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Spintronics applications of gyromagnetic effect

Yukio Nozaki'*
('Keio Univ., ’Keio CSRN)

The gyromagnetic effect was discovered by Einstein, de Haas, and Barnett about a hundred years ago. They found
that macroscopic rotation and magnetization of a macroscopic ferromagnet are convertible with each other. Strong
gyromagnetic effect appears by increasing rotation frequency, implying that.a rotation frequency is equivalent to a
magnetic field. The magnetization is originated from microscopic angular momentum of electrons in solid, i.e. spin
angular momentum and orbital angular momentum. Therefore, the macroscopic rotation can give a torque on
microscopic angular momentum of electrons via conservation law of angular momentum in a rotationally symmetric
system.

From the microscopic point of view, the gyromagnetic effect is understood as an inertial effects of Dirac particles,
which appears when a local inertial frame rotates. Hehl and Ni deduced the Hamiltonian in a rotating frame and found
the spin rotation coupling (SRC) given by the inner product between spin angular momentum and angular velocity of
rotation [1]. It is noted that such a spin rotation coupling remains in the Hamiltonian under a nonrelativistic limit. The
mechanical rotation £2 in the SRC is coupled with spin angular momentum o similarly to the magnetic field in the
Zeeman effect. The amplitude of emergent magnetic field, so called “Barnett field”, is given by €2y, where y is the
gyromagnetic ratio. Such a Barnett field is very weak so that we can observe the effect only in ferromagnetic materials
so far. However, recent state of art technologies enable us to observe the Barnett field in non-magnetic elements [2,3].

In this talk, we provide three topics on the gyromagnetic effect, which can be applied to spintronics devices. First one
is an acoustic gyromagnetic effect in ferromagnetic NiFe thin film, where we have observed phenomena based on
magnon-phonon coupling via gyromagnetic effect [4,5]. Second topic is associated with another acoustic gyromagnetic
effect in nonmagnetic Cu films, whose spin orbit interaction is much weaker than platinum. Here, we will show some
experimental results on an alternating spin current generation due to a gradient of acoustic Barnett field in Cu films
[6-8]. Third topic is related to the experimental study on current-induced spin torque via spin vorticity coupling in
composition gradient interface [9-10].
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Theory of acoustic gyromagnetic effect

M. Matsuo
Kavli Institute for Theoretical Sciences, University of Chinese Academy of Sciences

The gyromagnetic effect, a phenomenon where magnetic angular momentum and mechanical angular momentum are
mutually converted, was discovered approximately a century ago, prior to the establishment of quantum mechanics.
Both Barnett and Einstein-de Haas discovered that ferromagnetic bodies could become magnetized when rotated?, and
conversely, these bodies rotate when magnetized®. At that time, it was believed that the source of magnetism was the
Ampere magnetic field created by the circular current of electrons in a magnetic body, and the orbital angular
momentum of the electrons was assumed to carry the magnetic moment. Surprisingly, experiments by Barnett and
others showed the gyromagnetic ratio (g-factor) of electrons in magnetic bodies to be about 2, significantly deviating
from the expected g=1 predicted by classical electrodynamics. This crucial discovery suggested that the electron
inherently possesses a form of angular momentum different from orbital angular momentum, later identified as spin
angular momentum with the advent of quantum theory.

Our research endeavors to utilize the gyromagnetic effect for spin and valley transport. Specifically, in this talk, we
introduce the "acoustic version of the gyromagnetic effect" using the interaction between vorticity in surface acoustic
waves and angular momentum carried by electron.

First, we introduce a mechanism for generating conduction electron spin current in copper (Cu) by exciting surface
acoustic waves, a phenomenon caused by the interaction between electron spin and the vorticity in surface acoustic
waves. >*3% Unlike the traditional spin Hall effect in nonmagnetic metals, our mechanism does not require spin-orbit
interaction. Thus, light metals such as Cu, which have been considered unsuitable for generating spin current due to
their weak spin-orbit interaction, can now be utilized as spin current generators, potentially significantly expanding the
choice of materials for spin devices.

Next, we introduce a theory of spin electromotive force generated by exciting surface acoustic waves in ferromagnetic
metals.” The vorticity of surface acoustic waves causes time-space nonuniform dynamics between conduction
electron spin and magnetization, resulting in the generation of spin electromotive force. In contrast to traditional spin
electromotive force, our mechanism can generate continuous electromotive force with a simple device structure, such as
a single layer of a ferromagnetic metal, which is a considerable advantage.

Finally, we will also introduce valley transport driven by the vorticity of surface acoustic waves.® In materials with
broken spatial inversion symmetry, massive Dirac electrons have orbital angular momentum dependent on the valley.
We theoretically demonstrate that the interaction between this orbital angular momentum and the vorticity of the surface
acoustic waves generates valley currents.
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Acoustic phonon induced spin dynamics

Masamitsu Hayashi
The University of Tokyo

Studies have shown that phonons can interact with other degrees of freedoms in solids. For example, the coupling
between phonons and photons can lead to Raman scattering, which is often exploited to study the structure/chemical
state of materials. Scientifically, the coupling between phonons and other degrees of freedom are attracting significant
interest for potential applications in quantum technologies.

Surface acoustic waves, a form of acoustic phonons, can be excited using conventional electronics. The frequency and
wavelength of such acoustic phonons are defined by the sound velocity of the substrate and the geometry of the
interdigital transducers (IDT) patterned on the substrate. The acoustic phonons excited at one of the IDTs can typically
travel a distance significantly larger than its wavelength. If a thin film is placed on the substrate adjacent to an IDT,
acoustic phonons can be excited within the film. Such device can therefore be used to study the interaction between
acoustic phonons and other degrees of freedoms in solids.

We have studied the coupling between acoustic phonons and electron spins in non-magnetic and magnetic materials.
For the former, we have studied the effect of SAW on the electron spin dynamics in non-magnetic metals[1]. We find
that transverse spin currents emerge when SAW traverses across the film, only when the spin orbit coupling of the film
is sufficiently large. In the presentation, we discuss the origin of the SAW-induced spin current. We have also studied
phonon-magnon coupling in magnetic materials using SAW. A particular focus is put on the coupling in synthetic
antiferrromagnets[2]. We discuss the strength of phonon-magnon in such systems.
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Hydrodynamic Generation mediated by Spin Current

R. Takahashi*
1Ochanomizu University, Tokyo 112-8610, Japan

A spin current, a flow of spin angular momentum, has enabled the interconversion among various kinds of
physical entities such as electricity, magnetization, heat, and mechanical motion like elastic motion and liquid motion.
Such spin-mediated interconversion is realized on a micro or nano scale and has been extensively studied in the field of
spintronics. Our study? has revealed that hydrodynamic motion can also act as a constituent of this interconversion
framework: spin hydrodynamic generation (SHDG).

SHDG is a method used to generate an electromotive force via a spin current in hydrodynamic motion. The
origin of SHDG is the spin-vorticity coupling, that is, the coupling between electron spin and local mechanical rotation
of a fluid, the vorticity . The spin current whose polarization is directed along o is diffusively induced along the
spatial vorticity gradient (see a schematic image in Fig. 1). The induced spin current is converted to the electromotive
force along the fluid flow direction, caused by the inverse spin Hall effect of the fluid itself. According to this
mechanism of SHDG, therefore, the induced spin current should strongly depend on vorticity distribution and SHDG is
categorized reflecting the two typical regimes of hydrodynamics, that is, turbulent flow and laminar flow regimes.

In a turbulent flow in a cylindrical channel, the electromotive force should be generated only near the inner
wall. Figure 1 shows the results of measurements performed by using Hg turbulent flows in some kinds of cylindrical
channels.) There clearly exhibits a nonlinear scaling behavior with respect to velocity v~ dependence of the voltage
signal V. This behavior reflects the mechanism mentioned above; in the turbulent flow regime, the vorticity gradient,
driving force for the spin current in SHDG scenario, should exist only near the inner wall of a channel.

In a laminar flow, on the other hand, the electromotive force should be generated all over the cross section of
a channel. In the results of measurements with Hg “laminar” flows?, there does not exhibit the nonlinear scaling
behavior, appearing in the turbulent flow regime, but exhibits a linear one. This result reflects the difference in the
vorticity distribution between the laminar and the turbulent flow; in the laminar flow, the fluid velocity distribution
pervades in a parabolic way, and thus the vorticity gradient is created all over the cross section of a channel. It is
noteworthy that the energy conversion efficiency # shown in Fig. 2 is exceedingly enhanced in the laminar flow regime.
Here, Re is the Reynolds number. This should be because there exists the capability of voltage generation all over the
channel cross section in a laminar flow, while that in a turbulent flow is localized near the inner wall and thus the rest
area reduces the generation due to short circuit currents, suggesting that SHDG can be much more efficient in a laminar
flow than in a turbulent flow. In this presentation, our experimental results mentioned above, its consistency with
theoretical studies and recent progress in this spin-hydrodynamic generation phenomenon will be discussed.
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Magneto-mechanical micro devices

Takahito Ono
Mechanical Systems Engineering, Tohoku University, Sendai 980-8577, Japan
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With the recent developments of the information and communication society, sensor and actuator devices are used in
cyber-physical systems. Among these, magnetic devices are expected to be used as high-performance actuators and
sensors. Our research group has been studying the process technology of magnetostrictive thin-film and its application
technology, and in this presentation, we report on its sensor/actuator application and new actuators using spintronics.

Electrodeposition technology for rare-earth using Fe catalyst, etc., has been developed, resulting in the successful
deposition of thin films of ThDyFe, TbFeCo, and FeGa, known as giant magnetostrictive materials. Microcantilever
structures with the ThDyFe thin film were fabricated, and the actuation performances were evaluated. Magnetostriction
of over 1200 ppm was achieved, and an energy density of 1.69x 10° J/m?, which is close to the bulk, was achieved. In
TbFeCo, the magnetostriction is negative when the amount of Tb is small, and becomes positive when the amount of Th
is increased, thus, the magnetostriction can be controlled positively or negatively. Magnetostrictive materials can also
be used as strain sensors by utilizing the inverse magnetostriction effect. FeGa thin films are deposited in
microstructures and integrated with strain sensors in which the magnetization change caused by the strain is detected by
integrated Si Hall elements.

Magnetostrictive actuators have been limited in miniaturization because they require electromagnets, which are
generally difficult to miniaturize. The spin-current volume effect, which utilizes spin currents, generates volume strain
due to the spin-lattice coupling by injecting spin-current into magnetic materials and changing the magnetization
fluctuations of the magnetic materials. A diaphragm structure composed of the ThFeCo thin film, which exhibits
positive volumetric magnetostriction (5.6 x 10°/T), was fabricated, and when the diaphragm resonated by the
spin-current volume effect, a power density of 1.15 x 106 W/m? or higher was experimentally found to be obtained.

In summary, magnetostrictive materials are promising candidates for next-generation micromechanical microdevices,
especially through their integration with spintronics.
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Fig. 1. (a)Cantilevered FeGa strain sensor FYig. 2. (a) TbFeCo diaphragm actuator driven at the
with an integrated Si Hall sensor. (b) The resonance by spin-current volume effect. (b) Actuated
vibration signal. mechanical vibration and phase.
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Spin Elastronics -Mechanical sensing using spintronics devices-

D. Chiba
(Osaka Univ., Tohoku Univ.)

Mechanical quantities are the most important sensing targets in physical space. Spin Elastronics is a new area of
electronics that can endow mechanical functions to spintronics devices. The magnetization direction of ferromagnetic
materials can be altered by the application of strain owing to the magnetoelastic effect. Using a combination of the
magnetoelastic effect and the giant magnetoresistive (GMR)!? or tunnel magnetoresistive (TMR) effect®, a strain

ER)

measurement was experimentally demonstrated. In addition to sensing the strain “magnitude,” we achieved strain
“direction” sensing using spin valves formed on a flexible substrate.

The stretchability of both the substrate and thin ferromagnetic layers enables strain sensing on a wide range of
arbitrary-shaped surfaces, which is not easy when using devices formed on a rigid substrate. These stretchable and
miniaturized strain sensors will be of increasing importance for “Trillion Sensors Universe” as well as for wearable
devices, from the perspective of structural or human health monitoring, body mechanics, and robotics.

In addition, we are trying to integrate spin devices with organic circuits on a flexible substrate and open up a future in
which biomotion or other mechanical motion can be precisely estimated and predicted using a multidimensional vector
information carrier (integrated spin / spin network). We expect that this information carrier can become a cyber space as
well that has an arithmetic operation function without electric power supply, and a non-volatile recording function.

This work was partly supported by JST CREST (Grant No. JPMICR20C6), JST A-Step (Grant No. JPMJTR20T7),
JSPS KAKENHI (Grant Nos. 25600075, 17J03125, 19H00860, 21K 18827, and 23H00183), Murata Manufacturing Co.,
Ltd., Saginomiya Sseisakusyo, Inc., and Spintronics Research Network of Japan. Part of the work was performed using
facilities at the Low Temperature Center, Osaka University.
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Active and selective temperature control using mechanical strain

T. Hirai'
! National Institute for Materials Science, Tsukuba 305-0047, Japan

The importance of thermal management technologies is rapidly growing with the increase in the performance, density,
and variety of electronic devices. The vapor compression is the most widespread method for controlling ambient
temperature (e.g., installed in a refrigerator and air-conditioning system), but this method could have detrimental
impacts on the environment due to the use of greenhouse gas. The use of vapor compressor also limits the
miniaturization of systems, which hinders its integration into devices for pinpoint temperature control. For the precise
temperature control of integrated electronic devices, solid-state and selective cooling/heating technologies should be
developed. In this talk, I show that the mechanical strain is a useful tool for active control of cooling/heating generated
by two different thermal effects in solids: thermoelectric effect in magnetic materials, named magneto-thermoelectric
effect, and elastocaloric effect as followings. Our demonstration would pave the way for realizing the active and
versatile thermal management for next-generation electronic devices.

1. Strain-induced cooling/heating switching of magneto-thermoelectric effect
The anisotropic magneto-Peltier effect (AMPE), one of the magneto-thermoelectric effect, refers to the

phenomenon that the Peltier coefficient depends on the relative angle between the input charge current and
magnetization, which enables thermoelectric cooling/heating in a single material without junctions."

In the first half of my talk, I show that the application of uniaxial strain actively switches the sign of
AMPE-induced temperature change via magneto-elastic coupling (Fig. 1), which cannot be realized when the
conventional Peltier effect is used. ?

2. Elastocaloric kirigami temperature modulator

The elastocaloric effect refers to a cooling/heating generation associated to the isothermal entropy change induced
by applying a mechanical uniaxial strain to solids, whose fundamental mechanism is similar to the magnetocaloric
effect arising from the change in spin ordering by applying a magnetic field.

In the second half of my talk, I introduce a new way to modify the performance and spatial distribution of
elastocaloric temperature modulation by the inspiration of kirigami, a traditional Japanese paper craft (Fig. 2).%
Here, the second half is irrelevant to magnetism and spintronics. Thus, in addition to experimental results, I will
explain the basic introduction of elastocaloric effect.
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Effect of Fe content on FeCo-MgF. granular films prepared by co-evaporation.
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Fabrication of bulky nanogranular materials and their electromagnetic properties
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HTNA Z~DIGHEINRT 2 Z ERMFRF SN D, AUFZETIE. @VOLEERRZ AT 2O 2 B &
LT, 7/ 27 7=a7 L BaF Zfifg L2 T L7c, 2 2Tk, Co-BaF/BaF fif@ T/ /T =27

—ED | BRIEFIFRI LU FREIC OV THET 5, 0
EBR5 5 0.2
%Ef/ﬁ?:li%%ﬁ@&ﬁi BaF, Efi ¥ —727 > h& 4,

Co s =%y MaFV, At HAFRRICBE T v v ¥~ &

5:&’&@%?@F&@E&5ﬁﬂ%@%bto&ﬁi«mc %ﬂﬁ

OINETEPHK T, BEIEAY 300 nm OFREZER L, 77T 2

FoROWEERERE, SRR T 7 I F RN EEE & 7 —15mm

(NEOARK, BH-501F-SVD % L Caffii L 7=, o B § 12 .
536 FH(Shimadzu, UV-3150) % JAWVCHIE L7-, FERIE 14 —6.0nm

U 7’V A —# (Horiba, UVISEL-Plus)iZ & > CTHEHT L 7=, 16 —granular
%&%% 600 800 1000 1200 1400 1600

Wavelength (nm)

T T =27 —BOREREEZ THIEL L Co-BaF(x
nm)/BaF(1.5nm)f&fE T/ 77 == 7 — I (400°CHULE) D7 7 Pig1 Faraday
77 —E#EA~Y FVE Figl \ORd, 77 77 —[EEEMOffxf  Bal/BaF films.
X, BHEOF /77 =a7 —fEERENROREVEERD 100
PR T /7T =2 7 —J@RHIG CTHEEEA 2L T U —
%, BaF JEOEFIZ LY, Co DEHEAENEMLTZZ LITERT S 80 |—anm
EEZHID, Fig2 IZFENGHEDOWRRENZ RT, ks 70 |—10nm
FIEEEREmLS R, 7/ 77 =2 T —@DELDFITIET

TEMHILAIRNR > TND Z L AR TE 2, BaF 2fET 2 2 20
LiZE, F 7T =2F @D Co KT DRENENTH & 30
WEEELTWD EHERITE D, |ETIX, 77 77 —EiEA KLY 20

rotation spectra of Co-

—4nm

60 |—sranular

50

Transmittance (%/um)

FihBmRE, FERNLEH L FOM IZoW T hiEimT 5. 10
2 0
Ll 0 500 1000 1500 2000
AMFSE1L JIST CREST. JPMICRI9T1 DI A= 1T 7= % D TT, Wavelength (nm)
Reference

1) N. Kobayashi H. Masumoto, S. Takahashi and S. Maekawa, Sci. Rep., 6,

Fig.2 Transmission of Co-BaF/BaF

34227 (2016). .
( ) films.

2) N. Kobayashi, K. Ikeda, B. Gu, S. Takahashi, H. Masumoto and S. Maekawa,
Sci. Rep., 8, 4978 (2018).
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Fe-FesO4 7~/ R HBE AR DAERL & T D A8 et VR

BIEA—. [WEFRE. INMREH, BH %2, Cathy E. McNamee, [LIARE S, ZREEH, /NIEZ
RAERFBE T, = FEEAF TS, 5N RHHE50)

Fabrication of Fe-FesO4 co-aggregated nanoparticles assembly and their AC magnetic property
Shoichi Yanagital,2, Yukichika Yamaguchil, Natsuki Kosakal, Yoshiyuki Sotomel, Cathy E. McNamee3,
Shinpei Yamamoto2, Shin Saitol, and Tomoyuki Ogawal
(Dept, Elec, Eng, Grad, School. Eng, Tohoku Univ.

Advanced Research Department, Development Division, Sankei Giken Kogyo Co., Ltd.

Department of Chemistry and Materials, Faculty of Textile Science and Technology, Shinshu University)

ELHIC

BRI ST W TEHEE R T S A AR A B DNIE SO EE R O BRGNS L, IR L=
T S NIRPHIERICR G 2 2 Z ENBE SN TV D, BRI & ot 7= BRI O W - WU DR £ -
T FICHLETH D, BlxiE, A 7Yy RELEKHBHE (EV) Tk 100 kHz LA T OARJE B B (2%t
U T8 A I T i E AT LIS O AT 50 7 Bl 12 S 72T S CTe vy, ARBFZE Tl SRl T/ b7 O ko
Ty X U7 BGE JOWKORRR A EAERICE B L, Bt LW ERGE I B E L THREKE— A DR
DT I RAZIRE LTc ) R R IR A ER U 7o, £72 2 ORGSR 2 74N L. BEXUHR S & A1k}
FERK & ORISR A e L 7o,

KRS &

Byl IO C Fell & FesO A5 /R &2 2N ENAM LTz, b D) k% Fe: Fes04=9:1, 7:
3, 5:5 3:7, 1:90EELTI = 10mICHSWMS T, TOEKIC=S 7 —/130ml 12T, @
W HEHR(10 min), Z D% L4 BEE(S000 rpm, 10 min) 24TV, EEIRAIKIE, BEEGREZITo7., Fbhi
BABHRITK LT, HR X BREPTRE(XRD), @i E 7 BMEE(TEM), 5 HRME 2 W CRMi L 72,
EKEHBER

TEM BIZE0 LG LT Fe & FesOy DF / Kif-ORBILENE 4L 125 nm & 34nm Tho7-, Fe, FesOs,
BRO, 20 60T R IEEROBALMHR O | fafB bR G R LB Z R T 2 L R TE, Fe
& Fes0s DF 7 R F-BERNCE—IZIRE L TWD 2 &Ny o 7z, Fig 1 ICEBBALROIRERFIEZ 7T,
FesOs 7 /K TlE, Te=2l KIZ7 0y % U ZIREZBH L7z, £72 Fe 7 /K1 TlE, Tet™=150 K {32 T
MKERTZENHERTE 2, SOHICEB]N 55 O Fe-Fes04 7/ i ILEHERIZI N T, TeM9=230 K |
REEB DAL ¢ ORI BU Sz, ZHE Fe X0 FesOs DF / Kif- D HAERL S VT ER TR 620D
DTHoT=, —I7 Te=(KV/ks)In(tlro) DA L 0 | kit 12.5 nm T, FHAEVEH O 72 WK AN L 72 Fe F / K
T TIETee=206 K & fAE DI, HIERET D TeM0=230 K LTV, Ko T Te Mo (T HEEEE IR A O REAAY I TN
SNELTeFe S /R DT Ry X VBB A LD LB LD, T Fe-FesOs DT /R TEEEE K D NS
TlE Fe F /K- ORI FesQsF / Ki TN AET S Z L2k » T, —H#D Fe F /i 7 DM IINE L 724k
RRTHDHZ Ea R LT\ 5, £7- Fe-Fes0s & Fes0s-Fes0y D) / Ki+M DGR PG+ HH HEAERITER X 5

FENSL o TNDEBEZLND, SHIC ox10" _ . 0L —
) B Jge= 3 Oc. /= 47 Hz ‘ kW Tp1 Jipe=30Oe, f=47Hz Fe:Fe,0,
Ted " PEM SN TND Z LD, —HDFe g ¥ — o
NN = N= VET - _‘E 75107 / = 1:9
F BRI LS FETENCEE L TWnWH Z L < / F 3:7
73§%2E.%’L50 g / ey % 2x10 _:;
%%yrﬁk .:f su107 T:;f, : iulu
2 i g g -
1)  Hiroaki Kura, et. al, J. Phys. Chem. C, 114, 5835 : ; 2 ot
ot E
(2010). H
2)  Shouheng Sun, et. al, J. Am. Chem. Soc. 126, 273 = L o E o
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
(2004). Temperature (K) Temperature (K)

Fig.1 Fe-Fe,0, 7+ / M F AR FOBERELEORICEDS L CESBE)BERFE
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M7 BRRE H'E PV ~D Co-Pt F 7 W FE K

HIE A, &K i, U Ry se—- b Il el s, |t g e
(1 RERR¥RABETAWIER, 2 R RPAERBIAIIER
3 KIRARS: CSRN, 4 KRBKAIFER) BRI TebERE, 5 RBCRY 8 B EITFERT)

Synthesis of Co-Pt nanoparticles in isolated spherical shell protein PfV
Kakeru Tagata', Ryo Tominaga', Akifumi Higashiura?,
Ryoichi Nakatani'*, Atsushi Nakagawa’, and Yu Shiratsuchi'*
(1 Grad. Sch. Eng., Osaka Univ. 2 Grad. Sch. Med., Hiroshima Univ. 3 CSRN, Osaka Univ. 4 OTRI, Osaka Univ.,

5. Institute for Protein Research, Osaka Univ.)

Ui GEE, WM R IREBES T~ OISR S L, BA B R EEE~ DS O 72 o i
Rl EE & DFEOIRREL B 3 2 BRI ST 7 KT OBAFE D ST 5. T4 i, BRdiiigx o
HHE Pyrococcus furiosus virus-like particle(PfV) & ik 7 / R ¥ % @il L 7 BT BIbEREME ) KL+ D Wt 9E %
D TW3, PV 3, BEFEVEME R OMEVE I 2 T, EETIREIC X VRS0 kDT 2/
Ezfilifl$ 25 c &, JRERE - v A VR L OfiatEiE, ®E & DAL NG T 2% L OFH %
Fio. 4 ld, 2N E TIC mm @Y 4 XD PV ffsh 2 /FH L, PIV #EEa NS~ DGt - 7 Ko ARk,
WEORR R & kMG L& 2(1,2]. —7, ERoHWDZoICX, Wk /7 RTE &KLz PV O
MAZAL BT & 72 5. AWFFETIE, #ERLRTOIINL PEV IC Co-Pt F / R T2 AT 5 2 L 2ikA, 77,
AL 7= Co-Pt F / Ki ¥ DIEEFFIEIC O W TRET L 25 R 2 WS 4 2.
EBE PV offlGKICow T, x oM [112SHE v, b0 PV ~o&FAMIR
(1) HiY& 725 Co-Pt DA A VKA TR, PEV ICY —F v 7, (2) BRI ABEIC X % Buffer 22Haic X Y
RN EBEA A v ORE, 3) BITAIZES L PV NEOSEA 4+ v %2 &ET, OFIETIT - 7. PV Of
PEDOFHMIC X, BhYEERELE (DLS) Z V72, PV ~@ Co-Pt F / Ki T DEKICERL T, ¥V —F v 7 %fT
5 Co-Pt DAL Z 1:3 CTHEIE L, MEZZMI I 272, 5547 PV ICDWT, VSM % W TEIR T O
LR % HIE L 72
EBRRER Lic, PEVICY —F v 7T 34 A v B %
Zlbs ezl 2 ERcombihikznr 3.
Co™+PtCL> DR Y —F v 7' &I, PV & (mol) @ 1000 £5,
10000 f5 & L7z, @icte Dkl BT, IERIE R LR
2352, Co-Pt DAMEZME & 2 & & CRMEILD &
{722 2 L DR, & DFERD 5 PV FhIC Co-Pt 7/

o
S

0.05f-----t-----1t

1111] MO ]

o
=
W

' 1
(Co> +PICI") / PIV=1000

Magnetic Moment (memu)

KT L CTnB T LR RBINS. -0.10 = (‘)"": +PIC) / PIV=100X 5
-1 -5 5 1
[1] M. Taniguchi, K. Tagata, Y. Shiratsuchi et al., J. Phys. Chem. Magnetic Field (kOe)
lid,.1 110840 (2022). |2| K. T: Y. Shi hi ., IEEE
Solid,.169, 110840 (2022) [2] agata, Y. Shiratsuchi et al., Figl PIVICY —% v 73 B RHEA + v i %
Trans. Magn. Accepted. 2L & & 73k o =il T oG HER.
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LbLET VA MEAO - XKD
(7R 2% YR 78 Fe-B fhi ) | Epoxy 28 o {Eil

AT L PSR 2, BUEERR 2, ERIEAT 3, mREAR Y, HEmESE?
CHALKRT:, *REBLEFHMFR, S EBEINEFRT)
Preparation of epoxy-coated Fe-B /Epoxy composite film by LbL method assisted composite plating.
Chihiro Masumoto?, Takeru Nishii?, Seishirou Higashi?, Hiroyuki Muto®, Yasushi Endo?, Fujita Naoyuki?
(*Tohoku University, 2NIT, Nara College,®Toyohashi University of Technology)

1. ®E

FBox OWGE 7 N —7"TlL, @8 CERE W IR 2 R e R E A I 2, BIIEOENT &
[FIIRF IS BEPERRL 1- Z2 T S8 % LhLIET VA MEG®H - & L0 ) FIETER LTV 5, I ViX Fe'B
ORI 7-1C LbL ALBR & ffid~ = & C, =& 7 — L Th Tl Fe-B Oy Hekie R m B4 5 2 L &R/ L7z, LasL,
fliKk %2 72 Fe-B/Epoxy A TREDO SIS CTlx, Fe-B b L, fafumfbnigbZ & &, E L7~
EEIE, Fe-B ki & AR F U ARE—IIHH L TEY, REOMMMBRKEL 25 LW ENRD -
7o I T, AW TIL, Fe'B ki F A2 HEMD > | LY RS THE LRI, WETLHZ &
T, Fe-B#hi O bz E, BNT-BKFHEEZ T Fe-B/Epoxy A RO/ERZ Hig L=,
2. EEAE

fEH S OMEMT R RO G152 OFEEZANT, KEEDZREY (BAAS v , N12) 25
To il Pd K035 L7z Fe-B bl +Z221E L, “ARF U 2m I, Pd ZOWE TIE, £7,
EIZHE LTV 5 Fe-B ki 1% @7y T MR (PAA=1wt.%) IZIRIE L, AICHE S0, T Ok,
PACl #A# (10mg/L) ICIRES -, TNOHOTRITTZ J —LVE2REEE L, Fe-B Of{LAEFHT,
TR U RIC Fe-B ki + % 30 2y MRS SR o 24088 L=, FUKICEIESE, ik o
AL Z R L7, 1ERL L 7=(Fe-B)-Epoxy ki1 1.0g T, BEFE VOLM:THEAEZERLL 72,
3. BEBLUEER

Fig. 1 ® SEM-EDS {4 L v, #EEMED > X% D Fe-B bl 240 b TR ¥ Nkt T 5 R E B H
ENTEY, RPN FREOSEREWBTE TCWDLZ RS, Z Ok ZHKIC 3 FfER
& Ukt 7= Rr o faffifbix, BIErTOK 95% CTh 5 138emu/g #fr-> 72, Fe-B ki {-IC =A% v &8
BT HI LT, KERERTPCORILEZIMGI TEX/2EE X LND, Fig 2 (I3 HME SBAIEE 2 VTSR
L7-EATEOERRE LY, =R 298 LT Fe-B Mohi 7 & sl % & 21 O SEyg M A Kbz A b
Li=Z &ENbnd, LbL IET VA MEGD & T, T TR 172 Eofla a - &3 554,
& JBIRL Tl SR R E S I T X B, Z D728, TRF MBI L Y Fe-B ORMmICHZIEN T,
V—MEnm ELzEEBEZ NS, LLRRD, BEOMERSREIL, w=1.3 L/NIREICE EEoTz, =
nix, EAED MRS A ENPR306%E RN ENFRTHL EEZBND, 5%, RO
B ISINEZENSE, §A82 KEIZH ESE20ER’H D,

1pm e—

(@) SEM # (b)  BRHEHLAS
1 (Fe-B)-Epoxy ® SEM-EDS # 2 Fe-B/Epoxy fEE& DR mIRHE
2E Bk

1) GEFEER f: RimEkdirle 5 22 EAMERE SN 7 +— 7 LAEEHE, 2020-12-04
2) fEHH M BRFEESWMOGEC, 131411 5, pp. 1843-1847 (2011)
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FREGIER T DA R — A RIC K DB EFE A E U H0E Ly

TAEL 22, EARGC T, REER Y2, BTERE 22, FAEkE] Y2, AR R 123
(M RERR R F PR, 2 5B K CSRN, *PRESTO, JST)
Self-induced spin-orbit torque induced by the spin Hall effect in ferromagnets
Motomi Aoki'?, Ei Shigematsu?, Ryo Ohshima'?, Teruya Shinjo'?,

Masashi Shiraishi*?, and Yuichito Ando!?2
(*Kyoto Univ., 2CSRN Kyoto Univ., *PRESTO, JST)

de =
H5R

WHAED A ¥ A bV 7 (SOT)ICEET 2 BF7E Tl, (14T A IERIEARNM)/FREEIE IR (FM)2 @i S s 12 B
VT, K 1@ICART L D7, NM FOE-A B UMABMBIRIZL Y FM ~EIEA SIS A B D FM O
KICEZ25 P27 ZRBRICL TS, — MBI D AR — AR 2 EZEShE, K 10)IorT k91,
FM TAE VA= ZR(SHE) 2 I L 0 AR SN A A NM ~FEH L, FM NI — O A E A
A ENT, FM BEOBLIZH CFBE A B2 #E S L7 (SI-SSOT)VAME K & &2 b T\ b, EARIZILHL
THAE AR —/VAN CoRNi 2 EDO—KH FMIZbHE SN TWD Z L2 BET 5 &, SI-SOT (HFFE4
T NM/FM 2 JEHE T o SOT JIEITHET 5 L PRI DA,  SI-SOT (2B 2 EERIBFIEIZ A 720,

B - A&

VL bEaESE 2, AAFZETIE NMIFM2 @RS & 251 5 SI-SOT &Ll Z HAg L L, Ta/Co 2 JEH#ik & x5 I2HfF
Feh AT o729, AEEIZBWTIE, Tad SHE I2X 5 SOT & Co ® SHE (2 X 5 SI-SOT NWifF 5 ThH H7-0,
Co EE DA HEV SI-SOT 28 K L, Ta KD SOT 24T BT Z E N TREN D AR AR T 5720,
Bl CoEEDT SA ZTHK L, AV bV 7 sfigEPEIIETE 9% F € SOT Zh3 &wr 2 HIE L7-.

TS

2 [THE EAL7=Gmr D Co THEE tem IKEE TR 5. WEIRFEIKCTO 7 4 —V BT A 7 M7 ITERT 555
HERIZANZ, tem > 8.5 nm IZBW T &mr D FKEEN A DNTZ. ZHUX Ta DAL VR — V2RI K 28
® SOT & Co DAL VU R— /LRI & 5 SI-SOT 73 Co DRI %f L TR DIEFMEZRL, 7»>Tak Co T
XAV VA= VADKHERSTHH Z LICRFLTRY, AV EEFEAND TRINDEEE L.
S HIZ A AL RERE WA T, FERMEAER D @IRPTe 5613 SI-SOT ORI E 1T/ 0, 1ER D
BrRETIEA E U A — A &2 KIBISBRFHI T 2 /et d 5 Z L 2R L.

L Z DTN

1) K.-W.Kimetal., Phys. Rev. Lett. 125, 207205 (2020).
2) M. Aoki et al., Phys. Rev. B 106, 174418 (2022)
3) L.Liuetal, Phys. Rev. Lett 106, 036601 (2011)

a S 4 b -
@ Z,x ®) Net spin accumulation 1.0-
() L 05

-y = r . - -

E O)OkF-=-----72 -

Je(coy ; i 0.0f -
‘ -0.5+
10 . *
' 0 1 15
fpy (NM)
Fig. 1 (a) Injection and (b) absorption of spin current via the SHE in Taand  Fig. 2 Torque efficiency as a function
Co, respectively. Jc and Js are the electric and spin current, respectively. of the thickness of the Co laver
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Ta J& |2fE)E L7~ Th/Gd/FeCo L E Iz 5
A B ENE VT AL R

FEARER, KRERBE, s>, Filggss, IS
@ EERY, *BARY LX)
Spin Orbit Torque Magnetization Switching of Th/Gd/FeCo Multilayers deposited on Ta layer
Y. Fujita, D. Oshima, S. Takahashi*, Y. Hirayama*, T. Kato
(Nagoya Univ, *Samsung Japan Corporation)

[EFLHIC

A B HIE RV (SOTRALKERIE, BIE MRAM (ZHW STV D A E BT bV 7 (STTR LS
LB LC, mﬁﬁ‘OIZ\/Vﬁ’\”—fjJ$7ﬁ W2 END, WD MRAM EXALZ LA L L THIfF S
TWo, F7z, SOT BbHEZTIX, FEZIAH LT L OB N RR D720, B LFOREE
IATRIS KIE IR %, B2 132 E T Ta g LICFE L7z GdFeCo 542, Gd/FeCo Z gD SOT % i
~, SOT AR DBACAERL RIS I EHMT 5 2 L e E2 WG L CE (1], a4, BES
AR AEL A DT 72 ThCo A4l 3T, 22 RCE e Bt DAl AL IZ LI 9 % Dzyaloshinskii-Moriya £
HAEH (DM X > THERES TO SOT WAk KR s STV D [2], AWFFETIE, TEIE 5 M O &It
MrEE N THCHIE© & 245 L LC, Gd/FeCo/Th &Iz H L, Ta LIZFE)E L 7= Gd/FeCo/Th % )E
fio> SOT WAk S s Gd/Th J@ IR 1AM 2l E L=,

EERAE
ﬂiﬂf’ﬁi IIRF~7 X b ARy ZIEEERWNVTHEBE Lz, o7 e LTEW b ) o2 U FR
Z Ta(20)/[FeCo(0.5)/Gd(0.5-tro)/ Th(try)]s/SIN(S) Z fiifE@ L 7= (BF D HALIE nm), Th FEE try, 1% 0.08 nm
75 B 0.14nm EZE LI HTz, H 2 7 VIR LATIZ A FR AR ) FHAGM)IZ L - TR LS
BHMRER 2 HE Uz, BN T oBIIZA—1r 7 a ZMEN 3um 2725 X 22T L, BEA—1%)h
R(AHE), SOT Wb KHRDHRIE 24T o 72, SOT Wb SCHAI TN I PGSR Hee ZFIIN L, 7L Z0E 1 ms DX
JVAER %O AHE Z2HET 5 Z & TR~ T-,

%ﬁﬁ% 0.5 [ T T T T I T T T T ] b | T T T T I T T T T ]
Fig. 1 (a)/% Tb/Gd/FeCo ZJBIEDHRE o4l 1z of 9 ]
REFME Kt D TO IR tro i A7 2 R LT £, [ * Az m
2503 b 158 + ATb(0.10)/Gd(0.40)
BY, Keld tro OEEINLEY, LT 52 ool ° S B:Tb(0.12)/Gd(0.38) ]
- o 2502~ —1£% 5L C:Th(0.14)/Gd(0.36) _]
W, 7285, Kl ZE S BAMBAOR 55 | 184 9 (01/EA030
LV L7, Fig. 1 (b)ix Ta i Lo h 0l e F
v BRI BR . TR @ IR R
Tb/Gd/FeCo 2 J@ D SOT kAl S i i i 48 05 o o0 500 700
Jisy Jsw D Hext @gﬁ@%ﬂ? LTW5, 2TD Th thickness [nm] External field He[Oe]

AECIw T Hee DN E & HIIKTF LTV D
F77, Ha =0 ~AMF L7= Jsw i to DD E &
HAZHAD LTE Y, Ke BMEINT DI H 030D
57, JwDEY T VI FREERIELNTZ,

L 2D N

1) S.Yanaietal., Jpn. J. Appl. Phys. 62, SB1004
(2023).
2) Z.Zheng et al. Nat. Commun. 12, 4555 (2021).

Fig. 1 (a) Tb layer thickness tr, dependence of effective
magnetic anisotropy Kes of Th/Gd/FeCo MLs. (b) In-plane
external field Hex: dependence of SOT switching current Jsy
of Ta/[Th/Gd/FeCo] MLs with various Th layer thickness.
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HifG G Dy O GRBENE-SORMEVERIRE 2 W A B R B 7 D285

BER ABERA B AP
P — N A, REMRF =M~ B
A modulation of spin pumping due to ferromagnetic to antiferromagnetic phase transition
in single crystalline Dy film
ADept. of Phys. Keio Univ., BKeio Spintronics Center
K. Yamanoi®, and Y. Nozaki* B

U DI

Wit 2 E B A FIH L CAE U IRE AR T DA R B T RRIE, xR B~ D A Y U EAE F R
2T 27D, ACUIMBEEEIT D A h =7 AT, 2O - BREICB W TEELRYHBIRL TH D,
ACYRAE S TIZR DA ROERSFRIT, A EANEEAY
YIE (R E) OREOIF T ALK I AEE
NEND A AR T 2, ol BESAHEEME 2 2 v
vrorRBE L THERATAZE T, AV VRV EUSICE DAY UIRAE
AR A AN L0 B Lo R nswE S inve D, R TIE. KV
RERBEAEBH KO A VR E o VR EBRT 5720, ik
M-SR - REMEAR A RS 9 2 BLRS ih Dy 3 & 3REEME NiFe 2828 L
72 FRME AL L, BRI AN— N F o SRR O IR B A % 0 100 200300
ET DI LK, BRI D Bilidh Dy ~O X B EARE T (K)
DEALET T, 4 1. Dy MEBEOREAL ORI AFYE

TG LB L ORER

VTR R ARy XY 7RI K AR Si A _EIZ Ta(3 nm)/Dy(50 nm)/NiFe(20 nm)/SiO2(30 nm) %
BB U7z, Dy J& O RIS O 2 HEp 2 350 FEICANEA L, X =B L 7=, XRD HIEIZ L Y . Dy J& /3 Bk
RELTWS Z L Z2NDT, TO%, A4 IV v ZHE L U — P —il%E E 2 O T LB I 2 SR
WML L, 20 R Ti/Au ¥ A 7 1 BRI A ER U 7, B 1 ICHAS S Dy MR OREURE O IR EE K fFME 2 =
To ZAUTKY | (ER U Z-HAES Dy J8 ComBeME-ROmmperk-F MRS N BT 5 Z L3 h o T, RIT,
TREDOINBHSG T TXT MRy N =TT F 7344 FEHWCERRKD Sy /3T A —Z OJEEHURA T % H
£ L. NiFe JEOBBMILE (FMR) A2 b VO %
72o FMR A7 NV ORRIE D A BURFEN S BN Z e 7D 03|t REEE  wE
TR EE AV % 5746 L 7=, NiFe/Dy DHEZNZ v B 7736, NiFe HifE '
DE BT HZLGIC Z LT, Hifid Dy E~DAE R %
VIR DAME BT O RAaEE T LTz (X2), HifSdh Dy 0.2F %
DAE R TI, T HME-PORBEMAAREERE A TR 2R L
Te—707 T BOIRBENE-FREEMEAREARE /R CIOR & <RI L 72, R 1. @
IR S BNWTHAE UL IR DA VR BV 70 0.1

HRICENT D, £ 7250 Dy (2% L CRGEREM: Dy TIZAE >

ROV TRRIBIAET L, & Dy ERBETHD Z & b0 0.0L C&i oo o
BUAMFIZL DA R TR LM G | BRI T(K)

KXo TR UVIEBENRKRELS BT L LICL2EME "B LT X 2. Bifk5 Dy DA EE K IFNE,
W52,

B AR REE

\S]

p—
I

Magnetization (T)

Aol

2 R
1) B. Khodadad, ef al. Phys. Rev. B (2017) 2) K. Yamanoi, et al. APEX (2023).
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MnGa D% & A B HE MV 7 Bl SR k35

fiydE Fe [ Jig D 52 %8
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Effect of an ultrathin Fe interlayer on the growth of MnGa and spin-orbit-torque
induced magnetization switching
M. Ogawa, T. Hara, S. Hasebe, M. Yamanouchi, T. Uemura
(Hokkaido Univ.)

FLHIC

FEEACIEZ A PR e LI BB RA~D A U VEANIT, AV R T UV AZRAE L LED R EDAE D
BEREZ I L7 A ADFEBUT L » TEBELRFINNCTH 5, MnGa IZTEERIK I T IES R & < | 2,
AEURMBELEmNZ EnD, BMEAEURE LTAETHDLN, ZIE T MnGa 75 GaAs ~D A B 7E
ANZIRIT 2 K TE% & FEFE IRV 1], ZDOFKO—> & LT, MnGa 135 bd 5 72 DI @R RS2 L
ZWVEELE L, 2T X > TA L S MnGa/GaAs R DSSN A E AEANEZIHT 52 ENREBEZXLND, AWFIET
IXMnGa & GaAs DEIC Fe FiIBAIHAT S Z & T mREBLEFEEZE T2 MnGa N EIR T TE 5 Z &,
SHIT, A HUE V7 (SOTYRMLIER DR PE RS 5 Z & 2 RRE L2 [2]0 THET 5,
ERAE

GaAs F:MR _EIZ/E & 250 nm @ undoped GaAs /N~ 7 7 J& % MBE (2 Tl % . MnGa (2 nm)/Fe (0.6 nm) & [l
R CHE Lz, ®%IC SOT DA Ui e L CHREE 6 nm O Ta & % ki L7z, Fe FJEOEELZ IS )
T 5720, Fe PEEEL OV TNV HRFICER L7z, £ LT, BEREAZIES pm OB —/L /N —FEEIN T
L. BERFFER X O SOT B b SClis DR 2 514f L 72,
ERiER

112 GaAs[110] 7 A2 > 72 MnGa @ RHEED /X % —
ot FX@)IEFeE@dh v, FXDb)ILFeEELO L EZD
NRH—2 T D, Felg b MnGa TIEI=RIERE TH K
AR =T RE =PRI, MnGa BT =—/L72 LIT
TEXX VX ARE LD LR ENTZ, ), GaAs EIZ
BRI L 7= MnGa 1%, BIRER TIE7 BT 7 ZIREET
3?) D N %El%ﬂﬁ@fly)ﬁlli ZOOOCUJ:@T:“—ll/ﬁS‘LIZ\gT% 1. GaAs % *ﬁ D [110] jﬁ‘ r’,J—J c: {/D} - f: .
Slce 2O EMND, MWD Fe JEH MnGa D=L K 2 7 (a)MnGa/Fe/GaAs, (b)MnGa/GaAs > 7 /LI H
BEICTATHEE LTHEOTHDZ ENbhroT-, £7-. T2, MnGa ® RHEED /3% — >/,
BALRED 5. MnGa/Fe —JERRIT MnGa HLFHR & [FIERIZ = o = 10mT | 290K
TR 2 LTV B = & 734545 7= (not shown), 1f b T

212 MnGa/Fe “JBIEICET 5, /UL A B I 15T 5 _ -
BRIRHL Ry (LA 7T, MnGaFe ~JBIICHC, N ot
72 SOT RUL M BIZE S =, — . MnGa HERIZFHU =
TITHABR 2B LRI Z S/ hy - 7o (not shown), F#{H Ak
TlX MnGa/Fe —J&EE & MnGa HLE RO L 0 3EH 22 e <R 1
BEOL SOT FEIZ >\ THET 5, 050 5 10

BEH o (mA)
1) C.Adelmann ef al., Appl. Phys. Lett. 89, 112511 (2006). 2.290 K {ZH1F 5 15 100 ps O Ip IZH T2 Rys

R AT z -
2) M. Ogawa et al., Appl. Phys. Exp. 16, 063002 (2023). g;ﬂé@ﬁ[{fg é” AT HIN L =
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Spin transfer torque assisted spin orbit torque switching of CPP-GMR with
perpendicularly magnetized Co/Pd memory layer

D. Pan, Z. Cao, D. Oshima, T. Kato
(Nagoya Univ.)

FLHIC

Co/Pd ZJBFIT K& R R MEMKE T EET D TR, BELEEZD Z L TEDRGTMEEZRS
ICHIEICTE 52 Emb, REBMRAT VA LT 7EAAETIMRAMDAEVEE L THERSATWS. M
RAM EZIALFIMTE LT, @l OEZER A #LE ML 27 (SOTRALKEZNER ST 5723, SOT-M
RAM L3 TR &2 5720, AV A ANRKEL, GBEEICEERSDH. ZNERET LD, A
T LR DM ARFEICHBEA AL, AT RV (STT) THEEZ B8 S8 2587272 3 IR S EA
AEYHFTPIRESNTWD[]. AHFETIE, 203 RITHMRAATY OEZALGLE LT, SOT LAY
URAT BV 7 (STT)D[RIRFEIANG X % BEELE{L Co/Pd A € U & DRV HA[2] % 7~ 72

EERA &

500 nm EARR{LIEST & U 3 U H BT, SIN(S)/Pt(35)/Cu(0.2)/Co(0.4)/Pd(0.2)/Co(0.4)/Cu(3)/Co(0.6)/[Pt(1.0)/
C0(0.6)]2/Ru(0.85)/[Co(0.6)/Pt(1.0)]4/Ru(5.0) & M ELZE RF A 8w Z ) o ZEIC X D ki L=, FERIX 7 + b
UV TTT 4—, BRI VT TT 04—, Ar'= v F 72 X0 B & BRI IS B RS ESI(GM
R)FE TN L7, FEMOWEIL4 um Th 5. STT B L SOT LK EZIZZ 2, GMR E 1B L0
Pt FEBEMRIZ SV AEREEHINT D Z & THER L7z, STT 7 A b SOT Bt #izlE GMR FE+ & NPt F#B
MRV R A RSN L 72 %%, GMR FEHEftzflEd 252 & T L7, AL, SOT B LV STT
DOV A ENEI, 10ps, 12ps TH Y, SOT BifiiE STT B AEA LT 1 ps HBICHEA LT,

EBiER

Fig. 1123 kOe D ai NI 2 FIIN L 728 SOT ik inz /R LT\ 5. fE 7 =V EEE D D
WG A0/ N & T, AT, OPATIER CRIFRE O A BT T SOT bz L T\ 5 Z & B3R S
72. Fig. 212 SOT B EREB IR B Jsor D STT 7 ¥ A MERBE Jsrr IREMZ 8T, NS XX PR
LTWA. Jsrr DEEINC LY, Jsor IZKRIBIZHAD 5 2 & BRI NT=. Fig. 2 DEX AJsor/ AJstr TEHES
NDHT 2 A MNROEANBIHEAENEZ Fig. 3173, 73 A MIRITENBSEO R E SITIKFEL, HmARLR
DINSUWVIEERWT VA MIRBPFOLND Z &R gnoTe.
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[11Y. M. Hung et al., J. Magn. Soc. Jpn. 45, 6 (2021).
[2] D. Pan et al., IEEE Trans. Magn. (2023), DOI: 10.1109/tmag.2023.3284862.
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Thermal spin-transfer torque assisted all-optical switching in L1o-ordered
FePt thin films

Jian Wang'*, Zhenchao Wen?, Yuta Sasaki?, Yukiko K. Takahashi?, Ken-ichi Uchida?
Kenta Takagi! & Kimihiro Ozaki'
LAIST. 2NIMS.

FePt nanogranular film-based heat assisted magnetic recording (HAMR) is a promising technology which uses
temporary near-field laser heating of the hard magnetic recording media during writing to increase the storage density
of hard disk drives [1]. Besides the heating effect, the circularly polarized laser can also induce helicity dependent
magnetization reversal in magnetic materials, so called all-optical switching (AOS) [2]. With its interesting physical
phenomenon and potential practical application, the integration of AOS into HAMR technique i.e., realizing laser-
induced deterministic magnetization switching in magnetically hard FePt nanogranular film is attracting increasing
interest. However, to date, deterministic (100%) AOS has only been reported in soft magnetic materials (e.g., GdFeCo
or [Co/Pt]n films [3]).

In this work, we propose and demonstrate a thermal spin-
transfer torque (STT) assisted AOS in FePt nanogranular films
deposited on ferrimagnetic yttrium iron garnet (Y1G) substrates.
As the conceptual diagram illustrated in Fig. 1, a thermal
gradient (VT) is created in the YIG/FePt bilayer film when
expouse the sample wiht circular polarized laser (o*/o”).
Consequently, a pure spin current was generated and injected
from YIG substrate into the FePt film via the spin Seebeck
effect (SSE). It then exerts a spin-transfer torque on the
magnetic moment of FePt film and assists the magnetization
reversal associated with AOS.

Experimentally, FePt-C nanogranular films were deposited e
on both YIG and GGG substrates by magnetron sputtering. The  Fig. 1. Conceptual diagram of the laser induced thermal spin-
YIG and GGG substrates were selected here due to their close transfer torque for assisting magnetization reversal in FePt

. . L . . nanogranular media.

match in lattice constants, but distinct spin Seebeck coefficient

which enable valid comparison and extract the potential contribution from thermal-STT on the AOS in FePt films.
Furthermore, both the laser helicity and laser fluence dependent on AOS in all the samples were investigated to prove
the proposed approach. The results from magneto-optical measurement indicated an enhanced helicity-dependent AOS
in YIG/FePt-C bilayer sample than GGG/FePt-C bilayer film. Furthermore, the AOS effect presents a visible positive
colinear relationship with the laser fluence in YIG/FePt-C bilayer film while it is almost unchanged in GGG/FePt-C
bilayer sample. The potential contribution from the thermal-STT on the AOS in FePt nanogranular films will be
discussed in detailed with experimental results in the presentation.

L1,-FePt
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Frequency characteristics of emergent electromagnetic response in magnetic nanostructures
J. Ieda, Y. Araki, and Y. Yamane
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Anisotropic magnetoresistance effect in FesxNixN films grown by
molecular beam epitaxy

Weida Yin?!, Keita Ito, Takahiro Tanaka!, Rie Y. Umetsu?
(IMR, Tohoku Univ.)

[ Introduction]

Anisotropic magnetoresistance (AMR) is a phenomenon whereby the resistivity of a material changes in response to
the direction of an external magnetic field (Hex). AMR represents a significant magnetoresistance effect and finds
wide-ranging applications in fields such as magnetic sensors and magnetic storage. FesN is an interesting ferromagnetic
material showing negative AMR and the anomalous cos46 term (C4) significantly increase at low temperature (T).1®
AMR of FesxNixN films with x = 1 and 3 have been reported, but the origin of C4 is still unclear.®) In this study,
FesxNixN films with smaller incremental changes in x were fabricated and their AMRs were measured.

[ Experiments]

The epitaxial FesxNixN films were grown on MgAl,04(MAO)(001) substrates at 450 °C by molecular beam epitaxy.
Fe and Ni were supplied by electron beam gun and N was simultaneously supplied by radio-frequency plasma gun. The
structures of the samples were characterized by reflection high-energy electron diffraction and x-ray diffraction. The
Ni/Fe ratio, x, in FeaxNixN films was characterized by electron probe micro analyzer as x =0, 0.6, 1.2, 1.6, and 2.2. The
samples were microfabricated into a Hall bar shape, and AMR were characterized by using a physical properties
measurement system. The sample was rotated under a steady Hex 0f 3 T as shown in Fig. 1, and AMR was measured by
four-probe method while changing the relative angle between Hex and the current under different T of 6, 75, 200, and
300 K for all the sample.

[Results]

The FesxNixN films were epitaxially grown on the MAO(001) substrates, but the uniform FesxNixN phase was hard
to form with the increase of Ni composition and started to decompose into FeNi at approximately x = 2.2. The
relationship between T and AMR ratio (ramr) in the FesxNixN films with different x is shown in Fig. 2. In the sample
with x = 1.2, 1.6, and 2.2, the ramr value is positive at 300 K. In contrast, negative rawr is obtained at 300 K in the
samples with x = 0 and 0.6. The absolute value of ramr gradually increased with the decreasing T and the sign of ramsr
of the samples with x = 1.2, 1.6, and 2.2 became negative. Particularly in the FesN film, the |ramr| rapidly enhanced to
9.8% at 6 K, which is much larger than the reported |ramr| for FesN films grown on MgO(001) and SrTiO3(001)
substrates.>® The negative spin-polarization of density of states at the Fermi level (P) in FesxNixN is reported.®)
Considering a theoretical model reported in ref. 6, the combination of negative ramr and negative P obtained at low
temperature region means that minority spin transport is dominant in the FesxNixN films with x of 0 to 2.2. T
dependence of C4 will be discussed in the presentation.
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Fig. 1 A schematic geometry of the transverse AMR measurement. Fig. 2 Temperature dependance of AMR ratio of FesxNixN films.
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Temperature dependence of anisotropic magnetoresistance effect considering crystal orientation of Co-based

29pB - 2 HATE FARRE

Heusler bulk-single crystals
T. Tanaka, T. Kubota®, S. Kokado™", R. Y. Umetsu
(IMR Tohoku Univ., ‘Grad. Sch. Eng. Tohoku Univ., ~“Grad. Sch. Integ. Sci. Tech. Shizuoka Univ.)
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Fig.1 Angle and temperature dependence of AMR ratio of (a) Co,MnGe and (b) Co,FeSi.
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Quantum-annealing approach for designing cation-disordered spinels for magnetic tunnel junctions
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WPI-Bio2Q DIk % 2 1 TIT LT, Local density of states projected on real-space MTJ structure
showing the highest TMR and lowest RA.
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Tunnel magnetoresistance effect of magnetic tunnel junctions
using perpendicularly magnetized conductive cobalt ferrite electrodes
M. A. Tanaka, T. Ichikawa, D. Mashimo, M. Morishita, H. Komiyama, S. Honda, T. Ono, and K. Mibu
(Nagoya Inst. Tech., *Kyoto Univ., ** Kansai Univ.)

[TL&HIZ
ANV T 254 MCFO)IW A R A EA ST 2 URMETH Y . W HH OS] - Y BEREZ T
(00 )AL > CFO I3 K & A EEBERE T M4 R 37[1-2], Fex X Fe U v F D CFO #fE A (B4 2% &b & DfE
RISNF 2R 25 2 & TR NT & A EAEE L 222 D #igE A 7797 I-CFO (Insulative- Co,Fes.Ours (0<x<1))
& F' L F ' NFIET 5 2 & CilEM 4 /k9 C-CFO (Conductive- Co,Fes, 04 (0<y<1)) DOIEEBHALIFEZED 5y
TN TEDZ & adE LZ[3], 72, Mg 1-CFO D ko xR 7 0 Vv Z —5h 5% > T 100K
T 28% DN A RT A AEALZBIAI L7-[4], AR TIX, H— R RN DDA Y U 2R OB T ME
KB TRV A B E AR R NIRRT & 238 EMDO C-CFO (27 EH L, BEERALZ 7> C-CFO i % 58
@z‘rﬁﬂ’ﬁt T OGN Y T ORGSR b R NAEEGMTNFEFAER L, 20 MTI FFI2xF LT b Vi
LIEPUTMRZN R DORIE 24T 9 Z & T C-CFO D A & Ly ARh=R 2 38 L 7=,

ERAE

7V A L—H—HEFETE T MgO(001)FEMK E12 3> 7 7 J@ -CFO(20 nm), MTJ 3 1O Nk MR C-CFO
(20 nm), FEEENE R 2R ANY TG MgO (2.5 nm)DJIEE TRIE L 7=, = O kI EEBREEEEM L LT Co(1.0
nm)/ {Tb(0.45 nm)/Co(0.65 nm)}5/Co(2.0 nm) % 7= |% C-CFO(10 nm)/Pt(3.0 nm) D2 J@ [ /ERL L . 14 MTJ-1
& MTI2 & L7o, X BRIBIHTESE Cff S s &8 T EA ORI 24TV, SQUID REHGr 2 AV TRLIRIE &2 17
Sl FT7HMIVITTT 40— At A A2V T EHFAOTEEDNE pm O MT] FFE2ERL7-0b,
B TR (B 5 M) S AN 22 FIIN L ORGSR BTN E 21T BT S 4072 TMR 2058005 A B AN 251 L
775

ERER

MgO00 )t ETld Ny 7 7 &0 1-CFO & FERIENMEFEARE O C-CFO 1%(001) F I = B & ¥ ¥ LAk
L. EWROEEZZ T CHNG M OSIRELRDGFET D EBbootz, o, BALRIEND MTI E T HO
LI T HR -« bR & HICEER LA R L, C-CFO JB I3 mEMAETENFBL I N TNDE Z N
Drolz, BEKIHHEN S, MTI-1 #1713 100 K 28T EF Os@ia: g O R b SO TIRRE THRBUIE
INE L 72D —5%DAD TMR ZEDBUAI S 7=, —J57C MTI-2 Tl 100 K (23T BT OsffatkiE oRibss
PATIRRE CTIRBUE /NS < 725 +6% D IED TMR R BB S v7z, H—FEE R 25 C-CFO T A v
» H RO T IMEEIZ KA T Co TIXE A B L 2R OB - H/MmEic LAY 722 728, C-CFO & & Co & %
VN2 MTI-1 Tl A O TMR Zh 30 %ﬁ«ﬁﬂén R osEENEEIZ C-CFO J& % V7= MTI-2 TIZIED TMR Zh
NEHI SN EEZBND, LLED X 512, ABFFE Tl C-CFO I Xk A |EHAL T kv x84 0E
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[1] H. Yanagihara et al., J. Appl. Phys. 109, 07D122 (2011). [2] J. Okabayashi et al., Phys. Rev. B 105, 134416 (2022).
[3] M. Morishita et al., Phys. Rev. Mater. 7, 054402 (2023). [4] M. Tanaka et al., Appl. Phys. Lett. 122, 042401 (2023).
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Theoretical study for (111)-oriented magnetic tunnel junctions with SrTiOs barriers

K. Masuda?, H. Itoh?, Y. Sonobe?®, H. Sukegawa?, S. Mitani', and Y. Miura!
(NIMS?, Kansai Univ.?, Waseda Univ.®)

[FLHI

WRT v HE LT 7EAAEY (MRAM) ~DISHD T2, A b RS (MTY) 1@ b o LA
it (TMR k) & RERBEMKESE PMA) 20T 50ERHL. ZOX I RFERNL, BAIXINE
C fee SRBEMER D111 5 M 2 g Hm & L7z B (1D EL A MTIZ O W CHEGRIFZE 24T > C& 72 [1,2]. Fexlx
b RVRERE L LT M@0 & 2 MTI I OW TRENT 2470, 2000% % #E 2 5 miv > TMR B & L1 SlfsdE &4
DEFEICHRT 2 RERBERKEGENWNLT 52 L2 FAEL TE 2 [1,2]. Loy LAL)EL R MTI @
b RVEEREIL MO IZER B2 b D Tlid/e <, TOMOWEIZOWTHET 5 Z LITHH MTI O 72 2% /]
HEMEAZBRT 5 ECEETHD. £ TARIIETIE, b xvpEiEs U CRLEMICEE &R Z R LT
72 SITiOz Z B v EiF, 2z Auv=(11)E M MTI @O TMR ZhRICHOW CERR R 24T 9 [3].
BIEE - R

ABFFECIL b > R OVRERE & LT SITiOs, Safgttmms L<  (a) X/StTiOy/X(111) (X = Co, Ni)

fcc Co (Ni) V7= (111)Fdm MTI [Fig. 1(a)] 28T 5. = P - o P ]
B MTIITH L, B BIRE R S < o — A l"; %ﬁ*&%&e ﬁ”
- 0 O° o° ™

& Landauer AR Z AT 5 Z L TTMR EEZ2 5 L7 [3]. %._’ /- 9. ‘,O
FEMT DB, Co & V7= MTJ T 534%, Ni & v 7= MT) T CoorNi g,
290% &\ ) HIRHOE O TMR S Bz, 2o k) v (b) Up Down

TMR DR 2 51 25 72 DICE XSG E O NI (k) KAF
VEAAAT LT= L 25, DRACVIREBICB T 5 a v 20 20
ADT K [k=(0,0)] I27r— R —7BfERINTZ. T 1} Ap.p)
ILARREHETERE Co, Ni /3L 7 DY FHEREZS TMR 205812 3 <
BT HEEHZTNWHAZLEZRLTND, £ TIRHDON
v RS A BB 72, Fig. 1(b) 12 Co D A #f (D S5 k,
FF NN D & kR T T ISR TS) oo S RS
TR, AVIRREN S 2R B R R AN—T A Z W Z A LT
WD ZENDIND., O N—7 A% Co & SrTiOs D
P RO R BT L 0, Co TR KT Y BEns = & 3 5 =26 e
(CEDAL S, T STi0s DR FIEOMITN O A 61 ) nercell of XISITIOWX(LLL) (X =
IR b R VRRER T/ D SRBREE RS, M FMEE ¢ Ni). (b) Up- and Down-spin band

(¥}
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E-E, [eV]

'
)

Ay(s, .. dz)

THBELREENZ R 2 LRSI, LR, structures along the A line of fcc Co for the
AEE B LT T TMR H IS MBEE R D A IRREIZ 251F B v UNIT cell with four atoms in each plane. From

Ref. [3].
TAAINPZ Lo THRBEINTWD EFERSITHZ ENT 3]

&5 [3]. ASAFZEIL ISPS BHiFE: (JP20H02190, JP20K14782, JP21H01750, JP22H04966, JP23K03933) K (N ST
CREST (JPMICR21C1) DL T TITbN- b D Th .

L ZD TN

1) K. Masuda, H. Itoh, and Y. Miura, Phys. Rev. B 101, 144404 (2020).
2) K. Masuda, H. Itoh, Y. Sonobe, H. Sukegawa, S. Mitani, and Y. Miura, Phys. Rev. B 103, 064427 (2021).
3) K. Masuda, H. Itoh, Y. Sonobe, H. Sukegawa, S. Mitani, and Y. Miura, Phys. Rev. B 106, 134438 (2022).
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HiF w2 BRI OME Bt BE #uE? Rk OKERS
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Dependence of magnetic tunneling properties of Fe3s04-MTJs on barrier material
Katsumi Yoshino!,Shoma Yasui'!,Seiya Yokokura?, Toshihiro Shimada?, Taro Nagahama?
Graduate School of Chemical Science and Engineering, Hokkaido University!
Graduate School of Engineering, Hokkaido University?
Graduate School of Science and Technology for Innovation, Yamaguchi University?
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1% & TMR HIXBAICHE U7z, Z4UE FesOa 23 7 = bl % Flal - 72 2 o
L THEE DN X . ZHIENA Y REEEDE N H o121 ThDH & st
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L DN Fig. 2 Temperature dependence of
TMR ratio.

1) Shoma Yasui et al., Physical Review Applied 15, 034042 (2021)
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CoFe/MgO/CoFe(001) magnetic tunnel junctions with giant tunnel
magnetoresistance exceeding 630% at room temperature

Thomas Scheike, Zhenchao Wen, Hiroaki Sukegawa, and Seiji Mitani
National Institute for Materials Science, Tsukuba 305-0047, Japan

Magnetic tunnel junctions (MTJs) are a key component for spintronics applications, such as sensors and magnetic
random-access memory (MRAM). However, the resistive change of MTJs, i.e., tunnel magnetoresistance (TMR) ratio,
is low even after several decades of research and development as compared to other nonvolatile competing solutions,
such as resistive RAM. Recently, we have demonstrated increased room temperature (RT) TMR ratio exceeding 400%
using single-crystal Fe/MgO/Fe" and Fe/MgAlO/Fe? MTIs, doubling the previously reported ratios of Fe-based MTJs
by careful optimization of several key layers. The results further emphasized the important role of interface properties,
i.e., roughness and oxidation, on the transport properties. In this work, we show the effect of tuning of Mg and CoFe
insertion layers at the interfaces on the transport properties leading to increased RT TMR ratios.>

Epitaxial MTJ stacks were fabricated using an ultra-high vacuum magnetron sputter: MgO(001) substrate//Cr
(60)/Fe (50)/CoFe (dvot)/Mg (dmg)/wedged, electron-beam deposited MgO (1-3)/CoFe (diop)/Fe (5)/IrMn (10)/ Ru (12)
(units in nm). Each layer except IrMn and Ru were in-situ post-annealed. MTJs were patterned into elliptical pillars
using photolithography and ion etching followed by ex-sifu annealing. Transport properties were evaluated using a
standard 4-probe method. For low temperature measurements, a physical property measurement system was used.

The TMR curve of the optimized MTJ structure is shown in Fig. 1. A maximum RT TMR ratio of 631% was
obtained using dyo = 2.24 nm, dvg = 0.6 nm, and diop = 0.56 nm, which exceeds the reported TMR record of 604% in a
polycrystalline CoFeB/MgO/CoFeB MTJ.¥ The TMR ratio is strongly dependent on the MgO thickness showing a
significant oscillatory behavior with a maximum peak-to-valley difference of 125% at RT. The temperature dependence
of the TMR ratio is shown in Fig. 2. The TMR ratio increases monotonically with reduced temperature and reaches a
maximum of 1143% at 10 K, demonstrating a high tunneling spin polarization. Our results show that TMR ratios of
well-engineered interfaces of Fe/MgO/Fe-based MTJs can be even further increased, e.g., by tuning of electrode
composition and thickness, etc.

The work was partly supported by JSPS KAKENHI Grant Nos. 16H06332, 21H01750, 21H01397, and 22H04966
and is partly based on results obtained from a project, JPNP16007, commissioned by the New Energy and Industrial
Technology Development Organization (NEDO).

References
1) T. Scheike et al., Appl. Phys. Lett. 118, 042411 (2021). 2) T. Scheike et al., Appl. Phys. Lett. 120, 032404 (2022).
3) T. Scheike et al., Appl. Phys. Lett. 122, 112404 (2023). 4) S. Ikeda et al., Appl. Phys. Lett. 93, 082508 (2008).
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Fig. 1 TMR curve of optimized MT]J at RT. Fig. 2 Temperature dependence of TMR.
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VK. Kushwaha, 3% [L5R, =l B, SRS E, REEHRTR
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Fabrication and analyzation of magnetoresistance device with composition spread layer for optimization of
interfacial electronic band matching
V. K. Kushwaha, R. Toyama, Y. Miura, Y. Iwasaki, Y. Sakuraba
National Institute for Materials Science (NIMS)
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% T MR SR T 25824 U5 Z L MEX bz, Cu/CorxFex CIP-GMR device
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ZE WK 1) Y. Iwasaki et al., Commun. Mater. 2, 31 (2021), 2)I. Kurniawan et al., Phys. Rev. Mater. 6, L091402
(2022), 3)Y. Iwasaki, et al., STAM method 2, 365 (2022), 3)
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Low temperature formation of oxide film on Fe-based micron particles

synthesized from magnetite by gas-solid reaction

Miyazawa Mamoru, Ogawa Tomoyuki, Tobise Masahiro, Shin Saito (Tohoku University)
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Fig. 1 XRD profiles for raw and after
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Correlation between iron loss and features of B-H curves of dust cores under the application

of dc bias field
T. Onuma', N. Ono', and S. Okamoto'?
(‘'IMRAM, Tohoku Univ., >*CSIS, Tohoku Univ.)
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Fig.1 Iron loss of Sendust and FeSi

dust cores under DC bias fields.
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Study on magnetic properties of toroidal cores composed of electrolytic iron powders with different shapes

m

Yudai Kodama, Phuong Nguyen, Takamichi Miyazaki, Sho Muroga and Yasushi Endo
(Tohoku Univ.)
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Iron loss analyses of toroidal cores of various materials based on magnetization reversal processes

N. Ono!, Y. Uehara?, Y. Endo®*, S. Yoshida', H. Oikawa’, N. Kikuchi !, S. Okamoto"* ¢
(‘IMRAM, Tohoku Univ., 2Magnetic Device Laboratory, *Graduate School of Eng. Tohoku Univ.,
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Modification of transformer coupled permeameter for measuring a soft magnetic particle targeting power
electronics applications
S. Tamaru
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In-plane anisotropic CoFeNi-MgF, nanogranular films having low anisotropy field for high permeability at VHF band
M. Naoe, M. Sonehara*, K. Miyaji*, T. Sato*, S. Muroga**, Y. Endo**, N. Kobayashi, K-I. Arai
(DENJIKEN-Res. Inst. EM Mater., *Shinshu Univ., **Tohoku Univ.)
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Fig. 1 In-plane magnetic properties of

CogoFersNijs-MgF, film having thickness of

539 nm and resistivity of 14.7 pQ-m: (a)

Magnetization curves and (b) Complex

permeability spectra of magnetic hard axis.
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The structure and magnetic properties of submicron Fe-Ni-B amorphous particles
Kazushi Wakabayashi, Takamichi Miyazaki, Sho Muroga, Yasushi Endo (Tohoku Univ.)
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Fig. 1 (@) SEM image (b) the electron
diffraction peaks image of Fe-Ni-B particles.
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Novel FeCo based FeCoBPSiCr Amorphous Alloy Powder with High Bs of 1.61 T and High Corrosion Resistance
Y. Kajiura™, A. Hasegawa™?, M. Hosono™, K. Yoshidome™, S. Otsuka™?, H. Okubo™?, H. Matsumoto™
(*1 Materials Research Center, TDK Corporation, *2 Magnetics Business Group, TDK Corporation)
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HEHEZEREME L, HBIC PR, ZREMIZ Ag/AgCl BARE AWV CESILFNEEITH Z & TIMEi L 7=,
Flo, HAT b~A REZHNTHRILEIT o 7o, 1FRL7T2BERE 63 pm OfiiZ FVTofk L 72 R 2 i 1]
L. FERETFEME (TEMZ AW TH RO T ELT 7 ZREEAHR LI-, 7ERIL7=mEREE AL 2.0 (L)
X1.2 (W)X0.8 (Hymm D4 f &b A X7 ZaF L, LCR A —% —% W CEi BRI 274 L7,
REBRER

- ; L A X Table 1 Amqrphous form_ing ability, corro_sion_characte_zristics
Table 1 (< FeCoBPSICr 7" /L7 7 A &y s L UBEAT and magnetic characteristics of metallic ribbons in the

D FeSIBC 7E/L7 7 AEEITHIT HEAIEA, R FeCoBPSICr and commercial FeSiBC amorphous alloys.

B, BREREER X ORAFEE "9, Table 1 Amorphous i 7 >

X b FeCoBPSICr A 4xi, My AALAS ATfiE 22 87um gy Compositon b V) @Alend)  m) (D)
TENT 7 ATEREEE AT D ERIFFIZ, -520 mV D& FeCoBPSiCr 87 520 237 20.4 171
WIS RENL & 23.7 pAfem? DRV VE RFETEEEEA R L FeSIiBC 60 77 51 257 169

BEfFD FeSIBC &4k bENT-MEMEEZFT 654

ThDH I EBRENT, 030
Fig. LIZ A7 b~ XIT & Y {EHL L 7= FeCoBPSICr G0
TENT 7 AGEHARE LOBEFO FeSIBC TE/NLT 040 -
7 ARG RER A L F A RTICBI A EKE =03 |
B % FeCoBPSICr 7 /L7 7 A8 4K KD TEM 4 ; 030 |
BEUETBEI S =2 LIITFT. Fig 1Y F 005 | rommsicramonios
FRCOBPSICr 77 7 ARG 7 ey E | o
7 A% A L, FeCoBPSiCr 7 & /L7 7 A &4 K% H o1 ™ alloy powder with B,of 10T
WA XY B BETIIEEFED FeSIBC 7E/L T 7 AE 0.0 2.0 40 6.0 80 100
KRB VRS RS OB E RS _ Applied current, 1 (A) _
TS LR ERE, e e oot

image of the FeCoBPSiCr amorphous alloy powder with
SAED pattern
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BRILT B 7 7 RERIRINCK 7 0 B 3§

& XAV NPT S
(FHRTE (#R). *HIEKR)
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Development of spherical iron-based amorphous fine particles
R. Tsushiro, Y. Endo*
(Toda Kogyo Corp., *Tohoku univ.)

[FLHIC

AV H 7 B EOBBFERROEMEREICIS T, AT 2B B ORESER RO D TEY | 4
AR E A B R OBIZ N EH SN TV 5, BEMESBRM KO EEIZITT h~A XIEBREZ HAnbh
TWD, BYERIZ Tum BLF OBk OERIAREECH 5, IR ICIEZ OV O (T AT BE
THDHN, WEROTFEDITIE R ROE—HECREM O AEITRER H o 7o, 2 2Tk, Hiz7s
TWFR TCIE 2 Wat U LR OB A R L 7= Fe-B ORI T- 2B L7= 2 L IC oW THET 5,

EERAE

AR TIEO FUEHE, SELAI. BOSSRME (pH, IREE, FHK. #E5M7e L) MG OEL 5% Bt
L. BIELT D Fe-BH DT BN T 7 AR A ER LTZ, 15062 MRO—URIF & AT AR
BT BE(SEM) & | SRR BITRIE DA ot & AV CRl L 7=, B RER O B R 1E 30~40v0l% 5
BHIEBRRS Y — e xry NU—2 T F 74V THIE LT,

ERER

Fig.1 IZ/Ef L7z Fe-B R SEM R Th 5, iidEhk:
WCHR R BEIRDRL - & 72> TWD Z R o Tz,
Fo, ERELMERE TS Z Lk, kKT
&A% 0.2um LU F OB 751585 2 LR TE, — ks
FREDOY—ME L S BIEIZ DWW T, Sample A, B L [FAIFE
FEDORE S D Fe-B R A FERIETER LR LT, £
DOFEFR% Table 1 1R, RO —MEE2EKT DI B
FOERE 2T D2/DI L 1T, fERdih L0 b AR
DTN SUVMEE 72> TRV B THEED B

Sample A

Sample B

Average primary particle size

l,rl pm

0.2 pm

Fig.1 SEM images of

Fe-B particles.

Table 1 Characteristics of samples.

Primary (@]
BT > TWA T EN o T, Sample  Method particle  §/DI  D2/DI at 1GHz
N - . . N Si Ju?
HREHE D BB Z Fig2 (R, BRI, B i Beded 10T 105
BB VTRl L O NI E iR 23 38 4 N fB) . CDevek;ped | (11(2) g-;g gg 125~79
o N - eI. onventional B . . .
LEHEDME T2 2 E0MBEE D25, ARBAFESIL  Ref)D Conventional 05 028 33 43

IGHz O &AW T, kLY b/ hS v
oL AU Eomn» QEERTZ &0, WENE
DD L TWEEEZLND,

S: SD of primary particle size, DI: average primary particle size,
D?2: average agglomerated particle size

BENERI T4 S Fo i L BB 5 2 & ThA v &Y 4L ReD)SampleC
5 OB BT B, BUE, RMESEER 0pm 3 d e &
DRKF LRGSR HEOBILFMS AT THE, 5 / 7
g b /
$% 3Tk ‘2 ]
1) K. Murata, T. Miyazaki, H. Masumoto, and Y. Endo: Trans. g ! . l--—”'""—"““"3"_"_"::.:-_—_-
Magn. Soc. Jpn, 5(1), 1, (2021). e gAY _
0.1 1 10

2) S. Yuki, K. Shimba, N. Tezuka, and S. Sugimoto: Journal of the
Japan Institute of Metals and Materials, 76(4), 278, (2012).
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@%%%%wk%/%%%@ﬁﬁﬂ74ﬁ377*?4V?Vinv
— a OERlk

B R, ZEIE, BHIES
(&% Lkl tt)
Speeding up of Micromagnetic Simulation for Nanocrystalline Soft Magnetic Material by Implicit Method
T. Tanaka, T. Ataka, M. Kazama
(Fujitsu Limited)

[EFLHIC

WA T — 238K % -T2 ST —F 3, 20 & JEREEIL & 2/ « B =R X — b3 #ifF ST

Do FHIHNA L H I ER N T VAL WSTZZBEIFRFILINETEY GEECEMET 2 Z L RD B,
FRBICBOTHIERBEA R ZEBRE RN EEIIR>TWD, ~A 70~ 2T 47 Ialb—va il
K DRI OBEX AL « RO SHTIL B BRE R OB IER ORI F 5 TE s B2 oD, L
LB OAAL vy F o ZJHINIKAR~ A 70~ 32T 4 v 7 v ab—ra CORRZ RIS RE W v
Ralb—varOEmER RO LN TND, B LiESR) A2 5Lk % Landau-Lifshitz-Gilbert (LLG) 7 #2203 HE( b
@ﬁ#%&ﬁ%@#%ﬁéﬁ Fk 4 1355 100 kHz ~ 1 MHz 4 CIZRACIEB) 202 < 72 0 5 25 & AR Lo 72

TFEEE LS FHUIBERNELNDEVIHIRED D &, MAEEA T L7 LLG FERROEMRE &
BHZE L7, 2!:%&%1 iﬁxﬁﬁr&@#rﬁﬂi\ RSO R, MERARA LB 2R ETITETH D,
HEAX

T FEREKBEEAEHT 10 7/ A= FARBREDO A v 2 2 23RS TEY . £ A v ¥ 2B IRICB W TR R
FYENRT o ZLARMLTWD T ¥ DERBRGTEET V2 HWTERBLT 2, —EEEEE b DI 2
PERIC —RRICEIINT 5, RALEENILL T O & 5 2228 o 41 U7z LLG SRRt 9 & 9%, KLl A0
RD7= LLG FFERIC L D REEF R IT =R — R/ Mb a2 R U7z gt 2 B LW 5,

Jdm

Y
Sr = pmX (m X Hegr)

m, y, Hegld ZNENBARMEN T BV Vv A B BEKER, AR THY, ¥ e 7EHIT1 Th
Do

R
BRI DY 1.6 T. YA X2 10 um x 2 um x 0.05 um DOFEHE T /LICHRIE 3000 A/m. J8KE IMHz DR

WS 2 FIIn U 7= St lost LE 2 3BR%E LT Pk 2 W TR 35, D 72 Crank Nicolson 1512 X 5 fi#
& it L7z & Z A F1EIL Crank Nicolson {EIZ L~ TH) 2 5 mdE b S v b, Fig. 1 ICHALIREED XS~ 7
Tay bERT, BKEZ O 5 L EDLOFIELBIXIE 180nm~400nm (2 — 27 2EFE D | RAEHZ T
T DEIL IMHz LR Tl hsneExbhd,

Fully Implicit Method Crank Nlcolson I\/Iethod

- 7 ’ N"\' \"'\4'{

>0 NG Is e MRV 13

,./-— ‘.,.._

Fig. 1 Magnetization visualization of the implicit method and the semi-implicit Crank Nicolson method.
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IR - Dy IRINE: - Bl 2 2k 872 Nd-Fe-B BEfEwi A D FORC & A
77T AOEEH

A BTSN EEERAY L AT 2 B2 WENIE] 2 AL L RAKHR 14
(HAERZIehE, 27 e 7 U 7k, P4ER SRIS,  *HIEK CSIS, *NIMS)
Feature extraction of FORC diagrams of Nd—Fe—B sintered magnets with different temperatures, Dy doping, and
alignment
K. Ishigami', K. Nabeta!, D. Furusawa?, T. Maki?, T. Nishiuchi?, T. Nakamura®, S. Okamoto'*>
('IMRAM, Tohoku Univ., *Proterial, Ltd., *SRIS, Tohoku Univ., *CSIS, Tohoku Univ., SNIMS)

First-order Reversal Curve (FORC) AT 130 A BF DB LIRS AR & fiftT 9~ 2 F1ED—>Tdh 5, FORC diagram
% N TR R B RRAT & FRAT L 7218 5 OWFFE D % < 1%, FORC diagram LD AR N ONLE & IR0 & FH A AR
ROAREES) & D D HLE IR LT X Toh, KABARELD FORC diagram 1TEME/R 7260, ZOfIROILE 70D
hysteron 734 & BEALIKERD 3 A —ET 5 & W O RE Z K AMAMEHIEA T2 DIIREY L EZX b, £2T
ARWFFETIL, B2 FORC diagram /X% — > OJFRIKZ A LN T 572002, IBE - Dy e - BBREZE X720 D
Nd-Fe-B JEf 4 @ FORC diagram % Z G L #H 73 C FORC diagram O RS A fid2, /X T A — & & FORC
diagram OZEALDORAIR % EEFMIT 5 Z & T, FORC diagram EDOFREAGICKGET B /3T A — 2 L2+ 5,

Dy WRINE(1, 2, 5 wt.%) & B o) B (CERC B RA, FECHA: MA, @fcE: HA)Z 24k & 172 Nd-Fe-B BEfS a4 230k L,
FEHEIR Z 0.5 mm X 0.5 mm X 3.0 mm (20T U SREECEHREE /151 C FORC diagram O FE (& A7 2 3+l L 72, FORC
diagram DR ICIE 22,046, 7 — X FUL S8 Cho7c, ZDT — Xt v & UMAP 7 /L3 U X LTS RICITIRITHIE L |
1l vs 55 2 B TR R IBEZER 7 e v S Fig (@) Tdh b, 22T, v —H—EL2ITVZ &1 FORC diagram
ARG % Z & & EW T 5, Fig. 1()Ii2 8\ T KIE O FORC diagram X Dy i & Bl & 13 2EES4RIC Group 1(G1)
W28 F4, [FAERIZ AR O FORC diagram X Group 3(G3)IZ & 417z, — 5T, {KIR® FORC diagram 7> & i FORC
diagram |[ZE 5 /X2 (X 7580 H Y . Group 2(G2) & T G3 IZZ LT B /X A X ERE B4 . G2 /71T G3 & kT
XA T HEL A B L SR A Th o7, Fig. 1(0)I34- 27 /v — 7128 415 FORC diagram OREHITH Y . Zih
1B Gl—>G2 D/SATANR Y DK & BOHEREE BRI ZE), G1-G3 BEL N G2—>G3 D/NATAKR Y hod
IR & DK % 072\ FORC diagram Oiffi/NBALIEFRIZIAR NS T 5 & &2 HiLd,

AWFFEIE, SCERHSEA T — 2 Al - TERB~ T U 7 AMERRE 7 0 Y = 7 hHEE JPMXP1122715503 72 6 NI
B MM a~T VTN AA—T 07T v N7 3 — DR EZ T,

(@ ® , 3

% £ z:g

£ = b FE

= k=R & ‘?BC

£ 8t £k 125 S

s g - g

- g L0 %

= o 2

E T e i N 0.7 g

) 70050 G

A ENd-Fe-BDy 1'wise), 1 : 2

2} SpTEH09C ©

6 = : RN i u 0.25 g

: = b : 5

0 1 2 3 4 =l S T

. - : . P

UMAP1 (arb. unit) 2 °

— 200 ic 0 Z

ss|eea s 3 g

@ s =

=X 4 ¢ g - g

D 5 i -

s1]1 N b § — 100 et 5

o [ i [5]

i =3 3
Ey RA MA HA §

[ - -
Alignment RT. Applied Field: H, (T) Applied Field: H, (T)

Fig. 1 Dimension reduction of FORC diagrams of Dy-doped Nd-Fe-B sintered magnets. (a) 1st and 2nd UMAP latent space plot, (b) FORC
diagrams located in the corner of the latent space.
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Bem BE . Dy fHLEK D72 5 Nd-Fe-B BefEs A O
FORC # A 7 7 7 LHIE

SHEWEAT L A BT AR 2 B 2 PENEKE] 2 R ARHE 14
(FALKRZ e, 7 a7 U 7L 2 HALK CSIS®, NIMS?)
Measurement of FORC diagram for Nd-Fe-B having different alignment degree and Dy compositions
K. Nabeta!, K. Ishigami!, D. Furusawa?, T. Maki?, T. Nishiuchi?, and S. Okamoto'3*
(‘IMRAM, Tohoku Univ., *Proterial, Ltd., *CSIS, Tohoku Univ. , “NIMS)

FL®HIC

Nd-Fe-B BEft e ORBES11E2% < OBERDIBHRT 553, FTH ¢ #hEL 142>V T SEM/EBSD 72
5 NT MOKE % H\WN 72 Rt i) e 78705 70 Sdv, BEBERI [ D ¢ Bl 5 DE WS BRI T OREEET
o IR AT ERMEIN TS Y, Z ORERITHAIE RSB iR < B
THILEERTHLOTHDN, T OIS TR ALK 2K TR+ &E L o
Th b, BACHBIEROBAGIREE 2 R8-S 2T ik & L CTFORC XA 7 77 2030 5 P, BIfE
¢ BEC 721 T2 < Dy FLAR & RIS b & €7 Nd-Fe-B Bt 12%f L C. FORC # A 7 7
7 LPNE % FhE L, SEM/EBSD 72 5 ONZ MOKE HIIE & OMEAMEIC DWW T OREZED T D, 4
ENIBREE CICE O N RERET S,

ERAE

Nd-Fe-B BEAEBEAIZ Dy & 0, 1, 2, 5 wt.%i M L7 & OIZ DWW CHEERL A, FPECm], EELm O EL )
bRt 12 FEORENZ HE Lz, PRV A X3 5um TH D, REHIHAFEEIZ LD ¢
5 1) 2 Rl & LY 0.5%0.5%3 mm® IZH1 L L7 JlEIL VSM & W7o, JIEIREE X =R 3 LTV 40 °C
~200 °COHIPH T 20 °CH| A & Uiz, S KRATAIRESGIXEIR T 2.6 T, 40°C~200CTiX 22T TH 5,

FRER
Fig.1 {2 160°C CHlE L 7= R[] 72 & QNI HECLH O Dy 5 wt.%Nd-Fe-B BEft i oAb ih#iEs KO
FORC A 7 7T LEmrd, [SEHAKR Y b EBBIEAR Y NOBNFRAR Yy hOKE S(TZ
T, "G AR Y S BEHOT—A BRI TED

B 45 ° A LT o b O, H Bcih>7=b 0, H @ (b)
BN >72 b DR ERR S, TS OB F ISk ‘
THBEIZEWR R ONTZ, £ T7—A 7 — VOATE ¢
DHENFIZHRERFEONDR RO TEY | XSSO
LIBREOREENENR LD EEZ NS, 5%
X235 D FORC XA T J T LoNA— 2 DiE &G
HAR, WIS L OFEBE AR LT <,

oH, [T]

HEE c
AIFZEIL, SCHREBRE T — X Al - IERB~ 7 U 7 L8
TR T 0= MREE (T —X Al - 15 AR R
WFZEHLE) JPMXP1122715503 78 & ONZ NIMS fiéé4 MOP

HoH [T]

—=

o & o
=

-2 2
woH [T] HoH T]

Fig. 1 Magnetization curve and

DA EZ T TP E LT, FORC diagrams of Nd-Fe-B

sintered magnets with Dy 5 wt.%
m of (a) - (b) non-aligned and (c) -
1)T Maki et Cll., J. Magn. Soc. Jpn., 42, 24-29 (201 8) (d) medium_aligned measured at
2)K. Miyazawa et al., Acta Mater., 162, 1-9 (2019) 160°C.
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Thb 8L Nd-Fe-B BE#ERER O 3 RITHI L AR & BRBED o DR H

LG = SN S S /I 7 NI~ N 1 N
GRAER Zoeht, *BE7E FEER)

Feature extraction of 3D microstructure and magnetic domain in a Tb diffused Nd-Fe-B sintered magnet
Tomomi Suwa, Keisuke Ishigami, Motohiro Suzuki®, Satoshi Okamoto
(Tohoku University, “Kwansei Gakuin University)

[EL&HIC

KNG DGR FR TREHE 2 O & AHBE A B 0 | 2 AU E Tid Kerr BAMEE 22 & 0 2 IRt 7o B IX 8142 F
HBCXORENT&E Y, UL, BIEOBRMEIX3RITOFR v b U — 7 S22 IRTTBIZ TILRE
MR TH D, TDID, WA O 3 RITHI 72 & BEXAEE 2 B35 2 L1k, 2 < oA
FHIZE SO TREDETH -T2, T HIT, 3KIT SEM Ll X R N7 7 7 4 — A HbE-FEIC L
0, R AREFREIRIC 31T D 3 IRITAY e THHIE R & XA DB AN AT REIC 72 o 72 2, ToHIREAR & R XA O
FIB AR D 7o DIZiE, ZNOOR A L, kT 25 Z L3N ETH DA, PRI XA E O TR
DBHEVEN B A OFFRICE S FIETIEHES TliEv, AT, ZoMEZ wRT 572912, Nd-Fe-B
BEREREA O 3 IRTTHI 7R O & BEIX A ) D 7 — & BREVI O Tk %2 O TR A i35 2 & 2T,

EER

AFRFESCIE Th #EH Nd-Fe-B Bf& A @ 3 IRITHIZR AR & XA DT — 2 &y MAEHLZ 2, 20
T—4%ty ML, 18umX10umX18um @ 3D-SEM B O & . % DR —HEFFEIRO 3 WITHEIX %
Enbies, £1-. 20 3RS IS Z+55 T 72 5-55T £ TE(L S ¥z & & DEREBLIREEDRLX
WBETHDL, NHOT—XERHWTHITZ1T-7-,

ERER
ORI L AKAZE 70 3 U X2 9% FIVC TR 217 o 7o, filli SAU72 FF#0 33212 NdoFewsB #H & Nd

U o FRHOREIZHIE LTS (K@), Zhid, ZOFENIREIRICEETNS N Y v FMHE2E L HH
TELHZLERLTWVD, THO DR MZRIL L7k, R 2B U CRBROMRIT 2170, JERL L

To AR O I T AT o 7o, BEKARIEIT, Bl 2 BE A B L S BT BROBMb RS s D' 7 A T —2 3
V% 3WTTHNTAT o 72 (K(b) . 246 O 2% T, MGHE AR DORFE & BEXHE & OB R4 2 & 28
HTND,
Byt

ARFSEIL. SRR T — 2 A - ERR T Y T 3D-image Feature Extraction  Key Point Matching
MR T 0 Yz NEE (F—Z Al - 15 - ' '

PEAF B ZEHLA) JPMXP1122715503 72 5 TNZ NIMS f4
£ MOP O X% = TiThiiz,

2 3R
1) J. D. Livingston, J. Appl. Phys. 57, 4137-4139 (1985).
2) M. Takeuchi, et al., NPG Asia Materials, 14, 70 (2022) (b)

3) P.F. Alcantarilla, et.al., Proceedings British Machine
Vision Conference 2013, 13.1-13.11 (2013).

Nd-Fe-B 4 D (a) POHIRELAR O R & SIS
(b) —2.2T 76 —27T FTONEGHMX~ v B 7
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DFT &2 5’z La-CottBEHM AL T = 51 h D Co BEHaY 1 b EIM:
FRMI, KEEA *, hEs— =, S, hiaz
CRAPK, EIEMK *, KBRANL K **)

Site selectivity of Co in La-Co co-substituted M-type ferrites: DFT calculation study
T. Waki, H. Ohta*, H. Ikeno**, Y. Tabata, H. Nakamura
(Kyoto Univ., Doshisya Univ.*, Osaka Metropolitan Univ.**)

1 ELC®HIC

M# 7 =54 b (AFe,019, A = Ca, S, Ba, etc.) 13, HI7D 7 = 51 MEFRDEMTH S, FZiZLak Co #LEML /-, La-Co
HEEMB T 2514 NEEWRE7 = 74 MEADORM E U THW SN, HED Co DEAIZ L b EEHIZ LEARLREE T H 20% 12
B LT 520IERINTWS LD M EDEERIZ Co?t 12X B RMOMKRGMRERIZL 2 L HEIN TV, K
& T OBTREENGIZ X3 G2 D - 72, ITETIH, Co™r ODFEREBY 1 ML 52H2 Fe V1 b (2a,2b, 411,45, 12k) D55
A (MEARY A b)) T, FZICBEBRINZE OV KR GHICEFEST LI EMHHLTWSE D, —HT, TNUNDOY A1 b (2a,
12k AR A ) 1I2H Co?t IFBEh, T I THENREAMZRUBKAEAEZETI TS ZHRBEINTED, K VEHRE
12 Co ZFIHT 272121% Co ZBIRMIZ 4 ICEIT B Z 22RO ENE, TNETIZAYA MAIFAVOREE LI, il
E& Coddfy EARLOMENRBEINTWVS Y D, ZOFMIMHI N TWARY, Co D 4f; T MEREDMIHD, FHikek
T 714 MEADE 5B WEREM ED 720 OMELRFHESHEFIZ D25, RLIEINETIZT A=Ca, SriZ2WTOFEMERIC
DWTERIZ DFT RO EZHRE LTS Y, A% TIE A =Ba OFFEREEZM X, DFT #8I2& % Co®* ¥+ MEAT R
WX =D A B F I VRAFNE L BTG OHEBII D W TlE T 5,

2 HE

R P IRIC L BB IR DFT #H) 12L&V, A=Ca, S, BaDEMET 51 hD 5 DDHEAS Fe ¥4 hiz Co?t
VBRI NBEOT XV F—2HE L, TOLEN, BEMEICOWTHRF 21772, IS, FHEHEEE 2 PAW %2 W/
VASP 8w 1 — 0 %7z, AFe;;010 DHAMIEITIZ 2 X2 x 1 OE#EZER L, TOHD Fe JfT 1 2% Co J{HFIZ@EHL
EDRIINVF—%FHE Lz, Co Offifit: +2 L3 572010 BEED - 0@-&%% 1 OUJuw:o 23 i AH BRI 4 1% HSE06”)
ZRAW, kmesh 22x2x 1, TRILV¥—Ay bA71E500eV & L7z, THILF— OBz %, #EREN (GGA-U Z Wit
BTHIIRES % PuE U, I&IKIZ 13 HSE06) %17\, Co iy 1 b@%Fﬁ*ﬁmkomfMﬁaﬁtxﬁoto

3 BRELUVEER

A=Ca Sr,BallDWTHHAZIT-/-2 5, YORIZBEVWTH Cot@4fi(BATY 1 MDA EER) WREE LD Z &
BIL 7z, ROT 2a, 12k Y 100 meV BETI AL X —HHHE L TW5, 2b, 4/ 13 1000 meV BEHNTE O, IhoiZdFEER
LWk EZS5ND, £z, Co?r DE—AY MIKAMF A PDFS DE—RAY NEVETTHD, ANFA VYA XHBINEL
RBIZON, 4ff HARO T IV F—=PHEMICZET S Z RSN, EREBENTHE, MBI 51 MI, AWFA YV
FEULR7uv o, STy IRRAEIIHEETAIHERZELTWAY, ANFA VPN BRBIZONR 7Oy 7k cBi5H

IE L. S 7oy 23R T A EALFEIC K D HE S Wz, BFfEEICEET S L. Co?t WEHL 5 5 2a,4f, 12k XS 7
Oy Z7hBEUR 70y 7 OBFIUIMET EH, 20 91 b (DEMLZEE) XS 7oy 7 L EEEST 52—, 4f, 12k (U0
T35, Co™ FFS" SO RERAFALTHY., ANHEKT 1 FAOBHIIBILEHAEOINMEIZ LV ALETEI2E XD
ECANFAUIWNESLK LB 12k YA FADBEBORNLEITBAENTSH D, —HT. 2a ¥ MIF IR 2R3 25
L, NFEOHFNZ X Y 4f; DUUHEHEFI L TR > TWb, Co*@2a D 4f; iIZxT 2K RT AN X —DEIZA I F
F oA R UEHFATIER L, BIINREALHEI RV —ILFLELTWE EEZ N5,
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La-(Co, Zn)E# L MBI Sr 7 = 7 1 k @Eﬁzﬁfﬁ'r@lﬁ%ﬂ?ﬁﬁ

IR OEEL BRSO OER FRs WL B EEN PR 2
CR R )
Evaluation of magnetic properties of La-(Co, Zn) substituted M-type Sr ferrite
S. Nakai, R. Sobajima, T. Waki, Y. Tabata, H. Nakamura
(Kyoto University)

XUBHIZ

MBS 7 =F A | (SrFeiO19) 127 =7 A MEARM TH Y | JTLERBEHRIZ X DM O &EMERIEARAA G
TW5b, Fe¥*O—#i% Co* CEM L, TOEMMME L LT SIP*o—#% La Tt L7- La-Co L& M Y Sr
7274 b (SrixlacFenxCoxOr) 1T B HERS ERK L, ML HHENTH KT 5[1], —J7. La-Zn HLE#HE M
St 7 =74 & (SrialafFenxZnOi) Tix, BB RT 5[2], KRFEHESE T TORMTIEL Co?ds L
I OEVRIRIZX=03 TH DM, BMBB/ILRELZHA VD Z L TCOBLONZN*OBENRREZ KR TS, 2%
FUZHED PERED 1A EAMHERR & 72 [3-5], T D 7=, Co?t L Zn? % [FIRFIC i FE & 2 L 7= La-(Co, Zn)E 4t M Y
Sr 7 =74 K (SrixlaxFer2«CoyZn,. y019) iﬁﬁf&&%kw{t@ﬁﬁ%k% HEBRCX D AlREMEN B 5

L2rL Co?t e Zn* % [FIRFICEL T D556 . £ OBERFFMEIT La-Co JLE#L & La-Zn JLE#L) & 0 NHR CHLR
TE D EIIRE 2, Co* DRG] %A@ﬁﬁ RGP A M Ko TR | BB A Foaf &2
BT D Co*DIHNPRER R HEDOHRIM@H  [6], — 5 T4 VA ML ZnZ*DORMELV A b THLHB[7], ZD7=
O, BHEOIKITLE, 4f A MTRBWT Cor e Zn¥ OB Ea i & 5 afeett2y & 0 | i@ v ot %=
T EIIRE 220,

7 2 TR TR La-(Co, ZNEMM B St 7 =51 | 30x10f_ T ' 4160
EERL, FORKFHEERE L,

ERGE
La-(Co, Zn)iE#a M ! Sr 7 = 7 A I SrosLaosFe11.5C005xZNxO19
(x=0,0.1, ..., 0.4) DLiE LR EFEOSTEIC L0 Gk LT,
BB i@aﬂaﬁf 10atm T, 1200°C TTo7=, sEtOFH
[ 7E 1% XRD LA AT IE WDX (2 L 0 17 - 7= AL B 12 VSM
WEVHEIEL, RiRCofafii, B&TMERSEE RED 572,

FEREEE 00 01 02 03 04 05

Fig. 1 [Z=IBIZH TS La-(Co, Zn)EH ML Sr 7 =T 14 F % Zn content x in M-phase detected by WDX analysis
il ORIFIRALE L ORIERS &~ MBLY = 7 4 b3~ Fig. 1 Saturation magnetization (Ms) and
= VEETH Y KR T OBALITABNEA A4 DBECE =22 anisotropy field (Ha) at 300 K versus Zn content
FOR LEDETHE SN D, SRR L TREZ#  x in M-phase detected by WDX analysis. Blue
KThHAZ D CoBLRZN* OV 4 FEAOSESITE -  and red dashed lines are Ms and Ha of
STWARWEDEEZ BID, R IMEREE AL L SrFewnOw, respectively [8]. Ms of La-Zn
BIETHY . Co¥ e Zn MR B I %2 A BT i i co-substituted SrM (x = 0.5) is also described as
Lot b LTHAETS 5, BRI oM 545 ooz 00 sare Bl
DIFIEF ThHh->TH, Zn* BRI L DMK B S PEOLLITHEITE Z 5, R CIHRIE CORKFIED 5%
FNRR, T =T A MEGRME L COMREEDOLAZ1TO TETH D,

Anisotropy Field (Oe)

Saturation Magnetization (g4 per f.u.)

14.0

B CHR [1] K. lida et al., J. Magn. Soc. Jpn. 23 (1999) 1093. [2] H. Taguchi et al., Abstracts of ICF 7 (1996) 26. [3] T. Waki et al.,
Mater. Res. Bull. 104 (2018) 87. [4] Fnéd, I fl, ¥yAds L O KRGA, 69(7), 2022 4, 288-292. [5] T. Waki et al., in
preparation (ssrs.4085484). [6] AAE & fh. H AR P (5 46 [EEHEH K<) . [08-aCl. 2022 4 [7] L. Lechevallier et al.,
J. Phys.: Condens. Matter 16 (2004) 5359. [8] B. T. Shirk and W. R. Buessem, J. Appl. Phys. 40 (1969) 1294.
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La-Co LA MBI Sr 7 = 7 4 + OEMLHIC X 2 (RIS DAL
FRRRK, RIS, FARS G PR
CRARF)

Change of coercivity by heat treatment in La-Co co-substituted M-type Sr ferrite
T. Wakabayashi, T. Waki, Y. Tabata, H. Nakamura

(Kyoto University)

e HIY

MZBISr 7 = 7 4 b} SrFenOp EKAMAME L ULTIA L v b N, La-Co EEHIC XV . k% TP iciR
WhnmbE+a-0, EEE7 94 MgAE LTCE—Z—ZFIcHONTWAE[1], MBZ7 254 FiciE 5
DD %5 Fe 4 FFFEL. Co DIy 4 2. Co iE#IC X 2 BAGHERIBEIIE S CRFrd - 72
23, AR TR BB A b o Af, (WUAEAECLL) 1B S iz Co DAL — R FHEDOIRICTF 535 L
DAL 2T 5T B (2], 4f, A P LA~ DEER D T A X —ICEEEL T3 72, Co* DAl BILE
FFIc ko Clllfic® 2, AN ETIC, BUBEBRORIMELZ(KT 45 2 &ic kb, BT WHWwEH»
KT 5L uBME LBl —MMc, KAWAODOMERE S L CEEARMRIE X, BMOBSRETED AR
T, MR T oK E SRR, MFHORRBIC D R I D, WEREABIECTH 5, AFFETld, La-Co it
EAMBISr 7 = 74 + OELRIC X 5 Co D RZAL % U 7= Rl o Z Lic D W L 72,

ES DR

Sro7LagsFei17Co05010 D% REUEHIFEM SIGEIC X 0 &AL 72, BRI ER 2 b2 Eimk & 72 % X 5 ITES
L. BF 5 H latm F < 1300°C, 12 KEEIBERK L 72, % 0f%, K — IV (FRITSCH) 2 W, 1um 2
okt 725 X oML, BEEDE 1atm FC 1000°C, 1 BREEF: L <. iR E oid L 72 (=200, —50,
—20 °C/h, LA 2 112 SC200, SC50,SC20),, ih{LMARIL 3K %% T 7 4 v CREIE L 72 TR R % s,
VSMRZE T3)1c X W #HlE L 72 (T= 298 K),

FERR 5

Fig. 1 1C BV 0 3R o R % T 3, R AR 3
TR L 72 B2 DRI 13/ & v (H.~ 2000 Oe) 23,
B A3 C &1 X o T, (R AR B 2 & &R
L7ze THITMEIC X o TEA X N7 f550 O T A 3B
KXo T RNz & IckKT 5(5], £ 72, RiGHE
EINXLK TR L, REIPERT e on»sb, 2t
I OiEECHEHIEnNs e LoT, Co¥* D 4Af, 9 4 P EFED
HAHR L., BAMRESEA L2720 L 2 bhb,
— 5, SC20 1% SC200 X v 3 8%FE. FJ7H:Mish 3 A3 I
Bk RHERL T S[3]125 (R ORINE X 3%Ric & - ~5400 -5200  —5000

M(emu/qg)

YEoTWwB, SN, R RIS & ) Bl 0725000 —4000 -3000 -2000 -1000 0
FCRERB S N, SRR ISR S T H(Ce)

5T LERRLT S, Fig.1 Demagnetization curve of samples
S 3k

[1] K.Iida et al. J. Magn. Soc. Japan, 23, 1093-1096 (1999)

[2] H. Nakamura, J. Jpn. Soc. Powder Powder Metallurgy, 67(2020) 78-83
[3] FIR il WA ARAEIH S 2023 FEHEFRE 2-33A

[4] AR fth 55 46 B H AR S 2 A EHS 08aC-4

[6] HO fih HAISHER A4, 18(1994)197-200
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KBr 75 v 7 2% 7= La-Co-Sr 7 = 5 A R 1D /e

INETHE, FEARRME, E20n. MIERTEA
(FBLKRF)
Fabrication of La-Co-Sr ferrite particles using molten potassium bromide flux
C. Kodaka, M. Kishimoto, E. Kita and H. Yanagihara
(Univ. of Tsukuba)

[FLHIC

1952 2 Ba 7= 7 A RBRINTLNR, 7274 A X, BEXITh R dcE I o T 7,
Bt b LCOBMERRILICIE, BT 7 oo oA RORF 2 ERL LS B E @R 2 7 nt 2B L
TR Lo BT B A & 0 B T2 D O HI AT N EE CH 5, Hkxe MAET =5 4 O H T La-Co-Sr
7 =74 MIFHO—EA CoMITEHRT 5 Z & TIHEHRD & D Ll U TRILOREBACD K %, PR3
20%I6) B35 LHEENTWD D, —fRICAHIE ST 72T 4 MRFIIESE COEEKRIETHHET I v 7 R
A W23 FUDITHFENM TN T E 7228, Z OFEIIRHA R TRORE 2 E OB A2 T\ 5,
ZOfRRITIEE UTHRIR CORB AR/ 7 7 v 7 ABRIC K HFEHERL DN ZEIT bivd, AR TR b
U AKB)ZIRBE 7 7 v 7 2L LTHW, RIR TR La-Co-St 7 = 7 A MRFDEREIT -T2, EHIC
La®, Co* D4 2 b S® 25 2 &2 K D Rt b0RS i E ORI AZ DWW T b s 975,

R E

La-Co-Sr 7 = 7 A MR- &35 720, F T HRLIZHE - T Sr¥, g T . La—Co:Sr ferrite |

o a-Fe,04

Fe¥*. Co?*, La¥ A A4 v 2 & e /KERIK 2 1% L, NaOH /KIEIK 2 1R
AT 5 e THbS /T, R E S TREKE PRI 5 ET
KL, BAb U 0 L(KBN) A ST 7tk INEVL TR A 7%
FIHETZ, WEME KBr DIREME AL THELIZR, ~> 7
JUAR Z O T4 800°C C 1 R, HEHHAN CNEV L 7=, ZLB
BILKBr ZBRET D72 DI 31T KBE LTz, 1ERL 7230 ORF 5 = = o =
fili & U T A E - BEMEE(TEM) TORTERBIZE . X AR EIPT 26 (deg)

(XRD)IZ & Bk A AT, IRENRURMEE ) FHVSM)IZ L B =) Fig.1. XRD patterns of La-Co-Sr ferrite.
ExE{ToT,

Intensity (arb.unit)

%Eﬁﬁ% 5.94 T T T T 23.08
Fig.1 | La-Co-Sr 7 = 7 A MK+ D XRD /3% — > Z7RY, " ;,:Z 55 1%
M =54 b 2330 a-Fe:Os DEHFRA RS NI, Fig2ic - 590 ° ] RRELR
La-Co-St 7 = 74 ko La BT 5 a il c MO T E8RE © oo . To02°
B, a B (A B S LA o T8, ¢ BRI LT e oo

Z AU La®*(1.17 A) & Sr2*(1.32 A). Co2*(0.69 A) & Fe®*(0.79 A)D A i
AU EEOBENCE DR B Y, I ARG ER0R: . *0 o1 02 03 o4 05"
RE GRS N C R SRR B T 5, X1 11 2P0, 0012000

Fig.2. Dependence of lattice parameters a

L 2N (M, closed squares) and ¢ (O, open circles)
of La-Co-Sr ferrites on the substitute of the
1) K. lida, Y. Minachi, K. Masuzawa, H. Nishio, H. Taguchi, J. lanthanum, x.

Magn. Soc. Jpn., 23, 1093-1096 (1999).
2) M. Kishimoto, H. Yanagihara: J. Magn. Magn. Mater., 579, 170871 (2023).
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D000o0ooooodoodoon Fe-Co-V-NO O OO bet O

gooo
gooooon
bet Fe-Co-V-N foils fabricated by rolling and ammonia-nitriding method
T. Hasegawa
(Akita Univ.)
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[1] T. Hasegawa, Sci. Rep. 13 (2023) 5666. [2] 000 69231850. 00000 OO0D0O0O B (JP20H02832)0
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V OREE 728778 L Fe-Co-V WD 1 J7 Al

g BEE), ER)IE
(FKHEKELT)
Lattice distortion of V element and bct Fe-Co-V films
C. Murakami, T. Hasegawa
(Akita Univ.)
LI
Fe-Co IE@fafifi{bz oM e TH 0 . —lilifE MR R M (KD 235 C & AU mtERE Ze Ak AREA R EHT
72 L FREMEN D B, — W72 Fe-Co DEAT RN E 725 i & 1A DAL 7§ (bee) T DA%, TS5 (bet)
B3 2 & 100 JmP A —F—D @D K, B3ME 5305 2 & REBRIIZHDN > TV D[], F72. Fe-Co HIEIZx LT
EHAIEE V ZRINT 5 & bet (MBS ND Z R Do TWND, L, EfRTER V D bet (LIZH G
T HEEHIIR A T = X LTSN > TWRYY, T ZTAFE T, £ THOIC V BEKIZER L, Pd<° Rh
THEE DA AREEZFH LT VISH L TR FEZEAL, VKO SEHEDOELZT T2, RWT, V
YN L7z Fe-Co-V DR b E 2L % 3~ 7=, V or Fe-Co.V
TE A& @ a (nm)ja/\2 (nm) c/a
BBMERLCIE 2 FEO S TT~ 7 % by %Sy 23R (Bl fl?c>;:::g£3(&n =
B2 105 B LN 107 Pa) & HV 2, 12 LI MgO (100) % Q <7 "Rh fee 0:381 0:269 142
B A SEBOINBNELEE 300°C T P B L UVR (£=20n0m) %, & | ® | [FeColbcc|0.285] - ;
IZ 200°C T V 35 L U¥(FeosCoos)soVao (tnm) % . Figl AR  @----@ [pg lfcc|0.389| 0.275 1.1
CRT I ICm e T Uy R ESETL, £ LTREICER buffer Rh |fcc|0.381| 0.269 [1.19
TH v v 7JE Si0, (t=5nm) 2t L7, 7038 Ar AR, Fig. 1. Relationship between the Pd or Rh
Pd F#DFEFTIX 0.5 Pa, Rh FHIOFEICTIL 03 Pa & L7z, buffer layer and the V or Fe-Co-V layer.
Fe-Co-V DFERIHTICIE EPMA, NRIEEEAM I 1 3Pl B 7 16
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HRDBCEHRREEIE c/a=1.0 (bec) THHDT., =2 TiE Thickness, t (nm)

PN ‘ Fig. 2. Film thickness (t)-dependences of c/a of

T, tITIKTFE T cla= 145 (fec) O—EEPHE LI Rh/(FeosCoo5)00Va0 (@) films (t nm).

TW5, ZiE, Figl OMERIZ T L HIZ, Rh OFT

NP LD B/NSVWZERHEREEZ B, 22 TO VIE, Rh & OB AREAITEK L THERER feo
ICEREL TS EBEZ HND, 7220 fee fbid, t=100 nm OEBRFEIRE TAEL TS, ZOXHIZ, Vi
Fld bee & fee DL RAF—0FEHL L TWO B A[REMEN BV EE 2 D, KIZ Pd/(FepsCoos)soVao (O) BI
Rh/(FeosCo05)50V2o (@) TEFEIZIEEB T2, VRIS Fe-Co DEVEHRIRAEIL c/a=1.0 (becc) TH DM, t<20
nm OFFETIE, WHE &b bet ENER I N TR Y | JEZFE(L & & HITRERIC bee HE~EZEREL TV D,
ZOFERITLV BEIERD bee D fee D ELHMN—FHEZBE LTV E W) FrRApMWE AR LR THD L35
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B 3k

[1] T. Hasegawa et al., Sci. Rep. 9 (2019) 5248.

Z ORFFEILRFE B B (JP20H02832) D 3B 4 51T 7,
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1EJ7 i Fe-Co-V D F 7 A7 — UGN 1. & e 4

AR (EE), RIS
(FKHKEE L)
Microfabrication and magnetic properties of tetragonally distorted Fe-Co-V films
K. Enomoto, T. Hasegawa

(Akita Univ.)
FL®HIZ
KRG DRERE LD 7o DI iXm W afnmgt. (Ms) B8 X OO\ —BlfE R MES (K TN &R
W) (He) 23ab¥E L ézhéo — %7z FeCo 1%, bee #iE% & 0 | }_%i%%)%é\(ﬁquﬁﬁk@ Ms %ﬁ?‘é AR
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SHDHZ ENTE, BEMICIE c/la=1.2 (T L72HE12 107 erglem® 4 — 2 —I12&E Kb 325 Z L 2B 6000

L7z[1], Z 2T, —#&MIZ iﬁ—‘@{%ﬁﬂﬁ i*f/]’ ANED T B L, ﬂ'ir’fiﬂﬁﬂtﬁgf‘ $ He 238D TR S, B
M TT 2 & mREIMET D — AN 2 ME SN TNDH[2], £ 2 TAIFE TR, BT# (EB) VY7 T~
1 —%Z AT FeCo B @M M IN T L, He DY A RURAFME 2GR ~7z,
RERAE
BRI ITBEEZEL TR~ 73 ha v A8y 2 ) o 738 (BER
Z2[E~10"7 Pa)& HIVY, MgO Febi B IZFEAOMEE 300°C T FHlifg & LT
Rh, &IZFEHONEVEFE 200°C T Fe-Co-V (t = 1.5, 5 nm), &% IZEE TF
¥ v 78 SiO; (t =5 nm)ZME L7-, VRLEIE, Fe-Co-V ikl c/a
HIEN R RS Tho72 20 at% e Liz, =D EB fili%E#E 2 T
A2, Ky MME (D) =300, 100, 80, 60, 50, 30 nm (ZHHIN T. L 7=,
eI DRI 13 7 — 205K (MOKE) BAf#E 4 Hv 7z,
RERER
Fig. 1(a)iZ. Rh/Fe-Co-V (t= 1.5 nm)# D FIZfERIL 7= 1L 2
h~27 (EBH#E#%IZHBGE LIZER) O SEMETHD, i
FHEY OME Ky BRI TWD Z Enbird, Fig. 1(b)
VLRI T L 72 (R Y > Z ) @ Rh/Fe-Co-V (t =1.5nm)
Fy PO HD Ry MEDIKFMETH D, B ZITIFTRL
TR, TXRTORMLIIFRIZB N T 2 Exﬂ/~7 zxéﬁéﬂsé
NTEDOT, ZZ T HDOEWEDOR DS %72y L TW
%, 777XV, D = 100 nm OFiPH TiX, D OB
He (T8 L T %, e (D =o0) T Hcl% 0.25k0e Th 2 r
DIZxt L, D=80nm TiX 6kOe FREF THIML TW5B, = 1 F e
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[1] T. Hasegawa et al., Sci. Rep. 9 (2019) 5248. . .

Figure 1. (@) SEM image after the
[2] T. Bublat and D. Goll, J. Appl. Phys.110 (2011) 073908. microfabrication, and (b) dot diameter
Z OHFFRII R % B (JP20H02832) D X 12 % %1 7=, dependence of perpendicular coercivity.

» (b)

H_(kOe)
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FeCo HA &I ~D Ag IINIZ X DRIk & BE<URr
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(BRI KEET)
Granularization and magnetic properties of FeCo-based alloy films with added Ag
K. Kunigida, T. Hasegawa

(Akita Univ.)
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ORI AREAEEZRHA Lo XU X LlESC, V-(N,C)7e ED%E = wE0UNE W5 Z LT, FeCo M
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Fig. 2 In-plane magnetization curves of STO (100)
sub./ (Feo4C004Vo2)-N-Ag (N2 = 1.5 sccm, x = 50
vol.%Ag) films (tww = 40 nm) annealed at several
temperatures (T).
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X =0 vol.%Ag DFEFTIL, H lXIFF 0k0Oe Th o7z, THHD T & H, 50 vol.%EL Ed Ag iAmz L - T,
Fe-Co-V-N Ofthi 11t (77 =27 —1fk) DAELDHEEZX NS,

BE R

[1] T. Hasegawa et al., Sci. Rep. 9 (2019) 5248.

[2] T. Bublat and D. Goll, J. Appl. Phys.110 (2011) 073908.

[3] O.A.Bannykh, K. Enami, S. Nagasaki, and A. Nishiwaki, AGNE Gijutsu Center Co., Ltd., Tetsugokinjotaizushu
-nigenkei kara nanagenkei made- (in Japanese) (2001) p.3

Z OWFFEITRMFE F B (JP20H02832) D 348 % %21 7=,
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High Throughput synthesis of TbCu7 type Sm-Fe based thin films

A. R. Dilipan® 2, D. Ogawa', H. Sepehri-Amin" 2, R. Modak', V. K. Kushwaha', Y. Sakuraba': 2,
K. Uchida'?, K. Hono" 2)Y. K. Takahashi'.
! National Institute for Materials science, Tsukuba 305-0047, Japan.
2 Graduate School of Science and Technology, University of Tsukuba, Tsukuba 305-8577, Japan.

Sm-Fe based compounds have the potential for next-generation permanent magnets (PM) for balanced use of rare
earth elements other than Nd [1]. In the Sm-Fe system, the SmFe» (ThMn»-type) compound have been extensively
studied in recent years due to their low rare earth (RE) content and high saturation magnetization. However, SmFei, is
unstable and requires large amounts of stabilizers such as Ti, V etc., which in turn dilutes its magnetization [2]. On the
other hand, the metastable TbCus-type Sm-Fe compounds are interesting because Fe can be accommodated beyond the
stoichiometry of SmFey, i.e., Fe:Sm>7. Nitriding this system can develop a strong uniaxial anisotropy [3], which is
required for permanent magnets. However, the exact range of Fe:Sm ratio and nitrogen concentration suitable for superior
hard magnetic properties is not well explored, which is the aim of the present work.

In this study, we present a systematic investigation of the formation of the TbCus-type phase for a range of
Fe:Sm ratios using the combinatorial thin film technique. We have synthesized a linear composition gradient of Fe:Sm
ranging from 5.8 to 11.8 in a single thin film. Composition and phase analysis is performed using high throughput XRF
and XRD measured at | mm intervals in the thin film as shown in Figure 1(a). The highest intensity of the TbCus-type
phase is observed when the Fe:Sm ratio is ~9.9 (Figure 1(b)). Nitriding of this composition graded thin film was then
performed and the magnetic properties at different positions of the film were measured using magneto-optical Kerr effect
hysteresis and SQUID-VSM. A high saturation magnetization of 1.4 T with a strong uniaxial magneto-crystalline
anisotropy is achieved, showing that this system has potential as a future permanent magnetic material.
Reference
1) K. Binnemans, J. Sustain.Metall., 4, 126-146, 2018

2) Y.K. Takahashi, H. Sepehri-Amin, T. Ohkubo, Sci. Technol. Adv. Mater. 22 (2021) 449—-460.
3) S. Sato, K. Nishikawa, E. Node, S. Okada, Jal com, 929 (2022)167280.
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Fig 1. (a) XRD of combinatorial thin film with varying Fe:Sm ratio from 5.8 to 11.8 (b) The intensity variation of the TbCu7-type
(0002) peak.
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mAL « EERRITMEZ AT D BT R A X T — B e OPRRK
B PR I RN EJF EX2
(ALK KB TR, 2HRY: MRBIEHIER, 3R CSIS)

An exploration of tetragonal inverse Heusler alloys with high magnetization and high magnetic anisotropy
Zi-Jian Qiao® 2, M. Tsujikawa?, M. Shirai? 3
(! Grad. Sch. of Eng., Tohoku Univ., 2RIEC, Tohoku Univ., 3 CSIS, Tohoku Univ.)

XL&HIS

EFRAA AT =B XYZ 1, SRR TEERNCL Y, LT 7T —27 U —KARA OFERHE LT
BENTWEN, ZOEI N7 = UEEZ R L, SARRIEM)D NN E R TH D, ABFETIE. &
Ko 2809 2 REORIETRRA AT —54 XA-MnpuFernyZixy (Z : WRI5ER) 255 s LT, &4aMMmn
M (2 RITT B A | S Rk & 5B — RBEET R FIE A HEGE THO MM Lz, £, ZRTFO—# %71
PEORKE VTR CEHRTHZ L T, BRIV E Ky & @ M AL L7ZUTEA A AT —&4 %
FRAICERR LT,
HEAE

AN RHEE T, AR E S, y) & L, BIEERAE Ms £7213 Ko EEE LTz, T U A EERYE
T WL GPy 7 L— AU — 7 [1]1% W TR L 7o, ARG 40 R IZ 1L, Special Quasi-random Structure (SQS)
52, 31 VT, A==t VND LR FBLE & B8 L7, SRR & BRI R IT 5 — i BE)
Bl o— R VASP [4]% v 7=,

HEER Mn “°° Ms(uB - f.u.-1)
Fig. 11213, TEH75 XA-MnzwFersGary ’ s

BAD M \IZRHT 2 RHREERZ R LT 0.7 0.1 1

Do X &y DL 0.0625 T, 64 HDJH *

FHERET A—N—F I LR E A E ’ "

L7, #ERE LT, Mn & Fe iHEDH y Y 06

NN Ms b HERT 2 Z Lo T, -

L, HOREZEZD L, Mn i1 L 0.54 03

WHEDAE U ZFO FeFlFGa 1 Fe Ga 92

Nebo, MZEEb+5, 22TF i

8 L7= R PTRE 72 136 FEOOFHRRN S, X oe 0 o4 03 02

S RHEEOFEFIT LD . MngsssFeGaosss Fig. 1. (Color online) Magnetization of the tetragonal
D M BHERD 1,235 - futiciELC,  XA-MnzuFerGay alloys
XA-MnzFeGa 12514 2 FHRE 0.821up * fut LT Ms D RN A SNTZ, £72. 1IEJ5E MngasrsFeGagses O
S lh & DGR T L F—1E -0.304eV - ful LEHE SN, —F, Kuld 2242 MIIm3 LEHR &4, [EHd
Fe1sMnyoGays A4 k3 2 Bllim T-HME[S] & [RIAREE DN H iz,

R TTIL, Ga LI D e R A E T IE i A A T — AT DR ERICOVTHHET D,

AF5EIE. JST HAEFZEE BREAOFSE 7 1 775 2 JPMJSP2114 O XA =T - D Th 5,
&E 3k

[1] SheffieldML, GPy: a Gaussian processes framework in python, http://sheffieldml.github.io/GPy/
[2] A. Zunger, et al., Phys. Rev. Lett. 65, 353 (1990).

[3] A. Van de Walle, et al., CALPHAD, 42, 13-18 (2013).

[4] G. Kresse and J. Furthmdiller, Phys. Rev. B 54, 11169 (1996).

[5] M. Tsujikawa, Y. Mitsuhashi, and M. Shirai, Jpn. J. Appl. Phys. 59, 055506 (2020).
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WIS VA AR D RER 0 iR~ 7 N VR IX A 2%

ANREIEC W EOL EE A R
(EEREHATRAIIIERT, *HRALKF)
Time-resolved vector domain observation of soft magnetic ribbons
Takeshi Ogasawara, Shingo Tamaru, Satoshi Okamoto*
(AIST, *Tohoku Univ.)

EIREE 0T — Z — DOYEREIN L7212, FEEMEM BFOIRIRRAL - mE kA RD T D, <7 ML
& L COMKOEE I THALDISECH ORI EHERBRR L TV D7D, INEBIET D2 LIFMERRT A
A ADBAFIZBWTHEETH D, ZIVE CTHIATHIRIRED HBI 27 MABKBIEIIHE VB2 /2b
T IZRmoTe, AR BROEFEMEN SV AR L —F =R A MAG DTS2 LIk T, R~ b
JVREIK D) A FEHR S 5y \CBIER FTRE & T > T D TG T 2.

ARFFECTHW - BER O F BB A B OHAMIC L 0, kX W mEMOMETH Y, Bbz~<7 b
BIESATRE L 7o o TWVB[1], BRI REBIZRIZIZ A Fr AR R a—FEZ O, G E L T/rUr 2R L —H—
EHWDZ LICE VR L &V RREALEIZRERRE L 72V . de 70D 10 GHz FREE F TOJRWVEHRTOH
ENAREL 2o TV B[2], EHE, TEALT 7 AB LT/ fEEBE R OEH 218 1 ~2mm, &S 10~15
mm FEEOREE T IRICEI 0 L7z b oz v, 7V > MER BICBEEEE Lz 9 2 CRANZEIEA & Bt
BEHOaf veznZinl 6 2 —& iz (Fig. 1), ARSI 100 - 100 kHz OFEH THIE 21T > 72,

Fig. 2 27 /L7 7 ATH0E 2 10 kHz, 500 mA (peak) T L 72 BROBEX DAL & 779, Mg i o 5KH]
XENOB L TZER L, A o7 vy NI LR EOXHET 008 2R3, BEEOBBEINC LV BI{EA K
g DR SEHBRICBIER ST b, E70, RBHRE O X XM A0 J83) CREEEDIEB) 23 HIIR S v, HEREK
TORRERS>TVWDLZ LMD, ZOED, JEAEEE L2 EMEOMSERRBET DEF0, T/ #b
AT CIXEICBHMEREIERIC X > TRILOZELAE = D4k 17 E3 Bl s vz,

ARFEZ, KEOBNHFEOLER /2L, BE OFFREIZB W TR FEIZHE
WHERETH V) . G EFRCT S A ZA DSV TIR A 223 Tk & 72 5
EEZEZOND,

ARFFEIE, SCHRFEE [HEH T —x2 L7k a =7 AR A7
BiFE R BEO [F—2AIH - &R ~T ) TR E Y =7 b
¥ OBz viThhT,

[1] Takeshi Ogasawara, Jpn. J. Appl. Phys. 56 108002 (2017).
[2] Takeshi Ogasawara and Akinobu Yamaguchi, Jpn. J. Appl. Phys. 61 018001 (2022).

Fig. 2: Magnetic domain motion in an amorphous ribbon excited by a 10 kHz AC magnetic field.
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16 bit fFIH A T 2 H W2 Wt AR I K 2 X #EER

AR R Ak i
(AT — 7 B, LK)
Magnetic Domain Observation by Polarization Angle Detection Using a 16-bit Polarization Camera
Sakae Meguro, Shin Saito
(NEOARK Corp., Tohoku University)

[FLHIC

BEEES: Kerr 32 AW T X B CIIEE D EREOIRN I A 7 THh 2 F T A MO BWBERBSENE D
DT ENDB T A= VTEWREN 7/ B FRE TR TONTE D, L LD LR HEhs
PMEV, RO BEEFBHOEENRKENEWVWIBEN DT, T TERAXEIIATOT I /T A 55%
T DR A TR AR L2 2, & BICEE DS T TR IEZER RO E AR A4 ) B IR C A
HATREZe Z 125 B L 16 bit BEEE X RREDR Y A 7 283 L. WYCARIC X 2 @A KGR O B2k
LD THRET S,
"hh A 5DRE

Fig. 1 [ ASEE L THA 0°OEMMFEIEE AS L7258 ORGSR DRI m e iE 2 nd,
RXTAE 0°, 45°, 90°, 135°DFmBNIRE L ZNEI Lo Lsy Ioow Iins ETHEA M= AT A =2 %
So=1Io+ Ioo=Lss+ l13s. S1=1Io— oo, S2=ILis— I35 £ 334, WAAOILO= tan! (SYS)ERZND, Lo XIFF 0
ERBTED, S = L THY So=Iv+ Ioog=Ls+ [13s)35 81 = Ls+Iiss & 725, LTEN- T, RYCFAE 45°,
135°0 2 SDRHEE N BRI ZRD D Z ENARETH D, IEHA D FRRE IR /> fiREE 12 bit D4 0.024°,
16 bit OHE 0.0015° L 72 %, 16 bit DIGA DOIRIEAFR AT 4" OFPH T 1%LIN &0 b,

EERER

Fig. 2 IZBA%E L 72 16 bit f@EH A 7 Ok A~ T, #Etg L o XD S E% PBS THEAR L7-mIEIZ/HEEL 2
BOARAFZIZENENMB I ED Z LIV ERFELGESGD, BONTREGNOEA =T AT A—4
A UIREA Z1S 5, Fig 3 ICHIROMENE T A Z LBFE L7z 16 bit @Yt H A 7 % H\ 72 GdFeCo B DX
@), B)LHEEE A N7 T A(e). (DETT, TTROMRHEA A F1E 12 bit T 2X2 EHFKIZ 0°, 45°, 90°, 135°
DIRIETZHEFE L TR Y 2X2 B RO R CZEM D MEEME T L, 12 bit BEEE /S AFRE (LR L O R 43k
MREL o TWDHDICH L, BIFE L= 16 bit (RIEH A T Tl | WAL THE L Tk 0 22/l fFRENE 72
b Z L EESBO/NS WVESNLRBEREN G LN TWD 2 ENbnD,

FEH

EAS 2 F ORI O B TRICAZ BT 5 16 bit RIEHATEBHFEL .| Wt AL & A X G515
Too BT OBXBIZIIEN T2 TETHD,

L Z DTN

1) S. Meguro and K. Akahane, S. Saito, M. Naka, and M. Takahashi:
Ann. Conf. Magn. Soc. Jpn., 24aF-9, (2004).
2) S. Meguro and S. Saito, Ann. Conf. Magn. Soc. Jpn., 6pc-3 (2016)

1
§ o8} lo cAm1
EB PBS
2506 ] \
CE
Croal  las h3s |
(O
-g'ﬂ 0.2 / ] CAM2
s 90 Fig.3 Magnetic domain image and brightness
o5 pre - 135 T80 ::n;?g(;tion histogram of GdFeCo thin film by polarization
Polarizer Angle (deg.) Lens camera. (a) and (b) magnetic domain images and
Fig.1 Relationship between polarizer angle (¢) and (d) Iluminance histograms from a
and amount of transmitted light for 0-degree Fig.2 Schematic of 16-bit commercial polarization camera and a 16-bit
linear polarization incident light. polarization camera. polarization camera, respectively.
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vy FRiBER RN 22D 2R R O B S & BXEh R o

JIRES, RHE, FBE . hiHE2S
Improvement of complete domain expansion ratio for spatial light modulator
driven by current-induced domain wall motion
M. Kawana, R. Higashida, K. Aoshima, N. Funabashi
(NHK Science & Technology Research Labs.)

[FC®HIZ
IR AR w7 7 4 —OFEBUZAT T, Bt EREERE) & RO T I — R A MG W T B
ERI 72 A8 (SLM @ Spatial Light Modulator) O3 D TNDH Y, TNETIZ, 77T 47~ U7
ZBEEN 7 A VT, 10k X5k HiFE (B E v F 0 KE 1 um, EE 4 um) ONARBEES 1% 2 mEKE) L,
AR 30° OFERr T T T 4 —RREFEBOZBIMZ ZFBL LY, 20 SLM 1%, EIEHINI A CREEED
By Gz H & 508, —HROBEEREE) S RHEIC I D EEHRZ e, Al IS BUNRT VA
BREFIRTHZ EICL > CTHETOEELLE L, M FROBBERENC L2 2D XY — L FopRESHZ %
EBR L0 THLET B,
KRBRAEBIUHER

AE L7z SLM O IK & EBEC AR T OPERKZ K 1127, HEFE (Gd-Fe) & ZOijmiZfdiA
ENTWALEERE (NM : Co/Pd ZJEMK) THIFENHER IIL, 2 20 NM 38725 K S TEREHL TR 2%
T2 D, NMI & NM2 % SOPATRABIRREIZ L7242, NMI1 2> 5 ORIV X - TR IE O NM1 S
(CHHAREIX. (RgRE) ZApk L7z, ZOMRRET, BFRRIN N7 A X —(ZEE 3BV) FINT % Z LT, e
BA~ IV ABREZME L. NM1IOBEEZEREY L=, F T AKX —ORE L, BEED NM1—->NM2 B E)
TH5E (EJm) & Wm IR TRE 2B EN R0 . 3V HUNEHZIE NM1, NM2 (| OREE 13 %
NENHI 12 mA, 0.8 mA OEFRVBPHIIMEIND, WL/ VVAZFINL T, BEEFR FOBKEIE (1,200 EFEH,
HIHARGBERLE D> & SO O REBEAL B CTHRED L 72815) ZFR76ER, IBEF MO XER VA K 0.1 ms
THI 80% DEREN R NG LD DI L, Wi FENTER SV AEE 100ms & L7ZHATHRS0%TH -7, i
F DRI RNMEWREIIEBRA L EEZXOND 2D, NM2 NIOEEERSEN 2 7 v A NI Db Hm (b Lk
X)) I BN BRZEHINT 5 Z & 2Bt LTz, K2 ICER IV ARE 100 ms DFEHTT v A MR %2
ZT-BA OISR & G R OBREIRZ R, 7 A MEREZHEMT S &, ESHOBRERITED T 508, W
J A DOERENRITRMRICHEIN L=, 7 3 2 MR A 12 Oe FIIN L 7238380121Z, WEHF /i 5 & 12 T0%FEEE D
FEPEENICTE 2, K312, EMEDT A MES 12 0e ZHIIN L7275 5 80,000 [EIFE 57 & B BEE) L 7212 D
TR CBEMEE - X A A 2T, EHm (1) T “NHK” (M AR NFoRTE, WihmE (2) 12BWn
TH 20X2048 1\ Z—27 (B) 2RRTET2, W7 VA MERZRHWTEEIREZUGET 5 2 & T,
BV RREEE) (W m) 12k B 2D NF— U RROEZMMI NARETHH 2 L 2R LT,

100 (1) NM1—NM2

Initial
domain

domair expansicn [%]

—®-NMI—NN2 (forward)
20 —O-NM2—NNT (revarse)

0 b 10 15 20
1“m Magnitic field (0e)
1 pixs! / Fig. 2 Probability of complete

probability of complele

(2) NM2—NMf

o == f= 4 um A .
& domain expansion versus
¢°6 ////// magnetic field. . M . b of
& ig. 3 Magneto-optical micrograph o
vV L /// the SLM device after writing data for
=l 500 x 160 pixels.
nMQOS cell selection transistor ﬁfg‘if"ﬂ‘k
10k
. . ) ) 1) R. Higashida et al., Jpn. J. Appl. Phys. 59, 053001
Fig. 1 MOSLM (10k x 5k) with pixel pitch of 1 pm (2020).
and schematic illustration of hght modulator. 2) K. Aoshima, et al., OptiCS Express 31 (13),

21330-21339 (2023)
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GSR LV HEMET F/L 7 7 AT A ¥ OELIX S

W OWOR, P B, A #BE, A T
(WLER, *~ 72T ¥ A V)
Magnetic domain structure of amorphous magnetic wires for GSR sensors
S. Tsuneto, M. Takezawa, Y. Honkura*, S. Honkura*
(Kyushu Inst. Tech., *Magnedesign Co.)

LI

EIRE~A 7 aE& Y THD GSR ¥ D 2 7l BN 10 pm FBRE O T TV T 7 AU A
YRHNBITWD, GSR YT D ) A ROFARIKZ B SN D 7-0IIE T A Y ORRBIZEN G T
HDHEEZLNDA, HE L0 um BEOMNT A Y OBRBEENITIF E A L2, £ 2 TARIFZETIL,
GSR B DR ) A AOFRERRN RIS 5 Z L2 BE LT, B 10 um @ Co-Fe BT ENL 7 7
AT A ¥ OBEIXBIEE 2 AT > T2,

EERAE

BT BN T 7 AT A ¥ OBEXBIENL, Kerr 2 RIEMEEZ HWTITHo 72, BEEZERIREIZT 729D
W 2R URIIBIC T A Y EBEOIALME U, e IR W U= E T CMFEBR S IZ 28 umBRE TH - 7=,
YRS U 723 BHZ A~V AR VY oA L& FAWT £15 Oe DA ZFIIN LT-RD . U A VBN R O RLX

g O ELE A LT

KRR

Fig. 1 IZAFEEE S 1.7 pm ORIFIZHBNT, o
SNERE SR A N U T BR O BE X LA RS R % 7R

¥, MPCHEOBKX Y PR MY A E
YGOSR LTV 5, 7R
BEALARREIZ I\ TR IS A2 TR

I 3

S A e S ) . IR E
6/\/7 ’U:@MIZ*%JEZ&)&EEBT%ZDO — -15 Oe -:203 90e -60e -30e 00e 30e 60e 90e 120e 150e

D/ 7 —IRBEXAEE L, BT RIS BA 2 Fig.1 Magnetic domain images at polishing depth of 1.7 um.
FINd 2% &%k L CRABaMIcES, Ak

RSB AFINT 5 L. —60e b —120e  om
D [ TAH A C a7 e X AR D 2 L A3
ToTWD Z ENHERETE D, Eﬂ
Fig.2 IZAFEEGR S 2.8 um OREFICBIT 5
WXBEHERTH D, FREB(LRETIIY

A VRGO — I L TR, A 1150e -120e -90e -60e -50e -30e 00e 30e 60e 90e 120e 150e
V7R E IR T E R, AT
RS ZFNT 5 &, —50e 76 —6 Oe I Fig.2 Magnetic domain images at polishing depth of 2.8 um.
DT TR FTARRKEELTND D
EINERTE D,

T DIREEGIZT B 27 b DAL, GSR IR AET AR ) A ADFRKDO—272LE %
Hhd, SH’IT. VA YICERZEE LIORE COMREEZELOBIEZE AT 5 Z & T, GSR &V ERE)R;
DUA ¥ OBALHEOM A 2B L LEND D,

BE3CHR
1) Y. Honkura, and S. Honkura, J. Magn. Magn. Mater., 513, 167240 (2020)..
2) K. Richter, O. Vahovsky, and R. Varga, IEEE Trans. Magn., 58(2), #6500505 (2022)..
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YT A Z % 7=t Kerr 14 & B8 Kerr & O [RFHI E

il | A RRIRME . AR
(" RREFER, 24 EHREK)
Simultaneous measurement of longitudinal and transverse Kerr images using polarization camera
Takayuki Ishibashi', Itsuo Wakamatsu? and Tomoyasu Taniyama®
(‘Nagaoka Univ. Tech., Nagoya Univ.)

[ZC&HIZ

T Kerr 20 R 2R U725 ENSRE Y U T2 BEMER O RE IR 2212 13, fiE Kerr BliE © L < 138 Kerr B2
ERANSN D, HNEAEIEDSGE | —MRIZHE S ROt E FV T Kerr BAEZ AW D Z L LU, £ D65
AFHRSEHE & PAT 2R T ORI L ToOnay 8T A MR ELND, EO7=H, AFRGEICEE 5
DOBX O v T A MEHT=OIZIE, O AFFHmz 90° 22 THIE Lzl & &b CGHET 2 LER H
LI, WFRDEREC 2 D, —T7, p WIED & A L THE Kerr JIEZ 95 & it Kerr I RIC X B E B
ANFHREH & AT BRI K DB Kerr ZIRICE D2 EFVNEELTLE S, b L, ZOMGERIFFCHE T
UL, HABALDR Y hUIERE —EORE CRS TE 5, RERTIL, WIEH AT &2 HOTHED —hiEk &
R — 2 B OBEE S F B O RIFEHE IOV THRET 5,

RER A&

it Kerr BEMEE 2 0 F e i ITAESE U 2R 41T - 7, JEIRIC IR 630 nm ¢ LED (CCS # HLV3-22RD-4C),
%)L > X2 NIKON LU Plan Fluor 50X (NA0.8) & V7=, BT ERA 2 VWV CRUBHE N 5 I EIIN L 7=,
R OEFIZIE, WYL A 7 (Baumer, VCXU-50MP) % FV 7o, BUEHTIE, SiFK EIC/ERL L 72 Co D JE 1]
PRE—2 (KREZ 1 45um X 45 um, JAH] : 50 pm) Wz, @A A Z 2LV RGEOAEED 0°, 45°,
90°, 135°D & EDHFREE (Ipe, Iyger logen Iyzse) ZRIRFICEHAIL , 4 B ORIEGZ 1 BIORE TEHHI LT,
Z LT, & SN SAmIAR D IEBREE D S IR & [mlfinfi0, 2 kU LV FE LTz,

1
I = E(Io° + Iyse — Igge + Iy350) €Yy
1 Iico — [12c0
0, = —tan-1 (45_135) 2
K 2 100 — 1900 ( )

I, BN ER X OEEE A OMEN SR LAFIREE CTEHI L7 EE Xy 7 7T KELTELE
Ay

BRBIUEER
Fig.1.Fig.2 IZ P Rt KOS (Rt ot & AdF L CEHII L 7= Co
NG — ROEE G EOCREG ART, AFOEORICIRIED P
W, SIREDELLDHETYH, RiRfADEEZ 7wy b4 52
LT & o T, it Kerr DEESF BN D, FEERIC, Figl(a), 2(a)D e
5 PR DB 1B S 1T, — . B Kerr {51, p 0 T
RYEAB D & X 12 mEDELE L TR &, S RIEAS D5 Fig.1 (a) Rotation image and (b) intensity
CHBESNAVIETTh B, NIE SRS S B TR image measured with P-polarized light.
&L PIRIE TR XA IE D B2 XD (Fig.1(b) 23, S LTIl
2237 (Fig2(b) . THMEY OFERNRELNTND Z L)
Do LLEDFERING AR A T 2 D 2 L1 Ko THE Kerr %)
REM Kerr HIROWM G OEGZFRFICEGT 52N TEL D
& MEBRAT R SHle, AFEIL, mNBELOXT R UEHROER

g TR ] S

B » Fig.2 (a) Rotation image and (b) intensity
FHTISHATEETH D, image measured with S-polarized light.

— 246 —



20aD - 6 AT A H AR FNEEA T (2023)
BENXFERIFTET f —F =2 —F Ry NU—TF A ZDOBF

kG Mg, WD FEE !, BRHE FE5EY, GE f& ', FZ.Chafi', B SR ER HRG, SEE fH2 ]
(" RMERR, *ZmITR, P EHTR)
Development of magneto-optical diffractive deep neural network device
T. Ishibashi', H. Sakaguchi', T. Fujita', J. Zhang', S. Sumi?, H. Awano®, H. Nonaka®
('"Nagaoka Univ. of Tech., *Aichi Inst. of Tech., *Toyota Tech. Inst.)

XL ®HIZ

IT4F, Deep Neural Network (DNN)i, /3% — U585k, Sinfldl, KRR T, Z o/ 7 EONAREE T E
T, A2 BTICHEN TS, L, ZNODOFEICHNE L SNDWKRERENDEL 72> T
Do DI, AKHEET)TDNN OFRAZFETTE HMET N, ZADEBNGLIN TS, Frxld, 7
FETENEL, BUTOA A= 7T 3 R L DA NFIRER, RN FRIBERMT 4 — T =2 —F LKy
kU —2 (Magneto-optical Diffractive Deep Neural Network : MO-D’°NN) %% L7- " (Fig.1), AFFET
(T, MO-D’NN OHERFHHR & EEROEPRI oW THET 5,

isﬁjﬁy& Magnetic films Polarization
MO-D2NN . %g;ﬁ*kg)lg%‘ﬂ% Al KA — ‘/"C?Efﬁj‘é Polarization  with doma/in patterns image sensor
(Fig.1), #R633 nmDEFFIEDONAASEE L, 1um
DX % 100X 100 WATZFENEZ 58 & Lzt T /L 24
L. MNIST DFEEHFT —F 1y MIHFT 08O
TRHREZITo 7z, ERTIEL, BAYRAEBBBEET— v K A :
ez AT ERnE 2 BRI L7, IR TR X ¥ Input MO-DNN — output
— & B A RERREIE T — R B IR ST
ERWTREL L7z, MNIST DT —% &y bk L-F
FEHTFOT7 4+ b A7 2B Bt ANETE L
THWZ, HAEFE RIEh AT 2 VTR LT,
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BRI AW BER D 7 7 757 —[Einf0p 2 B S, '
HOWESZREHEORERfA & L THEREIE-EEDT A b

Fig. 1 A schematic drawing of MO-D2NN.
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FFEN
BEE © AWFFCO I ISPS BHFE JP23H04803 DBk % % ¥ :
b DTH D,

1) T. Fujita et al. Optical Express 30, 36889 (2022).

2) H. Sakaguchi et al. IEEE Trans. Magn. (2023). DOI Fig. 3 Magnetic domain patterns for @ a
10.1109/TMAG.2023.3281842. hidden layer obtained by a simulation and (b)

MO image of magnetic domain pattern

recorded in a Bi-substituted iron garnet film.
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BEMEA B RT S A 2 DR Fi oA A—2 7

s KB, K35 VEIRER 2, <SP S, B A0, R
('NIMS, 2 BAFEHAR, °JH)
Neutron transmission imaging on magnetic materials/devices
Hiroaki Mamiyal*, Yojiro Oba?, Noriki Terada', Kosuke Hiroi’, Takenao Shinohara®
('"NIMS, *Toyohashi Univ. Tech., *JAEA)

IO fEEHE, TR TEAREZ I X TREW - % —, BRERES O L 722> - RRGLER I, KRR
, NLBARBASVIA, BEclE Sn-ma Ll EWNITH->TH, WTFNbETHORAE D& N[FE U
AT - 72 A28 B EIR CTH Y, 2RO VPR Z W5 721 TR C&E 7=, —J7, BB O IT A
vy OEMEA BRSO R EGRRIEEE ISR, R ASOInERS 2 AW e e ETE A R L7 B o fif ]
BEEATEZ, ZLTC, i, TORREED LT, T 9 WIEHMER A E RS ORI IR & MR OFSRE

L IEATAREDBEA 7ol LL, ZO%E, RO X IITFEEBLER 720, T3 AOFEKH
OIS 2 > 720 35 720 TR ORGEZIIR 0 CTh b, 22T, AHFETIE, WEA B ES]
DIEMIEA A= 7 W) Friz7p=— R 2 DaHliE & L THSETER D EEICER L, EEEOME -
TNA R BETT M LTZFFEFERIZE Y, ZORIMEL MR L.

ZAVE CHHER RN E R O BB A o CE T RIMEA TR L EITAZHIS. 20, T8 A
LOEEIZFMET 2 AHTUE, B2 D@ CRAR 2 BT ICHEL Lz PrE -0 g o R CHEANCBE S
L. —J7, EAE CHURFIRFICE OB R CHEEE N T 523, ZoEm AT ML TlE, i ETil
XEFTAEEL A Z Lo Th, B ETCREZBITAERS Z &1L\, £ T, J-PARC ©
POVAHE A A A — U JHEEIREN A T, B E a T RYEIRY B O BRI 2 70, BRI O
PRFEGH 2 — 7 6, vyﬁyﬁ%7xi4%UVﬁn?ﬁ%%%%ﬁokbn%&w4/&7&&&®ﬁmu
EUREBA A=V T BT T, ZORER, B =27 O LT % ORI~ > 7 RREM I — 7 H D
LA LIREE (Fig. 1), SR aA AVNHO heA X LaTHvo 7 274 o~ 7 algil/7 = U R EE
~ v 7 (Fig.2) 72 EDOFERNIEETEH LN, U LD X 9 RERFERND, RENZBEITZ VL OOk
KT A ZADOHMEAIFBBG A A= 70%, BEHER A U ESIRBLIRIE Z < LT R 7 — )L TR OB B
R T A AdHiT 59 2 TAETH DL EEZ LN,

2.4
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u(em’™)
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[Neutron spin polarization
| ® parallel to H

oL® .antiparallel to H
2 3 4 5

A(A) : : :
Fig. 1. Attenuation coefficient for polarized Fig. 2. Contour map of the difference in
neutron through the ultra-fine-grained transmission between  upward and
carbon steel [1]. downward polarized neutron for an
operating ferrite inductor [2].

S E R

1) H. Mamiya ef al., IEEE Trans. Magn. Submitted.
2) H.Mamiya et al., Sci. Rep. 13, 9184 (2023)
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REPETEHRFIC 31T DR ONT 2 J e ke it D A

A, ERESAT, WilE B—, =k AN
(REERIPESE, "L R)
Frequency response of magnetostriction in Magnetics Alloy Ribbons
O. Mori, S. Sato, R. Utsumi, Y. Endo”
(Toei Scientific Industrial co., Itd, “Tohoku University)

[ZLHIZ Bk, BIEA SR ORI OT H Ml 1T A BELIERL O TR — LW\ o 12 EHliTE 2 MR IR < ]
HAENTWD, Zib OFHIEI LA I CEMRI R Z b2 HE U T 2 2 bz gl S 2 L, IR ZE
fbEBRHT 52 LIC L > THROTAEREZ RN T 5@ E e FIETHL D, TO—F5 T, @Eia g d &
TERB ORI A X2 RELTAMBERNDH LR EDRE B L TWD, Zus L THhx 1Tt 44
HHICRR LIS ENE L, ZOLEDA L H T B ADOMNBEFUEENE (BREKIE) ZaA kD
BT Z LIk » THBOMKOTHETMT 52 & DTEAH- R FEERIEL, ME LY, £7-,

Z OFHI T BT E ORIEJEEEIC TR O T AORENATRETH Y . MbZ A I 7 A LMKROTH DM
FRIEIZOWTRAECE A E B2 TV 5D, RIFFETIE, 2 OBMEER AR O T A ik z2 AV CTiliilio Fe

RTENT 7 A 2605SA1 (HNLAJR) DR F O JE I U A7 2 5Tl L 72,

REAAE Figl 13, AEBRICBIT2MET AT LA TH D, AHEETIE, 8 8 mm DR EHR o Hho i
ZRRH o A VNERICHR A L CHERY O i & 75 B CHEE LIIRRE CEBA O X ¥ » 7 HICHE T 5, EELE
MWD 5 HLO—C T +— A=V ER AT CTEFORFHFAICSRIS &M 53 5, 2ok x, #
HNE O RV DENT D, LIehi o T, #HFIC—EDINT] (o)) ZfHE L7eH bHE 7 M2 0~300mT
DEFHR (Hye) ZFNL, JEHEAFA SR aA v 527 2 A (L) % LCR A—Z 2L HlE
T 5, GolcA X7 2 A0MH (/(L—Lp) (Lo: ZBLIAANDA L E T B RA) & He &EOBRE,
300g~700g DI LTEEDD, HFoONIMRE S LI LT, [FU WU(L—Ly) EIZIHNT, Hee OS]
DENT X DEACE: (UH = Hie—Haer) M U, AH =3 As(o//1 —6//2)/M (M : ##DRHE) (%) 12&H TIED
THEORROT A (W) 2B T 5, 2 OREFETHRE = A L OREE K% 1kHz~1MHz £ TE{L S+,
WROT B (h) DJEBEARA % HeRB LT,

RERMER Fig2 1T Fe 27 B/ 7 7 AHHIZE T DR _

SOT OB RS ERE L b 0T B, = 1
W DRINC & b7\, A SHII LTINS = & |

MWD, JEWEE 1kHz TiE A 1X£27.7ppm TH Y | [_H‘H‘"Hi]—;g

fixture
AR 27.0ppm & R ORI B, JHHEE ’
IMHz ETHMT 5L A 1£30.7ppm &80, BLE

electromagnet
10% L TWb, BEERE L LB o0N THA
ONT BN B 1, Batbt o 8848 o B $k ik
LEET D, SRBRIIBROT & L EHEOBRO M
WIZOWTHE LTV PETH B,
B SR
1) s, HES, HARSHBERES 2,5(1978).
2) mEEAS, BHE, &ME, EEST, NiER—, &
44 |71 B RIS R 2 EiiakiE. 14aD-5.
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Fig.1 Measurement system for magnetostriction
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Fig.2 Frequency response of magnetostriction
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STT-MRAM [] I+ EE KR A RO MBI KRS PR AIEE

INE R, BARMEE]. LIWEF]. Jinseob Kim*, Wookrae Kim*, Ingi Kim*
(BARY LR Samsung T/AM RV 1) 21— 3 D XWFEAT., * Samsung Electronics Co., Ltd)
Novel Magneto-optical Kerr Effect Measurement System for Perpendicular Magnetic Anisotropy Films in
STT-MRAM
Ken Ozawa, Kenji Suzuki, Shinji Ueyama, Jinseob Kim, Wookrae Kim, Ingi Kim
(Samsung Device Solutions R&D Japan, Samsung Japan Corporation, Japan,
Mechatronics Research, Samsung Electronics Co., Ltd., Korea)

[FLHIS

STT-MRAM [ZTEHHEA T DIEEEBHEESHEETNIL. 2LDTTU—2 3 U~DOERANEHF
EhTWDS, §t&. 10T/MCU 7734 X, E#. Al Computing L E~DRMTIEEE . TEME. T—2KE
MUNEEIZLE D, BEEHSEAME PVA) FZhoDFELGEREETH D, BIROFERRETETIEER
AR AEE (VSM) A EICFEHLNTLEA, DI/N\ORETIIFALBE#HTHY . A2H 4 FTOFMEIZE
HTHD, SE. HERTFEREES A TDA T4 VEHEUEDRIEETH S FT a3t 7 FOBSAFETE
R T L (MOKE) ZE&EH. ®ELTz, HHZAVLTEERLESLETHRET 5,

EBAE |

Fig. 1 ZRT &S 73'71/\§+5ﬂ'|7éf'.§;"—€ Lt B @h out-of-plane mode in-plane mode
S>OHIFENE., B2, BERMICHEISALIEN. & T
BETY Y& AL BHE £ H IR, BELT M
1B Kerr MOKE O R T LZEEELT, Hierr DETAI

X, RYICEHE#S CTHM ALY, €0/
fﬁkﬁ L ték Emﬁfﬁﬁ’& ﬁfﬁﬁ@ﬁr\b\ﬁk_LT Fig.1:Schematic of the electrically switchable electromagnet
BEEANTRSI S L TH Kerr BEEESEL TR

M, BEGERETILEALT Heer & Fitting, 1 " before
BN LBHT HEESRF—LTHS . /’\
C DFETITELEA /N S 725V BB 15 T D Hy err BRI

MEARETHY . BREDQNUCHATREATH, $8
KREEEE~NDEENBEZTH D,
0

S R - L
STT-MRAM (DER4%fE %48 L 1= CoFeB/Mg0 fEst ¥l % Fig.2 Polar magnetization response to the IP field

FAWTEME L1z AFETIE, fittingITAWSE
WRITEESEHHIC, BHHRARICESTSEN
WS AMEERICEME S FTICTILENDH D,
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PH/V— 7t U 7o BEREAL 1E 2 TR GMR & > U O FL e

AN, RSB, IR S
(AT ERE)
Fundamental properties of domain wall displacement GMR sensors with closed loop operation
K. Komuro, D. Oshima, T. Kato
(Nagoya Univ.)

XL ®HIZ
GMR (Giant Magnetic Resistance) & >V II/ERL 7 0 AN HE TH 0, mEE»OSIREE, £
b, RMFIERATfERE T S AL LTHIRF SN TWD, 2k THAx OIS V—7 Tli, EItHR
74— Ry 7 RO AR ZETA GMR £ A2 E L TEY Y, GMR &Y OETH - 7 #j I
P, W RY 7 MR BGEIND Z & EmR Lz, L L, RGFRIIWACIK Edh 7 m ORS 2 i3 5729, GMR
FFOWIVEEPNE L, pT LIV OBSGHRIICTIIAF] LB 2 b D, A TIEE /ﬁ‘@m@&ﬂ:%ﬁﬁ’]
2, WEIZTRA OBFE 7 )V — 7 TET Lo BEEEALE AR o DiTsr L, EIER 7 4 — M3y 7 g%
MABDOYED Z LMt Uiz, BEEALE 2Tt o I3 b R S M OB 2 92 Z &b, WALFE
LSl o L0 IMTBL B & B 5 2 & AT, SCER 2) T3 e T R E OMSRIH 2 5EFE L T b,
L L, PUEOZE L GG ERINT 5720, e X7V
TADFBENRRE HNEDHERPEE TH -7, Zhic
st LAEIF A X, ERER 7 4 — RNy 72 BATHI &
THHDE 2TV & AWM LT D THRET D,

%ﬁ$ ;i Hac for modulation !:um]z:LLh:::nLlic field %’
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BEOEPFEBER Hpoa FNMAOT VI U A ¥ 2ELE L, Fig.1. #if L72 GMR & > ¥ [H .

Fig. 1 {Z/RTEIBEIZIEA Uz, Hypog \ 3R S Hye D JE - -
WHNTH AR T8 <, Hyer & SEIBELSE 5 8007 112 ) 05| — unearse
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L ZD N

1) K.Komuro, D. Oshima, T.Kato, IEEE Trans. Magn. (2023), DOI: 10.1109/TMAG.2023.3284398.
2) G.A.Wangetal.,J. Phys. D: Appl. Phys. 44, 235003 (2011).
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Tunnel magnetoresistive sensors exhibiting highly symmetric resistance-magnetic field response
Tomoya Nakatani, Hitoshi Iwasaki
(National Institute for Materials Science)
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=20°F 5 LEEGBADORHMBRETHD. T 2TV 7 MEUHBRFITRR, FPED v R-H #ifRE2 R~ £
—J5, YNV T RNEUETO R-H T, H OFFAICH LE LIS E 25D, ZOEWIE, Stoner-
Wohlfarth &5 /VIZ X AWALAE DR ENS, T 2TV 7 b EFOHHERALOFHEAEN ¢ IZKE <
IEE LR WD THAZ ERNbhoT. ZiUIBRE & LToFEE %;ﬂm&ﬁéﬁﬁfaa

SC#k [1] Nakatani ef al. Appl. Phys. Lett. 121, 192406 (2022). [2] Nakatani & Iwasaki, J. Appl. Phys. 132, 223904 (2022).
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EEE GMR & o Y ORGBA SRS I RF D MFC 7 A

i

BT RAETL, BIRFRAR. AREE. *EmOR 1, RO
(RIS, *RZF 7TV T A(KK)
MFC Gain of High-Sensitive GMR Sensor Used for a Magnetic Field Microscope
A. Kikitsu, Y. Higashi, Y. Kurosaki, S. Shirotori, *K. Suzuki, *Y. Terui
(Toshiba Corp., *Toshiba Nanoanalysis Corp.)
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B £ // | o et
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X LT Z AT o 7 Fig.1 Normalized MFC gain as a function of
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(0.1 mm) T4 & A RESRVE CTHE L2 R % Fig.2 IIRT, 1
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This work was supported by the Cabinet Office (CAQ), Cross-ministerial Strategic Innovation Promotion Program
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Enhancing Leaked Magnetic Field Measurement
with Thin Film Magnetic Field Sensor

Loi Tonthat!, Ryota Suzuki', Junichi Honda!, Kazuhiko Okita', Jerdvisanop Chakarothai?, Katsumi Fujii?,
Shin Yabukami'
Tohoku University, Miyagi 980-8579, Japan
National Institute of Information and Communications Technology, Tokyo 184-8795, Japan

The leaked magnetic field generated by wireless charging systems and RFID card readers has presented significant
challenges in ensuring the reliable operation of sensitive electronic devices and systems across various industrial and
residential environments. Accurate measurement and characterization of leaked magnetic field sources are crucial for
devising effective mitigation strategies. While conventional evaluation methods utilizing antennas, such as loop
antennas, have been employed in previous studies ), they suffer from limitations in terms of frequency bandwidth and
spatial resolution. In response, this study introduces a novel approach by utilizing the potential of thin film magnetic
field sensors to overcome these limitations. Our high-frequency-driven thin film magnetic field sensors offer superior
capabilities in detecting magnetic fields in the pT range while achieving spatial resolutions below a few millimeters at
room temperature ®. To validate the effectiveness of this approach, we constructed an experimental setup specifically
designed for measuring leaked magnetic fields from wireless charging devices. The setup comprises a thin film
magnetic field sensor, a signal generator, and a spectrum analyzer. Figure 1(a) depicts a circuit configuration where the
leaked magnetic field is detected and analyzed in the spectrum analyzer. The AC magnetic field signal emitted by the
wireless charging device is applied to the sensor, resulting in an AC modulated signal due to the change in sensor
impedance. In this circuit, the sensor element is electrically connected to a microstrip line with a characteristic
impedance of 50 ohms. Figure 1(b) illustrates an AM spectrum, where fc represents the carrier frequency and fs denotes
the signal frequency. The intensity of the sideband is directly proportional to the impedance change of the sensor. Figure
1(c) shows preliminary experimental results, demonstrating a measured spectrum for a wireless charging device in the
presence of a varying DC bias field applied along the longitudinal axis of the sensor. The internal noise floor was
approximately -107 dBm, while the signal at a frequency of around 109 kHz reached a maximum value of
approximately -83 dBm, corresponding to a DC bias field of 10 Oe. The outcomes show the efficacy of thin film
magnetic field sensors in accurately capturing and analyzing leaked magnetic field. We are currently conducting
detailed experiments to compare the results obtained with conventional antennas.

(1) Fujii, K., “Basic characteristics of magnetic field antenna factor of loop antennas for EMI measurements”, IEICE

Communications Express, 11(10), pp.643-648 (2022).
(2) Ml b, NS, BAE, AR, SRHE —, “10-13T B ORI fRRE A A 3 5 8 AR SR
HIEERE 7 oV, B AR ARFEEE, 31(1), pp.17-22 (2007).
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Evaluating characteristics of orthogonal fluxgate strain sensor
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1) EEREE, LEEOEAHERROARKEIERIZET 585 (2014)
2) HEER, 7, AL, AR SRR ,4,41(2020)
3) TH, %k, Al AF 5 FER S EEKS 2-099(2023)
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Vehicle Detection Device Using 2-Axis Magneto-Impedance Sensors for Traffic Monitoring
R. Yao, T. Uchiyama
(Nagoya Univ.)
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REDNRT A —ZNEBRFERICEZ DB HOWNWTHRI L, &
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DET, —FH, Br¥E2ES 110em IZRET D & KFEFMOWSGEB)EIE 9.71 ¢ T, FEE 5\ Tl 15.05 1
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1) S. Taghvaeeyan et al., "Portable Roadside Sensors for Vehicle Counting, Classification, and Speed Measurement,”.
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Evaluation of Dynamic Range Enhancement Effects through Single-Coil Feedback
S. Idachi, T. Uchiyama
(Nagoya University)
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1) Hanetal, Virtual Reality & Intelligent Hardware, 4(1), 38-54, 2022
2)  Gudoshnikov et al., Phys. Status Solidi A, 211(5), 2014
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Pulse voltage of Wiegand wire depending on positions of excitation and detection
Hiroto Suzuki, Yasushi Takemura
(Yokohama National University)
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ors/Wiegand Sensors.php

3) S. Saggini, F. Ongaro, L. Corradini, A. Affanni,
IEEE Trans. Emerg. Sel. Topics Power Electron., 3,
766, 2015.

4) Y. Takemura, N. Fujinaga, A. Takebuchi, and T.
Yamada, IEEE Trans. Magn., 53, 4002706, 2017.
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Fig. 3. Area of Wiegand pulse.
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New Vibration Powered Generator: Perpendicular Magnetic Field Assisted Electromagnetic Vibration Powered Generator
Mitsuru Ohtake, Yuta Nakamura, Eishi Ishikawa, Tetsuroh Kawai, and Masaaki Futamoto
(YYokohama Nat. Univ.)
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B bmbE fRElC &8, F72, B TE DM RO
PFIEEIER ST L5722 FRERARE I, ZOREARFE
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Effect of Beam shape on the Shock-Induced Output Characteristics of Perpendicular Magnetic Field Assisted

and Inverse Magnetostrictive Electromagnetic Vibration Powered Generators

Soh Kamiya, Eishi Ishikawa, Shunsuke Aketa, Yuta
Mitsuru Ohtake, Tetsuroh Kawai, Masaaki Fut
(Yokohama Nat. Univ.)
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Analysis of Magnetic Flux Variation Behavior in Magnetic Beams
of Perpendicular Magnetic Field Assisted and Inverse Magnetostrictive Electromagnetic Vibration Powered Generators
Eishi Ishikawa, Mitsuru Ohtake, Yuta Nakamura, Tetsuroh Kawai, and Masaaki Futamoto
(Yokohama Nat. Univ.)
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Quality Factor of Power Generation Coil on the Vibration Power Generation using Magnetostriction Material
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Fig. 1  Calculated generated voltage as a  Fig.2 Calculated quality factor as a function
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1) REPGE: JSHAEE, 89, 82-86 (2020).
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Application of Electroplated Fe-Co Alloy Thick Film to Magnetic Beam Material
in Perpendicular Magnetic Field Assisted and Inverse Magnetostrictive Electromagnetic Vibration Powered Generators
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(*Yokohama Nat. Univ., 2Kanto Kasei Co., Ltd.)
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Fig. 1 Bias magnetic field dependences of peak  Fig. 2 Compositional dependences of maximum peak
voltages of perpendicular magnetic field assisted and  voltages of perpendicular magnetic field assisted and
inverse magnetostrictive vibration powered generators  inverse magnetostrictive vibration powered generators
using Fe1o0-xCox films with different compositions. using Fe1o0-xCox films with different compositions.
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Application of Electroplated Ni-Fe Alloy Thick Film to Magnetic Beam Materia
in Perpendicular Magnetic Field Assisted and Inverse Magnetostrictive Electromagnetic Vibration Powered Generators
Shunsuke Aketa!, Yuta Nakamura!, Mitsuru Ohtake?, Hiroyuki Kamogawa?, Tetsuroh Kawai, Masaaki Futamoto*
(*Yokohama Nat. Univ., 2Kanto Kasei Co., Ltd.)
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Fig. 1 Bias magnetic field dependences of peak  Fig. 2 Compositional dependences of maximum peak
voltages of perpendicular magnetic field assisted and  voltages of perpendicular magnetic field assisted and
inverse magnetostrictive vibration powered generators  inverse magnetostrictive vibration powered generators
using a NisoFeg; film. using NizooxFex films with different compositions.
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Vibration energy harvesting using composite amorphous ribbon
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the back side setting. (c) Time ¢ response of
1) T.Ueno, AIP Adv., 9 (2019) 035018. open-circuit voltage Vp,, of the Ni unimorph

2) S. Fujieda et al., IEEE Trans. Magn., 50 (2014) 2505204. core. The date of the frame without sample
3) T.Okada et al., Mater. Trans., 62 (2021) 1798. are also shown.
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CUo5C005Fe20s DEEEFFMIZ KIET Cu D Zn H B D E

R . EIRRER, IMERRHE. TEBE L. I &
(B)ijt Iﬂ'ﬁ )
Influence of partial substitution of Zn for Cu on magnetostrictive properties of CuosC0o5Fe204
S. Fujieda, K. Fujiwara, S. Kosugi, S. Seino, T. Nakagawa
(Graduate School of Engineering, Osaka Univ.)

[ZLHIC

CoFe04 27 =74 ML, BIBIZBW TS FWMAERXNLN T =274 FOHPTHLREMICKEIRAD
WeE AT, filt, Fx 1% CoFe0s D Co % Cu THEHT H Z LIC LV | BEERFENREENIZ A
ET25ZEE2RHE LY, CuosCooaFe0s DREERFIEIL, FLEGHY S EIINIEYS CIZ TR OBEMEITH
% Galfenol LV HEILTWD A, LEHKEIIIESS CIXFRRELL T TH D Y, AW TIE, iy
IKEIINRE Y T ORGAERFED A 212 mNT T, ZnCuos«CoosFe.0s DWETEFFIE 2 fH 72,

EBAE

ZnO. Cu,0. CoO 5 X TF a-Fe,0s % HiZEFUkE & LTIV, 100 : : .
FNHERALTRL Yy MELE#Z., KRERFIZBWT Zn.Cu, ., Co, Fe.0, -1
950 °CC 20 MM OBVLIR & Hi LT 37 8k A B A ED oL T

Zn,CuosxCoosFe:04 D HLAHFEL Z/ERL L 72, 2 D PR~ L
v b O EHEICER =T B AT, NSRS Z2 FINn L
TS R 2 B L7,

ERER B
ZnCUo5xC005Fe204 3£ D x = 0.0 38 LT 0.1 @5%‘%03?\3
i B bR % Fig. 1 :,?j‘ Cu D Zn E45 E#HLz » | . |
faFEITHEINT %, 5 KIZBWTH, H*%@{hﬁﬁyjséﬁ 10 s 0 : 10
SNz, SERA I:XJW%L 2T, 8 O ME Y A - | .H (kOe)
K& 16 ONEEY A R OBESTE— A > NI RS Fig. 1 Magnetization curves at room
temperature of ZnCugsxC0osFe204

BT 52D Cuks L ColTEICNEEY A FEHA L, with x = 0.0 and 0.1.
3> Fe 2350 ONMEAY A FEMEIAY A FEHAL

M (emu/qg)
o

TWbET5HL, RE—AY MR 2o Zn iX s0or— cu, 'CO o
WA &2 EFT 5 MRS, BiRIZBIT HES soof R)'(I' 05 2 i
DS EAAEE Fig. 2 (~d, fitlhix, WE7micx Ly g o o0

ITH L OEEIZHESG Z N L CHRIE L72 B A D ZEDME% S 400T R
fEIALIL~ALILL % 7R3, BESGEIINC K0 | |JAL/L~AL/L L1 { a00F |
MR AR LTcth, e 2 LU Clafidm 2R, Zn sy <

B L BORAUNBES TOMIERL 5. Larl, < 200r x=01 7
|AL/L—ALIL (| D3RR IZ 2T 5 FIIE 1308 L, K9 2.7kOe 2 i |
LU 00 BRI RS T Zn $54) %@wi@%k%@ﬁ% 100

RT, DEV . Cud Zn Sy ERIC . ARRBESGEIINC D 0 L m n
BRI B9 5, H (kOe)

Bk Fig.. 2 Magnetic field dependence of
1) S. Kosugi, M. Hisamatsu, Y. Ohishi, H. Muta, S. Seino, T. tsérmagleratu'rAeL/Ig;c_AZI_AIX_éLOlS_goOAS,:rngT

Nakagawa, S. Fujieda, Mater. Trans. (2023) in press. with x = 0.0 and 0.1.
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Bt LMEIRIC T DHEE LR Y B T DR

(PR L, Ivan Kurniawan?, —Jf B 2, k75 8, RAMI7T ¢
(RAERAT L st 20 SRR T )
Correlation between magnetostriction and magnetic damping in magnetic nitride films
Keita Ito?, Ivan Kurniawan?, Yoshio Miura?, Yasushi Endo®, Takeshi Seki?
(IMR, Tohoku Univ.t, NIMS?, Grad. Sch. Eng. Tohoku Univ.%)

[EFR] BEMEHT, IRBIRER T ML B HOSH S, FEOT7LXF VT ALAE Y b= A0
BB THIER STV DA, K& RHETE 2 R 9RBEIER BHIT Fe-Ga &40 Th-Dy-Fe &7 EMib & J8 07 +
Rz ahbon%n, I, BRPSERICEOH TN I 5 mEMEZE(LEED FeN 23, Co <2 Ni
5D M 72 URSRIEME S R L U b BT R & WEE E R (Moo =75 ppm) 2~ Z &SN Y, L7edio
T, @Mt mOeR - A EE7 ) —®BEME L LTI TE 208, B2 @B iz 72448
REHREHIPTI DT > TV, ABFFETIE, HF=70F & LT Mn B LU Co ZWM L 7= FesN HIEIZF5 1T
HWEZ T T, FE =0 RO EZ BHANCE 2 TRBH /ERL U | Auoo. BAFIREAL(Ms), B85S PEEEL (K.
o T ER(e), 7 =V IENMICBITLEFOREBEED)ORE S L OMBEBRER RS Z & T, io?®
RESEZWRDDIMIELZH SN L, SREEME A 1G5 720 OFFE R O, 2 A T2,

[EBRFE] 5o % 2 —ikI2 L 0, SITiOs(001) 34k 12, FesN, FesxMnN(x=0.1,0.4, 1.0), FesyCoyN(y
=0.2,0.5,0.8,1.7, 2.2)id A ERL U7, RRABIEE X 450 °C % JEA & L7223, FesyCoyN(y=1.7, 2.2)%}1;‘:&:@\(
IFEROBBENRE 772D, REEZ 400 °CIC T T 7o, FBHOREIE T X BRIEHTHIE & BN @B RIHTIC &
FEATG L 72 Aaoo (306 T ZHEIZ & 0 JIGE U7z, AL O N 5 AT e K 175 Oe DIRIERANEIES 2 FHIN L |
RS = =N OB B A RET D Z LT daoo ZWE L7z, Ms 36 KO Ky [FIRBY SRS /13HT K0 | BEm N
[10017 M3 & ON110] 7 ARt S 2 U L. b 2 ES 2 Z & THIE LTz, ald 1R— Moo=
L—F 0 x2—THA NI MRy NT =7 T F T A F 2 T mierE miE s L0 flE Lz, 1~25GHz
D& JE I 36 L OB N [100] /5 111 200 ~ 2400 Oe DAMERES ZFINL . 15 & du 7z 205 & — 7 ORE D S H i
GRS a R L, WTNOREE S, FIRIZBWTERM L7,

[#ER] &M OSSR, FeaN, FeaxMnN, FesayCoyN KD = X % o % /L AE A MR TE 72, Ao 1X FesN
IBWTHAEABEZ 5-110 ppm Z/R L7225, Mn £720% Co 2T % Z & THEMED A L7z, Aol
Ms. [Ki|. a ORIICRRERFEZE L2 & 25 ool & a DFICHBRZZIEOFHBEREN A b7z, a i
1% resistivity-like T8 & conductivity-like T2 % 0 2, EFGZUIZ LAUE 9, BIFEIT a o EDIMs, HEIT a o<
EDidMs TR END, CITAEVHLERE T, I XB T HELOBERFEM CTH D, oo & a OILTBEIE L LT &N
RELFELTWAIGAIT, oo & o lZINA TKy & ORI S EOMHBEABRN R o 5I1E T Th o0, ZDkk
MBI E LN -T2 ED, EOFLGTET Tl & a DIEOHEZFHITE 22V, £/ MDD
o DAL & 1EE S M & R Lf:o 0ol & o DIIBHL LT MRELSFELTWD ERE LTEHE. a O
23 resistivity-like 233 THIVIE. ool & o & BIT U DIRFEENBESND, B TREAE L ROREE DR
MEFCIE, o138, PaoolTREL, a lTRELSRDZLEBHRL TV D, il Tld, D OWRINICHRIRE KA
M3 X O a 12F1F % conductivity-like FHD 77 G-AZ DWW T —JRBLGHE &2 W Tl 5 Z & C LR ORE % MGk
L. £V REQRBEEREZEIT D720 OMERGHEH 2w T 5.

[BZCER] 1) Y. Maeda et al., 15580 121, MRIS2021-7, 6 (2021). 2) S. M. Bhagat and P. Lubitz, Phys. Rev. B
10, 179 (1974). 3) V. Kambersky, Can. J. Phys. 48, 2906 (1970).
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ﬁﬁﬁiwﬁﬁwimiéﬁméﬁ%mﬂﬂLtmiﬁgﬁmmw&

B P, B 2, TEEESR, I &
(PR T)
Comparison of magnetic flux density change due to inverse magnetostrictive effect between direct and
indirect measurements
T. Okada, S. Fujieda, S. Seino, T. Nakagawa
(Graduate School of Engineering, Osaka Univ.)

[ZLHIC

BN R AR LT REIFEEIL, 10T 734 AORMRE R E L THER STV D D, B3 ERE
EEBIT AT, —ERSGT COIGTEIINC LY . WRAENFATER U TR X iR E AL 2 R~ ER
KROGIND, FHMEBHREO - DTG 72 BB 2S B0 fERIE—E I 1 H T OREEIINC X 0 H]
TE LT REAC BB D SRR AFNEIN B . IR ICRE AR B AL STl ST D 2, & 2 CTARMFIE TR, —ER
T C OIS IEING X D BEAE FE AL O EHENE 2 5566 L, HERIEDOMEEE D378 & ik L7z,

EEBRAE (@
AEHZIZ 50 X5 X 0.5 mm? DJESE E & Fe-70 at.% Co A4
(ﬁt%%ﬁ(%)ﬁ#)%mwtoﬁﬂ’8y7?yf
A VERY AT, Figd @IRT & 912, FIEREREIC
U%%itiﬁ%ﬁﬁ%ﬁﬁ%@%btoit\ﬁﬂ@%
ANZERE LY L /A RaA c L0 R E IR E S
ZHIIN U7z, MEERE CIXERRIIGS T ENIN A A s % F
DIL . EBHAE TR S EIN R B IS ) & HINd 5
T L CREHE AL A B L 72,
%ﬁ#% (b) T T
MHEHIE T, MRS STIRAEE & 160 MPa D5 5RIG /1 % Py
FIAN L7 R BE CRAb I AR 2 e L, RIS EZ L AB % 3R 0.2
Wiz, MEEIC X 0 S-S HILERE & B BRI B
% AB DWESHEAFNE % Fig.1 (b)12~7, MEERIEIC XL v ko
72 ABZ. BEGOBINZHEN 043 T O —2 2R, £D 0.2
BT 5, WA 0255 40 mT OFIPHTIL, BESHIE ol |
FREJEET ABENREZRY, B AT U VU ADEELE IR . . ) \
T, EHEHE TR, EREEAEIN LIIREET, 160 MPa 04 [© " Direct measurement -
@%%mﬁ%WMLt% %é#é BENS AB 23R 7=, ﬁ;ﬁﬁma
Fig.1 (c) (2RI R OISV EEAEIZ L VG2 ABOE— 7 {E
1031T Th Y BHENEIC L v EEE sy, 272, E oo
EHHEIC £ 0 SRDTs ABICH LT b RIS RIEE & ) 9
W TAENENDN, BHERE L LD L Z0ETDT N

Uniaxial testing machine

Specimen
Fe-70 at.% Co alloy

T T
Indirect measurement
Ao=160 MPa
As-rolled

-o- Magnetic field increasing process

THVY, ATV ADEEIT/IEV, Z0O LD i 0.4 |-o- Magnetic field decreasing process]
FHRACHLIR L7z AB 3N T, B & EHEIE I 1) 0 20 20 60 80 100
LREEEB BN OE VTR T 5 EHEE IS, Magnetic field 4 H (mT)

Fig.1 (a) Photograph of setup to evaluate the magnetic
B flux density change, AB, in indirect and direct
1) T. Uenoetal., IEEE Trans. Magn., 47 (2011) 2407. measurements. Magnetic field, oH, dependence of AB
2) S.Inoueetal., AIP Adv., 11 (2021) 069901. obtained by (b) indirect and (c) direct measurements.
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BREIZSGH A 2~ 7 U T IOVIZ AT T2 A B o N3 hd 2R 48]

RERZ !, JEAHN 2, JMREE 3, AR, KRG 2, & BaE
(AR a2 . 2 A REE, AR Z e, * LK CSIS)
Spin-injection Induced Permeability Control for Time-varying Metamaterials
Toshiyuki Kodama', Renya Shimizu?, Nobuaki Kikuchi®, Satoshi Okamoto® *, Seigo Ohno?,
Satoshi Tomita'

('IEHE, *Dept. of Physics, *IMRAM and “CSIS, Tohoku Univ.)

N

[FL®HIC

NTWETHHAZ~T U TIVTIL, FEBEOEWFE () Z ZZRIICHIT 5 Z & T, RERWE CILHEBLN
HRADOBITRCENEL AL L TE T, — HUE CIrR MR CIE TR 2 6l 2 RMZEFR A 2 ~T Y
TAMMER SNTWD, Fox TR Z T, pZ @8 CREMERT D2 AZ~T U7 VOEBLZ B LT
WA, ZHUZ kT~ 7 milia I Vi~V 7 THz S B E W T 2 Bz 7 MG E A YCIRAFEH EN 5,
AE DA ClE, undS R LT 2 8 2 BRI S EE T 5 &, TOREENERIND 2 & 2 5EiH TR
L72[1], AT ERMIC, A2 b7 gamgrEns (ST-FMR) &2 Z L7z NiFe A@ffRouss, A EA
WZE o THIICE % Z & Z2772],
HEEAERLREY LY AT RIR

U R—=7 SiEMRIZ— RE L LT Ta@Bmm)Z M L, Z O 2 NiFe (2 nm)/Pt(5 nm) % A3 & U > TRk
LT, D%, EFHEE Ty F 7 TS5umX25um D
AR U, WMo aEREER L7 (K1 HAK), &M T T T T T
75> NiFe HIFRIC 6 GHz DA FE A % 7t LIAL D —F ik 75 E 8 10
T 5 ST-FMR # il + 2, =0 & & BEMRESIEHT (AMR) g
HRAT K0 AR S E R E VMg 3 T D0 ~5n
RRLER SE: \

Vamr® Hex RTFPEZ [0 1S, BTN LTIt BT 0 e
T X 912 60 mT fFUTIC ST-FMR 28I CX 5, 2 ZIZHET . . . . !
L AN L, PtIED 5 DOEFEA ¥ i % NiFe JBIZHEA L 20 40 60 80 100 120
o F5 LHE FHH) TRTE DT, >0 (<0) DA HoHext (mT)
(EEMIERS UE<) 720 | B e—sfmampn (g Fis. 1: STFMR signals with ke =0, 20
. . _ mA. Inset: sample photograph.
W) 12> 7 b LTz, FEBRIIZAS 5472 ST-FMR 15 S fE &

Ta/NiFe/Pt

B (B DIl £ B ELRA AT, [ 48 +20mA 7520 ° w

mA (23517 % NiFe MAROWEREO KM@ )L L, B B e
Bl o/ LR S op 2 R 2 fn T 5 i ©Rd B0 ™

L O\ OIIBFRWEAS, L DB E & BT 7 P L, T o &
BRE LA LTV D, K2@7051, = +20 mA (2B Hu % 20

HEHL, M20bIZRT, 574 GHz ICEHTD &, Iy % £20 40

mA CUIV 252 LT, W, 2304 & 17.8 ORITYI Y B2 A 20
THHZENDND, LEN-> T mEl cERT s | .

T, pO BB RO EHASHIE SN, WETIL, p0k

THIVE 2 FA O 7 JA B B B O BB R FIC SV T bR 5, 20

B Aiemme Sb Lizefsll s, KEstR clE 40k ! ! ) 4

Z T BB 2 IR L £ 37, AWFSEIX JIST-CREST Frequency (GHz)
(JPMJCR2102) (Z k> CTHESNLTWET, Fig. 2 : (a) 2D plot of real part of magnetic

[1] 45 46 [A] H ARE X 2 4 2> 06pC-8 , [2] T. Kodama fgel{:lnefabﬂiiy r(rﬂ;% )> under de mag}?;tic
etal., PRAppL. 19, 044080 (2023). fmfni& m. (b) 'y spectra with o=
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S AR T O REALAE 1E o6 2 BAERIBFIE

AR, RITHE—RR, SERRIEA ™, JpRER ™2
ROFR. TR, *2 R ikas)

Numerical study of magnetization structure in helical magnetic materials
J. Kaneta, J. Ohe, M. Mito, M. Okuma
(Toho Univ., Kyushu Institute of Technology univ., NIMS.)
IXC®HIT
SREPERE & & 1 #ih Dzyaloshinskii-Moriya FH A /EH 23 A7~ B et Tk, IER A E N TER S b,
S O EER I C B R MSG AT 2 2 LI X o T A TV U MUK TN DA E N TE D,
T, RUNTRAEREEN VY Fr E LTS EWN MR U IIVIZEED D, Bbthfiize 27U &
2 Zet, WOMBEE A AW ERTIIE 2T U S ZARBMENTWER, NALZ7RETIEe 2T U R
BB SN TOZRWV[L], ZOEWEZHALNIT 2720, SREIIBALALEZ 3 KItRIC L, BSOS
NS R BB FIEY S 2 L — 3 v &2 VTR L=,

PR 55
WA B L SR VT RMEO & A X 7 2% KT Landau-Lifshitz-Gilbert 57222 $f i 12 fif

Wiz, BOTHEFREAEM & DM MR EAEM . BERUSR T MR R % FV TR gl et U C BB W2 2 Fn L,
WAL AR DB E 21T o 7o, 7o, ARIBEORR L LT, EHHGREHE) RO b D T & LSS 2N
L72e 3IRICRDET VLA E U & RTFMERKED X O ICHE L, ab Fili & =Mtk 7, c iz =M1 1oxi L
MEF I &V ERE AT o7, (Fig.1)

FRATRE R o—0—0—0
HBERAE 2 T8 L7 2 WoR E RS T e AT, IR of St Nl Nt
BICBNT, MR R OB RER R U TR A o—kﬁﬁf\J'
SNT. HDHMBESICIO T, MEIREERIEC 2 5, I /N\N/\/\/
WRICHN T, A U RS LR O S LvERT aL:?._._'

BT LMTET, B RBSHE < OBIBSH 3\ TIRBER L =

EIZ D, ZOOAbHifRITe A7 U o AEEICR D, 2K 3
ST T-OE TN ERIRICERT 3 WILET LT bR o — &
BALHBIC E 27 U > AEER RSN, —F, AFHEHE R~ L
BOL AV ERE LEEF AT E 2TV v A ML B el
INESFB I LTRSS OB Y L A el 1

W EBRRE R OBV AP TE D AREMEN H D, R TIEL, ' c

BAAMEEOHIAD DI, IO K S 2B St L(:

Bt ORER 2 EmET D,

Fig.1 Schematic diagram of the calculation model.
2B R Spins arranged like a hexagonal miniature structure.
1) M. Mito et al., Phys. Rev. B 97, 024408 (2018).
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B — i XA 03 2% SR X O e =R ) AL BX

Fangfei Luo', BEARMIEKER 123, =fRTHF4, frg— 23, At #
(1 REEREZFERZFEBE LEWTERE, 2 KBRS CSRN
3 RECRZFAIEHA LB TERENE, 4 FOREUR CSETE T5)
Direct observation and stochastic analysis on thermally activated nucleation of individual magnetic domain
Fangfei Luo!, Kentaro Toyoki'*?, Chiharu Mitsumata*, Ryoichi Nakatani'** and Yu Shiratsuchi'*3
(1 Grad. Sch. Eng., Osaka Univ., 2 CSRN, Osaka Univ., 3. OTRI, Osaka Univ., Tokyo Univ. Of Sci.)

WE ARIEEICBITABMENERE, BUEMBRIC L AR T a2 THY, AIRIEEIZRT H1RE
TA B =X LOBFEAERFEIC L CTWDE—DDJRK LR > TS, Fi2, BB OB EE T vt A8 —FF
[BlfRZ R gD R & RV TS X AR & WRERENC L 2 2 L IFHAMDOFEELETH D, TILETIT, KB
XA R & BEEERS B O MR AV A RGRAR IZ DWW TIE, T/ BEMEEIRO K AR 2RV T, Bix 2R R 3D B
TWBHR, 2L O TIE, E& U TBIMERIEDOERIERN D DR > 7T VAT 5 FIEDSH
WHNTEY, H—ORBIEREAIZ T 5 R0 SRR XK A e & & EEAICBIZE L2 Fl3 s TR 54T
W5, ZiUE, BEKERT vt AT D R A R E TOREE R BN S R T A T UL o, T LB A

KRBV ENR—RTHLEEZOND. Fexix, PYCo/Au/Cr0s/Pt FEEIHIZ B\ THARR S N 5 1E X A%
WENHMERBEG OFIN « BrEICH L Ta AR N Th Y, £, SBHESERE 2 —EICRFF L 72 BRI SR X A
FRAFFRANCEN TERT D Z L2 ME LT, [1] AFZETIE, ZOMmAZRAL T, B —-0BXIZx
TEHEA LT T ARBIERIZ LY, KESREX AR ORI 2 B L, MRl SV TR L 726G
BIZOWTHET 5.

EBAEZ ~ /R bur 2y F Y S EEZHAVT, PY2 nm)/Co(0.6 nm)/Au(1.0 nm)/Cr,03(130 nm)/Pt(20
nm)Z ERL U 72, JERRICIE, a-ALO5(0001) s S Fol 2 7o, MR oA b, &8 OFFER S o IX
BER[1])7e E 2SIz, SRBOMMEAYER, KEEEE R E XMREIPTICE > TG L, 23H#iN
AT AE AR ST 5 720 O R IRIENE Cr0; J& A3 11*0DW i Lk % F5-2(0001) A2 TR L T\ 5 2 L 28 L
TERY, ZOMBEER TIX Cr AV FaIBEmBE S THDL I ERTRISND. BEREFMEFGICIE, &
BEEHELRE 5 (VSM), BEXOES: Kerr 208 (MOKE) HIE%EE, MOKE BAMEE A F\ M 2. R, KEERLX
ERGREED X A 77 7 ZRE GUIERIFE 1/60 #) (22 CiE, MOKE BAFEIMN 2 DC R HIINH 7k AR
1 EOVAIGEINA O a4 V2R ET D Z LT, Btz St goms ﬁ@ﬂﬁ%ﬁ“f%é/xT
LEREE LT-. DCBIGIREIL, KAMA OfRE &k ol X > T, 60-190 0e TE{LSH7-. D
@%Kﬁééﬁtﬂwx@%ﬁ,wamum@,ﬂwz%é%ka&Lk.wﬁﬁﬁm,&w%m$
T &k~ T 278 —281 K O#i[H THIE L7-.

SRERER RS XY, ERUEREIEERSE AR L, £70, 284 K LU F CHREL /A
T Az Y. =|IR (~295K) TARWIEME L=, Bolamild 52 & T, MK AL T 2O/ 50
B2 DB DA T ANRBIND. T ORETORKEAEE X, BEGOHNFI#% T "X N ThY, Wik
PRS- %Y, BRARAT 52 & THUMMREEDORXAEE N HIR SN 5. BAEAFNE ORGSO Hl1E
FE %2 MOKE BEfSBIIC K2 % A LT 7 ABIE UTRE R, WEXKAEE ORI R 13 SR X AR B & eRERS B I
KoTHELDZ ENGhoTe. Fiz, REBXOARKIZIBWTIE, DC Y & IREITEKG L7 EBRERER 238
RHENTZ., 20T, KIEBBEXOBARIEMERIEIC X > THERICAER L TWAZ L A2 R LTWA. #iH
TlE, FIRE COBRREMOMIGKGMEE b &1, RIBBXOMBEARRRE, EBRXZR O =R X—
BEEEIZOWCiim 5.

Z2ECHR 1) Y. Shiratsuchi ez al., J. Appl. Phys. 127, 153920 (2020).
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PRI 2 DTV TEIRBE N DN T A — Z HETE
FLOE A, KBRS, PR, Sz
(BHTHERY)
Estimation of a parameter from a metastable magnetic image by machine learning
Kenji Tanabe, Shiori Kuno, Shinji Deguchi, and Hiroyuki Awano
(Toyota Technological Institute)

MERFEDEBFICE T, FRIL 2B OB T A — 2 2RO 2 2 L1, RDEEALEBRTH 5., WA
TP Cld, R L 72 2 FHli 3~ 2 72 @ 1c, W57 A — 2 DWEER B TbNL TS, Ll ¥
Yy v AF—SFRMEAEMERDOMDERD X 5 1c, HIEH L VX T A — X LFHINC R 23 2> 5 %
A—ZYAET %, 22T, X VR T X — 2 DHIEEZER LT 2 72010, BEMAEEIC X > THEXE
58T XA =2 EBHEET DWFFEAHED LT B V3, —fic, gt M-H iiftics e 27
Yo R%&Ho, 20, WKREBIERLFT LS, RLEREICR > T T, ELEREICR-T
Wi ZElb%w, TNETORITHIE VI Cit, MKRESRLZEREICR > TWRIRET, &2 0wtk
L P HERTE DR ICHIE X e, EEBRBITbh T &7z, AFFE iz, ATIICHEL EIRRE 2 M BUERL
L. Z D2 5D ThCo A4ED Th i2E OHEEFEER % 1T 572 Y,

2%y 2 Y v I X o T SisNy(10 nm)/ ThyCo1(8)/ SizN4(10 nm) D % JE i % Si HufR _FIc/ERLL 72,
RHR T T E AV 7 2 St 20BN L. 9 O MR A2 (F L L 72, BEIXHSE D FRIIC T, SSHiE %
7z, RS OIREORER2ZHMT 2 LItk o T, HROMELTIRETDH 3 XS 2R L
7= (K(a)o E(b)ic, FEERINICHIE X 117z Th AL & B EIC X o THEE S N7 EDBR 2R L 72, HE
SEMEIZHENEMEITIZIZHGIL T b, ELEREBOMEIRH D TO REEZHETEZ 2 L 2RBL TS,

K. (a) RRENREBERARE

@ 2 P28 1 REO(A—UE. ERTUY
E 32 % REHDHMATIIRTL v
AN 215 i@ LOWHEBEEELTVS.
P 810 it fE) () ERHIBES NI fEE,
, E] E s Eror | BBFFICLo>THEIAL
Ei‘z; v & 0.999% EOMRE. RIEHHEE 1 O
Ground Metastable state 0 5 10 15 20 25 E*ﬁﬁ&b)‘ CO)Eﬁf':ﬁl’\&
state Measured value(%) FHEMBEIHETEENL—HLT
WBIEERT.
B ST

1) D. Wang et al., Advanced Science 7, 2000566 (2020).

2) H.Y.Kwon et al., Science Advances 6, eabb0872 (2020).

3) M. Kawaguchi, K. Tanabe et al., npj Computational Materials 7, 20 (2021).
4) S. Kuno, K. Tanabe et al., submitted.
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SRTAE, NFEA, * AR
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Thermal stability of magnetization states and reversal fields from the perspective of Landau theory
C. Mitsumata, M. Kotsugi and *S. Okamoto
(Tokyo Univ. of Science, *Tohoku Univ.)

1 [IC®IC

BHLIREE R ERIEE & LTHAT 2356, ZOZENE L TAAMROMICIIHKRE A X LF — K,V iR e
LTIV YREHZHEZLNTVS (K,V ZRAEBE FHEOME), COX5REROT. BREMEELS 2L
72 K BEKEE SRR ARIC B s ERE DA LD 72 01c, REEA T 5 Y 7 M/ ~N— FHEOEEFEMIAIEE I TED
LD AR OFER PR DS T 2L —> a YHThbhTWw3 39, Z TR YA UHEROHAL S O, MKIE
B ORLENE L R R S N WL BRI O [ % R 5 5

2 BRELVEE

7R TRHREABOMEE LTHHI ALY —2i0iA L. TR F—iU/NREEE BT 2 FF 2B R DI
BERET 2, WHEMHOGE., ROBIELRFER L 722 DT, WtKiZR Y OBRRICT »XvlEimEFHTs 2
HHEETH 2, ROHMIFINLF— F = U —kgTS IZOWT, NEz AL F—U x>y brt— S BUTOEKTE
Z6N22 T3, ZITREHDZD, 2HKT—X Y bm OB LTZEMNRT Yy L ERRT 2 U A
IREEOEHEEZ R T 2 LENH T ZA0HTEMEIN S LAGE Lz,

KV 4 K,V
el -2 2,2
otmf ocm?

m2
UGm) = m + K, S(M)=n(1——2) )
m

T, my kg, T,0,n X ZNZNEMEMRE—X >V b, KAy~ rER BE K27V > 2dhiigomilLl, @
{LRERATEIC & > TIRE X NS LLHIER (n > 0) TH %, Eq.(l) 22 5RKD 5N BWRLEESRME m, = om, TH 5%
BHLIREETH D, ChEHEEL LTEET =0 DHEOIINF —[EEEEXIZ K,V TH 3, ZOHHET X
KBWTHESXIZT O LR IR T U, 2/no? < kgT/K,V DM CRBEHMIRREL 722 Z e 2300 5, T DE&N
EBEELF 23 Im/mg) < 1 D2 TORIEIHT LT FIRIMER->TWS Z 2GS 5,
—J7. WHUREERES Hy, (& |0F /0m| DRKMEIC & > THREZNS 9, Eq.(1) DEEFIZHVTEHET 3 &,

oF

2K,V — kgTno?
N at m = xom, | BT 2
e 3K,V &

DESITRDBND, Suess? DEEFERTIE. TR OEBIIREBRENICHT 2 UV b3 4 FFEREE D 5T
KIRENCAERT 2 Z e B e Stz ThE T v X vEHRASMINT 2 . Eq.Q) TitEIh2 z 3 X —HfFoR
TS S ERRAI L 72 B 2 8 A Hyy, B/NE L TR D h ot ZOEMFRIINF —HFOERZHRD L T2
MEZHMELTWS, Lo T, FIZIET =0 DEHTIE. Eq.(D) IZBWT U = K, V|1 —|m/om,|| L EET 2 Z
YT, WSS REET B %L, Hy, = 4H/ V2T0 — Hy /20 & KRGS QKB TRETH 5.

BIEE AR IR A (21H04656) DOXIEEZVT THEML /2.

Hy, =
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BaPE R DB MEEE 7R FRIR F DHFSE - mﬁﬁﬁwﬁE&%%

ik WA, BFAK $hth 2. Eiaki V. Morooka®, Ml A2 4. AEuE fHEA S
("HAEI, 2K, Aalto Univ., * & (LIRS, SHITAEKR)
Study of high-performance descriptor of magnetic materials: Accurate discrimination of magnetic structure
M.-T. Suzuki', T. Nomoto?, E. V. Morooka®, Y. Yanagi4, H. Kusunose®
"Tohoku Univ., ?Univ. of Tokyo, *Aalto Univ., “Toyama. Pref. Univ., *Meiji Univ.

BT

MnsSn O FCBBEHERRFAR CTHBLY 2 RE R — VDR OFE R 2T MBI RA OBIR L SNTEkkx
729 ifﬁ%b%uﬂ:@fib\fu MR Ty S, IEH 28O TV D[], 2O XK 5 LD 22 WS T To
PEDFEBUL, BEKIRFILE O RIFRPEDAVUC RS 2 Z & 3o T Y (2], IIVESEIZ L 5 TS5
KT D OSEEDH S & W o T2 BLED D . EEMEIKZR E~DICHPIRE STV D, BEREVERGMER OB
S O LED 21213, RO R R OT A LETH Y | F— Eﬁ%ﬁrﬁ &R E Tk A
FA G DR T W EIRBOMSAL DG D70/ & 72 D08, REMEBLR OFRNT I 78 A 3 21203, BerEE
(2B 2WPEDIEEL & BB B 2 B A IS OE W A EREICHON T & E)?Ji%z‘)ué%}: 2%, AWFFETIZZ
D & D TR EIR DRI T OHER A FEEE L, FLik T O BRI 72 /3T A — Z ARG IS O RRBIMERE 2 ik
LT3 [3],
HiR T " i é

REMEGR WM 2 BB T > CRIIICARETS 51213, 2058 & ﬁ..éa, s = egff

ERRED Y AR OMKEOFHE . B E ORR 7 & LTl fz‘o '
ECHZDMEND D, 2R L T MIVAS & T2 38 5 O RS

EORBICIE, ERMRFUAORY I CENED> T LE S 72, JEE °-g;, "é,.
BROIUR DB 8 ICHRAE LRV, BESBIED R FESLETH B, ‘°; \

AWFFE TR FRLE 22K EN7 ML e LTRBIT 5HGmFIETH D

Magnetic dipoles
No 2 No 3

Magnetic oc(upoles
No 5

Magnetic toroidal quadrupoles

Smooth Overlap of Atomic Positions (SOAP) D BEi[4] & B < i 1 ZPE5E T - e .
52 LT, BRSO AL Z #5227 b e %mma b "?&, o, %l
NVEEESR L, RIS L - TREMEEOFERIE: - #HEME 2 E &I ° % \%
P95 Z & A ATREZREIR T AT D,

Fig. 1 Magnetic structures classified by
RREEEE R symmetry on the MnsIr crystal

13 C DI BRI B E & LTl 1 IROTfs d PR DL 7B 7 |
D FRBENE « PORBEEAEE OFELMEIZ DWW TARFIEIZ L DMEEE T

[y
<)
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No.2- 0.82 1.00‘0.98 0 0.39 0.40 0 0.4 0.4
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°
©

5
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o iz, BITKFEC & > T S N BERMIEGR 1) oo RRaRREIoss) oo 1o KEICRIEER o5
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Fig. 2 Correlation table of the magnetic structures in Fig. 1
1) S. Nakatsuji, N. Kiyohara, and T. Higo, Nature 527, 212
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4)  A. P. Bartok, R. Kondor, G. Gsanyi, Phys. Rev. B 87, 184115(2013).
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In-situ observation of particles deposition process during High Gradient Magnetic Separation
Noriyuki Hirota, Gou Takano*, Tsutomu Ando*
(NIMS, *Nihon Univ.)

E AR T BEX, BT ¢ v Z — & . SNBSS A FIIN L7 BRICREME D A v —JE ISR S D Ea
Bofss 2 FIH U CUiR s o i L 72 2 0BT 2 FIECTh 5, R HIIR NI 74 v —0 1%
— RICHiE SN D DT, A XGBEL X8R0 74NV Z—DOHBAEZR 79 A4 XX EEICKE ED
ZENHES D, HEEED LIt <, Bl NBENER T DI, AT ED EHERRI N T 4 L2
—OWETHDT, 74 NZ—OFFHNARCTEREICOE LY, L, TOOBERRRIZH T 5 R4
FEREF I CEMINTORWED, BEBICIEA— /=Xy 7 REMHIZ K208 T TWnWab Z Lk
W, o 7eE b RV, ZOEMOERICHLEHLETE D EEX, AT, SARMKIEECIR T
DRI FHERNRRE A E OB L, BRAEO L L HIE LT,

FER TR/ 7 ¢ V2 —13/8M% 25 mm T SUS430 OFEFE 0.22 mm DU A ¥ — TR S 172 30 A v o
2DLDTH D, VRS um O 7 = T A MRLTEKFIZHB ST b OE2REE Lz, BIR8RANICER
B LRI 1~ 207 4 V2 —%FRE L, [IANRALRWE D IR E MK TH7Z LD, BrE DR
LiaHML, Fa—7 R 7FICLViiEE —E & LTREREEI 20 Lic, 2O, 7 4 v —BEE LT
O _EFANCERE L7e CCD 1 A Z1Z X 0 R F-HEREm AR 2 81 L 7o, KT 7 ¢ v &7 —ERED H#LEL U 7R HEFE
WRO—FEZRT, ZOF—ATETANZ—% 2 EHLTHD08, 1 BDOT 4 V& —O Bk 1
DT = — L ROWEZE> THERE L T < BRIl S 417z, FIIIREG W iR H Ok IR, Tl 7 1 v
A —FAH OELEIEAE L CREFHERRRR ICE DR H D Z N0 o T, TS OFEMIZ OV T H s
Do

X & AR BB T Dok HERGE R D 2 D
Gt 5t R
FIANRES 0.2 T, KiFIREE 4 X102 kg/m3,
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AATNFE M EEZE T 2BEERF L IA VICE T 25 DUFHE
D/J Control in the Chiral Filled f-Mn-type Ferromagnetic Skyrmions

RO, B B RF EA B ERE BF FX

ZZPNZuN
B.W. Qiang, N. Togashi, M. Kuwahara, T. Ito and H. Asano
(Graduate School of Engineering, Nagoya Univ. )

[iZL @] FeHE g-Mn &N A T VMR FeruPdMosN (FPMN)IC 351F 2 B JE Pd F— 7' &
Y . Dzyaloshinskii-Moriya fHA{EF (DMI) 23858 X 41, SRR F A I A4 VB ER I NS T L3R
& TN 7z[1]e FPMN IC 3B\ T Lorentz-TEM BAf#HIE & b AR v I+ — A2 (THE) 225 R ¥ v
A VOERPHEEE L, Pd F— 7 DA WEE (x < 0.5) ICBWTEW Te (600 K) B3 51
INFA ZZFN I AV RER L7, RFZEIZ XMCD % AT FPMN R ¥ v 3 5 v 4 g
Mk T2 Fe i E— AV P OBLZMIT L, AXA IAVERORE 752 DMI & &g
MWHEHD N v AHIH OB S5 5 FesxPdMosN IC B 5 R F L I A VERD X H =X L% i hir
L7,

[EBROHR] —v & F 2 v L Fe ) PAMoN (3= 274 b B v 28y ZEKITEY B 7 74
YR EICR & 72, FPMN (x = 0.32) 4~ 7 ics1F % Fe L XMCD 227 b L D
HERSG R, Fig. 1 ISR T, B0 I74 YV TORL TV S O ILEMERED R <7 brThH b,
05T 1T~ W23 &, 015 T 25 0.5 T OISHEBICEH WTIE Fe Ly iiD T
HERYBEHE NI AV - E AL X —fllice 7 b T2 ERHLZ, 7 b
B X N 2 BE5EI L. Lorentz-TEM JEIC X DGR A F v 34 v MBI S L2 fE IG5
Tehb, AFNIAVERICHS Fe OWTIREOZE L5 7 P THLLFEZ TS, Fig
QICTCROPAFANIAVHA XA LEH L J RO D O PdEREREEY N E ClclE T
TWEAFLIFVICETEHOR51EHKL TRT, KFRTESN FPMN (x = 0.32) (25T
DEAMED = 254x107*]/m? (F. ZNFTICHATILHEHEETHRESIN TS DAL T5X
1074/ m?* U T THDIDICHL T, 1I0FRERES(RBHEONTVWDIZEA DN D, ZDEREE. 5
A SILEBREMEICEWTESEBPAN —FIC&B DUSIECEY . JE DDOBELKEFIRTSZEICL
. BWEERE (Tc=600K) ERBUNA X ZXFILI A (A~60nm) AHZIND ZE &Rl -ER
THdEEAT D, i#EH TlE. FeaxPdMosN ICE T 2 DIJEIED A 51 = X LSO T EElIC i
LYETH D,

[1] Bowen Qiang, ef al. Appl. Phys. Lett., 117, 142401 (2020). [2] L. Kautzsch, ef al., Phys. Rev. B 4, 024412 (2020). [3] T. Nakajima, ef al.,
Sci. Adv. 3, €1602562 (2017). [4] S. Seki, et al., Phys. Rev. B 85, 220406(R) (2012). [5] Y. Tokunaga, e al., Nat. Communi. 6, 7638 (2015).
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Figure 1 A series of Fe L3 XMCD spectra with magnetic field Figure 2 Comparison of magnetic exchange

applied perpendicular to the film plane from — 0.5 Tto 1 T. The  interactions (/) and Dzyaloshinskii-Moriya

black and red dashed lines show the peak position and edge shift. ~ interactions (D) of skyrmion between host
chiral magnets.
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Mn(Nb1.xTax)206 S FREEMEARIC IS 1T 5
AT TARNL— g DR

R 1, ACIROORE T, AR T, S LR 2
(ETFR, MR
Mixed effects on spin frustration in Mn(Nb; . Tax)>O¢ antiferromagnets
S. Goto!, H. Hojo', S. Kobayashi!, N. Terada?

(MIwate Univ., 2NIMS)

XL &I
Mn(NbyTay)06 12 12 231 MEEZFFOMAW TH D, Mn A E 8 ¢ WIS - 7o RORBEME 1 IROTEH &

R L. 2D O8N a-b HWNIZ 550 = AtgFIRICES L, TP 7 7 2 b L—va v a AT,
MnNb,Og & MnTayOp | [A] — DA saEE 2 FiDIZ BB 67, e 2 HAIE[1]X°, B & AZHE A AR
MEBDFEFE LN HRES TS 23], ZHALEIFERIIND & Ta DA A EREOBENZ LD “FD
SHABTNOAE Y 7T A RL—va WREEOZGICER T2 LB N0, EOFMEORHAIZEITH
BT 5 TWRYY, KRAFFETIL. Mn(Nb;Tac )06 128V Tx & RFEANCE L SH - & & DRSS L%
A Lz THRET D,

%Eﬁﬁ% " Mn(Nb,_,Ta,)Og4

MnO,. Nb,Os, TaOs ZiR4 + ~<L v MEL, 12000240 T | Al

BEfE Ui, Wfets. MR, RO - <L v ML, 1250°C36h 4 |

CHERK L Mn(NbioTan):06 & 1372, ABIZE T, x=0,025, o'

0.5,0.75,1 ® 53k ERL L 7=, #3R X FREHT(XRD)IZ LY ?'

FEERAHEE, AT EREE LT-, SQUID /1FHMPMS) O °f .

% AW T T=2~350 K, H==+50kOe OFiFH TRALIIE, ¥ %» o

PRAEMEIIE > A 7 A (PPMS) & FIWVCERGS . T=2-300K | o

DFPHTHEE 21T > 7, ol e |

ERERER , B S
XRD 17 & 0 BB S B T 5 2 & x DB : T(K) ° .

T ERDEINT 5 Z & 2l Lo, BEbR O KA Fig.1 Temperature dependence of magnetic
(Fig. 1)726. x DB HENFEESET L. R — LR T ;:;r;eﬁlb\lfl;?(x). Inset shows Tyvs x, calculated
ANHFRHN(Fig. VAT 2 Z LW ohotz, 7o, vl

T ORI T 20 kOe I TRAL DO & DAL B S
7=(Fig2 ffiAX), Fig.2 \Z/™ T LR DBSHRATFIED B |
x =0,1 TIEE—2ZB—>THDDITH L, x =0.25,0.5,0.75
Tl 2o —7 RIS, x O¥INE & b, &I
M — 271332 —J7, @S — 27 138mn4 252 &,
v — 7 M OBESGEIPHNIER T 2 2 &3 oz, TR
RICEBWT, Fe RS A Y 7 vy TR ORI 2 R
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1) W. Scharf, H. Weitzel, Solid State Commun, 18, 249-252 (1976) HIkOe)
2) R. Maruthi et, al. J. Phys.: Condens. Matter 33, 345801 (2021) Fig.2 dM/dH vs H determined from M - H
3) R. Maruthi et, al. J. Phys.: Condens. Matter 34, 155801 (2022) curves. Inset shows M-H curve at 2 K for x

=0.5.
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Crystalized Temperature Dependence of Magnetic Properties for Mg Ferrite Films
N. Adachi, T. Kondo (Nagoya Institute of Technology)

1. FEE

Fox X, AR DIEMOD)EEZ VT, FORBIMEIR ZnFe)Oy & 5853 AICH A B R UAEEIZ L T 7 =
VgL L. 500 nm AT O8N B C, KRERBEKEFRERTZ E2ME L[], LoLaen
B, Fo U—m10 Te=190 K 2 L{KIR TOARGEBMEZ R L, Ay ZIEEIZ X A58 RERICH 5 &
I IR BIRIRNME 2 R T FE TIZIT W oo TV, RIFFETIL, |RMBMEEL RT L TMOND
MgFe;04 (2B LT MOD JEIC K D &k a kA, ARG K D EEHEDIEWICOW TR 21T > 72,
ZOWER B ARERRM ARG LD 7 2 VBMENAE T D Z s, RiEMEMEOMRLESE LN
HEBZT,

2. EBRFIE

WL, AR BIRIR(EMELE Y Y BT AR EIC A a—F ¢ o 7 UIERL U 7=, ik
T, 100°0CTHzMEE L, 300°C CREVLE 21T o7, MERBEEE T O LRZ#V K L1k, Bl
fEen b &E72, BERRIEEE I XBERIEE 2 500°C 25 900°C, BEARMERE 2 BRI & L CiTo 7=, 1ER L=
BHZxH L, XRD(RIGAKU: MiniFlex)IZ £ % g O #FAfi . FE-SEM(JEOL:JES7000F)(Z X % fsi i @l 2
SQUID(Quantum Design: MPMS-7 & X7)Z L B WALHIE, FREEMEILIFEMR)DHIE 21T - 72,

3. ERLEE

BERIRE 500 CLLETAE R UEEIZH KT D XRD [BIHTE—27 B35 541, 900°C TH W AP & —2
DEB ST, faFife b M & BRBE) Held, BERLGRIHIZHR <K AF T 5, Fig.l ([T & 91T 4K DRI
BT, 500 CHHITOBERRIRE CERL L 72 TIE, M2V N EWH DD He ¥ 2k0e ZHE 2 5 KX 7pfH %7~
L7co 11T 900°CAHHE D BERIREE CIERL L 72 Tik. My 2% 40 emu/g & HER L7228, He i3 200 Oe & J5
L7z F72. Ms K E L 7251223 C, FMR OSEIERER I, RaMEIENE o LIS R IT 2> 5 AR AR
W27 b L, BIFMEEAOHEKPRD b, §EEENLO B YA MIdh D FrOADIFIETIL, KR
Pk 2 R IX T 7205, ZnFexOy &[RRI 30723 4 HARECAZD A B A MIET 5 Z LI K 0 8RR 3
B, BERIRERNEWIEE AV A FOEDLEIENKRELS D EEZEZ IS, £T2, zero-field cooling &
field-cooling DAL DIREEKAFIEATE T 5 & | AR TRERS L7-3BHIBRI LT, 150K LAF CTHEZR 5%
BMERM S A, TS DOREXESENE L TND Z ERNRIBEI T,

BIEE  AWFIED—HII SRR E T /T2 /) a Y —7 T v hiR—LAFE< ST - WEEKR > EE S ]
JPMXP1222MS1057 DX HRIC KL 0 BIREHAFZetE 0 b Pir 9o TRl S 7,

BEICHR

[1IN.Adachi et.al. 02PC1 H AR SFEE 45 M2 i H S T hate

[2] K. Tanaka et.al. J. Phys. Condens. Matter. 151469 (2003)
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Fig.1 Magnetization curves of MgFe;O4 Flg-_2 FMR spectra of MgFe,O4 annealed
annealed at different temperatures.. at different tempertures.
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Magnetic properties of layered metal hydroxides incorporating cinnamate derivative organic layers
Z. Honda, A. Yasuta, T. Kida*, and M. Hagiwara*
(Saitama Univ. *AHMF Osaka Univ.)

[ZLHIC

JE R4 B KR L O g B E 23 BN U 7 AiE O B RS IR B R 1 I BB L & W) & &8 O SRk el
DENHETH Y, EBEARE LICRELEBRT— AV N AL+ EOEBEBSIBIZ L DM, FEMED
BENPYIHIND, FRCHBREDPELBCADILEYMOSE (Fig. 1), HEHE 2 KER{LH OG- et
Kbz L NOGE, EXRRENZHED 7= VB EZRT Z EBHALNISINTE Y RN T-nE, £+
T 1 IR KB (L 00 PR & B & D B A B 5 201 S T

F5 7 b HENC . AR % R BT IR (X-CA) Tl L 7 (b Ve ote e
¥ TM(X-CA)(OH), TM =Co, Cu &k L. & DOftEE 7, .W

e 5O o}
S JRIRICAERE 2L b ROERRSR ., KB LA AKER LT N Y 7 A AikE Q Q Q

JFUEHZ 45 LR BEFR (R (X = CHa, CI, OH %) 2\, TN B ZFTED kT ( ( (

BALT-%T 70 U RIMCE L, 100 °C 5 130 CTHIEVT 5 Z 212 & ) 3 Lo

SAREBRESRLE, ERDFC L) LFXEMEL, Bk XRE m

Prislz X v MRS 2 304 L 7=, £ 72  REARIE 1213 SQUID i3 # (Quantum =y ! 3

Design £ MPMS-XL) % H\ 7=, Fig. 1. Sheet structure of

the Co(CA)(OH) .
ERER
FFRRE IR E OB R X AREIPT /87 — NI LIRS S 2 R 3 25 SR A S B DAL, BT A 5 S ek E R
R LIEEZ A, BEI5TA (G : AT UV VERRR) . ik 225 A (A8 : 4- 1NV 74 m 2 F VR
i) LIRS AL TWD T &i3orhote, KEB(EWIERIZITRE Ry F 2 J8 TR S o ARJE 3k £ a1 T
BY., ZORRBIISEERBRFERO S TREEZNIL TS Lot Bbhd, —HEOBIKKBRLHHIT VT
b AR U, EEEBEO B WICED LT, Fa U —iREIL I5KRETH572(Fig. 2), £/=, F=VU—
IREELLT OBEKE— A N OIREEARIFIEIZIE 3 IRTTHEMEAR DR (T32 R R OGS R4 8 = 0.347) MAH B AL,
KA D55 WS AAER D RRFERIC 5T 2 2R3 5D Thotz, —JF, —HOEIR
KR = /30 M 2 U —IRFEELU T THREMAL 2 4 U223 (Fig. 3). BbRZMT LI-L 2 A, Wb U A
AEEIIATH o7, £ S bR, BREEEO BV B 9% 2 U —IREE 38 B EE R (44.0
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Fig. 2. Magnetic susceptibilities vs. Fig. 3. Magnetic susceptibilities vs.
temperature curves of the Cu(X-CA)(OH). temperature curves of the Co(CHz-CA)(OH).
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