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Advances in Magnetic Resonance Imaging: From Low-Field to High-Field
and Back to Low-Field MRI

Yasuhiko Terada
(Faculty of Pure and Applied Sciences, University of Tsukuba)

MRI was first proposed by Lauterbur in 1973[1] as an imaging method based on NMR principles. Since then, MRI has
undergone remarkable technological development as well as clinical applications using mainly whole-body devices.
Since the signal-to-noise ratio (S/N ratio) of MRI signals increases with the static magnetic field (or proton resonance
frequency), the technological trend has been toward higher magnetic fields. Magnetic field strengths for whole-body
MRI started at 0.04T [2] in the early 1980s, followed over the years by 0.35T, 1.5T [3], and 4T, and now up to 10.5T
devices [4] are available for research use (although 1.5T and 3T devices are still the mainstream for clinical use).

Although MRI has thus continued to move toward higher magnetic fields, there has been a recent revival of MRI for
human use at low fields (<0.5 T), ultra-low fields (10-100 mT), and very low fields (<10 mT) [5-7]. While this interest
stems primarily from the urgent need to reduce the cost of MRl and improve access in medically underserved
populations and developing countries, new point-of-care imaging applications, advances in hyperpolarization that
allow imaging at low fields with high SNR, air-tissue interface and Imaging applications that reduce artifacts due to
air-tissue interfaces and metallic implants are also reasons for this.

This talk will focus primarily on the hardware aspects of the paradigm shift from the former low field to high field and
again from high field to low field, especially the unique opportunities and challenges that exist at low field strengths.
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Measurement of Magnetic Resonance Signal
without Prepolarization Technique at 1 mT

Daisuke Oyama
(Kanazawa Institute of Technology)

Introduction

Magnetic resonance imaging (MRI) in ultra-low magnetic field is one of expecting fields for new applications of
MRI. We have been developed a compact ultra-low field MRI (ULF-MRI) systems composed of a desk size coil set.
The measurement field in this system was several tens of micro-Tesla, therefore, a prepolarization pulse was used for
increasing a signal intensity and controlling a direction of magnetic moments. However, using the prepolatization pulse
results in increasing not only the signal intensity but also the recording time. In this study, we built and tested a new coil
set for ULF-MRI system around 1 mT, aiming to realize the ULF-MRI system without the prepolarization technique.

Coil set for ULF-MRI
Fig. 1 shows a coil set for the 1 mT MRI system. The measurement field (Bo) coil was designed based on the Merritt

coil? to generate uniform magnetic field. A radio-frequency

(RF) coil was placed inside the By coil. An induction coil to 7

detect the magnetic resonance (MR) signal was placed at the

center of the Bo and RF coils, and these three coils were

perpendicular to each other. This coil set was installed inside a

magnetically shielded room.

? Detection coil

Measurement of Magnetic Resonance Signal X
Measurement of MR signal was demonstrated with a water f’: —>
sample. The density of By was set to approximately 1 mT by
applying electric current of 1.72 A to the coil. Fig. 2 shows the
observed MR signal obtained by a spin-echo sequence. The .
RF coil

echo time (TE) and the repetition period (TR) were 34 ms and ¥ o
4.6 s, respectively. “ B, coil

Fig. 2 shows the measured signal with and without the water (]
sample. These waveforms were obtained by applying a
band-pass filter (40-46 kHz) and averaging 500 times. The
echo signal clearly appeared in the waveform with water
sample. The frequency of the echo signal was 42.5 kHz and it

Fig. 1 Coil set for 1 mT MRI system.

was in good agreement with the Larmor frequency of Lo with water
hydrogen at 1 mT. It was confirmed that the MR signal can be 0s
measured using the developed coil set at 1 mT. 3
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sample.
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Ultra-low field MRI with an optically pumped magnetometer
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*Hamamatsu Photonics K.K., Hirakuchi 5000, Hamakita-ku, Hamamatsu 434-8601, Japan
**Kyoto University, Kyoto-daigaku Katsura, Nishikyo-ku, Kyoto 615-8510, Japan

In recent years, high-sensitivity magnetic field measurement using optically pumped magnetometers (OPMs) has
attracted significant attention. Magnetic sensing with an OPM is performed by detecting electron spin precession in alkali
metal vapors contained in a glass cell". In general, OPMs are utilized in spin-exchange relaxation-free (SERF) conditions
to detect low-frequency magnetic signals. In contrast, a high-density OPM cells require a large bias magnetic field along
the pumping laser beam to tune the resonance frequency of the OPM to several tens or hundreds of kilohertz. Studies
have reported that high-density OPMs are extremely sensitive outside the SERF condition?* ¥. This high magnetic
sensitivity of OPMs is suitable for MR signal detection in ultra-low-field magnetic resonance imaging (ULF-MRI).
Consequently, an MR signal detector with an OPM and a flux transformer (FT) that serves to separate the magnetic
condition between an MRI system and an OPM was reported by Savukov et al.?. In this study, we demonstrate ULF-MRI
with a detector using an OPM and an FT.

To confirm if an MR signal detector with an OPM and an FT is feasible for ULF-MRI, we constructed an MR system
with static field (Bo) of 7.05 mT, where the Larmor frequency of H; was 300 kHz. Subsequently, a cylindrical bottle
phantom that contained 1 mmol/L gadopentetate dimeglumine (Bayer AG., MAGNEVIST) solution, was placed in the
MR system to evaluate MR imaging with an OPM and an FT. A glass cell, circular polarized pump beam (DBR laser,
PH770DBRO40BF, Photodigm, Inc), and linear polarized probe beam (CatEye laser, CEL002, MOG Laboratories Pty
Ltd) comprised the OPM sensor system. A 10 x 10 x 40 mm? glass cell containing potassium with He as the buffer gas
and N as the quenching gas was used as the sensor head. The He and N, gases in the cell were in the ratio He:N, = 9:1
at a pressure of 0.9 atm. The experiments were conducted after heating the cell to 180 °C to vaporize the potassium atoms.
The electromagnetic shield for the OPM was a single-layer aluminum shield with two EMS panels (EMSPLMO05, Medical
Aid). In addition, the input coil was a 50-turn solenoid coil with a diameter of 5.6 cm, and the output coil was a Helmholtz
type coil with a diameter of 2.6 cm and 10 turns on either side. The impedance of each coil was adjusted to 50 Q at a
frequency of 300 kHz. MR imaging was performed without pre-polarization, using a spin-echo sequence with TR = 300
ms, TE = 30 ms, FoV = 96 x 96 x 96 mm?, matrix = 32 x 32 x 32, and NEX = 16 for a total scan time of 1 h 22 min.
Additionally, the frequency response model of the OPM described by Kamada et al.¥) was used to correct the frequency
responses of the OPM. Accordingly, sinusoidal fields of 290.00, 290.25, ..., 310.00 kHz were measured by the detector
with an an OPM and an FT.

However, the MR signals experienced distortions in the frequency domain owing to the narrow bandwidth of the OPM.
Nevertheless, these distortions could be corrected using Kamada’s frequency response model of the OPM. Furthermore,
as a result of the 3D MR scan with a spatial resolution of 3 x 3 x 3 mm?, MR images with a signal-to-noise ratio (SNR)
of approximately 18 were obtained. However, large noises with specific frequencies were scattered across the diagonal
area of the image.

In this study, we demonstrated the feasibility of an MR signal detector with an OPM and an FT. During measurement,
the OPM exhibited a sensitivity of 14.7 fT/Hz"? at 300 kHz, which is the center frequency of the MR signals. However,
the frequency response of the OPM distorts the frequency-encoded MR signals. An appropriate frequency response
correction was applied to obtain flat frequency responses. In future, rapid imaging and higher SNR of MR signal detection
are expected to be achieved by optimizing the OPM and FT and/or suppressing the noise caused by the MR system.
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Nano-NMR technique based on NV center in diamond

S. Onoda’ and J. Isoya?

INational Institutes for Quantum Science and Technology, Takasaki 370-1292, Japan
2University of Tsukuba, Tsukuba 305-8573, Japan

Nuclear magnetic resonance (NMR) spectroscopy is a promising technique
for chemical analysis and molecular structure identification. Since it depends
on the weak magnetic fields produced by a small thermal nuclear spin
polarization, NMR suffers from poor molecule-number sensitivity. To
overcome the low sensitivity, in 2013, a novel NMR technique based on
Nitrogen-Vacancy (NV) centers in diamond has been proposed?. The
statistical nuclear spin polarization rather than thermal polarization has
utilized for nano-NMR of (nm)® samples. Compared to conventional NMR
the number of nuclear spins required to generate a detectable signal is
reduced by 12 orders of magnitude.

NV center is one of the numerous point defects in diamond. The most
important features of the negatively charged NV centers is spin-state
dependent photoluminescence at room temperature. A laboratory-built
confocal microscopy (CFM) system is widely used to detect the
photoluminescence from NV centers. A series of 532-nm laser excitation and
microwave (MW) pulses are used for initialization, coherent manipulations,
and readout of the electron spin-state of NV center. Fig. 1 (a) shows block
diagram of CFM system for nano-NMR. Excitation laser (532 nm) and MW
are pulsed by acousto-optic modulator (AOM) and MW switch. These are
controlled by sequence/pulse generator. Pulsed laser is irradiated to diamond
via an oil immersion objective lens (NA=1.3~1.4), and photoluminescence is
detected by a single photon detector and fast counter after passing through a
pinhole. Fig. 1 (b) shows the schematic draw of nano-NMR by NV center.
The nuclear spins (*H) in immersion oil are detected.

A dynamical decoupling technique based on the XY8-k pulse sequence
which acts as a high-pass filter, to filter out low frequency noise is widely
utilized for nano-NMR (Fig. 1(c)). This suppression of the noise source
prolonged the electron spin coherence time of the NV centers by an order of
magnitude or more. In addition to the noise suppression, the pulse sequence
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Fig. 1. (a) Block diagram of CFM system for
nano-NMR, (b) schematic draw of *H nano-NMR,
(c) XY8-k pulse sequence, and (d) typical
'H-NMR signals at various k-values.

serves as a narrow-bandpass filter, revealing Larmor precession of the transverse magnetization of external nuclei.
Signals from these statistically polarized nuclei are detected if their precession period matches the cycle of the m-pulse
train applied to the NV centers. Fig. 1 (d) shows typical NMR signals of *H in immersion oil at the various k from 8 to
24. The higher number of k, the sharper signals because of narrow-bandpass filter. In 2013, the resolution was a few
hundred thousand ppm, however, it has improved down to less than 1 ppm in more recent years. In this talk, the current
progress as well as the basis of nano-NMR based on NV center in diamond are presented.

The authors would like to thank the financial supports by JST-DFG “Strategic Japanese-German Joint Research
Project (SICORP)” from 2010 to 2013, and JSPS KAKENHI Grant Numbers 26220903, 26246001 and 21H04646. Part
of studies on creation of NV centers was supported by MEXT Quantum Leap Flagship Program (MEXT Q-LEAP)
Grant Number JPMXS0118067395 and JST Moonshot R&D Grant Number JPMIMS2062. We thank Prof. Dr. F.
Jelezko and his group members for their help in measuring nano-NMR at university of Ulm, Germany.
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Development of compact proton magnetometer using TMR sensor

Kosuke Fujiwara, Hiroshi Wagatsuma and Seiji Kumagai
Spin Sensing Factory Corp.

The proton magnetometer operates as a magnetic sensor because the resonance frequency of NMR depends on the
external magnetic field. Pulsed cutting of the magnetic field applied to a sample containing hydrogen ions causes
magnetic relaxation of the protons, resulting in a free-induced decay (FID) signal. The magnitude of the magnetic field
can be read by measuring the frequency of this FID signal. Since the proton magnetometer is based on the principle of
frequency measurement, it is not easily affected by temperature, humidity, or individual differences in equipment, and
can obtain measurement accuracy on the order of ppm. Due to their high measurement accuracy, proton magnetometers
are used in fields such as subsurface and seafloor surveys and astrophysics.

A conventional proton magnetometer consists of a container of water or kerosene and a coil to apply a pulsed magnetic
field and detect FID. It is difficult to miniaturize the conventional proton magnetometer because the FID signal
decreases as the coil becomes smaller. In this study, we investigated the feasibility of a compact proton magnetometer
by using tunnel magneto-resistance (TMR) sensor as the detection sensor of the FID signal. The TMR sensor is a highly
sensitive magnetic sensor using magnetic tunnel junctions (MTJs), and its signal does not become smaller with
miniaturization. In addition, the amount of water or kerosene as a signal source must be reduced in order to achieve a
compact proton magnetometer. In this study, we verified the feasibility of a proton magnetometer when the volume of
water is reduced to 1 cc.

The TMR sensor was deposited by a sputtering system and micro-fabricated by photo-lithography and argon ion milling.
To improve the signal output of the TMR sensor, magnetic flux concentrators (MFCs) made of soft magnetic material
was added. The size of the TMR sensor containing MFCs was 10 x 6.2 mm?. The output of the TMR sensor was input
to an oscilloscope and frequency counter through an amplifier circuit and a filter circuit. The sensor was placed in a coil
for generating a pulsed magnetic field, and water in a plastic container was placed in the same coil. A large Helmholtz
coil was placed outside the coil for the pulsed magnetic field, and the applied magnetic field from this Helmholtz coil
was used as the external magnetic field. The magnitude of the external magnetic field was about 50 pT, assuming a
geomagnetic field. The frequency of the FID signal in this case is approximately 2.1 kHz.

Fig.1 shows the results of frequency measurements with the TMR sensor when the magnitude of the external magnetic
field is varied. The change in frequency corresponded linearly to the change in the external magnetic field. Fig.2 shows
the repeatability of frequency when the amount of water is varied. Repeatability on the order of ppm was obtained in the
500 cc to 1 cc range, demonstrating the feasibility of a compact proton magnetometer using TMR sensor.
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Enhancement of transverse Seebeck coefficient in semiconductor/ ferromagnetic metal multilayer by
introducing interface and controlling periodic thickness
Reona Kitaura, Takafumi Ishibe, Masaki Mizuguchi, Yoshiaki Nakamura
(Osaka Univ.t, Nagoya Univ.?)
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Quantitative analysis of dynamical thermal spin injection induced by FMR heating effect
S. Obinata, R. Iimori, K. Ohnishi, T. Kimura
(Dept. of Physics, Kyushu Univ.)

N

(ed

5] s

TR, SREEPEIR | FERGPEIR 2 BAEIEICB WV T, FMR 242 2 & ¢, JEMERD & FERGMEMARIC 2 B
WMEFEAT DEPA L CEAERERE SN TS, ZOBPA U EAEL, FAHERNIES T, VA¥ L
ANZAE Ui EAERATRETH D LV I B D, AV U RBEOYERBL L OFAMN - MEEICHZITIEH ST
Lo BIAE A ERBEL LTL, AV URVEV IR LIS MLNTWSN, ITE, Fir-/ofliE s L
T, FMR FFIZA U % IR R B R IER L 72 BAA U EADOFE LIRS TS |, L Lens
VOG22 OOEE EBRIICKBIT S Z I HM TR, Bz, BAAEUEAICBWTEREIND AY
VIRIZIE, AV UARBREE L~ 7 ) D2 DDOFGNRIET D, LIz o T, T b O OFEHIfE
KO, BAEEORBEICED . B EAEAZRORBIHRDIFF SN D, RERTIL, B 0E
ANOFEGEEBR LR FE2ERL, xR TICBT 28R E U EAREEBRICOWTERT D,

REBRAE r
X v
Bias-tee

AEHE, R 1ITRT L9 72, SREEMEAR CdH 5 CoFeB(10 nm) & FEREE
K& THD PSS nm)NH 725 3 JEMEEKR D, EMTH 2 Cu(100 nm)H» ' [
OIS D, BIETIX, SNBSS 2 BRI T I EIN L 72 25 & |
Cu MR IRZS I 2 e U 7o =i B R 2 FOIN L. BhA R L 1 ARRIC

FERMEIRN TR SN D WA B LR — LVEBE %L Cu BRIV T, B VD

H2>>, EREICHRE Lz, 22T, 203 EEECRENTE, £0 1 E7hE

XEFRH 72 A83E 7> & CoFeB /Pt SUHI D A V' R B 7 OFF BT & @

N5 ZENHESN G, FTHEENOREAZ Z(LEE, By 0.26 Vo ]

AT 572010, R 298K BEO, IWAZE T 77K TOME 024 | W

AT, 3 022

EERER 8 0-201 'R

0.18 it " Y T

(212, (@=FRB L, b)RIEER T THNA L EAREEZIT- 016k i @ ]

Tt Rz m s, B TIXEDOMHAIR AR FABRELNIZDITK L 1 L .

-40 -20 0 20

. RIREFR T TIL, ADOXIFRZR AT MRS Lz, Z DA~
7 MO EIKERIE, 3 BEEENOREARNE(L LI & T, AY
VEAFTMNE LT ZEERLTEBY, BIAE U FEAILKIT HE)
A AEANDFEE R L TWD 2, AEEL T, ZoRRITMA, 2
A AAENCBIT DA VR EET L~ 7 ) v OFREEZH B NIT
FTHIZDIC, BIA B EAICRT B RBEMER O IR 7 2 A L
TARERICHOVWT biEmT 5,

Ve (MV)

B3R i .

1) K. Yamanoi ez al., Appl. Phys. Lett. 107(18), 182410 (2015) -40 %% Hoﬂmﬂm
Ho — fres

2) S.Obinata et al., Scientific Reports. 12, 3467 (2022). o BIA CLTEARARY F L



07aB -3 2546 O] AARLKERTENEFEZEAE (2022)

TE)NT 7 A GdFe 7 = U BRI 1T 5
FH RN A MR~ O R R — URETEOF -
AN !, AEHE— 2, IR 2, AT 2
(" AARZFRFBEBL L AEFERE, 2 A AR B T7)

The effect of Anomalous Hall resistivity on Anomalous Nernst coefficient
in amorphous GdFe ferrimagnetic thin film
Yuki Kobayashi!, Yuichi Kasatani?, Hiroki Yoshikawa?, Arata Tsukamoto?
('Graduate school of Science and Technology, Nihon Univ.,
2College of Science and Technology, Nihon Univ.)

FLBDIC WHEDNIET HEET NA A~OREL 72 5 55 SRIRBERIZ I T D B L A MEEL Sane DI
RERBEN SN TE W JREAR Yy RN ARICERZRX) T OERCESEER SN EFH -y s
WRIZ X VA TR & B R — V2RI K DBEEE D 5 OF Sane = pyyyx - paneayy & L TERIND Z &
DMESNTVDHR RFETEZORXEZH, TEALT 7 27 2 VBHERIZE T 2K EHOF L 2R
5728, GdFe W#HRIZ TH AR L 2 K 2 722D Sane & BE R — VARPUER pags ODFHENZ S X RF - 55 5.
RERAZ B2 5 AL OFREE SIN(60 nm)/Gd,Fe100.«(20 nm)/SiN(5 nm)/glass sub. (x = 16.7, 20, 25, 30, 40,
50,60 at.%) &~ 7 R bR ARy B Y B K O ER(CATEEE A, B, C, D, E, F, G) L7-. =iRIZH 1T D1k
FHTERILAR T 20 < x <25 12H B Z & il BHEBEN R TS

B R R LT (SIRREHRE T2 310K suapiea] L [ A—
L L O (2) 5 NS AR B 2 FN L, B P (y) Wb o=l | F TS
FIHNIREARYT =5 2, TN HICEAT 2 EEN(X) 15 p— 13 [ —
FmoOEREELE Vi ZRE LK. £, BEAREZ 0 _ J- I

Klem & LT,y SIICIHAN 0.0 mA RMLARO x5 10 L= 3

JF 10D B AR — VBT Vane ZE LT = | —ljmw : Sample G
ERBRLER V7 =20Kcem OEED V, DINERRER K [ L
fEME % Fig. LR, DFRORECBOTHREARE 18 | ® e 4 o 1 8
AL NS U Ve I S 7., AMERERIENC 51T 5 L\ o
BV A NEE Vane(H) % 2Vane(H) = Vi(+H) - Vi(-H) 13 L— L : :J W:: ‘EKQ
LEFRL, BEEERZ W & LT, Vaxe(H) = Saxge VT » W 8 4 0 4 8 =
X0 RDIZFHF L A MBS Sane &, FH AR — LRH%E Magnetic Field [kOe]

pans DT % Fig. 2 127”7, Gd A 20N ERT 5
& |Sang|, [pane/ [ ZFEE B, C THAKAE Z 7R~ L, £ 3ULLRE|Sane],
lpane VT H AR 3 B 1E A 27~ L7z, pane & Sane @ GdFe

Fig. 1 External magnetic field dependence of

transverse voltage Vx of GdFe thin films

R AR AFPED D THUEL L, ayy 1AL LIS S LAF 5 1 gi_ ) Mmmmwmmwm_ig
EOLTHFHETHEZEIONDL I ENLTENLT 7 0:3 | Eg / composition atroom | g
A GdFe 7 = U BEMEHEIE TIE Sane = pyyys - paneayy 1SR L _ g2 | R S | D
R ORGSR KEN THE L EABNS. MO, S0 @ oo 15 &
B =y Z 4RI Sse D GdFe fLECEIT ) 2 22 b fd ) & F —i 0 : A 0 3
, BIADH O TR EAT . Sos | °° 13,2
BEE  AKWETEO —ERIL, JSPS BHIFE (21K04184) D 345 % 03 | e 2 1 s
B LDTHS. 04 | ?ED’ * 120
SEH 05 73:310 K, w: 0.3 cm 25

0 50 100

[1] K. Hasegawa et al., Appl. Phys. Lett. 106, 252405 (2015). G ontaNeExtios TSR]

[2]1 W. Zhou et al., Nat. Mater. Lett. 20, 463-467(2021). Fig. 2 Composition dependence of Nernst

coefficient of GdFe thin films
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Modulation of the anomalous Nernst effect in nitride films on SrTiOs substrates
Keita Ito!, Himanshu Sharmal-2, Masaki Mizuguchi*?®, Koki Takanashi®*
(IMR, Tohoku Univ.t, Nagoya Univ.2, CSRN, Osaka Univ.3, ASRC, JAEA%)

[(FR) D4, Fiiz2o X —n—_2 M & U TRBMBEIEARMENZ 351 2 25 21 X FhF(ANE)
ZRIA U BVEESSER S TW5, L, BURTITEEERMEHI I 2 B —~y 7R (SE) & FIH L
TeBVEZEHUT R LT BVEREDS KIRIZ KX WRARE L 2> Tnd, L7edi-> T, ANEIZE D REL O
M EIZIE, REREF XL X MRE(Sane) &~ d . BT ar AT B OBRFE N L OIRIL T o 5, mEEIES
JBZEAL D FeaN 1 LT MnuN I Tlx, 24 2.2 pV/IKYIE 0 0.50 uV/IKPD Fe %D 3d BB AR LV b
RETR Sane BHRE STV D, ABFFETIEL, B2 2 b HEM EIT FeN 38 L MuN il = v % 2 v
VR ET 2 Z LT, BIWERIZIS T D Sane DR MUK A 2 FFM L 72,

[EBRFEIFe /-1 MnB L&A T ¥ h 0 N OREIRMEFEIC X D 0BT B Z £ —7EIC X Y MgO(001)
B L O SITiOs(STO)(001) F:Ak 1z, FEARIESE 450 °C T FeaN 35 L T MngN JEE(27 nm) D= B4 &3 v )Lk K
kAT, &L X BREIPT(XRD) CTRfli L7z, {ER L 7= %2 R — L S— RO F I L, ANE. SE,
B R — VN F(AHE) & 3l L 7=, BVEE DR O RE R 21T B E AFEL(VT) 2 i N O A8 — b3 —EF 7 m) (FesN,
MnN[110]){Z . FMERREES 2 B 5 [l EUIN L 7=, VT OMIEICITEF BICERL L= A4 > F v FIREH 2 v
729,

[F5R] XRD MIEDRE R, K HM E~D FesN 8L MuN IO = &% ¥ o v Lk E &R T 7,
MgO(001) H4z_F 0> FesN T D Sane 13 1.4 pVIK, ¥ —X v 7 485(Sse)13-2.9 pVIK & 72 7=, STO(001)Heh I
D FeqgN [ Tlx, MgO(001)Jetk EDFlEr oD 2 fFFEEED Sane =2.8 pV/K & 10 52 D Sse = —27 uVIK 735
DTz, FesN IO BOBIR L CIRE 2 28 2 72 R OFE R D5 . STO(001) Fab D 3R i YT IC R Z2 FLANE AL S
AU, MR RIEEBICB W TRERAD Se BHBLL 9, LUKV A LB =y 7 ERD FeuN B~ L
AIA AHE IZ X D B BT~ & AW S L, FERHI72 Sane DR SN & B X Hivd, |Sse| K& 72fg % K
W& DFEAHEICTER T 5 2 & T BT 2 MBI O TR 72 Sane IR TE 5 Z L 2R E 72,
MgO(001) F4R D MnaN R TIX Sane = 0.20 pV/K, Sse = —13 pVIK 35 537z, —J T, STO(001)H:AR £
MnsN FEEREZ 35U TS Sane = 0.15 /K, Sse = —19 pV/K & 720 . MgO(001) AR EIZ/ERL L 7= MngN L D
HINS T Sane DG DIV, MEHRITRZE pxs BV T = AREE oy, BEAR—/L A% tanbane & T2 & Sane =
Pxxtixy — Ssetan@ane TR S 41D, FeaN 1L axy & tanbane DT RIETH U | B3R /K8 L7z STO Jg o 8 Calkt 4
RELTO S NAEITHIRS N2 Z & T, FERIZR Sane DIEICHIR S L7z, Lr L, MuN T oy NIETH 5
— T tanfane WA TH Y | Sse MWAITHTR I NT- 2 &L TEIAL Sme DD Lz EZ 255,

[Z2%ECER] 1) S. Isogami et al., Appl. Phys. Express 10, 073005 (2017). 2) S. Isogami et al., Appl. Phys. Lett. 118,
092407 (2021). 3) J. Wang et al., Adv. Electron. Mater. 8, 2101380 (2022). 4) H. P. R Frederikse et al., Phys. Rev. 134,
Ad42 (1964).
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Characterization of the anomalous Nernst effect in FesxNixN films

W. Yint, K. Ito?, Y. Tsubowa?, M. Tsujikawa?, M. Shirai?, K. Takanashi®?
(IMR, Tohoku Univ.}, RIEC, Tohoku Univ.2, ASRC, JAEA?3)
[ Introduction]

Thermoelectric power generation devices have a promising prospect because they can directly convert thermal energy
to electric energy without pollution and noise. As one of the thermoelectric effects, the anomalous Nernst effect (ANE)
generates an electric field (Eane) orthogonal to both magnetization and temperature gradient (VT) in ferromagnetic
materials. FesN is a promising ferromagnetic material with relatively large anomalous Nernst coefficient (Sane) of 2.2
wV/K [1]. In this study, FesxNixN films were fabricated and their ANEs were characterized. The Fermi level of FesN
was tuned by adding Ni atoms and Sane was modulated.

[Experiments]

The FeaxNixN films were epitaxially grown on MgAl,0.(MAQO)(001) substrates at 450 °C by molecular beam epitaxy.
Fe and Ni were supplied by electron beam gun and N was simultaneously supplied by radio-frequency plasma gun. The
structures of the samples were characterized by x-ray diffraction. The Ni/Fe ratio, X, in FesxNixN films was
characterized by electron probe micro analyzer, and x was changed in the range of 0 < x < 2.8. The samples were
microfabricated into a Hall bar shape, and ANE, the Seebeck effect, and the anomalous Hall effect (AHE) were
characterized [2]. The external magnetic field dependence of Eane Was measured at different VT for all the samples and
Sane was estimated. The transverse conductivity (oxy) and the transverse thermoelectric conductivity of FesNiN was
calculated by the first-principles calculation [3].

[Results])

The FesxNixN films were epitaxially grown on the MAO(001) substrates at 450 °C, but the uniform FesxNixN phase
was hard to form with the increase of x and started to decompose into FeNi at about x = 2.3. As for the result of ANE,
the Sane decreased from 1.7 to 0.6 pV/K with the increase of x from 0 to 2.8. The addition of Ni did not improve the
ANE in FesxNixN. The Seebeck coefficient (Ssg) increased from -2.3 to 1.2 uV/K with the increase of x from 0 to 2.8.
By using the experimental data of Sane, Sse, and the anomalous Hall angle, axy was calculated. The result showed that
axy decreased with the increase of x and the change of axy dominated the change of Sane. In order to enhance ANE in
FesN, another third element, which increases ayy of FesN, needs to be found. In the presentation, the obtained oy, and
axy Values of the sample with x = 1.2 will be compared with the calculation results.
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Pressure effects on dynamical spin injection at ferromagnet/heavy metal interface
R. limori, S. Obinata, A. Mitsuda, T. Kimura

(Dept. of Phys, Kyushu Univ.)

ZL®IZ

ITAF | SREEME(FM)/FEREME 48 (HM) B EIZ 381 5 A & BEFE AR R L 728t & A B Ui O A
BHMPEH SN TWD, FMHM IZET 2 Eiit-A B U ABRORIHE LT, N7 DA R — L RO5
HDT v aNs DTV a2 XA HRBMLN TSN, Eift-A B U REBNRITIH S —& v b &b T/h
W, — T FMHM REICE T 5 T 2 2 30 2 ©° L s FE B S0 AZ HoRE AR 13 5L o0 J5 - ) i | A
DTHIEKTH D Z ENTHEIN, REIRREZ(T 5 O/ EEAIC L 0 HIf T L, AU iERSIR DR
ARSI, AV RO T NS RGAIZET TR CTEEZRER L 70D, £ TREHE LT, &E
TN TFIZBWTHBEMELBIZ XD A B UFEAZIT ) FIEEZHZICHRBE Lz Y2, SRIOFEETIE, ZOFiEE
FAWT, FMHM —JEEIC BT 5 A B U R — UGB O EIHRIFEIC O W Tl 5.

REBAE
AWFFE TRV ZEHT, CoFeB(10 nm)/Pt(5 nm)& L

CoFeB(10 nm)/Ag(5 nm)/Bi(10 nm) TH Y, DC A Xy X Y 7
HRIZ L0 BRI L 7=, JEAFIIMZIZE A b v ) v &2 —RIE &
N IWT, B GPafREDET) FIZH W TEI A B iEA
R WA A= EFERELL (K1), Mx T, £
FIANAT#E ORRE « SRR 2 Wi TEM R0 X T =E 2 v
TR L 72,

REBRER

[X] 2 12, CoFeB(10 nm)/Pt(5 nm) &2 31T DB A & U fiiiE AL
LW AR — G B DEINEAF DR R Z 7”7, 1 GPa £ TOE
FEINZ E D . WA R — UG5035 10%E M L7z, £7-. R
\CHRREMEIE DX B TEBOER bR LTz, D O¥EREhR
DEJFE LT, REAAE VIR a2 ZADOHEES Pt =
DAY U HR— VA DOHEEHRENTHEIND, £ T, TNUHOER
T 5720, [FFEEMEEICB T DBKIRPII RS b VS
RV PUEBOAE AR —VAOREENE, BIZIX, AR —L
(R JEDE ST BE T 5 DFT 3HR 217V, Fli O 23kl AAEH
DJEIIHERND AL T H B & famfd T 7=,

M HITZ OFEFIZIN %, CoFeB(10 nm)/Ag(5 nm)/Bi(10 nm)IZ k1S %

7 ¥ a2 B AR O R 2 Ao To TR OV T
I %,

B3 H
1) S.Obinata et al., Appl. Phys. Lett. 118, 152401 (2021)
2) R.limori et al., Appl. Phys. Express 15, 033003 (2022)
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Frequency-dependent Artifact in ST-FMR Measurements
T. Horaguchil, K.Yamanoil, M.Matsuo2, Y.Nozakil,3
'Keio Univ. , 2Kavli-ITS UCAS, *CSRN Keio Univ.

FL®HIC

A B IV GREEEIES(ST-FMR)E[ 11X, FEREPEIRINM)/FREEPER(FM) EIREICI1T 5 A B hL 7 53
OFIZIAS VWD FETH S, “EBEICRMEREZAMT S &, A UFR—AZREIZL Y NM 234
T DAERDAE S 8T AT 7 — M7 b EBIROTIVAT v RREESGHRD M7 #7828 Y FMR 73
FHolEND, FORE, FNFEND L ZIZHERT D FMR A7 FL &SRS & SOFRIE Y & L ToBE T
Lz, BALERHTZY DAY NI RIRERDDLZENTE D, LML, NM/FM "B TIEINM 25
FM ~D A B U PEAN & FRFIC, A B VR — AR A B —y 7 RITER T 2 EE 72 ED
T—T 4777 MEBWRART MUWIEET DD, THBAE Y MY RO ZAET 5 Z &3 ERH
ENTEY, TOHDEETIECOWTINE CHAOMICHZES N TE72[2,3],

bivbiuE, 2 E TO ST-FMR JIE TIEIE & A IR ST X 72 B EKFEIZE B LT FMR A7 |k
NDGHTE Lz Z A NM/FM @ BEIZEIIN L 7= B OB HI KA FE LT K& 727 —7 « 7 7 7 N&EIE
EHRR UL, KEETIE, ZOREBIKET —T 47 77 FOREAEBRE LI-ERE#RET 2,

EEBAE - BR

~ 7R ANy XY T ERWEY 7 A THEICI Y S EER EIZ NM(10 nm)/NigsCus(10 nm) - J& I
DOMFREAER L, ZHUCRWERFIMHO 2 7 L —F R 20 1772, 20X RFFIT~A 7 0 gfE5
AR E B U, SNBSS 2 AR D> B 45 N EIIN L7223 & | AU FEF IR C 38 B9 DB 2 1A T
AT =B THE L7z, NM gL L TAE VLB AEHSOND TRV Pt & §5 SOI @ Al, Cu & W\ o5&
(ZDWT, f=5~30 GHz DA T A v v 7 =Rz 51l L7z,

EERER

[X] 1 {2 NM = Pt, Al, Cu ® NM/Ni-Cu fiFRIZ DWW THIE L7z A B kL7 030 JEH Buk 71 2 7797, 30 GHz
TOAE Y MLV EhEE, Pt: 0.07, Al: 0.02, Cu:0.006 TH Y, FATHFZEOHMEME FE LRV, L,
10GHz LA T OIRJER B A LD &L A M7 BN JERE IR I L7e s> TR L Tk v |
Cu Tl 5GHz T30 GHz DFFD 4 512 b #E L=, ST-FMR BEFRIC L 5 &, AL ML 7 h3RITER B K AT
L7RWEBZLNDTED, MLNOT—T 4 777 MaBEREEL WD EEZLND, AEETIE, KHE
B CAHONTZT—T 4 7727 FOJRKE LT, ()FMBENLDAE LR E Y TIZE DAY VR —
VBT, (2) Wb A F X 7 RSN L D HBADIEIE AN AED IRE AR L > TE LS BA B U EET., 3)
IR AR C ORI OB, B U@ R~ ) VHELIC L DR B 7 A E Ui RIZ OV T,
ENENOAREN & EEIICHREH Lo R 2 WS T 5,
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Sputtering condition dependence of spin-torque efficiency in Ti/W composition graded material
H. Nakayama?, T. Horaguchi?, T. Scheike?!, K. Yamanoit, and Y. Nozaki'2
(Dept. of Phys., Keio Univ.t, CSRN, Keio Univ.?)

[FLHIC

AR, FIA R A AR S L CAE U IBEMRSSVONERZ4ED TS, L, SVC IZBIT5
AV CHGEMRAEERSONDOFH 72 £, & ORI I IR S8 2V, bivbiut, BEMEO#E
R &) ) A — )V TR T S B 7B BRI 2 /B8 U R i & AR S D A B Ui OFERE 2 3~
B Z eI Y | HBERNR OB RIREE AELME S B SVC RO A B URICET AR 21T > T b,
ATElL SOl DK E ERMFHD0E D Ti & W 23D 7 HIERHABF 2 572 5 G TIERIL . DR ML 7 )
RO RRESRIT 2 /A0 THET 5,

EBRA &

v ITAX IR AN B YT T N YT T =N 7 MATZIREICE Y Si ERR L Ti(20)/
W(ti/2)/Ti(ti/2)/W(10)/NigsCus(10)/Si02(20) 2 & st & pfifiss L 7= (B o BAAZ 1 nm), Ti(10) & W(L0) D REIZHEA L 7=
D WITI BOE Stii%, 0205 2.0nm £T0.5nm ZATE S, RERTIE, Ti & W DRy FEk
fEL— RN D 2 FEE D SAH(F: 0.99 Als (W), 0.82 Als (Ti) & S: 0.46 Als (W), 0.22 Als (Ti)) T iz /EHL L
7o ZNHOFEBHIR L, T BEMBI(AFM) CREBIE 21TV, 7 7 R A DRRIESAH KA E 2~ 72,
EHIZ, AV ML EIEMEILIE(ST-FMR)IE[L] 2 W T, &4 O TilW R EI O 2 0 R L7 h3REmr %
R L. Emvr DOEARTEERNERIESGIEIC LW ED L D IZET 200 % T~ T,

ERER

Fig. 1 IZRRIFESRPE(F) & (S) TYERL U 7= Z @I 1 O — 3 P2 - H AR & Rns DEARTFEZ R, A0 2 Y v
THEERESTLHZ LR, MEREOHIDRE KBS N TV DTN b0 D, iz, BIEEMHFE) D
FEIZIE,E S 1.5 nm BEO BIROFT N RS-0kt U, lESRES)oEmICITE Ao o iz,
Fig.2 (%, FRIESA:(F) & (S) TIERL L 7= ZJ@IBIC W CIIE L7 Dt IRIFETH D, RIESMH(S) DA
SIALBERBTE 2 T2 AT FE Ot e [2] & RERIZ Lt DI T Epmr A3 IE T AN HEIN 3 2 A7) A3 L & 4z,
—J7. IS (F) T, 6zt D&mr ZEICIES &N KE W, LT, MARERRIC LD A b
VT RO IX, BRI mOMMNEMA DI ENEETHDLEEZILND,
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t/ nm Fig.2 (a) ti dependence of spin-torque efficiency &pmr for
Fig.1 Root mean square roughness Rms as a samples prepared under sputtering condition (F)
function of insertion layer thickness t; (b) ti dependence of {pmr for samples prepared under

sputtering condition (S)
2B SR
[1] L. Liu et al., Phys. Rev. Lett. 106, 036601 (2011).
[2] T. Horaguchi et al., submitted (https://www.researchsquare.com/article/rs-955888/v1).
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Optical measurement of thermo-spin effects through antiferromagnetic insulator NiO
T. Yamazaki, T. Seki, T. Kubota, and K. Takanashi
(IMR, Tohoku Univ.)

[ZLHIC

A Anl hr=7 ZOMERITHE, BEYEMEIRHC R BVERE - v U A U MO a TR E L
THEHEZEDTVD. ﬁﬁ&ﬂﬁyﬁ®ﬁﬂwﬁﬁﬁf%é@zt/ﬂ%iXEVﬁD)FH”7xﬁ%@
—@T%DWWémﬁkféﬁXE/ﬂ% g~ 7 ROBEEIZ L EET S 2 FEONER B H[1].
HRMES BIRBES IR &\ ) SRS wfi@ﬁ@ﬂzt/ﬂ%#ﬂﬁ_%ﬁféh,ﬁm@&@i
okwfm ﬁ%@%f%éﬁﬁi/%/azﬂvt/ﬂ% (AEE) [z X 28U b AEREINS. ’@;5
i, &JmE B DIREZITEROWHENER N5 L TE Y, IREELOFEMZ BE T 5720
_h%@#ff% YT D ZENARAIRTH D, £ ZTARMIIETIE, FERMERIE (P [5REME €8 (C020FeeoBzo)
M SR MEAERR (A NIO Z i A L, sREEMESD B E 2 BRI T 2 2 & C, AEE DT G2 PR LB
VINFOWPE % iR ATz

ERER

Pt/NiO/CoxoFesoBao (CoFeB) =B EICB W T PLIZEIRZITT &, AV AR—AZRIZE D A HNER
END. ZOAE ISR TH D NIO 2 LT CoFeB IZTEA SR, RIEHNCEA B U2 Xk
LERFEMNAELD. NIOIE~ 7 ) U RAE VL E L > TAY U AEBE 2%+ %5 7, Pt—CoFeB [il%
BRI HERR T 5728, CoFeB 123511 5D AEE ZHERR LTZIIIENATRE L 70D, ~ 7 R b ARy X ) U7k
12 &0 MgO(111) F:AK E1Z Pt(10 nm)/NiO(t)/CoFeB(20 nm) A {EHL L 721, AI-O(20 nm)/Cr(5 nm)/Au(100 nm) %
Fo =L AR B EICEDRIE L. 22T AU BB h T v AT a—Y =25, T L
AR 2 i 400 pm, £ & 2.5 mm OFERIRICHAM T Lz, BA BRI X D2 EEZCOREITE, K
ROWERFE (F—FV 7L 7 X R) 2R L REORRENE 2y 7 4 ViR EAS DR e v
IJAY—F Y 7L X RERBIERHWZ. vy 7 A4 Y —F) 7L X AETIEEIORERER A &7
FPDIREZEACIERAZ TG TE 5. t=10nm OF /34 Z|ZBWT, ANEHROAMIE TOREZE( 2R TAT (=
Acosg) DG HARTFEZJIE Lz L Z A, CoFeB OfELii#R & A U@ %/~ L7-. Pt/E & CoFeB &M D
HPIEIZ L 0 NIO BOSERIA TH D Z L IR SN TR Y, A v 2RIt E oRibic lpl+ 2 =
EMD, ATRBERAE UHRICHET S Z EAVRENTZ. VT, AR EURROE BRE & K Kb % i
Rt ERET D72, t=5—50 nm OHiFH T Ao D tIKFFEZFHAE L 72, 2 2T Ao 1, Aoda = [A(+H)e!? ) —
A(—H)EYCM2 TERSN, HIKKFE LWy 7 7T 00 RIEERRESNIZRERELZET. Al t=
10nm THRAMEZRL, tOEINE & BICHFFIHED Lz, ZofERNPD, AR THW: @&k VT
AEE OH G2 LA B U2 R A I KL T D72 NiO JBE 1L, t=10nm ThH Z &nbhoiz. *
72, Aoga D tIRAFEN D NIO DAV VB EE WD o7 & 2 A, 5O BIXEATHSE[4,5] & R U A— 4 —
THY, Acia D tIELFHED NIO FO A B UGk KR Lo & o7z,

BEE
AWFF21% ISPS BHFE (JP18H05246, JP21K20392) D X% 21T T{Thil/~.
2 Sk

1) K. Uchida, Proc. Jpn. Acad., Ser. B 97, 69 (2021). 2) T. Seki et al., Appl. Phys. Lett. 112, 152403 (2018). 3) T.
Yamazaki et al., J. Phys. D: Appl. Phys. 54, 354001 (2021). 4) Y. Wang et al., Science 366, 1125 (2019). 5) T. Ikebuchi
et al., Appl. Phys. Express 14, 123001(2021).
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Computer Simulation of Bias-free SOT-MRAM with DMI
J. Watanabe, and Y. Nakatani
(Univ.of Electro-Comm.)

1 &Lsic

JEAE, AFEFEMEA £ Y O —FE & LT Spin-orbit torque MRAM(BA T SOT-MRAM) %3152
TNTW3S, SOT-MRAM (& Spin-transfer torque MRAM(BA F STT-MRAM) TRIER X H
TWEMAMOMEZ, FABRSEREINLXIZLAEZLICE > TR LEZAEVHEATH
%, UL, ZORMEEDMIY 22X D7 VA MIRZMA S BERH S, LA L, DMID
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TIEHAEYEHBABO —HICMAS Z 8 ICLWEEEZREL, YIalb—Yavitks
TREFIEOFMEEZRAEL 72,

\ No current area [/
No DMI

EAED 40 nm, [BJEAH 2.0 nm OFREEEFRELE L, YIab—varoRT Fig. 1 Bias-free SOT-MRAM
N %M TIE 1.0 nm TEERUE U 72, MREEBIL. SRIBE M, = 1000 emu/cm’, A
F4 YT RAEHA = 1.5 yerg/cm, DMI 8 D = 1.0 erg/ecm?. HEEH o = 0.1,
y=17.6Mrad/s - Oe, AE>x—LfO=03. BREE03~60TA/m> L L, AL V%
HZ % {1 100%~50% % TE{LE 7=,
DMI fli %# ZFDOHTAY Y HE B HIL T 1.0 erg/em? & LTZEN
DA DFFIRTIX 0.0 erg/cm? & U7z, DMI DA I & - TEZE M5

6.0

BOAT. A)DZALT B8, ACYENMZ BRI 22 AN 602 L ¢
LRERESGVEREE Ky 2 RKD Tz, HWT, BUERHEZ 3.0 ns IZ[EE L s 25
7= BTV ANEE 0.05~1.0 ns £ TEAL S B 72RO %2 < 2 2
1703274y 7y Ialb—ya ili-oTHELE, 53.0 15
3 BRBLUEE ‘
0.5

AV VEMASREE 100% & 75% 2 U, fEm% 3.0 ns < EE o ,

01 02 03 04 05 06 07 08 09 1.0

2 YIal—vav@iE

U, 7OV RIE%E 0.05~1.0 ns & TEALE B 72K 0 ik % Fig. (1)
2,3 1ZRT (e - R, M OV AR, T ORE, AR EEIL X
HRRR ), H RIS SR R, SRR g 2 £ LT\, Fig. Fig. 2 The range of spin : 100 %

2,3 MO A ENZ BHPAA 100% DEEIE OV ANEIZ & Y KEED
HENPZEAT B0 L. 75% DBAITIF VAR —EU EThh
WEHWIIRETAZ W05, ZOFRRAEFANLLDIZ, SV AEE
0.5ns IZ[HE L. Bz - 2 EBOMLEE %257 (Fig. 4). Fig.
46, A YEINZZHEFED 100% OROBALEYIX 0.57 rad & 7
BN 5% DRHIRALTED 0.5nrad A EE 725, ZOZ s, A
YV a2 NA B HEFDY 100% OREZET O RS AR T W5
EEZSNDD, T5% DRHGEFRYIWEEOBREERGE A +y Sk

01 02 03 04 05 06 07 08 09 1.0

570, SVARCES TIHRIIKET 2 2EX 605, tp (ns)
BABEREE BT B A & U Cld, MEBFHRIBE (DMI 2% 0.0 erg/cm?)
EHID I TTOHPHTOHLARPBALE Y DHEIZEEEEDT Fig. 3 The range of spin : 75 %
1378 K KERT 2 £ D127 D, REREDS +y AR I s noThD L ! —
% %. 6 *]/ é o Iggz: L
o8 17—
62.5% —e—
References e ]\Qrm 50
1) S.Rohart and A. Thiaville Phys. Rev. B 88, 184422 § ””””” ’/m&mm
2) K. Ikegami , IEEE, IEDM.2015.7409762 04 / l / o
0.2
—__
0 1 2 4 5 6

3
le (TA/m?)

Fig. 4 The effect of range of spin (time : 0.5ns)
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JEEM T X HAR R VX —FT L& -
T WePEAR D WAV SCHAAENT & 7 /3 A AR

BEIHAIRAR, 8L, Alexandre Foggiatto, —f&% T, /INiE A*
CRORERL RS Jeste T5550)

Mechanism of magnetization reversal and structural design of nanomagnet using

extended Landau Free Energy Model

Sotaro Kunii, Ken Masuzawa, Alexandre Lira Fogiatto, Chiharu Mitsumata and Masato Kotsugi*
(Tokyo University of Science)

de 5
(8

T REPEIRIZ 36U THRESHSRAE & AR O BIERIEZ B S5 Z LIFEE TH D, BB IR
e L REHNT, =27 v & 7 mTERNHENT S TE 225, W3 O BRI TEMR TH » 72,

Bk

ZZTHAIT ABHNZR T T HHT RV X —F T /WERBI R AEAT 5 2 LT, RN 2T A
Bz R LX—F7 V] aikit Lic, RETIVTIE, BEXHE IS O 22 H 16 W2 RS U Oz Riche s
TARNX =T RAT =T 2l 5, 7 vpBKEE L~ 7 v R R R & B i 2 OB A
fe T &, IR & 722 D BRI LA E R ORI Z2 WTRE & 975,

R

HIETIEL, N—~a A T IR OBREESE T — % 25t RIC, =T AT v hRER U—% AV RS E
EERLT B LI, Uy YVElR, BRSO, T VB ERHW TRV —ET NV ERE L, YT
JVIRE BT L AT IC ko T RERICEE S B kL X —[ERE L K E O BRI RS T E T, MRIT ORI,
VoV VBB TR R =N 2 LB R T I N TE L, EoFx O RV F —EEEN 22
ETEDIHICEREINLIO B AL TE T2, SDICT A AESELY AR U — OB LG T 5 2 &
MTEDH, ZOZENLAZIEHA~ORBLHIFRIENS,

M
=

IAILF it HREXAFUS R
Zwmem| rct = f(m)

— o o *) BHEREDISR
= [ *; ’.1‘:.: i ” . o $ ) i Ca)thu
e 11 ey 1 19
H } tat 1
or 05§ max(H:p) o
S o § — i
f2f0 o v .
025 4 -05(4 ) {
4 1018 o : w0
T TR YT oo

ZE3HR

1) K. Masuzawa et al, T. Magn. Soc. Jpn.,6, (2022), 1
2) T.Yamada and M. Kotsugi et al., Vac. Surf. Sci. 62, (2019) 15




07aC -4 %46 0] H AR AE  (2022)

WA SRR ER G D KR AT (2 [A) U 72

JEoER Landau H A= R L X —FT /L DKE

M4 B, Alexandre Lira Foggiatto, —f{% T, /IMilE A
CRELRSEET)
Design of the extended Landau free energy model for causal analysis of magnetization reversal phenomenon
Ken Masuzawa , Alexandre Lira Fogiatto, Chiharu Mitsumata, Masato Kotsugi
(Tokyo Univ. of Science)

(i Lo

SKEABHEOZH S L 2 E R, B — DT R — BN R E T DRI A T = X L O P
75‘*&’) HENTWD, REEDCRALIBREZ M T 272D 0 E LTE L KA SN TE 7 Ginzburg-Landau
BHER CIE, PRBEIIRAE RIS B 7 = R VX —[ERED |/ S I K o TIRESIT B, = R/LX —HE O
DRBENZHIL LTS, ZO—4 T, [REG CIEEIGEEEICE SN — R A5G hiie & 5729
PR 2 B o BLIER 2R BEMERT B O R ) DTN NEE T > 7=, & Z TARIFIETIX, WMXEEDO R —M%
B0 N2 S B ERB S 23 T fE 7, TR Landau A= RLX—EF /0| O R L O
1T-7,

ERAE

FERIT, He DIRIE A FEO B SL Bi BT — 3 v b (YIG) & R8T, Kerr BAMEE 2 O CREX AR IE 0O
ERESHRANED T — 2 WG Uiz, &% OBXKAEGEE G D, R RLFX—B LR L X —0 2 &
HEEHL, Atz X —L Lz, £/~ 27 b r U— (PH) fifthT & FRk 08T (PCA) & A
THEREMEGEZ L E KT OME TRl L2Y, 2z =30 X —0ftih 7 & LT R0 X — M 2 fi 4
5HZ LT, WK LR RSER & B 2L X — D5 S ER 2 T L2, S ICRE LB A
BLfENT 21TV, =X —[EEEZ BT 5 & &b, BULKBICH G T HA0E & WiffhT L7,

RBRR

Fig. 113, EME VIC OBXHET — 2 2 6o aTx e zzl:ﬂlmﬂz”\ "

NF—HIECTH D, PCL & PC2 IXA T x#é%ﬁf%@& 60 |
A E DA DR 2 2 LT\ D, T — 2 07RI3f,
%, PR DAL BRI RV 7 > s Sh, (RS
IXFIC PCL OBIS L L TRBLI NIz, FIofiiiT 1L X —Hif
B RO T 1L X — HUE & R Oy L CREMIARAT L 72
FES, 72— r L X —[EREAZ Y i 2 5 2 & TR E—
ROBNBEZ > TNWDZ LB GhoTz, EHITKET RILF—
HIIMAIZER L TEB Y, A5 O/ 5 DEN P EX O EE ‘
— ROEVEEATND Z LR BRE BT, ZRIEMET, | S 2 ﬂi%f*
TRV X —[ERERR IS I D RN OFE RS, XK ET— Gl \I'Ze,'l«
BadE S s KO A L CX 72, ATEIE, BRN S -

TR WAL SRR R & P 7o e XA S 2 b D R R BR & B = PC1*

VX —DOBLETRENTATRE/R T2, RIS 70 & D2 725 UF7% Figl. Extended Landau Free Energy mo
DFBLA T = X LOHRICHRTE 2 EHIFF SN D,

L Z BN
1) K. Masuzawa et al, T. Magn. Soc. Jpn.,6, (2022), 1
2) T.Yamadaand M. Kotsugi et al., Vac. Surf. Sci. 62, (2019) 15

0F

) 191013

[5,!6] (6ewap3 + qaxag

low

del



07aC -5

%46 0] A AWK FR IR (2022)

Interpretation of Coercivity and Energy Mechanism based on the

Extended Energy Landscape Model

A. L. Foggiatto®, S. Kunii*, C. Mitsumata*® and M. Kotsugi*
ADept. of Mater. Sci. and Tech., Tokyo Univ. of Science, "NIMS

Coercivity is expressed as a complex correlation between magnetization and microstructure;

moreover it is an important property for describing material functions. In real materials,

metallography highly influences the magnetic properties owing to the various processes as defect

pinning of domains walls."” To improve the electrical devices, the coercivity mechanism must be

clarified. However, owing to multiple intrinsic origins,
coercivity cannot be easily described in the framework
of conventional Ginzburg-Landau (GL) theory.’

In this work, we used machine learning, principal
component analysis (PCA), to draw a realistic energy
landscape of magnetization reversal process for
permalloy considering various density of defects. Fig. 1
displays the energy landscape as a function of the first
and second principal component (PC1 and PC2). The
landscape map enabled visualization of the energy and
coercivity as a function of feature space components.
We observed that PC1 has a linear corelation with the
magnetization, while the PC2 has a polynomial
correlation with the energy. As a result from energy
mainly

landscape analysis, magneto-static energy

influences the demagnetization reversal process.

Therefore, we consider the prediction of magneto-static
energy as described in Fig.2 The training was based in

the extended landscape model. We could predict the

energy with R*~0.80. This result shows that the extended energy model can be use to clarify the

1e4

Coercivity =
af  Tegion’ o8

(=2

] i %_;\ h ..
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Fig. 1. Energy landscape for the magnetization
in-plane, x-axis considering various defects

densii
44 . >
5 .o .o.‘
731 P~
T o 2
g
L
14 2
™ .
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Predicted Egemag ()) e

Fig. 2. Demagnetization energy prediction
using the energy landscape parameters as the
input.

coercivity mechanism and to predict the system energy based on the feature space components.

[1]A. Hubert, R. Schifer “Magnetic Domains: The Analysis of Magnetic Microstructures” (Springer-Verlag, Berlin, Heidelberg, 1998).

[2] C. H. Chen, et al., J. Appl. Phys. 93, 7966 (2003)

[3]L. D. Landau and E. M. Lifshitz: “Statistical Physics” (Pergamon, Oxford,1980)
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Cr-Ge 5% Chimney-Ladder {54 0 &l i 15 plcds KO

Vox Kpth, BFHMA, IA X =a 7L o3 o2 —, PR, ERJIILE
(& EAKT)

High-pressure synthesis and magnetic properties of Cr-Ge Chimney-Ladder phase
T. Sasaki, K. Noda, N. A. Gaida, K. Niwa, M. Hasegawa
(Nagoya Univ.)

[ZC&HIZ

4~9 [EA IR M & 13~15 IEI0HE X D25 72 2 BB UL A& MuX: (1.25 <x/m <2) |ZiZ Chimney-Ladder (CL)
W & PN DA 2 O MERENFAE T S, ZOREIE M EFO/ES IEMAFRREZS (Chimney) O
& X R OVED B - DNEERS Bk (Ladder) (2 o> T X5 27 7Ads A & 5. Cr-Ge 56 CLALGHIE L
TIX, #JE F T CriGeo(CrGei727), £ F Tl 4-5.5 GPa T CrsGer(CrGer75)", 15GPa T CrGei 772 D& iRk
MEINTEY, GAES EMAUE xm OMICIEOMBEN S 5 RIS, Fo, HHEFM CruGewlXF =V
—IREED 85K OIEEMBEMR TH 2 L MEINTWDH MY, RIEMEOFEMABMEIT®RE STy, 22
TARMIETIX, KREER~ LT T ENREERALERE 2 O TMHERHmIC 45 72 & D Cr-Ge % CL IBES)R
MbEmEAmR L, D OBMEE A L.
ERAE

A AEHEZ Ar RHR 7 7m— 7R v 7 AN THEE LORE 72 Vv ~OFREZITW, mEERELVZ
VERL U 7=, JEJI3A 5B 121 DIA BB L OV HBI~ L F7 v B EERA B A ER L. TEDTENET
I L7=%, 60 73FIMEA L7z, NG T2, Sn - BIE L, VB2 FEFIRICEI Lz, [BIGURHE X #RlE]
PrillE B L WAL E I TRHMl 24T - 72.
EERER

Fig.1 {Z, 14GPa, 1000 °COEREED XRD /¥ — 2 ZRT. ZD/RH
— % CLALAY) CraGer & L CHIZEM#EEZ V2 Le Bail fffT 217572 &
Z A, RAEkEE xim (=culex) 12 1.772 Th o7z, [FERIZ2, 5, 7, 10GPa ®
JESTARL LT D XRD /8% — 1% Fig.1 L HA_TEEMNIZ Y 7 b LT
BT E— 27 BSHBLL, L xm 1XZ 2 1,737, 1.747, 1.755, 1.763
Tholz. LEBn->T, BRENC X > THRRE vm 38725 CL LAWY . , - -
CraGes BVER L, B H OB~ T Ge \ZH AT CLALBIR AR E o 2295 (deaoree, 11 ke‘{‘})
D ZENbhole. BEGKLIZATORENT 2 K TORMEIIFRIZHB Fig.1 XRD pattern of a sample
TERAT U T R%ERLE. Fig2 IR L2 X 512, 14GPa, 1000 °CIZ TH K synthesized at 14 GPa.
M7= CrGersn ORALORERIFIECIIMBMEEB R R 5N, $=2 ) —ik S

e CLit&t

Intensity (arb. units)

1) H. Takizawa, T. Sato, T. Endo, M. Shimada: J. Solid State Chem., 73 427
(1988).
2) T. Sasaki, K. Kanie, T. Yokoi, K. Niwa, N. A. Gaida, K. Matsunaga, M.

3,1
T

JEIEL T.= 332K TH-72(H=10kOe). [FIEEIC CrGei737, CrGeins, CrGeisss, O ok
CrGerre D% = ) —IREE L Z 24 143, 208, 257, 296K Tiho7-. LI &
> = N >, > . S ()
BoT, £V Ge lZEATSHKZ R CLALEMR LV @ = ) —iREEZ T 5]
BT HZERHLMNE ST, %
w _g 10}
2
()]
©
=

0 L L 'l L 'l L 1
Hasegawa: Inorg. Chem., 60 1767 (2021). 0 50 100 150 200 250 300 350 400
; . e . . Temperature (K)
3) N.lJiang, Y. Nii, R. Ishii, Z. Hiroi, Y. Onose: Phys. Rev. B., 96 144435 (2017). Fig.2 Temperature dependence of
4) T. Sasaki, K. Noda, N. A. Gaida, K. Niwa, M. Hasegawa: Inorg. Chem. 60 magnetization of CrGei 772

14525 (2021).
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Fe Ti*HE#R BaFesTiisOss DERL

INE AR EE Rl T AR
(B ERF)
Synthesis of Fe?*Ti** substituted BaioFezsTiisOss
H. Onuma, K. Kakizaki, K. Kamishima
(Saitama Univ.)

%lé

- ¥ :Ba,,Ti;sFe,iOg A :BaM
#E 0 :¢-BTO O :Ba,Fe,Ti,0,

BIE, BaFeTi Rk > L, BELFEENSF 2T
BaiFessTitsOss HE STV D, VEATHIZETIXZ oMEF D 2 2D —
Fe¥* % Me?*(=Zn%, Mg?, Ni%*, Cu?, Co?") &, Ti* CEHRT 5D Z & ITkh § &L
Uiz, OREBRTIIARZHEFOMEN Me2=Fe2 L +5 = L T, Hflfl S {w . x=20
L T B N Il s e
DI WETE B, i I S
RBS % £ =0
AREHI R IGAIRIC TERL U7, H5AZ Y Ba: Ti: Fe¥*=12: 15+x : LALSAS 164 1Y X
28-2x /A X9l BaCQOg3, TiO,, a-Fe,03 PHEL, EER—LINLE 20 30 40 50 60 70
AT 1100 rpm T 10 A T 72, D%, Fo-ikk & 20 (deg.) Cu-Ka
1000°C “C 10 FER{BER L. = OILBERCINIC B AIMARL & 722 X 5 12 FesOs 1 BasFe* 2 TissnFe?Oss
EFFRE, A LT, ZORAHEAE 10 mm, 3 mm o f e S (T: = 1200°C)> X R

I I I [ T

\Z;;E§¥;fzo

T=362 K x=1.0

Too 75, X0 DREDHRE D THERL Lz, B 7= s i s
TR X BRIEHTEE(XRDIC CREAT L. B SR PRI IR B BRI RE ) B
(VSM). SQUID RéHEHT TR/,

ERER

LIZ R 72 DALIA T B x TR L 72300 X #RIEIHTE % 7797, =0, 1.0,
2.0 T BawFe** 5o TitsnFe? Ogs 23 HAH T H AL, EHLIIEE) L72, x=3.0 T —
TIETFZ VBNV U AEZEHETIREAE DN, Zh b ORERIX 0 200 400 600
Me?*=Zn?*, Ni#* ClE#i L 72 JEATHISE & Rk D Bm Th 5, 2 Temperature (K)

212 x=0, 1.0, 2.0 B OB AR 2/~ x OBINTLE, 2 BaysFe* s TitsnFe?One
o —iRE TeME T L7e, ZHIEMKE—A L FEHH 2 5D Fe¥ DEE S
DB 1 OEEFIED T CTEEHZ -2 & T, RPN B A HFE A 30

[
TERMRBESTeTed e EZ BLD, a0 L Eix= =
x=1.0
10 & :x=20 ~
0

T.~412 K x=0

Magnetization (arb.units)

o1

oo | = = = —
o — O

312 x=0, 1.0, 2.0 fLE% B D 1.8 K IZF 1T D RAb#R 2 7~ 3, H=70
kOe TOEALIE x=0 D EEHEEL L 0 & BEHLL D x=1.0, 2.0 ikt S5
MREL o1 5 us DHERTE— AV Mo b DFe¥ A A % 4 ug D Fe?*

Magnetization (emu/g)

L IR TIO TR 2 #2742 b b b PEROBHEAHM L2 S L i‘.k_

LG FREACLHA M Ti%, E71E Fe o A0 BB A S

T RIREME R S D, 201 | EX) lc e |

B Lk 3970 35 0 35 70
_ Magnetic field (kOe)

1) L.P. Curecheriu et al. : J. Phys. D: Appl. Phys., 41 435002 (2011). 3 BagsFe® s TitssFe?"Oss

2) N.Yasuda, etal. : J. Magn. Soc. Jpn. 44, 70 (2020). PRHL i
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Ca-Ba 2N WAL =5 A | 091’?%7&@@?

g BEsw, MR 3 —, #hE
(B ER)
Searching for conditions to synthesize Ca-Ba W-type hexagonal ferrites
Y. Matsui, K. Kakizaki, K. Kamishima
(Saitama Univ.)

%l:

"ﬁ‘i#
=

WHURH 7 =74 M, /£ AMesFe1s027 (A = Ba?, Sr¥*, Me

:Mg“,ZnZ*,etc.)“Ci'%ézh,4’ZL/@_J:0“C MBI~ =5 4k Ba:Ca:Zn:Fe=04:06:1:14-z

DIALIEDR W2, HEH SN TWDD 22T, ARIF5ECIEHmE ¢ W-ype © M-type V. Spinel
FlOH 72\ Ca-Ba e WL = 5 A ROl 77-. Ba % Ca T @ Hometlte M Cafe Oy M_Coles
*t S
BT 5 2 LT, BE~OBHEOER LK 2 MEAHIFFTE 5. s ondoholiNeete e e o ralies & Soond
*
£3 Y s ehhieinee o Site &2 ms
JFUEH3 (BaCOs, CaCOs, ZnO, a-Fe03)% Ba: Ca: ZN i Fe = 1X X! B |0 o $3 Mecetwe o o 0'es o cooe
. 7 = Iz =R e R — L3I E XN 250°C,z=3
2: 16(0<x<08)k£%:i9 FEL, ﬂ%\%{iiﬁf L3 5 ., . 2 Woo'% g,'%
T 24 WFfRHRG Lz, HOR, 7« X 7 IRICHIFEROE L, 900°C T 5 £ =
RSB L7, 2 0ofh, R AR—L A D CREEBIL, < | mwb‘"m 2 $He 5 S
HOT ¢ 27 JRICHERETE L T, 1200~1300°C T 5 B ABER L 7= 23 s o b loRieeiden oo o alfles °;":..1
A R X MRETIE TRRAT L, RESURHIEIIRBRE R 2 T 0<L200°C,:;>3
— [0 Ce owgﬁgoﬁm%ﬁ%&
JIFHVSM) & B RS & 7T (SQUID) AR EF 2 IV CTHIE L 72, ol L
!f‘d: % * e +9 o sren 0w 3 sese
BREER .3 _,
= o se ¢ ’oou‘ooou:lc
1200°C OFERLTIEx = 0 ~ 0.1 T, 1250°C Tl x = 0 ~ 0.2 T, | | | ;

1300°C TiE x=0~0.3 TWRIOHNE LN, LvL, BlIERD & 20 30 40 50 60 70
LTAE RN, ML a-Fe,0s MAERL L7, F72, AE@RT =T A b 20 (deg.) Cu-Ka
R EQ*/V@%%Eii@U&K{Ei))E, ARk W BIFHICER T & Ca 1 ﬁ—:‘;@ L7=3tBho X %ﬁ@ﬁ
DAEZNAANCERE LD TIE ARV EHEE LT,
FIT,Zn AR VT 0y 7 & 12045 U=/ Ba: Ca: Zn: Fe
=1x:x:1:14(01<x<0.8) &L, B2 /ER L~ ZORE,
1200°C D HERL TiE x = 0.1 ~ 0.5, 1250, 1300°C TlE x=0.1~0.6 TR B Cas 7 Fo e 0406+ 1+ 14
R VFE D LR 2 B T & 7228, a-Fe,Os AR & L TR L 7=, | \ | I [1koe
PLEofERZRE 2, WO B Z5 572912, x = 0.6 Ok
H¥ER & L TCFRe 2 U7-fHpkBa: Ca: Zn:Fe=04:0.6:1:14-z(1
<z<I)DEER AT T, KL, FRL7230B o X BRI CTh 5.
1200, 1250°C THERL L 7= 2= 2 D#kkl &, 1300°C THERL L7 z2=1 D
BT a-Fe,03 DERFEIZALTI L, 1300°C THEk L7z z = 1 Ok T
I W RIEAE NS S 472, X2 13 1300°C TRERY L 72 3k o B & h
MTHD., TNTORE THKAICHMETH Y, ZnW BDx =Y
—IREEDY 37045°C 2 ThHEOWELIEEE 2 H &, T OMBENEM

Magnetization (a.u.)

0 100 200 300 400 500

X ZnW RCH B & EZ26N05. Temparature (°C)
S R 2 1300°C BERKaAED BB

1) A. Collomb, J. P. Mignot; J. Magn. Magn. Mater., 69, 330 (1987).
2) G.Albance etal.; J. Appl. Phys., 11, 81 (1976).
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EuSnaPy D A RSty T 45 6 R TE Filk 5

AR, BIF-50%, BOSIERES AR, JLRE ], J e
CFBERYE, MERAE B H—, B UREAH

Maossbauer spectroscopy measurements of EuSn,P»
Takamasa Shimura, Liu Shi Gou, Masanori Matoba, Yoichi Kamihara, Shinji Kitao, and Makoto Seto
(*APPI, Keio Univ., **CSRN, Keio Univ., *** KURNS, Kyoto Univ.)

1

A EEERICERT D Z LN TE HEELEWAEIO BixTes IXREIT < TEVWERERE@) EZ R~ Z &
D OGNS TND D, BuSmaP2 OFEFHIFR TR TH Y, BIkEEL & 548, 2B R3m ThH D,
van der Waals(vdw)f&i & 2 3 2 mEB L OHNLE 7% &2 AT 5T, BiTes Ofiin & il T 2 FE A ~T. F
72, F£72, X.Gui HITXD & BEuSmP I -EETH Y, 7 Bl L Bk L CE 2D &, ZHEIINHE
P FRNART- N REMEBER TH 5 LA SN TWA D, AW TIE, LY BFIZUTV EuSnoPr it 4
Méssbauer 73 WHIET 5 Z & T, EuSmP: DE A EEZH D 2B ETH.

A&

F9, HBAE 2mgFEL 10mme DLy MRICEA L7z, 2 L THELNZFEHTR LT, B'Sm #JR
(SmF3, A%k 1.85 GBq) & '"Sn #JF(CaSn0s, AFF 740 MBq) = L C, 24 ¥'Eu & ¥Sn (2 >\ TR
JE 2 Z5b S 72 Y & Mossbauer 23 WGIE 24772 - 7. MIEERE L S'Eu l>W T 15K, 25K, 30K, 77 K, 100
K, 200K, 300 K, "°Sn{Z 2\ T 25K,30K,50K, 77K, 100K, 200K, 300 K CHIE L7=. F7=, Sohiz
Méssbauer A X7 K LIZ%F LC Mdssbauer AT Y 7 b 7 = 7 (MossWinn) & AW CREE(L 21T/ - 7=,

R oAl e 100} Sstiddiens gy KA
Mossbauer 73 VI E A F & fifAT L CH5

0.90/ R 0.95 o

0.85+ 300 K

g
=
o |
7= BIEu @ Mossbauer A7k JL(T=8~30 i 1.00} i
. — . 2 095
K)% Fig. 1 [Z7~R9. Fig. 1 #i% &, Z 090, EZ(S)
STEu @ Méssbauer A~2 /L2 2 D R=l 100
BADDHY, Btk BObHS LN 20 095
B 090 0.90
bnd. Fi2, Bl T=15~25K TA £ 055 0.85
2 100! :
7 NIV 6 DT L TWA, 19Sh D E 095/ 0.95
Mbssbauer A~<7 kUL, T=25K T2 bt p 77K
DY DAY MBI 6 D5y Moo o b e et e o @ o w
pal —7J .
Velocity (mm/sec) Velocity (mm/sec)

ZIL T\, 2oz EnE, Bt
T=25 K CMBEMEAICFIEERE L, 0L
ECNEES N E L2 LI LV XK
DEPWAELCTZEBZLND. FERIZ Sn DALY NV Bu ONERBEGZIZ L0 BAE LTBERoHTHDH L&
ZHivh. FT2, Mossbauer A7 RV AEFEEAL L2 E, PEu, "Sn & LIZIEEIK T I TR FIRENC
R LT A Y ~—37 ORI L O =25 K LT TORLE T ORGSO INA MR S -,

BE R

1) Y. Goto, Ph. D thesis (Keio Univ., 2015).
2) X.Gui, et al., ACS Cent. Sci. 5, 900 (2019).
3) R. Sakagami, et al., Mater.Sci. Tech. Jpn. 55, 72 (2018). (in Japanese)

Fig. 1 'Eu Mossbauer spectra of a sample of EuSnzPx. The dots of

cross mean observed data.
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— 4B B % BaySnywMexFern- 2x022 DYER

JREE B, Ml 1 S
(B ERE)
Synthesis of divalent-cation-substituted Ba:Snz«xMe1xFe122x022

%l:

H. Harasawa, K. Kakizaki, K. Kamishima

(Saitama Univ.)
60 |

‘ﬁ
uji

40 — —e— 300K

Ba;Sn;MeFe;002 1 S 7 v v 7 (Me2+Fe508)+ Q 7 myv 7 —e— 18K

(BazSnzFesOu) 2@ L7 N K7 =74 b CTh b, ZDOWMEDRE
PEIISORENE & SN TWD DD, D— D KRBT b~
RS & < | BERE— A > N OFIHID Bl 7 SR & Fp 5 Z &
DY ND,

AHFFE Tl BaSn,MeFe100z, D Fe**% Sn**, Me? Gt L 7=, FERE s
HTHD SN TEMRT HZ EICLY Frh& AU mEd L, Ko 70 35 0 35 70
PEDND 7 = UBEMEICE S Z L 2 8F LT,

ERAE
e (BaCOs, o-Fez0s, SNO,, MeO) % Ba: Fe: Sn: Me = 2: 12-2x:

Magnetization (emu/g)

Magnetic field (kOe)
11200°C J:;%Ek BaxSnaNiFe1002

Dix: Lo L 7% £ 5 ICFERE LT, 2006, 24 W, stk 3y PG

T EDIRA L, MRS, ZORAHE 1.0 tem? TIEK L v mixedphase ¢ single phase
B 12 mm 07 ¢ A M U, LB A =
1000~1300°C D HiPH THERL L 7=, #tidhi#iEIE Cu-Ka ##(1.5405 A)% 13000 Ve e ey ¥
FIN 295K X ARIEIFTE I (XRD) IS & 0 fHT U7, RGO MfIE 5
IRBY MR ) (VM) MR T TR A SQUID) 2 Ly g 120

TYToT, E 1200 * o oV
RRLER g

112 1200°C THERk L7 BasSnaNiFeie0z 0 18 55k 300K = 2 1150 vyw
B DRI A FAR & U CEMAE % =T, BRI mnml ; 1 )

B % — /L (Tn=430 K) T K DAL % FEO R 2 72 SOREME T -

7o FE7o. BHALEARE TN ARLLTFORECHIE L7-, ZHUT b0
H 59,300 K THIE L7 b i iX 70 kOe F TR A FIINT 25 Z
LT XD AL R A Em AR L, SORBIER TR 5 D Rk

Composition, x

2 BazSnoxNirxFe12.2¢022 DFH[X|
¥ BaSn,MeFe ,0,, ¥ BaSn,Fe,0,,

v 1

L TR Y | KE RMEER, Eho. 18K Tk, FUNRES _ ﬂ' Ix:ﬂﬂ
Wt L CRAEAS IR 5 & 5 72 25672 BSRALARIZ B M R L 72, Il s i

217 BasSnowNivnFer 20z O & 79, Me?* = NiZ Clbnk 2 . 08
IR T >1150°C THURAERT 5 = L ibhotz, £, 250 s [y *
Fe¥% Sn* Ni* T L7286, -0.1<x<1 OREPH Tl il 2 (¢ % Yot T Y 0“1
WTEB L BRbmNoT, E .

3121200°C THERK L 72 BazSnoCui+xFe12.2x022 @ X HRIEIHTX] % vy Ty ¥ I d w v
R X ORI BRI SRR L, B AR SELA 28R bR 2030 40 50 60 70
T SORERBMCEEBICIIA F2Th5 Cu L A e 20 ) ok
AEN, BERLE LTRSS 2 5B, B S UL Fers O O
Sk

X &
1) M.C. Cadéeetal.;J. Solid State Chem., 52 (1984) 302, ARETE
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Investigation of polycrystalline synthesis and thermoelectric transport
properties of SnPn layered compound EuSn;P,

Zihao LIU*, Takamasa SHIMURA*, Masanori MATOBA*,** Yoichi KAMIHARA* **

*Dep. Applied Physics and Physico-Informatics, Faculty of
Science and Technology, Keio university, Japan
**Center for Spintronics Research Network (CSRN), Keio University, Japan

1. Background * Purpose

The development of Bi>Te; based materials by Goldsmid and Douglas has been focused on the study of
thermoelectric conversion for more than 60 years. New crystal structures have been proposed.The structure of
EuSn,Pn; is common to the crystal of Bi;Tes in the presence of the layered structure, the point where the space
group is Rsm .the point with the VDW coupling, and the isolated electron pair. In this layered compound, the
thermal conductivity reduction due to the isolated electron pair is noticed.
2. Method

Made blocks of Eu by using metal file. P powder and Sn powder obtained by grinding were mixed and
milled. These operations were operated in Glove box. The obtained carbon crucible was vacuum sealed in a
quartz glass tube and heat treated. After the heat treatment.The electrical resistance R was measured from
Ohm 's law. The effect of the contact resistance was removed by four-probe technique.
3. Results

Hexagonal EuSnzP2 4-5 g was synthesized. Lattice constant a = 0.4097 nm, ¢ = 2.6157 nm. The main phase
of the obtained sample was EuSn;P», and Sn and EuSnP were found to be diffraction (Fig.1).Although the
values of the lattice constants of EuSnoP2 obtained from each sample show a close value, the difference is
0.001 nm and the difference is 0.001 nm. The statistical error is found to be considerably smaller than +
0.0001 nm, but it is found that the error is large at + 0.001 nm.This graph (Fig.2) shows that the deviation of
the lattice constant values is larger than the standard deviation.It is found that EuSn,P> is an unstoichiometric
compound whose lattice defects tend to occur and are not constant in chemical composition. Therefore, the

electrical properties of EuSn,P> may change.

T = . . . 2.618
r ‘: 1 2.617 @
2.616
2615 9
2.614 (e o]

¢ (nm)
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0.4107

%46 0] A AR DI REEEELE (2022)
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Fig.1 XRD pattern of EuSn,P;
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MgO(001) B i bk Iz 5 Mn-N D = v & %3 v Lk E

SIFER L - SR L - RPIFE T - B2 - JIJRRIER T - “ARIEG T - S0 ® - AR SE(R S ¢
(HRIRIELR, 2HBHHER, O SREER, IR

Epitaxial Growth of Mn-N Thin Films on MgO(001) Single-Crystal Substrates
Ryota Kuwayama?, Kosuke Imamura?, Mitsuru Ohtake!, Shinji Isogami?, Tetsuroh Kawai?,
Masaaki Futamoto!, Fumiyoshi Kirino®, Nobuyuki Inaba*

(*Yokohama Nat. Univ., 2NIMS, *Tokyo Univ. Arts, “Yamagata Univ.)

FLBHIZ Zib~rHrDetl (MmN, BT Y 305 cP5, Z2[ERE : Pm3m) 1%, =¥ x> vLpE Lz
FEDOTEAR T K, =8.8x10° erg/ cm?® VERE D LI B W IR ER B FEE T T2 2800, BT VX L7 78 A X
FYREDAE Y hu=7 A ST TEAICIFIE SN T DLW TH D 9. 2 T, MESKMHEE
EEIEH LT e fHEE T Mn-N EIEDNTER S, BECHREFHER ERRION TS, £, 75 AIGH
RIEZTGE, FRCANRy 2 ) U BB BAENTHD. LN LS, Ay 25 ¢ 25T
FITERR D RIGBIFRITL T L b RFEANTIIHA SN ENTE 59, Mn-N RIZB T 2 B OIS % b+
HVLERD D, AW TIE, BOEA/ Ny 2 U > 7 k% VT Mn-N iR % MgO(001) Fab gk Famk _EICER L,
JREZ Np R E B LS EE 2 LI 80, MEREEREZFEMCAN. £, SFHEIFEHETERIND
N2 23 EEEDSMIT BT, MR A RT 225 600 °C O T L &, iR BRIRE OE biT - 72,
KBRAZE BEBREZRF 73 huy - 230 F U 7HEEZ VT, 2E080.67 Pa &722 KO ITHHEE L Ar
ENDIRETAFHK T TMN &N Z Ay X $ 52 L2 3 Y MgO(001) Fak iz 40 nm &> Mn-N 5% TRk
L7z, FEMRE 2 RT~600 °C, NoZptkh% 0~10% (BEEHE#T — %) O TA b ¥ 7. #EEFEMIZIX RHEED,
XRD, XPS, AFM, WEXURHERHMIZIT AHE HIE 28 4 7z,

FEREER 400 °C ® MgO(001) Fa 12 NoAyJEEE A 0~10% CA L S5 Z LI K VW B L 72D RHEED /8 47—
% Fig. 1@D)—~(c-)IZrd. #Ar TR/ & Lz Np 3B 0% DA, Fig. 1@ 2 AR okl (7 Y 235
51 c158, ZE[HEE 1 143m) D Mn(001) Bk EL AR ST~ 5 [T/ 2 — 23841 TE Y, Mn(001)[110] || MgO(001)[100]
DFNLBIRFCTHES Mn AT B2 % X LR LTS 2 ERphoTe T A~ v T 1 -72%). N4tk
Z 3% ETHIMESES &, Fig 10-2)125RT eMnNQOOD) EEIZKHGT A EIFTNF — o NEESNLTEY,
MnsN(001)[100] | MgO(001)[100] D BEfR T Hifkish MmN A Btz (7 A~ v F 1 -8.3%). HIZ N »Ek
Z 10%F CHECT &, Fig. 1c-2)I2Rd ntE (B 7 Y 25005« 1110, ZEfHIEE : 14/mmm) @ MnsN(001)Z i) 5 O S
MBATE Y, MngNz(001)[110] || MgO(001)[100] D BEf% T Hifkidi MnsN2 I L S dv7z (B X A~ F:-0.7%) .
Fig. 1(a-3)~(c-3)iZ LRtz L CHIE
L7=14+ XRD /X% — > % 7k9. 0%, 3%, (a-1)
10%D Np 73 ELL TR LTS, %
M, o, & M FHOENGDERFTHNEL T
Y, RHEED it & —H L T\ 5.
F£77, No23EEE 0% & 3% D Tlda & &
FH, 3% & 10% D[ Tld e & n FDEHIC
BAELE. MBI, BRBEE2Z ks
ToMEFS LY N 20 b 10% LA LS T
TR L T2 ORI & SR DN T
HIRETD.
1) K. Kabara and M. Tsunoda: J. Appl.
Phys., 117, 17B512 (2015).

2) S. lIsogami, K. Masuda, and Y.
Miura: Phys. Rev. Mater., 4, 014406
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3) Y. Yasutomi, K. Ito, T. Sanai, K. Diffraction angle, 26 (deg.)
Toko, and T. Suemasu: J. Appl. Fig.1 (a-1)-(c-1) RHEED and (a-3)—(c-3) out-of-plane XRD patterns of
Phys., 115, 17A935 (2014). Mn-N films formed on MgO(001) substrates at 400 °C in the N partial

4) W. Li, R. Tanaka, T. Usami, T. Gao, pressure ratios of (a-1,a-3) 0%, (b-1,b-3) 3%, and (c-1,c-3) 10%.
T. Harumoto, Y. Nakamura, J. Shi: (a-2)—(c-2) Schematic diagrams of RHEED patterns simulated for (a-2)
Mater. Lett., 311, 131615 (2022). a-Mn, (b-2) e-MnsN and (c-2) n-MnsN; single crystals with (001) surface.
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(AY)mEdm L7/ > 2 U =7 MmN H—tEE iz i 5
HERESS S SR & RS DT MR & D FH B

P, AV I L TV =y, NGRS, EEERT
(ESZAFFEBRIEIE NE - MBI FEREA)
Co-relationship between current-driven magnetization switching and magnetic anisotropy
in a 111-oriented MnsN magnetic single layer
©S. Isogami, N. Rajamanickam, Y. Kozuka, and Y. K. Takahashi
(National Institute for Materials Science)

1. [FLHIC HiaT2hA Ml (MnsXN) 1%, B/ N FEED bR e o—% iR
ETOEREFEFR—NVNEEZRTZENOEREED TWD Y. 72, [ Uit 2 A3 2 i FeN,
7 = UREME MuN (280 T H BLRROBEERRESC A B VIEBI RN H < blEIhTERBY 20, Zh
L OEBEBSBEMMRIIAHOAEY Y b =7 ZAFMEHERM & L THIRREE > T b 99 Foif
22 ClE, TEMAL L7z 7 = U B MngN(60 nm) / Pt(4 nm)EE S AIC B W CRERBL A v #uE hv s
2 L DA A ST A 10, Lo LSRR 1L 107 Alem?2 272> T, EHMREAT
1K L HTRRE DR E EN D, & o TARIZETIE, MngN IR AE AR ELERBY R O TR B R %
ik WA LD SRS E OBRLZENZHEFF T 57 7 un—F % 4 - C, Bt EMEALERD E 72 51K
AR EORER, 108 Alem? & OERE TR DK S iz L RIS, A B AR—)L PtEoEs
L, HOEEMY N TR 2 BRIV BIR 25 H Lo THdG 15 12,

2. EEBFAE B OB, MgO(111)HfS I/ MnN (30) /Al (2) (BEEHAL : nm) & L7=. MmN
FEORECIXERLUMMEDC v 7 % bua v AR X U U 7 EE W, S E AT & B BT
IXENEI, X BREPTEE, FiE M & IRERURREE /15T 2 A 7o, MnaN B X EE i 12 (112)
G2 N2 B R L, LRSI REIZIIFE LR 2 & - 7. B it s & 25
THTD, MMM TIC T8 M HE T2 ER L, BYLKERIZIZHMNICIRTEIR VA (Qw) %, BALIRRE
RHENCIZEE R —AREZ Wiz, o=, PEROEERAL L7Z MuN > 7V 2 ER L, Fiko
FECHEZE T 7.

3. EEAER Figure 1()1%, (L1D)MEELM L7 MngN IR L, WPEDORR D 2 5D Iy &2 L= D
WRBEBIZKHS T D BE AR —NET (py) 7Ry P LD THDH. T 2T Juw DHEXHEIL 1 MA/Cm?,
2OV AL LS \ZEE Lz, £72, w7 SV AHMEIZAT 9 py OREE LV A 7V EER LT, TOREE,
Jw DR HR D14 T oy (Z MR 72 ZA LB S 4L, py(Qw=0) EEZ B &3 2t 7 &« ML L7
X DORBITIFERSE TH 7=, Ziid MmN o oo
DOREEARBED Jw (TG L TRER L7 Z & &R @ LL-MnN |(®)  001-Mn,N
29 %. Figure 1(b)i%, HEZD7=OITIER L7 011 ]
(001)HEL B DY > T AT BT B FER TH 5 A3,
WAL RITR O -7z, ZiubiE, (111)
BLIE T/ a2 ) =74k L7z MuN DRSS 1 |
DS, R T OB AR AR TH - 0 028 - i o
722 EEIRIBL TV D, GREHE CIIBEMHEED Cycles Cycles

FEMA S, MmN BE—E CRAL KRN EE 4 Fig.1 Current-driven magnetization switching in 111-oriented (a) and

001-oriented (b) MnsN films using positive and negative writing

Pry (MQ2 M)
Pxy (n2 cm)

-0.1

S 3
LHIFH AR T O TETHD. current (Jy,).
BE Bk
1) V.T.N. Huyen, et al., PRB 100, 094426 (2019). 2) S. Isogami, et al., APEX. 3, 103002 (2010). 3) S. Kokado, et al., JPSJ. 81, 024705 (2012).
4) K. Ito, et al., JAP. 116, 053912 (2014). 5) S. Isogami, et al., APEX. 10, 073005 (2017). 6) T. Hajiri, et al., APL. 115, 052403 (2019).

7) S. Isogami, et al., APL. 118, 092407 (2021). 8) M HIENH D, HARBK TS [F <) 1L, 125 (2016).  9) B B, HAARRS o [F <4 17, 89 (2022).
10) H. Bai, et al., Adv. Electron. Mater. 8, 2100772 (2021). 11) S. Isogami, et al., PRMater. 4, 014406 (2020). 12) S. Isogami, et al., AIP Adv. 11, 105314 (2021).

— 106 —



07aD - 3 A6 ARSI (2022)
B THEOBMEIC LD 7 2 U =7 R MngN LA O i) 1

Op BE T R R EEAR T
(W& - PPBMITTERERS, 2 BRIRE SRS
Tailored non-collinear magnetic structures of MnsN thin films by light elements
©S. Isogami *, M. Ohtake 2, and Y. K. Takahashi *
(* National Institute for Materials Science, 2 Yokohama National University)

1. [XLHIZ /a3 Y =T EEREEONRA RGN L E TS bR SE 7 O SRR i FE DRI
BT D70, WFENEAMTR > TE TS, BIZIE, MnsSn U1 LEGREEMER D, MnsGaN [ st
K D70 EOFERRIZ BT, BEPOIREE D BRI HIERC SR s SAL7z. MuN IR ERSRE T Z 6D
Y =THROT7 = UREMERE LTASHBND MY, Fox 1T 2 E CALL)EL A S H 72 MnaN R % (ER
L, H—BIZT1 MAIM OERERBEAZEIE LT Y. 2L/ v a ) =T RS E DL
FHERK L LTERDLNDD, ZOFEMTBGRFIHELIMNIMERE I N TV R o7 9. Lo TRBFZETITA
o bR HEERE L TREESND hARr PR — 2R (THE) OWE, X OBILOIE
FEMRAFHE ORI Z 8 LT, MM v a ) =7 EEEOMRIAZ R, ZOME, =ik HIKEE
WETRELT THE BBl SN2 LD, WRIZER ) a7 7 OB ENGFET S 2
E oo FlEE LT, FEBEILE  AUHK (B) M at WINZ D721 THRAHEIE DR E
PEEBEXICHIECE 5 2 L LR LD THRET S 9.

2. EBFE WEOBRMERIE, MgO(111) ks I/ MnuN (23) /Al (2) (BEEHAL : nm) & L7=. MmN
FEDORREICITERLOGNEDC ~ 7 hr ANy 2 U U 7GR W, BiESEER A2 mm Y1 X2 h
> b L, THE 8 X OB OIREERFEORIEITZIZE4, PPMS 35X O MPMS & %2 W T o7,
EREIXEEND 5K £TE L. IR L7z B OEESHNIFHFER G 7 7 A~ Rt mbrikdE 2 AV TIT
ST, FESREGIRNTIC T XA E A V.

3. EEEERE Figure 1@ IR T BEMAR I, WIEIRE 300 K (2351) 5 THE O ERSGIKFE %
JRY. 22T THE AriEA— L lRE 2 (Total) 75, BER—AGEIZE D% (AHE) %7
LB AEICARYS 5. FRl /s S 2085355 oH, ~ 0.1 T U145 C THE DR B — 7 &2~ 32 &
5, (U)mkdm MmN EREIZBIT 2 2 v a7 7 RIS, BRTZETHH Z LT
Figure 1(b)iZ THE k> D AHE Fr i3 2 e 2 AEIR IS LT m v b L7k R Z2R" 3. IREEDME
T DICONBAITHEKRL, 1EELICET LR, ZUTA1)EM MuN iK% ) a7 T ) —
TS A 1 O 22 E ME MR © L v BRFE{L L
boltEZLND., SHIIBERK21at%
WU 72356018, FEO A R fEi I D T
—RRICIRS 5 2 &3l o 7. Zhix B O
INZKE LT, A B OFERHL E BFRIFHERE L 72
Do H, AR < ZZHFEBIRE A B AR S
Nicbo LRI NS, BIHS TIE, HiZ(110)
B S V7S E OFRERZ I L7226, B ol
EE B EET D EToitHE (B) Ok - ol
HEiEim T 5. 2 1 0 1 2 0 100 200 300
BETh HoH; (T) T (K)

1) Y. Takeuchi, et al., Nat. Mater. 20, 1364 (2021).
2) T. Hajiri, et al., APL. 115, 052403 (2019).
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Fig.1 (a,b) Extraction of the anomalous and topological Hall resistivity from
3) {4 Z 1 S. Isogami, et al., PRMater. 4, 014406 (2020). thfe ttcr’]ta' i'a”slv erse IHa: rﬁs's“v'?'t (gxy) (@ fﬂg/ terﬂﬁirat”tr.e M sepindert'f]e
4)'S. Isogami, et al., AIP Adv. 11, 105314 (2021). of the topological Hall amplitude (o, ™/ py™™ ratio) (b) for the
5) M. Uhl, et al., PRB. 55, 2995 (1997) (111)-oriented MnsN films with B-doping, where the ordinary Hall
6) S. Isogami, et al., JAP. 131, 073904 (2022). resistivity was subtracted.
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MnaN BRI Z351F 2 N YA b D B JF1-12 & 2 E 5y B e T ferE:

AR e AR - BPE ARt - BRI T2 R
(MBEER, 2P BErE)

Possibility of N Site Replacement with B Atom in MnsN Single-Crystal Thin Film
Kosuke Imamural, Yuta Nakamura?, Shota Noro?, Shinji Isogami? and Mitsuru Ohtake!
(*Yokohama Nat. Univ., 2NIMS)

[ZFL®HIZ MnuN #5L, HRE2 b THREMGETMEZ R, BEEOBERENRE N L2805, A o=
7 A T ASOISNCIENT CTER ST05 19, MuN 13 Mn O foe B FORUEEIC N AMRA LTz L1 Bk
DT VR € fH, 71 M2 A7 FaN, ZEWHRE : Pm3m) T, ANED Mn 2ot CEEHS Z LNTRETH
D, ZIET, Co, Ni, Zn, Ga, GeZeX CEHLL, FMEHEAT T TS 9. FoxlIN Y1 Ml CRERLD "TREM:
EBERDT-DOIC, BIt#EDHH N EFEORFYETHS BITZER L2, Mn & B O3 054 T, BALE
M EEOAFHERTREME AR g™ Hagg RIOEIHNCTH D DD, ZEEfE LT L1 D MnB 72 /LA OW T
ESNTURV. —F, 2~ OESTEIRINOE] & LT FegN, ~D C HIZR EBRAA SN TND Z 2235 ), MN 12
TR AE TN YA hO—% B ICEHTE HAfReMA 0 5. £ Z TARIFETIE, MnN ~D B IIINC L s A
JRIEDZ b & W 5- 2 DB AT~ =

EEBRAEZ BEEL~I R oy s 20X YRR Y, ArE N DIRAT AT TMNBLOB #—4#y Mo
Iy ZF%5 2 T, MgO00L)ZAR 2 30 nm JED Mn-B-N A TERK LTz, ZdD & X, Mn Z—%" > MZxId % DC # A
B LA IZx 32 NoiiteErblY, 2 MnyN OFEDMER TE 72 30W BLTU30% & L, —F5, B ¥—47 > M
Z.% RF &)X 0~60 W DT X872, L S OBERZHIH] Lo OBIRIFES L OSSR ER [ L S5 72018, Hii
TR 250 °C TR AT To 72, 450 °C % CHIE LT 1 BB A fi L7-. SIRICmEIRE, 2 nm B Al f#fE %
TERK LTz, FEERHIIZ XRD, XPS, ICP-OES, AFM, WEURHHERHIIZIZ VSM, L7 i67)5H, AHE JIELREE A V-,

RERER 060 W TBX¥ 7y haa v L, BIWIIEZZLIETWTIOHAIZHWTY, L iEE SOl
TEH R /URELTCNDZ EEMERL, ICP M CGHl L 7= B #kttiZ 0~854at. % TH-7z. 0, 30, 60W &
L7258 DIED B 1s DYtEE - AT MVZ Fig 1@IT~ . #AICB 2MFHEL, N ORDOVIZB 23 Mn EfEE LTS T
LETRT I BRERTED. 5, DO BIIN EFEELTNAZ ERDN5. £ LT, B-Mn & BN fEEOEIEI,
30 & 60W DIETIHHE L THY, BIRNMEDVDZRNEEIL B-Mn fEEIMEEATH Y, B INIED I 5 & EVATRAAE 2
72BIEIN EHEALTLE D ZEAVRRENS. Fig 1(0)IC AHE L—7%757. B ZRINLIZEAICRN TS, 2085%%
HLOD, FHERKESMAFSITND 2 EDDD35. Fig 1O Ky &2y, BIRINCE Y KV Lol LT 2 &
DYIND. ARZEZ LY, MUNREECIRIT D N YA RO B JFEAZ L DER B AIREME N IR RSN, £, IE
DOFIFE & 0 FERG IS EORERF ATRECH D = L AVRENT-.

107

Z  Zl-e0w » -60 W
_ (@) B1s & = aow ? 10-(b) -30W o ©
- Q- ow = - ow a2 c
=] 2 L o [
g \\/“ &€ /W”’" 2D 100 o
) = : P = °
> u rg 0 S X
= W/\ == gf) S
(%2}
I <
LU L < I 10t
200 195 190 185 -20 -10 O 10 20 0 30 60
Binding energy (eV) Magnetic field, H, (kOe) RF power for B target (W)
Fig.1 (a) XPS spectra of B 15, (b) AHE loops, and (c) K, measured for single-crystal Mns(N,B) films.
1) K. Kabara and M. Tsunoda: J. Appl. Phys., 117, 17B512 (2015?.
2) Y. Yasutomi, K. Ito, T. Sanai, K. Toko, and T. Suemasu: J. Appl. Phys., 115, 17A935 (2014).
3) X. Shen, A. Chikamatsu, K. Shigematsu, Y. Hirose, T. Fukumura, and T. Hase%a_lwa: Appl. Phys. Lett., 105, 072410 (2014).
4) W. Li, R. Tanaka, T. Usami, T. Gao, T. Harumoto, Y. Nakamura, and J. Shi: Mater. Lett., 311, 131615 (2021).
5) S.Isogami, M. Ohtake, and Y. K. Takahashi: J. Appl. Phys., 131, 073904 (202@. .
6) K. Takenaka, M. Ichigo, T. Hamada, A. Ozawa, T. Shibayama, T. Inagaki, and K. Asano: Sci. Tech. Adv. Mater., 15, 1 (2014).
7) M. Tobise, Y. Nomura, M. Kodama, T. Murakami, and S. Saito: IEEE Trans. Magn., 1 (12022g [in press&.
8) T. Ono, N. Kikuchi, S. Okamoto, O. Kitakami, and T. Shimatsu: Appl. Phys. Express, 11, 033002 (2018).

— 108 —



07aD -5 46 0] HAKFES R TEE  (2022)
T E R I 2 797 (001) e ) L 72 MnuN 2548 Al il O 21k

R s AADEA T - BERAR T - BRI 2 RITE T
(MBRIEREDR, 2P ts)

Preparation of (001)-Oriented Mn4N Poly-Crystalline Thin Film with Perpendicular Magnetic Anisotropy
Yuta Nakamura?, Kosuke Imamural, Shota Noro?!, Shinji Isogami?, Mitsuru Ohtake?
(*Yokohama Nat. Univ., 2NIMS)

[FLOHIS MnN FERRIHRS TR ICER L CRERKEFENFEELL (K = 8.8x10° erglem®) Y, fafnfigik s/
&< (Ms=110emu/em3) D, $£7-, BEBEOBENHEEINEVY (900 m/s) D2 &b, A ha=7 ZBEEO X
TURA ML=V ~OIEHICHT THERESNTWD. ZHE TOMFFETIE, (001)EHRE 5 E FI2 MngN HifE
Pl E T E XX U URE SETWAHENEZN Y9, AL RGHO DTS EmEEZ R T2 2 b E
FETHDHMN, MnO THiE Bz T 2SS » 903ENCH B2 T, MBI RIZET 28I+
AT TR, ARIFFETIE, BAER{L Si Fohk LI RR L 72 (001) mikd i o MgO FHbE i, MwEEMA R
PEA T MuN 25 ERZ TR T 5 2 & 2l Tz,

REHE BIERICIIDCIRF =7 % b 28y 2 Y v
7 E = T BARAE ST AR B2 3nm JED Ta v — RE
BLO10nm ED MgO THiJg 2k L7=. KIZ, Ar & N
DORA T AFHEAT (£JF : 0.27Pa, Np /3t @ 35%) T
Mn & —75"y KAy 25252 L1280 22 nmED Mn-N
B TR Lz, fef2lZ, 3 nmJED MgO ¥ v v 7@ % JEhk

Ui, BRSO AR ITRIR L L, £0%, 250~450°C 49 EE— =
DM O—ERE TEULBLZ 6 L 7o, MiEiEmici XRD, Diffraction angle, 26 (deg.)

XPS, AFM, WK URIEEEMICIT AHE BIEERE 2 Hu -, Fig. 1 Out-of-plane XRD pattern of Mn-N film
annealed at 450 °C.
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Fig. 112 450 °C CEULHEL L 7= Mn-N £ XRD /3% — > % f3l]
ELTORT. B E THIED S O Si(004)F L Y MgO(002)
BTN 2T, MnaN(OO2)IS S R B TW D Z & 3o ind.
Fig. 2 (CIZEVLERRT (as depo.) & 250~450 °C T“%fﬂﬂf?éb
7D AHE V— 7 %R, BVLBEE S EH3 512
RS EATIOBERPRBO LN LD, MuyN %H%@
(OO mEAELFMENMEE L b D EEZLND.
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Anomalous Hall resistivity, p,,, (1Qcm)
o
[

i o 400°C = 250°C
1) K. Kabara and M. Tsunoda: J. Appl. Phys., 117, 17B512 (2015). - ‘ ‘ : 35°‘°C ° As'fep"'
2) T. Gushi, M. J. Klug, J. P. Garcia, S. Ghosh, J. P. Attané, < 0 o 10 20
H. Okuno, O. Fruchart, J. Vogel, T. Suemasu, S. Pizzini, and Magnetic field, H, (kOe)

L. Vila: Nano Lett., 19, 8716 (2019).
3) S. Nakagawa and M. Naoe: J. Appl. Phys., 75, 6568 (1994).
4) Y. Yasutomi, K. Ito, T. Sanai, K. Toko, and T. Suemasu: J.
Appl. Phys., 115, 17A935 (2014).
5) S. Isogami, K. Masuda, and Y. Miura: Phys. Rev. Mater., 4, 014406 (2020).
6) X. Shen, A. Chikamatsu, K. Shigematsu, Y. Hirose, T. Fukumura, and T. Hasegawa: Appl. Phys. Lett., 105, 072410 (2014).
7) K. -M. Ching, W. -D. Chang, and T. -S. Chin: J. Alloys Compd., 222, 184 (1995).
8) W. Li, R. Tanaka, T. Usami, T. Gao, T. Harumoto, Y. Nakamura, and J. Shi: Mater. Lett., 311, 131615 (2021).

Fig. 2 Anomalous Hall resistivity loops of Mn-N
films annealed at different temperatures.
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Frustrated magnetic skyrmions: from two dimensions to three dimensions

X. Zhang', J. Xia', O. A. Tretiakov?, H. T. Diep®, J. Yang*, G. P. Zhao®, M. Ezawa®, Y. Zhou' and X. Liu*
! Department of Electrical and Computer Engineering, Shinshu University, Nagano, Japan
2 School of Physics, The University of New South Wales, Australia
® Laboratoire de Physique Théorique et Modélisation, CY Cergy Paris Université, France
* State Key Laboratory for Mesoscopic Physics, School of Physics, Peking University, China
® College of Physics and Electronic Engineering, Sichuan Normal University, China
® Department of Applied Physics, The University of Tokyo, Tokyo, Japan
'School of Science and Engineering, The Chinese University of Hong Kong (Shenzhen), China

Skyrmions are typical topological spin textures that can be stabilized in frustrated magnetic systems with competing
exchange interactions [1-3]. They have multiple degrees of freedom, which could be manipulated by external driving
forces and thus, may lead to novel applications, such as the helicity-based information processing. Therefore, it is
important to understand the fundamental physical properties of frustrated skyrmions and to explore their potential
applications. In this talk, 1 will first briefly introduce topological spin textures in magnetic systems [4]. | will then talk
about the static and dynamic properties of isolated skyrmions in a magnetic monolayer with frustrated exchange
interactions [3]. | will focus on the discussion of the dynamic behaviors of isolated skyrmions driven by spin torques,
including linear motion and circular motion. Besides, | will discuss the current-induced bifurcation of a
three-dimensional skyrmion string in a frustrated multilayer system [5]. | will show that three types of bifurcations
could be realized by applying different current injection geometries, which lead to the transformation from I-shaped
topological skyrmion strings to Y-, X-, and O-shaped ones. Finally, at the end of the talk, | will share some views on
possible future directions for the study of topological spin textures, which are not limited to the frustrated magnetic
systems.

References

1) A. O. Leonov and M. Mostovoy, Nat. Commun. 6, 8275 (2015).
2) S.-Z. Linand S. Hayami, Phys. Rev. B 93, 064430 (2016).

3) X. Zhangetal., Nat. Commun. 8, 1717 (2017).

4) X. Zhang et al., J. Phys. Condens. Matter 32, 143001 (2020).

5) J. Xiaetal.,, Phys. Rev. B 105, 214402 (2022).
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Fig. 1: Different types of two-dimensional (2D) and three-dimensional (3D) topological spin textures, including
skyrmion, bimeron, skyrmionium, bimeronium, skyrmion string, bimeron string, and bifurcated skyrmion string.
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Numerical study on the helical magnetic structure in frustrate magnets
J. Kaneta, J. Ohe
(Toho Univ.)

3

IXC®IT
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WAL RS ORI 27, BRIV T, AR Y h
JAZZE TR R U AL S (3R S 3, & 2 B IcE

VT, RBIBRREMERREIC /2 B, MBSBRRICE VLTI, i 0.4 .
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B < ORBIBES IS BV TIRERALAEE 1S e B, — 07, R T 0 . . |

T AN L= g B D R E R AL S T o ik R & 0.00 0.01 002 003 004
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1) M. Mito et al., Phys. Rev. B 97, 024408 (2018). B(T)

Fig.2 Magnetization curves of helical magnetization

structures due to magnetic frustration.
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Topological charge control of structure in frustrated magnets
M. Miyata, G. Tatara® and J. Ohe
( Toho Univ., *RIKEN CEMS )
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2] ZOMFEE NRO AN T 7 7T =R EMES, R TIE, MR YOV T 7 T 7 —hROH%)
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2, ARBEICBWT, AT —I AU EENRARIZR DR NRC, AN —I A UHEENENLTLE S RIC
BWTOHREDORRZ T~

LLG FRER A FAEAIAE < 7212 4 IR D Runge-Kutta 5% 7o, FEEIRREIIRULD T o & LIRREN S D
AR ZFA L TR, PRr Y ALTF ¥ —UNROPITT o F M50 LIZHEREIRRED A T — I A 1
AR EE RS Lz s i, —HOAD N Re P INT ¥ —VEFFOAD—I A TR Ra Uik
7 I T ROFEBEEZT, EO MR AT ¥ —DILAL v F U TTH T ERDnoTz,

Fio, MY AINYT 7 T T N ROBRERFEEZR ST, 77 A ML —va VR TOBKAT—IA
VX 30K R CHIET S (Fig.l), REOMEZ 1=0.4X107° Tm* & L7z & & O RETHRER] & I5E ORfFE %
Fig2 l[Z/R L7z, C/ColIHIHMRIEL RRE D AN —I AL D AR Y INTF ¥ =V DOEEREL TN D, AT
— XA UPREICE S TEEZ ) FHHLTH bR Y AF v —VaHIHTE, &HICAD— I 4
DENDHEE TS, PR ILF ¥ —VHEKITRBLATHETE 2 Z LB LN o7,

FHRSORER . ABFEOIS RS ORI DWW CIEGERIC THRET 5.

C/Co
Iy z 100 7
. ‘, 05 80 6
: M, % 60 :
05 ‘g 4
p » & 40
: : . g .
T =10 [K] T =20 [K] T =30[K] B b
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Fig.1 Temperature dependence of the skyrmion structure. Fig.2 Temperature dependence of the control of the

topological charge by using the light intensity (L=0.4 x
10-18 Tm2). C/Co represents the ratio of the topological
charge between t=0 and after the pulse field is applied.

[1] T. Okubo, S. Chung, and H. Kawarura, Phys. Rev. Lett. 108, 017206 (2012)
[2] K. Taguchi, J. Ohe, and G. Tatara Phys. Rev. Lett. 109, 127204 (2012)
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Asymmetric cellular-automaton for straintronics
T. Wakabayashi, M. Goto*, Y. Suzuki*, and H. Nomura*
(Osaka Univ., *CSRN Osaka)

MQCA (magnetic quantum cellular automata) & 1, KB BE/ER LTS T/ Ky b OEEFIZ T
OFEE - BB AE AT O R T ThH L, A= XX OB DEER U TE Y . NAND/NOR FHBh s
— FRVT P VRZ R ENRERINTHD Y, ITF, 2O MQCAICEAZHINT 5 Z & THE¢5 2 b
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FNET DT NA ADBHBNAREL 72D, LoxL, MQCA ZEIZ LV BB T 2356, HERDINBRES B
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J Ry FEHWD Z & T, HEROEBEIF M OFIEZRATz, ZHETICT /7 By Ml OBIRITIRE LML
FERFEINENT D Z ERALN L RTINS Y, £ TAIFREIL, ~Af/ua~IFxT 4 v/ Ial—H
(MuMax3 )% Fvy, FERIFRIR DT Ry hEHWTEA R LA v ha =2 XT84 22 X0 1FROBIITH
DRI ATRE R R T2 RETH LA AME L,

@Iy Iz b—vavitHWEzTF 2 Ky hoBk%E .
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FT, —HAPLDIEROEELZZITROT < L>TNDHZ LA asymmetric nanomagnet and (b)
HEMNERole, AFEEZHNDZ LT, AFbArbr=27 MQCA wire with asymmetric
AT A AR T b IFROARI T 7 Z I FTHE & 72 5, nanomagnets.
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Fig.2 Magnetization state of initial state with binary state of (a) (0, 0, 1) and (b) (1, 0, 0).
Simulation results. (c), (d) Relaxed magnetization state under an uniform magnetic field and
strain with initial state of (a) and (b), respectively.

&R

1) H.Nomuraetal., Appl. Phys. Express 10, 123004 (2017).
2) N.D'Souza et al., Nano letters 16, 1069 (2016).

3) J.Lietal. AIP Advances 11, 045010 (2021).

4)  Vansteenkiste et al., AIP Adv. 4, 107133 (2014).
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Fundamental Research for Magneto-Optical Recording and
Combined Application System of Magnetics and Optics
K. Nakagawa
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Study on spin-related properties in magnetic nanostructures
Teruo Ono
(Institute for Chemical Research, Kyoto University)

GRS ERHSIC TEHERBEZW-EEH N E ) T8 WET, ITAOHEESTTOT, B0
DOEBEIRVIEY 2B OBIEOM R EBICEb L BnET,

X, AT TOBERBESIEPT (GMR) 2S5 A SN EAIC, FEHERZOF EEM A DO E
TR CRBE SNE Lz, Hx B 2R T ALK T2 ER-R LML BT 2 &0 5 BGEICH
HIZER T L7z, BT, YT L —F OBPTE L TV b RS IRET R A T 7eiRE & L
THZLNELER, &< MU RUVBRETIRIIE O EEA T L, R ORIEKE IO KIBE N
4 FAEORHZBEIZ =R TE% OZAL 2 S TW T L, OB LR SCUTIEREEO 720 1V Rtk % 72
CEAWRTZEDE/ o TLENE LT,

R L 72 TEH S Lz, FELREND SIERICIEZEL Z LRI L L E WS Z &[NV, £
D TR L Si R FIC N TAESFZER L T3 kT2 2 L 2B L E L AFREinEdH v £ L7,
72 0 & BRI LHAR =0 N TS+ DFpE 72 GMR W R TR A TS T 5 2 E 3R E L72[1], FACHiE
BOWNTZEMNEBWETR, FELENS, BETHbT-oMNn Lz td;nsbin, F /A4 veF/
Ry FafEo THRTEWEEZE L, MK EADNNE — U ZER L TEZESAMIREZ— &2 DT = TR
=72 & . U7 AT CREMERIZITWE L, TOHO—2%F|H LT GMR 20 F CTriEED Ak & BB #)
Ot AET S Z N TEE LR

BEISFRBARFO T Bkl AW EDOBE L U TERA W WS, FrEeA o SaEEk T ek
DORENE EARE | DA E D | BTS2 6 > 72 AR A 2B R OGN TIZER Y Mlie 2 L1272 0 F LTz,
HREAEOH LTI f 2 ET o RFE LI AEREZEDL Z ENTE X Lz, BRI RE L4 - 72
BRI TIZII R T T 4 TREROFT NS o Lotz Dz & TR, T & i EHER ORI E %
Wesr LT, BB ENOZ DBBIERCHAMNBR T OMKa T 2 RO 0452 LN TEE LR34, <
D%, RIRKZFOIE — BRI AE DO FER TRIEEIC ARV | BRECHA 2 7 72 EOE—Fe A v Uil b mil
B O BEAMEHOIE 21TV E L72[5,6].
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Microstructure control for magnetic thin films with high functionality
Y.K. Takahashi
(National Institute for Materials Science)
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% < ORBEMERITZE OWPERETET T < BAIERR I 5R <AKAFT D ORI 72 & OB BUR &S R 7 84 2 L L TH
BWIRNT A =2 L LTSN TWD, £D X9 727 31 20 @tEReblcid, ik z s H#d 2 081 H 5, 2

T FABED AT ETeN— R T 4 227 74 7HDD)DOET o A MEERGEER O FePt I3 1 OHTHUK AREA D
BAZEIZ DWW TR LT2uy,

B7 R+ FePt IR ERIEADMERFHEMEIIFTIIR

2008 R (2 2 A FUTSEBET CTR%E LTz FePt 77 = = 7 —@HR[111E, 2 D% A — I —O¥5 172 SLRLAFZEN D |
2020 4 12 AZ Seagate N L2 RH Uz, FEA(LICITEEME FHUE OBH% (2], MR OEH[3], mNe A7 U v
ADARH[4], B OEE E D% < @u% BEERZTRBY ., TNENOFEICR U T2 S ERHER 72880 & Bk e
LT/, 4Thit/in2 ZEH 4 57-HI121L. 4nm DR+ A X « 5 nm ORiFREIEEECR R FE OIEIX 1 nm) D FePt fi+ %

A XH 1% LN T ﬁ%lJﬁI]Lthﬂ%ﬂ%é‘k& EWVEBEREERS M L STV D, 2O LoV OB, Fx omik e
TR HE SN2 u)zxﬁ%]%% IR B TES, T RFEEFIH LSRR 2D T B [5],

WAL RE A FRT D 7-DICEHE R NRTA—F L LTHA IR o5, STT-MRAM Tlt., BMbRESETRN & v
VL SNRIET D72, E ORISR IRIICHED BTV 5, FePt ERGEEIAICB W TEH, BT % Mzmuaﬁ@rﬁ%
DORHACZAEB N TE L, LEREROT R F—T 2 X N CEIRICBCRE S5 12D OM BRI RIS 2 5,
C OMBRREIOBRIC MBI R D DONE B T Th D, FePt O X 9 ICE W R ITIE 2 EropBHT # 00 SRREME e 5 5 553
BT THzIZ72 5720 4 t"‘/ﬁ“éﬂ?{ﬂﬁ@f:&)@@ﬂ:ﬁ%v‘ R 7 APTE IR RS S I — 2 R(TRMOKE) % v %
TRMOKE (3#: Y & LPE D745 3 Y B8 %/71»@43%1547% EXVIHLT A MENDH D, FePt DX 5 ICE GRS
Wf‘/7‘w®b%é.\ WEUCIC LB RSB IEFIZE VY, Tz 12 TRMOKE OICBEYE < 7 % v &AL THRESE
FRCOMIE & AfEelc L7z [6],

T ¥ — 7 VA MERREEFT R E LT, HRMFHERIEEN T 55, GdFeCo 72 8D 7 = U R TIx v
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WMETHD Z ERDI> TS, HIEHEGFER LK ERE HDD Hiffi & U ST 31213 v 7 A0 A CTORMV RN &
HTHD, T I T, W lIsWiEd %2 MO B KRR O W EIZIR Y ATV 5, GdFeCo/Ru/CoPt @ 3 BIFIZHU
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BN 2 Z E BB BN 72[7],
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O MR MR SHRIZ DUV TR L7,
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Preparation of Si/glass film/Nd-Fe-B film applied to MEMS
K. Higuchi*, I. Fukuda, A. Yamashita, T. Yanai, M. Nakano, and H. Fukunaga (Nagasaki Univ.)
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~A I A BERREER « NIVN Y NER)DBFRE TH A FEP M LR, L LR s, 7 A THifE%
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VX I AT T AL WS T FER E OB OB % DDA S Tz,

K*mf , BB Nd &h &L i, EnEH%%Dﬁ7XTt&E () DEEERLZ O FEE 3

E D ﬁ%*ﬁnﬂ, BREFED R EE2 K-> 7D THET 5,

%5&3&

9 6.5 rpm Tlrlfis S W 72AARAT T A(S1111)%° NdpoFeB 54 & W o 7o % —4 w MZ, 3 E 355 nm @ Nd :
YAG L—H—%ME L, ¥—4 v FEERBESZ 10 mm & U< HRBREEA & Si ik bic 7 2 Fiig &
Wp B bk % 7o )R (RRERERR]) CERE L 7o, BIRIER DALY B 7 7 AMEE LA Loz, FEH 4.0
s (&) TV ABVLHEZ i L7-%%, HUNBZR 7T O ZEMEITY, RREIBR 25T b & VSM T
R E 2R L7z, BRI T~A 7 v A —%, #ki% SEM-EDX THlE L7z,

EREREEBE

M 1IZH T ATHE (FT AR % Nd-Fe-B BA (Y 7 AME:12~114 um JE, B 15~60um JE)D
) R OBIfRZ RS, 2 ZCIRERE1E, (BT RAEDER) | BAREOER) TH5H, NdHHE
14.5~16.5 at.% & L7-B%, BEEL:2 DLF OFPHIZIH VT, 500 KA/Mm 28 2 DB 33 B L, 1R Ei
mﬁ?xﬁmm&@ﬁﬁ®ﬁg%g<ﬁéz&ﬁﬁ@f&ékb#oto:@ﬁ%@ﬁbwfﬁ:XAm
SEDOMFTRETH 5, 2 \ZEE O~ A 7 v E A e U 72 50RHA b RSEER Tl © K X 70 PRI 2 15 72 50k}
@JH»~7%T¢ Lﬁ@ﬁfwu% Nd & A BEXEVLE G LR T 55T, MRFHENSETE -,

AU EE LT, 7 AL BABROBELA, BRFFER Eioxt LEE/R /T 2= D—2Th 5 FN
/ﬂé&énf:o A7 ATHE () 1%, OBZAMEE Si %*ﬁf’%ﬁé&éﬁﬂ IRREREU AL 5 S J1 DFEFNRC@Si Fobk
LTCoO~A 7 aBFWERICTDE NS EERH L51%, O-QuED, MEMIIHHFTILERD D,
ZEZ R [1] A. Yamashita et al., IEEE TRANSACTIONS ON MAGNETICS, 53, #2100104 (2017).

[2] D. Han et al., IEEE MAGNETICS LETTERS, 11, #8103804 (2020).
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Fig. 1 Coercivity of samples as a function of thickness ratio.

Fig. 2 Comparison of J-H loops of two samples.
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Study of detection coil of magnetic field generator for magnetic particle imaging
A.Furukawa, S.Seino, T.Nakagawa
(Graduate school of Engineering, Osaka University)
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WA, EE IR SR T/ B 2 BB LT DRERRL A A= 715 (LR MPL) 2387 LW EE g2
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EBAE
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DR, (DTEBEMSHIZ LD ) A X KR S M, ()13 N Z JLR S 286K, (d)i SINZm L
SHBIERTHD. REBRICHNZHRE =4 /WL 3320 5% L, RiESIREIRHESEEICB VTR 5.6
KA/m, BHAEIEH013T/Im TH5DH. FL—Hik
200 uL @ Ferucarbotran D& EES (LT FeM)
AWz, Figl oA AR E L, 20 mm 2>
% 80 mm DOHiPHIZ 5 mm [HIE T FcM Z B8 S+,
FALEIZINT 10 [BIEETT- 7.

EEREER
BHNTFERO—H % Fig.2 1277, FEHRIL FecM
BB LTS AEORT — X O OHBE R L,
WAL FCM Z 3% L2 WA O 2R T. ()
WCBW TR LD /A AR KE S L

FROEMTE L EHR LRV, (D)IZBWT, / o
ARERPSED 2 LTI, (@ITHAE Fig.1 Configuration diagram of system
BROREDMEH L TV 5. ©ICBWT, Bitiaa
IV 2 AN ERTE U 7o 7o O RTRERER AN AR L € LOX 100 -
l/\%:)7ﬁ, IEE%@/I) ?/Eo_ﬁf\/Xﬁ§J:5tE'|‘L, i;’ﬁ%@ “'"E:§Control —-83 Control
FENMETLTWS. (d)IZBWT, SIN Ak o 10x107L " © @
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= 1.0%10%L
2D N 2 :
1) S. Choi et al. Sci. rep. 10, 11833 (2020). P
2) Zheng, B. et al. Theranostics 6(3), 291 (2016). Position of FeM [mm]

Fig.2 Magnetization signal of FcM at each position
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Effect of partial substitution of Zn for Cu on magnetostrictive properties of CusC0osFe204
K. Fujiwara, S. Kosugi, S. Fujieda, S. Seino, T. Nakagawa
(Graduate School of Engineering, Osaka Univ.)
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A, BEMBIOIEBREST 7 F 22— 2 ~OIGHAMENTERIL L TWD, LA E R EED
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WEOEmT 5, 2E0, EOZDIZRLEZ x = 00

(CugsCoosFe204) & AERIZ x = 0.1 IZB W TRDBENAEL 100
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Fig. 1 X-ray diffraction patterns of
ZnyCuUo5xC0p5Fe204 with x = 0.0 and 0.1.
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1) R. M. Bozorth, et al., Phys. Rev. 99 (1955) 1788. -20 -10 0 10 20
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277. Fig. 2 Magnetic field dependence of strain
3) P. N.Anantharamaiah, et al., Mater. Sci. Eng. B 266 (2021) AL/L of ZnxCuosxCoosFe04 with x = 0.0
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Pulse-width dependence of spin-orbit torque switching in D019-Mn3Sn/Pt thin films
Yuta Kobayashi!, Yoichi Shiota!, Hideki Narita!, Teruo Ono'?, and Takahiro Moriyama'?3
('ICR, Kyoto Univ., 2CSRN, Kyoto Univ., *PRESTO, JST)
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(2 T ARG % DT T RRE T 2OV RIS T 2 R — /HRFLDO (LA ) < DD 2L AR 1, (12D T
7€ L7=(Fig. 1 (a)),
EBRiEE
Fig. 1 OIZHIERE R 2 /RT, 7OV AERIIKFE L THIEZRE AT U UV ARR LN TS, R ER
£l ivicar @ In(ty W HKTT D7 1 > b % Fig] (IR s lpivica 1T In(ty/ WK L TRIEICEL LTV D, =
FUIAE Y VT BALIKHERINBAIIC T VA RSN TWD Z EZRBT D HDTH D, Heopipicq PHEE > HEL
LEFEE A =133.7£03 300 K) & 137=, T AuiX#RI A 7o sfBarE (R 2 72 SOT WAL KR T /3 A A DBV TEFR
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Figure 1 (a) Schematic illustration of the SOT switching measurement set up. The purple arrows represent the
ferroic ordering of a magnetic octupole. (b) The constant background subtracted transverse resistance Ryan-Roftset S a
function of Ipuse with £, = 1 ms, 100 ps and 10 ps. In-plane magnetic field and measurement temperature were set to 1 T
and 300 K, respectively. (¢) Leiical as a function of In(#, /to) with Hy =1 T at 300 K. 1/#1s an intrinsic attempt frequency

assumed to be # = 1 ns just for the form’s sake.
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[1] T. Tsai et al., Nature 580, 608 (2020). [2] Y. Takeuchi et al., Nat. Mater. 20, 1364 (2021). [3] W. Liao et al., Appl.
Phys. Lett. 117, 182402 (2020).
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Dependence of magnetic properties on Ga composition for fcc - Fe;MnGay alloys
HAEBREREL, OfEx RFEHE (M2), Bz, LHEHR
Tohoku Gakuin Univ., oY. Sasaki (M2) , T. Shima and M. Doi

[#% = Introduction]

D0y, & Mn RAFEFCIXE OB FPERC B ORI ) DS HERE STV D A, AKARGA & L Tix
FIFIREALAMEN 2 &SR TH B PL M58 Tl bee & FeoMnGa (2B W T, fafnféfb M, =
24.0 emu/g LK<, KEREBES) Ho ~ 0 kOe EHER SN TS, FeoMnGa £V Ga 28U v F D
Fe; sMnGa, 5 (2B CTHBEMENZZE L, bee & fec DIRAAMDHERS S 7228, #9 3 5 0 fafimiit M=
81.2 emu/g Z/~ L7z, LLABAMEE L HT 25258 THD FeoMnGa A&l BV Tk 115
emu/g & FEAFIBAE NS STV AHEL KAFFE T, fec 58 Fe;MnGa B4: 0 Ga OFLALE % 2
fEE® 5 Z LI L HERBERL LOF OBREOEILETHRDL L2 BN ET 5,

[ 52%% /57% Experimental ]

ESL L 72308BHE FeoMnGay (x =05~ 1.5)Th D, 7— 7 EfIF 2 T, Ar T AFFAK T CE
JEfE 7.0x10° Pa LA F CAAMNYE —I107/2 5 L) ICKE 5 BT Ho T — 2/ it 217 - 7=, BB Fe
(4N). Mn (5N), Ga (6N)Z il L7, B@z R L-%, ¥4 YEL FOTV THhRLL, Bz
£ 7.0x10°Pa LA F CEZEE AL, ~ v 7UF & AW CEVLER (T, = 850 °C, 1000 °C, ¢ = 24h)%
TV, ~ Y ZVFENLED H L7 %ICam Lic, SRR, RO 2 =1L —580 X
FEEE (EDX). G s 2 X AR AT EEE (XRD), BERURAE &2 P BRI E 25 & (PPMS — VSM),
¥ o U —iRE A IREV GBI ) # (VSM) THIE L FEi 217 - 72,

[ 5 5 Results]

EDX |2 X 2 AR HTIC B W TR U 72 &30k 2 5 @ T CHIIE L 7B D 2 R L7 /s 5
ETOREHIB W TRATHE%UNICI D 725k 2R EICHEHA Lz, XRD OfERNG, & T
DOFEHZ BT fec BAHDFEFR S 1L, FeaMnGay (T, = 850 °C , ¢ = 24h) &4 Tl L1, A HER
Nz EF 2 i, FeoMnGags 54 LD Ga WM 5 Z L TRIFTE—7 B REL 2D a ok
T EEDN 1.09%HEE 0 L 7=, FeoMnGa, 4 &4 Tl KO fuFia . M, = 124.9 emu/g & FeoMnGags &
& OFFEAGIZ R LT 1.8 (5 OBAL DI DR ST, £ Ga DL EAHERT Z & TRIK
INTHOT TN L, FeoMnGa, 3 54 Tldd K & 72 D 0_ 171 He = 0.16 kOe 23 HEsE S V7o, 5HTH
TIIRAL DI DR R Z Mk bt L O RS, 2 ) —RE COEIOERN L BET 5,

[ 275 Sk References]
[1] T. Saito and R. Nishimura, J. Appl. Phys. 112, 083901 (2012).
[2] A. Koeba and T. Shima and M. Doi, Jpn. J. Appl. Phys. 55, 07MC04 (2016)
[3] Y. V. Kudryavtsev, N. V. Uvarov, V. N. [ermolenko, I. N. Glavatskyy, and J. Dubowik, et al. Acta
Materialia 60. 4780 - 4786 (2012).
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L2;-Fe,MnGa #EEIC BT 2 A FFED Fe #lk & & VIREMKRTFEYE

Dependence of magnetic properties on Fe composition and thickness for L2;-Fe,MnGa thin films

RILEBRERFE o=H B M2, 2 BE. I8 Bz, 1H ER
Tohoku Gakuin Univ., oR. Mineta (M2), S. Watanabe, T. Shima and M. Doi

(G&E]

MnGa R 3 BIFIEAL M~ 200 - 600 emu/eml),  #f ERRRE SR /TP = 4 v F — Ky ~ 10 - 20 Merg/em®'), 15
AY VTR ~ 88%RIE IR L, BRECH THITELE L R LHBUKAMEM P A vy L7 b r =
7 AT N4 2R L & Lf@ﬁj EEE A L T2, BIFRECEEEZ AW TFER L 72 MnGa
JEIC BT, REZ B & 2 72856 it s X A B SO 25 R S iz, £72. MnGa I Fe
Z L. FeMnGa %ﬁﬂ%@ﬂ%lé%ﬁ&‘é%f:%a\ R D IR T WESE A A B 5 L LT w
%, o T, KiFFEIC B TlE FeMnGays, FeMnGa iz ESL L, Fe Offlk# 2L 22, £7/2, %
PERE DR % b & 2, BEERE & MgO Bl e D I X7 4 v MIZ X B8 DERIC X o THESBE B S
EEME 2L 2HME LTERET- 72,

(525%771%])
AMEHIEEEE 2 by 2%y 2 ) v 7 EEE R b COERLL 72, BERERCIE MgO (100) sub. / FeMnGa
/Cr TH b, EFED FeMnGas (x=1,1.52) DIEE% tremnca =20, 10,5,3,2, 1nm & 2L 47, 2L
T, HEARALEE & 700°CT 30 STV, FJE D FeMnGa % FEHGRE To=200°CC Mn-Ga & Fe % 7 A AEJE
FERCTHRIEZ{T - 72, RIT, BYLEREE 7,=300, 500°C T 30 /[EEVILERE, ¥+ v TEELTCr &
FEI T L 7o, SRV 2 B R S B TR EE (SQUID) . FEEMT 2 X #REHT%EE (XRD).
KM T & KRR %2 R T BB (AFM) . T %2 = 4 v ¥ — 0800 X #iErEE (EDX)., 22
FitERE SRR (AMR) % VUi 3% % B v CREMfi L 72,

LS|

JEE % 2 & 2 723 EHC B3V T, XRD OFER X D | £2,(002), (004)E — 27 1% 20, 10, 5nm THEE X
=R DB, ¥ — ZBEA/NE R o T T EDER I N, L2) (002). (004)E — 27 A3 r“
AN 7 P LTWB T enb L2, FEED ¢ Bidsiid & & PR X 7z, SQUID DAEH X b g &
MgO Fffltl D I X7 4 v M X 2 EACHEREMSAETEORKED 3nm LT Ok cRONEZ, 2hbD
HR & L CHWNO R R O, BMERETEPIREL Bz E 2 b D, BYLHIRE 500°CD
FeMnGa, s <D 2nm Ok, fERIEL M= 397 emu/em?, #EEERRGET XL — K, = 4.98
Merg/em? &\ 5 EER X L7z, FEH T, FeMnGa (x=1, 1.5, 2o M2 % 2. RE0ZAIC X

S B X O AR Zic oW TEZE S

(&% (k]

[1]Y. Takahashi, H. Makuta, T. Shima and M. Doi, T. Magn. Soc. Jpn. 1, 30-33(2017).
[2] B. Balke, G. H. Fecher, J. Winterik, and C. Felser, Appl. Phys. Lett., 90, 152504 (2007).
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&/ EV #53#H ANC > X7 AZBIT A
BRGET 7 F 2= —X DOBEFE
(rm— R A XZE&ENDEIOHE T FrAEIZBE 3 5 M 5T)

TR, AbAHHRd”, AR, PNEFICES, /N ITFEE",
RS, SRRSO, MRS, RCHIEAL, AR
RO TR, "By, "AhmERE Ry, b TERT)
Development of the giant magnetostrictive actuator with ANC system for the ultra-compact EV
(A consideration on thrust force characteristics including road noise range)
T. Kato, T. Kitamura, F. Maehara, D. Uchino, K. Ogawa, K. Ikeda, A. Endo, H. Kato, T. Narita, M Furui
(TUT, "Tokai Univ., "HUS, ""FIT)

[EFLHIC

2015 4F, [EEfRE TR S -kt rlreZeBA%E HAE (Sustainable Development Goals) (23T, A O
WA SARET D12 DA > 7 TRBRCAXICZETHRANES BB FEORMENREEN TS, £ 2 T
TlE, fEROBABHFIRDY 1~2 AR OR/PNMIEKAEE (LUK, BN EV) AL THS. L,
/N EV 13NV - BRE R HRTH DT OIMRORIPERNMEL, XA YR EEETL 2L TRAETLIe— K/ A
ARHARDIER IR BIAET HAE Y B2 EOHEF N ENOPREMED SIS R EEZ 52 TN 5.
ZOMBEIZK LT, FE LI/ BV ITHEBEEMEBIZ WY 7 Faxz—2 25E L, BEmREHICEL -
THIE S 2 A SETHNREORMAX LT 77 47 /4 Xary ba— (BLF, ANC) v AT Lkxig
FLTND YA |BETILVAT AL, A= OROVI/NURBHET 7 F 22 —2 2R AT 5729,
ANC v AT AR/ « BEALT 25 Z L TRV EV ~OIEENREE EZ DD, ZOV AT AITBW
T, BEET 7 F 2= — X IZIXHIEE I O H NS TRy 7)) &SR OEALEND/NS ENEREIND.
DI, FEFDIIBGFOBMET 7 F 2z — X ORREFRET NVEER L, BRI K- CTREEEMEIOR
WAL LT K D AETNTHONWT, BRRIT 2 W st 217> C& 723 9 KRgiE i, @/ EV
~OERHEBEL, BEEMEST 7 F 22— 2 2EKOBROCHEZ AL LI-HEOBHKET 7 Fax—H
DET NVEVER L, Hili#IxI5 TéH 5 100~500 Hz OARJE i HOF R OEEIZ L 5 R ETNZ O W TRFT Z1T o 7.

HEET7 IV F1rI—20ORELBHEEMHENIRET SN
Fig. LICHET 7 Faz— X OMEZ R~ 1. BEET Case Permanent magnet Coil

_

JFax—HZT 7 Fax—FORDIIHROBRES  Shaft v :
Bl & Z DY ICKARAG, YL A Raf LTRSS IZ/LVIH
%, ARETIE, BREEME OISO E A Bt B %K

DEBRET 7 F o T X OEREREF L AL, & Spring  Spacer Giant magnetostricitive material Spacer
W D7D OFIEIE B & L TaA WIZIELE OEE L Fig. 1 Interior components of the giant

Iz Tz HUIN9 % d5 O JE 40 % 100 Hz 7~ 5 500 Hz £ T magnetostrictive actuator

A&, ERIENTIC LD B S BEEMEHC
JABRBENORHINIBMELMEIOY L 73, A7 Y U IC K VBEICL 28T EFE T L.

L ZD TN

1) AHEDL, HAAEM %255, Wl. 25, No.2, (2017), pp. 88-93.
2) T.Kato et al, Actuators, 7, 49, (2018).

3) ML, AARMKFEFES. WI.5 No.l, (2021), pp. 44-49.
4) T. Kato et al, J. Magn. Soc. Jpn., Vol. 46, No. 3 (2021), pp. 70-75.
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Fe-Ga-M JEEfR D W <URF: & BB EE D

E/
D

DEPINR AL EAE  (2022)

ﬂlﬁ‘% 3‘%

GRARFNAR, EIFAR F], R O, RIS, e 1
(Zﬁk%f%ﬁﬁkifﬂﬂvwﬁ
Magnetic Properties of Fe-Ga-M Thin Film and Effect of Annealing Temperature
K.Suzuki, Y.Fujiwara, *D.Oshima, *T.Kato, **M.Jimbo

(Mie Univ., *Nagoya Univ., **Daido Univ.)

EFC®HIC

FeGa A4ld RN & RIEEEL., M b2 b, RGN OB P07 7 Faz—F ~ oI T
VD, TR R T S A A~DISH O 72 8 I T OB, @B REOUEN RO ST 5 V2,
F72B % 9at%ll LIINT 2 L 7B T 7 R0 | RS ORT ., BEOINHE ST\ 5D I, KifF5E
TIEE=ICHE M Z NN L7 Fe-Ga-M M 4 VEHRL U S S & | s SURFIE 3 K OV O BVILER (K 771 & 3 A L 72,

EEBRAE

EIEIZIZ DC-RF BRAZFSO~ 7 r b ARy X ) o 7EE S ER L,
ARy ZEFNE 05Pa (Ar) TH D, FepGaxw X —47 v b EIZF v 7 HDHET=
HWEZ—F > FERWT~A 7 a1 "—HTF 2 [T Fe-Ga-M HfE % 300nm %
U7z, I IERRRIERSIE D 7= SIN 54 30nm a L7z, FZEHIZ 1349 2000e
DEFEME A A FIIN Uz, BEKAFMEORIEIZIT VSM, MV 2 BE 5T 2 fR i
121X EPMA ZfEddtEE oI E 21T XRD 2 Lz, £7-. iBHIEZEd T
100~300°C., 1 BE[EEVILEE L 7=,

EEREER

W HFEE LT HF 23N L7 Fe-Ga-Hf #EDRE R4 74, #kbix
Fe-Ga-Hf (77.3:17.3:5.4)Td ~ 7=, Fig.1 |2 XRD DfEREZRT, BEL L
T Fe-Ga RO FER & rd, Hf OUSIIANC W 2 2Bl e — 27 13 i o i 7e <
RoTBY, TENLT 7 AZR>TWNDLI ENRENT-, Fe-Ga-B HE &
DHLDBEOIRNMYTFRe-Gax 7T ENLT 7 ZLTEX D2 LN o T,

Fig.2 ([ZIZABEIR B COMALI A2 ~7, 2 2 TR L THR0NA
as-dep. DFEHZ B W THWNIZ R G R S 2 - 72, as-dep. & 150°C D7k
B CIIBAL BN A S D 28, Z AU ANERF 2 N4 o 72 FE MG b 71 53R
R CTHN - BEMKIEGTELEEEZLND, ﬁﬁ@hﬁﬁTi@ﬂ@’
DIRZITINEL 72D 250 COBMBE CIIERICA bR o7z, Tt
BVLVER|Z X 2 AR & BRI & OBIZIREOZEN S . B N OIS ) D ERE D
HERICE L LIz EEZLND,

Fig.3 |Z1% FeGa /i (as-dep.) D PREE /1 & Fe-Ga-Hf I D VLR FE |2 %5
DRG] & AR b OB L Z R T, RBANIFEVLEIZ L 0 R x IR L
250°C DEILEE T3 A/ 0.30e %7k L7z, 250°C TR PME T LT
WD DT EEMKEGTEOZERRWERITER L TWDH EBZ X TND,

L ot BT Fe-Ga ~0 Hf OFRINEIREE ) DK FICh R TH D LR L
TV, Y HAIXZDOMOEINTTHREORER RS I TI]RET 5,

BEZ IR
1) D.Caoetal: AIP Advances 7, 115009(2017)

2) S.Muramatsu et al : IEEJ, MAG21085 (2021)
3) J.Louetal : Applied Physics Letters 91, 182504 (2007)
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Fig.1 XRD patterns of as-deposited

and annealed Fe-Ga-Hf sample

—
($2]

—
[ 52 ]

42 M[KG]
=)

p—
(=]

—
w

-125 0 125 250
Magnetic Field [Oel

Fig.2 Hysteresis loop of as-deposited and
150°C,250°C annealed Fe-Ga-Hf sample
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BrRAa T 7 4 —2 X B ar—T8 FesQyF /) ki f-D
W55 O E A 2

BPE T, ARE, NEPRIEE, RRRBREEE, JRMEERES L, EEmA
CEFREL, 'HALKZIoHE, * HZEUHERT)
Direct Observation of magnetization distribution for concave Fe3O4 nanoparticles by electron holography
C. Noda, S. Kobayashi, K. Ono, S. Matsuo, Z. Akase', H. Kasai?
(Iwate Univ., 'IMRAM Tohoku Univ., *Hitachi, Ltd.)

de B
[ 8

WEME & A SE A VE 2 7R FesO 7/ R 1%, EHDE CIHFICHE S T D, R v 7 — 77 FesO,
T RIEEOWREB R A R T L b RN == T ~OJEAR SN TV D, L, ER
PRSOSL TR DRL T 1TRE INTHIZES TV D, 37— Fey04 7/ i T ORGSR EEDEE LRI R
BoHEN TR, KR TIXEFRA T 7T 7 0 — %2 FAW TR O EBEBIE 21T\, 22 v 77— 7 Fes04
TR DR ERBALIRRE AR LTz,
EEBAHE

oL — TR Fey04F /KLY (517 nm) 12OV T, il (@)
BIMEE (TEM) ICLAB bt u s o7 7 4 —BlgE1To7,
BRI oM B LOERTITo 72, SO EFRRONIEZE
b BB L B DA BT 272, REHE 180° [Aliis X
HREDOF T T LB Uiz, 150N HEEAEED DML
O3AT B B LTz,

BEBLUER

Fig. 1 @), (0)ICZNEIBEH G I X ORR AT v v ¥ Ll
K BN L Z R, R IE R TEHIR 12 [100] 7 M B 11§ 5
Haz2FFo L & bic, —RICHO R T I AT 22 Bk A &
BoZ Lo te, e, BN O YRR E 1T 0.3~0.4
TToHY FesOy DL (~0.6T) LVIRWZ LR o7z,
[FRE72 2 v o — 7RI - O —RTTHIE RS L OHN OB L3 AT
FhoORE CHBM SN, TxDO~v A I a~vTXT 4T A
FEICED & MR oA, Bl ik, [ 5
AL ASEL A U 7 BB KA N R LT D Z E R L M-
TW5b, 15T, LLEOBIERETIE, L1115 B bEL A L7
B p 23, —IRICEHIN CRUAL DS Rl iz o 79 7RiIce % £ 5
IZELM L TWD, D WE, —RIeEHBR O L X —%
KT 570, & 22— 7R OB 22 E R[] 7 180 5
[100] 5 A B L CWA Z & 2R LT\ 5,

FiE g
ARG SCERL A SR e B S AR 2 (SEIRFZERE § 1 ; 3 [ ¥ 200 nm
O ~— N - e} N o— “ﬁ: s
%71/T7¢ LAT7a 7T 1) IPMXS0450200722 CHH & Fig. 1 (a) Bright field image and (b)
TRk BRI LT reconstructed magnetic potential phase
&3k image of concave Fe3sOs4 nanoparticles.
The phase information was amplified by a
[1] Z. Nemati, J.Alonso , and H.Martinez J. Phys. Chem. C 20186,
factor of 10.

120, 15, 8370-8379
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T HHEINNC & 5 FeSiBNb M ORLLEIE & L 2 BJEOEH
AR PEERE]. KB O IIRERIGE* . A RE 7o
(ZEKS, LRI KRR

Control of magnetic moment of FeSiBNb film by strain
Y.Kutsuna, Y.Fujiwara, *D.Oshima, *T.Kato, **M.Jimbo
(Mie Univ., *Nagoya Univ., **Daido Univ.)

1L CHiIZ

GMR <> TMR &+ D 7 U —J@ITHERZ R T2 Z & THRROTHt o 2R T 2R ADEAIITHONA T
W5, ©V@FeSiBNb HEIIEVAILY 5 Z & THAG IR R EZ 155 Z L3 TE | IR R X e R ERE R
T, DARBIFETIIE v 7 7 v 7 oA L% BE\ T FeSiBNb MEIZ AR & FIIN L7212 B b UL A BIED
OF HEIINC X 2 il &2 3 7 D THET 5,
%ﬁﬁ?ﬁ _— micrometer

BHE DCLRF EIRAFF O~ 7R bu v ARy &) o 7akE

ZHWT, Kim LA T AHAM (10 X 20X 0. 16mm) £ (T A L
72 TERERLIT sub. /FeSiBNb (300nm) /SiN(30nm) T 5, FRMEHE
D Ar H AEIL 0.5Pa TH Y | #J 2000e DIEFLHLI & FAUZF]
MMU7z, E72, B 100~300°CC 1 BERIBVLEL A2 1T > 7=, ~
JVAEEREORKX % Fig. 1 1271, 3BBHIIX 150turn O =
ANRENCTHY, AvrAa—FTEEEZBRITEL LI
o TND, o, vA 7 A—Z TOTHBEIMARETH 5,
NIV ITRVY 2 A W XD | 200e, 60Hz ARG A FIAN L 7=,
FEBRAER

Fig. 2 (a) I3 BbIFz L RBEART, M L73EHT 1 0 7 Time[ms]

[\)
(=)

T
—~
£

Voltage[mV]
=
- —
|

o
;_

O COEIEL AT 72D THY . OTAIZHIIL TW7ewy, ;30- (b) | '. | L
20mV FLEE DEENS BTV DR, 2L ADFAR T 5 BT Tl %zgiCompressive m
& |
2L WEEBEDOBEIN —HETITRWZ L MA 2 5, Fig 2(b) 2% £ f
> L — Tensile
NABIEDHMOFT KA E R, 72y M5 EHED 0

THETHY, =5 — IR ER LTS, OFH R T
—4X 10075 3X107° T, 7OV AEENEFNHMNT 5 2 LA

binoic, MBI FZREREWET D,

BE R

(1) Y.Hashimoto et al. : J.Appl. Phys., 123, (2018) 113903.

Fig.2 (a)Obtained pulse and (b) pulse

voltage depending on strain.

(2) Yong Zhou et al .: J.Magn.Magn. Mater., 292 (2005) 255-259.

(3) Y.Fujivara et al. : J.Magn. Magn. Mater.,540 (2021) 168410,

Eifid

AWFFETA W BRFAKM B « 2T DZWFIERTIC IS T D 3RFEFIE L L TOEk S iz,
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/N2 Ty ¥ 7' — 2 Ay HEERE H%EZQE@BE%\%

P —gE, R BRI R, R OESE, fK R (RIGKY)
Development of rare-earth thick-film magnets applied to ultra-small stepping motors
Kazuki Kouno*, Akihiro Yamashita, Takeshi Yanai, Masaki Nakano, Hirotoshi Fukunaga (Nagasaki Univ.)

[FLHIC

Fox L, MAIATE—X OWIEE TICEAOBER CORMELZEEA, RIRTORE 2 RGN %>
ProFewsB #8215 7> L 72 JE 4% 0.25 mm D% 5P Pr-Fe-B SRJEMERG A 2 Hik o v 7 F~ERL, B2 3mm 2% F
RIHHENDORAT v TE—2 NG LN, Z2odT, (D) [y 7 bOFEMTHDLIAT LA & [H
THAD Pr ot | ORISR OZEIZ LY, BlE% OV OO B AA ZHBES 7 7 v 7 ORENR LD,
(2) 100 CLA EOIRFEFIFH THilK D Nd-Fe-B /7R > Rl OBEIEFE L W HbT D EOENRIER ST,

AWFFETIE, Nd TTHEOIEERE (9.6 X10°0KY) 23 Proc# (6.7X109K?Y) (2~ 2TF L A (10~11X
108 KY) OffIciEWEICER L, AT VAR (v 7 1) Lo Nd-Fe-B RIEER: A 1231 2 ORGSR R E
DIRERAFIED TN & QAN E OBIER A2 1HED, AT v B 7B — 2 ~OBHICmT TR L7z,
EBRAE

AREBRTIE, RIARIEE (355 nm) D 3L A L—HF % Nd-Fe-B 52 % —4 v h##IZ Defocus & FRH L,
BELZE TR um ORI 2 A ST L FEEZHWV AT UL AERB LA T LAY ¥ 7 b B~ Nd-Fe-B
RIEIERG AT & BRI U=, O SR OBV Z 66 U, FUNBR 7T OOV AEBE, RRKENBER 25T
Db & VSM TR FFEZ I L7, BREIX~A 7 v A —%, fakid SEM-EDX CHIE L7z,

EBRER

B L2 AT > b AR EIC/ERL U 72 Nd-Fe-B RIEMERE A DEER TO R/ F—FE (N— I 7 o A% % 1)
OIRFEEIFIEZ RT, D720, Pr-Fe-B RIERMKA OFER LR LTz, WERMBADER TOZRLF—
FEIX, Nd-Fe-B A7 FlgrOfE (57 kIimd) L0 HERLTWE, Ziudk, Ay FUATEIBER T 5729
EVEREBR A B CEXER—DOORN EBZ 2 bd, BT, 125 CTIE, Nd-Fe-B SRR A DT %
VX —FED, Pr-Fe-B SREFRIA S Nd-Fe-B 2R > Figf (35 kIim®) Ofiz LR 2 F42 MR LT, ZORE
I%, ProFeuB FH & NdoFewB O GHRBIR OREERGFEHEOENNZ L2 LD EEZ BN,

AT UV AFEMR EIWZ Pr U F 72 Pr-Fe-B SRR A & 50 um ELL B TR L72F%, Pr&f&oim (15~
18 at.%) | &wﬁﬁﬁéﬁﬂﬁ@ﬁ&ﬁ Sz, —F, FREORER - i THEEH RO Nd-Fe-B RJE MR
O TIEHBENEC 2o o=, B 2123 % 7 MORE L84 72JE 70D Nd-Fe-B R/EEREA & Pr-Fe-B RJEE
WADRELFmTEGARE 7 7 v 7 OFBEOMREZHmE LIcRERT, i LG A &% 14~15 at. %O HilH
& L72BS, 71T Pr-Fe-B R A D 130 um EOFEL TV T v 7 WAL D FABIE SN, 4%, T—X
¥ 7 b Lo Nd-Fe-B RIENERSE A DOFRBHI A B UIRFTH 24T 5 L RICE— 2~ HED 5,

ZE 3k [1] M. Nakano, J. Magn. Soc. Jpn., 45, 12-15(2021). v 7 R EOREASEC Y 5 v 7 G
— =
“g 70- . E1Tr 1
= =
=, 60| 4 Fo6k i
= | % I A
T S0F 1 2150 0 i
! F & o o °
= 40F - . 1 F4 © 1
| —— Nd-Fe-B films 3
g 30 —@— Pr-Fe-B films | £ “' A Nd-Fe-B films
= S 7] © Pr-Fe-B films )
ol % r| @ Pr-Fe-B films(peeling)
0 S0 100 150 = 1% 100 200 300 400
Temperature[°C] Film thickness of (Nd or Pr)-Fe-B[ pm]

Fig 1 Energy product (Pc =1.0) of (Nd or Pr)-Fe-B thick Fig. 2 Exfoliation phenomenon of as-deposited

film magnets as a function of operating temperature. (Nd or Pr)-Fe-B thick-films on stainless shafts.
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FePt-BN 77 = = 7 i Ok I L OWEERRFIEIC RIET
AN ZEFD No H AGINZh S

CH L XL AT R FD, M) TS, ARk R D
(O B R LERAS,  DRAERT)
Effect of N2 gas addition of sputtered FePt-BN granular films on
nanostructure and magnetic properties

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

[ZLHIZ Ll 7 FePt FHIEZ=IE T 5x107 erglem® O i W — il iR B T ET XL X — 22 TV 5720, ]
AU KGLER AR B e L CHEBRZEO TV D, ERMOLDITIE, ¢ SoBEmEe &N, mHREZA
T AWM T DIRBEMERL 7D 7T =2 FHBORBADBMETH D, N OBENEZZERT D702, kit
¥ (GBM) & LT B,0:Y, Si02?, Ti0,¥ ,BN? , C59 72 XDk x 7ebf Bl & FePt E~RINT 57 T ==
T W8 ORFZENE AT O TE 2. Ui~ X, 77 == 7 ol (My) 25 GBM OFlSIZHEK
FLTEY, FFZ FePt-BN 77 = o O E, a0 ARV y h¥—7 v a0z A8y R, %
FIE & BIPERS SR~ B OERNRIRFICAE LD AR S D Z L2 HE LY . E2FROMBICLY B 2%
BICESEDLZENFETH D, RFEHTIE, FePt-BN 2Ry h X =472 FD Ny T AR A Sy # )
VTR END VT = 2 T EBEOKEER X Ok E R o THE T 5.

RBHER SAOEHERIL Sub./ CosWao(80 nm)/ MgO(5 nm)/ M (emu/cm®)
FePt-30vol%BN(5 nm)/ C(7 nm) & L7=. FePt-BN 7T == T & [ _cam ]
BEIE Ar 2R L 0-5% DB T Ny H A Z A L7273 5, BT
550°C D FEHIRE TR L 7=, CouWio (80)
Fig. 1121 Ar H A2 Np A Z A0 L 722 48 & R L 7= FePt-BN
7T =2 7 EEOBALIREZ R LTS, FARKICIEEENOJE
WEZ R LT, 2%0D Ne WA ZEANLTS6, BALRWGE
EHARERT Y UANRRKRELS 2D, R (Ho) s omé kil
MOME DN L 2o TND.
Fig. 2 (21X FePt-BN 277 = = 7 D Ms 38 LTV He D N, 777 A
MEHEFEEZ R LTS, No HARIMEZ 0 2> 5 2%~ Fi_g. 1 M-H Io_o_ps of FePt-BN granular films §puttered
with N gas addition. Layer structure of the film is shown
T 5 &, MK 560 225 600 emu/cm® (20T MIHEIN L, He  intheinset.
1312 725 19 kOe IZKIRIZHEI L TV D Z L MW ERTE 5. He
YN 2B M O—20%, MERKETHETRLEF—23 1.1 )
5 1.7x107 erglem® IZHER L, ZAUZ K0 BGHERRD 38 7D
58 kOe IZHI K L727cH & B2 bivd. T b OfE R ITHERLIC

M (emu/cmS)
N
o
o

BEEL CWVD B OELNS T =T RO L1, 5 FePt Btk 200 .
fEERL O EMERY 7r —EhRS MR RO R E b Lz 2 e —————
EERRLTWD., GEEHTIE, HAER X ORI W TH 20 F .
T 5. g 5

£ oF i
sEE 1) T. Saito et al., Jpn. J. Appl. Phys., 59, 045501 (2020). 2) E. T

Yang et al., J. Appl. Phys., 104, 023904 (2008). 3) Y. F. Ding et al., Appl. L
0 1 2 3 4 5
Phys. Lett. 2 2 . 4) B.Zh L., Appl. Phys. Lett., 118,
ys. Lett., 93, 032506 (2008). 4) ou et al., App ys. Lett., 118 N,/ (Ar+Ny) (%)
162403 (2021). 5) J. S. Chen et al., Appl. Phys. Lett., 91, 132506 (2007).

Fig. 2 M, and H. dependence of FePt-BN granular
6) A. Perumal et al., J. Appl. Phys., 105, 07B732 (2009). films on N, gas flow ratio during the sputtering.
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i P57 HOME 2 s e T R D RIS AT O R E

VEEERLIR ' VAP L BB T BARR M2 I
(" RBRRF:, RSt T vy 7))
Investigation of drying technique for magnetic nanoparticles with high redispersibility
K. Nishigaki', S. Seino', M. Tanabe!, S. Uematsu'?, T. Nakagawa!
('Osaka University, 2 ULVAC, Inc.)

1. IRE=

T b+ OEMRNTORBEE LT, MPI X MRI [ZHW D BEAGERAIE L TOIGHBPHFZE S LT
Do PERIVREGERIGCH ZA8E U, BT K3 BOKEIR 2 Wl S8 2 B OMEt 217 o 72, RIRIC
L7t T 2R FIZ RO DI DG E LTE, AMTHEG LZBCEO R L. BRICT 2108 T/ kL
T HOKER & RO %2~ 9 2 & Th D, AL TIE, ANOEIRIZfL D & @i 2 7R 3o
B oML 2 e AR & Le, TDOFiEE LT, w4 7 a0 —RKJ 44k (LT, uPD k& ER) 12
EHH LU, uPDE&IE, BERICEBERIKZES L, KOoOZAFIZ L D B O U CHAER 2 ERk S
BT 2 HINCTH 5,

2. EBRAE

Mt R UK & LT, 7 =)V VIR b T 2 KRN K0 BB LTI 7otk iE 4y (DA
T FeM LK) #H Lz, ¥ETIEE LT, uPD A, BURRMEE, ismgbezEi Lz, fohk
MARFREL O RELZ SEM BIZ2IC L 0§l L7z, F72MRalE 2 MK TR S =i i ez > T,
DLS HIEIZ L B “IRKL 2RI F OV VSM 1T & B KRR 217 - 72,

3. BRLER

Welk 7 7 B BOKEEIR 2 PIE SR & U CER s kiR % Fig. 1123, BH LZRFEICL S
T B BUKIRIR OBEE T FE S L7z FeM 0 BOKIRIR S EIE—8d 5 2 L8y ho Tz, %
JFUEEE L7z FeM 0 HOKIRIE O “ k12878 54 nm T - 7=, WITIEMETE & Bisiek oG- Rk 2 F
DRI E A, ZRRLFRIZ 400 nm BL E & W) REREZ R LT, —J7, uPDIETHEEEHI
PRI 7875 83 nm T o7z, uPD 1L CHzME S 7o REHIFE T I BAF R B 2R3 2 &3
o7z, uPD B TR S B2 RAEI D SEM B % Fig2 (239, MOEBTFIEL TR0 240G ek
KCTHDZENGholz, BRI THDLHINRFLTIANT VOK~OFIRMNES 720 R
& L CRIEFZRESBIENG SN EHERI SN D, uPD JEIC X Al Mt K o i st
HBELTHETHD L E XD,

15 T T T T T
1 — -
0.5 -
(%2} Starting material
2 0 Vacuum concentration
= Freeze-drying
-05 —wD
a1k E—A-J -
A5 ] ] 1 ] ]
-15 -10 -5 0 5 10 15
H[KOe]
Flgl M-H curves before and after F1g2 SEM image ofpowder Sample
drying treatment obtained by uPD method
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—WRIHERAIRRIEIC L B o v A — T FesOs 7/ B+ DA i R fEMT

FARBWEES, /NRIE, B H T4, sCHEZR, Yallappa Shiralgi, EB72, /NEFFOEE

(EFRFHT)

Magnetization process analysis of concave Fe3O4 nanoparticles by FORCs method

S. Matsuo, S. Kobayashi, C. Noda, K. Takeda, Y. Shiralgi, R. Uwano, K. Ono

(Iwate Univ.)
I EHIT

AR, XNA =Y = I TR W TR WEEGIRZ 1G5 12O T/ ki DTk - RiEghRZ2FH L
TERFFEDNER STV D, RIS, SETRD {100} i 23 M A TSR 2 £F5 =1 o o — R I3k O BRIRRL 1 & L

WL TR R 2 ORI 2R 2 LD ME SN TWD 2 D, G

(x107%)

FCOME L OB RS o, A 2vs Ol y
— TR OF 2 — TR IZ D W TR RS R(FORO) I EZ 0
T = — FTARDRERES 52 % BB 7= 0 THAST 5, " 58
R o
Fe RBHATdH 54 LA VB, A LA VBT B U O A LA VBE 0%

AT FAT I AT, K 340CTMEN L T kL7 2157, R
fFFECIE, —i 51%=7nm, 30=2nm, 33*4nm O 3FEHO 2 r—7
ADRI -, —3 233 nm D F = — 7 ABURI - I 72 X BRIEIT2 D FesO4
HMThHLZ &, EFHREPLOMEN {100}H Th D Z & 2R L
72, SQUID MLl & % VT, T=10~300 K, H K H=5kOe O
i T FORC IE A 1T > 7=,

FEBRAER

Fig.1 IZ% A X 51 nm ® =2 > —7 ki1 ® 10K, 300K (Z51F 5 FORC
X 279, fEEh3AE BRI RESS Hy, M3 RE ) He Td 5, T=10K T

1500

1200

-300

00

500

-1200

1500

200 B0

900

e)

()

1200 1500

JRUN 2 D0 FORC 7340 B — 27 238lav, R B & & b e — 7 135
U7 R L, T~50K DL ECTH—E— 27275 2 LB yinoiz, [Akk
RIEA NI 2 v — TR T OB S 7z, Fig2 (2 T=10K @
FORC /3 Ao % % He J7 &5y U 7 A0 BAERBESS /3 A p(Ha) % 75 9 10
A —T7RAIE2 =2 2T, Fa—TR A TIHEHR—-E—27 D
HTHDHZEMNIND, BIZ, OOMMF ICXD~A 7 a8~ 3T 4 v
JHEND, Fa— TR TIEA E U A<100>EL 79D DI2x LT,

Fig.1: FORC diagram at (a) 7=10 K
and (b) 300 K; size: a=73+12 nm,
b=51£7 nm.

T=10K

Concave

=)
T

I U — TR T A B 5R < <TTI>EC A L 72 B X AR & 23 22 B 1L
FTHZEERM UL, <NBHRISRFAB O a2 > —7 ORITHY
EREBRT DL, a v —7R CBIM S iz 2 DD58 Y FORC %7
i B — 2 1, BALO T 3<1I>H07> & At O <1 LI>Hh 7 [N ASE RIS
WS LT DA R L TV D LR TE 2,

P (Hu) (x l()“;cmu/g-Oc:)

ES
T

(¥}
T

=

) 1 . . . | 1
-4000 -3000 -2000 -1000 0 1000 2000 3000 4000
Hu (Oe¢)

Fig.2: p(H.,) as a function of H, at

Bl T=10K.

1) Z.Nemati et al., J. Phys. Chem. C, 120 (15), 8370-8379 (2016)

— 131 —



07aPS - 15 %46 0] AARR DI ELE  (2022)

IKETT M7 & ORES & N To Fe il D ez -
(5100 & 2 72 DM B9 2 EERI) S £2)

BRSO, IS, FESARES, BRI, /N IFE . BRI,
AL R B IR AR+ R TR IR S+
(R TEERE, R, e bER PR, B TRER )
Electromagnetic levitation for flexible steel plate using magnetic field from horizontal direction
(Experimental consideration on decreasing deflection using attractive force)
A. Endo, K. Kawashima, S. Baba, S. Onitsuka, K. Ogawa*, D. Uchino*,
K. Ikeda**, T. Kato*** T. Narita*, H. Kato*
(FIT, *Tokai Univ., **Hokkaido Univ. of Sci., ***TUT)

wE

BT RGE TR B W T e — T 2 U 7= 82 fldiak 03 7
b TEY ., HRE v —T O X > CTHROE WL
NPT 5 Z ENBESNTWD, 2T, WKV Bl
e f o CHIR & FEBEMRIZ SR - X T D FEENRE SN T
WH D, LA LZenn, JEES 0.3 mm L FORPERIERIC
(O FHR SN 77 L O ANRIA U 7= PEIR B 2N 58 4R L
ZELTELIELIZENE LY, ZOZENLEELIX
PR A et X O ICEMAZRE L, Wi 5ol -8E5 X9
WG ) A F8 R S, FelRER D 72 o B 2 il L 72728 B3k
PSR A BT D REARIE B A RE LTn 2, ZREREK
ZIEEEAC R S ABCITEM A IC L > TEALESVE
IWBINEFEITEDNEND D, T OWBIINEFAREMN & K7
M~H5 28R | TbB A2l TR b TWD, ZHETO
IR CIERBI IR RE L 725 LIRE MGl &N D 2 & &8 LT
LM, AR OBIEIZ L > TEd 50 6% ELEERLT S
TEHMERLTND D, £ 2T, ARG TR W5 ) &% E
LEMEDBARIEIZ DN TR FEEE A2 W TERIICHA L 2 L,

RO ST = Fig. 2 Attractive force for steel plate

Fig. 1 ITEH OB REL LRI LB Z R T, REEIT4 SOERAL=y MR ISNTEY, 3
HRERA D sl D FTEEREZ 220 mm & LT 2 D FORE L TWD, BRAIEERZEIINT 5 2 & THitIC
KLU CWBI I ERAET H, T OWF, Fig. 2 1277 £ 9 IS FARERIIIAKFE T B ~DIRTTIN Z . $RE T [H~D
KFFNOFAE L, SIFNDFRBBN 0D ES LDV E D T & CIEEEMICE L35, EBRA &L 5 E
Wz, L= L O AREH AN 25, 20U L0 EEZR N L TV D, FEREN S
DFHRFMR DAL 72 & N, BMA ISR DEIRE 7 4 — KNy 7§52 & TRE LICF EEFEH LT
WD, AEETIZE S 25 0.05, 0.19, 0.24 mm O (SS400) xR & Lot LFEREZIT> 72, ZORE,
FAREAMR DERE ST 101 732 D NS H MO ZFH L, W51 71 & ORfRIEEZ B 62N LTz,

Steel plate

BE I

1) KRHS, HAMS TS CFES. Vol 1, No. 1, pp. 76-81 (2017).
2) Y. Odaetal,J. Magn. Soc. Jpn., 43, 11-16 (2019).
3) =S, HAMK ST SURES . Vol 6, No. 1, pp. 87-92 (2022).
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ANAHEIR hcp-CoO F /R FIZBI1T B K A l:°‘/7ﬁff~‘:'f

SR, A BPE T SR
(EFRF)

Surface spin freezing for hexagonal pyramidal hcp-CoO nanoparticles
Y. Hotta, S. Kobayashi, C. Noda, K. Takahashi
(Iwate Univ.)

FLHIZ

W52 K DREMEIRDFEEN - BN (REEAELIR. LABE MCE) Z FIIH U 7o RESUMBRELIT I, 1k o v BT
LHATHGR Lo XL F—RBEmLS BET AL T Ly b —RNR0ERN LW D R E RO, B
BIZELWHINE LTHERZED TV D, RN T 2 K OBEIZIE. 73 RTHBIALTEY |
BMEHCIN L L TR 2722 &L W o 7o 2R RIC AT REMED B 5, RIEE KB G PEN K E W Co TIEERE A E
VEHFEC LD KRERMCERHE SN TV DY HZEEIE A -85 2 & TMCEDE A S L RiAD 5,
AHFIETIZ, FrITHZE Co T/ Kt DB RRFE D AR Td 5 S AHER hep-CoO RiIZEF H L. Z DBEXURF
M & REDREORL LY A ZEGFPEIZ OV TREL S ARTZDOTHE T 5,

RERAE

HiBRA L LCa 0 )7 F LT FF—FEA L
ANT I UERWE, Ar RHH&H T 135°C T 5 REfEnEE |
250°C & CaAIR - SRR L BARMAI S22, HIED
BOHR U — N AR UKL A X & (BRI - 26
~32nm) L7z, SQUID BLIEZE 2 FH T M-T B,
M-H Hli#R & JE L7,

BRRUEE

Fig.1 IZ8 BN D TEM B2 7R3, A XNIIEH—70K
AR ZFEO Z & BRRIET - X #EIEIT)MNB hcp-CoO
WiEEFFOZ & BMEER LTz, Fig. 2 (24 X 26nm #Eto €
2R EN(ZFC), s T EI(FC)&M: Tz T 5 M-T i 0.05

&Y, ZFC %o MT iz C 6sKOEfF T — 2 288, s

N5k, ZFC RUFC 4fko M-T st kigggimc— 2 | §

LA BT, WA hop-CoO BT ORMBNE  § 1\ =

BRFF 3 TR T REOIMUA U LDMBHEORHE 5§ | N el
T LT B, Fig2 FARIC M-H ORISR AL =, § N o0

7R, MBHEDH G E L MBI, RRMERIF 0S8 L e
BRSBTS, REDIET & &Iz, RRiaEe & oosl ™ U
PMTHIIN L AT T=20K LA T CRMARII R % = Lz, — 77, ZFC 450006
S BILEDIRT & & BITHIMT 525, TniEELL T TIE 0By 00 ke 300 see 300 350
E—E Lo Tm, YA X 32nm BT H 23R 2 ZEV BRI Temperature (K)

SR, TNDIET (~60K) ., BaFIfi b e OMRIETI DGR Fig. 2: M-T curve at H=500 Oe for 26nm size
NDRBENT-, ZORRIZ, BHAE L DOAE HRE LRI T2 hep-CoO sample. The inset shows M-H curves,

T ER D SRR R FE DR DB A & e LT 5, where the contribution of antiferromagnetic
ordering of hcp-CoO is subtracted.
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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