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Nanoscaled magnetism probed by synchrotron-radiation spectromicroscopy

Tetsuro Ueno
National Institutes for Quantum Science and Technology, Hyogo 679-5148, Japan

Synchrotron radiation (SR) provides high-brilliance, energy-tunable, and polarization-controllable X-ray that is
powerful probe for materials science. X-ray magnetic circular dichroism (XMCD) spectroscopy using circularly
polarized X-rays has been a popular experimental technique to investigate element-specific magnetic properties. By
leveraging XMCD, variational techniques such as X-ray resonant magnetic reflectometry (XRMR) and X-ray-detected
magnetic resonance (XFMR) are utilized to investigate layer-resolved magnetic properties or dynamics of spin
presession. Magnetic contrast comes from XMCD is also utilized in X-ray magnetic imaging such as transmission
X-ray microscopy (TXM) or scanning transmission X-ray microscopy (STXM). We performed XMCD-STXM
experiment of several permanent magnet materials by using a STXM instrument at the Photon Factory, High-Energy
Accelerator Research Organization (KEK)". Magnetic domains of a commercial SmCos magnet® and single-phase
SmCos magnet® are observed by STXM-XMCD. XMCD spectra in nanometer scale are obtained and element-specific
spin and orbital magnetic moments are evaluated.

Synchrotron-radiation Madssbauer spectroscopy is another powerful technique to microscopic magnetism. By
embedding a resonant isotope probe layer to atomic scale films, SR Mdssbauer spectroscopy enables direct detection of
local magnetic properties. Magnetic Friedel oscillation at the Fe(001) surface was observed by using in situ SR
Méssbauer spectroscopy system developed at BL11XU of SPring-8.

New SR beamline for magnetic and spintronic materials BL-13U is now under construction at the latest SR facility of
Japan, NanoTerasu in Sendai. BL-13U offers X-ray with wide energy range of 180-3000 eV and high-speed
polarization switching®. This beamline will provide opportunities for state-of-the-art spectromicroscopy experiments on
nanoscaled magnetism.
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Atomic-scale surface and interface magnetism
based on ferromagnetic monatomic layer iron nitride

Toshio Miyamachi
(IMaSS, Nagoya Univ.)

A scanning tunneling microscopy (STM) is a unique tool to investigate surface structural and electronic properties of
objects on the atomic scale. By utilizing tunneling current or voltage between the STM tip and sample, STM can also
manipulate object’s morphology and electronic states. Furthermore, STM allows to extract object’s magnetic properties
with atomic precision by coating the STM tip with magnetic materials (spin-polarized STM). We have conducted
surface science researches and especially investigated atomic-scale spin related phenomena such as spin dynamics and
stability of single atoms [1], multifunctional single molecule magnetic memory [2] by STM. In recent years, we extend
our research to the fields of materials science and spintronics for practical purposes. Taking advantage of state-of-the-art
STM techniques, we represent the first precise real-space determination of the wall width Nd>Fe14sB hard permanent
magnets by spin-polarized STM [3]. In addition, we reveal for artificial lattices composed of ferromagnetic Fe and
antiferromagnetic Mn thin films that atomic-scale surface and interface characterizations by spin-polarized STM can be
effectively connected to macroscopic magnetic properties to achieve a comprehensive understanding of magnetic
properties of the whole system [4]. In relation to the above our research activities, in this talk, we introduce a combined
work of STM and synchrotron x-ray absorption spectroscopy/x-ray magnetic circular dichroism (XAS/XMCD) of the
systems based on iron nitride, which has high potential as next-generation rare earth free permanent magnets. The
results demonstrate the importance of a complementary microscopic and macroscopic approach to fully understand

surface and interface magnetism toward developing novel magnetic thin film materials.

< Sub-nanometer scale characterizations of point defects in monatomic layer iron nitride >

Iron nitride compounds in the iron rich phases such as FeisNz or FesN, have been intensively studied as promising
candidates for the rare-earth free permanent magnet due to their large magnetic anisotropy and room-temperature
ferromagnetism. However, the impact of morphological changes of iron nitride from bulk to thin films on electronic and
magnetic properties has been rarely identified. Furthermore, as the film thickness decreases down to atomic layers,
spatial modulations of electronic and magnetic properties caused by microscopic structural changes become
non-negligible. We have intended to fabricate a monatomic layer of iron nitride with the FesN stoichiometry (Fez2N)
grown on Cu(001) and investigated its structural and electronic properties on the atomic scale by STM. We here
experimentally discovered orbital selective tunneling effect by STM; the information on the orbital characters (e.g. s, p,
d orbitals) of the surface electronic states can be separately extracted with atomic precision by the strict control of the
STM tip-sample distance [5]. The results reveal the dominant role of microscopic electronic structures derived from the
strong Fe-N bonding on the magnetism of FeaN. In addition, we find from sub-nanometer scale STM spectroscopy
across a point defect on Fe2N that the point defect modulates surface electronic states up to third nearest neighbor Fe
atoms. In combination with the results of XAS/XMCD measurements and theoretical calculations, it is suggested that
the point defect, which induces atomic-scale spatial modulation of electronic states of FeaN, acts as “functional core”

and enhances the spin magnetic moment of surrounding Fe atoms.

< Fabrication of high-quality FeCo ordered alloy thin films assisted by nitrogen surfactant epitaxy >

An Llo-type FeCo ordered alloy attracts much attention as a rare-earth free magnetic material due to its large

magnetic anisotropy, large magnetic moment, and high Curie temperature. However, the Llo structure is a
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non-equilibrium state of FeCo phase and hence even its fabrication method has not been established yet. The main
problem could be caused by the atomic-scale disorder at the Fe/Co interface during growth processes. Thus,
unambiguous microscopic characterizations of structural, electronic and magnetic properties of L1o-FeCo are required
toward realizing high-quality L1o-FeCo thin films. To improve the quality of FeCo ordered alloy thin films, we intend to
incorporate the nitrogen surfactant effect of monatomic layer iron nitride (Fe2N) into the alternate atomic-layer Fe and
Co deposition. In this method, the nitrogen surfactant effect of Fe2N with high lateral lattice stability can effectively
suppress the interdiffusion at the Fe/Co interface during the deposition and annealing processes, which results in
atomically flat surface and interface. We have revealed the validity of the nitrogen surfactant epitaxy on the fabrication
of high-quality L1o-type alloy thin films for FeNi [2, 3]. In this work, we grow 1 monolayer (ML) Co on Fe2N/Cu(001),
which is the initial stage for the fabrication of FeCo ordered alloy thin films by means of nitrogen surfactant effects.
The correlation between the structural changes at the Fe/Co interface and magnetic properties upon sample heat
treatment up to 370, 570, 620, and 670 K is investigated by STM and XAS/XMCD. First, the XMCD signal of bare
Fe:N is element specifically extracted. We confirm that bare FeaN shows greater XMCD signal in the grazing geometry
than that in the normal geometry, revealing its strong in-plane magnetic anisotropy as previously reported [7]. Adding 1
ML Co activates the nitrogen surfactant effect, leading to structural transformation from Co/Fe:N/Cu(001) to
CoN/Fe/Cu(001). Accordingly, the enhancement of the out-of-plane magnetization of the Fe layer is observed. The
perpendicular magnetic anisotropy is further enhanced by annealing up to 570 K. Atomically-resolved STM
observations reveal that, while ordering of the Fe/Co interface is improved up to the annealing temperature of 570 K,
point defects appear at 620 K and the interdiffusion of Fe and Co atoms takes place at 670 K. Combining XAS/XMCD
and STM observations, we find that the microscopic structural changes on annealing, which cannot be accessed by
conventional macroscopic techniques such as low energy electron diffraction, dominantly determine the macroscopic
magnetic properties of the whole system. The results demonstrate that the nitrogen surfactant epitaxy efficiently
suppresses the interdiffusion at the Fe/Co interface and keep atomically flat surface/interface, and possibly reflect the

intrinsic out-of-plane magnetization of L1o FeCo.
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Automated interpretation of magnetic domain structure using feature
extended Landau free energy model

Masato Kotsugi
(Tokyo University of Science)

Interpretating magnetic domain structure data is of paramount significance as it offers critical insights into the
functionalities of a wide array of magnetic materials. This understanding is a cornerstone for designing next-generation
electronic devices, capable of achieving both high-speed performance and low power consumption. However, the
inherent complexity of interactions in nanoscale magnetic materials often poses daunting challenges. Understanding the
underlying mechanisms or pinpointing specific locations through human observation is strenuous, often relegating
device design to an iterative, trial-and-error process.

To circumvent these challenges, we have formulated an innovative "Extended Landau Free Energy Model". This model
harmoniously blends the principles of topology and data science, thereby automating the interpretation of image data
[1-6]. Through its application, we discerned that the anti-magnetic field effect predominantly steers the process of
information recording in nanomagnets. The model has also enabled us to successfully visualize the spatial distribution
of energy barriers that inhibit efficient information recording.

Building upon these findings, our model has further facilitated the proposal of a novel device structure, characterized by
markedly reduced energy consumption. Endowed with high explanatory prowess and deeply rooted in the principles of
physics, this machine learning model holds substantial promise. It is anticipated to be instrumental in elucidating the
mechanisms of diverse materials where they currently remain undefined.
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Interfacial Imaging on Magnetic Junctions by Electron Microscopy

Atsufumi Hirohata,"* Kelvin Elphick,' David C. Lloyd ' and Shigemi Mizukami 2
!'University of York, York YO10 5DD, United Kingdom
2 Tohoku University, Sendai 980-8577, Japan

In spintronics, a large magnetoresistance (MR) ratio is a key parameter to achieve better performance in magnetic
random access memory (MRAM) and a magnetic bipolar operation.” Theoretically coherent tunnelling has been
predicted to exceed 1,000% at room temperature.?) However, experimentally recent demonstration of 631% tunnelling
MR (TMR) ratio using a CoFe/MgO/CoFe(001) magnetic tunnel junction (MTJ) is the largest reported to date.¥ To
investigate the origin of this departure, we categorised MTJs into four types; (a) polycrystalline, (b) epitaxial, (c) lattice
softened and (d) lattice matched (without dislocations) MTJs.” We then characterised the differences in their interfaces
using cross-sectional transmission electron microscopy (TEM) and non-destructive imaging by scanning electron
microscopy (SEM).

We correlated their interfacial crystalline structures with their local magnetic properties, namely spin-polarised electron
transport. The reduction in a TMR ratio was found to be caused by the density of interfacial dislocations and disorder..
In our study, the minimum dislocation density has been achieved at a Coo2FeosBo2/MgO interface. This has been
achieved by the post-annealing of an amorphous junction rather than growing a junction epitaxially. On the other hand,
a half-metallic ferromagnet has shown larger TMR ratios at low temperature but the presence of disordered phases
formed at MgO interfaces induces large spin fluctuation with increasing temperature (see Fig. 1). For the improvement
of the MR ratios, it is critical to eliminate such interfacial dislocations and disordering.

One approach is to use a ferromagnetic layer with soft lattice nature. We found a Co-Mn alloy can reduce the interfacial
dislocation significantly against the MgO barrier, which is also found to hold soft lattice nature.® Our findings can be
fed back to the growth and fabrication processes of MTJs for their optimisation and improvement.

The authors thank our fruitful discussion with Prof. Jun-ichiro Inoue. This work is partially supported by EPSRC
(EP/V007211/1), JST CREST (JPMJCR17J5) and Royal Society International Exchange grants. S.M. thanks CSRN in
CSIS at Tohoku University.
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Nanostructure characterization of magnetic materials by SEM/TEM/APT

Taisuke Sasaki, Jun Uzuhashi, Tadakatsu Ohkubo
(Research Center for Magnetic and Spintronic Materials, National Institute for Materials Science)

For the development of high-performance magnetic materials, microstructure control is effective in improving
microstructure-sensitive properties such as coercivity, magnetization, magnetoresistance (MR) ratio, efc. Because the
microstructures that influence properties could exist over a wide range of micro to atomic scales, their direct visualization
requires the complementary use of different microscopy techniques. This talk will present examples of microstructural
analysis of neodymium magnets, current-perpendicular-to-plane giant magnetoresistive (CPP-GMR) devices, and
nanocrystalline soft magnets, using scanning electron microscope (SEM), transmission electron microscope (TEM), and
atom probe tomography (APT), and discuss how an in-depth understanding of the microstructure is effective in proposing
guiding principles for the enhancement of the important properties in applications.

(1) Nd-Fe-B magnets - Coercivity enhancement by grain boundary diffusion (GBD) process?

GBD process is a way to improve the coercivity with minimal use of heavy rare-earth (HRE) elements. The coercivity
enhancement is attributed to the HRE-rich shell formed on the surface of Nd,Fe 4B grains, Fig. 1. However, the coercivity
enhancement has been limited to ~2 T when the HRE-
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process. We clarified the formation mechanism of the
HRE-rich shell through SEM and TEM analyses and
learned that further coercivity enhancement is expected
by increasing the HRE content in the HRE-rich shell.
Then, we applied the two-step GBD process, originally
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F1g 1: SEM i 1mage showmg HRE-rich shell formation on
Nd>FesB grain surface and HAADF-STEM and EDS
demonstrate a high coercivity of 2.8 T in a fine-grained  ¢lemental map of a sintered magnet treated with Dy-GBD.
sintered magnet.

proposed in the study of hot-deformed magnets, to

(2) Influence of sample shape on APT analysis of soft magnetic nanocrystalline materials?

APT can map out the elemental distribution in nanoscale in 3D. However, the laser irradiation conditions significantly
affect the mass resolution because the laser-assisted field evaporation occurs. Recently, we found that the laser conditions,
the material's thermal conductivity, and the tip geometry, such as tip radius and taper angle, affect the quantitatively. I will
show an analysis result of soft magnetic nanocrystalline material and the technique to improve the quantitatively.

(3) CPP-GMR devices - Effect of atomic-scale interfacial structure on the banding matching and MR properties

Electronic band matching at the interface between ferromagnetic and nonmagnetic metals affects the spin-dependent
transport properties such as the giant magnetoresistance (GMR) effect. Jung et al. found the insertion of very thin 0.21-
nm-thick NiAl layers at the Co,FeGaosGeos(CFGG)/Ag interfaces leads to an increase in MR ratio®. We analyzed the
CFGG/Ag interfaces with Ni insertion using STEM/EDS analysis and revealed the interface structure in atomic scale, i.e.,
the Co atoms in a second termination layer from the Ag interface are replaced with Ni monolayer, Fig. 2. The proposed
structure is implemented into first-principles calculations of ballistic transmittance and revealed that substituting the Co
termination layer with Ni improved electronic band matching of
majority spin electrons.

As such, microstructure analysis reveals the effects of micro-
to even atom-level microstructure on properties, allowing the
design of higher-performance magnetic materials.
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Voltage-control of magnetization dynamics by using topological insulators

Takashi Komine and Takahiro Chiba"
(Ibaraki Univ., ~ Tohoku Univ.)

The voltage control of magnetic properties is both fundamentally and technologically important for next generation
magnetic devices such as magnetoresistive random-access memories (MRAMs) and spin-wave-based logic devices.
Voltage control of magnetic anisotropy (VCMA) in magnets promises energy-efficient reversal of magnetization in
MRAMSs by means of the so-called voltage torque. The voltage control of magnetic damping is also desirable to
increase the performance of spin-wave-based logic gates and magnon-based transistors.

Herein, we theoretically study the voltage control of magnetic anisotropy by using a contact of three-dimensional
topological insulators (TIs). We formulate a uniaxial magnetic anisotropy" and effective damping constant® at the
ferromagnet/T1 interface as a function of an applied voltage®. We proposed the field-effect-transistor (FET)-like devices
which consists of TI and magnetic-topological-insulator (MTI) as shown in Fig. 1. We also demonstrate a reversal of
magnetization by using the TI-based voltage-control of magnetic properties. This device realizes magnetization
switching via spin-orbit torque (SOT) and VCMA which originate from 2D-Dirac electronic structure. We theoretically
investigate influences of electronic circuit delay, noise, and temperature on write-error-rate (WER) in voltage-controlled
magnetization switching operation of an MTI-based device by means of the micromagnetic simulation?. We reveal that
the device operation is extremely robust against circuit delay and signal-to-noise ratio. We demonstrate that the WER on
the order of approximately 10 or below is achieved around room temperature due to steep change in VCMA as shown
in Fig. 2. Also, we show that the larger SOT improves thermal stability factor. This study provides a new perspective for
developing voltage-driven spintronic devices with ultra-low power consumption.

This work was partly supported by Grants-in-Aid for Scientific Research (Grants No. 20H02196, 22K 14591,
22H01805, 20K03814, 18KK0132) from the Japan Society for the Promotion of Science, by the Spintronics Research
Network of Japan (Spin-RNJ). This work was partially performed under the Research Program of “Dynamic Alliance
for Open Innovation Bridging Human, Environment and Materials” in “Network Joint Research Center for Materials
and Devices”.
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Anomalous Nernst effect in SnSe thin films doped with magnetic elements
Kazuki Wada, Toshio Miyamachi, Masaki Mizuguchi
(Nagoya Univ.)
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Electric field control of anomalous Nernst effect in FePt thin films
S. Yoshida, T. Miyamachi, M. Mizuguchi
(Nagoya Univ.)
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Fe/Pt &B AN T FIZR T 2 BAAEEHOMEERE

WIRFIRE L, S 2, REE S, WHEfE— 2, B 2, &alals b
(ALK &M, *NIMS, 3EERME, *ASRC, JF-f JJHkA#)
Figure of merit for transverse thermoelectric conversion in Fe/Pt metallic superlattices

T. Yamazaki!, T. Hirai?, T. Yagi®, K. Uchida®?, T. Seki*?, and K. Takanashi'#
(*IMR, Tohoku Univ., 2NIMS, 2AIST, *ASRC, JAEA)

[FL®HIC

R B ZS WA IR BT LIREAR T AICERENE LB TH Y, HA MO #E TG IC X
DD EHERTE S L), ERAMOBEERIZITRWEREEZAT5[1]. M ERPIcA T 285 L LR
WAL A NIRNFET OND. BABELBRYEREDFMIEE b 5 MR TIEREFR L ZT (= Stopyli) 134E
BVERE St (X FIENCH 2 TZIREARL &y FINCHAE LB E, OkL), BRIEER oy, BURER 6,125~ T
REEND. BRATETFCTIESTAERT 228N TEY[23], £/, REOFIEICE Y EESIC
Ko Z I TE DATREMEN B B 720, ZT O RICEN V1SS, LL, ZHETICEBA TEF D o & il
LBt 72 <, ZT OFEEFE S 22 SN TV, Z 2 TAIZE CITRrfMER Y —F ) 7 L7 Z o Rk
(TDTR) [N LV &R A LT OIRE O o Z 5T 5. & 51T, BHRIEIC X 2 BBEVER) R EHII[5]
RAUIEE AR DEDL 2 ETSTBIOZT 231 %

ERER

A B 7 A DT SITIO(STO)(001) HaAik 35 1 O Quartz Z:4 12 N (=50, 100, 200) % 2k X H-7= Fe(2
nm)/[Pt(tp)/Fe(tre)]xsn A TAG T2 RiEFEE L7-. 22T, 2 THO NIZx L FelPt A THEF-E2EOBENBE L £
—EIZR D LD, te & i &L EET-. MAT, Fe & PtOMLAKFICID FePt 4N SRR & L CER
L72. TDTR HOREHTIZ N T Vv AT a—H—J@ D A% i BRI U 72, S5 sl dE TRk & v STO
MR ED FelPt \IRFNZEX XY VAR LTS Z &R L.

k% TDTRICK Y, oy AR — LS —JRRICHAIIN L L7230k 2 - 4 IFEICE D ERAIL, ZhTh
O NARFMEZ A L2, ko & oy 13N OIS PEONEFNTREAD T 272" U, kol N = 200 TheME 2R
L7c. F7-, STO HMk & Quartz FEtR EOFBHE OMEZ Ll 92 &, o 1EIEARITAKAF LTI WVABHZE TR0
DIZHF L, oy TETD N ITIWT STO Htk LR D )57 Quartz itk EORE LV @vMEZ R L. Z
1, klCBWTCETFIMEERD IR ETDHE, Fe, PLEABIIBITA2T XX U v L E ZREREDOE
BELOFH-OZNFERN TR EEE SR & TR > TWAZ LA RBL TV,

I NBACELE O St 2B HEIC L 0 EHE L7, mNBLELE 2351 D FelPt A A1 OFETIEVE ) R
FERFERNLV A NIREAE BNy 7 HROFLEREEND. BGRHIETIE, FIINL 722K THIM
{EL7 Ey B0 D. St= kEyl(—jg) L D, TDTR THBEIL 7 rx WA Z E TS 2 RS 5 2 &M AlHEE
2%, St NKIFEEAZTNT-E 25, Srid N OBV EFNCEEM L, N 23K & WVEE ik STO Fkk b
DOFREFO 775 Quartz Fak LRk L X TRELS ARG LN, £, ZT & N O & L B3
HRER L Ie otz GEETIE, St NKFHEOEFIZOWCHEICER T 5.

Eifsg
AWF5EiL ISPS FHifF# (JP18H05246, JP22K20495), JST CREST (JPMJCR17I11) , I X U JST ERATO
(JPMJIER2201) D 3 H % %\ THT LTz,

2% Rk

[1] K. Uchida and J. P. Heremens, Joule 6, 2240 (2022). [2] K. Uchida et al., Phys. Rev. B 92, 094414 (2015). [3] T.
Seki et al., Phys. Rev. B 103, L020402 (2021). [4] D. G. Cahill, Rev. Sci. Instrum. 75, 5119 (2004). [5] A. Sola et al.,
Sci. Rep. 7, 46752 (2017).
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7 E)L 7 7 A TbFeCo BEMHETEEIC BT 2 BVE T > YV )L DR SMATEN:
NG, R (K, RN

Composition dependence of thermoelectric tensor in amorphous TbFeCo magnetic thin films
Takashi Komine, Ryo Ando* (Ibaraki Univ., *NIT, Ibaraki College.)

1 LI

WA, WHEMEICBI 28 e AV VO EERAPER S A, BEALY A MIRPERCHERI ATV V. Fhrid, 2
NETRAFTLE-EBRRRE Y L7 7 AHETH 5 ToFeCo BHERK R A MR OEEREICOWTIFEZITV, BE LY
Z N RR e B R — VRS EMER R A TR S RIS 2 2 e 2oL Y. L2L, BEALY X MIRD
KEXEBRETZRAET VY VOMBIKEREE A AN TVRY., K%K TIE, Tb 2% A X TEH L /- TbFeCo %
EMSEGEEREOBBREICH S T2 KB REPOBRET VY Lo ZEHL, BET ¥ Y LVOMBKEE 2 HRET 3.

2 REAE 5
TM-rich +—{—> RE-rich

RER 73 bRV RNy 2V Y ZEBEHAWT, H7 AR I < 10 ey % @ |
AIN(25nm)/Tb-Fe-Co(50nm)/AIN(5nm) 2 /g3 2 = ¥ Ttk % E 2 o o0 500
U7z, SR RREIC 3 2 BHR D22 IE L < il 2 7291, HEM c,f 5 o
TR U C A 2 X5 ICHEE L Y. I E S NS (a)
BEMLAAS, RFTMICO0 25 10K OREERME L, RIS, N '
FICAL 2 Y-~y 2HIE, BET, BRINTRY RS g 11 0 W @eg
LT BAINAL 2 RE LY X VEERRET 2 22T, WEEC Z oo
NI BMEEDE, Ty 2 RS, ¥ BH ALY R M AIRICHY T 05 o O
% Off-diagonal thermopower(ODT) S,, ZR L7z, F/2, RUHT ) . . ) ‘ .
WBWTESIENR o, BESR—VIEHR p,, ZaHli L 7. 20 o5 30 35 40

Tb content [at.%
3 BRIER fat %

Y=y ZER S, KT, ODT S, O Tb RAK{FM% Fig.l o7 Fig. 1 Composition dependence of (a) Seebeck coef-
. =Ry VRIS o 1E, TM-rich 2[5 5 120 THINEM T ficient, and (b) off-diagonal thermopower (ODT) in Tb-
%. —7, ODTS,, 3l e HATHEREL, Zofeys#y  Fe-Co thin films.

R R e —BT 5 Z L IZLETOMWE P L AETH 3. 1o TM-rich «— |—> RE-rich ]
BEHS 2 Mt A—201kD, €=y 7{HES ., ° " ’
ODT Sy, 1, HIRT > YL p, BET YL a ZBHVTUTFO LS \
KET LD TES. - 8 s i 1 08
K AT
S ke = Prstlis + iy, T6L N elml 06T
Sy = Pyulte + Prstyn B O T
) L4 Oy ol S04
BEHS AT 2R GRBE LTE, BET VYL o BPARENT K ol * o0 =
HrrEZ, WELEYHEHEEZHVWSE Z2T, BT VLo ZEE 250 leryse] T3 L L o2
L7z, HMEMEZTTICEHURET ¥ Y VOB ax,|, JExH K %’
53 gl D Tb BIKIFPEZ FANTAERE Fig2 1ORT. Tb RO I 0 G 0
PRV, [l ] DSBFICHIINS 2 2 ¥ ibh 5. (ZEE D = R 20 25 30 35 40 45
oy = Ao BARE LT, Mott AR LT 2 &, Tb ®iD W, Tb content [at. %]

R n=1206n=0H#HBTZZIHLL LR,
Fig. 2 Composition dependence of thermoelectric tensor

BIEE AR —uRE, BIEEMIEEMHBI4E (No. 20H02196, 22H01805,  in Tb-Fe-Co thin films.
18KK0132) oXfEIcE hiThbhF L., ZZIEHLET.

References

1) M. Mizuguchi and S. Nakatsuji, Sci. Tech. Adv. Mater., 20, 262, (2019).
2) R. Ando, T. Komine, and Y. Hasegawa, J. Elec. Mater. 8, 3570-3575 (2016).
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GdFeCo 7 = U Wit 2% fg R 2 DRV A NEE

INARREA !, AETRAROR !, AR HE— 2 ) IRE 2, BASHT 2
(" BARRFRZEEE T2 e R, 2 3 AR KRSEEE T52451)
Anomalous Nernst voltage in GdFeCo ferrimagnetic multilayer thin film
Yuki Kobayashi!, Fuuta Kitazawa', Yuichi Kasatani?, Hiroki Yoshikawa?, Arata Tsukamoto®
('Graduate school of Science and Technology, Nihon Univ.,
2College of Science and Technology, Nihon Univ.)

[FLBHIC

R AR & BALIZ T ER T 5 FIANZER N A L 5 B L o A MR 2R3 & BBtk (FM) &
72 [FM/FM], f&f@MiE <Y, BEEmiltte BB oMKl 6 OREIC L 5 R x Vv X NEEOLEHRH R L
B L X R 72 5 EREBGORBNYFE SN, &REOEXNPEBIZL D BE 2L A M RICER
THEMEEROERLEZBND. BAITINETIC, GdFe 7 = U BMEMEIRIZ 1T 5 Bu 11 A Me#k
Sane DFF 5 FR % B TR AURAFIERC B KA B G B T o W E S & OFEBAIC & s LT & D Al

TlE, BMEEROBBHEEICBWTAEL I EF R L 2 NEEOKRTAZHIIE LT, GdFeCo % fEfE LIE
[EMH T E T EEK L7 = ) B2 E R B 2 Mat 21T 7.
RRAE

GdFeCo 7 = V) BeME BLE i & GdFeCo 7 = U B2 g I 35 1T 5 B 1L o A MEEIC D & thlast 4
1795, ZEPOIRERE U 8L B J8) ORELIN R, DhOmEMALIEE 7225 K HICE&RF L. MR
BafEA O &2 HAZ S nm JEO SN FEE 2 A L7z, HBEIIZ BIEOBMEEU ) DA &5 1L <
ORI BIEE NS LS 72D X O ICRF Lz, 2o Xk 5 R EJEE: SiIN(60 nm) / GdxFessCo10(20 nm) / SiN(5
nm) / Si sub., IO TJEFE: SiN(60 nm) / 4 J&: GdaFessCo1o(10 nm) / SiN(5 nm) / B J&: Gdy7FessCoo(10 nm) /
SiN(5 nm) / Si sub. &~ 7 % b ANy ZIETIER L7z, Zh 6 OFEHT R LTI B E.(2) /7 (A AR
S H ZHML, BEENE)FAICIRENEY T &5 2, BER 5L T EZ2EE UIREEN(y) S OB
JE Vi ZBE LTz,
ERERLER

TREAF AN L & BEU-20 K/em D & & D Vo, OAMBIESFUKFIE % Fig. 1 1 Zn7. HEE - “J@pie b
\ZVT=-20 K/em T Vyx OEBEFICHT D8 A7 U O AHERAHIE Sz, BERT 2 fofic, gkt
4 FEDAE(Va, Voo Ve, VOIT Vix DSEERAL U7, IREEAELA N & X

- Gdy,FegyCo(20 nm)

Vox 1ZIMBREFNAR ST —ETH D T L0 b, Vi ITHEDITIRE S8 Gd,,FeCoo(10 nm)/SiN(S nm)/Gd 5,Feg,Cog(10 nm)
e

=

V.7

ARICERTAELETHD 2 L 2R L. ARER L FREED
WrtNg & SIN ) 2495 GdFeCo 7 = U WMt Ja iR O
SNFISBE DI GTED 4 EICBERET 5 Z & ngibE &
NTW5 2. ZJEEEE A AT D A BT E L B E AR
ThY, REESIOR: D ETREOMAGOEND 4 RENHFIE
LA R OFF 5112 L 0 IRIEER T 508, B IRRBITHS L
Vo 28 4 A TRD 2 & BB B A & 7R o 7 : of :
BEE RS DO—EBIE, ISPS BHIFE(21K04184)D X425 1T 7~ I Eononasd

Voltage Vyy [1V]

16 DT EfD 5 —5 F Magnetic Field [kOe] -
BETR 05 0 0.5
1) Y. Kobayashi et al., T. Magn. Soc. Jpn. (Special Issues)., T, 34-39 Magnetic Field [kOe]
(2023) Fig.1 External magnetic field
2) S. Terashita ef al., %539 [ A ARG L2 2RHH ST, dependence of voltage Vix of GdFeCo
10pD-11 (2015). single/multi layer thin films.
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EREBERNLV A MNIRERT FesGa EED X U0/ FigEOEH|

RFHEFEE, TrEmA, BEEL BASR, BEK—,
JEES > BRI T R BRI RFTHR SR
UK, Wbkt

Unraveling spin-polarized band dispersions of Fes;Ga thin films exhibiting a giant anomalous Nernst effect
K. Ohwada, K. Nakanishi, K. Kuroda, K. Miyamoto, T. Okuda,
W. Zhou*, S. Isogami*, K. Masuda*, Y. Sakuraba* and A. Kimura
(Hiroshima Univ., *NIMS)

ZEE®IZ

AEABMEHT, AT R L= b EEER TRV —~EBNARETH D 2 LD, BREEITE Z MRk
THXF—~T VT NDO—DThb, RN THRMERTERIT 2R XL A M (ANE) X, VAR L
MEIEE L2 FAET D20, TR T AL ZAEHABARETH L & LTRERERZBOTCNS[1], —FH T,
ANE TRAETEZEBNTIIK H720 0.1 pV A—F—Th o722, T FeoesGaoa I I\ CRLE 143
Fe IZHAR2HIRE 7 2.4 pV/K IZET 5 Z ERHE S N2[2], LICHANE L7= DOs 16 FesGa Tl ®E /1H3
4 pV/KIZEL, U3y REEENICHAET D 8RS (R ) — i) ISR T 2 NIRESI R BRI TH 5 &
TR I N TWD[3], ZDOE K ANE BSHNEMHEZNEIZ L > THIEE SN TWDENE I DEMEND D T-DI2IE,
F 7 FesGa O/ MEEIZT 70 —F T2 LERHH, ZHETIEEFHEFHEL BR E LicEmsiTo
T, —J7, XU —igErE b &I L BERE F o, 137 = /b IR (Ep) OB ICHUEIC A L, 1
meVEBEDTRNLX =27 NCHEFETEDLSTLEIZERNH D, ZDOI Enn, WRMEHEEE DA M4
ET DI, N FEEZ EBRIIC AT L LERRO Er OLEZIE L72 BT ow & OFNSERE I 5082
THNEND D, AERETE T 536 (ARPESIFIME D N G & HE AL T 2 ERTIEL LTEL
HHNDD, ZFOREmWREBUEMEN S, ~Z BN ATEEZR Rt RICEH N RE ST\, —7 ., FesGa lE%
DE 3IRITTMED T= O ~EBANKEET, ZHE TARPES 2 HWZEBRITEECTH 72, 5T, 7L 7 e
DG EIREHALD IR DI NG E <. A Y 5 ARPES(Spin-ARPES) EBRIZ (35 S 721,
ERFIELHER

Z 2 CARMIETIL W E - MBI R I TR RS~ 7 R b r v ANy &Y o 7% T DOs A FesGa
HEEZE L, BEEERA—Y =22 W TRERT
HiSOR IZB%ET 5 Z L2k, Mtz RRIcEbT LA

vvvvvvv

Intensity —— maj. spin
< (Spin-) ARPES EBr %17 > 7=, A EDO TR X—(hv) % Low NN ich  — min spin
60-100 eV DFEPECZE(L Xt ARPES HIFE #7175 = LIc L (@) (b)

HEEWE L hve OBIR A L L7, Fig.1 13 hv=60 eV (p {f p-pol
) TP ARPES A A=V Th D, Er & ARY) 2 R 723
Ral, B HHllo TR 1.2eV F2vb EelZiih> TS
DREERTR PN Dh DSy RN BIEI S iz, VW< o
DN (k)12 DV TR iR R L X — 5 A g R A

Intensity

E-E (eV)

BHILIZE 25, alplIbar s Ay REBBSNE, T«
X DT —FEREE & DN D | EWED Ep 1AM b ——
430 meV DFNBH D Z L bbinotz, AHETHLNE %ﬁﬁy

NY —fiFELE G L ICARAN GO TZa, N, B E k(AT E-E; (eV)
FEERTHEONT Er THRTHZ ERDNroTz, Doy O ) )

. R Fig.1: (a) ARPES image and (b) spin-resolved ener:
WRIEZ VT =2 O L R & T EIkIC BN 2 K& 72 digtribl(Jti)OFI curves at r?v: 60(e2/ Elong T'KX line v
N —fhRIGERT A Z ENRHALMNE ST, measured with p-polarized light.

BE IR

1) K. Uchida, W. Zhou, and Y. Sakuraba, Appl. Phys. Lett. 118, 140504 (2021).
2) H.Nakayama et al., Phys. Rev. Mater. 3, 114412 (2019).

3) A. Sakai et al., Nature 581, 53 (2020).
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GeZ F—FL71=Co BIRICHITHERERILVR IR
dASEH ' BAXE?L SEHE4E' LHEKHAS KOFE'
(BHEBXRE', BHMIMKE? ¥E - HRAREED
Anomalous Nernst effect in Ge—doped Co thin films
Tsujimoto Takuya' Takeshi Fujita®?, Toshio Miyamachi’, Shigenori Ueda®,
Masaki Mizuguchi'

(Nagoya Univ.', Kochi Univ. Tech? NIMS®)

B UDIT HREELBRT N A X’\U)Jf‘ﬁ)ﬂ L LTEE RNV A MIE  (anomalous Nernst
effect: ANE) IZHEHMNEE > TWHY, —RAYIC ANE IXIRE AR & Ak O AME T I BENE
CA7-%, kD —y 758 LY ?6 HHEEOEWT N, AREDBAREE 70D, —FH T, ANE
X DOEHNFEOREIDBEE 72> THB Y, — KRG TH D Fe ° Co TORNL A B
¥ (Sy) 130.3 pV/KRETH D, BVELHR EOT A 2\ Tl L% 20 wV/K LA
FOEBNENRMLEL SNTEY, ITHETIE S, ORERMEIOBRESC, T/ BEOE AL D
ANE DHE K72 EDRFZENEANATHOR TV D, ZHE TIZ Co (2 Mgl & F—7 L7z ¢,
ANE DR Z#E LY, 22 TAIZETIR. F—7"1 2B &2k o b -8R0 % 72
I 61T DB EDFIEZ B L, CollGe & F—7 L= 2 (EHL L T2 D ANE Z 3~
776

EBRFE Mg0(001) B Eic~ 7R b 2Ry X2 L VRO R D CoiGe, @A RIRT 5
FEEEVERL L 72 (x = 0, 0.13, 0.17, 0.24, 0.35), ANE % & ¢eRi s it 2 Wy B AR M E o A
T (PPMS) ZHWTHEIE L7z, £72. BB FIKEEA SPring-8 |[CF¥E S 7-i X FEE
Sy GREREEIC LD HIE LT,

EBRHE M 1IORT LS, Ge DIRMEDORIINC im— .'WC .
FEVNANE (3R L, Ge JBEE x = 0.24 THRAEEZ T 8 : gz(igggzg:::::gi |
L7z, BEWT, BEZOT =— L OE LT,

x = 0.24 OFEA 200°C FBLUN400°C TT=—/1 L

7oL ZA, ANEIFHER L, 400°C T7 =—/L L7oalk}

08— —

gZOO"C

Sy (IVIK)

06— —
WZBWT 1.1 uV/EK OV A MREE R LT, . -
B X BOCETORREDRE LY, BBoT=—1 "a il
2k, 72 I LULIEEOEBEIRENLTTH I ! ! I ! ! I \ [
0.00 0.05 0.10 0.15 0.20 0.25 0.30 035
=2 EnbhmnoT, _O)aﬁ%«{j( @ﬁ’”ji)\ﬁx/l//x Ge composition ( x )
MREDBIRICF G- LT 5 AIREMEAVRIR STz, Fig.1. Ge composition and annealing
temperature dependence of Sy
BE TR for Ge-doped Co thin films.

[1] H. Sharma, M. Mizuguchi et al, Sci. Rep., 13, 4425 (2023).
[2] P. Sheng, M. Mizuguchi et al, Appl. Phys. Lett., 116, 142403 (2020).
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XIN=< 7%y Ml 22 —KIC X 53— X MEFDIRERHE

NEREEL (ZRIRK)

Printing characteristics of burst signals by using double magnet mater media
Takashi Komine (Ibaraki Univ.)

1 RC®IC

WSAHREE, N— KT 4 X271 —RESZE®R, ZfiicEXACEMe LTiffEhTtwns. LirL, EREED~ A X —
A D TIX, BRENEET 2T ALF—7 ¥ 2 MEKGCRREHAICHET T 2 DI+ RS 2152 Z e PNEETH - /2.
1, 30kOe FREDE M1 2 HE T 2 EAEICH L THEHARBER X 7~ 73 v M= 2 & —E{k (Double Magnet Master, DMM)
FREL, HAIWAZ =Y DEmEICBWT, kv 2 X -k XD HAERERENE LM ETZ 2R LEY. —F, ¥—
REZBEN-ZXMEERT7 FLZAEED X S RIEFAYOEEIITHBR I T WSS, RPN KR X — > ORERHEIZH S 2
TRV, KFETIE, 4278232 T7 49273 3al—Yaryi2HAWT, DMM IZ X 3 N— 2 MES DEEREEZ AN,

2 ABAE

VAR OFEE T VR Figl IZRT. X=X MEHr LT
AB N—Z FRIE L. AB N— R FTIE, ERHERIBESICHT 3 On-
Track {5553 Cross-Track AT T T 2 Z e ZFHL T, (iERDH
72{5% (Position Error Signal, PES) ZHU§ L, #5X~\ v K% On-Track
WH# T 5. AB N—X M OFHRETILE Fig.l I73. DMM itk
fEiziE, ~N— KL LT Llg-FePt %, ¥V 7 MEIZ FeCo % Fw 7z Soft
Double Magnet(SDM) Z3E L, ¥V 7 ME Y ~N— FIED BICHER 0HE
B 1nm 2572, £72, +7 v Z1iE% 50 nm, DMM & 50RO
ANAR=> 7% 2nm & LTz, WIDIZ, 478732y T4 v
7¥Ialb—ya i, BEES Hy, KO~ 2 2 — @M
fbZEHE L, S CHME N 35S H 2atE L. fHELE
RS R WTEES 2 21— 3 Y 2TV, BEIN7-HIRE
P IR BRI R R L 72, BAICIE, RIfE 4.6 nm DS AR L THERL
INB7 7= a7 —BREREL, BEARERIEH 10k0Oe TH 3 2.

3 BRBIUVEE

DMM 5 O %E, MERSGHMETS, N— FEMEEORM L K
RLARWED, V7 M ~N— PR OE 2 B ER X
B, N—R MRTH SRRSO 2 AHT K 15 kOe & ek~ 2 & — i
IZHARTRIFICHEE I NS, EERY % 8.5k0e & LT N—Z M5
BEEE L BRI % Fig. 2 1RT. Fig2 2256, By b E
Z 10nm & LTH A= MEBBREZ KWL T, E50HEICEE T
X232 bhb. £/, By FED 10 nm, 20 nm WINDEET
3, A, B N—2Z b O Off-Track T L RIF STV, K
12, N—Z D Off-Track {D Xk S5 W EY v N RIEETD, Al
HDIREIRENE ORI Z 25, DMM 2512 & b B2 PES 535
o AN S.

BEE AR O—ENE, RNRMEIEN T 27 7 WIS O Iz &
DfTlabiE Lz,  2ICHERRL £7.
References
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2) Takashi Komine, IEEE Trans. Magn. 58, 3200105 (2021); IEEE Trans.
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Fig. 1 Schematic illustrations of conventional master

and double magnet master media for servo burst.

Cross-track direction

— Down-track direction

(a) bit length: 20nm

(b) bit length: 10nm

Fig. 2 Printed magnetization distributions of burst sig-
nals with bit lengths of (a) 20 nm and (b) 10 nm.
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/N Pt/ Fe TERE D HZA% S 4L 5 FePt S0k 1 DRgA IR RE

THAKRHER Y, &R E 2, BAHT 2
(" BARRFRZFABE B T2 IERE, 2 B AR B ToAE)
Magnetization state of FePt fine particles formed from micro Pt / Fe thin films
Yuta Shimizu', Hiroki Yoshikawa?, Arata Tsukamoto?
(‘Graduate School of Science and Technology, Nihon Univ.,
2College of Science and Technology, Nihon Univ.)

[FLBHIC

IR O BB ERLERIAR & LT Ll - FePt 7/ BEMERORL FREDSEH ST b, Fx TR < Bk Si K
R EIZHERE L7z Pt/ Fe it @R~ DRI O ZOE A7 FEIRZLEE (RTA : Rapid Thermal Annealing) (2 & %%y
- BEE A LD BTk & Ll BLAIA®LZAT 5 FIEERFI L TV 2D D SEHEH 7212 RTA O FiBEREIZ RN T
AT O FIEERE L, K1 A ROARS B & OJE BB S LSO T4 o X & ki -~ DR LD T
B L C& iz 29, ARFFETIE RTA BIOEBEOINMIMEZ 9 2 & TR & (BE) (o5t
BRI TERK & & OWAIRRE Z it L7z (Fig. 1). AR B F IR TR U 72 30BH TR LRGSR AR
(MFM) % H W 20K« BESURBIZRC X 0 T RoR T O BEIX. O b C BT HEIZ DWW Cigim T 5.
REBRAE

PRI A2 CEER L Si BAR RIZHNNZU)S Pt / Fe WilEfEZ /R L RTA %l LBIZ2 L7, INZHU Pt/ Fe
X Fig. 1(a) (2737 & 9 ICHFEEIEE 3.75 nm (Fe 1.64 nm, Pt 2.11 nm) @ Pt/Fe % DC v 7 % hn
ANy BN TR 72 4%, —iZ 100 nm DIE 5K Z 200 nm S
JAM OB FRRHERFHCCY 7 b AT E D Y=L E G L. % Y
D%, BlEEZZE <1.0x10° Pa OKEFAK T T, &EmEERE 590 °C @
RTA % i L7z, Z OFREHE EEME HREAMEE (SEM) 1T X 0 K1k

ZHER L, BIRBESEE (MFM) TR « EKg 281534 5. (a) Pre-Patterning
SEM #1534 % Fig.2(a) (\Zx T, FERAK 60nm & 200nm DR ( ) —- O L1,- FePt ‘
X . Particle

HIELE R FREDOFE R AT L7z, 2 X0 W Ok b o
(b) Particulation by RTA

JRIZL SIS L2l 2 AT 5 B bNb.

WICBEBAINA fET = & 70 < MFM CTOWMR - Ria e OBl#2 417 ~7-.  Figure 1 Overview of sample
preparation methods

fEd % Fig. 2 (b), (c) 1T~ 7. IR TH SEM 4 & [FE M o AR %
L7, HICFRNE TOBKGEBET D L L < ORALEICENT

TAEAL LTI N B S T2 T e D, BREIX AL K OV HE B 5 R L

WAt LR < HBL TW Db D B2 b, LLENOARETF

JELZ 2 0 HFpik 70 HURS G RO RE AR R AR5 8 T U 2 W D 2 L e R

AR (B [N LR 5 dil & B ORI - N B A C & 2 TREME 2 7R LTz,

HE

AWFFED —FBIL, HWA b L — UWFEHEERE OB RRIC L VT o7

7o AARRSEB T AEATSE TN 8 B O S5 1 — FCI O T RHITER L T

AT,

23 LR

1) Y. Itoh, etal.: Jpn. J. Appl. Phys., 43, 12, 8040 (2004).

2) T.Naeki, et al. : T. Magn. Soc. Jpn. ( Special Issues ), 3, 1 - 6 (2019).

3) Y. Shimizu, H. Yoshikawa, A. Tsukamoto : The Papers of, Technical Figure 2 Particle observation

Meeting on “Magnetics”, IEE Japan. MAG-22-144 (2022). image by SEM and MFM
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~A 7 aET A MEEHRRE D = R L X —[REE

28aC -3 AT IRl AARESKSERSY

oA en, MLES, HElls, WA IR
(HAER)
Energy barrier height for microwave assisted switching
S. Mizutani, N. Kikuchi, M. Hatayama, T. Shimatsu, and S. Okamoto
(Tohoku Univ.)

XU ~A 7 mlE7 v A MEgbKEE (Microwave assisted switching : MAS) (28 TiX, GHz D~ A 7
2R K0 kA il 9 5 2 & TR 2 IR S ¥ 5. Landau-Lifshitz-Gilbert(LLG) S 2R DT 72 5
T YA RIREORE S AH D ¥ A 0K ER y # VT AH=2nfily TH OO EN, ~A 7 0 SO
Sl 5. FEBRTHEWE el L e T v A IR PME SN TWDE D, ZOAIREITHREIC X
DEBEREL2ENHDH[1,2]. A DI N—TTIXZOFINAEEORBETHHTE L2 L 2ERLE
[2]. &2 AN, BIEEORBEEZIV ATIZIE, ~A 7 0SS T T RV X —FEEED R 1T EME A Sl
HEBULETHY, xR T CORBEGO THIIR#ECTH 72, KR TIE, ~4 7 nEfs FTo
BE D XA BE U KBS ORI OE H 232, BUEFHESCERAER & oA 7o 7.
FEERER ~A 7 vl T CO KL X —[EEES X As 1 Suto D FIEICHESEFHR L72[4]. FHE T
ik hae=Hu/Hy, <A 7 QRS ha=H/Hy, ~A 7 23RS R o =2nf lyH TR G VERDS H % AWV T
WAL U7, BRI T O 3L X —[ElES Ey & L C Ae=AE2E, Td 5. Fig. 112, he=0.042 DA O FH A
Fa—fl L L ORT. BEKEER O = 3L X —FEEE S & SRR 1 5F LIS T 2720, KF D Ae D%
ERRE—EOBEDS X (R - FifE]) O TF COREBHRUEEDO LD LS. DFD, 2 bOEEBROITLEI
D LIIIE, BUE D %572 MAS B O G # 72 T - GFM 23 ATRE & 72 5. AHFZE CIIEG AR 0. &,
B SR JE B DL T O fEk C O R A EARCUTEl L2 OE N AR A7z, 9, he=0.01 ~0.1 DFE & 72 by lZ%F
L Fig. 1 EAERZRFEAIT o7, WRIZ, BONTRERE AW TEREEE o % As, he®, EFEES ha %
Ag, h, of R TUIEBEIEAZEN L7, Fig. 212, EEEHICEIVELNT 0. 20T, o LLFTO hye DfE
ZEAE LT, Ae=0~0.2 DFEPHIZ OV T Fig. 1 & REROEEFI RO RICENR TRT. ~ A 7 2 LG IRE
1%, FNZEH(a)0.0315, (b)0.087 THDH. WTNITBWNT S, HMEHEOMEL I —H L, KbEEO R
7R PRI RGOS T b I S N5 SRS DRAFEIT 4%FRE NS S 7. 2 BT oEM s L OBk 5 &
DHEICHONWT bR T 5.
BIRE AWFIEO —E TR E(21H01791)3 & OV ASRC DMfiBhc kL » Tirbivx L7z,

KBRS,

1.0

1.0

08 " (a)he=3.15% 102 b)hy = 8.7 x 102
Ae=0
0.4 08 1 08} { g
0.05 fs50 0.05
0.6 - 06+ -
03 o 3 o 3 01
0.2 < 04} 2;5 1 04} 0.15
~ ’ 02
01 02F T ! i 0.2 1
s 0.0 e 0.0 .
0 0.2 o6 08 0.0 00 02 04 06 08 10 00 02 04 06 08 10
' ' Wy Wy

W

Fig. 1 The effective energy barrier height Fig. 2 Comparison between approximated function and

Age

L ZD N

numerical calculation for (a) hrf = 0.0315 and (b) 0.087

[1] S. Mizutani et al. Jpn. J. Appl. Phys. 62, SB1012 (2023)
[3]H. Suto et al., Phys. Rev. B. 91, 094401 (2015).

[2]N. Kikuchi et al., Phys. Rev. B 105, 054430 (2022).
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CoPt-oxide 2" 7 = = 7 I DAV M Blax s HEE#

TRRESEIA, KAERA, BAES
A&ty Sy -7 br= X)
Design direction of oxide in CoPt granular thin film for perpendicular recording media
M. Saito, H. Ohashi, A. Hashimoto
(Resonac Electronics Corporation)

EI=E=N
H =2

2 [ELIO S GRS OB SRR 13 CoPt BEMERE - 2 BRALWRI LS I Y PHEe 77T = 2 THE 2 A L T 5,
AL FEAL D T2 3D 13 CoPt MR T DREME 24872 5 Z & 7a SBERSTHEZ 2 L. 2> CoPt AR 723 B
HIZa T AETLZENBETH D, TOLX D REEDOREIDOT-OIIE, KFAPELE L THW DRI
BORBGE D THETH L Y2, AR TIT, BEEFER L O AEREOBLE S CoPt-oxide 77 =
= 7 WHIRIZ B T DLW B ORRGHER 2 B 5T 5,

KRG
DC ~ 7 % b v A 8y Z3EE % FIWT 4 T A KM I CrTil Niw/ Ru/ CoPt-(xA-yB)/ C D JE##ak Tkl &
ERLL7=, ZZT. A, BlZ. SiOy, TiO,, B,0s, Nb2Os, Tay0s, Cr203, Co304, CuO, SN0, 72 5% XN 5L T H
Bo Flo. x. yIIRBEY A LR LW B ORFEETH D, x+y=100% TH 5, Rt AT U ¥ A — 713k
Kerr 2578, fafifg(t Mg IXIEE RS J15H(VSM), BB M= 3L ¥ —Ku I3ER V27 512 AV CRil %
1T-o7,

FERLEBE

Fig.1 |2, CoPt-(xA-yB)DA bkl & LT, A=SiO, &R 10000 pl

L. B & LCHix oMb & V560, Bk B RISk - TTe.
% He OR{LZ R T, BILHOMBEDEI Lo T He s g 8990 T
DB B R CHIKNEE &5 b0 (B=TiOz Ta0s NbOs. & 5000 L o
CrOs) WHFET 5 E#vbing, hiaTibb, R b
COPL(xAYB) 7 7 = = 7 O REAUIELE FRILI) A LTE(LHI B S 4000 EUC;
TAERERE OEMORSAHEP DR TR CE R, ¢ 8| Dy
VW ZEEERLTND, £ INLORBORK LY O & o0,
FERD, HoldHk BB L TWD Z b hslz, 202 0 : - -

YL BEBOMAE DRI L Y H AT 5 TR B % oo om0 )
TERRIBLTWA, FERY AL, 0D ORISR ’

DOFERLESE 2. BEMKEEROBRKEZEEE LTo Fig.l1 Oxide-B dependence of Hc for various
CoPt-oxide 7' 7 = = 7 DML FHESH 2 BT 5, oxide-B materials.
2 TR

1) K. K.Thametal., Jpn. J. Appl. Phys. 55 07MC06 (2016)
2) K.K.Tham etal., AIP Advances 8 (5): 056510 (2018)
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Mitigation method of mode hopping effect on NFT protrusion
measurement

A. Sakoguchi, M. Furukawa, S. Nishida, R. Nishikura and K. Tasaka
Western Digital Technologies GK, Fujisawa, 252-0888, Japan

In hard disk drives (HDDs), head media spacing is controlled dynamically by using thermal flyheight control (TFC)
heater. To achieve narrow head media spacing without contact, it’s necessary to measure several types of protrusions in
the head accurately and set appropriate TFC power to the TFC heater. Heat-assisted magnetic recording (HAMR),
which is a leading technology to improve the areal density in HDDs, has a few nanometers of protrusion in near field
transducer (NFT) in the head. NFT provides localized heat from the laser diode to the media. It enables to write into
the high magnetic anisotropy media. In our previous works, we have proposed a NFT protrusion measurement method
named burst writing scheme (BWS) from the spin-stand experiments”. In the development of BWS measurements in
HDDs, we found unintentional read back amplitude drop in a small ratio of heads and it caused an estimation error of
NFT protrusion. In this study, we investigated a root cause of amplitude drop and developed a mitigation method.
HAMR drives, which rotation speed was 7200 rpm, was used in experiments. BWS measured the increase of read
back amplitude with reducing head media spacing by applying TFC power. Since the time constant of NFT protrusion
is more than 60 microseconds", there is a difference of the amount of NFT protrusion between the write start and after
several hundred microseconds from the start of writing. NFT protrusion of steady-state writing was fully protruded
since read back amplitude after about 500 microseconds from the start of writing was measured. On the other hands,
burst writing used read back amplitude under the condition that NFT protrusion was negligibly small since write
duration of burst writing was only about 300 nanoseconds. Average amplitude measured at several locations in the
media was used for NFT protrusion calculation to mitigate media modulation effect. We defined that NFT protrusion is
a difference of TFC power between two writing modes at the same amplitude.

In the BWS measurements with a large number of heads, few heads showed unintentional read back amplitude drop in
steady-state writing. From the simultaneous measurements of read back amplitude and NFT temperature?, it’s found
that laser mode hopping caused read back amplitude drop. Since mode hopping had good repeatability, mode hopping
happened at the same timing from the start of writing in the measurements at several locations. Therefore, average of
read back amplitude also dropped due to mode hopping. To mitigate amplitude drop, we developed a new method of
steady-state writing which uses average amplitude of one revolution continuous writing. Since there were several laser
modes in one revolution continuous writing, average amplitude of several laser modes mitigated the amplitude drop by
mode hopping. Fig.1 shows the BWS curve of the head in which amplitude drop was observed with conventional
steady-state writing method. By using average amplitude in one revolution continuous writing, read back amplitude
drop in steady-state writing curve was successfully mitigated.

Reference
1) S. Xiong et al., IEEE Trans. Magn., 54, 8 (2018) 1-7
2) S. Rajauria et al., U.S. Patent 10 283 145 B2 (2019)
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Fig.1 BWS curve with two steady-state writing methods: average of one revolution continuous writing method and
conventional method.
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Fe(110) k> Mn BEBIZE T D R T A THEE

I EFD M2, fRoR—3, 7V a—d— vB—x—12
(LTHEXREET 2. TERF 70 3. @A LER)

Stripe structures in ultrathin Mn films on Fe(110)
T. K. Yamada'?, E. Inami®, and P. Kriiger*2
(1&2. Chiba Univ., 3. Koch Univ. Tech.)

XLBIZ
BRI & RORBEME D U CIE, 25N, 7 A e B = — 7 RGBT 5, 2 DT, Mtk &
BB o S i C O & R 18 T O BERURE B ik, 1990 AR DIRE. A B R E A EE 1 BB
(spin-polarized SEM)=X° A B RARER b o R /VEEMEL (spin-polarized STM) % F VN THs /10912 AFSE
=Y,

FCH, & bHFMEATHMASR E LT, #@iEME bee-Fe(001) ™ ¢ A 4 Hiffdh o> bet-Mn(001)#8 7#
BEOMTEN 52 2, ZOFRTIE, Mn K1 Mn HEBFEN TIEmmMEES L, B Lol <k 180
AT 5, —H T, F—FEHHELZAWT, ZOBMBESES A IE L BHELT 5 2 L IXREE4
b5, FKDO—o1F, HEFIEICID Fe/Mn RED A U AEEIIRD BT 2720 TH 5.

AWFFECTHe & 1F, bee(001)% % bee(110)RICE 2 7285, Mn END A B &L ED X 5 72 kT
LRSI, EORER, Hlele—RILA N T A THEEEHE L L0 THET 5,

ERFIE

AT CHEEEZE - KR - A b R VBEEI(STM)2EE 2 - C 5N L7z, Ml 7r Fe(110)
7 AT HAEEL D A YERIE T Ar Ry 2 ENEAE R0 K UTEE L &P L AT o 7, HREREIC
50 nm LA LD KE 72 Fe(Q0)F 7 7 A %4572, ZOEMIZMn R B2 XX v Lk Lz,
ERU7230BHT, BEBEZEEZ R LI E X, o s A3 5 STM ZEE I E) LIKIR(T78 K)IZm
HL STM BI82 % 320 L7z, 3B JapreE 1 IRHE% B (LDOS) 1%, & b & R/VE 143 HIE(STS) = H
WCZDBRE LTz, 512, B HEFHEZHWVT Mn/Fe(110)DZE 72 A B 1S & R 1§ %
YE- T,

e

1B 78 Fe(L10)R i CHR7IR 80 G SR T M 2 MR8 L7z, Mn —J& B 13<110>77 [l @ INAGI O
LRI F U R LT, 20O Mn & FTCSTSBAFHI L7z, STSHIE Mn lEOHT
—RICHI72 A N T A ThEEZ R L2, ZORME Fe(l10)EEAR D B MM 2 thF] L Tz, M4,
Mn J5L-7-75 hollow site & bridge site (2347 LR AR LIONEZ 2 7=, Ll F—RiHER
RED . Fe L Mn T p(IxO)ME&E D i &I L7z, RIS A b T A TREEDJREK D,
BEDFREMED & 5 Mn/Fe(110) DREEAEIE 2 FHHE LTz, ZOFER, Mn BJEREAN O Mn J5 7 O
SEAIC XV IRFALENEE S I TND 2 & TREEILRDZERRALNE ST, DFED, R
N T A THEE T Mn BT OIERIE e AE Sl kT 5, ez RS9I 5,

\\»

E=D&; N

1) J. Unguris, R. J. Celotta, and D. T. Pierce, Physical Review Letters, 67 (1991) 140-143.
2) T.K.Yamada, et al., Physical Review Letters, 90 (2003) 056803: 1-4.
3) T.K.Yamada, et al., Surface Science, 603, (2009) 315-3109.

— 148 —



28aD -2 AT Al AAREKERTEANEEZEAE  (2023)

TR ZEFIZ L D Cu TSl MmN ERDZE 1R T L EEDEEE

BEF B WE X HR B oRE £
(FEK. * BT AN F— LR 78 (KEK) )

[EUDIZ] MuN NI b BERKE AN 2 RO/, BIREREIREESE 2 R LT /N1 ADERH
BELUTEEINTWS, MuN RIES TIEITMYIOTRINE % GIE925 28 T, BE DMK CRMEA Y 1 L 72 511k
FELVSRELHZEHERIN TV, ZORAEFHEI IR B DX R DIEFH LM EIZEF S5 T4, Ni i1
MnN TIIRAL R AT T 3,000 nvs (BIRZE 1.2 x 102 A/m?) &\, BS & WS TIR R EED
EEREZER LR, S 2NV 7 EER CRALEEARIZE X TV 2 Cu B0 MngN (Mny—,Cu.N) BIZIEH U, 5 FHRT
CAFY—iEE AWVTERER M- CuN BEEZERILL, X612, AEHRENERE D ET (VSM) & W =il S
O X KM = MEEIE (XMCD) 12 & SRS E DFEE % 474 N, Mns— Cu,N JEIEDRH L IE % FEIE L/,
[EERHE] HFBIERFI—1RIZEY SrTios[STO](001)E:ARK LA 23 nm Mny— Cu N (x = 0.0-0.5) EfE % {5
UZzo RS U - TEREIC T U, B35 % T EIZENAN U CHRENALE /1 51 (VSM)IZ K S IR COMALEIE 21T > 72, KD
RS M#i& (X, KEK Photon Factory BL-16 (2T 5 T DORG% FIIMURNSER X AR EIRE L. ZEIRTD Cu D Ly TRIX
WZH TS X ARIRINHE (XAS) - XMCD HIE 2 1T\WVEHIT U7z, 73885, BEH5/ER X MRITEE A RNSH S5 W24
] (magic angle) 235 ENAN/ERES U7z, 72, XAS-XMCD DfE BB EINEEIZ L VEUE L=,

[f58] STO EMR EIT/EBILA Mny— Cu N RO x 1203 2 8RR LDZE/L % Fig. 1 1R T, #HAR x ITH LT
BRI EANEA L TOX x = 0.3-0.5 TH/MEZRLTWS, x = 04 IZBU TUIRAENZE L/NILRY, VSM Tld
G BN TERMN 72, TDD, x ~ 0.4 TIER AT REKE— AV MNEL ORI THHLH>TVELE
2605, 57T, Mny— CuN((a) x= 0.3, (b) x = 0.4) FERED Cu-L,; IRUVHHIZIBWNTD XAS-XMCD % Fig. 2 I1ZRT,
a7 7V L RIUHIZE TS XAS TIEHEUZ, XAS 70 771U LT, 2D 2 DO TREILEVLER
SNVEMoTz, ZHUL, BRINI N7z Cu DA ZE L TOVRWZE 2 RIBL TS, XMCD 70771 UZBE LT, Fig.
2(a)Tl% 934 eV, 955 eV IZZNENIE, BDE—INEHN/Z, —H T, x = 0.4 TlX, THS 2 DOY— I DR B Kz
MEX 72, XMCD 7O 774NV DE—IDFFEIL, TDRFOHEMKE—AY MDELF & KL TV EEZ 6ND, &
D7z, Cu ZMATNKE, 0.3 < x < 0.4 HDHT Cu DEKE—AVIMIKEET DLV 25, L EDLSIZHHLHHE
2RIET S, BLOB/MEB X OBEE— AV MEARIE XMCD 70 771))) DRKERHDSHEZRX N2 7-8, Mny.Cu,N
EENER CHEIC L 2R L E R R T kR 72,

[FEE] XAS HLU XMCD HIFE L, BEeRlFEEMEZ R R GREE S 2022G036) DAGR =G TEM O /-ZUEL,
[&£C#R] [1] T. Komori et al., J. Appl. Phys. 127, 043903 (2020). [2] S. Ghosh et al., Nano Lett. 21, 2580 (2021).

[3] R. Zhang et al., Acta Mater. 234, 118021 (2022). L L
1.0F L3 (a) Cu-L,; edges ] 1.0F L3 (b) Cu-L; 5 edges ]
100 . in Mn;7CugsN in Mn; sCug 4N
s | | | | | = 37-Hos ;
g @RT 1 2 o5 L 05 L
= <L
S s =
c
g u 0.0 00
~ | Fluorescence Yield | | ]
2 ol 4o @RT,joH = =57 | 00
c 60 —
= s 001F 6=55deg 4 0.01
E u s
c & 000F - 0.00
£ Y L8/ HoH
g 40— - 2-001 :K X-ray 1-001
2 ool 4-
v [} Minimum 0.02 1 L 1 1 1 0.02 1 1 1 1 1
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Fig. 1. Composition dependence of saturation Fig. 2. XAS and XMCD spectra in (a) Mn;3 7Cuo 3N and (b) Mns3 sCuo 4N
magnetization. films at Cu-L,3 edges (XAS are standardized.)
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Cr(001)EBEE D St X IE Rk & A 7T A M Lb—3 g >

JIBe . & FEIE
(RBREE R, BRRET)
Antiferomagnetic domain formation and spin frustration in ultrathin Cr(001) film
Takeshi Kawagoe, and Shigemasa Suga*
(Osaka Kyoiku University, SANKEN Osaka University*)

[ZLHIC

oz X, IR Cr(001) K TR SND LHEAMRM L DAY 7T A M L— a3 (SF) D
A, AE AR STM (SP-STM) TRl CTW 5, Cr(001)F I Cid &1 ABRNALE FE A3 /N1 7 Cr(001)3 1 @ 100
L LEH D70, ¥ SFY M ans, AR, ZhE THKEGEENNEETH - 7= 10 51 /E(1.44 nm)
J= Cr(001) [ D pl R F1ESCGEICHREL U 7o fE . B U BLINZ R ) L 72 D THEE ¥ %,
ERERELER

SP-STM #2213, MmEZE F(<2X10%Pa) « =R T Fe/W 8+ % AV CTiT- 72, Fig.1(a)lZ Cr(001)#/& (10
JR1-J8) @ SP-STM () 4%~ 7, HAM. RAZFERCERN LRGN DB/ LN AT v 7L
SEAMNONMEZ R L, F728 - HOMR a2 b7 A MIENEAL<100> 50 2779, a8 Tiid) 1R
TR D T LB T S s B IR RCREIE IS 2. (2) 2 E D HE AN R (A L A), (3) 3ED HE
NEENL % 55 STEIR(E AT T B) TO S FAEMI Sz, Z4vE CHIE 3 nm LI Lo Cr(001)7E 5 C, JE IRk S i
PEREE CHME VXN TV A2, 1.44 nm(10 JF1J8)E T - TH HIE TR & L CTdRERBEMEDS B S
oo SHIC@AMO CHEIEEEEAF)TIE, ZRETBMISNTZ & D72 SF BBl S, Fig. 1(b)ic®
D IRRERG RS & T, SRR 24T o To R R, MR T 5 2400 bR AR K » TA U7z &b
90 JE[ldA L 7= IRBEMEREIX TH 5 [Fig. 1Q)] EHEL, ~A 7~ 2T 4 v 7 Ialb—a itk b5k
FAE2) BT o 72y BORBEVEAR TIXFRE = 3L X — BN T E 5720, £ OB X IEEGR TR S IZ R 72 808003,
A AR STM BRI G | SOBBIMEREXTERR A 7 = X AT 2HEAREONTEE X TWD, #E T,
MEEVERIE « Cr(001) MR H T 7 4+ 1 ¥ — DR E b s+ 5,

Fig. 1 (a,b) Magnetic images of Cr(001) films (a:290 nm x 138 nm, b: 170 nm x 160 nm) Monatomic steps and
screw dislocations are indicated in by white lines and full red circles, respectively. (¢) The derived magnetic structure
of the Cr (001) film surface from the intensity of the dl/dV map of (b). The small arrows represent the directions of
the local magnetization.

L ZD TN

1) T. Kawagoe, et al., J. Appl. Phys. 93, 6575 (2003), Phys. Rev. B71, 014427 (2005), Phys. Rev. Lett. 95, 207205
(2005), Phys. Rev. B 103, 085427 (2021).
2) T. Kawagoe and S. Suga, Jpn. J. Appl. Phys. 62, 045003 (2023).
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GdFe % 7 = U BaMEERBIZ BT 5
WP AR S T A b~ D Co B #a%h 5

ACERHROR !, RERE Y, EH)IRE 2, BAH
(" BARRZFZRFBEE T8, 2 H AR H )
Co substitution effect on the amount of magnetization near the magnetic interface
in GdFe-based ferrimagnetic thin films
Fuuta Kitazawa', Yoshihiro Sou!, Hiroki Yoshikawa?, Arata Tsukamoto®
(‘Graduate School of Science and Technology, Nihon Univ., 2College of Science and Technology, Nihon Univ.)

X CDIT BRI O E 22 2840 « 2L RO SN TWDAE Y hr =7 AT /3 AT, fbfbtk
DF72 5T, BT 2 B M O 2R AR SOBR IR 567 £, ~7 1 SR T RS &~ O B A
HE LD, oo AR I L 0§ - RS R E K Eb L, 2NRIALKERSE NS STV D A
T¥H (RE) BBAE (TM) 44 GdFeCo 7 = U MR35 T, [Al— AL CTHIMEAE & 72 D RERES - Bhis
PED KR & AR BREAFIE VIZ W TS LT 0, RE-TM &4 RPN R T il T o BB R St > x
Bt a2 D T D, AR TR T ERALIZER L, [Al—@ RE-TM #EkE & 72 5 GdFeCo 33 & UY GdFe #
AR LI DO REARAFE D &, TR LR~ D Co BN RIZ OV THRF 21T - 72,

EBRFE HEREE LT, DCRE~Z % b 28y ZIEIC L0 ERL L7238 A - SiN (5 nm) /
GdasFes.6Co9.4 (t nm) / SiN (60 nm) /glass sub. (¢ = 10, 15, 20, 30, 60) &, #EHE B : SiN (5 nm) / GdasFers (¢ nm) /
SiN (60 nm) /glass sub. (¢ =5, 10, 15, 20, 30)Z AV 5. AFEHEICRT L, IREVUEL JEE (SQUID-VSM) (2489
FFIREAL Ms %, He-Ne L —H— (1=632nm) (2 X ¥ Faraday [Al#564 6 ZHE L, £72% OFEMKEEMES

Ms « t TRl AT > 72, 200
f&R Fig.1 \Z300K TOD Ms ODPEREF 27T, HEHEA B & HIC
etk @ BIE 23 10 ~20 nm O[] TRALAHEIRIEE & 5 L 9 2[Rk OB
MR ST, F 7R CIEEEHE A, B & HICFRED Ms & 72 }
S 7e. WIT M (TR T B RER S FEIE % FHI ATRE 22 AR R C, 6 o
WIS B4 Fig. 2 (R 6 OB BB L 0 BIE OB IC o, 3k o 10 2 30 # s s 7

Magnetic layer thickness 7 [nm]

ﬁ A Tbi@/l\i)% H%E 15~20nm @ FEﬁ VG\’ %it*/l'ﬂ%f B TIX 10~ 15nm ® Fig.1 Dependence of Ms on Magnetic layer thickness

T=300K GdFeCo
® GdFe

—
@R
S

F J

—
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S

Ms [emu/cc]
n
=

Saturation magnetization

=]

ICIWT, BEGITR LTS & 72 DRI FREKE— A RS RE 04 for Sample A and B

5TIM AL L2 b AR LT, U EEBE X CEHNLIEMs ot o o le® A

DBIEAFIEE Fig 3 107, Z2CMs - 1 OF BEABIECRIGT T,  *%., oGare

BAb~2 P& A~ & L REBBOBFAICEL 25 LIRIE £,

EE TN D, Ms * IFFEATHRIE MITHES & WIBBEAL My emuw/ce & 5 5, |

WAL My emu/em?® Z20E L CTIRO K 9 (2RI L 72, g "y e
M-t = Myt + 2My; @ L gt layer hickuess ]

X (1) ZHONTHEEZTT Y &, £ 10%0D Co EHIZIBUT M, X [FEE o mf;iﬁfffyeffﬁiiﬁfiﬁ?ﬁéﬁ?ﬁ B

FETH D DITHR L, 2Mse 1359 21% 8 L7z, LB L0 8w 7 B fED * [7o300K

HAGE SIS LD bRE RREEHRACRA~ORBIEET 5FE, 5] carece

ZAUS LY, Fig LIRS & 9 ICIEBROBALEASBIEEIR CORE A 3 [ y71ex-o0oig o GdFe

MBI IED EER L 725 Z E BN E 2T B o L ycmaomon

g gl: o ¥

ABFGED—TBIL ISPS FHAfF 2 (21K04184) DBk 2 Z T T2 b D TH 5. 05 10 15 20 25 30 35 40 45 50 55 60 65 70

Magnetic layer thickness 7 [nm]
5%‘)’(@? Fig.3 Dependence of Ms * ¢ on magnetic layer thickness
= for Sample A and B

1) Y. Futakawa et al. : IEE Jpn, Technical Meeting on “Magnetics”. MAG-17-150 (2017).
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H 7 AV EE T GdFe M D B s — VHEHL « HERFL O I EK

KON, AL ROKY, AR | SR B2, I ORE?, BA
(' BARRFRFLEE T2 5eFE, 2 B ARRF B TFH)
Film thickness dependence of anomalous Hall resistance and longitudinal resistance
of GdFe thin films at different temperatures
Yoshihiro Sou!, Fuuta Kitazawa', Yuki Kobayashi', Yuichi Kasatani?, Hiroki Yoshikawa?, Arata Tsukamoto?
(! Graduate School of Science and Technology, Nihon Univ.,
2 College of Science and Technology, Nihon Univ)

iuwk(ﬁh’ﬁ%éhé%i%%%éE(MHM)7%»77xaé7iU@ﬁ¢ixBth~7x
~OFERIZENT 2 < OREBERFDITON TN D, FRICEE R —/VZE (AHE) 1O s i b s 2 i iAE
Awm%%%ﬁm%-mﬂﬁk®%iﬁﬂ@$& %%éhfmé1@TM7%»77xméﬁﬁfi£ﬁ
DIRERIFEZ FF ORI TRALIC B RER LU, 2 ORI IE O mORA L o @S & 2 R B e R R I2 D
TR BN TERY, FIZZEDOI /v RAat y 7 REXUSEREII AL R 0. RBFZETIE, REO
Aerfa LD LEEEENPIEIC XY £ D RE-TM HIE(GAFe)D pyx, pry (22 & EBRAICHT 24T 72,
EBRFGE ~ 7/ xbor Ay 2 Y YA K D ERLL 72 SiN (5 nm) / GdasFers (1 nm) / SiN (60 nm) / Si sub.
(t=5,10,15,20,30) (Zxf L, BEEIEE 2z FHEIC 5 kOe DAV 2351 L, FEHEN x J71AIC 1 mA OEFTE
WEFMUZ E &0, x HFHOEE (FHEE) BLOy FaoEE F—/VERE) ZUik-3Hl L 0 #lE L
7o BE L2 EEN D AR - B TOMHRTIER po 36 L OB — /VIRGUE py R, FEM L7z, ABURHE
RN TF T 7 77 — R LOWALREN D t=10~15 nm DfH 8

BT, BRI TRENE DD = L A fR L. _ 0 H=0kOe
KBRAER  Fig | ICHIRE CORUEHR po OBITIRAEMEZ T I B o | 4
JERANTH U po iFEFHCHIM L2, £72, T_XTCOBRETHEEED O 0
WA 2 R LT KIS Fig 2 ICAIRICHT 3 RaA—im = | 8 L
Hopy BT TRCORBREICE O T pyy TR LT B & R 2 5
&M L7, HHIC 100 K T po OBUZRIENE & RBHCBIZOM £ o | A300K X
DO py I L, FEIZ £=15nm LR CZOBMERKE <72 F 200K

—J7, po DREGAFHEITIAS, py REEHSICon RS 2l [ 10K ,
TN Z RT ZERHAL N E R 572, F72, 300 K TIEWFROfK 0 10 20 30 40
JET pyoy 1EREOE % 5T Magnetic layer thickness ¢[nm]
prc DIEHAENE & 0 BT NI & 0 @khia ko fere  Fig 1 Film thickness dependence
PRI &R, BRI R A E R EIET B L B A bD. ¥ of resistivity 0
72, RE-TM A4 1500 Bl 36 C SR i 05 L A 2 B S P oD L 70 0.5
DERBIAET 5 2 LEBEL TS D pylcBVTHBIEOMS £ | ©
ICONIREEKAEE S BN T 5 2 L 05, REEHETORER—LY & 9
RAOFEBNEERE RS L ERTbOLEXLR, TEL S0zl 4 9 5 9
77 A7 = ) BRSO R OBSBIFICEET 2 bo Lok 8 aax B
NG, 2027
BEE AWFIEO—HRIZ, ISPS FHIFH (21K04184) D3k & 52 1 7= & D 501_A£$
THD. < 0100K
B0k 0 : : -

0 10 20 30 40

1) Y. Futakawa et al., IEE Japan., Technical Meeting on
ﬁubgneubs7D4A(}17-150(2017)
2) T.lisakaetal., &5 42 [A] H AR P Fmam 4. 12pB-6 (2019)

Magnetic layer thickness ¢ [nm]
Fig.2 Film thickness dependence
of Hall resistivity p
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CoPcly’-FesN HH#-M&M/ a4 Ty FREICES T HEEDHS &
Bk D1EE

INFILRE !, tBHEEEZ FHREC HEHEIB L LAKT 2 AlE2, BLUFE:
KOFFHE !, =EMEE!
t&X, *9FH

Correlation between roughness and magnetic coupling at CoPc/y’-FesN
organic-inorganic hybrid interface
H. Ono?, Y. Umedal, K. Yoshida?, K. Tsutsui!, K. Yamamoto?, O. IshiyamaZ2, T. Yokoyama?2,
M. Mizuguchi!, T. Miyamachi!?
(*Nagoya Univ., 2IMS)

[FL&HIC

ARG TMEHIA B UCHUEHABIERADN NS S A UHERD /NS WZ LB AE Y hr =7 AT /8, A0
IGHADBEIFE SN TS, RIICAM D TOAE L 2T 572 0ICEER & OMABEERZRIHAT 5 Z &
MEZ B, 5F TITERA RAFZER 2 SN T E 1o, AT L MR O 5L A B RRBITRESR RS G D72
59, REORITNEEICLEEEZZ TS, LoT, 7 ulElMAEEOMBEZIMT > ENE
M ZOFEMIZIZIER OS> TV e, ABFE TIXRERE DI T A7 — L TH— IR A fERLC
=2 y-FeN O E ROk E oo FaBETH L a0 v 7 X a o7 = (CoPe) & AV CHBE- Tl
ATV RFHEO I 7 aipig L BT - BIAREEOHBEZ AT 2 L2 N E LT,
BRI E

Cu(00D)FEHIZ N+A AL R N— KA v MU Z{T - 72, k2 RIERE L TR 350CTIMEAZ T2 2 &
WXV Egk 2 BB aeER LTz, Tk, E8kEmIZ CoPe 07 1~3 s =ECHET s Z iz X
D CoPcly-FesN /A 7V v REEAERL . KiigiEo CoPc BEEFHE4 LEED #BI£I2 X W iH~T-,
UVSOR BL4B I THEREND., mHHEE(GDIZHE VT Fe, Co @ L WINH D XAS/XMCD #IE KN &

K Wi D XAS MIFEZAT - Z LIS & W R DOEF - BB LI~ CoPe/Z b$k 2 JF+J& O FUmmm < &
WRHED CoPe 731775 1 K OMAL I M A4 4 314 L 72,
REBHR

Co @ L Wi o> XAS/XMCD D5 FH & CoPe 43 %) 1 /3 T Liz & X112 Co MCD @ ¥ 7 L)
o, ZBek 2 HTE L ORBEBIEEZN LT CoPe ML L TWD Z EDNFERENTZ, LILARNG,
CoPc # I HIZFEE LT < & NI & GI THAAEZRY . NI Tk Co MCD > 7 F A+ 2% —4. GI
TIX CoMCD v 7 S /MFHERF ST Y | 2, 35018 H D CoPc 431 OREXUE G IR EE 1L ifi B & HN J7 7] C 5
HZ N hol, LEED #8806 1, 2, 340 FEOAETOET CoPe NEAIRZRESZ L TWRNT &
BB LT, ZHhBDOFEEND CoPe 2y 18 DR DELIIC KT AR B IE I AEKEN HH 2 LN
REIND, 5T, CoPc D Co DELATERS N @ K WX XAS OfE R0 5 F OEFI D ELN 7= #E &
RimEEAE G OB YW C#EmE T 5,

L Z D&

[1] Y. Takahashi et al Phys. Rev. B 95, 224417 (2017).
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Cn3FrRW-Fl-E#H (7)) v FEREO R ERETINEE

VR, NIRRT R R, 3 AR, 2 A,
VR, 3 BRI, 12 7K DR, 12 e TR A
("4 KBE T, 2 40 KRN, 3 55 F-4F)

Interfacial magnetic coupling in C70-based organic-inorganic hybrid thin films
K. Yoshida, 'H. Ono, 'Y. Umeda, 'K. Tsutsui, *K. Yamamoto, *O. Ishiyama, 'Y. Matsuo,
3T. Yokoyama, '*M. Mizuguchi, '“T. Miyamachi
('Sch. Eng. Nagoya Univ., 2IMaSS. Nagoya Univ., *IMS)

ZLHIS

BERES T EHIA E CHEFHEERRN NS S A UBRBEZ D S5NZ ENnb Ay b e
=T AT NA ZASDISHBEIFRF SN TV D, R, BESREKR EGES ORI a
- 7Y FREICBWTZDOA Y T 5 2 & I3 HBERIREEOAIHIZ 27223 %
7o IR AR T b T D, AR CIXA#HS TR L CRWEREEN & R
T IRFAME Cro oy FIZFER L, BN Co T/ B BT D ColCo A 7Y v R EICH
BIRSCIRIB A FBLSE, TORBEZMOLNIT LI L2 HMET D, Coo I3RS %z FF
ORGP E &0 | ALFEREA O BRIV BER A AIREEA B LT 2 Z L3 IR S
D
EERA &

F9°. Cu(11DHEAET EIZ Co 2R ELTCoT / BERESE, Dk, Chon i 13
531 JE CoF /7 B5IZH&AE LT CulCo A 7 U v RRHEAER L, ZofiE L BT - MRUREL
fEC i R [ 4T (LEED) 46 K OF X R 43 /X BT M E(XAS/XMCD)IZ K 0§~ 7z,
XAS/XMCD Il 7E 155 T-FBH#AF 72 FT UVSOR BL4B |2 CHEEEZE - Ml Mo Tir> 72,
EERfEE

LEED #5212 Xk 2 KmfsBla o R, Co /7 Bid Cu(l1) Lz X v v ViR L, Crpo
Oy T ARG RIR TR ERICEBLIZ A DN o T2, RIZ XAS/XMCD JITEZ1TVN, Cro 2y 17855
A% D Co F / B OBRE— A v b &IN5 T 12317 5 XAS/XMCD A7 b Lh bR
L. ®bihft % Co XAS @ L i & — 7 5RE OFUNSHE AN EE 7 e > b5 2 LIk 0572,
FER. Co 3 FEFERID Co F /7 BIRATIIERIGE, HNBLMILTH D Z L bho7cll, &
BT, Co T/ BsOBALHIHROD Coo BEIEARTEE A FH~RTFER. Cro 53 T DA RO RIZIES H
ERERR ST E OB R DNBI S 7z, LEED B OFER & 8, Co 7/ BICBIN A RIEDZE
{bIE ClCo ™A 7V v RFREICKEIT DA S ICEICEKRN L TWD EBF 2 65,

[1] M. Zheng et al, J. Phys.: Condens. Matter, 12, 783 (2000).
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FERTAIEIZ B9 5 FEBRAVFRAE

HIfEx 20, iR
(ALK
Experimental Verification of Loss Dependence on Torque and Speed in Flux-modulated-type Magnetic Gear
E. Asahina, K. Nakamura
(Tohoku University)

(X C®IC
A, HEE R a2  HRIEBE T — X OB 3
ﬁiﬁ/wcﬁbﬂﬁz VBN, T TR T DR

$E%’§ﬁ%%@®ﬁiﬁ%é Z DI,
#ﬁ%fﬁﬁﬁT%ﬁwm#% HEHMPEE ST
Lo ZOXDEEID, FHITEF G, 80,000rpm
CENE AT B B 28 AL RS S5 Y O MG - BUE
R A T2,

AR TIE, AKXV OEKD Sy 5 JONERE
KAFPEIZOWT, 3ROTAIRESEYE BD-FRM) &5
BRI X > TRFT 21T > T O THE T 5,

BEERES Y OBt

Fig. 112, 4RI A3 D8RR PR R -7 DR T
BT, AERFTYOXY L 6.667 TH Y, AT
ENRIERE -, HAEIAR— L —ATHhH 5, £,
AN I D iE e #5550 % 80,000 rpm T & 5,

Fig.2 12, 3D-FEM CHH L7z hv o3RI R %
AT, RN, ARBEE Y OB KITHED A
fEL, MZITHEFELRNZ EDDDD

Fig. 312, SfEL 7= msEps ﬂ?“\’@%ﬁﬁ%ﬂ?ﬁ_o
R— L E— ARV Z R — R 81, AR &

T X DIRERDOIAEZL T8, 3T CFRP (fk#%F
@ﬁ%k771%y7)@%¢bto

Fig. 4a) I[ZEBR AT L E7RT, KXY MG
DAINZNIAA v F N T & o ZAF—4 (SRM)
G L, HAOMNZIZ M7 A= g LT-, &
BRTlX, SRM % 5000rpm, 10,000 rpm Clal#zs X,
FV 27 Z0IN-m2>5 04N-mE TEILEE7=, [F
KON T Y ORKOFEPEZ~T, 22 THE
O FEPMETL, Ao 2T A THIE L= 2805, SRM
HRCHEISL & T ORKZ5I< 2 & TR L7,
ZOXERSE, 5000rpm, 10,000 rpm i [F] #5523
WTHRIE, FHEEREFER, bz s
KIFE L7 Z 2 BNbnDd, 228, ARFEDO—ERI% JSPS
BLAfFE: JP23KI0189 35 K OVHIAL K22 AIE sl =455t
AR A IN IS T 1)

Gear ratio: 6.6067

y Axial length: 20 mm
o Diameter: 44 mm
/ - | Shaft diameter: 6 mm
“. ! Inner gap length: 1.5 mm
Outer gap length: I mm

Material of inner magnet  Sintered Nd-Fe-B
Material of outer magnet  Bonded Nd-Fe-B

Fig. 1 Spec1f1cat10ns of a prototype ultra-high-speed flux-
modulated-type magnetic gear.

-

@
=3
e

~——80000 rpm
——60000 rpm 0.08
30000 rpm

—80000 rpm
—60000 rpm
30000 rpm

AN
o

Irom loss (W)

2
in magnets (W)
=)
o
=3

Eddy current loss

0.02
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0
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03 0.4 0.5 0.6 07 08
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(a) Iron loss (b) Eddy current loss in magnets

Fig. 2 Calculated loss characteristics of the prototype magnetic
gear.

(a) ihe otor (b) Pole-pieces (c) Magnetic gear
Fig. 3 Appearance of the prototype magnetic gear.

P e PR CS— Py
J E— PSS B, °
........ 10000 rpm
++-5000 rpm

0 0.1 0.2 0.3 04 0.5
Torque (N+-m)

(b) Measured loss characteristics.

(a) Experimental system
Fig. 4 Experimental system and measured loss characteristics of
the prototype magnetic gear.

2% Xk

1) E. Asahina, K. Mitsuya, K. Nakamura, Y. Tachiya, Y. Suzuki,
K. Kuritani, J. Magn. Soc Jpn. Special Issues, 7, 85 (2023).
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=0l SR E— Z OWREE N L7 I B9 D H R R

Al 22 7 N S o =
(ALK )
Basic Examination of Instantaneous Torque Control for High-speed SR Motor
A. Okada, K. Nakamura
(Tohoku University)

[ZL®IC

AAf v F NU T XA (SR) =X, HEEN
HACEA, 2l CRUZIRWE WIHIRFRE AR T 5,
— 7, MZERMEEICHR LT h L2 U PR REL,
IRH) - BEEDRRENVEWSIHENR D 5,

R OFRREI G L CHEATARZE T, BRI R L
SrBeflE (IPTDC) 2RI Y, /NHERH B
HAHRA— e XA VL7 NRTAT SR E—FD Fig. 1. Specifications of high-speed SR motor 2,
M2 U ZRIRE) - BRE AR FTRETH D Z &8

RSN, 2L, AE—FORERKESE L Vprese = TVoc O\ [y Ty
(Hysteresis control)
1,000 rpm LA FToH Y, [AlfA%L 10,000 rpm Z 48 % % \

Gap length: 0.2 mm
Stator pole width: 32 mm
Stator yoke width: 1.6 mm
Winding diameter: 1.05 mm
Winding turns/phase: 44 turns

Winding space factor: 44.3 %

Voltage: 14.4V

SR E—Z T S AT FHNIE R0, ; /‘I [ \
T T CARTI, SICER TEAICHR SR y !
ISR 20,000 rpm D EH SR F— 4 2 125 LT, | [ bden)
. L Unaligned Aligned 6,
IPTDC D f & RA 7= D THET 5, T : Reference torque
Ty T Ty, Phase torque
IPTDC 0) :/ Salb— :/ 3 )ﬁ% 8, : Current vanishment position

Fig. 112, flli#ixf g & L7 SRE—H Ot E R~ T, Fig. 2. Schematic diagram of IPTDC.
AT —H OEERERHITH 10,000~20,000 rpm, &
¥ hLZ13X01N-m Th oD,

Fig. 212, ZEATHIZE CIRE S 4172 IPTDC D&
Z9, IPTDC I, FhREAHE] 0 BR 2 REICAE T 5 b
7 OREELS T2, GI0ERFIERD 2 DOHDOE
RV BESEIGEESE L2 LT, U TLEK
B A TH D, AKTIiE, MATLAB/ Simulink
#MWT, IPTDC % Fig. 1 o SR =—x @il L otatonslangle lz)
LIEBEDY I ab—araito7-,

Fig. 3 1T bV OFMRIEE & <, 8 ik &
IPTDC & & ([al#s%E 15,000 rpm, F#) kv 1% 0.
02N-m Th b, ZOXEH 5 L, IPTDC IZ XV bk
FHEI D B 2 E D bV 7 OFEBIARZ DB IEI S, VS
APMERENTND Z ERbond, SH%ITERKICE
HRGEEAT ) TETH D,

BEXR

1) H. Goto, A. Nishimiya, H. J. Guo, A. Honda, and O. Ichinokura,

Torque (N'm)

Total

Torque (Nm)

----- U -V w Total
COMPEL, 29, 173 (2010). b) IPTDC
2) K. Nakamura, Y. Kumasaka, and O. Ichinokura, Journal of (®)
Physics: Conference Series, 903, 012040 (2017). Fig. 3. Calculated torque waveforms of high-speed SR motor.
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AR BMIAMEAA T —Z DY T 7 XA NV T A EDOT-8HD
7 F 7 AN TIARIZEET A MET
AT —A8, AT, *pRiEESR, E R
(B R, *3aniia)

Flux Barrier Shape for Reluctance Torque Improvement of Distributed-Winding Interior Permanent Magnet Motor

Kazuki Tamura, Kenji Nakamura, *Kenya Naruse, *Masahiro Kayano
(Tohoku University, *Aichi Steel)

[FLHIC

ARG (IPM) B—& 1%, NEHT) - @R T
HDHEMND, xRS TRHAMNER > TS,
—F, 7T v ANY TIENERICIRD 5 34T L EE
fEA OIRIZE LT D LERH LT, VI 74
VA MNVTERREWIBETAY TR E KT
D Z LIRS TIX RV, £ ZCAR T, 4% IPM
T—HEBEMRL L, BRABEDOG RS A
Ry RigADORAZRRIC, VIFT X AR %
B LR 7 T » 7 AN TIIRIZOWT, FEX
SMNEITS =D THRET 5,
REEEEEFI S v I RN TORRER

Fig. 112, ZZIMHA L1201 % IPM T — X Ok
JLE Y, Fig 212, b aiT-o727 7 v 7 AN
TR D — Bl % 7T, FIRIZR L7 EAR 1 ER &
il 2 EEOMIZ, VoL JER, M1 ER, M3
JEWD 5 ORI D7 T v 7 AN T 24T HE
HEFIZDWTC, Il -HEORE AT 72, MA T,
Fig. 3 1T/”R T XK 918, BRMRORHE A2 2, 85Ik
DT T w7 AR TIZHONT Y, fl T EOER %
IToTe, 7235, AT 2 IROC A IREF L (2D-FEM)
ARV, SBICVIIH AT DRIERTD
728, BEAIFERVERE, RbVICHER T ) v U EA
{2 LT, MAMKRIZE DMK TV v ¥ ORA T
EE LT,

Fig. 4 12, e {b% O 28D 7 7 > 7 A
V7R ERT, 72, Table. 1 IZITKT7 T v 7 AN
UTICBTDY I E A NI DRERIEE, 0
RED dlilfiA > X B A Ly, qlhA VX7 XA L,
Rtz r~d, TORYADLE, HAIL 2 BE K
YUV TITHANVINRENT ERNbDND, T4
Db, V77X ARV BT O RS &
WXTT7T7 v 7 AN TIRERBEETH D Z &R
Linklroim,

# r Outside diameter (mm) 150
\\\\\\’\\‘t\‘%&Eg .‘j l///’/;/ > Inside diameter (mm) 45
*\;\3\ é/ Stack length (mm) 60
}; ’5;’;,: Air gap length (mm) 0.6
| IZ=2 | No. of stator pole 48
e \‘@ No. of rotor pole 8
{2/(54 S . No. of turns/slot 9
i /f}//gj? g gk\\%\\ > Winding space factor (%) 60

Ao\ LR

Core material Non-oriented silicon steel

Fig. 1. Specifications of distributed-winding [IPM motor.

“ o
|

Fig. 2. Flux barrier shapes for comparison, (a) Flat-shape, 1

\
K

layer, (b) Arc-shape, 2 layers.
i

Variable |Search range
name | Mmn | Max
'|[Depth of flux barrier] dy | 0.1 [12.15
Inner radius of the
second layer
Outer radius of the
first layer

Parameter (mm)

da 6 18.2

d 12.15] 242

Inner radius of the

. d 12.15] 24.2
first layer 4

Fig. 3. Parameters to be optimized in elliptical arc shape, 2

layers.

Variable Optimum value
name (mm)

Parameter (mim)

W —
? Depth of flux barrier| dy 34
Inner radius of the
q 14.1
second layer .
()ulurumdills of the s 18.0
first layer
) Imlcr'm(lmc of the s 27
first layer

Fig. 4. Optimized barrier shape in elliptical arc shape, 2 layers.

Table 1 Maximum value of reluctance torque, g-axis & d-axis

inductance, and saliency ratio of each flux barrier shape.

Maximum d -axis q-axis
Model reluctance torque | inductance | inductance | Saliency ratio
(N-m) (mH) (mH)
Flat-shape, 1 layer 18.96 0.48 131 2.75
Arc-shape, 2 layers 19.52 0.39 1.20 3.05
Elliptical arc shape,
P P 24.10 0.38 147 3.8
2 layers
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AU, thiffE
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Magnet Arrangement of Concentrated-Winding Interior Permanent Magnet Motor
with Nd-Fe-B and Ferrite Magnets
T. Obana, K. Nakamura
(Tohoku University)

[TL&MHIC

ARG (IPM) B— & 13, KARGA % [lds -8R0
WEBIZHLDIA LT E— X DR TH D, IPM E—H
X, <7 %Xy N MZITIMATY S 2 ARV Y
LR TE 5720, ;- @mdhgEiee—4% L LT,
Bk & 7o @IS & 2 ik U, i s 08 — %
AEF—IZRKRELSEBRLTWD., 2D IPM E—X (T
BT, LT 7 —AOMHEARC/ N LA HIRE S
NTW5D.

AT, IPME—X|IZBWTL T 7 — A &% 1
XTI R M R ESELZEEEME LT,
T =T A ML RO L72ENE IPM £ — X DR
ARLEIZHOWT, 2 koA BREFEE (2D-FEM) % H
WTHET LD THRETH.

2154 FERGHE IPM E— 2 OB AERE
Fig. 112, AR CHRUEL LI-ETERIPM £ — ¥ %
R, 3AHS MR 12 Ay NOEFERE—XTHD,
FE - RAEMETHRUICHNORTWDE DO TH
5. AFETI, 20 IPM T —% OEEFRERIZZE 2
T, Fig. 2@)~OIZR"T L 272 6 OB DA
Bl A AT AEEETICHONT, M7 EEREEL
7o, fEATSREIX, [EIEEER 9000 rpm, FEFTENMME 15 A
L L7-. 723, 2D-FEM (Z1%, BRISOL Hlo> dEms i
7w 77 5T 5 IMAG Designer 21.0 % 7z,
Table 1 12, FBEAREICK TS MLy O KIES
. [WFE LY, Fig. 2B L OO)OBAELED kv
INRREL, BET—FNHH03Nmm L.
WNT, Fig. 3 IZRATRLE (a)d8 J (b)) DV TR
WEfNT 24T > TS R 2R 9. FRMT SR I E ARG I D
3ETHDH45A L LT RKEY, BABLE @)X 1,
2 EHEBIZTRDOT =T A MEADRKE BREL
TWA I ERbMD. —F, MAREDL) TIL2EH
WG R A Y DA DSl A o3 MR L T D

DHTHD. Lizino>T, bsim k&Rl o
BEDRT, BAOREOG) N REREARE TH 5
LWz D, A%IE, EE—- ML RRESRIER LI
DT HHE - BRiTE1TO TETH S.

(

- Nd-Fe-B Ferrite
Fig. 2 Magnet arrangement for comparison.

Table. 1 Comprison of the maximum torque of each magnet
arrangement.

Maximum Maximum
Model torque (N *m) Model torque (N *m)
Reference 356 () 2.66
motor
(@ 391 (e) 3.01
(b) 3.84 ® 3.66
(c) 3.21

Demagnization ratio
(%)

100.0000
95.0000
90.0000
85.0000
80.0000
75.0000
70.0000
65.0000
60.0000

Winding method Coticentrated:-
winding
Rotor speed (rpm) 9000
S Nulml;elr of 8/12
L poles/slots
Material of magnet ~ N49SH-GF
Material of iron 35A300
core

Fig. 1 Specifications of a reference IPM motor.

§5.0000
50.0000
45.0000
40.0000
35.0000

30.0000

25.0000

20.0000

15.0000

10.0000

$.0000
(b)

0.0000

(a)

Fig. 3 Comparison of contour diagrams of the irreversible
demagnetization ratio.
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IIEV HHA VR A —I)L e TR v )LF v v ITHISR =—&% D
BREfREEL I BT A et
PEYEIST, HPEEER, AR T (EAEKRS)

Drive Range Expansion of In-Wheel Axial-Flux SR Motor for Compact EV
Y. Nishigai, K. Nakazawa, K. Nakamura (Tohoku University)

[ZLHIC

HIZEELIL, THXF Vv Ay vy TRDOZA v F
F)Z 2 H A (SR) B—XORMEFE L, £ ok
A —/VEREh R/ NUEK BB #E (BV) ~O A %
TV, FEREETTICHRSh Lz D, —F T, kot —
LT B HBEREE RV 7 SyEdiiEE (IPTDC)
T, @EEERERCH ) MV AMET L, HEilje L
T OEREIR RN Z E A S T o7z,

Z ZCARTIXIPTDC 2B L, fEkEE ST
N R KT 2 [FTERIE S0 B L 7 1T U TRk A
LS H2@EEXMATEHIE TMZ, & 57 s m-
A E CEREN IR A LR T o Z LA HEEL,
B2 1235 B LIeflEIc W TRET 21T o 72,
BE LY FIEFEOLE

Fig. 112, ZERICHW =T v v /LX v v 7 SR
FT—HEFT, A SR E—XEHIESEE LT, #€
$D IPTDC, IPTDC Ol X [H % koAb 3w %
WX 2RI, U ChREE b oL s TIRELS,
¥ MV T A EISERE S 5 ) bV il %
FALTZBA OBE— Mo Bk, WIS b v 7 g
EEELTCHREZT T, 7F, ¥YIalb—var
121X MATLAB/Simulink & Hv 7=,

Fig. 2 12, IPTDC & @EX M A Z IO kv 2
Bxrd, ZOROEEESE v 7id 400 rpm, 60
N-m TH %, IPTDC TiLihit) v 2 Bz hv o o
BHE T THERSEICEETE TWLRND, EEXH
AIERBE CITBRETE TWD Z Ebnd,

Fig. 3 1%, REXME TR &~y il o
M7 EIEDOHE TH D, ZOROEERK S M vy
£ 800rpm, 40N-m TH D, ZOREEL L, FHy
L7 HIETCIE, KV mEsEkE THEAHE SR o
WY RN T BRETETNDZ ERNDND,

Fig. 4 12, W — ML KDtk & =7, [FX(a)
WUERD IPTDC OfERTH Y, [FX(b)23 %) kv
7 HilAE) & @ AR K R AT A A & AL A B R T A O
RThsd, ZNOHOMEY, FREHEIC XV EREE
WS KIEICIER L= 2 E b5,

222 mm
T Voltage 2V
< \\ i ) Gap length 0.3 mm
/—':N.;‘" k2 ) Number of turns 99 turns

!
=

= ] a3 Winding space factor  62%
- \;’,4‘[ g Weight 14.4 kg

X //"l‘ Weight (incl. housing) 32.3 kg
] Core material 35A300

Fig. 1 Specifications of Axial-Flux-type SR motor.

I*ru v T tw T Tiotal ™ T'| [71'0 W Tw —Total T'|
120 120
100 100
E.SO ‘é‘BO
“60 Ree ~ 60
%40 %40
20 £20
S LN N I

.20 & 28 S AS 5 220 1 28 3 A5 5
Position (deg) Position (deg)
(@) IPTDC (b) Variable commutation period control

Fig. 2 Comparison of torque waveforms at 400 rpm,60 N-m.

Iifu Ty ——Tw —Total ™" T'| Iifu Ty —Tw —Ttotal " T’|
120 120
100 100 |
=80 80 f
- 60 - 60 F
Z Z
940 2 40 foofoe L o N o e R f e
20 g 20
o i= \
=0 = ) .
20 1k 25 5 15 3 220 1E 25 5 A5 5

Position (deg) Position (deg)

(a) Variable commutation period control (b) Average troque control
Fig. 3 Comparison of torque waveforms at 800 rpm, 40 N-m.

9 90
80
70
g 60
{ 50

T'=80N-m

u
£ 40

2 30
20

10 10

0 0

0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Speed (rpm) Speed (rpm)

(a) IPTDC (b) Proposed method
Fig. 4 Comparison of calculated speed-torque characteristics of
IPTDC and the proposed method.

%35 3Tk

1) EMAEM, %R, — A, BRES SR T A VI A
Fgesdkl, MAG-17-2 (2017)

2) HREOK - AT, ERFASEEREF A E R, RM-22-114
(2022)
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hos AR 2R AR PR RS 5,5 Y 0D ZE BN RS FE IR T D 43 AT

S, A EH, AT, s —, ]
(RAE K2, *TDK #E&4h)
Examination of Air Gap Flux Density Waveforms of Flux-Modulated-type Magnetic Gear
A. Okazaki, T. Sumi, K. Nakamura, *T. Shinji, and *K. Takeda
(Tohoku University, *TDK Corporation)

[ETLHIC

W5V IR IR CHBOR FIRE T D78, HEIK
HF VLI LT, IRERRE N/ NE L, RS
BEND, ZOHRTHBAERUE KX YL, My
R L E <, ERMERR LIS N THD Y,
AREFRER X Y ORK ML 70 hvy U 7L
ElE, W 2 DD ZERRNOREFR AR IR KT T D
T EnG, ZERRRGHRE Y 2 EfRICRE T 5 2 &
IHRD THEETH D,

= ZCARRRTIE, WS 2 DDOZERRRL A N &
[FIRF LB ATRE 22 M E R A HEEE L, JE S Av7= 22t
T R & 2 DR IZ oW T, ARREHR
1% (FEM) OfER & HRGEE L 7= D THE T 5,
IR EZE RO RIERER

Fig, 1 |2, MORZERABKT VY Osécatr~d, N
TIRIEE - DR s 4, SMARIEE 7 DO Fis $0)s 22 ¢
HDHZEMD, XYHIZE55THD,

Fig. 2 1T, M5V 0022 Bk oRUR: BE I 1 oD I E 5%
OB ERT, BRIEXYIL, Bz 2otk CoOZEmEL
FE LRI OWEZIT 2 72, WAMalER - & AR—
E— 2 HBICER TR EIE L o TV D, £ 72,
R A LTI i oo s— k%
RIEF YISO ZERRICHEAL, I EAR—1tr
PEEFZEE D Z LT, 2 DDOZEROILE DONLE A
DHHEEZFRFICNET HZ LN TE D,

Fig. 3(a) (2, WNMRIEIER A DRGSR —/L B —
AN L o TEF S N1 O HMU 22 b8 o8 FE I D
BIERER 2R, PFEC, RS0 2D-FEM B8 L O
3D-FEM OREMREZRT, R LY, WRlEEET
DRI BAZHRT D 4 IRy 2 X—AIZ LT, £2
TR N EE L TWD Z Enbns, [FX(b)
X, &2 OWKEmRmE 7 — I =488 (FFT) Lok
RThd, ZORERDE, SMUBEHERIZFEBIL,
NV IAREEIZE 595 22 ARG DIRIEADS, AP T
BHD AW DWITKENT EDROND,

B 3R
K. Atallah and D. Howe, 37, 2844 (2001).

Outer rotor Gear ratio 5.6

(Low speed rotor) Outer diameter 106 mm

Axial length 15 mm

2 mm (Inner side)
1 mm (Quter side)

Air gaps

__ Pole-pieces Inner rotor pole-pairs 4

Outer rotor pole-pairs 22
Number of pole-pieces 26

Rotor core material

\. Inner rotor Pole-piece material 3642

(High speed rotor) Magnet material Sintered Nd-Fe-B

Fig. 1. Specifications of flux-modulated-type magnetic gear.

encoder

— Sy

Fig. 2 Measurement system for air gap flux density waveforms.

08 ——2D-FEM ——3D-FEM — Mess.

0 90 180 270 360
Mechanical angle (deg.)

(a) Air gap flux density waveforms

2D-FEM

=
-

=
=

Flux density (T)
e £

=

=
=

O 2 4 6 8 101214 16 158 200 22 24 26 28 30
Harmonic order

(b) Frequency components

Fig. 3 Air gap flux density waveforms and their frequency components.
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RNAIWIZESK BEV T "MVEREEZE TH5E—FD
HARMHEEICEE T A )Et

28aE -7 AT AARR R

WRAw*, W MAESL, BURRE, EFREL, BB
(BRI REE)
Calculation for Output Characteristic of Motor Structure with Boost Reactor Function Based on RNA
L.Zhang, Y.Yoshida, S.Sakurai, N.Handa, K.Tajima
(Akita Univ.)

[ZLHIC

I, BT 3L X— LIREET AP B O
KED—>L LTHRAOGMEEREDOK 6 Hl2 k5
5 HBIEOEMEAEATHD D, L LR s,
HYVHEERR, T—XEHHL-EXBEHED
VRIS R & 7o > T D, BRI H BHHE OB
FIRIZFEICNYT Y, S 3—F, =LK
Sh, EFEI L NN—=ZDOEANZLS>TYAT A
OEBERERD LT-MERH D D, ARETIE, B
AT LAO/NRIRE(IZERL, E—FHEa
N—R AN — 2 AT AMIBWT, HE
AU 77 brvte—4%2— kMLt (BLT, B
R[RTNA A—{fEEE—%) BREL, VI X
A%y U —7f#HT (RNA) ([ZCRIEKE D SPM £
— & L RO T o oD THAE T 5,
BREETILOHET L HiE&E

Fig.l IZRX—RAET NV TH HHERD SPM E—H D
etk &2~ d, B 215 mm, A LTy REgiefs
JE23 108 mm, FEIEEMMRZFEH L2 7 OfEE
12 60mm TH D,

Fig.2 ICIRE LTZMAT A A —{FiEt— 4 %
IR, RN—=RETIVOMEEF/Ny 7 I —7 & L
DERWEREC Y 77 MVICEESHZ D Z & T,
HAIEayN"—Foa=y MZEBTF AV T 7 MVEHEE
PoalodsZ ENAfEL k2B ETH D, BETT
JUZBWTHEIEIT 108 mm, U7 2 hLbaA uidE
—HEEF DNy 7 =7 I 10 X — BT
W5, ¥¥ v 7R, BADER, KK ED/ T A
— A FIR—RETF I EE—LE LT D,

Fig3 2y T VU, FEa =4, A /3=
LR HREET NOBEBIEK ZRT, Ny T UEE
MB300V, I N—F DT 2—T 4305 EAET
%y WSS T B _— R ET UL AT B TR
BREh & L, RNA L - THENT L 7= fc KAHFE I 270A
28T D N-T Rtk % Fig.d 127,

Figd % R.% &, MK BV TIRETFLOH
NER=AET VL VARNR, 55 SRS 2 v
7o R AEE B W TR EE T VT A L A RE T
HDHZENHELNTR ST,

Electrical Steel

— =

1l

LI

Figure 1. Structure of Base model.

————="2.  Dust core

Inverter

= ! ‘

f%f%ﬂ\\
; : Proposed model
Figure 3. Drive circuit of the Proposed model.

|/

Torque (N * m)
/

800¢ 10000 12000 14000
Rotation speed (rpm)

Figure 4. Comparison of N-T characteristics.
B% 3R

1) International Energy Agency: “World energy
balances Overview”, pp.17 (2019)

2) KBRIWGE:INA7 Uy FEBHEMAE—Z DK

Mg, BRFEEE, Vol.138, No.5 pp.288-291
(2018)
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Sm-Fe-N 7R > Rigf = =& hv 2 IPMSM |

WH—F L, HMAEIL Y, & WEE e, PrEeis 2, Z2EH— 2, AsE?, mEm3!
(BkmR=!, HEl{EEIT?)

A Study on High Torque IPMSM Using Sm-Fe-N Bonded Magnet
K Takeda!, Y.Yoshida® , R. Yoshida?, M. Abe?, S. Tada?, M. Yamamoto? K.Tajima!
(Akita Univ. %, Nichia corporation?)

LI

PM E—4% D% IZIX, a4y LEEfEA
DHNGNTEY, ZOREEHIE, REDZREX
w570, EfRTETHLIAT YT A (Dy)
DEFENTND. Dy lEmEm = A b, IIEHBARLE, £
PRSI IREEE 2 O FEOMER S 5720, T
B, KABAE—ZDELVT T—A, LT 7 —2A
kRO LN TEY, EHELIX, A FEAZHN
FEMATE7 ) - — 2 ORFIED TS D,

AIETIE, Dy 7V —Thor¥~U U LgkEH

(Sm-Fe-N) HR¥ FEeAZEHW-E—XT, x4V
LBERERE A A T e — 2 LT 5 v o R %
His L, ARREEHEEAZ HWT My B2 5E L=,
FRATHE R

Figl (@) (2@ M7 ZHIE LT, HBSESTH
5V$MV*¢VA%#@E%MELKWM%MB
KA, Fig.l (b) IZHET 5 U FHIUZ Sm-Fe-N R
k&E%M%LtWM%ﬁ%ﬁ%m#.ﬁ%ﬁém
DAL, AT LMEERERA N 1.27T,
Sm-Fe-N R REEA22 086 T TH5DH. £7z, F—4
SERIT 107 mm T, A VTETETT 1 — R Y-
DTI5X2—2Thbd. 2B, Ry NEA IR EZ
B LIRA LcAaTh Y, BT = 7 I H Rk
THIERTEDH0, AMRFHCIE, Sm-Fe-N R
N 2 v — 2\ ZH AR U 7= [als 7 2 4578 LT R
N7 REEE R LT

Fig.2 (ZERAAHA & v o Of%R %, Fig.3 (2
KMV TGiFEARED NV 7 A7, U FiRdE &
VB E T IRICEWAAEA 15° TR MLV T Lo
t._@&%\U%ﬁ%®¥ﬁ%w7iSMNm,
V FEREOFE S L2712 636Nm &R, LD
1L 5.5%E o7z,

ARFHL Y, BER T OBABLE Z V TN U F
TNCEE L CHARmBEOm EE 7Ty 7 2T T
EROIMIVELR 2 =45 2 & T, Sm-Fe-N AR F&
AR HANTEE—F T, R34V LEERERAEZ AW T
— XD M EHITE D Z ARSI

\
|\ f\t‘ — \ | | /
\ o, ‘- ) /
N LN /,'KL\ / /
\” ) -;,,t_:;\?_’_:?@: . / /
\ \

(a) V-shaped model.  (b) U-shaped model.
Fig.1 Sectional view of motors used in consideration.

-—-—

™

—e— U-shaped

I

- = = V-shaped

h =
/

Torque T[N m]
— (%) [3%) ES
i’

0 10 20 30 40 50 60 70 80 90
Current phase angle 5 [* ]

Fig.2 Torque-Current phase angle characteristics.

9
8 E
7

R

7z

= F

w4k

=

23 f

= ——U-shaped
2 F
1k = = =V-shaped
0

0 10 20 30 40 50 60 70 80 90 100 110 120
Machine angle [* ]
Fig.3 Torque characteristics at maximum Torque.
BE R

1) BHE#MAK, HFHEAEBL, HEBRI, HARBRYS
A SCRFE S, Vol. 7, No. 1, pp. 73-79 (2023)
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3 KVA K At % A9 D E A ODRI T ZE A 2 7 X DOFFHTRG

SEALR, TRME, *RAME, AR
GRAERS:, *HALESD)
Design and Analysis of 3 k\VA Orthogonal-Core-type Variable Inductor with Permanent Magnets
S. Aizu, K. Nakamura, *T. Ohinata, and *K. Arimatsu
(Tohoku University, *Tohoku Electric Power Co., Inc.)

HAT A AR DI (2023)

[TL&MHIC

AIEA X7 21X, BT oY LA AD
W CEIRMICWSNEE T 5 2 & T, HWRhEIH
ERIOEERIEIEE - L O TE 5, RICEEDS
X, EAREODRIRZEA v F T B O R O
BRI A AT D Z & T, EHERCLHD
—EDOREZSOBNE N EHETHENTED,
BLWAIEA U F 7 X ERE L D, 2Ly,
KA A T ZIXHIEERE EAICE ST 5 2
LT, T UYL ATESE ) B EIZEL)
St E TR OEREICHIECX 5,
AT, AAIEA 77 2 ORIERBRETT S 72
BIZ, 3KVA RO EL 21T o 72D THET 5,

SKVABRKAMEZR T HEXBOBATESL >
793 O

Fig. 1 12, ARBFTHW kARG 2 AT HEA
WU R A B 7 B & KA DT E T,
TTHFFED 1.67 KVA 23 V& _X— 22 LT, 3 kVA &I
PAXT 7LD THY, WAk A Y LB
W 2 8A L,

ARTIXY 77223y bT—J T (RNA)
ZRWT, KABA DR E A BSETEED
HE2hEE IR & ERREIREAR LR E LT,
Fig. 2 12, fATICHW T EASRGOA R A v 5T H
® 3%t RNA EF V&7,

Fig. 3(a)lc, MEsheE /R E OB ERE 2 7~ T,
RIXKIOHENEZ 725 &, BEAEIE 1~5 mm BREE A3
BThdEBEZOLND, FMD)I, EEHRELZE
BIREREALOREMRETH L, ZORERD L,
AR 1~5 mm OFH THIE, EARITS%LLT
ThV, ERMFEZWHELTNDZ ERNDND,

LStlx, RA[EA U H 7 2 ORERBEEZITH TIE
Th D,

SECHK

1) =, R, KRB, B, A ARMRUESm USRS,
Vol. 7, No.1, pp.67-72 (2023)

front S Cut-core| Primary DC 1220 turns
| winding 0,460 0
Secondary AC 1 238 turns
133 winding 0.500
81 Rated Voltage ~ :200V
. Frequency :50 Hz
Rated capacity :3kVA
8 Core Material 1 35H300
116 \ Control Current  : -18A to 18A
Laminated-core
Neodymium sintered magnet (N-42SH
357 46 ' 35 1357 46 '35 Coercivity: H, = 907 kA/m
116 i 116 [mm] Residual flux density : B. = 1.21T

Fig. 1 Specifications of 3 kVVA orthogonal-core-type variable
inductor and permanent magnet.

<Side view>

Fig. 2 Three-dimensional RNA model of orthogonal-core-type
variable inductor.

4.0

Reactive power (kvar)
[

18-16-14-12-10 -8 -6 -4 -2 0 2 4
Primary de current (A)

6 8 1012 14 16 18

(&) Reactive power characteristics

Distortion factor (%)

-18 -15 -12 9 6 -3 0 3 [ 9 12 15 18
Primary dc current (A)

(b) Distortion factor of the secondary ac current
Fig. 3 Calculated characteristics of the variable inductor.
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LLC-L 3#£4#E% DC-DC =2 3— & DFAfE

BHECE, KEZ, R, SRR, e
CEPNED!
Fabrication of LLC-L resonant DC-DC converter using Fe-based composite magnetic core leakage transformer
Ryohei Miyata, Katsuyuki Yoda, Toshitaka Minamisawa, Makoto Sonehara, Toshiro Sato
(Shinshu University)

LIZL®HIZ

NU—x L7 hu=7 ZEMEEERRE S v MEPIE Y 2 — L AHERAR DC-DC =2 > 3—% (4~6 V AT,
5V-30mA 7)) O~DEEMAERIZY =7 —Y 8T U Ra2REL, 10MHz # 21 v 57 LLC-L 347
DC-DC a2 N—=ZZ#H L7 F 7V AL PCB X—AD T L—F N T AThHY, “FEOHZAZ L
R MG OEL 2 f A G o TR L 72,

2.LLC-L ##E& DC-DC O/ 3\—4 D EIBIER
AWFFETIL, Fig 1 lIORTEIIC R T A K

BMOWNA > 7 7 4 A% E[E LT LLC-L JEiR I o
HDCDC 22 /5— 5 & LTHIER S A— 5 B

1.
2 Dy~ Dy SBD Linear

Regulator J-
T T VDu{

%mbkm.:@ﬂyﬂ%ﬁﬁﬁﬁ%%ﬁdéb\V?Tﬁ i
Yy MEFIEY 2 — A ~OEELEELTE o b
D, EEEEECHEESYE, V=T LFal—4 ﬁ

12 &> THEE 2T 2 A A L,

3)=4—C RSV RADBE LAY

Fig2 IZRMELT2 ) —F—T R T U 204 &
WA 2R, b T AR OER T A %
SRMEIRE 35 um OPUJE 7Y o M A V2. B
DM BHZIRIBE R - (KB DT Fe-Si Z4E

Fig.1 Circuit diagram of LLC-L resonant converter

0.4mm - goperical powder composite sheet
I h | |

EREMAR, = AR* Bl AR Yy b — & 25mm
A7 B AGRER & LCaA R OB (a)Transformer top view (b)Cross-sectional schematic
(BRI L7, 72, TN @R O 8k Fig.2 Structure of Planer Power Inductor
VS ) SR S I i) R I R N
— hER T —/V N E L TRINEICELE LT, 1000F T '
Fig3 12U — 47— F 5 2 AD ZRINBRER O A v 57 57 2 A Emé‘mmm“ /
& QD EW B E 2R3, AR DL, CE X IR T H 30
% 20 MHz TO BAE{IE, A >4 7 % > % 604 nH, Q fi 10 LI I, g o
FEAIREL 0.9\t L, MIEIZA > & 27 % > 2 593 nH, Q i 7.47, E 0l ® Qfactor
HERAKIT 0.846 & QIEAME b O DIFIE R A LTz, % b NI
i T, 20 h 7 A% LLC-L #£#% DC-DC = v /3 —% Frequency f[MHz]
NI EAOFERE ROV T HRET S, Fig.3 Inductance & Q-factor vs. frequency.

L 2D XN

1) HHMe, EREEAE, VeseEi, MR, VepRmes, SRE, U —7—Y F 7 2%ZHv - LLC-LC
PRI DC-DC = /3 —Z DO EHERF” 55 43 [0] B AR P el <, 27pA-13 2019.09

1
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T G & REMER R

Estig i
NIMS

Nanostructure and Magnetic Materials
K. Hono
NIMS

WM B D FFPE IR IEIC L o> TRELSET D, ZDumBIRBIREE ) TH Y | [F Uikt b &Y%
FHE L THESTEMBIChH > TH . E OB &> TRE ST 5, KARA, TR
Bl REHEEE, A bo=7 AFBFBRIRIL. T/ & 72 B8R 23R intrinsic 2R EMEE2 T8 A
ATHI & HE D XIS ZHE L COSBRETH D, Bl Z21E Llo-FePt (X W G R R 12 FFo%
E7RbEME L THIBIVTIXNW 223, 2008 H12Fk & 73 FePt-C T/ R fifid 2 B9 5 £ T[], 7N
FePt % HAMR A & L TEX % EBANZE S TWeZA I M2 ZoFlcAHABILD K 91T, MlEIRZ BEER
BEE LTSHAT AIZ3MELE 2 E AW T A 208 E & BMRRAEEZ I 7 e bl L v~ /L F
A=)V CRRAT - I L, BRI RS R & el b T D M E R D D,

AGEH CIIAABHE DML & L TORE ER-727 b A7 a—712 X5 )/ kEfiEAER B FINEMET O
T K A T = XL OBFZERNTHY . T SENTDIEEIBR I IS D NS H R Z BIR T 5, FePt #EIE ORI /)
DOHFFEN D FePt-C 52 HAMR BEABRRE~D R [3]. T/ 2> R Yy MEAMZE TR U BT & HFED
el [4]. Nd-Fe-B BEAERE A OFE BB D7 LU (5], Z O F R Z IS H L7z Dy 7 U — &R /) Nd-
Fe-B e BAFE[6]. A AT —&@&OHANL & R B MR OFAMN & #im & OTHE[7]. Zh i PV Lk
O RN X D BEIRPLORA~OHE [8]. SmFen AlEA O ARENE[9]/2 Sic&BlR L, Btk - A& b
0 =7 ZAMEBIRICBIT DT BRI O BEM A FED,

L Z DTN

1) A.Perumal, Y. K. Takahashi and K. Hono, APEX, 1, 101301 (2008).

2) K. Hono et al. Acta Mater. 47, 997 (1999).

3) L. Zhang et al. IMMM, 322, 2658 (2010), JAP, 109, 07B703 (2011).

4) W.B. Cui, Y. K. Takahashi and K. Hono, Adv. Mater. 24, 6530 (2012).

5) H. Sepehri-Amin et al. Acta Mater. 60, 6061 (2012)., T. T. Sasaki et al. Acta Mater. 61, 269 (2016).
6) H. Sepehri-Amin et al. Scripta Mater. 63, 1124 (2010), Acta Mater. 61, 662 (2013).

7) T. M. Nakatani et al. JAP 52, 737 (2004), T. M. Nakatani et al. JAP 96, 168 (2010).

8) T. Nakatani, JAP 126, 173904 (2019).

9) A. K. Srinithi et al. Acta Mater. 256, 119111 (2023).
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HEEBMEHCRBIT DAY b =7 AEBED B &
Z DIl
Pioneering of spintronic functions of non-metallic materials

and its control by external fields

Masashi Shiraishi
(Department of Electronic Science and Engineering, Kyoto University, Japan.)

ABY ha =7 A% 1988-89 FFEEHIZHL D LT LA LWMFZE 38 T A [1-3], i LWFZES B IT V-2 D
BB THY ZL OMRE LM T 5, SHICAE Y b=y ZBENKRTIME T v b 73—
LE LT, HAMO (S 70R) @R DFEWICH T ICHEBCEERRZRRIA DY L, 21 iS5 &7
FRBYHNVETYE., SOOI 2RCROBEEEGRES 7T v 7+ — LAY LTS, 2D X951
ZERTMEY T T v 7 4 — A TAE Y ha =7 AERENREBLT 5 2 S iX, a7y 7 7T 0 RefRiohf
REMMBANT DRE M L7025,

KR TIE, RAFOMENY 7 7T 00 RIPNHHRARNZAE S ha=7 2D L BAENL DS
AEIWIZ MELW] AV ha=7 AW RGN 5, AV br=7 2B 5 =—2WE ThH
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MgO barrier layer thickness dependence of electrical 1/f noise in magnetic
tunnel junctions

Yupeng Wang?, Muftah Al-Mahdawi?, Zhenhu Jin®, and Mikihiko Oogane? 2
!Department of Applied Physics, Tohoku University, Sendai, 980-8579, Japan
2CSIS, Tohoku University, Sendai, 980-8579, Japan
3State Key Laboratory of Transducer Technology, Aerospace information Research Institute Chinese
Academy of Sciences, Beijing, 100090, China

The investigation of noise characteristics in magnetic tunnel junctions (MTJs) holds significant scientific and
technological importance for magneto-resistance (TMR) sensors based on MTJs. This is due to the anticipated
application of TMR sensors in bio-magnetic field detection, attributed to their advantages such as high sensitivity and
low cost. For the application of bio-magnetic field sensors, 1/f noise serves as a performance-limiting factor in the
low-frequency range. The exact cause of 1/f noise remains uncertain, but it is generally believed to be associated with
the quality of the MTJ films and disturbances in the magnetization and magnetic domain walls in the ferromagnetic
layers. The thickness of the MgO barrier layer in the MTJs may potentially impact the thin film quality and the electron
tunneling process. Therefore, this study investigates the relationship between the low-frequency 1/f electric noise in
MTJs with various thickness of the MgO barrier layer.

MTJ films with different MgO barrier layer thicknesses were deposited using a magnetron sputtering system. The
MgO barrier thicknesses (tmgo) were set to 1.0 nm, 1.2 nm, 1.4 nm, 1.6 nm, and 1.8 nm, respectively. Figure 1(a)
illustrates the dependence of the tunnel magneto-resistance (TMR) ratio on the MgO barrier thickness. Starting from the
sample with tumgo =1.2 nm, the TMR ratio increases with an increase in the MgO barrier thickness. At twgo =1.6 nm, the
TMR ratio was saturated, exceeding 200%. On the other hand, as depicted in Figure 2(b), the noise power density Sy at
10 Hz initially decreases with an increase in twgo, reaching the lowest noise level at tmgo =1.4 nm. Thereafter, it
increases with further increases in twgo. The potential causes of variations in the noise level could be attributed to
changes in film quality resulting from the variation in MgO barrier thickness. This could include the occurrence of
lattice defects or pinholes, among other phenomena, leading to metallic conduction processes other than the A1 electron
tunneling. Further investigation is required to determine the specific reasons behind these effects and their impact on the
noise characteristics.

Acknowledgements This work was supported by JST SPRING, Grant Number JPMJSP2114, X-nics project, CSIS, and
CIES in Tohoku University.
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Non-local spin transport measurement in ferrimagnetic GdCo thin films
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and T. Ono':?
('ICR, Kyoto Univ., 2CSRN, Kyoto Univ., *Department of Materials Physics, Nagoya Univ.)
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Structural analysis and magnetic properties of CozFeAlosSios/GeSn junction deposited by sputtering method
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(Faculty of Science and Engineering, Yamato Univ., *ULVAC, Inc.)
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Characterization of anomalous Hall effect and anomalous Nernst effect in Co,Mn(Al,Ga) thin films
Kiyotake Sugawara, Michihiko Yamanouchi, and Tetsuya Uemura
(Hokkaido University)
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CMAG thin film at room temperature.
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Sensitivity improvement of a heat flux sensor based on anomalous Nernst effect by uneven structure
H. Imaeda, M. Odagiri, M. Sakamoto, S. Sumi, H. Awano and K. Tanabe

(Toyota Technological Institute)
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Phase transition of skyrmion by applying voltage
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Numerical study on skyrmion transport with small size and high speed
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ARV IF U OHEFHICHER Y v r v A% — - SFRAEAEEH (DMD) ORE ENENT 5 ERTRIN
B I TARMETIE, AFXNI A NTK LAY U2 EA LTIZBEORAME O 28 2 MuMax3[4]% VT 3
2l—yarL, DMIBIQRAE U I XL T av B XU ANAFILI A DR ELE, IRk h 2
LWBERD D,

_ parameter value
E-I-gji;f . . R . Saturation magnetization (A/m) 1.0x10°
AF I A OfEEIL, MboZFE A5 L7 LLG L.
) - " Magnetic anisotropy (J/m?) 6.8x10°
HREAEMS ZEICksTyIab—bahd, A
. L Stiffness constant (J/m) 1.0x1011
PERIL CoFeB ZHE L, £FH/ 3T A — & X Table 1 .
. L . N Current density (A/m?) 1.0x10M"
WRLIEbDOEFEHT D, AV IF T avk ,
3 . Cell size (nm) 2x2x1
7B ATEEBEO A R — VA L L HICET ,
. External magnetic field (mT) 90
SRR 272, EitmOMz Z b SHiz, o
Current Polarization 0.1~0.3
e Table 1

Fig l@IZA U IF T aryy 2 o A% EE L, MY & DMI RS E 2k S BTG5 DRk &
BEEOBFEE /R L, Fig2(b)XERME 0.1 05 0.3 I8 S 72546 O DMI ARSI 53 2 Bl B o 28

{bZRLTWS, AU IFL T ar B2 AN WESITEEIZS L THEENKREL RoTz

D, ACUIF LT ar By RAEFASEIGAEITHEEN EF L7zl L, AF /I A OERIT
BAL LI dnotz, ZDOZENS, REDAY I X T av B3 A FREEHZLETAF LI AV
DR Lo~ m TS 5 RS R Sz,

( oMl 20" Current Polarization 0.1
a) 8 o1 11 (b) urrent Polarization 0.
= ’ 1 Current Polarization 0.2 .o®

E 6 12 13 E > @ Current Polarization 039-®"

>4 ®14 @15 = o ®

2 5 016 @1.7 5 10 ° _.0”'.

S 2 .

2 e18 @19 T 5 Py

0 o2
0 20 40 60 80 0
diameter (nm) 0.9 1.3 1.7 2.1
DMI (mJ/m?)

Fig. 1 (a)Skyrmion transport velocity dependence on diameter. (b)Skyrmion transport velocity dependence on DMI magnitude.

L Z &N

[1]T.H.R. Skyrme, Nucl. Phys., 31, 556, 1962. [2] S. Li, et al, Mater. Horiz. 8, 854, 2021. [3] X. Jia, et al. Europhys. Lett.
96, 17005, 2011. [4]A. Vansteenkiste, et al. AIP Adv., 4, 107133, 2014.
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A F )V X F RO IFROTRALOFHM
TIAKEIR |, ARALME 1 )RS, SRR 194, SRR 19, BPRTI 194, RTEE— 109, gk 1
(KBRS, TSy 7 i 2, KRR OTRE, KBRS CSRNY)
Evaluation of information current between skyrmions
K. Emoto?, H. Mori%, R. Ishikawa?, S. Mikit®*, M. Goto>**, H. Nomura®®*, E. Tamura®®4, and Y. Suzuki®3*

(Osaka Univ.t, ULVAC,Inc.2, OTRI-Osaka®, CSRN-Osaka?)

[F LIS
R AT A L E A OSECRETE B R AT DAL R D A L AR e
Thd, AXNIFNIFRAMAEIEH VEFIAT 2 Z &, IKRETEE CEMET AR T ~OI-H B HIFE
ENTVD, LLAFAI A URTEOEROFTEIVIE OMERORIEL B LD ARELE SNTND, A%
V2 A DIEROTENDOFARIEFE A OMEREFHRIC B W THiO THEETH Y | FTxIIZDOFHED = DIZ AF L
SAUCHIOMAFBREEA Lz, MABHREL I SOMRNLRT X OMAKGFELEETETHD, K
WHFETIX, AF NI A OT T 0 @B OB S X X0 2 F R L OFROFI 2 7/ h L7,

EER - BT A& -
AR TITEALA— b~ BB F A ER U7, Byibs U 2 Bk ki
VTR ANR Y H Y ZIEIZ LY Ta (5.0 nm)|CoieFessBao(1.2 nm)|Ta(0.22 =
nm)MgO(2.0 nm)[SiO02(3.0 nm)7> H 72 5 AF /L I A UEZ B L. £ OFEKH
(2 U 7 b A 7 ETIEFT RO Si02(0.083 nm)IEZ BNBE Lz, 2Dk 57 = 4
BB GBI L 7SI 2 5L S AL 2B LIAD B 2 L B TX B e
D, FHNIZ 2 DDOAX LI A EACIAD, FROMEEHICEL > TAXx  Fig.d Skyrmions confined in the
VA DO O HRARLE L 2REE LTIV S, AF /L IA4 0 pattern

770 EB O A MR T — 2 & LT, BROAX LI A URIEOMAEREEZ RO S, FEO
THMABEO R RSN TEY D, KFE O ROFHOIREDEFHOF OREOLHIRIZ L > TRD B
LEEEFTH D, Fig L IIMER L7 FE T OMKHTF I — 2 RBEMBEBEG THY | 5 DO/IZ2 >TOAF LI
FUBATIAD LN TND
E o
BRSO — S B C 26.5°C T, 1256ps 53(
THRE AT /2 577, Fig2 121000 7 L — 2450 5 SOFIZEH L ‘,?.,

RO TH S, AF 16000 7 L— 507 —2 2RS4 5 2
LIS L7, Y T A S S A RO EER O E BT

¥ [um]
2w ow

ADTZ2ODAFNIF L OT T EHE N T vF L i -~ . Y
< EE 57‘$§
W

DREFIZ VT DR AT 5. ABIIELE ISPS FHIFE B
JP20H05666, 23K13660 &% T* JST, CREST, JPMJCR20C1 ® 8} _ D

KEZT W Th D, ?

S 3 T
1)R.Ishikawa, et al., Appl. Phys. Lett. 119, 072402 (2021) Fig.2 Trajectory of Skyrmions

2)T.Sagawa and M.Ueda, New J. Phys. 15 125012(2013)  3)Y.Jibiki, et al., Appl. Phys.Lett. 117, 082402 (2020)

— 172 —



28aPS -9 FAT A AARR SR AL (2023)

BERAXF NI A DT T 7 EEBZ T
Merge, Fork D3 2 2 L—y g UIZ K H8E

AVEGAN T RIS 1, REERE 1. BIASTE S0 BRADE 1B gk
(" KBRS, 2Bk OTRI, 3 ik CSRN)
Proposal of Merge and Fork circuits using the Brownian motion of magnetic skyrmions by micromagnetic simulation
H.Imanishi!, S.Miki!, M. Goto'?, E. Tamura!~, H. Nomura'>, Y. Suzuki!-3
('Osaka Univ., 20TRI-Osaka, *CSRN-Osaka)

FL&HIZ

AX) I A LIRS I AT D PR DAV LI MAREED —FET, KL L THDES, IR FT
TIU L EMETH I EREBEICLHHENAEETHH 2 LD, HRHEER EADIGABEIfFEIN TS, FTH
Terld, AXNIA U E =7 L LT T =7 VR DO ERIEL WD, 77U =T SRR AT
BHEFEHETO S D Hub IXEFF SN TE Y I, Ratchet (Z2WTHAF /LI AL O—JFMHEEER % EBRICTERALZ Y, L
AL, EEOU Y b ZMELE L7220 Conservative-join (C-join)lZEFFNEEL VY, ZZ Ty hEHAWEEFTHD 2
DOAITHK L 1 DO EIT S Merge £1-. 1 DDAINTHKFL 2 DD I %1T 9 Fork 5112 L > T C-join ZRET 5
TERTEDLZEND Y, FiEE LV HBIZITA DD TIE RV E B 2 7=, ARIFFETIL. Merge, Fork & 7 DO EFEIZ AT
lewA7u~T 32T 47 al— 3 255 Merge, Fork # 7 OEMEM-EREZ B &35,

YEal—Yavhik
ABFE T, =B B00K) 2 ET 5, MKEITMT RV —EEEC X » TR LEZRIEFICAF LI A ZH A

5, MEFEOFMEICTHE Y L7 CHoin DFRIZMH, Merge T, 2 DD ANRYT v N CTHARY v S &BEA, HHK
FNCIENT TN MBI X 91§t L7z, Fork TiX, 2 2O ARYT v b 2GS ERH D DT, ANETr v &5 &
MIZLTHEAR, ZNENORY v FOWAFT KIS S L 5 IC&E Lz,

YEalb—LasiER
Fig. 1(2) 1 Ons TP Merge IZH T DHHNIREL TS, ANNSNDAXNIAUNT T 7 @IV ANIRT v RC
0., WET D, TORELTVDIAFAIFUNANAF N IA L EORFBERAERIZEY X VF—RTy bn
HIILI & D,  Fig 1(b)id 106ns fFRiEEOFRERTH Y . BIEIHERE L7722 L35 035, F£72, Fork 2D\ T HEIEKA
HET 5 2 L ZHER L AHE TIREBO-= R L X —B L O 0N AL b EHEEEIC OV T HERT 5.
AL ISPS BHFE BARIISE SJP20H05666). RiiIiFoe B 4Eh#(23KI1477) & OF CREST (JPMJCR20C1), KRIHEARL X-
nics YEERAIENL SR EEOPI01438) DBk 22T - b DO TH D,
() =

L Z BN - .
; 02 E 02 &
E) § E) §
1)  F. Peper, etal.J Emerg. Technol. Comput. Syst. 9(1), 1 (2013) = 228 00 = %256 00 =
2)  L.J.Fei, et al. Physica D 428, 133052 (2021) 128 e 2
3) Y. Jibiki, et al. Appl. Phys. Lett. 117, 082402 (2020) ) S ki
4)  S.Miki et al. MMM conference, EOC-06, Minneapolis (2022), o 128 x?[zf:ﬂ 384 512 128 ‘2[221 | 384 512

R. Ishikawa et al, JSAP Spring meeting, 6a-D419-10, Tokyo (2023)

5) S.Miki ef al. MSJ meeting, 06aB-8 Nagano (2022) Fig. 1 simulation results at (a) 0 ns (b) 106 ns.

Dark areas indicate circuit drawn by the anisotropy energy
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A F) I AN K DIERATIFE T OIER

FNGR, RERRE BPRPE*, SRz L
(T Sy 7 GHBAIE, *PORERE T, *Bok CSRN, *Bi Rk OTRI)

Fabrication of information input device by skyrmion
R. Ishikawa, *M. Goto, *H. Nomura, *Y. Suzuki
(ULVAC Inc., *Osaka Univ., *CSRN-Osaka, *OTRI-Osaka)

A B
xEE

AXV I AN PR R VAR S NIRRT Th Y | BERTICZEICHFET S 12, A% I AT
HAMROEREE L COISHABERINTEY | AFAIFVEFHLIEL—A T v 7 AEY 9%°m Y
v MPBRENTND, ZRHDEH LR, 2RI FUNEERTTT T 7 EBT 2 HE LR L
FHERIFH RS RN F—FE L Vo IS BIREENTWD, Fix O 7L — 7 TlaEik g -T2 %
IWIFVEEEONEIZHACIAD AR 907 T 7 L EET A5 AF LI UM ORI ZHEAERZF AL
leeN T —Fd—bhw bR T O LlEINETICHEL TS, 77V EET LA AL IAZ2HML
T EHRBEIC BN T, RO ATJER I A XL A 2 OEB 2SN HHIHT 2 HIENLETH D, RIS
TIE AL I AU EBINHHIR L, BT —A4— b~ b TR IERE AT D FiEE ERICHRETT LT,

EERAE

AWFETIE, ~7F bz y & U 7 HEIZE D Ta/CosFespBa/Ta/MgO/SiO A ZERL L 7=, = d ki
SiO; & Ta @D 2 JEHEE 2 T BINC IR T 2 Z & TAF A I AV EIEZER LTz, & 612, EH LKA R
T UV R INVEFET HT2HOIT, BT Si0, & S0nm fE L, O BICEMAE A LT, Fig.l (@I d L 91T
FEARIL 100nm OJEV Ta J& & 2nm OFE W Ta g2 6D, Z O EEEMICEREZ R T & . OB MMEITIT
BALENELCTWD, ZOBMAEICLY, WHEIFANIIER LB AT oy VBRSNS D, &
OEFLI2ART v v METEEOBMEIZ L VEBEOFAIMEIT A Z ENTE, AFVIA L OMESY HBEIC
BRD T DRI ATRE TH %, Fig IONIMER L 72 F T DA A I AV REIBOES DI ER LT-bDTHDH, A
FNIFALORTIZEVIEREEIRT 22V T —F— b~ b AEFOZEREIED 1 DO AN EHNEBND
FECTEL LT A ENTW5D, Fig. 1(a) IRLTWA X HIZ, BB FICEESINIZ AT LI 4
I EFEOFREZ S ONIEEERE LTS, ZHET 7 U B3 T2 DR WEEEZ A1 2
FUBIEIZFEET BDTHY, OO BEBIEENT L EZORIIT TV EER+ELEICL DT RLF—T
AXNI A UBEEER B A, REE (BEOHFERICW B DE/IIWDE D) BDELT2Z EE2H->TWVD, 20D
FHIEZEY, IVEABNRANFZETOEBINYFFCTE S,

EERER

Fig. 1 (c) (¥1ER L7=5E 1% MOKE BEMBEIC L VB L7 TH H ALEOLFTIC AT LI A 2 LIAD
HIEMARETHY., TS VBV ICEMBAERET D Z LI LIz, LiL, AF VI A4 roffntr
T —4— b~ h BB LITHERE T2 DT O Lo TR, EMERIS M o bl L OEEIC &
2 AN & 0 CREECY B I3 35,

ARAFZEIL, JSPS BHFE 20H05666, 23K13660 K (X JST, CREST. JPMIJCR20C1 D% %Z 7=t D TH D,

L Z DN

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

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

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

/@ | N O [Pg]-0 [§9-1

|
N Input 1

& 5
& Ultra-thin electrode & Output

o
[ J
P 2 | .| .I ﬂ
t RS S 2 ] Z
(T A
nsulator = / ® L J L
[

Skyrmion circuit Sio,

Skyrmion film Ta/CoFeB/Ta/MgO

KSubstrate Si/SiO, / . @ l

Fig. 1(a) Schematic of the input device configuration (b) Skyrmion cellular automaton with controllable input proposed in this
research (c) MOKE microscope image of the device.
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LiNbO3(0001)E:AR £ T?D Cr203(0001) T t° 7 ¥ % /LR D fERL
PR, EORBFARR 125, AT 12, At 12
(BRI, BRKRICER) TR ZEREE(OTRI)?, Bl CSRN®)

Fabrication of epitaxial Cr.03(0001) thin film on LiNbO3(0001)
Yoshinobu Nakamura!, Kentaro Toyoki!*?, Ryoichi Nakatani'**, and Yu Shiratsuchi'-*?

(Dept. Mater. Sci. & Eng., Osaka Univ.!, OTRI, Osaka Univ.2, CSRN, Osaka Univ.?)

X EOIT osmENE Cr0s MEIXBEXMESREFAT L2 LT, 2= MLVOBRKENRAHETH Y
D, Fiz, ERBERHIR L REESER T DRI LY =T ML BRI T 5 2 L AVARE
VMR CH B, T, F—MREII AL ZICBVT 07K ThY, MEYIC L > TR TT5 22205, *
—/VRED ERAPNHEE ST 5. CoO MIIZB W T, THIE DX F X LER (c/a) IZL- T,
F=VRENET D EDNRENTWVEMN 23 cla & F—VBEOHBIZ DWW CIEH—MRMENE SN T
W, FxlE, TG OEIZK LT, JEEER B2 Cnos s X X v LR SEH 2 LT, *—
MARE ZNGIZ L > TERT 22 L 2R B TWDH. AWIFETIE, EEMEITH D LiNbOs(0001)H:AR iz
Cr03(0001) ™ &% & 2 /Ll 2 fERL L 725 RIS O W TR E T 2.

KRG E REMERIZIE DC ~ 7R br 2y Z U o 7 M-, 3EHERIZ, P2 nm)/Cr0s(8
nm)//LiNbO3(0001)-subs. & L7=. FEMROELERGAFIE KK H 1000 ‘CE L, Cr05 OBEIR X 300~500 C &
L7z, fEETHMIICIE, & EEFEPFER-HEED), 3 X0 X #RIEH5EXRD) % v 7-.

EBRREER Fig. 1 3L Fig. 2 12, 400 °CTHRIE L 7= Cr0; D
RHEED 14 (BT-#R AN 716 //[1120]) & XRD 7117 7 A L (q // c-
axis)%7~9". RHEED #i21%, Cr,O; D2 J ¥ L% T 3 {58
HomgraenlgEZsniz. £/, XRD 7’'v 7 7 A VI, Pt-cap J&,
Cr0s JE, 6 X OWE S O FHRRITER T 5 Lave 7 U > P28
LN, BAFRAESREN O i 2 R o MIESMER S h - b o
EEZXHNS. LiINDOs 1, FEZEH - @i FME T, Li KEIZEY
LiNbsOs 2VERK L, BT — 2 LREMEDOILNNAEL D @A S Figl LiNbO; Jhfk EIC B L 72
RTUO B, RIRCOMBIEMAME TS 5 Liglutgzs (7O RO RHEED &

T, WTRORPBREICIBN TS CrnOs @illED = v % & 2 v Lk . : :
RO S 7z, 500°C £ T ORI BE G TR~ D 28 T o 1
WMTHDZLIRRSND. FlHTIE, RO R — /RO 0 S
W A~ DRYPEEAR O ERE R ZMA TOHREZ TEL TND.

2% 3R

1) X. Wang, Y. Shiratsuchi et al., AIP Advances 12, 035216 (2021).2) X. s wn e wl am . sor B
Wang, Y. Shiratsuchi et al, Appl.Phys.Lett. 121, 182402(2022). 3) P. 20 (Cegree)

Makushko et al., Nature Comm. 13, 6745 (2022). 4) V. Polewczyk et al., J.
Magn. Magn. Mater, 515, 167257(2020).

[1120]-azimuth

Cr,030008

1S 3 =Y
% 2.

Intensity (arb. units)

Fig.2 Cr,0; BUEIRE 400°C DKL D
XRD 7 1 7 7 A J(q //c-axis)
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J& ] I iRt Mn(00)BER L AW R FBRa D%

BAIRAL Y, FARZIRY, (L EFD 2
(1. FEKRBEL 2. TEKRKS 7 L)

Growth of layered magnet prepared on ultrathin Mn(001) films
H. Seki!, T. Kashiwagi! and T. K. Yamada'*
(1&2. Chiba Univ)

ZE®IZ

JF - FER A X R 8 DJE S OHIBET X 2 ZIRIi#A T 5, Fe,Cr,Mn O X 5 73 3d B4 8 B
DO ETE N aFrgiZear o gHETa—T 4 7 LEETH D, L, FEFICHEN
72, RTHRE—A Y MPBED D0 L R LZET D, FesGeTey, CrBrs 72 & O i1 g s hss MR
ADOF =Y —{BEIX 100K LN THDH, RFETEF=2 U —HENRER LV IZDZ0ITED
Mn/Fe(001)2% W5 Z L2k v, RIETHHRET 2R @A OB Z BT,

AWFFETIX, Mn g% S Ta—7 4 7 L, Mn R FERA 2% T 5, BEEZERE FOX
DT T, A E AFMAES b o S VBESE (spin-polarized STM) % IV CREGME 1D, HL =4
VIL#EE LTS, Se, Te DA, Se & Te IFHAWFENEE A 5 7= OAWIZE TIIAE S 2 V7=,

Fe(001) 7 o A 71 .0 bet-Mn(001)H A FHV /2, Mn R BT BN CRiigMRE & L, BT
FCBERETE 180°FE A L CWv5 Y, Fe & Mn O H TIXA LA &9 <. Mn EORSHEGEIC B2
5275, MnEH O Fe IBEEIIBUEN R WVIEE/NE L 725 D, ARFFETlE Fe IBEN /NS 3ML
PLEd Mn 8B Z2EH L7,

ERFIE

AWFFEIT A TEIR - BREZES TMEEE (S x 10® Pa) THEE L7z, Fe(001) 4 A J OIEFL & FIH
fbi%, YEFRE T Arm ANy & L SEHGREE 560 °CHNEL A ) 200 FEFITTWVEBL L72, Fe(001)™ 4 AT
DIEFAL, FHEAEOEIZ, Mn (FIE 99.999%) %7848 L CLJakz U L 72 (1 A/min), B JHFET
EFIRREEE (LDOS)IF AR b > RATE 46 (STS) 2V 7=, Mn(00D)EEE ~D S = —F 4
¥ 71X FeSy (M 99.9 %) & W TIT 572, FeSan % 7 /b X FHIEIC ATV mE 22N THNEL L 7= (3
HWEE 553 K), S F-#EAE B/oHTas CHERR L 72(S peak [\ /& mass 32), A E @i STM % Fht§ 5
T DICREIEVRST 2 BB B Ze N ORI U 7o, FERGME W EREHEIR O #i R 2 2 K & LI bE & R &5
Hlc, WS Z 40W(=0.5kV x80mA)TY 7 v 7 Lic, ZDiEH W PEESEIC Fe % 5nm
K% L7= (0.83A/minx60 min),

a2

15172 Fe(001)J5l+7 7 A(40 - 80 nm) k12, 5 monolayers (MLs) Mn 787 L 72(8A), Mn #E# K i T
IR L=, Mn(001)Z H 13 A B LR LDOS B'— 7 % 7 = /L I W7 E4+0.7 eV ITEICH S Z & &
8 L7z, —77. SP-STS 4%, MK 2 M7 A F&+02V I IZ/R LTz, 20 Mn B#E L2 S %
a—7 ¢ 7 LT Mn BT ERET 5 2 L CRTERA O E BiET, /o, BIERITLT
1To TV D AESREAE AR STM OBRFIC OV T H#iET 5,

BE R
1) T.K. Yamada, et al., Microscopy Research and Technique, 66:93-104 (2005)

2) T. K. Yamada, et al., Surface Science, 516 (2002) 179-190
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g —T7 W FesOq F /7 Ri+ DR, 1 R s il B

LIHUIL, #RRWE, /s, JIRE
CaFRFEL)
Magnetic first-order reversal curves for concave FesO4 nanoparticles
S. Matsuo, H. Li, S. Kobayashi , R Kawamura
(Iwate Univ.)

L LI

I RNA == I 7B TEWIREN R 2 F28LT 5 7o OITHENE T KL ORI % Z 8 L 720
FEDEH STV D D, K2, <INI>HRICERGFRNCR R LTc 2 v 7 —7 G 2 ki T, BRIRE O =
— 7RI A & B2 DA CERR RSB 2SN TR Y . K mWEBEREN IR S D, ABFFETIE. R
P A X% 25~5Inm F CREMNCE 2 7= 2 > —T 8 Fes04 F / Ki 1122\ T, i — R Bl BR(FORC) R
PEDIR LA ORI AT A ZRAFMEZ B L, BERRE DR G IRNRZE L <HE Lo THET 2,

EBRGE

Fe FIBRACTH LA LA Vggk, v A VT M) UL A VLA VB, M)A FAT I %2 0T 340C
THIER- EREF LRI - A R(d)D T D a2 r—T B Fes04F /KA AR LTz, AR L72 d=25 7225 Slnm %
TOaylr—78G kit % 43BN d=23nm O X = — 78R 1% 1 3EHZ DWW T, TEM (2 X 5 FERERTAM
X BRETIC X DG SR, SQUID MR EHC X 5 FORC HIE (7=10~300 K. fx KR H=5 kOe, Hnkis;
KOs A7~ 7 AH=AH=20~250 Oe) %177z,

e 4 Hu (Oe)
Fig.1(2), 1(b) 12 % 4L Z 41, d=51+Tnm(ce51) & d=25+6 (@) c51(517 nm) :)ZZ
nm(ce-25)D 2 o —T ) ki D TEM B & T=10K I281T 5 E o
FORC X %7, MigEHzks W<, 220 FORC i —7
PNRIETHND Z &, BFIZ ce-25 T FORC i —27 D —
ONFEAFIME L TWDHZ AR L, £72. cc25 r S
LIRIERY A XD d=23+3nm(ch-23)D ¥ = — T HF ) Riv-T
. T=10K 2500 T FORC A5 B2 1% 1 »ozfii sy Pleer25@5:6nm) 4
77 DT EMNEB, 250 FORC it — 27 O3HIT=a 4
— T JRIFRFEDO LD EE X LND, OOMMF % 7=
~Arua~I 32T 4 v 7 EENS BIRICE D FORC X oiEwy
X, KRRV —RNLER AN 2 r—7H]I<111>, ¥ =
— 7 I<100>H M\ ThH 5 Z LICRKT L LR TXx5, o L
T, = 7R T, <II>H IS BBEIICBAERLAT D (o) obr23(23=3 nm)
Z LT FORC i B — 2 WEEMBI Shiz e B2 5, £, )
T=10K " HiRE% EHRT 5 & 2250 FORC 704i & — 7 13F A
7 F L, RN TH—E—7 L7250, RiF¥ A AHR/NHE
Wa =78 kT, T=50K BEOFHWREE 2 &
— 7 BB ST, ZORERIE. NSRRI OF N X B .

RN REOFEENRKENT & Z2RT, ) . 500 w0 1500
Fig.1 TEM image and FORC diagram

BESCHK iﬁ_g’;}OK for (a) ce-51, (b) cc-25, (¢)

1) Z Nemati et al., J. Phys. Chem. C, 120 (15), 8370—8379 (2016)
2)  S.Matsuo ,S.Kobayashi, % 46 [BIRERF2BEE4E 07aPS-14 (2022)
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hcp &Y fce-CoO 7/ KL+ DRER At L REZIR

AR, JEAMERE, SRR, BT RS
8 FKRF)

Magnetic properties and surface effects of hcp and fcc-CoO nanoparticles
T. Tachibana, Y. Hotta, K. Takahashi, C. Noda, S. Kobayashi
(Iwate Univ.)

FLHIZ

BERMIREANIE, W35 2 R U CREMER DN FE B « BT 5 (BEEVEANR ., LIKE MCE & IES) Z & T, 1t
RDOWBREIN & i L THRRIIC TR F—RPmNE SN TWND, SbIZ, BT ALar 7Ly ¥—
MARBETHDTD, BEITELNE WS RMENOIERZHEDO TWD, KR, BIHEIED T 2ROk %E LT
WOHEE ., T3 ASDOFIABREEMEBE~DIN T L WS T2 2RI AN FIRE TH 5, FmeR BT EN
KREWCo ZETe) R+ TlE, Kili AV VI L D KRE 2 MCE 23y SV TW D, ARBFJETIE, AN
Whep O 75 U —4k fee-CoO KLFIZHER A 2 T, flidhiH X OIERED BERURFIE & £ OREIRICE 2 D
HFRIZOWTHAE Lo THET 5,

EBAE

AIBRIA L LCa 0 b7 F L7 & b
—heFVLANT IV EMWE,  ArZREKT
T 135°C T 5 el InE%, 250°C & TRsE - 3
RFEIARFE L AR A S H72 2, RIEDE VLI,
FOSKE 2 diH e+ 5 2 & T K9 A XA il 1)
L 72 SQUID BfLlESLE 2 IV C M-T #i#,  Fig.1: TEM image of hcp-CoO, fec-CoO sample.
M-H fifR 2 0IE L7z, XRD % VT, #EfFR O
[FE LR RAA A ZOFHZ1T - 7, s

BRRUEBE "l
Figl [Z ARk L7z 3 38k (hep-1, hep-2, fee-1) D
TEM 4% 713, hep-1 1 ZNMAH#ER, hep-2 12 LV
AR N AEEIRA A LT\ 5, XRD XV Af
SR FEHT hep-Co0, 7 7 U —AIEEHT fee-CoO
ThdZ & ail LT, Fig2 (2 hep-1 & U fee-1 o

DY a i EI(ZFC), B HI(FC)Z&M: T w— - __w

B 2D M-T iz 79, ZFC X O'FC G40 M-T Temperature (K)
HIRRAS ST EEHPH T F L7 2 &L T=10K EL Fig. 2: M-T curve at H=1000 Oe for hcp-1 and fec-1 samples.
T CRAL N BIRHERT D Z £ 3o 72, £ The inset shows M-H curves.

7= T=2K BV TR E 27 U ¥ A &gtk

il L7o(Fig2 fAIX), Z OfERIT, MIRBENME CoO =2 7 R IZI T 2 FEME A B L 2Btk R B 2 R
L TW5, B, AL OFE 2B KT N DA b =2 b(-AS)Z A ~ 7= & 2 A, fee-l
TIE-AS 1% T~6K THEAAE 0.05J/K/Kkg % 753 DIZ%E LT, hep-1, hep-2 Tixiiatkl & b T=10K iTfFce— 7 %
R L, T ORKEITZNZIH 0.130/K/Kg, 2.20/KIKg T -T2, T OFEFIT, B FFii o A B2 Bk 0 D i
KT b a2 EREE RIS KFET 2 2 L 2R LT D,

Magnetization(emu/g)

Magnetization(emu/g)

Reference
1) P. Podder et al., J. Phys. Chem. C, vol.111, 14060 (2007).
2) K. M. Nam et al., Angew. Chem. Int. Ed., vol.47, 9504 (2008).
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8RS 22 7D T 225 E FesOa RL 1~ D UM EVErME

I 3

Ton That Loi', ZJMH 5&iL', &b (51, Ak &2 (RAERE, 2EF RS

Magnetic heating properties of hollow Fes;O4 particles with magnetic vortex structure
Haruka Akiyama', Ton That Loi!, Akihiro Kuwahata', Shin Yabukami', Satoru Kobayashi?
(‘Tohoku University, “Iwate University)

1. (FEHIS
BERNANR—=Y = I TN DBMERL T TH D
Fe;04 RiF-13, TARSORBEFDOWREEZL(LSE D Z
& THMEAR OB 30 L35 LHE ST D
M. K5I, TP2emd Z2 FFOBRIRORLF13, BRI IS
DLENT X0 KA OB L 2 INEG RO 23
Al S D70, EOINEGYRPIFTE 5. AN
FETIL, BT OIMEZ RN AL S E 7o P22t
ZRFO FesO4 KiF OIMEVRZRJE L, IMEGHRD
BRI DTERBIZ DWW THE T 5

2. EERAE

ARFEBRCIX, HALSKFY), BEBRT =7 A
FEORxTF L7 ) a— & fNT YR —< ik
W TCRBH 2 ERL L 722, XRD DTS R B 5D
72BN Fe;04 Th 5 L [AIE L, SEM & TEM %
HEC L ) et 2R o 2 L AR L2, ki
TONRENE, REREOBRREZFHIIL. 72,
SQUID VSM % FHW TRkt ORGSR 2 e L7z,

WA, BEREIINFEBRBNC L v, %E o g%
ZRIE LTz, ARFEERRIL, IEAERE Easy Heat, 2L
HaAn, 774 NBEFFTHKRINS. £7,
BUKAGALEE % Jifi U 7= FesO4 B+ Z KICH B S B2
1 mg/mL OFEE DI % AE Liz. T OWRE%E 2 mL
O=Ar7aFa—TIZFNEN 1 mL ToAN, I
B aA L OFLCHEE L2, B 2 A VITNE
30 mm, ZME 42 mm, ¥ F 32 mm D 4 [FEXTH
5. FNENOREN 45CICETHET 300A T
322.1 Oe, 270 kHz OBEAEZFIINL, X7 7 A /R
FHCIREZEFHNT S Z LT, AENMIZIFELL
SO D 3 FREH ORI+ (UM% : 400 nm, 530
nm, 720 nm % LL#% H400, H530, H720 &4 %) DNk
SheER % el L7z,

3. ERER

Fig.1 |[CHEAR ZEIIN L7 & & OREMERI+ DR EZE
IS Z 9. BER A 300 FOREIENIN L 7= FE O Bé ik
K+ DR 1L, H400, H530, H720 (Z>W T ENZF
N 135 °C,9.3 C,7.0 CEH L7z, £/, HEZL
ITRIERITH Y, MR/ NS VR IE S E IR E
< ITpoi-.

%72, SQUID VSM Tl E L 7= Ba&UErE 2 v Tk
OIZEPEORR e A7 U 2 A KIT 300 Oe (280
C, H400, H520, H720 (2 DWW CZFHLFH 1551.70 emu
Oe/g, 924.72 emu Oe/g, 640.79 emu Oe/g 72> 7.

SAR WS HIME 60 F0%% £ COWREZEL D%
HAWTEHET D L, 2 Z1 2745 W/g, 206.7 W/g,
1598 W/g L 72 57-. Fig. 2 1Z SAR & & A7 U o 24
ERIF-DONET A R L TORLELDTH D, B

Ab AT UL AL L SAR TR FY A XD KIT
XD U, R BRI R oz, Bkl 1
DRIBENPKE L 2 BITHONTNEGZIFE T L.

4. FLH
ThZeigiE 2 R OAMED R 5 3 Tl D FesO4 Ri v
(CBERZEINL, BRMBDOERZITH 2L T, %
ROBENRE LWGE, KD /NE W EINME%)
RKiFm ootz AR%IT, ERISHZ RIEA, S 51
KIBED /NS TR F DINEN R 2 JITE L, B ANA /3
— =TI LKL F O AR 5.
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Fig.1 Temperature rise of different size hollow
nanoparticles under H=322.1 Oe, /=270 kHz.
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Fig.2 SAR wvalue and magnetic hysteresis loss

depending on hollow nanoparticle size.
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[1]1E. A. Périgo, et al., Applied Physics Reviews 2, 041302
(2015)

[2] M. Chiba, et al., J, Mag. Mag. Mater. vol. 512 (2020)
167012

[3] A. Shikano, et al., T. Magn. Soc. Jpn. (Special Issues).,
6, 100-104 (2022)
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HEES7 MR E AR & 7D GdFe BEE DR
KEFE, i, OB L (BHITERT)
Characterization of GdFe thin films with a concentration gradient in the perpendicular direction

J. Mizuno, H. Awano and K. Tanabe (Toyota Technological Institute)

I EHIT

FTEDAE Y hr =7 A58 BWT, MBI 2 I ZEEME N ER ShTnd, Zh
IIER AT EAER Ch D Vv v v U A —SFAMANER (DMD) 23, ALAICHIEICEX 52720 Th D,
LRI LWFZE OBV E LT, et BiR/e 2 At Cide < L B ISR E AR & PO M T B &
NTCN5, 20X RMROGE, MIEBEE A S 2 & 728 LIC, DMI[12]R°A B r R — M3l & i< &
DAREMENR D, LA L 245 OWFFEEE 13D T 7 < IR EE AR O HEN 5 15 OO R XL FE A B & B% Uy
PEDRARZR & < OBENFR> TV D, £ I TRMETIE, fkx RBEAROIEREZ RBL T, 2z y
BUEDT) Y — BT —ZRERIZ Y 72 A A THIET 2 FEEML L, AFETER S GdFe &4
D MR 24T > 72,
ERFE LR

Fig. 1 [ZR4 & 912, Si0, &R o2 ER{L Si FAk I Pt (5 nm)/ g-GdFe(20 nm)/SiN (5 nm) D % Foi kel
T, w7 R Ir ANy ZALETER LT, o-GdFe (FHIE G IR E2BL (gradient) % 5> GdFe &K,
D22.1 225 25.4at% (@254 7°5 22.1at%) F£ CIREAEZ ST 72, g-GdFe &I, 7Y — KU —% U E— |
B L7z =2 A8y 2 k% T (Fig. 2) o fERL U 72 RIS 0 L CL = RV — 43 BOHOE X # AT 24iE (EDX)
ZRWTHIESRD Gd DI %Z ., Kerr ZVRMIEERE 2 AW CTHBEOMRBE N Z2HIE Lz, HIE S 7-MAR,
PRBE S DBIfR % Fig. 3127”7, EDX IZ L o CEHl SN RE XY 7 vD@ TR & 72N <, D23.4at%
&£ @23.9at% T IRE AR DOFEMERETH Y | 5 E<KETE TWDL Z B0 D, ERBENIZONTD,
EHHH 800e FREDKE STl o7z, ZORERE ., —FRZHAE (22.1,23.8,24.9,25.4at%) LT 2 &
AENE—RREE & K& BN N2 ERH BN oTe, TOZ EE, Pt REAETH LN D, FRED
RIS Z Fs OMBECT A ZERINATRBIC 2 D 2 L 2 BR L TV D,

_—— substrate 250 A with gradient °
cathode 8 200 _
DGd 22.1 at% £ S 150 | ®wlogradient
— 25.4 at% 2 D 100 @
> &
@Gd 25.4 at% I3 e 50 ° A ‘\
| : 5
- Pt 5nm o 0 :
e -4/ 20 22 24 26
S S e Gd concentration (atom%)
Fig. | sk Fig.2 UV E— MO A A — Fig. 3 GAD#HRK & Pride ) D BELR
23 ik

[1] D. H. Kim et al., Nature Materials 18, 685 (2019).
[2] Z. Zheng et al., Nature Communications 12, 4555 (2021).
[3] D. Céspedes-Berrocal et al., Advanced Materials 33, 2007 (2021).
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FRIEGNE A = b 1 B — B IR O ERL & S B R M O R A

gk AT EmAL SRS
CIF e Soim st o 2 — "RAb R MR E ST
Fabrication of ferromagnetic high-entropy alloys thin films and evaluation of magneto-transport properties
Kazuya Suzuki™™, Koki Takanashi™™
(YJAEA ASRC, ?Tohoku University AIMR)

[FLHIS

NA T br =G4 (HEA) 1%, EBRD5ReE, MEWE, MatE, THREER EN Db RERERZED
TWDHN, ZDIFE A EIIHEEMEE L TOISHZIRR LR Th 5, HEA (ZZEMI PR R ETHIIC A
TEROERERTHY . A CHEMAEARBEEL L, 1CREEITITR S e W AR 2R R R B R EN A T
LAMREMEZ A LT D, FHCAE Y b= 25BN GE L+ 5F ) A — ) CaEIlEtE s i/
FEEEOER LA EMN T2 2 LI2 XY HEA MBI ORI 72 2B IR S v 5, ABFFE T, iR X
D HENF 2 ) —IRE AR FeNiCoCuPd &4 VICHEH L. A 8y Z U o VI & 2 HIRERL L 2 oo R
p i, BERURRE, BERURERHMEIC DWW TERET 5,

EEA =

HIROIERIL, 87t YV — R&ffiR HE@mEZEA/NN Yy 2V o 74E (BEET)~107 Pa) ZHWz, E2
fERsA; S U = S HR IS FesoCosow Niy Cu, Pd Z—7%7y M &SN IEIT 22 2 K O WTH DI L 72223 & [F)
FRIZ ANy 57'3—%) Z LT XY FeyNigCoss, FeosNiasCossCuss, FegoNisgConCuzoPdae /Eu\/jégﬂﬁ (30 nm) é"f/lz;@ L7z,
ZoLE, RERREIXER TH D, FBHE. XBREHTIC K DHEEREL, VSMIZ K DR MR 217 - 72,

ERER

Figure 1 L: F833N134C033, F825N125C025CU25, FezoNizoCOZ()Cleoszo (30 nm) %ﬁ*/l’@ X %%Ejﬁ{f{(: J: 5 9 -2 6 A %‘ Y
DT T 7 ANERY, EREROE =7 2R ETNTOREHIIBWT fee #1111 B LT fee 1 (002)
DOE—=IPNEHELNTND Z &0 D (111 FAUTESER M Lz fec HABERGE LN TWD EEZLND, F-,
FeNiCo IZ Cu & Pd 2RI L THAELX R (111D B —27 LR — 27 7 &R L TWD Z &b FeNiCo
BAIZCuRBIUPd ZIRIN L CTHEAE ZRFBEILAE U CTE B9, FeaNinConCugPdy #EF X — 72 HEA JREE &
moTWnWbEBExLND, £ LT, FeNiCo ®DENIEEEL,Cu & Pd OFENLFEEL AL S E
FesoNi20C020Cus0-,Pd, (0<x<40) KA ERL L 7= & = A, e /L EE & REEIC fec RS LU, SRE TIX
FERNCINZ T, 2 b OREHT I 1T 2 BITMERSHRIIRN RO R E R — VR & ORI 2 8 AMRFRE
FrtElz oW C b7 5.

2D
1) Primoz Kozelj et al.Adv. Eng. Mater. 2019, 21, 1801055

Eilia
ARG D —E1% JSPS BHfE 21K18180 DB =3 7= DT,

fe(111) fec(002)

= FeNiCo
= FeNiCoCu
=— FeNiCoCuPd

Intensity (a.u)

20 30 40 50 60 70 80
206 (°)

Figure 1 The XRD profiles of FeNiCo, FeNiCoCu, FeNiCoCuPd(30 nm) thin films.
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FEA RN R RNV DT OO X X v )L
MgAl04/L1o-FePt(001) & D /EHRY

&% AT 12, T.Scheikel, HRAZ i1 KA ML ) WE L =4 A Y2 BIR A2
(M - MBI SEREAE . 2 FUROR)
Fabrication of epitaxial MgAIl.O./L1,-FePt(001) stacks for perpendicular magnetic tunnel junctions
T. Kanazawa®?, T. Scheike?, J. Uzuhashi?, T. Ohkubo?, H. Sukegawal, S. Mitani?, H. Yanagihara®
(National Institute for Materials Science?, Univ. of Tsukuba?)

LE:

BREEPE B xRS (MTY) 13— RT 4 A7 OfER A~y RO, RERERKAEY (MRAM) OFLESE
FELTHHINTWD, 5%, MRAM D@ EAGIC X 28R A Y O—E X #2283 5720121,
nm A7 —L~ MTI ML S BB TH 5D, BAE MRAM O EERME MT) (p-MTJ) TliE, CoFeB/MgO #Liii
ICHR SN EEMEKETE PMA) ZFH SN TWD2, MTIBHMEIC L0 oy 7e B et 2 e+ 5 2
ERREEZ 72> TN D, Z ORIEDFRO T2 R T @O R (=70 Merg/em®) % 773 L1 & FePt(001)
N p-MTIOREME L L TALTHH[1,2], LarL., FePt & MgO /XU 7 & D 10%IT\V K& b+ REAE 1 B
52 ENBEEALE MT) OERNINEECTH 5, AR TIX, @bz FePt 2 MTI OEBO7-H, Mgo LV b
KTIEAMEN I WA E RV (MgALOs A B 230 7 & LTHW, 20 L2 Fe & PtORAJFRFREEIZ X
0 MERI L % FFD FePt(001) = B4 2 v /L@ % 400 FELL FO 7 mt A CTERI LT,

R E
WEEZE~ 7% ko A28y 2 o 7 % vy MgO(001) J:#5//Cr T #1(60)/Mg (0.2)/MgszAlss (0.7)/&1k/Fe
(1)/Pt (0.65)/[Fe (0.35)/Pt(0.65)]x4/Ru(2) (Hifiz : nm) FEfEZ{ER L7, =% % ¥ /L Mg-Al-O (MAO) NV
TAERLZ 13 Mg/MgAI FifE > B SR L % VW 72[3], FePt JBERLZIE Fe & PtIXAC AREE & NEL - v Hl 7 a2 A
AL Ao, MTI R I3 U 7= i e SR LI o0 F2 8L 4 B R U 7=, BEALE ICIREEERS )5 (VSM)
K OB ENE T TE T (SQUID) ., fbsbME M- X BREHT (XRD) M ORI AR B 5 45 37 i 7 B
(ADF-STEM) # V7=, SEHMFEEICIZR - D BMEE (AFM) % v,

ERER

Fe/Pt Z J@IEERIERE DN « hEI 7 1 & 2 Dbz L 0 il FePt
19272 FePt(001)/E O iR - fgsd L 7=, Fig. 1 1 Cr/MAO/FePt
TR OWial ADF-STEM %% 7~k L7, Cr & MAO [ZIFIF B2k
FEAELTEY, MAO ®© TR EIIMmO TEHRTH L, 20k
I X ¥ v )Lk L7 FePt(001)JE 23 iER TX 5, FePt 1ZES
SSHNZHRANME L Fe & Pt A2 HITEFELS L7 LI BSE 035 H
TV Z ERbnd, FRICHEAERVIRE (400 FEELLT) %1
W22 e D LLBRAEEIZ 0.2 FRE LRV b o0, @muvwAaliths
FEoRmERALIEN S DT, RT3 800 Oe, HFMET /L
F—13 9~10 Merg/cm® & JAE S B, p-MTI D7V —J&IZi L 7=
FEZALTND 2 ENbnolz, FePt &g FHEEAMEN LY Figl.Cross-sectional ADF-STEM images of
BEWMAO RNY T EHEATSZ LT, Lo Adx AV i-Ettie epitaxial Cr/MAO/FePt(001).
p-MTI ~DREFAVBEIFRF SN D, ARBFFEO—E 531 ISPS BRuf
21H01750 K T8 22H04966 (2 LV {1z,

2% CHR [1] M. Yoshikawa et al., IEEE Trans. Magn. 44, 2573 (2008). [2] Y. Taniguhi et al., IEEE Trans. Magn. 44,
2585 (2008). [3] H. Sukegawa et al., Appl. Phys. Lett. 103, 142409 (2013).
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[Co/Ni] ZJ&%/Pt/Fe N\ T B HEICBT AKX ¥y JERE
SRAERL *, A NERRESR *, FERI D e, AR ©
RS REPS €5

Anomalous ferromagnetic damping in [Co/Ni] multilayer/Pt/Fe heterostructures

T. Izumi*, Y. Hisada®, S. Komori*, K. Imura™**, T. Taniyama*
(*Dept. Phys., Nagoya Univ., *“ILAS, Nagoya Univ.)

1 RXC®IC

AR, B OO RS2 EE R R BIVICRIE T 2 A VEORBEBEBNI ALY Y b v =2 74 ZSABEEE BT
%, ACYPFEEAYY PR ZAFAL ZZBWTHHAT 3720103 A VO EREBEREIHE L I, ZOERBICIEEAE Y
Y T ONEOMEE WHPIHER T 200 EERE Y 72 5, Mt ER 2R3 % 5N LT, Landau-Lifshitz-Gilbert
FREANILAONTED., BKEX Y Y 2id Gilbert X > ¥ Y ZEBIC L DRSO 6 3, BEAEILE (FMR) 1%, HLIBHRIE
AH Y 3B E I fro DEREERD &, SRBIEARD Gilbert £ > V> ZEHEHET 2B LY — L LTELFAINATED,
BEBKEAE (PMA) 28D [CogFeo/Ni] ZERICB T, HANBHEMEIC AH & f.; DIFFRERE R & O BIEE NP EDS
REhtnz Y, SEFKkL 1. [Co/Ni] ZEE/Pt/Fe N7 aEIc B W T, [Co/Ni] ZEED PMA OB SIIRIFE LTz AH & fro

DERELADOHBEERH LD THRET %,

2 BREIUVEE

Pt(3)/[Co(#)/Ni(0.6)]g/Pt(10)/Fe(30) ZJ@E % 70 TR IT L X ¥ > —
gk b MgO(111) EielE LRz, 22T, fHlN OB FEIE nm
WM OEE%®%$, Fig. 112 Co BIRE =04 MUt =081I
W3 BHALOmE (OP) MIBKREEERT. 1 <04 ODATRH
& TR, KIS MET [Co()/Ni(0.6)] Z B D PMA IT & 3 B
MHEAEOLRTVIYABARLNZDIIH LT, t > 04 DA
TREETIE. BEEL L HI1C PMA BBV T3 EAIPES>H %,

INSHD CoEDREX DR BT uiHEICH LT, coplanar waveg-
uide X7 bl xy VT =27 F 54 FEHWT FMR #IE 21TV,
AH 28 U7z, =04 KU t=0.8 @ Co RIEDA T nfiEicxts
% AH ¥ f.s £ OBR% Fig2 IZRT, PMA 2385\ ¢ = 0.8 DFAEIT
13, AH X fros DY ¥ BITKITHEINT 5, —HT. PMA 23580
AT OEE (1 =0.4) T, fos O¥EINE & B2 AH DRI T 5,
—fz, BEMERD FMR 218 AH &, AH = 2n(2mc/ge)afres + AHy D
BRICHES 2 e AHIsNTWD 2D, 22T a i Gilbert X > ¥ 7%
B, AHy ISR A — M YIRK T 2 8IBQ RS D 2R T, 2
OBRICESVT, a ZEHT 22, t=0.8 DAT EEEIZBVT,
a=38x102 8 56N3, —HT, 5\ PMA ZRioAT o (1 =
0.4) TE. AH & fros L OBFRPBADEZ 2RORERIRI VLR
L. fERE LTAD Gilbert X > ¥y VER RO Z L WRB NS,
ZDAD Gilbert X > ¥ ¥ ZEBODEFE 2 DY OWTIE,
BARF s CHCHREMR 2 X TV WA, Fe B OWL Dk 2@ B A3,
Fe £— X > b ¥ EEMLZER [Co/Ni] ¥ DBICAE U 2 K EE
RAENALTT Y F R TXNTOBAREED RIS, YHIZ
BHDORX Y TRTRA—=XOYBHEFIZOWT, X DR T 5.

ABFZE D —ERIE H AR B B E (21H04614). JST CREST
(JPMICRI18J1), JST FOREST (JPMJFR212V) DBk % 2 Tiibih
TVET,
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BT 5/ — FIREBEASEDIRTS

ERARFE 194, BPRD 1048

4Bk OTRI, ®HALK SRIS)

Node-state detection method for magnetic nanowire reservoir
T. Maeda?, K. Hon', H. Kubota?, M. Goto'#, Y. Suzuki®*®* and H. Nomura®®*5
(*Osaka Univ., 2AIST, 3CSRN Osaka, *OTRI -Osaka, *Tohoku Univ.)

WA, BRx TR R TR Y F— SRR SN T
Wb, EOHRTHE AL, T/ BEERE WY F—
NZEHLTWD, KUY —NFbomxs /) — K
REEIZH W, FEESGIZ LY 2 — FIRIEZ EH T 5,
INETIZ, 94 7/a~I T 47 - VIalb—v
a % I\ T STMC (Short Term Memory Capacity).
PCC (Parit Check Capacity)73 24 5 FEE O 4 15
SNDZ ENMTRIESN TS L, KU — % EERT
IZFET HER,  — MIREEOFAI Y FiESME L 72
Do FEATHIFETIX 7 — NIRRBIZAFE O REI DML & -
B LT fEE T W, L L6, 7 —2h 5
B & 7o FZEROFHA CIE, B bRiBIE, Bk

ZEM AR U CHEANT B 2 0T IRk & LT
Bond, ZOEREEZ ) — RIREBICHWZEE, UV
—/30 STMC, PCC BMETF T2 ENIAHTH %,
ZZTARMETIE, ~A7ua~I 32T 4y 7 - I=a
L—va X Do bikglcs LA v
7y74w&%ﬁf £ 0 FHFERITEV  — RIREE
Z W55 STMC, PCC N ED X 9 12 b 50
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ll@ WZREVET 7 U A Y &2 AT ) F— ORIk
RRO—Flz/RT, 2 2 TIEALD x iy O &% f ik
LTI/\ZQ B 1(b) 2%, H-MENE 400 nm O H T T v
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Fig. 1 (a) typical image of x component of
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and (b) blurred
Gaussian filter.
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Fig. 2 Correlation between teacher data and
predicted data with STM task (red) and PC
task (blue) with different delay.

K 21279, ZNHOFEENDS, STMC, PCCIZZTNZENRSE & 3 &7, 1o T, FHRIIEFRES MK

TT2b00, B—REMFLEZNND 2 LTS/ VA Y20 ) =0 — MREE
Th D EDHERTE T2, ABFFEIT ISPS KAKENHI 20H05655 DBhAk % 5% 1) Cirbiu £ Lz,

Z L NTERE
22 ik

1) K. Hon,etal., Appl. Phys. Lett. 120, 022404 (2022).
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=P —HE A 500 m/s BIERREEEBEY D TV X A AR
ERAALAT. FHNEEL, BPRAE, Mojtaba Mohammadi, &R, HIOE -, FEEE2
(E-HTEKRY)
Real-time detection of 500 m/s high-speed domain wall motion using laser
N. Suzuki, K. Wainai, K. Nomura, M. Mohammadi, S. Sumi, K. Tanabe and H. Awano

(Toyota Technological Institute)

1L C®HIT
L—2 T v 27 AF VITEEFE AT VISR O KRR EB L v b= 2 b ORIBES RS
TW5. ZOEBIZMS, FREBXOM/MEPHBEREI OB BIE SN TWD[1]. Lo LIEEERE) O #H
IS D D0, FEEEBERHOBEFITIF LA LRV, —BROIEFREIZIE TMR ~y RBEZEZ LN TND
2, BHERKRECTHMOME L 0. —FHBGRFEL LTRBAED L —F—NEZ N0, 1EkD
JOREA LR O PR AR TR FE 1350 50 m/s Td Y 500 m/s TIE S L2 @GR 2. 22 TL—A T v 7 AE
U DK L DHEBEBE)D U 7 V2 A SRR L 7.
ERS
AREBRTIT Figure | O Y GCHMEE AV CREFOBLREZ R T D L L b, AL X &
L CH R 780 nm @O L—F—Z MR LICENT D, ZOMFERETEBIOT AT vy =27 4 M A A4 —
K (APD) Z# L CESHRIEHT 2 Z & T, ERFHEIC K 2MEEBEI 28I L7z, 7B HIE I IXBWR bRl &
Si FMK 12 Pt (5 nm) / GdoFers (20 nm) / SiN (10 nm) Z f&E L7206 3 pm, & & 120 pm OHIFRSE 2 7z,
ES TIPS
Figure 2 [Z BB 3.44 x 101 A/m?, 7V AHE 10 ns OV ZEFREIINC I 1T 2 MEEB B O M HE 2% F
ZRT. L—PF—DAKRy MEN 1.42 yum TH D Z LB ARy MENOHRE 5 & i UBBER S %2 FH
L7ofE R, BERI% ORBENLE ) D OF AR LR —BL, #9500 m/s OREBERBEIO Y 7L & A LR F]
BER T Lot

025 r
020 F
L~ z
BE : 780 nm IJE 0.15
ULIQ
L > X feaith g 0.10
(FM#%:0.55)
0.05
}\JL‘Z EE.ML ] 0.00 L L 1 1l
_’“ vy “ﬂ* v vy 0 10 20 30 40
WisErEH) AR HBEFRE (ns)
Figure 1 L —¥%—J\Z &k D EEBERS B K15 Figure2 L —W—YIZ X DWBERTY Y 7L 2 A LfrHE S

B2 3CHk
[1] S. Ranjbar et al., Materials Advances 3, 7028-7036, 2022.
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LIFT ¥£12 K 2 R oo /R

e, BT, BFCEAE, 1N, MRS, kiR, TEIEE (RIBKY)
Preparation of magnetic films by LIFT technique
I. Fukuda*, H. Kosuke, G. Tahara, A. Yamashita, T. Yanai, H. Fukunaga, and M. Nakano (Nagasaki Univ.)

[XL®IC

i THERMANIY, FICANy XY U 7ESR PLD EHICEVERINTE LR, L, WTiholk
BEICR W T, BRAHEEZ 55120, BHRNBARRA b7 =— U U 2 X 2SR TORUHENLETH 5,
BRI, A EE O T2 MEMS ~O 7 HHRBA ORI A 2840 &, BAREOKEANEEND,
zl:lﬂmﬂi EFEOEBELIINC T A 2D RE TR O L 2824, BR COMARBREAIR L ¥ —iRE %
FEHTHZ LA HEL LT, LIFT(Laser Induced Forward Transfer) £ C O R A IR D ol % 58 70 72 [3], A% T
A & 2 Fe iz VY, #8521 5 L—VFRE RO RELZ T OICRE LD THRET 5,
ERAE

AN LIFT (kD% —5 > M &AERLL7-, PLD {£Z& M\, 9 6.5 rpm TlElfiE X 72 Fe 72 & ONT Nda4FeB
AR 355 nm @ Nd : YAG L — & MG L, BOERER 40 min, SEZEH (104 Pa FREE)IZ T, ARAT T A
(S1111) % 10 mm 28] v 1 L 7= Fep iz, OFe i & @Nd-Fe-B SRl A % i L 7=, @DFEND Z itk iz
BILFL 2B U=, RIZ, LIFTIEO BARARFIEE LT, ER2EEDO X —47 > bOH T ZHEMAMN S Bk
L—PEBE L, &% —7 v M5 Ta 25 A0 um JE)ICHERE S 872, T OB, L —F 1T 2 HliE4
D72, NN I T—FFW, F10PaDEZEFR, X —4y b EEOMEE : 0.1 mm I TRIE L 7=,
ERERLER

L—W— XU —% 0.3W IZ[EE L, Fe B2 XD LIFT D EBRZ Wl Ha L=, Fig. 1 (CHERS L 7= Fe D
A& X —7y NESOBFREZRT, WTFhoiE (FefilmNo.l, No.2) &, #—7%7 v MNESOBENNZHE HE
FESNDEMEMET L, 10 um JE 28 2 72 tHil CHERE SR EE L 725, L—VORKEMERRD 00, £
BoOMRETIE, 1 um U TONIEEZZ =47y ML RTH DI L, KEBRTIZ 10 ym £ TOE
BETH LIFTIEIC R VHERECE D 2 L birol,

Fig. 1 OfERZ Tz, L—F XU —% 03~07W £ THEMSE215, £ 15 pm JE D Nd-Fe-B R A%
Z—7y b L, LIFT EERBT, % OFE(—E : SEM BE) % Fig2 IZnd, L—F—U—: f’JOY
W TITERAIC, 9 04W TIE Ry MRICHERE SN D, FIZ, FREIO Nd & Fe DEEERZ—7 » FOE
<, fﬁﬁks@:s—i PERBWZ & E2fER LTz, 45, &?%#%‘ré@%ﬂ?ﬁ%%%%i%@%ﬁ%%@@Za%fﬁf‘z%éo
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Fig. 1 Deposition area as a fuction of the thickness

of targets (Fe films) in LIFT technique. Fig. 2 Photos (Left :SEM imagnes) of samples
prepared by LIFT technique using Nd-Fe-B films.

SEXR

[1] R. Fujiwara, T. Shinshi, and E. Kazawa, Sens. Actuators A, vol. 220, pp. 298-304, 2014.

[2] M. Nakano, K. Higuchi, H. Yamaguchi, I. Fukuda, A. Yamashita, T. Yanai, T. Shinshi, and H. Fukunaga, AIP Adv.,
vol. 13, pp. #025131, 2023.

Bl % & —, F& #E W 3%, J-STAGE A~— F 7't 2232456 2013 4E 2 & 4 5 pp. 192-196, 2013.
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BT % WX ER D> D D TbCo AR DR B H I DHEE
EnE AR, B, HIIBL (BHITEXRY)
Estimation of magnetic anisotropy from a magnetic domain image in TbCo alloy films
using machine learning

A. Watanabe, S. Kuno, H. Awano, and K. Tanabe (Toyota Technological Institute)

1L C®HIT

W53 B OWFZERR T Tl AR U 7o IR ORGSR 2R3 2 72010, BN T A — & ORIEEBR DY)
ATbnsd, ZN60HITiE, Yy r A% —FRMAER (DMD EBO X O RHERE L7205
BN o720 T DT A =2 b FET D, T2 T, HAIXELVEER AT A —ZREILEE LT 5
721, HIEICEN DR EAR OIS ICER Liz[1], BEEE ISR R T =R/ 72D 1) ok
ESNDTD, BXEBIZIIHES AT A —ZICHTDEERPETEN TV L ZERTHEND, TRETOSE
ATHFZE TIE, MBI 31 5 DML EBRCIMEAL 72 E DR T A =2 HEERHRE STV H[1-31(K 1),
WEEE OISR N T, AT 7 = VBMHIEATHD TbCo ZMNT, MAHEENTRETH L Z L&
Wi L72[4], Lo L, R A B 2 72 RErich MlAIE. 5 E<XHEETE RV I L BHLNTR- TS, £2
TABZE T, M TIEZR <, KV BIKERIZEE L 5 2 2 et & 5 R OHEE 21T > 72,
ERFEBLOER

A B 2 TYEIZ K o T SisNg(5 nm)/TbyCoix(£)/SisNa(5 nm) D&% Si Fat FIC/ERL L7=, TbCo #jk
PIF B ERGA U 72 5 5otk 2238 4R U, 11 BB O D B re 2 W52 R L7z, Kerr ZRMIE 21TV, PRI
7% 5 L7z, MOKE B854 FV T 1 DOMIRIZ DX 100 OB X E B2 Rk L, kS 21772, %
DFESE WEME & B 782 Lo THEE S 7o & ofIc s L2 HFIRRA A btz (12), Z OfERIE.
MOKE B CHRE L 7CREXEHRITIE, 7 = VMR Th - THRSE M, FRREIZEAT 21 ®mA &

FNTWLZEEZHLNILTND, ”
6000 | e
'd
NI A= o L7
HEE 2 4000 7 §
Ei2107s AR €9 |

AL (M)

b f
®EAH (") w2000 ';é
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\ . J

0 2000 4000 6000
REHDRIESE, H, [Oe]

X 1. WFEoBaX ] 2. {RM ) ORTEAE & HEE O Bk

\\}ﬁ

% 3CHR
[1] M. Kawaguchi et al., npj Computational Materials 7, 20 (2021).

[2] D. Wang et al., Advanced Science 7, 2000566 (2020).
[3] H. Y. Kwon et al., Science Advances 6, eabb0872 (2020).
(4] AHF 5. 5 83 [ES B KT AN & 2022 4R 9 /]
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