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Investigation of iron-rich FeSi alloys by first-principles phase field and
special quasirandom structure methods

Kaoru Ohno'?, Riichi Kuwahara®, Ryoji Sahara?, Yoshiyuki Kawazoe®, and Keisuke Fujisaki’
'Graduate School of Engineering, Yokohama National University, Yokohama 240-8501, Japan
Research Center for Structural Materials, National Institute for Materials Science, Tsukuba 305-0047, Japan
*Dassault Systémes K. K., ThinkPark Tower, Osaki, Shinagawa-ku, Tokyo 141-6020, Japan
“New Industry Creation Hatchery Center, Tohoku University, Sendai 980-8579, Japan
Department of Advanced Science and Technology, Toyota Technological Institute, Nagoya 468-8511, Japan

Fe-6.5 wt% Si has special magnetic characteristics as zero magnetostriction, low magnetic anisotropy, low iron-loss,
and high magnetic permeability."? It is possible to infer that the low iron-loss is due to the increase of electric
resistance with silicon, and that the high magnetic permeability is due to the reduction of magnetic anisotropy.
However, it has not been discussed enough in the literature why zero magnetostriction and low magnetic anisotropy
appear at the special composition of the FeSi alloy. When magnetic materials are processed into devices such as
motors, transformers, and inductors, mechanical stress applied results in residual stress, which deteriorates the
magnetic properties. Therefore, the magnetic material which shows zero magnetostriction is very attractive. If a
material with zero magnetostriction can be developed, devices with low iron-loss and high magnetic permeability
can be realized, leading to miniaturization and high efficiency, which can contribute to realizing power electronics
society.

In this study®), coarse grained phase morphologies of iron-rich region of FeSi alloys at 1050 K are investigated by
using first-principles phase field (FPPF) (Fig. 1) and special quasirandom structure (SQS) (Fig. 2) methods without
relying on any experimental or empirical information. From the free energy comparison, we find that, for the Si
concentration less than 25 at%, a solid-solution-like homogeneous phase is most stable, although a random pattern
in nm scale consisting of B2 Fes ,Si. and D03 Fes;Si phases may appear at 12.5 at% Si at somewhat lower
temperatures. We make a conjecture that, around 12.5 at% Si, such a random pattern in nm scale is the origin of the
zero magnetostriction and low magnetic anisotropy. This solves a long-standing problem of the experimentally
observed zero magnetostriction at 6.5 wt% Si. On the other hand, for the Si concentration slightly larger than 25
at%, FeSi alloys prefer two-phase coexistence of the D03 Fe;Si phase and the B2 FeSi phase. All these findings are
in good accordance with the available experimental evidence.
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A trial to evaluate the magnetic parameters in the LLG equation from
the first principles

A. Sakuma
(Tohoku Univ.)

Ultimate purpose of the first principles calculations is to predict physical and/or chemical
properties, in a quantitative level, of materials and then to design newly developed materials. To
achieve this mission, the first stage we should attain is to reproduce the measured properties of
solids and molecules. However, as is widely recognized in materials science, even this level is
currently hard to be reached. One reason lies in a fact that the material characteristics are
governed not only by their microscopic (physical) features but also by macroscopic properties which
in many cases dominate the performance of industrial materials. In the current stage, the first
principles approach can contribute only to the former (microscopic) properties which can be treated
based on the quantum physics. Especially, in the fields of magnetism and superconductivity, the
first principles studies are limited to the subjects related to the formation of the order parameters,
magnetization and macroscopic wavefunction, respectively. Once an order parameters is built up
through the phase transition, the macroscopic properties can be handled using the order parameter
as a phenomenological parameter as in the Ginzburg-Landau theory for superconductivity and the
Landau-Lifshitz-Gilbert (LLG) equation for micromagnetics. In a ferromagnetic system, for
example, spin operators can be treated as classical vectors, M in the magnetic Hamiltonian, H{(M),
and the LLG equation is given by

BHIM)

M=—yM X Hype + (DMx M, Hyp=-——1

In this stage, the first principles calculation can contribute to provide the magnetic parameters,
such as magnetization M, exchange constant J;;, anisotropy constant K;, and the Gilbert damping
constant @. One should note here that first principles study can, in principle, determine these
parameters only at T = 0, whereas the desired properties are mainly at finite temperatures.

To overcome this situation, we have recently made a trial to calculate the temperature
dependence of the magnetic parameters, M(T), A(T), K(T) and «(T), within the frame of the first
principles technique.l¥ A method for M(T) and the anisotropy constant K(T) at finite
temperature have been developed by Staunton et al® based on the functional integral method
combined with the disordered-local-moment approach. We extend this method to analyze exchange
stiffness constant A(T) and «(T}, and further developed a perturbation theory and linear response
theory at T =0. Here, we evaluate A(T) by estimating the excitation energy of the spirally
twisted spin structures.

In this symposium, we will present the theoretical framework and show some calculated results
of the magnetic parameters of transition metals and alloys
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Magnetic moment and magnetocrystalline anisotropy energy of Fe, Ni, and
Co using first-principles calculations

F. Akagi'?, R. Namki!, and T. Yayama?
!Graduate School of Electrical Engineering and Electronic, Kogakuin University, Tokyo, 163-8677, Japan
2Department of Applied Physics, School of Advanced Engineering, Kogakuin University, Tokyo, 163-8677,
Japan

In recent years, with the development of computer technology, research and development of magnetic materials and
devices has increasingly relied on various computer simulation methods. Representative methods include first-principles
calculations at the atomic level, micromagnetic calculations using the Landau—Lifshitz—Gilbert (LLG) equation at the
micro level, and electromagnetic field calculations using Maxwell equations that can handle sizes larger than the
millimeter level. First-principles calculations analyze electronic states and energies. For example, in the field of
magnetism, saturation magnetization (magnetic moment), magnetocrystalline anisotropy energy (MAE), and exchange
stiffness can be obtained without using experimental values. Additionally, M-H loops and magnetization behavior can be
obtained using the LLG equation. Electromagnetic field analysis using Maxwell equations can analyze the magnetic flux
flow due to the interaction of electromagnetic fields. Thus, multiscale analysis, where atomic-level analysis information
(magnetic characteristics) is input to LLG equation, and the analysis information (M-H loops) of LLG equation is input
to Maxwell equations, will become increasingly important in the future.

Therefore, in this study, to obtain the input parameters of the LLG equation from first-principles calculations, the magnetic
moments of Fe, Ni, and Co [up/atom] (ug = 1.165 x 102 [Wbm]) and the anisotropy (MAE [eV], easy axis, and hard
axis) are presented.

Density functional theory—based first-principles calculations were performed using the Vienna Ab initio Simulation
Package (VASP)." The optimized structures of the bce-Fe, fce-Ni, and hep-Co are shown in Figs. 1(a), 1(b), and 1(c),
respectively. Here, a generalized gradient approximation with a PBE type exchange correlation functional was utilized.
The wave function was represented by a plane wave basis set with a cutoff energy of 550 eV, and the k-points mesh was
setto 16 x 16 x 16 for Fe and Ni, and 16 x 16 x 10 for Co. While calculating the MAE, the convergence conditions for
the self-consistent field method were 10~ eV for Fe and Co and 107'° eV for Ni. The spin—orbit interaction was also
considered.

The MAE [eV] is generally defined as the difference between the energy in the hard-axis direction and that in the easy-
axis direction. In this study, the MAE was calculated as E111—Foo1 for Fe, Eooi—E111 for Ni, and Ego9;—E 1170 for Co. Table
1 shows the calculation results of the magnetic moment and the MAE of Fe, Ni, and Co. From this, we find that the
magnetic moments agree with the experimental results. The MAE of Fe is greater than the experimental result, and that
of Co is less than the experimental result, which are the same in terms of the order of magnitude. Furthermore, the easy
axes of Fe and Co agree with the experimental results. In contrast, the MAE of Ni differs from the experimental results
in terms of the sign. In other words, the [100] direction is the easy axis and the [111] direction is the hard axis.

Reference
1) G. Kresse and J. Furthmiiller, Phys. Rev. B, 48, (1996) 11169.
2) https://www.toei-si.jp/yshimada/shimada_note_04.html.

Table 1 Magnetic moment and MAE of Fe, Ni, Co.

oo oo OQQ OO ° ' 4t [us/atom] MAE [¢V]

Cale.  Exp. Calc. Exp. ?

. OOOO ° Fe 220 220 5.15x10% 1.99x10°
1 A Ni 160 160 891x10° -484x10"
— @ w O /QOO !

(a) bee-Fe (b) fee-Ni (€) hep-Co Co 063 060 141x10° 821x107
_ 20
Fig. 1 The optimized structures of the bec-Fe, fee-Ni, and hep-Co us=1.165>10""[Wbm]
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Magnetoelastic Interaction Modeling of Polycrystalline Magnetic Materials

Tetsuji Matsuo
(Kyoto University)

The development of highly efficient electric machines e.g. motors has been required in these days. Because the
energy loss of iron-core material can increase under the mechanical stress, several magnetization models have been
proposed to represent the stress dependence of magnetizaion properties of iron-core materials. Most of those are
phenomenological models, which require measured data to determine their model parameters. However, it is often
difficult to measure magnetic properties under a wide range of operational conditions. A physical magnetization model
is accordingly required to predict the stress-dependent properties only from basic material constants without using
measured data.

One of the difficulties in constructing a physical model is the polycrystalline nature of iron core materials. Taking
account of the polycrystalline nature, we have developed a multiscale physical model, called multi-domain particle
model (MDPM) to represent the macroscopic magnetization property based on the energy minimization. The MDPM
successfully predicted the stress-dependent magnetization properties from material constants without using measured
data under the mechanical stress.

The MDPM consists of an assembly of multi-domain particles [Fig. 1(a)]. The magnetization state in a particle is
represented by the volume ratios and the magnetization directions of magnetic domains, which are determined by
locally minimizing the total magnetic energy consisting of the Zeeman, anisotropy, magnetostatic, and magnetoelastic
energies. The variation in the volume ratio is resisted by a pinning field, which causes the hysteresis loss.

The hysteresis loss of non-oriented silicon steel sheet 50A470 was measured and simulated with and without
compressive stress of 40 MPa [Fig. 1(b)]. The hysteresis loss increases with the compressive stress significantly. The
difference in the loss property between the rolling direction (RD) and transverse direction (TD) decreases under
compressive stress. Using an anisotropic pinning field, the MDPM accurately predicts the stress-dependence of
hysteresis loss.
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Fig. 1. Stress-dependent magnetization property simulation using MDPM
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Analytical modeling of Litz wire copper loss for high-frequency
high-efficiency power magnetic device design

K. Umetani?, S. Kawahara!, M. Ishihara®, E. Hiraki!
! Graduate school of Environmental, Life, Natural Science and Technology, Okayama University1

Recently, the miniaturization of power supply circuits has been achieved by the high-frequency operation of switching
power converters owing to the high-speed switching performance of recent switching devices. However, the
high-frequency operation increases the power loss in the power magnetic devices, such as power transformers and
inductors, which are emerging as obstacles to further miniaturization.

The power loss of the power magnetic devices can be classified into iron and copper losses. As both losses increase due
to the high-frequency operation, intensive research is performed targeting these two losses. However, unlike the
reduction of the iron loss, the reduction of the copper loss is difficult to be achieved through material development,
because little possibility can be expected to find a material that replaces the copper. Therefore, a reduction of the copper
loss should be done by optimizing the wire structure.

Particularly, the Litz wire has been widely utilized for high-frequency applications. The Litz wire is made of many thin
copper strands twisted in multiple levels, as illustrated in Fig. 1. The strands are twisted so that each strand equally
experiences every position in the Litz wire cross-section, which mitigates the eddy current generation inside the Litz
wire and reduce the copper loss in the high-frequency operation. Because of this simple mechanism, only the strand
diameter has been long regarded to mainly affect the copper loss characteristics. However, a recent study [1] revealed
that the eddy current suppression characteristics can significantly deteriorate in large-diameter Litz wires when
compared among the Litz wires with the same strand diameter, as shown in Fig. 2. This indicates that the detailed
optimal design should be sought depending on the specifications of the Litz wire.

The copper loss prediction of the Litz wire has long been performed on the FEM analysis [2]. However, in recent
high-frequency and high-power applications, the Litz wire needs to twist more than 1000 strands with a diameter of less
than 40um. Due to its complicated structure, the optimal design of Litz wire has been practically difficult to be analyzed
and sought by FEM analysis.

To overcome this difficulty, the authors investigated the analytical copper loss modeling of the Litz wire and succeeded
to propose a fully analytical copper loss model made only of physical constants and physically measurable parameters
of the Litz wire [3]. With the help of this model, the deterioration mechanism of the eddy current suppression
characteristics in large-diameter Litz wire was elucidated. This presentation aims to give a full perspective of our
current state of study on the analytical copper loss modeling of the Litz wire as well as the usefulness of the Litz wire
design through analyzing the deterioration mechanism of the copper loss suppression effect in large-diameter Litz wire.

Reference

1) S. Kawahara et al., Proc. IEEE Energy Conversion Congr. Expo., (2020), 1-7.

2) E.Plumed et al., Proc. Annu. Conf. IEEE Ind. Electron. Soc., (2018), 3479-3484.
3) K. Umetani et al., IEEE Trans. Ind. Appl., 57, 3 (2021), 2407-2420.
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Quasi-static electromagnetic eddy current analysis based on Darwin model
considering both inductance and capacitance effects

H. Kaimori
Science Solutions International Laboratory, Inc.

In recent years, advances in SiC and GaN have led to an increasing trend toward higher frequencies in power
electronics devices. High frequency inductors, transformers, and capacitors are becoming problematic due to the effects
of parasitic capacitance and parasitic inductance as the inverter carrier frequency and drive frequency become higher.
Specifically, the increase in equivalent resistance due to the skin effect inside conductors caused by high frequencies,
coupling due to magnetic fields and stray capacitance between neighboring conductors, and so on. Although these
effects can be determined by measurement, As a countermeasure, it is desirable to utilize electromagnetic field analysis
that does not require prototyping. Conventional quasi-magnetostatic field analysis is capable of frequency-domain and
time-domain electromagnetic field analysis that takes into account eddy currents and nonlinear magnetic properties of
magnetic materials, but it cannot handle dielectrics because its formulation neglects displacement currents. On the other
hand, the Darwin model, which has been attracting attention in recent years, can also take quasi-electrostatic fields into
account, so it can be applied from low frequencies to the frequency range where electromagnetic waves do not occur.
We have been developed new types of the 4-¢ formulations of the finite element method in the frequency-domain and
time-domain 1),2). The methods achieve the low-frequency stability at low frequencies by taking into account the
Coulomb-type gauge condition. The two types of the methods have been developed: one without additional variables
and one that defines redundant variables to improve convergence characteristics in high-frequency range. The matrix
equations can be symmetric. In addition, the method can also handle nonlinear magnetic material properties and
coupling electric circuit as well as conventional quasi-magnetostatic analysis.

Fig. 1 shows the analysis model of the gapped core inductor model in which a coil of solid strands doubly wound in a
solenoidal shape is wound around a gapped core is used to analyze the effect of parasitic capacitance between the
strands. A 1 mm diameter strand of wire elongated from the mesh boundary was helically wound 20 turns from the
bottom right to the top on a 10 mm diameter core, and then 20.5 turns were wound from the outside to the bottom,
shifting half a pitch of the radius, to the bottom left, extending to the mesh boundary. The conductivity of the conductor
was set to 5.¢7S/m. The relative permittivity of all components was set to 1. The core was given a relative permeability
of 1500 as ferrite, and a 1 mm gap is provided in the center of the coil interior. Fig. 2 shows the electric density
distribution at 85kHz solved by frequency-domain analysis. Apparently, it can be seen that a large electric field is
generated between the inner and outer strands, especially at the bottom of the coil where the winding starts and ends.

Reference
1) H. Kaimori, et al., Progress in Industrial Mathematics at ECMI 2021, 463-469, 2022.
2) H. Kaimori, et al., COMPUMAG 2023, PC-A1:13, May 22-26, 2023, Kyoto.
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Fig. 1. Gapped core inductor model. Fig. 2. Electric density distribution at 85kHz.
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Linear Actuator for High-Speed Reciprocating Motion
(Fundamental Consideration of Thrust on Ratio of Permanent Magnet Size)
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Linear Actuator for High-Speed Reciprocating Motion Using Dual-Halbach Array
(Fundamental Consideration on Shape Permanent Magnet Array in Stator)
M. Tanaka, K. Kimura, J. Kuroda, D. Uchino, K. Ogawa, T. Kato, K. Ikeda, A. Endo, H. Kato, T. Narita
(Tokai Univ., "Aichi Univ. Tech., "Tokyo Univ. Tech., **Hokkaido Univ. Sci., "FIT)
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Sputter growth and anisotropic magnetoresistance effect in epitaxial thin
films of Mn-based Heusler alloys: Mn2VGa and MnVAI
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Introduction

Mn-based ferrimagnetic Heusler alloys: Mn,VGa (MVG) and Mn,;Val (MVA) are expected to possess negative spin
polarization, which means that the direction of spin-polarized conduction electrons is opposite to the magnetization
direction [1,2]. Such negative spin-polarization materials are of growing technological importance because they can
increase the freedom in the structure of spintronics devices and improve their performance [3,4]. In this study, we
sputter-deposited epitaxial thin films of Mn,VGa and Mn,;VAI and investigated anisotropic magnetoresistance (AMR)
as AMR can provide insights into the scattering process of spin-polarized conduction electrons [5].

10

Results ‘ ‘ " MVG
Figure 1 shows the calculated DOS of L2; ordered MVA
MVG and MVA. In both materials, the majority spin band
exhibits a gap-like feature near the Fermi energy, which
can give rise to negative spin polarization. The spin
polarization is higher for MVA as the Fermi energy exists
closer to the center of the gap. ‘ ‘ ‘

Thin films of MVG and MVA were sputter deposited - ZE o
on MgO (001) substrates. The MVG film was deposited at ~ Fig. 1.  Spin-resolved DOS for L2, ordered MVG and MVA.
RT and post-annealed at 600°C, and the MVA film was
deposited at the substrate temperature of 600°C. The
formation of L2, order was confirmed by the 002 and 111
superlattice peaks in XRD profiles, as shown in Fig. 2.

i L U]
AMR effect was measured at 10-300 K using the _ |
four-probe method. An in-plane magnetic field of 10 kOe ]

o
L
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= N
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N
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was applied to the samples, and a current was introduced
along <100> and <110> directions. Figure 3 shows AMR
ratio defined as (R(¢) — R.) / R,. Both materials

‘ 3'0 4'0 5'0 6'0 7'0 ‘20 4'0 Gb 1é0 140
26 (deg.) 26 (deg.)
exhibited positive and negative AMR for the current  Fig.2. XRD profile of [001]- and [111]-direction scan.

along the <110> and <100> directions, respectively, and v o ——
the AMR ratio slightly enhanced with lowering the T 20K
temperature. Such a sign change of AMR by the current Curont sons <t10b ok
direction was reported for Co,MnGa Heusler alloy [6]. In < %21 1 —r
the presentation, we will report the analysis of the AMR g Currant slong e
results. L g

< 0.0
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THERINTWD, BRI OEEEIEN: & CoaMnSi D3V 7 FEIE O A 7L RMRE & ORISR O
HEEZH LM T 5720010, Fx ITERRE S (

R L2 O A E L AR X BT ;) Aoy :
RIIC T, Co:MnSi Hili 2 &L 23R ikEED 2 F 2N E
W R AF R E 24T 5 7=, BIE L. SPring8 = E
BLISXU I2C X i % V¥ —% 595 keV, AT & | &;
FILX—0fEREZ 0.65 eV IZERE L, IKIR(21 K) T FOOT OOt PRTP OOt POPPT IO PPRTIUOT OO tveree:
L ERIR(300 K)IZ T 72, #EHE, MgO(2 nm) R ngenery @)
JETH ¥ v 7 EN7z CooMnSi(30 nm)= B 7 %3 (b) g
e VA s F M i
l@IZ, IR TIT o7 CooMnSi D A%y 8 osf i |
il X BT ALY MV E R3], SHAY gaoﬁ%%@%g%mggﬁﬁ“ﬁ ﬂ\
L EDBAC ARBICHR A ER R bR D 9 B pror TR {7l
BB, MATHEA L RSB 72 7 Al
=V m T DI L, DAY REBIL T @)WwwwwwﬁwﬁmWWWWI IIIIIIII .
o)V I TEX ¥ v 7NN TWD DR 005, 10F T-300K
1B L ROIFFNZENIERB LOS=RTH £ | |
LA C AR 2~ L Th B, TEE 3T TN %WWW
HNC k< BITH Y REREIEIR YRR g ool T M T,
RN, Elo, N—T AN TFRISND K 05h|I|I|I|I|I|I|

N7 = b I HERL TEIWWD A B RIRE (~90%) 14 12 10 8 6 4 2
AR LT, TS OREIL, CoMnSi /317 o eneroy (e

BUCTID 7 < 2B 300K RTENA=TAZV 94 () 7= 21 K T CoMnSi HIED % 2 43
‘l‘éﬁif%%éﬂfb\é:k%%bfb\éo WEA AT FL. AR A2 L (b)

21 K, (c) 300K [3].
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Estimation of valley splitting energy in strained Sio.1Geo9 by lateral spin transport measurements

and effect of impurity scattering at low temperatures
T. Okada', K. Kawashima!, M. Yamada®*#, T. Naito', Y. Wagatsuma®, K. Sawano®, and K. Hamaya*'*
('Grad. Sch. Eng. Sci., Osaka Univ., 2CSRN, Osaka Univ., *JST PRESTO,
*OTRI, Osaka Univ., *Tokyo City Univ.)

RITFR A2 1L, Ge L AEEDIRERT N FEE 2 A3 5 E 7 n-SinaGeoo
M, n-Ge ZMZ %A IEEEWD)B LA E ARMBEH ()& R~T 2
EEHLNT L[], i, EAEINC X DR L — 5 2AE)
WCERTABEEON B IO L — A Vo Kl E oA T &
LDbDEEZBILD[2]. EH n-SioiGeoo(111)D AE 1X, BEFRAIIZ 55-90
meV & TR TV D 03[2,3], EBRIZRRAEIZITHOIL TRV, AR
ZETIX, B X v U T IRE®MZH T HEH n-SiniGeoo 12\ TIKIE
TO A VEEREZ TR, AE O % FBRIICELE L.

X UTIREDER 2 D EH n-Sig1Geoo T ¥ RNV & WA B
NVTRTFEAERL, A EEEZIT o7z, ERFTALETO
B R TED D ZNENOREIZXH L TAZREL Y, F—L
ZhEPEIC L 0 5 DN EHR (D) & AV C ¢ 2 F3H5H L7=. Fig. 1 12,
n~1x10'8, 2x10'8, 5x10'8 cm™ DFE# n-Sip1Geoy & n ~ 5x10'% cm™> D n-
Ge lZBT 5 t DIRE(DIKAFEZ 7T . n~5x10"% cm™ D FE F n-Sig.1Geo.o
(R & n-Ge (B)DOFERZ BT 5D &, 200 K L FOMKIRIZH W TER
n-Sio1Geoo D 7 ITPAEITEE R LTV 5. Z iU Fig. 2 1233 L 91T,
BT L AREHFH AL =52k > TA Y REBERELSIH ST
WH7=HTHDH[1,4]. 200K LLF CEADENRRELNTND Z &h
5, ZEH n-Sio1Geoo D AE 1X, n~5x108cm> 28155 200K TO 7 =
I X YERL(Er) & A RV — (kg ) D FN(~82 meV) L W K& W EHEE S
5. 6T n~5%x10" cm™ DEH n-Sig.1Geoo IZBWNT, T T2/
—M A B REEBELAIH SN TV AICHEDL ST, LVIREED »
~ 1x10'8(F), 2x10" cm™ (%) D E I n-Sio.1Geoo IZFBWT 50 K LLFT
EHIT ¢ NEFITHERKLTWD., 2, BHEIMC L2 L —F 2
BV ERBELIIHIZ D, N L — N TORMPFHRL A B SR ELA T
ETHIEEREBLTNS.

@ 1~ 13 10"% cm (Si,,Gey o)

6 i ® 1~ 5>10"% cm? (Siy,Gey o)
} @ n~5x10"% ecm? (Ge)

2.l :

258848, .

I be, i

° . ® e o 8 8

0(} 100 200 300
T(K)

Fig. 1. T dependence of ¢ for the strained
n-Sio1Geos with n ~ 1x10'® cm™ (blue),
n ~ 2x10%® cm? (green), and n ~ 5x10'8
cm? (red), together with that for n-Ge
with n ~ 5x10'8 cm (black).

5x10'% cm)

Strained n-Si, ,Ge, 4 (1 ~

200 K

f\’“T"* 17 mC\:’E_” A [

Energy

Ep~ 65 meV,

(1 L L

Fig. 2. Schematic of the conduction band
valleys in the strained n-Sio.1Geo.s with n
~5x10'8 ¢cm at 200 K.

ARBFFED—H01E, B AR RS RAFE (No. 19H05616, No. 19H02175, No. 21H05000), JST & & 2313 (No.
JPMJPR20BA), A B b v =727 A5 & EEE R >~ N 7 — 7 (Spin-RNJ), STEFEFFA X-NICS (No.

JPJO11438) D34 Z = 1 THThi iz,

L 2PN
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[2] J.-M. Tang et al., Phys. Rev. B 85, 045202 (2012); Y. Song et al., Phys. Rev. Lett. 113, 167201 (2014).
[3] Q. M. Ma and K. L. Wang, Appl. Phys. Lett. 58, 1184 (1991); R. Vrijen et al., Phys. Rev. A 62, 012306 (2000).

[4] T. Naito et al., Phys. Rev. Applied 13, 054025 (2020).
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Conductive Nanocarbon Ohmic Electrode and Evaluation of Spin Injection
into Spin Valve Devices Utilizing Single Crystal Diamond
A.Watatani?, K.Maki?, S.M.Valappil?, K.Sakai?, S.0omagari?, T.Yoshitake!
(Kyushu Univ.t, Nit, Kurume College.2, AIST?)

HREER

R ANT =TS ZZBNT, RS A YTy NIIE ORI ) LKWy RE Y v T &R D, SiIC X
DOLENIMEE LTER STV S, AV FFUPRZE, KO T PRZTHAATNMYLDIRA &
TR D72, VAR N LA CEBIBBIEEM B 2T 2T A TH D, METIEA VIR EN
RS 2MB0013H Y, #fbEAYEY FIZRE/RFTHERSNATEY, HLEFESH/NSVED, BNA
EUATBESIIREEND. LaL, HERAZA YEY RIZEWAY F¥y v T EAOEFRMORD, o+
— IV VMO LN WO BER DD, AFETIE, @B MRS A Y ES NEEE T Y VT
77 4 —EERAWT, RS A VEY FEPE L L THAAATERIA U NV T R 2R, Z DR
iz A7 - 7.

KRR %

FPHB RS A YRS FERE AR L, 7—7 77 A~ HKEE
R VEENET ) A=A A=y 7 EMm (BE : 10nm) ZREE L
=, T0%, 7+ bV YT I T4 —EEMVTL YR MI =%
R L, kfmz—7>y MERA Sy 2V > 7k a2 D Tt E
i Fe (B : 50nm) ZRRIEL7-. S HIC, MRT 7 A~ OFEZ
AT PAdIE (E - 5nm) 2L, U7 b4 7 21T\, i
MIZ10um DXy v 72K Uiz, BEIEHTIROBIEX, KA
L VTR RAERIKEZFERA L, 47 u—7 2 AW T=ER T{T  Fig. 1 electrical circuit for measuring

-7z local spin valve signal.

BREER

Fig. 21C 705 B R—7RE (1022 cm-3) ZH 9 2 B s A Y& 2028)
RIME N2 2 NV T RTFACEE NS ) =R A= v 7
2 BRI U 72 B O RESHRP TR 2”9, BB A B LT %)
ROVBI SR T2, REAIRHT ORI & Wb SR I & 2 HHUE
OEALRFER SN, ZHUE, et X0 Pd &, HEMT
S A= A=y 7 EMOIEIZ X % Fe B OREF LA AL
PEERE s B e B 2 - L HERI S % » «
p 2B N -100 0 100
1) K. Takanashi et al., Jpn. J. Appl. Phys. 49, 110001 (2010). Magnetic Field (Oe)
2) M. Ohishi, et. al., Jpn. J. Appl. Phys. 46, L605 (2007). Fig. 2 magnetoresistance curves

of spinvalve junctions

20.279

Resistance (Q)

B Concentration:10%2¢cm-3
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External magnetic field dependence of formation of magnetostatic surface spin-wave soliton
Tokiya Iwata and Koji Sekiguchi
(Yokohama National Univ.)

1. [ZC®HIZ
AV RITETAE L OMEHEOLFETHV EROBENZ DRV, Vo — VOB RE L CEIRKZ Gk
B ZOMHEIZE D A U HITBEHEEE N COF RO Z ER ST AHEMEEZAE L TBY , KitROFEHRIF v V7T & L
THEEENTWD, LDLAEVEEIRICE D ESOHE - EAPHETHY . ALY Y b ORAIXE DOFRKD
1 2ELTHEIABNTND, AEVEY Y MR END EFERITLE L., BEBEMAFREE RS, ZNETI
AR WYV N OERGHREN VLRSI P8 SN TV A, AR TTIXRERN R Y ) MUK E B
L. $BRE A P Y U b2 OISR & 7,

2. ERRAZE
FERHAM A Fig. 1 1T, BFERE LTy MY AT —3y NYIGOEFEM Lz, EX I8, RS XENZ2H 10 um,
2mm, 20mm, 7 > 7 FEEEHEL 4mm Th D, SNBSS Hex 28I L CHNTEREIZHINL . AJ17T 7 FIighiiE
PVAZFIINT % 2 & TEMER R A B EMSSW) B S . HME B ORIEN K & 72 2 B T A © LB % 8
U7z, EBE Vou ZHMEA L E—F R 20=50 Q Z AT Poye = Voud’/Zo W2 & W HIE S Pow \ZZEHL L T-,
3. BRBLUBE

=300, 1300 Oe |Z351F D HITETE OREROREFI % Fig. 2 1IZ-T, SV ADIEIZ 25ns & Lz, &6 5 OISR

wf% ANBHABREL BRDICONTHABNIOE — 7 EIZRE L 20 . HAEEORIB LB S v,
it Hex=300,13000e (CBITDANE N EAE VHESOE—7 &N, HHEse %@MWF%%FQ3_T¢ AI1E)
Pin OENINCFE S A B DISEICE LT, Hex=13000e ([ZBWTIE Pin = 54.5mW OFEE (HE#TERS) CHRUEE
R R 2o LH~OBBN RS, IERBENEIE SNz, 2 OIERIBHEILEITIE ”f/)b/@%@kénfw
%o Hex=3000e [ZBWTEZED L ) RISEIXROGNT, BRI LTz, —75, FHEREICEL TIEDL L 05 b
U, Hex=3000e TIE 3.4ns, Hex=13000e TiL 8.5ns ~fafn L7z, SHBIMRIZ L D & Wk & B v IXENE I,
Hex=3000e T k=8.5X103rad/m, vg=13X10°m/s, Hex=13000e T k=1.3X10*rad/m, v¢=5.1X10*m/s ThH o7z, VU
N DIERICITIETE 2 28 (L S 2 IERIED RPN T CTH D, Hex =300 Oc CIERIBEDNBILZ S NN o7 DI, FEHE
DRZENTEDEMFHNEL 20 | T RIFRIEIRESZ T ool ®Th b EZE 2 b D,

Hex= 300 Oe Hex= 1300 Oe
15k roT ] | T T & T
4 ® SW Power (1300 Oe)
L ® FWHM (1300 Qe) .
800 - o ® SW Power (300 O¢) & 25
m FWHM (300 Og) .
* L]
Qutput Input — . p
O o] = 1 = * 1* 4
E = . * . =
vc VRV R
g 12omw| o 400 '. e, onF =
= - = o = . 2,
4 mm ii 0.4 05 1 w0 " e n o —10
=] ’ o
l O GND O O . 200} .,". "
2l 76.0 mW | 54.5mW S "
Hex 02 al .f" "o . . ol 5
24.0 mwW 223 mwW L -’- 1 1 1
0 ‘ 0 > % 0.05 0.10 015
0 20 40 60 80 ‘100 0 50 100 150 200 250 Iann Power [\N]
Fig. 1 : Schematic of the experimental Time [ns]
device. A pair of microstrip lines were  Fig. 2 : The output signal of propagating spin  Fig. 3 : Powers and FWHMs of output signals
used as the input and output antennas. ~ waves, as a function of input excitation power.  for different input powers.
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Scaling of memory capacity for high-performance spin-wave reservoir computing
S. lihama'?, Y. Koike3?5, S. Mizukami?#, N. Yoshinaga®®
(*FRIS, Tohoku Univ., 2WPI-AIMR, Tohoku Univ., *Department of Applied Physics, Tohoku Univ.,
4CSIS, Tohoku Univ., *MathAM-OIL AIST)
FLHIZ
WA, BEINTHBEOFEBUZMIT TAE b a =27 AOH &2 7 G E O B S48 37 B 2 4E
DTS, VHEN—HRIFI=a—TF Ly NI =7 NI OBELEZFHE L2\, MESEEOFEERTILL
725, THETICAE Y MY BIERAIRA U212 AW T-9E U P —3H RN EBRICHE ST 72
DEWFEARE L WO LRI OME R TH LY PR—IZH R TH S TWVLIORBURTH D, TDTD,
Ay br= 2ol ) PAS—3HROEMERL, AHRREEELZ REL THFIEORFABLETH D,
AR TIE, ARG 2~ A 7~ T 2T v 7 v Iab—ra il THETL, MHRE
REIZET LA =V 7 hmd 28, BIXOREMRRERIITHZ 27 OEEEZHIVE T 5,
HEFE
LIZAE Y PR3 R OB &2 7”3, B 500 nm O JE EIZA U EANSBREO = 0OYE )
— FNZERE L, S — RIZBWTAE VBT MY 20D Z ETARAY U EEIE T, BbiEF®RIT
%/ — RIZBIF 2MKEHSIIRIC L > THRETE 2, MEHIRA VB T EBEZATDHRA AT —54
CooMnSi Z487E L7z, SMIBES & N Uil Z 5 2 fafn S, B b x 557 (my, m@) & FHREICH VT2,
FWE ) — NIz, BEOBE ) — REFEWYFANN—HECTEELRIHHELZ KX L, v/ 71
VTR T 4 v 2 b—a i MumaE B L UL L7z LLG FRERIC X 2 ez vz, U
AN—FHRAPERERTMN I X HIRE S S A B (MC), 2 RO IEFRIEFLIEARE(PC)., NARMALD ¥ A7 % iz,
YHEN—a v Ea—T« U7 EREEE
8 ODWH ) — R, 8 ODIRI ) — FE AW A KR Y P R—FHICB VT MC, IPC ~ 60 % R L 72, i)
B — FHRZKREL< T 5L MC,IPC /NS 72 DM m Z2 R L, 2 OMEPIIAHTHI RIS Z BT L 52 2
2=y a r THETDZ EBbhoTz, K& MC, IPC #HF7 5% T NARMALD ¥ A7 23479 5 L ik
(B R THR 0.2 & mMERB 7R KRR Tl 2 28 U7, METHI B B Wb Z & Tl ) — R o
M@, ACEOREELZEZ -V Ial—ya I T LA =V U 7 &R LT, THEMEHERE & AT
— 2 s[RI ERE, Y — FORBECBE T 26—/ 78 2 Spi ecipeand dotaciorn
T=U T ERHL A CEERWSZETH /A

=SB D EMERE Y PR A EHTE B3], 2 '
[55] g 7

AHFZED—EBI% JIST PRESTO(No. JPMJPR22B2), JST A 5

FOREST (No. JPMJFR2140), EHi##(Nos. 21H04648, | ?

21H05000), X-NICS of MEXT(No. JPJ011438) D {ZH) 7 ] 3 . P
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w Ferromagnetic thin film ' '
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Fig. 1 (a) Schematic illustration of spin-wave
reservoir computing.



27aB - 8 AT Al AAREKERTEANEEZEAE  (2023)

ST EGHAMBHZ BT 537 A N » 7 b 2 ¥ 3k o BEE ) OF4E
FRHEESAME !, Thomas Scheike?, J7)I1#87E 2, B O HERT !
(FEESIRT Y, Wl - MEFERERS 2)

Threshold power of parametrically excited spin waves in cubic anisotropic materials
Shoki Nezu !, Thomas Scheike 2, Hiroaki Sukegawa ? and Koji Sekiguchi '
(Yokohama National Univ. !, NIMS ?)

1. [FC®IZ

BRSO BICHESHEFTEOWMILY . HHPH5FICBNTETT /A ADRBIKHEE I m i 7= B i B
FEPMMTOATREY, Ay b= AR TIEAE U EEAWEEAZE FORBESET LTV D, IETIE, YRR
TFEM MR OBl A & IR D = B4 F 3y VBRI A B T A ADORRBICB W CTHEERMETH D
T EDIRENTZ D, AT, XXy VEGERARIH LA E VIR AT AR T T N A0 E B
L, TEZF Ty LS RICBWNTRAT A M) v VR 71T 8 - TER ST A Ul OISR 2 30 L7z,

2. ERRA &

ERAEAX A Fig. 1 1T79, AV ERKIIDC 7% hr ARy &2 U > 712 K- T MgO(00)H:A Eod Cr %%
THE UCERIESZIEE 25 nm D= X ¥ v /L Fe(00)H#ETHY . U7 A T7ERDPAr A A I 72k~ T
180 pum x 110 um OEEFEITIN L Lz, FIERE BITIZA E RN - REO7ZDO~A 7 a7 o7 F2FR- L7z, 7o 7
FHIBEHEL S um ThH D, T E X X T LEREN O R R EEER T 12 TR o TN L 72 M8ES Hex DFFTE F T kR 7 >

IZ £, =89 GHz D A AT L, RT7 A MY w7 B EL I AV VA AR LTz, B Shiz A v ks
H7 T IR SN ANT N T AT T4V > TR LT,
3. BRELUBR

NWIAN) IR TIZ L DA AR ERDOBIEET) Pn & SNBSS He DBAR % Fig. 2 12787, Fig. 2 O AKIZE
UoHex =80 mT IZH1F 5 /37 A MY v VR T CEBRINT f,12 DFREERZET 2 A RIBIED AT B IHREHET
b5, BEES Po TR SN A C U EIREZ B a\/P—Pp \C LD 7 4 v T 4 Y 7K VT LTz, 72720, a & Pa
FZENENT 4 v T 4 VTR EBEEE I ThH 5, BIEEINIINTEES OB AEWEREL I L, mmfwomT%
FEE L CRBRBMMAHER S, IEFRRAE 7 T A J1— 7%%6nto%ﬁﬁﬁwm¢ﬁiﬂwa 80 mT 285
029 mW TH Y., FATHIED ZnO/YIG/GGG/YIG/Pt ik /)L 7 8l R g I T5A7%k)/&%txt/&$w
DOBIETES) & el LT 28 %l Lz ¥, ST RGVEIC K 58 o NG O & 7 ORIz L 5 B s o
WRIZEVIEWANEN TOAC U EERRER L-EEZ NS,

Hex Ei Continuous wave =
X 1
‘(/’:E* Cltation anteppg fo =8.9 GHz E10F E
;@ S Y 4 g
2 c_,\§° = 2 . ‘ :
L < i 4 8_ ’>; HoHext = 80 mT
Spectrum analyzer % Al gw_ 2 ftng o J
i £ [ = Pl i
S § ] £ * ]
25nm s A = < b4 1
. : o
Epitaxial Fe(001) waveguide . . |np'31 poowser (rE-\T'V) oe ]
0.1 L .
‘MW* 40 50 60 70 80 90

Magnetic Field (mT)

Fig. 1 : Schematic diagram of an experimental setup. Pumped spin Fig. 2 : The magnetic field dependence of the threshold power

waves were generated by a continuous wave at f, = 8.9 GHz and at fp = 8.9 GHz. The inset represents the amplitudes of pumped

detected by a spectrum analyzer. spin waves as a function of the input power at goHex= 80 mT.
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Development of nano-scaled spin-wave amplifier using feedback structure
Masashi Iwaba' and, Koji Sekiguchi*?
(‘Graduate school of engineering Yokohama national university, *Faculty of engineering Yokohama national
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HM=

WAL ORZEEE 2 & L RIS ED AL UL, P a— VBEAORWIBEEEE O RIEES AT
LAELTHEAESNTWS, BRI TIC L2 2 C 0 BEg K A28 LT, nm, um A7 —/L DA Lk #
%ﬁﬁwéﬂfwéb LML, AEURIEBAHEKOBD TNSWMEZ HNTH A U ENBET D &

IXRERIRRED D D, EDID, AV RDELEAL - AT TR OB AR TR &2 5,
ﬁ% FOBAFED T2 V2 TE 2 MMa & B L7z 2, AR TIREMR OB IC Y o 7B
— 7RI A LT iEE A B R L, FiEpy il 2 HOCHEESR OB A BIE T, ImigfiEIEA vk
DONANC L > CTHRENKE LSBT D EEZLND 0, FHEAFIC L D A v 58 E 02 b2 8 LT,
REBAHE - BR

A UPEREE L CHEEMESRE TH D N~ a AR Ve, BARAEB LY 7 A TR K

DIFEREEZ N —~vu A HEECER L7z, A B URIREREIIX 1(a) & Y 2K 4 um, #7108 wey =300 nm, /L —
T R=600nm ThH D, A EHENEICITZEEE f=6 GHz, B P=9mW OEEEEZ M-, IR
EDOuE & L— A O I E N EFVRIE wi = wy =300 nm O&T VT FEEE L LV—THRDOT T FIT
PRI Bt LT, AV IEOBRHBIZIZ~A 7 a7 VLT U BELDEEE M LT,

Jb— 7Bl i U 7= % OEARRO R x =3.7 pm (2% L TRNE L7 R 2 B 1SR T, MFZEHgR 1 &
D i E S O % 0~3n/2 rad T SE7-4ES, O~nrad F TITAE U HIRE Isw=9~15 & T X LT
FENEL LTV DD, n~3m/2rad TIEA B IREN R K Isw=22F T K L7z, ZHidL—7REsE AL
BEREWH LI & T, A UETFHBICL 2RO - FIBIHLAWRELTEDEEZ LD,

(a) g (b) Spm wave —>
l( S8« 20}~ c J
RF generator =
_g —@— Feedback
Phase shifter %
Splitter %
C
2
IS
Spin Way© : =
(BRI - @
1 \N\"N‘MMIW "3«« "oy
_ |
X T3 4 [um] 0 2 m
o 1 Phase [rad]

B 1(a)2 77 FINEIZ K D A U RmiE GO ERBINGE, (b) A B EIREIZIS T D EhiEd & ) OALAE
KA, FRA LY | BPEIROERHBO M x=3.7 um THUHI L 7=,

L Z &N
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Time-domain electrical detection of spin waves in Y-shaped microstructures
Ryunosuke Hayashi, Shoki Nezu, and Koji Sekiguchi
(Yokohama National Univ.)
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Physical reservoir devices using excitation and observation of spin-wave via antenna method
Sho Nagase, Shoki Nezu, and Koji Sekiguchi
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Fig. 1 : Schematic diagram of an experimental setup. Fig. 2 : The magnetic field dependence of the learning result.

References
1) R.Nakane et al., IEEE Access 6, 4462 (2018)



27pB - 1 BAT I BRI (2023)

Cu2Sb #(Mn-Cr)AlGe #EEE D sub-THz A I:%Tz%&“ A FI TR

Pee ARG, R Gl 2, /hH PR S EH 22552 R R Y
Ve ] MR 2, =AY 9%k 24, %w5V8 sk, &fE Afd 1!
(AR, 2 AR KR, 34w e e B, 4 )
All-optical investigation of sub-THz magnetization dynamics in CuzSh-type (Mn-Cr)AlGe ultrathin film
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Broadband polarization-selective magnetic resonance spectroscopy using circularly-polarized microwave
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Fig. 1 (a) Schematic illustration of measurement setup for
broadband polarization-selective magnetic resonance spectroscopy
using circularly-polarized microwave field. (b) Color plots of
AS,, —AS;;  on  perpendicularly  magnetized  synthetic
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Electrical detection of antiferromagnetic dynamics in thin films by using gyrotron
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3Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan
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THz magnetization dynamics is a key property of antiferromagnets that could harness the THz forefront
and spintronics. Recently, advancements in THz techniques have realized some of the key experiments on
antiferromagnetic resonance. However, the measurement principles used in those studies rely on the volume
of the materials and thus the same principle can hardly be applied for characterizing thin films which is a
central interest when considering any antiferromagnetic integration devices.

One of the solutions could be the DC voltage detection of the magnetic resonance resulting from a
nonlinear coupling of the induction current and the magnetoresistance change associating with the
magnetization dynamics, both of which are irrespective to the volume of the material. The only concern for
this method is that it generally requires a sizable irradiation power of > mWatt, which is to be resolved by
the gyrotron irradiation that is introduced in this study.

Test samples, ferrimagnetic GdixCox (20 nm)/ Ta (3 nm), were shaped into a 1.5 mm x 5 mm piece with
electric leads connected on the longitudinal ends for measuring DC voltage. The sample is then placed at the
end of a hollow waveguide carrying 154 GHz continuous electromagnetic wave fed from the gyrotron

apparatus. DC voltage measurements were carried out with sweeping external magnetic field. Figure 1 shows

DC voltage measurements for Gdo.17Coo.s3/Ta film at various '
I @ 154 GHz 300 K
temperature. We observed a clear DC voltage peak (marked by N *
0 2 uvl N 200 K
the star) at a certain magnetic field and the peak shifts with = Pw'/‘-.\?' -
g
varying the temperature, which are consistent with the resonant E’ ]
(=}
. > 50 K .
properties of GdCo. - % ’
W——
As the gyrotron frequency is scalable up to THz, our I
. . . 2 4 6 8
demonstration can be an important milestone toward the THz woH (T)
measurements for antiferromagnetic thin films. Fig. 1 DC voltage spectra at different

temperatures [1].
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Observation of dispersion relation for hybridized magnons in synthetic antiferromagnets
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Fig. 1 Dispersion relation of
acoustic magnons on SAF.
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Amplified transport of low-energy magnons in Bi-doped YIG by local
heating

R. Kohno'", K. An'?, V. V. Naletov', J. Ben Youssef®, D. Gouéré®, V. Cros*, A. Anane®,
G. de Leubens’, L. Vila' and O. Klein'

"Université Grenoble Alpes, CEA, CNRS, Grenoble INP, Spintec, 38054 Grenoble, France
*Quantum Technology Institute, KRISS, Daejeon, Republic of Korea
’Lab-STICC, CNRS, Université de Bretagne Occidentale, Brest, France
*Unité Mixte de Physique, CNRS, Thales, Université Paris Saclay, Palaiseau, France
’SPEC, CEA-Saclay, CNRS, Université Paris-Saclay, Gif-sur-Yvette, France

Magnonics aims at proposing novel circuits operated by spin waves, or their quanta magnons, especially on insulators
with reduced energy losses. Using a prototypical device which consists of two Pt electrodes, such magnons can be
incoherently generated through spin orbit torques at the emitter, and can be sensed electrically through the inverse spin
Hall effect [1-3] at the collector. We use a 20 nm Bi-doped YIG thin film with perpendicular uniaxial anisotropy and
fabricated a transport device with an additional electrode to control the transport (Fig.1). We observed reversibly the
amplification of the conduction of low-energy magnons by a factor of 3 by heating locally the region beneath the
collector electrode (Fig.2). For that purpose, we fabricated a modulator electrode deposited on top of the collector in
thermal contact but electrically isolated by an intercalation layer of SisN4 of 20 nm thickness. The motivation comes
from the idea of amplifying the oscillation amplitude (cone angle of the precession) by locally reducing the
magnetization. Previously reported methods for amplifying the transport were focusing on using a third Pt electrode in
between the emitter and collector to provide an additional source of damping compensation, which already deteriorates
the signal because Pt itself absorbs magnons[4,5]. Our method is free from such deterioration with a comparable
amplification ratio and could be useful for future magnonic devices to control the transport.

—_ ® AT;=0K

° 010 ® AT =77K

= I

X

- I

~0.05

":.D i

~ 0.00

[ B L R |
-180 -90 0 9 180
h (den )
Fig. 1: SEM image of the device which Fig. 2: Renormalized signal from electrically
consists of three Pt wires on a 20 nm Bi excited magnons probed at Pt as a function
doped YIG film. Pt; for the emission Pt, for of the angle of applied magnetic field with or
the collection of magnons, and Ti/Pt; for without local heating.
controlling the transport.
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Fig.1. (a),(b) Schematic diagram of a RLC synchronized circuit with a dynamical inductor involving a TI/MI bilayer that is
zoomed in the illustration (b). (c) Calculated admittance Yd(w) for a dissipative magnon-photon coupling at the T1/MI interface.
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Dependence of structure and magnetic properties on the Si compositions for Fe-Si thin films
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Inverse magneto-optical effect in Co-Pt disordered alloy films

Kouki Nukui'-2, Satoshi lihama®?, Shigemi Mizukami®#*

'Dept. of Appl. Phys., Tohoku Univ., *WPI-AIMR, Tohoku Univ., 3FRIS, Tohoku Univ., *CSIS, Tohoku Univ.

Introduction The inverse magneto-optical effect, such as the inverse Faraday effect (IFE), has attracted
much attention toward the realization of ultrafast optical control of magnetization for next-generation
information devices [1]. IFE-driven magnetization dynamics was first reported in magnetic insulators [2],
and has been widely used to induce magnetization dynamics in various materials. However, microscopic
physics of the IFE in metals is unclear. The origin of the IFE may be related to spin-orbit coupling (SOC) in
metals [3]. Heavy metal elements have large SOC; thus, in this study, we investigate helicity-dependent laser-
induced magnetization dynamics for Co-Pt alloy to gain insight into spin-orbit physics of the IFE.

Experimental methods The 5-nm-thick Coi.<Ptx alloy thin films were deposited on thermally-oxidized Si
substrates with ultra-high vacuum magnetron sputtering. The Pt composition x was systematically varied
from 0.3 to 1.0 using co-sputtering technique. Time-resolved magneto-optical Kerr effect (TRMOKE)
measurement was performed with a Ti: Sapphire femtosecond laser. A magnetic field of 20 kOe was applied
in the film plane using an electromagnet (Fig. 1 (a)).

Experimental results Fig. 1 (b) shows the typical data of magnetization precession for CogoPtyo films with
different helicities of the circularly-polarized (CP) laser. The signals show the polarity changes against right
(RCP) and left circular polarization (LCP), indicating almost purely optical induction of magnetization

precession. Fig. 2 shows the composition dependence of the amplitude and phase of the laser-induced
magnetization precession which were evaluated via sinusoidal function fits. Here, those amplitude and phase
are governed, respectively, by the strength and direction of the laser-induced torque acting on magnetization
(Fig. 1(a)). As observed in Fig. 2, the amplitude significantly increases with Pt concentration, demonstrating
enormous enhancement of the laser-induced torque and/or the inverse magneto-optical effect. More
surprisingly, we observe large change of the precession phase with different Pt concentration (Fig. 2).
Traditionally, the IFE is considered to
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Spiking neuron model using coupled spin-torque-oscillators
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(Tohoku University)
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The connected-skyrmions stabilized in a nanowire
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Fig. 1. Magnetic moments of the two-connected skyrmions stabilized in the nanowire with M; of (a) 396 kA/m and (b)

413 kA/m.
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Relationship between the strength of inter-grain exchange coupling and the thermal stability
of the skyrmion magnetization configuration in magnetic thin film patterns
Shuto Onaka, Xiaorui Ya*, Terumitsu Tanaka
(Kyushu Univ., *Chongqing College of Electronic Engineering)

FLHIC
WA, BEMERAEY & UTRIHFTREZR A XL I A BT D0 AT TR D [1,2], Z OB S
EOLEMEIZOWTHEFOH 2 H DI, BRBREHREOLE[BITHD. —FH T, —HNICITEERK CTH
o T H R IAHI 22 REERL CIEL S TR Y, R OZSHFE AR ITRIN L 0 H/hS W2 ERMbBN TN .
AMFFETIE, B 8 nm FREE DI OV T, BEMORIR ASHARE A TR RN ASHE SR E L v/ h& < Lz
A, FT, WPERLO BRI U(HY) « BRI L M) IS B B D556 D A F IV R A4 g g O BV E
(AE/ksTZ VN T EH L 7=

Ial—YavFEE

~A 7 a7 4 v 7 FEICIFLLG FRE AW, £, AX A IFUPRET B0 X —fE
BEAE DREITT v P RZT AT 4 v 7 N RIEICE RSz, 22— b LEZ XU — OB
X, AL I AU RNFEETDRENSHA LIIREE TTH D, £2, BULEREOMREL, %4
PRI BN T ST A X8 50 nm FRED A XL I A U BRESHET VICE 2, BbZEm S8
RETH .
ERLER , ,
Fig.11Z, Hy M, DFEHERZE 0% & B2 5%E L, RN ASHE A TR
(X9 2 BEMERI A Bk A 5RE (A) & 10~100% & L 7=B8 D AE/kpT % 71
I F 7o, BCEEOPHIIREEEZ RT. Figl L0, ARSI WIEEA
XU A UG OBZEENEL 1D 2 R0 D, T, kL
MBI D R EE DAY — S & Hy, M, DA3EIC LD, sEa /g
DEE EIT R BEEEE Sy OB{L OB X NHIR S D Z & AELR T

BB LEZLND. £, SAREGEIIC IS ARAI AL L Figl 0 %0 100
D A=100%DHED AF L I AL OH A RIHFTE LT, BiE A
y ... Fig. 1 Relationship between A and
DAEMT 3B L% 57, %FIZBLZ 68 Thoto. THL LY, WKL  magnetization thermal stability.
D Hy, M\ Zhiab5250E, BVREMENELSRDEERD. 200 , : :
. " F o (H)=0, A=50%
Fig.2 ([ZREMERLOD Hy, My D% 0 % 5, 10, 20% & L7236 DAE/KT % L —o— oth%:o, A=100%
— . . . [ o (Ms)=0, A=50%
RY. Fig2 XV, HH MO M, D o BDRELBRDIFEAF NI A LD . 150~ o-glvlsg:o, A=100% ]
BLEENEL 2D 2 ENSND. I Figl C[RIEE, BEERO £ ]
BALOBE BHIREND Z EBNBATHH L EXLNSD. £, KD 3 f ]
o1E 5~10%, M; D o1 10~20%D M TAEMT \Z K& A G % % [ ]
ZENyIno T i 1 1
0 ‘ 10 ‘ 20

P

[1] Gajanan Pradhan et al., JMMM, 528, 167805, (2021).

[2] Raphael Gruber ef al., nature communications, 13, 3144, (2022).
[3] David Cortés-Ortufio et al., scientific reports, 7, 4060, (2017).
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Fig. 2 Relationship between distribution of
magnetic parameter and magnetization
thermal stability.
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ERAXIN I AL DT T U EENIBIT 5
TA FIVIRBEEEDO R T VY T AR FEME

SORUREG B, BT RSC Y, RAERE 1, EASE— 1B SR — 4,
K= ¢, Jachun Cho’, Chun-Yeol You’, A)IIGR 8, BFAE 13, gnARF/E 12
("BRORELHE T, 2K OTRI, 3BROK CSRN, 4 FURAGAT,
STK CSRN, ¢ HIL KT, "DGIST, * 7 /W N 7 i)
Polarity dependence of the chiral rotation in the Brownian motion of a single magnetic skyrmion
S. Miki", A. Shimmura', M. Goto!-, E. Tamura'-, Y. Shiota*?,
M. Oogane®, J. Cho’, C. Y. You’, R. Ishikawa®, H. Nomura'*, Y. Suzuki'3
('Osaka Univ., 20TRI-Osaka, *CSRN-Osaka, “Kyoto Univ.,
SCSRN-Kyoto, ‘Tohoku Univ., '/DGIST, SULVAC, Inc.)

FL®HIZ

WRAFNIA AL IR DNV ZERAC U EE TR F L LTSDEI, £D MR PHVIHEIZ
HRLIEAFAIF L DOFAFI T AL LTUIY v A @B T AL, Bl IXERBEHIC LD AF L IA
VIR—ANR DR T T T EENZ IS D BIERL S DAFAE PR ERRESN TN D, AFAIF DOV r AR
HEHOREHEZ AT AF VI A, TROBAFAIL ORI VT ¢ LEBICEFR LTS, L LIEHK
HFOEERD T ATV E TZRE SN TR, 2 ORlEE 518 OREITRFLHIB LI X O T 34 2A~D)5H
OBLEND LMEARAIRTHD, LMo TR TIHIEHIC BT DEEE S ORT VT 4 RKFEEZ R ET
HZEEAMET S,
RERAE

ARy B Y 7RI XD Si/Si0; sub.|Ta(5)|Pt(0.04)|Co-Fe-B(1.09)|Ta(0.18)MgO(1.5)|SiO(3)(()PN I nm) % f 5
U7z, 5hfl 72 88D 2 8L 2 72912 1000fps & THREE FTREZR =8 7 A T % 2 T2 BE<0EF: Kerr 2R (MOKE)
PAEEIC L > TR I A VB L, b7 v XU 712805578 & 3 A7 3 A0 B B Sk <v () - x(£)>
BLO<NVO*x()>Z7HE L7 7 7 E NI 2 [BlHRE S OB 2 32 7,
KRR

Fig. 1 IZTAXAI AL DRT VT 4 (a)p=—18BILO(b) p=+1 DFA TOBEN EF BRI B DA iE R T
H D, TR L2, <v(f) * x()>F L O<(v()xx(0))> 13 Z NIRRT v V) VORI TER L O
KATEINZH T D, <(VE*X()> D, TR B AF LI AL OB CORBEDO FENIRT VT 4 p DFF
FIARAFT Do ZOBEEG AT LARTF # 238 L2k R3] — 8T 2, EBNI 27 T 7 Z Vi )
b AFN I A U OIEEBIMMEE M TIERE T OEBWRT U v ML ENS, kEARAIC T =S
WA SO EEZT D, AFTRIEAR X IST CREST JPMICR20C1, JSPS £ FHF9E (23K13660), BHFE: 3
HERFSE S (JP20H05666),  FrAIAFSE B 5EhE (23KI1477), SCHREHFA R AR X-NICS -8R A1 A LS 35 23
(JPJ011438), EHILF AN 7 —D K

BEZ O THD, @ p=-1 ® p=+1
o) (- x(e) o) (e -x(e)
S E Tk 58 90 ©osx(vixx(®)) | 5 & 90 S (vt X x(D)2)
FE L 3 E
o 3 60 Q.5 603
1) S.Woo, et al. Nat. Mater. 15, E — 25 Lo
501 (2016) %ﬁ ol %@ .
2) L. Zhao, et al. Phys. Rev. Lett. 8 8 i sk
125, 027206 (2020) ~00 0.25 050 oo 0.25 0.50
’ time [s] time [s]

3) S.Miki, et al. J. Phys. Soc. Jpn.
90, 083601 (2021) Fig. 1 Velocity-position correlation function with the polarity of

(a) -1 and (b) +1
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B RS A BN U T R E AR I 38 1 D G X B DR ﬁllf'_%ﬁ’% 5%

g REL, hE R ERE B D AL EAR R
(NHK J3GEBAFFERT)
Magneto-optical observation of recorded domain shift in magnetic nanowire memory with step trap-sites
Daisuke Kato, Kei Ogura, Mao Takahashi, Yoshinori Iguchi, Yasuyoshi Miyamoto
(NHK Science & Technology Research Labs.)

[FLHIC

FERD 3 Wt A b L — U OEBEZ BIE L T, HElERgE DS TR 72 B HIRR A £ Y — O 2D T
W5, fEERAETY —EEDTDIITREE Y NERDMRE—EET OV 7 FSELZXERHY, ZivE
TT7F = v MEEFORAZE 2 BMIEA LIRSV T RO F 7 — 2 RBEMEE(MOKE)IZ &
0 WEEEB R R OFME 2D T& 72 12, —F T OREMIIMEED b7 v T HREI &, Lo
WMREELDOTY T FSELHBIIKEN DT, Alal, BRI B S 2 A IS AT 5 Z L IC &
. ZOMNMZRA & L THERKOY T MR—EMEZFEITE 5 AL L B0 THRET 5,

RBRAEBIUER
Fig. 1 [T T BB M BRI A B ) — 2 ERF 2, A1 A B2 ARy H L L—H =Y VT TFT
—IZE D, BES 4nm, BZEEH 6 um @ SiN 205 72 5 Bt 2 Fm B L Si MR BICERE L., 0
# P(3 nm)/[Co(0.35 nm)/Tb(0.85 nm)]4 7> 5 72 2 FEEHEALIE A M 3 pm, £ & 60 pum OBEMEMFRE & LT ix—
TRk L7z, & 51T Si0x(25 nm)/SiN3 nm)2> b 72 % J& ik g 24t L C. BEEMRROEAZ ST AICHE 6 um
Ta/Au/Ta & JBFR(EIE 150 nm))> 5 72 B F08kBE T2 B LTz, BIET A A DN BSEEG % Fig2 1R T,
Fig.3 IZX DOFEEk & 7 b OMETZIERBIZZ L7 MOKE B TH V. WRRREN B | BIIRRED T & Ok
LA ANCKHET %, BANT 1 kOe DIMTREFUT L 0 MR 2 L Z IZHTHHE L(a). L)ﬂ\‘@illlﬁf*‘%aﬁ% v
7 OB EMER LT, FTREETO FND LIS S 50 mA, 2V AE 10 ps OFLERE T & FINL .
i ST BRI X - TRegkFE 7 O LM T & WX 2 Fidk L 72 (b), &’2ﬁmmom@%@aﬁ%m
PERIRRICEIIN L T Z OBX A2 AT~ 7 h Z8 72, -50mA, 10 ps OFEERFERZHML T2 2HO kA&
X 2 itk Liz(c), MR TIECTHRIT2MXZ Y7 b &t 3 2HD FAE X 2508k L7=(d), mEIZ, %
T3 ET 7 FEE, 4 DHO L& EZiiekL7(e), UL E, HEOLFMXEELHTT T bfé‘r )
il L A5, BURIZY 7 MEOBXEICET O T DE N A O NBEIERE O KE(bix v E L b oo, B
ZEREE I IREMEBR A £ Y — Otk - 7 MHBINCAZIE B2 b D, HHIZZNLOFEMEZWmE T 5,
RETR wEpR EXoR e RRET  mams DR

EREp BT (FEXRIZ)

B O A
= N >

= N/
EHER gk B

Fig.1 Magnetic nanowire memory with
step trap-sites

(D
/ ' | ! I
BEMERRAR HXDL INEAL
Tig.2 Fabricated magnetic nanowire Fig.3 Differential images of magneto-optical
memory with step trap-sites microscope for memory operation

L ZD N

1) M. Takahashi et al.: MMM2022, IPA-05 (2022) 2) Eif&IEA: IGH) 2022 TN GEF S, 21a-P02-21 (2022)
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Fe/Ir/Co/MgO/ZrO #E3E 2 31T 5 BIERET E J5 MEHIH
/NEFPHE VERR, BRI AR, BPIRE FELT, BE Bre
(BERHIT)
Voltage-controlled magnetic anisotropy in Fe/Ir/Co/MgO/ZrO, structures
Hiroshige Onoda, Tomohiro Nozaki, Takayuki Nozaki, and Shinji Yuasa
(AIST)

IZCHIT

WEIEHINRIL T X L7 78 A AE U (MRAM) (23 FH ATRE 7V B /1 B X AR FELE LT, &
JERGR ST HEHIAE (VEMA) 23 H 250 T\ 5. FliEE Fimf7e VOMA ZhR ORI, Mkl st
A ~OBEEEINC L VFHR S5 RAEIUERSTE — A > M PR BRI B OZEHIC L 0 Hfg
ENTVD V. o T VOMA IR DOKRITITREICER SN D BREBOHRKBGNEB 2 LD, AT
ZETIE, REM2 high-k FERETH D Zr0 BAEA L7oMIEIZIIT 5 VOMA Rk 2 51 L 72.
Fik

MBE {EB L OVA Ry Z U > 7 k% VT Mg0 (001) F#ik_E1Z Cr (50nm) /B Fe (0. 5-1.0 nm) /Ir
(0. 06 nm)/Co (0.1 nm)/Mg0O (0.7, 1.0 nm)/Zr0, (2 nm)/¥ ¥ v 7JE Pt (5nm) HEEZ/ERI L 7=, 7r0,
JE 3R RT) & L < 13 200°C O FEMIR LIS TERL L, RRtEeE A 4T - 72, VOMA Rt im 3% 1%
FWT, EERINTFICIT 20— R HE D & 5 L 7.
EL VTS

Fig. 112 Mg0/Zr0,J&? XRD JIERE R ZRT. Mg0/Zr0, (RT) DFELTIE, Zr0, DT/ N F — o D3RR
ENTWRWDIZREL, Mg0/Zr0, (200°C) TIX 2 0=30° fFTiZmlf R¥ — BRIz, OFY
Zr0; JE X IRANE CIIIEREREE & 720, 200CAHIE CIdf Mt L Tnad . ZORERIT in-situ KHE
FRREHTOFER L b — L7z, Fig. 212 Mg0/Zr0, (200°C) FH+FIZBIF DM —FD /A 7 A EFEM
e DB 2 759, Fe/lr/Co J@ O ELRE RIS M2 KW 2 1 E 7 [0 O B FIRE S A3 B EIINC L 0 B
(B b LT, 8L L 72kt s 5k ed 72 VOMA 42513, Mg0/Zr0, (RT) &+ CT—406 £]/Vm,
Mg0/Zr0, (200°C) - TlE—488 £J/Vm & 721, MgO DAHDFEF (239 £]/Vm) LV K& 72 VCMA ZhH
DB S N7, BEY A, BRBOBKEESCTHEEROFFMIC OV T L HET 5.

AR THER LToWE 0 —8H1E, ESIHFERTE BT =1L % — « EEEITR A BRI (NEDO)
ZEREEEH (JPNP1600T) OFERSF LN H DO TH 5.
L ZBIN
1) T. Nozaki et al., Micromachines, 10, 327 (2019).
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Fig. 1 XRD patterns of MgO/ZrO2 structures and Fig. 2 MOKE hysteresis loops of Fe (0.85 nm)/Ir (0.06 nm)/Co
MgO substrate. (0.1 nm)/MgO (1.0 nm)/ZrO2 (2 nm) deposited at 200°C with

and without applied DC voltages.
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FHHIE Co/MgO B4 1Z31F 5 VCMA ZhER1 k3 2 FHifg o2

HrLE e, BPREFETT. BRIRFACK. SrEETIR
(PERSAIT)
Underlayer effect on the voltage-controlled magnetic anisotropy in interface engineered Co/MgO junctions
with heavy metals
H. Nakayama, T. Nozaki, T. Nozaki, S. Yuasa
(AIST)

FLHIZ

RYHE S - mEEE « SE MR MMEZ F28LT 5 EEIC X DO FE, RO REHREERK
AEUMRAM)DIEREZIALFEROBEME L THEE I TWD D K2, &ERS 5764
(Voltage- controlled magnetic anisotropy; VCMA)ZNSRILEE T BRENE MRAM (251 2 Hg il & L CHifE ST
BV, mEBKEGEPMA)D XD K E 22BN B OZh RV BACHITE 21T 5 720, TOmBhRERRD &
NTWD. VCMA 2RO K E S1E VCMA 203 (FUINEEIZ A3 2 BRI 2L F—0Z8b) 12 X0 R
T o, RS RAGRERE~OESBFAIZL 5T VCMA 22 m ETE 5 2 &N EmIICHER S
hfwé”.%@*ﬁf,%%ﬁw%nT%EﬁMﬁéﬁimmwmm%@ﬁﬂ#¢uf&@ +4372 PMA
TG D T2 DI E O 7 =— VR RAIR Th o7z, LinL, ZoOMAT eIk, RiudlEE Lo
THUBEL OIS EET BT, VCMA #RIZ ﬂ@“éﬁﬁ%’hﬁﬂﬁ D5 A R _uﬂiﬂﬁ‘é Z LI TH
ofc. ARBFRTIE, 7=—&1795 2 & A LI PMA DG 51% Co 2 VT, 572 2% Sl e
KON B 2 O - E 2 E R L, FEfiiEE 31T 5 VCMA 2R & T g D82 5~ 7 99,
ERGE

ANy RN T L EFE—LARE LTS LT, B LA x> o B EIC Ta(5 nm)/Ru(10
nm)/Ta(5 nm)/[Pt(0.8 nm) or Pt(2 nm)/Os(4 nm)]/Co(0.7-1.5 nm)/X (=Pt, Ir, Os)(0-0.28 nm)/MgO(3 nm)/ITO(20 nm)F&
JEEN 2 2 CEETCER L. 22 C,Co kO ERBXILY = v vy v ¥ — é”ﬁﬁb\f@a@rﬂﬁk L,
Pt FHURE S B TSR 2 B HREARHM O 729, mEAEDWALIE L 22 570 X ) TRk T 72,
VERLL 7352 ST MOKE & RUBHIREVIUE /5T 2 0F 35 2 & T, wm%@%ﬁmt TH NIV TT
T4 eAF IV T EANT, BIRAZEEANE T U2, T LEEHZ W T, DCEEZFENL
72735 1w MOKE (2 & D BEAUREDIE 21T > 7.
KERFER

WERURFEIZ DUNT, Pt FHIEOE} - Os THIGREE & © 12, FUEliEE X (=Pt I, Os) & EAT 5 Z &2 kY, E
B RERSR R T XL F—om BB R ST, EENRICOWT, Sl EE Lo Co/MgO Tl Pt
THIECE - Os FHIGELE 12, -40 £1/Vm F2E D VCMA 23235 5, VCMA 232 T HiE @%ﬁiﬁ
INEWZ ERfER SN, UL, StmfilEE A E A L Pt FHIGUEFCIE, Pt RO I SR AL
VCMA ZhEDOHER(FRK-69 LY -80 fI/Vm)AB AL 541, Os AT, VCMA #h3(X-13 fJ/Vm & TR u‘:.
S HIT, Sl 25 A L7z Os FHIGENCTIE, Pt S £V BR-100 fI/Vm F2JE £ TS5 VCMA %)
TR DT, ITfiATIE VEMA W RO ZIFIE L A E7R <, OsfAIZEL Y IED VCMA ZhHE 2B &
i, THUEMEHIKE L C, E@RMARMEICIIT S VCMA RTINS 2 2 L RPN Loz,
TN D ORI, THUEO DT Rk O T EE & OROERMBE 2R T 56D EEZHND D9,
ik
ARFGE D — X E ST FE BRI A FT = 1L ¥ — - FEEERATR G B REHEAE(NEDO) D Z L35 (JPNP16007) D #E R 45
NEHLOTHD.

B3 X Hk
1) Y. Shiota et al., Nat. Mater. 11, 39 (2012). 2) K. Nakamura et al., J. Magn. Magn. Mater. 429, 214 (2017). 3) H. Nakayama
et al., Appl. Phys. Lett. 122, 032403 (2023). 4) H. Nakayama et al., Adv. Mater. Interfaces 10, 2300131 (2023).
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[KIR AR CoFeB & VT2 FE AR EE 5 PRl 1B 200 =R D A b

BRIRGREAT !, — WG Y AR !, PEARTS 2, FREPRREC T, ERANSRRS | ORAMRIERS 2, SHEETIE !
(1 PERAIT, 2 W0E - MEHIFFERERE)
Optimization of efficiency in voltage-controlled magnetic anisotropy effect using
an ultrathin CoFeB layer deposited at low temperature
T. Nozaki', T. Ichinose', T. Yamamoto', J. Uzuhashi’*, M. Konoto', K. Yakushiji', T. Ohkubo', and S. Yuasa’
('AIST, 2NIMS)

1 [FLHIC

LRI 5 PERIEI(VCMA: Voltage-controlled magnetic anisotropy )| XK BRENEE /7 72 8 L il HHL(VO)-
MRAM % FH T 2 MM & L CHEE 28D TV 5, VC-MRAM TIXEJEFIINC L 0 iékE o EE SR 7
MEPMA)ZFTHIHT 2 & TRAL IR ZFEE T 5720 F A /M L 5F PMA L & & HIZKE 7 VEMA
EBPRDOND, TNETZEXF VX MR N RINESZTMTNTIE Ik 72 EOFELE -V 7%
FIH L C-300 f1/Vm #& D i VCMA Zh=R PR STV 523, CoFeB/MgO X — A OFEHEN) 72 25k i MTJ Tl
-50~-70 f/Vm FREICR £ - TRV, FEdEN RO LN TS, Fx ik, KIBEAT—V 2 FT D EEA
Xy B RRIEEEE(EXIM: B = L7 b e Rttt 2 -0 T MgO o R oVEEREfE B ko 77 U —i i
J CoFeB IO VERL A 3 A, A 7 — IRJE 100K TORMFEIZ X 0 & i 72 MgO/CoFeB SR BIER S d 2 &
S BT & bl LT, fafniéfk, PMA, WX B 7 VCMA &3 7: Eflix ORPEDNSGES LD
TEEME L2, ARETIE, TaB L O TaB EDOR b A7 U —CoFeB B#IKIZH L CTIRIEKE 7 0t 2 %
WAL, VCMA Rttt 247 - 72,

2 EBRAEKELER

AER BT X ®300mmSi ¥ = ~—_EIZ Ta(5 nm)/Ru(5 nm)/Ta(5 nm)/Ru(5 nm)/Ta or TasoBso (5 nm)/Co4oFes0Ba0
(0.9 nm)/MgO(2 nm)/CoFeB(3 nm)/Ta(5 nm)/Ru(7 nm)##i& 2 (R U 7=, mNRESEIINT T TMR JIE 2> 5 PMA
B IO VCMA Rt 217 9 728, FHS CoFeB J&IXHEERA L, 120

L CoFeB J@HTMRLLD 90 RULREME L 2o T s, £l . 4
CoFeB O buffer Bt LT Ta B LU TaB 2 AV 724, - =} . °
TaB |- CoFeB B L CIE, i3 LT 100K sIECOREMEEE 5 | .\ ]
#1T->7=, Tabuffer DA, RNA b7 =—/ /LR 350°C CRIFIE é —60 - \\\ ° 1
(LI F 28 B 5 U, TaB buffer (HREER NI S <. 8 ol e ]
Ta buffer & bbili U C i OIREME 2 7~ 3 m) 23 sl S iz, § -®- TaB buffer (100K CoFeB)

[ 112 100K 250 Ta/CoFeB, TaB/CoFeB Hik, 5 kO o = :: i:'f,rffifff](&; CC(,“FFG,‘;B)) ]
I i TaB/CoFeB 1% 7 U —Jg & 45 MTI 2B 5 Y7260 280 300 320 340 360 380 400
VCMA ZH DR A b T =— WIR AR Z 7”79, Ta/CoFeB ¥ & Annealing temperature (°C)

VSRR pEE TaB/CoFeB 1 & b L TR pRUEE TaB/CoFeB 1347

-100 fI/V DFV VCMA B A4 L, 730 350C7 =— 1128 1 Ta/CoFeB(100K pk Bt ) & & O
T b B AR SN IS L B MU, 363 Tl CoFeBMgo  1aB/CoFeBL00K &5 & UNS ikt pift) 1= 45 1
REA~OETHK F— > 7HROEDLRBIONT b 0 VOMAIIHEORA LT = — LR
ERAR

AWFFE O —FRILE NI IEBHHEE AT = 1L — « PEFERITR A B REIENEDO) D ZFEEE5(JPNP16007),
¥ KL OV ISPS BHFE (JP20H05666) B DFERIG LI b D TH 5,

1) T.Ichinose et al. ACS Appl. Electron. Mater. 5,2178 (2023).
2)  A.Sugihara et al. Appl. Phys. Exp. 16, 023003 (2023).
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(1 RERRF RS TEMIER, 2 RIORF BRI EREeiiAE, 3 RPCORS: CSRN)
Spontaneous magnetization and short- and long-range order in single crystalline FeosAlo4 film
Kentaro Toyoki'*?, Daigo Kitaguchi', Yu Shiratsuchi'*?, and Ryoichi Nakatani'-**

(1 Grad. Sch. Eng., Osaka Univ. 2 OTRI, Osaka Univ., 3 CSRN, Osaka Univ.)

OIS
LA & PO BIFRITE) 0 BEE 22 W BHRICH W, TOMBINCER LIZFRENEZL RENTWS. ZDOHT
1 Fe-Al RlE, IR RTHHZ &, BBV EZTRTZEEHY, KL< OLITEETEL OWENL
ENTWD. BRIHANEDOREBEN K E < 725 DX Fe-Al RiE ALMLELAS 28at. % fEE UL EOfEIE CH 5. Z DfE
WX B2 BIHNLZE L2 D. hAhunﬁwk ZPEVY, Curie i « BREBALN BT, 512K
ﬁﬁ*%ﬂl%ﬁ?é ERHBNTND., BRI INRETRNVT—A GBS LS o FEICL - T,
\Jnﬁﬁg%ﬁTéﬁé_kf,E%M%#%ﬁfé ELELRERNDH D, Z DOBERORFAFE & A3
Wik & OMPBIIIAAREIRLE LTELSND. LML, ZZToO0RGENETONS. Thbb, W
(CHIRIEE & B RBAL - B RFEICHBER H 0, 2o B RBIME &R & OBIFRIZEE L i3k K
XRENENZ LMD LT, HAIE L AR E OMOBRIISTRICE > T—ELRWVWI ETHDH 2. L
Do T, ZORKIOWTHERFHRMNEELRT L EBROLNTWND. £ IT, AL T Fe-Al &
BT DAERE LI OB AR T D Z LA HNE L., 2o, EHEPHEIE O R 2 HiSE
A ERL L, X BRIEIT 2 O CAagaPH R R (SRONC B U TRl L 72, £ OfsHR & B RBAL - ¥7-4F & OFE
WBA L TRl & 4T > 72.

EBRAE
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Introduction

Three-dimensional (3D) high-density storage memory, like racetrack memory, stores digital bits in a
domain wall (DW) series and transfers them through nanowires via current-induced DW motion [1]. High
anisotropy material like CoPt alloy is suitable for application in recording media. In this study high aspect ratio,
CoPt alloy nanowires were synthesized by the electrodeposition process. Single-layered Co-rich alloy
(CosoPt20) nanowires and multilayered CoPt alloy [(CogoPt20/Co30Pt70)n] nanowires had prepared to investigate
for the 3D magnetic memory application.
Experimental Procedure

CoPt nanowires were synthesized by potential controlled electrodeposition process using the
polycarbonate membrane template (PT). The PT had an average of 100 nm diameter pores with 1% porosity.
Using spurring process, one side of the PT was covered with Cu thin layer (400 nm) for the electric connection.
The electrodeposition solution contained 0.5 M H3BOs3, 0.1 M CoSOs4.7H>0, and 0.0001 M Pt (NH3)2(NO>)..
The solution pH was adjusted to 5.2 with a rotation of 200 rpm at 40 °C. Three electrode deposition technique
was applied using Hokuto Denko electrochemical measurement equipment. Single-layered Co-rich alloy
(CosoPt20) nanowires were prepared by applying -1000 mV vs Ag/AgCl (sat. KCl) as reference electrode with
Pt mesh counter electrode. Multilayered nanowires with alternative Co-rich (CosoPt0) and Pt-rich (Co3zoPt70)
alloys were prepared by applying -1000 mV and -100 mV vs Ag/AgCl (sat. KCl), respectively.
Result and Discussion

The single-layered  CosoPtzo  nanowires  with
approximately 27 um in length and 100 nm in diameter are shown
in the field emission scanning electron microscopy (FE-SEM)
image (Fig. 1a). The multilayered nanowires with dark (CosoPt20)
and bright layers (CosoPt7) proved the successful formation of the
alternative composition of CoPt alloy (Fig. 2b). Each layer's
thickness is approximately 100 nm. Both types of nanowires were
formed without any void which is essential for the storage
application. The magnetization (M) versus field (H) curves ‘ 2|
measured with a vibrating sample magnetometer (VSM) was used ~~ wwedoom © 7T o,
to check the magnetic anisotropy. The easy axis for both samples Fig&- 1. FE-SEM of (a) Co-rich alloy and (b)
was perpendicular to the nanowires, which was opposite to the CoPt multilayered alloy nanowires. M-H
shape anisotropy, implying that large magnetocrystalline Curves for (c) Co-rich alloy and (d) CoPt
anisotropy exists. However, in CoPt multilayered nanowires (Fig. Multilayered alloy nanowires.
2d), the easy axis nearly becomes parallel to the nanowires and coercivity is higher than the single-layered
nanowires (Fig. 2c). CoPt multilayered nanowires had magnetic saturation of 1320 emu cm™. Magnetic

properties improvement in multilayered CoPt alloy nanowires creates new prospects for memory applications.

Acknowledgement: This work was supported by JST, CREST (Grant Number JPMJCR21C1), Japan.
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CLETRAEYTNAANEBITEDLZENFE IV D> TDHN, RIFFE TR, ZRTHR A T U 2R
TS MR OEREZ B LT, #1012, HEHIED Co-Pt && 7/ ik 2 ER L. £ DF / Mg OfS
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Fig.1 (a) SEM image of Co7sPt2s nanowire. (b) XRD patterns of Co-Pt alloy nanowires at various the deposition potential. (c)

Variation of Co composition as a function of the deposition potential.
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Development of heater-assisted hot cathode for RF high-speed sputtering of MgO thin films
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EH R Ar IR T 2 HOWREAND Mg ICERT ORE~EE{LLTWD, T7bH MgO ¥ —
Fy FBEMOEBIC L VEEEENRE L ELTWAZ ENEZ5, SRR E S 5icmn kb
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BEXH 1) M. Terauchi et al., J. SID, 16/12, 1995, (2008).
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Fig. 1 Process flow of hot cathode RF sputtering.
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Development of BiFeOs based multiferroic thin film materials with large saturation magnetization and
perpendicular magnetic anisotropy — Effect of Co and/or Ni substitution against Fe on magnetic properties —
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TIE, (Ho( L)YH(N) B Ni BB DA LR T 523, FDZE{bITKR N
X< Ni R 30 ablc BV CRORE 4.1 A B WPhome  ° ° e s o s @ @ @
BWTH, Co, Ni B EAH NI ED Z & CREMSKE TN FHBELT D Fig.l Dependence of H{ L)/H() on
T LR X, BFIC BLENO JEREIC SOW TR F OB A BEE T~ 7. Co or Ni concentration of BLFCO or
72, XRD OfE$AH 5 BLFCO(111), BLFNO(111) B — 2 L 2@l S giggg aﬂ?;f;gﬁ?ﬂ%ﬁfns of
RN, BRI IE A L LT FIT & é@&ﬁ%ﬁ@%ﬁﬂ:mif; 100
<, EThEhors#E(La, Co, Ni)ZEH# L7=FIC &V BEASEEIC 2R
EETW\W5bEE 2 5. Fig.2 |2 BLFC280, BLFN300 7 fik oD hséf b 1B g
(M-T #i##) % 7~ 9. 10 kOe DS % M M 7 M HIM L, 1B 13
IR.(20°C) 7> 5 500°C £ TZ{k & ¥72. BLFNO, BLFCO T ZFh D FED
M-T g5 dMIAT OIRERIFIED 7 7 2 ER L, ZD~A FAD
AR KEWRFOIREZ X 2 Y —IRE(T) & L7z, Toi, BLFCO i
(3 420°CTH D DITHS L, BLFNO EH% [3470°CLLETH -7z, Zh &Y ) ° 0 160 260 360 460 500 600
Ni EARD TS Te DIRICHRDRENZ Lo 7z, BB OFAMGERE T e
ig.2 Temperature dependence of
2T, BLFCO, BLFNO DM DA - 5 R, Co & Ni ZLEH L saturation magnetization of BLFCO
7~ BLFCNO EEOBSUEFIEIZ DWW T HIRRAE FETH A, and BLFNO thin films.

2EZ3CHER 1) T. Ozeki, D. Yamamoto, G. Egawa, and S. Yoshimura, Journal of the Magnetics Society of Japan, 46, 64-69 (2022)
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BiFeO; R it - iR B OB T /A A SIS 72
KHE A=V T I T 4 TAF 2y T U 7 EOKE
Soumyaranjan Ratha, JTJIITA, FF #

(FKHKR)

Optimizing the Reactive lon Etching Conditions with Minimal Damage for High Functional
Magnetic Nano Device Application in BiFeOs-based Multiferroic Thin Films
Soumyaranjan Ratha, Genta Egawa, “Satoru Yoshimura
(Akita Univ.)

[ECOHIT sametk-mFEEMENL, BHE)D L <RSI L DRALM)B X OERS8(P) D J5 A1l 3 A
BREINTWNDEZ s, BABEBEOKEEE iﬁfkﬁiﬁﬂﬁ%ww ZHMEID 1oL LTHIfF ST
% SR TR R A mERERE R T N RIS T A T2 0ITIE, RE R (Ms), KE e BEBK R
FEK) (b L<IE1 X0+ K&, TERNE)(Hey),/ THWNIREETI(Her)), KE 2205 Kerr [EIHE4 (6)),
NS TR RS B L < i%h&m R EDEOWEERRMER RO D . FH BITIE, (Bi,Nd)(Fe,Co)Os HFER
(Bi,Eu)(Fe,Co)O; HIEIZ U T 140 emu/cm® D&V M, (Bi,La)(Fe,Ni)O; #IRIZEB W T 4.1 DEWHo / Hey
(Bi,La)(Fe,Co)O: #EIZ 3T 0.67° D\ Oy, (Bi,Eu)(Fe,Co)Os #EIZ 331 T 0.8 kOe DKWV He . B L Hey
R EEHE LTS D F72(Bi,La)(Fe,Co)Os A T, JRFTEREIINC X 0 & DE 5y OB ERIZ b Ak
L, 7L ABEBIORFELIT> TS 2. LLARRL, ZHODOEIKEOT NA AR EZFEBLT 570
%, HIREZBHMZEANTT20ERSHD DD, BiFeO; REROT v F L FIC LD LAV DOFERE I ONZ
AU X DR b g, 72 Jf‘@*ﬁ?ﬁi‘iw?bhm\m\ BiFeOs R EHZE, il b i <ORE A0 T P
FEHABOEIZLRENBEICHET D720, Ty F U IRV EREICA A=V PALRNEDIZT D
MEIHRBERFRTHDH. KR TIE, ArA A IV TR EOWIMRTIEL D A 4 U EHERS I/
SWIT I T4 TA A =y F 7 RIE)IZEBL, THUCHWD P AR, HAE, Bk 22,
ENoNTy F 7 b— MNROEBEDO RO BT KIETTRHEIZ OV TRE L7z,
Ak (BiosEuos)(Feor5C0025)03 (BEFCO) #ifl (JEE 200 nm) %, FJSHE/ /LA DC A8y 2 U > 7k (JEk
ﬁ:wmm,@ S150W, T a—7 04—k 3:2) ZHWT, %MM@H%$%&%wmmmwmme
FICERBE U=, BN Table.l 127895544 C RIE 2 L7=. BEKIE T~ A 7 25 Kerr 200 S @ 25 &
;D PRI X AT - R D BB (AFM) 36 L O ﬁﬁwﬁmmm%%wt

ﬁ B Table 1 |2, RIE OELMER L O DD Table 1 Etching conditions and etching rates in (Bi,Eu)(Fe,Co0)Os

thin films with various etching gases and process parameters.

Ty F U7 b= FNaRT . SFe W AZMEMN LY [ Cond. | Etching ' Flow rate : Pressure | Power : Etching rate
HOTyF T L— NMEMED T, CHF: H % ‘m.g gas ES“M” mw:(W);mmmm
U LI BEEH ARG B M L | Bl 28 0
Ay 1 . 3 : 3/02 : ~ 1.
ia/n\ktt@(m'mwi i ]/\, PRIV T T o, 0, | 50/5 | 10 | 100 | ~0.30
%:T, 10 I]Il’l/l’nll’l ui@1ﬁ7§\"f%%ﬂ7ﬁ_7k1¢ 2 4 ' CHF3 ' 20 ' 1 . 50 ! ~0.62
ESITRBWT, MIEORREHEICRF T L 5 ¢ CHFs : 20 : 1 f 100 | ~1.5
7z, Figure 112, S Kerr W RAITEREIC 1.3
EVRELE, TyFrZSh TRV Ry b ungtehed = elehgd

DOHF LS Ty F o 7 SN RE L — 1.2

S
—{rfE & BB LR ORFTRE S OB E R, g
RFRZREG LRVEES Toy Fr7anii g
WMORRENDPREL 2o TEY, PIEFHMLE 4@
REMY - B A XA - RIE LT @
DT bR SN, EIEN DR N KIT T2 Z 0.9

o 7
L &\_J: f) =4 /JJ::'H-/I) I OD}F/EJZ%#D:EEI*%JE@R 08 On the dot Outside the dot
LRz >z L Bbins. o 1 2 3 4 5 6 7 8 9 10 M
ZEIER 1) S. Ratha et al., J. Soc. Mat. Eng. Res., 57, Distance of MOKE laser position from dot centre (um)
0902B7 (2018) 2) M. Kuppan et al., Scientific Reports, . Center ) - Outside
Figure 1 Comparison of coercivity change between etched area and

11, 11118 (2021) unetched area of (Bi,Eu)(Fe,Co)Os thin films in RIE cond 2 and 5.
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Bt MBE & BT B2 X —IZ X % PrlrO, EEDERLE X O FRifl
KAFE L BRI B | RRAES 2
(B, 2 10 R

Fabrication and characterization of Pr,Ir,O7 thin film by reactive MBE and solid phase epitaxy
S.Oishi!, S.Yokokura' , T.Shimada' , T.Nagahama?
( 'Hokkaido Univ. , *Yamaguchi Univ. )

i1

i)

NRAaraTiEEr D40 00 LRI RINO, RIIFmTIEA A FRITIY A4 ) 1. AV HER
HAEH L 7 —a HRAEEADRRREDORE S THS Z LD, UA LY RIREECHmARM bR o 2k ik
REEZ POHBNFHIS T D, R =Pr T, LEMEKE S TERBMREE 2R L, VA L IRE
OHENEE 2SN, TS ZASHAR SN S, ZHE T, Prln0;7 (PIO) O E 2 RO MERL T L <
bulk FRELOREBI N LDy 7=, FHIROERNIIEIR TOT =— A0 METH L0, Ir ISR THRE LTV
728 in-situ TOREDEE LV, F2C, Ir DHEEEE DI TEAL T 7 20 PIO #EEAERL . ZDH% K
SET=—N%&THZ LT, TEXFUYIVEEE Lz PIO #IRA S5 JATHIZE 12 3V OmiliE STy
%o ARFFETIE, RIGHED TR B X X2 —(MBE) W5 Z & CTEihE 72 PIO HIRZERL L, Zoit%s
FHET 52 L2 HBE LTV,

PIO
ERAH : ‘/Ysz
KB TILSEME MBE 12 L 0 PIO HIEO(ERL %47 - 7=, e — 2K
ET.PIO &7 ENLT 7 ATHEEL, W ODNOHETRK 6l —3K
JET =—VE4T o7, BRI YSZ (111) /PIO Th 5, Hhid = s ::gﬁ
FRATICIE X #RIEITIE (XRD), R HIBEES (AFM), X B S 7K
AL (XPS), FEEBEED (TEM) 2 H e, < .l 10K
WOPERTAIN LRSS B R OB 24T 7o "l s
W RN 3220 5 PIO B = B 4 L v LIRE LT\ 5 = & T s 0 5 10

ZMER U7, TERU i, $RPTOIREARAF S & 8 A 72
55XV HEEERR 7R S OIZAL LTz, Z4UL PIO TE <% Fig.1 Temperature dependent AHE measured
LNELDOTH D, from PIO thin film

Fig.1 21X PIO O R4 A — v 2h R (AHE) ORERREE~T,
Fig.] 726015 K 5 IR O R — A RE2R L=, PIO (X or
IR £ CRUMLEIRRICE 2T U > 2 L—T7 O IKENR R Sz '
ZERMBNTWD L RFEBRCTIER L2 KL i ofF
RO ZFFD | BRI — /LR L PRI D Rt 2 7R L7 Al RE
MRH D, AL PIO DUANVYEERTHLZ E2R/E LT
W5,

Fig.2 (23R & B A AT DR ORI (MR) O T ST
HEFRRZ R AR U CERIMEETE 27 U v 2070 A B(T)
D MR 2B L7z, ZOHAD MR TV A VYRR RO T A
TNEFEIZL D bOIELEZ LN BRARERIEORERR  Fig. 2 Temperature dependence of the MR at B / |
72 MBE TO PIO R OIERIZ K LTz &\ 2 5.
BE IR
IT. Ohtsuki, et al.,Appl. Phys. 127, (2020). , 2 Y. Li,et al., Adv. Mater. 33, (2021).

—2K
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S gE R CroOs JERE D AF R A AhE LRt/ v A4 —

fcks R, ROK AL, IR MY, BOR WREKER 28, thay s 128, [t g 18
(1 RBRRZFER B TR, 2 RBRORSE BRI TEREAE, 3 KBRS CSRN)

—

P

Finite size effect and dimensional crossover in antiferromagnetic epitaxial Cr.Os thin films
Hiroki Sameshima!, Kakeru Ujimoto!, Rou Tsutsumi®, Kentaro Toyokil?3,
Ryoichi Nakatani*?2, and Yu Shiratsuchi®?®
(1 Grad. Sch. Eng., Osaka Univ. 2 OTRI, Osaka Univ., 3 CSRN, Osaka Univ.)

X UOIZ BEEEICBWTE, ARV A A2 FIC L DK FHBERBIERE O Z{L[1]°K T 7 7 A4 —/3—[2]
DMESNTWD. Gk, 0 0BRITMMMEEER CEZHEINTEY, KRBV TIXIZ
EAEHREIILTOR. ZHUE, SOBRBEMEEIE RO L &2 FFi 7o T2, BEEKFHIRRIRFE O/ 23 A
HTHLHZEN—KTHD. Bxl, BEF—IHEE RO TEEBEEMEL Cr0s O 3 — VIRFE Z /i T %
HZ L% L, BUE 10 nm TOXR—/WRE &R FRHE e &2 HE L TE72[3]. AR TIE, CrOs A ERIC

B DR — /MR & ERFHEED CrOs BEEMKAFIEIZ DWW T 77 5.

ERFE DC~ 73 hrv 28y Z Y v 7% FWT, P2 nm)/Cr0sl/a-Al,05(0001) [k, &8, Pt(2 nm)/
Cr,04/Pt(20 nm)//ai-Al,O3(0001) I 2 B L 72, CroOs R 1%, 4.0~190 nm & L7-. FEEFHMICIE, 4

EAEHTEE X BRETEEZ AW, (ERLUEEREZ 7+ N Y T T 7 0 ER AT A 42 7 EE AN

T, ME5pum & 25 um DR — /LB TN T Lz, R—/VIRE L EEFRYER AR ET 272010, AR —

JAREFE DIRFERAFMEZWE Lo, JIEFIEOFENILHR 2 OBE#R[ 2SIz,

EBRER X 1) Cros EREM 27T, @) 05

40 nm B4 1= CRE SR HITA0.325 & 72, AU 3T Ising ) S— — 2 Heenters)
TFHT HELIZE T 5. —FH, 15mm LT T, o 03 ;F:;éé:x:v:_::::::::::::__:::::f::::—
i AR 0.25~0.125 T LTI 0, SAU 2 T 02118 2015ng ]

(070

Ising €7 /L, &2HWE2WIE XY T /VITHY T HET

b5 Thbb, 15 TRy w2t —s—ngrs. O O o
Z ORI, SREEMEEIF2] & T 5 &0 10 fEIRE . € ook ;
1N, F— VIR D CrOs AR & v, RO E2a0f ® Pt/Cr,0,/Pt
TIok, R MRERMET L TR Y, A1 Zo®n N gl O P/no,

-~ - §/\ N = —a N :R caling law
i LT\Z\%) = EBILD. ‘EP@;%#V%@’ UTIERT AR 2000 10 20 30 40 50 60 70 80 90100 190 200
YA XD — T THD. te,,0, (NM)
[Tn(©) = Talterzoa)l Talterzos) = (tozosfto)* L () BAEHOBITEIEE, (0) /i
LR IEY 7 MERROA E MEE R K. LR THE DIRIFHAFHE

Bz 7 4 T A7 T5H2ET, 2215 ROth=30nm & BFES b, 2O OfE % kiR (1] &
T 5 L, A OEIZIZERSETH 505, o DMEIFEHBERENZ 03 0hoTz. ZhiE, Cr A U EEDOR
HHEEAEERICERT B2 65D, G HITR—/VIRE &SR OFEM e E T IECEAS L X —VIRE
@Fﬁ{%\&iou\(%%gﬁﬁ_é

L 2PN

[1]. F. Huang et al., “Finite-size scaling behavior of ferromagnetic thin films”, J. Appl. Phys. 73, 6760 (1993). [2]. Y. Li
and K. Baberschke, “Dimensional crossover in ultrathin Ni(111) films on W(110)”, Phys. Rev. Lett. 68, 1208 (1992).
[3]. X. Wang, Y. Shiratsuchi et al., “Increase of Néel temperature of magnetoelectric Cr,Os thin film by epitaxial lattice
matching”, Appl. Phys. Lett. 121, 182404 (2022).
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Pt/Cr,03/Ir 3 ERREIZ 31T 5 SCoifgdh A & iR D B 270

RA B, BEREAE Y, BATEANS 123, P12, [
(I KBRS KR TR, 2 KBRS AMA SRR, 3 KA CSRN)

Electric-field modulation of antiferromagnetic spin reversal field in Pt/Cr,Os/Ir trilayer
Kakeru Ujimoto', H. Sameshima', K. Toyoki'*?, R. Nakatani'**, and Y. Shiratsuchi'-**
(1 Grad. Sch. Eng., Osaka Univ. 2 OTRI, Osaka Univ., 3 CSRN, Osaka Univ.)

FUDIE BB RN, BREEBKLEST 7T oY B TEOHHAE Y fa=2
AT NA ADFMREE L CHIFE ST D, —T07, BRBMERIT A B b 2 RS0 2
b, BERE—A Y MO - HIEFESRETH D, BrlL, SKORBIEMEIE LT,
ERRNR 2T Cr0s 2 HIWT, SOt A v ofit - filifla o Tk, =
IVETIZ, PYCRLOy/PtREEIEIZIHB W TS — MEEZEIINT 5 2 & THRIE A &2 O 5SS
DERTHZLEZRLTER [1]. ZOEIE, CrOsfE & FErEIEE SR g O Sk 14
B REES OB LR T D120, EHEOTIM, MM B ORRPEE L 25
TENTHIENDS. AHFFETIE, Ny 7 r—f@L LTI 2V PYCrOs/Ir FEE I L
T, #— FEBEIC XD R A C 2 RS DTN HOWTHE L, PYCr0s/Pt FEE I & k.
L S I O ;LEEzA PSR B O I SOV TRFT L7z,

EERFE kS LT, Pt(2 nm))/Cr05(10, 15 nm)/Ir(20 nm)/a-Al03(0001)subs. Z FHV 7=, 7
BHERLZ X, DC~Z7 % hua Ay 2 U v G AW, XA, SO & s i
Pk AT, (ERL L 7o O fE i s - S A G L7, 7 — MEEA RN ATREZR
R NVFEFEFRL, BHER—VNRREZIT 7. A=V RRERF OFVINEES L, HHiE
J, EemE IS & £9T & Liz.

EBRHER  Fig 112, PY/Cr03(10 nm)/Ir KD R —
VDRI 2 R T ISR L CHf R e AT v
AT, Filo, REEALLES 1 THLHZ &b,
REINEEMKETIEEZ RO B0 5. 2Ok
FiX, PY/Cr0s/Pt FEENEE & [AERIZ, PYCr.0s/1Ir )&
PEIZFBNT S, FER TOREA L KEED AT dH

HZ BT, £, FHARICART L IIZ, Cros R Er
JEZRET 2 1V iiBIEIERIE L 72 b, SERURERN #H (T)

o <10°(Q-m)t ERH LMD, It EOCnOs  Fig 1 pyCrOs(10 nm)/ir 3 BT %
WG 10 nm F TS LT HEWVEREE R VR, SR, LV i
ZEWgmol.
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Z2ZCHR [1] K. Ujimoto, Y. Shiratsuchi et al., INTERMAG2023, BOB-08.
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BifEEL Co/Ru/Co A T it M A /PMN-PT & %0 5

DGR —*, /RS>, JERPER— B>, 45 (L e
(* 4 REE, ** 4 REEE)
Electric field effects on single crystal Co/Ru/Co synthetic antiferromagnets/PMN-PT
*Y. Hisada, *S. Komori, **K. Imura, *T. Taniyama
(* Dept. Phys., Nagoya Univ., ** ILAS, Nagoya Univ.)

[FLHIZ

Co & Ru 75725 N LECGRBEMEIR (SAF) (X, Co JE I < SCoRRgGE Ay g R SKURS B (S IR 3 2 BLBRTR Y
WD T8 *r“<ﬁ¥%‘%éhﬂ%%if%®~of&>é BeUt, Fx ik, Zd ColRu/Co SAF L JEkHE A
Pb(Mg1sNb23)0s-PbTiOz (PMN-PT) & DO~7 mAfiERIZEBWT, BREINC L 5 SAF ORE ST HEOZE LD
=2 B3 Co JE Ml < JRRe<aE & osR S _k% <HFGFETHZEZRM LY, ZOWERREIR O fEH
IZ1X, ColRu ZEIEDfEREIEZ M ESED Z ENIX L7258, Co bk RUDIKET I A~ v FEIT 8%FEE &
K&, HAEMClE S @EFITD 7202, SE Fixld, SAF ~OERFO L0 M7 i %8 5

(23 % 72 HEE IR PMN-PT LIZAE S H 72 Biff i Co/Ru/Co SAF OREMED BRI RIZ DN THET 5,
ERER

SRR PMN-PT LRI 7 20 A MEELZA L. FREOKFER%EF-D SrTiOs (011) (STO) ik I
{Z. Ru (3 nm)/Co (4 nm)/Ru (0.8 nm)/Co (3nm)/Ru (5 nm) %, 3 F#T XX —ikaAWCTER L, plix
B IX. % 18 Ru Tl 600 °C, %Y @ Ru/Co/Ru/Co J& Tix T.°C (RT, 120°C,300°C) & L7z, 7=, /E®IL
7o B ORGSR 2 IRENBUBPRLRE )G HC K 0 3l L7z, X 1(a)ls. TS L 72 SAF DRk O % | (b)-(d)
W2, IRFE Ty TR L7255 4 J8 H @ Co (4 nm) % il L 72 B O RHEED 4%, (e)-(f)IZxfiid 2 ik o i PNk
BAREE (M-H #ifR) 2227, RHEED 705, Co & RuUDK T A~ v FEN 8%IC LD 5T,
B TAZH LT CORUMTZE X XV ¥ LRELTND Z EBRHERTES, —FH, M-H NS, T, EFICHE
WV, R R ORISR T2 Z e bbb, T, Tod EFIZAES Co/Ru Flifi TR FHEHEIC &
V. Co BRI < MMM BB AE S NI 2D Z 2R LTS, U EORERMNS, Ts=RT ©%
T, STO(011) _EiC BB 72 HifE il Co/Ru/Co SAF DIERINATRETH 5 = & 75%?‘3 T‘% 7o W TTIE, ERC
DS Z BT PMN-PT Flc= % %3 v Lk & 87 Co/Ru/Co SAF I ERRIZ OV T ORE
BIZOWTEEMICH#RT 5, ABFZED—#1%, JST CREST JPMJICR18J1, JST FOREST JPMJFR212V, JSPS FHJF
% JP21H04614 D XRAZZ T TI-H DT,

B E R

1) Y. Hisada, et al., Appl. Phys. Lett. 122, 222402 (2023). 2) K. Ounadjela, et al., Phys. Rev. B 45, 7768 (1992).

(b) Ts=RT (c) Ts=120°C (d) Ts =300 °C
(a)
Ru (3 nm)
Co (4 nm)
Ts °C A
Ru (0.8 nm) (e) T T () T T T (2)
10004 // [100] ] 10004 //ll()()]é : 1()0().”//’ [100]
Co (3 nm) T soof %z soof ¥ % soof 1
ERE 2 3
600 °C - Ru (5 nm) A E 0 g /
< -500F 1 < -soof N S -500f -
STO(011) -1000f - -1000 ¥V -1000:
-4000 0 4000 -4000 0 4000 -4000 0 4000
H (O¢) H (O¢) H (Oe)

Fig. 1 (a) Schematic illustration of a Ru (3 nm)/Co (4 nm)/Ru (0.8 nm)/Co (3 nm)/Ru (5 nm)/STO(011).

RHEED patterns [(b)-(d)] and M-H curves [(e)-(g)] at Ts= RT, 120 °C, and 300 °C, respectively. A magnetic
field is applied along the STO[100] direction.
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SITiO3(100) Bt et FicHs1T 5 Mn-N B L Cr-N EiD = v 7 %3 v L E
SR ARE L KTt RER?T - B EfE 2
(HREKR, 2 HeE)

Epitaxial Growth of Mn-N and Cr-N Thin Films on SrTiO3(100) Single-Crystal Substrates
Ryota Kuwayama?, Kosuke Imamura?, Mitsuru Ohtake!, Masaaki Futamoto?, and Shinji Isogami?
(*Yokohama Nat. Univ., 2NIMS)

[ZLOHIZ Mn BIOCr oI A2 9 b b Y o 28EdE (87 Y 25t : oF8, ZEfiliE : Fm3m)
® CN BEOYMnN FEZMFFEL, F—/LIREDS CrN AHTI3-13 °COTH %75 MnN FHTI1E 387 °CAL =i L W @<, &
&)@ %G Mnlr <2 MnPt 72 EOREREE LTI SN TS 3. F72, Mn-NRIZIE T = VB2 R~ difia 7 zja
A Mg (E°7 Y L85 oP5, ZERIEE - Pm3m) @ MnN fH3H D, = #F3 v/L MngN il 368 77512 L 0 b
M’J%ﬁu@ﬁﬁﬂmﬁ:ﬁ@%rf LB, MRAM 72 E~OE AT THFZES T 4D, —J5, CraN i

PERFTE X VIFHEIVRBE SN TWA LD, FEERIITIZK Lt%l%i iiﬁb\ ZHET, MnN #lEAEE5 Z &
75» By & ut%< OWZEDTFET D53, MnN X° CrN % & T etk & CRFEAIT N fLR 2 2L S B8 136 E 7.
F7z, < OWFFETIE, MgO01) A VBTN D A3, MgO Hebii MnN %D CrN 8 & [F] Uftabtis CRIFREE DR
FIER AR, AEETHROBLED O IR IE RS E AT 270 5 Hb 2 V=978 MnN <° CrN AHOTERK
AWML TE 5. £ 2T, AWFFETIL, SITIO(100)Fh FIZSUatEA /S 2 U 2 ZYEZ L D Mn-N 38 LTV Cr-N g
TERR L, No 23 ELE S PR M F 35 SR i~ .

EAE BIEEICIE, N 22 @R S 5s
REO~ 7% ha Ay X o7& iz, 2503 0.67
Pa &7220 X HITHHEE L7- Ar & NoDIEA T AFHE T T Mn
H LI Cr 2 ARy X35 Z L1220 SITiOy(100)Hbk iz
Mn-N F721% Cr-N HEZ R Lz, oL X, R
400 °C T—E L L, NoAEERTE 0~100% D T2 &7
%ﬁ;ﬂﬂﬁ IZ RHEED B X T XRD, N fHAGEHTIZIZ XPS,
R MR 21X AHE JIESE E S 2 AV V-,

REMER  Mn-N EIETIE, N2 % ﬂ:t@tﬁéjm IZRED, Mn=
MnsN=MnsN,—MnN *Eb)ﬁ/méﬂf_ rt’fﬁ‘ 0% Tix
o-Mn(100) HiFH & 72 > 72, 0~2%D [Tl ;t a—Mn FHIZ MngN 8
DRIEL, 2% T MnN HifH & 722572, 3~6%D ] Tid MnsN
FRIZ MnsN FBAMEAE L, 6% T MnaN; BEAB & 725 7-. Z L T,

6~20%DMITIE MnsN2 ABIZ MnN AH2NEAEL, 20~100%C
MnN HifE & 7272, HFEEL O LT 54172 RHEED BX
YXRD 7% —> Ofil% Fig. 1 1273, MnaN 30O MngN;
FEIZEEIT ¢ BSIERPIC 38U TEAS L7-(L0) Mk aiE s L
TSN TS (Fig. 1(), (0). —J7, MnN #HiZ, (100)
&R R & AT E T AR Lo X v L
LTS (Fig. 1(©). Cr-N BT, No2yEEE 1%DEk
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Fig. 1 (a-1)—(c-1) RHEED and (a-3)—(c-3)

out-of-plane XRD patterns of Mn-N films formed on
SrTiO3(100) substrates at 400 °C in the N partial
pressure ratios of (a-1, a-3) 3%, (b-1, b-3) 6%, and (c-1,
c-3) 40%. (a-2) Schematic diagrams of RHEED patterns
simulated for (a-2) Mn4N(110) bi-crystal and (b-2)

Mn3sN2(110)  bi-crystal and  (c-2)  MnN(100)
single-crystal.
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Fig. 2 (a) RHEED and (c) out-of-plane XRD patterns
of Cr-N film formed on SrTiO3(100) substrate at 400 °C
in the N partial pressure ratio of 5%. (b) Schematic
diagram of RHEED pattern simulated for CrN(100)
single-crystal.
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Phase Formation and Transformation in Fe-N Epitaxial Thin Films Formed on MgO(001) Substrates

Kosuke Imamura!, Yura Maeda!, Mitsuru Ohtake', Masaaki Futamoto!, Shinji Isogami?

("Yokohama Nat. Univ., 2NIMS)

FLHIZ £HE (N) 1L, 3dERBEROMKBETHIRAL, BTELH
M, F720, EFEAREEZ LT D720, BB O R 2 i
T5 L TEREARAKEEZR-ZLTWS V. £, WHE, N OWBRGZH
T4 LT, YELTE L&D Fe-Ni fH 2% bet #53&E D FeCo 18 YDk
TR LN TS, —F, FHOIX, TIET, Fe-N#KEIZKITS N
DR R 5 2 E%EE’J’ FEeE A EIRESC Ny o ELE & W o 72 K
PR Ry 2V o 7 DIRGAN % RN AL S, N OB S y'-FesN
FIOTE X XU ¥y VRESMHEZME L CTE2 Y LoLARns, N BNER

WEER LTI BT 2R ERIZ DWW T LI > T, £2T
ARFFETIE, N 22 RACERSE D Z LN ARER RF O~ 7 % b &
PNy B Y TR, JRE# e No B OGO b & T Fe-N A ERLL,
s 2 BEAMIC AT

REAZ WHEIIEEEZRF~ 7 % by 23y 2 ) o 7 E L v
7=, 2F% 0.67 PalZiBEL72 Ar & NoDIREHT ADF TN ELE 0~
100% DM CTEEH, Fe #—7 v b2 ARy ZTHZ L2, 400°C |2
INENL 72 MgO(001) &M 12, Fe-N AR L7, Znt &, AEE
62 W, ANy X% 2000s T—E & L7, f&EMEATIZ 13 RHEED, XRD,
XPS, AFM, RESFFMERIEICIE VSM & vz,

KERIER  XRD i OFE R, NaEH 0~10%F TORMAETIER LT

IZ a-Fe HAHD> O y'-FesN HAH E CHIRMMER 2R THN, 20%LL ETiE o

RSN TWD Z BN ghote. —JF, 20%LL E TR LD
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BEPE CIE Fig. 1012”83 X 918, Fig. 1(HD y"-FeN A6 DR 23 Bl T

72. ZL T, 5nm 25 26 nm OEIFETHET D &, Fig. 1(c)F L)

R R IR BT N E — BTV D, 2R Fig. 1(h)D K 9 IT]E

DOFREBRETHEENEE QWD Z La2/RIRLTEY, &2 Tl Fig 1)

W29 K D12 NaCl A& (fee) Z 6D y"-FeN FHD 4 FEID {111} A3, bet

&% H D o -(Fe NFHOO11)E & AT/ AR L e > TND T ERE 2 B

%. f#HL0>7=% Nishiyama-Wassermann ORIRDOEE 2 5 & 24 OFEEITFE
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FFo NS DEHT AN =R BIEINTND Z L3015, Ny 53
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BEOAR Y FBBN TS, ZHUZ, Fig 20017 24 MAOFSShIRIC

®L TSN DT —AZ—ET 5.

1) J. M. D. Coey and P. A. 1. Smith: J. Magn. Magn. Mater:, 200, 405 (1999).

2) K. Tto, T. Ichimura, M. Hayashida, T. Nishio, S. Goto, H. Kura, R. Sasaki,
M.Tsujikawa, M. Shirai, T. Koganezawa, M. Mizuguchi, Y. Shimada, T. J.
Konno, H. Yanagihara, and K. Takanashi: J. Alloys Compd., 946, 169450 (2023).

3) C. Murakami and T. Hasegawa: 7. Magn. Soc. Jpn.,7, 16 (2023).

4) K. Imamura, Y. Maeda, M. Ohtake, S. Isogami, M. Futamoto, T. Kawai, F. Kirino,
and N. Inaba: T Magn. Soc. Jpn., 6, 105 (2022).

Intensity, I (a. u.)

(h) o)

o-(FeN) /(c)

1 B

Fig. 1
observed for (a) MgO(001) substrate
and Fe-N films with thicknesses of (b) 1,
(c) 5, and (d) 26 nm formed in the N,
partial pressure ratio of 20 %. (e)g)
Diffraction pattens simulated for ()
MgO(001) substrate, (f) y"-FeN(001)

(a)(d) RHEED patterns

crystal, and (g) o~(FeN) crystals
transformed from y"-FeN crystal in the
Nishiyama-Wassermann  relationship.

(h,i) Schematic diagrams of (h) crystal
growth and (i) transformation from y"'-
FeN to o/-(Fe,N) phase.

Fig2 (a) Pole figure XRD pattern measured
for a 26-nm-thick Fe-N film.(b) Simulated pole
figure XRD pattern of the o’'~(Fe,N) crystals.
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Kota Abe?, Kosuke Imamura?, Mitsuru Ohtake!, Masaaki Futamoto?, and Shinji Isogami?
(*Yokohama Nat. Univ., 2NIMS)

[FLHIC TF,FeoMn & Vo7 3dERESROEMMIIAY Y br=7 ASHIZHT TEE SR TS .
IROOTIERMETIE, N RIS U T, W OO MRS BEIEAMNEREND Z M5 T
BY, 2EXX X VAT D 76 O FEBRECRG S5 No 872 EOBIRGAICBI T 5% < o
DIEET D 29, — 5T, R 3dEBLRETHS Co DEWICE L TlE, BiHzIEICEY Cod fec 7D
AUMLEIC N 2MEA LT CoN (BT V2585 : oP5, ZE[RE : Pm3m) 28 K& 72 2 B fRfRR (Pp=-0.8759)
EROZENTRBIN TS HDD, CuN ZE5HMOFHDOZEIL 2L MIX L TH X X2 v LEEOE
RS E3SE E e D, RBFZE CTIIRUGPEZ 28y Z U 2712 k0, MgO(001) Hifs b Hobi 112 Co-N s 2 JEpk
L, FBIREESS Ny oy B, BRI AR RIE T B % 7.

LEAE WRICIEEEZ RF v/ bay « 280 F Y U B Z AW Ar & N DIRE T AFER (£
£ : 0.67Pa, No43ELE : 0~40%) DT, Co X —4F v " ANy X $TAHZ LI1I2LY, Co-NEEZEMR L. FkE
BEUTIX RHEED, &R HMEICIZ XRD (fi4h, mN, BUSBERIE), NRAGEEMmIZIE XPS & vz,

;ﬁﬁ% %ﬂi{ﬁl&f 300 °C JJ\J:/C, 7{?@ Ar (a) 0.5 nm (b) 1 nm (c) 2nm (d) 40 nm (e) 100 nm
FIAR T CTA/Xwy # L2 CiX hep ¥
FRSAUT= D% LT, No /3RS 5% DS ) '- .

O FCIppk LI foo A AR S, N Fig. 1 RHEED patterns observed for Co-N films with thicknesses of (a) 0.5

WIMZ LY fec AR RZENSEHNDZEA nm, (b) 1 nm, (c) 2.nm, (d) 40 nm, and (¢) 100 nm formed on MgO(001)
ot —F7, HARIEEE gOO °CLUTT, ?:B;ﬁ;?ltglstgt I\%g(o) [ 1((2) 651 the N2 partial pressure of 5%. The incident electron beam
5%D N /3£ CIEERK A 1T 9 &, Fig. 11
AT XKD IZBEEIZ L T RHEED /3% —
WEIp->TEY, AR & & bITHEREN A
CTWBHZ EDREIND. ZOEH N Z—
> OEAbIE, MgO(001)H:AR Iz S iz
v'"-FeN #H73 Nishiyama-Wassermann D& dh 5
F7BAFR T o/-(Fe,N)FHICZERET 2 8558 L B
LTk, fcc FDOZE=/3L B3 bet B
EALI L MCHAERBL TS Z EnEx
bb. £, Fig. 2 1259 XRD 12 & 0 HlE
L7-M s XE 2B v TH Nishiyama-
Wassermann {7 BAf% CTOFZERE DR &

- T N ; Fig. 2 (a) Pole-figure XRD pattern measured for a 100-nm-thick Co-N film
RCLH I LA TED. B HITHGRIE & formed on MgO(001) single-crystal substrate and (b) schematic diagram of

N2 S EEEDSFRIERR AT R AE T 52> C%  diffraction pattern simulated for bet crystals transformed from a fcc(001)
SN . single-crystal.
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Reduction in Magnetostriction of Fe-Al(001) Single-Crystal Thin Film by N Atom Addition
Takayasu Sato!, Kosuke Imamura!, Mitsuru Ohtake', Tetsuroh Kawai!, Masaaki Futamoto!, Nobuyuki Inaba’
('Yokohama Nat. Univ., *Yamagata Univ.)

[ZLBHIC Fe-Al 541%, Fel v FHKIZIHB VT bee 4 7-2 HA L
TOHREMEEEZRD, BUVBHMERE R THBIEMETh D Z &2
LTS, LIDLARD, BEENKE WD &3 a 7 e~
THEEDEEL 72> TWD. Fe-Al 28 Fe & 13 IR THEDAET
1%, 13 R EDOME T Fe OETIREEICEEL RITL, BELH
REFETWDLZENEZDLND. £2T, Fe L0 & Al & BFPEN
EWNVEFINT UL, MEZKKCTE D REEREZ 2 65, L
MU G, Fe-Al 84452 B 3H2RAIIITORTNS L0
D, N Z¥EEESE, BEREEZ RS TR, RFRET
%, N ZEE ST VERSELE LT, Fe-AlN &4k & 1EHY
L, N (x) BLOALMR () 2, B, BEERFMEIC K
TT A RIS

REAHE WBIIIBEEEZERF~ /R har Ay Z Y 7
BEaHAV. Ar & Ny OIRAH AFEBE T T Fep,Al, B4 4 —7
v kb (y=10, 20, 30at.%) Z ANy X252 LI2LD, 40nm /&
@ Fe-Al-N i % 400 °C @ MgO(001)Hifk it Fobk FICIERk L=, #is
fi#HTI1Z 1% RHEED, XRD, XPS, BERAFMEREMICIZ VSM, BLERIE
WIZRREBREE HV .

EERER  (FeoAlp)ionNe i (x = 0~6.0 at. %) I L N
(FeosAloa)ioo <Ny B (x = 0~8.2 at. %) % Fe-Al-N(001)[110]pce ||
MgO(001)[100] D& TR T E X X v LR L, N 238
BV L7 bec(Q0D)HFE M E LTH LN, 2D DEICH L
T, bee[100]3 LY bee[110]1 5 ISR ZFIMT 2% Z Lk v 5
D IV B RIS D N ALK A % Fig. 1 1IZR" T N 230
L7EHmEILBNTH, RRKMOBEHEORERENMITRD N
T, BB REFEDR R STV A Z E R D. Fig 2 1
B TEE Moo BEL O i Zn7. NAECOEIIZLEYY, Lo 2384

LTBY, =77, AnEE—EMELE 72> TWA. Ao & i ITEA
THEERHTHY, MEEARE L CIBEEN NS RoTnE Z

ENGDD . E B, (FeorAlps) 0N EDFERIZONT HHET 5.
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Fig. 1 N content dependences
of (a— 1 ,b—l) Hdm100 and (a—2,b—2) Hdm110
measured for (a) (FeooAlo.1)100+Nx and (b)
(Feo.sAlp2) 100Ny films.
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Fig. 2 N content dependences of
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for (a) (FeosAlo)ioo=Nx and (b)
(Feo.sAlo.2)100-Ny films.
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Influences of B and N Compositions on the Structure and Magnetic Properties of Fe-B-N Alloy Film

Naoki Isogai'!, Takayasu Sato', Kosuke Imamura', Mitsuru Ohtake',

Tetsuroh Kawai', Masaaki Futamoto!, and Nobuyuki Inaba?
("Yokohama Nat. Univ., >’Yamagata Univ.)

[FL®HIC TENT 7 X Fe-B EEITBWBHEREZ T REFELREIEMEICH DN, a7 L OERT
D86, MENPKEWZENRMELE 2> TS, 207D, MEiMbEEs 2 212Xy, MEARBIET
FEF WHBRS SN2, Nb R EOEN AR TEOTMEE LZY, ERRE/ARMHEARA L2 Lotz
EALEOROMELAE L SETWD. &I, 5 51%, Fe-Al B4 BN Z¥RIML, Fe & Al & TidZe< N
LML TFREE S D 2 LIC LY, MEAEH kD IRt d 5 Z L A R L2 Y. [FE72 F1E% Fe-
B &&Icx L THEHA TENIE, sk & 13822 FETHEZ RS Z LRk S. 22T, Kif
22T, £, WMERHEICE T D N BN ICEE LT Fe-B-N &4 IHZ RS 5 Z L 2 IS, NBXLXUB
FRR & RAANC AL S B TR 21TV, RIS & BRI IS T TR B 2 i~

REBRAEE BERICE, BEEZERF~ 7 Xy X
Ry ) o TEEZRAWZ. Ar & No T ADOEE% 0.67
Pa & LT, o JEHE 0~1%DR TE{L S B TREN
ZADFEHK T T, FerposBr (x=8~25at. %) ¥—7 v
FaERARo X T HZEI2LD, 40nm ED Fe-B-N E%&
400 °C ¢ MgO(001) Hifh b FEM FIZ TRk L 7=, A G RFAm
|\Z1Z RHEED, XRD, XPS, AFM, Rk iifRHE 2%
VSM, fEEREICITR O 3RIEEZ W,

EKEBRER Fig. 1(@IZ o DEHEAZELSED Z &IT X
D Ak L 72 (Feo.92Bo.os)-N 50 RHEED /X & — > & /x4
0.25% D5y E % Tl bee(001)FE il % hi~9"% RHEED
NE—UPBNTEY, HEREIMEONATWDS. —
5, 05%LL LD ERTIE, U ZRoE R Z—
Lo TLE-TEY, N HRIMZ X EmEREZ D
NTWLEETFEATEND. ZNH DD XRD /R4 —
V% Fig. 10IIRT . 0.5%LL DSy E TR L7
IZBWTH, B bec 002 AN TR Y | 5287
T U H ARRITIE R L, B DHRRE QBRI AFLE L
TWDZ LM%, Fig 2 ICBbii 279, W©h
OFRBHIRT LT, ElmtEE e U Cm NS T
DBIEZIN TS, S HITBMRE RFEICE(LEET-
BAITRERIZOWVWTHLEET 5.
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Fig. 1 (a) RHEED and (b) out-of-plane XRD patterns
observed of (Feo.92Bo.0s)-N films formed on MgO(001)
substrates at 400 °C in the N2 pressure ratios of (a-1,b-1)
0%, (a-2,b-2) 0.25%, (a-3,b-3) 0.5%, (a-4,b-4) 0.75%, and
(a-5,b-5) 1%.
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Fig. 2 Magnetization curves measured for (Feo.92Bo.0s)-N
films formed on MgO(001) substrates at 400 °C in the N2
pressure ratios of (a) 0%, (b) 0.5%, and (c) 1%.
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Fig. 1 Dependence of (a) saturation magnetization
and (b) In-plane effective damping constant

and inhomogenerous broadening
on the La content for Fe-Ga-La thin films
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INT XY S EE R E 2 ETE L 2 L 2R LTV D,

BEE RO, SCTEENEE W Xonics 2EAAIRILSTERL 2 JPI011438 ORI A 2T 7.

—E, HALKRS: CSIS, HAL KRS CSRN, HALKE: CIES 8L UVASRC DX D E LT,
SEXH (1)Y. Endo et al., JMMM 487, 165323(2019), (2)Tingdong Zhou et al., Journal of Rare Earths 36,
721-724(2018), (3)Y. He et al., Acta Materialia 109, 177-186(2016)

R —HRIE(AH (0))i% La fiLER DI & & %
D OFERIT Fe-Ga M~ La if$

F72, ARWFRED



27pC - 7

MOD ¥EIZ X 0 {ERL L7~ In

e et
(=R

¥ YA E VN 73

DETRRIEMEELE  (2023)

ﬁ@M7¢?4F%ﬁ@%@ﬁ%ﬁ

N R

Soft magnetic properties of In-substituted Ni ferrite thin films prepared by metal organic decomposition
K. Kashima, K. Kamishima, K. Kakizaki

(Saitama Univ.)

[FLHIZ

I & R O /N L0 m 2=k B EE B o b A3 i
Fry KO EOE RO CE DM BB ROHN TS, NI R 7 =
T4 MIBEBUERE S SEEEE TOMPIZE L T\ D, AR5
TlE. Ni 7=F4 hHdD Fe % In TEWT 5 Z LIC LV EKE—A
v MNEHREE, BHMEAHRIEL L EHAME LT,

BRI E

ABHE MOD HEIZ X W ERE L7, HREEHRIZIL NI, Fe, In Of 1
&R B EHSYMETRIX)Z VN, Ni:Fe:In=1:(2-x):x &7 5
IO L7, CNARIET24BMERL, A a—  MEEH
WCAH T T A EICEBAR LT, D% KEH 400°C T 30 47 g
Sz, BAB L ORLEO TR Z 3 BV K L%, 1000°CT 30 KF
MBMLEE A 1T\, NiFernO4 A ERLI L 72, 15 5 N7 O fbAE
T Cu-Ka #t 2 AV 72 X BREHT(XRD)EEEIC L 0 JlE L, B
RIRENEUEELES J1EH(VSM)IZ X 0 JIE U 72, BRI T3 IR A1 & ~T
o XAV HFREMAGEDE, a4 VORIIELN S D56 & B
EDAET R ADENBEE L D,

RESLUER

Fig. 1 1% In E#AE D H72 5 NiFerdnO4 IO X HRIEIHT & 77,
T_NTORBTRAERAMNERK L, x =0.52 OB TITHE T
BHolox 20.69 DB TIZAERAFITMZ TREREB LEN -7
In*"IZ X > T InpOs FEA R L 7=,

Fig. 2 1% NiFe.In,O4 IR DA LA FS K OMREE ) D In BEHLE x (K17
MaoRd, BALEIE x = 037 £ TN+ 2 @mE2 R Lz, Zhix
I BN AERUEIED A A MIEEMICERLZZ 2I2XD 2,
—J7, x 20.52 TiX In B E OO T D1 2R LT,
ZHUTZ A YA NMIBRE—A Y MR I RS EE L2
LT ABMOBRZBHAMERNHE -T2 &, x =0.69 TILIEREE
D IOz HBER LIEZ LB REEZE X OGNS, £, RENIX
100~200 Oe DFIPH T -7z, ZIUTFE BRI D+ E Le o
ZENFRELTEZLND, x=0 (NiFmO@J:%k@ﬁ%ﬂmﬁ%f
L7z x = 0.37 (NiFey.63Ing 3704) Dk & FIVC 1.08 MHz (281} 5 %1%
4%%&%%@&Ltﬁ%“%0TM—&&x—M7Tm=mO&

720 In BHAIZ X DBHEROR ENHERTE 2,
BN

1) T. Kobayashi, H. Nakajima : Rev. Sci. Instrum., 79 (2008) 024702.
2) E. W. Gorter : Philips Res. Rep. 9, (1954) 18-20.
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Fig. 1 X-ray diffraction patterns of
the NiFe.O.; films with different
amounts of In substitution.
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Fig. 2 Magnetic properties of the NiFe.O4
films with different amounts of In
substitution.
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Influences of Annealing on the Crystallization and the Surface Morphology
of Y3FesO1, Thin Film Formed on GdsGasOi2(111) Single-Crystal Substrate
Risa Yokoyama, Kosuke Imamura, Ryunosuke Hayashi, Takuma Matsui, Koji Sekiguchi, and Mitsuru Ohtake
(Yokohama Nat. Univ.)

FLHIZ A UL 8 H—Fv b (YsFesOpn, YIG)
I, R&e7 57 77 —@linf Vo/NS R v 7 ER V%R
TIEND, BRANFERAEY Y ha =7 AORFICB W TEH
TIRRMEM B e Te o TV D . L LCTERT 284, LITL
1E, FBIROHEMNR FICIESLE Y-Fe-O AU L, Dk, BE#E
FHR T CHE 24 = LI X0 fEfb S8 5 FEN D
HILTWND. LL, BB LY, fimboRmERo
BEIIEL L TED D, 2 b 2 Hl1# LT niE B i 2 mexds
PEIXAS B2, AR CIE, RFEANCEVLELRE I L O 0
BREAEIEDL kY, EHARE AL, o, G
L7z YIG &G A D OB 2O T5 2 &%
HEgE L7,

EKEAZE PBERIITEREEZERA Ny XY v 7 HEE 2 W
72. 0.67Pa @ Ar FFPHR T, YsFesOp DEEFE X —7 >~ F & A
Ny B45Z LIk, RIED GdiGasO(111)Hifs 5L bk B
B EIT> 7. Z0%, #EHZ KRQHITERD L, 500~
900 °C DIEE CTEULEE 2 L 7=, &I X Cu-Kay DI
Bk L7z X BRI & D XRD, FHEFREBIEZRITIL AFM, ®LFs
PEFEARIZ1Z VSM Z FHu 7=,

REMEER Fig. 1(DEHEVLIE % i L 7D XRD /34—
% Fig. 2(a), AFM 4% Fig. 2(b)IZ/~3. 600 °C DOEMILFLE £
TlE, BROBNS DG ULBIEESNTE LT, kLT
WIRWZ ENg D, —JF, BVLEIREE % 700 °C KL RIZ B
S5 E, GGG(444) 5 X 0 EMNZEAMNT YIG(444) B 5 3
BoENTED, BN E TWD Z ERNGn5D. £72, 600°C
PUF I 3R CTdH 573, 700 °C LLETHE, (11DZ%ED
Trty MREELFFRELERERSFEZLTCLES T
5. 2T, BIREHIET D20, BVUEIREIZEOE F L
L, FHE-PRFEBRIRRFR 24 < L7, Fig. 1(b)DRGEELEE T
FERk L7250 XRD /3% — > % Fig. 2(c), AFM 4% Fig. 2(d)iZ
R BVAERF 2 < LT h M E X TR Y, HITE,
ERBMETETNDZ LRG0 5. YEIL, T BB
PEIZONWTHHRET 5.

1) R. W.Cooper, W.A. Crossley, J. L. Page, and R. F. Pearson: J. Appl. Phys.,

39, 566 (1968).
2) .(].Z(I)Dzi(r)l)g, T. Liu, H. Chang, and M. Wu: JEEE. Magn. Let., 11, 5502305

3) P.C.Van,S. Surabhi, V. Dongquoc, R. Kuchi, S. G. Yoon, and J. R. Jeong:
Appl. Surf Sci., 435,377 (2018).
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Fig. 1 Time-temperature relationships of (a)
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Fig. 2 (a, ¢) Out-of plane XRD patterns and (b,
d) AFM images observed for Y-Fe-O films (a, b)
slowly annealed at (a-1, b-1) 900, (a-2, b-2) 800,
(a-3, b-3) 700, (a-4, b-4) 600, and (a-5, b-5)
500 °C and (c, d) rapidly annealed at (c-1, d-1)
800 and (c-2, d-2) 700 °C.
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Effect of Substrate Material on the Formation of Y3FesOi2(111) Single-Crystal Thin Film
Kosuke Imamura, Ryunosuke Hayashi, Risa Yokoyama, Takuma Matsui, Koji Sekiguchi, and Mitsuru Ohtake
(Yokohama Nat. Univ.)

FEHIZ Ay P TAEk-T—x> b (YsFesOn, YIG) 1F, ERAFIR CEATRE T 7 77 —[Hlinf %
BHL, Fh, XUV TEEN/ NI L7 Enn, EE WERIE%, HETIIAE Y hr=7 ZAD45ET
HFHINTWS., ZHET, HEED YIG BIRZIZRT 27202, F—OfmEEL R, TFIA~vyF
DIFE % &R DKV =LV L-T—%x>y L
(Gd:GasOn, GGG) DO(111)HfS M (Fig. 1(a)) AHWHILT
W5 . —FHT, 2HDOIATyFTIEHDHH DD ALOs(0001)X°
MgO(111)72 & DEE LY HiAG fL M (Fig. 1(b),(c) HIEM & 720 15
20, INOOHERE MWL R, —HOBREY £ 0%8 0y L8090 &8
HAR BICRBRZR S TR 21T, BRSO 2 BT 52 oo 3%
ET, YIG fGAR O A B = X LZBIT SHMAR R LD 2 L3 Fig. 1 Lattice mismatches of YIG(111) film
M Cc& 5. AWFIETIE, GGGAUINITMZ, ALO30001)3 LT with respect to (a) GGG(111), (b) ALO3(0001),
MgO(LIDIEAR IR ATV, 4 & R FH 7. and (¢) MgO(111) substrates.

EBAEE BWERICIIBEEZERF~ 7R hay « ARy 2 ) U 7EBEAEA L, YIG Z—47 v b &#l Ar 5%
R F ARy XTH5ZLI2LD, 70nm EOI LY Y-Fe-O lKE Kk Lz, D%, EXFEHWT, KK
HC 900 °C DEMVILBE 2 fii4~Z & 1T Jz@%’iaafhéﬁt FEREFEAN 121X Cu-Koy O HLE X #f % H V72 XRD, #HAR
IINTIZIZ EDS 58 L OV XPS, FMEEBZRIZIT AFM, BALFRENIEIZIE VSM & 7=,

[0Y oFe 00 0Gd 0Ga 0AI OMg ]

;ﬁﬁ% gft*’l'%fﬁ%%; Lfig I
B % Fig. 22”7, BT 5 — olo —
HAMRHC LY, o @i 1) & a/\> 38
WARELTWDEZ EBDh E o 2 1 SJL;
5. ZommE LTRSS E — i M 2 > -
TR OENE KL TR L. S22 8 I8 2 3 3
RN RRS>TNDZ LA s — S S % g g
EZ2 5D, Fig 2b)IC s+ HE O = g = = g{ 2
XRD /84— % 7T, GGG # 2 s i) — T
WEicmR LEmcs L e Gk 5/G95F 58S 88 83% 5%

- FHE = Q & 50 & o & 0% oS
1L, GGG HtH b OEHT Pt Set 25t e
Z, YIG MDD ORHE  sm o R e
SNTND. —J7, ALOs JEMR 2l0 l zso l elo l 810 l 1(20 l 1£0

(IR L 7B LT, Diffraction angle, 26 (deg.)

TV A N

{221203 elRL= 7{ /E? LA Fig.2 (a) Photographs and (b) out-of-plane XRD patterns of Y-Fe-O thin films formed

EZFFO a-FexOslifih (™~ % on(a-1,b-1) GGG(111), (a-2,b-2) ALO3(0001), and (a-3,b-3) MgO(111) substrates.

A R) HORESA, MgO f&

WA Lo st LT, A BRI 2 7D Fe;O4 gt (F 7R ¥ A F) F72ld y-Fe.O: fdm (=7

~YAR) DOORFPBNTND., ZHOOREEND, FERORE kS & ORI D O S db i 1 52

ERIFLTWD Z LNy D. Y RIE, FERE ORI BERC R T2 36 1T DA A 7 & OFEHIAH

WEIZOW T higmd 5.

1) S.Yamamoto, H. Kuniki, H. Kurisu, M. Matsuura, P. Jang: Phys. Stat. Sol., 201, 1810 (2004).

2) Y. Krockenberger, K. S. Yun, T. Hatano, S. Arisawa, M. Kawasaki, and Y. Tokura: J. Appl. Phys., 106, 123911 (2009).

3) T. Yoshimoto, T. Goto, K. Shimada, B. Iwamoto, Y. Nakamura, H. Uchida, C. A. Ross, and M. Inou: Adv. Electron. Mater.,
4, 1800106 (2018).

4) B. B. Krichevtsov, S. V. Gastev, S. M. Suturin, V1. V. Fedorov, A. M. Korovin, V. E. Bursian, A. G. Banshchikov, M. P.
Volkov, M. Tabuchi, and N. S. Sokolov: Sci. Technol. Adv. Mater:, 18, 351 (2017).
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DR E X X —IEIZ X D Sm(Fe,Co)in &4 DAL

VA AR - PRAMEER - P AREE - PRPTE - P TURIERY < 2 RIS
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Formation of Sm(Fe,Co)> Alloy Thin Film by Molecular Beam Epitaxy
"Tomofumi Yoshida, 'Yuta Nakamura, 'Kosuke Imamura, 'Mitsuru Ohtake, "Masaaki Futamoto, and “Nobuyuki Inaba
("Yokohama Nat. Univ., >’Yamagata Univ.)

[ZLHIZ SmFenn 34D Fe V1 hO—#8% Co TEHT S Z LKV ThMn, BlEE 22 el X7
Sm(Fe,Co)iy &I K E R T R NVX —FERT Z L0 D, KABAMEIOBEMO—> L LTHH SR
TW3B V. ZOMEIOMMO BB ETTIZ LI ULIZA Sy & U o ZVETIER L - sk M98 v 5
AU, V(0O1) Mg FICIEALT 5 & THlfE & O EITFIC bec HBRIEL TLE 9 Z ERHE SN TN A,
ZD XD RBGOFNED O E DL LT, MBE ETIEEAMZ1T\, RHEED |2 X 2 EBEEDZ D%
BREITOZENANTHD EEZBND. AFETIE, MBE 5T V(001) FHE FiZ Sm-Fe-Co A4 E
IR L, Sm AR AME R T T A A TR

REAHE REOERIZIE MBE E%2 AW, Thickness (nm)

MgO(001) Rk iz V(OOI)$FEBTF@J§%“\7H

Rw%m®ﬁﬂ%ﬁﬁﬁﬁéﬁé:& ;@ §§

20nm JE® Smy(Fe, Co)igox (at. %) &L LTZ. EE

Bk RBlEIC iRHEED eI XRD, 8 = W----

e o o @ e

WAL BRI E 121 VSM &84 FHu7-.
L310120
200110020

EBRHBE  Fig. ()5 L U0) I Ak B2 Ot siohown.
L 72 RHEED /4 — & 7~§. Sm(Fe,Co)i DAL Fig. 1 RHEED patterns observed during formation of
FEEMALIZITV x = 8 DOFEIZEHBWTH (Fig.  Smy(Fe, Co)igor films with x = (a) 8 and (b) 6 on V(001)
1(a)), E}ZE?)]E}@EX £ 2 nm OFF A CIIAKE  underlayers. (c) Schematic diagram of diffraction pattern
REF AL =2 TEY, R simulated for Sm(Fe,Co)12(001) single-crystal.
Sm(Fe,Co) i FHLUSN DDA S 40T 5 Al RE
PER RSN D, BEEA S nm £ THINSE5 &, Fig 1(c)
(27”9 Sm(Fe,Co)ix FHOD(001)HLAE S Z i 2> B DA/ 5 —
BN TEY, AO Sm(Fe,Co)n AL TND Z &
WG, D%, 20nm OFUEE T, [EH A F —DRE
REITR NN oTo. —JF, SmAHMRARET D x=6
ORET (Fig. 1(b)), 20 nm DEEF CEIIT R Z — L MR EE ®
Lo THEY, SEREAEZ S5 2T LR © Olftacionangie 206eg)
737%. Fig.2 5 LU 3 ICHSS L UNHIN XRD /82— % Fig.2 Out-of-plane XRD patterns measured for
ZNZsRd . RHEED fi§ 4 & FERIZ, (E5EM LAl I#EYY  Smy(Fe, Co)iooy films with x = (a) 8 and (b) 6.
IR CREA 2B A2 — U BB S LTV DA, WO
IZ%F LT bee 002 S FRD B, SR bee FHANELE L
TLESTWNDLZENEZLND. HHIE, RBHANTHK
EEALSHL L EORRIZONTRET 5.
1) Y. Hirayama, Y. K. Takahashi, S. Hirosawa, and K. Hono: Scr:
Mater., 138, 62 (2017).
2) H. Sepehri-Amin, Y. Tamazawa, M. Kambayashi, G. Saito, and
Y. K. Takahashi, Acta Mater: 194, 337 (2022). Y B
3) Y. K. Takahashi, H. Sepehri-Amin and T. Ohkubo J. Jpn. Soc. 03040 D??ﬁactigr? ang|;029 (dig_) %100 10
Powder Powder Metallurgy, 69, S74 (2022).
4) A.Makurenkova, D. Ogawa, P. Tozman, S. Okamoto, S. Nikitin, Fig. 3 In-plane XRD patterns measured for

S. Hirosawa, K. Hono and Y. K. Takahashi: .J. Alloys Compd., Smy(Fe, Co)100-x films with x = (a) 8 and (b) 6.
861, 158477 (2021).
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SFRTEE X —EICE D
BT A V48R Co:MnGa BIRDOBUKIR R
AV, IS 20, FEREE L (LAHE 2, Na%ER S, mER 2
(" FRRIERE T2 27 L AllRkL, 2 BROKEERE T CSRN, P K OTRI)
Low-temperature growth (~100 °C) of magnetic Weyl semimetal Co,MnGa thin films
by molecular beam epitaxy
Sekai Nagata', Shinya Yamada >!*, Takamasa Usami 2, Kunihiko Yamauchi 2,
Tamio Oguchi %3, Kohei Hamaya*!3
('Grad. Sch. Eng. Sci., Osaka Univ., 2CSRN, Osaka Univ., *0OTRI, Osaka Univ.)

A AT —54 CooMnGa ITREMED A Ve E & L CGEFER SN TBY, ERZREER—L
B, BERV A NIR, AU R—ERERR LR ENRESNATWS[1,2]. LarL, 2
FCTOEBEOYMENFRIL 400 °C L EOFEIRCTER I N S DIZR B TE Y [2,3], KIE/ERA
FRESNDFEERALY Y b=y AL RFERBEE~OIMITRBEHTH 5. R TIT,
~100 °C &\ 9 FR IR THFHR T © Z % 3 —(MBE)£ & IV 72 CooMnGa R 0D S23EIC ki L 7-.

MBE % T, MgO(001)JEH FIZFEMIEE~100 CT Fe J@% 0.7 nm kE L7=1[4,5],
Co,MnGa JEE(EE: ~30 nm)% % L7=. RHEED XEIZBWTA R —7 8% — RS,
TR E A F U VR ENTRIE SN XRD OEN ¢ A% ¥ HIE(Fig. )25, EIHTIREE LT
WH OO 4 BIRFRO 111 BT B — 2 3B S 41, CooMnGa B HIZ L2, BLHIEE 2 E K ST
L2 Enbhrol(L2 BAIE ~026). —J7, Fe @& A Lo 784, CooMnGa #EHIZ L2,
HAE G TR S o 72(Fig. 1 2). LLEX D,
MgO HAR EIZHRE Fe Jg A6 A7 5 Z & 7% L2,-Co.MnGa
HIEOMIKEREICHEITH D Z Lo 7. Fig. 2
(21X, L21-CooMnGa D 78— /TR (pyx) D RGBT
PEGB00 K) & Rd . 5 D7z Boa A — LT (~13.8

CMG(111)  w/ Fe layer
v v v

w/o Fe layer

Intensity (a.u.)

nQem)lx, 73L 7 OBAE(=15.0 pQem)[1]IZ37E <, T o % ol (}j;ree) 270 360
(TWENE D A L4428 CooMnGa IR AMBRARIR(~100 °C) T Fig. 1: p-scan measurements of (111) planes
Bono2H5Z L ERELTND for MBE-grown Co2MnGa thin films.
' 20 :

ABFFED—ERIL, ISPS BHIFE(19H05616)F L8 T2y [ Bulk CMG[1]
Vb m =g A A R Y N U — 2 LS i :
(Spin-RNJ)J DHBAZZ I CIFbhT. S ol ]
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SE TR .
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1)  A. Sakai et al., Nat. Phys. 14, 1119-1124 (2018) 5
2) L. Leiva ef al., Phys. Rev. B 103, L041114 (2021) 20 :
3)  Z.Zhu et al., AIP Adv. 10, 085020 (2020) -80000 0 80000

H (Oe)
4) M. Yamada et al., NPG Asia Mater. 12, 47 (2020) Fig. 2: Hall resistivity (pyx) as a function of
5) K. Kudo et al., Appl. Phys. Lett. 118, 162404 (2021) the magnetic field at 300 K.
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Magnetic toroidal quadrupole and anomalous Hall effect in NiCo0,04 thin film
Hiroki Koizumi, Yuichi Yamasaki, and Hideto Yanagihara
(1 Tohoku Univ., 2 Univ. of Tsukuba, 3 NIMS)

NiC0,04(NCO)IZ, i A B AEZ A L= 7 = U BMERTH D . MgAlL,04(001) (MAO)JM iz fEfL4-% = &
TEﬁTﬂ%ﬂéhuim ICBWTEEBREFEEZ R T Z ERRE SN TWD[L], —F TRIRIZB W TR

IR DRERIE O HEMEC 72 ) RS BB 9 5 2 L Sl S v a2, Z 0H4 .
RO DRALR S L 72 5720, FEBI R A U HE L R > TWD TREMEN & 5, # 2 TANIZE Tl
fRIRIZ 3V T NCO ORERHERE A T, FEEIR AU BIENEBLL T D0 a7,

€S9

NCO %Hﬁ %, MAO(001) AR 12 NiCo(1:2)Gaza ¥ —7 y b e LIERIGHERF 27 R ha v ARy 2 Y 7
B X0 ICER U7, RS U7 30BH T, BN T2 i LA — L S — TR N L U 72 14 AR B M 0 34 2 4T
St O BRI HIOEIEIEIZ DWW TINS5, JIINCO<100> & J//INCO<110>0 2 FEFE D 7R — /)L /3 —

EERLL 7=,

(R %]

ROz, fER L 723N oW T, MRS R M & R IR S
FEIER L2 35 WO TR BIENE (VSM) I NS A — V2 S E &2 1T - 7=,

INOORRZM LITRT, HERMEE D ARSI BV TR
(LB FRIZ R U 7 WS ED Be AR — VR B (AHE)IZ B TV D
T ERHERR SN, T OERIT NCO TR W T R R
PEIC &Y | FRERA R A ARENEBLL TR, [H1hDK
RGP R BRI BN TV D Z & 2R LTV D,
W2, BGOHNMAFRIFEZTIC, ERANOREEZD I L
T, Z OBALEFRIZ G L 72 W AR — L R O B T K AT
PEIZOWTEEHICAR A~ 7o, 2O, Bt 7 M4 B NI 45
JEa]fis S JIINCO[110] & L7Z35AIiE. & O biE Rz
L&mﬁﬁi%%bto#ﬁf%ﬁﬁﬁ%%&@%éﬁ
JIINCO[010] & L 72358121, ZOINEDOHF SN L TW\WAD Z
k#%ﬁénto#ﬂm T € T R A WAN o SN
IV EI m%ﬁéf%wﬂ%i@m AR AT 5 T
Thb, LTRN->TNCO Tl ENZA— A2 EiX, Zhnb
LR IBEFICE SN TS EEZBND, £ T T
AL =S PRI DWW CBISGR R BERZ2{TH) L. ZDR
TR AR — VDRI 2 IR TR b v A VUi 12 HS 0
BB THL I EBRH LN o72[3], sllE TliX, LV FEMZR
EBFERIZOW TR D,
BEIR

[1] X. Chen, et al., Adv. Mater. 31, 1805260 (2019).

[2] H. Koizumi, et al., Phys. Rev. B 104, 014422 (2021).

[3] M.-T. Suzuki, et al., Phys. Rev. B 99, 174407 (2019).
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MgO(001) g > W-Cr/Fe/MgO F& & 15 o> T B 1 A 82 7 1k

HHER L, KREKREEL FHINKE?2 GAR 2 NS
CAHERY, PAARKRT)
Perpendicular magnetic anisotropy of W-Cr/Fe/MgO trilayer films grown on MgO(001)
Y. Yoshida', D. Oshima!, H. Yoshikawa?, A. Tsukamoto?, T. Kato?
(!Nagoya Univ., 2Nihon Univ.)

IFL &I

A Y EIE b V7 (SOTRALER Y, R T v X LT 7 A AE U (MRAM)IZEWT, @il 2@l =R 2
EREREAT & L TR STV D, SOT Bk s A M 72 I I R EIRB E ORI ThH 203, 0D
FEOL1SE LT, BERBEBICAE VA= AADOREWMEZHWD Z ERETbND, T4, TaPte L
DELBIZIMEBREGBEXIEEDL L TAEVR—LANHKRT L EV IO MENLENTWND D, 2 THxa
IZAE R — LA DRKEVWIZ Cr 27 W-Cr 2 H L, W-Cr/Fe/MgO Fi @i 2 fEfL L T\ 5%, 2 E T,
Cr/Fe/MgO FfEIIC IV TR E R BERERLEFED, KRE R GFHEOBRDR IVREI LTS, LarL,
W-Cr/Fe/MgO FEREIE DGR F T BT~ #1370\, £ 2T, ABFZETIiX MgO(001) EAk 12 (001)Ed A >
W-Cr/Fe/MgO FERB IR Z {ERL L, EZEdh CEVLEE 21T\, & OBRFREZFI7,
REBRE &

. o 2.0
RE~Z % hnuyv a8y &Y v /4@ % HNT, MgO(01)

W:Cr=44:56

1.5
Sub/WyCriox(10 nm)/Fe(tre NM)/MgO(10 nm) & i L 7=, W-Cr |
WL Cr F v T & ORI WHEE S —7 v M & A THRIL, 2 s
X =18, 44, 100 ® 3 FELHEDO Y > TNV EAERL L 77, tre 13 0.4~ 1.2 2.
= 0.
<&

nm O#PHCTE(L S W7z, BbEt:, EZ2H T 300°C ~ 500°CT 1
IRF R BV 24T > 72, W-Cr ORELRCHE E M OV S A 18 D iR AT 12
X X AREHTEXRD) 2 W72, B BB ORIE I, 2EHEM:
RAERIE S FHAGM) E VY, —ERREHIB S & 1 T HIR
EEURHL RS S 5H(SQUID-VSM) & FIWCHIE L=, F7=, fEiE
D FN TEE GRS TV E SR Kee 13, BALHRAR L 0 BH L7256
ZHEL ST RS Hierr & BFIREAL Ms 2 AWV TR L7z,

EEREE

-0.5
-1.0

-1.5
300

W:Cr=100:0

|

350 400
Tann |°C|

450 500

Fig. 1 Annealing temperature dependence of
effective perpendicular anisotropy constant of
WixCr1o0-x/Fe(0.6nm)/MgO trilayer films with

113 tee = 0.6nm > W-Cr/Fe/MgO B 351F 5 Key o X = 18,44,100.
VR R TFE 2 R L2 b D TH D, WIFe/IMgO FliJE ik Tl 25
Ketr ~ —1 MI/M3 FLEE D& Ol 72 L CUN 5 2%, W-Cr/Fe/MgO 7 pig | e mlimt 0%
JEICIE 300 ~ 450°C DB I » T RIERALIEN S b, Eos|
Kett DI KA1 1.53 MIIM® T v, Cr/Fe/MgO F&Je i & [FIFRE E | i
L7257, [ 2 1% WaCrse/Fe/MgO FEFBIED Keg tre O Fe JEJS £ 05 ..
RAFHEE R LIm b DT B, B2 5B sfod 1o R T FLRE R < 00 i
TMHEER K 1L 235mIm* TH Y, ZH5E Cr/Fe/MgO FEE R 0.5 | W:Cr=44:56 T
CIRIRREE & 7o 729, R TIX, W-Cr D A dR—/LfICD -1.0 R

WTHEET D,

0.0 02 04 06 08

1.0

1.2

Fe thickness fre[nm]|

&& X

1) Liu et al., Phys. Rev. Lett. 109, 096602 (2012).

2) B. Coester et al., J. Magn. Magn. Mat. 523, 167545 (2021).
3) J. W. Koo et al., Phys. Let. 103, 192401 (2013).

4) T. Nozaki et al., Phys. Rev. Appl. 5, 044006 (2016).

Fig. 2 Fe thickness dependence of Aetr tre Of
WausCrse/Fe/MgO trilayer films annealed at
400°C.
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Fe-Al/Cr-Al/Fe-Al ZZBIRIZ 1T 5 BERBS ijﬂi@%ﬁ

FEOHER Y, EERBERER M3, |t S, s 12
(1 RERRZFERFGE T ER, 2 RERORZE BRI TEREAE, 3 RERRKS: CSRN)
Appearance of perpendicular magnetic anisotropy in Fe-Al/Cr-Al/Fe-Al multilayer
T.Minami, K. Toyoki, Y. Shiratsuchi, R.Nakatani
(1Grad. Sch. Eng., Osaka Univ. 20TRI, Osaka Univ., 3CSRN Osaka Univ.)

. R
T [oup

SR T H LT 7 A AE Y (MRAM)DORLER)E « ZRRIE 2L, BEMKETHEMEIAZICHWLRTWS. 4
? BENESCEEREIZEN D MRAM 1%, T OFEENEKT D Z ENTHEN, HibEBEHPE L&
WRBEITHEMEIOBRBENR RO END. 2T, BxIHEF O, A4 %mthEAI%%gﬁﬁ
W LTHFgET 22t Lz, ZOHFTER LIZDIL, Cri i%ﬂ%fttt[‘% R E— A > bR E NIEE ST
mERb NI METHDH[1]. 7272 L Fe 72 K OBMEIR & OFFE TlX, kG G < WALE S T miXmi T
ME72%. 2T, Fe & CriZ Al Z%IN L T Fe-Al, Cr-Al & L7=FF, BEKE— AL FRAENENRAD B LD
N3 % &9 #dED 5 [2][3], Fe-Al/Cr-Al fif@ 4 Ff$ 5 2 & CREMKE SN ET TE 20 TN
MEBZ . KBS TIX Fe-Al/Cr-Al/Fe-Al Z @A R L, RrlT Cr-Al BE O BB G VE~ DRI
WTHRET L7z,

EEBRAE
TR E X % — 1k MBE)Z W T, AlQ2 nm)/Fe-Al(5 nm)/Cr-Al(0.6, 1.2, 2.0, 2.5, 3.0 nm)/Fe-Al(3
nm)//MgO(001)/§ % 1ERL L 7=, Fe-Al J& DI B2 MAIEIK FIZ X > CORFRBINMENFEILT D FeosAlos &
L, Cr-Al BOMBEIZ Al I L » T ERTHRET— A2 FRBB L ZH8T 5 CrosAl, & L72[2]. MgO
FEAUT AT EDO -, BPFERNCRGTICT 273K T3 M7 =— /L L2 BICEZERA~NEA L. BiICHE
ZEFEN TTHREE 0.5kV O Ar A A2 2 U U 7% 10 3], 1273K OT =— V% 1 BTV, FEARER 1 2 iR
L7, ®BGEEIZST3K &L, Al v 7BO&R 373K LLF & Uiz, fEEEHn & Mk iz 2 X
FRIBIPTE &I RSt X BRoiriEzE Az, fafifiibs X OB BI5 M= 3L X — O I 2 3R B RUEH
R NF 2 AW, 2R OHIEITT N T=RIRTIT- 72,

-
o
o

W AR IIEIE LW R TE L. 22 &n
5 Z OB OEEMRIE T Cr-Al ODEESRIEEIN

Magnetic field(kOe)

8
I=) °
EEFER Sle . °
FARTO CrosAlo IZICH N T, HEF PABICAES FIT 3§ 5
b, BEBKBEGEEZALTOD ZENERTE . HE %60 S
73 W85 O WAL R & T N T ARG OBEL BN HIRR % 5
I R X —Z25HHH L7z, Fig.l 12 Cr-Al [FE Z & IR R %40 §
SR -2 T my b LEE, CrAURE 3nm (280 .2 3
DRALHBART. BARIIE=FAX—I00, CrAl R § 5 ;
= Z 50 -25 00 25 50
c
&
=

o

THELP, REDRICHELTOBTHEMRDS L F2 5. 08 10 as 20028 a0
BE TR Fig.1  Magnetic anirsotropy energy  of
FeosAlo4/CrosAloo/FeosAlps stacking film as

1) P Bodeker, ef al., Phys. Rev. B, 59, 9408(1999). function of the thickness of Cro 3Alo» layer. Inset
2) A.Kallel, and F.D. Bergevin, Solid State Commun., 5, shows magnetization curve for out-of-plane and
955(1967) in-plane directional magnetic field of stacking

3) E.P.Yelsukov, ef al., J. Magn. Magn. Mater., 115, 271(1992) film whose thickness of CrogAlo, layer is 3 nm.
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A E AT % CoPt/Pt £ g HEEALIK O BEATIEIC L 5 1ER

SR 1 REARIE 2, SABAT RT3 1 AR b4 R 4
(VRRIeEE T, 2 HUREE, SO - MOEWITEREAE, ¢ kT T4 7)
Fabrication of CoPt/Pt multilayered films with perpendicular magnetic anisotropy and high squareness ratio
by electrodeposition
Daiki Araki', Jun Okabayashi?, Yukiko Takahashi® !, Takayuki Homma'-4, and Yoshiaki Sonob¢
("Waseda Univ., 2Univ. of Tokyo, 3NIMS, “Res. Org. for Nano & Life Innovation of Waseda Univ.)

X LC&HIC
MRAM |ZJGH & mfa b A+ 2 TE LR E, EIZA /Ny Table.1 Electrodeposition conditions
ZHEEMONTInm AT Co g & PtEA#E LI shTns. &

Working ) )
WIS &L 2 SRR UIRO R bW E S TWD 280, B PU(IS nm)/Ta(S nm)/SiO/Si
B DRALES T MO MIZIIHRK TS 0.7 RETH- 72 0. Abf Counter
T, MR OSREREL LT SEafi#L, v+ Mok Pt mesh
T RER RS ED 2 LISk Y, mAREA TS CPYPt S e
J& W D FEHTIENC & 5 1ER 23k AT S ecrode Ag/AgCl
% ﬁ 7'5% Temperature 25°C
Table.] IZARF CHWZ BT &M 27T FRIZIE Ay 2 IETHE Bath CoSO4 1 mM
LU= PATDEC A EE R 2 U7z, A RN @ B RE 2{X NS composition  HaPtCls 0.1mM
WIRB A L IR R S OMATE T o7 SHEICIT AgAgel (- CoPtlayer - -0.10mA
B AV, |IEIC CERRENC X5V ABNE T ERLL 72 Pt layer -0.02mA
% J& N OSSR T IREN RIS T3t & O CRHi L7z
%Eﬁfb% g 200 -E.Z
Fig.1 |2 [CoPt/Pt]10 2 JE AL IRr D i 46 K OB O R 2 b 2o T‘f -400 |
F. -0.10mA T 10 sec BT LI=BEO AL, HIEI%FRE-800mV (2 'jé.ﬁoo /(//(/( as §
£ CHAGMICT T F L. 0.02mA T 100 sec BHT LIZBEOBAL 3§ i o
ZBAAAEE L DRSS YT B L, 4B HMFBI-S50mVEREE 72 T Porn, o s

o 7. AW EHTER T PHE-500mV £ 0 B2 25, Co ’ Tone 5 o
(Z-700mV X 0 BRAEAD BT 22 L3I A 7 U v 7RV Z Y g1 Profiles of potential and applied
AN Y= oSz, Lo T0.10mA BHHFE Co & Pt A3 current during electrodeposition.

HFrifi L, —0.02mABHFRAIEPtAMTHIL7ZE EBEZ DD,

300

Fig. 2 (B8 L7 EHTRIBIO B Ll 7. [FIB & 0 B 2kt o o S,
LTI 1105 STl 0, TSI ORRES Held 11kOe, B & 10 i
PERE S He 13K 8kOe, ATULLIZ 1 T D Z LaVREN/. E/fidfn § ot g
Wifl. Mol 2% 20 nm &35 & 230 emu-em™ & 35 SAL7-. IRR O %m- | npime
SRFRRIES (5T ST REIL, FTHY A MoB pinfines 3700 [Rpias O
REIELZ L2, AN 1 ThHIREMAETEEZAT5% 20 10 0 10 20
& I % EEAT I CUERLATEE T 5 = L 2B B AN L=, . Applied Field [kOe]
Fig.2 Magnetization curves for the
A electrodeposited CoPt/Pt film.
AWFFED —EBE CREST(No.JRMICR21C1D L EIZ 1 0 i Siu7-.
2% CHR

1) K. Kudo,K. Kobayashi,andY. Sato, Electrochim. Acta,47,335-357(2001)
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128° Y-cut LiINbOs EARIC ANy ZERIE L7~ Co

KD ELE  (2023)

?ﬁﬁw

T N — B R SR 05 M D O BE B IR 7
2L, EEAT

(i BoRBE A L bR 2, Jefi ok 3)

Substrate heating temperature dependence of in-plane uniaxial magnetic anisotropy of Co thin films

deposited on 128° Y-cut LiNbOs substrates

S. Shikano?, S. Ono 2, A. Yamaguchi 3, M. Shima?, and K. Yamada®

(Gifu Univ.t, Tohoku Univ.2, Univ. of Hyogo?®)

JEEP LA L, /NEPAEOR 2, 1L H B 8, e

[(EE)] T4, B OTA2Nz 5 2 & CRTMEIORE 2L X
HHZLEFREL, BROE LI FNREEOBLE LT 6T

[Straintronics (FE A48 1 1.57) ] OBFFEDE ANTIT AL TV DM, fatErf
BHZIBW T, 2D &9 BRI OT 212 X D R E DRI BIFR 5
RgEDBESIIE <, HE] L LTE<mbhTW5D, LIETOARMFIEE
DFAEITINT 128° Y-cut LiNbO3 (LNO) FE:4 F1Z Ni, Fe g A /3w
AT 5 & SRRSO 1 PN 5 TN R & 72 1 PN — Sl SR D (K)
DHEEIND Z LRI N B3 RIFFETIE, fatEEoRes o
7L MZHEHE L, LNO HR EIZ A%y & i L 7= Co D K, 2 77~
HZERBEWE LTz, #1DIZ Ky D Co RERIFME 2T, WRIZHEHN
%ﬂ/ﬂf;@fri%ﬁ}ﬁ’\f_o

[EBRFE] ~7 2o 2R X ) 7 2R LT, 1emX1lem O
LNO A, SiFpk biz, N—AEZZ[E 45X 104 Pa, Bl 2.0 101
nm/s O T C Co WA Bl L 7=, Co OEEE ()X, 2.1 nm~23.1 nm
DIEE DGR 2 (ERL U 7=, BARNIEVRERAF IO CTlI, A3y X I
% 37 B CHEE L., FEBINEVEEE(Th) X 100~300 °C O & L, B
ZAT 572, VSM T K 0 BEURFEZ F=, XRD 12 L 0 & dib i 2 5l L
776

[FER L EZ2] X112 t=5.9 nm, As depo.(~30 °C) DEXEH I 1T B REL
iR O i NS O BN 8 () A7 % 7k L 72, LNO 4K D (01.2) 511
DEGHE 720 | Co #EOmNF IR FERFEI N TNDHZ &R
e T &7z, X 213K 1 OREALEER O FRHTAE R D 53R D 7o Ky DK
FHEIZDOWTORLIEERTH L BEE 1=591m O & X Ky B3R KIZ/2 -
7oo ZOELHIL, XRD TSR A5, hep-Co (112) i 1 s\ L7z Co
MRS N Z EBNRRTH D Z Lo T, F— HEGF AR
X v hep (112)iEIIZH T 5 Co J?%@jto“rji Ky D J5 0] & Bf%R I/Tb\é Nl
ENRbnoT, M31E, t~5.9 nm I8 D Ky D EEMOINEE EE 171
DOWTRLIEFMETH D, Th @tgﬁu &R Kyl L7z, XRD ﬁﬁﬁfﬂ:
BB ThOHMNZ X > TLNO F:4k Eod(2-1.0) 5 mIZEL M L 72 hep (112)
DI SN Z LI LD KiDERNEAD LI Z ERB BN o Tz,

L ZD N

[1] W. Hou, et. al., Nat. Nano-technol. 14, 668-673 (2019).
[2] M. Ito, et al., Apply. Phys. Lett. 119, 152407 (2021).
[3] M. lto, et al., J. Magn. Magn. Mater. 564, 170177 (2022).

—
T

-

Normalized Magnetization M/M,
- o

300 200 0 200 400

Applied Magnetic Field H [Oe]

Fig. 1 Magnetic hysteresis loops of Co film on
LNO att=5.9nm.

K, [10* ergicm”]

K, [10* ergicm®]
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15[ } .
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Fig. 2 Ky as a function of t.
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Fig. 3 Ky as a function of Th.
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a'-Fe Ny DFEFRHSR RIS B 2 RATEA DT T 2 ET
ANE P - AR IRE 2
(' HRES RS - 2 HAER)

Investigation of local distortion effect on magnetocrystalline anisotropy in a”’-Fe ¢N;
Y. Kota! and A. Sakuma?
(*NIT Fukushima Col., *Tohoku Univ.)

1 FL®IC

ZEL8k FeioNy 1Z N RIS & % Fe DEKBAGTE — X > D DSEBRINCEII X L CLURE, BAICIHE M Th T &/
VB TH 5. FegNy DFEFMEIEICOWTIX, W ED Fe [Fig. 1(a)] WD Fe-Fe B N R PR AT % &3 A
KBNS 7 0N OTHALE ¢/a 2549 1.1 DIEJT & & 72 D [Fig. 1(b)], X 5IZ N OEFHD Fe 25 Fe-N D%
RO 7= DIZRFTINCTE ATSHEIE [Fig. 1(0)] 127257, ZHUud o’ #EELIIEN T WS, b b o’-FegNy XY 7 b
MRy LTEHINTERLYETH - 7220, o HEHEKIXIEA R TH % Z ISR L Tl R 5 1 FE A HA
REND s, EFEEAN— R LTHIEHEZED TVS. EBRICE —FEFHEICK > T K, =0.6 MI/m* 12
EOMBHKEAEIEONE ZePWMEINTED D, MATHIESPESETLREREZZATVRVI LS, fi
DPIR7 ) —WADBEMO—2 LTHFINTWAEDHS. FEERICBW T c/ad’ 1.1 272 5 1E )7 ik 1E
HTETH, PRFINZ K, RO VEAELH D, MEEKESECH L Ticb BEELRRFLH b0 H
AN, ZITAIHETIE, o -FegNy ICNTES 2 JmTi72EA (Fig. 1(b)—Fig. 1(c) I8} % Fe DD ZAL)
DEIFRICEH U CTHRN AR BEE 21T - 72

Fig. 1 Crystal structure of (a) cubic Fe, (b) tetragonal Fe + N, and (c) a@”-Fe ¢N;.

2 BRBELUER

Figure 2 1% VASP Z F\W 7255 —J[FHE RIS X o TR 7z @’-FegNy D

K, tde A FDFe DV A a 7B KFETH S, c/a DEZ 1112 T  ;;;

BE LTz 2#ZX€THED, Fig 1(b) DFFINREAD VS 20 T

=025, Fig. 1(c) DRFIINCEAL PRI B & 2 0 =029 G o 10f S 1

T3, BonatERRE, KBRINICIE c/a P’ 1.1 TH->THRFTHIR i . i

FAOAMIIED K, DRESPFELLER L 2RBLTVSE. L ¢ |

Ao T, MEIN o MRS N ORBICELNE & o BilEP< L R

FURA MIRD L, RIS EAOMEDBEN L 2D K, AVNE S S e

BRoTLES ZeA—2DA[REMHE LTHEZLNS Y. ZorsEk: z

DD 579012, NWABNEZZLE BTz FergNy D K,y IZ2WVWTH

Mt L7=2DT, ZOMRICOVWTIHRETI2TFETH 3. Fig. 2 Calculated K, as a function of z.
References

1) L. Ke et al., Phys. Rev. B 88, 024404 (2013).
2) A. Sakuma, J. Appl. Phys. 133, 205102 (2023).
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DPC STEM V£ % F N2 7K AséAa 0 oD g BsEig, 18 152 211

Ff s BN N SRIRURE— 0 SRHEAR
( RRFERF G LR ERR GO JEEAE, 2IST S &N, 77 AT I v 7 A F—
T REERFIEAT)
Direct measurement of magnetic domain wall width in permanent magnets by DPC STEM
Y. O. Murakami, T. Seki, Y. Ikuhara, N. Shibata
nstitute of Engineering Innovation, The University of Tokyo, Bunkyo-ku, Tokyo, Japan, 2JST
presto,’Nanostructures Research Laboratory, Japan Fine Ceramics Center, Atsuta-ku, Nagoya, Japan

b) Bright Disk

Electron Beam (

FLHIC : EEFBREFIEMERE (Scanning Transmission (a)
Electron Microscopy: STEM) [F# P DIEE - M E & L ZEH 27
BECEETEDLFETHS. Fig | ITRIRDBEBEBRERZAVNTE
BEFROO—LUYRERAZEEL, ANPOHESHEEEM
TaRIET WA EtEa > b5 R b (differential phase contrast:
DPC) iE[1]l&, STEM IS & HHISBHEFETHY, mFEHRESN
- EWISIRER F 5 if8E STEM[2] LA EHE D Z & TRFHIS
OEEREISHHIT S5 L, BUEMAREERD. T, # T )40 p0
3k DPC RICIFEFREHRICERT 2BEHIBZLUNDI Y SR MY ﬁ%u@*ﬁﬂj%‘%& ADF @tﬂ%ﬁbﬁﬂ@.ﬂ‘;——"lb
BEETHMELH =N, BFEEHLTMNIER S, SFEIE OHVT A AZITHERE LT 4 AV 2RKT.
RETEHD DPC % F191LT 5 C £ TREDS VDV ERIGHRA g e

AIREL 0 12[4,5]. F/ R —ILDHEERNR XS FT R O XMt & B RHER
EARICIKFET S ETHIONS. KHE6]TIEL, Nd-FeBRBELUV TS
4 FROKABMADEZEABIZH T DPC EZE AV -HEBROEEZ A%
To1=.

EERF X - Nd-Fe-B REAMEAIZ La Z2ESEEMERMNIC Nd DRE B
DELEME LTz La EHE Nd-Fe-B M &, La BED G ULVERE Nd-Fe-B R
HH, FSrRBLUCa-La-CoRT7T 54 FMERFAHZAEL, WERA A
VE—LEREFZRAVTTEM HAMEERL. LaBE#E Nd-Fe-B RiEH :
TId, {ESED DPC BB & FELS MBI & Y A—MBHAO Ndrich e 119 25087 =7 1 bbb e
Nd-poor SEIIZRIET 5 | KOWEEZREL, TNETNOEEHTHEERDPC Sz,

BERGFELZ. /EKE Nd-Fe-BRABMB LIV T4 FRHEHMTHLRKICHEBEDPCHLEIF LT
EEBRIER : Fig2 [THEEE Nd-Fe-B REAMTRIGLI-BEE DPCHZETY. 4 BEOHMOMEBDEL L5
SONMEETRBDBERF L. TATNHBICR S I-EMEICKYBLTAIT7AILICx L THEDO#E
gy = tanh(x/d)TT 4 VT4 VT &4TV, HEEwW =ndZ5tRILfz. BRI FSAMOEELT 1Y
TAVTEBOEELRAE LREZEH L. KR Nd-Fe-B RIAHM TOBRIENEIF6.7+0.8 nm TH Y,
RFHRIOREVDETILDOSZ 2 L—2 a3 VITKEBEE7]EBV—ZER LTz, Nd-Fe-B % & Ferrite RDE
[ZMNZ, NdREN CoREICLIHBROETILLTLERAUET S LICHYILT:. FHIEERICITHRRS.
ZZ3CHR : 1) N. Shibata et al., Acc. Chem. Res., (2017) 5) S. Toyama et al., Ultramicroscopy, (2022)

2) N. Shibata et al., Nat. Commun. (2019) 6) Y. O. Murakami et al., Ultramicroscopy, submitted.

3) Y. Kohno et al., Nature, (2022). 7) M. Nishino ef al., Physical Review B, (2017)

4) Y. O. Murakami et al., Microscopy, (2020)

BBE . AWFIEIZ V- Nd-Fe-B /A0 ~ 2 % BEIEOAK FIAMES LOERHOENS, 7274 R R
WeAIIW 7 27 U 7L O 7 G ik, /IMREEERS X OVITHE 280D TRt & £ L7,

40-Segmented Detector
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E et « R ST EE DB
2 ERUZE o A )L % W= iR AL & Regd oo B R H

AN N I N Y S BN - S
(K RHLT)
Development of alternating magnetic force microscopy for DC magnetic field imaging:
Independent detection of magnetic field gradient and magnetic field by using double air core coils
R. Ehara, H. Sonobe, T. Matsumura, H. Saito
(Akita Univ.)

IFLHIT MKIBMEI IS AR Z R L T D72, ZZMa eI EN D & O ORIE & EEMEIZS D
ZENBRETHoT, Fxld uftﬂi%ﬁ@ﬁumﬁ 7 e 2 T 3 R RE T BB HH T & D AS R RE R BN

(Alternating Magnetic Force Microscopy; A-MFM) (28 C, @B BAERE GRERALSBESETINC X v Fin
M%%ﬁf (ZEB) U CHES T TN FE ) A iR .ﬁhﬂﬁ CHEEL R Vi TG4 % 2 & T, BRI TR EL 22 1%

Gy OB O ZFE L TRV | S bR OIS D 22 3 M BB O ZE R a A Va2 v g Z & T,
BT B O RS R0 OH [oz & B iRES HY® O BERMHIEZ IRE L TV B, ARG TR, 2-o0% K=
ANADOHRENDBEE A N ERNT, A L OASHER 2 FHE L OWAICH T 2 & T, oH oz & H*
D BRI 2 il A T,
ERFGE Figl @~OCEE 3 A A LE ORI O B KOS RES H & 22 iS5 AR
OHE Joz D2 &7, K (a),(b), ()i, METT e, [X(d),(e), (DI 1Ak D& Tdh B, HREHC
AR (S LT [0 D AZ RS H cos(at) Z FUINT % & ERENI DS H 1. B B33 25 B,
EFHCET 5L, H=H*+H¥cos(at)e, & 720 . FEEHEEL m™ DSEEFHHBIT 5 (m® = yH ) O T, A-MFM
DI S 2 5 ARV R R B A B AR DS & T D L KU AR

, OF, o au)_ o ] ofr o, =
" _62[ 82] 52( 52(2( s o )D 62( 62[I deZD_az(m H) @ o #oy i

dc ac
[H“ oHE | oHE

e OH L

& ]dv 2" cos(comt)[

' ; 0 d

F, (wnt) = 27" cos(wmt) — + H | & 725,
(@nt) =27 ( )az IVtip 0z oz
BEtEEA A VFODICERE LTS E . BT MR R

E, BEHC D HEER R L 220 oHE Joz 13 P iz B F)&"[
DT, F =2x(H* (0H*/oz))cos(wt) A3HTE S41, oHs® /oz ﬂX
OB HNFREIZ 72 D, — ., W HREROLGE . HE X E[ﬂZ
Brlzie ), oH oz BERRE R Hz*

F,(wt) = 27((6H™ 1 87) H™) cos(wt) 23 HIE S, HE o Hih Reverse connection
FRHISFTREIC 72 %, BLEZAUEHC 1L, NdFeB REA% 1L, “”E['E
HRGEREEH i Si ZEEFHEFTIC Co-GdOy BB H REMEMIIL % 100 X[JJZ]
nm A L2 b 0% v, Hie

ERISE  Fig.1(0) 3 RO A-MFM 18 (6H* oz

%) TH Y. Fig.l(h)iE Fig.1(g) % My ZHLE DL /-4
([(BH Jz)dz = H ) T B, Fig.L(i)IX i 77 iR O

A-MFM & (H* ) TH 5, [X([)IXE ZHERTH O H OO,

@) & @%é‘j\iﬁ@%@ﬁ#ﬁ LTD\? : L 753‘2975)5"\ AL Figl Magnetic field and magnetic field gradient

L0 LR B OHET or L BERES R " 0 N distributions of a two-layer air-core coil [(a)~(f)]

HAIZIEEHTE L EZTWD, 5%IT. HE ORIEH and A-MFM images of (g) 8HSC/82 ’

LD LS, SN B DEFRESHINC L5 AMFM Z5 (h) [(6HE /az)dz , () HE .

DEE ROV HEEOKRIELZ BFtd 5 FETH 5.

1) H zlxﬁfz’iﬁéé; WRA A=V TN K7 w7 HANLHAR 2010 45 p 95-p128
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AWK BARENC K D Y 7 MENERIROMEERB I A XA —2 7
15577 10) Z HilE P BE 72 A 22 a A L DR

g B, M. Makarova, RS . IR &, 7R Y
(K REET)
Domain wall displacement imaging of soft magnetic film by alternating magnetic force microscopy:
Fabrication of composited air core coils for controlling magnetic field direction
K. Suzuki, M. Makarova, H. Sonobe, T. Matsumura, H. Saito
(Akita Univ.)

X C®IT

FT—IRN T RREDOBRMEN T 5 Y 7 FEEM B OVERE] L2, BRI IE & S ik T CBlgE LIk
SAFE L OHEBEZMD Z ENEETH L, L LR LMK IBEMEIMFM)BIZE Tk, @EErERRE 2 H -
B, BGBIERIZB O T H D b OIRERELISIC K 0 B S I OMKEEN LT 2 ER H -T2, —
F. Fa X E T, BRI TRV & B P RE 7 AZ TGS ) BAMER (Alternating Magnetic Force
Microscopy; A-MFM)IZE\W\ T, RS 0N v OBEIEREE 2 v, RsG 2N+ 5 Z & T/ \—~vn
A o RNE— 2 RHEEORRERSECHBERR T DA A —V 0 ZITEIh L TW5 Y, Figl(a), (b)IZASHiRess 4kt
AN EEE IS K ORE S 26 57 FBREMIT TR L72SE D A-
MFM B4 —fFl& L TRT, K(a) Tk L7z — /L RRE D 8l
BTE, Kb TR, EAICBET 2 BEBEO B BRI Bl T
Do UMM OFEITI ZNE T, KiHRELTT7 =7
A raTEMY, SREFRICEY 72T 1 baToffiEz%k
LSETIT > T e, 2O OFEENRE G T,
WMz m a2 e S ETRIRET 5 Z LIFRETH - 72,

AT TlL, 2SFRTR E L TELaf Va2 v, 22 a 1/ Fig.l A-MFM images with perpendicular
B A DS = LTSRS & I 5 = Az, AC magnetic field [(@)] and inclined AC

Rk ‘ ) % magnetic field [(b)] of permalloy patterned
BERERREY A X — D v 7 ARk 2 A LV DORAE film.
Fig.2(a),(b)IZ 2 DD a A A LR S H EATZE N 2 A

v & F OIARS OAM &2 ~d, BESTmIZ2 0oL

(a) (b)

DRSO EREDETIESND, K(b)EY 2A M TE " H, H

DK E X LAAEZHIET 2 2 & T, B FmnEd 5 Ha Hp

ZENbND, I CBIEREHE T TRE S M O IR o /F Lt
B,

WRMERRE OB bz IR b S E S Z LIV s . Bl

SREBHAT AT J7 10 DRGSR A7 I X BERE 2 R M I BB S5 A .
ZEITHWSND, AYIRICELT B EESELIC. BEIT D I, Ip H,
RERED & BRI RGN EINE N5 Z L1 L W  A-MFM (B & Coil A Coil B

MIE LBEB B ER L Sh D V., Zo®E AV E 24
M 8 % OE NS SEAZT D KD ICEE L, Ao
A NVOERORKE & EAAHAELTES L2 LT, BILEHE
(SR 2 i P 7T & AR 2 S 5 L A5 TR IS 72 Fig.2 Schematic diagrams of composited air
Do FRTIE, BIELIEEEMIEN 2 A 12 O REEERBE)  core coil [(a)] and generating resultant AC

A A=V T OBEFRERIZOWTHET 5, magnetic field [(b)]
BE I

1) AH, 7 M, 2 44 [ 0 AR 2 i 2R, 15pD-1, 124 (2020)
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ARG T TBAMS SR 7 W T & B A A —2 o 7z mi 7=
IR - HEITIR T T T & O T R E IR nE e T E O MY

MEF WA, AR EOK. M. Makarova, [RE6 18, oA 3B, 7% %
(BKH KRBT
Detection method of ferromagnetic resonance by using traveling-wave waveguide antenna
for alternating magnetic force microscopy for high-frequency magnetic field imaging
N. Umeda, K. Hayashi, M. Makarova, H. Sonobe, T. Matsumura, H. Saito
(Akita Univ.)

FELEHIZ T, MREEICBIT D~ A 7 a7 v R GRS E E R EREE BIFO#RE LY, ~1 7
F R 35 1T D REMEAA B F OO PR ) 72 S A% M e B 552 S0 FE R IR R LN AR 55 oD A 703 B Jc;?ofb\é o
eI ld, THE TITPHFE L7 AR BER BT (M) 23R i CHUMBIIL WTRE CTH 0 | M 22 Mo
REEAT %) (T FIZB%E Ulcm B IR G - i

TFRT T F) 2352 L CEEEBEA A —V L 7 ~Dh% Coaxial waveguide transducer
FIZED T B, AT CHIMBHEIEA A = 7 icit,  Comialeable " sample —_ Hyg
BB O BB BRI LIRS 01, PR LI - T o jﬁ%
Hr o7 BRI MBI S B L1 FR S Sitforirpedance |

35, matching Wavé‘guide Hoc
KREBAEEIURERE Gk AsUr o shiivE 3% uiﬁﬂ@v Fig. 1 Schematic diagram of

A7 P ERIROZIEDLA~T, Fig. L ISR experimental setup for detecting

U 72 3255R oA X %/T*d“ ~A 7 a3 mE /\””%ﬁl\b ferromagnetic resonance.
Clrl - B A AR T K B AEITE A LT, uitﬂ R E D
B Ao | AR A & A E!’J WZHE U722V RAE TRRE L7e, BUBHC
!i%p?ﬂi”&ﬁ DO~ A 7 v & B A ST BT &
fFaAWTHIN LU 72, ERE T TELIO £ — R THEH L7,

BRANZ, BRI VIREETREFIC~ A 7 a2 THER T
5Ll \%&AWT4/E &/X%A%ﬁoto%@%
%, S G%%@Ji%j‘*ﬁfa:% Z—L., HEHZE o : o

ﬁ 725 KON, BIRE A REREO R IR T 72 A ) > Fig. 2 Frequency spectra of (a) off and (b)

RSB N O ANME ARSI 2L, on ferromagnetic resonance.

/)’t TRk A B B BR A L RR T L C L RO R 7'375:% 57 L.
~A 7 aEMFEE A ERE EEZRT A2 5E IR, FORHY I8
WAEREL, {2 ERL C&le~va Y B/ﬁfz}i%ﬂ“éﬂi jﬂﬁ
PR G as DI B 2 HE L, HiR O 5D K5 ET) &tt$xT€>
ZEICRVEREI O~ A 7 v I E AR L 7o, DERIC
AUEHZEIN 2 E Sl & 2840 S E 72,

Fig. 2(a), (b) i:?ﬁﬂﬁ%ﬁﬂ%ﬁﬁﬁ@y7 F7xZA4 MR (2cm
A X1 JE) & L7eGAIT, ~ A 7 v iER5E A 24 GHz I
EE LT, (@) T ?JZIE(;M&A T3, (b) TIXE S % 5. 80

30

Ny
[=]

—
[=]

Frequency [GHz]

0

kOe FIANL 72356 O RS E S DR A~7 v iard, K o 1 2 3 4 5 6 7
9%& 24 GHz @}i%‘]’ jj'fm"’?‘ﬂ)ﬁ S, .( ) i}ig—f jj{;:]ﬁ Magnetic field [kOe]
Db LTRY, MM ItE R HE SN D, Fig. 3 Maximum microwave absorption

Fig. 3 10, SUREABN & 72 o T2 RIETO~ A 7 nighgsy  conditions.
H{&éﬁt&‘ﬁmm%@%#l%Tf Kittel O 7 [mldEkE &
OFFH BB & FIN L2 BROBEREEIB R o = yH(H +47(N; — N)M, &2 VT, 3H5 L2l
LS TOrd, KLV KEBEDDENE 725 SUTs s TR T 2 Z ERbd, 2T,
INHLOFMBLUON—FR7 =74 FREHEEOR 2 OFEHZ DWW TORERIIZOWTHRET I TETH D,
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RSB EL 2 W T @ B A A — o 72 mit 7=
12-40 GHz #383%E - T 7T v 7 T OBRF

MOECR, MEH AT, M. Makarova, RIS P, K i, g U
(BRI REET)
Development of 12-40 GHz traveling-wave waveguide antennas for alternating magnetic force microscopy
for high-frequency magnetic field imaging
K. Hayashi, N. Umeda, M. Makarova, H. Sonobe, T. Matsumura, H. Saito
(Akita Univ.)

IEU®IC T, BKEERICB T D~ A 7 a7 v X b AR B EREE T OEREICLY, ~1 7
o BRI 38 1T 2 WE AL BE O AR Y 72 sk He S B S O BB R W R M S D BRRS BHELIZ e o TNV D, 2D
e DF 2L, TIVE TITBRE L7 R BRI B8R (Alternating magnetic force microscopy; A-MFM) 12 & &
B CHHATE b~A 7 o lBIGRMNEOBREZED TV D, 22T A-MFM X, B % 3k m T
MR FTRETH 0 | WM MREE AT 2R & 5, A TITEKEEEDS 40 GHz © WR-28 Hits (26.4
~40 GHz) DJiEWE 2 & T8 « T T 7T O~ A 7 nlitERe & | JIEET 7 S oA
WEG IR I EREH R4 RE (Co-GdOL M REMETRIR) DB IS EAMEREAG ~ D S Rz oW\ Tk 5,

R RIELERE T V7 T 2 RRMEK I BSERIC

R AT BRI, BEE T T F~D~ A 7 i

OREIE, ~ A 7 v ERN L HmER A2 LT 0 , :
175, BEET 7T i%&“@@ﬁa@]ﬁﬁuﬁm%?% 7 ol |
R E BURHO IS T 508, M A miE S §
BEHHTED LHITA B —F v REEHE D = | —®—Inout power il
FHNTNG, A E—F ABAORICIE, S § OF Lomse 1
EOBRORHENZE=F— L, REEHMEEEr g 0| ]
(2725 & 510, EkEH A B E RO P RICET . 8 o | ]
XUy NI S AN LA S A B | “wewR RAerarte ]
L7,

Fig.1 |2 WR-62 1k (11.9~18 GHz) # L% WR-42 "5 15 20 25 30
Bk (17.6~26.7 GHz) O TG-S CRERR L 7= 8k i Freqency [GHiz]

T T T ORKEMEB L OT 7 AERITHT 548 Fig. 1 Frequency dependence of reflection
— X AEGH DO ET) ORI EAZ T, W power of glass substrate and open air on
BT mERE A2 CHIE L7 EE 7 7~ fabricated waveguide antenna after impedance
ANENHEDOE TR Lz, KRS K9 ITRKBH R
PN, A v E—F RS RITPRV e~ s a1 ! ! !
MEIHT 54 7 ARBCB VT H, A v E—g v 2B el 1
BICR Y~ A 7 a2 B TR TE 5 2 L b i* 1
-7, - i

Fig.2 |~ WR-42 Hi#% (17.6~26.7 GHz) 5 L 18 WR-28 0 1
Bk (26.4~40 GHz) O TSI THER L 728 % 501 w :
7 VT THIRE LTz Co-GdO, M BEIETEIE (B Bt o 7
WO\~ o 7 7 BB OS2 AL LT L T 75 2 50 5
%) DIHES O JEBIARANE A RS, B R Fregency [GHz]
OIEE T 100nm TEAUIH T 2 Th 5, g en  Fig 2 Frequency dependenc.e of reﬂe.ction power
RO IO RFE S % 100% & U CTHEEAL L7, KI5 of Co-GdOy superparamagnetic film with backside

510 BERAERINC 5\ T, 30 GHz 282 T o,  CUPle
R DDA & i U CIEB IR 6 EFEETH D |
4 %’Jﬁz’;@@?/f 7 TENEINEINTWNDZ ERNbNnD

BISEMEP R TE 12,
fﬁf HBWET T D A-MFM ~DOif A iAR D TE Y . 20T T THET 5.

Refrected Power Ratio [%
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FM-OFGIZ & % FE i BOEIRME % i 2. 72 5 R g L o = B i i

FHEH— KR
(i FH B SR TR ZE )

b

Selective detection of high frequency magnetic field by using a fundamental mode orthogonal fluxgate
Ichiro Sasada (Sasada Magnetics and Sensors Lab)

EUHIC
10 kHz~1 MHzi# O /& i G L O H I W pickup coilZ W 2 DDMEHHTH 253, WA DOIRIED pTIREEIZ 2 5
ERVATICET~EIT Y — v DBRE L7 v 7 av=rF A= [11DPHV6 NS, KFETIE
ERED34 cm, B ZH80% — > Dpickup coil & HEARWBMESL 7 7 v 7 27— F(BUTFM-OFG)Z T, FiliEE
EIRMEZ A, 1 pTREDO AP 2 il Lo 2 Hikz2 W& § 5.
LR AOL 1513 G|
Fig. 11IFM-OFGIC X % ¥ MR itk 2 7 ¥, :
e B UE, B 72 WS RBER D RS (aeia

idetiacsine, t W)

W65 ICFM-OFG D BRE) A e f. %2 5E T 5. % LT — Joe] < 03
N M) N w v gv i L -P

B AID R S v a v — F XTI X —H P wieber 1 Filir (000
N%, FM-OFGIEl i OB IGE T 2 D preamp @)
T, pickup coil, ¥iE#R, EHD 6 ERALHLT 24 (@)
ﬁ, S AV N }‘K@%ﬁ%]\j}‘ﬁ‘% aAf )XY AN I Integrator
~Ny N2y =)V T 55—V F2Hwv25, —T L %ac'coupﬁng

+ .
ERER ﬁ Hy,=hsineost Cysin((0~w,)t+¢)
ELEES9 e DEEFFEE 3 4 )L120.5 pA, £i=54.101 kHz Fig. 1 FM-OFG for a high frequency detection,

DEMEWL, ZOHULIIERA cm 805 — > Dpickup coil Where @c s close to as.

ZEE, FM-OFGD I KEf=54.1kHz & L7z, @#ED

HNBEBITdH % D TFig. 2R TERICHE 4 OBBIRERDEAE T 2. BB D 72 DR IEFig 2 Ic KA T
RLTWR B0, fHDART FAHIZEIERLTWE LX) ICH 2%, BRIBERIEL-A=1 HzICB, Fig. 31278

T, 10D EZATaAANIC05 pAZEE L TW323, WG LTI HzOPEELENAT V3,
Tek010_291.csv

Tek010_305.csv

= 'Iow-passe'd, cutoff 3 Hz '
uV/Hz 5
1 » %‘ 0.5 A “ ﬂ n |
| 5
0-500 0O-peak 1 pT 2 0.0 \ h [
0.100 ¢ r U
0.050 ' / 2 h U U
S -05 ]
0.010 ¢ S
0.005 | = ' ' ' ' '
. . . . - kHz -20 -15 -10 -5 0
40 50 60 70 80 Time [s]
Fig. 2 Environmental magnetic fields and test input Fig. 3 1 pT magnetic field of f=54.101 kHz is
field at 54.101 kHz, pointed by an arrow. Observed by a detected as 1 Hz. The 1 pT magnetic field is turned on
D=4 cm, 80 turn pickup coil with 100 times amplifier. in the middle of the time window.

%

1) #1 %z 1E, R.J.Prance et. al. Rev. Sci. Instrum., Vol. 74, No. 8, August 2003
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RAMEA — o 1 IO 5 B2 D A

P E—RB, R, RIS, A RS
(HALFEBER, *T7 I AX—KR, **HILK)
Evaluation of high frequency response for magnetic garnet film
S. Hashil, K. Yoshihara, Y. Saito*, K. Ishiyama**
(Tohoku-Gakuin Univ., *Lancaster Univ., **Tohoku Univ.)

[XL&HIS

PNV A L= LT — 2 N OBER TR MG o T @ B B R R O WEIE I DWW TR &
1T T oM@, K¢ 43 il O Foh R EE O I K 0 BIERES ONARTEROME S FRETH Y | LV &
WEEBAF OB FIE DT, 7= 5 ML —F—ZEALTZE S AT LR LT, LrLenb,
Rt & LTHWTW DT —3 v MEROBXOCFNROEEBISE EGFT 22 L b, AllZ
DFHlZAT > T2 D THET 5,

ERAERURE [ Lockin Amp Jee=rr] 5oy

R LI JE S AT AOMMRR % Fig. 1IRT, el [0 rot. signal
57 = 2 B L (B 1030mm, SR | ]
9200 fs., 0 LIRS - K9 40MHz) % iz, A Laser (< 2001s) SHG  Polarizer
X SHG (Second Harmonic Generation: Y25 — &l 58
) FEABIZE Y 515nm ~PEEAH L2 SE 2 RIEICH W ro
e BRI A B R — % I B O et TP e

) ) ) ) | Signal Generator | Pulse mod.

RN T R IXFF BRI 5 pk D SIS (GHz +kH2) ) drive XY stage
TER S TH Y B Z KR & LT MSL (Microstrip
line) RICEET 5, ERREILESNTZL—F =K% 50
fEO%M L X5l L CF DO E A MSL O F Rl Db
FHEE EICE D £ O ICHEEAS T 5, &8RRI
O MSL Sl i A U oA L0 . —x > MEm
EFBA~OBALOSH EV I U7 7 77— BRI
0 ARIRENEAL LIS 7 ) XA ToHBEL 7=
%74 N7 4T 7 X TEERH (N7 2R T 5,
Fo L=V —DOFNOME K LA EE MSLIZFEIINS
HEENREEERMT A Z LT IR LR O

Mirror

Half mirror

Wavelength Obj. lens

Microprobe :515nm

Pulse shaper =
¥ Garneton

Fig. 1. Schematic diagram of measurement system

Faraday rot. angle [mdeg..]

il L PRI |

(DRI DR A COI L —F— R 5, X 5 SoosTor 05 s s

(R A IR O X TR L € DA Freaueney 1GH

Baevy s 407 TOBRESEL LTT 47 27 # O Fig. 2. Frequency dependence of Faraday rotation angle
BT % 25 for magnetic garnet film up to 40 GHz

TR FHEM EITIEAR L2 & 10mm, #RiIE 95um & MSL 12, L —% —Difi v & UJE B OFEEfE O I
BOESZHML 40GHz £ CELS B L&D 7 7 77 — A ORIERE R % Fig. 2 1TRT, JFEERO L5
(RN T 7 T T =R 3D LTS Z &30 5, AL, Wz MSL ORFEORIERR LV | 83
B BRI o TP ORI K E 72D 2 L MSLIRESICA U D REASRE KT LT\ 5 b o &b,
=y MEOEEEISEFEOFEIZIL., SORIBFAVBLETH L EEbND,

L ZDE N

1) H. Nasuno, S. Hashi, K. Ishiyama: IEEE Trans. Magn., 47, 4011~4013 (2011)
2)  FHE—ER - B — - TR - A 4 BRFES AR, 15-A-pl-5
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VT 4 K=" 3 A BT L % & JE g e R E O il

TREE EERE POEE  EELHE (L nIEEr
(FEfE A *HRAER)
Higher-frequency permeability measurement using shielded loop coil method
T. Nakamura, Y. Sato, A. Itagaki, Y. Miyazawa*, M. Yamaguchi*
(Ryowa Electronics Inc.  Tohoku Univ.)

FANRE SRS ENT, ~ 1 7 0~ VI TEET S 56 IO ERUEIE MR OB E I L O
Eh ) A AIHROF LWMERMEICH D, TN D DOERERIT 10 BTSN D20, ek, midik
I B2 AR & U CRI SN BHRNEERE 6 L€, K@ s & mE S A RN ETH D,
AGSLTIE =T 4 Rv—7 24 L (LU SLC & Wg97) BUd R =2 1A D2 X 2 JE T Re ik % 13.5 GHz?
76 20 GHz BA BEIZHEBET 5 & & b, IREREREIORE I b XIS ATRE & L7z THET 2,

HEEREEBIER SLC A &M INEH RN EEE T, M
AR TEM B /VINERIC AR U B R & bRl & L C. kiR
Bk 2 [ N AN ahRE L. #RORk O R R 2 b A Rk T [ L B
SN P SLC THIHT 5, VNA 225 TEM B /L~Jifik
L. SLC L OMHE R EZERE T L L, sah b HEFEHE
FrBMT 5, TEM VTG S8 5 72 DiBHT ST
WEMAPEIM S5, SLC IXERIGERAE L F BRI Y
DOHERHATEETH 5,

EEA L & ARE RIS O AR, (BRI TH D,
B OFEEZRE YD o 4 550 1L L, Fig.l otk
ELT=, 722 LZRETY v MR ED E T R —/LO~HEIZ
WEHRH 0, fREHE Y I ML L TRy, £ K ax
7 % (40 GHz) X0tk D SMA =% 27 % (18 GHz) & [Al~Fo
72, TEM LD ax 7 X Pl O FEARHEIIARZE & L,

—JF . WIERIEBIZE T D EEES I LR 2+ o sfafn
SERZLENHERELEODI-OICARTH D, Wk, ~
VTR A VT 01T, &ERATIX05T ZHIINARET

—00e —1kOe 2kOe 5kOe

—10kOe —30kOe —50kOe

0.1 1 10

BT ARBIZETIZ 5T £ CHIN A RE 2B B A 28 A L, Frequency [GHz]

B % 50 mm. £ & 500 mm D& 12 3L IES BA I sh7-,  Fig. 2 Measured real part relative permeability
of a Carbonyl Iron Powder composite sheet

HIVIR= VR VR Y b — N OB R B & B B

ORI TRIE L, Fig. 2 122 OIS & B R B T3 U CR Lz, BUBO BG40 vol.%, S
4.0 mm, fi§ 0.8 mm, JE X 130 um T, FEAIIE & 500 uym O PET Th 5, WRIREN 3T LI DA B
TN1 ey, A2+ &l B nd, 2KV BEREEHEAOFERAERHLNTH S,

BAGMERAC X D FEBRIC W ATEN - 1AL RS « # L - SR BT OSEEICEH L E 9, AL, 8%
BEMEWILKR O T2 OWFFEERFE TAREER Om e rtll « MENTHIR 216 Lic /7 A Xl Eif o wF5eiH
%& 1 (JPJ000254) D h & 5% 1} 7=,

L Z DN

1) M. Yamaguchi, Y. Miyazawa, K Kaminishi, Ken-Ichi Arai, Trans. Magn. Soc. Japan, 3, 137-140 (2003).
2) M. Naoe, N. Kobayashi, S. Ohnuma, T. lwasa, K-I Arai, H. Masumoto, IMMM, 391, 213-223 (2015).
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Bi,Ga [E# Eu & — v b OfAbds IO sl B fE A A
FEF ALY MUACA Masud B, P AR 20 RS RBE S, DNERRIES 3, 2= JEEE4. IIJRUESE S,
Fatima Zahra Chafi . VGJIIHESE 1, AiEkEE L
CRMBERIR, PEEE, A HERT, AVHLRT. SEfE k)
Compensation compositions for magnetization and angular momentum in Bi, Ga-substituted Eu garnets
W. Asano?, M. A. A. Masud?, T. Nishi?, D. Oshima®, T. Kato®, K. Lee*, M. Kawahara®,
F. Z. Chafi !, M. Nishikawa?, T. Ishibashi®
(*Nagaoka Univ. Tech., 2Kobe City College Tech., *Nagoya Univ., *Sogang Univ., °*Kojundo Chem.)

1. IIC®IT

AL E TIZ, NdosBizsFesOwn A B L, RN FA A —2 v 7128\ T 6 GHz OJEHEH £ Trf
BALT 25 Z LTI LTV DO, LavL, & HITEWERBORIE Z @RE AT 5 72DI12E, & BRIt
UGERE T D, mERAEZ R LS 2120F, Mo B S A S50 ERH L, 7Y
BEPERIC BV TIE, AEES LT 5 A EE B EA R T, BN R E<SBMRT I ERNmbN
TW5, J{THFZE T EuBiFesxGaxOre (x=0, 0.5, 1, 1.5, 2)T i 2 {EHL « BFl 217\, Ga B 1 (1|2 M EH) i
FIERLA R B D LB LT, &2 T4IENIL, EuBiFes,GaOrr (x=0.9, 1, 1.1, 1.2, 1.3, 1.4) A (ERL L | sRmEME
LB (FMR)IIEIZ K DRIl 24T - 72 RIZ OV THE T 2,
2. EBGE

EuBisFes.GaxO12 (x=0.9, 1, 1.1, 1.2, 1.3, 1.4)# /5L, MOD &% (BiFeEu(2/5/1). BiFeEuGa(2/3/1/2). wE#fifE{r
WFFERT) % 45 Ga B sl Z T H U 72 iAiR %2 . GdsGasOr2 (GGG) (100) AR i ., A 2 =2 — % —"C 3000 rpm,
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Measurement of magnetization process in several MHz range
H. Tanaka, T. Mannen, T. Isobe, E. Kita, and H. Yanagihara
(Univ. of Tsukuba)
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Observation of Crosstalk by Near Magnetic Field Measurement Including Phase Information
Yusuke Sugawaral?*, Taichi Goto?, Kazushi Ishiyama?
(*Graduate School of Engineering, Tohoku Univ., 2RIEC, Tohoku Univ.)
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Ultrafast optical control of magnetization dynamics in ferrimagnet
with antiferromagnet-like spin order

Arata Tsukamoto
College of Science and Technology, Nihon University, Funabashi, Chiba, 274-8501, Japan

Ultrafast manipulation and detection of spin dependent phenomena are crucial for future applications on magnetic
and spintronic devices. Controlling magnetism by light is one of the promising approaches. For optical manipulation of
magnetic systems, femtosecond laser pulses that are among the shortest stimuli with energy and angular momentum in
contemporary technologies could serve as an alternative stimulus to trigger magnetization reversal and spin current etc.
An ultrashort laser pulse allows excitation of magnetic systems at time scales much shorter than fundamental quantities
such as spin precession or typical spin-lattice relaxation times. As an exciting and encouraging example, we reported
that a direct demonstration of deterministic All-Optical magnetic Switching (AOS) was observed'?® in ferrimagnetic
GdFeCo alloys in the absence of an external magnetic field at room temperature, which became subject of intense
discussion in modern magnetism. In addition, in the similar material system, we have also reported an acceleration of
magnetization dynamics originated from the angular momentum compensation phenomenon*>.

In this talk, 1 will introduce that excitation and time-resolved observation using ultrashort pulses of various
wavelengths play an important role in elucidating the mechanisms of AOS and novel spin dynamics, and in pursuing
their potential as magnetization control technology.

In pursuit of the mechanism of dynamic behavior in ferimagnet, it was desired to clarify the dynamics of each
sublattice magnetization in a ferrimagnet having a sublattice magnetization structure with different main magnetic
origins and having an antiparallel coupled spin order like an antiferromagnet. Time-resolved element specific
measurements (X-ray magnetic circular dichroism) of the sublattice magnetization dynamics when AOS is excited by
short pulse laser (visible light) reveal that the time-response characteristics of the magnetization differ between Gd and
Fe, resulting in the emergence of a transient ferromagnetic state®. It was later found that having such a difference in
antiparallel coupled magnetization response plays an important role in the mechanism of the deterministic AOS
phenomenon. In addition, it was found that AOS can be excited even by pulsed THz light with low photon energy, and
that the pulse length is one of the important driving conditions”.

From a technological point of view, it is desired to minimize the light controllable spatial size.

After exciting AOS in a small area of ThFeCo by a gold two-wire antennas with short pulse laser (visible light), the
magnetic behavior under the antenna structure was observed with time resolved resonant X-ray holography and
magnetic circular dichroism®. It was shown that ultra-high-speed magnetization reversal can be achieved in a down
scaling to about 50 nm by the AOS phenomenon. Furthermore, by actively utilizing the properties of light,
layer-selective magnetization reversal control of multilayer magnetic films is also possible by controlling incident light
polarization?®. In this talk, the possibility of magnetic control and magnetic measurement using light will be introduced.
Acknowledgement This work was partially supported by JST-Mirai Program (Grant No. JPMJMI20A1) and JSPS
KAKENHI (Grant No. JP21K04184).
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Magnetization switching in Pt/Co/Pt multilayers by circularly polarized
ultrashort optical pulses

Kihiro T. Yamada®
1Department of Physics, Tokyo Institute of Technology, Tokyo 152-8551, Japan.

For thin magnetic metals, the magnetization is switchable by circularly polarized ultrashort laser pulses, referred to as
all-optical helicity-dependent switching (AO-HDS). AO-HDS was first demonstrated in ferrimagnetic GdFeCo [1] and
later in ferromagnetic metals, including multilayered Co/Pt and Co/Ni stacks and granular FePt medium [2]. Because
state-of-art magnetic hard-disc drives use local heating by laser illuminations [3], the additional use of the optical
helicity should be beneficial for further decreasing the energy consumption of writing a magnetic bit. However, the path
toward the application is steep for difficulties, such as the slow dynamics, the necessity of multiple optical pulses, etc.
Furthermore, it remains an outstanding issue that the dominant mechanism is unclear, i.e., which thermal or nonthermal
effects dominate the AO-HDS.

In this symposium, | would like to present our recent progress in studies of the AO-HDS in ferromagnetic Pt/Co/Pt
multilayers that are most typical for AO-HDS. The main driving force of the AO-HDS by multiple fs pulses was
explored in the near-infrared to the visible spectral range. The helicity-dependent laser absorption by the magnetic
circular dichroism predominantly accounts for the monotonic increase of the switching efficiency with increasing the
wavelength from 0.5 um to 1.2 pm [4]. We also found that a single pair of a fs linearly polarized pulse and a ps
circularly polarized pulse with a time separation of a few picoseconds enables us to deterministically switch the spins in
a helicity-dependent way on a picosecond time scale [5]. In the middle of these experiments, we were inspired to switch
the magnetization by “x-ray” magnetic circular dichroism resulting from the core-to-valence electric-dipole transitions.
Using the cutting-edge Japanese x-ray free electron laser SACLA, we discovered fs circularly polarized x-ray pulses
control the magnetization when the photon energy is set at the absorption edge of Pt.

These projects were conducted in collaborations with Th. Rasing group (Radboud University), A. V. Kimel group
(Radboud University), A. Kirilyuk group (Radboud University), T. Ono group (Kyoto University). M. Suzuki (Kwansei
Gakuin University), Y. Tanaka group (University of Hyogo), I. Matsuda group (University of Tokyo), R. W. Chantrell
group (University of York), and Advanced Light Source and Optics Research Group, XFEL Utilization Division
(SACLA).
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Spin dynamics in ferromagnetic and antiferromagnetic thin films studied by
ultrafast lasers

Hiroki Wadati
(Department of Material Science, Graduate School of Science, University of Hyogo)

Laser-induced reaction of magnetic materials is important in the development of magnetic data storage devices. A
time-resolved microscope is a powerful experimental tool to study the dynamics of magnetic domains. We studied laser
irradiated magnetic domains in NiCo,0y4 thin films by using time-resolved magneto-optical Kerr effect (TR-MOKE)
microscope [1]. Figure 1 shows the experimental setup of TR-MOKE microscopy with the pump-probe method.
Femtosecond Yb:KGW laser Pharos (1030 nm, 1 kHz, FWHM ~ 0.2 ps) was used as a light source. The NiCo0,04 thin
films were excited by horizontally polarized pump pulses (1030 nm) and observed by probe pulses, which had half
wavelength (515 nm) based on the second harmonic generation. By using this microscope, we revealed that the value of
the demagnetization time constant is about 0.4 ps, indicating ultrafast demagnetization. This time constant was
significantly smaller than the large time constants reported for other half-metallic oxides, and agrees with the spin
polarization of ~ 0.7 determined by tunnel magnetoresistance.

Ultrafast magnetization switching by pulsed lasers has been actively studied due to its potential for next-generation
magnetic recording devices. A phenomenon where magnetization is switched by laser irradiation without applying a
magnetic field is called all-optical switching (AOS). We are searching for AOS in oxide thin films to realize future
device applications. By performing magneto-optical Kerr effect (MOKE) microscopy measurements of laser-irradiated
magnetic domains, we revealed the accumulative-type AOS in NiCo,0;4 thin films with a property of perpendicular
magnetic anisotropy [2]. Here the sample was irradiated with linearly horizontal ultrafast laser pulses generated by Yb:
KGW laser Pharos (1030 nm, 1 kHz, pulse width ~200 fs).

Figure 1 presents the schematics of the laser-pulse-accumulation effect of laser-induced magnetization switching in the
NiCo,04 thin film. AOS emerged at the perimeter of the lase spot after irradiating 10° - 103 pulses. Furthermore, the
AOS area increased by accumulating laser pulses.
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Fig. 1: Schematics of the laser-induced magnetization switching in the NiC0,O4 thin film [2].

Recently, we succeeded in building a low-cost and portable MOKE microscope device by using a 3D printer. This costs
approximately 20,000 yen, much cheaper than standard commercial ones.
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Nonlinear and linear X-ray magnetic spectroscopy

by ultrashort pulse X-ray lasers

Iwao Matsuda
(Institute for Solid State Physics, the University of Tokyo)

X-ray lasers, such X-ray free electron laser (XFEL) or high harmonic generations, have been developed and they
generate ultrashort pulse, i.e. femtoseconds, with the wavelength of 100 nm ~ sub-nm [1]. The short pulse duration has
allowed us to trace ultrafast spin dynamics by the magneto-optical experiment. Since the photon energy (hv) range
covers the inner-shell absorption edges of materials, the signal carries the element or chemical information of a sample
[2]. Thus, when we made a time-resolved measurement of such a resonance magneto-optical Kerr effect on the Co/Pt
multilayer, we were able to layer-dependently trace magnetization dynamics of Co and Pt at hv = 60 eV (Co M-edge)
and hv = 72 eV (Pt N-edge), respectively. The element selectivity can also be applied to the time-resolved experiment
on the magnetic dopants in a sample [3]. We discovered transient enhancement of the magnetization of the Fe dopant in
the semiconductor heterostructure induced by the optical pump [4].

Featuring XFEL, it is of note that this laser provides not only ultra-short pulses but also the ultrahigh intensity (peak
brilliance). With the light source, materials science research using nonlinear spectroscopy such as Second Harmonic
Generation (SHG) has become possible in the X-ray region [5-10]. An experiment of SHG itself has been studied for
many years with infrared-visible lasers in the laboratory. X-ray experiments can again take advantage of optical
transitions from atomic core levels to add elemental selectivity to the nonlinear signal. Therefore, it is possible to
pinpoint the element or chemical species that constitutes the place where the inversion symmetry. In other words, it can
become the "interface/surface selective” X-ray probe not the "interface/surface sensitive”, as done with synchrotron
radiation spectroscopy. This methodological feature is very powerful and we have succeeded in selectively capturing the
microscopic behavior of lithium ions in lithium compound crystals and at the electrode interface of lithium battery [7-9].
Recently, we have also succeeded in observing magnetization-induced SHG (MSHG) in magnetic multilayer materials,
[Au/Fe/MgO]n, in X-ray region [10]. We found that the SHG signal at the resonance energy of the Fe M-shell
absorption edge changes sensitively according to the direction of the magnetic field [10]. In the future, this nonlinear
X-ray spectroscopy is expected to be of great use in academic and industrial fields as a new research approach in
material science.

In the presentation, I introduce linear / nonlinear X-ray magneto-optical spectroscopy with our recent achievements
and discuss the feature prospects of these methods [11].
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High throughput magneto-optical imaging and unconventional spin-wave dynamics

Tomosato Hioki
Department of Applied Physics, the University of Tokyo

Spin waves, which are fluctuations of ferromagnetic order, manifest diverse dynamics due to their intense
nonlinearity and coupling with other excitations in solids. For the observation of the spin-wave dynamics,
magneto-optical imaging has been a promising tool because it can obtain the spatial distribution of magnetization
orientation, which has been already widely used to see magnetic texture such as magnetic domains and skyrmions.

In this presentation, we report the direct observation of various spin wave dynamics by using our newly developed
time-resolved magneto-optical imaging method. One characteristic property of spin waves is their intrinsic strong
nonlinearity, which leads to multi-magnon scattering processes of magnons, the quanta of spin waves. However,
these magnon scattering processes, which occur during the manifestation of spin wave dynamics, have yet to be
directly observed and have remained theoretical tools. In our newly developed time-resolved magneto-optical
imaging method, we have succeeded for the first time in directly observing spin wave dynamics induced
non-linearly by microwaves by synchronizing a microwave source and a pulsed laser for observation.

The presentation reports results on successful real-space imaging focusing on spin wave dynamics resulting from
the parametric process, a process where one photon generates two magnons, and the four-magnon scattering,
where two magnons scatter into two other magnons. We successfully clarify the localization of spin waves due to
nonlinearity and the separation of contributions from multiple scattering processes.

In addition, magnons are considered to exhibit novel functionalities in the presence of the coupling between other
elementary excitations. In general, when two oscillators are coupled, once oscillation is excited on the oscillator,
the amplitude is transferred to the other oscillator in time, which comes back again after the same time it took to
be transferred, a phenomenon called coherent oscillation. In a magnetic material, various elementary excitations
are responsible for physical properties of the material, including the excitation of lattice and magnetic order,
phonons and magnons. Owing to spin-orbit and dipole- dipole interactions, phonons and magnons are coupled to
each other, which could lead to the coherent oscillation between magnons and phonons if the coupling is strong
enough. In this talk, the experimental direct observation of the coherent oscillation between magnons and phonons
are presented [1,2]. In a Bi-doped magnetic garnet, Lu.BiiFessGaisO12, We observed coherent temporal
oscillation between magnons and phonons as a result of hybridization, where magnons and phonons are
coherently interconverted to each other during propagation.

This work was financially supported by JST ERATO Grant Number JPMJER1402, Japan, and JSPS KAKENHI
(Grant Numbers JP19H05600, 21H04643, 18J21004, 22K14584), Japan, and JST CREST (Nos. JPMJCR20C1,
JPMJCR20T2), Japan, and was partially supported by Institute for Al and Beyond of the University of Tokyo. T.H.
acknowledges the support from GP-Spin at Tohoku University.
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Observation of exchange bias switching using time-resolved-magneto-

optical Kerr microscopy
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“Department of Materials Science and Engineering, National Tsing Hua University, Hsinchu, Taiwan
*Department of Physics, Technical University of Munich, Garching, Germany
®School of Materials Science and Engineering, Tsinghua University, Beijing, China

When a ferromagnetic layer is adjacent to an antiferromagnetic layer in a heterostructure, the hysteresis curve shifts as
if the magnet feels an unidirectional effective magnetic field and the effective field is so-called the exchange bias. As
one of its uses, field-free spin-orbit torque switching has been realized. In the ferromagnet/heavy metal heterostructures,
the magnetization can be switched via spin-orbit torques (SOTs) when the in-plane external magnetic field is
additionally applied [1]. However, when the antiferromagnetic layer is attached to the ferromagnetic layer, the external
magnetic field can be replaced by the exchange bias and then field-free switching is realizable, which is useful from an
application viewpoint [2].

Although exchange bias has been employed simply as the replacement of the in-plane external magnetic field, it has
also been reported that SOTs switch the ferromagnetic spins as well as the out-of-plane component of the exchange bias
[3]. Since the exchange bias arises from the interfacial antiferromagnetic spins, it is important to understand the
temporal trajectory of the exchange bias switching regarding the high-frequency response of antiferromagnets [4]. We
here investigated SOT-induced switching of both the magnetization and the exchange bias in Pt/Co/lrMn
heterostructures using time-resolved magneto-optical Kerr effect microscopy (TR-MOKE) and micromagnetic
simulation [5].

We deposited Si sub./Ti(5)/Pt(5)/Co(1.2)/IrMn(8)/Ti(2) (in nm) multilayers using magnetron sputtering at room
temperature. The film was annealed at 200°C in a magnetic field of 0.9 T, so the film has an exchange bias of 35 mT
and 55 mT in the out-of-plane and in-plane axes, respectively. The film was subsequently patterned to 2 x 2 um?square
devices and Au microstrips were attached to the device as shown in Fig. 1a. Using a TR-MOKE setup and nanosecond-
pulse currents (Fig. 1b), we experimentally realized time-resolved switching. As displayed in Fig.2a and b, we observed
that the magnetization is stabilized at multiple levels and the levels depend on the in-plane external magnetic field and
the current density. Comparing the obtained results to hysteresis loop experiments, it is found that the multilevel
switching is linked to the exchange bias switching. Although the switching of the exchange bias has been reported using
quasi-static measurements [3], our results indicate that the exchange bias is switched by SOTs at a rate equal to or faster
than the magnetization.

To further understand the temporal trajectory of the exchange bias switching, we utilized MuMax3 for performing
micromagnetic simulation [6]. The multilevel switching in the simulation behaves similarly to the experimental results
and switching of the interfacial antiferromagnetic spins was observed (Fig. 2c-¢). It implies that the SOTs indeed switch
the exchange bias, and the multilevel switching occurs because magnetic domains in the Co layer are pinned by the
interfacial IrMn spins. We will discuss the contribution of the Joule heating and the difference between each graph in
detail in the presentation.
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Fig. 1 (a) Schematic of the sample and measurement configuration. (b) Overview of the time-resolved magento-
optical Kerr effect microscopy.
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BEHML, Yo7 NE XEAT =128 4em/s TETIC10FEIES. Z0LE20H T AnE O
REFEBRE A L THRIE L, LREIEK CHEIE%, HTS-SQUID THRIIT 5. £7-, EN= A Lol Fict
Ty ANRN—r—TNERE L, BRESHETICY S I E~D L —F =R E2{To7-. 7 7 A4 3— %=
TEL105E3um O~ L FE— K7 7 A =% H\i=, £72, L—P—(F/ UL ANE 150 fs, FLEFR 780 nm,
tﬁmﬁ%mw,ﬁ@LLH&ﬁnnmuﬁﬂwxv H— (Avesta ) ZFEH L, o7 VIHEE THE
DRI 2B Lc, BEY 7 Ui, MIERE 1%, W) /R FIRE 2mg/mL & LT, SRmEiE Al
(TweenZO) AR THIRL, b7 VENB0uUL &725 KO T L7z, W T /R FI3hi1-£8 18030 nm
DO~ 3xHA NEMHEHL, o 7 VHRERNOEE I L0 oS,

EERIER

Fig 1 IR EIEHEAIRE £ 2L SH L & O, L—F—iz ™[ nimn v
EBIEBBHTH D T W T Omin £ L,  Tueuntn 0 —
EEEAVHE A2 20 min B O(E B THISIL LT, 7l 5 "
CREEHAIZ AT S &, L—F— B LB ERoE 2| e S
EHRBEE>TNDZLibnD. Fiz, BUREH For Lo !
DEFAEICONT, REIEHAIRIEAOY T Lkl 2 (| . .
TH-miEMEA] 1% T 9.4%, 5% T 9.8%, 10% T 20% D15 = " " . "
[l EFAHR LR, LEA-T, %Vf»*ﬁ%”ﬁ% er ot , , , |
(RHES 5 REIE A IRAT 5 2 & T, L—HP— I ” T et "’
5wmf/a%@%ﬁi%ﬁwgné_&mmwéht. Fig.1 L —%—MR4HZ X H1E 5 hIER
BE T

1) Kohei Kishimoto, Hiroto Kuroda, Misaki Tsubota, Kei Yamashita, Jin Wang, Kenji Sakai, Mohd Mawardi Saari,
and Toshihiko Kiwa, “Dispersion of Fe304 Nanoparticle Beads Driven by Femtosecond Laser Pulses for
Quantitative Magnetic Immunoassay Measurements,” ACS Applied Nano Materials, vol.5, No.11, pp.17258-17263,
Nov. 2022
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WA B TR DRGAVAE & S ARG TD MR &
Z AT B BREER T kL H

Suko Bagus Trisnanto', %52 2, WEAHE 2. Mk &RE !
(MHERESZRY:, *TDK #Rlath)
Narrowband frequency-modulated magnetization signal measurement using magnetoresistive sensor for
long-range magnetic nanoparticle detection under low excitation field
Suko Bagus Trisnanto*!, Tamon Kasajima? Tomohiko Shibuya?, Yasushi Takemura®
(*Yokohama National University, TDK Corporation)

27pE -8

FLHIC

50k 1A A —3 > 7 (magnetic particle imaging, MPI)iZ, Bt & W7tk ki1 O E PR EE 2 R Ed 5
Z L wFE LT HEGZE HETH D 1D, AMEA~OMISIZ AT T AR T CEAERTEE e MPI & 27 A% 42
ZELTWD ¥, ZOvF U AT, KT OBAUE BIBIBMEIR CTH 5720, FiBRIR OBy 7 75
R A Rp ENRRER & 72D, A TIX, SRERBEIEPIE (MR) & v &2 W BB G B o K ik
WEERET D, MR U OHNBHERR CRM LT W, AR IR mMER R ZEA L, A
AT U T iR S & BLIE B OB AR E O ATIZ L 0 . BEtET b T ORHHERE R B3 #if S s,

KEBRAELHR
DA e & DO ARSI

[V BTV S TDK Nivio XMR & >4 9% 5HES MPI yz—?AﬁH@@J@:M
JLr B 100 mm ONLEIZERE L7 Y, Fig.l iZaad K92, BhBaEmE (f=10 kHz) % f+ /2 OHIRIE T
SHT2720, BERGRE He N A6 L TR 5, aiUH* EA£E 200 mm Dbk = A L5 50 mm O)Q%
RELIZBE. HK He=0.06 mT/uo BENEN D, MR & FIThh DRER DK AHERIKIC L Y 10 kHz T
1%57.8dB £ THATE72 (Fig2). MR BV ERUEIOEREd 2 ZE 2 e b, 7— U =B L 72 LE 5D
IRIECAA AT L= & 2 A9, JEEE 5.6 m@ee D 7 = /L /LR b T 2 0d d=75 mm THRHATRE T, SLHRJE I
#0f =10 kHz |23V T SNR 238 b =i o 7o, WRHUE 5 O8KIR B A M7 & OFE 24 AR5 T 5,

SE X

1) B. Gleich, J. Weizenecker, Nature, 435, 1214, 2005.
2) HH., HAMR S £ <1, 13(4), 161, 2018.
3) S. B. Trisnanto, Y. Takemura, Phys. Rev. Applied 14, 064065, 2020.
4) SFHE. A, KL BAMKES £ <R, 14(4), 211, 2019.
5) S. B. Trisnanto, T. Kasajima, T. Shibuya, Y. Takemura, IEEE Trans. Magn., early access, 2023.
6) S. B. Trisnanto, T. Kasajima, T. Shibuya, Y. Takemura, to be submitted.
—_— I L " i 4 90 L L
- N 5 50 d= 50 mm
RS LR~ FTrowr 37 25 _
: 4 }b I'C.U /\
% ; - §—501 : = . o . . ‘
] » 0 5 10 15 20 5 10 15
o | 'V ﬁ‘ﬂ.’.‘f -i (a) Time (s) Frequency (kHz)
1 (A L 107 e 21
Jb. N =3 MR Sensor .
100 mm ‘\\- Y ‘_,_-"" — 104 | o 0
?ﬁ*ﬁ} ‘\‘MRt \/.U. ::go- . /_\ —21
© 1 i83 SR E 6135 mm 5.6 mg;e
E H_Hcancel : {50 mm
T L “|Ref.
:1.101 ‘ 3 0 - )’:’\“ .
. . . . 5 10 15 5 7.5 10 12.5 15
Fig. 1 Long-range nanoparticle detection setup using  (b)  -—---—-—---m-mmm-—- Frequency (kHz) -----------mmmmemmmv

MR sensor. The excitation coil produces a
modulated field to magnetize the sample, while
cancel coil provides large feed-through attenuation
for the sensor.

Fig. 2 (a) Frequency and amplitude modulation of the
excitation field He. (b) Field attenuation at the sensor position
and signal magnitude H and phase ¢ of the sample detected at
d equal 35, 50 and 75 mm. h. is the normalized He.
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FEURERL-EREOMILEMR U YZANS
i /HRF0)E—MEH
FHAEE L B OFIK L Suko Bagus Trisnantol, 4% &R0 2. a2, Mkt wE] L
(A BRIRENL R, 2TDK Rl th)

Remote detection of magnetic nanoparticles by using flux transformer and magnetoresistive sensor
Satoshi Nabeta®, Shoya Noguchi?, Suko Bagus Trisnanto!, Tamon Kasajima?, Tomohiko Shibuya?,
Yasushi Takemura®
(*Yokohama National University, 2TDK Corporation)

X L®IZ

5k -4 A— 7 (magnetic particle imaging, MPI) X, #8265 EIIN 2% A8 FiRe R K 0 ik kr
Ta b S, ZOMETER L, EGEERT 555 THD 12, (kR TiImitia A VoFERE %
WET DR AEN KB Th D, AL TIE, MEERMKIESZIE (MR) VB XOWR N7 2k
A& W TSR O R 39 21T o 72,

KB L R

BSR b7 ALK EFTND, —RIA MKV BIEES 2RV, TR X 2FEERICE > T kaA
NDMED W % | DS 72 & OAERBEKEHINZ VW 6 41T % TDK Nivio xMR & >3 24 L#IE L 72 9,
BIE S AT L% Fig. VISR d, BERRLF3BHTEIINT 2 R0 . BAKE 52 Mt 2 — k2 A L& 80
THEO, —RIAANVTEFEF vy v af VETHTERL TS, T &ESNC, —RaA B LU
a7 o & LT,

Fig. 2 (2GR O TIE R B A 7”9, MElhE R = A I AT DB TREE . Bl IR0k © & % B b Sk iok:
TICEENIHETH D, BEICK L, “KaA /T MR U IET DERFRE NS FI L T D Z &M
s, L=aAf VERWEIE TR, 2 =3 VORI & KR OBEE b 23t S ¥ 5 Z & T,
S =af VOBREE LKA OBEICHE L, Fig. 2 ICESESELZ LN TEDS, S=aA( L TOERND
FFONTRERITRL RO Z S EZ R LTV D, BERTRES WAES 2 &, JREAYIZIE 0.4 pg-Fe F2EE DRGSR
KD ATRE T 5,

FEBRGARW NG DN REROFEMIT Y AR T D,

o Experimental data with particles

- Approximation line

for mini coil exper iment

=995 kHz

P =1mT s
“ 8

o
o

Excitation

Ouiﬁ)u(
Magneti Field pgH [nT]
N
o

E '.11.!—9 pT/ug-Fe

o A A A A A
0 05 115 2 25 3 35
Amount of Magnetic Particles [mg-Fe]

| Secondary coil

Fig. 1 Measurement setup using flux transformer and Fig. 2 Detected magnetic fields from magnetic
magneto resistive sensor. nanoparticles and mini-excitation coil.

BEICER

1) B. Gleich, J. Weizenecker, Nature, 435, 1214, 2005.

2) HH. AAMKES £ <1, 13(4), 161, 2018.

3) Oida et al., Int. J. Magn. Part. Imag., 5, 190906001, 2019.

4) S. B. Trisnanto, Y. Takemura, Phys. Rev. Applied 14, 064065, 2020.

5) fh. R, K, BARBK T £ <43, 14(4), 211, 2019.
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ST 7 T 4 TR — IV RO RBEMEIZ OV T

/1N FE S, i i
(F—%)
Feasibility of active magnetic shield with flat panel shape
S. Odawara, M. Sakakibara
(OHTAMA)

IFL&HIZ

T 7T 4 TR =V RN, ARG DR ) A AR TRAIL, AT DT 254
SED L ICHEMICHRE SN A NV OERZHIET 5% Th 5, 8, 3ETmOBK A X%t
JESED XD, A VAN IRTICIRRCE G RT3 IROTHICERE T 2 NEN S H T2, TRV
DUETHDHZ &%@ ERRETH DL EVOMERDH D, T T, TNHEEMRT MK — L RO—
D& LT, MBEMEERREZ WIS EEA T 72205 2 IGTHIZRTZIR T, 3 BGOSR ) A RCKHSTE LT 7
T4 TR — IV RERET D,

AL EFOBELFRES L UHE

FER T — L NI, Fig. | O < BRESARC/ S—~ 1 A 72 & OEBINEARIIC 2 A VBB E ST /#EEE LT
Do x HAB IRy FIOBK ) A XX, THOF ) \TEWaA VIZERZRT 2 & T, Fig 2(@0an< >—
v REERA L L TEDE T, BEBEMEARRZ H TR DR -> T DREFICE VD ITHIHS N D, z FROK /) A
A%, Fig. 20)0M< W@HE DT 77 4 TR —/V ROJFE T HIE I N5,

A=)V ROFISIE, B2 A LV OFREIC 3 IRTZER 2 LB E LW Z L7210 TR, FHli RO
ﬁ%&wiim/4f@ﬁtyﬁ%%ﬁﬁgé&’6’%5£W%ﬁqn4wﬁfﬂﬁéwﬁ®k%é
RBEPE R 2 R Z D L FCELL b2 (2 HR TR oM X I1X té)ng@m<Lﬂfﬁ
i 2856, FTEICHERE o2 ETIUEEHE R G T L7,

FHIC KD —IL FHEEED R

Fig. 1 ®—3i 500 mm * JE X 1 mm ORS00 800 5 2z J71 150 mm ONLEIZA P 2R ET H, D
ﬁP?@L%zﬁﬁwﬁﬁﬁﬁﬁ,%ﬂ%hmﬂ2M4M(%ﬂﬁT%ﬂﬁ&&5&99,%%34WT*
BRI ) A R&HNT %, 22T, AP COMRBELZ L RIZT DR IT= A VICERE T L& &,
Fig. 3 (2R3 M P DJEL 16 A (510 =25mm K O+ 50mm OS5 IRTE A, il 5 613 Fig.1 & 358) O E
FE D HE Z 51 U 72, Fig. 3 (M C ORBERE E OMaHE 2~ 9208, MAREEZEr & LA P ZH0IC
+£25mm OEKE TIX, BIX A A2/ 14 12 EEHMEREEZ A L Qe (L, 2 OMEEIEHREENE R O K
EFIRAANDEEIMNETENT D720, EEOFMGRICEDLE TEATIMLEND DL, KERIZED, 2
RICHI 7R AR ZE S — /b R °C 3 IRTTOFEIRIZ 3 Bl 7 M Z L E S EFN R Z RS EoND Z L 2R LTz,

. L L T
coils for x-direction for z-direction noise noise cancel area magnetic flux by LT
> ) R 2 s, current 2.61

<« [}

S 4y
/ current

@ ® :
g P — = v
E = 3 2o gl @Z ® ‘ @
b \ l‘_) sensor g_) / b\ )
=) ‘¢ i ¥x -
« 3.28 <] '
(a) From x direction (b) From z direction 4.08 285
Fig. 1. Proposed active shield. Fig. 2. Principle of noise cancel. Fig. 3. Absolute magnetic flux

density around point P
(applied flux density: 7.48uT).

27 3k
1) Ui, fth: TEBEEEH 7 7 7 ¢ THIR > — /v R ORI OFHM |, Journal of the Magnetics Society of Japan,
vol. 32, no. 3, pp. 386-391, 2008.
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Wk R+ NS T 7 BT ARG AT LD

REAZERG, TJINER, LB, & MK
(FUMIRE)
Construction of a water-cooling system in magnetic nanoparticle tomography
M.Fujimoto,N.Futagawa,T.Sasayama,T.Yoshida
(Kyushu Univ.)

FLHIZ

W, R T/ RF a2 WA A=V T RIERR AN ERE R COERICHEL LTHERISRTEY.,
Fx3EEOBE a4 VERWDERT /R BT T 7 0 BRE L, BEEREORE., MEBIGIZ LV B
HaA MZAEC D EREESFORBEZMA 5720, AT DV CIHME S RABRRIEE CREARE T2 RE LT,
L LR ORE CREARPEAE B OWRIEAZE) LHER RICHELZ 5 2 T\ e, AfE ClIRfitmE c£# 4
HHEZOEEICEH L, KBV AT 2OFEEIZ X 2R ELIRR & IEE OB LI OV T 21T > 72,

EEBRAE

EBRL AT L&K 1R T, it oA A oEPEE MK TRz L, SEIKIGEREE CA-1115F/F2 B(EYELA)
BLXOR AL 0 BHEHKEZER S, a1 W2 20A OKRHEREZR L. B4 L TR 1 ARES
ERS LI R LIEGESE AD 22 3—2 TR L, @l 7 — U 8882 1 0 AR B RIS 2 BUS L7z,
£/, MEH DR 2 A VELOIREE KG-500 —F 27T 7 4 —H AT (A )& HNTHIE LT,

ERER

KR DI 2 A VIR E R L OSEAR B EIRIERE O R A2 2, X 3 1R d, K 2@)iIkHy AT L
L. 2O)NFIKHE T AT LHVIZBITHFERTH D, 2 B AKEIZ L0 bk = A JWREE O LS A il LT
WD ZEBTND, £To, K3 MHKRG LIZGE, il S D AR EEIRIBEOEE /NI WD LR35 5,
Atk HAPAZ 5 O BIMENICE U TR AICIRE ZHIE LN St 2179 TETH D,

’Power supply Amplifier
) r circuit

- +— Resonant cap =
Detection coils Cooling
N N system
I

|

Cooling water

—e—No water cooling system
-e— Using a water-cooling system

T
Excitation coil

Fig.1. Experimental setup.

Fundamental Voltage Amplitude (V)

0 2x10° &x10° 6x10° 8107 1x10°
Time (s)

Excitation coil Excitation coll

Fig. 3. Fundamental wave voltage amplitude measured
MAX:41.7°C MIN:26.4°C 14:06 MAX:29.5°C MIN:22.8°C 18:02

for approximately one day

(a) (b) without water cooling system and using the system.
Fig.2. Temperature of excitation coil after experiment

(a) without and (b) with water cooling system.

BIEE - AHFFEIT ISPS BHEFEr JP21H01342, JP20H05652 DB A% 37~ b D TH 5,
53 3Tk

1) T. Sasayama, N. Okamura, K. Higashino, and T. Yoshida, J. Magn. Magn. Mater, vol. 563, 2022, Art. no. 169953.
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WA KT N T2 T 7 4 DY AT NTHIHUR IR O bt

TINELR, EASERG, HELBEH, & EAR
(FUM K5)
Investigation of reducing the acquisition time of the system matrix in magnetic nanoparticle tomography
N.Futagawa, M.Fujimoto, T.Sasayama, T. Yoshida
(Kyushu Univ.)

[FLHIZ

I, W T/ R OERIGCHOMIEREA TR Y | Foxld, FAMIG Lo v 2T 2751 % F g
PHZ XV BER T R ONESCEDOHEEEZITOMK T /R NS 77 4 2E LY, WiREEMAAIT O —FE
DOIEE TN TFIEINNLS BT T —F 7 7 7 FBFAE LT WDSEE & 2o EN | WM e & 6, L7
HWEIIRTH D, —FH, VAT MMTHIOFHREE A RN E /A4 XPRA LT WRENR S 5, AfE Tl
AT MTAIOM G E M AT O 2 & TR OHIE A U >> NNLSVEIC 5 % 53 B4 & LTz,

EBRAE

FBRAEE (T TAFIE & R TH 0 . 5400 Hz DEIBEETIC & 0 BER 2 5384 S ERR T /b ORI E %
16 HOME 2 A L TR L, TO% 3 mFHEES T AT 2T7F1EER L2, 5mm x5 mm O 22[E 53 fiEFE
39 x 25 f& AT DR A U THERL S VT2 & AT DMTHIOZE/M G FREEN LinfE(n=2,3, - )&7eb X o5, ZD
%, WM ZIT- 72, M9I& - MEETE O > 2T 2AT8 % FV Cf RIER#T 217V Feildas L7z,

EBER

B 1(a). (b)IXENZI, BB, 10A DEEO, FFEDORM A VBT 5 AT MTAl L, vk
ZEW N RRENS 1/ 251272 D X HMBI &M Lizb o Th D, £72. K 2@). (b)EZnZEi, TOY AT AT
FI, M5 - i O v AT 2MTHE AW BRI R Th 5, K2 L0, HERITERR D P EHEE
ELATATED, v AT 2MTHIOFHRIRE ARG L O OEHEZ T D T ENmnDd,

v x 1072 V x 1072
60 ) 60

2 15 £ 15

20

Detection coil Detection coil

—80 -60-40 -20 0 20 40 60 80 (a) —80 -60-40 20 0 20 40 60 80 (b)
x (mm) x (mm)
Fig.1. Parts of (a) system matrix and (b) decimated and interpolated system matrix.

ug He

» (mm)

¥ (mm)

Magnetic nanoparticle sample (100 pgFe)

=50 0 50 (a) =50 0 50 (b)
x (mm) x (mm)

Fig.2. Results of NNLS using (a) system matrix and (b) decimated and interpolated system matrix.
BEE © AWFSTIL ISPS BHFEr JP21H01342, JP20H05652 DBk =% T2 b D TH B,

E&XH
1) T. Sasayama, T. Yoshida, and K. Enpuku, J. Magn. Magn. Mater., vol. 505, 2020, Art. No. 166765
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FAREERME T 2 A LV 2 W TSR A A — 2 7 HEE DB

BIFHOR, R, e R, MRLBih, PIARE HH O
(FUPH IR 52, # R [ A7 R 572)
Development of magnetic particle imaging scanner using superconducting gradient magnetic field coils
Y .Kamei, T.Nagano, H.Sasa, T.Sasayama, Y.Takemura*, T.Yoshida
(Kyushu Univ., *Yokohama National Univ.)

1. FLC&HIC

Wtk 7 KL F0 O ORMUE S 2 B U, BRIR BRI A SUREL « R fRRBIC A A —2 0 7T DRERRLF A A —
Yo7 (MPD) BEHSHLTWDHD, AEH A X MPL OFEBUC AT 7ffED 1 > & LT, RN = A 10
BRENZET b N5, AWFFETIL, BIEEEAR 2 A L2 WA 7 12 cm D 1/5 27—/ MPL 2 % ¥ 7
— DG - PR EIT o7,

2. WPl R+ F+—

MPI A% ¥ F—D&Er 4 Fig. 1 ITRT,

<2 - I>EFEREA 2 A B F - A= ORI Z IS, RIE 113 mT (A% 15kHz) 2455 2 &
PSAIREZR 7 Turn X 25 Layer OASVRINERES =2 A V28R - BT LT, 2403 » VA O TER L 72,
RFCIHERES = A WL, BER OB RT O#iF I & ATICR D L H IO T 6iTund,

<2« 2> HEPMERMES 24 L YBCO MBS EMALS (SCS4050-APi, SuperPower) % FHWT, =A LNEE
180 mm, #M% 207 mm OBZEMARMER = A VARIEL T2, 77 K Tl IEIC K D F VR A2 JE UGS E DR
IRDT,

<2-3>RHaA L B A VORERNT, RmERRO G ETTHY, Fr o Era itk
0. BhEMAROFELF Y BV L TND, Fo, BEBGOFELF Y ELTEDLE I NS=NSe &
RHEIREIEITOTND, T Ty Npy NIRRT ANVEBLOF v B IA NVOBEE Sp, S 1T = A
LBLIORSY LIS LOERKTHS,
3. F&H

1/6 24—/ L MPT A3 ¥ 7 —|ZHWW D e BRI . Mt = A L OR%EE - BRF 21T o 72
(Fig.2), EBREROFEMIZOW XY BHRET 2,

BEE AWFZZIE JSPS BHFE JP20H05652 DEIR A2 1T 7-H D Th 5,
& TR

1) B. Gleich, J. Weizenecker, Nature, 435, 1214 (2005).

""" == =i
o coil

AC coil

I .
206 iiiiii Bore dia.
300 TR
i 0120
SEuire
: : Detection coil
!_ll\ Cancel coil

- Gradient
_____ coil

162

Fig.1. Cross section of AC excitation, DC gradient, and detection coils Fig.2. MPI scanner
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fgatt D 7 KA DR AR )69~ 2 Kl fﬁifﬁ%@m Atk

BEPIFE T BPARIOR T AR TEERE S 20 A 2 AR . H TR 4 SURBREE ¢
(' ZZEEMBIRA SR, 2 RBRORSE, PR LR S, AR F KRR )
Quantitative evaluation of viscous effects on the relaxation time of magnetic nanoparticles
M. Washino!, K. Nomura!, T. Matsuda', S. Seino?, T. Nakagawa?, T. Kiwa®, A. Tanaka“, T. Sakane*
(*Mitsubishi Electric Corp., 2Osaka University, *Okayama University, ‘Kobe Pharmaceutical University)

HRER

RN ORIREEE L~r o BRI, millE, Bk, R 0B EEE L TRV | MESMm 2 IGT
L2 N TEIITHREZWI D ATRE & 72 5, BatET 2 R (Magnetic Nanoparticles: MNP) 7> & O & J& ¥ 45
B L, @B b DBIERL A A —3 27 (Magnetic Particle Imaging: MPI) (%, MNP O#f%FfnfF
2 DI EEREE R 2 TG D ME~ v B I~ S TS D, RIFZE T, RED R D%
BEHIZH5 1T D MNP OFEFNRE & BN 3 2 FiE A et Lo/ R & BUER R & o iz > TliE T %,

EER

Fig.1 |Z7”RT X 912, MPHE B HUSGHRC v » 7 A o7 o F & W= BRI X 015 B9RE & AT A S 4 B
BL., BRI AR S U CHEBENE T2 PIEZBR LD, AREEZ AV CHREO R 2RIk
T % MNP OFEFE OB WA 5, —J. MNP OFEMERIZ T T 7 U & =— UiEfo 2 >0 H 5
IZE > TRHIAISI, 77 7 R & =— VR OFEfEY & LTRSS Y, HWEICHEM L7z MNP
O TRIFE, TR SIFRORIRR, BT XL X —H ORI O EEFRIC L0 K E 2 B% & U TR
MZ B L. MPLEEREIC L A HIER R & T 5,

HRLEXE

FERE 2 BAEL & U CRERIIRE ] 2 20T L2/ R % Fig2 \ORd, 77 U UREFIRER T MNP OREI2 % LT
BIELEHI L, = — UERFRERD I3RS ME 20 L C— Bl % & D, MNP OFEFIEEIX T T 7 U REFIREE & =— L kg
TR ORI E L TR SN, BEORWERTIE T 7 7 VBN KA TH 57Ok E & & b ICETIE
MM L, =— VEERRFRICINR T2 Z L R ERTX 5, R TIL, MEO R IEEFTIZH 5 MNP
DFEFNIREE A MPI 25 CRIE U 72 #E5R & BUEFR R & O EiIC O W CRRIIC R T 2.

AWFFEIL. AMED OFREE 5 JP22hm0102073 D48 %% 1) 7=,

SEXH

1) M. Utkur et al: Phys. Med. Biol. 62 (2017).

2) K. Nomura et al: IEEE Magnetics Letters, vol. 14, 8100105 (2023).

3) T. Yoshida et al: Japanese Journal of Applied Physics 57, 080302 (2018).

Iron yoke Permanent magnet 1.2
X | C.C Power
Supply - 1
S b
Excitation Reference g
coil N Lockdin Amp | = 08
- L]
Sample REHREE  [RHREER I g
| <——-} g
Y (= 3-axis motmn b 0.4
Feesee eeeeee Rotat contraller = Total r.elaxatlon )
Receiving coil || 0 ate ! g 0.2 Bl:ownlan re.laxatlon
Y. N Translate I ===-Néel relaxation
S 0
L ' ' 0 5 10
z X Viscosity, n/ mPa - s
Fig. 1 MPI system diagram Fig. 2 Numerically calculated relaxation times as a

function of viscosity
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MR DFEFNIRE R 22 2 W T AR SRRL A A — 2 ZIED B3

EPRIALOR Y, BERRREL Y, mEH Y TR 2, J)llE 2 A= s
(P =ZE MRS AE, 2RO, 3 1K)
Development of in vitro magnetic particle imaging method using relaxation time difference
K. Nomura!, M. Washino?, T. Matsuda?, S. Seino?, T. Nakagawa?, T. Kiwa®
(*Mitsubishi Electric Corp., 2Osaka University, *Okayama University)

1. BRER

Fe{bdka TR & T DT 2 Kt (MNP) 206 O @ JE RGN E R L, SEEICLA A=Y 0 7 5
KR4 A— 7 (Magnetic Particle Imaging: MP1) 1338 L W EREHGZBHEM E L CHERE STV A D K
MR CIX, ®5E2 7T A ~—HERHE O R M 2 BAE L L, MO Amyloid B (LT, AB) (23 IMIZ
FEAUEEET D MNP b L—H—0 MPIE B %3 M L72. MNP k L —H—DREEZLIC & o TH: U B AEFIRERH
ZERWTHEEGAEREZFIA A=V 0 T T 5 FEICOWVTHREF LI R E#HET 5.

2. RE&

etk /Rt REZ T 0 —T7 &2 BEELT D 2 & THENREMIEREZ MG LR % MNP L —H—¢&
LT L7z 2. MNP 11X, AN (B 21X~ 7 AN) CTrssEREN 2t U RNAET D Z &0
HHILTWS D, MPI D& FTHREBEREHRCa v 7 A4 T v P EB WD 2 L Tl & AR H 4 B L, MNP
ZFRRd 5 FiE &2 B%E L7 9. Amyloid B-Protein (Human,1-42) (PEPTIDE INSTITUTE, INC.) % H\ T ABEEE
HEREL, MNP FL—H—%EET DI & CORBIREEZERET 2V 72 ERIL 72, BR¥E L7z MPI %
EE AW CTEREGESOREEZRIG L, 7l A=Y ZICHW A2 EJ T 5.

3. WREEBER

AWFFECHA L72H > 7 v L OV ABREER % Fig.l (289, IRG L7 MNP |~ L—H—23 ABEEEIRICHE A
BEEL TS Z ED B TE D, MPIHEEEORIER R % Fig.2 12”77 MNP OMREEZLIC L > T2 oD% T
IVONIFEZES 6.6° Th D Z L RERR LT, MiFEZED DR S 2 B FIRE 221X 10.8pusec, ZAuid ABEEEEIRIZAE
B L2 Z S L o TR QUK I FEBHIM LA S L7z MNP R L —H—OEITEMRFM A E L 72 o7
CLICRVAELHEEZDND. BETIE, AV T NEA A=V 7 LTk R 2 O TR 2 v
TeBE R T /R IREEFR R FIE DA NI DWW TR 5. AWF4EIEL. AMED O % 5 JP21hm0102073,
JP22hm0102073 D X 4E %%} 7=,

SEXH

1) B. Gleich. J and Weizenecker: Nature, 435, 1214-1217(2005).

2) TR, 5 45 [ B ARSI AR AR S 2L (2021)  01aA-5

3) M. Washino and K. Nomura: International Journal on Magnetic Particle Imaging, 8(1), (2022)
4) K. Nomura and M. Washino: IEEE Magnetics Letters, vol. 14, 8100105(2023).

—Suspended particles

——Bound to AB
im. (Wt
l Re. (V)
Fig. 1 Appearance of magnetic particle sample: (a) amyloid-3
aggregation, (b) amyloid-} aggregation was mixed magnetic tracer,
and (c) PBS Buffer solution was mixed magnetic tracer Fig. 2 Lissajous curves of 3rd harmonic signals
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CuxCoixFe 04 DRGZE Kt DR FE R A

5 2P

27pPS - 1

INERRE, ARG, R . KRATRTE. P HETER. s, FI &
(RBRRE: REFEBE TSEER)
Temperature dependence of magnetostrictive properties of Cu.Coi..Fe,O4
S. Kosugi, M. Hisamatsu, S. Fujieda, Y. Ohishi, H. Muta, S. Seino, T. Nakagawa

(Graduate School of Engineering, Osaka Univ.)

[FLHIZ
NI B A ERAEIED CoFe04 27 =T A ME, |IIZBWTKE EZRT, FxlL, Co % Cu TH
DEHL L 72 CuCorFe04 73 CoFer04 (x = 0.0) KV HENTWEFELZ RTZEZH LML D, Lo,
CoFe04 B LN CuFe;04 D% = U —BEEIL, ZTNENTNBKBLRT28K THD 2, £Dizd, CuCoi.Fe,04
@ﬂ%; »«/mlr“ I Cu ﬁB %iﬁﬁ@;@iﬁm IEWVMER T35 & PSS, &2 T, A TIE CuCorFerOs D

EBAE
Co0. Cu0 B L Wa-Fe,05 ZHFFEE L THWE, U5 DRSS Z MR L, KEHI ’%’b\f
950 CC 20 REfE] OEVLEE % Jifi L T Cu,Co i Fe 04 7Bl (x = 0.0 B L TN0.6) Z/ERL L 7=, BEEFRFEDFEMmIZ

EHRT =T RN, BAF— VAR O LIl . EAORIE IR LTIﬁkiUﬁ%ﬂJ\L
WG 2 L7z, . . . . .
300f(a) ' Cu,Co, Fe,0, 300K T
RERIER g 200p AL, i X=06 ]
300 B EON330K IZB1F D x=0.0 & 0.6 DEHRALL DRHHKAT E‘i mg / 55
PeZ Fig 1 W=, SEATRSBEIING £ HAL/L (AL/L) W EH L. | 2 40 1
ERESFENANC X DAL/L (AL/Ly) (3¥EMT 5, DFV, x=00F X % 200‘.&(;' ]
V0.6 lXADREZE % 7T, 300 K IZHBWT, x=061Tx=00 L0 &30t :
REWAL/L)FB L OAL/L 27T, & 62, KENEES BT 5 C
AL/L/H X OALIL R ORI IS A & it 5 &L x = 06 1 x = CuCo, Fe,0, 33

0.0 LVENLTWS, FEOMERBIL 330K IZBWTHEIERINS,
L7235 T, 300-330K 2BV T x=061%x=0.0 LV EN-WE

itttz 4,

K E I

!j: 330K

%@#ix—OO@mJ:D%jt%b\o
%ﬁ& X0 BEEEMEOIRE RN TEE I

W COIAL/L-AL/LL & . Z D 300 BXTN330 K 128
7‘6#’\% Table 1 (2779, x=0.0 ® 300K (Z
BUIAEIYDHRED, x=0.6 bREOBEMZRT
2%V, Co®D CuifiriE

BT B|AL/L-AL/LL|

Strain, AL/L (ppm)

Magnetic field, H (T)

Fig.1 Magnetic field dependence of the
strain AL/L of CuxCo1-xFe204 (x = 0.0 and
0.6) at (a) 300 and (b) 330 K.

Table 1 |[AL/Ly-AL/LL| of CuxCo1xFe204 (x = 0.0 and 0.6) at 7 T and the difference of |AL/L/-AL/L.| between 300 and 330 K.

|AL/Ly-AL/L 1|300 k |AL/Ly~AL/L 1 |330 Difference
x=0.0 209 ppm 185 ppm 24 ppm
x=0.6 354 ppm 308 ppm 46 ppm
L 2PN

1) S.Kosugi et al., Mater. Trans. 64 (2023) in press.

2) V. G. Harris, Microwave Magnetic Materials, Handbook of Magnetic Materials, vol. 20, (North-Holland,
Amsterdam, 2012) pp.1-63.
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SET O /- D
U T2 A LEnEg X EEEEH S R 7 L DBiF & B )0 H

Rl #2001, ¥4 B!, Foggiatto Lira Alexandre!, ={® T&!, LK &KX",
KR —F2, P 5 3/Nid BEA !
CRER Y, Rl ILRaE 2 R S)
Development of real-time and high-speed magnetic domain measurement system
for iron loss analysis and Application of machine learning
Ryunosuke Nagaoka', Ken Masuzawa', Alexandre Lira Fogiatto',
Chiharu Mitsumata', Takahiro Yamazaki', Ippei Obayashi’, Yasuaki Hiraoka®, Masato Kotsugi'

(‘Tokyo Univ. of Science, *Okayama Univ., *Kyoto Univ.)
ZC®IC EXREBEHOMRNRE R EEIC, KE$EALE— & —HEEME ORI 25 &
oTwd, INETHRADI V=T, BWMAEZHER L2 R v 2o MiE] 2170
RIS ICE T 2 2 & T, MERRBRE ORI D X 1 = X L% i L T & 7 W, Rpfgec
\E, TGS T T OB SIS DT 2 HAE & L 72, BARIICIE, Rl X7 L DRfF &,
KEBUEEIX 7 — 2 OFHH &, JRRA 7 v F o g Ic o R EMH E c2 —H L T o 7%,

KB TFALRAE—FA AT, Kerr UM
B XVBWOEHARDEZEEREHEL, WX =
MG OBNZEE) T — X 2 BUSFRE AR 7'm 777 2 0
BIFE 1T o 720 KIT, Z1% T 5, 60,240Hz DN
35 Fic B X ELE D KT — 2 2HU& L 72,
o, B L MRS T — 21 LT = 2T
v bAdE B Y —(PH)R EKDIHT(PCA) &\ 5 72 R
B TFEE G L, RO L - XS ZE A
% GUR AT RE 7 NI 2 BXET L 72

R L EE HYEME OB Fig. 1 1TRT,
F7- BB I X D AR L 22 BRI A PCL B LT
PC2 76 72 2 1EMZEM L CREXEZ L 2 i Z &
HHI L 720 ARG 23 RS 72 21 DAL CTHRIE T R
%NS PCl 284K L, PCl 2MRRET) & B E % RIS
ZRHMETH D LRI NS, X HIC, WENTICX D . P
PC1 ¥ RICEH 53 2 g XA o [K 7 D AT AL 1 ik 2 ; Zg%

Lize COZEICL D, SRIBORES I 7 v X oMz Co0HzT  240Hz
i’:cll_:i ’C)P'E_H T HH ro 2T ? 2 EI’EE‘I?E#,HE% éf Eh/ b . PCl(;ﬁmﬂ tiﬁ;&ﬁl’&ﬁﬁ@'%ﬁﬁﬁfaﬁ%ﬁﬁi

100}

50t

-50}

2nd principle component

-100}

-150}

SE R Fig.1 Feature extraction result by PH & PCA

[1] K. Masuzawa et al. 7" Magn. Soc. Jpn. 6, 1, (2022)

[2] S. Kunii, et al. Sci.Tech. Adv. Mater.: Methods, 2(1), 445 (2022)
[3] S. Kunii, et al. Sci. Rep. 12, 19892 (2022)

[4] A. Foggiatto et al. Comm. Phys. 5, 277 (2022)
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F /A4 7Yk GdreCo MEMIFR DO~ 7% N U 7 T 7T ¢ TRIR
TR R, BB L, EFis (BRILERY)

Magneto refractive effect in nano-imprinted GeFeCo nano-wires
S. Sumi, K. Tanabe and H. Awano (Toyota Technological Institute)

[FL&HIC

FEMEARR 2 N2 28 VI RTERS N 70 AKHBE B I MEDSHIFF CE 2720 EEHE - BB /7 M AL LTE
HENTWb, TxIFINETIZ, T /A4 7V METER LB OW T BARFENS LD
ZEERLUTERN, —Ji, REEES SRS 2 F T A2~ 7 2 NV 7T 7T 4 TR
NHE SR TV B[2]3]

Ao, [FRERMHIRSE L AT 5L EZOND T /A 7Y v METIER L 7= GdFeCo BétEfIfR D~ 7 % |k
V7 T7T 4 THRICOWVWTHRHNEIT 720 THRET 5,

EBRAE

FEPERRR TR X 100 nm DA kT A AR Li=F /A > 7"V > b EEM 12 Pt 10 nm /GdFeCo 20 nm / SiN
10 nm & A 8y Z R THREE LVERL L 72[1]. Figure 1 (2R U 7230kt & B — v — 7 %5~7", GdFeCo IZ N
THEGHREIRIL 3.5 KOe Th -7, HIEITHIRIC Xe 7 > 7 HMVRIET CEBIREL E LTV, Kt E -~
FF ¥ AR (B 500-800 nm) CHlE LiT- 72,

wR

B I LRI Sk U CIERRMRYE S B EAEAT T2 L 7o, Figure 2 ICRYE 5 M 2 B & L7256 O R
HEaRT, SMNBEER 0 & 5 KOe TLI%RREDE{NRAbNT, T/ A7V bk GdFeCo EMEMIFR T~ 7 %
N0 T4 THENRROEND Z ENyhoTz,

ARFZE IR E 20H02185, 21K18735, 21K14202 D H % 5% 1T TiThbiuiz,

Polarization L

500 550 600 650 700 750 800
Wavelength(nm)

o o Figure 2. Refrectivity of the nano-imprinted
Fgaure 1. A nano-imprinted GeFeCo nano-wires GeFeCo nana-wires with a magnetic field

and its Kerr hysteresis loop of 0 and 5 KOe

L 2D XN

[1] T. Asari et al., AIP Advances 7, 055930 (2017).
[2] S. Saito et al., J. Mag. Jpn., 43. 25-28(2019).
[3] Y. Takashima et al., Jpn. J. Appl. Phys. 57. 08PE01(2018).
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FePt N bXNZ — U EO MG AL SR

ARMRE ' AR R A ORIEOR 2 B EE T SRA T A AfEkEsE!
(" RMEIE R 2 E - ORI FEREAS)
Magnetization reversal with circularly polarized light in dot patterned FePt thin films
T. Homma !, H. Sakaguchi !, S. Nakazawa !, Y. Sasaki %, S. Isogami 2, Y.K. Takahashi %, and T. Ishibashi !
("Nagaoka Univ. of Tech., 2 NIMS)

[FLHIC MBSO ERBLALY Y M7 & FEGEEFIEE LT, ix OBKA R L —UT 3, ZADEH
bR TWD, —F CTHEE, B3, el JEEEZ & oEn - BAGEERFER I SN D Z &b,
AR, FMRE CTRUECHEE 2 HI 5 2 22 b iz (AOS) MEH ZED TN 5, £< O A0S HFEER T
At (RE) —ZB4RE (TM) 3407 = U M Gd-Fe-Co %[5 V<> Tb-Co #ifi% 2, RE-TM g 7 = U #
D Th/CoOV72 ENRHNLENTWA D, BEEEMKGEEA & U TR N ET RN FePt-C 77 =25 —
BATHEBIINZZ LD Y, EHE~OHHEREEZV 5oH D, 5%, A0S OFEMAREM:Z X 5 ITHEE
THEOITIE, B 5D DEBIEERE VRN EECTHDL EEZDND, &I CAMFIETIEE T, FePt
HHEEED AOS 12Xt T B 3% —= 0 VR OREZ B E L TEREZIT- T2,

REAHE DC v~/ x b A2y XY o 7RI LD EE 2200

10 nm 0 FePt j#ilili% Ar Z2FAS FC STO(001)JeAR b iz i 2100 ﬁw‘ s
Lize # =%y F OMLEIE FesoPtso, SUBEEHURIEIE 500 °C 2 2000 | ~10um
Ylt, 74 MU YITT 4L AcA AV I LT ENT 2 1900 | B i
FePt {1 L% 5, 10, 20, 40 um 0 P AN T L 7=, = 460 40
MOKE SRMGI CRIMCIAAITI, RULBRIDERE O 2 1 | s
MBI L7z, AOS Tid, AARA T L 0 MRS & En iE8h e mm————

L. Ll & Rl & opEORIED Ky R 2SIRAEL TO Sk 08

EEYIEREL L, Ky b 1 #FSHRE L — —% B 4 3 2 -1 0 1 2 3 4
L7z L7z b —H—133% & 514 nm, 3%k 10 kHz, -3 H (kOe)

JVANE 230 fs T 5, L — —FRERI# ORLIRBEIZ MOKE  Fig. 1 Hysteresis loops obtained by MOKE
BoOa TR NOENBRERE L, microscope for patterned FePt thin films.

RERFEREEE Fig 1 1TRRD Ny M A X2 5 FePt
PRI TR DR e A7 Y v A #2777, 20 yum UL ET
X, EFEIEOREE & BB FR IS IR0 o 723, 10um BL - 28
TTCIE, BALERZE B BRIZ 2 b L7, Fig.2(a)& 2 (b)i
Tz, MECRIATH% O MOKE B & BT A v 7'm >
7ANERT ({HHEROE ST Ry b LiE31F), MOKE % R EPLALPATRY
v hOBRMBE BEAIIENEIIE & AT LB IREEIC m— Position
KIET 5, MEAEBHFRIEOTA T v 7 7 A VAL 1TEESREIRT CmEmE AT
THHLEIIC, 2 P T AFOEMITAOS ICEDHDE  Fig. 2 (a) MOKE images of patterned FePt thin
HRESND, — TR LR DO~ Y T 44 film before and after laser irradiation and (b)
PEDOBLEIN A BOMEREBEST DHENH DT, W line profile obtained before and after laser
RTIHMLDOFERT — & 2R Le S bk 2 R 5, irradiation.

SEXH

1) Stanciu et al., PRL. 99, 047601 (2007).

2) Alebrand et al., APL. 101, 162408 (2012); Hassdenteufel et al., Adv. Mater. 25, 3122 (2013).

3) Mangin et al., Nature Mater. 13, 286 (2014).
4) Lambert et al., Science 345, 1337 (2014); Takahashi et al., Phys. Rev. Appl. 6, 054004 (2016).

@) (b)

Before —After

Before laser irradiation

Intensity (a.u.)
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Sm ¥— REEAIZ X DRI FHEE Sm(Fe-Co)i12-B #ERBRE D PREE S M) L

A& . i RE T RIKEA, B IEM. B B
(RAEFFER T)

Enhancement of coercivity for grain boundary diffused Sm(Fe-Co):>-B thin films
by the introduction of Sm seed layer
Y. Mori, S. Nakatsuka, S. Hatanaka, M. Doi and T. Shima
(Tohoku Gakuin University)

ICHIZ

ThMni 1% %2 T2 RFen ALEMNITE W EIRBALZ R d 2 & B HTHLEPERE K ARG A DEMTIC 2T B AL,
FFIZ Sm(FeosCoo2)i2 MR CIZEIRIZIH W TEN 2 fi b uoMs = 1.77 T, G VERS woHA=12T, = U —
IR Te =586 °C G HIL D E#HiE STV D D, B x 1X Sm(FeosCooa)iz M~ B USINZ £V woHe = 1.2 T ~f&
WML, BEEHTH7ENT 7 ARHAD SmFen FRRLT- 2 IBRIZ /3 W L 7oA IEN TR S5 &
HEL D, £, RIFFEHORAIL SmssFers3CoieBios Tl D Z & BRIARITIRENME 2 R & PRSI D %
RLFRAH OB OHFNC L 0 REE O B0 LRI TV D, EFRIZ Sm(Fe-Co)i-B DRSSk it~
Si ZBRMNCIERLT 2 Z L1280, LILT 6 132 T MR L-Z L3t S, BicvA 7~
TXT 4 v vIalb—rarERAWEBbKET a2 AOFMETIL, Si 3%y v @ olEE TEET
JEB L. NHUE R OWENERE O S AFET 2 BEMER 23 0 S huiuE, K93 T ORE BRI G5 &
THIENTZ D, ZDO XD, FERENEILER ORI FYLEIL Sm(FeosCoo2) HEEDRIE /1M HIZHE N2 FETH Y |
BRIEMEAR O A RAIHN 2 0 22 DR O LS iRF S D, ABFZETIE Al X O Si ok 2 HV TR YL
& Sm v — FEOMAEHEIZL Y Sm(Fe-Co)ie-B IR DRME ) M) L2k H 7260, 2— RiE, Wtk &k O»r
X v v 7E OIRIE 2 20 S B 7R OB O RS S G S ORI 2 RIS A L 72,
ERGE

AREHERI I mEZE L e ANy ZEEEEZ O TER L7z, 4.0 x 107 Pa LA FOEZEFRFAKHIZIBWVT, 700
°C THARZ U —=1 7 L7z MgO(100)Hi i Fobl D FEMIREE A 400 °C [Z5XE L, A A 1.30 mTorr @ Ar 75 F
LKAPIZBWTV FHIE % 20 nm, Sm > — RJE % fsm =0~ 3 nm A L, FI2RMESE & L C Sm(Fe-Co)i-B JE %
t112=30 ~ 100 nm B L7, FEWV T, JEHonE & LTAL SiaFr v 7 @e LTI L72%, 400 °C 23\
T 0~4 K OBIRZAT N, Btz BB E & LT V@4 10 nm BUE L7z, 1ER L 72306k R fb i 1% X
MREIHT (XRD), BRI TR SR TG (SQUID) % IV CREAf L 7=,
FEBRAER

X v v 7 J@% A5 L7220 Sm(Fe-Co)i2-B (100 nm) &ML 350 TR EE I 7 [WIZE L 7o biifR L 0 12T
EBWRIE I AME B0, Sm v — REOE AL XY ThMnp BUAEE IR 5 (002) % ON004) B — 7 DFRFE A
MU, oa-(Fe,Co)fAIZHEIKT D & —2 OFRENAD T2 2 ERER I N, 72, Al v v 7 EZ2 LI X
D PEHEL L 72 Sm(Fe-Co)i2-B #EIZ 3T Sm v — R A E A L7256, &K 1.87 T OREEN MBS vz, 5kl
TlX. Sm(Fe-Co)io-B MK (N Al, Si T3 & Ll S 7-EHZ B W T, Sm v — REE A X D iiE & B
PEDEALIZ DN TEEIZHRE T 5,
2PN
1) Y. Hirayama, Y. K. Takahashi, S. Hirosawa, K. Hono, Sc: Mater., 138 (2017) 62-65.
2) H. Sepehri-Amin, Y. Tamazawa, M. Kambayashi, G. Saito, Y. K. Takahashi, D. Ogawa, T. Ohkubo, S. Hirosawa,
M. Doi, T. Shima, K. Hono, Scr: Mater., 194 (2020) 337-342.
3) A. Boyachkin, H. Sepehiri-Amin, M. Kambayashi, Y. Mori, T. Ohkubo, Y. K. Takahashi, T. Shima, K. Hono,
Acta. Mater., 227 (2022) 117716.
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SINIZNox-W S TH 7 = T A4 s DA R O RRrE

FHEPSRL, R &, TEEES, FI &
(RBRR)
Synthesis conditions and magnetic properties of SrNixZn.x-W-type hexaferrites
K. Ishino, S. Fujieda, S. Seino, T. Nakagawa
(Osaka Univ.)

FLHIC

NITE % StMex-W 17 = 1 |k (SrMesFei0y7) 1 Me?* = Zn2* D & &, —iRENICHW SIS SFM LT = 5
A b (SrFe019) £V bEWEIFI L Z RT Z ENMESNTEY, WAL LTHifFsn s D L
L. SIZngW 7 =5 A MIRES), F2 ) —BERENRELIIENEWVWIHIFRERS D, £ 2 TAFETIE
X ) —BEEZM ESEDAHEHEDOH D NI lZHEH L, SINiZnpeW 57 = 7 A | (SrNixZno-«Feis027) Dk &
WEFMT 5, /o, WHRT =T 4 NOBEMHOBERICIIFHSEENLETH L1 2, Ni 2@ LIEOE
RGBS L2 Blid b7, Ko T, ARAFZETIE, SINixZnaW 7 = F A 1~ (x=0.0,0.5, 1.0, 1.5, 2.0)D/E
SR & BEAURFED Ni BHURFYEZ B LT 2 2 L2 B LT 5.

EEBRAE

SrCOs, NiO, ZnO, a-Fe0s & HFFEE LTHWT, XL v k @ VW-type
Z O U BERK IR S % e 32 50 po2 = 5X 10 ~ 2 X 10" atm & 28 2. T @ Spinel
200°C/h TH-R, 1250°CC 10 BRI OBLER Z Jits L7=. Az plhH O [RE 1

ZI39EBRE XRD, L v N O A RAROBIERICIT SEM-EDS, R (atmi:hige)" . .

MI:EIM%OD«EIJ/E X PPMS % 7=,

SEERHER
XRD X — DEFAD A A 2 E— 7 DR X XD EHERRAE DRSS

LT, x=0.0 KU05 (2RI HEERMIFIHR & AR DOBfR % Fig.1
R, BTOMBIZHOWT, BESENPRESRDITIEWRFHD
BRI REL otz £12, XRD RNY — MO EER I L-
LA, BRENLRDIFLE, BFERITNSS otz ZDZ
Lo, JHNEVIZZN A NIICEBRESN TS EE X 5. Fig.1 Sintering atmosphere
SEM-EDS |7 1 % EHBIZE 0O E, XRD 12 LA FEO@Y , 1FITW dependence of formative phase
B THER SN TS Z &R mmolz. L, AERMEN—E
BlEmasniz., Lo T, SEEERBMEASEDITIE, BENEZEIC

5><10-1-. .
13102 @) @

L,
0.0 0.5
x in SIN1,Zn, Fe 50,7

Oxygen partial pressure pg, [atm]

120 - = 05@

EF B, HERIRIECH OMBE N B E 2 HRB. 00K
KEFR THER L 7230BHZ ST, 5K & 300 K (231 2 Bt 100 - - x = 0.5@300K
(LR % Fig.2 (2R3, 5 K OFIRHMLIZ%d 5 300 K O EFIR LD --x= 0-0@§OQK

2]
o

EOEEET D &, x=05DIFHI N x=00 KV K& 25729,
Ni 2T s2 e Ccxa ) —BHERMELEZEEZZONS. £,
Ni Z/D BN L7 x = 0.5 T 300 K (231 2 faFB b oMmA b h
7272, Ni OUIEEbom EIcbFHTHL EEZ XN, 40 ;

(=)
(=)

Magnetization M [emu/g]

0 10 30 350 70
L 2 BGN External magnetic field /7 [kOe]
1) S. Dey, R. Valenzuela, “Advances in Ceramics”, Vol.16, Fig.2 Dependence of magnetization on

ic field (x=0.0, 0. K K
155-158. (1985) magnetic field (x=0.0, 0.5 @5 K&300 K)

2) H.Neumann, etal., J. Am. Ceramic Soc, Vol. 51, pp.536, (1968)
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RN Fe-Ga B ORIRAEFIEIZ BT B No 4y AR TE M

oA, HEPEER, BRI E], phORBE -, KRB IOER*, INERREIG*
(ZERE, A HERT)
N partial pressure dependence of magnetic properties of Fe-Ga-N film
K.Suzuki, T.Hino, Y.Fujiwara, M.Jimbo, D.Oshima*, T.Kato*
(Mie Univ., *Nagoya Univ.)

[FL®HIC
FeGa A @I K& MR ER. A bzt b, BUFREAE)N b R ER T ~O IS H 2 BIFF
EINTWD, FTETIEEBIET A A~OIEHO 72 O I COMBE SRR, & ERREOSEN KD 51T
WA FD72 BIR CVe EORTTREOIFINC X 0 RS DIR TRMEOBMMAHME I TW5DH, AR5
TIXRICHE TH D N 2RI L7z Fe-Ga-N FI 2 (ERL URS g, BERURFIE 2 35l L 7=,

KRB X Table.1 Sputtering Condition
REHI~ 7R bR ARy Z Y IR R~ A 7 m N Target Fe with Feg,Gay, chips
— 7 A BIHER U 7o, BSR4 Table.1 1R, plofisiey, A Sputtering Gas AN,

MIZH) 2000e O ERBEAZHM Uz, £72, 2/F (Prow) (Zxt Sputtering Pressure. | 0,8Pa
T2 N HAGIE (Prg) ZZALEED L TIMEZHIIL, £ [ Ih

HEER LB 1R D728 SiN 4 30nm Fit U 7=, 3B OBESHFHE  [5E power W
ILVSM & bV 7 16775 CREAm L, A5 LIS 12 XRD TR L 7=,

EEHER :
Fig.1 124 N2 3JEEH (Pro/Prow) 12X 9" % XRD /3% — L D
(bR 3, Np 23RS 0%~10% Tl 45° fHTiC e —27 RA b
7203 12%LL BT e = 3R <20 TERALT 7 AMETH

Intensity [a.u.]
{?K\E :

Lo, -

Fig.2 (218 No 7 ASYFELLIZ ST 2 PR S) (He) & i E (us) \"‘-—-—”-1
Znd, Np SRR 12% TR AR E MK T L, 13.5% Th 20 30 40 50 60 70
/D 1.30e ZaR LTz, D L & ERRBEEITHRRAE 29ppm &= L 200° |
oo TENT 7 MUIZ KL DHEMBERBTEDRTORELE X Fig.1 XRD patterns of Fe-Ga-N films
bIVD, Flo. 20% TIERBEAI NI LT, 2o & & Wibdh 1000 50
M T ELE U T PRI R 3 5 & b D [IHRmE L A2 23 iR e ]| “0
TEREZEDD, CABRBIRNORREEL bR, 20 [ @ @
RS B R — OB A SN RIS, 3 8 ° 1'%
% RSO AR ARE T 5 XMW S B BT 5o onE
P C X TV, o {107

Ll EAsE Fe-Ga Wi ~DZRIFMNC & 0 fb@ L7 £ 7 .  "nm 0
7 A7 | PREE I3/ T 1.30e, BEFE 29ppm &R o7z, 0 > /;“ o 20

2E Bk Fig.2 Pn2/PTotal dependence of coercivity

d saturati tostricti
1) D.Caoetal : AIP Advances 7, 115009(2017). and saturation magnetostriction

2) S.Muramatsu et al : The Papers of Technical Meeting on Magnetism, IEE Jpn, MAG-21-085 (2021).
3) J.Louetal : Appl. Phys. Lett. 91, 182504 (2007).
4) S.Muramatsu et al : The Papers of Technical Meeting on Magnetism, IEE Jpn, MAG-22-085 (2022).
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KL N7 B A o rd FeSIBND JE I D
O Bt~ i

ATAADEOR. A4 B, MIHERIR. I Al FRORIE T~ R B> I
(ZERFE, A EREREY)
Strain sensor application of FeSiBNb film showing large Barkhausen jump
K.Maeno, Y.Kutsuna, M.Yanagida ,Y.Fujiwara, M.Jimbo, *D.Oshima, *T.Kato
(Mie Univ., *Nagoya Univ.)

FCHIS

Bl o ET L U TRIEEDO R AL 7 AP Yy v
FERWTE L OBERENTHhILTN S, VO & 1% FeSiBNDb &
BEZFH L, OF ot PO ERRT-, AETIE, © v

~ micrometer

T w7 aAf VEHRTL FeSiBNb EIRIZ A & FII L 72 BRI pick up coil
B BB L RBE AR Lz, £72. V1< 0BT H1 e et [
TOFTHANIME & 275V ZBEOHIE E T V& > ~DISH & e % g
Bt L7z,
Fig.1 Schematic of experimental.
EEA = 20
ABHE DC, REERAZFFOv IR b ARy # Y v 7ikE% LT e

(2]}
o
T
L

FAWT, K Lo H 7 A HA (10X20X0. 16mm) 2= L7, Bk
JBEIRE D Ar T AJELE 0. 42Pa Tl Y | £ 2000e D [ELLHES 2 FEAR I
FIIN L 7=, BEERE AR 1T sub. /FeSiBNb (300nm) /SiN(30nm) T# %, Figl
WK 912 1000turn OE w7 7 w7 aA JLHICERE Lk T
AR I L, A n2a—FTEEABIILZ, HML 01 1 10 100
7o A Wik ST e KAE 200e ToH D | JEEEEIZ 0. 1Hz 75 60Hz Th Frequency[Hz]

b, Fle, AEHIUIA 70 A —2 TOTHADBEMNAIETH D,

Voltage[mV]
N B
o O
T T

o
-

Fig.2 Pulse voltage depending on
SR E frequency.

Fig.2 |2 0. 1Hz 5 60Hz @ 200e SMEBRER ZEHIN L= & & D3 (External magnetic field, 200e)
NV ABEOEEEBKE A RT, 2ok &, FEHTOT ZITHIN 10
LT euy, BHz LUF OB T v ABHEITK 10mV T

4._
Compressive

TholtZ kb, ZOAAABERAAAI ATE VT E } l '

CEELTHND LHEZ NS, Fig 3 (ZIMBBER 200e, 0. 1Hz T & 5 r m H;H % ﬂh—

D73V ABEOHINOT EGFNETH 5, £ 500% 5 [BIEE OV % i l l H Tensile ]

BChHY, =7—A—BRANERLTOS, OBy > (Pt

RN B L RTEAD LT, OFAIC & 0 BB ORISR 2 0 . 4 3 0 a2 4 e

FHENREL L, BbOHFMPEL LTl iZeEx b5, Uk Strain [ X 10%]

DERBAFHERD . 5X10° OEMOT AL AETH D Z LS

bt Fig.3 Pulse voltage depending on
strain.

SEIM (External magnetic field, 200e,

1) Y.Babaetal.:J. Magn. Soc. Jpn., 27, 406-409 (2003). 0.1Hz)

2) Y.Takemura et al. :IEEE Trans. Magn., 40, 2667-2669 (2004).

Eifg

ARWFFEITA o B FAREMEY » 2T LFFERTICI T 2 FEFFE & LT3k S 7,
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FIBEBLS 2 FHWVERL L 72 Fe-Pt SRSy D BEKURFIE & B A0

BRI, IR EE, WDERE, ki, hEEE (RIFKT)
Chao Qi, #E+HHEZ CGRRITHERY)
Magnetic properties and mechanical characteristic of Fe-Pt thin-sheets prepared by exfoliation behavior
Yu Miyahara*, Akihiro Yamashita, Takeshi Yanai, Hirotoshi Fukunaga, Masaki Nakano (Nagasaki Univ.)
Chao Qi, Tadahiko Shinshi (Tokyo Institute of Technology)

XLC®HIZ

/N DT THER SV A = A L LTI MEMS ORFZEBIR O HED STV D L O D, # HHER
AIFEHEORLT L, MEUEEZEBE LT A ARHPMLETH D, B2, EARNEDIALT A R 2 TR
ERELST WA 7 uR ) OFRHSZEE LTEBRIZ, a—T 4 > 7 ORFeZ O MRS FRE & 7
%, ¥4 1%, PLD(Pulsed laser Deposition)i: THME L 7= Fe-Pt SABLA B L Si FEK & DBAEMEIMELS, BN
FERR LD B LT WEBIREZHWT, Fe-Pt 2 (o) MHFAERLCTE720, L, BEROIZH W T,
V)EHDHBET 237 A —% L UTIHRIE O B2, QBEKFFEDMBUKFEZRET L T\ e, B 5
BIROKRMND D,

AR UL, HIBERE S L < IXFIBEL O Fe-Pt SREEEr OB A E MR EIC KT TR OB L Hin T 5 &
Lz, miffiZe Pt oeROEHEZ KT 2 72O OB EE L RET 5,

EERAE

#71.0x10*Pa DEZZF A F T, Nd-YAG L — ¥ (35 :355 nm, JEH %30 Hz) % % —% > 1 (3 /K% FeroPts,
FesoPtao, FesoPtso) PRI L, 500 nm EEER{LIEfT & Si Ff 1T Fe-Pt RfEA IR E IR L2, IREZIC Si k&
WD Fe-Pt ARG A FIEEL, Fe-Pt Rl AER L Lz, o2 1AL 272012, EhumeEe %2
AV, FHEEEE : 100 °C/min. FREFEER] : 30 min, BUAHREE : 700 °C & L CEVLEL 206 L 7=, BRI~ A 7 1
A —X%  FHEE SEM-EDX, BERAEMEIZ VSM THIE L, fiEdiEE T XEdr cals L,

ERERLER

Fe-Pt R O HIBERF OB &SI LIS R, — I OBHC R E 72 135 OE R B S vz, B
AINZIE, Fe-Pt R ZRER S RBEST 5720121, BE L ILITHKICEBR T 50801 H Y, 55 at.%A D
Fe e HEL 7Tum DL EOREENKESEH 2 Z ENHE LN o7, (Fig. )RR, FEHREE (KF:0) Lz
BN, BRI Fe-rich AR CHERR S N7z, Z3UE, BEAMEE Si HROBEFEEOBE WS4 (Fl
2L, B UYAR) OFEERBLTEY, 5%, BlETHIXEND S, MER < HEETE250HIx L,
PR35 1 DFURARAFME 2 Wt L7245 5, Fe &4 f272° 50 at.%F2 % C 380 KA/m D i K DA% 117345 & 7=, (Fig. 2)

Pt THEDME BT 572, Pr-Fe-B Rf % Fe-Pt RIETH o KA v F L= 3 BHEEOHAHEE O
TERIG ST L7, BUIR, RO 210 KAIMBRETH Y, Fig. 31T TEIZAL—T 1=y 7 BRI
Too T3 JBMHEGEERICE LTI, A%, BVLUEILMAEMIEL, MAEtom EEXD TETH D,

50

—_ © Destruction of Si substrates 400 - T 5—;
) £
= & Destruction of flms or shests K=
= 40 ® o destruction 8 d’ ° 1 —_ .. =
z . 2300} : . E
g 30 .o ¢ < © 5
L . 4 =
2 e © = L =
= . L |
o 20 - ‘. @ o © B '%QOO . -
& % 3 o’ g . * Applied Field [k/m]
] « S0 sa o ° g * " )
Z 10r . . . ce 7 (Sl00F . b
0 ! L Fe-Pt sheet
40 50 60 70 Q) L L L I Fe-PtPr-Fe-B/Fe-Pt sheet
Fe content (at.%) 20 30 40 50 60 70 ‘
Fig.1 Mechanical characteristic of samples Fe content (at.%) Fig 3 In-plane J-H loops of Fe-Pt sheet
with various thicknesses and Fe contents Fig. 2 Coercivity as a function of Fe content and Fe-Pt/Pr-Fe-B/Fe-Pt sheet
L 2PN

(1) AR, ARHZ: AR AEM F25E, vol. 21, No. 2, pp. 190-195(2013).
(2) M. Nakano et al., AIP Advances, vol. 12, No.3, #035232(2022).
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KT W7 & OGS & T2 FedRliiR Oz -
Q2 BHHEET VEZERE LAY AT L OFRIIKRET)

RBRIE R, BRSO FRERE* . EFRAES . /N TR il =R B
IR A+ Bl FHIEAR N o Se*

(TR, * G, ¥ TR, wxdbRlioR, #s+TRER)
Electromagnetic levitation for flexible steel plate using magnetic field from horizontal direction
(Experimental investigation on control system considering two-degree-of freedom model)

S. Onitsuka, A. Endo, J. Kuroda*, D. Uchino*, K. Ogawa**, K. Ikeda***,

T. Kato**** T. Narita*, H. Kato*

(FIT, *Tokai Univ., **AUT, ***Hokkaido Univ. Sci., ¥****TUT)

#E
FER ORGE TR TIX, v —7 26 M L7l 23T Tk Y |

WM & v — T OFEMIZ X > THROEXEMWER AT D ENBRESh
TWD, &I T, BRI LN 2 > THIbR 2 HHZARIHET - Rk 2577
EPRESN TS, LPLARRG, JES2 0.3 mm LUFORIVEDRVZE
WHIA S, JAR DT DA K0 i L ZEME RS Z L BN L 72 55670
BB, T T, MR kT X O ICEMAZRE L, Mm»rbil>ikD
E TSI 2 38 S R BIR D 7= A B L7278 B

S == Steel plate

Fig. 1 Magnetic levitation system

SRS 2 EH A REUE LR AR LT D, Tl & Electromagnet ]

B BT ST A B BRI L > TR E DD B D

Wl GeFih) #RAESEIVNERD D, F-Ws| a5 TSuspensionforce

He ST BT IR D 7= o 2 R I B GES) b %

I %, REROEIE S 27 AT, AEHAICOBIEBT 5 Tension force

CIRELZ 1| HHEETALZMRE LTV, ZOHI#E  Fig. 2 Attractive force applied to flexible steel plate
AT LEHWTEREZITo T GE 0 ET5 2 L3R T

TWD, L LARG, SEFHORIC LY F BREE RS & £ o
MIEBEC 72 DA D B, 2 2T KTEH I & SR IR B 23 g,
LB LEE LT 2 BBETFAE RO THIES 27 AR HEEL, 5
KT 7, 2 .01

e 0 1 2
ZRHROHERZ L EER Time [s]

ARRET T U 7207 R258E 4 Fig. 1 1T 77, ARZEEITL 4 -0 Fig. 3 Time history of vertical displacement
BREAPN DR SN TEY | KR O MmN 2 >3O E LT
W5, BRAIZERDIALS Z & T, MR A B A D~ D X OSSR 5AET 5, W51 711 Fig.
2ITRT K DI, ShE M OWS| )% KR 11, KEFRORB| N ERIIO X I3 TEZXDHZENTE D,
ZOOARRETIL2 HREET NV EEBER LGS AT L2 E LT, EFERE 1.2A & LTERLE
BROENE 7 L RFZI I % Fig. 3 I\~ d, Fig. 3 TR D OB 2~ L TR Y | LR TE R
WIRB) L7 R B EL TS 2 ERHA LN oTe, SRITEFERE Voo T2 b a3t ZEMEICK
T B OV TR ZIT I,

SE X
1) HEA L, HARK

3 A SCRESE S, Vol. 5, No. 2, pp. 60-66 (2021).
2) EEEDL., HARBRFE

i
i

A SCHESE S, Vol. 6, No. 1, pp. 87-92 (2022).
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V— AV ARBRESIRK DR ATA R = VAT LD
(= v TFHM & @i H mOH|#EE T WVICEE T 5 ZERERIBRET)

RAPRE 2, N, BEBEE PEFRE. /N FEE™,
ARSI EA™S, RSO, B IEAR, RS
CRIMERZE, ™ TR, 2R ER R RS, B RO TR, i T3ER)
Development of Electromagnetic Guideway System for Seamless Ultra-Thin Steel Plate
(Fundamental Consideration on Control Model in Edge and Out-of-Plane Direction)
T. Okubo, R. Kano, J. Kuroda, D. Uchino, K. Ogawa™, K. Ikeda™, T. Kato™, A. Endo™, T. Narita, H. Kato
(Tokai Univ., "TAUT, "2Hokkaido Univ. Sci., "*Tokyo Univ. Tech., "FIT)

FC&HIS

PR A BOET 5 7 A o Tid, Bt E v — T 12 K D Hfd sk Sa—
WEPMTON TS, ZOM, #ikiTe —F & O Rk
T LD AU 2 BN RIR CHTAER f i E D A LA R &
NTEY., minE 2R RGO FEBT M & v — T DRk %k
TLVERD D, ZOMBEREZMRRS DO EH5E 7 L—
T AT D ek O = AT EE ) A FUIN S 2
& THR OIRE & JHl 3 2 RN AR L& Y, Z
DY AT LTIE 2 HNCHBHEZ R C#iik 2 1% oE A
Ty PHENHIE LTS, RO T T ERG O Fig. 1 Coordinate and direction in the non-contact
IR Ry v TIkFF SN TS, LinL, ZOFHKT guide control system
AT EICBERER RN oI, IREINFEAET D LUK

LRWMENFET 2, £ 2T, SEIO#HE TIE, EkoE L
WA R ORIEAZINA D Z & T2 HMET 77 4 71T Y, FI J

Steel plate
frcosB

B L, IRBES A T 5 2 & A RA L, - cost
EREE e

R % A F MR DI N S 2 7 Mo T 7F5ﬁmﬁﬂ%£}?m““
SRR AT 7125 B 4 R 2 B L. W31 012 0 4 = | o
W& FF LTV D, Fig. 1ISRd & D ISR 131 LT Fig. 2 Attractive forces generated by
WOy PEFDEIICGHRESINLTWD, $7-. EAO DM electromagnet
MG D Ay T E L,y S B IEAA (SR o | i
WA 2 JT, % UCHROE I TAT AR A x e L E
TV D, JEROBR TR & ERE O P LT a2 ¢ T g
y HRORIEET>C X8, ARFCIE, ANEGL2E g
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-0.01 ‘
0

Displacenient = Veloaty 2

< Fig. 2 \oR T £ 5 (B A b b A Ty b S, 2 ;'

R B DI - P
AT LAOBOREE RS D ICRREE O EE ST el s,
2 L—3a CTHRF LT, Fig. 3 13RI S 2 7 A HIHIZNT -

Zz HANZ 1mm AN LIz E0IRETH 5, [ K RSN 7 ‘ g

WIEE 2 FR O, HE, EROACHER TS y HHICE e T e

TENHERTE RN LMD, 72 FROEBNTMYT LTRY

y I % RIF S 202 & SR TE 7,

L Ze D&,

1) W, MHER, 116, BA AEM 235 Vol 11, No. 4, (2003), 235-241.

A
o‘\ ELLLLLL LG L L
| \‘\“‘\_‘\‘\l

‘ A " =
na fn =
]
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Fig. 3 Analyzed response of proposed control

model with initial displacement in z-direction
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PR 2 O T e s il O FE IR ZE N
(FERANLELS X 2 IRBIH 20 R BE 4 5 HERAVFRRY)

s, RKAGREZ, BEME, REPRRE, NIFEE*L, fhH 52
TR A3, IR SCAN*, INAgSesE . Al B
R R, * M TRRSY:, *2AbifpE R R, SR TR R, @ T R)
Non-contact Guidance of Continuous Steel Plates Using Electromagnets
(Experimental Consideration on Effect of Vibration Suppression with Electromagnet Position)
R. Kano, T. Okubo, J. Kuroda, D. Uchino, K. Ogawa*!, K. Ikeda*?, T. Kato*?, A. Endo**, H. Kato, T. Narita
(Tokai Univ., **Aichi Univ. Tech., *?Hokkaido Univ. Sci., **Tokyo Univ. Tech., **FIT)

[FLHIS — _—
VTSR o & SR REENE, VB, AR D 2 LD T~ A
By R 72 8BS < B STV B, SR E LIS 5 T 1 LTI, [ ‘ﬁ\ I

B E AN I N TEBY . n— L OEfIc L ARENE DS
EOMBEANEEGEET D, ZOMEEZRRTH7-DICFEETLIE, H
W AT T 2GRN O = v DITEHICER ) Z T 5 2 & CHlR &
FHFERMICRANT 2RFELT0D D, ZRETEYATFRT A F AT —
U R & W THIR N E L L 72 B o — T TSR O SABURR % KD | i I

FEERER RN B LT L 2R LTS D, Lol B
A DEcil 7R EALE BT D EBRPBRFHIf T Ty, &2 TR

ST T A R = A ¥ AT KWL HI A ER A ORBNE % oy
B L TZBROHR DIRE) D EAGIZ DWW TRET 21T > 72, Fig. 1 Schematic diagram of experimental

3F?§ﬁﬂ¥ﬁﬁ?ﬁiﬁ apparatus and measurement position.

ABFFETIE, Fig. 1IZRT X 9 (S EesiR A LT &2 28 9~ 5855 . ' :
R LT EEIC L BE A2 T o7, K S 6894 mm, 1 150 mm, JE
X 0.3 mm DAT LRV N 2R L 2R & B 700
mm, & 154 mm O — U b0 Fiffe, £72, Fig. LIZRT L9
7 — U B FIZ 500 mm, SR O AN A 50 mm B L 72 & T I AEL
FHEMA, SR TR D v — 755 o (A e 2 a% (& L7z, Fig. 2
WX EBRICHW I AER A == FOBEELZRT,
SELA BRI E 1T 5 HlIRERED EEX

HEHERA IS 2 5 ERERIT05A & L, JHIEHFT IR 75
N—TERSyD 07 . 45° | 90° | 135° | 180° & L7z, EBRIZL VG
DI ERIEE R TR Th D 90° (riE T ORI 7 M ZEAL D REZ]
JEW I & Fig. 312”3, MK &Y 90° HiAIZ B CIISMGES T 5 1M 28
Hio 0° ICHIEAERA ZBLE T 2 2 & T HIE NS R % i )
552 LR TET, . -

Bk MWMWW“WW

1) ME, A, O, BA AEM F£3EE, Vol. 11, No. 4, (2003), =l
235-241

2) rhzEE, &R, A, n, NI, pRE, EE, B ARRIR
P SURE S, Vol 5, No. 1, (2021), 37-43.

guide.

()0 deg (b)45 deg
Fig. 3 Time history of z-displacement of steel plate at
the lowest point of the experimental apparatus. when
changing the electromagnet position.
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R A NR—DREEE2ZBE LB ML) T 00
TIT 4T — AR g
AEREN AN ENTZBROF B O ARIFERICETT 5 ERAIET)

AL BEEER, IR —5, WEPRE, BB, EEESCNT, tE =S
TRFEREA™S . /N NFIBE™, R IR, INfEsE S
R RS:, "] TR, 2 ARBER AR, P RO TR, M 2 TRR)
Active Seat Suspension for Ultra-Compact Mobility Considering Driver’s Comfortability (Experimental
Consideration on Biological Information of Oscillated Occupants)
S. Kasamatsu, M. Ochiai, I. Kobayashi, D. Uchino, J. Kuroda, A. Endo*', K. Ikeda*?,
T, Kato*3, K. Ogawa **, T. Narita, H. Kato
(Tokai Univ., *'FIT, **Hokkaido Univ. Sci., **Tokyo Univ. Tech., **AUT)
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[FLHIC

TR B RS = i LAt = R E O %@ﬂﬁb\%ﬁﬂﬁﬁ@%
EREED %ﬁﬁfk\é LA L7 2s &/ MUl X IRl = v
NI M THDHTDOITHEY KLY REEORE :tﬁiiﬁb\é: 1
WO RIRN S 5, Bl ZI1E, HOECEZE S LTV W E IR

7R B R MR/ S AR RS SR E LIS H Y | S0k 5 7 -
TOETEEET S L EHOR Y DSLATHEEND, 22T _ % *ﬁ |
A

ZE 513, OMBEAE R 57208/ 2 W=7 7 5 4
Ty— b ARy g VERELY, BEOFEDLHEERSZOD

REDDELRREZ L S5 Z L 2 HIE LTV 523, R Tl "/, s /,
R EITROANEL A B LICIRENC Y 7 7 ¢ 7o — R AR
Ta IV RBESHTIEHELEE L, FOREOEREOFRY LU
IZOWTAKRFRZHE L TR 21T > 72,

Fig. 1 Model of active seat suspension

FIOTATo—FRHRARU O I VOHHETILEHFIHIORT L
KBETHERLET 7T 47— bR a v DEFLE
Fig. 1 12”7, flEAT 7 Faxz—XIZIFARA A3 LE—H
(VEM)ZH L7z, EBRIX Fig. 2 IR T LT 27T 47— Y
ARy g UPRE S BN ICEE L CREEZINEL., &
IEROWEEIT T, T T 47— AN g THEE O
JE RSN ERE L, BROEA IR LD HIREZBSTeoicy v v
X7 v LR TT 7T 4 7y — b ARy g U EBIESE,
FeBath 113 2 3 S EUINER U 7o INHR IR B TS A=A T IRE 0D S L A
¥ L7- 4 Hz O IEZIZIZ 2~10 Hz @E%A(EZ’CVX%/ﬁ i1 T,
ZORER 3 Hz TYAXF L T EITHTBRT, ANV AFRIEL 254
RIERAME T3 DA 2345 S iz,

&R

1) FTEB, R, MRS, AfE, B AHERRFES 2002 FEER KRS RS SCHE, 2002, Vol 7, No. 02-1,
pp. 175-176.

2) IR, 4G, #HiH, HA AEM Z225E, 2003, Vol. 11-No. 4, pp.209-215.

3) HHE, B, R, G, 545 [ A EhEEES RS, 2002, pp. 471-472.

Fig. 2 Experimental Scene
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Bt P —BRD 72D D GdCo(ThCo)BEITBIT B RE RNV R MR
ANHAYIERE, ARG, BRR, R, ME L (BHIHERS)
Anomalous Nernst effects in TbCo and GdCo alloys for heat flux sensing

M. Odagiri, H. Imaeda, S. Sumi, H. Awano and K. Tanabe (Toyota Technological Institute)

B

T, Bt —OTFEREE > TV D, AU, BUREBmT 228 T IREE—10 <
BERMCTELOREN S L, BIE, EHbInh T8GRt o —1E, E—_Xv 7R EHWct L $—7T
HHN, FEFITEME VI EN D D, 2T Zhou HIx, ZMICIERATAEZ, BH RV R MR (ANE)
R LB o — 2R L72[1], —f&MIZ ANE Bl o —13, BAEBRE LEVTHRERE j OIES T
Ml E D, B, BRE—y 7RIS vl THFI L BVRER K I D720, RE RS v &R K
ERFOMEBINRO BN D, EHIZT A AT HERITIE. ERADSwpZ 750 2 FOMBIRMEIT/R D Z &
5. [Eujs] + B CRHMIS 2 Z E N EEIZ/R D (Br (B)E jr ()IE. Sang S0O)DMEID E & j), =2 THx
X, o HEEB AR A 4(TbCo, GdCo) ([ZHEH Lz, Z0OA&lE, A HETEORELETICLY . Sy D
BERBIEL LN TE, ERTELT 7 AEETHLD, ROWBMREENHIFE D,
ERFEBLOER

PERL L 7230 H# & 1. SizN4(10 nm)/GdyCo;_(Tb,Coy_,)(20 nm)/ SizN,(3 nm)/ Si0, glass sub. TH 5, Z D
AREHZ BT DS ZME L, Bt ¥ —& UTHIH LIZBRORREE (B/js] +[ES) ZaHli L7z, SavglllE D
FEH(Fig. 1), GdCo & TbCo A4xit & HITHBIOMM AR L, I3 L% 20at% CHFXEET 5 2 L R 57
7polz, WICS g PEKRAE (GdgoC0gyq) & H/IMHE (Gdyz,C0763) & 722 TR WT, [Bf|ZHIEL 7=,
ZORER, TNE 017, 029 (WV/m)/(W/m?) L 720 | 559 5 L [Eidjd + [Efjl= 0.46 (uV/m)/(W/m?) & 72 %
Z ENG o To(Fig. 2). T OMEILEEDEATHIIE[1-2] LHEL TR 2 HEREVFERTH 5,

1000
| a | 0.5
H 5T *Th — 045
500 fw—* — E o4
< ) mGd < o3 ABIIE \
~ >
= 5 2 03
c =
= & 025
E m W02
-500 ". ‘. ; O;i
-1000 & o0
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Fig. | #E—~ v 7 RO ANE Fig. 2 JEATHISE & O REIE B3 5 bk
L 2 BGN

[1]1 W. Zhou and Y. Sakuraba, Appl. Phys. Express 13 (2020) 043001.
[2] R. Modak et al., Sci. Technol. Adv. Mater., 23 (2022) 768.
HEE ZONFFRIT S v < BREESANBA M H OBk & % T TiThbh e b DT,
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Impedance change ratio of thin-film MI element at GHz range
Y. Tanaka, M. Tanii, H.Kikuchi
(Iwate University)

1. (TC®IZ

T A~DEMEL LT, BT S ZAOEERFERLFIEMED M E D72 DIZHE T O/ N0, FERERMR A I
BWTL /NS RREERHET 572022 Iy REED [ b, SEEALNZFET 5N b, RIFZETIE, /NYE A
BT, BIREMET 2B VO TIEEWREEZA L CWAHERMI oIBR8 E2Y T, FFoENEE T,
F 1 1.0 mm OFERLIZISVT 1 GHz T 100%DZE L 2 KB L T X 7o, RO GEEBICEN &EXIET 5
TEIRAT R, FERER A OMBIREEIC R T 2 BRAEEAHOFENERT 2 b0 L Bbhs, LoT,
ARFZECTLE, I MI 3£+ GHz # T &8 i Rtk & 5

BRIICHHNRD L E HICGHz i CRE AV E—H U R 60 1
PALRFEHLOFREMEIC OV TR VI 2 L — a Tk 50 |- Egéﬁ‘ﬁ::

SR LT, g a0 L e

2. REBRAE | I By

FTIAT BT 7 A CozaNb [, BAEITIE Cu & IV, £ g — .5
FTOTEE, £E 1.0mm, 1§ 10~80 um, E XX 1~5 wﬁﬁmmmmmm$é

pm & L7z, E I~ 71 ha o A8y 2 2 W TIERL L, 0 1;0 1(;0 1000 10*
B PEVLEE (FZE, 400°C, 3kOe) (T XV H#FDIEJy Frequency / (MHz)

B — B B A G LT, ETOA L E— AL R Fig. 1 Frequency dependence of impedance.
3Ixy NU—=I T T T4 FeMNT, AJJEE-20 dBm, 400 10 )
Jibhs ) 3 % 1 MHz~3 GHz O#iPH T L 7=, & DR, E _ 350 RN j%&g
TR AR TRFSIICAM UL, BAY Sat—ss S | g0
VIZiE Femtet (AT % Y 7 b =7 &R L 2 IRITHEMT § 200 / = N
L7, % 150 /{,/ s
£ 100 % N

3. %ﬁﬁ% - 50 i . .

1S pmE I B 51 v E— 4 v ZAD R oo/ S S
B2 m Ulc, MR 2T A =2 LTS, HI Frequency f(GHz)

BGRB8 N4 5 & A 1 GHz 1 TA v B —F v A
DOERKEPHFLNTND, 23@&V%mf4yﬁ~ﬁ
VARRD LT D O, sEEMEIIRIC X D, X2 13
JES um OFEFITBNT, kA v E— 5’/22545%?0)%
WA Z R LK TH D, 125 40 pm T 1 GHz D &
TNV E—H AN KR E o, AV E—H
Y ABAC TR & 72 D SR TR IR AR AT D &
Ez b5, ®31%1GHz TORKRE(RDHETIEEKT
MaER LT, FEBREE & HICEHRE S R Ord, &M
FNZIT AT —B L TV 5, FHEICSREEME SRS O 2h R1X
LD GAD TWRNDS, FEBRAVIZ SREE M HnS JE 5 py o s
HERRAVE=H L ADOREDL Y NARRIZR D,
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Fig. 2 Dependence of maximum impedance
change ratio on frequency.
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B H &t (MCD) Z AL =E faff{E (FessCozs) —Ir R BEMIRIZE
(THHMRE—A > FOEROBEH

Analysis of the origin of magnetic moments in (Fe75Co25)x-Irix composition gradient

alloy with high saturation magnetization using magnetic circular dichroism (MCD)
REAREETL ', NIMS?, JASRI®
O =L L L& &X' Foggiatto Lira Alexandre!, #& f#KER!, &L 52 Varun K. Kushwaha?,
WE #IR2 SR BEZ DA £ KTR S R RAES AN BE2® i BEAY
Tokyo Univ. of Sci.', NIMS2, JASRI 3, “Takahiro Kawasaki', Yamazaki Takahiro', Foggiatto Lira Alexandre', Kentaro Fuku,
Ryo Toyama?, Varun K. Kushwaha?, Yuya Sakuraba?, Yuma Iwasaki’, Yoshinori Kotani®, Takuo Ohkochi®, Kotaro Higashi,
Naomi Kawamura®, Masato Kotsugi'

LIRS R DOWRE — A v MIWBOTROMA G DEICKE RF L. EMERHALE
i o THREST 2 2 BN TS, TERL T, H R EMAE L a2 v e )
MY T AMEER A AEDE, AL —2—F—) v 7z E 2 5 EikE — X v PR
“FesCo-IrmZRET 5 2 e B3 TE M, 2D/ CHARE— AV FORFTH2E T AL /IR
BIEHO LI B> THELTRBA N =X LEIRMATSH 2, £ 2 TAPIZE TR —E ik
(MCD)HITE Z i \WT, Wl & A VAT — A v b ZICRERWICHET L, K€ — X~ b
DR Zigkam L7z, T Clda vy e F P U TAFRICK 2 A 2 =7y PRl EfE L 72,

aVEF P T ARy ZY v 7EEE % T MgO(100)FEMK 11T (FersCozs)ixlr(0=x=0.
1D HBMEREZ 30 nm B L, BE(LBAIERE & L€ Ru % 2nm 785 L 72, MBI EE X Bror
T (XRF)% F\» CHEFZE % 1T > 72, RIC SPring-8 ® MCD %

FA\»C BL25SU T3 Fe,Co @, BL39XU T3 Ir ® L W :W@
BT D X BB HE(XAS) A7 ARG Lz, 2D 28 .

! N N Sy §24’ . .
27 b SREEOE RN E A T AT — 2 | | e :
VE, RV VIERE—A Y P REHL 720, Ba0]y *. T

Figl(a)lc Fe DAY VIERE— XA v b, (b)CHuEAE "
16

— AV PO I RIS BHEIREZR T, It OREHSIMS o

LICONTHE—A YV FOHEBEMT 2 Z LBHL DL M’(b) ’
Ko7, MCD OEBHIRERE-FEHOMELACT 5 | T .

B OBFERTH - 72, ol C el
AWFFETlE FeColr DRI MCD # MW=t #17-> ° |. .

Too WIBEMMEZ 5 2 LIC K 5 A v ROHLER ST — A o

U OB A EROCI S A L, HH I ofRE— F F AT F W
AV FICOWTHEREIT, Figl. Ir composition dependence of
[1]Y. Iwasaki et.al., Commun Mater 2, 31 (2021). spin and orbital magnetic moments of
[2] C.T.Chen ef al., Phys.Rev.Lett. 75, 152 (1995). Fe evaluated by Sum-rule analysis
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~A 7 uNgHE—RIAMEEHW
PEG (LI b8k /7 B DR E AT DR

PUREREIN ' VEEPR SR L HEERAR . HRAE . AR 2 Bl !
(KRB, PRAStET v R Y 7)
Investigation of drying technique for PEGylated iron oxide nanoparticles
using the Micro Powder Dry method.
K. Nishigaki!, S. Seino!, M. Tanabe!, T. Konoo!, S. Uematsu'?, T. Nakagawa!
('Osaka University, 2 ULVAC, Inc.)

1. #%E&

BEPNARRERAL ~ DG T/ B D& EFE L LT, K208 L7 KEEEE CORGER GIERREF S
TW5 Y, Btk R FOREGEEEZMRLETHZ LT, REBRGEZHNSES Z A TEURE, K
WNA~OBITEREON LRI SN D, BRRE 255 2O OmgEEcRko b o504 LT, B4R
oM a2 Rt 2L, FEBEYMEICEELZRIZS W ERRTOND, TOWEHIFE LT, <~
g a4 — K743 (LR, uPD & &K I2HH Lz, uPD & &1, B2 CHEBARIKZMER L,
Ko DFEFEIT L D B S CHASRL 7 A4 ARk S B AE R 2 il Ch 5, THETOMET, DR
XUT XA LT CREI NI ST K153 (Ferucarbotoran) |ZuPD {EZ M2 Z & C, #z
BRI CRESMTEICE LN 72 < | FERIC BGRB8 2 R iy K S o s 2 & 2 Lz 2,
AWFFETIL, PEG ER S T-Mbsk T/ ki DK BIK i g & LI BRI W TG4 5,

2. EBRAE

Ferucarbotoran % 7K/ARA11Z L U iR EE L CTHEZBMEEIZy (LU FeM & Rid) it 2 hi+& LT
I/ L7=, FcM OFEMEICHSTHNETTELHWT Au 7/ R+ 2 BEE(L L7-#% (Au/FecM) ., PEG-SH /KIE
WEIRETHZE T, AuS #iA %N L THI+#M% PEG 1k L7= (PEG-AwFcM) ¥, ¥ilgFiks LT,
uPD 75, JUERRMEE, ERSTERE A L, B O N ARREI O REE TEM 35 L OVSEM #8212 L v
FEAM U7, FE o RER 2K, F721E PBS TR S H iR IAREHZ DT, DLS IlEIC X 5 kL
FREHM Z 1T > 72, BERFFEIX VSM CTREN L 7=,

3. WREER

TEM #1232 L 0 BRI Snm OFR{LERL - & 4
B EEIELTnWAZ L, £/ uPDIEIC LD
W RETR AR OTERRIZELRN 7202 &35y
Motz, SEMBIZRIZK Y, uPD{ETERL -
PEG-Au/FcM #EHIF 1 pm Bt ORMAIZ 72 > T
W5 Z EWNS otz (Figl), DLSHIEIC L 5
YR TR OFE R, uPD 1A TR L 2R
BE3 e b B 72K By 8 2 7k L7z, uPD IEIC N ;
L B HREARIE . PEG LREMET /0 O p' L Lum

ﬁ\‘i& k L/*( %?% 5 & % 2_ 5 . 10.0kV X20,000 WD 10.3mm 1um
' bA Fig.1 SEM observation results of PEG-Au/FcM

powder samples prepared by the pPD method.

SE B
D) 5P, 55 45 [A] A AS IR E R PN AR (2021) 0laA-5, 2) Valafh, 25 46 [\l 0 AUSH]
R P T S 4R (2022) 07aPS-13, 3) S.Seino et al.,J Nanopart Res., 15 (2013) art. no. 1305
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AR £ DA VA RGBSR T R DA K

HITF R, IR, IR, TEEE SR I
(CRBR)
Synthesis of oleic acid-stabilized iron oxide nanoparticles by thermal decomposition
S. Yamashita, R. Miura, H. Takimoto, S. Seino, T. Nakagawa
(Osaka Univ. of Engineering)

[TL&HIZ

Wk A A= 7 (MPI) | b L—H—& L THWDEEMET 2 Ki+ (MNP) IZF b8k ki3 kst &
TWa YV, BEENTOMPIA A=V 7%, b L—H%—& LTERNIZIEA L7z MNP 25 O RSl LIE 5%
R L. RN EZ BRE - BRBEICA A=Y 7T 5HTH Y . @V MPL Y 7 L ARk R RS
HETHD, B MPI 7T LERT MNP ORERFFEICIL, BEEMN RV & fafigbn kE Nz &
WAL DR @ ERETF N D, —IT, 2D Z0ii72 79 MNP IR XA TRIREN K& < FROVRIER S
fizEFFOLMBILTND D, BB L0 ERL U 7ok 713, RO O EEME <, VB b Z R
ZENH, MPTH P L—H—IZHWAD MNP & L THETH D Y, RWFETIE, MPLH FL—H%—hi 1D
FEIZIANT 72 MNP DA B A BV A K 01T o 7o, IS ROBHAIR OREAL & INBVLERIFRICE B L, AR LTz
BT DIZRERCRI AT . KB E DI DWW TER LR AR DWW THRE T 5,

EERAE

BEERIE 2 B850, F LA VERWTBIRALSL T ) R DEREIT o729, $RFEE L TA LA v ledk A 1

L. RiFOFRHEREM THLIT LA VBRI, A7 2T 2 e U THRBEEERE 2R Lz, H3E
JFUBHES G 22 OGS PRI B £, AR L7, 7L 3 U F A F T 300°C O EiE B 21T - 7=, INELER
1B % 300°C CREE L, HBEFENART OA LA VIR 24 LA U EROEIS & INBLBRRGR 2 {TE C
RE LT, BB OWKREZEIL L, A& ) —V/7 & N ARSTRIRIC K D E 2 BT > =%, Ik
By by CHABES Y, o) R EIR ORI, BERFREIL VSM JIIE T, kLT Ok
ORI L TEM Bl TiT» 7=,

ERIERRUER

AR U727 /R f 0 TEM B OfE R % Fig.1 127”7, Fig.l &
D RIFR ETIR DM TR MR ST, A LA UERERIC
KT DA LA EEOEIEH 1:3 OB, MPIICHE L /- W3t ih
MLilpole, A VBRI T 24 LA VIBOEIGE 13T
€ L7 a . IBVLERFE O\ 24 BB ORI, ki1 DA
AL SV TR E RSO R E S &R Uiz, IEVLERIZ &
V. KiFNOFEFESN DA b &R O BfE LS I, F5
WREL oo e BExbnb, o, MEGLBERER 2N 8
RE AT ClX, K& bl &/ S22k & OMIZ 15 nm LA =
DRIFEDIX LD ENH ST, MBI % &K< 35122
VT, B —URIBITIE R L, R A 1L B 3 A 2D
Wi, BETIE, BT R oA RERETENEND
BEUEIC SN TEERT 5.

g ZDEN

Fig.1 TEM image of oleic acid-stabilized

iron oxide nanoparticles.

(1) 5 H#K etal,, F <72, 13 (2018), (2) R.M. Ferguson et al., Med. Phys., 38 (2011), p.1619-1626
(3) R.M. Ferguson et al., J. Appl. Phys. 111 (2012), (4) R. Nikhil et al., Chem. Mater., 16 (2004), p.3931-3935
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(KBKF)
Exploration of silane coupling treatment conditions for oleic acid-stabilized iron oxide nanoparticles
H. Takimoto, R. Miura, S. Yamashita, S. Seino, T. Nakagawa
(Osaka Univ. of Engineering)
[ZL&IZ
Wit/ K- (MNP) ODAFTERBAL A @RS » &0 MRRE ISR 5 2 & I SN D ERRL A A —
7 (MPD) ZEFIGHICANTER SN TW5H Y, B RIENSGLND A LA VIR EmRALEE T /R 13m0
MPI &7 F V%" MNP & LTHETHD D, Ll RFREZREL TWDHA LA VRBITHKETSH S
T EMDRGBPRNETH D, RUFFETIIA LA RIS T ) R ~D > T Iy 7Y o B K
LEKMER D FIREM DL T X EOfH G B PEG il L 2K EMED M L& -7,
KB E
B RETER LT A VA VRIS T R 2 HRREEEE U CTRER Lc, WIEE LT hrm 2
L. vy 7V 7HELT 377N NI AN T 0% FE L TEMAKBEORNY
TFNT I ERIMLIZE., JUSESICEA L, BARE —ERE CHERAET LTI vay
Vo TR ZIT T, BONIR T 2R TBEE 7' oo LR L, BiKkFIcoisEz, v 7
VI TN v TR ORI T X OGO NHS 2 H 5 PEG AWML TS S H 7z,
BR-BE
T Ty ) TR R DBV T O BURRE A HER LSRR AR LITR T, A LA R B R L ek
FIORFIE NV AT LTEDIIRI L, Ty T v TSI S IVTRL T IKIC i LT, 2o
FERINS, YTy TV TRBIZ L > TAH LA VEEPBBE L2 LR snd, B2icvI by~
V> TR ORO TEM B2 77, RmEM LRIZBW T, BT i o—Whi 2132 Ly
T EMHER SN, £7o. PEG ERTERO KK FREAHIE LI E A, PEG BRI IR R K E
Wb Lic, oy 7 V) 7B K DR FREIGEAINTZT I/ E%2 LT PEG EffinfToiic
bOLEZOND, FRTITRHEME LG ONTRLT DY L OB Z R 2,

fEEE) i

| ; K|
3 A
Vs f F‘- x

XK1 ALERRiORLT DK EIEDOE(L K2 ¥S5rohyY v Tumsgoki T TEM &
%3 ik

1) FHHHEK etal., F <7, 13 (2018), 2) R.M. Ferguson et al., J. Appl. Phys. 111 (2012)
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i A, B EIR, EE RN, P&
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Study on Signal Processing of Magnetic Particle Imaging System with Parallel DC AC Magnetic Field
M. lizuka, A. Furukawa, S. Seino, T. Nakagawa
(Osaka Univ.)

[FLHIC

V4R, BER T/ BT 2 B+ D RERRL 7 A A — 2 0 7 (MPDIES BRI B 2 I & L CTER ShTH
% D2 MPLIZITEE & 723 N 8 5 WP T, ARBFSE CIEZEM 0 iERE DR 1235 B9 2. MPI TiX, BRI T % Jih
FLT 5 7O DAk &, 2R FRRE & 15 % 12 & O E S (R EN)IZ X 2 BRGEIR(FFR)Z V5. =
DRSSy & BB 2 — /DO aA M k> TRAEL, VATICES 2T 2 EE 2 REL 7=, AEE T
R FR(FFL) 2 W 5. — %I MPL TR A &S @R OfsHMES WS D, L, 2o X 95 72N
TR ADEET DAL E— 7 BREND. ZHICX VBGENREAE L, SHECIKTIZORNS.

AWFFEClIm Rt lb & B LG BHEIC OV TR R 5. AFETIHE B AN ABFE®R b EAF L,
O EAT D . W EmPEICMA T, My LB EEmiik 2 s 2 LI X0 agomil 2175 .

Fik
AV & EIESE 2 SATICHIIN L7254 T MPL THONAEREEEDY I a2l — a3 U 2fTo7-.
RESR T ORESERHLIGIE T o ¥ 2 N BB LT, A iiRess
DIRIEIE 8 kA/m & LT o7z, BUS LBk Bn e 77—V =% (a)
WAAT - T BEONFE s b ERG B LE T o7 FIM LT\ 528 05
TR OIE B2 I L L, 2 205 ORmTEONNZEERD oo
B, OB OERSOHEE AT EADE L EFT T, B

Bl L (B TR AR 5 © & TR0 b AR E— ‘ 7 funma
EROEFICEHR L, mEEFOMmE L o7z, e ~10000 0 10('):0'E -
Hdc [A/m]
R ) - oo
VI alb—va URERE Figl IR, FRENDE S ORKE 0751

THIEL L TV D (@I 2 @ik & 3 Gk o> 7 Lo EA 0501
O EALEAT T2 DO TH D . ERTFIETIIZ OV 7 F L O 0.25/
ZHWTHEY, 2 f5ERkIE FFR T2 012720 2O % £ Tk 0.0 —r
ORI HWS Z S i3 L. £72, 3 f5E % TIX FFR T —2 ~0.25] 3B

— ofEEER - AR

ERFOD, M E =7 NENTE Y BBRAEET S, ()L 2 00 ——5 5 10500

signal

EAHEERES L b0 L 3EEREOMTH D, B—7 NIEDEE Hde [A/m]
ok 912252 TnD. (O 3 Rl oMt L, FEbLiE ] (o
Sy LT 2 (i & 3 e m R oMok Th 5. coFEC Ly,

0.6 1

kD 3 fi5 i ORERME D I A2 T 5 TE L ik L, 2315 % K

CHIBICE 5 2 & BB BT ST % IS S OF A T 'fj////\ I\
21 /

A 77 LB, BL LI R e R 5. — sEEEE
0.0 AEBEH + SEHHH
B E IR ~10000 0 10000
Hdc [A/m]
1) S. Choi et al. Sci. rep. 10, 11833 (2020). Fig. 1 MPI Signal
2) Zheng, B. et al. Theranostics 6(3), 291 (2016). Simulation Results
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FePt 77 = = T IR OREKURHE & AR KAE SRR b D 70 — 78 o BN R
CH L FL AT MG THEEY, AR R
(O B R LERS,  DRAERT)
Effect of Carbon Substitution into Oxide Grain Boundaries on Magnetic Properties and
Microstructure of FePt Granular Thin Films

°Kim Kong Tham @, Ryosuke Kushibiki @, and Shin Saito
(® TANAKA KIKINZOKU KOGYO K.K., » Tohoku University)

[ZLHIS L1 FePt B EIE T 5x107 erg/em® D @WK T RV F— (K) BROEE ¥ = U —IE %
ZTWDT=s, WHAREAT v A MEEKGLEREAM B L CTHER 28D TS, ERALOT-DITIE, #dhiaz s L
TW5 7 T == T7HiE, coBRmEESE W, SHREZ AT 207 27 ZRBEMRLF O EBRLATH 5.
NS OBEMEERT D20, B (GBM) & LT B0:Y, Si0,?, Ti0,¥,BN?, C59 7 Effx 2k k
% FePt Wi~ L 72WF 828 e AU ZAT o T & 72, DAY, e 1T o . (Mg) 2% GBM DRl IR AF L T
WL EERE LY. RN C LML DV T =2 FlE kT 5 &, CDEETIE, ML FePt & C &
DOEFEFHIEEL Y b RE AT L TWDKIE, ¢ il B FATICh R L TV D REEELOEIS TP 0. Bk 0%
AT, c WEENEREEROFEIZZNHL OO, Mo ld C HIEBRIZEESET LR, 22T, FePt 7/ 7=a27
HEIRIZ BT, @& Ms & o SR N ECIARS S O TR A M4 5 2 L 2 WL T 5729012, FePt 77 = = 7 MEORLI
b DO—IC C TEBT DM 1TV, BEAEFrER KO Z R~ THRET 5.

EBER REBoEMRIE Sub./ CosWa0(80 nm)/ MgO(5 nm)/ FePt-15vol%oxide-15vol%C (5 nm)/ C(7 nm) & L7-.
FePt-oxide-C 7' = = 7 {lIE % Ar 2 & L7228 &, 550°C DIREE

L L
Complete

TR L 7=, 800 o ym separation - 9
Fig. 112, #kx 2ot EHRE IS kF L CERL L 7= FePt-oxide-C, 600f Fep® s e Xide.
WONUC FePt-oxide 7T == 7 WBHZH1F 2 My 36 & O Ko &R “OXide o

400 (a) .

DOEERE R (Tode) 12K L TART. WTNOMERIZONTS M | | . 2

2 T 2k L CRIEEMARICZAE L TEB Y, Tt 249 2000 75
3500°C £ CTA LI ED &, Mg 3K 600 7> 6 530 emu/cm® IZ251k9
5. —%, Kyl DWW Tt FePt-oxide-C JBECr, 9x10°8 erg/cmd LA
FOEERLTND OO Tde L GRWFEBIE A B2, )

Fig. 2 1Z, (a) FePt-oxide-C fthU (b) FePt-c?X|de 7‘7:17%%’5 0 1000 2000 3000
DOHNXRD 72 7 7 A NV ERL TS, WTFND T T =2 7 HiE T ave (OC)
(LENTY, 77571433, 47, 69T, THLH LloFePt Fig. 1 Ms and K, for FePt-oxide-C and FePt-oxide
1‘90)(110), (200), (220)@1%5@%75%&@” X, FePt WaERIAS ¢ dihod granular films prepared with various oxides against the

. ) average melting point of the GBM (T,*).

T T SRR LTV D 2 8 23 50272 > 2. FePt-oxide-C 2/

7 =a ZWIETIE, 7Ty 74 28° AHEO Ll-FePtFHO (001) [l oy g S5

PR ORSYMED FePt-oxide 7 F == T WML AT/ RSN L Mo (:)F B
a) F ePt-C-oxide |

M5, FePt-oxide-C i FePt-oxide 77 = = 7 #lIIZ Hb~C ¢ i % I M_A.JU'\;%TM

PATIZEL R S TV DRGSR A D 722 3D, GHE T,

FePt-oxide-C 77 = = T IO I L O 2 WS+ 2 TiE

Thod.

SE3#k 1) T. Saito et al., Jpn. J. Appl. Phys., 59, 045501 (2020). 2) E.

Yang et al., J. Appl. Phys., 104, 023904 (2008). 3) Y. F. Ding et al., Appl.

Phys. Lett., 93, 032506 (2008). 4) B. Zhou et al., Appl. Phys. Lett., 118,

162403 (2021). 5) J. S. Chen et al., Appl. Phys. Lett., 91, 132506 (2007). 6)
A. Perumal et al., J. Appl. Phys., 105, 07B732 (2009).
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Fig. 2 In-plane XRD profiles for (a) FePt-oxide-C and
(b) FePt-oxide granular films.
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IR ERE 2 A= L1 FePt 7T = = 7 D
70y X T BGORMI
OB KM, TR KT T MR, XA R4 v NI B2 FEE
(1. FALKRZ:, 2. A &EeE T

Evaluation of blocking phenomenon for L1y typed FePt granular films by using temperature hysteresis

©Daiki Isurugi', Takashi Saito', Shun Kaneko', Kim Kong Tham?, Tomoyuki Ogawa', and Shin Saito'
(1. Tohoku Univ., 2. TANAKA KIKINZOKU KOGYO K. K.)

[FLHIT 2T v 2 MRS (HAMR) 13— T 4 A7 KT A 7 (HDD) (28} 2 K R OB Ridk
WThHy, REIFICL—YF I X DM TN ZIR TSI A TH D, TOMEREE L TE=EE TR
AL XF—NELEERX 2V —iRE (Tc) &b OWMEMEHIRIRS (GBM) Z3IN L7z L1y & FePt 2
T a THEERAER SN TWAS D, —fRIC, 7T =2 7 T ORI OBWML R ERIL, BEE L5 & #
TR =TT DIEHALRT o v VMEL R B 720, B IIRAL O RISE AP a5 7 e v &
VIHSRE LTHEE LTS, LER-T, HAMR A7 7 =2 7MEHZBWTIE 7 e v 0 ZRE (Tp) %
Do (ATs) WEETH S0, HAMR OEZIARFER A r—/ L TO Ty wil & ikam LIz@E 30720, 22
TAREEKETIT KA 72 GBM 2 H T 5 FePt 77 =a ZHEEO 7 1 v % 7B % VSM Z iR tH OFREf] R & —
NTHHE L, ZB2XIARBFR A — L TOT v vy X THEEZEBNICAREL > 20O THET 5,
MEOAELTERER 7o o VBHSOMMEICIE, B OB (M) OEERELZFIM L7, Fig.
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Fig.1  (a) A schematic diagram of the evaluation method for Fig. 2 The variation of 73 distribution (47s) with
blocking temperature. (b) Temperature dependence of (M:"(T) respect to the ratio of mean of T B aqd g™ (T8™°) to
— MPK(T))/ 2 M{(T), which corresponds to the cumulative Tc, for FePt granular films with various GBMs. The
distribution of thermally blocked grains. (c) The absolute value circle and triangle symbols represent the results at
of derivative of (Mi(T) — M)/ 2 M(T), which measurement time, T, of 60 s, and those estimated with t

corresponds to the T distribution. =2 x 1077 s considering the relaxation equation.
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