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Development of motor design technologies using high performance
magnets
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The Technology Research Association of Magnetic Materials for High-Efficiency Motors (MagHEM) was founded in
2012 to develop the innovative high-performance magnets without/less rare-earth materials which exceed current
magnets with rare-earth materials in performance, the high-efficiency soft magnetic materials (Iron core) for internal
loss reduction, and compact high-efficiency motors.

Targets of R&D are new magnets exceeding Neodymium magnets with 2 times in (BH)max (180°C), and high
efficiency motors with 40% reduction in loss, 40% improvement in power density using new magnets.

We have achieved the above target in simulation®®@®), In this paper, we compare the characteristics of a small-diameter
V-shaped magnet arrangement prototype(1V-80) and a small-diameter double-layered arranged

prototype(2D-2-80-EN-M) with a conventional single-layered V-shaped arranged prototype(1V) by actual machine
measuring.

Then we compared measured data to analysis data. At a result measured loss for the 2D-2-80-EN-M prototype was
reduced by more than 40% compared to that for the 1V prototype as well as the analysis data®.
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1.Background

Recently, vehicle electrification expands rapidly. It is well known that electrified vehicle has additional
component compare to conventional gasoline vehicle, i.e. battery, inverter and electric motor. At this moment,
supply and demand seems to be acceptable for all additional electric component. However, most of future forecast
says that amount of electrified vehicle become two to five times larger than current vehicle sales. This means that
we need number of electrified unit, at least, more than two times compare to current demand. For example, IEA
scenario described in Energy Technology Perspective 2017 forecasts electrified vehicle increase from 14 million
in 2020 to 40 million in 2030 [1]. When we look at even only around vehicle technological shift, it is easy to
forecast enormous number of rare-earth magnet will be needed. From this circumstance, we are researching
coerciviy mechanism of rare-earth magnet and consider what we can do for balancing global supply and demand
of rare-earth materials.

Beside vehicle application, future demand of magnet may rise not only from vehicle electrification but
from mobility for short commute, logistics, robotics etc. When we include these application for future forecast of
rare earth demand, larger amount of rare earth demand is expected. In order to get over this problem, we should
look at wider magnet composition range. In this talk, I will present recent progress of magnet R&D in TMC based
on data driven approach.

2.Current situation of magnet research in TMC

Regarding RE2TM14B compound, we adopt informatics technique for accelerating magnet research. For
designing performance of magnet, we need not only magnetic properties of compound but microstructural control
technigue. From research achievement in the past, we already aware that coercivity can be enhanced by surface
modification. It is well known that surface modification consists of two parts, one is compositional control of
grain shell [2,3,4] and recovering surface distorted region [5]. In order to control these two parts, we can use grain
boundary diffusion technique and low temperature annealing. On the other hand, compositional dependence of
magnetic properties, many reports were published in the past, but information had not stored systematically. To
get over this situation, we are now producing data space for designing magnet [6]. When we look only at room
temperature, it seems that there is no room to enhance magnet performance in RE;TM14B system. Combining
experimental data, empirical model and first principle calculation, our group expand data space, about 100 data
from experiment and several thousand data from first principle. Mining established data space, we can find better
performance potential composition range in elevated temperature. Currently, we are strongly push forward data
driven research. To utilize all information contained in all data, e.g. XRD, SAS, micro-scope image etc., we
develop data extraction technique utilizing informatics algorithms and integrate these achievements into cloud
server system.

3. Future perspective

In near future, many kind of electro-magnetic devices become important for future application not only
for vehicle electrification but for various application. In order to Designing magnetic performance suited for each
application, magnetic properties data space will take important role, I think. I hope “Data driven material
research” will evolve “Data driven material design and development”. To achieve this context, culture for storing
research data will become more important.
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Development of high coercivity Nd-Fe-B permanent magnets with
improved thermal stability
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(Nd,HRE)-Fe-B based permanent magnets (HRE : heavy rare-earth) are utilized in the traction motors
of (hybrid) electric vehicles which are resistive against demagnetization at the operating temperatures up to
200°C. However, due to the limited natural resources of HRE elements such as Dy and Tb, the development
of HRE-free Nd-Fe-B based magnets with sufficiently large coercivity is needed. To meet this demand, the
improvement of the thermal stability of coercivity is desired. It is well known that the temperature
dependence of coercivity in commercial Nd-Fe-B sintered magnets deviates from temperature dependence of
the anisotropy field of Nd>FeisB (Fig. 1a). In this study, we investigated the mechanism of pronounced
thermal degradation of coercivity of Nd-Fe-B magnets by combining micromagnetic simulations, magnetic
domain observations, and multi-scale microstructure characterizations using scanning transmission electron
microscopy and atom probe tomography [1-6].

In this talk, we first discuss the reason for the poor thermal stability of coercivity in Nd-Fe-B based
permanent magnets. In previous
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phase and HRE-rich shell are beneficial to achieve high coercivity with excellent thermal stability (Fig. 2).
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To control the coercivity of the Nd hard magnet efficiently, we should understand the thermal stability of constituent
phases and the microstructure changes observed in the hard magnets during their thermal processes. Since the
CALPHAD method and the phase-field method have been recognized as promising approaches to realize the phase
stability and microstructure developments in the engineering materials recently,Y we applied these methods for
understanding the nature of the grain boundary phase and the microstructure developments in Nd-Fe-B hard magnet.
Figure 1 demonstrates the two-dimensional simulation result on the microstructure changes of Fe-15.3 at %Nd-5
at %B-0.2 at %Cu alloy with isothermal aging at 873K. Upper and lower figures are the phase field and the composition
field, respectively. The white, black and gray parts in the phase-field are the Nd-Fe14B phase (T1 phase), the liquid phase,
and the Nd solid phase, respectively, and each number indicated by t ' is a dimension less aging time. The degree of red
color in the composition field means the local Nd concentration in the microstructure. At early stage, the Nd solid phase
starts dissolving, and a liquid phase appears at grain boundary region. With aging, the Nd solid phase gradually
disappears, and the Nd-rich liquid phase penetrates along grain boundary region, then the characteristic morphology of
microstructure that the T, grains are uniformly covered with thin film of liquid phase appears. It has been elucidated
experimentally that the Cu addition lowers the melting point of the liquid phase, because a eutectic reaction exists in the
Cu-Nd binary phase diagram. By increasing the thermodynamic stability of liquid phase by Cu addition, the volume
fraction of the liquid phase also increases, and then, it can be understood that the characteristic morphology is stabilized.
Furthermore, when we focused on the final composition field carefully, the brightness of red color at the tri-junction
region of T; grains differs from that at the grain boundary region between T1 grains. This is because of the phase
separation in the liquid phase, i.e., L—Li1+L,. Since a phase separation of liquid phase has been reported in the
calculation of the Fe-Cu-Nd phase diagram, the liquid phase separation induced by Cu addition is not an unusual
phenomenon. When we imagine the coarsening process of the liquid phases, the L1 phase should move over the L,
phase; in other words, the movements of the L, and L, phases will interfere with one another during coarsening. The
phase separation of liquid phase can contribute to stabilize the characteristic morphology (uniform coating of the T;
grains by the liquid phase) temporally.
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1) T.Koyama, Y. Tsukada, T. Abe and Y. Kobayashi, J. Japan Inst. Met. Mater., 81 (2017) 43-48.
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Fig.1 Phase-field simulation
of the microstructure changes
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0.2 at %Cu alloy with
isothermal aging at 873K.
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For the production of Nd-Fe-B sintered magnets with high coercivity, optimized heat treatments to improve the
microstructure are essential. Thus, the clarification of the thermodynamic behavior of secondary phases that form
microstructure is important to manufacture such magnets effectively. To clarify phase changes in bulk magnets during
heating treatments, we have conducted in-situ high-temperature synchrotron X-ray diffraction (XRD). The previous
measurements for Nd-Fe-B-Cu bulk sintered magnets were successfully conducted only on heating [1,2]; however, it is
difficult to distinguish between reversible and irreversible changes with temperature, which is essential for comparing
experimental and theoretical results. Therefore, it is desirable to observe phase changes on cooling as well, although it is
challenging because of the easy oxidation of rare-earth elements at high temperatures. In this study, we improved the
experimental setup in the high-temperature in-situ XRD and carried out measurements on both heating and cooling.

A rectangular rod-shaped isotropic as-sintered magnet with the composition of Ndi37aF€7s.35B5.92CUg 1001 85 in at.% was
used. The preparation method has been reported elsewhere [2]. Synchrotron XRD measurements were conducted using
a carefully designed sample holder to prevent the oxidization of magnets during heating. Synchrotron XRD profiles
were collected using a high-resolution one-dimensional solid-state detector at the BL02B2 beamline of SPring-8. The
sample was heated from room temperature to 1100°C using a cylindrical heater. The experimental results were
compared to the computational phase diagram of this magnet based on the combined ab initio/CALPHAD approach [3].

We have observed similar XRD profiles at the same temperatures on heating and cooling except for slight differences
in peak intensities, indicating the successful observation of the almost reversible phase changes. Figure 1 exhibits the
temperature dependence of the amounts of secondary phases on cooling. There are two remarkable changes, which are
compared to the computational diagram. One is the change in the amount of dhcp-Nd phase between 500°C and 650°C,
which is similar to the previous observation except for the slight difference in temperatures [1,2]. This phase change is
considered to originate from the eutectic reaction of dhcp-Nd and NdCu phases, as confirmed by the calculation. The
NdCu binary phases, which were suggested in previous reports [3,4], were not detected in XRD probably because of the
broad XRD peaks resulting from small crystalline sizes on the order of nanometers. The other finding is the change in
the amounts of fcc-NdOx and hcp-Nd2Os; above 1000°C. The result is likely explained as follows: fcc-NdOyx <«
hcp-Nd.O; + Liquid (the rightward and leftward reactions represent a phase change on heating and cooling,
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of secondary phases in the Nd-Fe-B-Cu

isotropic sintered magnet on cooling.
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The preparation of high-performance anisotropic magnetic powder is the key to obtain high-
performance bonded magnets. In this talk, | will report the research results of our group on
anisotropic permanent magnetic powders and magnets. By using neutron diffraction, magnetic
measurement, electron microscopy, and other techniques combined with the electronic structure
calculation, the relationship between the structure and magnetic properties of magnetic materials
was investigated. The physical roots of the interstitial atom effect to improve the magnetic
properties of the material are clarified, and the preparation of defect-free single-crystal-like
particles is proposed to synthesize high-performance magnets powders. Based on the technical
route of anisotropic permanent magnetic powder, the key technologies and equipments for the
industrialization of high-performance anisotropic SmyFe17Nx and Nd(Fe,M)12N magnetic materials
and magnets have been developed. We also investigated the critical mechanism of the formation
of textured NdFeB and MnBi permanent magnetic powder and the methods to achieve high
coercivity and high maximum energy product. The high-performance magnetic powders with high-
temperature stability were obtained. Finally, we explored the synthesized hybrid bonded magnets
based on these magnetic powders, which is critical to realizing the mass production of anisotropic
bonded magnets.
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Many researchers have tried an anisotropic SmjFe ;N3 sintered magnet so far in order to obtain a heat-resistant
permanent magnet with high coercivity and remanence. However, it had been stagnating for a long time because of two
obstacles: one is thermal decomposition which limits the sintering temperature, and the other is significant deterioration
of coercivity during sintering. For the latter problem, we have so far clarified the involvement of surface oxide film on
the raw powder, and then demonstrated that powders with less surface oxide can suppress the coercivity deterioration V.
Based on these facts, we built up our own low-oxide powder metallurgy system to produce a sintered magnet without
air-exposure from pulverization to sintering. Using this process, the present study examined the possibility of creating a
high-performance Sm,Fe7N; sintered magnet 2. Our system consists of some glove boxes connected in series, and
these glove boxes are equipped with functions such as pulverization, magnetic alignment, sintering, and so on.

First, the SmyFe7N3 fine powders with less surface oxidation were produced by using a high-pressure jet-mill under the
low oxygen environment. By varying milling conditions, fine powders of various mean sizes down to 1 micrometer
could be prepared. Among these, the finest powders had the largest coercivity more than 14 kOe but their (BH)mnax Was
very low due to kink and powder agglomeration. The powders prepared with appropriate conditions exhibited the large
(BH) max of 43 MGOe as well as low oxide less than one third of conventional.

The prepared powders were then subjected to magnetic-aligned compaction and rapid sintering under the low oxygen
atmosphere. As expected, the powders with less oxide film showed only slight decrease in coercivity of less than 15%
by sintering, whereas the conventional techniques suffered the reduction more than 70% . Sintered density was
reached to a relatively high value of 91% by even sintering temperature of 500 °C. On the other hand, the achievement
of suppression of coercivity deterioration has revealed a new problem of decrease in saturation magnetization.
Specifically, the saturation magnetization of powder was reduced by about 5% during sintering. This reduction would
be derived from low crystallinity of the jet-milled powder. Due to this reduction in saturation magnetization, (BH)max of
sintered magnets was 24 MGOe regardless of the high (BH) ..« of raw powder. Nevertheless, this value was achieved for
the first time by the accessible sintering technique.

We are also conducting the research to improve the coercivity of sintered magnets by direct metal coating on SmyFe7N3
particles without surface oxide film. In the neodymium magnets, it is known that the coercivity is greatly improved by
adding a specific other element into the grain boundaries. Hence, there is a possibility that the same effect can be
obtained in SmyFe;7Ns. Currently, we discovered that several elements such as Al, Ce, Ru, Mn, Ti and so on, are
effective for improving the coercivity of SmyFe7Ns.sintered magnet besides Zn which has been ever known to increase
the coercivity ¥. In addition to the low oxygen powder metallurgy technique, we are trying to prepare SmyFe 7Ns3
nanoparticles by a low-oxygen thermal plasma synthesis. Nanoparticles are expected to improve not only coercivity but
also sinterability. We have so far confirmed that this synthesis method is able to synthesize Sm-Co nanoparticles.
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[Background]

Not so many compounds with higher potentials than those of Nd,F14B as a permanent magnet material have been
reported™?. Among them, only compounds that have been successfully synthesized in bulk are Ti-less compounds with
a ThMny, structure® or nitrides with a TbCuy structure®. However, there are some difficulties to obtain an anisotropic
fine powder of these compounds. It is well known that single-crystalline for an anisotropic magnet with higher
remanence and fine particles for higher coercivity are necessary to exploit the potential of the compound as a permanent
magnet. Here, the induction thermal plasma (ITP) process as a new process for further particle size refinement was
focused on. For nanopowder fabrication, this process has the advantages of a high production rate, control over particle
size, and an inherently contamination-free process. Moreover, it could be possible to obtain fine particles with stable
and metastable phases by tuning the cooling rate. Attention should be paid to the handling of ultrafine metal particles
which is highly reactive with oxygen and humidity in the air. Recently, we developed a low-oxygen ITP system
(LO-ITP)®, which enables us to prepare ultrafine metal powder in the controlled low-oxygen atmosphere. This
technique was applied to prepare single-crystal ultrafine R-Fe alloy powders, especially for R = Nd in this research,
with stable and metastable phases.

[Experiment]

The mixed powder of Fe (Kojundo Chemical Lab. Co., Ltd., Japan) and Nd with the atomic ratio of Nd : Fe =2 : 3
was used as a starting powder. A TP-40020NPS (JEOL Co., Ltd.) was used for the ITP process, and a TP-99010FDR
(JEOL Co., Ltd.) was used as the powder feeding system. In the thermal plasma process, the conditions of a process
pressure of 100 kPa and a feed rate of up to 0.3 g/min were used. Transmission electron microscopy (TEM) sample was
prepared by focused ion beam (FEI, Scios), and the microstructure was observed by TEM (JEOL Itd., JEM-ARM200CF
equipped with CEOS ASCOR corrector) using an accelerating voltage of 120 kV. The anisotropic powder samples were
prepared in the external magnetic field of 9 T at 400 K.

[Result and discussion]

According to the XRD profile, Nd-Fe alloy particles with the stable Th,Zni7-type phase and the metastable ThCuz-type
phase were selectively prepared by controlling the cooling rate of the ITP process. The single-crystal of particles was
confirmed by HAADF-STEM. The fine particle size of less than 100 nm was obtained. From the numerical calculation,
it was found that the alloying mechanism revealed that Nd and Fe nucleate and condense simultaneously in the liquid
temperature range due to the formation of the alloy droplet during cooling. Both obtained powders could be aligned by
the external magnetic field, indicating that obtained ultrafine powders by the LO-ITP process were anisotropic, which
was confirmed by the XRD and magnetic measurement. Therefore, this process is a new promising way to achieve a
new-generation anisotropic permanent magnet.
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LTAEY b= R LMEND L D122 o7c, 2000 FERICIE, A =7 ZAOREBESE LTAEY
WMNEESND LI, A UHR—NHPROCAE B —_y 7R EOFBIG 0 i x LA ST,
Brx D7 N—T7 Tk, KRERBKEFNEZAT D LLLAEAGESE WAL VRIBEEFT HHA AT —6547
EFORRAIGAICER L. 2R 2 AW T/ iIEHRF TR E U IEABALREE® A IR, A & R — L2k,
i EEEER (CPP-) GMR 72 K OWfFE&4T-> C& 72 0,

RAEY FAZHO A BUERBAIBFAS

RIT10EL 5V E D L, A hu=7 REHE2REE 202 TWE EEbhs, Al
HEERZIERAT2AE A= ha=2 A BREEMEED AV v M E2ENTRBEA Y ha=27 &
AEDOMBICERTHAAE L InY =g Rl SESERFHENRAL L hr=7 ANLIREL TV,
ZOFNOHFT, BERATHETEVIMEHEIS OO THEE SND, REOEAKRTH DB AN THTIL,
A CHEMEEAN A TSR SNZREBEZDH LN TE 5, BB AEERZFAITE, £
JEASORE G IR B A N TR IR U 7o SO IR 2 ERIC X 5, £7o. @R A T FOMEN 2 RITHICER
T, BREE & BB A ML IS5 2 &N T BVEL O MR TIERERR IR ZT o L L HifF T & 5,
U bED XS BRBLENG FxITeBANTEFONFRICERY MA TR Y | FEERIZ Pd/Co/Pt #1E 123 1T 5 HEE I
REFVE L A VHE v & OFBITEDEIR 2, Col/Cu-Ir/Co #:EZ81) 5 MM it & & A & il
RL7 OBLND, NiPt A TAS T I8 1T 2 B 2oL o 2 M ROHE KR OB 97 K O R E2 5TV 5,

Bl

AFERL AR THFFERR I, BHAAFge e S 72(S) T N TAS T L 1 v A DD L 5 H D T,
JL[RIBFTEE ., SR IEE B KL OWFEH D I L 7,

L 2B
1) #ai& LT, mAdb, BERetEL, 38, 48 (2018). 2) Y. Lau et al., Intermag 2020 Digest, CB-06.
3) H. Masuda et al., Phys. Rev. B 101, 224413 (2020). 4) T. Seki et al., arXiv:2009.11006.

5) http://magmatelab.imr.tohoku.ac.jp/Framesetjpn.html
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Research on rare earth permanent magnets and magnetic materials: What shall we do from now?
Satoshi Hirosawa
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[ZLHIC

FEFEILINE T DO THERBMEM BIOBFEIC#ED Y | FRCA DB AIZ OV TIE, EFEOF ¥
U7 %L TEL ORRFFEEIZK 2 520, K40 FEDOE EITH > THIZERRICEED D i T\ 5, A%
T LR E L E LT, RO ELE Z b ORBIZOWVWTORREZLR RS, AT LA DR
TIFBREAE DR DI TE L A% OMEIBRRE O F R, BLO, 7/ arRYy MEa<e 1-12 Rk EESN D5
BRI EEALR O A T E W 2 W T A BAR D& & A 1% DM EIBAFE D 5 RIZ-DOW T, Je RS BE A BT
ZEHLS(ESICMM) C D FLEERFZE T G728 LWL A B 5Ram 3 5.

Nd-Fe-B B DWHABFAKDEEBE Chh b
RENA DX LB LHRBAREHOEES S UVREE

Nd-Fe-B 2 5 MHREAIINNE NIZ L 2% & E R kG R CYRE) I X2/ bk, FEEHEOARZETO
EFIL, BRKEFHEOBGED RN E ZIZHL0E RNTTeoD, VAT~ T 4 v 7 RN GIMRE -T2,
O DMERL U 7= B SR A W T2 IR EE 5 1R o L iR 1T Yamada 512 K D 5 RS ER O BV B A,
RoFeuB LAMDOBNED v AT~ T 4 v 7 AR &7 2, HROFIEATH DRBES (Hy) OIRFERK
VAR D20, B & BGVERER QAEAs & =, AEA TR GPET L X =), HIEEALI OB
P FEBRWICEEEE U YREIFERBENE & 70 U TR Sy OIEAE nm DJFITHREN N7 v T Shvb LB X
720 ¥, Hy=cHa —NMs OIBICHEEIE L2 B0 ¢ & N DNREIIEFELZRWE LT, Ha & Ms, HaDifd
FEARAFHEDRNEN D, F258 ¢ & N DSFEERIEECIINIERIC L D EDO X S ITBALT 20 F R0 L 9,
BB ST L DGR DA SR EMNCA R L CWelood, BHETICE EE T,

BRI B A HRLARD £ TIE, FE O IX TR 2N S5 nm OIEFREINMED Nd U v FRIFARIZ L » THE X
. TR OB SN ER SN TWD EE 2 TWED T, (R X AR -2 1 O R IBE 7> B i
XA EFICRAT HIMFRIC AL S D LB 2T, @b D7 DIZIX Z O KEfE D IEERE 28X 1L TR
MEDBENTAZ EH T A2 ENEELEZ TV, LML, NIMS ODEESAT b A7 1 —712 K% Nd-Fe-B
AT DAAFEMEATEANT 2 BASE L. Nd-Fe-B SRHHIAS dbfe A (2007 4F70> b IL[FIAFZE) ORIFUERL., S BT, BEfs
AT DWW T R FE O A2 B 52N L O, Z OfgrENEIRLL | 250°CFLE £ ClIsmmtt ¢h 5 = & 23 2014
HEETIC, ML L2 =20WEIC X - THIEIZ /-7 79, Fiz, JRRGE OFERMATIZ L 0 . MBI D
FME@IE nm A AORMBEBIIFELZ2WNWT EHRFBICHL M Sz 0D, X512, CHBRFA R
T LREH T o =7 b @RISR | OKAREA B O, [T RIS RGN ERT B ZEHL AT )
(ESICMM) (f%&&: JAR) IZBW T, R KZEOE FoNHEE L TW D RTFAE VET VE W AIRIBE
DOECSRBFE O BLGRAFIE TEE O TR OFHR NS, FKilfE CIXFEMERE O A L TR OBKE T EN
WL D b RELSHEET D200, REENICHEE 5 2 2720121, BRI EDE LI E - TR Sh
JE O IR A HIET DL ERH D Z E LA LN o722, BIFETIE, Nd-Fe-B B ORI, HFHIIN
.72 & CH U MEE R CHRAE LT B X ORERED | BEREIRFRE DR A% FFOfs iR CE Vb S vz
REED S EIEMEALIERE CHANDIBRICL > THERL SN TV D LHES N TV D, SHROMEBIRTIX, 20
KRR OREE (T72bbk) &, FEiIfEo FMFEEOBNE (R OFIENFLHFREE A9,
FORLIERREABHRBOL-OOTOCRABENEELRE

A7 15E (Tb, Dy) %> THRIE Z @D 5 LT, Y6 REombit, BXO, #honbiend
WAL DAL T & WD BLEN S | RE IR & Ar7e SHL, BEA LA D2 WMRBE D SGE T IEDRE S Twn



7o HH BITIME Ao FE Mo OEIN THUREMGI L IZ X 2R 1M F2h R 235 B, BERSEE A T Dy ORI
EPHIECTE D Z L 2R LN D RS SRL T 25 60 XA Y v 7% v 2 MERBF I T, RN
FNC X DWACIR T % £F 5 ML FIEO BT /e < e o 7o, B 72 AP ERRERR IS L Ty B R TSR o il 1)
W2 X0 EREEME AL S Fik & LT, HDDR WA ~DKFELR Nd-Cu &4 % AW 7o iR R s | mijak o 3L [FAfF
7% (PEFHEHER O T RERME 7' 1 2 = 7 k| 2007-2011 EFE) D 727>"C NIMS @ Sepehri-Amin 512 L > THLH
SNV, ZOKk, BB TRA I ARREL S A TS 2 SR80 S ORI OB % HliH 92 Fik &
LTI LT D (B 21X 14)), £7o, BERRA T Eabi Sl O nm 4 — & — O /[T 7e o
FELE OHIEN LRI > TWD (B2 15), EEGR S B 722 I0R TOE) F R O LR DAk 2
DT 72458 2 5L A5 D,

= Fe RELEDHEED BIRBAEODEEBL DL

A PEA ORBAMEHTIAR A N Nd-Fe-B A B O EE /2 HRMETH V)  EH 5 1d FesB/INdFewB % 51
T arRYy MNEgEA DR EED T 19, BRI, & HE-SRER S RELEY TR b A HEEN D20
ThMnp B (1-12 %) 12 H LC Nd 52 TR A A 7208 1718 fk D2 MERE 2 FF oM BHZIZ T X e o 7,
ESICMM Tl 1-12 BUZOWCTHGERFH R CRMELA THI L, BEOIK T2 7263 Ti HEoLE LR 2R 2
W % NIMS O F— LN 02 A CTHE L T, Mo T O ERERR S 2 Bl L7z 19, ([KFSA TEAG 4
W R DRIFIYEFERH LW 7 e —FTh Y, HEETIEL 0.8T ORI NFEL LT 20, A KR B %
INZ % & AR R DR S, 1.2T ORBEA DB HEL L2 2D, ZBEATCHEEETLA4 TIE, A
DEL U CARERCAMNAERT D70 EOREEN &V | B FAE T 248 & 55— 2 P TekA Rk O A B2 I XA 12
B2 XV EERIZRF R DN I Th D, a0 TR B4 OBV B9 2 HF581X ESICMM 23 4 9] 70 & Hi
EIZHT TWAIEEICTH Y 2N E TIORERGFEHT — 2 X—22EH L T2 D, xS LITJEREL,
FEH B 7= 7 AT REME 2 R4 2 &3, 1-12 BUREn o EHL A AR THIZEBIE OO L 2D TH A ),

L Z D&,
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1. BE

EF TR O @B ISR 2R R 21T > T\ 5, mER S X, RR T E~ VYL, BT
WA T~V NEEE AT~V DOFRB DL D& WD Ltk LIZREERH D D, 55 TIX3.5kHz 2B 2
HERIE D, HDHWVTI0KkHZ U EVE ERENTZHORH D, TRLLEMRRERITAR L. @A & 13
Wiy PRIl > TR > TV D, NT—T L7 fu = AP AL v T JEIRTIE | MHZ 13 R0 &
BRI E L, BAORENEIECTHAH, BEMERA X7 % « 8T AT 1 GHz ({305 B2 E E
ThHY ., BEHELIGOTFLEORENEIETH A 5, 4% b= AF—HHE LW EHIFOt=Em & DR
ERRNE DD, EENSL < OILFEFEE OBRE THE TE 2 mEERA LFE0 7T —< 2, BA iﬁf'rl?aa
FREHME, RF SR LA & 7 % GHz #iEIOERER, ICTF v 7T L DT UV ) A RRJGE,
U = LR & IR & O BBRLTHIMEE, kio%$®m0lWﬁ%m@ﬁﬁk#%é AEFE T, 2o
9 HAKEI R 5G BRI ) ) 72 R & T = LR b OBRETEEIEE O OlC oW TR @ﬁ@ﬁ#% AT
T 5, SHOWmNZEEIK A X Rr—2 X Imﬁ%iﬁm®aﬁf%a

2. FEBROEFEICHEL ICF v FLRIL/ 4 X Bl

BENE(E > A7 A TIXSHF % (3~30 GHz) & Sm W EMEH OBRFIHANRIAEN S —FH T, SiC X
GaN D @B NT —F A 2L ZNE AN ToA U= F IR ORI L D9k ) A4 OB &SN T
W5, ZO=), BFERIZ 700 MHZz 7>5 6 GHzY, WRIZ 30GHz £ TOEEEIZH VT, ZEE TOREEW
DB EMHIT M 2B L 0D, 2 OEHREHI & L TOBRRHEIEILIEC LD RIARDTH D,
TV T F o T REEFXNOICTF v 71BN, ICHA LZDA U HFR— (a7 V) > M) &
DOREIFUZ, Ba-Zn 2 Y BN L7 =7 A4~ (BaxZnoFe202, 1" = 1.9 @ FMR=2.4 GHz, ® * 11,"=23.8 @ 6 GHz, LA
TIAEE) . Ba-CoZn sk Z N7 =74 b (BasCoi25Zng75Fexs041, 0.9, 2.1 GHz, 26.7) %i#Y, T EHD
PR 2 AR U RBARE LI S0 vol% TIRA L., 2V ARYy br— M &7, F7-. Ni-Cu-Zn XEZ/I/7;:
74 K~ (10.0, 1.0 GHz, 60.3) OREREAR SR LTz, RNFE 7 = 7 A MEKRLFORRIZHR —/L I VB LY 0.7
~3um & L7z, ¥— MNEFIWTUHK 50 um TH D, EERER 77— (Langer XF-R 3-1) %‘:IC?")7°/\°
v — BIC#E, ICTF v 7DD SND B 7 A XD ZRE LIRER. YRR M7 =74
I T 4.8 GHz 23T 8.7dB @ / A ARG H AL, Z4UL LTE {31238 T 9.7dB b DOZAF R K
BNRICHIET S O, BIfE, 30 GHz £ T% BIE L L@ E OB - FERAEELZRET C, i@
LTC5GmAREAHBILTAK ) A X R — 2 OB & 2 O MBIERERIR O 720 ORFFERRZSICE IR L 720,
BT 2 THUE LWL, MRS CkEEZER D), Bk (Allfns#Edz, BB K, A
Bz, B EHE., BE—-FRG), dFRY (0 EAEERS) . B TH KRR ZKS) . k
—F v GEEE—KS). UTT (PAEKS) 3L OKDI (ARFEIKS) L oEFEZETHY , EH L ET,
AHGE D — I TR E A R EIRIER O 72 ORFFERR%E (JPJ000254) 12 & » T L 7=l & & te,

L ZDE N

1) =% KEERK =R 2006.2) ArESOBERMES H—5% L (B - +H\FEBSHEE =+—5) , 1953.
3) EmE FEdk — = (B FEEEEEE =+—5) ,1950.4) [LAIEFE, fih, &5 HREEFmOGE
B J101-B(3), 204 — 211, 2018. 5) M. Yamaguchi, et al, Proc. EMC Compo 2019, 231 — 233, 2019. 6) M. Aoi, et al,
IEEE EMC SI&PI, W1-WE-PM-B-3, 2020. 7) IEC DTR 63307, 2020.
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Fundamentals and applications of artificial magnetic lattices
Mitsuteru INOUE
(National Institute of Technology, Toyohashi University of Technology)

[ZC®HIC

T I T arnb S ) AT — VORI E RSB 2 RS 5t (R
) SLCAE W, M THICE D N R¥ Yy v T EOa=— g E | E#
FEARIZIZ AR VB RIIRERE 2 DR D, Fox1d, b (FBBGEE) O%LAIIRE~ + K
= 75 (Magnetophotonic crystal: MPC) V. AL EDIEAIF~T /) =
7 f&EL (Magnonic crystal: MC) @ &9 % 2 SRR ERAAZ [N TR:
ST (Artificial Magnetic Lattice, AML) ] & L C. FODOREBAHME & TN
AR« VAT AADIEMEFRTE 2, AT, ZORRO—EEHHENT D,

AIHSEF

AU CEEEICEN DA TSR — v b (B 20X Bi @ YIG, Bi:YIG) I,

77 77 —hlinfig b RE L, HERT A A7 ETELFIH SN HEMEICH

%o Fig. 1 (@R X 912, 100 nm JEFRE D Bi:YIG KA Si0./Tas0s FEIAI T —

TY Y RA oF L= AL Ti, Fig. 2 IR T X211, N REv v 7F@ 700 nm
FHEOWFEETHIRERIC L DV ERE - 77 77 —ElRAPERKT 5, ZONRIERK
FlX, W EIORE S 2695 2 & THIINWEIFH T 7 hTcEx 50T, FIFH
T IR I PRI T X B, —J7, Fig. 1| 01 ST AIBCmmZ o (18 Panees of the @ D
R L, ZOHEIZBIYIG 7y REFHALZZ LD THDHM, 2D X ) 7eiEED AL '

IEER Y — % o L—2EE 2%, Zh b OfREIE, BT OFEAE— K

Th D EATMREIEONAB T L W BB A DT, HiED TIReEmkTbic k-

T, HEHARTIXREE AR 2 XD Z LN TE B,

Fig. 3 1%, XN THE THLFEE ST LETE/NT 7 A ThFe TEERAIFIZEL
WREXIALTRERLIFITH D, ZOBIE, BB e 2SR R 372

WS, NARRE A B O AL EEZX D Z LN TE 5, FEBE, %ik4 5k H1c, &R

07T LAOFBICSIHRE WD & BRI 7RI X 0 22 LR O B A

MNTE D,

R U7 6T BT 248813, BEMEIRER OB CTH 5 A B U EIZ DN T HREL

4%, AT 1980 FARICIFBEIZE S TWTY | IR ZA0#E L 60 YIC R 2 il

T DEBE DIRE T 4 VA DR EN TN D, BRI THAFOMERIZAE - T, 2 nm Wavelength (am)
A=)V OREERF LD L DT D | WROBENAE U 2HIE L Tikikd 5 A Fig 2 Wavelength spectra of
ELEu Yy 7R EEEBL LS LT HRAR R I N T, transmissivity ~ (above) and
JEHAR 72t E 2 0 AL Tl SRS R AT DRETIC K 0 m— L 72 NEBIY;  Faraday rotation angle (below)
WEMEZT D, BWALIPIC L > T, Lo TS 5 AL Ll nE— Rick »  ofthe ID-MPC.
TRHRDBEIR D DT, DIVOIUXZ OOV 7T L—T g% H D AL Z i~

T& 72, Fig. 41320l LT, YIG kM B Cu B2 BN LT

ZE WD DAL T 5, BEEICTEEICRSEZ T 5 2 & T, BiEdie—F

DAY AGIMEWET D, Fig. 5 1RT L 91, Cu JAHIEEZ A9 5 AML Tid 1. 8 GHz

FHEIC AR R Y v IREB L TEY ., ZOEEZ WD Z & TR E U EOFILH
WNTEDZ L ETET D,

T

bivbiid, Bk L7z AML OBREZ R LTZAT A /3 & « AT L~O)f  Fig. 3 Magnetic hologram
ERSTE T2, HAMIET 5 AML T, ZHEORIGORR & I EdiT e i 20 amopiow Tore
% ZD%‘EFH‘?%%%}%%% (MOSLM) @?%IE‘%—:, E :]:E sziﬁx E‘E"%E‘?‘Eﬁﬁll‘iﬁ%* P4 }\ %FH magnet]zat]on

W2t DT Fig. 6 IR T X9 RERB BN THD DD, AML TliEBEE)



DEELIHLHY ., ERRLDIIH/ LTV,

il % D v 7 22 ER#3 % MOSLM & TR, 1
D TEL DY T N BRRE AL THIE LT
SEARHEHR A SRR R T D VAT KTONWTIEL, T
RR—=2ADEOBEFHITWD, Fig. 71E7E/LT
7 A TbFe iz W= TH 508, Zh i AML 123
% & AN\ IENER O M) 2 fEgh L72©,

F7-. FEMOITISETHE A, KRS T
7T KR WTEHREER Y AT AT OWTH AN,
=74 “‘Z/I/%Ui/}\ 77:3?1/ bDoDTT —En @%ﬂﬁﬁé%{ \Calculation
AML &% 5 2 & CIRERFEAERFORIPTEI=RN 7
Ll bm B3 2% 2 LR T p D,

AE U AML ICHOWTIE, AV iEa Yy 7 (A Fio 5 T .
BOFIHEREL T2, Fig. 8 ILHLRG L YIG ’EF(EZ Fig. 4 1D-AML for spin waves & ransmission spectrum
BErHWN4R— a2 A — N ThHBO, =0 co%nposed of perilcj)dic Cu gvf;wtehe \;;)il\l/g}lein;orw?rrld S?}llg
#FClE, Port 3 LZ L 7= Control 71 L DfE iz & stripes formed on YIG single 1 AML in Fig. 4.
5T Port 1, Port 2 DE £ AND & 50 E OR 3 Y@

HWNTE D, BIE, ZOFEHICESE, 2D#HEE2 A5 AML TA B U 28l
THARAE R Yy Z[RIEC, ZAUSIERBNAE S 7 b AR AA o T LR il
B OFA TR E AR TN D,

ZOfth, AML OREE W =@t )1 Q AA v F /ML —H RO AML
EROPTCOT T XE EOMBERICL DBV TR ~DIGH R EIZo0
THEDTEY ., ZORERIZOVTIINOBSITHETE2TFETH 5.

i
A LTI 21T > T IoNHEB AR, MEMEK, FRfE—IK, %K —  Fig. 6 MOSLM with Fe garnet
o (BHEHFIR) . BAZ =K (51 Panasonic). A. Baryshev [k, M Singlecrystal film (FDK).
KEEPERFZEREEAFEERE G, 22368 - AR RICIESRT D, AWFEO 4
1. JSPS BHiF#r (F:42(S) 17106004, (A) 23246060, (A) 23246061, (S)
26220902, (A) 26249041, (A) 15H0240, (A) 19H00765) . JST PRESTO (&
LT HE, FM TR A VAT AR AEHRNT /Ly b=
7 ZDAIK) . CREST (FERENE HALEREANT) . MEXT ¥—7 7 FH¥ (5 /7
7 MED Rl EZTERLIEZLOTH D,
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Fig. 7 Holographic 3D image
reconstructed ~ with ~ TbFe
amorphous thin film.

Fig. 8 Four-port spin wave
logic gate with YIG single
crystal waveguide.



15aB - 1 Fad B HARBRFDFIGREELE  (2020)

Magnetic techniques for diagnosis and treatment of breast cancer
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! Graduate School of Engineering, the University of Tokyo, Tokyo 113-8656, Japan
2 School of Engineering, Tokyo Institute of Technology, Tokyo 152-8552, Japan
% Graduate School of Agricultural and Life Sciences, the University of Tokyo, Tokyo 113-8657, Japan

In the treatment of cancer, it is important to identify the lymph nodes involved in metastasis. By administering magnetic
nanoparticles to the lymphatic system and detecting accumulation in downstream lymph nodes with a magnetic sensor,
lymph nodes involved in metastasis can be identified non-invasively and objectively. To realize this new technique, we
developed a handheld device consisting of a permanent magnet and a Hall sensor. Previous researches on magnetic
sensors were mainly based on the approach of detecting small amounts of magnetic nanoparticles using SQUIDs. Those
devices were not very suitable for clinical use because the devices reacted to other surrounding magnetic materials due
to their high sensitivities. We devised a new mechanism for strongly magnetizing nanoparticles with a permanent
magnet and detecting the magnetic field with a small Hall sensor, and developed a prototype handheld device for
detecting magnetic nanoparticles. With this mechanism, the influence of external devices was sufficiently reduced and
clinical application was realized. Since the power consumption was smaller than that of existing devices, the entire
drive circuit can be stored in the grip, making it a compact device. We also reported a technique for quantifying the
accumulation of magnetic nanoparticles administered to living organisms by non-invasive imaging using MRI. Animal
experiments showed the dose and time dependence of the accumulation. We ensured the safety of the developed
magnetic probe by complying with the standards for electrical safety and risk management of medical devices, and
proceeded with clinical research. In particular, a multicenter clinical trial was conducted on 200 breast cancer patients,
and the new method using magnetic sensors and magnetic nanoparticles is non-inferior in terms of identification rate to
the standard Rl method?. In addition, in order to expand the application, clinical trials were conducted in 20 and 4 cases
of oral cancer and uterine cancer, respectively, and successful results were obtained such as the ability to identify
sentinel lymph nodes in all cases. Furthermore, we also developed a prototype device equipped with a diamond
quantum magnetic sensor®. Due to the high sensitivity, the sensor could be operated with weak magnetic fields
generated from a coil.
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Fig. 1. (a) Handheld magnetic probe for sentinel lymph node biopsy. (b) Extracted lymph node containing magnetic
nanoparticles and blue dye. (c) Magnetic probe equipped with a diamond quantum sensor.
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Highly sensitive diamond quantum magnetometer

with large sensor volume

Yuta Masuyama

(National Institutes for Quantum and Radiological Science and Technology)

Nitrogen-vacancy (NV) centers in diamond are promising solid-state quantum magnetometer working at room
temperature. The quantum magnetometer is a magnetometer that measures the magnetic field by using the energy
change of qubitsY. By constructing an appropriate measurement system, it is possible to achieve highly sensitive
sensing with measurement noise reduced to the quantum limit. Thanks to the property of the diamond that is a wide
bandgap semiconductor, the quantum coherence of the qubits maintains under a wide range of temperatures and
pressures, including under room temperature and atmospheric pressure. This characteristic enables us to use the sensor
for various applications including operating in vivo and in extreme environments.

One of the important steps towards the practical use of the diamond quantum magnetometer is to improve the
sensitivity. Because the sensitivity of the diamond quantum magnetometer increases as the number of NV centers
increases?, a large sensor volume is required to achieve high sensitivity. We have developed a technology of the
diamond quantum magnetometer to achieve high sensitivity by improving the control and readout of the qubit with a
large sensor volume, such as enhancing a microwave and an effective photoexcitation method®. In parallel to these
improvements, we are also improving the quality of the diamond quantum magnetometer such as the density and
coherence time of the NV center. Our institute has a technology of electron irradiation with high temperature and ion
implantation. We constructed an evaluation system suitable for the material evaluation of the diamond quantum
magnetometer, and are researching the relationship between NV center generation efficiency and coherence time by the
electron beam irradiation.

Another important point towards the practical use of the diamond quantum magnetometer is noise rejection from the
signal. The diamond quantum magnetometer potentially achieves highly sensitive magnetic field sensing without any
magnetic shield because the Zeeman shift of the qubit even occurs under a strong magnetic field. To realize this, we
constructed a gradiometer system that cancels environmental magnetic field noise for DC magnetic field sensing, and a
dynamical decoupling system that works as a noise rejection filter for AC magnetic field sensing.
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Development of a compact ultra-low field MRI system

Daisuke Oyama!, Naohiro Tsuyuguchi?
!Applied Electronics Laboratory, Kanazawa Institute of Technology
2 Faculty of Medicine, Kindai University

Magnetic resonance imaging (MRI) around geomagnetic field strength, also referred to as ultra-low field MRI
(ULF-MRI), has been expected to be the new application of Biomagnetics. Comparing to conventional MRIs that use a
much stronger magnetic field, the benefits of the ULF-MRI include the low cost of the system, more open geometry,
decreased susceptibility to artifacts, increased relaxation time contrast, and being combined with biomagnetic
“functional” measurements, ¢.g., magnetoencephalography (MEG).

Existing studies have mainly dealt with developing ULF-MRI systems for human body or head. In contrast, the
author’s group has conducted extensive studies on measuring biomagnetic signal from small-animals, known as
small-animal MEG systems. Therefore, we have been developing a compact ULF-MRI system for small-animals.

Our compact ULF-MRI system consists of a set of five pairs of coils: for a polarizing field, a measurement field, and
three dimensional gradient fields®. These coil sets were designed and fabricated to be the desktop size for installation
inside a magnetically shielded box. The coil pairs for measurement and gradient fields were optimized by using a target
field method, and sufficient area of homogeneity has been obtained for ultra-low field MRl measurements.

In our research, two types of magnetic sensors have been tested to detect the magnetic resonance signal. The first
sensor is a superconducting quantum interference device (SQUID) sensor that has extremely high sensitivity in the
ultra-low magnetic fields and is commonly used for ULF-MRI measurements. We demonstrated ULF-MRI
measurements of water phantoms and a rat head at 33 uT using the SQUID sensor?.

However, there are some difficulties with using SQUIDs because of their fragility against larger magnetic fields such
as a polarization pulse and necessity of cooling with a cryogen, like liquid nitrogen or helium. We also developed a
novel detection unit composed of an induction coil that has been used to detect magnetic resonance signal in a higher
magnetic field so far. The induction coil does not need a cryogen and is more robust and easier to handle than SQUIDs.
We demonstrated ULF-MRI measurement® and T, relaxation time measurement of water and aqueous solutions at 70
uT, as shown in Figs. 1 and 2. The results show the potential of using induction coil detection to realize a compact
ULF-MRI system.

In the presentation, we would like to discuss these two detection techniques for ULF-MRI applications.

References

1) J. Hatta et al., IEEE Tras. Appl. Supercond., 21, 526-529, 2011.

2) D.Oyama et al., 15th Inter. Supercond. Electr. Conf., 15721070, 2016.
3) D.Oyamaetal., IEEE Trans. Magn., 53, 5100504, 2017.

detection coil

12 ¢
30mm =z b @ 1mM—T,=1316ms
N ::_. [ 2mM —T,=741ms
g ; & 4mM — T, =390 ms
s 08¢
S s
E 2 06 f
o 2 F
™ S 04 |
= :
s 02 f
2 F
[Z2 2 SN . o
y 0 1000 2000 3000
water phantoms Time from pre polarization pulse [ms]
Fig. 1 Magnetic resonance image of water Fig. 2 Measured relaxation curves and calculated
phantoms taken by the detection coil at 70 pT. relaxation time of NiClz aqueous solution phantoms.



15aB - 4 Fad B HARBRFDFIGREELE  (2020)

Application of EEG/MEG analytical methods to
magnetic nanoparticle imaging

Teruyoshi Sasayama, Naoki Okamura, and Takashi Yoshida
Department of Electrical Engineering, Kyushu University, Fukuoka 819-0395, Japan

Imagining of magnetic nanoparticles (MNPs) is expected to be a new biomedical technique for imaging of targets, e.g.
cancer cells". We previously propose an MNP imaging method that uses multiple magnetic sensors; this method is referred
to as “magnetic nanoparticle tomography” (MNT)??. We used multiple pickup coils, or magnetic sensors, to achieve
imaging in accordance with signal processing techniques used in electroencephalography (EEG) and
magnetoencephalography (MEG). In this paper, we apply the techniques and compare the imaging performances.

Figure 1 shows the experimental setup. The Resovist MNP sample containing 100 pgFe was arranged in the AC magnetic
field generated using an excitation coil. The third harmonic magnetic field from MNPs were detected using 16 pickup
coils. To improve the sensitivity, the cancelation circuit for the fundamental magnetic field was employed. Then, the two-
dimensional concentration map of the MNP sample was obtained by solving an inverse problem. In this paper, we chosen
non-negative least squares (NNLS) method and minimum variance spatial filter (MV-SF). The former one is often used
in magnetic particle imaging (MPI) analytical methods'-¥, whereas the latter one is often used in EEG/MEG analytical
methods?.

Figure 2 shows the result of the reconstructed map when the MNP sample was set at (x,y,z) = (0,0,—25 mm). As
shown in Fig. 2(a), a sharp signal peak is observed in the vicinity of the sample position using NNLS method, however,
several artifacts also appear. In contrast, as shown in Fig. 2(b), the signal peak is observed in the vicinity of the position
and the artifacts do not appear using MV-SF. The result indicates that EEG/MEG analytical methods such as MV-SF is
useful for estimating MNP sample position.
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Development of heating element and techniques for detecting its
temperature and position for hyperthermia

Loi Tonthat', Kazutaka Mitobe?, Shin Yabukami'
! Graduate School of Engineering, Tohoku University, Sendai 980-8579, Japan
2 Graduate School of Engineering Science, Akita University, Akita 010-8502, Japan

Magnetic hyperthermia is a promising cancer therapy gaining great interest in recent years with less invasive than
surgical therapy and fewer side effects compared to chemotherapy. This therapy induces cell death within the
therapeutic temperature range of 40-45°C utilizing heat generation from magnetic particles injected into tumor
subjected to a high frequency magnetic field. To make this therapy feasible in clinical settings, in addition to the
magnetic particles, important elements include techniques for detecting the temperature and position of magnetic
particles in determining the effectiveness of therapeutic heating. Among heating elements, nanoparticles have been
gaining more attention due to their potential as diagnostic and therapeutic agents. Besides, self-controlled heating
elements with low Curie point have been studied due to the fact that they are capable of avoiding overheating and

damaging of the surrounding healthy tissue. In previous studies'?,

we developed thermosensitive magnetic
micro/nanoparticles with high heating efficiency for tumor treatment and considerable permeability change around
Curie point for temperature and position monitoring by using the nanoparticles to fill the gaps between microsize
ferromagnetic implants with low Curie temperature (FILCT) (Fig. 1). Thereafter, by utilizing the permeability of FILCT
that varies around its Curie point resulting in the change in the magnetic field around it, we also developed a wireless
temperature measurement method to monitor the temperature of treated areas using pickup coils (Fig. 1).

Currently, noninvasive methods for sensing the magnetic particles in vivo are magnetic resonance imaging, positron
emission tomography, and magnetic particle imaging. However, they are either costly, complex, time-consuming,
requires expertise or a combination of these disadvantages. Taking the advantage of the fact that the induced voltage in
pickup coil depends on the position of magnetic particles, we also developed a simple, rapid, low cost and automated
localization system using three pickup coils symmetrically installed inside drive coil®. To localize the implant, the
magnetic field supply and detection unit of drive coil and pickup coils is coarsely scanned over the whole existence
possibility area of the implant and then moved to a position close to the implant until there is no difference in pickup
voltages (Fig. 1). Using the developed system, the implant could be automatically localized with accuracy below 1 mm.
Future studies are needed to extend the detectable distance for deeper tumor by investigating the optimal
micro/nanoparticles and pickup coil as well as investigate in vivo how distribution of the implant in affected part affects
the accuracy of the proposed method.
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Development of low-noise TMR magnetic sensor for bio-magnetic field measurement
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First principles calculations for magnetic multilayers based on Co,ScAs/Mn;ScAs
K. Fukugasako, S. Honda, and H. Itoh
(Kansai Univ.)
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Microstructure and elemental distribution of ultrathin Co,FeSi/MgO structure
E. Matsushita, Y. Takamura, S. Nakagawa
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1) S.Ikeda et al.: Nat. Mater., 9, 721 (2010). Fig. 2. Composition analysis with STEM
2) Z.Wen et al: Appl. Phys. Lett., 98, 242507 (2011). —EELS.
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L21-atomic order and spin-polarization in CooMnZ (Z = Ge, Sn) Heusler thin
films

Varun Kumar Kushwaha, Yuya Sakuraba, Tomoya Nakatani, and Kazuhiro Hono
National Institute for Material Science, 1-2-1 Sengen, Tsukuba, Ibaraki, 305-0047, Japan

Half-metallic Co,-based Heusler alloys have attracted much interest for spintronic applications because of
their predicted 100% spin-polarization (P) and high Curie temperature (Tc), which are expected to enhance the
performance of spintronic devices. In fact, several experimental studies have already demonstrated their effectiveness in
enhancing the giant-magnetoresistance, tunnel-magnetoresistance and spin-accumulation effects. Despite large
magnetoresistance (MR) ratio observed in Heusler-based devices, structural disorder is still one of the remaining issues
which lowers the spin-polarization. Therefore, a high degree of structural ordering is necessary to realize the
half-metallicity. An enhanced MR has been reported in various devices using Co.-based Heusler alloys such as
Co2MnSi and CozFeGeosGags by promoting the structural order (B2 - L2;-ordering) by annealing at high temperature
(> 500 °C). For various applications, however, applicable maximum annealing temperature is limited, e.g., less than
300 °C is required for a magnetic read head for HDD because of the temperature tolerance of the NiFe shield. Therefore,
it is desirable to search for other Heusler alloys which crystallize in L2;-order below 300 °C. The present work is
motivated by the Okubo et al. [1]’s report, where the L2, to B2-order transition temperature of Co.MnZ (Z = Ge, Sn)
alloys is found to be above 1500 K; and hence L2;-ordering is expected to appear even by annealing at relatively low
temperature.

Epitaxial Coo,MnZ (Z = Ge, Sn) (30 nm) and Co,FeGeosGaos (50 nm) films were grown on MgO (001) single
crystal substrate using ultra high vacuum magnetron sputtering at room temperature and subsequently annealed in-situ
at Tann = 200-700 °C to promote the Heusler ordering. Here, Co.MnZ (Z = Ge, Sn) films were grown on CosgFesp (3 nm)
buffer layer. The degree of L2;-ordering (Si21) as a function of Tan of CooMnZ (Z = Ge, Sn), CozFeGegsGaps and
Co.MnSi (Ref. [2]) films is displayed in Fig. 1(a). In case of Co.FeGeosGags and Co,MnSi, L2;-ordering was observed
above 500 °C; whereas that of Co.MnZ (Z = Ge, Sn) films appeared even in as-deposited and varies systematically with
increasing Tann. Non-local spin-valve (NLSV) devices were micro-fabricated to estimate the spin-polarization P of
CooMnZ (Z = Ge, Sn) and CozFeGegsGaos films by measuring the spin-accumulation signal in Cu channel. A
systematic variation in P with increasing Tan was observed in these alloys [Fig. 1(b)]. At Tan = 300 °C, the
spin-polarization P of Co,MnSn and Co.FeGeosGagswere found to be very close (~0.56) whereas that of Co,MnGe
film was higher (~0.67) which would be due to higher degree of L2;-ordering. These results suggest that Co.MnGe
alloy might be a better ferromagnetic electrode for practical applications.

16 e o S S 0.80 ——
NC) ] ors). (B)  @30K ]
L < L J
' E o Figure 1. Annealing
g5 "1 5 065 ] temperature dependence of
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Al e 2 | (Stz), and  (b). bulk
iy —— Sﬁ’ﬁﬁ?ﬁ E il —a— Co,MnGe spin-polarization P)
M 4 Co,FeGe, Gays @ 0s0r —o— Co,MnSn 1 measured in NLSV devices.
02t Co,MnSi : Ref(2] . 04s | —*— Co,FeCe, Ca,; | Sio21 exceeding 1 is expected
Y A ) g 040 ) . . . . . . to be caused by
0 100 200 300 400 500 600 700 "0 100 200 300 400 500 600 700 off-stoichiometry in films.
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[1] A. Okubo, R. Y. Umetsu, K. Kobayashi, R. Kainuma, and K. Ishida, Appl. Phys. Lett. 96, 222507 (2010).
[2] Y. Sakuraba, K. Izumi, T. Iwase, S. Bosu, K. Saito, K. Takanashi, Y. Miura, K. Futatsukawa, K. Abe, and M.

Shirai, Phys. Rev. B 82, 094444 (2010).



15aC - 4 Fa4 Bl HAMK SRR (2020)

F 7 ka2 IR X L7z CoFeGa A& E R o AL mHlfE & gtk

Textured growth and magnetic properties of Co:FeGa alloy thin films

formed by nanocrystals
CREHEK, IWHEAY, IREEE (KEABER)
°Yuta Ohno, Keisuke Yamada, and Mutsuhiro Shima (Gifu Univ.)
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Fabrication and characterization of high-quality topological Bii«xShy thin films
Yasuhiro Hadate, Kenta Suzuki, Hidefumi Asano, Kenji Ueda
(Nagoya Univ.)
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AARELE LTHH STV D, FTH BinaSh [T @m W BB (~85000 cm?Vs)IZx TRER AL
BV ENENDEENT-WEREE T 2D 2 &0 BIEEATHIFERTTHIL T 5, BirsSby (BiSh) 1L Sh ik
ZEVRENE(L L, x>~0.04 ThAB T HINAVMHEEENAELT bAr Y IR L, x=0.07~0.22 T A=
UHNMIRIR L T2 D, ARWFFETIE bR v U VIR L 72 D x=~0.1 & NI S BiSh kAR v U LR
DYVERL L VR 24T o 72 D THE T 2,
ERAE
Bi1-xShx (x=0~0.45) (%, BaF, (111)#MR (I A~ v F: ~3.2%) LIz
7=, BiSh DIEEEL FHRE T D ~300°C % A2\ FHEMIRE 2% E L

HWREER
BaF, (111) Ak IR E (Ts) = 200-250°C T BiSh iz (ERL U7z fr, R¥—ICAH 5 L= S asaa & 72
572, 150 °CLL F DO RREIRE TIE T /L7 7 A, 280 °CLLEDIEE CIIBEMAENRER Z S oTz, Th
S, Bi Ot (271 °C), EERMETH L Z ENFERNEEZ 2 OND, £ 2T, BaF, (111) 4R FIZK
IR C Bi O A Z 7206 BiSh R S ¥ RICHEIENKE S5 2 Bk RIE (Ts= ~150 °C— ~250 °C
D 2 BEFECRUE) 12XV BiSh A (ERL L 7-pr, X AREIFTIE T, HEARKE— 27 LIS T BiSh O (00) ' — 27 @
HDBIH S 41, BaF (111) 5587 1T BiSbh @ ¢ flifd [l plc = 23 g S A7z [Fig.1(a)]. BiSb (003) B'— 27 {1 %
0.75° L /NSRBI 720 | AESEPED BAF IS ERICEX TV D HAIVRE S 7z, N XRD HIE (e A ¥ ¥ V)
fE S B [Fig.1(b)]. BiSb (012) & BaF, (-111) DM J5 T 3 [mIRIFAD i B — 27 Nl S, PG5 D ' — 7 (L n
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Fig.1 (a) Out of plane and (b) in-plane XRD patterns of the BiSb films,

|

(c) Field dependence of the Hall conductivity, oxyand pxy (inset) .

(d) Magnetoconductance curve /1Gxx of the thinner (~50 nm) BiSb films.
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Topological Weyl semimetal CoSi thin films with spin Hall effect enhanced

by d-p orbital hybridization

K. Tang'?, Y.-C. Lau®#, K. Nawa!, Z.C. Wen?, Q.Y. Xiang!, H. Sukegawal, T. Seki®**, Y. Miura?, K.
Takanashi®#®, and S. Mitani*2
!National Institute for Materials Science, Tsukuba 305-0047, Japan
2Graduate School of Pure and Applied Sciences, University of Tsukuba, Tsukuba 305-8577, Japan
%Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan
“Center for Spintronics Research Network, Tohoku University, Sendai 980-8577, Japan
>Center for Science and Innovation in Spintronics, Core Research Cluster, Tohoku University, Sendai
980-8577, Japan

Spin current generated by the spin Hall effect (SHE) provides a bright way to manipulate the magnetization orientation
by spin-orbit torque (SOT) for energy-efficient spintronic devices. Recently, topological Weyl semimetals (WSMs)
emerge as promising materials for efficient spin-current generation in SOT devices, due to their topological nature of
the bulk band structures. A large intrinsic SHE has been predicted in the TaAs family of WSMs, arising from the
interplay of the large spin Berry curvature near the Weyl nodes®. The cobalt monosilicide CoSi is a newly discovered
WSM with two types of chiral topological fermions at the band-crossing points near the Fermi level®-4), while the spin
transport properties in the CoSi films have not been investigated. In this work, a comprehensive study on the
nanometer-scale CoSi thin films and their spin-transport properties is presented by combining experiments and
first-principles calculations.

CoSi-based thin films and heterostructures were fabricated by the magnetron sputtering in a high-vacuum sputter
chamber. The out-of-plane XRD measurement with Cu K, radiation was used to characterize the crystalline structure.
The morphology and surface structures were checked by atomic force microscopy and reflection high-energy electron
diffraction, respectively. Then, the samples were microfabricated into Hall bar structures by conventional UV
lithography and Ar ion milling. Electrical and magnetic transport properties were measured in a physical properties
measurement system at room temperature. Regarding the first-principles calculations, the generalized gradient
approximation using the full-potential linearized augmented plane-wave method was employed.

Polycrystalline CoSi films with the B20 crystal structure and the flat surface morphology were deposited on
sapphire c-plane substrates. The SHE and SOT signals in the CoSi films were studied by spin Hall magnetoresistance
and harmonic Hall measurements in multilayer stacks with the core structure of CoSi/CoFeB/MgO. The anti-damping
like and field like spin Hall conductivities (SHCs) of the CoSi films are evaluated to be 60 (#/e)Q~*cm™ and 95
(hle)Q~tcm™, respectively. The spin Hall efficiency of ~3.4% was obtained, which is appreciable in material systems
without any heavy elements. From the first-principles calculations, it is found that the hybridization between d-p
orbitals leads to a large enhancement of spin Berry curvature near the band crossings at the vicinity of the Fermi energy,
making the dominating contribution to the SHC in the CoSi. The maximum SHC amplitudes of ~147 and ~119 (%/e)
Q~'cm™ can be achieved when the Fermi energy shifts down to —0.16 and up to 0.24 eV, where correspond to dope of
0.51 holes and 0.28 electrons, respectively. Therefore, we suggest that the SHC of CoSi could be further improved by
doping with other elements, such as Fe or Ni. This work indicates that the d-p orbital hybridization plays a significant
role for spin-current generation in Weyl semimetals and will be beneficial for developing new topological materials
with large SHE.
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Low Current Driven Vertical Domain Wall Motion Memory

with Artificial Ferromagnet

Y. M. Hung', T. Li', R. Hisatomi', Y. Shiota', T. Moriyama', and T. Ono'?
"nstitute for Chemical Research, Kyoto University, Gokasho, Uji, Kyoto 611-0011, Japan.
*Center for Spintronics Research Network (CSRN), Graduate School of Engineering Science, Osaka
University, Toyonaka, Osaka 560-8531, Japan.

Domain wall (DW) motion in ferromagnetic nanowires is potential candidates of future memory technologies such as
racetrack memory". However, there are still some problems that hampers the commercialization of DW motion memories.
First, the DW width, which determined by the intrinsic properties of materials, is large (> 5 nm for Co?) as far as the
commercialization is concerned. Second, to precisely control DW position is a difficult task. Currently, the approach used
to control DW position is to fabricate well-designed pinning sites in nanowire". This approach needs complicated
nanofabrication process. Besides, lowering consumption power is also important for practical application. To attain low
current driven, precisely controllable, and applicable DW motion memory with high storage density, there is still a lot of
room for improvement. In this study, we propose a new type of vertical DW motion memory with artificial ferromagnet
and study the feasibility with micromagnetic simulation. Based on the proposed structure, narrow DW width, DW
controllability, as well as low J. down to 2 x 10'® A/m? can be achieved.

A schematic illustration of vertical DW motion memory proposed in this study is shown in Fig. 1. A 20-nm-diameter-
cylindrical magnetic wire, referred to as one memory cell, is an artificial ferromagnet. The main body of wire is composed
of periodically stacked bilayers of strong coupling layers (green layers) and weak coupling layers (yellow layers). The
purpose of the strong coupling layers is to carry storage bits, while the weak coupling layers carry DWs. We use
micromagnetic analysis to study the feasibility of device. In this study, the magnetic exchange stiffness (4cx) and uniaxial
magnetic anisotropy constant (K,) are 10 pJ/m, 10® J/m?, for the strong coupling layers, while 1-10 pJ/m, 0 J/m?, for the
weak coupling layers. We study dependences of DW width and J. on different 4.« of weak coupling layers. The thickness
of each layer is set to be 3 nm and the cell size for calculation is 1 nm cube.

Figure 2 shows the DW width as a function of 4.« of weak coupling layers. It can be observed that, as the 4.« decreases
to smaller than 3 pJ/m, the DW width can be narrowed to only 1 layer (3 nm). In addition, if the A« of weak coupling
layer increased to sufficiently large, J. for DW motion can be decreased down to 2 x 10'® A/m?, as shown in Fig. 3. The
results suggest that, as we optimize the 4 of weak coupling layers, it is possible to simultaneously achieve narrow DW
and low J. in artificial ferromagnet based magnetic nanowire. This study provides a promising way to speed up the
commercialization of DW motion memory.

Reference
1) S. Parkin, M. Hayashi, and L. Thomas, Science, 320, 190 (2008).
2) L. Thomas, M. G. Samant, and S. S. P. Parkin, Phys. Rev. Lett., 84, 1816 (2000).
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[1] L. Thomas, et al., IEEE International Electron Device Meeting pp. 27.3.1-4 (2018).

[2] S.Rohart, A.Thiaville, APS Physics 88, 184422 (2013).
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with perpendicular anisotropy",2018 Digests of the INTERMAG CONFERENCE, Apr., 2018, AR-06.
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Static structures and dynamics of frustrated bimerons

Xichao Zhang?, Jing Xia?, Motohiko Ezawa?, Oleg A. Tretiakov*, Guoping Zhao®, Yan Zhou?, Xiaoxi Liu*

! Department of Electrical and Computer Engineering, Shinshu University, Nagano 380-8553, Japan
2 School of Science and Engineering, The Chinese University of Hong Kong, Shenzhen, China
% Department of Applied Physics, The University of Tokyo, Tokyo 113-8656, Japan
# School of Physics, The University of New South Wales, Sydney 2052, Australia
5 College of Physics and Electronic Engineering, Sichuan Normal University, Chengdu 610068, China

The magnetic spin textures with non-trivial topology has been an important topic in the fields of magnetism and
spintronics for the last few years [1]. For example, the magnetic skyrmion is a promising topological spin texture, which
exists in perpendicularly magnetized systems and can be used as a spintronic information carrier. Magnetic bimeron is a
topological counterpart of skyrmions in in-plane magnets, which can also be used to carry information. In this work [2],
we report the static properties of bimerons with different topological structures in a frustrated ferromagnetic monolayer,
where the bimeron structure is characterized by the vorticity Qy and helicity #. It is found that the bimeron energy
increases with Qy, and the energy of an isolated bimeron with Q, = £1 depends on 7. We also report the dynamics of
frustrated bimerons driven by the spin-orbit torques, which depend on the strength of the damping-like and field-like
torques. We find that the isolated bimeron with Q, = +1 can be driven into linear or elliptical motion when the spin
polarization is perpendicular to the easy axis. We numerically reveal the damping dependence of the bimeron Hall angle
driven by the damping-like torque. Besides, the isolated bimeron with Qy = 1 can be driven into rotation by the
damping-like torque when the spin polarization is parallel to the easy axis. The rotation frequency is proportional to the
driving current density. In addition, we numerically demonstrate the possibility of creating a bimeron state with a higher
or lower topological charge by the current-driven collision and merging of bimeron states with different Qy. Our results
could be useful for understanding the bimeron physics in frustrated magnetic systems.

References

1) Nat. Rev. Phys. 2, 492 (2020); J. Phys. D: Appl. Phys. 53, 363001 (2020); J. Phys.: Condens. Matter 32, 143001
(2020); J. Appl. Phys. 124, 240901 (2018); Nat. Rev. Mats. 2, 17031 (2017); Adv. Mater. 29, 1603227 (2017); Phys.
Rep. 704, 1 (2017); J. Phys. D: Appl. Phys. 49, 423001 (2016); Proc. IEEE 104, 2040 (2016); Nat. Rev. Mats. 1,
16044 (2016); J. Phys.: Condens. Matter 27, 503001 (2015); Nat. Nanotech. 8, 899 (2013).

Phys. Rev. B 101, 144435 (2020).
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Figure 1. (a) Hlustration of a skyrmion with Q, = 1. (b) Illustration of a bimermon with Q, = 1. (c) Top view of
simulated static bimeron solutions with different Qy and #. (d) Current-induced collision and merging of an isolated
bimeron and a cluster-like bimeron state. More details can be found in [Phys. Rev. B 101, 144435 (2020)].
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Micromagnetic approach to current-induced domain motion of an elliptical skyrmion
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T. Akutagawa****, M. Fujioka**, J. Nishii** and H. Kaiju#-*##**
(*Keio Univ., **Hokkaido Univ. RIES, ***Ibaraki Univ.,
****Tohoku Univ. IMRAM, *****Keio Univ. CSRN)

L LI

BFAE Y br =7 AT S, AT, A UHGEFEAER (SO, M OMBHGHIFE AR (HF) 359U 4y 41k
EBEBRTLZLICED  RnAY Y ae— L AR, KUK E RESEIIIMR)ZI R DO EB N HIFRF T 5[1, 2],
ATl BRI v O A FIH Lz 7 A ERFIE[8] 2 W\ 5D Z & T NigFexp/Mgs(M = Al, Er, g =
8-hydroxyquinolinato)/NissFez 7~/ #:GH# 2 ER L, EXSERME, K OBSIEIIRIR 2~ 7,

ERFGE

NizgFeo M EMOMERIZ 1T A 4 B — A8y Z ik, BE
BIE R OL T B E 2 W2, 0 F OREICIE A v 2
—T 4 TEERAWE, 2KV K1 OFARKIIRT T B2
BFELEER LT, F T OBXBER AN I3RS e
S ih, ORISR — s Rk & iz,

ERER

112 NizgFe22/Alga/NizgFezs 32112 31T 2 FRELOEES HfE K
FMEERT, FHRER L OREIC LY | BXEERHE IS
AR S L CaEIREE, LR, ROV & OEBIREN
TET 2 2 E R BN~ 72, M 2@ICIRIEH &2 77 L= T/
A AT S =33X33nmd) D MR 2184 7~4, RiRIC T MR
zh B o Bl (MR F =0.3%) (2 Bk 2h L 7=, 2(b) I
NizgFe2/Ergs/NizsFen 1 MR 21 %759, MR HiZ 0.7%%
L. Ni73F€22/A|Q3/Ni73F€22 %%@ MREXV E 2 Eﬁ%&*‘iﬁ%
B Enbholz, EEEERIT dulliere 7 WIZ KX HFHE
FEREBW—EERLIZ Al DAY R B2 THDZ Lokt
L., ErOEAE L0 THDHZ END, HF /NS Ergs &
HANDZENRREZ MR ILOBINICE T2 B2 B D,

B Rk

[1] C. Barraud et al., Nat. Phys. 6, 615 (2010).

[2] X. Zhang et al., Nat. Commun. 4, 1392 (2013).
[3] T. Misawa et al., Appl. Surf. Sci. 390, 666 (2016).
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Investigation of negative spin-polarization in FexCri-x thin films for spin-torque oscillator
Nagarjuna Asam!, Tomoya Nakatani !, Hossein Sepehri-Amin', Yohei Kota?, Yuya Sakuraba', Kazuhiro Hono'
'National Institute for Materials Science, 1-2-1 Sengen, Tsukuba, Ibaraki 305-0047, Japan
’National Institute of Technology, Fukushima Collage, Iwaki, Fukushima 970-8034, Japan

Magnetic materials having negative spin polarization have recently attracted attention because of potential
application in the spin torque oscillator (STO) for Microwave assisted magnetic recording (MAMR). FeCr is one of the
candidate materials showing negative spin polarization. Experimentally, Vouille et al. reported the spin polarization of
Fe70Crso at low temperature (4.2 K) to be -0.28%. Shimizu et al. have already demonstrated" the reduction of threshold
current density for the spin transfer torque (STT) induced magnetization precession using FeCr as a spin injection layer
(SIL) of STO. However, for practical application, fundamental study of this material is necessary to answer the following
several questions. ; What is the optimal composition of Fe,Cr)., for maximum MR ratio? How much is the theoretical
bulk spin polarization (f) and the experimental f at room temperature? To answer these questions, we performed

systematic study on the Fe,Cri film and those-based CPP-GMR devices.

The electronic conductivity of majority and minority spin electrons in Fe,Cri. was calculated based on Kubo-
Greenwood formula employing a method similar to the one previously reported for CoFe®. Our result shows very large
negative spin-polarization (f < -0.8) for Fe,..Cr, for x > 0.1, with progressively increasing f as x increases. Experimentally,
we made a series of several current perpendicular-to-plane giant magnetoresistance (CPP-GMR) devices as shown in
figure 1(a) using Fe.Cri.«(frecr) as the spin injection layer where x is chosen among {x=0.2, 0.3 and 0.4}, frecr (thickness
of Fe,Cr\., layer) is varied from 2 nm to 15 nm . For each thin film structure, we microfabricated pillar shaped CPP-GMR
devices using as-deposited films and performed electrical characterization. Figure 1(b) shows an example of negative

sign of GMR arising from the negative spin polarization of Fe,Cri... Our study showed that the best composition of Fe,Cr-

« 18 x=0.4 for maximum negative MR ratio. We 4 b)

. o Ta(2)/Au(150) ' ' ' '
also estimated the bulk spin-polarization (f) of top electrode 0.8t }
Fe70Crso to be -0.13, which is much lower than Ru 8nm §
the theoretical value. The possible reason for — 0.4+ 1

o ) GMR eznm 8 Fe7OCr30

large deviation of experimental [ from Fe,,Cr, @
h ical 1 ined b tFeCr nm m 00 """""""""""""""""""""
theoretica value was examine Yy Buffer layer s :
microstructure and element-resolved analysis for Ta5/Cu100/Ta10/Ru10 04 Fe Cr ® i

' 6040 4
the Fe,Cr., films. Bottom electrode , ',.‘ l l
References: Rl 100 50 0 50 100
1. Shimizu M et al. The 39th Annual conf. Magnetic Field (mT)

on Magnetics in Japan, Nagoya, 2015,  Figure 1. Negative sign of magnetoresistance (MR) in

10pE-3. Fe1.«Cr(trecr) /Cu(3 nm)/FessCos2(5 nm) (a) Film structure (b) MR curves
2. Barnas, J., et al. Phys. Rev. B - Condens. ~ showing negative MR ratio for Cr buffer layer and frec,/=5nm

Matter Mater. Phys. 72, 024426 (2005).

Kota, Y., et. al., J. Appl. Phys. 105, 07B716 (2009).

4. Vouille, C., et al. Phys. Rev. B - Condens. Matter Mater. Phys. 60, 6710—-6722 (1999).
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HMMFRFICE TS AFCEBENRDOYIaLb—Ya Y
AN KE, AR
BRIEFERT. HRE LR
Computer simulation of AFC effect for small MTJ
Hiroki Kimura, Yoshinobu Nakatani

Graduate School of Infomatics and Engineering, The University of Electro-Communications
X LC&IC

AV MV IIZ K Y BiMbRER (1] 2475 STT-MRAM[2] 1&, @& (LD 2O FlsksE T O, RO KEETRE
EOEBZRENBELINT WS, EFE, AHEOERELZEL 5 I & THREOMIN, FUBRELGEEZRIAL T,
BZENE 2 R U R0 R 2 ML ATEETH 2 Z 2 AURI N [3]. UL, ZOFIETIEEEENEI 1) T Kz
BIRBEOMIRAHE L B> T, MATRA &, EE d=30nm, & h=2nm OEHEICH U, Rk
K6 (AFC) M2 WS Z it &), NEEBEREELZEBTRETHD Z L 2R U7~ (4, AT PARTOMSET
AWZIZIRE D £ HEHBEOEREZ/NI U, BEEAMAICEIEAIREE 2. AFC Ml & 2 KIS EE DK
BRI ROA % FE L 72,
STERM

FRLERUL CoFeB D% FV, faflg k. M, = 600 emu/cm?, AT 1 v 7 X AEH A =1.0 x 10~ % erg/cm,
AV f#E P = 1.0, f@&EERLL v = 1.76 x 107rad/(Oe -s) & U7z, 7z, ACVERD/OVANE L, = 1.0ns,
B d = 10nm, EEOEE hy 1& 2 ~ 16nm & Z{LIE, NEOBE hy FEEE DRIV EDZ, SHIZ
ho/hy = O(¥JEREE: SL), 1/4 L B2 BREE X2, £-20D& X, BAEER K, 3BZEHER A =60 L 43
EOITEDS, BEDRMEEY, BEKEY I 2L —Y 3 Yy 270, KEBRBEE jo 2H#l,
e

EFT, ERd=10nm IETIEERICLBLZENERB A =60 L 2D RAMER K, 2K 11257, B
FIDFHRETHOWZZIRICE I 2 BREMERH A = 60 & 74225 % AEEHUL 3.48 Merg/cm® ThHh o7z, TDd,
d=10nm, h; > 10nm 2BV TiX. BEIOFHETHOZBIRE Y E/NIVEGHER TR LR T I 2, X
2, BonBAMEREHCT, Yalb—Yavild) KIEEEREE j. KD~ HERE2E2I1IRT, KLY,
JEJE by MRELRD LEHEMBER D720, KEBREE jow PRI BRDIEVHRTE 2, 220, BREH o
NI THILICEY, AFC HEIZ L > TRIZEIREE jo ZIRBARETH D Z Lo/, £/, BETOWI
IZBWTRINZEEDNIEERBEEDEBRENGE LN T WD L AT E 2, Lo T, MMIE I L TH AFC
MGG & 3 KIEBIREE DRI R E/OND ZLdvbhirol,

20 ' , 1000 ‘ : :
SL —e— hy=2nm,SL —— )
AFC hy = 2 nm, AFC
10 ‘ ] 100 hy=16nm, SL =il
LE> < hy =16 nm, AFC 1
=2 12¢ 11 E 10l /
(@) Ne <=
© <C
2 \ =
S 8¢ S | ~ i
NE — 3
12 16 -9
X4 i (om) ] 0. F—B—F—
% 4 8 12 16 001 g
hy (nm) o
Fig. 1 Effect of h1 on K, for A =60 Fig. 2 Effect of a on jsw
S B
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15pC -5 i
TMR & Y2 iz 7 v b BRSO
K gz !, 3 2, KB RS, BRI OBHE S, ARA ERELS, ik HER!
(RALRZLZEATERE, 2 RAERFEM BB &S IERT, S A v 77 7 7 U —(#K))
Detection of NMR signal by TMR based sensors
M. Oogane!, H. Wagatsuma!, S. Mizukami?, K. Fujiwara®, S. Kumagai®, Y. Ando'
('Graduate School of Engineering, Tohoku University, 2AIMR, Tohoku University,
3Spin Sensing Factory Corp.)
[XL®HIZ
SRIGHE b RS E VTR E Y (TMR ® oY) OFEREATREAICEATEY, t FoDOEe
b7 & A 29858 72 AERRES ORI S FIBEIC 72 > TV 2D D, RBFETIL, 7’1 b & ORSIEE (NMR) {3
7% TMR B HICE DR 2 2 L 2 AME LTHIEZTT 72, 78 b @O NMR R 578, LSRR D%
5372 MRS T ORI FTREIC 220U, FRANIZ =2 N S IR AL IR B 2 I 24 (MRI) ~O IS 2317 ©
S

ERERAE

KuEZITENy bR M A ZORET, 7a b B b EZE ST 270Dy L ) A4 Raf vieks, &
FEPIRIZTMR BV 2 Bl@E Lo, £72, A AT ERFEOIMUNS, SNBESGHIINH O~V LRy a4 )L
xiE L7 (® 1), YV /A Rag v 2E a2 L TR Z bk L7212, ~V ARy aAf |l k
0 FAE ST ERANE S )T NS LA RN~ D il 2 TMR & > YT K- THIE L7z,

EERER
NMR HEIZHZ TMR & o OPEREZ FEAN L7255, OB fREEIX 1 kHz (238 TH) 300 fT/Hz!™?
EIEFITNS W Enyinote, K 2 ICEWANBEES 2K 40 T & LI2GA 0, BEAY O HFSREE
(FID) EEHIZEEE T2 NMR 5 5 O—fil %2 ~3, BB FID (55038l sS4, -2 0FEEHIE, 7a b
WAL OB ER I L —F Lz, 2Dz &, TMR BUHI2 kv, B NMR (5 5 ORI LTz
=

B
AAFFENL IST-S 4 /X7 uyxy b, HIARFLRBBAY Y ba=7 AMFEREE 2 —, BLO, A
k=7 REFEE S L ¥ — D KA T i,

0.6 .

T—T T T
02| "

Rl

008 0082 0084
Time (s) -

il

tput (V)

v

Sel

Sensor output (V)

Coil for water L[|

excitation
TMR sensor - 0.09 012 015
Time (s)
X 1 NMR HIE > A 7 LHERS X B4 2 JE L7 NMRAE S (AT

L 2D KN

1) K. Fujiwara et al., Appl. Phys. Express, 11 023001 (2018).
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CoFeBTa 7 & /L 7 7 Akttt @ 2 v 7= TMR & 4

Mahmoud Rasly, 43, Z& 7T, Hossein Sepehri-Amin, JM)II#AE, BLEEMTR
(WE - MBI IEREAS)
TMR sensors with amorphous CoFeBTa soft magnetic layer
M. Rasly, T. Nakatani, Jiangnan Li, H. Sepehri-Amin, H. Sukegawa, Y. Sakuraba
(National Institute for Materials Science)

[FL®IC

b RAEEIEPT (TMR) 2 WK 2BV T, IR T v Y oMK Z&RHT5 2 &
WHEETH L. ARERORMEIRA 7 EWES 2R O HICE, B CEIEEND, K/ A4 XD& 3R
METHDH., TDOLXH72 TMR BV OBEHBELE LT, NiFe (/S—<r ) & CoFeB OHEREESENHE SN
TWHN[1], —f%IZ NiFe & #tidh{k CoFeB OfE B FPEDEVNI LY TMR LMK T2 Z L BHETH 5.
CoFeSiB 72 E 7 /L 7 7 AMBEMAEL S A TH 5 A32], 300 °C FREE Chbidafb U CHBLESHE b D Z &
DETH H[3]. & Z TAMIETIE, CoFeB IZ Ta 2T 5 Z & THEALZHl L7, CoFeBTa (CFBT)%
HHJEIZH 72 TMR E 7 OfESRE, TMR 38 X OMREW 2 A4 AFEE2 A& L7,

REBAE

TMR % O E#E X, T &8 M/Ta (5)/CFBT (20)/Ta (0.3)/CoFeB (3)/MgO (1.8)/CoFeB(2.5)/CFBT
(0.6)/CoFe (0.5)/Ru (0.8)/CoFe (3)/IrMn (8)/Ru (8) (FEIL nm) O i’ DAL L7 ThD. CFBT X
CousoFeqBag & Ta DRIFFA N ZIZ XV AEL, TafEEIX 9 at. % THDH. AL/ NVIVTRL-ERIF T2
T=—VT 5 ET, EEEE S AREORSHNER LIRS ZEH L. B-RrBLOT L
Ty VOREW ) A RAREEE, FFT 7774 iz L v JlE L7z,

KRR

11Z TMR-BEFEFIE S 9. 2 EH O T =— /LR (Do) #8200°C 107 2000
DEE, y HIDEBBORKRAE L, x FAOE L A0 EZBIR e
ICED, BEALERAT Y L AORVEF R TMR #@ B O, #iK g Plur =l
LU E LTHE LWEMETH D, dTMRIAH (= dRIAH 1/Rmin) CEFH S «
D REFEITIRAR 70 %/mT Th . —J7, Toma =250 35 L1280 °C D [ T
&, TMR l#ITE 27 U 2 %R, AL, x FIEICbHRS N -
HHJEORSKE G MEIZ XY, Stoner-Wohlfarth €7 /L TR T 5.

T
——7T,=350°C

%)

(
-
o
o

TMR rati
S

05T
Tyna = 200-280 °C

5 4 3 2 1 0 1 2 3 4 5
20X 50 um RO H—FK 1D, FRIBMLIREE (X 1 T uoH =+1 mT) HoH (mT)

IZHBITF D /A RARY T A THD. 1 Hz-10kHz O LS iz 1y M1ITMREHROT = — WRERIFE
) A XREERMTHY, ZOBIEBES)T A T ABET )G 100
LCHERTD. £/, h=60mVICBWCT U FLATVLITT7 /A X
DBl STz, 10 Hz 12815 Ve THURIL LT2 /A X LL(([S, /) 107
X, TREIBAEIREE T 1.3 nV/VHz/mV, B X OPATBMEIRRE T 0.7
nVAHz/mV TH Y, NiFe Z V72354 D 3.3nVAHz/mV CEATREALIR
HB) |[ZH~NEL, TEAT 7 A CEBT OENMENRENT. £77,
/MR HIBR (detectivity) (£, 10 Hz (2T 22 nTAVHZ TH - 7-.

Intermediate state (1 mT) |V, (mV)
20
—— 40
—— 60 |3

o — 80
N 100
N ll“'HHm"‘m ‘ E

iy, ‘ ,.
"\lh“ " N

$E 3Rk [1] Fujiwara et al. J. Appl. Phys. 111, 07C710 (2012), Jpn. J. Appl. Phys. 1 10 100 1000 10000

. f(Hz)
52, 04CMO07 (2013). [2] Kato et al. Appl. Phys. Express 6, 103004 (2013). [3] Jimbo . N
(0192 PPL S AP (G013l R 2 B TMR # 70 / A Xt
etal. J. Appl. Phys. 117, 17A313 (2015).

VS, (V/VHz)
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[CoPd/Pd]/[Co/PdINA TV v RAEVEDET >R b+ STT Bk ER
HEEER, EERIE, KREIHE, FEEZEP mffsss, Smk
HdTERKS, Y LA HARFSERT)
Thermally assisted STT switching of hybrid memory layer using CoPd/Pd and Co/Pd multilayers
W. Zhao, T. Kato, D. Oshima, Y. Sonobe*, S. Takahashi*, S. Iwata
(Nagoya Univ., *Samsung R&D Institute Japan)

1. IZC®IZ

AV NT AT 7 — kv (STT) Wbl i L Goit iR 7 > X L7 7 A AEY (MRAM) DEXGA
HFEE L THIASRTWSA, 10 Gbit kO KAERED MRAM % EHT 5121%, @MW TEMEQA) & RO IR ER
BEJ)DOMNENRD BTN D, Frexl3EF =V —1E (To) @ CoPd/Pd ZEIK (ML) & & Tc ® Co/Pd ML %
AWTNA T Yy RAEY ZFRFL, A7 V2 ML 2EAENA STT BULEERER T2 L2 RAEL-
[1-3], AlEl, A B ARMERICE Y RALIERD S v B3N 5 & Tc B DR % 2L S 72 [Co(x) / Pd(1.6-x)]; /
[CoPd /Pd], (x=10.4,0.6,0.8)~1 7' U v KAE VU EE AW, STT BULKEEDA L J DIRJERFEEZ 7, SHIC
NAT Uy KAV JEOEDERETVEEE (Ko DIRERIFIER & & STT BHbXKiE & OBRE R Lz,
2. FEBRGIE

BRI Si B i~ 27 % b v AR HZIEIZ L Y, Si Sub/ Ta(10) / CuzoTasze(150) / Pt(5) / [Pt(1.0) / Co(0.6)]s
ML/ Cu(2.5) / [Co(x) / Pd(1.6-x)] ML / [Co4sPds>(0.4) / Pd(1.2)]a ML / Cu(5) / Ta(5) (JBJEDHALIL nm) &9 GMR #
WEER LT, B#t, EBBEXLPAr A A=y F 7280, GMR EEZ SN T L, BEEMOER 120 nm
735 300 nm £ T CPP-GMR #& 2B L 7=, STT Wb #51% CPP-GMR BB 12 E i/ L R (2L g =10 ps -
100 ms) & FIN L 7= % OEGUEZJE T2 Z & THIR Liz, 7SV AMEERFEMEZ 7= 1 ns £ CHMT L, BRAERERE
B Jo, BROAZRBIES o7z, MBI T —DIZEWTIET 5 2 & T, Jo, ADIRERFMEZTI~TZ, 7z,
NAT Y RAEYEOHD Si Sub/ Ta(5) / [Co(x) / PA(1.6-x)]1 ML / [CossPds»(0.4) / Pd(1.2)]» ML/ Ta(2) % {ESLL,
T BERERIITVE Ko 220 L 72,

3. FBRRR

Fig. 1 1Zx=04, 0.6, 0.8 DA 7V v RAEVED Joo, ADIRERFNEZ R L TVD, Joo EAITE BITIRE E
VWAL, BT A N STT Wb IR R S D, x=04, 0.6 1K L, x=0.8 TiX Jo B REL WAL T
Wo, —J, x =08 ODAIFMOFREHI L, K& WD LT, Fig 2130 A 7V v RAE Y O Ky DIRFERR
FEHEER LTS, x OHEINC X D BILBABERT D720, K & AORFERGFEMEOZERIT STT BYLK GO SEkE D
RESOEIGERTHEEZOLND, x = 0.8 DAVBLOFEHIX LK E <D L TW DIzt L, JoldRkE <
WO LTnd, ZORKNELT, x=08 (Xx=04, 062X L, X ELVITEEN/ NI W=D EEZLND [4] .
INOORERNS, IR S T, @ TeMEE WD Z LD, BIRTO JoRRICHFLG LB xbn b,
F7o, ®IRTIE, & Tc @ CoPd/Pd ZEIEDHALAWHET 52 & T, ARBA L, JoDMETTHENIET X b
HRDPBHI STV D,

4.2 5 3Lk
607 [1] Machida et al., IEEE Trans. Magn., 53, 2002205 (2017).
T x=04 [2] W. Zhao et al., IEEE Trans. Magn., 54, 3450405 (2018).
2 97 -0 [3] W. Zhao et al., J. Magn. Magn. Mater., 493, 165749 (2020).
2 % [4] T. Kimura et al., Jpn. J. Appl. Phys., 57, 09TDO1 (2018).
= N:’Ug‘hﬂ*"
150 i i 1 J 59
< 41 x=04
1004 < ]
< §3X§R::1u>h§
504 3 2]
. x 1 x=0.8
0 5'0 1('JO 1%0 260 0 -

Temperature T (°C) 0 50 100 150 200
Temperature T (°C)
Fig. 1 Temperature dependence of intrinsic critical current

density Jco and thermal stability factor A of the hybrid Fig. 2 Temperature dependence of effective
memory layer of [Co(x)/Pd(1.6-x)]1 / [CoPd/Pd]> anisotropy Kefr of [Co(x)/Pd(1.6-x)]1 / [CoPd/Pd]a.
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DO0s-FeAlSi — v° % & > v )L EM 4 AV 7= MTJ &+ DO {Eil

TRAFES . JORBE, MAIEE. KRR
(RAERFER BT TEF5ER)
Fabrication of MTJs using FeAlSi epitaxial electrode with low magnetic anisotorpy
S. Akamatsu, M. Oogane, M. Tsunoda, Y. Ando
(Graduate School of Engineering, Tohoku University)

[FLC®HIC

BB b RS (MTY) BV ORER EO-DI, & b xS (TMR) b R %
W2 7 U —J@ Rk H TV, ABFZE Tl DOs AR E 24 U, BAF 2SR % - FegsAls,
Sigs (B Z A K, LUF FeAlSi) IZFH Lz, BRI-#HBERFFEICIN X T, Fe BMICIELI L/ a s 24
THZET, MO itixfE 2/ L7 AAFE D=k — V/hkxzjxﬁc;émTMRw#mﬁéhém Vin
ITHFZEIC X 0 [2]. MgO F:# T DOs-FeAlSi = &% & o ¥ /L O/ERLC g th L. BAF 2R sRa & & 8L
LTWb, AWFZEOBRIX, FeAlSIi =t % o v VEME AW MTIE T E2/ER L, £ TMR Fpit % 51
THZETHD,

KB E

MgOsub./MgO(20)/FeAlSi(30)/MgO(2.0)/CoFe(5)/IrMn(10)/Ta(5)/Ru(10)(in nm)(Treasi=400°C, T,=300-425°C w/1
EED MT) 2@l s~ 7R ba v ARy ZIETER LTz, Fo (UL ZBELZ 7+ NV Y 7T 7 408
FOAr A A4 30 7% ANT MTI R RN T U7z, fFR L7 MTISEFI2 oW T, B 4 86115
(2 K R SHRHURR I 2 A AT L 72,

SEERFER
Fig. 1 (2 DOs-FeAISi = &% & v /L EMmE H\ - MT) % 70 300°C
F D RERIHT R O BULEE R ENME 253, 300°CLL L 60 |- —— s

350°C
375°C
—400°C
—425°C

EALERIZ L > T, DO0s-FeAlSi #EM & L7z MTI E kW
T, W1 T TMR ZEROBINITAE LT, AR TMR i
BMLERE 7S 325°CIZB VT, 584% Tdh 72, & 512, DOs
-FeAlISi O RAT 7o kRS URFIE 22 SOk U 72 ELBSERY /N & 72 SR
WG bR CE 7o, — ), 30CEBA HANIIC LT, T
MR LD K Z 220 Bl S iz, 4%, FeAlSi BiifE, &
KO THIE ORISR O S 672 2 Fdf{b 24TV, BVLEER . /| |
Mttt 2 %ET 52 8L > T, TMR kD & 57250 BN 500 400 300 200 100 0 100 200 300 400 500

TMR ratio (%)
8 g8 & 32

—_
<
T

W sns, LLEORER L D DOs-FeAISi iZ, MT) >0 H (O¢)
JREN EICEERMEL B 2 65, Fig.1 Magnetoresistance curve in epitaxial MTJ

with FeAlSi electrode
HEE
AWFFENLIST-S A / X7 ey =7 b, BALRFHRIRAE S ba =27 ZWZEREE 2 —, BLV, A~
ko= ZAEHGEEI S E X — DO REEZ T T Thhuz,

BEXH
[1] W. H. Butler et al., Phys. Rev. B, 63, 054416 (2001).

[2] S. Akamatsu et al., AIP Advances, 10, 015302 (2020).
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sRIEMEEEN 7 = 7 A N D5 R & BRSO R

LZEER, THBEE, et @ HERIFERY)
Preparation and magnetic and magneto-optical properties of of Zinc Ferrite
N. Adachi, Y. Nakata, K. Shinkai (Nagoya Institute of Technology)

LIFL®HIC

AR AR S OB R 2 R T ZnFeoOa 13, KEMEZ R T2 EDRM BN TV AN, 1ERFIEIZ L D ik
Bt ZE R~ THE LDV . MEROCFEAEMmE LTI/ TE 5 12, Fxid, SR SIRIEIC L0 BERIRE
500°C, BEACEFR] 1h TYERL L7z ZnFeoOu IESHKIE CRE ML EZ R LI Z L2 E L7129, Z i
EPEIE, WA ERAESNCERT D EE 265, AR TIE, S OISR DOBEOBGLEE A% ~ 7055
HCITH Z & T, ZnFe04 DO REAFFE D Il B FRIEE HRET D,

2. BERAE

ZnFe,O, I T A A BIRIE (BT 23 U BT AR EICA Yy a—F 7 U CRE L, Bl
WAL UTIERL LU=, B BIRKIZ. Zn & Fe 23 1.2 OMktb L 705 L 5 ITIRE L. WK F#13 100°CT
30min 2 L. AW A 55 S5 72612 300°C T 30min (REVLER 24T > 72, ZHZH 0.3um DOFEENE 5
NAHETHYIKL, FDO%, BV 21T &7z, BVLP T, 1RE % 400~1000°C, B[ % 1min~12h
FOEZTERL 7=, ERLLU7230BHZK L, XRD (2 X B #EsEaTHM. SQUID IZ L 2 BEAAHEDRHE, 727 7
7 7 —[alfi&E 2RI TIT ~ 7=,

L HRLER

FEEAL U7, ZnFeoO4 BAR D A VR A 2 7k S hE S ET B — 7 OB S iz, Fig. 11245
At YRR U 72 3B O IR E 4K TR 2 R Lz, EOREHIIB T B4R/ 1% 700 Oe F2EZ 7R L,
FRREPE IR CREPEARIC k35 & & 2 B 31D, 10k0e DHEIINESIZ 35T, 495°C_1h T 34.1emu/g, 500°C_2h
Tl 44.5emulg DRz~ Lz, F7=, 480°C_12h Tl 37.2emulg Db Z R LTZZ 0 n, K& 2B E R
TRERRSREIL, BERRIREE 500°CH T - BERKRFRT 2h FREE D> O BERKIRE 480°CHFaT « BERKFER] 12h FREEORICH
HiEZbND, £, IBEA~300K (BT DA E AT VAN T ey b ey bbb Xa ) —ii
JE % 190K 2 & R o7, 80 KIZBITDH 7 777 —mlii% Fig.2 (Z/RT, BARICK L CTADRIRM %2R
L. BEEM -0 CHES 5 L. 470nm T, -1.8x10° deglem Z < L., Ei REK CHEHIKRE R T 7757 —%)
RBERTZENTMNoT,

HIEE « A AN T —3HHE T, A TR TERFZOTAER, HPHEEFICBIERC /Y £ Lz, SQUID
ET, PRI O AR, BIFEK S A X v 7 OEERICBHERC R0 £ L, Z ISR L ET,
References

1) K. TANAKA et.al. , J. Phys. Chem Solids Vol 59, No. 9, pp. 1611-1618 (1998)

2) N. Wakiya et.al. J. Mag. Mag. Mat. 310 (2007) pp.2546-2548

3) N.Adachi et.al. 13aC-9 HARWR FEHA20FiEHES TRt

40|~ 500°C_2h — N 6 o M —— A =500nm
480°C_12h — o 4l Ny i —— A=d7om
> Voo N -
=201 495°C_th— 2, g \ i
S leocin—f— | 2 N\
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Fig.1 The magnetization curves depending on Fig.2. The Faraday Hysteresis curves at 80 K
annealing conditinos for ZnFe204 films. of ZnFe204
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B X 0 ERL L 2 S fafig b Ca-Zn RA RNV 7 =5 A b

FEANAN:, Al g —. f ek
(B ERE)
High saturation magnetization calcium-zinc spinel ferrite
prepared by rapid cooling
J. Hashimoto, K. Kakizaki, K. Kamishima
(Saitama Univ.)

#E VvV Spinel ® o-Fe,0,
AR T =T A ME, I LK MeFe,04(Me = Mg?*, Zn?*, Co?, Y YI L. . II
L)TRSND, YMg DS O T A ) HHE Al A A 1T Me A MICA B S vy ey
ERVWEEZLNTE, L LETIEIOWHET =54 MiRE = Lo Ty e13
2|2 CaZnyFes0x DAL THERL 21T O & mFfi b Ca R A B R L ~§ vi Ylvy v E E
L a-Fe0s, Ca RBE(LMOWRMABLN, L, ZOALFRAOWM 5 [ ; g ! Ty
FHLNTOARY, AFFZETIE Ca-zn REfafb A e x 7 =74 2 [ 1 vy 4y 1
oW AR S0 DI E R L, SRR LEMA7, 1l Toh ot owela
ERAE 10 20 30 40 50 60 70
ERF IR R EETH Y . 238 ORI T 7=, FURHS 26(deg) Cu-Ka
|71 CaCOs, ZnO, a-Fe,03 & AL, Ca SARIA: R % 1T % 7= Ca 1 CaosZnzsFesssOzr-s

N = 0 ‘%\‘A /(7 P
AR CaosZsFers Ors MAk £ 725 & 5 1cFF R L, IR —n 3o (15 =1800°CZaim)d X ilaldy

24 REHIIR AT, MRS, WAMAKE Luem? TF ¢ 27 kicmE 17 T '
AL, Ts= 1200 ~1300°C C 5 MERIGERK L 7=, BEAH . Z2/3(-200 K/h.) é” 150r = i
b L <RI & 0 BB 2 187, DB ORRMIEIER X BEdTE S 125./’./’_*\'\'\:.
TRIE L BRI B0 7 TR (SQUID) 2 Tl § 100F I
L < 75.fﬂ-\'\-\.\
° = 300 K
EERER 2 sor !
PN % S L 4
1 |Z CagsZnasFe1sx0r7.5 (0 <x< 7)\ Ts =1300°C. %/%Eiﬁﬂ@ X ﬁ;‘ﬁ > 25
BT % 73, EORE S 2 ERABERMTH > 7-,x =0 TiE a-Fe,05 % 1 2 3 4 5 6 7
DEABE U THEGET DO, 1<Xx<T TIEAERNVOEME STz, & Composition, x

L. Z243(-200 KIN) OFREFCIX 0 <x <7 O#iBH TA BRIV ERRL 2 CapsZnysFeisxOzr-s
L7y, Wi dh BAIES O3, A E LT a-Fe0s, CasFesOxs 234 (Ts = 1300°C- &) DAL
% L7z,

2 |2 CagsZnzsFersxOar-s (0 <X < 7). Ts=1300°C, Bmakktofafimiibz ~x9, 300 K TiLx=1 CTHRrAMHE
93emu/g TH V., 1.8K Tix x=3 THKAIfE 146 emu/g TH 7=, —J7. Z24(-200 K/h.) L7250k o fafnfigib o
RAMEIXXx=1"T, 300K L' 18K IZHBWTENZI 48emu/g 35 LN 87emulg Th o7z, £/, 2milEHE
EEENHY TR L A MEAERLTH D Z ENEZZHND M KR THEE O Zn @it~ 7 3% 14 (1 140
emu/g)d XV mWEIFIRUALIE Ch o 72, TOREELY . AWK TMMgkE Eie~ 71 ¥ A4 MEAE RN AE
L7272 T, CAaZMULIZZ L2 X VDA AU AL AL, el E 2 o5,

L ZD ;N

1) S. Blundell, Magnetism in Condensed Matter, 97-98 (Oxford Univ. Press, 2001)

2)  BIJNHER, Fiilys—, thieak —; 55 41 R AR 2 2R, 5 (2017)
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CakyBIAFTRT7 = T4 M OBEKIFEIZR TS5 Ni, Zn BHZHE

AR E, HilRE— 5
(5 KEeEE 1)
NiZn-substitution effect on magnetic properties of Ca-based y-class hexagonal ferrite
H. Imai, K. Kakizaki, K. Kamishima
(Saitama Univ.)

%{(\

FL&HIZ

Ca=° Fe [THIEfHE COFEEANKE L, BRMNICEE THEEDNMERNE VI FERH D, 2 THX T
Ca.Fe # W= RMERTH D Ca oy RIS L7 = 7 4 b AsBaOss (A, B = Ca, Co, Fe)V D ERL A 3% 7=, Braun
D ORELOAA I Ca: Co: Fe=22:3:75 TRBIZAFR LR, v T =T A FOIINITEIERY & LTI
WMEME D CaFe0s AL, y T = T A M AR OBEKURFIEZ FHI C & 7o 72, L U4 Ca: Co: Fe =
40:07:153 L35 L TyMT7 =T 4 FORFREPMER TE 5 Z & 2%/ L7z, 2 Braun b I1X &R
JEBSZn OHFAITITy LT = T A MIERTE R0 E LTz, DAZETIECo 2 Ni ~EH L7ZH 2T
Zn B A AR, y T =T 4 N OFERISEM 7 D MBS E~ D EEIZ OV TII N T,

RBRAZE

Ca:Zn:Ni:Fe=4.0:x:0.7-x:153 &£ 725 L 912 CaCOs,

¥ gamma
ZnO, NiO, a-Fe;03 ZFfF & L, AR —/L I M K DA AT ] v \ I
STeth, T 4 A7 RITIERA L, 1225°C TABER L7z, & f_qm_ku Ly X
L5 SHEE 1 R X CRE L. RERAHPEIE VSM & O lewle ww ¥
SQUID ikt & il CHliE L7, 02 fewle e ¥
RBEERUSR N

LIEZn@#Niy B 7 = 7 4 h Bt XFRETK 2 R,

0.4
k1]

Intensity (arb. units)

FRCOMAI BT y 7 = 74 RHAR & 72572, Braun b i oo 1y sevy X
HARES AR Zn & LIBa, Wy R T =54 MR R i L S
TETP, Y0 SDOTMMBLETH D LH LTz, D LA LA e Yy wvw ¥
FEOMBIZI N TR, BB &R L Zn OH & UIalE O'7n Tl Iumfx et
(EONIEANTH Y 7 = 74 M N TR DAL, — ‘
e e, R 10 20 30 40 50 60 70
2 13O BW AR 2 T, W OREITH ¥ 2 26(deg.) Cu-Ko.
UV—mlI—2Thh, HAEHIE TN DEBMERITy T = 5 1 Az Ca:Zn:Ni:Fe=4.0:x:07-x:15.3,
A NORFE STz, UL X BETRIOMKBR L FEET, £ Ts=1225°C O#ELD X HREHT
BONERAEHEDR y BT =54 FORICEET S - & %R N |
T NiDHDOy BT 254 KDF 2 ) —p13 233°C THY | _|x0 T=233°C
Zn DEREASHNT 51000 % 2 U — s L, 21T E o \
Zn OHO YT =T A FCEF 2 ) — I 108°C & o T, £ 03 \
% U~ MOWDIKREA 72 T % Ni &IBIEA £ Tl B ﬁZ::::::i:::::
5 Zn\TEB LT 2 LT, BEEI LIoREMEA A U OB = |06 L
HIEMERNTE < Aot = L ICRET 5 L& B, ] W—a\\\\\5;_____
55wk A
0 50 100 150 200 250

Temperature (°C)
%] 2 #Hpk Ca:Zn:Ni:Fe=4.0:x:0.7-x:15.3,

Ts=1225°C Dk 2R Ahfk

1) P.B. Braun and W. Kwestroo, Philips Res. Repts., 15, 394
(1960)

2) AR, MRS — MRS 559 CSIEFET = A
2 PHadE, P9-115 (2019)
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(B ERTF: R¥Pe BLLS0M9E8L)
Synthesis of LiTi substituted 18H-type hexaferrite
H. Takahashi, K. Kakizaki, K. Kamishima
(Graduate School of Science and Engineering, Saitama University)

IBHMAT 7 =T34 ME, STuv s T7uyrhbirbY
WRFHRTZ7 274 bOTT7a vy ZIZRNEFRTZ oY oL 3
KO DR E > - FEEHE TH D, AFFTEREDTATHIZEICB N T
18H B DHH K 2 BasMeoy TigyFeros01 & L7 & &, x = 0.5 Thrimfl
&7 D ENDbNro TS, D KRR CTIE 4B % LitawTi% s
THEBELZIBH A Y =T 4 FafERI L7,

ERBRAE

ERGIEIT 2 oH 0 . 1 5B OERGIETGAERETH 5, Jﬁi
B ¥y & L T BaCOs; LiCOs TiO, o-Fe03 % W
Bas(Liz3Tiyz)2xTizxFe1242¢021(X = 0.125~1.250) DAL Bk 2 72%.’)

I EL, A THRIRE Z1T o7, 156732 N il
L. 1100°C T 5 BpfiAHER L7, 2 DA OIERGikIZ— % ) — Vi
BIETHY, =& ) —axpidt e LR NEE 2T, 2hb
OYERIIFIEIZ L 0 5 572 EHZ W TR X BREPTHEIC XL vk
BFORE S 2 AT L. IRERCRRLES /15 H(VSM) 2 F W TRESURFME
ZRE LT,

BRLER

1 i:ﬁiiﬁiﬁ%ﬁk{ﬁfﬁf@ L7z Bas(Li2/3Ti1/3)2.xTi3.XF€‘12+2><031 %ft*/,'@
X #ET 273, 0.125 < x < 1.25 O#iPHT 18H B4Rk L 7=,
Ll WIS EMIISEONT, BENE- T2, b BT
DIEx=05 OREITHY . TN EHERMETHD EEZBND,

212x = 0.5 DAL CTHEABERRIE & =& /) — VBERIEIZ X 0 (TR
L 7238 (Bas(LizsTivs)1sTizsFe1s0s) D X #REIPTX 2753, =& / —
JVBERRIE TR L= BHI AR ThH - 72, 2D Z &6, Li ZH0

72 1I8H BIDERNIIZ, =% ) — VEBERER R L CWD EEZHND,

BITHEABERIE & =& /) — VBERUEIZ K D ERE L 72 x =05 Dk
BhH(Bas(LiyaTiys)15TizsFei30s1) DBV KR &2 7§, de = UBERkE Tk
X U—m 2 r AR Lie, ARIRAAAY 18H B¢, @i M2 LiTi
EHEO M BT =74 Mok THrb0EEEZExbND, =& )
—UVBERRIETIZ. M7 =5 4 F oD = U —AIRIHEK L, BEEmIC
HHAIC 2R~ T2,

HARATIE RS X ) — B REEZITH Z & TR
TS K DRIER O AR CE L EEX DL, =X ) — b
BepkiEIC X0 A LiTi B 18H AU a7 = T4 R 6l

L ZD ;N

® [8H-type
vV M-type

=1100°C

< BayFe  TiO,,
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& h-BaTiO,

x=1.250

Intensity (arb. units)
s
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I 1
o
- h
=]
=)
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1 Bas(LizsTius)2xTizxFe12+2x031 D

X #REHT

[ ] ISH lype
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2 Bas(Liz3aTiws)15Ti2sFe13031 O

X BREHT

Tg=1100°C
20
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5 -
0

20 . —
15 | ethanol ball mill

5_

0

0 100 200 300 400 500
Temperature (°C)

3 Bas(LizsTiys)15Ti2sFe1303 O
Eg SRR

Magnetization (emu/g)

1) K. Watanabe, T. Fujihara, K. Watanabe, K. Kakizaki, K. Kamishima : J. Phys. Soc. Jpn. 89, 014704, pp. 1-5 (2020).
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#E

RNEWMT7 =294 MEIMASY R2ERBD, ZhbliS7 ey
7 ((2MeFe;04)%,(2Fes04)?"). R 7 12 7 ((BaFesO1)?). T 7 1 v 7
((BazFesO1a)™) A 42~ & o - ff /@ 1E T d 2 (Me 1 MER &R
A, TATHIRICBWTC, ST ry 7 LT 7y 7 THERSR
LY RO T 7 vy 7 IR BaTiOz(h-BTO)3 LBk 5
JERRE > CTEETHH IBHAA LT H 7 =54 FERH L
72D, 18H B o> fr i 4k 1% BasMeysTizsFesOs T H Z & 3o
TWb, KB TIE, 18H BARFE 7 =74 NMTEEND T IVA
U +¥H4 )8 D Ba % Sril# . TR DR R 2 A 7=,

REBRAE

ﬁ *’l’ *53\ SrC03, BaC03, ZI’IO, OL-F6‘203, TiOz %_" ’ﬂﬁ '_%A % ?ﬁ\a /fﬁﬂ ﬁk
(SrxBas)ZnysTizsFe1s0a1 £ 72D X O I E LT, 26 2 BAAR—
JVILT 24 BERRE L, ®EEE, BREHEKRE 1 tiem D5 «
A7 PRITINERTL U, 1250°C T 5 BFRIABERR L7=, #UE RS fE
LA X BEPECRE L, BRI T IR B OB RS ) &
(VSM) % FHVCTHIE LTz,

HEREER

1 {2 1250°C THEAL L 72(SrBas)ZnisTizsFes0s (0.00 < x <
0.80)D X MR[AIFTX & 73, 2 COREFCI8HA N ER L7z b DD,
X > 0.20 OFENCIZIAE TH D)7 5 SITiO3(c-STO)MH D &' — 7 23
B NI,

2 1T 1250°C THEAK L 72 (SrBasx)ZnisTizsFe130s1 (x=0.00~0.15)
DOBRGK MR E ~ T, BENSE OB TIEx =2 ) —REN
100°C FHETH Y | Sr@EHac kY 1IBHA A FHE T =T 4 hDOF =
U—mlE, JFZE Lol

Sr % 18H BT 7 = 7 A hDAERKERMEN DI, STO O
RickrsbotE2 N5, 18H FBIASITE h-BTO @ozfkE - T
TEFETH D . AN h-STOIFFE LRV, ZHic kY
18H UK T7 fh A |2 [ U < bRBRA 2B L3 W N2 5 8 ¢-STO
DEIVERME LTELEEEZOND,

Lk X, St EH# OI8BH AN HFE T =T A4 b
(SrxBasx)ZNn15TizsFe130s O HARERR 1T x <015 TH D Z & 235
nolz,

L Z DN

Fa4 Bl HAMK SRR (2020)

SrEfa 18H RS HFEh 7 = 74 b OER

FRIGRE, AlIRTS —. FR SR

(B ERT R¥Fe B TA5ER)

Synthesis of Sr substituted 18H-type hexaferrite

H. Kan, K. Kakizaki, K. Kamishima

(Graduate School of Science and Engineering, Saitama University)

Magnetization (emu/g)

Intensity (arb. units)
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1) K. Watanabe, T. Fujihara, K. Watanabe, K. Kakizaki, K. Kamishima: J. Phys. Soc. Jpn. 89, 014704, 1 (2020).
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N7 =74 b Ba(FeirxScx)12019 DiEKAE

SufdE—Fed)!, Bt @A), PEERE L, AT 2, PR, BRILERES S, A)llEA
(VASNEIRGE HOR BB R R FRE, 2 AARRF I SeBR bk, S a RS suring)
Magnetic phase diagram of hexagonal ferrite Ba(Fei.+Scy)12019
K. Maruyama', S. Tanaka', S. Utsumi!, R. Kiyanagi’, A. Nakao®, K. Moriyama?, Y. Ishikawa?

("Suwa Univ. of Sci, 2ZJapan Atomic Energy Agency, *CROSS)

LIz
N7 =7 A & BaFenOo \ZIEMENEA A2 S A RN L 72 Ba(Fei.Sco)12010 TIE, BERE—A v A E
BB L 7o~ IOVBEIEDR BT D, NERT7 =74 N THRBT 5~V W AVBHEITRGFEEE bR T v TF 7 =
BA v 7 AL LTHIEHERSN TS, Fixld, Bix7e Sc BIE x ZFFD Ba(Fei.Sc) 2010 O RE R HAEROF
FRAZAEN LT AU AREFZETIE, Bk L 72 Ba(FernSc) 2010 Bf flslBHZ DWW T HE 1 [EIT 3 X O Ll E
ST, T BN FT L0 CHET 5. [
EB ik - i T
Ba(Fe1.Sc) 12010 HASMAEHT 7 T v 7 2IEIC LV BERL £
7. J-PARC OWE - AmFl ¥ s (MLF) BLI18 [ZRXE S
iz, HETEAEREYTEE SENJU % VT, TOF-Laue

k- BT AE &R & 7RI TAT o 7B, IR AL O 50 Y 50 Y 10,0
0.5 K/min & L7-, ABHHEFIEIL 04-88A TH B, £7-, !

SEHEBRRAEE (VSM) % A CRLo Rz koL & | Temperature dependence of (00]) neutron

7=o EBRESIEL SkOe & L, cHlJFANZEIIN L 7=,

EBER
OONH - [RIFT N & — > DIRERAFDO—fi] & LT, x=0.128 f& i J\

diffraction pattern for the x=0.128 crystal.

DFERA Fig.] 1277, (002(n+0)) CHEEAHT S a2 Rb S M 2 5 o [Peramasnete]
P3212 K DL RGBS, ~U B AREE L 7 = U Bk o RESARER \K

BIEEN 22K THAEZ B0 -T-, & 2 TOIMKHEER S D
FEEE A 2R, x=0.153 F5 i CIXAR EREMPE (<296 K) T
SEENF PR SN2, s e ET & oIRE A LD

Determined by
@ Neutron diffraction
O Magnetization

/

400 —

X Helimagnetism
<> Heli and Antiferromagnetic phase
+ Antiferromagnetic phase

Temperature(K)

il AT AW TR L 72 Ba(Fe1.,Scy) 12010 DA % Fig2 (278 . S /gé/: g
T U B VEEPEIT Sc IRE x>0.06 OFER CELIAI S, F Sc R T o &
RSB TIEA U VB & RORBEMEDN I F L8R H 0, S BIC /@z g
751 Sc I PR CIX RORBEMEAR O Z B S 4T, 3% o

Eif5 x
7 EBR 1L, J-PAR - MLF O —H— 71 5 2 (3% 2 Fig. 2 Magnetic phase diagram of

2018B0073, 2019A0211, 2019B0098, 2020A0034) O F T{TiL7i=,

L 2PN

[1] S. Utsumi et al., ACS Omega in print.

[2] T. Ohhara et al., J. Appl. Crystallogr. 2016, 49, 120—127.

Ba(Fei.+Scy)12019 in the T-x plane.
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BeRFE I 7 T A 2 B0 Mn-Zn-Fe-O 0> BULHRREE O g

Boatt, SEA, PIIE
(HAKRS)

Analyses of annealing process of Mn-Zn-Fe-O thin films for magneto-plasmonic effect

Kaito Kuroiwa, Yoshito Ashizawa, and Katsuji Nakagawa

(Nihon Univ.)

[FLHIC

TR T T AT OERIEPNITAIC L > TR T MR FEm T 7 A€
VIR DOPHEREINTWD., FEMEEREH O BEFTE LT, ZhE TR
{ERENEIRTH D 7 = T4 b MFe;04 (M=Ni, Co, Zn) % /=
Au/MFe 04 —JE IS CHARERE 77 AT VIRPFE SN TND 2. 55
BRI DR ERWREE/T T A RE2ZHT 5720, HEESIFEIC
BN DR IR TH D Mn-Zn 7 = T4 FHERICER L. BERHE
fE A& {EfRLI4- 2 FiE & LT Mn-Zn-Fe-O A Ny X EEIZ R 21T > 7203, =D
RO BLBRRFE D F- SO D02 280 L0 K& < HAp 25 Sh B o s
PERLE T, & 2 TARIMETIE, kv BE R EEIER O 72 O 2LEE-E O
B TR E N - RO T 21TV, R ORI EER O 2 i &
T5.

EBRAE

AREHI,RF~ 7R b A8y X Y 2 ZYEIZ LD SiO, HAR I pkIEZ 12
EEZERANR T T INEEE 2 VTRV A G LT, Z—4 v M2,
Mng sZno sFe;Q4 % V72, Mn-Zn-Fe-O &L, —HF % > /3% 2.6 X107 Pa LA
T FE CTHERE, Ay X HE Ar B AJE 0.4 Pa, % AES 100 W OSAET, R
50 nm F&E A B L 72,

BULBLEFE & Fig. 1 (2R3, KREFIZEWT 300C ThERE, —HEZE(C
Flinietg, EBRZEZMAL THOLERPFITBNT 1100C TR ZTT- 72,
1100°CRF D BERFFRE] 20 min Jz ONF-IEFER] 30 s 2 [EE L, K& P BERRERE], &
zen| & WM, EHRIMAREM 220 U7z, BB S 7 IR o fSE S 13 X BRinl
#H7 (X-Ray Diffraction : XRD) #£% FVWCRMII L, BRI IIIRENFCEHLRS /)
7 (VSM) 2 W TiTo 7.

ERER

ERAREN v % 2 min BEL O 10min & U TEERL L7-#KD XRD 7' 7
7 A V% Fig. 2 \Z/59. tn=2min T{X Mn-Zn 7 = 7 A MESERIOB 11), (40
0), (33 3) 2L DEIFHERSE M iz, —J7, tv=10 min Tl/L Mn-Zn 7 = 7
A4 FO@00)EICERT D &5 2 H5NDLMOBEIPTHRAIBHI SN, —F,
Mn-Zn 7 = 7 A GRS TIEBL S 41° (AT b BIPTRRAER S T
W5, 2 TR O DL A RN D 721D, A EVLELE R
(Fig. 1 D 1~35) (T DAEEMT 24T > 7. Fig. 3 121E =2 min [ZFB\
THEVLVELBFE DS D XRD 7' 7 7 A L% 7779, 300°C D EVILER
FE 1 ~3 TIXEITBRABI S 72 hy - 7228, 1100°C DEVILEIEFE 4, 5 (2B T
Mn-Zn 7 = 7 A NMED D OEFHENBRI Sz, LLEX Y, BT 00
A 23, Al dn IR LU T OBERRSIEIC L 0 I FTRE 7R 2 & ASRIB STz,

L Z &N

1)
2)

J. B. Gonzélez-Diaz et al., Phys. Rev. B, 76, 153402 (2007).
K. Narushima et al., Jpn. J. Appl. Phys., 55, 07TMCO05 (2016).
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Fig. 1 Annealing process

Mn, sZng sFe 0,
3
A
2
/2]
3
= ty © 2min
=] 3811 wa0)
220409 wasft?]

30 35 40 45 50 55 60 65
Diffractionangle, 260 [deg]

Fig. 2 XRD profiles for
Mn-Zn-Fe-O thin films
with different annealing
time N, n N

atmosphere at 300 °C.

2

Mng sZng sFe,0,
E
g 5
g\\‘a
E\kz
[222490 5, 29

30 35 40 45 50 55 60 65
Diffractionangle, 26 [deg]

Fig. 3 XRD profiles for
Mn-Zn-Fe-O thin films
annealed at various
conditions of the
annealing process.
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Soft Magnetic Properties of Fe-Si-Al Nano-crystalline Alloys
Nozomu Kamiyama, Takashi Matsuoka, Teruo Bitoh"
(Nippon Chemi-Con Corp., “Akita Prefect. Univ.)

B
ul

-

Fe-Si-B-Nb-Cu 541236\ T, Fidn R ORI IZ & - CTHBERFFE S TRIEIIIC S ET 5 Z L A A S BE
WCEAERIAS EATWS D, FESRIRAHL T 5 & S Ak RO RS B R B EN b S h ek e LT
K2 Z & LR EEN S FET D, MRS Si AEAE L a-Fe HTH Y . T OREMBIRRE T
o Tl 2, Fe-Si 2 Al M2 72541300 < M HAFFE S fu, FLAR & i R BT E S K OBERBHR~
HNTEY K= 0 OMEBME SN TWD 3, EFOITFHMEEKREGEL KT 5 BT, Fe-Si O—#%
Al TEB LM T, RIKABIEICE DT ENLT 7 ZER SRS iR BE M 23R E LT, #55R.
Fee7.5Si15.5A16Nb:B7Cu; OFFL D FFIZEWVIEBIERZ /R L, FORFOERERE T EE KX laoaneE 2
ONDZEERE LY, TO%, Lit#laka JEIZ Fe & Si Ot 2 2 % 7= Fe-Si-Al T/ f& sk BariAf % 5k
EL. BRI OIRFREEE & KU O BIMR 2 5F Ml L 72 O CTHE T 5,

EBRGE

JUEFZ Fegs.SixAlgNbsB7Cui(x=15.5~18.5)DFAL T/ L, Ar FHKH CEME LEEE&EER L, Zhve
RIRSIEIZ L VIRE 7~10pum OTEL T 7 2AG585EIC L, BEIL T hrA ZVIROAREE =2 712N L,
EHZFHK T CIRFHEEE 520~590°CO 54 TEVILER L TRt gL S 70, BEEEFEIZ. b A X v a7 2R
o — AL . SRR A B CTHRIE LTe, BVILERt: O SaFE 0% 1T, XRD THER L7c, BEEIX, hrA ¥
a7 LIRS CEVILEE U 7= ik ) A 2 O A — DR TR L 72,
fEER

ZNEI x=15.5 : 570°C, x=16.5 : 560°C, x=17.5 : 540°C. x=18.5 : 530°C CTHEBLRN IR L 72V | Si BN
B E BN R & 72 DIRFRHE I < 72 5 72(Fig.1), x=16.5 DR IL, 550°C, 560°C = +1ppm, 570°C, 580°C
=-1ppm TH Y, 560~570°CO[] TIEAN L LT, HidafbE X, 550°C : 67.7%—580C : 74.2% & {rFFilLAE
DEWEERENZ 0D, EmHOBREZEPHMELCDORR EE Z bivd, x=165 Tl fHmfHOK T
EHUE, 550°C @ 0.2845nm — 580°C : 0.2843nm & PRFEFREDFHWIZE /NI W &0 6| FidbfHD Fe:Si:Al O
I RFFEEIC X W R L EZ NS, AHBEICL DA X7 2 ZAOB L L IRFHEE TR > TRV,
FE Al ORE R R T HEER KRR D, TR b bk 40000

<

E

K]

DRI D L EZ bid, LLEX Y | Fe-Si-Al 7/ fiidi 35000 e N
WM B A OREEHR LT, T OMIEIC X - TRARY | RS 30000 AR 4 :/-‘\_
PEAS TR & 72 o T-ARFFHREE IR BRR R T MEES K B & 25000
OWEENC B ififF L 2 2METh 2 LHIS D, £72. Zopse0 ® «iss
B0 SiRENRZ2D L REFHRE COMENRR ST 7 0 . ios
DOIZ, BREENERKR L 72 DRFHREN Si IRE TR L LE 10000 .l
A bib,

5000
BE AR .
1) G. Herzer,IEEE Trans.Magn.,25,3327-3329(1989) 510 520 530 540 550 S60 570 S58¢ 590 600
2) S.Arajs,H.Chessin,D.S.Miller,J. App.Phys.32,857-859(1961) Annealing temp. / °C
3) Zaimovsky,A.S.,Selissky,I.P.J.Phys.(USSR)4,563-565(1941) Fig.1 Annealing temperature dependence of
4) HAREESES 2020 FKZF F 167 BEH S permeability (100kHz) of Fegs.xSixAl¢NbszB;Cu;
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bee A5 % HE o Fe-Co A4 Bt dL = o
WS e M 2 R T BB oD B 288

R« Al 22« KAt JIHHRR T« ZRIERS T - HEFSCR 3 - fdefE e ¢
CHEER, 2k, 3HURERR, 41LIEKR)
Influence of Heat Treatment on the Magnetostrictive Property
of Fe-Co Alloy Single-Crystal Films with bcc Structure
Teru Akitaya!, Kana Serizawa'?, Mitsuru Ohtake?, Tetsuroh Kawai*, Masaaki Futamoto!, Fumiyoshi Kirino®, Nobuyuki Inaba®
(*Yokohama Nat. Univ., 2Chuo Univ., 3Tokyo Univ. Arts, “Yamagata Univ.)

[FLHIZ K& MR L2 R TN, REI= XL — « N—_RZREZ LT 7 Bt I
TR STV D, WREENRIZ L DB bRERIZIE, BECE (1) BDREIWEIT TR, MRES
TR NLF—HL/NESNWZERMETHD. Fiz, A NVETHALREGEZ SEEICRET57-91201%, fa
TR E (B) DNEmWI ENZEE LW, 2 OOERAT-THEE LT, T4, Co U v FHRD
Fe-Co &N EH SN TW5D 13, Fe-Co 541%, 35at. % CofTiET BB RKTH Y, 40 at. % Co
TR R TET I —XTIF e b, Z0=), Fe U v FHaD Fe-Co &4IZBWTK
TRBENMESNIIE, IEHT A A0 ERARIAENR S, &L, Fxix, VNOOD) FH#iE kic
600 °C D E\ARIRE T Fes0Cos0(001) B LA FER L, Ao = +300x10-6 D FAFIREE EE S H AL
L2 LW LY. MESCEULIRIEIC L o Th, BREGESCHMENBILT D22 EnEZLND. K
W72 Ti%, Co #ik % x= 0~50 at. % T2t & ¥ T Fe100-xCox(001) HiiE i 2 Rk L, iR ES% D%
HIEE 2 -600 °C/1.5~72h (= —400~-8.3 °C/h) T b &7, & L C, #akids K OV EIE AL D3 f i,
BRI PE, BB RIE TR EE AR~

EEAE FPIERICIE, BEEEEEE~7 2 oy s 23y 2 ) o 73R 2 Tz MgO(001) Hifk i
FAR E1Z 600 °C O FEHIRE T 10 nm JED VN FHIE S LT 100 nm JED FewoxCoxEATERL LT-. &
D%, BESEENT, HEEZHIE LTSI cmAI IS, EfITICIE RHEED B8 X OV XRD, #HE
EIRBIZRIZ 1T AFM, BALHRREIE 21X VSM & V7o, BEEREE, R EEBRORE O N 71z [H]
AR ZEIINL, 20 &% L—W M3 CHET S Z LI X VFHEi L7z,

REBRER Fig. 1 ICHIERERICELR D HE Tr (x10°9)
EI L7z Fei00-xCox IED 100 Z7nd. WL DmHE] 400

HEEIZH LCh, Co MEOHICHE, dwolx < 80 0. FE00D .
BIKLTHY, flZ12, —600°C/15h THHL & X°T° o

7= Fe, FewCoso, Fes0Cos0fED Ao 1L, FiLE % 200 f L

U, +20%10-6, +210x10-6, +300X10-6 T > 7=. S 150"

%72, Fed LU FenoCos BETHE, MEMEZE 8 o Fe

FEETYH, e KEREMERbRAN o 5 o fr " "
7, Fes0Coso 2 TlE, W EIEE DAL FIZLEV Ad1oo :%, :1?)%7

EEANL, —600 °C/72 h £ THEE S5 & dioo = "0 10 20 3 40 50 60 70
I3+360x10-6 12 % T EL7=. M AL, Mk s % Cooling time (h)
HREEDZALICHE D MG DAL L, R RTTIEL Fig.1 Cooling time dependences of Adioo0 estimated
WEEE L OSBRI OV T hERT . for Feioo-xCox films with different compositions.

1) D. Hunter et al.: Nat. Commun., 2, 518 (2011).

2) T.Yamazaki, T. Yamamoto, Y. Furuya, and W. Nakao: Mech. Eng. J., 5, 17-00569 (2018).

3) F. Narita: Adv. Eng. Mater., 19, 1600586 (2017).

4) RFPrFe, Frdsik, JIHHETRS, AR, ¥ SCR, FEtEEse 5 43 [n] H ARG P2 P 2 EEE, p. 165 (2019).
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R Wk R SR RVAY <[ SS I REY st % B S A R S ke

K favs, AN ZE, BEEH OEE
((BR) WZ WHEBsEt v 7 —)
Magnetic properties of novel soft magnetic composite with magnetic anisotropy
T. Suetsuna, H. Kinouchi, and N. Sanada
(Corporate Research & Development Center, Toshiba Corporation)

[ZLHIC

REEPEMBHZ, B— 4 - 3BEK - BIEwC, BRAA VX7 % « NI URAEICEASERAINTEY, V&
T LD/ - GO T2 DITHRBEPEA B R 7o TRENIFEF IR E VN, T ORE, KB EHI X, &
i, @R, REHEEOREN RO HIL DD, mEAFEA L ORNES BRI T % M B\ FedlE L 7= B b
BHIZEN O OREAE =T RREEDO B 2B Nk EHEfi & L CIEA S TWD, LaLans, —kic, &
WMBHISHEN K& <, FOMEBNEELRBEL o TS, Texid, 2RI 72010, BRE M
AT DHBUESER 2 B UTo, DRI BHI R SEREE G BB 1 & A X TS LD D3, R Emsi4s
JERL T DR Z FEAR BRI U, R FmN THRREGEEZ BB ST L FICL > T, MO TRWEHEZ EBL L
2o AW TIE, FOMKEFHEICOWTHRE L, 28, EMHEHI— BRI %2 =Ko CHIE 5 F 1Al
HETH DD, B LM ENT, &F 7 2 R EMEaERL O RERE ST (RIEFERICER) &, K
SEEPICA S SN R E TN S . BICENZEROHIEM: 28 CE 5720, RERRT Uy VvEHR
TOHMETH S,

RBRAEBIUER

F 3, FeCoBSi ¥k D AL 2 Gk L, BVLEZ ISP 21T 5 T L » TR TS ERL T2 5 LT,
WIZ, B LT R BRL 2 A X EIRE L, BEGHER 2 T o 72 % AR v b7 UV A 21T E
Wb EL 2 B Uiz, T 0%, JEMMEHIRBIGHEVLEE A i3 FIC k> T, MREFEEH T 5 EMHEZ2 &
B L7z, Fig. 112, B EVILERRIT: COEMMEI OB ZELE <7, Fig. 1226, BGHELEIC L - T
R BTG & (B M5 & R T M & CRE R ENAE UTn) . ZHUTHEW, R %2 KIR
AR T X D ENG o T2, Fig. 212, RIFETAR LB EE (B EGLERT:) D2 S5 17 O HEE 8k
f# (1T » 100Hz~1kHz §:0FF) %7, Fig. 2 6, ABFETHE L2 EMmEHZ, Fig. 1 ORES HEVILEL 1%
DOARLRRE S RPE 2 RO U YL E A ERO BRI & LT, fied TIRW kR 2 EHLTE 2 F N 00 - 72,

0.6 1500
_ LRER A4
| g SRS
g 0.4 f% 1000 S ABFFE D EF S
e O (R el 5 7] i
o€ 0.2 T 500 -
>
0 0 = A | "7: T T
T b2z 0 200 400 600 800 1000
EAAILER Fif EALER 1% JEH % (Hz)
Fig. 1 RGP EVLELRTE CTOERMED Fig. 2 ARWFFETE R L= B O 28 5 dil 7 1)
PRmE 12k DOHEESRIE (AT » 100Hz~1kHz &4 TF)
2 SCHk

1) T. Suetsuna, H. Kinouchi, T. Kawamoto, and N. Sanada, J. Magn. Magn. Mater. 473 (2019) 416-421.
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Fe-Co A& 2 BE L -IRBIRET (4 XD
REREICB LIETA T A DRE

B pe*. JELEAREx ME >, RASEM*> F7 B8 LIRS,
TEEPRSx Il B> ARZER*
(PR TERRZERE, Ak @b
Influence of bias magnetic fields on performance of vibration power generator using Fe-Co based alloy
S. Fujieda*, S. Inoue*, T. Okada*, F. Osanai**, S. Hashi**, K. Ishiyama**
S. Seino*, T. Nakagawa*, T. A. Yamamoto*
(*Graduate School of Engineering Osaka University, **RIEC Tohoku University)

Hde B
R 3R

0T H#e 2B ST H72DD AT A7 Y —/NMUER E LT, SN X 0 MR OB ENZE
b DWEDOHE CFREEDR) ZFIH L THDEY OIRENHRET HREFBEET L LF—N—_X2T
4 T PNEREEDTND Y, FHox=F/17 U FRRHRET N1 AT, UFRT L— ARz
B0 R 7IREE T oA Va2 B & M1, KABAG TR 7 ARSI % (Fig. 1 28) 2, HHMmA RS
B D LBMERICHIREY B L OERIC MDY | WREEDNFIZL Y 24 V%2 B BRNET D 72 D ERT
WICKVHBEEBNNEC D, BENTRBERMENSE OIS Fe-Ga &M ITIREIE B OWMEME L L
TOISHDPIFRF SN 22339 ERBBLED O I3k~ MBI OBIR N EEN D, AW Tl Fe-Ga &4 & H

TR I/ S OB ERIBH LA K X ) Fe-Co EA4ICHEH L, o Fe-Co-V alloy
Z OIRBFEBAFIET 3 JNET /A 7 ARG OB B FEA L7, \qu J/ Frecend
Fixed end

SR CIIIIIIIIIIIII!\
A5 R D Fe-49 wt%Co-2 wt% V A4 DOHCIREE 2 U 787 L —

DICRE D (715 B X 40 3638 2 — > D7 a4 VAR A7, Frame
NAT AR TIL S B T=0 . VA R3E U CFE B BN Fig. 1 Unimorph U-shaped vibration power
B B KRR B T, generator.

EERER

FE R B 290 mT DK A A 2 N T IR BN FE EE AR Dt 2R &
Fig. 2127, ZORBRTIL, UFR 7 L— LD OEAHEE 5 &
JICHMNZ 1 mm B S BB TT A 22 3 HBEERE) S
7o, BHREIEEEIIREORE TR 3 V DR KA R L%, R ]
FOBRIZFEVEAD T 5, Faraday DEANZEESL & ZOFEEE 0 10 20 30 40 50 60
WREEMRIC L 0 A LITK 019 T OREREIEZ(L (AB) 2VE tms

R} . e . . _ Fig. 2 Time response of open circuit voltage
L2 &2 EWT D, £ 2Rk aE B oK AA 2 VW TCHE Vop.
BEDIRBI R ERBR 41T > CHFMI L 72AB % Fig. 3 10T, FEHK 0.25

Magnet

vV (V)

op
b v Bk ok N w
T T T T T T

HEOHRIZHEV, ABIIRE 72D 2 EDBWLMNTRoT, HEo ozl .
T, Fe-Co BB 25 L T2 IREVRE T /S 2 DOFE RO LI
L ST AR O TS DRI TH D, eoBr
Q010F o
L5 ik -
1) T. UenoandS. Yamada, IEEE Trans. Magn., 47 (2011) 2407. 0.00 L
2) ¥, BA AEM F2EE, 26 (2018) 185. 0 50 100 150 200 250 300 350
3) S.Fujiedaetal., IEEE Trans. Magn., 50 (2014) 2505204, _ MZ‘;:::CZ‘:‘L?:E;:“Z:; “;:‘::;;”;’we
4) B fih, AR R, 59 (2020) 10, as a function of surface magnetic flux density

of magnets.
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SGIEEISI)

Study of vibration power generation using ferromagnetic shape memory alloy
K. Ozawa, S. Hashi, K. Ishiyama
(RIEC, Tohoku University)

1. [XCHIC

ﬁ% REICHIET DA x X — % [

INCEWT D %ﬁ%%&ﬁ%ﬂmbk%%

?"/\4’ AN TEY . Ziud/NE TS
EmT%N4x®Ej%ﬁ&&©55”o$f%\
RN ORI A 2B B = R L — b L AU K & 72
NEHLND Z END, REVRE BN SRR
Eﬁ% SADOBIMEEIRE L THIERE X > TWD

o AL TIT, BEIHIT L 0 EHADIEAET DRt
%% tEA 4 (FSMA) ZIREEEICHERATL &
IRET 5, Table 11245 FSMA O#a £ & b=,
Z O T Fe-Mn-Al-Ni RN TH: o, Bd %
BT OMEIChH D, Bk @) ~vrrA b
EReZ L Z U, RHEITIRRENE C~ LT A NI
aREE L SN Tnb 3, Lizn-> T, RHADOREA
E— AV NOF A ZE R ZTRETHRD B )i 7] % Fl
MMUTIEANCE VAL - S8, U %
{bDZED R T IULERAEIC L VEHZIY
HAHAREENH D,

Z 2T AW CIERBEME RGBS & DI 17
EFHAEREAFIR LT IREVEET N1 A DOBF % HIY)
& LT Fe-Mn-Al-Ni ;2 &4 DR FE 2 a5,

2. EEBRAE

Fig. 1 ITIFANIZEICIHE T D BH v—7 K L—HD
LEERR AT, FRROBEHI S LT, k)
f$ﬁuauk E &S TR AR B 2 IV TOME A & 3k
(IS ZENUIIRBE T Y L A R aA LNICHEA
L. 0.1 Hz OIEGE AW 2 FIn9-% &, 3000 #
— VO 3 A W ITEEIN R ORE R DRI kI
eI BENFAET D, ZDOEFEEZ DAQ T /31 AT
L VYA, LabVIEW (2 L 571 7T K&k AT
HEd 5 2 & CRORBEAZR T L, BH #i#ROHIE
NA[REIC 72 D,

I I BEEINE & IS TEIINRE ORGSR FE 72 % BH i
BROMERE RN SFHE L. Bimra 8 ERE2 T
Do eEMILEREES THE T D,

Table 1. Characteristics of each FSMAs

Alloy Processability Transition Strain mechanism
temperatures
[K]
Ni-Mn-Ga X 300~440 Twin deformation
Co-Ni-Al YaN ~320 Twin deformation
Fe-Mn-Al-Ni @) 243 Magnetic
field-invited
transformation
PC (LabVIEW)

DAQ device

Function generator

Solenoid coil
Bipolar power supply

Fig. 1. Measurement system for BH loops

A

AREHEL 2 DN ZB S 2 W e VWi b R FK
SR TR RS R 7 v v T ¢ T TR RS
B, KRBVEMEESR. FraB B3 2,

SEXH

1) K. Takeuchi: J. Surf. Finish. Soc. Jpn., 67, 334
(2016).

2) |. Kanno: J. Surf. Finish. Soc. Jpn., 67, 348 (2016).

3) T. Omori and R. Kainuma: Materia Japan., 54, 398
(2015).
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SER S N S a8 — L RO
REBERSBIA A — 0 712351 2 T R0 EE (A

RRHT 48 ' KB FRFR ', BEES f ' Jong-Ching Wu?, 7% #E!
("FKH K T, 2National Changhua University of Education)
Magnetic imaging of domain wall movement of permalloy patterned thin films by alternating magnetic force
microscopy and dependence of in-plane magnetic field intensity
Y. Narita', T. Osaka', H. Sonobe', J.C. Wu?, H. Saito'
("Akita Univ., > National Changhua University of Education)

FXLEBHIS v 7 FpEtpEoMERER BT, BERES 2 200 T ORI LT 2 2 ENEEE 2D, L
MU B, B ITBEMEE(MFM)IZ 3 TUIREREMERET D> & ORI L 0 RO EAEE N E (L LT
<\ BEXHEIE OBRITIEBES T COR S TP oTe, WA IIMERE, V7 MEMEIRO S T CORX
GBI e AR & LT, BRI C A ithiss 2 1 T RE 72 A2 3 16k 51 ) BRI B (Alternating Magnetic Force
Microscopy; A-MFM)IZ., ZREHES 23 E 1 OB HEBEIEIREH 2 D DHBEBBI O A A —2 0 ZIEARE L. R
Wl T CR—~m A « NF— FEEZBIE L T, MEOBBHHSCE =0 7R AV FRRGITHRIETE 2
T L aWE Lo, ABFFE TR, EEICHUINT 2 mPIES Ry 2 65 2 & T, BEREZ R 8 b BB
PN 2 F CHfirICBIEE Lo R 2 @mE T 2,
EERAE A-MFM (35O R A & R7p 5 IR O BREFBHE O S BRI DAL 5 BREHES) O 5
WHEREFH L TG Er vy 7 A4 VT D FRIETH D, V7 MNEMWEEOMBERE) A A —2 0 7 Tl
B BEIEIRET OBER T — A > b DRE S 2RISR IR OS5 05 10 J8 BIR9 IS 28k S 7 HRAE T ﬁzﬁgﬁ?’
B2 L0 WERED O I AT DS S EREHC E IR N 5 Z & THRAT HZ8FWK 2R LT, HREMIEIC
BT HMEEEE OFE AT 5, A-MFM 8I22121%, B{EL 7 Co-GdOx B REMEPREE (REMEIEIE 100 nm)
ZRHW, NR—<nA « X —2 REE (4um A, BUE 75nm, Ta ¥+ v 7 & 2nm) &2 K5H CHE LR, 4t
HARWSHIRE LT 7 =74 harz v, BE L ZR30rE RICRRE U CRUB & BREHCHIINT 2 &3
Lo A, Bt ORmIEE A2 Tl LThT MBS te, RIS OEEEIL 89 Hz TH Y | &
g% 50~400 Oe T LS H7-, AMFM&i3a v 7 14 U155 (X +iY =Rexp(if)) 7> LR L THAS L7,
EBRE Figl@)lo/ S—~uA « ¥ = NEBEO NN Y 1 THEENE IR LTV 5 IREETO A-MFM
Wt (vy 742 X(E5) ., ROWCHESERES (R1575) 273, 2 THRE ORI a3 m e 5 m T
H Y EEBSGZRHEL TS, K(b) X D fEED L
MOMEMSGITE T TH Y | K2 L 0 BEEED ]
TRAFHMOEEBSGPRHE SN D Z b, Wk
RN AKX Z R LTeRr— VERECTH D Z &3
2%, Fig2(a)lZ N5 4 X D4y J A2 0.8 Oe
EnL7=85A81cE b7z A-MFM 18518 (X{§5) %  Fig.l A-MFM images of lock-in X signal [(a)] and
T, MEEABEIT A EPNTOL . FEEHIRERE A lock-in R signal [(b)] without in-plane magnetic field
. . and schematic figure of magnetic field distribution from
b OWH & BRI 50T, BEOBBRELEML  Neol wall [0
T2BRESIND, K(b), (e)NZX(a)k Vil L7z fikE
DI RGN E O 2~ NS )7 A
ATIRBEIX DA DNEINT D K O ICHEERBEN L, £
DERGENLE TIL 90BEEELIAMT 180°WAEE &I A ypac
\Z - 3 ,ﬁéL\ E Py
Lcns s enbha, 425 Ol = Fig2 A-MFM images of lock-in X signal under

(23 A-MFM RIZ RAE A FhE 5 B DRI DN T in-plane magnetic field [(a)] and schematic figures of
g7 domain wall position with maximum domain wall
movement. [(b), (¢)]

(©)

/,/_A7W¢¢

[———]

M,
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AR SRS VAR & DN TSR G gR~ > R
22 BRRE « G = RV T — A A=V
— Bl & AL DA RN X —IC L D E FHRE DR —

S SN S oY 5 N
(FKH KPR
High-resolution magnetic field energy imaging of magnetic recording heads by using energy cross term
of AC and DC magnetic field on alternating magnetic force microscopy
H. Kon, H. Sonobe, T. Matsumura, H. Saito
(Akita Univ.)

EUBDIZ N—FT 4 A7 RTA T OEEHLTH DBKGEES Y NIZBWTEEEBEELOTDIZ~y RE
FO/NUEREAL TEY | BRFLER Y R0 BIAET 2RI L TRWER D RETDOA A—V 7
RO LN TND, Fa LTIV E CRBIERE I OGS OFH A FTREIC 325 2 & TZEM /3 fifRE 2 Kig i m -
SRR HRER SIBEMEE (Alternating Magnetic Force Microscopy; A-MFM) (2 & {3 Co-GdOx R i
MRS Z WD 2 & TRy RO DRAET D RIEHEIHICR L TE D 2 FEIZHIST DG =L X —0
AR T REEREZ L MCROBGA A —V 0 7 L L TEWERI O RRE 215 TV 5 D, ARBFE Tl
W ERESs O & ERAIZ T TR & 2R DR S REE O RO =012, [Hiit
T & ARG DA FZE T X — 2R A Uiz @R E(L 2 Et L,
EBRFHE A-MFM BI2IB/EL7- Co-GdOx Mg MRt (RaEmE
100 nm) Z AW TREH TIT o 70, BIEEFBHT I TR ERE <L OREK
FoER~ Y REFV, AZHER 15 L OERER 1° 2 LU T o#PE CHN
L7z, I=1"+1%cos(wt) (1° :0~5.0mA, 1*:0~4.7 mA, o/2r =89 Hz)
BHEINZ X v RS
F =0/ az?)(m™eH) = (6% / 6z2) (P H+H) = 4™ (6°H? | 62%)

(H? = (H® + H™ cos(mt))s(H®™ + H* cos(awt)) ) 23T+ 5, ARFZE Tl Figt  AMPM images of AC
BB & RGO ET R VX —BIZKIET D F (ot) 8 maénetic field energy [(a)] and
(F/(at) =24™(*(H*H®)/ 6z°) cos(at) (1)) . 2Lk — % /L ¥ —{§IZ  energy cross term of AC and DC
RIET 5 F at) 18 (F/ Qat) = £® 12002 (H*) I a2)cosat) (2)) % ~ magneticfield [(b)]
AA=T T L, TOEFHRELZ R LT,

EBRER Figl TR~y FNO XA IO F (ot)
(1 =47mA, 1° =0mA) BLOF/ (o) 8 (1° =47mA, 1° =50mA )
7, F(ot) B TR Qot) 4 L i L CTEEMENKE | 24
RS, Fig2 (2 F/ (ot) 18 & F, (2et) 0 LR HLE T O 51
DN ARLFIEE RS, E 5 BE TR F (o) 55 TIZ 1™ 2kpi L, s
F/(2ot) [EETIHI1° 0 2 RICHHI L TZELLTHY OB EIY @Il n o (o2
TN TEAELTND Z ERNbND, &2TO 1™ OFPHT, ERERIC D 05—

FOINZ & 0B BB8ERHIN L T v | Bl & iy DR 72T R L ¥

—%FIHT 5 2 L CREMEOHABR BTG Z E2bns, #c F92 - Dependences of AC
current on  A-MFM signal

90

©
o

19 = 5.0 mA o ¢ & 19 §
o %7

~
2
t

o T
w " 19°=0 mA]

33
2
t

Intencity (dB)

S
o

Iacu%mA)w 20

!j: :h % 0)§¥7/ﬂ}] & & 26 z:}gjiﬁﬁ %i%jm é -@__7‘:%%@:01/ \T:\Lﬁ‘l\“éo intenSIty at main pole Wlth and
£ 3CHik: 1) P. Kumar et al. , Appl. Phys. Lett., 111,183105(2017) without DC current.
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AE AR T T BRI 2 PV T TR LR SO AL B AR T A D
7Y TIRIAC BOERBE S O v o3 R RERR H

MR B, Fil B, A &, i U
Rk KREET)

High-resolution detection of zigzag magnetic reversal boundary of perpendicular
magnetic recording media film by alternating magnetic force microscopy

H. Tanaka, S. Wada, T. Matsumura, H. Saito
(Akita Univ.)
IXCOHIC WRABMEE (MFM) 128V T, BEXGLEBIRIXBESE R LI b OBIEMR TH Y | @

FERG KGR BAA Z AR T D 5 nm FRE OREMERE SRV 4 XIZER 5 nm A —Z— D 2 7 7 IR O iR
RO, MFM OZERMEEEDTEMIN 72 BIE L 72 0155, ZOTdFEx OWTET L —7Tid, MEM O
M RREE M LSS 5720, ZivE THREETH o 72 R R T T ORGSO Bl 3 " RE R R B )
PAMSE (Alternating Magnetic Force Microscopy; A-MFM) Z B L, & bICHildEMREZFIHT 2 Z & THIE
JRE & B 72 Fe SRIEAMVE RBETE Y 7 MREMERRST 2 B L €. BB EEBKGLELARIC K LT 3 nm FRE D
ZEI T FRRE 2 22 A7 RV DFEMIZ £V 45TV 5, ABFFE TIlIm 22 M 53 fifhe & F222 [ CELRE T 2 72 01T,
PREENE D 722\ i 8 PE R RGRLSR BRI D A-MFM 12 21TV, & BT A-MFM DRSS ARE D€ v i i Re
ZRIH LT, Sk K3 2 Wb SR R 2 i L 7o RS\ Tt 775,

EEBRFE  A-MFM (2 X 5 BB CIRESHIANE ) O R iBR 2 HN L, oK E— A2 SO
% E B LS E 5 2 & T, BB b OBV & O AEAERIC X0 BREHEBNCFHL S 2 BB
DD EFES AR T 5, 2 2Tk, BT U REHRENE B & A EE i I, RIS O BRENEE
EBREEE L TRy 74 VU RIHT 5 2 L CHBKISICRD SBIEBES (X +iY =Rexp(i0)) #135, HEH
AR GRS (77 = 2 7 — LR < KiF% S nm FEEE O L) Z2HIERE S L. A-MFM #1824 KK
PTITo 72, W72y 7 MEEMEREEHE. JEAE FeeoCo20Bao ¥ 7 MEMEG 4% ST HREHIA T 15 nm FREE M L
THELZ, A-MFM 8152 ClL, BEHIR MY (BRIE 150 Oe, AW 89 Hz) /M7 =254 a7z kD
FIn L7, A-MFM B OENTIZIE, BEF O EANKEIRT 2WFE 2T 57 07T AEERk L., bR
ROFELEIT T,

EBFER Figl(a)lo 1 #i#E4 2.5 nm AT
Ble2 U T E KGR E IR D A-MFM §

B (a7 7OXES). MOICH s

(@ TEBFDOEANKIET HEF L LT .

FF TRV SCEREE SR . X ()2 X (b) DIE KA te
2R, RO TIEHEHEYA A% A vy 2T P /z
LTS, MOb)TIE, 5 nm REDD S

VIR OB RSB RN BR X . 20 Fig.1 A-MFM images of lock-in X signal [(a)], magnetic reversal
- . : ‘: X _ boundary detected image from the image (a) [(b)], and enlarged
RESFBOZEMA~T MVTRHBLIZZE yiew of (b) [(c)] for a perpendicular magnetic recording media

WIofigfe (5 nm) & HRELT0D, &5 film

VA i RL S 0D 5 7 2 T (B RSG50 R o I 1A 7

EBE LI A, RIEBEOR/NMIHBE LWL IR R D BIE TE o, & b ICEERKGREAOFERE »
FOE Y MREFIZEWTS U7 IR OBALK SR OBLEITHRE) LTz, 206 OFFIE P2 THET 5,
BEE BRIV EER G AR L, IX RO D TRV E E L, T ISR Lk
JFET,

T
TITTIN

| (b) ¢
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2 MRE = R L X — B BEEE I L B
7%»772&%U%?®MC% EETE

AR —, TFHISRIR, EKEIR, $aARHEE*, ISR
(BEJEnGLH, ~Pob B
Magnetic domain structure observation of amorphous magnetic wires
by spin-polarized low energy electron microscopy
S. Tatematsu, A. Shimode, Y. lwanaga, M. Suzuki, Y. Yamauchi
(Aichi Steel Corporation, *NIMS)

1. IICWIT

Ml & > iX, Ml (Magneto-Impedance, 51 v B —& 2 A) SR A2FIH U=/ CRgiE, BoKiEE
BHOWKE P THY D, EFETIIHR~— I &2 L7 BEEESC AR —YEHIlCB T2 E—va vk
v ELTRHHESN TS, ZOFREIL, aT7HMEITHLT7ENT 7 AT A PIZ/ IV AEF & @E Lz
BRD, SMBEEGGITIS Ul A v B —F o A M ERICEBT 56O TH D, B E LT, ZhE
TIZ 3pT/y Hz@10Hz DK FFRED G DAL T VDA, B D8 A ZAbLD TR E LT, U A Y EREDOWLXHE
EIZER LCHBEZED TWD, —F, RV A VICHEH ST E MRS FECIE, B LICX
Dﬁ%ﬁ®%ﬁ%ﬁob£#%5tb TERROTE L I ) 3 AT DIRER T M~ B IE TR BB 2 b U T i X A
SRl RS éﬂfmé%ﬁ#%éoKﬂnfi\@%E@&kﬁﬁ@ﬁ%%&f%éxa/ﬁ@@izw%~
EFBMBELEH L, ZEFME T A YRIBOMBEEEOBE LR D L & bIT, £ O & BERFFIES
T4 #k@ﬁm%ﬁﬁbto

2. EBFHE

(Al P 75k 1512 & CoFeSiB 523 L TN CoFeNiSiBMo & 7 &
VT 7 AT A YRR T2 OB D K oMk L7z,
BRI R D BVLERIC K 0 i U7, BEKHEEBIZCIE, B
MR IR E STV D A B U RRE T 2 VX — &8 T IAMSL %
R L7, BBHET B F o CHERERFZ L7006, K112
AT XD ICEREI R —ICEE LT, BIELERNZIE 6~12 REfHE
Arf 28y ZRBRL . RO 7 ) —=2 T &7 o7z,

3. EBHER

HREE ¢ 13 um, FIJE J5 1 0D F 7 M 5 (HK) 18 Oe (7%
L 7= CoFeNiSiBMo A7 E/L 7 7 XEZZ‘@U% Y ORGX FEE
ﬁ%ﬁ%%lzprﬁgﬁﬂ®@4 LEBORDT A
YREDO—E DB TILdD D, i#@%f@@%ﬁﬁ
Bz T%Twéo_@ﬁﬂfi\v4%%E@@Z@&ﬁ &
MG 2 BTV D, F 7 iEEEN TORALRIERIZ D A ¥ REFE:30um HHE:6um
RGN O T THEELAL Sy AN < | FJE J5 1) O AU 5 M % 2 SPLEEM TR 7= 7 1 ¥ DR XAk TE
KEHTHDZ EDNm0 5D, YHITMDO U A ¥ OBIERER

Rl LB, BEREHESIN TS & OBIRICOWTHLERT D,

5% R
1) L. V. Panina and K. Mobhri: Applied Physics Letter, 65(1994), 9, 1189-1191

XL ED
H5—Fr—b
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HEER L— Y — I A I T IRE R 20 R SO T BRI D BR 38
ANSEJRN, rPAEIEE 1L B
(PESELATRR G IERT, " ILi SLR)

Development of a time-resolved magneto-optical microscope using a semiconductor laser light source

Takeshi OGASAWARA, Ryo Nakamura®, Akinobu Yamaguchi®
(AIST, "Univ. of Hyogo )

WX Z AT IV ADBILEL, BT A REDOWSE - BRFIZIB W TR FIETHD, L, BUIED U Y sk
REF—RrysL—P =55 HOD I EE, LD HRICHA CELFELT S VER, F2, 2D ORFIT UL A
HOMR AR EES N TODT0 | BB KR O F NG bt T I 20 E RN b o7, AT, Eaf
PP ANBEARL — P —Z R WD ZEIZED BV WAE G T, Bl s 7 A0 R e s s b TR DM

U JE T OMIE 23 FTRE R IRF R 43 il <O F B SR DO B AT o 72,

B, AHFFECHRAZE LI R Ry MR KO PRI BT O AR 7R 77, 28R L —F — 1, HuL3E R 2% 405 - 450 nm,
BNV ABEDY 50 ps, B KM L JEE RS 200

X I . - personal > magneto-optical

MHz Too, L—¥ =i, RARIA N TIREISE —| computer < | Kerr microscope -
EYAFE=RT A R—ERT IECKY, TRk |y Svetem

AR B P — Wb, v LFE—RT 2 + A
HARy I NV B —{b L TWb, w/LF R77A o I Q s
—DF—RY I SV AMRIIAK 30 ps [EA30, giode |=w= ¥ S ] —

: ibrati N1

PR IR /N T 80 ps FREELEZ DD, R A vig optial ther U T
ORI BB N ETICEE LB L it '
a " N o N, function Ise
R KO IS VO, BRI B aepemio [~ enerion ey —
BT IS TEE AR S | R D3R5~ |} delay cuent
ZIBIEDATHE T 5, BBIEO BT 405 nm @ 1 : Schematic configuration of the time-resolved
B AR/ ZE A fREEIT 260 nm Th b, magneto-optical microscope system.

B212, PAE L 7RSO A B E VTR LT
BEX A F I ARz~ T, EHI= 7 L — T 5
B EIC N =~ m A ORI S A AE R 72 0T, B
BRI SNV AEFATE T ZECIVIE 10 ns D7 VAR
B FIINL CRER 2 b SETND, v A rmA—4
— R B OB S TP OB X OIEBY L REIIC Bl TF
TW5,

L Z DN

1) Takeshi Ogasawara, Japanese Journal of Applied . —
Physics 56, 108002 (2017). 2 : Magnetic domain dynamics observed by the time-

resolved microscope.
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