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Design of gradient magnetic field coil using superconducting tape for human body size MPI

I

Masafumi Yoshimoto', Hiroaki Morioka', Teruyoshi Sasayama', Yasushi Takemura?®, Takashi Yoshida'

(‘Kyushu Univ., *Yokohama National Univ.)

(£ C oIz
Rl /M7 b OBHUIE B2 A5 2 & T, KB Om &Lz Sl

BRI - B A MRAE CAT 5 RERKL T4 A— V0 Z(MPDAEE SRT0B, 07 i

MPI O A A FNC I T 3B O R 7 Bk 25K B o A8, fEki v i it
DA NN & MPLCHERBRIBR &R S5 2 LT i I
IR\, Z 2T, AL TR D ERER % R TR 2R = A L% T ;; “Mmﬁ 600 mm
VDI ERERELELLND, ARETIE, BEEaA L EB0SD T, |

LT AR A ZO MPLERIC SO CUERERBRSRETERS
Lo EENE, BRI HE (MR O SRR = A L% i ORI
T5 2 L CERAETHD D LERT,

ik

690 mm I

Fig.1 Schematic of gradient coil

800

600 Sy = 35 3 -

Fig 1 I0R T E910, AR A R0 MPLEEBELTRT 2 600 mm A48 . N N
L. BEE A L3 NEE 800 mm., =1 /L FEEE 690 mm D~ ATz /LA 200 _\\ —
LTz, FIODEBARERAIIIE 4 mm, JES 0.15 mm OFEIREEET— 3 o -
TR EREL, BEHIT—JE 500 turn OBGEIA L EFEESEH2LT " 00 \ -
LS, B S L ORI BRI kD BT BRI N
DB T T, BRRERIT, VBRI (B 28 ks azbicky -
1 T/m\ 2 T/m @%\éé;’&; E jﬁgbf—zo -80(-]400 -300 -200 -lOOz(u(:m) 100 200 3200 400
R (a)

Fig.2(a) T 100 A O&EFiZ MR I MR AR ESET L&D, " 58]
< I AT =LAV ECORRB AR T, B THY, 2= ‘\\‘ ‘//’

0 mm Z~7AUx)LaA )V EoFLELTZ, 2500 turn (5 8) 128 W T 1 ~ 700 A
T/m, 5000 turn (10 J&) IZH8 T 2 T/m ZFEBLCEHZEN 0D, RIC, H § 600
RHER 1 T/m, 2 T/m ZFAETLEEHJEH) ITBVT, 100 A DEE g
[ 5 AN LT 55 6 OWE A FE D5 R % Fig.2(b) 12”7, z=0mm (238
VT 2500 turn DL 336 mT, 5000 turn D EX 649 mT &7, W mE= :
ALEINS MRITHL 1S T~3 T O BATRRS MGG, = 00 50 20 " o
DT LB, MPL & MRI O—{R{LOBIZ, MPI IBEE = A L% B (b)

T %= L7:< . MRIJIBEE a4 LO—E% W5 = & T MPLIC Fig.2 Magnetic flux density along the

VB IMERIER A RRETE A2 LS5, center axis of the coil (a) gradient

magnetic field (b) uniform magnetic field

100 gn— 3




0laA-3 H45 Bl HAMKF IR (2021)

2NV AN K DT ) KA DA A= T FE

i |, SERRRE T, IR |, AT AR E] 2, R !
(" W e R 27, 2 B[] SR )
Imaging technique of magnetic nanoparticles using pulse magnetic field
S. Tanaka', H. Hirano', M. Futagawal, Y. Takemura?, S. Ota'

(‘Shizuoka University, *Yokohama National University)
FLHIZ

IR AR DGR % I & LCL BT/ KT & B % P P IR R I AT 2R S TV 5,
Z ORI, A AP A FIT 5 = & TR b A E ORMUE S A BN B, Eio, RS/
KT A IS B VAR AR5 = & T RABRIOSEMICHZ LT 5 D, RBFE T, /L%
FRAIC X B W7 24 A — D0 7 RN T, KT T A% V= A BICRE L, 24 L% R85
= L U AT R R B = & TR LT,

EEK - R

AWFIETIE, Fes04F /K7 (M-300, > 7~ A7 I NAk) 87 e LCRHIlEIT> 72, Sh ER
D DS ER D 23V Z i A L 5 s 25 mm2 O E SR ORI A VA VERL L, SEH EAS 0 EERT 100
ns, VTN ASDOWEEGTRE 2.25 mT O3V Atz FBL LTz, k= A VPEBICEE 1 mm O FRRH = A v
% 1.6mm ffE T2 OFLE L, il - R oA L2 S0REMmIM 7T e —7 2k Lz, Zosx, Riilalv
ZRE = A VICH L CERZSE S Z LT, oA M X > TAERS BRI a4 V&2 LR
D, A NV TIEY TR BELN DML OR RN T 5 Y, aA vEmslT X, 2 >0H
TNAOHLE OmmLEE L C-7mm 225 7mm £ TSI L, 0.5 mm i@ TEHEIL7 (Fig. 1),

Fig. 2 \ZaA V& x il Fmicis| S8t & DR +EEMEL R LTz, 2 20O% 7 A d-4 mm ~ -1 mm H
A 1Ilmm~3mmEICHEBINTWS, & PV OMNBIC TR HERBREORMAZIERT L L & HIT,
BV TNV OFME IR FREO Y — 7 BHERINTZ, £/, 2 2OV U T NVOR T EFBRED L —
I DT T NCEENDRERE 33g AN 1.5g) ([ZHBIT D2 & a2 L., K15 5IRE )N DR H
GONEEREHNTEX D 2R L, BHETIE, R e —7 &30 TVELEITRLT L8 BRI
DWTEEMNZ R~ 5,

Hitt
ARFFED—EIE, FHfFE 20H05652, 20H02163 DBk A 5217 T Fki L 7=,
ZE X H
1) S. Ota, and Y. Takemura, J. Phys. Chem. C, 123, 2885928866 (2019).
2) T. Sasayama, T. Yoshida, and K. Enpuku, J. Magn. Magn. Mater., 505, 166765 (2020).

| 5 16 Position of samples
N 1 . ‘ < <>
=12l | | | |
] 1 i E
Excitation ' Detection | Magnetic 12 >
: ' s flux ! % = 8L
coil : coil @
H ; ()
,,,,,,, e N/ 2B € 4l
z El
2 0
Magnetic nanoparticle n
sample -4 I I T R S B I
X 8 6 -4 -2 0 2 4 6 8
x [mm]
Fig. 1 Position of an exciting coil, detection coil, and Fig. 2 One-dimensional measurement of two
magnetic nanoparticle sample. particle samples.



0laA -4 H45 Bl HAMKF IR (2021)

BT Rt NET T T 4 ~OFE & DZEM 7 1 V2 3 R R O bk

B ECRSS, SREPETA, fELBEh, & HK
(JUMIRE)
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Discrimination of solid and liquid phase states of magnetic nanoparticles using harmonic spectra.
Jinya Goto, Shuya Yamamura, Keiji Enpuku, Takashi Yoshida
(Kyushu University)
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Development of magnetic immunoassay for detection of liquid tumor cells
M. Tsubota, K. Yamashita, K. Kishimoto, H. Kuroda, J. Wang, K. Sakai, T. Kiwa
(Okayama Univ.)
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Measurement of multiple bacteria species using magnetic nanoparticles by switching magnetic field

S. Takahashi®, H. Onodera™, T. Murayama™*, L. Tonthat", K. Okita™, A. Kuwahata®, S. Yabukami™"*
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Evaluation of antigen-antibody reaction of magnetic nanoparticles with directly adsorbed antibodies
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History and progress of biomagnetic measurement

Yoshinori Uchikawa
Division of Electronic Engineering, School of Science and Engineering,
Tokyo Denki University, Saitama 350-0394, Japan

This review paper focuses on history and progress of biomagnetic measurement including SQUID system.
There are two ways of generating magnetic field from human body. One is generated by ionic current with action
potential in electrical excitation of neuron and cardiac cell etc., knowing as magnetoencephalography (MEG) and
magnetocardiography (MCG). Other is generated by small magnets which is magnetized magnetic particles
inhaling and accumulating in the lungs, knowing magnetopneumography (MPQG).

Magnitudes of MEG and MCG are extremely so weak and ranges of a few femto-tesla (107'°T) to
pico-tesla(10-12T) that are measured with SQUID magnetometer. MPG is in micro-tesla (10°T) and is measured
by fluxgate magnetometer and/or SQUID magnetometer.

The first measurement of MCG was carried out by M.Baule and R.McFee in 1963 D with induction coils wound
two million turns. The first measurement of biomagnetic field with a SQUID magnetometer which is point-contact
type was carried out by D. Cohen in 1970 ?. He became the first user of SQUID magnetometer in study of
biomagnetic field from human body. It was the start of modern biomagnetic study not only development of
SQUID devices but also signal processing technology at aiming for clinical use and brain study seeing the present.

This presentation, based on above historical measurement, will be composed as followings;

Firstly, an introduction of milestones of the beginnings of biomagnetic study, Secondly, progress of SQUID
magnetometer and signal processing for source estimation, Thirdly, prospective of biomagnetic measurement
including application for human adaptive mechatronics (HAM).

References
1) G.M.Baule, R. McFee, Am. Heart J., 55, (1963) 95
2) D.Cohen, et al.,Appl. Phys. Letters, 16, (1970) 278
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Magnetocardiography predictors of premature ventricular contractions
origin in LVOT vs. RVOT

Wenxu Sun', Morio Iwai?, Koichiro Kobayashi?
!Department of Engineering, Kinki University, Hirosima 739-2116, Japan
'Faculty of Science and Engineering, lwate University, Iwate 020-8551, Japan

It is important to estimate premature ventricular contractions (PVC) origin in left or right outflow ventricular tract
(LVOT or RVOT) in prior of catheter ablation. This study developed a Magnetocardiography (MCG) based method for
discriminating LVOT from RVOT origin. MCG current arrow maps (CAMs) during QRS complex in 48 patients who
were successfully ablated in RVOT (n = 30) or LVOT (n = 18) were analyzed. We focused on the PVC excitation
propagation procedure captured by a 64-channel MCG system during QRS complex and found that rotation angle and
displacement of maximum current arrow between two time-instants should be an effective way to discriminate LVOT
from RVOT.

This study comprised 48 patients (14 men and 33 women; mean age 48 + 18 years) who were successfully ablated for
PVC origin in outflow tracts between April 2012 and October 2018. All patients had a normal ECG during sinus rhythm
and no structural diseases found by physical examinations. We used a 64-channel MCG system (MC-6400, Hitachi
High-Technologies Ltd., Tokyo, Japan) with highly sensitive superconducting quantum interference device (SQUID)
sensors arranged in an 8 X8 matrix with 2.5 cm pitch and 17.5X17.5 cm measurement area. MCG examination was
carried in the resting supine position from the frontal planes in a magnetically shielded room. The MCG signals were
acquired at a sampling frequency of 1 kHz and passed through band-pass (0.1 ~ 100 Hz) and power-line noise filters. To
detect the PVC waveforms, we simultaneously measured the Lead Il ECG signals.

To visualize the direction of excitation propagation during QRS complex, QRS duration was divided equally into 10
segments. Fig.1 shows the mean orientations of maximum current arrow of LVOT and RVOT origin estimated by
averaging the selected time instants (0.1 ~ 0.9*QRS) from 48 patients. It can be found that L\VOT and RVOT origin
show clockwise and counterclockwise during QRS complex, respectively. Fig.2 shows the mean positions of maximum
current arrow during QRS complex. The rotation angle and displacement are defineded as the orientation variation and
position variation of maximum current arrow from a time instant to another, respectively. In this study, it is found that
rotation angle from 0.1*QRS to 0.7*QRS has the best performance analyzed by area under the curve (AUC).
Additionally, it is also found that the displacement of maximum current arrow from 0.1*QRS to 0.9*QRS is an effective
way to discriminate LVOT from RVOT.

References
1) Yoko Ito et al., Heart Rhythm 2014; 11(9), 1605-1612.
2) Yoshida N et al., Heart Rhythm. 2011; 8(3): 349-56.

1 2 3 4 5 6 7 8

135 T - - A o

RVOT Mean E RVOT Mean + SD - ,—r‘:—l

RVOT Mean + SD ek

LVOT Mean B El LVOT Mean * SD a

LVOT Mean + SD e S

¢ i
g :‘,
_;:ﬂ .- o« v N '.:,II ‘? 7
= —e— - e =
= o N i =
g "~ T % 7
) — E fiel 5=
2 . . .. E=H e b
O 4 \
g e . JEIS ) AUC (95% CT)
1 o Rotation 0.92 (0.84 ~ 1.00)
N ——— Displacement 0.88 (0.75 ~ 1.00)
TZ index 0.89 (0.77 ~ 1.00)
0| 2 3 4 5 8 7 ] H ] i i ‘ ' I T T T T T T
Time [0.1*QRS] 00 0z 0s o8 08 1o
1- Specificity
Fig.1 Mean orientations of maximum  Fig.2 Mean positions of maximum Fig.3 ROC curve of MCG parameters

current arrows during QRS complex. current arrows during QRS complex. and TZ score of ECG.



01pA -3 545 | AR AR R (2021)

Novel functional imaging methods by Magnetospinography and
Magnetoneurography

Taishi Watanabe!, Shigenori Kawabata® 3, Yoshiaki Adachi?, Jun Hashimoto®, Kensuke Sekihara?,

Miho Akaza®, Yuki Miyano!, Yoshinori Okada', Atsushi Okawa?®
1. RICOH Futures BU, RICOH Company, Ltd.
2. Department of Advanced Technology in medicine, Graduate School of Tokyo Medical and Dental
University
3. Department of Orthopedic Surgery, Graduate School of Tokyo Medical and Dental University

4. Applied Electronics Laboratory, Kanazawa Institute of Technology

5. Respiratory and Nervous System Science, Biomedical Laboratory Science, Graduate School of Medical

and Dental Sciences, Tokyo Medical and Dental University

For the diagnosis of local conduction disturbances in nerves, it is useful to measure
stimulation-induced nerve action potentials with electrodes attached to the body surface along with
the nerve's travel. However, because the electric potential measurement method is strongly affected
by the electrical resistance of the tissues surrounding the nerve, it could be effective only in the area
where the nerve is close to the body surface. When we measure the action potential of the nerve
located deep below the body surface, it is required to place electrodes adjacent to the nerve during
surgery.

On the other hand, since the magnetic field generated by the electrical activity of nerves is not
affected by biological tissues, the magnetoneurography (MNG) / magnetospinography (MSG)
methods are considered to be innovative examination methods that enables the functional
evaluation of nerves at depth, which has been difficult to evaluate noninvasively with conventional
methods.

We are collaborating with Kanazawa Institute of Technology, Tokyo Medical and Dental University,
and Kansai Medical University on the development and clinical research of MNG / MSG system?
(Fig. 1). Recent system development and clinical research have made it possible to visualize and
evaluate the activity of the entire human spinal cord from the cervical to the lumbar spine (Fig. 2),
as well as peripheral nerves.

In this lecture, we will introduce some of the technologies used in the system, as well as basic
knowledge of methods for evaluating neural functions and the latest clinical research results with
examples of clinical applications of the MSG / MSG system.

Reference

1) Adachi Y, et al. Recent advancements in the SQUID magnetospinogram system. Supercond Sci Technology.
2017;30(6):063001.
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Fig. 1 Appearance of MNG system. Fig. 2 Visualized nerve action current of entire spinal cord.
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Usefulness and prospects of magnetic materials and magnetic probes in
surgery of breast cancer.

K. Taruno?!, M. Sekino?, A. Kuwahata?3, S. Nakamura?!, K. Enokido?, T. Kurita*, H. Takei*,

M. Kusakabe®®
1.Depertment of Breast Surgical Oncology, Showa University School of Medicine, Tokyo 142-8555, Japan
2. Department of Electrical Engineering and Information Systems, Graduate School of Engineering, The University of
Tokyo, Tokyo 113-8654, Japan
3. Department of Electrical Engineering, Graduate School of Engineering, Tohoku University, Miyagi, 980-8579, Japan
4. Department of Breast Surgery, Nippon, Medical School Hospital, Tokyo, Japan
5. Research Center for Food Safety, Graduate School of Agricultural and Life Sciences, The
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Sentinel lymph node biopsy (SLNB) is a standard surgical formula for breast cancer surgery. SLNB is important for
determining treatment policies and position that greatly affects the patient's QOL. As a method, methods using
radioactive isotopes are mainstream in Japan. SLNB using magnetic nanoparticles/magnetic probes without radioactive
isotopes has been reported overseas using Sienna+® as magnetic nanoparticles and Sentimag® as magnetic probes,
indicating its non-inferiority to RI method. As part of the Japan Agency for Medical Research and Development
(AMED), the Medical Device and System R&D Project for Future Medicine, and the Minimally Invasive Cancer
Treatment Equipment Research and Development Project (2015-2019), we conducted using a magnetic probe [1] and a
SLNB using felcarbotran (risobist®), which is a magnetic particle that can be used in Japan, and compared with the
conventional method (Rl method). 210 cases were registered, and the identification rate of SLNB was 94.8% in the
magnetic method (199/210 cases, 95% CI 91.6-98.0), and 98.1% in the RI method, and the identification rate of the
magnetic method exceeded 90%, indicating non-inferiority compared to the conventional method. [2]

By establishing these methods, it is expected that SLNB can be performed more reliably even in facilities without
radioactive control areas, and that simple and safe SLNB can be performed without using radioactive isotopes.

In addition, as a development of the use of magnetic probes for SLNB, we developed the Wire guided localization
method (WGL method), which is a method for resection of non-palpable lesions in the mammary gland.  As a marker,
the guiding marker system ® is used to search for them with a magnetic probe and perform non-palpable lesion
resection. By these, it is considered that the approach of the non-palpable lesion can be made more reliably and safely
compared with the usual WGL method. With the progress of breast cancer screening and preoperational chemotherapy;,
non-palpable-detecting lesions of breast cancer are increasing, and this method is a very high-need method for breast
surgeons, and it is expected to spread rapidly in the future.

It is expected that safe and effective technologies will be widely used in both these patients and those who use magnetic
force, and that the usability will be improved, and the spread will spread further. In addition, we hope that we will
continue to develop new medical devices using magnetism in cooperation with developers and surgeons to realize better
medical care.

Reference

1.Sekino, M., et al., Handheld magnetic probe with permanent magnet and Hall sensor for identifying sentinel lymph
nodes in breast cancer patients. Sci Rep, 2018. 8(1): p. 1195.

2.Taruno, K., et al., Multicenter clinical trial on sentinel lymph node biopsy using superparamagnetic iron oxide
nanoparticles and a novel handheld magnetic probe. J Surg Oncol, 2019. 120(8): p. 1391-1396.
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Hyperthermia using functional magnetic nanoparticles
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Magnetic nanoparticles including magnetite (FesO4) nanoparticles have unique features, and the development of a
variety of medical applications has been possible.? The most unique feature of magnetic nanoparticles is their
reaction to a magnetic force, and magnetic labeling of target cells with magnetite nanoparticles enables the
manipulation of cells and also the control of cell functions by applying an external magnetic field.? On the other
hand, because magnetite nanoparticles generate heat under an alternating magnetic field, magnetite nanoparticles
have been used for cancer thermotherapy (hyperthermia)®#). We have developed a various type of functional
magnetite nanoparticles, such as magnetite cationic liposomes and antibody-conjugated magnetoliposomes, by
using techniques for drug delivery system (DDS). Magnetite nanoparticle-mediated hyperthermia has the potential
to achieve tumor-targeted heating without serious side effects if magnetite nanoparticles can be accumulated only
in the tumor tissue. The technique consists of targeting magnetite nanoparticles to the tumor tissue by DDS and
then applying an external alternating magnetic field (AMF) to induce heat generation by the magnetite
nanoparticles (Figure 1). The magnetite nanoparticle-mediated hyperthermia is also applicable to cancer diagnosis
using magnetic resonance imaging (MRI), which enables theranostics for cancer patients. Recent years have seen
the remarkable advances in magnetite nanoparticle-mediated hyperthermia; both functional magnetite
nanoparticles and alternating magnetic field generators have been developed. Currently, some researchers are
attempting to begin clinical trials, suggesting that time may have come for clinical applications.

References

1) A ltoetal. J. Biosci. Bioeng., 100 (2005) 1.
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Fig. 1 Hyperthermia using functional magnetite nanoparticles.
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J UERED AA w T FIZiE BiSbhTeSe(T/Y3FesO1 2 4HE L 7=,

RER

TSR O BB Il memdmmmaxwf A B HGE V7 TR DB F ) s S
FHTC. BREFEZ RNV =13 AL FOEBFIZLD ON%I KIM OFFHCTER T HZ enbhrolcl, &
72 YaFesOn D EEEMAVIED LA 1T, kv l\ DTN &LV Rk
o T A=A —TCERWTEHZ &ﬁ)bz%otz)o Ak i z
BIO~ T/ ik Figure 1 @ X 9 72 Cr-dopoed BiSbTe FED AL, ycl)—»c
KigZzyIalb—varlicd ZAh, 20K 2BV TSRO R _
LY & —Hi/ NS WESI(~1 fIbit) THALKEIRTEX 5 Z &3 bho s =
729, F7- BiSbTeSe/YsFesOw (2351 D~ 7/ ik DERH R % ‘B

magnetic Tl

M L7z & 2 A, FIRICEWT On/Off bk 10212 TAA v F 7T
EHTLbholed, ZHIZKY TURMEAERE @t L v 5 B
7R & RS LT BIERERER T S A A ~OR ARSI SN D, fopsiosicatinsuistor(ry

52 Chk Fig.1 Schematic geometry (side view) of

field-effect transistor (FET)-like device. m
1) M. Mogi et al., Nat. Commun. 12, 1404 (2021). denotes the magnetization vector.
2) T.Chibaand T. Komine, Phys. Rev. Appl. 14, 034031 (2020).
3) T.Chiba, A. O. Leon, and T. Komine, Appl. Phys. Lett. 118, 252402 (2021).
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(NHK BOEEABFIEAT, 2 BT3RS, *IST CREST)
Current-driven magnetic domain motion in magnetic nanowire with topological insulator BiSb
Naoki Nakatani', Mao Takahashi!, Kei Ogura?, Norihiko Ishii*, Pham Nam Hai?®, Yasuyoshi Miyamoto*®
(*NHK Science & Technology Research Labs. 2Tokyo Institute of Technology, * JST CREST)

[ZLHIC

FFR DN RBE A N L —YOFEBE B LT, KRR OMEEERSE S ol REZRREMEMR A € U — DHfFZE
ZHEDTEY ., [Co/TbIFEEIEN 5 72 2 MEMIFR T35 1) 2 BIMMEERE B R ORGEZ ED T2 ), —FH, B
KIpPAE R —f Gu &R bR a U b Uifaigik BiSb & RBMEMFRICEAR T Z LICk v, BXE 7x105
Alem2 FEEDOIKEBER CHEN CE D AR H D 2, £ Z T, BiSb 284 L7 A €Y —FF 241D T
AMEL ., BEOCFIEMSEIC LV BEX O B ERE) 2 341 L 7= 0 THE T 5,

ERAEEER
Fig 1 \OR TR A T —F 142, A A E—LA v L—F—HHljc L 0 REREERL Si v =
FIZERE U, BEMERIRR 3SR &L Y BiSb(10)/Pt(0.5)/[Co(0.3)/Th(0.55)]s (Hfiz nm) OfffEtEiEs L, 4 um
g, 60 um R L L7z, & 6ICHEfFE Si02(20)/SisN«(B) 2/ LT, EEBICHER Zitékd 2 7= 0 D& EfiGE
FRE)EERE L, ATV —@EZRIELT-, BiSb Z#:4 L7\ Pt/[Co/ThlFE)E 0~ & 72 2 WatEHIRR Tl
LK ER BN L B 2R A FE 1 2.5 X 107 Alem?2 Tdbh - 7278 9, BiSh #4481 5 Z &2 X » TR EAREREE T
H1/5 &72D 5.0X106 Alem? F TR TE | BiSb IZ L 5 A Y Lo N —EDOREXEREN OB IRLIZF 5 L
TWORERNELNZ, 7720, BEIECREFRLEZEBETE o2, TOFRKICOWTHRIEZ ED
72, Fig.2 12 BiSb O#:A OF MK T 5 Pt/[Co/TbIBEMEMAR DREEIEFE D —REDE N 27/ 3, BVEMRR A
RORREIIE BiSh #8445 Z & THETERLS 25 b 0D, h—[EfisfilE 0.24° 725 0.007° £ THA L, B
PR DRGSR PE DS RIE 2251k L TNz, Fig.3 (2 BiSb D444 M D R iR 2 i o0 J5 7~ /) BEASEE 5 01
Wi IRT, BiSbhb ##:A LA WEAS, ZHEH I Ra 120.63nm TH-o722, BiSb O#H/IC L >T 3.27nm £
THIK L, R FHEHMEOSIT BiSh ORISR EIC L D Z LAV Lz, 25 O FIE, BEMEMER ORI
T7avRIBIT5 L YA A 7 EEONER(150°C) T BiSb DRI R 2MEE X713, BiSb (X fafizA%x®
FEN/INE L ColTb B~DRBMIEE AR & -/ fEtE 2 /R LT 5, M AL, BiSb ORURES FCRENEMSRAE
ZiEE L, PU[Co/Th]l DRERFEES L 2 Bl L7255 OMX OBRBENC DWW T HMET L5 TETH L,
egE RRFETF MR

o
w

(a) Without BiSb

o
[N}

o

EREH A
EiE/)\YF (b) With BiSb

Polar Kerr Rotation Angle (Deg.)
o

0.1 » .
‘ e = Without BiSh
10um 03 ’ — Wlth BiSb i
= -05 0 05 1 0 I 100 (nm)
Magnetic Field (kOe)
Fig.1 Fabricated magnetic Fig.2 Magneto-optical Fig.3 Surface AFM images
nanowire memory element properties of magnetic of nanowire (a) without &
B3 SR nanowires (b) with BiSb

1) Y. Hori et al., MMM, R1-02 (2020)
2) N.H.D. Khang et al., Sci Rep 10, 12185 (2020)
3)  URIEA, I 43 [l H ARR SR TANGER S, 26aPS-21(2019)
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CooMNSi/Pt |Z81T 5 L—F —hiEif =X A I 7 R &
R NN /=D I NS

Per RIEKR Y, @AYt ik 12
(b iAE, 2ST S X 030F)
Laser pulse induced spin precessional dynamics and spin mixing conductance in Co,MnSi/Pt
Y. Sasaki?, Y. K. Takahashi?, and S. Kasai'?
(*NIMS, 2JST-PRESTO)

FLHIZ

SREEIE A B JE (FM JE) & FEREME AR I (NHM J8) 2 fi)E S o ~7 e & ix, AV imaflfi+ 5 2 & T8

BT T~V YT X EADIEHABRRE STV A [ FM @225 NHM JB~D A & it A DR
A5 FiE L LT spin-pumping 5233 5. spin-pumping 75 Tl, SREEMEILIE T IR D BMLE S S A F 2
J AL S TAEViiE NHM E~EHEAL, NHM JBIZBIT A WA R — B RICE > TAY Vi & mN
FHRDOEFR~EEMT D, EASNDAEVIROKE SIZFMINHM REOAE I F T av g XA
Oer T BT 2720, K& g2 A T HHEBESCHBIEM I Z2HRTHILERHH. —FH T, i
CoMnSi/ Pt {233V T spin-pumping #E12 K > TR E R A E R — /VEENBIHI SN2 [2] ZOKRERHAE
VIR—VEEJEDN G, Fe, CoFe/Pt & bhil LT 35K & 72 gert DS RIE S L7223, Qe M O HE IR IZAT AL TR0,

AFERTIE, BRdF v v FEE2AT HHEFER CoMnSi/Pt, MgO (28 1) AL EL A T 3 7 A 225
HITFEIC L > TN, 20BN X UV T ER o RO, JFONTa b g2 RSV, TOH
BRI B A 2 G~ 7

ERAES S UEERIER

MgO(001) Ak FICEmEZE~ 7 R v ANy ZiEZ AW TER 2 /R U 7o, 3RS AR 2 &,
MgO(20)/Co.MnSi (7)/Pt(2) (BEEHAL nm)TH 5. £7=, BIGEE L TPt v v 78 % MgO(5)/Ta(2) (2 &t
L7=iEHZ DWW T HERL L 72, BB ORI 2 28 b S 5 72 O I BB E % T.=300~600°C & £k~ (228{k S
Wiz, BT A F 27 ADOREITIZENRFNIR T« Tu—TEIc L D B ﬁ”’\J‘E{y‘E(TRMOKE)%ﬁH
WL SEIRICIE DR 1030 nm, A0 R LB 10 kHz, 7SV A1E 230 fs O Yh:KGW L —H— % FH\ 7z,
VKA BB HZICEFL, VAT AT Y AL ERWEE AT r— 70 I —[ElEEf Apk %/E'Jﬂ& L
7o T E R L R T BT 6] 70> B 350 O£ i TAMIRESS oH Z N L 7=.

X v v 7O D T,=500°C D Co,MnSi K IZx L ChE% 72
poH THITE U= siss v 7/ L % Fig.d(a), (D)l ZhZiurd. mos @
JEAREILF Yy TBICEOTRERIE CTh o7z, —FH T, MAEV S
TV OFEFIRERTIZ Co,MNnSI/MgO X 0 & CoMnSi/Pt D523 E W
ZENG ot a DIEIE MO, Pt %% v 78 & H 4 SN
L TC#AF40.002, 0.008 THho7-. ZNEHDENS BIES il
72 Qe DAEIX 7.3%10° m2 Th o 7. Z DR S, CoMnSiPtd (0

L=

Agx (a.u.)

~

Qert! 173 CoFe X0 Fe & Hhlli LT 3fFAE R X V2 Lot % 3 4o
R TIEFEBROFEMCH AR OW TR T 5. g .
ARFZE1E ISPS BHIFE 21K14218 35 L U8 18H03787 DBk %% < 10f :
i, 00 200 ~ 400 600
At (ps)
B TR Fig.1 TRMOKE signal Agk in (2)Co,MnSi

/ MgO and (b)Co.MnSi/Pt films with
annealing temperature of 500°C. Solid
lines are fitting results.

[1] T. Seifert, et al., Nature Photon. 10, 483 (2016).
[2) Y. Sasaki, et al., AIP Advances 10, 085311 (2020).
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Magnetization switching driven by spin-orbit torque from a CooMnGa
magnetic Weyl semimetal thin film

K. Tang!?, Z.C. Wen?!, Y.-C. Lau**, H. Sukegawa?, T. Seki®*4, and S. Mitani®?
!National Institute for Materials Science, Tsukuba 305-0047, Japan
2Graduate School of Pure and Applied Sciences, University of Tsukuba, Tsukuba 305-8577, Japan
3Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan
“Center for Spintronics Research Network, Tohoku University, Sendai 980-8577, Japan

Magnetization switching driven by spin-orbit torques (SOTS) is crucial to realize ultrafast and energy-efficient
spintronic memory devices. SOTs generated from ferromagnetic materials (FMs) are of great scientific and
technological interest because the spin polarization orientations of spin currents in FMs can be controlled by their
magnetization directions, and some of them, such as L1c-FePt,Y exhibit large charge-to-spin conversion efficiency.
Recently, a remarkable anomalous Hall effect was observed in the ferromagnetic semimetal Co,MnGa owing to the
topological Weyl state in its band structure,>® which may contribute to the SOT. For example, the efficient SOT
magnetization switching has been reported using nonmagnetic Weyl semimetal WTe,.® Thus, studying the spin
transport properties of magnetic Weyl semimetal (MWS) combining FM and Weyl state is a promising step towards
novel spintronic devices. In this work, we investigated the spin current generation and SOT-driven magnetization
switching in Co,MnGa-based MWS thin films.%

Co,MnGa-based heterostructures were deposited by magnetron sputtering. The films were characterized by
reflection high-energy electron diffraction, atomic force microscopy, X-ray fluorescence and X-ray diffractometry. The
magnetic properties were measured by a vibrating sample magnetometer. Furthermore, the samples were
microfabricated into Hall bar structures by UV lithography. The transport properties of the films were characterized by
harmonic Hall measurements in a physical property measurement system.

Epitaxial Co,MnGa (001) films with flat surface morphology and highly B2-ordered structures were grown on
MgO (001) substrates. The spin Hall efficiency &n was evaluated to be -7.8% in a 1.3-nm-thick Co,MnGa film. The
SOT-induced magnetization switching of a perpendicularly magnetized CoFeB layer was demonstrated in a SOT device
with the core structure of Co.MnGa/Ti/CoFeB. The Hall resistance change after electric current application suggests
almost all the magnetic moments of the CoFeB film were reversed by the applied electrical current. Then we studied the
mechanisms of spin current generation in this trilayer structure. The second harmonic Hall signal shows a non-zero
value when the magnetization of Co,MnGa is parallel to the electrical field. The Co.MnGa thickness (tcms) dependence
of |&su| shows the amplitude of sy slightly decreases with increasing teme. The shift of anomalous Hall effect loops with
applied current is nearly negligible. Those results suggest that the spin—orbit filtering effect at the Co.MnGa/Ti interface
and/or magnetization-independent spin Hall effect in Co,MnGa may account for the spin current generation in the
Co,MnGa/Ti/CoFeB heterostructure. This work not only provides contributions to the understanding of the mechanisms
of spin-current generation from MWS-based heterostructures but also open a way for the applications of MWS in
spintronics.

This work was partially supported by the KAKENHI (Nos. JP20K04569, JP20H00299, JP16H06332, and
JP20K15156) from the Japan Society for the Promotion of Science (JSPS), the Inter University Cooperative Research
Program of the Institute for Materials Research, Tohoku University (No. 20K0058).
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Anomalous Nernst effect dependence on composition in Feigo-yRhy alloys
T. Yamauchi', Y. Hamada', Y. Kurokawa', H. Yuasa!
(" Kyushu Univ.)

LI

FLH A A PR RIS AR D & E12, BHb L BGROSET RCEEN 2L LD, KBENE
M E L TERT SRS, RN ONTWBBEMEIZINA T, /a3 ) =7 Oa#ET b %815
Z L. JRPTHIRAREEGE N EE TH H Z LR IME SN TWH B, AW T, ROEEEMED b SR — TR
BERARERE 5 FeRh &I W T, B AOMK T 7 A b L—a U RRERLV R FIRICEZ D5
ol ~5~< | FeRh A@DOMREZLSETRFE RV A MIRZRET D Z & T, WMIREE & FH 1
Vo A NNR DGR A AT,

IS

ERGE

Feioo.xRhy (50nm) / SiN (5nm)% Fe & Rh D 2 A /X% U > 7 CEER L > ) 2 W FRAR IR L, 5141
FRATITC X=45, 48, 50, 52, 54,60 D X 9 (28 &8 7=, IS 72 FepxRhy &4 2 AL S 572012,
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FE L, HREBEIZOWTRILRIE, BE R X MIROBEEIT T2,
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Fig. 1 XRD profiles for Feioo-xRhx (X = 45, 48, 50, 52,
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[1] A. Sakai et al., Nature 581, 53-57 (2020). 2y

[2] M. Mizuguchi et al., Sci, Technol. Adv. Mater. 20, 264 0 0 ' 45 50 55 60 0

(2019). X (Rh at. %0)

[3] M. Ikhlas e al., Nature Physics 13, 1085 (2017). Fig. 2 Composition dependence of anomalous Nernst

coefficient and magnetization.
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Enhancement of transverse Seebeck coefficient using semiconductor/ ferromagnetic metal multilayer
Reona Kitaura, Takafumi Ishibe, Himanshu Sharma, Masaki Mizuguchi, Yoshiaki Nakamura
(Osaka Univ.%, Tohoku Univ.2, Nagoya Univ.%)
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HERMICHRE S, HHAED TWDH[L], EF, TREIES R B BREEME ICs VT REhR
LV BRIV A NARORE ZOFEDO—DTHHME Xy ZJRHBE KT 5 PR ESN
7212l L2rL. —fRICEBEMEIOBYRERIIEm W -0, ZT MEVEICE 5, 207, i —Xy
I AREOHK & IR BMRE R OIS FTRE R B3 kD b b, —H T, BE—y 7 551 E A7 2L
BAB T, PERT  EIEOE N LD BMREROMKK[3,4,5], 7ENT 7 ZAPEEREHNDZ LT
BRI R 2 b O BN S < S5 SN TV H[6], £ 2 THA 1L, BYRERIERE &M —~y 2
FREH R ORISR Z B L T, (RBMERAR T /L7 7 2 8IKE & BBV SR IE ) b 72 % FE i i
EIRET D, AR TIE, FRTBIE — o ZREPERICHER LT, 88K Siffhiiit 48 Co flifEmis 4
ERL . REZRICE DL —~ v ZREHE RO Z By & LTz,

REBHE

B RRARAEIEE 2 AV L Si (001)E#K 1T Co, Si &2 HUE UIRE (20 nm) TR AICHE L= (0%
PRIREE - 2EiR) . Pl HEEE LT, IR T Co BB A /FR U 7o, MEERHNICIL, AEAAE FBmsss
(SEM). X #EWHE, T~ atiEz v, BE—~y ZREGHEIZ L, YERFERIELEE (PPMS)
% BMEESRAIEICIE 20iEE AV,

ERIER

Si/Co fiif@t#i&> SEM B4R L7zl 24, &8 20 nm TH)—ICRE SN TWD Z ENnhoiz,
R — oy VREAHE LT 2 A, 20 Si/Co @G, ZHAO Co HER LY b 2.4 [FRE 5
W — Xy 7R a2 R Uiz, 2 LD, 16k, MR At EEERE BV ToABH S
TEMRE— oy 7R B RN R, -8R Si/shiEME 4R Co FEEMEICHB W THLRIT S Z RIS
MmETpole, RHEH THMEZRET S,
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[1] M. Mizuguchi, et al, Sci. Technol. Adv. Mater. 20, 262 (2019). [2] K. Uchida, et al., Appl. Phys. Lett. 114,
113902 (2019). [3] Y. Nakamura, et al, Nano Energy 12, 845 (2015). [4] T. Taniguchi, et al, ACS Appl. Mater.
Interface 12, 25428 (2020). [5] Y. Nakamura Sci. Technol. Adv. Mater. Interface 19, 31 (2018). [6] S. Kwon, et al,
ACS Nano 11, 2470 (2017).



0laB -7 545 B H AR EE AR ESE (2021)
(DEEERER b o RINVAES OB

HEEIT !, S 2, BRI, IR, ek, i R
(W& - MBHITZERERE 1. BITU RS AT A BT 2)
Theoretical study for unconventional (111)-oriented magnetic tunnel junctions
K. Masuda!, H. Itoh?, Y. Sonobe!, H. Sukegawa', S. Mitani!, and Y. Miura!
(NIMS!, Kansai Univ.?)

XL &I

WRT7 o H LT 7 8AAET (MRAM) ~DISHD -0, A b 228 (MTI) @0 b o VB
Pkt (TMR H) ISz TR & RR|EMKETE (PMA) 28T 5 0ERH D, 20 X 5 B 20 e &
B 5720, TAIVE T bee i # FfD Co(Fe) & MgO /N U 712 L 2 (00DELM MTI AL BFFE S, A 2B — L >
N R RVHRIZ L D 0 TMR b & FLUaEE IREEH SR D PMA 3#iiE S C& 72 [Fig. 1(a)]. £D—F T,
MTJ EARIZ O 2 FREENE IR & fec 15 D b DIZE TIRE TENIL, A7 EHREEHKO PMA Z2FIHT 2 2
EMTEMTIEDOREZ RELS AT HZ ENTE D LRSS, fec & DR IX(111)E T 5 728, feo
SRR 2 V2 MTI O BORZeBLm G111 5 & 72 5. L ED X 5 7Bl T, ARBFZE Ttk 72 fec il
fEMER 2 V7= (111)ECE MTT @ TMR b & BERER 7T % BRRR ROt L 7-.
B Ak - 88

TMR lt, BRGSO E L L BEENEEIEIZL D (a) Conventional (001)MTJ

B RHEHE 2 W TIT 272 [1,2]. TMR LEOFHE TIX ‘
WY AT 4w 78 % E LT Landauer 7% W, (Co)Fe(001) » High TMR
WeR R 7 M D FFH B Tl Force theorem % I L 7-. =) PMA

EPD)ELE MTJ O TMR oAz U T AR 72 0 H MgO(001)
G572, FbEHLR fee Co, Ni & MgO 12 X 5 MTJ
BEZ, THHDFZRDTMREEZFE Lz [1]. £ OfEE,
Co/MgO/Co(111)732000% % #8 2. % &\ TMR b & > 2
Lot ETREBICHET 2R ORE, 0k (b) Novel (11HMTJ

7215 TMR i Co-d HKEE & O-p REEDKHE AT L » T L1, CoX(111) rLarge PMA
TRk S 2 S 1IRREDS MTT O it ¢ b oL == High TMR

(Co)Fe(001)

THREEE NIV IRICEL D LDOTHLZ ENRD MgO(111)
Mmootz [1].

BV THRBEEEM E LT fec &R RO L1 &4 L1, CoX(111)
(FeNi, CoNi, XPt, XPd; X=TFe, Co,Ni) %%z, Zhb%
JHV= MTJ O TMR H & RERBFHEZ 346 L7z [2]. % X=Ni, Pt, Pd
PRI ST PEIZ DWW TIE, K& 72 PMA 75 CoNi, CoPt, FIG.1. Schematics of (a) conventional
CoPd ZFZTLZ < DARTHOLMNTZ. HIVTTMRILIZDW  (001)-oriented  MTJs  and  (b)  novel
THNTZAT > 724 R, A2 Co J& % & e CoNi, CoPt, (111)-oriented MTJs.

CoPd ® MTJ T2000%% # % 5 i\ TMR 235 5 7z,

ZHUE ERRD T TV fee Co DIGE L RERIZ, Frims o L REROE TMR EETH D Z & 23R T
=72 2] UED XS b 1o s, Frex X4 BIOA1ID)EM MTI 23, $E3k & 1358272 5864% CF TMR, E.K PMA
EREBLIDATHDZ EE|ET D [Fig. 1(b)].

L ZD N

1) K. Masuda, H. Itoh, and Y. Miura, Phys. Rev. B 101, 144404 (2020).
2) K. Masuda, H. Itoh, Y. Sonobe, H. Sukegawa, S. Mitani, and Y. Miura, Phys. Rev. B 103, 064427 (2021).
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Fe/MgO/Fe(001) : 521 400% - {1 900%% 8 % %
N > ROV SR HTEE O

Thomas Scheike, Qingyi Xiang, Zhenchao Wen, O/, KALRIEES, EBFIE, — A8k F]
(W Hsrs)
Fe/MgO/Fe(001): Observation of tunnel magnetoresistance exceeding 400%
at room temperature and 900% at low temperature
Thomas Scheike, Qingyi Xiang, Zhenchao Wen, oHiroaki Sukegawa, Tadakatsu Ohkubo,
Kazuhiro Hono, and Seiji Mitani

(NIMS)

FCHIC
2004 41T Fe/MgO/Fe(00 1 )1#3&E DIRBENE b > A #25G (MTI) 128V TEIR 180%DEK b R /LKL
(TMR) ZEPRE SN0, AV he=7 ASHIIRENELERT= D, ZRETOTELT 7
AN T 2ROV MTI X0 BEREWVERBES /LN L5120, FHEXH KO BEIZ L - T
TNA AR K E S FEH L TE T, —F, BiRatHEIZ L D & Fe/MgO/Fe 1% 1,000% % 2 2 5 TMR s
FHENTED D, =il 180~220% (KR 290~370%) OFEBRIE & 1T K& 2RlEN H 5, ABFZETIEE OBLH
DA 5T 572 Fe/MgO/Fe [ THEH Lz, HEMKREEOSEOR R, FFomihElbziE
B L. SRR T 400%LA b, IR TIEBFERRIEIZA D 900% % #8 2 5 IEF IR E RENE S NT- D THET 5 3,

EERAE

~ TR b r ANy ZALE 2 DT MgO(001) HifgdaEi ik FIZ, Cr N> 77— Fe/Mg/MgO/Fe/ItMn/Ru & v
v THEED MTI 282 /FR L7z, MgO JE1ERUTIXE #7852 v, BB, Ny 77 —JE, LT Fe
&, MgJg. MgO &, &EEVLI, %O K 7 ot A0 EIT 77, ZIBBRES ., B hELE %2
1TV, ENFER b b (CIPT) B2 X D TMR $REOFHE 21T - 72, D%, um ¥ XD MTJ & 11284
AN T 24TV BT 4 S5 RIS X o TR OBRARERFEREN 2 iR A KR GK) 128\ T{To7z,

EERIER

8 D B LIZ D TMR EE DB R 5 3L AL TATRED sy = o & 7 & o AR & R 7o fi/ s 3
KRELSBETDZEPHERSNT, REICEIRTRK 417% (CIPT : 405%) . 5 K IZHWT 914% D %81
L7z (TMR fh## : Fig. 1), $7z CoFe 84 MgO MUIFHEIIZHAT 5 Z & T, 496%~D =ik TMR i K23
BBz, ZORER, TMR D MO IR LIREN T~ 2 Bige b IEF 1T K& < 72 Y Fe/MgO/Fe G VDL
EDOIREMRIES M Sz (REME ~80%. =), TMR Lo KiE 728 KA Fe/MgO/Fe &\ 9 HifliZp i1 T
LB TE 722 s MERYED & 570 5 UE-Cmpttg - NV

T REASDOHFMELOBEANIZ L > TEH% S HIZE KRR TMR o 1000 . . ;
FBUZSRN D Z IR SN D, ABFEO—HITERE ImPACT 914% at 5K
Tk, BEEIFERME W L CRESh TiThbhiz, £, 800 i
ISPS FHF#E (16H06332, 21HO1750) OEICL W TbN, B _ 1
TRV — - FEEHATR OB (NEDO) DOZEFE¥EH (No. < s86% —

y P = A = Max41;%
JPNP16007) OFERG LN b DEET, = 4oo(Maxa?rs Fe (5 nm)
EZ 4N
1) S.Yuasa et al., Nat. Mater. 3, 868 (2004). 2008 Fe (30 nm)
2) W. Butler et al., Phys. Rev. B 63, 054416 (2001); o

-1.0 -0.5 1.0

J. Mathon and A. Umerski, Phys. Rev. B 63, 220403(R) (2001). Hkde)

3) T. Scheike et al., Appl. Phys. Lett. 118, 042411 (2021).
Fig 1. TMR ratio vs. magnetic field H of an
Fe/MgO/Fe(001) MTJ at 300 and 5 K.
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MgO & MgALOs % FAV = 3 BB Y 71 kB BRI AR O
INA T AEFARFE O U

A R0 2, BRI 2, =0 Bk
(gijﬂ%l , WV - BPRIHITZEREAS ?)
Improved bias-voltage dependence of magnetoresistance by tri-layered tunnel barrier of MgO and MgAl,0O4
K. Nawa'?, K. Masuda?, and Y. Miura?
(Mie Univ.', NIMS?)

[FC&MHIZ

FLK b o RVBSIEHIZE (TMR) OFEBIZANT, MgO N 7 &2 Wi b o xiEs (MTI) 138
WZAFZE S AL, AR CIIARKIR T TMR 25 CoFeB % T 1144% D, Fe #ilii-% T 914%2 & #5G T HIE (~1000%)
WZET DICE TESTWD, —F, A T AELEOHINZ LY TMR IZABIED T 5720, I HFiH LIF
DO IEEREENNEL 2D 5753‘%%%1“3%0 MgALOs (MAO) IZfRFE SN D A ERER{EMIT, Fix DR
TGP L A& TEEAPENR R <. MgO & Hili LT TMR D3 7 ZRBEMAFEN RKIFUESND Z L b, kit
RN THENE LT SN D D, B FEFE S, B2 1E Fe/MAO/Fe MT] DENT- /31 T A EERAFE
IZ. MAO DOHWNKTERI Fe LV 2 EFERENWZENBAELD Fe MOV R BEAENERE S
%4, L)L, Fe/MAO/Fe ® TMR I Fe/MgOfFe L0 B, #Eo T, BV TMR EENTZ /S 7 ABEKTF
PEAEWNLT B3 THEIOBRBENEE Th 5, Z OFEMRIzmT, Fxld, Mgo &U\‘MAO THER SN D

3 J&7% MgO/MAO/MgO /3 7 MTJ @ TMR & % DA 7 AEEMAFIE % 5 — FEH A 0 ~Tz,

HEAELER

SR 7 Fe SR VY, BT O MgO % FeMAO Mt EICFIA LTS - 10° ;_._.‘._.ﬂ_g.o,MAo/Mgo

MgO/MAOMgO /X 7 (3 JE) MTJ, MOULEiR4 s LTMAO ST o ‘02 .
(RSP MY (25 U, JE Green BIEOKICHES< HJmatiias S 1 R

fi L7z, TMR O3 7 2EFE () (EIEEZ R (@R, h=0VDE 7 :go @ , , |

X, B MTJ TIHEV TMR (125%) 2E 517, Ziud bikosse YRR —

< 2 2
RIT 0 BADNRITERT 2D REBIZBT 28T vy 2 oo = oo
BICKDZ L 2MFR LT-, —77, 3 A MTJ O TMR 1% 1184% L FR72fH & b .,.A/"',O'

S /O/ g
BT, KT, A T ABERANTS &L BIZIE V=1V FOEHET S ¢ lef 800000

[=2]
o

%, 3J8H MTJ © TMR OZLIZ NS —EDMEE R - T-, Zhix, Hg L MAOMTS '
AIMTI & RO TH D, K 1(b, )T, KT T /KT B BV K1
MR T, Vo=1V UL TOMHEBKOK VAT (AP) BE TOEIRIZOWVWT, 3
JEH MTJ ClLE R iﬂi&bfd\éu% HER MT) Tl 1 O _EFIHE , , , g

WENHE S K E S Rolo, WRZERIZEKIT 2 A Y VBB NG, 3 0 Bi‘;-:mna g‘e " 1-?\/) 2
JEM MTJ Tl ngOF%ﬁJ\m_&@v FIT Y BHNRIC L D AP , o
fECD Y FATFDIR SN TS 2 EBWEITARDT2, TATHE TMR 1o and (b o) oot for 1
TIE, WITHNO MTI 7 AL THREBLZHFAMML, RE2ZET 54 MTIs with tri-layered MgO/MAO/MgO
Fednote. Pl EOSERMS . 3 @Y 7RO MgO/MAO/MgO-MTJ 7%, o and single MAO barriers, respectively.
W TMR &L= A T ABEARTFNE & W25 5 AlREMEDS RIB X7z ¥, ARFZEO—#8IE TDK RS AE R Y
JSPS Bt (JP16H06332, JP17H06152, JP20H02190, JP20K 14782) D EhA%IZ & W 1Tdiuiz,

N B
o o
T T

Current, /(nA)

o
T

B R
1) S. Ikeda et al., APL 93, 082508 (2008). 2) T. Scheike ef al., APL 118, 042411 (2021). 3) H. Sukegawa et al., APL
96, 212505 (2010).  4) K. Masuda et al., PRB 96, 054428 (2017).  5) K. Nawa et al. (submitted).
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A MgALOs /N 7 |k U R IVESSRHRHTEE F Dl B

)18 E !, Zhenchao Wen', 5 76 {Hi#L |, Ashutosh Kumar!, KA R ERS 1
FEFE L, = manE] !, IO 2, REBEZ 2
(1 Y4 HA%E. 2 TDK)

Dielectric breakdown characteristics of lattice-matched MgAl,O4-based magnetic tunnel junctions
Hiroaki Sukegawa', Zhenchao Wen', Shinya Kasai', Ashutosh Kumar', Tadakatsu Ohkubo',
Kazuhiro Hono', Seiji Mitani', Shinto Ichikawa?, Katsuyuki Nakada®
(1 NIMS, 2 TDK)

[ZC&HIZ

Ay MV BREVAREA A Y (STT-MRAM) 72 & D& H Tl @ WO MBI BT & FF D sBatE - o L8
A MT)) OFEBNLEEND, MTINU TEE LT MgO BNAL ANSNTNEN, ZOBIEIL 1 nm f2E &
R ZOMBEOHREN KR E RETH D, MTI OIFEEIL/N Y 7 8 S T O # fb f A= S5 - K
EEBICBEBR L TWD Z EBRMBILTW D, CoFe(B)MEE & # 1 AR A MNIEF 1T/ & < DL S KB o Hml
DGy 72 MgALOs A Bk /L/3 U 7 MT) TIELi ) R 4772 TDDB (RRIFFHIRER) A 5o Z L AlE S Tn
%2, AHFZETIE MgALOs /XU 7 MTJIZHEH L, EOMEEICHOWTER (DC) #EH KON 10 ns FRE DR/
NABEEROCCTHEMICRF L, ZOBMOZD, HQum? fE O BRI (R4) % FFo B
CoFe/MgALO4/CoFe(001) k% F-H & MTI Z#/ER L, F%E D b 2 AHKEI (TMR) ., R4 ZFD
CoFe/MgO/CoFe 2 FRGE} & BT AR E 2 Lhiik L 7=,

EERA &
~ 7 3 by ANy ZEEEEZ v MgO(001) B #E db 2 AR b 12 [(Cr/Fe) T Hit )/CoFe/MgAlLO4 (0.9-1.2
nm)/CoFe/Fe/ItMn/Ru % SEAM#%1E & 9~ 5 N LR MTJ 2 /F8 L

77o & RA FEIBICER W CTHEIGHAL MgALOy N TG D729, 250

Mg Mg-Al %5 & %l b 24 0 k9 2 B bk Y28 LT, 200

%% CIPT #5125 % TMR H - RA OFHliZ{T>7-D b5, g

250x100 nm? FREED YA XD MTI E 7 —IZHAIN L&V, DC - §

BEROVSVAY 2 R L—H =2 8D ns A—F—O/ OV REE E 100

&N TRARAEIL & 2 B 715 CREAM L 72 Sor CoFe/[Mg/MgAl,] Ox/CoFe, CIPT
EERER 0 e
9" RA < 10 Qum? FEIKIZ 3500 T MgALOs S U 7 VLSl 217 ! RA @) *°

o f R R Fig LIZR L7, 3~10 Q'p'mz DT 180%LL LD R Fig 1. TMR ratio vs. R4 of CoFe/MgAl204
72 TMR BENFEHR I TWDE, I TEEAZEE LFE T /CoFe MTJs prepared by the 2-step process.?
T o A A L 72, Fig. 2 12 RA = 4.9 Q-pum? O DC T 2 |k (25 150 ] ;
FT) OFRERBIZR LTS, EEASAQMICE T 2EE (HE 2 -

JE) OIEL oS HHEHNES < FHLT L0V RE L RS 5 | [ —— l |
P state |

N7z, £72 10 ns OELE VA THRIMERE 1.5 VEERE -,
ZHiE MgO N T EEEECAE L EMEE (DC 0.8 V.

e:Top — Bottom

|

Resistance (Q)

. MgAl,O, barrier

(%))
o

10 ns 73L& 2 12 V) (CHAFEEICKE <, MgALOIZ k53 RA: 4.9 Qo |
P N y N - TMR ratio: 196%
7 R E G O E RN B 2 D, Vb,eak:ri .IECJ)1 V (Average) ,,LM.\;-#—---WW-
0 | 1
S E IR 0.0 ‘o.sDC — (V)LO 15
1) Ikhtiar ef al., Appl. Phys. Lett. 112, 022408 (2018).

. . Fig. 2. DC breakd: test Its of CoFe/
2)  C.M. Choi et al., Electronics Lett. 53, 119 (2016). N}i OUCoFa Ml with Rt — 4.0 Q‘?anz

3) S.Ichikawa et al., Appl. Phys. Lett. 117, 122409 (2020).
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5 [H]
B BB G- AR F I 2 7R3 b ‘/Z\/I/Eézé—a? ?ﬁ%%ﬂﬂ/ﬁ;ﬂ?«%

A AL, Prabhanjan D. Kulkarni, #=IE{&, BUEHTR
(W& - MBI TERERS)

Fabrication of tunnel magnetoresistance devices with even-function type resistance-field response
T. Nakatani, P. D. Kulkarni, H. Iwasaki, Y. Sakuraba
(National Institute for Materials Science)

FL®HIZ

RIS EE KRR R O A B L, KBTS ERAICED b TWD. BXE
1 kHz L F O JEHEEI T, BEKIEIE T O 1f ) A APBER R ERET D720, 1f ) A AR &
HRETH 5. Flt, BERBKHEPUGMR) T I3 LA 2 FIN L, & o OB 5 2 w8 A
W7 "5 8T, Uf ) AZXPREESND Z LRSI [1]. ZOHEEZHWLT-OIZIE, MR OIE

Azx L TR IP- R R-E) Rt 2 m T2 VP IILETHDH. GMR DA, A=V —EE2 ) LA
f*"*‘?’f“fﬁﬁ(f%@ﬁ/ﬂrﬁﬁ BGMEIZRY, ABHEZ FATRACREICZE S, SRR % B e oK
A ANZEIINT 2 2 & C, MBI O R-H FeERN G 6D, —F, b FVBESHRPU(TMR) D554, Slonczewski
DORQ2]TRIND L HIZ, HBHEPUIIRBEIEBMRE OBALAE 0 = n/2 12k LIEXRTFRZR 0 KFMEZ R T 72
VW (AR/AH) 215 5 72D 121E, TMR & o & SOPATRALIRBBMHE THWA Z ENEETH 5.

EBAE

1@ I3 X 51T, HH/EM/Ta (2)/Ru (2)/IrtMn (6)/CoFe (2)/AgSn (2-3)/CoFe (1)/CoFeBTa (20)/Ta
(0.3)/CoFeB (3)/MgO (2)/CoFeB (2.5)/Ta (0.3)/CoFe (1)/Ru (0.75)/CoFe (3)/ItMn (8)/Ru (8) (FE/EIE nm) A B3
VT HEEEAFR L7, MgO N U 7 OXEMIN B HETH Y, #EEMET E/L T 7 X CoFeBTa 82 A7 5. HH
JEIX, AgSn AX—H—%fr L7=[EERE | & OFREIER72 orange-peel FEAIZ LV HFHICE =07 3N THY,
B aBR T MgO NV 7 ZIL S ATE CoFeB B OBACELINII AT E 72 5.

ERER

1O HHBITRT 2 B = VB (Hapin) D AgSn AX—Y —J@IEEK AL R~RT. A=Y —@EED
FEEIC LY, Hain 2 1 mT LU F OGS 72 58Ik CREBIZHIEIT 2 2 L8 T& 5. £/, AgSnid Ag X° Cu lZkb~
PRI AL, orange-peel 5B IRET 720D Hyg OPFHHEIZHE L TV 5. X 1(0)IZ R-H B &7~ d. FMIE
REev =27 HEcx LEE (R SaicAmL, FroBRETRTHILET, FEAEEAT IV
ADIVMEEIE R-H FEN S O D . Hain /NS <92 2 & TRIE 1/RmindR/AH 1TIE K L, F KT 100 %/mT
BEDBENGONT-. HHETIEINLD TMR FEFD /) A ZEHIZO W T hikmT 5.

& C#R [1] Shirotori et al. IEEE Trans. Magn. 57, 4000305 (2021). [2] Slonczewski, Phys. Rev. B 39, 6995 (1989).

(a) FyuT @ Ru (8)
RHHERE | M @) | granc® 5 - , 70 '
EEE2 CoFe(3) | mmm) _ (®) R-H Cfli/n/,/epinning ~
- Sore ) £ 4 601 |+ K1 Pinning| /\ 50 €
= g 3
E- = = T
T, € )
Y7 MgO (2) $ 3F 5
CoFeB (3) £ ci 0 %
Ta (0.3) < 2 [xE
B - O 2 g =
B CoFeBTa (20) Qo o >
o =
C 8 1t =
oFe (1) o 1 50 ©
AR—H—[E | AgSn (2-3) w %
EEE CoFe(2) | mmm)
0 L L L 10 L L
R IrMn (6) 2.0 24 28 32 36 -10 -5 0 5 10
ThE Ta@2)Ru (2) AgSn thickness (nm) H (mT)

1(a) TMR % T OfEfEHGE, (b) BHRHEOE =2 7 & AgSn A_X—H%—[&JZ, (b) TMR % 7-O R-H #hifz.
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B /MR AT vy REBZRAWEZET VR b STT BLKERIZRIT 5

s I EORE
SRR, NNARAIE, K&K, &Rk
(TR, 4l BRI IERT)
Effect of high 7¢ interface layer on the thermally assisted STT switching of high 7¢ / low T¢ hybrid memory layer
W. Zhao, T. Kato, D. Oshima, S. Iwata*
(Nagoya Univ., * Nagoya Industrial Science Research Institute)

1. XU I

7 AR (TA) A T A7 57— vy (STT) BALKERTRUL 10 Gbit 7 7 AR T VX LT 7B A A
£Y (MRAM) 2 FEBLTXHEZIALGTAE LTSN TS, FxidEF = U —iE (Tc) @ CoPd/Pd %JE
S (ML) & & Tc® Co/Pd ML & W oA 70w RAEVEEZH, A7 VA M X2 EREEM 72 STT #ibX
HRNEBICTE D Z & AMGEL2[1-3], AilRl, A B UARMRERIC L 2B bREE My s PMERT 5@ T g DR %
2 S 72[Co(x) / Pd(1.6-x)] / [CoPd / Pd]> (x = 0.4, 0.6, 0.8) A 7 U v K AE U@ % VY, FESEREEJ)DIRE
KIFEZ RS Liz[4), A, RO MESILT: Kerr Z134(TRMOKE)E FIVy, NA 7 U v RAEVEOX BT
EH(e)ZWE L, FifkEOBRE & STT ML KR D BIfR & 7<=,

60

2. EBRIE

A O#HE LRk, V77 Lo AJE /CuR.S)/INA 7D v N (BEOH g 40
fiziknm) £0v9H CPP-GMR A& (EIL, BN T LT, ~A 7V v BB 2
1Z i Tc[Co(x) / Pd(1.6-x)]s ML/ Tc [CousPds2(0.4) / Pd(1.2), ML THERR S/ C 3 20
W5, 7YLA= 10 ps - 100 ms DL/ 3/L A % CPP-GMR & FIZHINL,
STT WAL AR R EIR 2 HE L, £ D/ IV AMRKENER 7= 1 ns F THMET B
HZ LT, A NIREIREE Jo & b o7, 72, a ORGEIZIE, Tas)/ Temperature T ('C)

Pd(5) /A 7V v K&/ Ta(2) & Ta(5)/Pd(5) /i Tc S E / Ta(2)Z AZ/3 Z  Fig. | Temperature dependence of intrinsic critical
BEE L, TRMOKE IZ XYt A )37 A% AIE L7, TRMOKE I%, ">  current density Jeo of the hybrid memory layer of

P25 1040 nm, 7V AR 500 fsee, 0 IR LJEEL 100 kHz D7 7 A 73— 1 [Co(x)/Pd(1.6-x)]1 / [CoPd/Pd]>
—HFENIE L, Pump Y6 & L THEE 1040 nm, Probe Y& LT k&M D
520 nm O L — I A BN A Uiz, B OB, 14 kOe DML R 4 i i
IR TT IR0 B 40°~85° DEEFH CHIMN L7=. JIE U 7= Bib O 1% 258 H) % iR :— Hybrid MLs
BRIEL exp(- © sin(w )T 1 v 7 4 27 L, $ERMEE © 0 K o (k17 g
PEDND o ZHH LT, go.os-

Fig. 11X x =04, 0.6, 0.8 D17 U v RAEV[B%HT % CPP-GMR # -§0.04-
FD Joo DIEERAFEZE R L TWND, Joo I TRE EFICE AL, 287 v X 8 !
R STT BLKEE R HERR SN D, x =04, 0.6 1%L, x=0.8 TIE Jo AKX i _'.—.'"_‘effafe_M_L il
<A LTWD, Fig. 2134 7 U v Rig L St TeJ@ DA D a &3 LT 0 0.6 1.2
B, ATV v B ald Co DBEEA BN 5 & 3D LTS, Co Thigkness of G040
DR 0.6 22 5 L K& WD T 5, ZhE PdBIEORAC L U T/ Fig. 2 Dependence of damping constant o on the
K T BEOREAEE DR I Dlcd EZbND, ZDa DD Fig. 1 thickness of Co x in interface Co/Pd layer.

TRLIEERICBIT2 x=08 D Jo DD EFHATLHEEZOND, Tz,

oo DIRFERAFNEIL x = 08 THROL/NS LK RoTWDN, TN A7 Uy RED o« DA, T72bbE Tk Te
JEMOARZHAEG IR 7D T EBMRL T DH EEZXBNLD, BLEND, & TR T BHIOREIES R, ~A T
Uy RAEVBOERTD JoBILOPZOET VA MIRICKEIEEZEZ TN EEZLND,

4.2 30k

[1] Machida et al., IEEE Trans. Magn., 53, 2002205 (2017).

[2] W. Zhao et al., IEEE Trans. Magn., 54, 3450405 (2018).

[3] W. Zhao et al., J. Magn. Magn. Mater., 493, 165749 (2020).
[4] HAWS S 44 BIEEHL, 15pC-7(2020)
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(0ooooon)
Computer simulation of AFC structure effect for small MTJ II
Hiroki Kimura, Yoshinobu Nakatani

(Univ. of Electro-Comm.)
oodo
0000000000000 [1Joo0o STT-MRAM]2] 000000000 OOOOOOOOOOOOOOOOO
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00000000000 CoFeBOOODODDOOODDO K, =
3.48 Merg/cm30 0000 My = 600emu/cm®00000000000

0A=10x10%erg/em0 00000 v = 1.76 x 10" rad/(Oe - s)0 0 60 <
00000 P=1.00000000000000000 d=30nmd000 40
h=2nmO00000 (SL)ODDO0OO0OOD A=600000000000 20
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000000 je 0DOODOO

ud
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[1] J. C. Slonczewski, J. of Magn. Magn. Mater., 159, 1 (1996).

[2] L. Thomas, et al., IEEE Intertnational Electron Device Meeting pp. 27.3, 1-4 (2018).
[3] K. Watanabe, et al., Nat. Commun., 9, pp. 510, (2018).
[4] K. Yamada, et al., J. Appl. Phys., 127, 133906 (2020).
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BERER A B0 bV FEIRSE 1 DB %

HORWEN 120 FEANSERE L fEEELE T, GEHTe . APREE !
(' PERRMF, 2IST-S & 2807)
Development of zero field spin torque oscillator
Sumito Tsunegi'?, Kay Yakushiji', Akio Fukushima', Shiji Yuasa!, and Hitoshi Kubota'
('AIST, JST-RESTO)

[FL®HIC

AE Y MV BIEFEF(STONET / A— bV A XOHEBIREZETFTH Y . RIAGEE OE SIS R 1 v
=72 EOIEAE B LEFRBR M T CE 7, ITETIE, AL=a2a—F 1 Fxy hT—7 DA TL=a—
a & LT STO 2FAT 2EAEBOBRMELED SN TND Y, ZNLDIGHATIEEWRIEL D L&V Q
BEWNTHZENBEND, ZHODERIZMZ T AT AOEBEEE 0N =010, ERR T
TSTO DRIEAFHILET D Z LITMEE 2D, LOLARREL, ZNETOSTO TiE, EEATTIuW 2
ZBHEWEIRH /1B L1000 22 5 @0 Q EZ WS, LA 1T ETH 5, AR TIL. ESWREIEH D
DHIFF SN D FeB # HHJE, BLV, CoNi ZEFEN LR MEBMEAE EAEEH WD Z EI2LD 2,

MR TRV E @V Q A WL T 5 STO DB AT T2,

RERF &
AWFFETHW KIS STO DOERERZ X 1(a)l2 R~ , B HIE FeB BUEIX 6 nm & L, Co/Ni ZEfKI% Co

0.2nm & Ni0.5nm O AFEE % 7 F#R Y K UAER U7-, ZEEERS% ., 1T OS2 B A7 7 I Fn
L. 330COT =— VLB 24T o 72, Dk, P EE T SRR 2 FII UK E 23 M L7z, 72, H
££400nm D STOZEB U Y777 4 BLXOPAr A4 ) 7K 0 ERIU 7=, BEmEE 5 H ORAR B L
OEVRFEIE Voc Z#HIM L, STO Mo SN b @mEWEE T E2 AT N7 A7 F 74 % —CTili L7z,

%ﬁ#%

B 1(b)iZ %Eﬁ@&ﬁ@ﬁ%r# MR CHROBAL A2 FF>Z LD, Co/Ni ZEIENSEEMAL L T
DI ENHEREINTZ, K 1 TEER . Vpc=290 mV THOLNTZRIEAXY MLV ThD, BESIZTIu W
2 D@L 1000 B2 5@ QIEEZES Z LICRII LTz, @V H & OERIE 2 W29 5 2 0%
R RIER IIEER R EOICHICHEEICALTH D LS N5,

(a) Circular Shape (b) 1.0 T T T (c) T . . 1
400 nm out-of-plane 3| Zero field i
N 05 e Power = 1.6 pW
[Co(0.2)/Ni(0.5)], E £ | Qfactor=1200
Cu(5) > S 2r -
Co(0.54) £ 0.0 3
FeB(6) [} —
m £ (= i
— 1)
CoFeB(2 5) = -0.5Eqe% 1 o
Ru(0.9) I
COTUF€30(2.5) ! 0 1 1 1 - 1
IrMn(5) -1.0 ! . .
Buffer -200 -100 O 100 200 200 220 240 260 280
H Magnetic field [ mT ] Frequency [ MHz ]

X 1(a)STO DFE 1M1k, (b) WEMA N COLEROBALIIR, ()BT DRIEAY FL,
<BEESABFZE1L, IST . S &ANF, IPMIPR20MS O KB #2726 DT,
22 ik

1) J. Torejon et al., Nature 547, 428 (2017)
2) A.Dussaux et al., Appl. Phys. Lett. 105, 022404 (2014)
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<A 7 2 RESEIINC X % injection locking ZFI|FH L 7=
AV MVTRIRFR T OB Z A T 7 ARk

B ESC T N Asam!, H L {EE 2, H. Sepehri-Amin', A. Bolyachkin',
JEES L e K, AR B2 BE R
(" Wbt REAE, * PEXRHT)
Analysis of a spin-torque oscillator using injection locking to a microwave magnetic field
H. Suto', N. Asam', S. Tamaru?, H. Sepehri-Amin', A. Bolyachkin',
W. Zhou'!, T. Nakatani!, H. Kubota®, and Y. Sakuraba'
('NIMS, 2AIST)

FAHARDOER. AR TRELEEBINFEDRE
AV MV RIEFR T (STO) X, EEREZEET S 2 LIk VB bomEES 2 i TX 5/ T
AARATHY, A4 70l T A MERREIZB T B~ A 7 oA ERR EOICANRERE SN TWS,
AVE T, STO OBLZ A F X 7 ADFENTIZIE STO I B FAT H @A ESRE S (STOFES) A ESN T
Too LDALARS, ZOFEICIE, OBMEIRE OBLEISHF 225G, SENESE S E Uiz o i
TER, QFEBEOBALIRE) O JE R BUT 3G L7e WEB RS 234 U, BAEIRENZ XIS L 72 B 5y & @
SEENREE, bW o BN D T [1], T ORMBEE RS D720, SN~ A 7 2R % STO \ZHIIN L 72
@ injection locking Z FV 7= 87 7= 72 fif T ik 2 B 52 UEBRIVICHZEZ 1T - 72[2,3], #HTHLT1EIX injection locking
2 K o TRALDOFLE A ZAL L 72BR D STO @ DC AT 2, ZORIEOT=, O &S 52338 4E
L2 WEAIC BT S AT EE, QEBEOBMUARBI O JFI O HZ B ATRE, LW HFERH 5,
KBy rT7YT

Fig. LICEBE » 17 » 7 %787, alkinplane o> | 222025 |l ™~ oul™ 7~
STO O LEpic~A 7 a BRI ER DT T T | ﬁﬁl If“ )
EER LTz, ZO7 U7 TS, BERER?D 1 5';"% |
MHz C/VVZZEG0 LlcmABIE 548 A L, i qq i R
R L7z STO &5t » 2k (Fig 1 1F il5y) #a > 7 A 570 | e |

Ut U7z, 1 MHz 1 STO OREEFHED A H L v .
+43 K72 injection locking (2> TA U % STO
O DCHEHIOEB B END, £7o, 2Dk Y b7

FIG. 1. IEtvrTv T

S CIRHERTFETH S STO (55 (Fig |HF HS) 08 rmrermreerees 18 proerreererrees
B ARY T AT FIAFICE o THIETE B, =0T 1 10
ERER 2 o4r 1 € os
Fig. 2(a)l. HERTFIEIC & 0 MIE L7= STO 250 = § ol | 5 oo
R MVERT, 2GHz fHElcE—7nb b ¢ -0.5
WD DS, STO DREALIEIRD FEFRIC Z D JE e Tl % 0.128J-\'3'()' “ U312 : 31‘11 % %% % a3
TWAZ EEERLTWD DT TIEZV, Fig. 2(b) Frequency (GHz) Microwave field frequency (GHz)

2L BTHRFEEZ AV, EEREFRORERE A +—7
L CHIE L7z STO o ZE kA<, STOE5DOE
— 7 Zxe LT A B2 3T, injection locking 12
£ 2 WAk siaE D2 b & Sk L 72 RO ZA{L 3 & & 1o
Nz, Flo, BERBERONT —EHINIE T A 7 nlGAREZ EF W86, BeiuE0Z (b K
ELRDTZOEMEM SR LT, 2D X512, FHFIETIE, STORFZRIET D Z &7 < STO ORI
ROMNT N AIRETH 5, & 51T, injection locking X FEEEDOMALIEBI O H I TCOAEL DT L EEBET D &
P FEORERRIT STO OBMEHEIEN 32 GHz TR E TWHZ LZ R LTS,

AWFFNLIEHRA b L— DWrseHEtErktE (ASRC). JSPS FHFE 17H06152, 19K05257 D38, BhRA 517 7=,

ZEZ Ik 1) W. Zhou, etal., APL. 114, 172403 (2019). 2) H. Suto, et al., APEX 14, 053001 (2021). 3) N. Asam, et al., APL(submitted).

FIG. 2. @ERFEICKYBIELT- STOESNDARIL
o OFRMFEFAVTREL=, STO ODXRFIERE
DAY DFERER B R EIRE S
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S IRHTR SR E R E oML HIE T
CoFeB/Th-Fe & E b AMAR O mE it i i b S lis D L 52

FEAER, EREIARAEE, RIIME—RR, Lkt
(JUMIRE)

Investigation of current-induced magnetization switching in CoFeB/Tb-Fe wire for both high
magnetoresistance and low operating current density
Masahiro Fujimoto, Uraku Kamihoki, Yuichiro Kurokawa, Hiromi Yuasa
(Kyushu Univ.)

FLHIC
EERARBIEARE CRAETHAE A —E b b7 (SOTIEERRIC & 2 ik iz Z2F)FH L7 Magnetic
Random Access Memory (MRAM)72 EIZIGHBFIRETH V. HEH SN TnWbH, Fax NI E CTITHEEIT-> T
XA tET 2 VA AIT., BEBKEGE RO EEZA L, ZHIC LV IRWEEREE TOER
BB LN FEETH D [1], —FH T, MRAM [ &2 & 2 156, R T OBKIEBIUER HoIcRE 2T
E7e 69, i HEBESSIIMEIRPIRMEW =, ICHEZRIEZ S &+ TidkehoTz, £ 2 T4l
A THRARGNE G4 Th-Fe & @R IRPIRMEL L LTI HW LD CoFeB A EAME G S, mKIEyE
CARBEREE OWSL 2> T2,

Magnetic coupling
E\eAb Si Hibi 11T Ta/MgO/CoFeB/Th-Fe/Pt % J&litiz 2 /< & |z k. vy Highmagnetoresistive
R L7, ZBIEORAM % Figl 2R, SOT #EAT S0 T T
HeREE LT Pt Z W, BEHIZ 4+ N V7T 7 012k D
RE == TEATO, U 7 A THEICE D == RITIT LT,
F 72 CoFeB |CEEMK LT AFT-E 572010, FF1ERILITH
A 200°C15 4y TEVLEE L 7=, slBl o R i#}&%mﬁt*ﬂ»@ﬁéﬁﬁ%

W CoFeB | nm

Fig.1 Schematic illustration of present
film
(VSM)%FHU\“CTTO 7o TR L R D BIER 13— B 1 N5 1o

BIAFIML, A—NVEEOEEBET HFETITo 7,

ERER

ia“‘ ER L 722 @O RER S TOVSMBlEZ T o728 2 A,
DROIN—DDE AT VARG L, BEBKEGENES

NTWbHZ &, 2D CoFeB & Th-Fe BEAMIICHES L TnH I &

Doahol, WRIT, —EEHNESGEZHINL TR—LEEDElE R

B LT & 2 A, Fig2 OFRICHEEIRE E TRk R —/LEBEDE J(10A/m?)

EABE S, PUE S O SOT 12 X » TR Z > T\ B ,

LRt EEEEMN LT~ & = 5. CoFeB  /Th-Fe MG Fig.2 Anomalous Hall Voltage VH asa

IZ BT E (Do)l 10.0 X 10°A/IM2 72 5 7=, — 7. BALIERRE 73 function of current density J under

CoFeB DD EA . Jin 13K 21.1 X 100A/M2 Tdh 5 = & NEHE Sh in-plane magnetic field Hx = 1400 Oe

TEY [2]. 5EIOREFCTIE L W IRWEEREBENFOLNTWD Z

ENGmoT,

Vi 10-4V)

n

o
=)

L 2PN
[1] M. Wakae et al., Jpn. J. Appl. Phys. 58, SBBI102 (2019), [2] H.-Y. Lee et al., APL Mater. 7, 3 (2018)
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Ni-Fe HgRIZI1T 5 A HuE b vy

Bz 2. T U3 Tt fURER 234, SAaLE
(" AL R AW, 2 ALK CSRN, ° HALKRZABEIE, * HAEK WPI-AIMR, ° #EK CSIS)
Spin-orbit torque in a Ni-Fe single layer
T. Seki'?, Y.-C. Lau"?, S. lihama®**, and K. Takanashi'*>
('IMR, Tohoku Univ., 2CSRN, Tohoku Univ., *FRIS, Tohoku Univ., “WPI-AIMR, Tohoku Univ.,
>CSIS, Tohoku Univ.)

EEOIZ AU AR—AZREHE)ICRE SN HET-A E U ROERBRLZFH T 5 & FEREMEARNNM) / 58]
WEMEAR(FEM) O 2 JEREIEIZHB V0T NM TR e Ak L FM OMLIC MV 7 2L SH 52N TE D,
THUE, AV CELUEFAERAZRERE LAV RMEY BT &P RV LD 28T, A UHLE
ML Z(SOT) EFFIEAIL D, ZAVE TIEEICL NM EOMBHIER L TAE UV EBROMIFAED HiTE 7238,
B2 > CFM JBIZBWTH AV A AR TE 52 & 19 FM B CTAR LI A E Ui FM B & Ot
ZSOT ZEHESED Z L 3ORNMESND L O oT2, EHICZOHCHEMZ SOT 2 v T, Ni-Fe(3
—~ A PYHENLRD T ) a7 T AL AZBWT, SOTHEEBEZOND AL Y ML 7 IR LB
WENTND D, ZHUELSOT ZEMERFLE TH A hu =7 AT A 2O LW ATREEZ R T 558 T
HHMN, BOFHEN 7 SOT OFAEA I = X LIBUED & Z AR BN S STy, £ 2 TARIFSE
Tl&, SOT DEBRTIES HVH TS Py O HCFHER) SOT IZ&EH L, Py BEREIZK T 5 AL by
SEREEPESLIEB(ST-FMR)ZMIE L., o747 "AIZBEXORT 4 —1 FF 4 7 kL7 O Py RIEEENE %
AR TR,

ERER (A E— L2y Z Y 7 ER O TEmR Y U 2 BRI REOR 2 E R L 7o, ARFSE Tl

[ FitTs O Py (Asym-Py) | & [ ##i& D Py (Sym-Py) | @ 2 T D& OFE 2 #Efi L7, Asym-Py
1% Si-Ox FAK // Py (¢nm) / Al-O (5 nm)DFEEM#EE 572 0 . Sym-Py IE Si-Ox ##K // Al-O (5 nm) / Py (¢
nm) / Al-O (5 nm) D& 2 Fi>, Py BOEE 12 1.5 nm 75 10 nm O#EFH T L S8, IR E X2
THEIRE L, B TR FHAGHE O TRSAEZ T L, (ERL-EEZ 7+ N V777 4 —8
T A IV TICE ) ay —F HlERRA~E M T L, EEREREHCCEBEKENZa T L —
FEEEFETF~EHIL, BRDRICEI>THNIERELEZ Ry 7 A T A ICE VBT A2 & T
ST-FMR % #l7E L 7=,

Asym-Py & Sym-Py Oiffi&EICB W T, 74—V RI7A4 7 MRSz, —hH T, X774
7 V7% t< 3 nm @ Asym-Py OZ THIN S AU, M HEE 7 7]~ ORI SRR O 2R 7 28 L3 A B i D
FAEIZFG L TOWD I ENRBINTZ, ZADLORRE S LIZ, MmEIEREIZH T 5 ST-FMR OE€ 7 L4 #2
BL, X8 T T4 MVIHROEREHMNEIT -7, iBHEIFICIX, BOoNTEEX BT T4 7 ML)
REFATHIE LT 2 Z & T, HOEEN SOT OFRERA D =X KON TikimT b,

ZECHR 1) B. F. Miao et al., Phys. Rev. Lett. 111, 066602 (2013). 2) T. Seki et al., Appl. Phys. Lett. 107, 092401
(2015). 3) L. Liu, Phys. Rev. B 101, 220402(R) (2020). 4) M. Tang et al., Adv. Mater. 32, 2002607 (2020). 5) L. Zhu et
al., Adv. Funct. Mater. 30, 2005201 (2020). 6) W. Wang et al., Nat. Nanotechnol. 14, 819 (2019). 7) M. Haidar et al.,
Nat. Commun. 10, 2362 (2019).
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] PN 22 8 SR PR PE O RlE U 72 P/Co/lr/Co/Pt A& I 31T 5
Bkt g Y A A A

BN BRGE B2 RS 45, BX v 7 T =Ty v — v 20 NHRE— 128,
FHEE—6, TUI Ty 13 PRERE 3578, EAnLE S
("HALKEAF, 2B, 3 LK CSRN, * BUL R FERBF, ° BALIIEA, © [ 7 A S it SE it |
7H ALK WPI-AIMR, * ALK CSIS)

Antisymmetric interlayer exchange interaction in Pt/Co/Ir/Co/Pt with in-plane spatial inversion breaking
H. Masuda!, T. Seki'*?, Y. Yamane*®, R. Modak?, K. Uchida"?*?, J. Ieda®, Y.-C. Lau'?, S. Fukami**"%,
and K. Takanashi'~®
('IMR, Tohoku Univ., 2NIMS, *CSRN, Tohoku Univ., “FRIS, Tohoku Univ., >RIEC, Tohoku Univ.,
SASRC, JAEA, "WPI-AIMR, Tohoku Univ., *CSIS, Tohoku Univ.)

1L EBIT Co/Cu/Co X Co/lr/Co 72 EDa BN T FITEMREFE G2 RT 2 EDRHBLTEH Y, 1980~1990
FEMRIEAMMFE SN TEZ[1], ZO&BANTHE FTTFEFOEEEZEDTEBY, BHCAEVHLE MLy &
PR MRS SIS 2 RS R D 9E 5 & LTHHATH S Z E B BN TnD 2], F7z, shmEE
18 2 WIESRREMERIRE B & W o o BRO R BAER 7213 T2 < . A A BAEH O K & 22 IEREMES
BEATAHRTIIVyr v A% — « SFRMAER & W o 2B AEER bBE SN D, ZHE T
KT A AR BAE A X IR E R /FERAE g O R HIC B W TCORIEETH L EZ LN TEN, & N THE T
OHENAEIE O ZE MBS REZ D Z S l2 k0 . FERMERE 20 LTz 2 S Os&eM e o R B EEED KKz
B BAER (B a2 AR EVER) 2381 < 2 & 3T S72[3-6], Lo L7223 o, ROxHRRE R 2 e
HAEH OB O W IEEN +2IEA TE 53, & OIERIFMEE N TG Lo R & W TRk
IREBRNPARAIRTH D, AMFFETIL, JBIEEER & B 72 PYCo/lr/Co/Pt 48 N Tk % F VT A& D IS
PR A%t U, SRR OCRR O S8 AWM BEAER D FE L 3 2 SIS 2 235 Z & 2l ATz,

EBRRER V=T v r v ¥ —%2HFTH~I 3 ba v ARy ZIEZ T, 2R Si AR IZ Co BIE (i)
E T BE () 2R SET2X 70T =y PIIRO Ta(l nm)/Pt(2 nm)/Co(tco)/Ir(fir)/Co(0.5 nm)/Pt(2 nm)/Ta(1 nm)
ZRRIEL7Z, 9 mm AOMEEON, TH Co BEZ 0.6nm 7> 5 1.6 nm £ THEAL X H, T Co B OB 1)
5 90 EHE S H/- HF I It EEZE 0 705 1.5 nm F TR S W7z, ER U 72 g R BURNIR 2 SN s K v e
5~20 pm DOAR—/ASN—JRRA~EIMT L, BER—VNRZHM U TR Z Tz, a3 2 fa it

(woHs) DRI 22 LN S, fe (THRAF L 72 Co/lr/Co DFRIENE & D\ TS REENE ) 730 8 Al A 8
RS AT, e ~0.27 nm. fco~ 0.80 nm DF /A ZZ-OWT, 50 mT D NS % BA X C B R — /L 2h R
MR 2 HE L7z & 2 A, RO PRE M AHAR BAEH OF(EZ RmR T 2 IERFRI e AT U 2 A—T D7 R
BIISNT-, HPABSSZ BRI 5-60 deg. DT ANCEHINN L7ZHE & 120 deg. D ENZEIMLI-84& & D
7 h&EDZE (ApoHsw) 13148 mT & AAES Hiv, ZHETOREME (0.7~1.7 mT [4, 6]) & AT IHTRE 2
DY 7 "L, ApwoHw O el RIFVEZ IR Z A, AwoHsw 13 1 ~027 nm 2>5 iy ~0.87 nm F CTHL
FRD L. e~087nm XV EL 725 LEINT 2N RO T, ZAUISCHFRE R A HAE BAEH O K& S
i lZxF U CREMIMICE T 2 2 L 2RB LTS, £72, tir~0.87 nm TH/MEZ & ZBIAIE woHs D i - AFYE
LELLTERY ., B OB E A E AR ORNCHBIER H 5 2 L 2R LT\ 5, eI,
Bt PrJE A HAR BAE S A B B0l R V7 AV ERIZ 5 2 2 BIC OV T him T 2 TE TV D,

SECHR 1) M. D. Stiles, J. Magn. Magn. Mater. 200, 322-337 (1999). 2) H. Masuda et al., Phys. Rev. B 101, 224413

(2020). 3) E. Y. Vedmedenko et al., Phys. Rev. Lett. 122, 257202 (2019). 4) D.-S. Han et al., Nat. Mater. 18, 703 (2019).
5) A. Fernandez-Pacheco et al., Nat. Mater. 18, 679 (2019). 6) K. Wang et al., Commun. Phys. 4, 10 (2021).
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LiNbO; B s EiR koD 2 Jg#xE Py/Pt ic BT %
HHN—EERESTECL A VEE V2 OFAL

(RRFBE L L 1 BRE 2, RO 3, NI 3, Wiz b (L sy
(B RBEH L SRR 2, 4 EK3)
M. Ito?, A. Yamaguchi?, D. Oshima®, T. Kato®, M. Shima!, K. Yamada®
(Gifu Univ.t, Univ. of Hyogo?, Nagoya Univ.?)

] o4, REBERS AT Y (MRAM)D E X IALREE D X 572 5 [0 LB B mg
TRAENEIFEREVETERI W T A B U flaE b7 (SOT) Mz K DAL HAIZ BT~ 2 WFIE D3 AL Jﬂo
NTW5, ARAFFETIE, LiNbO; HifE S (LNO)FEH iz NigFex &4 (/S—~ 1A PY)/Pt & A/ X
KEL, N—TF=v 7 JIEEDE T LNO HA/Py [ZFE I X7z m N — i < 2 5 M (Ky) & SOT
OMBEERA LT HIEEHNE LT,

[REBRFE] 74 NV VT T 7 42X AT E~ 7 % b 28y X & FWT, LNO M B
12 2 JERETE Py/Pt DA — L R—=F 3 ZEAERL LT, BUBMETS I, LNO FA/Py(4 nm)/ Pt(tnm) & L
T Pt DR 22 L S8 72, 72, LNO R D(0L.2)HEIZK L TT /3, AD/RE —= 2 T () & 28
Z TR 5 Z & T, Ky & SOT OFREA I L7=, VSM I XV KK %2, ~N—F= v 7 JllEE
I2X 0 SOT ZEEIL L. AhAE R —/AZEEHn L7,

[RER & ZBE] X 113 LNO HEM/Py(4)/Pt(4) DFUEHHEIFIZ 3517 2 BeAb Hhi#f o0 FIANGESS J7 171 (o YR A7
R LTERERTH D, 1859 (Ko NS K DAL R D ZA AL 2 BT H Z N TE T2, & 'l
B 5@4!:@%%@@@%11@%@@75%\ LNO %*ﬁ/Py AHENZHE S 7z Ky O K& S1E~580 J/mé & A
FEbolc, M212idk, WE—=VTME  IZB8BTDH, #7747 0 SOT #h3(Eou) D Pt EE
A7 %@F%‘E%:/Tﬁ“ Bl 2 OFERITTT 74 0T 4 VTRRITND ., ANAE AR — L Aegl 2 H
Lice SMTRERE D, y /NS L Iz onCasgfid 3 2 EmnE s, x =0, 90° @ﬁAf
I, 88f =0073,0123 L7200, LT EOENA LT, ZORERIT, LNO HAk/Py @ﬁ@ Y]
N8RS DS, AL D EIN T M Ok 22BN 2 A 5.2, SOT ICHEEZRIETTEDEEZ L
o,

= 5[ Y
o ° ——.
E 60LNO -
= Sub. . 0.10
L.tH Y——  __ [ |
§° §
©
N 0
kT
§ e Py(4)/Pt(4)
=7 5 0 3 r 0.00 '
) ) 0 5 10
Applied Magnetic Field H [mT] tPt [nm]
Fig.1 Magnetic hysteresis loops for LNO/Py(4)/Pt(4) Fig.2 Dependence of éoL on Pt film thickness (tpt) for
film at various ’ measured by VSM. LNO/Py(4)/Pt(tp) samples at various y and
Si/Py(4)/Pt(tp) samples.

[2:% SC#R] [1] 1. M. Miron, et al., Nature. 476, 189 (2011). [2] C. O. Avci, et al., PRB. 90, 224427 (2014).

[BHBE] ATFZD— 1L, 4 KA + o 2 7 MFFRIT O SEFFI - SR OBy 2 %1 T b,
LB RFOSEHBRHARE, BEEREKE, "—F=y 7 MEOHIMNEE 2 W2 72V e KIRKFH PR
ORI L X VR L BT ET,
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h T 2 ARG R R E S E O AL O 7o Ot R
AL

(EERSHE FTBE =2V a—T ¢ 7 W%ER v 2 —)
Modification of transformer coupled permeameter for wider bandwidth
Shingo Tamaru
(AIST, Research Center for Emerging Computing Technologies)

[TL&HIZ
AU R=ERANR=R R DR —x2 LY ha =7 AEY 2 —/Ud, BRELESEBICET 7= s o
—O L LT, FOEEMENEAEE> TS, — RNV LEY 22— LT, AL v TF U ZBEEPEWIT

kmﬂmf%étwﬁﬂfké#\ﬁ%ﬁfi4/&7&:7@@%ﬂmﬁﬁ@tﬁ_%w%&_%ML\
EEBALOEER L 72> TWD, HE-o T, aTIZHV LN MM o @B o . BRI
$% 100kHz 7> 5 4% 10MHz OHIRIC 1T DD A B = X LR K O ORI OFEE & 72> T D,

Z ORI A I N—F DUEROBERPELEE L, hrA XVBROREHCa A V2% E, TOAERV LI
FHEA X7 B A% R[5 Z LIk, BRBOBEBBERELHE TN, LOLRRL ZOFEIL DEKNZR ha
A ZNVTEIRICT 2 FTHETE oW, QMBS RHIAI TE v Wo N H - 70, REBRIZED 5
AT A IRRE D B —BEMRL T 0O @ B B R 2 . NS 2 VAl L DJIE T AU, Fif %ﬁ%?étf
O THATHD, ZOHMDD, T lTH BRI 1% BRGNS A7 i B 5 (CPW) Tl A
GO ALCHIET D [T h 7 o AREEBLERERHIELER ] (LT TC-Perm)Z B %8 L, A& 254 100um %ir“
JEER3 luym LR D o F R R RN —~v u A =R T OFEFRZ . 10MHz-20GHz &\ 5 I - T Elek
ETHETEAZ BRI, ZOBRYUMEEBEORIKE I LIZAT A0, LTFIORTHEEZITo 7,
EBEOHE

EHRD TC-Perm TiX, @mEMANIIR RN TE Z A KHHZ LV 22GHZ EfFICEND / v FIT Ko T, IKJEHEAM
WERT R X —Fy NT—27 T F 74 FNA)YOHIRIZ L - THIR STz, 2 s o R E 2 fig k4
L7, \HEZK 1, EEMEKAX 2 1ITRT X ICKB Le, 1GEIFZER GND &, REIZEK 72 CPW
DOGND EDOMIZET 2T Z L2k, Any hE—REMZ, AL OEBIRT— RETRIR IS XD
ICRRETEE LT, SEEAE RISV TIE, VNA % 100kHz-44GHz % 1 3 —4 5 &7 L@ & #iz . £7- 100MHz
KRR CIHRMES 7 7 (LNA) TR 5 2 iR 2RI 2N Lz, 2o Of5%, 161X 40GHz (T % T
B3 70 < A L — R RERE A T L 9 I8 o7, F7AREEM G X 3R @Y . KR TOMEFE K
1/40 & KIEIZHA LTz, S B#% O%EE 2 T 300umx600um, /& & 100nm 0D/ 8—= 11 1 fE R 0 1B R
Z. 200mT OGS FCHIE Lz & 2 A, 300kHz-40GHzZ &\ 9 AR I8 0 S CHIE T 5 2 & D3RR
SNz, ABETITINSOEBEOFHEME ), 5517z TC-Perm ORIEMEREIZ W THERR T 5,

GHER) AWFICHHI TR E SCOPE(S {13 & JP195003002) D2 it 7= H DT,

BE IR

1) S. Tamaru et. al, J. Magn. Magn. Mater. 501, 166434(2020).

A=TO0 BB —ILFRYIR

0.016
0.012 | LNAZEL

0.008
0.004

0 o

-0.004

AS21

LNA £

8
300k 3M 30M 300M 3G 30G
Frequency (Hz)

X 1. zéﬁnxDJr ut 2. 1K (<100MH2) (23 T LNA % 3. LNA Bz LA RR—<uadg
TC-Perm iE B 5 & AFU7z TC-Perm 318 o [a] FEAE AL FEAEORHAE RS IR D L
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1]

J A XS — MBI D bimodal #Y
BERIBWR AT ML AT = K N

A EAAT, BAUEE . AGU BT ST AR
((BR) b —F > "pERMIE, ™ HAER)
Physical mechanism of bimodal complex permeability spectrum of a noise-suppression sheet
T. Igarashi, S. Tamaru™, N. Kikuchi**, S. Yoshida™*, and S. Okamoto* *
(TOKIN Corp., *AIST, **Tohoku Univ.)

[TL&HIC

J A X — B (NSS) 1L E T2 N T O R BRI A2 B AYIZ, 1995 FIZ(BK) h—F LY
BUSTERAID®: L C Efi&f, #EEBENRAZIZI LD E L CEALS A SN TS, NSS OfRkIL., FREIE
SLATICHE S LT RBEME R PR 2 BN A v A — LRBL, v — FRICIM L L7=bDE7-oT0ND, 2D
BAFE 4405 bimodal BIDERBREF AT MLEIRT Z ENMOBILTWER, ZivE TIEEER 2RI
BME-TEBY., ZTOEBEICET 2HMIT 9 TIER o2, AFZETIE, > — MBI E ZDOWREZTH D
H— @ OB ERR AT MUPMIRIER—TH D Z EEHALNIL, X HIZFOFETNHA Vortex B
T CED L ERLIEZOTY, Z20EE2E LOTHRET S,
ERAE

NSS DFFEICOWTIAKARS Z L2 HME LT, —BMICRBICHWW WA U XX M2l A T
FerssAlxs, & FesooCoareVaz, 72 5 ONIHL Fe 2 VT, v— Falkhds KL OV — R P COE R BRERNE %
1Tolee = FBHIT — AT o4 RA—T 3o ik, B—R11% b7 o ARG BB EVE(TC-Perm)? %
AT,
R

Fig. L IZf&RHI & LT Fe Z WG D> — Mkl & — R SERL - OBEHRBWRE AT MLvERT, T
FTILKHONTE U XA M & H T NSS & [RERIZ,

Fe b bimodal MOERERHE ALY MABHLNT, & 4 @)

Hiz, MR Th, BERBOBRER-TOBIEN i ok
MBS hiz, ZORERIZ, NSS 0 bimodal B O & FH i Mg P.37 vol.%
ANy WABEA ORI FRHECERLEbOTHE . ] I |
ABBRICRL TS, SHICHOMERTHIZIEMEOR <10 b, Ty i

RTH Y, bimodal BOBEHRBRHAR AT ST EHIK 0 F e 4 W
B2V TRER 72 BTN NSS D =S —H L e R T b a5 EL LU

DByt EORBICOWTEHM R MT 21T - 72 (b)

RO R BT IC RS Vortex ORALIRERSIZAR ST 0 | SF ()
B0 | AR E— 2 EREK Vortex =7 OB T, EER L 60 Bi . Annealed
— 7 13BEA Vortex @ flux closure JRRE TOILIETZNZh : e
ERIICESATE D 2 D007z,

AMFFEBAFE T E SCOPE( A7 75 195003002) D5z

R b DT,

BE R 10M 100M 1G 10G 30G
SfHz]
1) HHEAAT, ALK R SC(2021)
2) S.Tamaru et al., J. Magn. Magn. Mater. 501, 166434, Fig. 1 Complex permeability spectra of (a) sheet
(2020). sample and (b) single flake of Fe.
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Fe B — R TRL - DEEIR A7 )L DRLBEATFE

RE\REE, THEFAT . FHUEES 0 Aguii, 5 oS, WA
(ALK, *(BR) b—=F o, *FEERRT)
Size dependence of complex permeability spectrum of Fe single flakes
T. Onuma, T. Igarashi, S. Tamaru, N. Kikuchi, S. Yoshida, and S. Okamoto
(Tohoku Univ., *TOKIN Corp., **AIST)

FLHIC

T, A~— h7 4+ 72 EO/NEERIZBW T, £ OWNEO mER L S L7 H50 5 M O BT B ER S
NTEO, ZOXERE LT/ A XHI T — FNSS)2Y A FHWV BV T WD, NSS 134 e R kL 1 O£ A1
fTH Y, bimodal BLOBREF AR MV ERTZENAL BN TS, bbb R -IZBW\WTH
bimodal Y DERER AT RALDMG B AL, FEMZRBRET ORGSR R PIZAE T DA Vortex DB TRt ©
XHZEERLEYY, Al Fe H—REhi+ DBRIR DR+ BAMAFME 2 I f R 2 WiE+ 5,

Fe Hi—hi 1 DOBERERREIZIL b 7 > AfEEBLERERELECLT TC-Perm)® % Vo, Z OMIEEITEAE
iS22 >0aF L —F U2 —7 0 A REBERTHER LTCFHERES N7 o A THNNE H— MR 1 2
AL ARZ MRy NT—=27 T F T A4 P CTHEMRE Sn ZMET 2 Z LIS R0 | BEMERLF O 8RB 4 JE
THHLDOTHD, wbHEL, EA 0.9um, EAFL 50um, 100pum, 200um O =FEFH DM Fe i R 1% 7=,
EBER

Fig.1 |Z TC-Perm |Z & ¥ JI7E L 72 [ 200um @ Fe i ERL - DERBRER DO ET u O A7 Mo
—flZrd, ZHAVE TIZHM STV bimodal B Cid7Ze <. =00 — 7 BIFEL TWD Z & ERT
& 72, Fig.2 12 Fe ikl - DOFKERICHT 2 ZN TN =Z>O3E v — 7 B O E 277, &xbmWhItg
JEHEEL High 38 L OV ARV ISR 5L Low O B — 7 13 R BRI F-OERICE S FIRE—EDOEE & 0, P
OIS 4 Middle IZEEN K W EREENKTT5
e 23 S 7z,

Z 2T High ® ¥ — 7 M5 Vortex @ flux closure $KHET
DOHIEIZHIAN L, Low D E—2 28 Vortex = 7 O Fh1g 12 A
T5HEMGEL, BERE & DR EIT o7z, ZOREE, High

Permeability p”
<

& Low o L8 & I 50 LA Vortex Bl ii CE BAVICELIA T& v
S bITHEA Vortex 213 Fe i TR 7 O EAR I E T, 80~ 0
100um FREDOH A X ThHH Z EDNRBINT, TNHDZ 0.01 Ofgrequenc;(GHz) 10
&b, High 38 XU Low OIS IREMERLF-NIZAEET D O _ " .
Fig.1 Permeability spectrum of an Fe particle. (d=200um)
L OFITBEEORR Vortex IZIEKRT 2 H D LMW I b, (imaginary part u”)
Middle ® &' — 27 OFERIZOWTIEERFTH D,

ARSI AR FEE SCOPE (185 195003002) DIFEBIR  © ' P— * High
ka6 ThH S, % ----- — |
ZEXH % Middle
1) HHEFAT, SRR R 0(2021) g
2) HAEFAT M, 245 BB AMKUFRERE SR 8

1% (2021) % y —s u low
3) S.Tamaru, N. Kikuchi, T. lgarashi, S. Okamoto, H. Kubota o 0 50 100 150 200 250

Particle size (pm)

and S. Yoshida, J. Magn. Magn. Mater, vol. 501, p. 166434,
2020.

Fig.2 Particle size dependence of Resonance frequency.
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LIEERRIE N O RF BHRERIC L 52— MIREEMER o %H W 7 K

WAIERE L
(HRAEKRT)
FMR frequency shift of a magnetic sheet caused by RF current crowding in transmission line
M. Yamaguchi, Y. Miyazawa
(Tohoku Univ.)

1. [XCHIZ /o ZIHERDEEBEREORIE Y TlE, BRIRE 2D EEROEBNEROIZD . KR
DN LT FMR JERE A S EMANC Y 7 b5 220355 23, ZH TP TERWERK S 7 38l
SN2, RFETIE~A 7 A RY v 78K (MSL) & ERAMT L. £ 315 58 ONE 7 18 O sk~
%ﬁﬁ%$b\%%ﬁ®%ﬁ@ﬁﬁ%@%?é’k%*aﬁurbto;®% BRRD I A X4 — b
ROREMEER G 23 < &, RO U, RIS S B Al FLHDZ EERT,

2. MSL OEBRES &L UHERMHT Fig. 112 MSL OEREFMANTET /L (Ansys #1. HFSS Ver 14.0) %7537,
EBROMEHT Cu, ESX 18um & L, FEEROFEERIL =217 & Liz, 15 5IE Wsig % 95~4740 pm
OFFATEN S, FEA v E—F U X Zo 2 I1FIT 50 Q RS L ) FEERELLL Sz, RFEOMTER
& LT, Fig. 213 f=2 GHz (BT 25 5HWIEINOER DM A <7, CuDRKLES 1T 14p THY, BRE L
0 +o3i, DT RESF L TR L o TE BHROE ST 17 OSFR~ERNE L <HEF LTV 5D,
ZO7, S S RET 5, Fig. 3 1%, (EEMDER Th D & MERITE SR 0 122 T o Z Ry
W S D, EOIEIXE B &L D PN Te D BEFR A0 < . FMR BRI < 72 5, (5 5# L kiR L o
EHEE (Fig. 1 o h) ARATUE, BRSNS, Zharmgd 5 EZRERRE O TND Y, BB
T B CITIRIRBORIC BT 2 R OBV O TREIZREM L Bbh, Bt Th s,

B, BWOSAAN RO L Z | G HHIEN 0 AT IVEKERA 2 BT 50T, Baxdis s,

BEE CEEREVWZEIERT b FEER. AR TRERICEH L ET, AFEIL. REEERERIEK D
HOWFFEBAFE TR O & o fiRREFHI - FRATEAIN 215 Lz /A XA O wFsEBa %) (JPJ000254) @
R TH D,

2B

1) IEC 62333-2:2006, 2006. 2) S. Muroga et al., IEEE Trans. Magn., 49, 7, 4032, 2013.

3) S. Muroga et al, J. Electronic Materials, 48, 3, 1342-1346, 2018.

4) M. Yamaguchi et al, EMC Sapporo & APEMC 2019, MonPM2C.6, 2019.

5) @A, M, v/ 7 ANy IRT o -T2 L HERAEDOKRT, AEHTERSERTIE, 2021

6) R.E. Jones, IEEE Trans Magn., MAG- 14, 509-511, 1978.

Supposed magnetic film W;,=335 pm
sig

J— h 8
i'_

Height, h

Wsig ——Oum

—5pm

Ground plane 30 ym

Fig. 1 MSL model

—55um

5 -4 3 -2 -1 0 1 2 3 4 5
Distance [mm]

(Linear scale) = 0

4
18 um We=1,140 pm | ‘
—— ,
0 —
-5 -4 -3 -2 -1 0 1 2 3 4 5
Distance [mm]
2 Wig=4,700 pm
0
-5 -4 -3 -2 -1 0 1 2 3 4 5
Fig. 2 Simulated current crowding (Wgy=4,700 pm) Distance [mm]

Fig. 3 Simulated magnetic field intensity above signal line
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sub-100MHz () 1 F TN EZ Jg EMI 32— b RE
B BRI, ARG, HEEESLr WEG, rp g
(BR)IZ, *ZHH AT v =27 A(KR))
New EMI Shielding Layer with Magnetic Multilayer for sub-100MHz Frequency Range
A. Kikitsu, Y. Kurosaki, S. Shirotori, A. Fujita, H. Nishigaki, S. Matsunaka
(Toshiba Corp., *Shibaura Mechatronics Corp.)
XL &I

NIRRT m B I B SN TSR BT DB TWEMDRER E LT REFDOE— /L K EIZYy—L R
s 2 EHE R4 2 direct-on-chip > —/L RSBRISNTWA D, FH 5 I1%, BMEEI&REERm CoOBEMIE DS
HHZFT L7228 v — v FIEORRGE NTES E MET L 725 4 Cu/NiFeCu/Cu £ J& 152 351 T 300-600 MHz
O TCu L HEn T —b RHEERENE S 41, & 5IZ[Cu(100 nm)/ NiFeCuMo(100 nm)]wo DAE LD 2 & B3
100 kHz~100 MHz @ AR IBIC B W TRV — /L RUERREA R T Z LA R LY, L Laens, 2hb
DOEEMEZEIEII R E MO & 2 BT —/L R LTINS HE L0370 s — 0 REREDRE TRy,
£, BREFMEL & D729 direct-on-chip > —/L R e UL THWD IIZIRENE D,

ARG TIX, BB OMEBHEEICER L, WEERE & OFREEMER 2 RE LR, BIEER ETcb 7o 25
W _ETH 100MHz LLF T — b REREZFFD . DOREF N NS WL OE R L0 THET 5,

EERAE
LY 7 L, wilEl & [E4EIC Cu & NiFeCuMo & )

BH =Ty NERHWT, ZHAT ha=7 A2y 4 i l

1L CCS-2800 (2 & 0 Rl L7, EBUCIE N 7 2B L 0% © s

um QML & AT 5 25em FOBIEE— L FEMVz, v g Y i -
—/ RYEREIGE B0 STk & Ao Fikz A ko = | & =
SO - 7= I CRGE Lz, S —L FEEMSE @B) |, |

%-20log(BiE /ST — AT ) TEHEL, *v hT—7 w//

T F T A W O CE R EUREE E RT, o i o pe 9

£ (MHz)

BRELURE
Fig.1, 224 7 AHM, BHIEEAMR LI L7z,
[Cu(100)/NiFeCuMo(100)]1o/ [Ta(5)/NiFeCuMo(50)]ss/

[Ta(5)/NiFeCuMo(300)]w0 FEE 5D o — /v REetEZ kg, U
77 L AL LT Culum DFEMES R, BHIERMRTH -
TH AT AKMEFEEIZ, 30-50 MHz (28— 7 & FFOkf
PERFONT, S BITHERAE /NS < FTR7R %

Fig.1 Shield effect of the multilayer sample on a
glass substrate

——0deg.

P 7po TS, ZREEEZREKT 2 3 FOARNEE D%
EFNIEL L Do TWARNVR, B AT Y T AL—T R
MR EO X 5 RIRD2 B2 RT 2 &b, FEN
ERIE AU BRI X - T[Cu/NiFeCuMolo fig o 1R SLng;
HTUNCALTWSZERREEIND,

L ZD TN

1) M. Yamaguchi, et al.: IEEE Trans. Magn., 46, 2450 (2010)

——90 deg.

——Cu3um

10 100 1000 10000
£ (MHz)

Fig.2 Shield effect of the multilayer on a
mold substrate

2) K.Yamada et al.: 2011 IEEE International Symposium on EMC, p.432
3) A Kikitsu: 5 44 [m] A AR 2 Pl A 2E4E 14aD-10(2020), abstract of JEMS2020, 3238 (2020)
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WGBSR E & ¥ O R B R IRE ReE O T

mirE, AlfnE GRAERY), 22 (Y7 —F A V77 ) ny—X)

Evaluation of high frequency vibration characteristics of inverse

magnetostrictive effect type strain sensor
R. Takano, K. Ishiyama (Tohoku Univ.), T. Hoshi (Pixie Dust Technologies)

XC®HIZ

INFETHAIL, B oY & U TREER & &R
JEDRE BRGNS 2 D WRIE R 2 AW Ek v
Y 2IEHT DR EIT > TE =, SBATAFZRIZ BV T
1L 2kHz £ CORBFEF R LM T8 L
TORMEZBELEZD, LML, Fxok o ik
HEE O X v U 7 EEENEL, SLICEKETHY
MWERBEDN NS N EnD, FICEWIRSE R
T HEEE B DT ppm A — X —DEE KR
THIENAREE EHERI SN D, ATHFRICE W T
U EEE D CTF LN LTS 2 L CIREMR
FREEZBE LTz, HHIBE STz
B ) LR JE Bl EORIENRREETH -T2, =2
T, 100kHz 2 & COIRENFRNFEE 2 FF0 7 5 2
DOREGIZHY MATE, ARTIE, TRRIDRT LI
U EHIRE T CEERE S $ 5 2 & CTHEEK &R
M4 2% & E2RAT, IRENEE LT 20kHz 1% % 36
WREEKETAT Y a N ARE A8 L&
BRAEE 2 AWt R a2 b~ 5,
ERERAE

Fig. 1 (2 55 2H5E & O 72 IREN TIN5 BR D45
XM ERT, REBFZ2EERRICLI > T—EDOES
IR L TW5, BB HICRREBIEY 52528 T
B E R % LC L AMRE) (B 35, BErHdo
R IRE 7O EmICEE SN TEY ., b5 — i
FATF—JICEESNTWS, kb ez
REN OB LV ENEL D, EOHMICLY &
VYR OREAT D I L THRESRIZL D B
FBADOBERNENL L, A E—F 2 ZADEAL~E
Bixnb, ZoA v —Fr 2B RHEKICE
WTHIHT 2 2 & TERBRMAIT- T2,
RERERRUEER

Fig. 2 (Z32FRIZ 20kHz OIRENZFIINL . IRE+ D
Jedli A 14pm,,_, CIREN S, & 2P RE 15ppm O
EEAHINLIZFORDERYT, ZOoT—40nb, &
AR DSHIN U 7= 458 JE 3 5T & % 20kHZz D
WL LTHhENT, 202 b ~ER
WCEEREAZEINTE TR Y, EERERCs T 5
TV OFMINTEDEEZLD, ZORRNLED
N7 Y OEEE ORI DWW TR TE S
THET D,

Laser Displacement
Gauge

1
1
. 1 Sensor
-Compressive
s - N \ Bolted
Vibration — =
-Tensile
1
Fixing '
equipment Langevin
transducer
Stage

{

Fig. 1 Design of vibration testing equipment.

' 4,&3’4[:0‘( ¢

8 50us(20kHz)

Fig. 2 Output from 20kHz-vibrated sensor.

B R
1) EE, ¥, A, HABIFSWFHES, 4,41
(2020).

— 116 —



0laC-7 H45 Bl HAMKF IR (2021)

REMEER AR O S RIE S A T b OFHE
A&, ERESAT, NilE B, =k A%
(REERIPESE, "R RE)
Evaluation of Measurement System for Magnetostriction of Magnetics Alloy Ribbons
O. Mori, S. Sato, R. Utsumi, Y. Endo”
(Toei Scientific Industrial co., 1td, “Tohoku University)

[FLHIZ ek, MIEEEER OBROT 2l T A BELIESLCOT AT — 2 Lo T2 5HlivE 23 g 1A < F]
MENTWD, T b OFMEIIERFICERKI R 278 L TR e 2 b2 SR Z L, WA
{bEMIET 5 Z LIk > TR OT A ER AR T 2@ ER5ETHDL D, £O—FHT, HiFE2 KL ER
B ORISR A X2 REL TOMERSH DR EOREHIZTND, THUTK U CHEE, Fox 13R
PEAEBEWICR A DINNEME L, ZTOLEDA U F T 20 RO (BREANEL) 2a1n
RV T 2 2 Ik o THEFOMKOTAEZET 52 L D TE DR RTIELRIEL., W& L7z,
ARFZE T, & OREPEER AR O T 23 75 2 O CTHED Fe 52 7 €L 7 7 A 2605SA1 (H 34
B) ORROTHOBIE I X 524 & i L7,

REAE Figl 1T, AEBRICBUITZ2MEL AT LK TH D, AFHEE T, 8 Smm DOFME W EH o g ip
R A VNERICHREA L COER O 2R B CHEE LR CTERAOX v v 7HICRET S5, EHELE
HHENRD 5 HLO—MGIZ 7 +— A=V Z W 1 CHEHEOREFHANCEIRIG N 25325, 2ok x,
N O BGERIRA N EALT D, LIz > T, Eic—EDIsS (o)) ZfH5 L) b #RHE T2 0~300
mT DEEESR (Hie) ZFINL., HHPEAINI R a4 VDA 27 %X (L) % LCR A—HIZXD
WET D, /oA X7 5 ADWE (I(L—Lo) (Lo: BLrIANDA L E T X RA) & Hye &DOBARR
Z, 300g~700g O L TEEDD, HBONTMEEZS LT LT, FU I(L—Ly) EIZHBWT, He O
ST DENZ L DR (AH = Hyer—Hae?) Z8H L. AH=3s(c//1 —0//2)/M (M : ¥ ORE) (*) 1I2&T
XD THEFOBROT B () ZaHliT 5,

REREER Fig2 IRRDIGNEME LI L&D Fe £
TEINT 7 AERINCBT D U(L—Lo) & Hae O BEfR %A
WLPRRTH CHEE L2 b O Th D, BULELO A IR
72< 80 ~100 mT D Hye TIE, WTALD I/(L—Lo) HE
FRENZHEIN LT, E7o, IS o#mce 7220, [T
V(L—Lo)EIZ6 UC Hye NI L=, D& XD AH
CIGHOENEE, (*) RIHTUID TENZND A
R LTz, ZORE, As HIZBVLEERTA 27ppm T,

IS & R CIED G STz, ZHUSKT L, BB O ¢ o [ unamnealed

As 1 lppm &7 olz, ZOREEN D BEEER 2B gl /

B LT T LT KD | NSO OTASEN S . 70 o
MNMETT 5 2 & 2R TE 2, A%ITT / EREmE s 2 : | . ——
R % I\ CIRRRLC BMILERRT % 0 A, O ol AT G O U ST, SR
ITETHD, g ié | annealed

BTk S|

1) FdbFE—, HBEA, AARCHBER TS 2,5(1978). 5| ——300g

2) MEEAS, BT, BME, REET, PBR—, 5 I o

44 18] A AJS ARG RF2 ATR, 14aD-5. T m e e s

External Magnetic Field, H,, [mT]

Fig.2 BEPEMEH OBMLEERT# O 1/(L-Lo) DRSS KT
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v~ A7 aRA Ny IR a =T8T HREREDORF
EOA R, AU, dERE, AT E, b E, AEFE, Ak
CRAER S A st h—F )
Study of measurement error of ferromagnetic resonance frequency using Microstrip Line-Type Probe

K. Takagi, S. Ishihara, K. Okita, C. Iwasaki, S. Yabukami, M.Yamaguchi, K. Chatani”
(Tohoku Univ., “TOKIN Corporation)

1. XL oIz

BELITT LIV TN~A 7B R N v SRR
Tu—7 %L, EEEHERELZ V. 2o
FHRTE TIX SRR D BB X % st Hns 5% 2o
FEEA~SDOY 7 NRRETHD. A TIEvA 7
Z MYy FERIER L O L &R E O EREA
B2 CHEREEFN L, KEROREE R L.

2. EEBAHE

Fig. | ICHEROMBERZRT. AT LDE Y
N7 7, BARTOAFFE DT S ivie b o LR
Thdr.7u—TF~vA 27X N v 7EHKIE 0.36
mmP& 1.2 mm O fEEO o —T A=, ~L
LRV af VEHANWT, 2T P TAL—F% I T L
—a vEITolz, #RIE0.36 mm D7 0 —7 CILE
TiBER % RF BESUCTRE 22 G ~FIIN L7, #RiE 1.2
mm O 7 17— Tl RF B & PAT Ha~HmL 7=,
Xy U7 L—va b, 2T OMBURZRWT, Bk
ROFFE5 O FHD W S T- FimER %L Sy 2 JIE L,
WMEIR DA &= 2 A Z=270(1—821)/So1 (ZHBE S
% 0.2 WOt A IRBEFRIER G RET 2 AN T A o 2 0 &
VR L ERREE N ORI DB FE B R, &
Koz V. BT NEESHREDOERET 7 )Ly
—"BXOT 7 VAR EFANTO.Imm 25 2mm F
TESETHIEL.
3. BlIFEHER

B EFREHEL F—=F > D NiZn ferrite sheet(10 mm X
10 mm, 0.1 mm thick)® & L7-. Fig. 2 {ZHRIE 1.2 mm
DT —TTH TN EEFROER%Z 2 mm & L
7o & E O¥EFEWH % Nicolson-Ross-Wier (NRW)i%
3K O Shielded Loop Coil ¥4 4 & @ gk % 7R L7z
SEREME LR TR I BN 1 GHz & 72 0 il @ 07k &1
IEF—E L7z, Fig. 3122 O v —7% T
IV A ANy TEREOEREA (LS
W7 B O TRBENE SIS e DM EMZ R Lz,
TV ERORREABET &, RN IR E S0 1
GHz [Z#3 o, ZHUTEERED BN 5 & Bt IR~
JibREHLTE 2L 0, JRIPITH 7 BORsE R 0D BB MR L
Ttz B2 Hivd Y. EHE 0.4 mm DA Chiifgk
PEIEIE TR A ITIEIE —E L 72 0, KR ORI
ZbnEEZBND.
AWFFED—HIIE SRR « f o Fa_X— g -
7T AOMREETH L. RUFFEO—EHITHRE
BB EIIEK D72 OWFFEEAFE kN 2 T L]
O JERF I EAT O AT 2 FFEB R [RE

T O & S FEREF T - MEATEAN A TE ] L7z 2 A X4
HHAT OBFFEBA%E | (JPJ000254) DR TH 5.

GPIB Network analyzer

Power supply Helmholz coil
Fig. 1 Schematic of measurement system.

— p,'(microstrip line, offset:2mm)
— p""(microstrip line, o ffset:2mm)

6 - T
Est N i
E p"(NRW)
§ 4 — 1'(shielded loop) —
E 3L 4uy”(shielded loop) _
1)
Qo2
2 M
§ 1 et
S 0 ]
&~ 1 '

-1 ! T S N B B ! | L

1x10° 1x10° 1x10"

Frequency (Hz)
Fig. 2 Relative permeability of NiZn ferrite sheet.

N

=)

35 6x10° :

“ 9 0 RAYRRN)YTEIKIE2 mm

s SxI0 W TAHARM TR0 mm | 7|
o

g 4x10 L |

g 3x10° 1
o u

gg 2)(109 5 M

8 1x10 6 0 o o o . 4

g Ol v v v v v e
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9]
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Fig. 3 Resonance frequency as a function of offset
between conductor and sample.

BE R

(1) S. Yabukami et al.,IEEE Trans. Magn., 57 (2021, in press).

(2) JFE TECHNICAL REPORT, 26, 77 (2010).

(3) A.M. Nicolson and G. F. Ross, IEEE Trans. Instrum. Meas.,
19, 377 (1970).

(4) M.Yamaguchi et al ,IEEE Trans. Magn., 32,4941(1996).

(5) Sho Muroga et al.IEEE Trans. Magn., 49,4032 (2013).
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Pea MR A Bl L 72 MSL ORESREIES BT 12 K 2 [E1ES E B D HEE

=k &K, =& M, #HP Tk
(BK R 2R 2B T2 T e /)
Circuit parameter estimation of MSL with magnetic film using magnetic circuit analysis
Takahiro MIKAMI, Sho MURUGA, Motoshi TANAKA
(Graduate School of Engineering Science, Akita University)

1 [ZUCOIT EFHEIRITREMERZ BT EBRE A RPNHIE (NSS) % 9235 5 7= O EHES O i
ROBNTWD., EEDGIE, NSS ZEELI-~A 70 A Y v 78R (MSL) Wi & A m B AT L,
SR 2 HEE T D HIEARR LY. UL, WRIEIEOEED 7= DI1X, MSL Wik Ok o5
DA EEER I 2 —va X VERETAIMNENRS 72, £ 2T, NSS OfE LT Co-Zr-Nb E%
B L 7= MSL Wi O R A FE DA 72 B &3k 72 208, Z OFFLBRFEO — i) BN~ 7-. =D
A B L7 fE R, fRTAO728 H O 72 DI T P 2 AW -3 OB /L AN ETH D Z L 3
LTI oT=. 2T, BRI OBH N FITHN D OBSIRI O 2 % W - HEE &2 7k A 7=,

2. BEROMBITWER MoV 1L, WHEEE 8

DT I FHM ISR LB MSL & L7=. MSL P o=

X, MR 10 mm, 18 95 um T®» 5. Co-Zr-Nb &I, SN [ 2T ] Magnetic

(K8 C HLB R 700, MOBHEA OBREEE LTS (FMR) W ——— | [~ film

JE MK 1 GHz, HEHTEE 120 pQem T 5. Co-Zr-Nb i ' Il ‘

ZEOE L7 MSL &%~ FU—727 7+ F 4 % (NAS224A, i, 7 o

Keysight) Z %kt L TS FerE 2 JIE L, AR R = W )

L —% (Ansys® HFSS™, AnsysInc.) # FHWTMHT L7z, w7t S Ol
112 Co-zr-Nb BEA B L7~ MSL Wi OBkl = <

BI ORI ZRT 2. 0o (TEHH, om 1ZBMEARRN

RIMIVOR ERT. FT2, wyidk, WM ORRE

FEDAEAS, 13 BT I b oD R PN O 1 o8 FE O i 1 MSL Wi O REARER 35 £ Ol

DI 37% (=1/e, e 1T A ETE)U L TH D #iPHZ R L,

RIS I LB TH 5. Co-Zr-Nb [N OREHE

Skin depth ¢

10 T T T T T T T T T
BT AW HTRAY LV, wa B LT = i
g § 6 .................................. ’
= /— (1) I S —————
W 1/Hr1h + a/,urt % 4k ----- Meas.(without)

) e B 2 :'\Cﬂsl?:&\(/\\;\iltirghfiflirlnr?)l?ef @ \
72720, un ITEZEROERR W, =1), Wit Co-Zr- = 0 —cw;ﬁ%wnp fim) B
Nb D b s, glLifEik & BMEROBRRE (g =ts+ta) 0.1 05 1 5 10
a=OP THDH. WREEEHND E, alF(ATH Frequency [GHz]

2
5 2. K2 AHT 8 ADHEE

@, R R,

q=-"=
2 RRIRR AR R @

T, SWEKIEPUIEWR Gy Dm, GaHNEDLWIHIFE & T OB HHE LY. ok, MHEREERNT

FEAET DIMEIIC X - TR ESICimiv it R Eld, Mo E RN oEE i L T/hane

EZ, RaDEKDO—HA2 MR L CTHEAE L.

3. AVERUADKETE KRBT LV HEE LA v X 20 R FEBE L el LTI 2 1R
HEEMEIZERE - BB L F 8L, 2.7 GHz (DO EREZ FMR R TIK T L, /e o721
B \Z— BT LT, Z OB, Co-Zr-Nb BN BT S b = L ic X ATk B 5k
(KB DB % B R U T R LB O OB L ZE 2 Db, 70k, 6 GHz fHrll Lo JEik
B CITAOMERT O, FERIEOZEELEZ OND.

4. BDHYIZ Co-Zr-Nb JEAEELE L7 MSL DA &7 X2 2 A BTN HEE A RECH D Z L R LTz,
L%, WEREPWECE a7 ) A RIEENR A D 72O ORGHEH OREE A RFTT 5.
BEE AR O—IEIL, BIFE 20K04497, HbLRFEESGEENIZEIIIERE Y 1Y =7 MIFEOBIEK %%
F7=.
B3R 1) Mikami et al., IEEE Trans. Magn. Early access, 2021. 2) = _bfh, #5 44 [t EL 202, 14aD-11, 2020.

3) R.Jones, IEEE Trans. Magn., 14(5), p.509, 1978. 4) TDK, “figxBl ¥ a% 5t 74 K7, As of June 22, 2021.
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IRUE L 7 BB B A B — 2 AT DR
IR, 49t 5L
(BFRTF)
Impedance change ratio of miniaturized single layer thin film MI element
M. Tanii, H. Kikuchi
(Iwate Univ.)

LIEL®HIC

WA B = AKX, mBRRREIE AR I B 2 W L 72 A IS LV, & OB
TAL L, FAUTLEWVERZNE, IR E 2 L TA v E—F U ZARE T 2B L TH Y, Rt sl
ENTWD. ARG % IR 2 2B EAC OB AL TH D0, JR AT 22 FEREER A 45~ 2B
ZREZTC, B i/ N E B U CRMEEIRIC X D8F9E 21T > C& 2 . ZhETRE AV E—F U R
AL SN TV D ERE FI1X 2-10 mm OF R TELEME CTH D, AWFFE TIIHIE C MBSO HE %
HAWT, 2 ETHEFOD20 1 mm L FOBSRA B —F U AR I TH 100% D ZE{LF O EBIZD
WTRRRT L7,

2. EBAE

MR A B —F v AFETITIE CogsNbyoZrs 7ENLT 7
AT A 2, R 1-5 um DA 2Ny X« U T NA T
EIZEVFEFR 1 mm, FEFIE 10-80 pm OFEEHE FIZHUIIN
T U 7o, BRI R R I e R P BB 21T ), KB T O
S 2 wE 7 N HIE L 7=, 1 MHz 25 3 GHz O J& i 5t i

Impedance Z (Q)

BOTETFOA L E—F L A e 5y hT—ITF 4 Fiok . | |
0 RIE L. IRE DB~ AR AY A A% O T ! Pequency /M)
R & R ORFIHMICHINL 7. Fig. 1 Frequency dependence of impedance Z for
40 um wide and 5 um thickness element.
3. EEBRER
Fig. 1 M8 40 um, JEE Sum OFEFICTBITHA o E—F o
DRI R R L2’ Th D, ZOHFFIIAE 1.4 mm wol
DHBIRFEFTH Y, KRR O 72D I Tmm OHE S CNE ol
\ZIEEAIT> TV D, AIEES 0 TOA B —2 2 A T4 8 oo 1
Q—ET, 100 MHz BLECEEATIC L 0 P2 5. 2orn |
HNERBESR A FVIN L 7= %58, #0100 MHz T oA B =4 Tl
AL DI RNEEEIC72 Y, 1 GHz fHii T — 27 ZH 5. Fig. . —= 1
2IEFA—FFICHIT D 1~1.5 GHz TDA > E—X L ZDHE 40 30 20 -10 0 10 20 30 40

Magnetic Field H (Oe)

BESURAFEZ R L2 CTH S, AFEE 1.1 GHz TOA v E—
5 ATV 400% MR BN TE Y, —ili ORI O T TRk giI%I.Z%OFli.esldG(Ii_;:Zp'endence of impedance Z from 1.0
DELR L2 > TS, £ O@EFE L LTI 100 MHz

{ERJE 0 > B 100 TR 100 MHz ST 3500 TIER BN RIT X B RHUBINAS & 0 | GHz #5AHT TR S6us 3l
HLTWD. AT ZABALROHGR~ 7 AT = VO HRRAUTHES A B —F 0 ZADFHROFMER, BRI K
ELRDITONTA Y E—=F U ABIIREL RDHN, ©—7 & & 2 A EI Ik F L CTIREIC
KDZEMA L ROFERP LN, FRIZBWTOEFIE, REICL LA v E—F 20 =238 L% 1
GHz i TH LN TR Y, MENEILSO T 53 SR & 72 0 G RZELRPFELNTWD LB DND. T
RbEOTHEMIISHEICTRET 2.

2% HR
1) H. Kikuchi, et. al., IEEE Magnetics Letters, vol. 10, #8107205, pp. 1-5, 2019.
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M ZE ML T YIS XD BEEE TR & A HEE T v = U KX A DOFR

wf

BRAEF. P L]
CanVNE D)
Vehicle Traffic Measurement and Vehicle Type Estimation Algorithm Using Highly Stable MI Sensor
R. Yao, T. Uchiyama
(Nagoya University)
LIS
SE—MIFEN L TV — M ERAIL, REOERKOZ @R EDOLBEER 255 2 &2 BRI
L72bDTh D, HEFEZOWTE, RICRBEFIFBEEE, 5N NT7 70702 AFIZX
VBT 2 5ERETH D, w2 AW i@ TEHEEE L, RE LTV, RIEEE ), IRET
FHIICE 2R EORENH D=0, a2 F OB, 1E¥ET A 7 VOREER EZ LIS, SHIT, b —
FRAD 722 FHR T E— LR E & T, B LWRBR R TOMHAATRE TH V) mhF IR H By B2 M
LT HHIFTED, MAITINETIT, ML BV 2l BEAICRRE L2 B @ TR N 2B IC K v | Hi o
BEL HWEOFHUAARER 2 L 2 HmE L TWD, ARNE, ERER DO ZEICHAZFTE L ML
Ze N T B D@ AT RN ZEE O PEREREAN & BAEHEE 7L T U A LT OWTIHRE LIS REZRE T 2,
EBRGE
B (R 0~5V) TEMET 2 MI &3 (EfEFEEE DC ~500Hz) ZalfEL, FHHZEE & L TR
BRHET D701, B, BRE ) A X, 74 VZITOWTHIT, EBEOBERKICFHZEEZE L, L
LT, A= FA v, BATIZEDHEREZFRHIAT> T, 5T — 2 2B LTl o OMERE 27l L
oo Flo, HIRETME SNV I 2 b—va VX W EREEET VT Y XA L CTRNEIT- T,
KERIER
AIEE IR, 2200 T OFPHNIZES 2V =7 U7 ¢ (BMEE) 2R Lic, 7o, BEFEDEEIfE > 2
IS OFHHRERIC LY | BTN 2 R R 03 0.1~ 10Hz C, fEHABNIT, uT L~LTH
HILEMERBLIL, ShI, EREETHELZ 0 /A4 XL seur
% 10nT (DC~500Hz), {3 5HFLL (SNR) 1£59.04dB T
Do WHKZMIRT D720, By AT JEHE26.1Hz D — = —
WNATZ 4 VB EFIHATDHE, 3o BT 4.94nT L7200 A oo 0 eesnisiEe ;‘4a”m T
ZWNERT LTV B HE, UL EOE B ORHHHIE - -
99.7% & 72 %, -
Fig.1 1%, HFED@ATICME O BB M a difdplicE Lo s (%
TeRERE T, RBRESHORE S1L 0.1~ 104 T OFEPHT Fig.1 Magnetic field distribution of different types
Boto, AHRCIE LI ABRE A HRR LR T, o
RN K E VI EEBRE AKX < RBBATH D o . SR - i
nhois, jﬂ ¥ X n @ ."f \! SRS
Fig2 ZAMER (b7 v2) opEpes |1 ° N
T, REEMOBFICESZE—/ 2%/ L, Zh . : |
KON ChD L ELBND, - oo .
{ﬁﬂé@%*ﬂ L %O — 7 BOFRFH % Tpp L " 0 500 1000 ‘ 1533 3: Y4
TEHRT D, HEL Tpp OBREMRGEDT- 9, Fioe s M q " s e B
HE R TOHBREFT VAN L, I al—3 & easgre wavetorms Fig39 Measured waveforms of
a2 L7z, BEmmEicfE > BEhg s .. %t of large vehicles (truck) small and large cars and simulation
MDA OB % 38T LTz, Figl3 1%, NAKL O EFEHEOEM L2 L calculation values
Vial—va Vil AHEETH D, HlEEHEO R L FHREFITEEIL TR Y, Tpp & HEITMR
R THL ZEPMAETE D, DE Y R EOBME/IAM A HRRGEIL, Tpp 7200 T H/NVREH] & KA
23T B D, REIZIIBA MR W NS 05 72D, /N HLE & KA 0O Bl 25109 %
72T, B OB L Tpp ORMEZMABDEDLT NN XL EBEZ LULEND D,

ks ] FE B WIS

bl

Top(RE) B/ ms
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a7 L—FREEER T Y OEHMAEN

EEyit

R, YT ZWTT, Al TR, #b E,

A IEPE

CRAERZ:, "B EHIFSERT)

Analysis of coplanar line type thin film magnetic field sensor by electromagnetic field simulation

Tomoya Ishihara, Hiroaki Uetake”, Chisato Iwasaki, Shin Yabukami, Masahiro Yamaguchi

(Tohoku University, ‘Research Institute for Electric and Magnetic Material)

1. [XFLCHIC

EH DL, (SRR & BT A — b L 7 R
MR Y VEFELTEZ. 2ok rHiconT
BRI 24TV, A T ZABEFIUC L D S 8T A —
2 DAL O 23N FZRIE & Bistehaxdiic Liz7-HH
HT5.
2. EBAEE S UHERE

Fig. 1IZBVVHETOFELERT. B HFETIE
BT AN (25 mmx25 mm, | mm /&) BT ELT
7 A CoNbZr {5 (1 mmx1.15mm, 1pm /&) % RF «
TR ARy XX RIEL, [PlEREE S AL
(300 °C, 2 IR¢f#], 0.3 T) D%, Fife S H EALEE (200 °C,
1 B[ 20 L C, 27 L—TF DG~k
AP U7z, RIZ, SrTio s (BEE 3 um) % FEAn
LN ORI L, &k BB Co R
L—F R (450 um 1@, ¥+ v~ 32 um, BEE 1.6
um) U 7 b A ZICEOER Lz, ZHUTERO A
THRMEA B = ANIEITE 50 Q&R D HETH
L. a7 L —FREBIEEBEE Y v V) 7T EE SR,
X U 71T CoNbZr MO R L2 5 fill )7 16 Ok R
NEMRENS. BrYoOllE i%/b? 7T T
A Y (HP8722ES) DB iEMEIZ L Y Sy D7 A &
&M®%ﬁﬁ%ﬁ%ﬁ@t.*ykvaﬁ7%?4
D JE B 1L 50 MH2z-40.05 GHz (801 /%) & L,
NV NI 1kHz, “FE ERET 16EE L2, Y
B ~OHEFEITIL GSG T — 7% L, SA T Al
ROEINITEE A 2 AT, f#HriciE ANSYS
Electronics Desktop 2020 R1 (ANSYS £L) © =&t AR
BLEVEERIEAT Y 7 - HFSS % U /2. CoNbZr 12
I —Fy R—Faq g 2L flE L8
BBRER AR L IC AN LT, EERT
8%x10° siemens/m & L7-. SrTiO DLFEERIT 7 & L
To. BFRMNTEPELCA v v 2 Ok E T 7=
LR

Fig. 2 13 Sar OIFEHGH IS L UG 2 FEH)fE & i
RIETHR LEZSDTHD. FNEND Sy x>
7vyxmﬂlmﬁ%)mﬂfémﬁ%@%m%&
LCHEL L. HMERIZ 250e & L=, Sy DFEHK
I 2.5 GHz THRMPME, MATHE & b Il MEZ &
HEWH M TERBL RS Lz, ZhiE, B 25
GHz CTHRgEMEILRIC LV, #HBSEHR OB ) i
RKERVBENER LEZZDEEZOND., F12,
So1 DIEFCERILHK) 2.5 GHz THEHEME, MEHTHE H120
25X, 82,5 GHz IR IT I R 3 H M & 7o 7.
X, #92.5 GHz CHEmEMEILIEIC X 0 R BRR

@%@%#ﬁﬁ_ﬁ&bf% BT EEZBN
DFEFIND, ERBEROENIZ L D Sy DE

k%%ﬁT EThrLEZOND. Lo, BES

R ORPNEME & =R eH [RE R IEBRA T2 AV

TRV EEOfT N e/ Z L 2R LTz,

Eirsa

BRE TN 2SN T2 72 72 AL KRR IR 5E

BE B RS LET. AR o —E13 8

T (16H04378), JSPS T —[EMApi 3 L RAFTE |
(JPJSBP120197704) , #BEHE K EIRILKD T D

WFFEBR % T REER O @ fRRE sl « fRHT B 2 7%
A LT/ A X E oW | (JPJ000254) DX
TRETHS.
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Fig.2. Frequency dependency of Sy;.
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1) H. Kudo, H. Uetake, H. Onodera, L. Tonthat,
K. Okita, S.yabukami, J. Hayasaka, K. I. Arai,
T. Magn. Soc. Jpn., 4, 32-36(2020).

2) M. Yamaguchi, S. Yabukami, K. I. Arai,
IEEE Trans. Magn., 32,4941-4943(1996).
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BN TG~V A &E it D

B2 YHR
v =2 &E

Effects of fall time of excitation pulse current on output voltage for magnetic sensor with amorphous wire

T.Kaneko, F.Akagi
(Kogakuin Univ.)

[ZL®HIC

WA, R o I AERBRE SRR EO BN G, BEBEl L ~ A 7 a4 XA RD LN TN D

Y%»77XM@U%?%%V£

gRt Y (RA v E—F 2w roY) X, @A LR

Rk /f Y

BETHZET, TATXICENWEEY Yy 7 7y Fa VAL LHEREN A NETEL L THALZHRIET
5 K TIL, A 70~ T RXTF 47 A I2alb— 30280, FeCoSIB 7ENT 7 AT AV EH N

Rt VI GHz A — & — D)L A%
A LT TEDORERIZONWTHET 5.
HEFERLHEETILRAUHESSG

WK DR LN, WE
TIOTFiglIZRd, VA PiE
DOFERIL0 EAELTZ), ' A X0.2X0.2X100 pm O [HEET
b Uz, BEREFEL, fafnmidk 1.0 T, F5PEESL 250 Iimd, & LfHE]
@&@E@iﬁﬁlmqmum z 7 2.0X10)m & Liz. )

i, BNV AERONS FTVERICRBIT A2 —27&EEE L.
&m&sv%%i,W%@&fﬁ%@éné_k_ib,ﬁﬁmﬁﬁ
BAET L0, RBEIZME T AICBEKETER S]], #-T, £
J& 0.75 um OFEIILEN, Z LA O EE T 7 I s B il &
RE L7z,

AHEER

Fig.2 IZ, 2T Y ) OIS KA EZ R~ ZORERIE, LTV
IRFfE] 1.0 ns IZ I W CEERI & AIEROMEM 2R LT\ D, 3R DRI &
b7, HOMTIRELZ ©— 7 IZHINTEA L, ST R EVEE
HANE — 7 LI DR Xm < e D, F72, SMEBIR I E <
BT, T VR EWVEER IR E L 725, STV RERENE
WMEE, INBREARAASDISENELS 72 b2, HOBRELS b EEZL
nb.

SEF Y AR OB B AR L= 2 2 A, ST Y K] 0.385ns T
XU A Y ERBEOBALEFEO A, LT YK 5.0 ns TIXU A YERE OB
{BIEHRIC N 2 T T A YN OEER B 3 A4 U Cie. AlElgRE Lk
VWU A Y ERBOEELBALEEEIZ L EEOBE LD N, LT
DIFREINEW BB L A L2720 OBNME T T2 &0 5.
BE Bk

1) JIEH fh, 7E/NT 7 ABPED A D Matteucci 2h F: D38 L&,
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SR DORNR-Z BV 1A A7 Landau-Lifshitz-Gilbert 772042 AW CEE L /-,
10pum, EX200um (72721, FEEOUA Y EIEL mmA—&—L& LCHlihm

B2 it L 72RO M) BBE OSBRI &, & 2 T INE OB 2 8)
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Fig.1 Model of magnetic sensor

with amorphous wire
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= EIRHESRIZ & Y R L 1= Wiegand 74 YD/ L AH A%
RS, (LHES, PIAERE]
(B [E SR )
Output pulse voltage of Wiegand wire excited by AC magnetic field at high frequency
Fuma Eto, Tsutomu Yamada, Yasushi Takemura
(Yokohama National Univ)

[FLHIC

ORI T A L 7= Wiegand 7 A Vi, @l ZR2BEERENC KL > TRAAL I ANTEB LDy T LI
XN D R K2 AT, ZOR VIR A VEZHKET S 2 & TZ ORI S FFEEE
VALY A5V A :z"bﬂi\ Wiegand Zh5: & FEIEAL D 12, Wiegand 2R OFFSIL, B CELT DRI
5L CEDZEGEE T KT VAWM N THZETHY  EFANICAEHR LD TH S, i),
R T DR iﬂ/f FNVAMNNED X HIZET 0T b STV iehofz, K
FRCix. A 50 Hz 75 50 kHz S b EE 2L &2, »OVAMAR ED K 12T 502D
WTHIE R OB EE LD THRET D,

EBRAE

Imm £, 200turn O H A L Z/ER L, 11 mm £ Wiegand VA ¥ RO ETIZHE Lz,
LA RAaAMZEY U A Y RISK L TRE ARSI 2 HIIN Uz, BAT CIRBh RS S o0 5 2
8.0mT/uy. JEH K% 50~50kHz & L7z & X2, Wiegand VA YIZFEE S5 VAT (BAEIE)
ZME LT,

EERIER

Fig.1 121X, f =50Hz OZWER Tl S 7= & OB aA VICHR SND IV ABERE %
7, Fig2Zi%, f =50Hz, 500Hz, 5kHz, 50kHz & 2t X &7- & 2OV AEIEEF 2 R~7, mﬂ
iE, 7OV ADIED O B & AR T L ACERTER L TR Y, s OV A BEOWR & T
fELTW5, Fig2 /25 &, f =50Hz~5kHz ® & & D7V 2T AEBE DS 10 ps FEE & 55 &2 L
DE BNV, f =50kHz D & 2OV AL, tEEE oMz LTER kS ootz 2
D & X RZFRBEROF TN 10 us &7 VVRME E[RFEEIC /2D | E72 T A PN OREERS B 1% 500
m/s FRIEELEZ LN TEY, FEMTHEIVA PRI VEW S mmBEIT5Z L1275,

MR T — HRERITHOVWTYEH, ET 5,

BE XM
1)  Wiegand and Velinsky, U.S. Patent 3, 820, 090, 1974.
2)  Takemwura et al., IEEE Trans. Magn., 53, 4002706, 2017.

1.2

Magnetic field : goH = 8.0 mT

1.0t ‘ — 50Hz
0.8} /\ I+

0.4} /
- - 0.2} )
0 5 10 15 20 0———*J//1'

Time [ms] -25-20 -15-10 -5 0 5 10 15 20 25

o

(= 3]

T
—
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Fig. 1 Waveforms of excitation AC magnetic field and Fig. 2 Output waveforms of Wiegand wire under
output voltage from Wiegand wire (f = 50 Hz). excitation AC magnetic field of various frequency:.
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Wiegand U A ¥ & @GR M B2 a TIZH WS 528 2 A L O bk

JIRERANEA. NN FAREL, ILEES, Pkt g
(FRIEE LK)
Receiving coils with cores using Wiegand wire and high permeability material
Shumpei Kawazoe, Yuri Kawade, Tsutomu Yamada, Yasushi Takemura
(Yokohama National University)

FL®HIZ

Wiegand 7 A VIZHMBER ZHIINT D &, KNV IZ ATV Dy o7 LEEN D 2B 2 b Kisa £ T D
72, ZOFDICHE LR oA VIOV REENELD D, Z OISR R OB K F L
ﬁw&woﬁ@ﬂ%b FEMTa—FRICRAHEN TS, £, BRNA 7T F~DU AP LR
WEO LD oA N EZE ANV DGEICIE, REEBERZREIED 2 LR LWGAENEE
ém Wiegand 7 A ¥ ORHEZFIH LTAARBEE O T A ¥ L AEDIRFT SN TWD D, 22T, — 2T A
YU AFRETIIZEAANDOATIIEEWR T =T A4 FOMERAINTWD R, FFREEE ) 234 S 2
BLOHEINDELEREN R D720, TNEIOREPEN & 72 D52 g3 2 Z S 38 LV, ARBF
ZETCIL Wiegand VA ¥ & MnZn 7 = 74 FE W a Ty aA Oz %EBORE) - a2 5 D iER
e L7,

RERF %

Fig.1 12789 X 912, 4500 turn OFFEAMH =4
V@ a7 Wiegand U A1 7 (¢:0.25 mm, length:11
mm)¥FB LN MnZn 7 = 7 A (¢:0.44 mm, length:11
mm) % FEH U, BT poH = 5 mT T—4RIZ
i LTz, M A VBT, A A —RT Y
VEEGEIR KOG 2 T o R L, AR TR
bNDLENEWE LT,

Wiegand wire / MnZn Ferrite

wH =5mT

Pick-up coil

Fig. 1 Configuration of measurement.

RERER

Fig. 2 (ZJibksé)E %% £ = 100 Hz, 1 kHz, 10kHz & L
HAIC, ARTEOND 1 EAY-Y DR LX
—DAMEMEZ R, 2L, ANMEEEZEITO

100 Hz 1 kHz 10 kHz
Wiegand Wire o [ | )

600 Ferrite o3 O O

WrimfE CHUSL L7 a2 DR L, 2 0 FEBRSEMt:
WZHBWTIE, W OJEEEIZB VT E | Wiegand U
AYE a7 T D HIEENEN ThH 5 2 & DR
TE, BABEXFETTOLEVWE&EMHEZ b D
Wiegand /L AR K A 4 — RTOHKOENNE G-
LTWoEEZLND, FEMITY A#ET 5,

B 3R

1) J. R. Wiegand and M. Velinsky, U.S. Patent 3, 820, 090, 1974.
2) Takahashi et al., J. Mag. Soc. Jpn. 42, 49, 2018.

3) Takemura et al., IEEE Trans. Magn. 53, 4002706, 2017.
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HMBENF=2 ATy TETHEREINI- NId-Fe-BEREDRALIZEZ A HERER

fhiEFRME (M) ', WREF' NEMEZE T /NEIPE T NEEERA . WEESE,

mE B2 OBWE B RARES KH {23

I KBEEL ', AXBEI? MFXSFI4+ F&3
Effect of deposition temperature on anisotropy of Nd-Fe-B magnet films
made by modified two-step process
H. Nakajima (M1)!, K. Furusawa (M2)?, T. Uchida (M2)!, K. Koike?, H. Kato?, N. Inaba?,
M. Itakura?, Y. Saito?, S. Okubo?, H. Ota?
Yamagata Univ.t, Kyushu Univ.2, Kobe Univ. 3

IZ U OIZ KAWA TIERERERERLVF —FEBH)nx DERSNTWND, ZOEFEIZK L T—
REEPEFR O NdFewB fH & Y 7 NEMEFED Fe BB EZ T ) A — NV CRHEG ST F /) 2R
Ty MEAURE LN TN D, Ba I TENE 72 215 2 72 OITARIE FEAR THERE L 721212 UHV BREE
TEULHS 52 2T v 77 =— )Lk % FV 72 NdoFewB/MolFe ZEEHL ) 7 2 iRy MgA RO
FRZAT - TWDDS, cHIDOEFPIRIEICELINN S D Z ENFRE L 72> Tz, %X, 2 27 v 7k
2k % 150 nm JED Nd-Fe-B Bé A IEDVERIZ IV T, 3D > — FEDEA L Nd-Fe-B il A1 I D HERE IR
To O EFA(FIRHERIRE : HDT)IZ & o T, NdoFewB i@ c fliDFEEFLANRHE 2 S 10 K D2 'E S MO
PRI DR 25 LT 58L Wi TEM #5205, Z OREIX 50 nm L O NdoFerdB b 17> HAERRL X
NTEY, O — RE EI2HE L7z NdoFewB ki1 O—5BIC i c S TERL N U727 7 AT v MR
SHTWBEMN, 2O EFORL1O ¢ SlELFIIREEBICELILA H Y, 3R & 72> T2, RWFETiX, Wifd TEM
THLEL S 72 NdoFewB K- RIZIV 50 nm DOEE D Nd-Fe-B B flEa 2 A7 v 7VETIERIL, %
D ¢ EEC AR TR & AR B2 D Nd-Fe-B O HEREIR FE2h 5L 4 314 9~ 5 .

FBR 5 Mo(20 nm)/Nd-Fe-B(1 nm)/Nd-Fe-B(50 nm)/Mo(10 nm)i#fki: UHV & /<y & 35 2 ¢
MgO(001) et b HEFE L7=. Nd-Fe-B ¥ — F%& 1nm JE & L TEMRIEE 660°CT Mo FHE EIZZAk
%, HERSIEE Ts=300°C (LDT & MES)E 7213 450°C (HDT & FESS) & LT Nd-Fe-B J& Z i dfk L 72\
B THREL, BIRTMo B CRE L. ZoRB LRSI EL-DITR L —F—T =— 3%
BEHZ AW, T == UEE T, OFFEIE, 400°C = T, = 800°C & L7=. bz SQUID &
VSM Z FHWTHIE L7z, fSuiEiE 2 XRD TG L, EREFIEL AFM THEIZ LT-.

FFE R Fig. 112 Ta=700C T7 =—/L L7 LDT & HDT B2\ T 100 kOe # % L CHIE L 7=
55T 1B (OOP) & [ PN (IP) DI iR &7~ 3~ 2 Z ikl O0OP & IP DB D7 A
M, 1%, LDT & Clit—6emu/cc T& 1, HDT & CTlx+440 emulce LEWA R HN7-. F£7-, XRD HIE T
IZ LDT 52 e~ T HDT 5D NdyFewsB (004) B — 7 OFREN DT IR E < 2o T, Ko THERE

RELY FASEZHDT 2R E LCeiomERM s+ T [T 00 o)

[1] R. Skomski and J. M. D. Coey, Phys. Rev. B, 48, (1993) 15812.
[2] K. Kobayashi et al., J. Phys: Conf. Ser.,903, (2017) 012015.

. . — 3 —700F (2)
DHBHE SN, BERKAFEOBKCHTT 3 ,|70C 1L 228
B ENHDNERST, g .
- E 400 - f/w'ﬁﬂ
2

[3] K. Furusawa et al., Presented at JIM Autumn meeting,

September 15, 2020.
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Fig.1 Demagnetization curves of (a) LDT and (b) HDT films

[4] T. Uchida et al., Presented at JIM Autumn meeting, September

15, 2020.

annealed at 700°C. Directions of external magnetic field are

out of plane of film (OOP) and in plane of film (IP).
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Nd-Fe-B & BefE i AT DO ANz -

A5 A AR R AR AR (2021)

IMEOHE SN RN X B XA E AL

FIAS BER, TEH fEEZ, A thiG, 118 BR, AR A
(LTR, *=ZERK)

Change in magnetic domain structure of Nd-Fe-B sintered magnets due to combined effect of heating and

compressive stress
K. Tamura, N. Eguchi, Y. Morimoto, M. Takezawa, N. Matsumoto*
(Kyushu Inst. Tech., *Mitsubishi Electric Co.)

[TLC&HIC

AWFFETIX, WSS, B B L OB S AR DS Nd-
Fe-B RUEAEREAT DAt AR DS XA 12 5 2 5 8k
EHLNIT D20, MEVE MEZFRIRHZITH 2 &
DTELHIRE VEHWT, RO HIZ X L& T
LB INEDE AT & DB bET & ik LT,
ERAE

Ble=2 U302 Table.l 12737, ~EIZ 3 mm T
& 5, FKifi & BEE A LR L L C Tali% Snm,
FCEBGIERE & LT SiO: f% 409 nm(YEIREE £ AD
UMM L | 155 Kerr ZhSRBEMEE A4 N CRBHR
PR 2 BIER Lz, Bloi L, BN OEED 2
FEEH D ARIZONT, 50k0e TD/ UL R 5L LA
WEOHEINF . A h & ORI BEL 21T\,
DR E g Uz, IEIIRAL R Shiih & SPATIC 55
MPa DJERMERS ) % 23T TT, INEIEE FE
BIELHIA 100 °CIT 72 % X H Il L7,

7p¥5. INEAGEBRIC X 0 RBLR m O RA R D H1E
WD ERGN-T-DT, 2 FEOAMN CTOB
LHIXRMEO R A E VT T 72,
ERERLER

Fig.1 2MINEAD 22, Fig.2 2SINEN & INEDE AR
(2 & o THERAEIE N AL L 72l Sk 2o L 72 R IX 5
HThb, RTBYOSLEZEL, BSOS H0A
faf 272 Z ST L0 BAEREEEE Z 0 | Pk LT
WDREERRLZ R LT D, IIEAD 1T K > THREXHE
EREAL U= BT st LT, BV G INED#EA IS
X o THEXKREE N EL LTI @A EL oo TnDH D
3D, LLEORERZ b &Ik TRESE O R
AT o7,

BACERTO Y 7 2 x 2
NI O Al Ve

TR (%) = 100 x

BAWERD DR U5 12 BB OB B>
SEBER OB EZFH L2 2 A, B\oRIZLD
A TIX 048 %, B LIS NIZ X H2HE AN Tl
277 % ThH-o7z,

2 DOAMERERE LT 5 &, IEETT &
LA OB ENRIZ K - THIEEPRKE o TW
Bo 12720, ARIC & o TRl 2 Al sk OB
BEEARIC L > TRR DD, HEICHo 8
R L T D MER D D, Feii L BLERE I DO
T, BUEMRTTH D,

Table.l %2 U750k

FREERGAEEE | PRI i
B (1) H; (kA/m)
1.40~1.47 875~ Dy #shn7z L

(1857 1) (1185 2)
Fig.1 MED I L B EA L& OH]

Fig.2 MIE\EIEOHE AT L 2 Z{bERT OB

HEE

Z DRRRITE NI GER T IE AT =R L ¥ — - FEE
B & BRI B (NEDO) O Rt S 2 R kPR 7 1
7T 5 TR B B A mh =R — Z — I REMER
ELBRZE(JPNP14015) ) DOfERE LN H D TY,
BSE B

1) M. Takezawa, K. Fukushima, K. Morimoto, and N.
Matsumoto: The 21st International Conference on
Magnetism (ICM 2018), N8-06 (2018)
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Nd-La-Ce-Fe-B % d-HDDR % 5 Mmea By RICEBIT 5
sE B D a7 A ARG T

OFrfr &, ey B, =g TH
(% N 40
Core-shell grain structure and coercivity in Nd-La-Ce-Fe-B magnetic powders prepared by d-HDDR process
OR. Shimbo, M. Yamazaki, C. Mishima
(Aichi Steel Corp.)

1
IR, B Tl HEEIRO T EA~OREIC L 2GR Y 27 Z k9 5729, Dy, Th DO EA 1
B2 T, A D Nd 12OV THE « A Nd LD EA TS, ZomGEim S, Nd % Effl
T5xHEL LT, BIFEAY 27 MEL 2O MRS 0%\ La, Ce WNIEH SN TWAH A, LaFeuB FHB LW
CeoFesB AR D B IFVERGHE 7Y NdoFewB FH L 0 HIRWZ0, (#BEI HoWMETFLTLE S, Zhicx L, Nd o—
W& Ce TEHBELDOH ., Hy OAK T 23 2 Bl s S iz D, M8 TIXiIK D Nd7oCuz % Nd-Fe-B
FRAEIIN TR CIRGELEL L, RoFeB A1 (R : i HJETH) OfEskiOT.LE (27) X0 b4 (&
/) TNd BB L L7z Z2 R T2 2 ik - T, kiR S oMbz z LiIz< < L, HoDfKF
EHHILTWS (a7 = V8., —F. Fxld Nd-Fe-B ZA&Ikt L, @ik - BEAKERHLZ T TORY
b - A SZFI A Lz d(dynamic)-HDDR #LEE 2% fiid4- = & T, fESRI-£82% 300 nm F2E & fii <,
NdzFewB FHOD ¢ $li D5 o AL — J7 il - 7= 82 54Kk & 3 5 Nd-Fe-B SR 25 MEREA ¥ K % 15 D Bl % e
SELTWAR, ko a7 o= VN2 VW28 Nd iR RICbEHAREEEZE X 6D, 2 THR
WF22Ci. d-HDDR B HFMREAMRIZIHBNT, a7 ¥ = UREE DTN Hoy O TN FIF 23058 % 54
B2, A ARD Nd % La, Ce TEH L7-5HE 04 BHE L OB W THE L,

EBAE

A KU w7 %y A METYER L 72 NdizoFea BssNbo, &4 (alloy 1), 3
J O (Ndos(Lagos Ceoos)o.4)125Fena BesNbo2 &4 (alloy 2)D 2 FE¥E % (i
L., K& IKBIWVLIR 2T 72k, <212 um &8k L7z, RIZ, %
NENDJF RN K %2 780-840 °C, /KT /) 20-30 kPa D RV S
C d-HDDR MLBE %t L7=, F D%, 2 OFEIZ 6 wt.%?D Nd-Cu-Al
ZAEEDOWHREZIRS LT D% 800-875 °C. mEZETRBHULIE L .
M OB R ZERLL 72, 5 5N R OBAE T VSM T,
#% 1% FE-SEM ¥ X Y STEM-EDX T2Ef L 7=,

EEREER

Fig. 1 1Z alloy 2 7> S AF8L U 721205 LB D Fy KT EDX T~
v B 7 g a R Y, KEERIROEEE T Ce JREEAMES . Nd JREEAEWV T Fig. 1. STEM image and EDX
&5, d-HDDR R GPEBATHRICEB WV T HIERD =7 & = LHEEA elemental maps of  magnetic
TERATRE Cdo 5 Z L 393> T, Fig. 2 \[Zieth oo FLl 27797, alloy  powder after infiltrating process
1 6/E LT Lo, Ce @ £ a7 ¥ = /UBIEZ TR L TWOZRWEIR  prepared from alloy 2.
TIX Q@) DOWE AR BTz, (Q)DOWlERIFRIS LTV Nd, La, Ce D4
RoFewB FH D B VERY & BRI K iR #9% 5l alloy 2 DORLAL L 72 14
% &9 Bl La, Ce TiE# L7356 ORI Z RS 2 L. (D)DK 1125
BEHIHR & 72 0 BEARFHEOIR T TSNS, ZHISKL, alloy 2 725 @ ]l 105
VEBL U BIER 2 M L7, 27 v = ME A AT DR R TE L > 108

101

rizat|

Te RG22 )T n T, () & ()&l d 2 & R L B 23 2IE—K 106 8
LCW2A—HT, HylZ(b)® 1160 KAm iZxt L, (c)Tik 1260 KAm™ % / {040
ALTVDZ &N D, d-HDDR RGMEHAHRICENTHa T =L ) 10278
HEE DT £ % Hoy DR THIHIOZNR B HIFTE D Z Lotz — 00 &
) 2000 -1500 -1000 -500 0 @ =
Eﬂﬂ Magnetic field, H / kAm'!
ABFFEO—EI%, b3 ¥ BB RS e im i BRI X 2 Bl
TEO T TIThILE LT, Fig. 2. Demagnetization curves of
magnetic powder after infiltrating
BE R process. (2) Sample prepared from
Mo etal, A A, 2016 056028 oy 2. ® Caliated oie f
2) S FHED, AR TS 24 (2000) 407. the elemental composition of alloy
3) R.Groéssinger etal., J. Less-Common Met., 136 (1988) 367. 2 and curve (a). (c) Sample
4) S. Hirosawa et al., J. Appl. Phys., 59 (1986) 873. prepared from alloy 1.

5) R. Gréssinger et al., J. Less-Common Met., 124 (1986) 165.
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Nd-Fe-B A D Dy BH#UZ X 2 REES AR
—- R TR T VAT -

PEEFIER L RUCRE L BT
(" WbArstE . 2 RO IEAIT)
Effect of Dy substitution on the coercivity in Nd-Fe-B magnets ---atomistic model analysis---
Masamichi Nishino!, Hiroshi Hayasaka', and Seiji Miyashita!

(*NIMS, 2ISSP, Univ. of Tokyo)

AvrR8yvay
AV LA N-Fe-BlI@mW RN 25, £— 2 —LRERR LA SN TWD, ZOXF Y LHALR

VATu L (Dy) B#T 52 L TRIEADDHEBIND Z LBMOBN TV D, BAM R FH IR
N OKEFRBINEHIEETH DD, Z OBREIIKIR & U TR OE 3732 < | Dy EHUT K 2 550 R OHfE &
LG TRV, T BRI OB 72 2 7 — 02 b O, JRFmIc RS <7 b e
EDHAFT I T ADFNPLETH D, Txld, BREET ML DV, 7~ TR T 4 7 AR L3RR
L5 TR, kTR L, B REE R B RO X 7 v R & B L TR A
HIAE BT N W FIERIC K DR T 217 > T & 72, AR O TIL, Rl D Nd JF OB KUER
FHENEL () L7ama. RO E 2 2B W TS Lz[2l, AEE Tk, #AEO Nd K123
Dy B ST REDORBESCE Z DRI OV THEERT D,

BRENICE TS Dy BHBOZR

WAt A F 2 7 A5tk 5 Kt iR C & % Landau-Lifshitz-Gilbert(LLG) 5 R 2 B B & O 2h 3 4 Bt
VIAATE DT (Stochastic LLG ¥A[3]) 2 Z ORI L CTHT 21T -7, BT T VDI 7 aipRs
A—=HF, EELTHEJFEHPORBLoEEZHWTWS, X 10X 9512001 OZFEmE Nd 8o n & H
£ TO NdJFE 7% Dy I &R L2 GA ICRBE G 2 29 R e~ T, BZEREOLGE (systemA) & Y 7
NEPERE & BEfih U 7= RIEAMFEAET D354 (system B) 122U T, Dy (&t U728 OV X (n)k L ONRE O
~OBRERA T, BEALTE, BAEE - BO=1)O B TIL, RREDBRITENZS, BEOER TIX
HEIORRN A SNz, n=1 TIdEm M) BARSEZ 225, n N8 OSAITNE D ORI AL
THIOWEMNENRLIND EEZ DD,

® Nd layer Dy substitution

Soft phase

8

7 system A 140%
6 122% .-t
b

4

h[T]

158%

116% system B

2 T = 0.46T,

0 1 2 3 4 35 6
n

1 (72) (00D HIT 2nDiERR. (1) BALKEORF. () FERAIE TOnlxtd 255 0%k,
L 2PN

1) S. Hirosawa, M. Nishino and S. Miyashita, Adv. Nat. Sci.: Nanosci. Nanotechnol. 8, 013002 (2017).
2) M. Nishino, I. E. Uysal, and S. Miyashita, Phys. Rev. B 103, 014418 (2021).
3) M. Nishino, I. E. Uysal, T. Hinokihara, and S. Miyashita, Phys. Rev. B 102, 020413(R) (2020)

— 129 —



0laD-5 45 B HAR D FIGREELE  (2021)

JFRF3RE0E T WIZ X % Nd-Fe-B R DL T D £ BERTEHEARAT
FRYORGE !, S ER " R
("W HAE . 2 AORAIERTT)
Study on angular dependent coercivity in Nd-Fe-B magnets by an atomistic model approach
Hiroshi Hayasaka', Masamichi Nishino', and Seiji Miyashita®'
("NIMS, ISSP, Univ. of Tokyo)
Avrn¥os 3y
FRAY LEATN-Fe-BIFEHERKAATTH Y . ZTOENMRBEA DT, T—F —EFERMR EITHM S
TWD, LanL, PRI OBERIL L BRI NTWRWoD | BrBCA B FHTIELE OFERE OB A3 24
HAThHDH, RWENZT LA BROTZ LA AT 2 —OWEIKFT 2728, BRE CTOBERRST B
=V TR IR IR BUCARER CTh S 1], 7o, RTINSO A LIS b IRIFT 5720, ZO MK
OB EZ A LNCT 2 2 LIFEETH D, FAVLEAREICBNT, AEYEL2 LR LE LKL
SN RGP BIE STV D, %< OYE T Stoner-Wohlfarth %! (FiZi™) <° Kondorsky pinning
A (1eos 0 /L) DT NICAERFIEDR RSN TN D, Foxid, R IBEREDIIRAY 72 X 7 — Vs b O
EOX L TRTIICESLSET L EZD T A F 7 ROMNT EIT-> TE T2, ZOHIEIL, BHERETET LIZ
Lo~ Ara~IRT 4 7 AR LITERLFETHY | FE—FHEFREN O RO I 7 v REKHEE %
BRE L. M F AR LR R A E BT VRIS E 5, RIFETIE. 2 O Em A IV TREET)
D FERAFE IS J ONREEARAFIE DO IRAT 21T - 7,

AEKTFRESD
JRF )T T L& JEfE L L T Hard-soft-hard B D 710 kA4 7T ARIZREL (X 1), Bb& A )
7 A %t % HEE 7R T H 5 Landau-Lifshitz-Gilbert(LLG) 72 AT EEE & & DI %2 BV IA A T2 05 1
(Stochastic LLG {£[3]) ##H L TR 21T >72, £ 7. FJ5H Heisenberg model (2% L T, hard A FHFS X
O soft e AAHDEER /T A —F k2 \ZBL S TR, Y0 =0 T OH R Z <, £ 0
— BN E AT LT, ZORER%Z b & I2 Nd2Fel4B it O JRF-imi)E 7 MTx LT b BRSSO A FE K
TEME D E BB AT > 7o, IREEIRIC L0 BRSO R E I3 L, FIaEnsE-Hlmrd 2, V7
NMEAFIDORESZA BAERSOBAER REWVIZE, AENRRKENWE ZATHEMENEZ AR H Y V7 M
AHDOWRBINES Y 7 MEAFAZ A TZBE D ~— AT OMEE A BRI H E V2 el
Boyhrote (K1), ZOFMIZOWTHRET D,
region| regionll regionlll

boundary
bulkhard magnet  soft magnet  bulk hard magnet

L L, L : ~ ,
(J,D) (Ja,Ds) (J3,Ds) 040 10 20 30 40 50 60 70 80 90 040 10 20 30 40 50 60 70 80 90

0[°] 0°]
X1 (#/2) Hard-soft-hard @?350)703 NEATET I, B = TGO AR T2, () 5
J71) Heisenberg model (2351 AIREZNIE, (F7) Nd2FeldB WafiET WIZIIT 5 Y 7 Mg DOREEHH
HAEH DORR,

B E3HR

1) S. Hirosawa, M. Nishino and S. Miyashita, Adv. Nat. Sci.: Nanosci. Nanotechnol. 8, 013002 (2017).
2) I. E. Uysal, M. Nishino, and S. Miyashita, Phys. Rev. B 101, 094421 (2020).
3) M. Nishino and S. Miyashita, Phys. Rev. B 91, 134411 (2015).
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NHEE7 =T A4 b Ba(FeirxScx)12010 THELT S
~Y T VEERE D BSR4 (2 BE 4 B AF5E

U1, H PR, P!
e 2, RT3, ARILEERRS 3, A)lIEA 3
(W ASERRGH BOCERR R RZEBE, 2 B AR AW TEBH RS, 3 — R A AR & B2 Tepkes)
Study on turn angle of helimagnetism appearing in hexagonal ferrite Ba(Fei..Scy)12019
K. Maruyama', S. Tanaka', S. Utsumi'
R. Kiyanagi®, A. Nakao®, K. Moriyama?, Y. Ishikawa®
('Suwa Univ. of Sci, 2J-PARC Center, Japan Atomic Energy Agency,
3Comprehensive Research Organization for Science and Society)
FELEDIT
M RS B~ = F 4 b BaFenOio IZFERENEA A2 S 2 TN L 7= Ba(Fer.Scy) 12010 TiE, BIXE— A2 b
AR LTz~ U T VEMEDIFEBLS 5 o2 1L TAVE TIZ, ik EHTES L OBMEREIEC K Y Ba(Fei4Scy) 12010
DIRSE T-Sc R x DEEARX ZER L7z, Ba(Fe1.Scy)12019 D~U /L D[albEfA ¢y 1%, IRE T & Sc R x 12
Kf7r L CHEE IS LT 5, AWFED BRYIE, HHEFEIITICE Y Ba(Fer.Scy)i019 THILT 5~V 1 /L D[aldsf
do DIRSE T3 KL Sc IR x DIRFMEAA LN T 52 L Th D,
ES Wik
B LTT7 T v 7 AEITEI D BR LT Sc BE x=0, 0.0576, 0.704, 0.735, 0.884, 0.112, 0.128, 0.153,
0.189, 0.193 @ Ba(Fe;.Scy)12010 HifEifh & V7=, J-PARC OFE}F - B iis% (MLF) @ BLI18 (ZE%E
S #172 TOF-Laue B dh L[5 SENJU & VT, R 7l B C o7 HrlE 217 - 72, TR kI
0.5 K/min O3 E T o7,

FERAFER .
PoBes0 8L,
Sc IR x=0.0704 f& &t CTlE, (00)HH 41 [BIHT/X 7 — 2 [=2(n+0) 20040 o
THEM T SN HMKREE BB Sz, 22T, ST %&%’&oﬂ
A N _ : e WY
RS OIFELSEEFRL 005 ThDH, BIxIE x=0.153 fEfHk D _ ‘ l‘ﬂ-,hk%wy
B, MEREARE (296K) IThizo THAMERFABHS ¢ | L
@ 90 ~ 1 } o
AU BRI R RS Z EAVRER S, 7, x=0.193 RO S T |
Y5y, 0=0.5 ORERBKEL Y — 7 L BEKHIIR I 13296 K TR S ol 1 N
WTzo ™~V AV DIEHES do 18, o=2725DBEIFRA BT E 5 Fig 1 T }ﬂ+;g
245 S IREE x ERICHT B ) DA OEIRS G OREREE R wf e
T, AU Sc M CITIEE LRIV g 13T 2B E =L, T BRESer:
90-110° T O IR AAENH B Z ENRBINT-, £72, FHRET % 50 #oo 5 0 a0 300
1% Sc HEHEAERUME & gy ZHIM L x=0.193 T 180°ICELEL, 7 . T{K)
Fig. 1 Temperature dependence of ¢ of
F7 = vy B B OREE~ BT B 2 L 3o T, _
. the helix for each x-crystal.

FPEFEITERR T, J-PARC O MLF O —H—7 1 75 A GREE S 201880073, 2019A0211, 2019B0098,
2020A0034) @ FTiThbhiz,
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55— FERRIC £ 5 La-Co JBIM B 7 = 1 1> Co ¥ 1 IBIRIEDMFE

ANPRBERR 1 RSN Y, KT 2, MEPSE— 3 MMEER Y A !
AR L, RIERR 2, RIRFNEK 3)
Verification of Co site preference of La-Co-substituted M-type ferrite by first-principles calculation
R. Kobayashi?, T. Waki?, H. Ohta?, H. Ikeno?®, Y. Tabata!, H. Nakamura®
(Kyoto Univ.}, Doshisha Univ.?, Osaka Prefecture Univ.%)

1.4%

W7 = F A b (AFe2019, A= Sr, Ba, Pb, ...)IZ, & OlEHIEA AL FHIL ENED B — I A < fbit T
WD IKABAMEICH 5, La-Co IEHE M 7 = T 1 b (ArxLasFein,Co,Own)ld, DT 2/ E#21 L 0 PREE I8
20%FREM EL Y, @R =74 A E L TE—X—HRICHNLN TS, REE DM EiX, Co*ic &
LR O —#E RO FIC X B8, IEOZEICE VLT, KR S Eom Licw s 5015
YHOD Fe¥* A b (2a, 2b, 4f1, 4f,, 12K)D 5 B WEABINLD 4fy A R A -T2 CoP 72T TH D Z &N LM
ooz, Fiz, CoBEHENFREICHDITHL2D BT, Sr-La-Co 2 LY b Ca-La-Co RDH NN, 1RELT)
DRIV, ZDEWT, Co*DV A FEFROEBWVZLDEDEEXOLND, & I TR TIL, F—HE
HAEZHNWTCoEBEME T = F 4 O Co @Y A MUKF L= X —%Z g L, AV A MNETOE
WIZE D Co?* DA MRIRVEZRRFE LT,

251/ AE

500 Fe*Y A FENENICOVWT CoBRLIEMAT 2T 4 FOLTFLX—% BENBEEEICES
< B—JRHEEFEIC L VR T, FHRICIT i ALE & Projector Augmented Wave 7% % F U 72 85— JRER R = —
K VASPY% U /=, AFer,O1g(A = Sr, Ca) D B s & 2x2x1 ORBHEE ZER L. ZDH D Fe JiiF—>% Co
JRFICER LI OZERRE L, Co % 2T 7o BIEEHEAMRH -V ET4 LEEM L, 1AL
B O BHEERER U CRIR AT 572, k-mesh 1% 2x2x1, =R /¥ —D v 4713400V & L7z, F£7z, KHLH
BIVLBE$% 1% HSEO06 % FHV M=,

SHRLEE

DFTHEICLD L, Co*B 4 VA e AT OHANKLEE LD Z ENHA L, 4 A FEE#L
oL EDOTRVF — L DFEAE(= E - E(40))IE, 2b, 4F, 1 Tl 1000 meV FLE L IEFICRE <, Cotixzh
L0V A FRIZEERALRNWEEZ O, ERERE ISKHFET D, 2a, 12k A FTODAE i, A=Srillkt
N A=CaTIHEARLTEY, MU COMREIZEBNT, A=Ca TIZA=Sr L1V H%< D Co¥ M 4f, 44 b
BEfIND EREBEIND, TDD, AL COPHRETCo® NIV L 4 A b2 EDDA=CaDFNA=Sr
L0 b 8RR ITHENRM EL . Sr-La-Co% L D b Ca-La-CoRD TN L VRGN RKENWZ ENFHBPEIND,

AE (meV) 2a 2b 4f; 4f, 12k
A=Sr 29.5 839.5 0 817.9 138.5
A=Ca 43.1 1627.7 0 945.3 173.6
L 2PN

1) K. lidaetal., J. Magn. Soc. Jan. 23, 1093 (1999)

2) H.Nakamuraetal., J. Phys.: Mater. 2, 015007 (2019)

3) Y. Kobayashi et al., JJSPPM 55, 541 (2008)

4)  G. Kresse and J. Furthmuller, Vienna Ab-initio Simulation Package, University of Wien, 2001

— 132 —



0laD -8 45 B HAR D FIGREELE  (2021)

XAFS HIEIZ & % CuxCoiFerO4 D Rk s it

I, ARRSeth, pebfe, JEEPRIS, AR
(RFCRE)
Local structure analysis of CuxCoi<Fe2O4 by XAFS measurement
Takashi Nakagawa, Miyu Hisamatsu, Shun Fujieda, Satoshi Seino, Takao A. Yamamoto
(Osaka Univ.)

[FL®HIC

CoFe,0y A MR E DT AREBEICL > TEEED &, BRI RICL VBB RKRE KT D
EMMBINTND D, £ ZTHAIL Co?' & Cu? THpEH A THIE, Yo - 77 —RICERT 2 EHLTA
NIETHERBEI 2RO LD EF X, —AREMGE T CuxCoixFeOs Ak LTz, £ ORGSR, EiftE
x 23 x<0.6 TYHEmOBEEN, x>0.7 CEFEOBEMANELIL, x=0.6~0.7 T _FHREFTDHZ ENbo
77 F£72. Co ZEATHIES FHEAADME TIE CoFe04 £V bEVMER ) 2R Z 2L LY, L
ML, BAFTDEDH A MIENSSWEFALTWDLD), Eiz, A TV ENOBEFEORBENELTND
D72 B35 TR RV, £ 2T, B TE S 7= CuCoixFe,04 D Cu, Co, Fe ® K WX XAFS I E
ATV, YA N SRR TS 2 24T L7,

RERAE
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Me-O atomic distance in B site ( A)

Fig. Atomic distance from metal to oxygen in
BE B site determined by EXAFS analysis.

1) H. Onoda, H. Sukegawa, E. Kita, H. Yanagihara, IEEE Trans. Magn. 54 (2018) 2502104.
2) M. Hisamatsu, S. Fujieda, S. Seino, T. Nakagawa, T. A. Yamamoto, IEEE Trans. Magn. 57 (2021) 2100804.
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FARFERE, REZE. 1R S, PG
kWﬁ% KEBE T s Rt

Crystal distortion due to Jahn-Teller effect and change in magnetic properties of Mn,CoFe»xO4
H. Kashiwagi, S. Fujieda, S. Seino, T. Nakagawa
Graduate School of Engineering, Osaka University
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1) H.Onodaetal., IEEE Trans. Magn. 54 (2018) 2502104 X
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Zr115Fes3Siss s fLE O FTH ~N— N LB

A &z, Em fs, duil B
(ASZEUERT  WFEBESE 7 —7)
Novel hard magnetic compound with Zri1 sFessSiss s composition.
H. Yamamoto, K. Ueda, and I. Kitagawa
(Hitachi, Ltd. Research & Development Group)
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T —RAMNEDERBEGEEZAET L2 ENMEINTVS I, AR TIEZ O L 5 ICZ kB o BN
s S D Zr-Fe-Si D =50 RIZHER L. Fic/efm 7 ) —(LEW DI % B B BHRRER 21T - 7=,
RERA X
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2o BaEHT Ar RIS OT — 7 iR O TIER L7z, 156N 7e a2 B IFICE A L, 200 Pa @ Ar
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Fig.2 (SR 22 0B O ReME R AS R 2 797, Fig.2(a)(b) & 0 BT A A MR O AR & 7~ 3 e 03 il
WS, Zr:115at%, Fe:53.0at%, Si: 35.5at% FHkD/ N— REEMERE (F X) BMFEET D &7, 2D
B e DOBE T Fig 2R T X DI O H D e AT U 2 Az R L B R FEORIE N S A8 X D
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N2 BRI TV DR XRD /32— TEIHES TERD 272, 2 THET D FIB THIH L 72U
it 2 B AR T L 72RO XREL T dh R &I L OB BRI O e WETHRBEMA L & &SRR T 72,
B3 3k
1) C.P. Wang et. al., Journal of Phase Equilibria and Diffusion, Vol. 34, No.4, 277 (2013).
2) A.M. Gabay et. al., Journal of Alloys and Compounds, 657, 5, 133 (2016).
3) D. Goll et al, Physica Status Solidi - Rapid Research Letter, 12, 1700221 (2017).
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Advance and Future of Magnetics & Optics Research
Norio Ota
(University of Tsukuba)
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1) H. Awano et al.: Appl. Phys. Lett., 69, 4257 (1996).
2) J. Hohlfeld et al.: Phys. Rev. B, 65, 012413 (2001).
3) N. Ota et al.: J. Magn. Soc. Jpn., 45, 41 (2021)
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=HORR
(G v R PE SR AT IET)
Perpendicular Magnetic Anisotropy of Multilayers and Ordered Alloy Films and Their Application to
Recording Media
Satoshi Iwata
(Nagoya Industrial Science Research Institute)

[FCHIC

EEBERF RS NZE | BOIGABRFRIES VEORALLTEINLTLSE, 4 38R IOl T0nD
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WM @, N TR T ORFFEIE, 1980 HRICADERE AN THONDENT/2 > T3, 1985 4-1Z Co/Pt 2 /& i)
RERBEBRIE T AR TIENRERINDLED, EE&ELEI3GERSROZEIEOMIN RKERED L% R4
Too BB E IR GIEEATUEL T, ZREOIERICERD) ) -T228, 1990 fERT% 51T, 3 oA Sy #4k{E L MBE
HEEICLDRE 2 22 @, BIERL, AEEOERICEVBATL, AEE T, RO NS, WLOND I %
KB, MgO Fati EICHESh AL M 0O #7022 Co-Pt % MBE JEE CHUEL 72425, MgO(111)F5H D CosoPtso i
NREREEREGEEZRTZENRHENTZY, ZORIE, Cod PtOFRE RN 1 JFF 84 SmE  micEE L L
HEETHDHIEN X B LDWE -~ 7 HIE NSO BT, Cu-Pt — oA EOFIKINIFET S L1 FEAS, FEF
72 Co-Pt AL U TIROLNTZDIX, 7o~ ABLBRZE N, B EREKGLERI B2 IR E §-518F2 C, MnPt: & CrPts
IR EILE RN PN RA 22 LR, AEATA LD CrPs B, SLHMO L i ThHICHEb ST H
B b2 R LTz, CrPt AR LT 5720 I BMLEE 3 2 2 C, B2 5 IRIS MBI, BB Oz Felc L M
FFHERFRESILTCNAZEN -T2 Y,
1A VBHICEBZEY b2 —VER

CrPt: 5%, L1 M ClE 7 = UMD TERGAL I CHDA, ZHUZ K pE DA A 24T HiATed, HAIEAIA N T
fMEA 99, CrPts(20nm)IEIZ 30 keV O KriA 4% 2X 10" ions/cm? {EANT DL, BMEA IS Z LRSI, Zha
FIALIZE Y b F—o OV EAT 7272, CrPts I EICL P AN AL, EB BB CR YN SE — 2R, A4
HEANIEEC KA A & RT3 5287C, 100nm A ORR NE — U AR 5283 TEI2 9, RN, BLHIFEIZ
BWTEBERBIL, RAHRAFECIEEIMEL 228 EL T, L1oAH MnAl fi5E MnGa A B b A4 BBEHC I DE Y
IRE— L OIVERIEA TR 5T, F12, Si FEM EIZ00D)ELAD LloFHD MnGa A kRS 57280 T Hifg 12D T
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sHYIS

540 FMIFEOMIL, BaRE-3d EBBEREO N T O/ O ME SO DI ES T, Hix 7ol
UG FE B LS R 2 EBRFE SO R, Ry MR Th o7, ZOIIRBREEICHE BT -2 81%, FEEHIL-T
KREZEEIRZEThoTo, SHOBMMEL, AU M= A0 B0 H AR FREEBICET I RIBETHI A
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L 2D

1) PF. Carcia, A. D. Meinhaldt and A. Suna: Appl.Phys.Lett. 47, 178 (1985) .

2) S.Iwata, S. Yamashita, and S. Tsunashima : IEEE Trans. Magn., 33, 3670 (1997)

3) T. Kato, H. Ito, K. Sugihara, S. Tsunashima, and S. Iwata: J. Magn. Magn. Mat., 272-276, 778 (2004).
4) T. Kato, S. Iwata, Y. Yamauchi, S. Tsunashima : J. Appl. Phys., 106, 053908-1 (2009).
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A Tricolor Flag of Research: Freedom, Forgiveness, and Insight

SR HER
Hiro Munekata
(R TK - &k#F  FIRST, Tokyo Institute of Technology)

M-V R ER DAL E A 7 4 h =27 ADOMTE) BDHABKFEEOST 2 FEEREE - 7ou—IC
I, BORT RN T, ETHEXE L, MR E S TSWET, 204 LAT, 2020 44 H
B TECHR IZF, AV VOHFICROAA TS ZEHOEE (OBHIZFL) PHE T S E I ERARLHFLRICO
WTEW = E2BEHWZEWE, 22T, 2OXOF L T4 VilEEZ 2 TITREY LB, TE<h) &
ML FEOHZ LIZUL T T E 5,

IR N RBERROTAITE T2 LB, MY LTWe Y = X b F = X Z —F OO H o—if
FO_BETT v U— %NS MG “Carrier-concentration—induced ferromagnetism in PbSnMnTe “ [1]
ZEAOHCHEY LT, DREEER SV M B2 TREEIEIZ R D 7 B 1, SR 2 B CHIE C© X 2 /M7
NAZPMEND D, EROAY PFARE L LT, MEOLO < @EanERE R ENES B 38T HE 2
WU/ Db ] EWVIBINFIZOLO W, (LLIF, Al

AL ClE, ZAUSHEW T, -V BRI BEIE B DRE [2-4] ~EBAED RO Z & I 5T,
HARDKZIZFE > TE X TMERECHE & & DIfTo CTEZMELIEVIR- T, fEE L L TCOED 2%
FAN T N BBITIE, FiZ, Bl LR, A%, Lo bORbo7eZ LIZRB DN, EFEATN D,

ARG T, ATBE ISR AT T 2 Mk & LT, BIRMZRERT — &, 372bb, Bk 8RO R
% [5-7] LAV T4 h=27 X[8,9] DEBRMIE, ZHRIC LN, MIFEEORIEZLZ 2 Lz, ERpHEY
OIS FABELEER A HRIC OV T B, B RIS, 2 e T COER - FIRICHEIEE T - IOV TG T 5,

PTFRERTT, SERVEZTEH Y 2372,

“Creation of III-V-based magnetic semiconductors and the studies of spin-photonics” has been awarded as the MSJ
Achievement Award of FY2020 with the privilege of MSJ Fellow. HM is very grateful and deeply honored for this
award: it is a big surprise for me. Before it happened, my essay was published in the April issue of Magnetics Jpn. 2020,
in which people and events that HM encountered at the stage of scientific embryo were described. Taking opportunity
of Symposium by MSL fellows in the 45th Annual Conference on Magnetics in Japan, HM wishes to present an on-line
version of the essay. It begins like this:

I suppose that was in the mild, weekend morning in early spring. On the second floor of a colonial-style house in the
woods of Westchester county, I was taking a shower and reviewing in my head a technical report
“Carrier-concentration—induced ferromagnetism in PbSnMnTe [1]%. It occurred to me suddenly if I had been able to
make semiconductors ferromagnetic, it would have been possible to create materials and devices whose ferromagnetism
could have been controlled by an electric field. This would have been the way to pull myself out from the land of
high-quality crystal growth where brilliant animals were jostling. (Omitted below.)

This is followed by a story of creating magnetic III-V-based compound semiconductors [2-4], and furthermore,
some thoughts concerning research targets after HM joining academia in Japan and resultant experimental works with
colleagues. Through these recollections, HM has supposed that freedom, forgiveness, and insight are the soils receptive
of researchers, including myself.
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Within the context of recollection, my own research concepts in view of both solid-state physics and applied physics
are discussed, referring some experimental results, namely, photo-excitation of magnetic semiconductors [5-7] and
spin-photonics [8,9]. Very recent works in the period of COVID-19 on circular polarized light-emitting diodes will
briefly be reported before ending.
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