly-crystalline Cu,Sb-type MnAlGe films with a (001)-texture
Takahide Kubota'?, Yohei Kota®, Keita Ito'?, Rie Y Umetsu'?, Mingling Sun',
Masaki Mizuguchi'**, and Koki Takanashi'?
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(EEAFB L 2 R T EBEBCERIL, A BT MLy EBAROBR T VX LT 72 A A U O LR
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MnAIYE W o 72BN E R SR TE 7208, TR OO IES R OIS TH v | BRI 23(001)
LM CTH D 7212, (001)ELH D MgO FElEfE 2 AW DB b VS S A B DR D T-0IITm B4 &
Ty L E LT THE WA %D 7 ot 2 EOHIFKIN S - 7=, Cu,Sb o> MnAlGe (% 300 emu/cm® R & Lk
BRI 2R L, X &3 v LR T 5 x 10° erg/em’ R DO EEREG AR ST RLF— & 0.03 FLAEE
DAY/ S 72 XN — MESSERER 2 /8T 2 E DG STV AMETH 5 Y, MnAlGe O K, 13l o
Mn SR T ELREAL BT I 72— 05 T, Cu,Sb BUAS B R I MEAL [A] FEAR 12 (001)AL A CTERIC X 5 & v ) IR
b5, LnLAaens, Sk MnAlGe IR O E B BIREE 2 85 U2 BT E I3 2 & 0 B ARHFSE
TIXZ A it MnAlGe RO AE S IET CNICHMEFEZ EE&ICHL N T A Z LA HM E LT,

EERA A

AREHTEEEZE~ 73 bu o 28y ZAEE 2 AV, BRI & D2 U a3 R BICERL U 72, BEE i
1L, MR | Mn-Al-Ge 100 nm | MgO 2 nm | Ta3 nm & L72, Mn-Al-Ge J&!X Mn-Al % —%" > h & Ge #—7 v |
25 DORIFEHEIC L0 ERLL . EEHLRIE Mny osAlyo0Ger g TH 5, FRIERE T 2= S Lz, MgO|Ta D
RAESBREAZ I ANy ZEEENGED H L, EZ2EVLELE T 300 - 500 °C TRV 21T 7=, #UB O A%
& L WL A2 2N EIRIC T X BT (XRD) i & IREEUEHRE /1512 -V CHIlE L=,

EERER

XRD JIEOFE R, BULERE OFREHI 2 TOODEL M 2R3 Z & AR Lo, £/, BbBfROBEIZ LY,
BVLHEI OFT X COREINEEBIL & 7225 2 & 2R LT, BaFRBAL & AR T E 5 60 QNS & PN 5 1R 0O
WAL AR O RS 72 L 0 sRD 72 K id, BVLEEE 500 °C O TE N EhuE KMED 270 emu/em®, 4.4 x 10°
erg/em’ L7257, WTFHMOMES T E X ¥ ¥ LEREORE NE< . SHEMmEICE O T Y B BEE LR
NEOND Z ENHEONI -T2, #HE TIE Ge MUK D EZBRFE R L &by THET 5,

ABFFENL (AT 2R BUY [ D 54z 252 1 TIT b dviz, 7o, RALREAT O R — A Bk R O Hd =<
RIIEHH L LT ET,
B R

1) F. Wuetal., Appl. Phys. Lett. 94, 122503 (2009).  2) S. Mizukami et al., Phys. Rev. Lett. 106, 117201 (2011).

3) S.Mizukami et al., Appl. Phys. Expres 6, 123002 (2013). 4) M. Hosoda et al., J. Appl. Phys. 111, 07A324 (2012).

5) S. Mizukami, et al., Appl. Phys. Lett. 103, 142405 (2013), Y. Kato et al., US Patent 8,520,433 B1 (2013),
TN, RFEF 55 5499264 5 (2014).

6) S.Mizukami et al., J. Appl. Phys. 120, 142102 (2016).

7) R. Sherwood et al., J. Appl. Phys. 42, 1704 (1971), D. Bacon et al., US Patent: 3,676,867 (1972).
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Soft Magnetic and Structural Properties of (Fe75Co25)75(Als0Sis50)25 Alloy Thin Films

Takuma Nakano!?, Bhuwan Nepal?®, Yoshitomo Tanaka', Shuang. Wu?, Kyotaro Abe'?, Gary Mankey?,

Tim Mewes?, Claudia Mewes? and Takao Suzuki®
('TDK Corporation, *The University of Alabama)
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/N BREDJERR R O A IS Efa it (Ms) ,  RGREET) (o) IR B ZER
(@err) Z FFORBEMEM BN ERE SN TN D, ZHE T, Fe(Co)-AlY, Fe(Co)-Si*V %LU & T HEFRAES
DRGIERFEICBE L TR EZ T o723, SO RLIWENLETH D, —J Fe(Co)-Al-Si H &I,
F660C012A1128116H'ﬁ@7fﬂﬁkf EMRBTE, BMEERERESZ ENMESNATHDE Y, L, &A1
F X7 ARHEE G T2 Fe(Co) -Al-Si A4 RICET 2 MEIXIZ & A L7220 AAFFETIX. (FersCozs) 75 (A50S150) 25
HAER O T EEZ A ONCT 52 2 HNICT 5,

EBRAE

B 4 (FersCoss) 15 (Al50Sis0) 55 &2 DC = 7% b1 A/Xy Z A& {E 2 FV T, Mg0(100) BL#E fl AR 112
[FersCoss (0.7 nm)/AiseSiso (0.4 nm) ] ZFEET 5 Z LIk 0 A L7o, R OEEBGRE (T . 3 L OIRE
AL ST RBI A EEER Ue,  X#REIPTIE (XRD) | 2 EE 7 BAMEE (TEM) % F O 756 St A & O 34T, VSM,
MOKE 2 N7 8RB SURFIE DTRIE 21T o 7o WAk & A F X 7 A ReMEIT IR IEIGTAEIZ K 0 3l L 72,

RRER 1000
XRD 12 L AR LD | Ts = 410°C TR L 7= 3BTl —800 s 4+ @
DOHEE & AT T L SR AN (Fig 1G) . %7, 5600 [ °
Ts = 40°C TIXIEME. Ts = 100~300°C Tl bee &% Z 400 :'Crvsta]linenhaseofFeCoAlSi films
R LAt Fig 1S, M aw® Ty 200 [A™ e, D0
i%/TT o M TICk BFIRE-ETHY , 2hE 2 0 S
. #9700 emu/cc, 4 0Oe THo7=, ¥ B T EHIL ]g : (b)
Ts O L & BITE T L, OB 5, Ts =300°C 8 6 [
BT D E/MEE 2.2X10° THhotz, &5745 H, T 4 Fe o * o .
o DIETOREDIC, REREORELE RFTTH 2 |
Do BESHSEOBIEIRAEEIC OV T b AT B, ﬁlgg =
o 8 F
ABFRICH T BRI K R SR 07 7 A~ k% = 6 [ ®
MINT B> 7 —IC K D HFEMRIC L VELNTZLDOTH 5 ; C . . . .
%, . o ‘o |
BETH 0 100 200 300 400 50C
Ts [°C]

1) Y. Ariake et al. AIP Advances 8, 056119 (2018).

2) K. Abe et al. AIP Advances 9, 035139 (2019).

3) S.Wuetal., Phys. Rev. B, 99, 144416 (2019)

4) M. Hayakawa et al., IEEE Trans. Magn., 23, 5 (1987).

Fig.1 The dependences of (a) Ms, (b) Hc and (c)
oer on Ts of (Fe75Co25)75(Al50S150)25 films. The
crystalline phases for each Ts are shown in

Fig. 1(a)
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Magnetostrictive Property of FeCo(001) Single-Crystal Film Formed on VN Underlayer
Mitsuru Ohtake', Kana Serizawa'?, Tetsuroh Kawai', Masaaki Futamoto®, Fumiyoshi Kirino®, Nobuyuki Inaba*
(‘Yokohama Nat. Univ., *Chuo Univ., *Tokyo Univ. Arts, *Yamagata Univ.)

[ELBHIZ KEBELZRTEBMEMEHL, BT 7 Faxz—4—, IREFEET A AE~OSHIZH
JTCHFZES TV D, bee & ZFFD Fe-Co A& TR RBBEMEMEICH Y, M REFIc LY 10
F—F—DRERBEERTZED Y, ZRLOISHAIZAT CTER Sh>2oH 5. fikilr, Hxlx, Mk
WM Z N5 Z & 2 B, MgO(001) MM 12 bee-Feygo «Co (001 EERE FLEE (x = 0~50 at. %) % HARIEE
300 °C TR L, Co Mk x & 0705 50 at. Yl SH D &, Ao (3+274x10°%, Ay 1Z+78x10°° £ THIIN 5
ARG L Y. FERESGRESCEULERS OMERRIEIC L o> Th, REmEENZL L, BE LMY S A
RERH L. LU D, @EEMIEE CREREZITS &, —MRICEENR E T OB EHE T O F mIE I ME
I, EROREZRENERE I, BEREZFHMEIT2 2 LA TE 0. RIFFETIE, MgO & [F UAS s
&L RRREOK T EREZRD, MgO IZHARTRETRALF—ORE/ VN Z FTHIEMEIE LTHWS Z &I
L0, BEKREEICEWNTY, VAR AE D FesCosy @M DOIER A EH L=, F LT, EREER X
OIEROINENS D AR DSBS R IT TR B O W TR 7.

EEBHE FEERICITEEEZRF v 73 hay « 2y 2 o 73EE & vz, MgO(001)2:H 2 600 °C
O FEAIEE T 10 nm JED VNOOD)HAE S FHE 2 TRk L, D, i D 600 °C O] o—E FHARIEE T 100
nm JED FesoCoso AR L7-. & FHM 21X RHEED £ X (Y XRD, FEEIEHIZIZIT AFM, /b E
IZIZ VSM Z W e. fEBIE, 0225 1.2 kOe DEHEFEFHIZ A FFHRORETHE ZEBEL, 20XV 2L
— P —ZLEFHTHIE L, All=ASPE(1+vy) / 3L tE(1—vy) DR ZH NS Z LIk EHLEZ. 22T, Al
I8, ASITARBREOZVE, LIZ2 DL —W—=KRA 2 MNEOEHE, (13ES, EIXVY U7 HR, vidRT VY
Vi, WMAFDO s BEO T IXENENERBIOEDO T A= THHZ LERLTWVD.

300 -.(_alﬁ):/./-—-/'

200 B

10or 'fw‘
0

¢

SERREER =D 600 °C D4 T O IR
FEIZH\UNT, FeCo(001)[110]ke || VN(001)[100]
Dt E AR T FeCo(001)BEAS S iF A = &7
Zx Ty VR L. £, WThoRIcEs
WTh, FHAREAE L. Fig 1)
FOMIZ, ZNFI, dig B LN Ay DHEAMR
BEEREEZRT. EBREEZEER»D
600 °C |2 FH- S/ D &, Ligo 13426131007 5

1299x10°5, 2y, 1H-16x1070 7> 5+117x10° £ T 00 500 600 0300 600
BN TH Y, EERREE VS LIk Growth temperature (‘C)

D, WEAENZELNAZ NS -7-.  Fig. 1 Substrate temperature dependences of magnetostriction
WL, EARINEE O % HLEFE SRS B coefficients, (a) 4,99 and (b) 4,15, of FeCo(001) single-crystal film
TE B T ST b HE 2 formed on VN underlayer.

e

L (b) Aiyy

Magnetostriction coefficient
A1go OF Ayqy (x1076)

1) H. M. A. Urquhart, K. Azumi, and J. E. Goldman: DTIC Tech. Rep., no. AD0018771 (1953).

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

3) D. Hunter, W. Osborn, K. Wang, N. Kazantseva, J. Hattrick-Simpers, R. Suchoski, R. Takahashi, M. L. Young, A.
Mehta, L. A. Bendersky, S. E. Lofland, M. Wuttig, and I. Takeuchi: Nat. Commun., 2, 518 (2011).

4) K. Serizawa, M. Ohtake, T. Kawai, M. Futamoto, F. Kirino, and N. Inaba: J. Magn. Soc. Jpn., 43, 50 (2019).
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Magnetic properties and crystal structure of Cu,Coi.Fe>O4
M. Hisamatsu, S. Fujieda, S. Seino, T. Nakagawa, T. A. Yamamoto
Graduate School of Engineering, Osaka University

[FLC®HIZ

CoFe)O4 FENRZ MR & DA AREEIZL - TEEED L, BRI RICIVREI P RKRESERTSE Y,
> T, Co® CuifBmiEHIZ LY v « 77— RICGERT 5 EAZFHT X, FEM7e L TH CoFe,04 D
PREE I DEERP M TE 5, AL TIL. CoFeOs D IKAMEA F#BM ~DISHIIZHIT T, BEMETERLE
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EERAE
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JFC 950°C, 10 h {55) ., fErutEE 2T 572912 Cu-Ko #ETO X BEHTHIE 21T > 70 BHLRIEIZIZIES)

BBV N % T,

EERER
Cu,CoiFer 04 D X #R[AIFT /X F — 2 % Fig. 1 1277, x=0.5 OREHE, x=0.0 (C0F6204) Db D & RIFRICST

FeaDEPAAZ — &R Uiz, —JF, x =09 TEHEHTE—27 OSARBIH S i, ZITHEMEOES & FE S
ﬂto x=09 ODRFTEHITa=b=8260A BL N c=8.634A THY . cha ilO44“CZ§?>O7L_O 2FE D, Co® Cu

PEHRICE DYy « T 7 RIGER L CEFEANELEEEZOLND, BLIEIC L V5D~
jJ@Cun OyEHRE x ~OIRTFEE Fig. 2 12R7, x OIS EWEREB NIRRT L, x=0.9 Offii
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T 1 T 1400 1 T T T
= Cu Co, Fe.O, 1300 _CuXCol_XFeZO 4 . -
L o - ’l
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Fig.l  X-ray diffraction patterns of Fig.2 Dependence of coercivity H. on x in
Cu.Coi..Fe;04 with x = 0.0, 0.5 and 0.9. Cu,Coy..FeOa.
ZE 3k

1) H. Onoda, H. Sukegawa, E. Kita, H. Yanagihara, IEEE Trans. Magn. 54 (2018) 2502104
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A study of coercivity of Co-Ni spinel ferrites at successive stages of synthesis

Sonia Uddin, Ejji Kita, Mikio Kishimoto, and Hideto Yanagihara
Institute of Applied Physics, University of Tsukuba, Tsukuba 305-8577, Japan

Magnetic nanoparticles with a distinctive synthesis route possess tremendous potential in technological applications for

high-density information storage!). High-quality spinel cobalt-nickel ferrite nanoparticles were synthesized by
undergoing a succession of synthesis routes comprised of chemical co-precipitation, hydrothermal treatment, and
etching in hydrochloric acid. The samples produced by chemical co-precipitation and then hydrothermal treatment are

denoted by AP and HT respectively, while the samples produced as a result of etching after hydrothermal treatment are

indicated by ET2 (HCI solution 2.0 mole/L), ET4 (4.0 mole/L), and ET6 (6.0 mole/L). The crystal structure and size

were determined by means of transmission electron microscopy and X-ray diffraction. Magnetization and
demagnetization were measured by using a vibrating sample magnetometer. It was found that the specific saturation
magnetization and coercivities change with the samples, reaching maximum of respectively 61 emu/g for the ET2

sample and 6562 kA/m for the ET4 sample (Table 1).

The HT sample showed a magnetization and coercivity of 52 emu/g and 4519 kA/m respectively, so the etching process
produces a considerable effect on the coercive force (see Fig. 1). The effective magnetic anisotropy constants of these
samples were calculated by using the law of approach to saturation.

Mossbauer spectroscopic experiments at room temperature and 4.2 K with no applied magnetic field and at room

temperature with an application of external magnetic field (5 T) were also carried out on both the HT and ET2 samples?).
It was found that etching leads to a significant variation of the Fe3+ ion distribution in the tetrahedral (A sites) and

octahedral (B sites) sites of the Co-Ni spinel ferrite (Table 2). The cation distribution thus makes it evident that lattice

defects are probably present and may be the principal factor in increasing coercivity.
References:

1) V. Dupuis et al.,, MRS Online Proceedings Library Archive (2014) 1708.
2)  W.Keune, Hyperfine Interactions 204 (2012), 13-45B.
Table 1: Saturation magnetization (Ms), squareness ratio (SR)

and coercivity (H¢) at room temperature

60 — .-----..--II’I-“II.
- -
40 — .
Samples M SR Coercivity
@ 77 (emu/g) (Oe)
E 0 AP 215 0.51 4604
= 2- HT 52 0.67 4519
_40 - ET2 61 0.78 5605
60 —| e’ 'T""'T'“- | | | ET3 60.4 0.77 6281
. 3 _10 5 0 5 10 15 ET4 60.5 0.77 6562
15x10 Magnetic Field (Oe)
ET6 59.9 0.70 6423
Fig. 1 M-H curve of HT and ET2 samples measured at 300 Table 2: Relative area occupied by Fe** ion in
K HT and ET2 samples
Area (%)
Sample Asite B site
HT 71 29
ET2 63 37
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Preparation of hexagonal M-type ferrite ceramics/thin films aiming for microwave absorption
C. Takahashi,A. Kawamura,D. Koyama,Y. Yasukawa
(Chiba Institute of Technology)
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Fig.1(a) Influence of annealing temperature on magnetic parameters Fig.1(b) Complex permeability of ferrite sheet
2PN

1) C. singh et al.,Mater.Lett.63, (2009)1921

2)  S. Takeda et al.,Magnetics Jpn,14 (2019)12
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Observation of magnetic thin films excited by RF using laser probe
Y. Ssaito, S. Hashi and K. Ishiyama
(Research Institute of Electrical Communication Tohoku University)
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JEPRICIL Ti:Sapphire L —— (40 K UEHEL © 9 84MHz) ZHW 2. L—F—DORIEZ A 2 > 7 IR
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1) Tamaru, Shingo, et al. Journal of Applied Physics 91.10 (2002).
2) Nasuno, Hiroshi, Shuichiro Hashi, and Kazushi Ishiyama. IEEE Transactions on Magnetics 47.10 (2011).
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Study on energy harvesting with (100) [001] silicon steel sheet
F. Osanail, S. Hashil, S. Fujieda2, K. Ishiyama!
('RIEC Tohoku University, 20saka University)
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BEL O 2 CTH D, & 2 TAREMIE T, (100)[001]E:FEHiH
FEemAR 2 R L2 IRV EIC DWW TR 21T o T2 RS Rz o 0
Tk~ %,
2. EERAE

Y 1 %vé 7/\4’;<0>Lﬁ@l l 2 (A Lt;ﬁéﬂ?ww

|F

Silicon steel sheet

th&ﬁi\ﬁ?ﬁiéhf?o‘ N E‘%%fﬂ*}i L/\/]’ TXMﬁ%EUﬂDTé ] )
DV KT 2 B TSA f TN D, BEEEERIC I » 2 7 Fig.2 Prototype of the device
/7 24 1(0.1 mmeg, 100 #—>, 5 Q) NENN TS, F

BT AL A FEMEBICEEL, b5 Lz ammeLr 0 04
TIRBI S5 2 LIk D BRI L, BI3RY - [EME 4 0.2 &
NBHMEND, ZOL &, WREEMIIC L - THHEMBN 5 Z
DORERBBERELL, ¥y Ty 7T af MIBEBENFR S S 10 0 5
b, COBEDEKER Yy 7 AT v TBIVA Y RAa— ¢ z
TR WET B, Eh e
3. REARE ~ 30 04 %
ESK%*TN%X% %%&ﬁ@&n@mE#ﬁf%% L .-

%V@MEF%%ff &nNM@%F#MEéh\%®& T timelsl
£ 48 pW @Eijﬂﬁfﬁ CEWARIY ISV VW (W= M%%TE@Z{ . )

IS 011 oot B {7 ANz T el e sl and
T, M RS - MREEORLERLND Z & ﬁ)ﬂ‘;q at resonanf frequency of 48.3‘32 Hz
HFTE D,

&% Xk

1) H. Liu, J. Zhong, C. Lee, S. Lee, L. Lin, Appl. Phys. Rev. 5, 041306 (2018).
2) S. Fujieda, S. Suzuki, A. Minato, T. Fukuda, T. Ueno, IEEE Trans. Magn. 50(2014) 2505204.
3) B.Yan, C. Zhan, L. Li, IEEE Trans. Magn. 51(2015) 8205404.
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BRI 5 Bs KR 2 Fe-Nb-B-P %7~/ #i dia &4 D B 36

U Bh, BAJIBES), RERAE. HRE . BEEIR. oo
(TDK #Rz4t)
Development of high Bs type Fe-Nb-B-P nanocrystalline alloy with low core loss for power supply
I.Nakahata, A.Hasegawa, H.Kumaoka, S.Mori, K.Horino, H.Matsumoto
(TDK Corporation)

[FCHIZ

TFEDBRBE~OEFHOEEY . FEFEEO/NBIZE b, ENHICHWL NS ERICB W TER
LENFEG, MENEEANEENTEY, ZHUCH L L0 /NUDSIERERARE MRk 5T 5,

FRlZaA V70 ORI ST, BIRAEIC D SRR KRE < RER~OXIS, /M E, KRR L 7R
CEENTEY, ZIIUCHEIS TR 2 BB EM B O EA LA EIFF S TV 5,

— AN AN BHATND MnZn 27 = 7 A NI, KR E W) L TENTW DAY, SRR BEAME
< NRME & REBFEAIEOWSLIZREETH U | SR RRBEMA B O @\ W R B E 2RI AT 2 L EmRH 5,
FELEN TV D A FIBE R 5 4 B MR B e L C Fe-Si-BRT7TENT 7 AMENH B8, Zhid=a 7o
AN E WD ENH Y | EEFIRHE SRR R R D T b,

AT, BN HBEKEE TN DT/ RS SIZER L, Fe-Si-B R 7 E/NLT 7 A5 a[R%
DOFIFIRERBE 2R L, OB TH 58 LV Fe-Nb-B-P %7/ fEfb A 4% RH LD T, Z OREFME
WZOWTHET 5,

RERAE

Fe(99.99 %), B(99.5 %), Fe3P(99.9 %), Nb(99.9 %) D UL 2 I T & A IR ISR I CTREG @2 ERLL . e —)L
R EIRIEIZ LV IE 50mm, JEAK) 18 um D7 E/V T 7 A AFR Lo, (FRL 7234 1 Ar SRPHAH T
600°C, 1 W EVLEE 2 Jiti L/ fldb b L. & OBERURFME M OVISORIAE 1 2 57 U 7=, A fndsis B2 (Bs) I3 =R
BUWTEBRETR EHVSM)Z IV T, 27 1 Z(Pev)iZAZiE BH 7 I 4 B2 AWTHIE L. k705
Fu)EA P E—H AT F T APV RGE L, oS I 3ER A E 1 B EE(TEM) & VTR L 7,
FEEIZIX TR O Fe-Si-B 52 7 E/L 7 7 Al &2 FV 72, Fe-Si-B 52 7 &/ 7 7 AjH L, Ar ZRXBHAH € 400°C,1
REELEE U, RIERICBESURFE ORI 21T - 72,

ERERHEE

Table 1 (2, /E#L L 7= Fe-Nb-B-P % J / i i &4, iR Fe-Si-B 27 E/L 7 7 A& 4D Bs, Pev, i % . Figure
112 Pev O fe KEEHEE FE (Bm) K FME % 75, Bs %, Fe-Nb-B-P 52T 1.64T & Fe-Si-B 52 1.63T & [RIZE D45
ZHLTWD, E£72 Pev X, HIEJE S f=100kHz, F KIEHRE EE Bm=0.2T OHE S T2 T, Fe-Nb-B-P
T 646kW/m? & | Fe-Si-B 52D 1992kW/m3 12 LT, oA N & 72D 2 L BB SNz, FI-WE % i
LT%. Fe-Nb-B-P i Fe-Si-B (Z%f LV MEA R LT 5, Fe-Nb-B-P . EIRIAITEAEA B E L TENT-HK
AR EEZA L TR, KERAIS - /N - (KB 22 BMET i~ O AN HIFF T 5,

Fe-Nb-B-P Fe-Si-B 10000
Saturation magnetic flux density
®9)m 164 163 - -
o AT
Core loss (Pcv) [KW/m?] E A
at f=100kHz.Bm=200mT 646 1922 E 10 &y
Initial permeability(p;) g .
at 1kHz 12356 3360 = 10 @® Fe-Nb-B-P
Initial permeability(u;) N\ Fe-Si-B
at 100kHz 8411 3012 L
0.01 0.1 1
Bm(T)
Table 1. Magnetic properties of Fe-Nb-B-P Fe-Si-B Figure 1. Bm dependence of core loss at f=100kHz
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PORL - B i (R SRR BRI IR D 1 4 S R S b A

Ffhie]  #EH
(BAE R T e AL
Recording Mechanism for Granular Perpendicular Magnetic Recording Medium
Hiroaki Muraoka
(Engineering Department, Tohoku University)

OIS

HEREOZE LWIMB S| ki x A TS, MRFERITRS ORI 2 220 L CRBELZHT. [MED
BOEINICEZE SN D LEDLNAERLIERA FL—0a7EilFeE LTA H ThiFdbitSo a8l Tt
Vel T D, Poulsen 705 120 4E, T — 7 L a—& G 80 4R, MEGLERD 0 FEEB L, PTHA—F
T AT HEEIIBIRND 60 FELL LA BICED £ THLIMREREE TH VT D, 20X ) ik ik
AN R B, BEMAGEEREIICD LT A ) X3 VITIA T, R LS L R ELE O HR
TEIRICHEE LT, 74 VHNVEFLE, FELY, R LT, 7 ESR 00 O 8 A @RI Y JAA THE
T Bbhs, 22 Tk, BRGSO LA E T & DIk TR & iR &+ B ek
i E X CTABOERERO ATREEERET 5,

WA FREREADOTERBELEFTEL

EEEADORA L LTWhWw5 Trilemma 5150 TW5, ZHhERAHE LTHWAEGRNRZ T O
23, HAMR <> MAMR 23779 X 912 2 O trilemma 1% O i % A IR @B E L ~OE NS 5 & BfE X
Thb, BieDHPEkEE 2 HE821%, 1930 FAROBATBAR LIRS R ELER IR DO R & 72 R T o ki 785
HENEEIZE X 5, HAMR X° MAMR (23 W\ T Bk A2 Ve Tk, —F ., By hoXx— i
& (BPM) TliE, F&EAOE Y MBI T2 Z & TR H AR 2 e L CAVERHIZED T D, 4
% O E A FERERGEERITIL, Z OMoh R FRER AR DO FLEERE DR II A FIR & B b,

R FERRER & X, e RIfRO Y o — 2Bl b T A Z ETHh D, Bz, vy REEAS
10nmEET 5L~y NEIERIOEE Oe/nm TiEdHDHE > FEFLELL TV D & S ICHEH
I8 & ORI IR 72138 kOe R /NS W2 TR IC L2 B RIBOBZENRH Y . ZHIEA FL—I2iX
B e ALY D, £, RIS IR CIXRL B SRR TS5 AT (SFD) 2 Ff b FRekBE A 03 EIIN &
AIZBR ORI ORALHRIT SFD IS U TREEHNIZ 22 5, b LE Y MO ERIT-O 00 K0 LAE L < K5 L
RN, HHWVITEEEE Y N TR ERRRER CRRIKET S L, WTh L EIALT T - b, ZOFEIA
HTT =Ty MR EE 2 DY v b ORKEEHERN G 2 bUE EHOA 2 AW CERMICRIE TE 5,
BPM (L&' F Y4720 ORAED 1 OFEERERITF S 25D T SFD OERITEE L < 72 5,

Hi7p 2 B AR U 107 erglem® B2 DRER BT PEN ST E v R 247 0 Ok F-3% 38 U TE+ Thit/inch?
FTLREICTE D0, BURORRER~ v FOTERBHADOMERE TIX L 0 KW EEEREI % @ 10 Thit/inch? LA T TR
Fé FAEE R SFD O MNTEEL T 5 AIREMEN & 5.

FEH

Atk BIOKL TR ORI U 1 2 FF ORCER LR IS | S e S b D L BN D8, By A XDETIC
o By PETZVRLF ORI, B FRAU LR TR — MR L Wl B E IR 2 5 2 5 Z &7
HEIND, WKELEIHAZHER T DML F D SFD 2/hS< T2 2 LR TH D, £lo. THUTFCEE
FHEB O BRALIZ K> THIR T E 2 O THOBE RG> B &R OV RRSEPLETH D,

L Z &N

1) H. Muraoka, and S. Greaves, IEEE Trans. Magn., 47, 26-34, 2011.
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LR HER
AL R LR B TR TERHS A B 22 B
From ferromagnetic tunnel magnetoresistance to biomagnetic sensor
Yasuo Ando
Graduate School of Engineering, Tuhoku University

[ZCHIZ 1994 F T & DT )— 7 THMENE b o FVBEEIPT (TMR) F N RIE TR E RS R %
T ZEERLTHLIMEMREN D> E VI RIGEE 2, ZOMBET I KRERFEARN OnbY, £/
Ay hr=7 REEPER ST, HTLWT A ZBIROBEEN R E S 72I2b b b T, WoZ 9ITH
TETWRWERLD Z ENRZV, ARRIZINE CTAHSBED > TS DT AE R & BE 2R
L. ARG & 2 Bz e i e o Bk E BZIZOW T ZINE TORBREZ L L IC LTk D,
N—FT 4RI BS54 7T (HD) 1990 FEHICH DN ttEhd 2 LTV 4K, HEb o T iFJERRE 2 5
Fil ORGSR FRFRIEAR T H - 72 O T, KFITEMEAIZHE T L7z HDD OFFZERIFR O 7 —~ 1M e < #ifi T& 7,
FARERPICERENTZ TMRZIRETH 72720 72 LIS Z DOF A% & DMl Z 22528 2 HEdE L T
o7z, TMRZE B WL, T A% nm A — X — O iR 285 2 L 70 < T3 AT Z 22 35l 7 &2 4
HZEBoTLEST, Lo LIt oo EITE < 0T, 2000 FFRUIZ1E TMR FE-F1% HDD Ot
L~y RIZEOND L1272 0 WS ODDOETREICEEICAETE DL ZAETIC R Tz, TSI
MMBRAEZRETRE TRV EWIRFLNRTZIAENRT,
TEREBIS VALTIEAAEY (MRAM) 2000 4E{Ri272% & TMR %1% MRAM IZIGHT 57 Y =
7 "M E T, IRERREAN OB DT 0 7T AN Ed o2z, mE ORI E =T~ 1T,
ZORD < VIZHEG LD, W T I LTH Y RHIR D A E VX MRAM Th % &5 U TR,
KEFILIZZENR Y OB AEHC L TR AZED -, L LYRRD MO AEY HFE UnZFNLL ED~A—2
TR ZED, BUE, HEBBETHLO0EL 00T, BEREORWIRIL TH 5, MRAM B IIBIE b i
HHNTNDA, THIZELBRE b AEZER L HEWRN RV EWnIHKFRLAmEI N,
BREREMS VY 2000 FRICR> THOELOMED EEE TMR 12 HW @B EMAE v hicy >
M UIGD T2, TMR FE D EEERSE o FICix 5 Z Lid, B THRA
DEZENDDN>TWEZ ET, LB E LIGD b T Th
DM, ENEDOHIRICETTHAEHEY TTI b oz, Hilio
FES, TGO CEEIIH D B I 0, EBEICTFENIT THD &
BRI T N EHIIUAMCE L . ERBENRT 7Y r—a Vb IER
W EERFRIEL TV D, FRICEADN TR OIS & RPE 2 T\ 5 A RF
Rt HIZBELThH, IRLTEWRETIIRWVWEMEL TS, K1
TRDED D DAEREE TH DB TIE R HDFETLIROE X (IR
) R TE=X LEMRTH D, BohidkFzmo 5 10cm
PLEBEN TWAICH 200 LT EOB & O A 63, KEmH.0M
WEDEBI L R E AL B L THE LMNCEDOREMIENALND,
ZHFAERESR Y OBRAFITH Y, TRLEZWTINE TOHFHR
EIFE ST OLBIHFRELE VWS 2 ETH D, T ETOMIEDR
NCHEEHENED LIS RAZ2EDT ) a2k AdRBSE W
ERIFEB I G0 E WD BWEFEFEY BIX0FHE TR Rz &9,
BEE OAWFZEIL ST S A/ R_"T =/ b, T AE Y bu=7 2 | e
HHEE A —BLORAY Y b= AN EENREHE 2 —0 B 1 DD S OARKEAE 5 %
FEEZ T iTbhiz, TMR & oV T2 T2 A5,
(a), (D) ITHEERFE DIE,
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Improvement of Magnetic Properties of Permanent Magnets
Satoshi Sugimoto
(Graduate School of Engineering, Tohoku University)

[#E]

KAREAIL, BLEBE (EV), BAARE, affET—27 L, e plicB W TER S, FAZHD
EIREENIZTDHIEICEBRL TWD, FEDOIL, T ETIiC, 2ol - miieboffse LT, 1.
B4 R D EMEREL & BB R Tl SERE Fe-Cr-Co Rl <R /] Mn-Sn-Co-N R &4 DBI%, 2.
#i1HH (RE) WemlzB T o mtemelb LB vt A% TlE, ROBHEA R THEESRE (Y A) ZHWTZK
kS = MEAE RE-Fe-B RfiA ., fksbhifimibic X 544 Dy MR /) Nd-Fe-B RIEMRS A, A LIE-BRAM 75
WIZEEG A, B 5 ME HDDR My K72 EDBAFE. 3. KAMAIIHIT 2FBICHDEORRE CIE, 7=94

Mg & ANz GHz #F BRI I B 22 E DBl 24T - C& 1=, REHETIE, T OHITEFEES VRV AT
WAHRFZED 9 5, Nd-Fe-B & HDDR B4 1235 1) 5 BT MHEALEERE I B9~ D HFZE S\ TR 95,

[Nd-Fe-B % HDDR B RIZH 1T 5B A ML #1E]

Nd-Fe-B SR 5 MEMA MR 2 g CHE & 7 Nd-Fe-B RE SR v REA 1L, BHERIRNARET, o/
BRIEPIREET D0, SHE—FOm#EREEbZ BIEd 2Ry MliEEcRWIC#fFShTng, Ln
LZD—FHT, REZFRNVF—FEBH)pax D HER D ERRDO BN TEY . TODITIIHAKRRBIED
(BH)px Z 0] E S22 M0ERH 5, FHH S 1L, Nd-Fe-B 2B S HEREATI R D @ B HEAIZ L 2D (BH)max P 1A %
His L. £9°. BIMRCAH RIS 55 HDDR (Hydrogenation, Disproportionation, Desorption, Recombination)
EIZBT D /KFEZEFHIE L7z d (dynamic) -HDDR IEIZH51F 2 B5M: (BEKEFE) & FERROBIRIZ OV T~
TV Y3 E4 d-HDDR JED RENLISALERSAC & D BEFAR DRI (BRI OZAb & AT
B, BN R 72 DITEWV RN T35 2 & /KFEHET) 30 kPa THRLEE L 72354 1%, 100 kPa T AL
B LRFEPEL 2B H D 2R LTn, o, NEERISLBSEAIT L O MO 2 b 2~ T
L A, REUCSORLERS OMBRITIX, BEBE L7 NdHp & a-Fe WS L2 T A TR, Funs AL
KL LT R 72 T A Z Ak, 38 KOS OEKMMELA H L Z L 26N LTS, 2D 55, d-HDDR
WVBRAZITIE T A T BRI m G « AR(BH)max D MR 72T A TR X B - B(BH)max @ B FHAR
IHRE S M - AK(BH)max © NdoFey B FHICZNZENHRAT D2 &0 REEZH LN LI, 2k, KFEE
77 30 kPa TAREMVALEE L7=555 1%, 100 kPa TS 5 L0 & 7 XA T RB LUK 7 A Z W2 < B
RS, BGMNREL 2D LW S, Liendo T, mEFIM O oIIE, BRIHMREREZES L, 8
KFHNCHEHEIR I L UMLK 72 7 A TR O A T Z E R FEHTh DL L BEX B D,

(5]

BTN ZW 0T 72 & F Uil () SRk, ST RK, (LEEge X, )1 EEK I
WL EFET, 2, AFEO—EIX. NEDO [REBIHRMZET 0y =7 b kA H Bid a0 @l Re
— & — MM EHEINBRRE 7 n 2 = 7 & (MagHEM) |, SGEEFEE  To RIS BEMER BHILS. (ESICMM) | @
XEOTFTIThbivE Lz,

L Z D& N

1) T.Horikawa et al, AIP Advances, 9 (2019), 35244,
2) M. Yamazaki et al, REPM 2018, Beijing, China, 26-30, August 2018, A0302.
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NABRYT — X fERTIC K D

FA Y DA DEIXAEIE D B O R

SPUG AKE Y, I FRTE N, RAR A0, SRR 24, SRR E 230, /iR T2
RCERRT 1, MPI-NIMS 2, FUERY: 3, BALKY: AIMR 4, HHFAIP &2 ¥ — 5)
Feature Quantity Extraction from magnetic domains of Neodymium magnet
by Topological Data Analysis
Yuki Terashima?, Takumi Yamada'?, Ippei Obayashi®*®°, Kazuto Akagi®*,

Yasuaki Hiraoka**5, Masato Kotsugi'2
(Tokyo Univ. of Sci. 1, MI2I-NIMS 2, Kyoto Univ. 3, AIMR Tohoku Univ. 4,

AIP center RIKEN 5)

XLC®HIZ

BIfE, HERIERELRIRO—BR L L TIRRFLHEBHELED O TWD, TOAHBESETHO LN E—
2 —DEMERILIT N ER IR 2T —v L 725 T D, B — X — RO K AREA X, @ik © ORJEHRE, 7>
N DRSNS Z ENBERSINTND, ZO—FH T 7 v oS L ~ 7 n & EED 1 >Th b
PR D6t TS BMR O BMRITR I EITITER SN TV RV, TER A 1T bR O—F — 2 ffifr FiED 1 ST
& % Persistent Homology(PH) 23 i XA & DFtalk - & L CTHH TH S Z & % YIG HfE R BV TOR LT,
Z ZCARMETIXEME Ch 5 R AT AW 2RI 7 5 IMBIRE CTORKMEE L PH #3425 2 & T,
T EEAR AT O Rl 2 3k A 7

3 b #

EBRTlE PD OREKAEE DR T & L CoH RMEio 7= 400 o 350

W, BT L7 % oA D AR OB 5 10 BHTCORKER

EMG LI, MATONPLIE LT ML ATV PHRITE »

1To 77, fRMTHESL & LT Persistent Diagram(PD) % 157-, 45 .9; e

72 PD DLUE S cosine UL 2 iV Chit L7z, ¥ §

VRGBT BB 5 7 RO XA Y LR R F D B 008

5 400°CE TOFE 4 OINBRIE (870 D 10 EATOREXE & o 150 o

&% PD 1L L7=, e

50 g

0 RT o

KRR - £8 .

EERE LT- 872 5 10 (AT CORLX {26 H /1 L7 PD -5 0 5 10 15 20 25

1st Dimension

10> cosine B 1 90.5% & 72 o 7=, FABUENHrIc K& : : : -
. A | . Fig.l Non-negative Matrix Factorization

WO Rl— 5 TohiuUT R 72 2 BT C b FrsaEhh 2 (NMF) for mean vector of PDs converted
AlRE L MR CE 7o, FEHML L7 PD IR L NMF 2179 & magnetic domains varying in temperature from
Figl DX 51272577, Figli3& 7y FAKMEGRE <  RT10400°C into.
DR P ZERLTWD, £ MHEEZR - T
WHZEERBLTWD, Lo TNMFOFEE, PD 4L
TREXARIE & INBNREEIZAHRE N B % Z & 3o Tz,

Y HIXPD LIREE & B OB b &R T D, ABFEIT
FERBEMERIZ T 2 L @t 2B OFR R WR AT S
T5EHFSND,
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FEY v a2 R —5F8FE BAEH Ot~ D 5 728

e At A% KR, G AL REE AT ?
(CRAVE R, 2R TEESEHIR)
Effect of the interfacial Dzyaloshinskii-Moriya interaction on magnetic moments
near ferromagnetic metal edges
Yuki Kaiya?, Syuta Honda®, Hiroyoshi Itoh!, and Tomokatsu Ohsawa?
(*Kansai University, 2National Institute of Technology, Numazu College)

1. IILHIZ

SEBEPERIRR TR S T BEIX 2 EIRIC £ - THEE S 2 Z L ISREBEBEIRIRI R A £ U RMEEE T~
WCHIRF STV D, PLRh 22 EOESE LICFEE S AVIORBENER T MBSV TIE, Ry yr v A%
—SEAF EAEHDOMDIC X DX DOAERSAE U EANI L D2BXOBENNER ST\ 5, fik DMI %5 F
DIRFEERACIEDO = v P(fig. 1@) AFRER)ICIB VT, BRE—A Y FRMERIESELND 2 BB TND
D, BHTIE OB T YA ZORFRZIB W TIET v P OB TE— A v ORISR 2R~ AL 5 2 5
%o LinL., = v VAL OMERI DR OBALIRRE~ G- 2 5 BT O I/ TRV, 22T, Al
DMI 777 FOEEMALIZE N T v VOBALIREN ED X 5 IZBIbT 500 %, fifré v I a1 —avn
LA 5,

2. MHEAZE

AIFREEE 7 W — B OBE R P& FFD 1 IOTIBBEMERIRR 2 5 2 5 (fig. 1(D)), v ab—a L iliET7 o4
v-U 7y FRAICES W v A I/~ IR T 4 v 7 AV I ab—va VERWD, BRST A—F DX
UIZ & 2 MR T OBEALIRRE DGR 2 it L. PN~ DR % HORGE T 2,

3. HEHR

Ty VI BEOMRAET— A F(Msm)D T 2 = L—3 g URER % fig. 2 1281, SR DML X 2isdgtik— »
VOB AN WS T TR, MR TR O T AR &, =y VIZBN T HEAE—
A2 MIED 2o 72(fig. 2(@). LA L., i DMIIC L DM AT o P~DEELZ R ANb L, =y
W DREALIME T (fig. 2(0)), F7o. BEMKEGFEK) ZHENEIEDL L, =y U TORKRE—A Y NOMEE
& NI~ 2 & S I3 L(fig. 2(c)). ZRHEHHAEFEHA)ZEMSE D Ly P TOMKE—A > FOMHE
D LI~ 2B SN L, Z0Y I 2L —ia URERIZA KB R"TA—2 L LTEESh
DTy VTOMKRE—A Y O E RN ~EET 2K I OMGIE L EEIC—E LT,

(a) (a) 1.r1_r'n
2444444004000 4004404440m
XT-SD . (nm)
(b)
AT ILIIILIIIIIIIILY,
* g © ‘? ............. T :
T facial DMI ke D go
“interfacia T o S
x=-50 xL0 x=50 095 © & % ]
A O:K, = 255 % 10*(I/m?) Th
Fig. 1 (a) Interfacial DMI between a FM and a ~ e By, = 510 % 10%(J/m?) °
. . . E09 |- a O:K, = 408 * 10° (J/m?) A
heavy metal and (b) its one-dimensional model. o a
A e At a
Fa Ms = 1.1 % 105(A/m) K3
083 A=16 1072 (Jm )
DMI=3 x 1073 (J/m2)
08 = Il 1 Il Il 1
40 20 0 20 40
position (nm)
B EZ R Fig. 2 Local magnetic moments using boundary

condition (a) without /(b,c) with the effect of DMI.
1) S.Rohartand A. Thiaville: Phys. Rev. B 88, 18422 (2013)
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Voltage control of ferromagnetic resonance in FeRh/PMN-PT
multiferroic heterostructures

Ming Zheng, Takamasa Usami, Tomoyasu Taniyama
(Department of Physics, Nagoya University)

Voltage control of magnetism is promising for developing dense, fast, nonvolatile magnetic random access
memory (MRAM) with low energy consumption and emerging spintronics [1]. Multiferroic heterostructures, exhibiting
ferroelectricity and ferromagnetism simultaneously, have attracted much interest due to the ability of achieving
electrically modulated magnetic states through magnetoelectric (ME) coupling and have led to many novel multiferroic
devices [2]. Compared with conventional tunable magnetic devices, which are tuned by magnetic fields, these
electrostatically tunable multiferroic devices are high-speed, compact, lightweight, and much more energy efficient.

In this study, we investigate voltage tuning of ferromagnetic resonance (FMR) in epitaxial Fey;Rhg;
(FeRh)/PMN-PT multiferroic heterostructures. A SrTiO; thin layer was grown on (001)-oriented PMN-PT ferroelectric
single crystals as a buffer layer using pulsed laser deposition (PLD). Subsequently, FeRh thin films were fabricated on
SrTiO;-buffered PMN-PT substrates using molecular beam epitaxy (MBE), followed by a 3 nm thick Rh film as a
capping layer. An Au layer (100 nm) was coated on the backside of the PMN-PT substrate as a bottom electrode. Figure
1(a) shows the schematic of the FeRh/PMN-PT multiferroic heterostructures under an electric field.

Figure 1(b) depicts the frequency as a function of resonance field (Hggry) of the FeRh film when the PMN-PT
substrate is under positive and negative poled states. We find that the Hpgyy strongly depends on the polarization state of
the PMN-PT. In a high frequency region (£>10.5 GHz), the Hrry is almost same for the different polarization states. As
the frequency reduces, there are two absorption peaks in S,; spectra. In a low frequencies region (/<6.7 GHz), the Hgry
at the negative poled state is smaller than that at the positive poled state (e.g., AHprmv=120 Oe at f/=2.9 GHz). These
findings reveal that the FMR can be effectively controlled by electric field through ME coupling. Voltage dependence of

Kerr signal was measured to explore the coupling mechanism for this FeRh/PMN-PT multiferroic heterostructures.

Reference
1) Y. Tokunaga et al, Nat. Phys. 8, 838 (2012).
2) Y. Lee et al, Nat. Commun. 6, 5959 (2015).

13
<

Laser (A=660nm) ® Neg N +
%&§ﬁ 5 157 o
= +
Rh £10 P o
FeRh 3 '0 X
-‘{ g + .0.0
7‘_E & S5t KX
I I PMN-PT I I LBy H//PMN-PT[100]
Au ol . . \ .
0 500 1000 1500 2000
Field (Oe)

Fig. 1 (a) Schematic of the FeRh/PMN-PT multiferroic heterostructures and the electric field configuration for
measurements of Kerr effect. (b) Frequency as a function of resonance field of the FeRh film when the PMN-PT

substrate is under positive and negative poled states.
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Fabrication of granular thin films for nondestructive testing magneto-optical sensor
K. Nishimoto, A. Kitahara, R. Hashimoto*, T. Goto, Y. Nakamura, P. B. Lim, H. Uchida, M. Inoue
(Toyohashi Univ. of Tech., *NIT, Suzuka college)
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Fig. 2 Wavelength dependencies of
w transmittance and Faraday rotation angle
1) Sl B TREROLYHE T 2R UGS, AN, 44-50, (2011).

2) N. Kobayashi et al., Scientific Reports, 8, 4978, (2018).
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Design of film structures of Ag/Fei00xGdx/Ag tri-layer for magneto-plasmonic effects

Takato Udagawa, Yoshito Ashizawa, and Katsuji Nakagawa

(Nihon Univ.)
ILCHIZ

K77 A 2 DR PIMIBES U & 0 BT DHEAERE T 7 XF ARPDIBHE S, EREZED T
Do FATHIRICI WD T4 13, FEETRAg-CoHEIIED ., Aw/~7 =7 1 b JEHIRED o R OWIENE &
BOWTHRKE Y7 AT REZHE L TVD, AREZHOTREDORWBS ST 27201
(T, BEFUTH 2 RS B BRELET T BAREBREHENER SN D, £ 2T, BB EZR
L. BAFRBESROCERrIE 2R T92 & TR BN 5 A EFe-Gdififi 2 FW /- @& & B Lc, @R
JEWEE S TIE, TN TOEOERE T 7 AT IR~DEREBET DLENDHY | WRAKET T A€ %)
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Micromagnetics Simulation for the Soft Magnetic Triple Layered Thin Film

°Naoki Saka, Yosuke Tsuchida, Makoto Tsuruoka
(Tokyo Univ. of Technology)
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Micromagnetic calculation of magnetization reversal mechanism for hollow FesO, particle
N.Hirano, S.Kobayashi, M.Chiba
(lwate Univ.)
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Coexistence of antiferromagnetism and molecular clusters in a layered compound CrSe, with anomalous
valent Cr#*
S. Kobayashi?, N. Katayama?, H. Sawa?, C. Michioka®, H. Ueda?, and K. Yoshimura®
(JASRI, 2Nagoya Univ., *Kyoto Univ.)
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Spontaneous magnetization in iron-based superconductor Sr;VFeAsOs.s (0 = 0.150)

S. Iwasaki', S. Adachi?, Y. Takano®, M. Yamaguchi', K. Kihou®, C. H. Lee’, Y. Kamihara'*
'Keio Univ., 2 NIMS, 3AIST, “CSRN, Keio Univ.
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0.124 < 6 < 0.631 T V-3d & IR IN T 57 = UREMEE 7R T[2]. SraVFeAsOs5 137 UREE LR EZ LB
Y 6=0.145 T 37.1 K [2] LELE Y@ VIS BEBIRE (T) 2789, 2O IR IREFH &7 = URENEDFA
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Magnetoresistance in an o.-RuCls/Pt

Yuushou Hirata®, Hidekazu Tanaka®, Nobuyuki Kurita®, Takahiro Moriyama®, and Teruo Ono*¢
(AICR, Kyoto University, BDepartment of Physics, Tokyo Institute of Technology, °CSRN, Osaka University)

Introduction

Recently an a-RuCls has emerged as a primal candidate for hosting a Kitaev Quantum Spin Liquid [1] and has been
attracting great attentions. In this study, we investigated the magnetoresistance [2] in Pt/a-RuCls bilayers at low
temperatures where the Kitaev QSL state and zigzag antiferromagnetic state [3] are expected to emerge.
Experimental method

We transferred an a-RuCls flake on a SiO- substrate by exfoliating with the Scotch tape and then deposited 3 nm-thick
Pt on top of it. The bilayer was patterned into a 50 um wide Hall bar using e-beam lithography technique. The rotation
angles (a,5,y) and the measurement configurations are defined in Fig. 1(a).
Experimental results

Fig. 1(b) shows the temperature dependence of magnetoresistance normalized to the base corresponding resistance
(AR, /Ry = Apyy/pxx) Obtained for the three field rotations. Below 50 K, Ap,,./p,, increase with decreasing
temperature for both -g and -y rotations. In the presentation, we will discuss the temperature dependence of Ap,../pPxx
with respect to the temperature dependence of magnetic state of an a-RuCls.

(b)
3.0
O xy plane_a
25 A yz plane_f3
' O zx plane_y
204 /=05mAH=9T
< &
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Fig. 1 (a) The measurement configurations. (b) Temperature dependence of Apu/ o Obtained
at 9 T. Inset: the angular dependence of the longitudinal resistance Rxx(a) at 5 K.

[1] A. Kitaev, Ann. Phys. 321, 2 (2006).
[2] H. Nakayama et al., Phys. Rev. Lett. 110 206601 (2013).
[3] R. D. Johnson et al., Phys. Rev. B 92 235119 (2015).
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Inverse tunnel magnetoresistance in Fe;04(001)/MgO(001)/Fe(001) magnetic tunnel junctions
S. Yasui, J. Okabayashi®, T. Yanase ', T. Shimada"", T. Nagahama""
(Hokudai CSE, "Univ. of Tokyo, “'Hokudai Eng.)
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DR HE SN, LavL, BIEE TRER TMR RIZBHIS N TE 59, 20/ LI L—7 I X
VELELTHD [2], TOLIITLEE LMK EBIR B S Wl & LT, WA R EIC X D
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RESIRHLORIE DFE R, IR T-10%. 80K THI-55% D TMR 252 BA L 7=, X 112 80K T TMR #ifit & <
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B -
é
1) A. Yanase and K. Siratori, J. Phys. Soc. Jpn. 53, 2
(1]
312-317 (1984). o
2) M. Opel et al., Phys. Status Solidi A 208 232 g 407 g,
(2011). 50+ y _
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Spin pumping in all-oxide epitaxial interfaces
Masaki Terabayashi®, Shinichiro Seki?, Rina Takagi®® Masao Nakamura®, Masashi Kawasaki?®,
Koji Ishibashi?, Tomohiko Saitoh®, ©Jobu Matsuno®*°
(1. Tokyo Univ. of Sci., 2. RIKEN CEMS, 3. Univ. of Tokyo, 4. Osaka Univ., 5. JST PRESTO)

HEEER

AV UBEESRIX 10T B — /) — ROBANERR EICHEA TE L U—n—_2T7 ¢ U7l e L
THBEZHEDTND, TOHR IR & IERIEASE & O 2 BECTHER I, B CIREZEN S AR S
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FIG. 1. (a) Schematics of spin pumping
measurement. (b) The inverse spin Hall

SHEIR voltage for the LNMO-SIO film. The
1) A Kirihara et al., Nat. Mater. 11, 686 (2012). microwave incident power is 24 dBm.
2) M. Kitamura et al., Appl. Phys. Lett. 94, 132506 (2009). The measurements was performed at
3) Y. Shiomi et al., Phys. Rev. Lett. 113, 266602 (2014). 270 K.
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Tunneling magnetoresistance in fully epitaxial magnetic tunnel junction with SrO tunnel barrier
S. kon*** A, Spiesser*, Y. Yasukawa**, S. Yuasa*, and H. Saito*

(*AIST Spintronics Research Center, **Chiba Institute of Technology)
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RN O St i B AR T S 2 — s L0 | FR LRI A CHRSS TH Y L mE S KON N DR
J5 17 BIRIL 2 U2 Fe(001)/SrO(001)/MgO(001)/Fe(001) 35 & O Fe[110]| | Sro[100]| [MgO[100] | | Fe[110]T & %
ZEMRENT, Fig. 1 ICEEMEIEE T-HEMEE (STEM) 144777, SrO & MgO JEIZHIC Bt L TE Y |
&8 DA FE I FHIZ B W THAJEBCC BATE RS T S 2o 7o, £72, Fig2 2R X912, &KT
90%ITIET D MR L MEH N, WhWAH A U FEHEa e —L 2 ks b I RAEL TS Z LR IR
WENT, Fo, BULEATREICR T D BN 72 0 OF FHHT (RA) 1X 13kQum? TH ¥, MgO(001)H
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HOEEEE - L THETHD LR Eiz,

ARFFE 1L ISPS BHF 35 FAF5E (18K13807, A.S.) DBk %% 1T 7=,

B CHR
1) A. Spiesser, H. Saito, S. Yuasa, and R. Jansen, Phys. Rev. B, accepted.

100

.‘i;'l it
& e M =1
L&Fe i 8o — =
3
: — 60|
14
.SrO x
MgO
| 20
TH#Es ‘ = -
‘ %0 a0 =20 0 20 a0 60
Magnetic field (mT)
Fig. 1 STEM image of Fe/SrO/MgO/Fe MTJ. Fig. 2 MR curve of Fe/SrO/MgO/Fe MTJ at RT.
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High-quality MgAl,O.-based magnetic tunnel junctions prepared by reactive sputtering method
°Shinto Ichikawa’, Katsuyuki Nakada!, Xiandong Xu?, Hiroaki Sukegawa?, Tadakatsu Ohkubo?,
Kazuhiro Hono?, and Seiji Mitani?
(TDK Corp.}, NIMS?)
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Fig.1 tmao dependence of TMR ratio and
RA at 300 K by DC 4-probe measurement
(@) and bias voltage dependence of
normalized TMR ratio for various RA
samples (b).

1) H. Sukegawa et al., Phys. Rev. B 86, 184401 (2012). 2) H. Sukegawa et al., Appl. Phys. Lett. 105, 092403 (2014).
3) M. Belmoubarik et al., Appl. Phys. Lett. 108, 132404 (2016). 4) M. Belmoubarik et al., AIP Adv. 7, 055908 (2017).
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Magnetic and thermal conduction properties in Pt on YIG
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Growth of noncollinear antiferromagnetic insulator SmFeOs films
and Spin-Hall magnetoresistance effect

Nagoya Univ. °Junnosuke Hatta, Naoya Tanahashi, Kento Matsuura, Tetsuya Hajiri, Hidefumi Asano
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D J. Fischer et.al., Phys Rev B 97, 014417 (2018).
2 J W Seo et al.,J.Phys .,Cond Matt 20, 264014
(2008).

3 M. Kuroda et.al., AIP advances 8 055814 (2018).
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Magneto Transport Properties in Antiferromagnetic L1,-ordered Mnslr Thin Films
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Fig. 1 6-260 XRD spectra of the epitaxial Mnslr - - -
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&R

1) S. Nakatsuji, N. Kiyohara, and T. Higo: Nature, 527, 212 (2015).
2) H. Chen, Q. Niu, and A. H. MacDonald: Phys. Rev. Lett. 112, 017205 (2014).
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Study on the Barnett Effect in Ferromagnetic Thin Films Using Surface Acoustic Waves
Akihiro Yamamoto®, Mamoru Matsuo™“, Sadamichi Maekawa“®, Yukio Nozaki*"
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EERER

NiFe(20 nm)#HFEIZOWTHE L7z N—xy MIREZK 2R T, B T7—7my MI, N—x v MIRICK
Dbl S 7o A B IRIGIZ KD SAW O HRIEECR R EE O JE I E % OSMBEESHEFEMETH D, SAW O [EH A8
WL A IS O BB — BT D AN TR & 72 SAW OIRIEREN L bz, £, EDO/NE
72 NiFe & K E 72 Ni #IEIZ DWW T, SAW OIRIE R O J8 AR AL Fi L2/ R, S—x > MR &R
PR IR EUR TN R D 2 L BRbh o T,

10

HoH /mT
o

-19% 1.6 1.7 1.8 1.9 2.0

> M
-100
1.5 1.6 1.7 1.8 19 2.0

f/GHz
1 =3 MHREHEMH SAW 734 A DEH 2 NiFe(20 nm)IZH 1) 5 /35— > R h RO HEREF

S;1 /dB

SEHR
[1] D.Kobayashi et al., Phys. Rev. Lett. 119, 077202(2017)
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Mnz. 5 CoGai+ IR D IEERERE T & fb f G

AP RH T S L mAAER
(" AL KA, * ALK CSRN )
Perpendicular magnetization and crystal structure of Mnz.;CoGa;+; films
D. Takano!, T. Kubota'?, K. Takanashi'*
(‘IMR, Tohoku Univ., 2CSRN, Tohoku Univ.)

LI

[REET A ORRERN 100% D/ N—T A Z )T, A b =7 ZHZTFEMERELO 7= O EE BT
B, AFETIEE - FHEHREICL S TA—TRAXLTHD L EINDHHRA AT —HEED MnCoGa IZEH L
72011, MmCoGa FEDOBER AL FHMEHIIKFE L CREMSKETMERFRLIND Z ERHE S TS
[2,3]05 i A & R BT ME D BRI I S 2002 72 > TRV, £ 2T, MmCoGa JEE D it S i & i S
PED IR R ONTF B EAF M 2 R D 2 & THE R T DB L R BT OBMR Z A ST 5 2 L A AL
L7,

ERF5E

FEMRIE MgO(100) B S Fati & O 2, MR I B2 2y # U o JIEEIC L » TiT - 12, FiE

&R O 2 EETH 5,
Cr FHi: FHR/ Cr (20 nm)/ Mn-Co-Ga (¢)/ Ta (3 nm)
Ag THI: HAR/ Cr (20 nm)/ Ag (40 nm)/ Mn-Co-Ga (£)/ Ta (3 nm)

FMEE LD 212 MgO(100) 55k 2 A /3 ZBEENT 700 °C C 1 RNV L SR E TWAEI L7-, &80
FRMOREE (X200 & U7, BB o0 2 OBEVLER % Cr filbit4 12 700 °C, F 72 Mn-Co-Ga J& Al 1 500 °C
T, &4 11T -7, Mn-Co-Ga JB1X Mn-Ga ¥ —7%> v b & Co ¥ —% v DB DRIFEFA R ZIEIT &
S THIE L=, 723, Mn-Co-Ga 8 Db Eim bl Mn 7Co1.0Gar s, BE (1) 1% 5nm, 10 nm, 20 nm,
30nm ThH 5, i B Ta i3Ri#EETH 5,

PERL U 72 50BHT S L L X AREIHT(XRD)IC & 5 ffdbid e A, SREVRRE IEHT K 2 BRI 21T >
7

EBRAER

HE U7 b i o, Cr FHiZ W23 BHIRER(L 2 ~T— 5 T Ag THOFREHImANRSL & 72
L2 EMHBLNCRo T, FEEEILXRD PIBICL D TR TORBNRZE X F T v LIZRE LTV D
Z L EMEER LT, AN R (o dlh) EmEESE (cdlh) O ERND caltERDi-EZ A, Cr
THIORENIETORE CTela>1 THY | ZTOMITEE DRI L 0 K& AR DB A ST o 72,
—FHTCAg T#ITlEcla~1 THY, REIZIZFEAEEKGF LW L 2R LT, $locaBRE 7D
IE &SR B EER N K E S RIS D 2 E b oiz,

AT ClE Mne- s CoGai+ s I A F O 72 i T @ R AL B KSR PTE T O ERFE R s 3 5,

HHERE
ABWFFED —HRITIE WA b L — UHFEHEER R O SR 2 2 T T,

BERR

[1] S. Chadov et al., Adv. Funct. Mater. 23, 832 (2013).
[2] T. Kubota et al., J. Appl. Phys. 113, 17C723 (2013).
[3] T. Kubota et al., J. Appl. Phys. 115, 17C704 (2014).
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Fabrication of L2;-ordered Co2TiSi Heusler Alloy Epitaxial Films

°M. Liu!, M. Oogane** , M. Tsunoda'* , Y. Ando'?*
'Tohoku University, Sendai 980-8579, Japan
2Center for Science and Innovation in Spintronics (Core Research Cluster) Organization for Advanced
Studies, Tohoku University, Sendai 980-8577, Japan
3Center for Spintronics Research Network, Tohoku University, Sendai 980-8577, Japan

Recently, Co,TiSi full-Heusler alloy is theoretically predicted to be the Weyl semimetal that the Weyl points exist in
wave number space. Y Because of the existence of the Weyl points, a large anomalous Hall effect can be observed in the
Co,TiSi full-Heusler alloy. In addition, Co,TiSi has a large spin polarization due to its half-metallic property. ? Therefore,
Co,TiSi has attracted much attention as a potential candidate for spintronics applications. * In this research, we fabricated
Co,TiSi thin films epitaxially grown on MgO substrates and investigated their anomalous Hall effect.

The ultra-high vacuum magnetron sputtering method was used for the preparation of the thin films. The structure of
the sample was MgO (001) sub. / Co,TiSi (50 nm) / Ta (5 nm). For the deposition of Co,TiSi films, the Ar gas pressure
was 0.07 to 0.15 Pa, and the substrate heating temperature (75) and the post annealing temperature (7,) were varied in the
range of 300 to 700°C. The sputtering power (Wr) was also changed from 40 W to 100 W. We characterized the crystal
structure by XRD, the magnetic property by SQUID, and the anomalous Hall effect by PPMS.

Fig. 1 shows the Ar gas pressure p dependence of L2; order parameters for Co,TiSi thin films annealed at 700°C. In
the condition of p = 0.11 and 0.15 Pa, a high L2; order parameters > 80% was successfully obtained. Fig. 2 shows the
measurement temperature dependence of the saturation magnetization in the samples with p =0.07, 0.11, and 0.15 Pa (T,
= 700°C). The magnitude of saturation magnetization was close to the bulk value (213 emu/cc) at low temperature
regardless of the Ar gas pressure. ¥ However, the anomalous Hall conductivity of sample was 20 - 30 S/cm at low
temperature and it was much smaller than the expected value. We infer that the Fermi level for the prepared Co,TiSi is
not cross the Weyl points and further control of the film composition is needed to observe the large anomalous Hall effect.
Reference
1) G. Q. Chang, S. Y. Xu, H. Zheng ef al., Sci. Rep. 6. 38839; doi: 10.1038/srep38839 (2016).

2) J.Barth, G. H. Fecher, B. Balke et al., Phys. Rev. B 81, 064404 (2010).
3) S.Iihama, T. Taniguchi, K. Yakushiji et al., Nature Electronics 1,120-123 (2018).
4) P.J. Webster and K. R. A. Ziebeck, J. Phys. Chem. Solids 34,1647-1654 (1973)

100 ; . ’ r . . 250 */. Buik[4]‘ - = CozTi.Si. 0.07Pa
80 | 200! N A CooTiSi 0.11Pa
e 4 4 Co,TiSi 0.15Pa
—_ u E R ‘ . )
S 60+ . O 150 | ]
~ g ¢ ]
340t . L ]
n o 100 Bulk Curiell4]
I int
201 = point ]
Ty =700°C S0F T, =700°C ;
0 C 1 1 L 1 | ]
0 I 1 | 1 I 1 [
0.06 008 010 012 0.14 0.16 0 50 100 150 200 250 300 350 400
p(Pa) T(K)
Fig. 1 Deposition pressure dependence  Fig. 2 Measurement temperature dependence
of L2, order parameter of the saturation magnetization
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R & MU RR L T REMERDRR A £ U 38 ORUE & BEKOE R

WOTERA. WEE R, A RE. BA R/
(NHK ek Bt 7ERT)
Fabrication of magnetic nanowire device with writer for future high-speed memory application
Y. Hori, M. Endo, N. Ishii and Y. Miyamoto
(NHK Science & Technology Research Labs.)

[FLHIC

AR, REMERIRR I 361T DX O FBEIERENC BT 28 DICIEEDREE D . L—RA T v 7 XAE T ARES
NOHHLWEHO AT BMBEIN TN D, Fox TR 2 @A FIEE L, AV RAEREZAMT 5 2
& TREX & @ B X A @IS RGEEER T A ADEBUCH T, A ED TN D 3, vk TREMEHIRR
~OBEXIERICIE, ~— KT 0 A7 ffER A~y R E RIS E E S & CElERGEZ D T 7=, Lo
L. BER~y R E BRI O AR BRI X o CRRSRrE RS LN 22 V) | FSeER A FBLEICHED B - 72,
Z ZC, LSRR HREMEMIAR Bl — MBI D 2 & TERIWELERE RS & AME 2R LoD, K0Tk
R E T AT 5 Z & CIREIREOEINHFFCE 5 2 b, fidkE 74 — ML L2 ReERf T N
A ADBRFEEHED T, FLERFE TN & R UNOAEIZER L, fieksE - ~D /UL ZAERFIINZ L > T
AT DB A O THRIERZIT ) FRERATLZ L L Lz, Al flskE T2 —MbEkT 57
ot A& T D E L BT X OERK & X ERE O —#HEEIZ R L2720, T ORNFIZOWTHET D,

ERAE

REVERIRRICIX, BmERAL 2 R O RIXBRENC EAE D H D8 Cd D Pt (3 nm) / [Co (0.3 nm) /Tb (0.6 nm) ]s
LI A RN T=, BEPEMRR & GO8kaRE T OB 2 iR T 570, B LTl Y 2 SisNg %
AF =LAy ZEBI OV —Y—V V7T 7 ¢ —% A TR ICHERE L, BIZZ 0 RICiieRiE 1
PR LTz, fiEksdE12iE Ta (5 nm) /Au (100nm) /Ta (5 nm) ZEEE AV, BHER E R CADOfE & 72D
LA F =L ARy ZEBIOETRY V777 4 —ZHAWTIA LT, fékd#E 112 500 ns D/ A
TV A FIIN U 7 RO REMERIRR EICTE R SN DX O T %, MEOLF MBI 2 W TBIZE L, Fo, MK
DIERK « WX OBRENRFIZ IS\ T, & IR 2 ) U 7= 5oikss 1 & BMEBROM A~ ER Y — 7 ORI
SNThH, bbETCHELZED,

ERER

JE i SisNa g DJEJE % 10nm & L7846, FLEkEENE 3.1 X 107 Alcm2, /3L A 1iF 500 ns O 5 CTHEX
DI E MR T & 72, L LRIFUECIIms XK A — B E) O — B O BIE [ THERR T & 22 o 72, fiEHT OFE R SisNa
ORFEENE L, BEXERENEFEIINEFZ SisNs 20 U CRedkBE TN Y — 7 33 AE LFEDBRME T Lz &
DV LTz, & ZC SisNa OEE % 18 nm (ZE AL L7238t 2 /ERL L |
FLER T IS RLER DT 2.6%107 Alcm?2, /3L A1 500 ns #1452 & T i
BEX AR & HER C & 7o, F 72 BEMAR I 2.5%107 Alcm2 I L 7= & & i
(7 SRR & BN L 72 AR CRACRBIIE 2. 1mis &7, Figd1X  Sum |

RO E LI EE LR SRKEBAT 5 = &< it Y
OREFHIC L E, FioxoBK (FH) 22 acnglkgs s -

i MR
LTW5%, 51, iR T2 2 KM L2 DOF v » T4 L D AR R 1 3umy;
% AN T2 2 TERE X TR AL DRS00 L EMERBRR D EEBAM L 2 D T <, T
BE 3R

Fig.1 Magneto-optical Microscope
1) A.Yamaguchi et al.: Phys. Rev. Lett., 92, 077205 (2004).

2) S.S.P.Parkin et al.: Science, 320, 190 (2008).
3) M. Okuda et al.: IEEE Trans. Mgn., 52, 7, 3401204 (2016).

image for Magnetic nanowire
with integrated recording head.
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ADAE R 2T D BT DA O A B AR —/UR
HPUNR & B Hah il A &' #uE bV 7 Ao DRI

S i
(ESZAFFEBRIEIE NE. - MBI FEREA)
Temperature dependence of spin Hall magnetoresistance and current induced spin orbit
torque effective fields in iron-nitride heterostructures with negative spin polarization
Shinji Isogami
(National Institute for Materials Science)

1. [FCHIC

gk (p>-FaN) 137 =/ JHEORBEENAICA L oL L BORFEESIEIZIE (AMR)
DERINO~A VT 4 ACUIMREE LR 5 2 & TMLN 2 MEIEERE (FM) Thd 2 ZhET
(B SINToA = R ORISR R (AL EATRFIS @ iEhT) 3 oA N — X A B AR L
Bis (IR ST AN 5k U C R T M S ESRAM B D354 & ) BG4 13 L3k FeaN OREHEFM: 2 Sk L C
W5, X 5HIC AMR 2RSS HIEIREE 50 K X 0 (RIEM CEIRICBIZR L 4 K (3T —5~ —6%IZ#Ed
DERFRMEL AL 2, ZOBGUIIES SRR RSO HBISER T 2 2 L MEEBREIRIC L > TREN
TV5 5 —FHTAEUR—UESEGZIR (SMR) BLOAE U #LE L7 (SOT) IZKIFT FM (K
EPEDHEDRIEZ D28 1, il 21X GdFeCo DHfE SR IZIIT 5 SOT A 2hids A FEfIZ i~ ST
%5 Ko TARBIETIE, FauN 28 ~T n#BEER2HWT, EROFEGEE T = /v Il OHA O
73 SMR B LN SOT ~RIFTHELZPA LT LHZ L2 HNETS.
2. EBAE

B O ERE R, MgO(100)HifE it FaAk/ FeaN (3~10) / {W(5), Pt(3)} / MgO (2) / Ta(1) (JEJZHAT : nm)
E LT FeN DR EICIXEEZV T/ T 4 7 RE~ 7 R ha A28y 2 U o 7 k& VW=, SMR OJIE
21X PPMS 3 2 FIW TR S 4K £ TIT - 7. SOT Ahéss O #HIZ 1% 2nd-harmonic 7~ — Ll E %
FAWZ 7 HPETEEE 1L SMR IE & [FREICEIENS 4K & Lz, 2 TORIEICIE 7+ M) V7T 7 40—k
TERL72 L=25um, W=10 um DR —/L 7 0 ZAFHE+F% Az,
3. EBRER

Figure 1 1%, W& T — % 2T L CTH S 7=, MgO(100)sub./FesN(3)/W(5)/MgO(2)/Ta(1)iZ & T 5
damping-like H2h4s (Hoo) 38 KO field-like %2084 (Hey) OWIEIREKFMEZE 7T, Hould 300 K
NHORERTICHE->T 0.9 75 045 Oe/10°Acm? ([ZHEFMER L 7= D2 L He 1% 04 25 2.3
Oe/105Acm2 FLEE 12 HY K L 7=. CoFeB/W ~7 1 24 0D Je A Tk T
LT % &, 300 K O Hp 1 1 HFRREE /N SVMEIZ 72 > T D N 4 Ao
8. WHZRNREED He IIREWVVERFOLA TS Z 20D, W =
Ot EatEdD 2V L FaN/W FUEIZE 1T 2 A B A #E s & Ol
IEDY CoFeB/W #2580 & RES ER DM Y, Hix R ERN
HE SN 5. WESTIEEND O Z R D &I FeN ©
IR S P A DR & SMR 1 X O #hséds & ORI
DOWCHEICER T 5.

N
|

— Hp,
—A—HpL

[Eny

HoL, He (Oe/10%Acm™)

OO

100 200 300
Measurement temperature, T (K)

L 2B Fig.1 Damping-like effective field (Hp.) and

1) S. Kokado,et al., PRB 73, 172410 (2006).  2) M. Tsunoda, et al., APEX 2, ~ field-like effective field (Hr.) as a function of
083001 (2009).  3) K. Sunaga, JAP. 102, 013917 (2007). 4) S. Isogami, et~ measurement temperature (T) for MgO
al., APEX 3, 103002 (2010).  5) S. Kokado, et al., JPSJ. 84, 094710 (2015).  sub.//FesN(3)/W(5)/MgO(2)/Ta(1) (in nm). The
6) N. Roschewsky, et al., APL. 109, 112403 (2016).  7) M. Hayashi, etal.,  jhset shows the measurement configuration of

PRB 89, 144425 (2014).  8) Y. C. Lau, et al., JJAP. 56, 0802B5 (2017). 2nd-harmonic Hall voltage
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Temperature dependence of magnetic resonance in ferrimagnetic GdFeCo
alloys

T. Okuno !, S.-K. Kim 2, T. Moriyama !, D.-H. Kim !, H. Mizuno '3, T. Ikebuchi !, Y. Hirata !, H. Yoshikawa *,
A. Tsukamoto 4, K.-J. Kim >, Y. Shiota !, K.-J. Lee ¢, T. Ono !’
! Institute for Chemical Research, Kyoto University, Uji, Kyoto 611-0011, Japan
2 Department of Physics and Astronomy, University of Missouri, Columbia, Missouri 65211, USA
% Institute for Solid State Physics, The University of Tokyo, Kashiwa 277-8581, Japan
4 College of Science and Technology, Nihon University, Funabashi, Chiba 274-8501, Japan

3 Department of Physics, Korea Advanced Institute of Science and Technology, Daejeon 34141, Republic of
Korea

¢ Department of Materials Science & Engineering, Korea University, Seoul 02841, Republic of Korea
" Center for Spintronics Research Network (CSRN), Graduate School of Engineering Science, Osaka
University, Osaka 560-8531, Japan

Antiferromagnetic spintronics has been gaining much attention in both fundamental and practical points of view [1,2].
Antiferromagnetically-coupled ferrimagnets have recently been emerging as useful material platforms for studying
antiferromagnetic dynamics since we can use conventional techniques for ferromagnets to investigate them. Both field-
driven [3] and current-driven [4,5] domain-wall dynamics in ferrimagnets are found to be fastest at the angular momentum
compensation temperature T, indicating that the magnetic dynamics becomes antiferromagnetic-like. In the context of
the antiferromagnetic-like dynamics, however, the ferrimagnetic resonance (FiMR) has not been fully clarified. In this
presentation, we revisit the FIMR in ferrimangetic GdFeCo compounds theoretically and experimentally, and show the
rigorous analysis for the FIMR.

For this study, we used a 5-nm SiN/10-nm Gdas oFess 6Co9.4/5-nm Pt/100-nm SiN/Si substrate. We measured spin-torque
induced FiMR spectra at several temperatures T between 220 K and 295 K by using the homodyne technique. It is found
that the spectral linewidth of the resonance peak strongly depends on T. From those FIMR spectra, we calculate the two
versions of the effective Gilbert damping parameter: apy based on the conventional expressions of ferromagnetic
resonance [6] and agjy based on our theory for FIMR that accounts for the difference between the net spin density and
the saturated total spin density in ferrimagnets. As shown in Fig. 1, apy increases significantly as T approaches T,, in
good agreement with Ref. [6], while agjy(= 0.01) is insensitive to T in sharp contrast to agy. This indicates that the
T dependence of the spectral linewidth in FiMR is attributed to the T dependence of the net spin density instead of that
of apy. Our results provide a clear evidence that properly defined Gilbert damping parameter agy of ferrimagnets is
insensitive to T, which is consistent with some recent reports [7,8].

R f 020 ; T T T
eference 3 | —— gy
1) T. Jungwirth et al., Nat. Nanotechnol. 11, 231 (2016). % 0.15} E —— oy A
2) V. Baltz et al., Rev. Mod. Phys. 90, 015005 (2018). E E
S 0.10t ! i
3) Kab-Jin Kim et al., Nat. Mater. 16, 1187 (2017). g 0.10 !
c 1
4) S.A. Siddiqui et al., Phys. Rev. Lett. 121, 057701 g— 0.05} ! 1
[ I
(2018) o 0.00 IT-160K o oo o oo
5) L. Caretta ef al., Nat. Nanotechnol. 13, 1154—-1160 150 200 250 300
(2018). TIK]
6) C.D. Stanciu et al., Phys. Rev. B 73, 220402(R) (2006). Fig.1 The effective Gilbert damping parameter
7) A.Kamra et al., Phys. Rev. B 98, 184402 (2018). apy and the properly defined Gilbert damping
8) D.-H.Kim et al., Phys. Rev. Lett 112, 127203 (2019). parameter agjy as functions of temperature.
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FAR T VT A ZS AT 72 LaBi RO (ERL & iE A m i R

g BEK. M AF L PISE FETE. R K
CPN W
Fabrication of LaBi thin films and their magneto-transport properties toward topological device application
Kenta Suzuki, Kenji Ueda, Yasuhiro Hadate, Hidefumi Asano
(Nagoya Univ.)

[(BE] THEFEEZBOTCND bRa P UWEIEA~Y DVAYE AFfs s BEBEE 2 fFe 5%, AE
=V AT NAL ZMEE LTHETH L, HAITZEOHTE Te X As HEOHMILHEEE 720 LaBi IZHFEH
Ui A 1T 572, LaBiid b A 7 U WAREPEIZIN 2, FERIC R & R IRFIRI R (~105 %) 2 7”9 [1] 2 &0
EAL TEIBEIRBBIC 2 B[2] Z & D, FFICBELEZED TS, L, WL LaBi 7SV 7 IZRBNTE Y
T A AMUIC KB E T DERRIIER ST, ZZTAMETIE MR P AMEIO A fr=7 &
TN A SN IANT LaBi IO/ & B RURE M O FEAM & 1T 5 7=,

[EBRHE] LaBi EFEIEI A~ v FO/NESR(~25%Y 7 747 m =R EIC, A4 E—bA Ry
> Z(IBS)EZ W CTRRIBEIEE 75 =350~500°C C/ER L7z, LaBi Ofakttld La-Bi &% —% ~ b d La
L BiOmEELREEXD Z & CTHIEN LT,

[REOEZ] miE X BEYHE T, 75=350. 500°C TiZ LaBi ®(000) t"— 7 (2% T LaBi & 3R %
FIZHSRT 5 & —27 A Hi, T5=400, 450°C DTt LaBi ™ (000) & — 727 O H M| & 7= (Fig. 1), LaBi
IO T E$21% 0.6556 nm & HAES 5L 7 E(0.6579 nm) EFIEF—FH L7z, 2 b DOFEEMN S| T5=400
~450°C T c #hfc A LaBi HAHENR S S5 2 L 3o 7, IRIZ, LaBi #E A2 v 7z AR — v 3 —H13E 1-(Fig.
2 AR ZER UESEERl 21T - 72, BRIEPIERITIREICFE SEREE T, B b= 30X —138 meV
EIEFITNS B L o7z, ZHUE, LaBi AR TH HHE LG LTb\é kﬂ%z bhd,

Fo A= ARAENS . 1.8 K TOBEIE N 294 cm2/Vs. o’ T F *:Sub.
X U TEEMN 3.7x1018 em3 L BEL Dz, Ty U TEE L
BB X AL 7l & R T TMRR NS o o3, FEdbtER AR
+3 T L EZTND, BIZ, BRIEH RN EEIT 7= &
A, R TR 2 TR ORGS0 BN - (Fig. 2),
AR B DI NAREEED 2 IRTTARE R IB T I RTERN R
CTWAHEAIZZDE D 7267727’*”0)13%5’[% PEDNBLIL, BXUn

Labi (002) |
AL, (003)

=u

LaBi (004)

T, =100°C

Intensity (cps.)

E R (o) DIEHBMEAFEMEIL, ¥k Hikami-Larkin-Nagaoka N
e . eg.
HLN)ORK[3lIz L - Tgaﬂ‘ SNBEPMHNTWVD, Fig. 1 Out-of-plane XRD pattern for LaBi films

~in(55)
4elpB

LaBi @ oxx— B #iF HLN A CL<< 7 v N TE | 285
alX 1.8 KT—042 &72v, HLN #Hig TTHI S5 —0.5 &1F
E—H L7z, ZNHOEENS, LaBi OB 2 7R O GmE 4
PRI R AR B YA WREIZRA OFRRESRICER T2 b D &
EZEZONIBSTEICE D MR e U NRE A RT LaBi WEME
WTEXDENR NI, Gk, HRD-ERMORELFIC X

D fEemtE At L, LaBi O R deE 2 X > T <,

B2k 1) K.Nitesh, et al., Phys. Rev. B 93 (2016) 241106.

Ao (B)=o S [ (25 o +3)

AGyy(e’/h)

Fig. 2 Magnetic field dependence of conductivity for

2) F. F. Tafti, et al., Phys. Rev. B 95 (2017) 014507. LaBi films measured at 1.8~300 K. The inset shows
. . th tical mi i f the Hall b tt
3) S. Hikami, et al., Prog. Theor. Phys. 63,707 (1980). of the LoBi filme. pe nage of Hhe Hal bar pattern
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LEALUEY Y N TERIERE O R SRR E
JIPEER R, S w], B O R
(B IR ] S2 R 7B L)
Time-domain detection of multiple spin-wave solitons generation
Mikito Kawase, Masashi Iwaba, and Koji Sekiguchi

(Yokohama National University)
1. XTI
A ITRIEEEE N OERF v V7 L LTI STV D, T4, s — FRORERE R Lo
AV W HET DL OFBRIWFTIZ L > TRESN TV LN, KKRE LTAE LV EOMRY B 70
IR A R C & TR0y, ARBFE TITRIE R D A B AEFRIREL FEBT 572012, ZHE TICRFEME
ENTERLAE VY Y b OISHEZFRF LZ[1,2], £/, oo~ A 7 aliiiiizHnC, $EA
By U bR - ARUEERO BRI IS L,

2. EBRFHE

AWFFE TR\ YIG L b T 2 AT 2 — P EE O X % Fig.1(a)lZs L7z, YIG HEIZE X 5.1 4
m, 1§ 1.3 mm CThHb, FTLoATFTa2a—H0D 2507 7 FHEHET S5 mm 725 15 mm O TEZ B
5, AV EOREEITEEEL 5.8 GHz DT v MEFTEZHWTIT> 7o, ZOEWERIZIIT D4MS: H
DRKEZ XT 1407 Oe TH Y | YIG BRI FEATICEHIIN L7Z(MSBVW &— K), SEBRCIX, g 7~ MF
B OME%E 5-150ns, FHEENE 0-2.7W, [E5BHEHEHEZ 5-13mm TENENE(LS T2 & DI
Z 6 GHz RO EE Y TV X A sFn Aa—F 2L - CTHIE LT,

3. WEBLUBE

Fig. (b)B X O 1(e)ix. AJIES 1T W, AJ13Ty MEFIE 150 ns ICEE LTIz D, AL HDFE
eI (B) Z2/RLC0W5, GHFEHEE Smm TlX, £ —2713EHRY Ho T DA, (EFHEEE 7mm
TIIAE R ERICHEEL, M L7450V ) N2 THZEx2BIILE, 70, £V Y F
YU B A E RIS B2 D Z LN b o T, iR A 2 b S5 2 T, KRIEMSIC
BUAZAVERELZBHIL, £EY Y R OERERRE - BEERER S EICRTE T,

(a) | (b) (c)
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Fig. 1 (a) Schematic of device, (b) shape of spin-wave at 5 mm, and (c) spin wave at 7 mm.
4. FE#w

AWFFETIE, fRRIREE S AR S5Oy MEZFIET D Z &I2k 0, ZEAEWE YU b ORK
HWEROFEMAE BRI Lz, 4 YU brOBEEAPHBICHRHS NI Z E0E, AV VERICBET S
MR R A RITT 5 Z L3 A[RETH D,
BEICHR

[1] B. A. Kalinikos et al.: Phys. Rev. B42, 8658-8660 (1990).
[2] M. Chen et al.: Phys. Rev. B49, 12773-12790 (1994).
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Elucidation of correlation between spin Seebeck voltage and
Gilbert damping constant in polycrystalline garnet thin films
CIEARE Y, AR |, GHRRREEE |, ILEEA !, BIRE—ER 2,
HHBE— 3, LB 3, NEFES 3, BiREE, IRER !
BEERABEH ', LKy R1E? EAILHE?
°S. Masaki!, M. Yamamoto!, M. Ito!, K. Yamada!, Y. Kurokawa?,

Y. Shiota3, T. Moriyama’, T. Ono?, H. Yuasa?, and M. Shima!

Gifu Univ.!, Kyusyu Univ.2, Kyoto Univ.?

[BS] V—x > MBI TH D YsFesOn (YIG) X, F/3— h & o v v 7 EFRIEE) /N
S AV U ERBEEIRCE 22 L5, FERMESRE & OSSR CAAR NS D L, K
ERAC VR VBENRFREIND O, A ha 7 2A5BHICBWCEE, ER2ED
TWBWA RBFFECIEdtikiE Ay a— MEB L OT7 =— /L K 0 S50 YIG W2 fERL L,
T = VRE A AR E U CHEBEOR A, RS, BRI, BREER). A
By 7 EE(Vsse) DEAL TR, Vese EHHREROHBEZHOLNCTHZ L2 HBE LT,
(=B Fe¥, Y O KB /KIRIR & Fe*t: Y =5:3 D
HETRAL, 7o =7 KK ZH T L pH 9.5 Z {RFF
L7 B HpEEIC L0 YIG sk Z2 Ak L7=BL, o
72 YIG iR % =% / — L HRIZ o E&E, A a—Fh
EICE D Si R EICBAT L2, RICKEEHR Flckn
T, 1073~1223 K OiRE T 30 min 7 =—/L &2 47\, JEE
B2 BRI L 7=, XRD, SEM, SPM % Tl otk iE %
FEAfi L. VSM, FREEMEILIE(FMR), A B2 B —_y 7 EJE
BB L0 BRI 2 R~ T2,

[RReEE)] 7,=1173K Tr=—1 L. {ERL7-%#

Applied Magnetic Field H (kOe)

ih YIG W EREL D A BB — Xy 7 BT Vesg DISESHK Fig.] FREEICH T 5 Vose DREIBIRIFIE.

FMZX 1ITRT, BEEAT OBEINE & BT Vesg 234 2 0.03
KT BB S, BFORE, AL L=<y 7 € | 4 socmams A :
S O0T4RVIK Tholz, ZORBOAE L=y T Damping consantc @ mmé
(R S 35 L O FMR JI5E T/ B - A oD T =— 1 S g
BEERGFHEAZRK2ICE DD, T=— ViREOHME &b *§ il T 3
I STEAMD U, R ERaIN AT 5 - L MR L, § t $ 1
HARERORKIL, 250 YIC MO TR FRICHT & . H
BRERFROLAT =—MRIEE L IS L, M o T A

DKM AEERNRELS D LIZEDEEBEZBND
4, S@ﬁiﬁ/ﬁfbﬁﬁrﬂc:ou\ﬂi\ FREH L @ﬁl}ijﬂﬁ Figa, %y d—y 7 {FHS.
bHEBEZONHNP MOBERGEICKITHa X7 H WA D T = AR TP
VRVDEELEZ BID,

[ 3CHiR] [1] K. Uchida, et al., Nature 455, 778 (2008); [2] K. Uchida, et al., Appl. Phys. Lett. 97, 172505 (2010);
[3] B. Huang, et al., J. Alloys Compd. 558, 56-61 (2013); [4] /AR —EE {1, 5 79 [Els WL 2SR T Al
<>, 18p-PB1-57; [5] H. Chang, et al., Sci. Adv. 3, 1601614 (2017).

[HHEE] AAFZE O —FBI%, FURALAF H29-31 4R - SLEFIA - LRI OB Z 521 T bz,

Annealing Temperature Ta (K)

— 200 —



26aPS - 27

F43 Bl HAMKF TR (2019)

A 7 e N BRI G 2 PN AT RE 7R SR BN AT I 2 7 T o O PERELGE

Rl t, LIRS E
(LK)

Performance improvement of magnetically driven cytology brush built in capsule-type medical device

T. Okoba , Y.Yamasaki and

T. Honda

(Kyushu Inst. of Tech.)
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TOHTH DOHAZES) I [MERE) 2 N2 2 & L1 X > T, Ml OPRIE 2 KIF IS 2 2 LIl L7,

R TIEZ S OEIELRERH I DWW THE T 5,
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Fig. 1 1CAWIZE CHIF L 72 SR EMI I b 2 R 3, iR
7 v —HEREIZERE LT B, NdFeB 45 (¢ 8x2mm) % il L
TRV EEE ;Y SRS, Fy M7y r—tL
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fHFesnTns, FIEEESOBIEFEEZ R T, E TR
T AR ERRER 2 NS 5 &, WAPHA V7 2R
LV DEEET 2, F v FORERIZHIRBENTE D, £y bEE
FANCERIT 5, ZHUStEw, 793030 e 6 BT 5,
[ g AL o B 77 1) % R I IFER iR 2 2 & © 79 S 3 fE
HEE 2,

Rz, MHEIREIOENEREIEZ RS, 7 7 > 5ehici: NdFeB fil
(P 3x2mm)DSHL D AHF SNTE Y, Fofd & FRRIC SRR %
FIINg % &, BIEREER D> & 320 B HER RL 712 X - Clg P
a5, BRI IZE D HIED S 2 72 o I BT E 2
(B EEITL P2 Ik > THRNWDIR S, BRI n
ZRMMCREDIRL 77 > 23 mlisiRE 3 2, L EX D, 77721k
A8 DAEAEE)IC X 28I 2, RIEEIREI D D | FREGE D
BmasAfEI %,

FHli#E R

E U OISR TH 7 ITEA L 72 77 & OERE A3 L
7ZEfEZ L Cw b 2iER L 72, Fig.2 12, 1200e, 1Hz D)z
2 EM L 72 & & D 75 > Dlalfinfd B DR RIZ AL o S il 2
NS RN IEEE R 5B L ZGHRES R L Tw 5, #
HIfE & FHREIZIZIE—E L, 77 > DEERMAEE /7 2% ) PRI
EWELTH S EDbh s, £, MIEEREOIRIEIXF 180°
THY., 7T aEIVNGNEEICETE 2 Liff IS,

eV T Bl 72 78 N O RIS HIESBERS 2 3iE L . BRIGERR
Z2i17% o7, Fig.3 I OIEERE & SRR OBIRZ ., 16K
TORRE & L CORY, [RHRHRE) 2 12 7 ARDFFE OFERE Tl
HERIERGDRKY b 5 OLRIER & RIFICUGET 2 2 ENTE 7,
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Proposal of magnetic guidance methods for capsule-type medical device aiming at stomach inspection
K. Okada and T. Honda
(Kyushu Inst. of Tech.)
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BITHLE OIRENERN I > TR Y | BRENL CESRHPEN LA ~OBE AN NEETH 5, A T,
B 7R NANBEIC LD BENOEGMBEOFERZ Afs L, IMIHAR TU A v L ABEB) aTEZ: 2 FREHOFE

EERET D,
RFIEBR EWERE
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BB IVDERE S ANZESNL L, BB AKE NS
M TEWTW S, KHHEERREIL, B0 mlsh 2 A
3% NdFeB BEAIZHMER E LTHRY A I K7 4L A
EWOMAT oD TH S, $hEF ARG 5
& BRSOV B ERRE) L B N
5952 & THENZSD, 20L& KFHNICEDR
BERAEENT 2 2 &<, #EITHREHET 5 (FX
(@) o AT, SRIE T M BB R &2 FIN3 5 & i
W MV 7 TS 523, ZOREEA ZHIRT 5 2
& TH T RvNEREZEED (FIX (D)), 5 RORKK
XX 55 Tholz, BT, SHE RN ETHE
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KIEITAIL81.2° ThoT-,
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FETIXHEENZZORRELE L, I A8 1
— & NdFeB g & fAIA ATE T 77 )V B R AT e,
BICBIE L= 72 ANICBW T 7 = Ui b kK
FFT MU LAOLFEROEREZ W, RBAE LT Rl
RETNNL—U BEIESE S, 2k v ek
EEINS L LI S EANEENICEBINS,
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Fig. 2 IZAHE L CWARAEELZ RT, HIENTA
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IIL— BTN D, SN B L S 2 Fn
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Fig.2 Guidance principle of balloon mechanism
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Performance evaluation of square coils for magnetic hyperthermia
K. Sugi, S. Fujieda, S. Seino, T. Nakagawa, T. A. Yamamoto
(Graduate school of Engineering, Osaka Univ.)

R NA =Y — I THEHEIL, DS AFREE DI A U 72 iR 0 & A3 Wik & FUIN LBV S |, 8
AR Z RS FT AN L CREJA S/ DIRIEIE CTh 5, BTN O R EVE XA Wi O J8 5 & iR o~ &
FIZHBIT D720, IRFICITRFIIC Y — e RS 2 HIN$ 2 MR H 5, AR AV—T7 Tk, FEBRE
TV a2 b= a i X0 AERIBL 2 A V& O TR AR R A BRI D LRB R A ZE N2 Y — 72
RS ERESELFRELTEDTHLZ EEWLMMNTLTEREY, L, 2 ORMEZEMosMEIC
HIRAVEIG DT ET D720, D= A A== R ENSH D E, ZTNOLHIEAIETLE Y Z LN
RIND, AW TIE, B A LRV IC, AR A VERWD Z & TRMRREIZMBIZAE T 5TF
ARG OIHENIZER Y AT,
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mm TH2D, 7274 baTIlflFa—7% 7 BX L THRME A VEER- LT, ooz, F&EE
O FILE = A VB ERLL 7=, 1000 pF O~ v F > T Xy R H U ZAB LN T7.07
A (FERNME) OB XD RES R E Yy 7 T v Faf vE N CHIEL
A L7z, ET. A K ORAEIREE = A /L OREIEENINE & o RERR RS 0D PER & S
DZERNTE U D i 2 AREFRETY I 2 L—3 g > (Maxwell 3D) L7-,
EERER
szzm)@ﬁﬁka»@@ﬁ%%f£MLtﬁﬁ@%ﬁﬁ%f¢ s
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Fig.2 (a), (b) Measured and (c), (d) simulated values of
magnetic field strength between magnetic poles and
outside of magnetic poles.
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Evaluation of MI element using amorphous wire and development of high sensitivity
magnetic sensor
X. Zhang, T.Uchiyama
(Nagoya Univ.)

FLDHIT
ML B (KA =X 2B oH) 1, TEALT 7 AT A VORI & D&%
WA SR OMER A v B —F AR E IS, 7LV RAEEBMRA v E—F v AR %
CMOS T [AIBE CRBL L = HFH O FEE~ A 7 nigKk e o CTh b, F, MKt X
B RRAREDISHPEZ TEY | ROV E P RRD BTN D, mt/%
ZERELT D720, AEOFEERIT M 3E1 ORE L ESFNBVLER OIRECIE /172 o
BAfR A IE LTz,
ERITIE
M EFDTU A VES HFEIZERINIELR Hex) ZEIML T, M1 OM AL LESNT-
WEHT) (Bout) DZEfLZF, S
B LT T A EEORE S & Hex
P L7z, T b MO O EEHEE cMOS pulse

enerator Differential circuit
310 (55 0T, FORTM ETORES) 1
%_, %f/%: L f:o Pﬁtﬁctionrcircuit
S= AFout/ (AHex*10) M! Elemd
ERRAER
A Bl D FEERIE ABC 3 FHIHD 7 E/LT 7 A

IAXY A LTz, VA TYDRTA—=H(T

TORIIRENTND

3 %i}kﬁ@ v /]’ —\7 1% 400 H» % 800 i Tohz Differential circuit voltage
A VB ST AU 15 6D MI 37 DRk Fig.1 Circuit of Pk-pk VD type MI magnetometer
EME LT, M2D& 51T, BEIFALXDY .
BC D5 73H] 5 T EI VY, AU LB O F] - 5

IS HFBEZ L ZEZ BN D, HIMRAIA /NS
WA, TAVYOREIZLY &V 2 & D3RR
T&7c, £72, FUSSDBC YA V&t~ : "

tivity(V/ 2 T)

0.052 0.0559 0.053

B BVLERIEEE AR B O AN E e o
) {E‘F % j/.[/ f: o ’ 400 500 600 700 800

0.0439 0,029

Number of turns of coil
ults of the relationship between sensitivity and heat treatment,

Table.1 The parameters of wire A,B,C f coil of 3 types of MI el

m in diameter,440°C, 3kg/mif;C:30ym in diameter,475
coil diameter (um) Heat treatment ('C) stress (kg/m)

A 30 475 8

B 30 440 3

C 30 475 3
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Coreless Current Sensor Enabling DC and High Frequency Measurement
Naoki Noguchi, Koutarou Ogawa, Minako Terao, Saki Kobako, Kazuma Takenaka

Yokogawa Electric Corporation
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Development of Broadband Thin Film Common-Mode Filter with Quasi Left-handed Transmission Line
Takuto TERASAWA, Takeo ARUGA, Takayuki KOYAMA, Hidetoshi NAKAYAMA, Hideto TANAKA,
Sohei ADACHI*, Makoto SONEHARA* and Toshiro SATO*

(National Institute of Technology (KOSEN), Nagano College, *Shinshu University)

R R - HY

FIERREEEEDO ) A AR E LTEMEFICEL DT TMBREGTRADRH 575, NPk Th 5 [FEE
LD /A R(mTET— R A X)W RDOTZDIZTTET— R 7 4V F (LT, CMF & tal) 28 b ZEAR AR
Thbd. EFXELIL, EFREEREIRE N —R & LI BPUR AR AR CMF 2428 L Y, I X 55
e, To/NULERF L TE= 2. B 5/NULOT=OIZ, MIEEREE R LA v X7 X DR &%
BRI LTW5 7T, AWFEOHIK CMF (X, FHEMEEMEA > %27 % & MIM v U 2 OMEEIZLD,
KWEZR PR & T 2 T NSy REER G DTy, AR il A B k<, 74 2 /UG5 dlE 1w i
WEECTHIENH o722, LLEX Y, RJETIE, 2GHZ H DT 4 VX UEHBEE RS L L, &5 @il
F CTOW IR ~10 GHz #) 2 A3 5 LK CMF OBR% % BAZIC, TEROMENE CMF % #5(m I 5125

LC, IR A R LT S s 5 5. C a2 G

FEIE CMF EHMERE s & USIEREE —o—| | {f—o—
Fig. 1 (2% CMF O ffiml—~ =~ b zomd. [FEEL, B G= Y =G

Xy RUH, BRI RN EBIOREAA X7 X TR SN H7 ;ﬂk

amy MEAKTHS. EBEEE, BEI% 1o ¥ 5 EOEA 1 Mes a1
LBy BT K B REE T BRI & L CIE il 5 oIk L, Gr T &
TEE— R AR, 2HREBBRBMOTDREGA V272 —od] I} {o—
PSRBT, % v S 2 DBOEEBINC L 0135 R%E S C, .2 a

729, CMF & L CRIEZRBEREL RS, KR CIEFR=2=y
[FIE& 2 3 fEE &8 L C, IRk 2 AR e HiET 5.
[EHEGEE CMF %A

2GHZ DA Lkt & LT, %5 @m0 GHz #)E T
DT 477 by /VE— NMaka-3dB LA E, aEE—R
frik#-20dB LA K & L7 BARAERR A 72 97 [BI#E N T A — & & f
LS R A Table 112 F &6, Fig. 2 1IZZDIRERMED T R
L—a URERERT

Table1l Value of each element.

Fig. 1 Equivalent circuit of thin film CMF unit.
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-50 e
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Filter Do 125 | 05 | 005 G R _ 0 s
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Filter @ 06 01 005 45 0.75 Fig. 2 Transmission coefficient of designed CMF circuit.
FLOHESHRDESE

ERRDO LD RENE ST A= OFPUZ LV, #HIE CMF O FHEERZ K 0 SIS L O FIEEME 2R3 2 &R T
&l L, BEFEICEEGEORMME LY, SBEA LKA T 00BN H L. £z, W CMF
OEARI) 72T S A AAEEHFTB LORIEL TN LV, BEREEZEET 5 2 RS %ROMETH 5.
BEIWR
1) H. Nakayama et al.: Intermag 2009 Digests, CU-02, (2009).

2) EHVEREEA, M BRIEEFOGE A, 1375, 4 B, pp. 221-228, (2017).
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Development of high frequency magnetic field coil for magnetism measurements
K. Yoshida, H. Yanagihara, T. Isobe
(Department of Applied Physics, University of Tsukuba)
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AR, ST —PEIRIZ L DAL v T v VRO EEFEALICE, a4 03 0T o EOZ B O/
BUEREATND, T ZAO/NUBIE, RNU—EEO LRICERET L2 200, KlERZEE T ORGHT
d. BEOIEHRRFMNA R R ERD, 427 %D a7 AL DM EHZ SOV TIE, &ERIC
BOWTEWBRBEZ R -7 & & OBRKKFHIAEEII /2D, —MRIT, A &7 ZMEHCB T 2 A IC I
ZABA Ay VRO ATy FEE VS TEFEMHWONATE YN, BARDEEE T LB DT A—4
ERHWTHR(A T ——EEHT 52 Ll d, 22T, AR TIIERO BHJEIZ DY 5 5 & JE
P RGA LR T S (S VRS - ~1 T, A%~ MH2) OB Z KL L, ZOEBATREMEIC W T

BRtE 1T -7, _ ,
Table 1. Specification of coil

EBRA & W 2 mm
AEWEHL L 72 22 A L DO fIAES Table 112759, Reoil EX 2 mm

LR R OB . Lo E2A VDAL H T 5 g 139 0

A Coon FEBOIHREFSEA O IO OF ¥ 32y 045 uH  Leoi(pertum)  0.028 pH
PUATHD, BHORS STRASERICEST | 2250F  Cei(pertum) 36 nF

SIb, RUSERESEIMGAVIRKR gy
BENECLAZ L RS, 22T, AENIZE Y
Y NERERG, a1 x—r T eicar T o R B0 LC BEAIILREIK & L TEF L, LB XY
COZNENDOMEAE L HKEBIEDOENZX 72, $us FREOERH OWPEN FRETHIUE, 24 VD%
ﬁmiéﬁﬁm%ﬁbﬁ<fﬁw%®&%ﬁéhé

BB L LTI NI DA =2 EJRE T, BREEHD SMHz £ 72 H K oRkEH L, kiR
RS BHZ DWW THEE 2 R A T2,

5 MHz

ERRE R .
Fig.1 |2 mvwmm BT oA L BT 20
W E2 T, BIRMNETIZ/R D FE TORMIZH 2 10
us Thote, ZOFRERIY, ERPEEL THD E__ 0
Wiy 50 JEE1, MBI LEARRIER 1ops T~ 10
T, T70, AEOERTI = A MTREK 324 OF §8
WA T Z EMTE, 2T 023 T ORESIZFEY _40 . .
T 5, THDOEMETHE LIRS, =1 VI 0.0 1.0 2.0 3.0
WEOHITZRZIT bR oTolh, L KE time[ps]
REMAEBT DL LT RBRENTHLESE Fig. 1 Time development of LC resonant

ZHND, FEE T, MR AREEI 2 RigsA
DOWALMER Y v 7 7 v 7 aA VA fIaA I FEEICEE A LIIE L2 MH BRICOW T T Lz,

B SCHR
[1] EAKEAIED | BERFESFHIGE D, Vol133, p84-93(2012)
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B BRI EhRR % & FAV 7z NSS OF BRI E R OB ORE
HH %, A2, FEEE I, AR EE, SRR
() Magnontech, *— = A ([
Permeability influence on permittivity measurement using open circuited coaxial line
S. Takeda, T. Yamaguchi*, T. Hotchi¥*, S. Motomura*, and H. Suzuki*
(Magnontech, Ltd., *KEYCOM Corp.)

FERZHEL, TNENEZHAMEL TX

FCHIZ Jelz, Foxr TmHs - Faﬁﬁﬁtl’]iﬂif%ﬂ%ﬂ%b\f@@}i
HEFROEIHER DB OB LR/ 2T D &M
Iz L

V)Ebb\fﬁ%ﬁ:;k&’)éﬁ{i%fu)l L= 1) 2). 03[5’”

MmoTz, ARl AR BIROBIR 2 N2 THREMIZ u=1 THERZPE L., BIEIOFEAMIEDORER &
%ﬁbk@fﬁiTéo

REEI Fig. 1 ([CBAMKFIHIFRIE 2. Fig.2 ([CHH& R 27, MRS NAMEIRIC B B L
TREETHA SN TN D, ZNENOMIEIE, PUBER R 2 HHEwm & 92 & FfliBlg & L CES LC [l &
B LC Bl Tl TE 5,

ya

> >
(}/ B 0.38uLo <}, - I %
( (\ pLo

: €Co 3 .38¢Co
% . —I— W 0.38 CI

\
gample sample
(a) cross sectional view  (b) equivalent circuit  (a) cross sectional view  (b) equivalent circuit
Fig.1 Open circuited coaxial line Fig.2 Short circuited coaxial line

K, Lo=Ll, Co=CI TV . L4%7MMmc=w7mmu¢m9ﬁ%ﬁ%®%&ﬁ%t@@4Vﬁ&&
VALBHERBETHDL, E HTRBORELTH 5, B OB L FEFR 2 ul e TR Lz, MO 0.38
ORENE, MARZALA 1.4 radian LT CTHNIE, EFREETED E5%LL T CTRALT B2 D HLDTH D,
REER AR S LTI APCT 2V, HEAEREOTEX 7 mme x 3 mmoTH Y, &BITHH
RN THERR U7z, SRBFOSRERIZM ™M Z /)08, AMER & NER & OB O BRI, < &R TR L TH
ANRNEEDOBEBESTH S, NSS DJERT 300 pm TH 5, Fig.3 | i*ﬂ§$0)/ﬁlmf*%f&>é SRR
As measured D H 0D, BHITIBEHERMER R EAAEMEL-bDTHS, 1 GHz ~ 2 GHz DB TR 72

IIAEEMEIC LD KIEICHEAD T2, EiRIE, 5k0e OBERZEMLANOLHTE LZHDTHY, 72X
i‘oc:cii@wa“éo =1L, 2 Ko — 7 NElEnT-, Figd 1TxdIET 5EMBROMERETH D, As
measured OIREETIL, 4.5 GHz T O — 7 BB S, FEEHIET 2 & 2GHz~4 GHz @ p 13
L3800, 5 GHz D —72 ijté“b\b( ECH D, MR T CTHIE L e Z HNTHIETS L, A
NA T ) ARTFEDD, 1FES GHz DE—7 A TAL— AR E e o7, ZOdifx, A CHED
200 um CHIE LR EIRIERI L Th o772, 2LV, JEWNSS O p 2 HIE T 5 & @Ak o e —
7 NEEINT B L, NSS OFERDHS ZEL WD I EngnoTz,

1000 40

A T ] e As measured 1 L[ [ | 2 As measured
. Ja — — AL & ) N[| = = i
E 800 STy A §%Eﬁﬁjﬁi:ﬂ7]ﬂ = 30 < _— H%ﬁﬁ&ﬁ'* e flIE
g NS H.;;-. WA —§ u \
£ 600 \J\ E 2 N
& 400 3 " /Q SLad ]
= L -\ = 10 / Ju-&*'
£ 200 ENH-3 g ® w” 3
=3 Q -L N.
(&) hatskt? / «t: o 0 ,\-r-b
0 = — @L —5
0.1 1.0 10 0.1 1.0 10
Frequency GHz Frequency GHz
Fig.3 Complex permittivity vs. frequency Fig.4 Complex permeability vs. frequency
&3
1) sCHfl TS - BARLIRIERES 2 W o @ s - BB ROMAMERE] % 38 | H A2 (2aE-4)
(2014)

2) S. Takeda, et al, “Theoretical Consideration on Short- & Open- circuited Transmission Lines for
Permeability & Permittivity Measurement”, J. Magn. Soc. Jpn., 39, 116-120 (2015)
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1E BB RERIENT X D T8 B 0S8R B D 18 JARIIZ B 3 5 Bl G ru ke 5

BEEEAE S, ADRFIHUR, PAERRZE, P, HhHE
(R T3 m B R 22A0)
Theoretical Study on Loss Reduction of Multi-layer Transmission Line
with Positive/Negative Permeability Materials
Yasufumi AIZAWA, Kodai KUBOMURA, Reona Nakamura, Hidetoshi NAKAYAMA and Hideto TANAKA
(National Institute of Technology (KOSEN), Nagano College)

LI .
R JELBE AR C IR AN R £ B A ORIK A8, IRHUSRAL D K & 72 TR i
Th D, WA RIS 5 ER TR L L, AOBREMEE - o4
REFAHC BT 2 ZIHMELRE SRR S Y, 110 5 D SATHIZE - §
LY, EOWRARARIES N . AT, WRSEEC L B
RIS D32 B D B DR FHES 27 L7208, A IREEEMNT S I adecton s
Bt et & LT MR AR T b o 72 DI, ADBREEE e ,/
(2 & B AR R A RN R AT B 7200, BRER BRI 65 < et & d
TN D . AR B LB RS & 24 2 56, SiERmi ko [_| Positive permeability material(Cu)
WBEERTDUEN DD 10, KT TIL, HIHSIBREHRE OB [ Negative permeailty materil

REGRICHESE SRR TR L 2K OHBE Nk L EH LG FD | Sueormgong@)
AR DERATM OB R E, TR LR 2 05, e
E/AEHEMHOBREEEICE T 2ERREBHAER

AR TR RA O 720, WE0 AR AT, S0
LR AR L S TGS O A5 & RIS, Fig. | OBRIREF LT
Bt Uiz, B2 AR OIS HE & B RIB I~ 7 2 7 = L 7RRC
g, KH)~RAG)TREND. n EHOBEERER L, 13X3)T
BHITX, SEMEICHIT R0 EREFIN L, R/ RTEHEERE

—Cu only

Optimal stacking condition 4

i

Current density
|Jzy| [ 10%5 A/mA2]
- o
=t N w

=
in

0

ERETTAZENTED. °o 1 2 3 4 5 &
_ _ +hny —kny Centre Distance from centre y [um]  Surface
Jen(y) = OnEn(y) = 0n(Ane™ + Bre™) (M Fig. 2 Current density distribution
ky? = Jwo, iy 2 considerating the effect of surface
roughening.
_ rtn UznOI?

Ly= [ “=dy 3)

BHBRRRUSERORE

Fig. 1 ® 5 EREREICH VT, BEMEE LT CuCEESR 581 X107 Sm)ZAE L, H.OORGBHEHEM
W20, HERe N Cu ERI%T, HiBHEERun=-1 TOIIEMNMEIZEREL, F2BEICCu Z&REL,
FBAOVEIZE S lum ORMEFLIE 2 (E LT, £ DEEHRg % Cud 0.5(2.91 X107 S/m)IZE & L TR L 7-.
WRETSRAEI, JRIE f=1GHz, TS RIVEE TOEE puae =6 pm & L, T EFBRLRMEOE)E 5
1 DRI ZZALEETHARDEBZI R ZMat L. fRE LT, =403 um OEAICHEER RN EZRD, Cu
BILORBHILEOADOET L EE LT, AR 36%ETE 5 Z L3 8 T& /-, Fig. 212, RuHllb
B LI A OBRBE 2 mT . AEEEMEOMEAIC XY, Rtz BE L THREROBEREE
DIRY 2R TE D Z LB nhoTe. 5%, ERBHEOEMIZ L DM EZ 50, M HJERE
RIET D BRI 2 EME 2 20 S8, BRI SHE OBRRE A BRY & U7 Rl Esit 2 et 5.
EiilLd

ARFFED —E1E, JSPSEMF#E 17TK14674 % N19K04521 08k E2Z 1 F - b0 TH Y, HH L B9,
B SR
1) Yamaguchi et al.: MWE 2008 Microwave Workshop Digest, 207-210 (2008).
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0 — 5 — R AREA RRERIRIC & 5 2 IRTEY S VB DRk

(UNIREFS
(FHB =R
Generation of 2D vector magnetic field by mangle type magnetic field source using permanent magnets
H. Sakuma
(Utsunomiya Univ.)

(= Y. ») p (a) Pattern 1

AR O K AR A %2 Ve — 7 —BUOK AR A
KEHFIE, BEEORAEIIIBIRNARE T, KAR
AHEBIRIED LI VIEEREDOKG 5SS
ZLENTE DD, AGEE T Z O AR A SR
T, B DR O F 72 535 ) AT RS 4
WEETHDH L EIRT.

> N
0T T 4
> X W

4—

<+

S . CIRC IR
Wik £ B3 i
BF AN FERE LTz 4 RO PIRERL R A Y A4 % 1E - .
oo 8 o ig. 1 Rotation patterns of magnets
FICAZEE LTcn — 7 — AR A5 2 5. WD
FREE A L S DI, WL DD OBEAER N Z — ) Table 1 Angles of magnets
EBEZONDIND, ZOHFTHRED N2 DD/3FZ—2  Pattern MI M2 M3 M4
Z Fig. L ISR T . BGEOFMEZLSEDI2E, 450 1 -0-¢ 6-¢ —-6-¢ 0—¢

WA 2R CAHERZ TS E 5. ZOREAKEE ¢ LT 2 180°+60—¢ 6O-¢ —60—¢ 180°—0—¢
#L, Fig lO¢EEr LTS, SLITHIGOMEZR
TET DRA DR AED Table | DXL 9D 7R2EFRE HND

L, —ODONRTRA—HY TRBLTES. 0, ¢ 12X DF0MIE
DRSO L FIOEE 2 WILAREREICL Y KD
7o, WA OERIL 20 mm, B HOROBEREL 60 mm, #A
DREHBEEIT 1.29T & L7-.

ARER

WREBEORESIZIELLDO R —IZBWWTHOICL -
THFHIZE L Lzn, ¥ —2 1 T ¢ IREER R LT,
WA E O H L Fig. 2 ISRT L I8, ¥ —2 1 TIIFFE
D GITBNTO RN H Y ERCHE S 720, —J, ¥ —
V2IZBWTIIBREEDO F AT ¢ I L TEBY, 0 KT
PEH72. (=0 TIEBRBEEORKRE IR |2V T
FINIEE H720)

lED X oIz, R"¥—r 2 %2HNWBE, BGFOREILSH
B ZEEICHECE 2 2 EAURENT-. 5EE CIXFEEER D
FERLTTTETHD.

ﬁﬁiﬁ 2] (deg)

Fig.2 Direction of magnetic flux density as a function of

Bdirection (deg)

Bdirection (deg)

1) R. Bjerketal., J Magn. Magn. Mater. 322, 3664 (2010)
2) MeARIVERS, HABER TSRS 3, 43 (2019) magnet angle ¢
3) EARIER, HHEH, EX TR~ RT 4 v 7 A EE MAG-18-160 (2018)
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