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Magnetocardiogram measurement using SQUID magnetometer and

Magneto-Impedance sensor

K. Kobayashi', M. Iwai', T. Tanaka®, Y. Hata?, Y. Ogata®, B. Kakinuma®
'lwate University, “Advantest Laboratories Limited

Magnetocardiogram (MCG) is useful for a clinical application and a health monitoring because it's possible to
measure the heart activity without contact. In generally, MCG measurement was used a SQUID magnetometer. For
daily health monitoring applications, MCG measurement devices need to be easy to handle. Specifically, it is highly
desirable that operations in easy handing, without liquid helium and a magnetically shielded room (MSR). The SQUID
magnetometer is high cost of equipment, high running cost due to the liquid helium and necessity of a MSR. On the
other hand, A magneto- impedance (MI) sensor can use in room temperature and has a low noise level theoretically [1],
[2]. Then we developed 64 channels Ml sensor system for MCG measurement. We demonstrate MCG signals measured
the SQUID magnetometer and the M1 sensor.

MCG measurement for the SQUID magnetometer [3] was performed inside the MSR. The data among 150 trials were
averaged for reduction noise. This averaged data is used as the reference signal, because it is high SNR MCG signal.
MCG measurement for the MI sensor was performed outside the MSR. The minimum interval between the MI sensor
and the chest wall of a normal subject was 5 mm. Noise rejection was carried out by time and spatial average using 64
position data. For time average, all magnetic data were averaged using among 300 trials at each position. For spatial
average, 64 position data was compressed into 36 position data. As a result, MCG waveforms of 36 channels in Fig. 1
were obtained, and the QRS complex and T wave could be shown clearly. Compared to the reference signal measured
with the SQUID magnetometer, similar characteristics were obtained for the signal measured with the MI sensor. The
developed MI sensor system is effective in the health monitoring application.

This study was approved by the Ethics Committee of the lwate Medical University (No. H22-147) and that of the
Iwate University (No. 201704).
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Fig.1 36ch MCG waveforms after time and spatial averaging.
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Recent Progress of Biomagnetic Field Sensors with Ferromagnetic Tunnel
Junctions

Yasuo Ando
(Department of Applied Physics, Graduate School of Engineering, Tohoku University)

The discovery of large tunnel magneto-resistance (TMR) effect at room temperature (RT) in magnetic tunnel junctions
(MTJs) spurred intensive investigation of MTJ applications for spintronics devices. For sensor application, high
sensitivity, low power consumption, small device size and low cost make it prime candidate of the next generation
magnetic field sensor such as a bio-magnetic field sensor [1,2]. It needs individual MTJs with a large sensitivity over
10%/0e and 100 x 100 integrated MTJs to achieve enough output signal and S/N ratio. Here, sensitivity is defined as
TMR-ratio/2HK, where Hk is anisotropy field of the free layer. SQUID is currently the most sensitive of the magnetic
sensor and is used for the measurement of biological fields. The sensor with MTJs has much advantage, in particular,
the device can operate without lig. He, that is, the sensor can be used at room temperature. Therefore, we expect that the
device can have wide application. We prepared the biomagnetic field measurement sensor with a magnetic tunnel
junction (MTJ) microfabricated in series and parallel in order to reduce device noise and a magnetic field sensor module
incorporating various circuits such as a bridge, an amplifier, a filter, etc., for improving the S/ N ratio was fabricated.
Using this module, a cardiac magnetic field was successfully measured. In addition, by canceling the environmental
noise using two sensor probes, it was shown that a signal can be detected even outside the magnetic shield. In this
presentation, we show the detailed characteristics of this sensor. The necessary technical challenges toward its
realization and the feasibility in the future are discussed

This work was supported by the Center for Spintronics Research Network (CSRN), S-Innovation program, Japan
Science and Technology Agency (JST) and Center of Innovative Electronic Systems.
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Evaluation of harmonic magnetization properties of clinical magnetic
nanoparticles for magnetic particle imaging
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1. Introduction

Magnetic nanoparticles (MNPs) have been widely studied due to their potential use in biomedical applications such
as drug delivery, hyperthermia and magnetic particle imaging (MPI). Recently, MPI is attracting extensive attention as a
new modality for imaging the spatial distribution of MNPs Y. In this paper, we first overview the basic principle of MPI
and MPI scanner. We then evaluate the harmonic magnetization properties, which are directly related to the sensitivity
and spatial resolution in MPI, of clinical MNPs.

2. MPI1 scanner and Magnetic Nanoparticles

MPI, which was first proposed by Gleich and Weizenecker in 2005, is a new modality for the imaging of the spatial
distribution of MNPs, especially for in-vivo diagnostics ». In MPI, harmonic magnetizations of MNPs under an AC
excitation field are sensitively detected to avoid interference between the excitation field and detection coil. To achieve
MPI images with a high spatial resolution, a DC gradient field (selection field), which generates the field free point
(FFP), as well as an AC excitation field (drive field) are used. MNPs located around FFP generate rich harmonic
magnetizations since relatively large AC excitation field and small or zero DC field are applied. On the other hand, all
other MNPs located far from the FFP do not generate harmonic magnetizations since they are exposed to large static
field. Thus, high spatial resolution can be achieved by scanning the FFP though field of view (FOV). So far, two MPI
scanners have been commercialized 2. Figure 1 shows an MPI scanner developed in Kyushu University. The setup is
composed of an AC coil for drive field, Nd-Fe-B permanent magnets for selection field, and pickup coil. The amplitude
and the frequency of the uniform AC drive field is 3.5 mT and 3 kHz, respectively. The strengths of gradient selection
field are 1 and 2 T/m for x- and y-directions, respectively. The third harmonic magnetization from MNPs located around
FFP is detected via pickup coil as an MPI signal.

Experiments were performed using water-based maghemite nanoparticles (CMEADM-004, CMEADM-023,
CMEADM-033, and CMEADM-033-02). These nanoparticles were supplied by Meito Sangyo Co. Ltd., Kiyosu, Japan.
These MNPs were coated by carboxymethyl-diethylaminoethyl dextran, and their core and hydrodynamic diameters are
listed in Table 1. Carboxymethyl-diethylaminoethyl dextran-coated iron oxide nanoparticles are negatively charged and
are used as a blood-pooling contrast agent .
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3. Results and Discussion

Figure 2 shows the intensity of the third harmonic magnetization (MPI signal) map of each sample when the sample
was mechanically scanned. The FFP is located at the center of each map. The value of maximal intensity and the full
width at half maximum (FWHM) of the MPI signal are listed in Table 1. These values are normalized by those of
Sample 1. The maximal third harmonic intensity of Sample Il was higher than that of Samples I and I11 because the core
diameter, dc, of Sample 1l is larger than those of Samples I and 111 9. The measured MNP samples are composed of the
particles divided into three types of the structures such as the single-core, multi-core, and chain . In particular, the
multi-core structure promotes the magnetization and third harmonic signal because of the large size of the effective core
®. The typical effective core sizes, d. err, estimated from the static M-H curves are listed in Table 1. The third harmonic
intensity of Sample IV was higher than that of Sample Il whereas d. is smaller than that of Sample Il. This indicates that
large portion of Sample 1V is composed of multi-core particles with large dc esr. Actually, Sample IV was prepared by
collecting the MNPs with large d. et by magnetic separation from Sample 111 ®. This can be found from the value of
dc_ert for Sample 1V, i.e., 21.3 nm.

In Table 1, the third harmonic magnetization normalized by the fundamental magnetization, M3/ My, is listed. For the
estimation of M3/ My, the AC magnetization signal was measured when an excitation field intensity of 10 mT and
frequency of 10 kHz was applied. The measurements and estimations of Mz/ My were performed at Yokohama National
University and Shizuoka University. As shown in Table I, the FWHM correlates with the M3/ M1. Sample 1V shows the
highest Mz / M; and the smallest FWHM among all four samples. In particular, M3/ M; of Sample I11 was higher than
that of Sample 1l and the FWHM of Sample I11 was smaller than that of Sample I, although the maximal intensity of
the MPI signal of Sample 111 was lower than that of Sample I1. It suggests that the difference in the structures of
Samples 11 and 111 influences the maximal intensity and the FWHM of the MPI signal.

Table 1 Parameters of measured MNP samples. Effective core size dc e was estimated from static M-H curve. Maximal
intensity of MPI signal and FWHM were normalized by those of Sample I:CMEADM-004.

Sample # : dc dn Maximal intensity of
Measurped MNP (nm) e_err (NM) (nm) MPI signal ’ FWHM 1 M/ My
| : CMEADM-004 4 5.4 38 1 1 0.0728
II: CMEADM-023 8 7.4 83 3.9 0.86 0.0975
I1l: CMEADM-033 5-6 5.6 (21.3) 54 3.1 0.81 0.115
IV: CMEADM-033-02 6 21.3 64 6.1 0.76 0.123

4. Conclusions

In this paper, we first overviewed the basic principle of MP1 and MPI scanner. We then evaluated the third harmonic
magnetization (MPI signal) properties of clinical MNPs. We showed that MNP sample with appropriate core size
generates large MPI signal. We also showed that the FWHM, which is directly related to the spatial resolution of the
MPI image, correlates with the M3/ M;.
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Sentinel lymph node biopsy using magnetic nanoparticles and magnetic probe
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In surgery for early breast cancer, it is important that much less invasive breast conservation therapy
is done and that axillary lymph node dissection is avoided to increase the patient’s quality of life
(QOL). For this purpose, a sentinel lymph node biopsy (SLNB) has been established to determine
the sentinel lymph node (SLN) in which lymph fluid containing cancer cells from a tumor first
flowed.

With the current method using radioisotopes (RI1s), 99mTc phytic acid is subcutaneously injected
into the areola one day prior to surgery. On the following day, the SLN that contains the radioactive
tracer is detected with a radiation detector and is excised. However, RIs not only directly radiate
patients but also require specific radiation control areas, making it difficult to implement in small
and medium hospitals.

To solve this problem, novel methods for detecting a SLN by using a non-RI tracer such as dye
(patent blue) or fluorescence (indocyanine green: ICG) have been used. However, the results of
these methods are subjective, and the methods have the problem of having low detection rates.

In my presentation, we introduce a novel system for breast SNLB that uses a magnetic probe
developed by us and magnetic nanoparticles (ferucarbotran).

References
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Development of transcranial magnetic stimulator for treatments of
neurological and psychiatric diseases at home
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Transcranial magnetic stimulation (TMS) has been applied to diagnosis of neurological diseases and to basic
neuroscience studies since this technique was demonstrated for the first time in 1985. The applications are now
extending to cover treatments of neurological and psychiatric diseases such as depression, neuropathic pain, and
Parkinson’s disease?. A magnetic stimulator for treatment of depression was approved last year in Japan. Previous
studies suggest that the therapeutic effects are attributed to neuromodulation caused by repetitive TMS at more than 1
pulses per second. In order to maintain the therapeutic effects, patients have to undergo TMS every day. Such treatment
will be widely available if a compact magnetic stimulator which can be installed in patients’ home is developed.
Improvement of efficiency in producing magnetic fields should be improved for downsizing the stimulator system. In
addition, the therapeutic effect is affected by the positioning error of stimulator coil. Our group is developing novel
TMS techniques including highly efficient stimulator coil and a coil with improved robustness against positioning error.

In order to increase the efficiency of inducing electric fields in the brain, we proposed an eccentric figure-eight coil?.
As shown in figure 1, the coil consists of a pair of eccentric spirals, and the center of each spiral is shifted toward the
middle of the coil. Because the conductor is dense at the middle of the coil, induced electric field increases. This means
that the electric field for exciting neurons can be induced with smaller coil currents. Numerical simulations were
conducted for optimizing the designing parameters such as inner and outer radii and number of turns. A prototype coil
was fabricated based on these optimized parameters. Stimulation of human motor cortex using the prototype coil
showed that the neurons were activated with significantly lower coil currents compared with a conventional concentric
figure-eight coil. Another study showed that the efficiency is further improved when the eccentric spirals are formed on
the surface of a sphere conforming to the surface of the head.

Because the size of stimulating spot for figure-eight coil is as small as 5 mm, precise and reproducible positioning of
the coils is necessary for obtaining stable therapeutic effect. This requirement of precision can be reduced if the spot of
stimulation is enlarged. We proposed a bowl-shaped coil which
exhibit an enlarged distribution of induced field compared with a Coil current
conventional figure-eight coil®. Coil conductors are aligned in R
parallel over the target area in the brain. The return conductors are
placed above these parallel conductors to form coil loops. Numerical
simulations showed that the bowl-shaped coil exhibits an enlarged
distribution of induced electric field. One of the technical challenges
is larger coil current for stimulating neurons. Improvement of coil
design is necessary for balancing the robustness against positioning
error and the high efficiency of stimulation.

Magnetic field

Figure 1 (a) Concentric figure-eight coil and

(b) eccentric figure-eight coil?.
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In-plane components of FePt nanogranular films on MgO
underlayer with and without carbon segregant

J. Wang, Y.K. Takahashi and K. Hono
National Institute for Materials Science, Sengen 1-2-1, Tsukuba 305-0047, Japan

Lljordered FePt granular thin film is considered as the most promising candidate for heat assisted magnetic
recording (HAMR) media [1]. To achieve recording density higher than 2 Tbit/in®, L/,-FePt based granular media
need to have an ultra-small grain size of about 4 nm, a narrow size distribution below 10% and columnar structure
with strong (001)-texture. However, FePt grains deposited on (001) textured polycrystalline underlayer usually show
remarkable in-plane components which can severely degrade the signal-to-noise ratio (SNR) of the recording
medium [2]. It is believed that the clarification of the origin of the in-plane components for the FePt grains deposited
on polycrystalline underlayer would make significant impact on the future development of HAMR media. In this
work, we study the effect of carbon segregant on the in-plane components of the FePt thin films deposited on the
polycrystalline MgO underlayer. The FePt films with optimized volume fraction of carbon segregant show not only
smaller grain size but also enhanced perpendicular coercivity. Moreover, it is worth noticing that the in-plane
components is also significantly suppressed compared with the FePt films without carbon segregant.

Figure 1 shows the in-plane TEM images of FePt films (a) without and (b) with carbon segregant. Without
carbon segregant (Fig.1a), L1,-ordered FePt grains form an island-like microstructutre with broad size distribution.
By introducing 28 vol.% of carbon segregant (Fig.1b), the FePt grain size is reduced down to 9 nm with improved
grain size distribution (15%). Such physical isolation weakens the ferromagnetic exchange coupling and lead to the
enhancement of the perpendicular coercivity from 2.87 T (without carbon) to 3.90 T (with carbon). Moreover, from
the shrinked in-plane M-H loop and reduced remanence ratio (Mr;,/ Mr,), the in-plane component is also suppressed
by introducing carbon segregant. To clarify the origin of such improvement, detailed microstructure characterization
was carried out. Figure 2 presents the cross-sectional TEM image of the FePt film without carbon. It was found that
the 001 plane of FePt grains is energy favorable to rotate 72.6° to match with MgO underlayer with different
orientation when the big FePt grains grow cross the grain boundary. It can be detected that the crystal rotation do not
triggered immediately at the grain boundary (Fig. 2a). So there is buffer zone in which FePt grains can maintain
their initial texture meantime accumulate the strain energy due to the change of template. When the FePt grains
grow beyond the buffer zone, it start to misalign to release the strain energy. So, the possibility is higher for big FePt
grains to exceed the buffer zone and form in-plane components than small FePt grains on the poly- MgO underlayer.

Reference
1) A. Perumal, Y. K. Takahashi, and K. Hono, Appl. Phys. Express 1, (2008) 101301.
2) J. Wang, S. Hata, Y.K. Takahashi, H. Sepehri-Amin, B. Varaprasad, , T. Schrefl, K. Hono, Acta Mat., 91 (2015) 41
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Change in grain density of FePt-based granular thin films with film growth process
I. Suzuki, J. Wang, YK. Takahashi, and K. Hono
(NIMS)
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2) T. Shiroyama, et. al., AIP Advances 6, 105105(2016).
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Fig.1 Plane-view TEM of 0.5-nm-thick FePt grown at (a) 100 °C, (b) 650 °C. (c) Grain density of
0.5-nm-thick FePt as a function of growth temperature.
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Proposal of network-formed upheaval structure using grain boundary diffusion in underlayer
for L1y FePt-based granular media with columnar nanostructure
© Akihiro Shimizu, Shintaro Hinata, Shin Jo, and Shin Saito (Tohoku Univ.)
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HEHZ AT 5 MgO FHuUE 2 H 72 Lo M FePt-C R Tld FePt MaMERS sa b2 BOIRICECR: LT L £, Lz
L7237 DRFESRIN S5 7T = 2 TN EBTE T, ABFZE T, 2UEziE (MgO &)/ #dbih
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TENT 7 ABEORES 620°C ~DOMEVE 20 727 2 2 T Y ORFERFE LI LT, F72 MgO & DkfEitk
21X, FogkSE O 2 A8 E L CRUEHZ 630 °C ~DINEAE 1T - 72, A% 121% Out-of-plane XRD HIEIZ L ¥ CrMn
J&F LY MgO JE73 bee (002) 3 L O fee (002) mifid LT\ 5 Z & ZHERR L7-, Fig. 112 MgO JEFRiH DR
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%o ZOREEHIEA 1S mm - 60 nm, &S 2mmBETholz, ZOREMBOERERZ2FHD7-DI
B O Wi 2 B E S (TEM) (I CREfERBIZ L= (Fig. 2), MgO J8IZEk S - EmbELimo g
IZ1E CrtMn BERAEEL TWA Z e b2 s, 20 CrtMn EDORIFIZIE Co R0 W BIFEL TWA Z &L 2 &/
 TEM OFpE X fpoRE~ » B 712 L0 BIRHER Lic, 727 /07 7 A@FEHE CrsoTiso. NiggWao & L72
BAETHRBOBEENECLZ N olz, ZRHEDZ E XD MgO BREICK T M B IREEEE L, 18
RO SR 7 0 AT BV T 7 A JBRERLICHE D bee-Cr 48 DRLA 2 R BMNCHET 5 Z L IC L v B
ENDZENTRBEND,

PRGEHEZALETRBEAORE U Lo RELBEx L, MARKEMERERA L3 20k7 5
=2 THMBOBRIEERE TE 5, Fig 3 ICHICEZRE L7 HAMR #BAOT T VK Z2Rrd, EEHKIT
FePt-F ¥ 7' = = 7 J&/ FePt/ MgO/ bee-Cr &8/ 7ENLT7 7 ABTH D, T7/2bb, MgO JE DA k4%
FoE I IS FePt JE & RIS U, FRECHEE 25 Bt Soh O 0) HKZ [ 0 92l 2 P U 72 B IR R ARk D TRk %
B3, 2oL XREIFESRER DY LR o7l (A3 — i) Led, X BICZE ORI FePtiR{bd)
Jg % 2 FHTHI S H 5 2 & T, FePtffdbhia 27 MIRAE S ®72 7 7 =2 TN EB I D L HIfF SN D,

SEX# 1) Roadmap of Advanced storage technology consortium (2016).
Qr@ (
Columnar laye FePt-O jde
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Thermal insulation layer MgO
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a-Texture:inducing layer == CoW
-1.0 nm
Sub.
Fig. 1 AFM topography image of a Fig.2 Cross sectional view Fig. 3 Schematic of proposed
MgO/ CrMn/ CoW film. of TEM image. structure for FePt granular media.
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AR FIRAVLEEIC X AN T Pt Fe fi@ K~ F o HHIE &AL

HIRER Y, =5, HIIKE 2, A2
H AR R BB TP ge Rt D, A AR BT 2
Order alloying of microfabricated Pt/ Fe stacked dots by Rapid Thermal Annealing
Toshiki Naeki?, Keisuke Miyoshi®, Hiroki Yoshikawa?, and Arata Tsukamoto?
Graduate School of Science and Technology, Nihon Univ.? College of Science and Technology, Nihon Univ.?)

[FL OIS PV Fe #FEICEBMOREFBHFNIL(RTA) Z i+ 2 & T, @B ERKLEAEAOBEFTH D
L1o-FePt ki T-HEA TR FIRETH D 2 L A MG L TV 5 D, SADMBE B B LI T B> H ARSI LT
J Ry b EERT HEMAER SN TR Y, EEHEICHT 5 RTA ICBW IR T EEA A —ICBRT 5 2 &
DB TH D, EMMNLERZH T By MEEIZB W T, INTABIZEI DAL D Ky RNEOM
HIRE I R M IR R MO TR SR B A R S5 MG N H 5 2. Z 2 THRA I T2 RTA
g TR AT, AR TGN T L7 PY Fe Ry FOMAIAEAL, KO A~ 001 mFEEIC
ST RTA OFIEEEE, WONCHEE T 5 Pt Fe OFLARERFT 21TV, TR K OBEREIC > X FEil 21T - 7=

12aB -4

FERAE  HWRL SR LICE R - ) 7 M ATk
DEEAKI65 nm D Pt/ Fe R b3 — ZAERIL 7=, BRI
DC ~Z7 b ANy XY 72X Y PY Fe (3.75 nm,
Fe:Pt=50:50)% &)@ L 7=. Pt/ Fe N v NMIEZEF I THRIMRIEES
WX FIREEE 120 °C/ sec. TH-IE L, B E (2)450 C,
(b)630 °C, (c)800 ‘CD RTA #4T-7=. K v MEREIZITERR
- BRI (SEM), 1] ) AR (AFM) &2 VY, BESURRIE D
AN ITIRB SRS )5, BESD BB (MEM) & F 7.

EERIER  Fig. 1 ICK B O E SEM 14 & 1 K v b (D),
FEAEMR ZZ(SD) 2 3. mWIREIZB W TS Ry MElHIERES
B, MLZEOBEEZREFL, RN A X508 TH DT & A
PR U7z, Fig2 ICIEm I E, KW H AN F L E s 2 Fn L
WU 7= B AL AR OY, () OFERRALIREEER MFM (2 L 0 R
WL LT R 2 n T, () LMt & OV NG R 5 P & R
L7z. (b),(c) £ ¥ RTA OIRFE EHIZIEWHAIGeb L E 2 b
B OMERE ) B L, SRRt A R U, B8
HIX Ny MERRALEIZ 2 T O BRI MRS T &, ML S il
DKk & 72 L& T2 Llo-FePt K> MEEDER A RIS NS,
RN R 53 S22 5 P oD B i TR B L [ AL O RR FHZ D W T 975
@EICEERL Si FiR o PY Fe HifiED RTA I2BWT,
at. % Fe OFALELE AN X v, B T E 7 6128 O BER R T
PWEAT DR TREORZHE LT D 3. & 2 TAEREIC
BWTHHEET 5 Fe Okt % 5 at. %H5 /0 L, Pt/ Fe (3.75 nm,
Fe:Pt=55:45)IC C/ERL L 7. 800 CD RTA % ii LIER L7 N v
OB EIRR I O, PR BALIRIEZ K L o5 % Fig. 312
AR BEE IR S DR 7D (28 kOe) 2D iE v VIR RE R AE EE (0.94)
oLz, BB LY Ny MO E I IR WO 2203 B
N7i=Z &, FEmEE T AICE Lo bR iE RN R S h
TWAHZ xR L. AMERTRIZENT, &iRO RTA K TOV5
at. % Fe AL DA X v, M T E B R T M 2 i

Lift off *

D, :6550mm D, :625nm D, 37.5nm Dy 26.7nm
StD:29nm  StD:3.0nm  StD:2.1nm  StD:1.1nm

Fig. 1 SEM planer view, average diameter of FePt
dots (Da) and standard deviation of Da (StD).
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<
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Fig. 2 Hysteresis loops measured at 300 K for FePt
dots and AFM/ MFM images of (c)800 C sample
which were applied field from +70 kOe to 0 kOe.

FeisPt“r._r
80 40 0
Applied Field [kOe] 0

Fig. 3 Out of plane hysteresis loops measured at
300 K for FessPtss dots and AFM/ MFM images of

FessPtas sample which were applied field from +70
kOe to 0 kOe.
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L, BVMRIEN ZRTF ) Ry hARZ—=UBNEBRATRETH H 2 & 2R L.

BEE AHIZEO—IBITEHA b L — OWFIEHEERRS, SURL 28 RN B S OB 8 S SO B2 3736(S1311020) D Bk L D 4T - 72,
BEX#E 1) A ltoh, et al., “IEICE technical report. Magnetic recording.”, 105 (167),13 (2005).

2) D. Wang et al., J. Phys. D: Appl. Phys. 41 (2008) 195008 (6pp).
3) Masayuki Imazato et al., MORIS2015, Penang, Malaysia, Tu-P-12, (2015).
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By hoXZ— RO T @ Si Ek - MnGa (001)EC [ i o> {E i

o fEW, A1 L KRR OO, NEE WIS, AW R
CAEINED)

Fabrication of (001) oriented MnGa film on Si substrate for application to bit patterned media
Y. Miwa, T. Ishikawa, D. Oshima, T. Kato, S. Iwata
(Nagoya Univ.)

XLBHIT

JRETH7e A A BBENZ, RETIRITIZ & A EREL 52 THMRER Y — SR ERICE A2 FIETH Y, K
A NTEREEREy hRZ—VIERBPM)OERIZICHTE 2 Z 2 65, Fxlx, 2o F R E > K
INE = BHRISET DB E L TR ERBEEBERE T EZHT 5 Lle-MnGa RIS EICER L, By h3Z—r
JEAERL L C& 72D, L L MgO(001) Bk di Fapk TR &7 MnGa & W7z, S RIZZAii 72 7 7 A Hpk |
FIERT DMERNDH D20, £ 2T AL, BEEIEA & Si R RIZ(001)8d M S E 72 L1o-MnGa DfEF 21T >
T&72. 9, AHAE T CrB FHEOR|FHSCEVLEE S ORET 217 9 Z & T, mdifo Ll-MnGa (001)5 4 2z,
JEEfT & Si A BICEIE L= T3 5.
ERGE

L1o-MnGa # I A& 4 A A% 1% Cr (2 nm) / MnGa (15 nm) / Cr (20 nm) / MgO (20 nm) / CrB (5 nm) / NiTa (25 nm) /
Sisub. & L72. MgO JEDAMEEZERFIC LV RETHIEL, TOMOBEIL, ~ 7R hrr Ay Tk
THio7e. 2B, v~ X bR rv ARy AELELERERTELETEINTEY, B2 KKBBET D2 <K
L7z, MgO J& = Cr Ny 7 7 JEIX=IR C ANy Z ik, 800°C T 60 73], HZZH CHII AT o7z, £ D%
200°C T MnGa fEZ pEE L, RS Ll LA 72 6 400°C T 60 431, EZerh THULFR 21T - 7. FEORGEEIT
RFRER DB IFE, R SIS T X BRET 2 CRl L7z, RS IR R BIMEBE(MFM)IZ K v Bl L 7.
EBRER

Fig. 113, SiFMR EICT/ER L7= MnGa <o X #iElfr 7 v 7 7 A L ThbH. MgOo DRy 7 7Jg L LT CrB J&g % ff
ATHZ L2k, Mgo oO0D)EMMEN M ELT-. 72, HAKK R TH S MnGa 001 v — 27 RNE.5h, HAIE
RSG5 L4809 ETH o7, Fig 213, (a) Si 2K E, (b) MgO(001):Ak EIZ/ERL L 7= MnGa fli<o> M-H /v— 7
THDH. SiFER ED MnGa BT K& REEMRKETEEZ R L, AEFIRbIiL 300 emu/ce &7~ 72. ZOKRE2HEHE
WS PRI Fig. 1 T/ L7z RAFZ2(00D)ELmPEICEER T 5 £ B2 Hivd. 72k, MgO Htk o> MnGa i (Fig. 2 (b))
L d 5 &, Si HAR O MnGa DEIFIRULITEATRETH Y, mANFMONL—TIZe ATV RAB R b0, R
FHEN S D EHZ 2 Hid. Alal, CrB J& O ASCEMLELL M OMFHZ L 0, RIF 72 E%F 95 MnGa(001)
B a2 Si Fof FICIERIG 2 2 & 23 CTE 72203, MgO 2 E D MnGa IEDFHEICIEDT 5 72 0I121T & & 70 5 Ak S
HORFPMETHL EEZDLND.
&3
1) D. Oshima et.al., IEEE Trans. Magn., vol.49, p.3608 (2013)
2) ARk fth, 55 38 [ AABIKFEFINHEES, 3pA-2(2014)

Si i 500 700
I L
a (b
o Sub. MaO Cr  ISub. @ T _( :
= g 002 g | g1
z 002 MnGa 2 5 of
H 002 S V4 = J /
. . - . . : o 0w s o 15
20 30 40 so _so 70 80 o0 100 H [kOe] H KOsl
Fig. 1 X-ray diffraction profile of MnGa films: Cr (2 nm) Fig. 2 (a) M-H loops of MnGa film grown on Si
/ MnGa (15 nm) / Cr (20 nm) / MgO (20 nm) substrate and (b) on MgO (001) substrate.

/ CrB (5 nm) / NiTa (25 nm) / Si substrate.
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CoGa T HlifE % F\W 7= #R# L1o-MnGa RO/ N —= 7

PRV, —EmiEAR, KREROE, IR, A HEER
(&t EKRT)
Magnetical patterning of L1o-MnGa ultrathin film grown on CoGa buffer layer
Y. Horie, Y. Miwa, D. Oshima, T. Kato, S. Iwata
(Nagoaya Univ.)

XL

KaX N TEy hANE— R EER T2 FEE LT, A AV REICE D R — v 2R T 5 HIER
HD. Foxid, REQREEBKETME2HT 5 L1-MnGa HHIA4ICER L, 2 E TIZ30keV D Kr'A 4
VHBEHZ XY, BEvTFH A X80nm FTOE v hRX—UIEKREER L CDE Y. S5258yFH A4 XD
REIZiZ L P A b O L, BB A A O R L —{k, MnGa OFMFEALANLIE L 2D, AR, I
W S 7z CoGa FHIE ED L1p-MnGa?Z/ERLL, 10keV @ KrtA A4 HBE 21T 9 Z & T MnGa RO/
B == TR OTHRETS.

EBRHIE

if~7 % b Ay XY 7280, Cr (2nm) /MnGa (5nm) /CoGa (30 nm) /Cr (20 nm) / MgO(001)
HAROFERL T MnGa JEZER L7=. Cr /3>y 7 7 13 400 °C THE L, 600 °C T 60 73[R A b7 =— /L %47
5 7=. CoGa J& X JEMIEE 400 °C THUE L 729, 600°C T 30 AR A 7 =—/L&4T->7-. MnGa &% 300 °C
THUEE L, 400°C T 60 73[R A R 7 =—/L&1{To7-. &H%IZ100°C LLFIZ/e D ETHAIL, CririéfE %k
fEL7=. 2Dk, ETE—LBNEEE, (AU EAEELZFIH L TS NY —2Fk L.

ERIER

Fig. 1 I%, MnGa 2 10 keV O Kr'A A & RS L7z & & D@ FEER TR O M-HV—7&, (b) M, DR
BRFED T T 7 %3 . M-HOV— 7 13RI R LB LA R iy &, oo B b 2 R 8w R 72
Ry D2 ONRHND. BRI AT 2> 6 O Kerr L— 7128 LTWD Z End, UL mmE o
MnGa DWALKIRIZ L B2 D TH Y, 0 BIGEOFECH) 72t 2 blE CoGa DH D THSH EE X HiLD. (b)
DT T TN AF 2 ORI EZHEL L T < IZ270 T MnGa DRV 255 L TUvE, 1X10" ions/em? LA
FTCEEERS>TND I END, ZOMRKETMnGa DAL TIFIEHE L EEZBND. Fig 21X
Kr'A AV BEICED, EyF A X100nm TR¥—=2 7% L7 MnGa [EOBKBEMEOEB TH 5.
X736 T v Z M TERAL L= MnGa R v F8Z — 0 OB OREKINE 57, A 4 BREHT X0 e L L
BRI TS Z EDNMEERTE 5. £, ZZTIIRLTARWD, FMOSET, By F A X60
nm DR/ NNF —= IR L TEY, 30keV TAA VB L2 L ZOHR/NE Y TFH A X80nm LV LK
HIRRERNE = BERTE D T e yinoTe.
% R
1) D.Oshima et.al., [EEE Trans. Magn., 49, 3608 (2013).
2) K. Z. Suzuki et al, J. Appl. Phys., 55, 010305 (2016).

400 300

(a) w/o dose = (b)
\ ] [
5 3
% 5% 1013 g 200 T
E 0 \\ / =
15 14
< . 20 S oo -
:
o
_400 O 1 Ll Ll Loy
~10 0 10 w/o dose 1013 1014 1018 [r—
H[kOe] 10 keV Kr* dose [ions/cm?]

Fig. 1 (a) Out of plane M-H loops of MnGa film without and with ion Fig. 2 MFM image of bit patterned
irradiation at doses of 5 x 10'* ions/cm?, 2 x 10" ions/cm?. (b) 10 keV Kr* MnGa (5nm) film with a pitch size
ion dose dependence of the M of MaGa (5 nm) film. of 100 nm.
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BT VA MMERGRERIC BT D E & A SRR E

AR —E, s Refhx, R IE, BRIE A8
(ZHEKR, *EHEN)
Writing field sensitivity in heat-assisted magnetic recording
K. Honma, Y. Nakatani*, T. Kobayashi, Y. Fujiwara
(Mie Univ., *UEC)

LLG Fflx AW~ 7 a~ 73275 0 v 7 &

FL®IZ
BT VR MRERRRERTIE, AR INBL THEEA o e K K 204
LD THREN H TN HTHNESL TE DM, BB g fv=10mis a%?/z
futd - o = nm 4
e EIABBER H IR E W, 27 LG VRN T g Sr o =
COMBEEZD. 5 F E
HERRLER § . ]
EE
w0 C

-5 :
LT T VEIIC X B BER OIS SRS % Fig. | i "
7. EH6 0 H M 10kOe FRENLETH S. '100' = I5| — '1|O' = '1|5' = '2_0

Fig. 2 1%, EFAEHICEB TS 7 LA Rk M O Writing ficld (kOe)

REsfERE P, ORFHZELTH Y, 7 LA DOIRET H3 Fig. 1 Dependence of signal-to-noise ratio on writing
Fa ) —RETLLENS T, ETTER oL & DRFH field employing micromagnetic (LLG) calculation
Z0&T D, MBS H KU TROFATN B IATITK and model calculation.

T DHERD P, AT O SOATIC R T D =R M3

P.Ths. MTDeITF#ITHRFHD —flZ R LT 5. H, | K H, |
ETVERTIE, BATREE Z & @ P, & 11V T, Monte IE+0 g T T3
Carlo JRIZ & W M DGR ZRD TN DS, (a)ldH, = - @ ]
25K0e D & & Th B, PG L & ORI (e s E E
DEYB DR, FTZ P & P, OEDEVD T, write- § 12 b P\ \P. H, =2.5Kk0e
error (WE)BAKZ . (b)D H, =5kOe DL XX, P, £ g E
DIEIE /N E VA, 1TV PV E & ORTH 1E3 & E
BnD7<, WERKZW. (b)DH, =10k0e O & E. o AN .E
XX, PRELSBRDLHDT, PREWEEORITREIE 1E_4_0_6 03 0 03 06 09 12
B 720, WERN/hSL< 5. Time (ns)

BRATIER 0 BN O WA f, T B N —
R a/Q+a®y, AV, VAT, K, @) E (b .
5. T, a3FVELTER, VIZZS LAY L ELE E
KRG K, @O RBGEERTHY, K,T) =0Th sl =10k0e ]

5. T FTH f MBS, BATEEA D2V, H 3 f- S 4 :
W& P mW & & ORITRIED D72 < 720, WE 1E-3 & ) =

NS TERL. - m>\ -
HRFED —EBENEA | L— UHF SR ASRC) D B) g o b LA e e
Ob &b E L. ZZCHEERLET. Time (ns)

B E XM Fig. 2 Time dependence of grain magnetization reversal
1) T.Kobayashi ef al.: submitted to J. Magn. Soc. Jpn. probability P, for (a) writing field H , =2.5kOe
2) E.D. Boerner and H. N. Bertram: /IEEE Trans. and (b) 5 and 10 kOe.

Magn., 34, 1678 (1998).
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/N SRETRBT O R M RESRGGLER AR SR E D B 3
O W—, HE F, #H M GULKE 34T —2 @)

Development of compact and convenient HAMR evaluation equipment

K. Akahane, “S. Meguro, S. Saito (Tohoku Univ., “Neoark Corp.)

1. [FEHIZ

FHLAE BRNCYEZ T2 BT o A MEKGEERCIE, RS D BRFE 1T BR U CIERILIA & [FIER D IR CTORK
FEMERTMICIN 2, BREHEDOEEREZFHMET 2L ERH D, T E THA T, FRIDLITET 2R %R
A DIRE AT FHT 2 Z LI X VMR D% 2 V) — iR 2 55l 5/ - fi{H 738 @ 2 B L, JRPE
FRAE & LT 100 nm f5JE D MnSb I (% = U —EE 3200CFEE) OF =V —iREE2MH T2 L 2/R LT,
LU S Z OFHIZ EBEOET o 2 MMEHAM B TH 2 FePt-C 77 =2 UK L7 & 25, Ruif
W72 SR SR OIREZAL AR & <, BERAFHZSRE AT CHLAL B b 72 iR EE R O 2 (b SR EECTh o 7.
e =2 EHWTY I =2 TR EZ RN L2 L 1ck Y, 7T =2 T HADmIL-oEZ b3 4
C7eloh EHEZR L TV DL BEHROREEZ AL 2 B3 2 72 O H 0O 72 8 O B A S5 RE RS >0 R T AR (2 PR
ETDHMNENRDDH. £ 2 THENL L —F L 22 BRI AN U7 YRt S & A B3 Lo TS 7 5.

2. ¥EBMES S UERER

JR TR D AR BN E DRRFEIC X, 76K CoPt-SiOs BAR % N T8 /L Z G HIIC & 2 B AL s & i 3 %
ZETITH T & & L7z Fig 1 (a) I[CBYE L7 2E O RO A 3. ZEEIINEH L — P OFR, Kerr
SHRFHIDE TR, BEAMSIEZOLER, KOREERH OBRA RIC K VR Lz, IBVEIRIZIT I E2 950
nm T2 7VE— RREIRHT 300 mW O/PRMEER L —F 2 vz, o 70— RO L—9dam e
VATENLEBICAR Y b YA Xef/METE DO THEBRK/NS 2D TECEE2EBILT 52 LN T
x 5. Kerr ZHRFHADEHFIZIE, MBVEROWEE LV AR RO 650 nm OFREEER L —F %2 Wiz, B8
SERRATIE, R LED KR E CCD 1 A 7 & /A GH 7=, Fig. 1 (b) (1%, #EHEIZH T 2MEUH L —3
&, Kerr IRFHIAL =P HROARy MEEE—LDUZ A M LCEHE LB REZRT. §HEICLDE, M
AL —FOENRIT 2.0 um, FHIZ 2 —7 OENXRIT 14um L7250 T, FHIDETIIMEAA R » F RO
Kerr Z R ZMRHTE 5. Fig. 2 121% CoPt-SiO, BEAKIZkF U CTREG 2 H 5| i, KERfEE X 0 b/ S ek ¢ X
IV AN % B U 7o B O B A L SR 2 BN U 72 R R 2 7R 7. BV UL R EZ 10 ps 25 1Tms £ TEILIH TR
BEOFHRAR A & MRV IR UBS L7223, Kerr BAALERFRO K AITITIEFR —RICER L TR Y, 3ENERE
HEBALEDF A= 2 Z T TORWE LHERTE 12, 7OV 2B, BEREIIN, Kerr 205812 X 2 Rlsk
WATRE L o Tlesh, A&, AT v —7 0% %, ROREFIDLFERZ EFESE TV FETH .

oo (a) (b) Heating
camera pulse
LED PBS differential 1 | @ -0.5 kOe
light source 1 Photoele[{:tric | Probe laser 1 ,
convertor 650 nm) max -
o 1 / [
— '\Half Iy Optical I ~1mW@ LD " as & &, @
* mirror | Polarizer_isolator | | T
Heating laser
Dielectric 4 -=- 1 (915 nm) 1
6?(;[:10;1 1 Half mirror | ~270 mw @LD |
Half 650 nm ——
Dielectric mirror 1L wave Iaasgr (zb ective lens (20x
Y ate iode
900-1100 nn/ P . , H (kOe)
-1 9|j5 nm ) \ 7
dioda Film N 4 T
Objective lens J?‘ 1 .
Sub. 4 um Heating
Sample i H ~2.0um/~50mW @pousskeOe
Fig. 1 (a) Schematics of optical layout of the system. (b) Fig. 2 Magnetization reversal of
Calculated result of spot size of heating and Kerr CoPt-C media by heating pulse at
detection light. different pulse width.
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EEE 2 7= CoCrPt 7T = = 7 EREki A D
~A 7 a7 A ME LIRS

Vepklsnk, sgufmie, A B, dbk &, B
(HRAER)
Microwave assisted magnetization switching experiments with continuous rf wave on CoCrPt granular
media
K. Sato, N. Kikuchi, S. Okamoto, O. Kitakami, and T. Shimatsu
(Tohoku University)

X E®IT

~A 7 a7 A MELIER(MAS: Microwave Assisted magnetization Switching) (3K AR D &% FE G FR gk
Hffi& U CHEA SN TWS. MAS OFERTIEE LCE, KIREO & E B 2 N 5 72 D120 1 um F2E
OB @B ER 2T 2 FERZHOLN TS, ZOHA, ¥Va— BN X5 BOEE L
R 2 By < 7 DI @B IS T B LV oSV R THIINS D . ZoFEZHVWTHIET 2546,
VARG DR TO~ A 7 a7 v A MhSE &, BRI X A HERE (10 ~ 103 s) TOEGES TN EE
LTBHESND. £207), TV A MIRE RS 5720DI121%, S72 oD R DM A r— 1 OBIG % [FRf
WCEBETDOVENRD D, AWETIE, ZOHMEEZMRT S0, w2kl & L THINT & 262 1F
WEFDHZLT, v 70K D7 A MR & ERES S K DBEE D T X DI ~D 5% 4 [F) UIRF[#]
27—V Tikmd 22 xR L. BRI, m0aaigsg

EATD S vTA—EERE L THOWTRED R 2 7. 28.4 30
ERFEL L OHER c P, =+24dBm- 20
J ¥ R=7® Si 7 on— FIZHE 1 pm OF A E SN Au § 279 ] ('hrf=_480 Oe)' <
M & JE S 100 nm OFERRE 2 FEAE, JES 150m O CoCrP-Si0, 2 D e P PP
i FHUE IR 2 bICRIELT. Au BB EORMERZE ) "o
FRITT T 40— N Ar A A2y F 72k D 0.6 x 1.6 S IS without rf | o
pm? ORI T U7z, £ 0k, T HlE 2 Uk #etil e H s :
FOEE Hall 20 (AHE) &M O “ OSBRI T L 0 10 20

o Fig 110, 1) P +24dBm 0 WA A ELIN L C rf frequency f;; (GHz)

& Ui EHESL 0 B SR 2" . ok &, k@ <o Fig 1 rf frequency dependence of
IR R ARIR 1% 480 Oe Th 5. & JE BT AFII L TurZyy  resistance measured with rf field (Prr=+24
& X OEPUEIZK AP AR TR Lz, Al FUstkbciE L dBm, Ar=480 Oe)

T IO D, BB Z IR 2R AT (SRS S E 72
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Effective time dependence of microwave assisted switching effect for CoCrPt granular media.
S.Kikuchi, T. Shimatsu, N. Kikuchi, S. Okamoto, and O. Kitakami
(Tohoku University)
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Micro-magnetic Analysis for PMR Write-head energized on Main-pole Tip
Y. Nakamura, *R. Itagaki, *Y. Kanai
(RIEC Tohoku Univ., Niigata Institute of Tech.*)
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BRI 1, ENRE 2, TIAER L, AT 2
(M HARZFZRZEEE TR TER, 2 A AR FBE L)
All -optical magnetization switching in GdFeCo with the additional layers
for suppressing the magnetic thickness dependency
Takeshi lisaka *, Hiroki Yoshikawa 2, Yasuhiro Futakawa’, Arata Tsukamoto 2
(*Graduate School of Science and Technology, Nihon Univ., 2 College of Science and Technology, Nihon Univ.)
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1) C.D.Stanciu et al., Phys.Rev.Lett. 99, 047601 (2007)
2)  Yasuhiro. Futakawa et al., Technical Meeting on ”Magnetics”, IEE Japan, MAG — 17— 150 (2017).
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Perspective of spin-orbitronics

Junsaku Nitta
Department of Materials Science, Tohoku University, Sendai 980-8579

Center for Spintronics Research Network, Tohoku University, Sendai 980-8577

Spins of electrons had been so far manipulated by magnetic field since the magnetic moments of spins is
strongly coupled with magnetic field. Spin-orbit interaction (SOI) originated from electric field is a
relativistic effect, i.e. electrons feel an effective magnetic field when they move in an electric field. Much
attention is now focused on spintronics based on SOI, the so-called spin-orbitronics, since generation,
manipulation and detection of spins are realized by all electrical means via SOIV.

Electrical control over the magnetization direction of small magnets is currently among the most active areas
in spin-orbitronics, due to its interest for memory, logic and data-storage applications. This magnetization
control has been achieved by transferring spin angular momentum working as a torque due to the SOI from
heavy metals, antiferromagnets, oxide materials and topological insulators. Now, we call it spin-orbit torque
(SOT), which is expected to be an innovative way towards energy-efficient applications such as fast domain
wall motion and magnetization switching. The charge-spin conversion efficiency (or spin Hall angle) in these
hetero-structures is the most crucial parameter for the SOT performance.

However, a major difficulty is clearly identifying the physical origin of the SOT. The spin Hall effect is
believed to play a major role when the adjacent layer to magnet is dirty heavy metal?. An intrinsic (Berry
phase-induced) SOT mechanism is proposed if the bulk inversion symmetry is broken in the adjacent layer®.
It is also pointed out that the Rashba-Edelstein effect at the interface is not negligible®. It is required to
enhance the charge-spin conversion efficiency by clarifying the origins and mechanisms.

When the spin Hall effect was discovered in bulk GaAs®, no one could imagine that the spin Hall effect can
be utilized for magnetization switching since the spin polarization accumulated at the edge of GaAs was
extremely small, moreover, it was performed at low temperature. The tremendous progress in
spin-orbitronics has been achieved and the concept has been extended to variety of systems in the last decade.
In this symposium, | hope we can witness the recent progress of spin-orbitronics in different systems and
discuss future perspective.

Reference

1) A. Manchon, et al., Nature Materials, 14, 817 (2015).
2) L. Liu,etal., Science 336, 555 (2012).

3) H. Kurebayashi, et al., Nature Nanotech., 9, 211 (2014).
4) 1. M. Moron, et al., Nature, 476, 189 (2011).

5) Y. K. Kato, et al., Science, 306, 1910 (2004).
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Spin-charge interconversion in topological surface states

Yuichiro Ando and Masashi Shiraishi
Department of Electronic Science and Engineering, Kyoto University, Kyoto 615-8531, Japan

A surface state of the three dimensional topological insulator (TT) has been expected to realize a highly efficient spin-
charge interconversion.” Much effort has been paid for quantitative investigation of spin-charge interconversion
phenomena by using various ways such as potentiometric measurements®> ¥, spin pumping,® spin transfer torque
ferromagnetic resonance® ® and so on. However, reciprocal interconversion between spin current and charge current in
the same topological surface state has not been achieved so far. In this study, we investigated reciprocal spin-charge
interconversion in topological surface state using a copper (Cu) based lateral spin valve with a TI middle wire.

A SEM image of the fabricated lateral spin valves is shown in Fig. 1(a). _
po o |

@)

The single crystalline topological insulator Bi; sSbosTei7Se; 3 were grown

by a Bridgeman method in evacuated quartz tubes. Mechanically exfoliated
topological insulator flakes, with the thickness of several tens of /T 2nm)

nanometers, were put on a thermally oxidized SiO, layer formed on a Si
substrate. The thickness and position of the topological insulator flakes
were measured by a laser microscope. NigFex (Py) ferromagnetic
electrodes were fabricated by lift-off process with electron beam
lithography and electron beam evaporation. After cleaning of the Py surface

with Ar" ion milling, Cuw/Titanium (Ti) spin transport channel was

fabricated by the lift-off process. 2 nm thick Ti layer was deposited by EB 4
evaporation to realize good connection of the Cu layer with the TI. The Cu 8-
layer was deposited by thermal evaporation. Nonlocal magnetoresistances 2r
measurements were carried out by using Physical Properties Measurement /G; 1k
System (PPMS). o0l
Nonlocal magnetoresistances measured at 10 K of Cu based lateral spin = al
valves with and without TI are shown in Fig. 1(b). Although the same spin 2l
injector, detector and Cu/Ti spin channel were employed, magnitude of ARs 3l 10k L ¥
for W/TI device is obviously smaller than those of the Ref. 1 or Ref. 2. This 100 uA Ref. 2 Ref.1
result indicates that spin current transported to the spin detector was 4 -4bo -260 6 260 460

reduced because of the spin absorption of the TI. Reciprocal Magnetic field (Oe)

interconversion between spin current and charge current was also  Figure 1 (a) A SEM image of fabricated

demonstrated. In the presentation, we will discuss a quantitative estimation ~ Cu-based lateral spin valve with TI. (b)
Nonlocal magnetoresistance for Ref.1,

of efficiency of spin-charge interconversion in the topological surface state. ;
Ref.2 and W/ Tl device at 10 K.
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Current induced torque in spin orbit materials
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Oxide spin-orbitronics

J. Matsuno
(Department of Physics, Osaka University & PRESTO, Japan Science and Technology Agency)

To date, extensive studies on oxide spintronics have been devoted for 3d transition-metal oxides mainly due to its
unigue magnetic properties such as half-metallicity. Here we suggest that 5d electron systems are promising class of
spintronic materials because of its strong spin-orbit coupling (SOC). This type of spintronics utilizing strong SOC can
be called as “spin-orbitronics™; a strong SOC inherent to 5d Ir oxides recently emerged as a new paradigm for oxide
spin-orbitronics. For example, we investigated novel physics of spin-orbital Mott insulators [1] and possible topological
insulators [2] by tuning the electronic phases through superlattice technique. We also demonstrated a large spin Hall
effect of IrO,, one of the simplest 5d oxides, indicating that Ir oxides are promising class of spin-orbitronic

materials [3].

In this talk, we focus on yet another topic on spin-orbitronics — magnetic skyrmion as a topological spin texture. We
have studied transport properties of bilayers consisting of m unit cells of ferromagnetic SrRuO; and 2 unit cells of
SrirO3z. We observed an anomaly in the Hall resistivity in addition to anomalous Hall effect (AHE); this is attributed to
topological Hall effect (THE) [4]. The topological term rapidly decreases with m, ending up with a complete
disappearance at m = 7. These results suggest that magnetic skyrmions of 10-20 nm are generated by
Dzyaloshinskii-Moriya interaction, which might be caused by both broken inversion symmetry at the interface and
strong SOC of SrlrOs. Even more surprising is that we can control both AHE and THE by electric field in the
SrRuO;-SrlrO; bilayers [5]. We observed the clear electric-field dependence only when SrlrOj; is inserted between
SrRuOs; and a gate dielectric. The results established that strong SOC of nonmagnetic materials such as SrlrOs is
essential in electrical tuning of these Hall effects. Considering that AHE and THE are governed by momentum-space
and real-space topology, respectively, we may have a chance to approach a triple point for topology, correlation, and
spin-orbit coupling through Ir oxides.

We are also searching for spin-current applications in oxide systems beyond the spin Hall effect already shown in Ref. 3.
Among them, promising is spin-current-driven thermoelectric conversion through spin Seebeck effect; high conversion
efficiency is expected by utilizing and controlling SOC in Ir oxides. We will report on the latest results of spin Seebeck
effect at interfaces between magnetic oxides and nonmagnetic Ir oxides.

Reference
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Magnetization control and detection of antiferromagnetic NiO

Takahiro Moriyama, Kent Oda, Tetsuya Ikebuchi, and Teruo Ono
Institute for Chemical Research, Kyoto University, Uji, Kyoto, 611-0011

For a long time, there have been no efficient ways of controlling antiferromagnets. Quite a
strong magnetic field was required to manipulate the magnetic moments because of a high
molecular field and a small magnetic susceptibility [1]. It was also difficult to detect the
orientation of the magnetic moments since the net magnetic moment is effectively zero.
Nevertheless, the microscopic magnetic moments should in principle exhibit a similar
spintronic effect, such as various magnetoresistance effects and the spin torque effect, as seen
in ferromagnets [2,3]. In this talk, we show our recent results of the spin torque switching and
magnetoresistive detection of the magnetic moments in antiferromagnets [4], leading to novel
antiferromagnetic spintronic applications.

Pt 4 nm/ NiO tnio nm/ Pt 4 nm multilayers were formed by magnetron sputtering. Figure 1
(a) shows the basic principle of the spin torque rotation of the antiferromagnetic moments in a
Pt/ NiO/ Pt multilayer structure where the bipartite magnetic moments rotate without a cost to
increasing the exchange energy. To experimentally demonstrate, we used the Hall bar
structure with the measurement procedure described in Fig. 1 (b). A writing current ly flowing
from the electrode 2 and 3 to the electrodes 1 and 4, as represented by write “1”, rotates the
magnetic moments and stabilizes them orthogonal to the direction of lw. In the same manner,
the other current flow of Iy writes “0”. The orientation of the magnetic moments is read, after
each write, by the transverse resistance (Rnan). We took advantage of the spin Hall
magnetoresistance (SMR) to read out the orientation of the magnetic moments. Figure 1 (c)
shows representative results of the sequential write-read operation in Pt/ NiO /Pt as well as Pt/
SiO / Pt with I = 38 mA. The operation of write “1” results in a high resistance state and “0”
in a low state, which is coherently explained by the spin torque rotation of the magnetic
moments and the change of Ryai due to SMR.

[1] L. Neel, Nobel lectures, 158 (1970). [2] T. Jungwirth et al., Nat. Nanotechnol. 11, 231 (2016). [3] V.
Baltz et al., Rev. Mod. Phys. 90, 015005 (2018). [4] T. Moriyama et al., arXiv:1708.07682 (2017).
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Analog spin-orbit torque switching for neuromorphic application
William A. Borders!, Shunsuke Fukami!-®, and Hideo Ohno!~
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Development of nonvolatile memories for computers with the von Neumann architecture has been one of
the mainstream outlets of spintronics research in the last few decades. Meanwhile, non-von Neumann
architectures have attracted great attention in the field of information processing, completing complex tasks
at high speeds and at low power consumption levels that conventional computers struggle with. In this work,
we introduce a previously reported spin-orbit torque (SOT) induced switching device [1] and show its
capability to demonstrate a brain-like associative memory operation [2]. The device’s material stack structure,
mainly comprised of an antiferromagnet (AFM)-ferromagnet (FM) stack structure, which was found to show
analogue-like resistance switching, is first improved upon to characterize an artificial synapse. These
characteristics involve improving the dynamic switching range of anomalous Hall resistance in the device,
which represents the perpendicular component of magnetization in the FM layer, and increasing the stability
of the device to external effects [3]. The fabricated 36-devices’ array is then implemented into a
demonstration system as synapses to associate several 3x3 block patterns through learning. The system
determines a synaptic weight matrix that describes the weight relating one block to the other blocks, then
produces a "recalled" vector based on the synaptic weight matrix and compares it to a "memorized" vector
stored in the computer memory. If the "recalled" vector and "memorized" vectors differ, an iterative learning
process [4] is conducted, where the synaptic weights of the devices are adjusted in an analog manner. The
direction cosine of each test, or the agreement between the recalled vectors and memorized vectors (1 being
complete agreement), is determined to test the system's learning ability, when one block in the pattern is
'flipped'. Over 100 tests, the neural network 'recovered' from a direction cosine value of 0.601 before learning,
to a value of 0.852, demonstrating the improved SOT device's capability, as a synapse, to learn patterns for
associative memory [2].

A portion of this work was supported by the R&D Project for ICT Key Technology of MEXT, ImPACT
Program of CSTI, JST-OPERA, and JSPS KAKENHI 17H06093.
[1] S. Fukami, C. Zhang, S. DuttaGupta, A. Kurenkov, and H. Ohno, Nature Mater., 15, 535 (2016).
[2] W. A. Borders et al., Appl. Phys. Express 10, 013007 (2017).
[3] W. A. Borders et al., IEEE Trans. Magn. 53, 6000804 (2017).
[4] D. H. Ackley and G. E. Hinton, Cognitive Sci., 9, 147 (1985).
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IR« AR BB BT O BRFE AT T
mlA LR < BB Co-GdOx 7' T = 2 7 — B/ ERY
#i A MEX, Yongze Cao, Pawan Kumar, Yue Zhao, Al #7, 7k
(BRI R5)
Fabrication of high-susceptibility superparamagnetic Co-GdOx granular alloy films
for developing the sensitive alternating magnetic force microscopy tip
Y. Suzuki, Y. Cao, P. Kumar, Y. Zhao, S. Yoshimura , H. Saito
(Akita Univ.)
[XCOHIZ Froxid, WEIREIE COMBGFHNEZ KB 5 2 L TEMOMEEZ 17 b S W72 8RR B
(alternating magnetic force microscopy; A-MFM) % BR%E L7 Y. A-MFM 1%, BRI FRER T & R 4E
SED L THET HHEEHRE O JFEERHR L 2R T 5. i E THERBHI G DS 7o MRS 2 B %
LT, kxR BB T A A DSGBIEE 21T > T &z, 22T, BWEGEES DR AET DK ARA
LTI, kDY 7 MRS CIIEREMEA LS BB SS (IZ K 0 fafn L, SMERDS D EREHEEAL 2 A IR IZ 281k =
5 72O DRk & HUN L T HEREHEALDZL L72 WD C, PREHIRENZ BRI E U7 WRIEN A ©
L. O, BALDER LW @R OB E RN A 7o SR - RS OB A B &
L. EREE - B E RSN D3 B T E LRGSR v FEDO RS E I~ OIS S I TE 5.

WEAE, Foxid, Wb x DKE7R Co-GAOx RV T =2 7 — A OERICR S L 2 L 2 WE LTz 2.
RENED x DEARMEIT L7X10°HM TH Y, WiED D D CossAlo20an B BN D 2.6 X 100 H/m & L L
T 7AERERE V. ABFFETIE, K& 2B LS & OB O 72912, Co-GdOx I DAL Hhi#k D =
> 2N BT K2 WRMERE SRS O RS A KL D IRFR 3 RO 21TV, TEM BLZEAEIR & FERET L7z,
AiE Co-GdO V' T =27 —H/4&i%, Co¥—47 v h& GAOx ¥ —% v b % 2 TR~ 7 % hu v 28y
2 728D Co DRLIEE /) 2 284k S & TR LB & Si Hob B SIRAREE L 72, oD IR 13 100 nm —
EL L, Cok GAOxDHHFE A A Z b ST, BEBIEER OB O, BEMERS b ORFE 77 58 &R
B, UV a VBRI L BATE NC L VRO, HR-TEM BLETIE, Bifgh D REMERE bkl 2 b T-E D
RESHNZHD LT, FHERZ T ANMMNERD, WALAIBR O #E SR & ik L7z,
$BR Figl(a), (b)ic, =R TOMEMERIKO T T,
Co DIRFESI D720y Coo27(GdOx)o7s TIE (A THfIR)
B LV Co DIEFE D E KD Coo.44(GdOx)oss i (B
M) O TEM 549 9. Wi & & BerERs b 2vkL
RO~ M) w7 AMTHENTZT T =2 T —ENB
L3N, AWEEETIETEM BLE0 6RO IR O ¥ E
BEDN 24 nm LS KRS T RS BEES N TV H DI
%L, BB TITRIA O ELED 4.3 nm (ZHINL T
50, Sbic, HOFH 2~ Wik L ORI 63 rm - FL 0 Mlniew M TEM i of g 000503
DY FAZEEH L T, ZORERE, BAIMBIENT  Col(GdOx)wy films with y = 0.44. The red and blue circles
DB TR R0 Mg 12 Co DI % AV TR 7-fE ik are the corresponding Co particle and cluster.
LT 5L, AR TITEBESMR, KRS E bR B 26 nm TIZFE—H L TWD. BEETIT,
SN 4.7 nm, AKEESHAIAY 6.9 nm & TEM OB ORI FIEE L 7 T AZ O LIFIEF—F L7z, lEXY
MRS R AL Co R+ THh Y, Gd BN EEN TN RNE D EEZ TS, Co kL1723 CIRBEM: & 72 2 i LA
BRTMBEOITHLZEE2BET L L, REFETREBRIEERGONTZDE, 7T A2 L THER
Wtz R g /NS 72 CoRL MM LI Z LI2X D, Co DRFESENHAN LIz LRI D.

BZ IR 1) H. Saitoetal., J. Appl. Phys., 109, 07E330 (2011). , 2) K. Yakushiji et al., J. Magn. Magn. Mater,, 212, 75-81 (2000) .,
3) #K, fih 5 41 ] A ARBER FA A EAE, 21pD-8. , 4) C.P Beanetal, J. Appl. Phys., 27, 1448-1452(1956).
5)Y. Cao et al.,, J.Magn.Magn.Master. 462, 119-126 (2018) . , 6)Y.J. Chen, et al.,J.Appl.Phys.,87,4837-4839(2000)
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R T RS DR ET 22 I T 2 B B A SRR & 2 ki~ » R oD
B 2SR ST RRE « B3GR ¥ —A A=V 0 7 DGR

Pawan Kumar, $5K K, Yongze Cao, A #, 7E %
(K KR2)
Theory of high-resolution magnetic field energy imaging of the magnetic recording head
by A-MFM with superparamagnetic tip
P. Kumar, Y. Suzuki, Y. Cao, S. Yoshimura, H. Saito
(Akita Univ.)
L L DIT & R GLER AT OEERIT R, TEEREKGEE v N CIEHEAREY O SR - S b3 X &
NTEY, R~y FNOEZR DR RICIEFR AN & @O ZE e TRl -3+ 2 2 LN EE L 0 5.
EFH OO N— T TIL, BRI BMEE D5y B CRUB R 5 OB S OFHAI &2 2B 2 2 & TZEM o fiRRE
% KU ) b S W 7= AR B8 (Alternating Magnetic Force Microscopy; A-MFM) ZBE% L, S 5I2E
TRIET) D FePt on— RGBS ZBAFE T2 2 & T, WK~y R0 D ORI D o ffRe il & 281 L
TS Do KT, WSt e LT ICEE MRS 22 2 & TARICR DGR L F—0
B RREA A=Y v 7 OFREM Z ERALIC LV BRET LR R 2 2@ 5.
FER  HEREVERREL (SP REE) ZHERT 5 H % O MR RE DO RS R OB L m
Zm=yH THRT. BHOBKRNET 13544 K- & UTIRED % 5 4 OGRS SR
DERE—A Y MPZT K IOfME7RY, RATEHEZ 6D, 22Tz FmidsEst
DIERLITA T Y EHAICEE L L TN D.
s 0 0 a(H)’

F> = j —(meH)v=y J. —(HeH)v=y j Tdv
18l 2 DREVERS SRR OB LR y BN —E DE, BERINIZEM OB =RV F — gy (H)* 1
I 2DT, EOFHAMNFREE 725, SP PEEFORHEE LT, MG ORAERITITVOEE
AR OREMRE SR OB O T 5K & <, Jetini)» b BN T2 REMERE SRR D T 503/ N S
DT, B OA MG KAFEITIREHC IR S T DM OEFE L W /hS <720, &
SIRREGICERIE R D 2 e bIT NS,

—J7, 1RO N— FEEMEDRET (HM 881 TiX, RO EFH I E 4 OfE SR O
[KE— AL FOFHRDBHI > TWAHHEEITE, BHOBKDHFE™ Ik Tthxbhs.

S J‘ i(moH)dv: j g(mZHZ)dv; I g,H,dsS

tip volume tip volume tip surface
ZIT, q IRHREOMS THD. HM BHEtOSHS, q, 13— FREMAMELOREIC Fiol Sh v i
Wte LCBER A L 25 = &, BREFOADRRIZEICREFOTAR & R0 L R & ST
R END OT, EORRRELIC TR & KPR & < EBUE LE OREMEMD S¥D 04 i tip.
TENHEELRD.

SP Tip

tip volume tip volume tip volume

R DR B REBE K 2 B 23 5700, BB ED 3 WRICEREFRER DJF A (X, Y,2) = (0,0,0) IZH
2 BB DRSS T DR N BrtET D kKL 22 5.
Ee__ X (X’ +y’ —SZZ)dV v o On X’ +y* =27
B(7ty) gpugame OC+Y +Z) T T T Amuy e OC + Y+ 7)Y

Z 2T, JFEAE R (X, Y,2) 1% SP BREFOE & OFEIRLOB L m & 5\ iE HM REHER O q, OLE TH S, BRED

WEHEOE b s b xiz, FP=—2 [ Lav, FM=% [ s rnn. LisioT, M
4(717'10) tip volume z 4”/”0 tip surface z

REMEREHZ BV TIE, BHMEE y OKRE 2 ONEBTE UL, BRI & 720 @o ek’ X s

ZENDING.

£ ik 1) W. Lu et al., Appl. Phys. Lett., 96,143104(2010), 2) P. Kumar et al., Appl. Phys. Lett., 111,183105(2017)
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Co-GdOx B8 H et RS 2 PN T A2 T e S/ 1 TR SR 1 L DR Grdx
~v ROEZEMIIHERE « = R F—A A= T

Pawan Kumar, $AK HEK, Yongze Cao, A #, Tk %E
(FKHK)
High-resolution magnetic field energy imaging of the magnetic recording head
by A-MFM with Co-GdOx superparamagnetic tip
P. Kumar, Y. Suzuki, Y. Cao, S. Yoshimura, H. Saito
(Akita Univ.)
1T C DI &S ERKGLER T ORI, BERKGELES v R CIEEIARSS O SR E - @I bR 5

NTEY, R~y RO 5 MEREM _EIZIIR ARG 2 @M 0 fReE TRl FHMi 2 Z ERNEHE L 70 5.
HEH OO N— T TIL, BRI BEIREL O 43 By CRUBL R M 15 O O FHI 2 KBL9 5 Z & T2 S fiREE
% KU ) b S W 7= AR B8 (Alternating Magnetic Force Microscopy; A-MFM) ZBE% L, S 5I2E
PRA6ET) D FePt Foa~— REEMERRGH A BT 5 Z & T, BR~y KD ORWASFRS O @ fReestil 2 8L L
TWa D, KRGl B2/ Maem EICmT ¢, BPEERSH & U Tz BBt s 2+ 5 =
ETHREE R DM T AN X —DA A=V Tk, BEHBKLE Y NIJSAT 2 T, HimER? 2
5T SN D @mNIRIEA A — 2 T ORREMEZ Bt L7 R Y [>T 45,

&R Fig. 112 Co-GdO. AR H itk (SP) HEEt (BEMERE 100 nm)

B U FePt-MgO Fin— RBEE (HM) #REF (BEMERE 20 nm) % CESEEEERY RESCEEEERY
VT A-MPM (Z &0 3R L 72 TR REAGER A~ > R OGS T % o il ey
VX — () Kk VEEREGE(D), B L OB R —BDT A L -

YTRT 7 A M) LEDEMARYT I (e), BIEBSHED T A e e
77y A (d)EFDER ALY V(D ERT. HM EEHT
BRI REMBAL S SUORHE IS BB 72 5 & 9 1T ARE L 72

BT XX — g L RERS G & T 5 &, BT R
— & TIEH(), ()P & 5 1T TR T CZE MR B D &0
IEEDRFE LN TWDDIZKR LT, MRERSEGE TIIX(D), (d)D
L I ERBEDF SN 70— NThH Y, MRS -
TW5. ZEHAMRIEERZEMANY FVICEVERR /A XL 7 o w

-

L] 0 400 GO0 ROD 100D
nm

NEHELLRDWROLEHRETIHET 5 &, B3 Lx—g g Q0 o pl0 g0 55 Fas
TREEO L 12130 ThBHDICH LT, RERSHETIREN 2" P

OO & 51217 0m CTh - 7. = F L F—g Cld SP OB 2o | 130m Bl ™

PERR S TR O HM REFORMEBIT LV S fEAFVICH o s % b ww o 0B B 8w w

k. (1/pm) k. (1/pm)
> S, EOZE S RRE IS Wh. ZERASRT bV : o
PRDLT, & MRMERFENTS WA~z b Fig.1 A-MFM images, their line profiles

DIEFHEL ) A XD (XA T I v 7 L) NHEFHRE and power spectra by using superpara-
RS &, BERMYETIE 70 dB BRE, ML ¥ —H T magnetic Co-GdOx tip and hard magnetic
1350 dB BRIETH Y, WERSGITESRENKEVIZH 2 FePt-MgO tip.

DO T EMBREMENZ LD D,

W AN X — B TEIMRENSGONLBH L LT, 1) BGT X —130Y & ik U CRRBECEH IR
HENC L2155 OBED K E 2 BRI R BEAER £ 72> TR Y, 2) SP HREFTIILREHelin O BURHm 2Ty ik
PEAE BRI DRGSR T — A v PR EICHRNNCHF S L TR Y, R OFIRKEREN /NS NWZ EnBZ 6D 2.

—77, HM PRENIEREH R O R MWD TS 2 L TV D DT, IREHEIR DR 22 IR B
ICR Y REKIME SN ELMEN 5. G TlX SP##EEHE HM St R 7 A FoEWSER T 5.
B BIRGEERN Y ROBB T 3T — A A=V ZICT Diaml okt UC, 0B SIAMTIT7A/YATAR BRI K
L ET.

ZE ik 1) W. Lu et al., Appl. Phys. Lett. 96,143104(2010), 2) P. Kumar i %5 42 [6] B ARG 2 S i A 22
4, 3) P. Kumar et al., Appl. Phys. Lett. 111,183105(2017)
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Development of high resolution magneto-optical Kerr microscope
Takeshi Ogasawara
(AIST)

BEOE BB — R O IC A BRI & FIRRE O MR EZ RS L SN TWVD, L LERITIE, mE
(L& BT DA ITIEIRIDE 2 3B 126 L CRIOICIRFN T 20 ERH Y . Z 07 OIZBRBIYED AR T
LR ST DZEM RN R E AR T LTLED Z &3, Abbe DZEH SO L VRSN D, ZD%
fRREDIR FIZIMBDED A F KT T 2 DT, AT M AL TR LIS BROBKGEEERT 5 Z LI

g

G

BR%E L 72 KO B EBE O & Fig. 1 (27, il H OBEROE IR
BB DGR RICEER A T — P 2 B 1 BB A
F) 2 Yl oD & 4o 0 1 360 FE[AlS T & DR & L7z, eI, IR 470 nm
D LED Z iV, A FEF— FHT 7 A4 N—=IC ko TEFRICER L T
W5, MEYEE 16 5 6 AS SHTENEI OB 5 A B L,
TS OREXERICE S R EAE O THERRAEDED Z EITL Y, o

REDUGE U 7ol X 21572, W5 IR ORIERIC L DB 000,

REZER I DHEMLED N 7 R ET L & BEREGDERR
B0, WREORRLIBIPLEHW-E=4—¥% (Fig.1 T
TERE) AW TREMZEOZ (LA L, 74— RNy ZHIEENZ LY
7 g — N A L RBMLE A EE LTV D,

Fig. 2(a) X, AIAIBA%E L= FIEIC X » TR L 72X 18 T, Fig. 2(b)
IR — DX A ERIEIC L > TBELTZb D TH 2, EHI NN —~m A
DOFEB AP T. L7z & O T, BOBRRITmENATT M Ot O K& S %
LTS, FrFETIHERIEIZLS BT, ROEFOMNRT 7 A
F =M Ao o TRV, BR UL TIENADICHERE L, SRREN S
TLILZEEZRLTND,

5% R
1) /PAEIERI, %FRE 2017-006656 .
2) T. Ogasawara, Jpn. J. Appl. Phys. 56, 108002 (2017).

V. SIRREAE L EBREBRL I ENTEL LA R L, RIEEOBREIT 12 12,

@ image sensor

@ tube lens

analyzer n}ﬁn&mgde fiber
e

fieldstop

= motorized
rotation stage

objective lens

sample

Fig. 1 Schematic configuration of
newly-developed magneto-optical
Kerr microscope.

(&) New Method

e bt Lo Gt baide® il i it . -

Fig. 2 Dbmain structure images
observed by the new method (a)
and the conventional method (b).
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Detection of Cracks in Steel Structures Using Multi-Channel Magnetic Resistive Sensors
M. Hayashi, Y. Nakamura, K. Sakai, T. Kiwa, K. Tsukada
(Okayama University)

[FC&HIS

EREREEY OBREMRTICIBWT, FEIT L DEFEN, BHEOIX L O E M I L2 MRMEY &
KB CERNZ ENETH 72, T2 CARIFETIE, RMERBEEICBWNT, HlaA LNic2 >0
TMR (b2 R UBEEHEPT) BoHaREL, B VIR MLV RGBT 5 2 L CRAMES 2T B
L, BRICEAEEBEMET I Z L2 ATz, SHICTFH T - LEBATORESREDY 7
kAT B E OB EZ T TICRE S EME CE A HEEER L0 THRIET S,

RERAE

FHANC AW oY T e —T LR RS L o —f
% Fig.1 (29, o7 a—7 13 =2 A A ofE-—il
FIZTMR oW % 2 Of%E L=, EUIN= A V38R
0.25¢ ZHT, 60 1%, PNFE 6.0x2.5 mm?, #4E
7.7x4.5 mm? & L7z, PR ORI Y 7L (SM400A)
1% 200200 mm?> THRJE 7mm & L, X 0.5mm 5 7
mm £ TO FEFDAY v M EFRE LT,

Fifin= A /UiZ 1 kHz, 0.5 V., DAGEELEZFIIN L7z,
FAY y MZx LT, AUy bEHLE LTERESNE
LCx HEIZ 0.1 mm %A T, EEMRE200mm & LT, 2

4

1 1

i FAaAIL
i N\
¥ : -4
x |

_____________________

~
&

l—_—

200 mm

iy DRGSR 2 JlE LTz, )
FEEE Fig.1 k2o 4 7mn—>7

Fig2 [Z78~27 MUIZ XD Y 0.06 T 0.06 1
"j_h_‘t\/\\ligzﬂ:z%i—\“a‘o ;ILSJ\“y 0.04 A4 0.04 +
MVSiE, Bry 1 S N\ﬁ%
YLLT, S=8,-85; =X+ % “MA z "%\
JYTRD B, #HFEFm kI Ei — : ;5 | : : |
BARTED, Figd O H— 0.2 0.1 0.1 0.2 03 02 -0 0 Nz 0.3

¢ ‘ 20.02 + 002 |

2L, 3mm DAY v MZ
PBOTHRNE L2 F RO 004 e mv] 004 e Imv]
IV % AR & SIS
TFry FLEHDTH D, (a) 4= (b)faZ)

IRV TERY b
FIE—ETHY, RSN
FHHEENTWAZ Enbh

Fig.2 e AU » MBIZBIT 5 U —T 2 35F

Do —J, BHEEBICENTENY MUTRE LAMABRESEMLLTEY, BHICKIDEFEMNPRELSK

XN TWAHZ L 2R T, £,
MBI DOEZEZ DT D Z LN TE T,

Z DT ITEISLRTER ORE OBH T HRIERICET TF, #4a
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PRI, BBEW], ROFnRIZ, BHEZ, SoARRER
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Detection of micro defects of metal materials using tunnel magnetoresistive sensors
T. Kobara, K. Sakai, T. Kiwa, K. Tsukada, Y. Suzuki”
(Graduate School of Interdisciplinary Science and Engineering in Health Systems, Okayama University
“Technical Development Group, Kobe Steel, Ltd.)

HRER

BHEDFE DI RIZK E B E 2 H - T 2 EHER, BHipir/s E0tsA o7 ZITHW SRS EHTIE,
TN =T LR E Vo Tk 2 REBMEIDBHNON TS, 2 OMEIORERET H 5%, HEY
&L TOMT e ETHRAE LILRE H D \WIFENEROWD K 2 B I3 0 Bl T4 2 2 & 70 <R,
P C & DIEMAEM AN RO LTS, ARIFRETIE, brx Rt % HocimEREELEE H
WT, SRR 72 & OREVERS T L S =0 g E OIRREMEIR 72 £ O BRERF D 3472 2 &8 OWUNR I O R H
L EDEFOENWEZFE L7,

TMREY |

EBRAR [ ovsrrsT ]
HIEEEEL, BIRLS, BSGHMaA A, F 75 = i =
=27 — b RIS 72 U (TMR £ o A ) [re ]

PR FERAEL 721), X-Y HBEEAT — (X il :ﬁﬁfﬂi\\
T—H, YHIE—X), nv AT 7, PC, HIE

BT AT LD R S 3D (Fig.1). 8HRER 2 B A8 ®
155 2 REFIIN 2 A VACHIINT 2 L RIFREZ, IR

Mmooy I AT UTIIBRESREATTSH. aA el

T X0 R WERES A JE o 7V ICHIIN LR R
B AFHET 5. TMR oI L 0 HlEY 7
DOMGINEEHR LIEEEr v 7 A4 UL,
PC CTT— XM %17 5. WES 7k, ik

Fig.1 Measurement system
Table.1 Size of the sample
Defect No. @® &) ® @ ® ®

Width(mm) 2.0 2.0 1.5 1.5 1.0 1.0

(SPCC), 7 /v =7 AH(150 mm X 120 mm X 10 mm)
O REE R, FREEICEL RS Ry [ Do | 00 ] 10 ) 1 ] 10 ] 10 ) e
KbfaZz 6 R L1z, Ka~HEIZ-DWT Table.l
W27

AR

fEtr &0, KMax oy PETOERDMAKRE <78
D, KHAZ X HIMFETRD 2 IREY 721665 53 41 DAL A
WTE. Fig2lZ7 I =7 AR BELNTE 2
R IRIES\Z K D18 B 2R ¥, Kifa= » PH T, 83.5
FEMEIIMEC o TWD. 2k, K=y P88
TEMEBENRELRDD, BAETD 2 R
BHRELARY, HNES L REES0RfE LT Fig.2 Signal intensity by the secondary magnetic field
UV OEFREMES 227D TH L. Z DK S =ik

BEOEMIFY I 2ab—va r THHRETDIIED  § Maiima c
T& 7. WM & IR RSN R D 2 L
Mooz,

FIVES=I L
@ ©) @ ® ®

W

(] 15 30 45 60 75 90
72 B (mm)

Y.Majima et al.,Electromagnetic Nondestructive

Evaluation, (2018),in press
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W E D AV MRBROBRHIZ WIS 72
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EATL, LB Bl
(U R)
Frequency dependence of low-frequency eddy-current testing
for detecting cracks on the backside of steel plate
W. Yoshimura, T. Sasayama, K. Enpuku
(Kyushu University)

FEHIZ

EMREIEIL, — ISR ROEEN ORAEMGEREOEREICH LN Z &L, R, ik
PERIIER BN EFICHN D720, M ERET 2HE1L. BEDFEOZELRET 5 - DIREK TOBRAE
NDREIZRD, L, BAEEEES TIIE T2 EMERICEDIEEN/NEL2-oTLE I D, JHEK
ZHUNORINT 2 MENH D, T2 CTAME TR, L0 EHEZEOKMEICHE LBl oORFNE21T-o7-,
ERG Exciting coil Unit : mm

HEj 27— % AT, fit 300 mm, £ 300 mm, 5 10 mm 45 | / 50 | 45 |
DU (SMA0A) L, oA L CAEs0tum) Lta e/ /a&ia \ggsép
AL (5%300 turn) OfLE IR Z FEE L7 £ E8H L CE .

N SM490A

L. SEALORIERA . FHEALO TR 50 mm, oS Crack

WEAS Lmm, @ &236mm & L7z, b, BHE OTERZ Fig.l Fig.1. Specification of detection system
AT, 8K B2 oD A LV ERE L, Z6 ORI [utl o
M= AV EEGE LTz, G 2 A VIZISIRNE 2 A O IESLIE B o : 240
ZEML, Z o0& EIZIEZEEIO B Z 2 ~ 20 Hz O 228
PO S HE R AT o T, BRHI= A AT RS meum | 26
MBEMAB L OEROELEZ TG L, F NI REE B I # ga 204
L CHEfgAL U7z, FHAGEPH L84 o0 $1.0.00 150 mm X 150 mm > - 101
AP T x Hh, y #h 7 M 3E 2 5 mm BERE O & S CE A S L7, 179
%ﬁ%ﬂ:% g 0 75 150 167

Fig.2 1%, A% 8 Hz THIE A L7235/ D B DEEOME X
L/T L72bDThD, MfhoBRITIERBZOMNBEZ T, X ) )
_ (imaginary part)
VREOMBIZBWTBOENRENLLTEY . A AT L 25
%mmtéwu%@%ﬁﬁﬁ ETh D LHERTE T, : O ’

\ —e— Experiment

Fig.3 Iz L (x=75mm, y=75mm) O EIZEBIT D, % 20? X | X Simulation
FUZ L0 B U T BB AL D JE M BUR A E 2 =, £, i x |
%kﬂ%@xﬁf@@Mﬁ/\lv~v§/%gﬁ@£$%ﬁ S \
Y7k (IMAG) ZHWWTITV, FEERARE R & ORG24 17>
Too KXY FHUMEIZ 31T D MEHE B 2501384 10 Hz 35

SICRKEZ &0, 2L EOEEEIZ BT, REZIERD . i \

%2355 LV EBEEPRE L Do, BHPOLDEFN/NE [ / \ \\
KBOTWNDHZENERTE I, DD, AR TOLEMLETT 7 z | \\
DRI ZIT O BT 10 Hz FBREOEEIE COMENZEE L i )
WETRTE T, £, VI al—va r TRLRERICE °0H“5‘H‘m‘u -
WThH, E—JfEN8 Hz THY, ERFEREBLITIET—ET S Frequency [Hz]
ZEDERTE T, Fig.3. Frequency dependence

[mm]
Fig.2. Magnetic flux density
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Evaluation of physical properties in local area of deteriorated carbon steel material
Y. Morii, K. Terashima, T. Takase, K. Yamaguchi, T. Uchimoto™, T. Takagi*
(Fukushima Univ. *Tohoku Univ)

X C®IT

BILE, HEEM O IR R A I I T B S I Rk - (EMAT) 72 EO FIEA AV I, EMAT (2 X % RFEH D
IR BT TWD D LavL, Zhb oI o~ 7 o2tz lE LSz i+ 5 50T,
BIZONWTO I 7 af il BT 57— X137, 22T, AT, P2k I 7oL~y
LML OBIREF O NCT 52 & THILRBOGEEE MmO L 2 B E T 5.

BRI, BlE 72 SICHO LTV D IRFMOLE GV E EMAT TRIE L7Z30EHI R LT, IORA A
VE—LAMTEEEFIB)TY A 7 ud—F —REORE IV L, BREHEOHIER X O TEM B O# L
BiToTl-. ZOFRE S L2, EMAT & 27 afd@ifiic B 2o SR 2 iR L.

ERFE - BR

[RFEGE STPT370 DA BERNAL LV 7.0X7.0X 2.0[mm]¥ A A28 0 SNz — oD REHE D H b,
EMAT (2T, S/ hEnE Skl sample 1, SR E WV E 723 k% sample2 & L7=. FIBIZ
T 10X 10X 0 [umRE DR E ML L, AEBRERE FBMEI(STEM)IC THEARI R OMEDBIEE L&
IO 21772, Figl, Fig2 \ZZhZh samplel & sample2 © TEM # % 7~9". %7-, Fig3, Figd
WA G R D ZNENOEREYTEZRT.

Fig3, Fig4 LV A, C, D TiX, b OFEZRTREPTED A LI, R BICBW TR RAA LI
mnofo. DT E XD sample2 13 samplel X V) IRWEEBISHESRRIAMFIET 5 2 L B EGRR T&E 2. 2 b O
RV, RO OE NS, EMAT IZEBITAEFMEDERIEELEX TWDLEEXLND.

[T —

2 g S
A .
e i wE
HD-2700 200KV ¥50.0k TE 18/05/30 e ‘A

Fig.1 TEM image of samplel (X 50.0k). Fig.2 TEM image of sample2 (X 50.0k).

.
Fig.3 Electron diffraction image of Fig.4 Electron diffraction image of
point A and B in samplel. point C and D in sample2.

L ZD N

1)  Ryoichi URAYAMA, Tetsuya UCHIMOTO, Toshiyuki TAKAGI, and Shigeru KANEMOTO : Quantitative Evaluation of Pipe
Wall Thinning by Electromagnetic Acoustic Resonance, E-Journal of Advanced Maintenance _2.(2010),25-33.
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T &/ T 7 A CoFeSiB IR OB EIC I KT &8 u HIINEh R

PRORRE T, BPRJESE, AR A
(KFEK, =ZHEX)
Influence of additive elements on magnetic properties of CoFeSiB films
M. Jimbo, S. Nozue, and Y. Fujiwara
(Daido Univ., Mie Univ.)

FLC®HIC

WEMIIFE R ZRT T E/LT 7 A(a-)CoFeSiB 4L, RiE11X0.10e LLTFC, EiBHE %z R4 IEHICHE
NI 2 R~ -0 Y, i L TR =S~ DR EZ SN TS, L, a-CoFeSiB &
Gl T 5 ERERLIEENME T LTLE D, £ 2T, a-CoFeSiB MIEIZHEMLIEE D FH A2 LT Zr
REDOERBITEETIML, TOMBMEEZFTMN L. 727201, a-CoFeSiB #IKIC&B TR LRI LI-HE, W
ENZELTLEY Z RTINS, 22T, BRICEFOWITE bR IMEOL(L L RN L 7.

ERAE

AEHZ, RF A8y ZHEE 2 AV, BT AR BT U2, A%y & 5@ OREE 22 1T 6x10 Torr LL T,
A8y B H A1E ArémTorr Th 5. ¥ —47 » MIZIX, CoFeSiB # —/4 v NMI&®T ~ 7 (Ti, V, Cr, Zr, Nb, Mo, Hf,
Ta, WZELE L7-EHAE X —7 v B LW CoFeSiBHf 544 —%7 v &M H L7, BEEIZH 500nm TH Y, #*
M IXERAEBE IE O 726 SiN Z 10nm M L7z, F7=, #0BHZ 2x10°Torr OELZEHC 1 BERIBLR o 2GLEE 2 17
e o dn. BVILERIEE X, 200°C 725 400°C THDH. VSM TEULHFRZHIE L, XRD 2 XL 0 & 217-
7o, Flo, R bVT A—=5, S FFENEIC LV R Z M L 7.

EBRBER
EBITFEDORMEN/N 3 — 5 at% DB ORALIE S, Ti, Cr
BRI L72 b D% OZ\ 2 as-dep. 3B OIS /) He 10,1 - 0.3 Oc T2 AN
D BIF R R L2, Fig.] 12 350°C 1 e fBVAEE L= % D He 28 5 10F © h . §
TR R TH L. R EROKE ATHETIE, He OB 2 | o %]
PNENZ LD, T RO K E 72T HEORMATHEPEDE 1% ol ‘ o
0.16 0.18 0.2 0.22

B TH D ENb0D. B Hf OIRMNPBERN CTH -2 7272 L,
Hf FINC X 0, iR 4nMs 25 10kG 725K 8kG IZIK F L7, £ 2
T, AZuA Rk, Hf fRzfE Lz —> > &AL, faf
WAL DR ZREFT L2, EORER, Corr7Feq SizoBssHfs, DAL T,
as-dep. T 4nMs=11.7kG, Hc=0.140e, 300°C 1 B¥F [if] 4 4L # 1% (2
4nMs=11.7kG, Hc=0.760e &\ 9 BAT 72555 R 2 1572, a-CoFeSiBHT /%
DEEDEAL DR T % Fig2 IZ/77. FEfliiX CoFe M%7 5 SiB
MR TH D, RO E b 7> THREIZEIIMLTEY, K
dppm FTHII U7z, FARHIENIC X 0 TEWEZ R > 72 £ F 4nMs (F2k
BCXID, MESEINT 2R L2072 M EE, Rl - BiE
FRMEZ MR L7 &, THEWEZ M L &85 72 DIi2dT - Mkl &
72 ) B - AEIEOZICET DM S 21T 0.

2% Xk

1) #1%1% H.Fujimori and N.S.Kazama : Sci. Rep. RITU, A-27 (1979) 177.

Atomic rarius [nm]

Fig.1 Dependence of Hc on atomic
radii of additive elements after

annealed at 350°C, 1hour.
5

A's [ppm]

4
3
2L n i
1
0

0.1 0.2 0.3
SiB/CoFe

Fig.2 Dependence of saturation
magnetostriction on composition.

ratio.
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= B G DT 7 FEda U 77 v a3 OFRE R

BHE MR FERIRE AT HERE e I EAT a5 e
(B TZERT, IR B T EM IS
Iron Loss Characteristics of Nanocrystal Reactor Core of Road High Frequency Excitation
*Kohei Tsukada, *Keisuke Fujisaki, **Yuji Shindo, **Naoki Yoshikawa, **Tetsuma Yoshitake
(*Toyota Technological Institute, **Kawasaki Heavy Industries, Ltd.)

[FL®HIC

U727 MEA =2 D7 4 2R ETHERENTEBY ., U727 MERHESEDEDIC, BREEE X
OB OENT L DDA N -n T30, 2 2 c4E, EEms VLT 65 %Sift) 72
v & 8 Y 77 MLV OBREEZ I L= T, BLTIZiRR5,

1l - SEERA &

AERMAIEE & Fig. 11077, ARBRTIL, EXEEZRNCTY 727 MAZEIRGT 5, ALY T2 Fktk
X, T/ MBS LN 6.5 %SIi MBI Ch D, Eo. MESIFIIEEARE £ 500 Hz, 1kHz & L, 2-20DJH
WS LTz,

ARBRTIZY 77 a7 O RKEERBE By 10T, V77 MVRIOZERIEZ 2mm & L., il % #%
— L7, Al RORBEREE L 2 O RMEEITE V, Z0E L, TR %,

1
B, =

ZIZT M TR OERE(=5turns), SIXV T 7 FAWERE TH D, £, SREFHEEZITO U T 2 i
AT HEREH)W IR TEE SRS,

W = P, — IR,
ZIT, PlI VT FARNCAET DB, IV 77 MVICIHND BT, RelIV 77 MVERRIKITH 5,

AERRELER
Fig.2.12 6.5 %Si 4 U 7 7 hL L F ks Ok % bk L7 I )
FERART, 500 HZ (I28\W\ T, F / fkdakt & 6.5 %Si #4 O #kE

13 31~34 W 2 & 223720 23, 1000 Hz I B e Hin s w7 &
XM O T 7 RO 14% 2 A S0 @ Iﬁgl/
Ve 2

l?

WXL T, 6.5%Si DU 727 ML OSRIEINERIL 68 % & FEH

ICRE SHIMT B 2 L AvbB, w

PLEDORER LV T/ fEE A EHE O JE R ’JFSI/‘“C)Tﬁ |
MUZAE U8B/ E L mBERICB T 2ENTME L F Fig. 1.  Reactor iron loss measurement.
%o
60
BE R 50
z
1) S. Odawara, S. Yamamoto, K. Sawatari, K. Fujisaki, Y. Y 40
[%2]
Shindo, N. Yoshikawa, T. Konishi “Iron Loss Evaluation of S 30
Reactor Core With Air Gaps by Magnetic Field Analysis s 20
Under High-Frequency Excitation”, IEEE Trans. magn., vol. 10
51, pp.1-4, no. 11, 2015. 0
500 Hz 1000 Hz 500 Hz 1000 Hz
nano crystal 6.5%Si

Fig. 2. Reactor core loss at 500 Hz and 1 kHz.
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JLFRIINZ £ 5 MnAl FLHIE RO E & xR

R . I EM. I e
CRALZBER)
Effect of additive elements on the structure and magnetic properties for MnAl thin films
R.Akama,M.Doi,T.Shima
(Tohoku Gakuin Univ.)

FL®HIC
Nd-Fe-B BefildmWWfafmiib, Rii)), fmExE A, FR= X LF—FHE2AEL B, "7V v R
— (HV), =7 2, #EHEREO/NET N ZEF L REGICFHH SN TS, Ll b, &l
BRI, BT H oA BT O MM - A PE gk 2 ﬂﬁﬂz{ﬁ;f PER S D | F - FEOKITHEWAERE
BNELBIML TS, ZOTDBIED Fe %%ﬁéﬁ@ﬁ%ﬁ%’ﬂ RE7R T T 7R REMER B 3 iR < MR S LT D
%@f:&@@ﬁﬁ*ﬂr@wﬁ& LT Mn RAABANZET SRS, HTH MnAl B&0FEHIEFICEA TE
VIRBECEMEI A N THLITEOMEMERH D LD EEZXBND, L LR b, Ll Bk s 2 R
fr MnAl &4 OBKFE, FRCERBLITBESH SN TV D KABAMEIOREEE L TEM T 21 (§
MRS ITME K, = 1.5 x 107 erg/em3, fAFIREALIE 480 emu/ce TH D) 1T FE THLNL TV, £ Z TR
ZelE, MO Z 2L S 7 MnAl HHIG &2 FER L, KiE7Z Mn fOBERE 21TV, Bl a9 1T fafnig
{bEHEMSE 572912, Re, Fe, Rh, Pt HEOILRWIMT LV L1, TS E O HHEIC L 2 BEK RO
AL Z FEMIC TR~ T,

EBRAE

ABHIE R E Lt A Xy Z AL (E % T MgO(100) s fh A EICRRE L7, BHEZEEZEE T 5x10°Pa, Ak
R D ELZ2 1T 0.132 Pa & L7=, #1DIT 700°C (2B W T 30 M ERORE 7 UV —=0 7 %7\, KRR TNy
7 7—@& L TCr% 20 nm ﬁkﬂ% L7=, RIZ 400°C T MnAl 3. (N Re, Fe, Rh, Pt JB & 5E L. 450°C T 60 4y
AR 24T o 7=, e 2 ISR TR b8 & LT Cr & 10 nm I L 72, MnAl #EO#IEEIL 50 nm & L.
MnAI-Z (Z = Re, Fe, Rh, Pt) %H% TERRIEIEAS 50 nm (272 5 X 9 ICFHHHE Uiz, FldaAfad i3 X BRE 44 & (XRD).,
WM IR S B 7 TR EH(SQUID). LA T 1T = % /L B — 45 B0 X B 43HF(EDX)IZ X v 384 L 7=,

EBRER

W12 Mn ORELEL A2 Z5 b &8 MnAl #E 2 /ERL L 72, Mn OFALIE 46.6 705 523 (at.%)E TEL S ¥ -, +
DOFER. Mn FALDS 48.2 at. %l T K O FIFEAL 534 emu/ce 3G H AL, 46.6 at. %23V TR KD RS
10.1 kOe 235 B 172, X B EIFHE SR L 0 . 2 ToOREHZIB W Tr-MnAl © 001,002 °— 7 N ICEE Sz,
KIZ MnAl J& % 10-x nm, Z J& % x nm 22 A.IZ 5 [A1f& & L. MnAl- Z (Z = Re, Fe, Rh, Pt)j# 5 % {EHL L 72, MnAl-Re
T X RRIEHT RS B D Re JBJEAY 04 nm (23T AlRe (A4 4% 002, 004 & — 27 BNEIZR S 7z, WA
PEZSEM U 72 fE S SRR I L7223, BRI 3 5 2 & 38 S 417-, MnAl-Fe #IE(ZRB W Tix
X AREHTRE R LV . Fe JBE2Y 0.6 nm 123V T FeMn @ 210 38 L U Fe ® 200 &' — 7 3R S iz, fafniil
WD LIz2s, MIBEITHE R T 5 2 & AR S 72, MnAl-Rh MK Tl% X BREHTREE X 0 . Rh B2 0.4 nm
23\ T RhMnAl @ 200, 400 & — 27 BB S, fafi bidisid Ly, AL OBMA R S iz, E‘%%’é
(2. MnAI-Pt #ECrx X BEAER LD . PEEA 0.4 nm (28T PtMnAl @ 101,210 B — 7 B3EE X
FAFREALITIRA L7, A SR ITI R T 5 Z & 2 L7, FEMIEGERERICHRE T2,
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Mn-Ga-N R D 22 FE &0 L A BERUERME & O et o 21k

HIsESE, B RS, WREZ
(ALK )
Effect of nitrogen content on the crystal structures and magnetic properties for Mn-Ga-N thin films
F. Nakagawa, M. Doi and T. Shima
(Tohoku Gakuin University)

¥

Nd-Fe-B BEfEfeA I NA 7V v FU— (HV), EXHEE EV)REIMEHINLIET—F—hb,
Bt o —REBE A E OWRIAW DB B W TUSH STV D 28, BEREMER BHIIRE O EF-IZ A
WENERE N C 5728, Dy X° Tb 72 EOHEA HRUCHREMRIC LW B e 2 LS5 0BEN D
Do LML G, iy BHCR ISR TEHE - 2E HE O SR LTS &V RERISHE - TR IEM
DN D D Z Lin b Ay HHILHE &2 FV 7220 Mn SRR B O BFFERIFE D3 i A AT i T
%5, Z I T, D0»-MnGa f#i& %7~ MnGa &&Tm it T e r ¥ —2F L TEY, %k
ITHIZE72 & D02-MnGa DH&-[RIFEEE 2 e IRIN7Z8 12 K0 95 2 L 12 X 0 B E DR Y
R LA SN TWD, £ 2T, AWETIIEICHE TH L %EHR % D0»-MnGa (IR L 725UEHZ S
WTCHRESRIEIE 72 b NCBEKFFE D ZABIC DWW THET %,

KRG

TRTORBHIBEEEZE L T ANy ZEEZ O TER L 72, 12 DI MgO (100) Hifkk i Hatk
I HEARIRE A To=400~550°C O T L =, A ThH D Mn-Ga &4x13 MnoGas (at.%)
FHEE L. 70 nm OIREORE 2 FR U7z, £ OB EHIT(N (Ar+N2)) =0~5 %A S
7o FT-BALARER L LT CrfEg2=iRIcB T 10 nm B L7z, fHARIZ. =R/ —238E X #f
IHT (EDX), BERRAEIBSE B T ARG (SQUID), Fdbf&iEid X #rialPrik@E (XRD), %/
£ NE X #RET (GID) &2 VW CRli 217 - 72,

e

ERIMELLZ (NS (Ar+ N2)) =1, 2, 5% THEE L. RREEE % T, =400 ~ 550 °C O T& L &
72D XRD N — 2 K0 | EREGMNOFECIIREIRE O _EFAIZHEV Y DO»-MnGa g D4 &
— I LENEAIZT T T 52 BRI, Fo, BB L 0 BRBIREE O IR AR
{EDBIMA R S 7=, RIS, FRIFHEE % T, =550 °C |[Z[EE L, EHRIMELZ (NS (Ar+ Np)) =0~
5 %D R T &= B XRD OfER:. £ TOREHIB VT DOx-MnGa #i&E IR+ 5 v —7
DA ICHER STz, 72, BRMELOEIMNIZEEV D02»-MnGa i D4 v — 7 (L EMEAICT 7
N5 Z R I N, ZALE Y D0xp-MnGa fiE D ¢ #2352 & D3RR S 4L, GID HlE X
0 oa fillIEA T 5 2 LR SN, ULEX D, cla OEITERTELOEICEWER MO
AL BT D L IR T 7%IINT 5 Z ez, £70, BHRZEA L TR MngGag (at-%)
%Hﬁ(%i Ms = 345 (emu/ CC), H.=4.7 (kOE)\ Hk=6.9 (T)\ %%ff 5 %’Ey}\ L/fi Mns35GazsN2s» (at%)?ﬁ
fFEClE Ms = 208 emu/ cc, He = 4.9 (kOe). Hy = 4.8 (TYDFE RN ST, SEMITHEEEHCHmE T 5,

L Z DN

1) H. Lee, H. Sukegawa, J. Liu, T. Ohkubo, S. Kasai, S. Mitani, K. Hono, Appl. Phys. Lett., 107,
032403 (2015).
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Si FEf FIC/ERL U 7= Nd-Fe-B s A o RS,

A g« Wy IR, (io &, TH OBA, [T BE,
B B, ok TR (RIRRE)
Increase in thickness of Nd-Fe-B film magnets prepared on Si substrates
Y. Yamaguchi, M. Nakano, T. Yamaguchi, K. Shimoda, A. Yamashita, T. Yanai and H. Fukunaga (Nagasaki University)

FL®HIZ
Si iR L~ Nd-Fe-B RBEANEDAMEIL, FICA Ny 2V U ZPEEZHWERENRR SN TEY, TOBROBEITRK
T20 um F2ETH 2 0@ BEAFRAIR E L TR DERLA MR SN T, B A RNEc T 57K DO—> & LT, Nd-Fe-B
FHEAED Si HAR L 0 FEET A2 HENF T 5N B0, Fxr OBFZEIZBWTH PLD %4 AV T Si 24~ Nd-Fe-B & A
A M L, BVLER A H L7 BRI, BEANEO AR D D OFBEBI G0, FIBE2 IS A ROMWBER SN EL D 2 L 2#
ELEG, AT, Fxld Si R EOBLE (BARBRUED U IXEERILIE) ORI L R DOEE DBy
KIFTZ ORI MELTEY, Si R EOBEBEEDHINIREY S, FIBELIRMEE N E U-FICREA IO EE & BT
XHZEHMERLTWDEO, KfFETIE, BILIEORDLVIZ, T A THEZ R EWAEORIZIEAT S Z LT, WAk
DRERME & BRI KT T 2 THig 0 B A2 s -,

EEREH

HEZ2[F 10° Pa f2E D F v L /S —PNTHI 10 rpm TlElET 5 Nd-Fe-B # —% » MZ Nd-YAG 7SV A L—HF 2R+ 25 2 L T
Si FAR IC A T A2 B TNT Nd-Fe-B REERGA ZRE L=, AT XA FTHEZ AW EBRTIE, BREEE (1 nm)
= Si HHRICH T A (IR T S1111) 2% —4 v FE L THWTHIEL, ZD% Nd-Fe-B RAEE KL 7-, L —
PR —TAW, Z—4 v b EHEREOEML 10 mm ZEE Lz, RIEEZ T TOREBNRTELY 7 AEEL2H LT
7o, TEHHF 8KW D FRIMFRINEMF % B\ CELER R K) 4.0 sec @ PA(Pulse Annealing)i%(2 X Nd2FewB HH 2 R L 7=,
R MEDRIEIL VSM,  IFHLAL O RN & 3R ORI EI 221213 EDX & SEM % /-,

ERER
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| Thickness of glass buffer layer : 20~135 um |

PLD{ETH T A4 BARILIE (1nm &) £F& Si itk L = =

(CHRBE L7 & 2 4, K970 pmih & L sy ARBOE E 375 520 oL A % AT
B, H =4y NChDHH T AME T T AR 5 7T e A z,ﬁ;@& ]
FTHRILLSIiE ODEHEBIIRABEThH- T, S ¢ Q O 1
Fig. 1125 A HuJ o0 A7 60 R0 5 0 076 12 R 155 x Bp Oa %0 o ]
W R, POROBRLEE (500 nm &) % Si HAK Eic o | %D &«PC Q@ A |

R LA (Fig. 191 : A, A) OBA, Nd EHED E! &>A O 1
lt%j][”\:?ﬂél/ \’ E&%Té Z 2: iﬁ < EH%,”:‘T% ZD Z 2: ﬁ)ﬁﬁ%ﬂ % 10 '_ (O ¢ No destruction (Glass buffer layer on Si substrate)—
N5, MEET3 2L AERCE ZRE o R mE AT o :E [| £ * No destruction (Si substrate with 500 nm-thick oxide layer)
TEM Eﬁ‘g—g %?ﬁ, 5 k , é‘é%” fcﬁ Nd ﬁ\*ﬁﬁiﬂ , Eiﬁél*ﬁﬂj‘é” 5 L| & ‘ Dcst{ruclmln (Si Tuhstr‘atc wulth 50[.' nm-tlhu:k u}mdc l‘a_ver)
L1200 TEAR <, Si R EMAREO R mEFIC BATH L, 0 20 40 60 80 100

BULIRIZ 31T % Hitl & R IERG A DRI IRIR IR D 2 A R

LT DI N EREM L, BRBEORINCERR L7 b 0 L H#HE Fig.
BEIND, LLRRD, Ll & v b2 /I E
T Nd 1%, FZREER SR b ONT (BH)max DIE T 23 < T2
W, HFELI R, —F5, BRRIEE (1 nm/E) f+Z Si

Thickness of Nd-Fe-B film [pm]

1 Relationship between glass under-layers and
destruction behavior of Si substrates.

AR o T 2 T8 %0 L7- 3840 (Fig. 1% :0), it {====: 500 nm-thick thermal

e DBEAVIENT % Si Hob 11T RE AT A RO L 72 B Bt Ndcoments: 20005 | ELS}

il (Fig. 1+ A) L CU /- il (Nd &4 R 10~ 15 at. %) Farp-riniasiistalt) N1
TORANEDERLZ FTREIC Ui, BT A FHLE 2 SRl | H : 1140 [kA/m] R
O % "REIC T B JEIN D —> & LT, Si #4K & NdoFewsB (B 49 RIS S

'Mag‘

D OB ERREEFFHON T 2% THEE L THA L

SEICED, LR TRE7 N RO 2000 0,/‘/1&60 2000
NERR LI T B & B2 b, /Db, il /A > = VLT
R DR IR & F 58T OFEFNC W D6 EH Nd 25 1L | N contents : 16 at.%

| | Thickness(glass) : 64 pm

_15L Thickness(Nd-Fe-B) : 57 pm
: Mr: 071 [T]

He : 1050 [KA/m]

(BH) = 72 [KI/m?]

HTACERT L Z L TRABENO Nd &4 &2 KR Lo
2, EWROMWERZOMBINFIEE L /e o7z, TIZ, HT A
THUB OF I X AR DO LA LTz & 25, Al
JEZK 60 um TEE L7256, BB & SiZik B

RIEL7-BAEL VS, T XA THEZ2E L 7= BN
Nd EHE% 4at. WIREIRET 5 2 &N TE, TSN
(BH)max 7% 20 KI/MP 84195 = & ASfeaR S i, (Fig. 2)

BEHR

Fig. 2 J-H loops of two Nd-Fe-B films. (1) Deposition on a Si
substrate with a 500 nm thick thermal oxide layer. (2)
Deposition on a Si substrate with a 64 pm-thick glass buffer
layer.

Q) /NS, BRFEE I RT o 2 AHFFELEES, vol. 169, pp.7-11, (2012).
(2) R. Fujiwara et al., Int. J. Automobile Tech., vol.7, pp. 148-155, (2013).

(3) Y. Zhang et.al., Acta Mater., vol.60, pp.3783-3788, (2012).

(4) D. Shimizu et. al., A AB T F2F b ia FE2E, p.145 (2017)
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FEEE IR T- D3R L 72 Ce(Co1-«Cux)s R D RaAL Rt D

F42 Bl HAMKF TR (2018)

aEIR Mx, EAT B, HIL S, KAE
(AL TR FERE R, *E L7 T3)
Magnetic properties of Ce(Co1-xCuy)s films with non-continuous change in crystal lattice
W. Koganoki*, Y. Takamura*, S. Nakagawa*, K. Ohashi**
(*Dept. of Electrical and Electronic Eng., Tokyo Inst. of Tech., **Shin-Etsu Chemical Co., Ltd.)

ZL®IZ

FEAT

fr VAL, A PBURFORME Lz A EFEORGVETER T 2 @il daiii kR T2 Fro. #iEk B

BEICFET D Ce xR HHELRICL 20 b LT, 4f ELOMBEGEEIRETCH L7720, ZOEWIT
ARG AR T, BIEE IR A A EEBA E L THOL LR TR, L, CeD 4fET%
TS HED Z ENTEIIE, ZORGHENEIEL 9, 34V LA ZE X2 D Ce RRA N TE 5 AHeME
N5, METORENRIE, CeNisZ2 ED Ce{bAEMIZHE =R EZWML TV &, HDMBIZ I THE RS
TN TMIET S Z LS BEEMICHER SN TS 3. UL, ZAUTHED BB ZBbiTi~o
TR, AHFFE Tl Ce(CorxCuy)s TEIEEIZHB W T, Cu ik x 2SI w5 Z & TR DIEEEZITV, 0

ol Bl I & WAL A 2 R AT L 7.
RBRAE

FTRCOBREHNL, BEME L7z Si R oty — 2y pae 0810
2Ry ETHERE L. B OBBHIEIL, Si %8 E oss
ISI02/WICe(CoCu)s/W & L7-. Ce(CoCu)s/Eix Co #—%4 ,r—“'
v hEICCeF v 7l CuF v ERELTRIEL, Mitcy 0%
Ty T OKEIC L VL LT, Z OB ORKFERT 30 47, % § o405 | - !’\
BURIE 500°C TRE Lz, (ERLIMBOBBIEET X B & |y ge a e
EHT#(XRD) T, RS RBRR R 3 CRFfl L 7=, 5
EEEE ! 0485 . :
- 0 0.2 04 0.6

XRD & — b, T _NTOMALT CaCus b fatl DI &
i L7z, F£72, Ce(CoixCux)s D(110)mI4 & (001)[mI 4T O 723

x of Ce(Co,;_,Cu,)s

Fig. 1. Variation of lattice parameter a with x

Bln7= 2 &5, ¢ BANEN & EE SRR L7 2 >0t N Ce(CoLCu)s.
RIONBAET 5 2 &Ntz £72, Cufilpks 0.48 LL LTI, 6 ,
(o) =27 23 2 DI L7, 2D Z b, Cu kA T 4 -
Ri5 2 MARE RIS B 5. (UODESE—sp 2
b, F T a ZEH L7, Fig. 112 Co 0 Cu fEH#% x [ZkH £ )
5 anZfE AT, alix = 043 £ CIRHITEHHIHML, 2 s
FHAYBEDS A U7 x = 048 TIEMEEANICA L L7z, x> 048 Ti §2 =
a lTRERNCZEAL LT, Z OFERIL x> 0.48 DAL T T Ce €4 b ;
D A BT ORIELAE L - LR TX 5. Z - 1 :
Fig. 212 x = 0 & 0.48 ORI PN 7 10 D REALEE & b3 20 -}\‘;agnem‘;em (ko:; 20
%5. Cu T Co ff%?ﬁbf:%ﬁﬂ'“@li, PREEESIMMRE 2D , 7S Fig_ 2. M-H hysteresis curves for

HIRES & 20k0e 72 FUIN L T HAbIiTfafn L e o 7. 55,
IRIRMEPERIEIC K0 | Ce i L 2 RAURMEE 2SI~ 5.

L Z D&

1) C.M. Varama: J. Phys., 48, 219 (1976).

2) B.S. Conner, M.A. Mcguire, K.V. Shanavas, D.S. Parker, B.C. Sales: J. Alloys Compd., 695, 2266 (2017).

Ce(Co01xCuy)s with x = 0 and 0.48.

3) D. Girodin, F. Givord, R. Lemaire, H. Launois, F. Sayetat: J. Phys., 43, 173 (1982).
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B4 BILHUT X 5 & PR ] Nd-Fe-B i D /EHY

EEEEm, BHIES. IR
CRALZBE R )
Realization of high coercive Nd-Fe-B thin films by the diffusion of alloy layers
Y. Tamazawa, M. Doi and T. Shima
(Tohoku Gakuin University)

MRE=

Nd-Fe-B BEfb A 13K AR A OHF THENTREE ), fafififb, K=V XF—F, MaRaE st
ZAHLTEY, BABEOREMRS HDD, o —72 EORWHBRTHA SN TS, Rz, g5
E~OEEN DAL 7V v RH— (HV) REXHBE (EV) OFT—X —~OfFHMNEML TS, L
L6, HV I S b E— % —OEMEIREITH 200 °C THH, = U—iEEN 315 °C TH5H
Nd-Fe-B WA 3B L W EREDNE T3 28NS 5, 2070, EFICEEIE2ITIEERITE W
THJ 30 kOe DIRBESI DN R 4L, EDT=HOIZ Nd jik & BEA TFAICHE D Dy Ji8 O EHLIT L0 LREE )
ERM T Tz, Lol Fe & Dy OGEEEMERE G L0 Sfi b MR T3 2R H 0 | Dy (3
o AEEPREEICRIEL TWD Z D, FMRICELIHELZEENBEINTWD, TOD, EA
THECHE A SIS E OB 29 5 Nd-Fe-B Bifi DBIRE NI & T 5, Nd-Fe-B BifilZH\
TEEREAE EIZIE Nd, Cu, Ga 72 & OIEREME L 2R R I LB S8 Y B/ TH 5 NdoFe 4B HF DR
SHREAEZTOLZENEDTH DL EREINTWS, + 2 CTAIFIETIL, Nd-Fe-B M 2 cFE 0 fE
FEORER . PRE D /e 2 FEREVEA A8 A Bl L, BVILER|Z - TR AR IS IR S B 2 BR Ot db il 1 & Bk
TEFHEA~ORBEZ A L, SRE %2 7R T Nd-Fe-B IO ERIAZ HI & LTz,

EREBRAE

EHIME EZE L T ANy X Y o ZHEE & VT MO (100) B SR EIC/ERL U 7=, fewllc, Rk
7 V== 7 DO 700 °C O FEMEE T 20 B 21T 7=, Ny 77 —JE& LT Mo Bx =R
IZBWT20mm L, = B X o ¥ LR D 72912 750 °C T 30 4y W EVILEL 24T - 7=, k1T Nd-Fe-B
JE& % 500 °C |28 T 16 nm K L, Nd-Fe-B & O fhfb & RIFAH DT EL D 72 12 550 °C T 10 57 [HEAAL
HAITo72, A48 L LT NdxCujgox B % 0.75 nm, FejpoyGay B % fre.ganm. Nd J& & #yg nm500 °C |28
WA L Nd-Fe-B J&8 DSkl & A48 OB AR ~DYEEL D 72 912 550 °C T 50 sy M EVLEL 24T > 7=,
BRI, B CEEEsIEE E L Mo JE% 10 nm AR L7z, FEdEE L X #REPTEE (XRD), B
PRI E B T ROR R (SQUID), AARIT = R /L ¥ —43 B X #4547 (EDX) A L CREAm L 7=,

EERER

XRD 2LV, 2 TOREIZB W TEMHTH D NdyFe BFHHD (004) B— 27 NARICHER SN, Zh
X0, ERL 72 TOREHT NdyFe B HHNTERK S 4L, ¢ 23 Ik L CHRE FANIERE Lz & iR
T, FERGME S & & BB L T2y Nd-Fe-B #IRIZ 3T H, = 19.1 kOe DFREE T % " 2 & D3RR
Niz. HEWTZ OREHIIERME S 48 2 pliE LBVLEL A 1T 9 Z 212 K W, Nd-Fe-B MR 14 7] N BHE
WCHIINT 2 Z E AR I N, ZORERIT. Nd-Fe-B & BT U 7= FERGME A 4 8 N BVILER 12 X 0
Nd-Fe-B J&g DR AP L, 32468 T 5 NdoFesB FHM OBEKAIE A & 599 0O 72 72 D ITLRBE ) A3 L 72
DOTIEHRNNEZEZOLIND, KDL IE Nd-Fe-B (16 nm)/ Ndss6Cugss (0.75 nm)/ Fes7,Gayp 0 (0.5 nm)/
Nd (1 nm) #EREIZBNTH G, H =323k0e DIRIESIZH L TNDH Z BRI N, ZOREBIIX
BEMR SN TWAES THEITHEEZMEH L T 720 Nd-Fe-B ZAKABAICEWTRLEVVETH 5,

L Z DN

1) R.Nakagawa, M. Doi, and T. Shima, IEEE Trans. Magn. 15302949 11-15 (2015)

— 100 —



12aPS - 39 %42 8] H ARSI (2018)
Sm(Fe, Co)y, LD Co IMNZ X 2 KFEEDZ L

RSN, TIFIEMR. IR
(BALZBER)
Effect of Co-substitution for Sm(Fe, Co);, thin films and their magnetic properties
G. Saito, M. Doi and T. Shima
(Tohoku Gakuin Univ.)

[FL&HIC

Nd,Fe,B tH% 40 & 9% Nd-Fe-B BEASBAA 1%, BHATOREER KA A OF TR bEN-HBEEEEE LT
BY, AR TEMBILIGH I TWS, —F T, 1984 412 Nd-Fe-B A DY SN TLIK, FOR
Bk 2B 2 DHRBMEMEHIR A SN TE LT, TO L9 RFAMEI ORI M LEN T\ 5, BIEYFE
STV DM EID 5 B FEIZ ThMn, B OS2 75 5 RFepy (R: A LXELHR) REAIEL, R-Fe 2D
ILEWHOFRTHERKRKD FeiREAZBLTNDH I 0D, Nd-Fe-BiA 2B HBN-HMAFEL R TED
L ENTWD, JT4FE, SmFep, HIKIZK LT Fe ®—#% Co [ZEH L7= Sm (Fe, Co)y, HEIZIBWNT, RLE &
S % ThMn, B S E O €L & . Nd-Fe-B i & 48 2 5 —Mhifg < B ME & A RBBAL A Sk 2
TV D D, L LA 5, SmFep, HEA~D Co MMIT & 2 #t Gk & RO QA IE~ D BB T 43 Ic B S T
BoT., ZORENRS ERINTWD, £ 2 TARIFIETIL, SmFep, K&K NZ 1T Co Zi&Hi L 72 Sm (Fe,
Co)p IR ZERLL | Z DRSS R OBEEURFPEIC D WD CREMIIZ IR~ T2,

EEBRAZE

IR EHIBE E e L e ARy HHEE & VT, MgO (100) HiEfL R BIC/ER L7, Ry T7r—f@L L
TV % 10nm &L, 700 °C (ZHIZA L T 30 o= &% % o v VR S W7, 0%, IR % 200 ~ 400 °C
* TZL &, SmFe, B4 50 nm FE L7, 728, SmFe, BORMKEIZIL Sm & Fe DX —4 v b & v, [EEF
I & o TERLL 72 SmFe, A& NEOFEL L . Sm B % fg,nm, Fe 8% (1-tgn) nm & L C 50 [A] 28 AR L 7=
SmFe, MBI DL 2 Z N ZIUER LT, 2 O% B EARGERR E LTV & 10 nm A L 72, /FRE U 72308H .
A 2 X REPTEEE (XRD), M2 BEE & 7 TG (SQUID) % MW CaHiliZ21T - 7=,

ERER

FEBRLE 2 28 S ¥ 72 SmFe, BRI A/ERI L | #3E J ORESURRIE
DFME AT - 770 FMREE D _EFITHE SmFep, H70 B D — 7 B S S
EEAN L., Ts =300 °C IZ8 T SmFe, FBA 5 D v°— 27 NI TR
SNz, BREEZFICEFIESZLI12XKY SmFe, LD E—
JEREENAD LTz Z LD SmFe FEEEIZ I T Ts = 300 °C 23
KETHHIHDOEBZZBND, KRIZ, Ts =300 °C IZFHE L, SmFe,
FERENE D Sm IR 1o, 7 28 L S H 72308 XRD /X% — % Fig. 1 ITR
T, ALZEW AL & 72 D tem = 0.08 nm DOFELTIX, Fe 2N@HE & 720
a-Fe HHM B DB — 7 PR SN T2, tsn ZEIMER 2 Z & T, a-Fe fH
MHDOE—7 38 L, SmFe;, NGOV — 7 IRENREKTH 2 &
A3VHIBA U 7=, B 1 SmFe, B @5 & O Co Z ¥ L 7= Sm(Fe, Co),
HIEIZ OV TORRIZO VT HADbETHET S,

Intensity (log. scale)
I
o
o
[¢5]
=}
3

2 theta (deg. )
%—Xﬁ Fig. 1. X-ray diffraction patterns for SmFe,,
1) Y. Hirayama, Y.K. Takahashi, S. Hirosawa and K. Hono., Scr: Mater., [Sm (t, nm)/ Fe (1- £, nm)]s, stacking thin
138 (2017) 62-65. films with different Sm layer thickness. (a)

tsm = 0.08 nm, (b) 0.25 nm and (c) 0.30 nm.
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1EJ5 64t CuixCoxFes04 i+ D ik 2 75 1tk D 21Af

H. Latiff, {5, FARHE, 22000, MR
(FLIER)
Magnetic anisotropy of tetragonally distorted (Cu,Co) ferrite particles
H. Latiff, R. Shigesawa, M. Kishimoto, E. Kita, and H. Yanagihara
(Univ. of Tsukuba)

BT
CoFe;04 13, HEARHCHEWTIESEDOEAIC X Y KE A|EMAEFEZ RIS 2 2 &AM
bhTwz W, Mk FEEICECRKOIEZHFEL, Yy—v - 77 -4+ v TH 3
Cu**%E A L 72 (Cu,Co)Fe,04 DG & WEAIEITIEIC O W TUATREG 2 L7208, ks L7 7
yﬁXEKlDAﬁLtﬁ¥ijﬁ%%ﬁ%k%ﬁ BB %475 2 L CIEHSR~EZ L,
WCHEWRIE T DK ZHER L 72, AT, Co DEFERZ AL T ¥, B EWAET D
{Kﬁ‘li%ﬁﬂﬁ)i» KB ERHNE L,
ERAE
Cu1«COxFe 04 PRI 113 S5 3Tk [2] & AEkD L TAK L. x % 0-0.2 D#ifH c&L & 27z,
ﬁanmu%@ fem S 1d XRD 12 X D iERE L. SR ORI IL VSM Z VW CTH 2k o 72,
REFHEICOWTIE, A MLV ZHEEZ B I RWEHGTEONZEEe 27 ) v 22 Hwn
TR % AED 572,
EEE R
Figure 1 IC/R 3 XRD »¥ X — ¥ 2> & x=0-0.1 O HiPH TIZIESTdy A &4 LT, 5{335' | ""f 0.7 kOe
x=0. 2 TR ITWmA AN E 57, TbDH Co>0.1 DHiBHT Cu D JT
SHEREAIFI X N T WB 2 L 30 o 72, BRI LIE 21-32 emulg FEEE
T, WAY A NG % RE L CRHA L 72 R 5 D BUAIGAL &t~ C A2
EOETH 572, —J7 TGS X, x=0-0.2 D& TIE x=0.1 THRAMHE [
&R L7 (Fig. 1). Fig. 2 ICHEEE X7 ) & X W, ORBZLA TS, & | pm | o= 09k0e
T, CoxEDzx=01,02 DARHCHEWTIE, RAKE 1LITICHEWTD o5 2 0 &
W0 & o 7o, CHUE. 2 KRBT TUH L 72 1 20k TR+ ok 71 20 ()
MEFHICL2d 072 eE2 N5, Fig. 2 IKEWTE =27 2272 Fig. 1 CuaCoFe2Ou
DI D SR W= 0 ICHME L, 55N 72035 Ho e BAMERGR RiF o XRD Y& —v

x=01 | H =22kOe

Intensity (arb.)

L xIcn$ 32 % Fig. 2 (inset)ic /R L 7z, x=0.1 TIZ He 238 1} ‘/4§ wi///\\\A
Rebh, chld Cick 3IEHEE CoORSEHIEMEI.  _ |{ F 3
BYDRELHER D, MARIEORAE [E]) & [col @ § |}
WifDRLEEIETH D, Co % AISEMMFE NG 7o 5 |[] Aot

. eeq

'
x=0.1 FHECRAMAZRLEZD DL EXbNE, DL X Ay
00 2 4 6 8 10 12 14 16 18 20

PEWES 2> & k& 7= —iil 2 5 1% 1347 1.6 Merg/lem® T® - 72, H (kOe)

S35 Sk Fig.2 F A ZHIED BE LN
72l e 27 ) ¥ 2 W, DR
52t & BRI (inset)

[1] T. Niizeki et al., Appl. Phys. Lett., 103 (2013) 162407.
[2] H. Latiff et al., IEEE Trans. Magn., 53 (2017) 9402304-1.
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FesO4 7/ KT IZ 8 1T DRGSR — IR iR BB DI RAK AT

BIPE, FREK, IMWE, M ER, TEKT. J. Manjanna*
CEFRHEL, *F7= - Fr T ~vK%)
Effect of particle shape on magnetic first-order reversal curves for FesO4 nanoparticles
T. Watari, K. Sugawara, S. Kobayashi, T. Murakami, M, Chiba, J. Manjanna*

(Iwate Univ, *Rani Channamma Univ)

L COIT

Fe: 0.7/ Ko 13 O BRI L K ORI 22 /- 9 72 O AR R RS IR ST D, NS I3 RE b AR
BA O E BB S LB TH D3, FRTRLFIERE (1 X, TBIR) & OMBIC SV TT B S Tunis
W AWFFETIE, TR TR ORREEIC G X 28 a RO Z L2 AR E LT, TRIRORZR D 2 1
JHD FesO4 T/ Fi -2 a i L. 1 RSB (FORCFHEZ Ll L 7= D THET 5,

" (%109

EBRF o o 15

FeSO4-7H20, FeCls-6H20, KOH, EG. Glyc @0 1.0
FZHAWT, FSORREY A ZATIROR2? 2Ff - l05
FO Fes0s ([MIFHZ1HIA]101 29 nm, DNiEAIFE - -
PIRift:130+2 nm) ZEEEAGHKR Lz, fFohi- )
2 SOREHE L XA & 2k s, - -
FE-SEM X O TEM |2 L 2 HE#H., SQUID % ™ ¢ w @ o w @' " ! w m w o e W10
HFEHZ LD FORC MIE (7=10~300K. AWEYS  (2)Truncated polyhedron [10K] (b)Octahedron [10K]
H=3kOe. RGBSR OB AT v 7 AH=D  wt - e
H=1000e) %1777, %0 1.0
EBRIER o 05

Fig.1 |[cWEEZ®EK, NEEZNZNO 10K, e) . 00
300K (2517 5 FORC Mz /=¥, ZZ7C, it -
FRL(EFIRGS Hoo BRBMZRBGD Hozkd, om0 fFT M
%k, \ff&o FORC K Tixikic, H @i lo ° W @ W W . 0 W W W W

H.~600 Oe (2 H. KO Hy FIBNIHEDINMN - 72

(c)Truncated polyhedron [300K]

(d)Octahedron [300K]

FORC 7Ait'—7 3Bl &7z, 300K TiX FORC TFig. 1 : FORC diagram, taken at 7’= 10 and 300 K

DAY —27 DI HAN~DY 7~ IEDJRR Y Db
MBI,

3541072 FORC % §F L < T3 2 728D (H, F1al,
He 71012 E AL D TREE & A5 L T- ORI T1 5340 0 (Ho).
FHEAE B 5345 o (H)ZAERL L72, o (Ho) Tk, i
AUBHE IR OB RE - 7o A R v — 2 DK
B~ 7 b TR OBD LA STz, o (H)T
X, 7 = VR—ERAREE (T,~120K) LLFIZEB\W\ Tl
EROE—ZIgIC, JBIRICE D REREVITR O
Moo, T, LA Ed T=300K T, YIEEZ (f 4 T E D
SRR & = 7 WEDIEMN Y MBIl S 72 (Fig.2),
ZORERIT, T 2 VR—EERBIC Rk D MR AL
(IEF—SLHRIVE) 03, BB I 5 2 T
WD AMREMER B D,

— 103 —

X107 X 10-*
4 . . 5
s | T=300K
-
Q 3} Truncated Octahedron o
s polyhedron 2
'ﬁ §
g H]
3 .
g g
g
2
=
° 0
-1500 -1000 -500 0 £00 1000 1500
Hu{Oe)

Fig.2 p (H) as a function of H, at T=300K
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Mg>SnO4 BifE SR _E D Coo.rsFer2s04 TERDE & BEKE 7 P4

/NBFH YERC!, JE R E—ASY, Sr)Il #3E 2, Sonia Sharmin!, M HEA !
(LR, 2. 990 HAE)
Control of epitaxial strain and magnetic anisotropy in cobalt-ferrite thin films on Mg>SnO4
H. Onoda', J. Inoue!, H. Sukegawa?, S. Sharmin!, and H. Yanagihara'
(1. Univ. of Tsukuba, 2. NIMS)

LI

MgO(001) Blc= X F vy LS niza 3L 7 =T A | (CoFe;—O4: CFO) 5|3 T BRI S
FEE/RL, ZFOEERKIEITIET FLX —K, 1T 14.7 Merg/em® (233 5[1]. Z @ CFO/MgO(001)fE
BT D ERKE T MEIL, SR E DRSS (—0.48%) (2K DR RTHEL D & PR S
NTW5[2]. FxiE MgSnOs (MSO)ELFE A EIZ CFO fiZ B X v v LR S5 &, Ki~60
Merg/em?® & V9 NdoFesB @ Ky (~ 50 Merg/em®) &8 2 D&~ Z L 2% A L7, LaL, #hikL
EEpEITo7- LA, AL CFO FEEIZH L TEENZEILL TV ZD, FUEETSH K OENE(L
LTV & RRIBESIEDFEMN —TE & e o TWRWZ E R o 7=, 2L, MSO IO/ A 2L
LTWDZERNFRRNEEZZ LD, £ T, AW TIE, MSO BEOMHEAIZAEH L, CFO OB
itk & OBEZ I 50295 2 & ARk,

Fik

FRTEE T d 5 MSO(001) % Bfk i MgO(00 )tk Fizc Mg & g% —7 v v & Sn &g ¥ —7%7 v h&H
W72 2 JTTRIRSRUSHE RE AXy 2 U o 70 KRR L 72, Mg @& % — 7y b ~DFRANETS] Pug & —
EIWZL, Sn@@Z—7 v h~OWNES Pay B S5 Z & TMSO BEOM A Z( LS 7. Fiv
T, CFO(001)% CoFe &4x% —7" v k& HWERUGHE RF A3y 2 U o 75T MSO(001) IC/E#RE L
7. CFO EDO/ERIE, FARIRE 500°C, BAF i 8scom & L7z, #EHEHEiE LT, Ko EHEE 7
[El4fr (RHEED) « X #R[EHT(XRD)E - Bi& b v 2 JIE - 1 ‘ -
LIRIE 24TV, LIRS RS U 72308k & bl L 72, As-

ERER deposited

Psa=16, 18, 22 W L L & TIER L 72 MSO IED
RHEED # % Fig. 1 (2”7, £ TOKET, A MU —27 /%

—VERLEZ LD, THEMORVBICA- TS e PO
D ND . KEAFEHLRT T 10000C T7 =—/LVALELA L=
é;§’< Z;/E ::; f: ;Z\;g&i;g'\?;é’kféi;féqu:i Fig. 1. RHEED patterns of MSO thin films.
72 MSO DT E$x % Psy ICOWT 7w b LIEFERZ R 80— Out-of-plane (2017.12)
4. PARTIC Pou=20 W TYERL L 7= MSO Mo #s 78 & bee °7°f — 7 |
THL, AE 18 W TIERL L7 MSO L K FEMOEL1E < OO Outof-plane (2018.3) *
ERUTHS Lot ZOZEND, MSO BOM 8 |
W TR 12, 4=y boRSy 2y s u— ok 800
FLTRY, Sbig, #—Fy FolkiE (EAREH - Zm@ik 3 8:50 | In-plane (2018.3)
BB L) IbIkET D 2N EZALND. S|
FEEM HIE, ERRICINZ, CFO oAV TH g.40l i ]
- In-plane (2017.12)
i 9 2. 16 17 18 19 20 21 22
B R Pe, (W)

1) T. Niizeki et al., Appl. Phys. Lett. 103, 162407 (2013).

2)J. Inoue et al., IEEE Trans. Magn. 49, 3269 (2013). Fig. 2. Psn dependence of MSO's lattice constants.
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RGBSR A AT B A~ A8 — % v hEREO/ERLE KO
Wk ZFzm T 7 X R

JRHE R, AR AL I E
(HAKRS)
Fabrication of bismuth iron garnet films by MOD method and their magneto-plasmonic effect
Toshihide Harada, Yoshito Ashizawa, and Katsuji Nakagawa
(Nihon Univ.)

[TL&MHIC

FKH 7T AT ORIEIREN MBI K-> TET 2ARERE 7 7 XE VR VINERE SN TWD,
R[REME T T XAERIL. KT T XE b R ER & SNBSS E T 2 MM B O/ A& eI &
D, RERNFEEHFDLZEDNAREIZR D, HEMEMEREHVOBmEE LT, ZRNETANTZ =T 14 M )E
B W THRAERE 77 AR 2B L TE2Y, SLICRERIREED DT, BEREFHED
RKEREAVAGA—F v MAICER L, BKEEHT 7 A€ RE2BRFT LT,

%Eﬁﬁ% ‘ sub.

B A APH— % v BT, AR (MOD) % T | Prreofimson GGG L
GsGsO12 (GGG) (LL) Wi HhHT, (GACa)s(GaMgZn)sO1 (SGGG) (1) = o e \L»W
i L OV T X (EAGLE-XG) M LIC/FRIL 72 49, 2 a—F g wwwmwwww WJ
I k% MOD ik (Rl k748, Bi:Fe = 3:5) O#Ai, 1000CI2T30 2 PO oA -
SO, 35 5 450°CICT 30 IO B THRE 3E@ELE 8 WWW@WM
o, ABERIC & DREMILEAT ST, ABERBEIIE 3B TEE Ly ABE £ i [
FRIRLIE % 450°C~T750°C TZL L=, MO0 65 8 M RERHT I3 X R4k et M

(Cu-Ka) #HW\WTIT~o7=, f 450 °C \“W
HRRUER 25 - . 55
T 2 DABERLIREE T C GGG Hebi I VERY L 7= o> XRD /<% — > Diffraction angle, 26 (deg)

% Fig. 1107, T 2% 450~ 550C DFEFAIC IS T, 20 =50° arfpic  Fig 1 XRD  patterns - of

N ~ P . o Bi-Fe-O films prepared by
A= ME (444) ISR T 2 B MRS S iz, —J5. 600°CLL MOD method at several

FliZBWTiE, H—x v MEITERY 5 BB S o T, crystallization
ZZTTY=490CICB W TR A DM Bl A~ AT —2 » MH temperature.

DR E B Ui, i8R % Fig. 2 1077, GGG 5 X 1\ SGGG Hif: i Jakk

IZBNT, H—3% v MA@ E S O EPHESBI S iz, H—F v b | T.CRY = 4900C -

FHOFRZIZ I, 500°CREE D s LIREICB W T —% » FHAEMS ko=
EXX VY NVRET O ENERHTHD I EWNRENT, REAY A
H—w b EICRERBE L7, 1/ B2~ 28T —3 v b @ s
IZBWT, RFKm T 7 AT R BBIH S,

BEE

AHFFED—EIL, ~ Y F B AR L O RH2E FASL K FHEIS O 78 5
M RY S 2 (R 25~29 4B DAFSEBh L & 5% 1 TAT - 7.

£ GGG(111) single crystal

F SGGG(111) single crystal

Intensity (a. u.)

L Glass

—
55’%‘3‘(@? 25 35 45 55
1) J. B Gonzalez-Diaz et. al, Phys. Rev. B, 76, 153402 (2007). ~ Diffractionangle, 26 (deg)
2) T.Tachikawa, et al., J. Magn. Soc. Jpn., 38, 135 (2014). Fig. 2 XRD patterns of
3) K. Narushima, et al., Jpn. J. Appl. Phys., 55, 07MCO5 (2016). Bi-Fe-O films crystallized
4) S. lkehara et al, J. Magn. Soc. Jpn., 36, 169 (2012). at 490 °C on GGG, SGGG,
5) E.Jesenska et al., Opt. Mat. Exp., 6, 1986 (2016). and glass substrates.
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B Ni Fo B4 B S R O e 72
FEERAAR M2« JIHEHTER Y« R 9E '« ZKEMRE? - FECR - fRiEE%

(BRRER, PHRK,

PHOER, IER)

Magnetostriction of Soft Magnetic Ni-Based Alloy Single-Crystal Thin Films

. 12
Kana Serizawa ~,

Tetsuroh Kawai', Mitsuru Ohtake', Masaaki Futamoto®, Fumiyoshi Kirino®, and Nobuyuki Inaba*

(lYokohama Nat. Univ., “Chuo Univ., 3Tokyo Univ. Arts, 4Yarnaga‘[a Univ.)

[FLC&HIC

78, Ni-Co BT K& 7o e

HATENI A2 Cu/Pd/MgO(001), (110)HAR Bl B4 F v v LR S, [BIHEERR IS
B r i SRR A TR L, BEEE OfIE 37

7, ThH0DA

EEBHZ PBERICIIEEEZS RF v 7 %
fa ANy Y o 7EEAER L.
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Fig. 1 Output waveforms of magnetostriction for fcc(001)
single-crystal Nig()Fezo(lOO—tNico nm)/N125C075(tNiC0 nm) films with
tnico = (@) 0, (b) 25, (c) 50, (d) 75, and (e) 100 nm measured along
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(2 Ao BEDN A D tico R ERT. BREEAZ(LSELZLICED, BMEOKRZIZHIETEHZ &
D3ind. BHIE, (0)HFEREOMEIZOWTHHET 5.

1) S. Ishio, T. Kobayashi, H. Saito, S. Sugawara, and S. Kadowaki: J. Magn. Magn. Mater., 164, 208 (1996).
2) T. Kawai, T. Aida, M. Ohtake, and M. Futamoto: J. Magn. Soc. Jpn., 39, 181 (2015).
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L1o 4 FePt DRGSR SMEE ¥ 2 ) —IREIZHN T % Ru IR O % — B A
INFELEE
(h e T2 R T 240

First-principles calculations of Ru-doping effect on magnetic anisotropy and Curie temperature in L1(-type FePt
Y. Kota
(National Institute of Technology, Fukushima College)

1 FL®IC

RO B SR G & R T Lo B FePt 1@ S R KGRI R IZ B 5 F—< T VTV ThHS. dEED X
550 EDHDHED—DL ULTET VA MARDIMIEVBEAIITONTWED, Ll B FePt & Z DEWF 2
D — i (~750 K) DU E ZAAROMEUZ X 5 TRV F—BEPEARDOBENIBEINT WS, Z OREDMEHR
IZMENF T Lo 4 FePt #IRIZ 0§ 2 BT RRINNICE T 2587 ERDEH Y, FePtiZRu % F—795Z & TlWEE
WREAEEZMFELOOEF 1) —IRELZEKTE 22 ARESINAE D, 2 TAWZETIZ FePt 1233 % Ru ik
Ish RO % BENZ, fEMESE AT 2OV F — L Z RS A RO —FEGEHE 2175 Y. SHREFIEIR
JEFFAE VEEEBUIED K RA ML YT 4 VIRIESY 7 4 VT A VHEIEERRA L, Ll BAEL 72 FePt (2%
LT (a) Fe ®—#% Ru ([ZE&EH, (b) Pt ®—% Ru (Zi&#E, (c)Fe & Pt D—ii% RulZE#L 723 DDLE%2EE
T35, TEBBRIZLEAREAMEIZa—L Y MRTF UV Y VIELOPRNTES.

2 BRELIUVEER

Figure 1 {2 (Fe;_,Ru,)Pt, Fe(Pt;_,Ru,), (Fe|_o.s:Ru 5,)(Pt|_o5:Ruqs¢) DFEEIELKESMET R IV ¥ — AE & Fe DFER)
P2 HAE A ERL Jo D Ru s x MFHICE T 25 RAE R 289 . 2 2 THEMIKHAEAEBR L 1L Fe DD DA
EY iDL 2AMBEHOKRE YT 25 O TEEEEMOBRNTIEF 2 ) —RE L WEIERICH 5. FHEMER
75 RuEHIZ & > T Ly Bl FePt @ AE & Jo (ZIEIE—RRIZIBA T A ML ER I NS, £/2FEBRD T 6at%D
Ru E# (Fig. 1 TlX x = 0.12 (ZHY) (2 U CTRAMEEB K, 23 34%, F 2 —1E Tc 2 15% DL Tnwa 0, Z
1 (Fei_o.5:Rug s0)(Pti_o5xRugsy) DEFHEAER L IFIFLE LW, —HTE K, D2 Te BNFEHR X N5 D1 Fe(Pt_,Ruy)
THY, RuEBHY 1 OB R AMER SIXX SR RMEOWENRIAE NG, FEMITFERICTHET 5.

AE (meV)
Jo (meV)

(a) — A
(b) —v—
(c) —— (c) —+—
0 L L 0 L 1 L
0.0 0.1 0.2 0.0 0.1 0.2
X X

Fig. 1 Calculated AE per formula unit and J, of Fe atom, where (a), (b), and (c) denote the results for (Fe,_,Ru,)Pt,
Fe(Pt;_,Ru,), and (Fe|_¢s5,Rug s,)(Pti—05:Rugs5,), respectively.

References
1) T. Ono, H. Nakata, T. Moriya, N. Kikuchi, S. Okamoto, O. Kitakami, and T. Shimatsu, Appl. Phys. Express 9, 123002 (2016).
2) I. Turek, J. Kudrnovsky, V. Drchal, and P. Bruno, Philos. Mag. 86, 1713 (2006).
3) Y. Kota and A. Sakuma, J. Phys. Soc. Jpn. 81, 084705 (2012).
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Magnetic first-order reversal curve for hollow magnetite fine particles
(M. Chiba, S. Kobayashi, T. Murakami, J. Manjanna)
(Iwate Univ., *Rani Channamma Univ.)
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1) H. Khurshid et al., Sci. Rep. 5, 15054 (2015). Hu(Oe)
2) D.T. Nguyen et al., J. Nanosci. Nanotech., 13, 5773 (2013). Fig.3 o (Hy) at T=10K, 20K, 90K
3) 0. Ozdemir et al., Earth Planet. Sci. Lett.., 194, 343 (2002). and 300K for sample A.
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Micromagnetics simulation of magnetic domain formation in magnetic nanowire in various recording element shapes
M. Kawana, M. Okuda, N.Ishii, Y. Miyamoto
(NHK Science & Technology Research Labs.)
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L Z DN

1)
2)

R 21T

H. Tanigawa et al.: Appl. Phys. Express, 2, 053002 (2009).
M. Okuda et al.: IEEE Trans. Magn., 52, (7), 3401204 (2016)
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Fig. 1 Slmulatlon model for magnetic

nanowire with one recording head.
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Fig.2 Simulation results of domain
formation in specimen nanowires
with (a) recording head 1, and (b)
with recording heads 1 & ‘2 with a
separation distance of 100nm,
respectively.

L1 —

Fig.3 Simulation result of domain
formation in specimen nanowire with
recording heads 1 & 2 with a
separation distance of 40nm.
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Influence of heat treatments on the formation of hexagonal-structural ferrites through
an metal-organic decomposition method
S. Kudo, K. Sekidera, Y. Yasukawa
(Graduate School of Engineering, Department of Electrical , Electronics and Computer Engineering,
Chiba Institute of Technology)
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1) S. Ikehara, K. Wada, T. Kobayashi, S. Goto, T. Yoshida, T. Ishibashi, and T. Nishi, J. Magn. Soc. Jpn., 36, 169-172
(2012).
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Supplement,NoS1 (2014).
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Vector network analyzer ferromagnetic resonance spectrometer with field differential detection
S. Tamaru, S. Tsunegi, H. Kubota, S. Yuasa
(AIST, Spintronics Research Center)
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ESR & 24 & ﬁ\747mﬁ%%¥3?4ﬁ%”pglb\%@¢p DI T D~ A 7 a R A
FT=H—T 5, ZOFXTHEBREERILS v 7 ¢ IR OLIREE TR E-TLE > 20, BbF A
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Hbbt, WEREOM a2k,
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1) S. Tamaru et. al., Rev. Sci. Inctrum, 89, 053901 (2018)
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Valve mechanism for gasoline engine with linear motor
(Fundamental consideration using electromagnetic field analysis)
Y. Sato, H. Kato, T. Narita
(Tokai Univ.)
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Fig. 1 Electric valve system for
gasoline engine

Outer yoke

Inner yoke

BERESRATIC K D HE ) et 2 B9 2 HREd

AKEETIE, BRS SVT oYy (Fig.l) OF7 7 Fax—2ThbH
Yy=7E—4 (Fig.2) ZXHE L. ORI, BIBMRITIC L0 i Fig. 2 Analytical model of
TR LT, ABETHR LTI =T E—FExrProfT electric valve
PEEOE LICH HITRET 2720 710~HEH+ °ClZiitz 5 oG L L TXR B0,

Fig.2 ®V =7 —4% % 3DCAD |Z Takit L, E—XRJE % 70~150 °COMCERE U TN 217 > 7=, B
£1Z 20 A DEFEE L2 FIIN U 72 BRI /BSR4 3 D HE DRt 2 koo 7=,

\\}ﬁ

% 3CHR

1) fTHIER, MHEH, ZRARI, #EEA, #ASAE, BAR AEM F£5E, Vol.14, No.4, pp. 394-399, 2006
2)  IRHE, BAIRt, RARIT, B EE S, Wl.16, No. 1, pp29-34, 2014.
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WA A NT=F VTN )T DT 7T 47— |
(REHE 2 Z 8 L 72— 2 RN BT 2 AR RGET)

ERESCN, ML, =B R A, DEETESE. Rl IERK
CR#ER)

Active seat for ultra-compact mobility with voice coil motor
(Fundamental consideration on design method of motors considering control of vibration)
A. Endo, K. Ikeda, R. Minowa, H. Kato, T. Narita
(Tokai Univ.)

X E®IT B | Accelerometer
A, BCHSCETHERIIZ BT 2 BEHOE % n EXIE 572012 LRSS | 1
BIVHE B YT ¢ SRR SN TS, L LARNRE, #/NEE 7 ad=-
~&f

YT EE AR TH Y IRBIC X D0 DO S LR
EESND, FZCHEMEIN—TTIIT IV Fax—FIZRA R
aAf E—4% (VCM) ZMH L, /N7 H 2 6 #56 nTRe e
TIT 4T — AN g U EREL TS Y, ZRET
T D EA B S L IREE R I LT L C Actuator
X720, LLaens, EREAEET I3 &E7y | (Voice coil motor) -
LT OBEND D, S 610, THERIRY R A LS Fig. 1 Active seat suspension
IS L D= RO RO R0 VEM OFF AR D b
%, = D= DIEBHIE AR U 215107 VCM O EHestame L Toke
T BUER DD EELBND, T CARE TR
EROFREA T LEH T I 2L —va Y EHNT,
VCM OEKMEEIEC X 2 HIEMERE~ D BB SV TH ST
L7

ik s

ARG TIX, TN E TOMEICE W TRESIENI R 2 F M
MERAONILTCERET 7T 47— YA v 3 (Fig.
1) ICHEHENTNWET 7 Fax—2DVCM (Fig.2) Zxt &
L7z, AW TR LT D VEM 1E 4 DDA (1 DDKA we
AT D TR L 1.2 T) 73 SS400 THYES /=3 — 21T Fig. 2 Voice coil motor
BT OENTWAREEEE 2 SO AR AT 5T
L AERES TR SILTWD, B, BEERE EE o7 X v » 7L 3mm & L7z,

N CIEE T, VCM OFELAVFEIC R E < B EZ RIET a4 LV OEREEZ W OO &ME AL S8, %
FMTEBT D VCM OHET R H NCBRWIFHEZ A LT Lz, 612, BT/ 572 VCM OFfE%
BRELCT V7747V — M ARV a2 1 HREEST VCESHRZ BB IaLb—3Ta Va2 E LT,
HE) Y S 2 b— 3 U TCIEEEEA R Y T BICHEm SN D X O Rl S A RRE Lz, VEM OFFREICE N T
IREYOIHIZN R LR 2R/ M L, B8NSk LTyl 72 VCM O FHEEHZ W THEZ LTz,

2 DN
1) Fe[ES, CHTE, MBS, AR, AR SFEIROR SR S S, Wol. 7, No. 02-1, (2002), pp. 175-176.
2) g, £, R4, Journal of the Magnetics Society of Japan, Vol. 37, No. 3-1, (2013), pp. 95-101.

Connecting
a seat
surface
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KT W7 & OReS & T2 Fedklii O 2R
(BB T8 D BB 9 D S RRET)

ANHEEWL, DHERETE . BEAE S pREIERL, kSR
CRHER )

Electromagnetic levitation system for flexible steel plate using magnetic field from horizontal direction
(Fundamental consideration on levitation of metal foil)
Y. Oda, V. Ito, K. Okuno, T. Narita, H. Kato
(Tokai Univ.)

PR ORGSR IR EHEAFICB T 2 ENTERICITON TR Y . P THY% LR 2EHRIcER LiZmatnirbd
TG D, FFHGIIERO IR AT TR, KEHFMICERA Z X E UL ER O AT 5 Fikx
REL, RE 0.18 mm, 0.24 mm OHEHIROBERTE LERFTRETH DL Z LA MR LTS D, ZD L &K
I ENCRRE LT B D OBIRIC L > TENEZT TR <SRNE LTI XN LELND Z & 2R
LTCWb, ZZTEHEDLIL, KEFMNZORERA ZHE LICERE LY AT AOREZITV, K0 #WHR
WICK L THETH D Z & A MITIICHER L TS 3, LML b, ZHAE THRE 0.18 mm BL Lo, i
BUZxE 3 2 R e MEHIAT O TE 2R, 2L 0 HEWEIRIZRT 2 MmEhdThihv Ty, £ 2 TR
WX, FEODREEZ LTV DKEFRICOALEHA & E LTBRFE L AT A2 HWT, XY FKT
F EDNNEE 2 REEE Extge e LT EERZITV, 3 EYERRIC O W TR MR 21T o 72,
KELMIDHEHBEZREL-BEZLEE L EREDP LR

Fig. 1 ITEHEONREL L TV AMAE PEEDOFEZ /77, % Extgi3, 1E 100 mm, £ & 400 mm,
WJE 0.05 mm D& @M (SS400) % & L7z, REEIT4H>DOEMAL=y bMOERENTEY, 250%
WA=y RBXTIZ->TEY, &@REEHRAATL I IICREINLTWVWS, 1 DOEMAZ=Y M 1D
DEMAE 1ROV =PI DR SN TV D, ARLEE X8R
Ty DK LT, B DWBI AR L, MIE S KT
BN & BHEE 7 4 — K3 7 UCIEEMAL B IR OHIE 21T 9,
AIEE & AV CEBIEIC T D% L2 MR 5720, i L ER
EATo T, BAICH T E R BRI TER A STIC L0 | % LAl
720.8A L Lz, &BAED EMICERE U dEEMA I kY
HIE U= &858 OnE 5 1 OB LI E % Fig. 2 12739,

HE :
B D BHRR LI KT I O B R 2 TR LR L o e \ _
5 % O CHUE 0.05 mm D& JBEDTE EEBRAIT-7-, EBROLE Fig. 1 Photograph of the electromagnetic

levitation system.

ROINETEHEPRNETH TR EZE ESEDL I ENTE,

Fo. INETOWRELY DR WEFER CTIE LS MR TE 2 = ) hoa A
Lint, AR LD MO R ABTHS D L AR L, o A AT
L Z DN %om )WA
1) #ARfh, BA AEM #2303, Vol. 25 (2017), No.2, pp. 2;1 N v v V h \‘} U

118-124. e !
2) M, AARKKFR M CRHE R, Vol. 1 (2017), No. 1, pp. s Ly

76-81. Fig. 2 Time history of the vertical displacement
3) T Narita et. al., Jour. Mag. Soc. Jap., Vol. 41 (2017), No. 1, of the steel plate.

pp. 14-19.
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=THET S 2 HWIETFHE L N=S T T ~—
(HES T RAPEIZ B3 2 FEARERORREY)

BUFTIRE . AT, A REmeeds, (0O, pmIESL, ke
(AR F)
Space elevator climber using linear induction motor
(Fundamental consideration on thrust characteristics)
T. Bessho, S. Ishihara, Y. Narawa, R. Yamaguti, T. Narita, H. Kato
(Tokai Univ.)

=

FLHIZ

A, A=AV y haealry MDD HiT-RFHEETE L L TFEEHED LA— 2 (BT 28T
PRTETWDH Y, FHELR—=XTBUTOR 7 v NEIZ K Dk BT e~ TER OB 55 O fa it
R TE 22 212Nz, K2 A N TOBENAREE 720 | BILEE T AT AL F 25, BUROF
HELR—FHEE (7714 ~—) 1L, Fig. L O X STV —LMEEN 5 —7 % a—F AL CHAAT
LTCAEULEEDZMMA L THET DAL R>TWD D, L, ZOBEEAZFH LR EORE,
BRI L DT P — DB — 7 OF (b EFOMBERREL, EMRA LT F U ARKELRY a2 X
Wz EoMELFE ELTLE D,

AL, TV —ZIEMMEERO VT 7 a7 L— K (LLF

FZTCHUESI AL —T1F, V=T FEE—F (Linear Tether cable
Induction Motor LT LIM) % V7= il B i A 18 =4 5, ( ( /
RP) Zfif+ 2L L. EALINTVS LIM ZBEIT®REL | St

10 T4 oS, FHELAN—Z Y T A v — b LCRE —
RECd 2 DEREFRITY 7 b7 =7 IMAG 12 & o TRat 217

-7, Roller
RTISERATHETIL _ :
Fig. 1 Structure of the current climber.

AP TIE IMAG IC K D EENTZE & LTIT Permanent magnet York
720, IMAG L CHEHTFIREZR LIM OE T L Z2AERk L7z, _
TERE LT ffT HE T VO —E3 2K L7c b D% Fig. 2 | WH W v v Ul U
T, fRTET VL, EERICRIHEA TS LIM %
ZEMEEL LT, 72 LIM OENFERS LU 74~ | vV v U U
— & L CORMEEHET D720, a4 V= REEBE
TAMENRN 2 RTTET IV E LT 247> T 5, $~ Tother

Fig. 2IZRLTIcET VT 2BHHAD AR v M Lo TH

D, 1EDRAa Yy ML 79, 2 BroAm > FEFEHE 158

Thb, £, aT7THNEIZITKAGA ZEHATI DDA

a2y MIOPTHERSNLTEY, ZO2baA AR AL Ay MNI1ESHZY 72 TH Y, 7 DETOZERD

b5, BIRTRIT=AHEREZLEMA L. LIM & RP O, LIM IZitiL 5 ER | 2 H L CEBMT 217 -

TRER, FHTZ L= L L CHERMENRER G DT,

B TR

1) Lk, nEE, i, A, BARFS vART 4 7 R - A hu =7 ARESHHEEELE, (2012),
1A2-L01(1)- 1A2-L01(4).

2) VR, HEE, mpy, )1, Tk, AAKSES nRT 47 A - A b o= s AFEEAHEEELE, (2011),
1A2-L01(1)- 1A2-L01(2).

Fig. 2 Analytical model of proposed
LIM installment climber.
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i%ﬁﬁ@%%”hﬂ@
(FMELIRDL T T OV EMERBIZ BT 2 FEBRAIRET)
ANIFIEE, 2 Hak. BCHIESL, IS 52
(AR )
Bending levitation control for flexible steel plate
(Experimental consideration on levitation performance under disturbance)
K. Ogawa, M. Tada, T. Narita, H. Kato
(Tokai Univ.)
IEEBIC
TEREANT L D IERAIRIE 21T 5 T2 B EEdfr o Resistance Amplifier
FRESDNEE AN Z b T D D) YfF5E 7 v — 7 Tl [ L ——
D/A DSP
1 EN TR BT KD IRt O B A #ER L T O AVipg |comverter|  (TMS320031) d0MHz
W5 A, E I HITHEWHIRZ R ET D52,

WZEBHER LW cliF 7 RE TR L w518
HiRE 5 a2 B R LTz 3, ARWFE TILFEBR O HRE %
HE L, A=y MIAMLDB A SREEIZ B T
A FHEREIZ O W THRET LT,

EBR

Fig. 1 (2B T7 BRI S 2 7 2 OGN % x4, 7% E
KGIIR G IEHR D - ik (£ a=800mm, IF b=
600 mm, JEXh=030mm) ZHEHLTW\5, EHFHM
W% 5 BT OBERANS L0 FEREM SRR 2 72912 8l

%Q%SEWﬁ%ﬁﬁ#ﬁﬁﬁﬁty%’iD@m
T 5%, SEDOERAD D BEPHO 4 BITET 5 &8 T
XOEIC o TS, £, PROEBRAITIEE M
WZA[Eh T & D, 20X D5 HOEMA ZBE), Ei S
BDHZ LI Lo Thx 725 A CHIR 2 % | S
L5 EBTE D,

B, EBEAT=y FERBELTWVWDS3IARDT L—A
O FIZERE Lo iEs: (Fig. 2) 2k > T, sELa ER
ARKIZAT)TE DRERKRIZ 72 > TV %, Fig. 3 IZ4MELA
TIED 7 — BERFLIE & A7 " VERT, 2D X
INCEWA L=y T TN AR TIEL
TORRE O EERAIT VR BYEREO M LA iR LT,
B TR
1) T.Mizuno et al., Mechanical Engineering Journal,

\Vol. 3, No. 2 (2016) 15-00687
2)  REPAMi, B ARH 2R SCEE C fW,Vol. 62, No. 95,
(1996),pp. 127-133.

3)  JLARM, B AHEAR 235 S5 Vol. 81, No. 823,(2015),

14-00471.
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AMP1 [«
A/D converter
iAizﬁiaTiA‘ is‘ Z1‘ Zz‘ Zs‘ Z4‘ z

z No.3 \‘@ No.4
No5  frgf |

No.1 No.2

Electromagnet unit

X
Steel plate
(800 mm X 600 mm X 0.30 mm)

Fig. 1 Electromagnetic levitation control system.

Fig. 2 Photograph of vibrator.
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Fig. 3 Time history of displacement and amplitude
spectrums of vibrating frames by the random disturbance.
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Wt > AT DR EREN~ A 7 1R o 7 OB E

EEBRR, R, AHSR
(LK)

Performance improvement of magnetically driven micro-pumps for liquid cooling system

R. Urabe, T. Honda
(Kyushu Inst. of Tech.)

[FC&HIZ

AWFFETIX, /— b PC FITHRT 5/NUERG VAT A~OIis 2 B L, Bt O 2 R L7
B~ A 7 u AR T O EZED TV D, Al Tl R 7R OB IR 2 56k D I 6 F A E
L7zitiR, RIBICRMEZSEE TS IRIG T AT DlAA U TEBR O AWERE & RAFTZ > 7D THET 5,

T4 AR TOREE BB

Figl 27’ v NZ A T Ok & ~d, fRESEIL. B FmIcEmS
iz 2 B o PR NdFeB 6 (04mm X Imm)D B2, NdFeB /M7
(¢1mm X 0.5mm)% 2 fHER-H D ERIE 2 » HCEE L., D — D
WA TIZHMENR & LC 50um EDO R Y A I RPD) 7 1 /b L&A
A THERL S VD, PL 7 4 )V MR FE T, I8 4mm, BEA SR> 5 ek
FCTOWREEZ 6mm & U7z, AL, BlRfh A2 L CREEPNICEY
(it 7z, REOWERITE S Smm OFETH DM, W FEEOIE
A ORI Z BT 72 K 9 IR <, BERDREN T 5 I OIF %
2.5mm & L7=, {EL., KD X 5 ITWARNZ T — R—Z T Wb,

Fig 2 [ZENMEREE 2R~ d, R 7 R FH RIS 242 2 &
T, AT R v 2712 X o CTlrldgil 2 P2 BsiRE 5, Ehic
PEVBPER DN EE) LIRIA 250 92 & T, A7 e LT#eT %,

R T OFMITEIR T, FERIERICIRRE EAAEBE L, BE
20% D RNHHR A Uiz, M E 138 > 7 R & BEUE % B 5
L7555 2T 500e (4kA/m) FUIMIREIZ 3317 5 it & 0D JE I Bope i %
FTAR U 7=, 978 2 T HR TREAR L 72 4 5 562k 0 F FEIT 1 (P £ 4mm)
D A LT O B KE Y 124.6ml/min (2% L. B W E Tl
168.1ml/min & 35%DEINN % 2Rk L7=, I KFEITR L 7 2dikEd 5
T L THL., 2 HAEFFICIB VT 242ml/min, 3 SRR ICB VT
276ml/min F THIMN L7-, HRWEIEO 2 5o EIx. HEEHO 3
HfE (DY AT A ERETX R/ NEREED) % ERlo7-, ZoOfER
I, HEEMIE O EEIL 2 O TRISTX S LML, e b X
A T OREEEH LT 2 & /MU L AT 5 72, Fig.3 1Z/N{E% D
Ry L EBEN Y L A FaA v (8mm #A)DIVE D FE % 7~7,

B R

WY 27 2%, CPU LI — 2 —ZiKGE Y v 7y M &2 EE
L. WHEZ R 7 TRERESES 2 LT, 20EE =% — 0 H(Al
2, 30cm X 40cm) THLH 3§ B HERRIC 22 > T 5, =il 25°COEREE T,
50W 7 7 2D CPU #f8iE LTIREE THAEIZ T o TR, BE—F —%&
R 51.4°CE ., BIEME S5 CE2RE L TRV |+ 7 i HIVERE & e
LTz, BB = A VOEEEL12W Tho7o,
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Axis of rotation Polyimide film (Thickness:0.05mm)

N

®
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4 Unit:mm

NdFeB magnet
(¢4x1, 2pieces)

2, ® :Magnetic moment

Fig.1 Structure of a micro pump.

Fig.3 Photograph of a drive coil
and two series pumps.



12aPS - 56 F42 Bl HAMKF TR (2018)

7 7" N S B | PNk 7 HE 753 bk SR B A A AT

TaFERIRE . AMSE
(LTR)
Magnetically driven biopsy mechanisms incorporated into capsule-type medical device
T. Matsui, T. Honda
(Kyushu Inst. of Tech.)
XL &I
7 7R VARSI NI IS ND X 92728, T OMEIRBR CIIBLRICRES LS, &
WFETIE, 2l TE 2RI 7 e VNHEE~ O Z B L. SN CU A ¥ L ABREY AT RE e 3 FltH
(247 AB,C) DAGIELZEBR Lic, KRR TIEZ S ORME & FHMmFE RICOWTHRET 5,
RFER L BFIRE
AR 2 MR AT ) TR VEROSHE, EEE Hmm, & & 3lmm & L7, #%%iwfﬂ%ﬁ&@
FAREE LRV b ETy FalAGOE A TR L. RS2 52T 205 bV 7 TEHES %,
TiENEN O EEZRT,
ZAT A

Fig.1 (%47 A QAWM & ER#ELRT, ALk
M2) D512 {8 A (§2mm) | i iZ NdFeB A1 (¢4mm X

o2mm. BT ER)ZTY (T DT, e LoElS z Magnet ~g3 Bolt
BICE L CREICEE LIz v MOHA LR S5, xy s

W EERRR AN 5 & R SRER M VY BT memm®4¢8 Nut
M R ASEIES L7228 B 4 7 ARG B 285, [

PARALER 2 51 0 B 7= 4% . 97 10 O RIS % FIN % Fig.1 Actuation behavior of Type A

Z LT, MRROEIINETT O,

47 B X

A7 BIE, 2OoOMEHN (FTEIR & EEHN, ¢8mm)
TH 7 '/MAFLNIC BV A A TR & B 28 2 HE & £
M U7z, Fig.2 \ZHAMER ESEREEEZ RS, BT AT
DAL E L 72 A0 S (M2)1Z NdFeB 4 (8mm X 2mm,
RIGMAER) HEEL, AT7A4 X & L TRENZTY (15
ey b (M2) ZfA LIRS D, y-z Pl [mlHEsme R 2

Magnet Bolt  Nut

BN % & AL FAERE LS Y b TR VR IC | Circular blades(¢8)
HET 5 2 & T2 oD MR A OREE DAY 2, Fig.2 Actuation behavior of Type B

247 C

Fig3 (24 A 7 C D& L EMEREL AR, 2 SDOHF
71y 7 OB TR A IO A B L, HiElx
ZATBDATA XK LAE RO D 0 IZTHIR DO
DR EJEME AR E A G DT Z T (1T b, B
EIX, 4 B CiTbon s, F7 y-z Vil AR5 4 Fn
T5HZ LT, ShFEERITICR ST, VT, &b

RS ZHUINS 2 2 & TAREERE L7 b2 LAz N {‘
2B <, 2 2T y-z PRI & o [RIHRREES A FIIN9 Compression spring  Biopsy forceps
HE . AROHME)THLOENGE RIS CE b

ERINT 5, 0%k, BICHKLHNT 22 LT, #+ Fig.3 Actuation behavior of Type C

Z P CToRBZ PR Fr LT S8 2 ERNITHE T 2,
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Development of magnetically driven drug release mechanism for capsule medical device

Y. Tominaga, T. Honda
(Kyushu Inst. of Tech.)

L HIZ

7R NANEEL, BRE DR E DRAPATIZT THILENZ U A ¥ L A TR TE D8RI /NN LS

THY ., ERSITESEERICHEEDOND X927,

LorL, ZOMREIIBIEE DA TH Y BEm TR E <

55, £ T, AR TIISINBER 2 2T A v L BB GUTHE R L, IHEE N ORE TN EEEEY

BT 2SR RE L, TOAAEEHER L0 THET 5,
R L BERE

AHFFETIL, s & U CREE X v o L S — B Y
D2 FEREOY B G Tk A B R Uiz, Witk L b KA A K ORIV b
Ty hET 7 Faxz—2 L LTERALTEY, 4406 RIERER %
FId25ZLTUA VL REKENIT 5,

XU O % > 7 AN DWW Tk 5, Fig.1 [ZFE k& ~d, 4+
£2 1lmm, £ X 31lmm OB 7E/VERNTOFLEIC, WL 7y >
2 CHEECE 5 K DT 2728 FM2)& 2% L. AT IR &
7= AR D NdFeB AT (p8mmx2mm)%& BV {172, AZ7 A4 XL L
ThFy NMD)ZFHAL TS, &bz, IL®OIEE» o 7 (4%
9mm, NEE 4mm, & 0.14mL)IZ> Y 22— F =2 — 7 (£ 1.0mm) %
BT TEBY, Ty "RZ 72832 L ThH AL HIEY
BT 5 Z LN TE D, Fig2 ICEMEREL 2R, MR %2 0 7
N EEFC R LEEE (RXTIE xz Fm) ICEnd528T
BRENT 5, WADRBR ML ZICL > TR RREEEL, 50 XD
BTy MOAEENTAZ LIk TEYAIEE X v 7 0B L HT,
P T & ORERER ZEIN L, AL hE RIS 5 2 &
TT7 7 Fax—2 5 HNEE CTRT, MENEZELIZRE T T, %
RGREE 1500e, JEWE 4Hz ORIEREES 2 FIINCHY O fig i 2 feid L
776

WA= B T ANZOW TR %, Fig3 ICR Tk &~ 4+
2 1lmm, & & 26mm O F 7B /VERNEOBER G AIZT >~ MM2)%
B L, EETMICHAL Sz ARk D NdFeB A (98mmx2mm) %
BT 7emv MM EHATHZ ETT I/ Fax— X &k T 5,
INN— BT ) a— A LBTRED 0.8mL LB L o R
k0t 5 BREZW, XU nbMOsKHHAY Y a—rFa—7
WL B TRV RN ER LY & IR TS, Figd I[CEERE 2R
9, AR 2 AL Mokt LEE 2w (FXTTHE xy Fm) (CEnS
B & R T ORIV RS [alls U7es B z 5 ANcEh <, Z ORER,
MBS NFEB R S5, £z, &RV b OEEEIC
K OHIET 22 LN TED, BATRE 15006, JE %L 0.5Hz D[EHARE
REEML., B2 Lz,

— 119 —

NdFeB magnet (p8x2)  PCnut(M2) PC bolt (M2)

g/

POM bush

Bellows tank
S

PC washer(M6) ilicone tube

31 Unit: mm

Fig.1 Configuration of the capsule.

(Bellows tank type)

Fig.2 Actuation principle.
(Bellows tank type)

Silicone Balloon tank

—L—[I:E

=

Z PC bolt (M2)
PC washer(Me) PCnut(M2)

NdFeB magnet (08 X 2)

|

26 Unit: mm
Fig.3 Configuration of the capsule.
(Silicone balloon tank type)

Fig.4 Actuation principle.
(Silicone balloon tank type)
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FeSiB 7 U —J@ DL IT AT GMR £ & > Y OFET
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AR
GMR Magnetic Strain Sensor using modulation of FeSiB free-layer magnetization direction
K. Yasuda, Y. Hashimoto, T. Kato, D. Oshima, S. lwata
Nagoya University

OIS

GMR FZ X 28 FOWMBIE T L LT ZENTX L7120, Hra st LTOFRANRA LT
Wb, AEL VL THEREEFFO GMR 0BV, BB BEORAL G M &2 BE DM RIC L » TEI S
wHHE, EHEVTELTRHHTLZZENTE S Y, Fx TN, FEER GMR Bt E L
T, 7V =@M M ERZ MR CERTHHFRXEMRFT L CTE2 2, T ETORETIE, LHFHHORIN
R~V DR A T K- TRAESE TN, ABFZETIE GMR £ 1 BRI A O Al ER
NE = BRI T TR L, Al BRICRREN Z 1T Z & T GMR £ IR 2 Mz T 7 U —J@ Ok
{bHmEZRT 5 IGMR BEH Y E2ERL, EAOBREEZITo7TOTHRET D,

EBhLE
RBIEELZE A /Sy A BB X0 E R T, Ta (2) / Mingolr (10) / CogoFeso (3) / Cu (2.2) / (CogoFein)e2Bs (1.5) /
Fe72Si14B14(20) / Ta (5) / sub.® GMR HE 7 Z{ER L7z, H v aNOFMHEIIFEE (hm) T, sub.i¥, &L LTH
W2 01 mMMEDO A NR—=T T AR LTS, GMRFZTFII 74+ MU Y757 412X VK30 um, & & 200 pm
ORIFRRIZINT L, 0| EICHERE AlbOs (200 nm)% 41 LT Al &R A I T L7z, Btk Hoc = 10 ~ 50 Oe
EMZ D ZEITEY, FeSIB 7V —J@ DAk 4 K e 5 17 |2 B85 S 72, Al IERIC AR AN lac 29 2 & T,
T =)L OIERNC &0 5E50E 0.6 Oe, 1 kHz DAL Hac Z RS E 7 mcHIIM L, 7V — @bz K8 X
7o (Figl), ZOECHENFEFOEPUENZL L T 1kHz OEZEBENRHNDS, GMR FE X7V v VR
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Do Tek, EAIXEEEE S IS Z T,
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LTW%, ZHhix, FeSiBJEDFERE G MR, Hoe & EHHE
BHHEIZE ST, Hx ) ETBIHENT L X1 HaclZ X D847 1)
DOIRENBRKEL 7Y, GMR FE 1D LkHz D 5K E IS 72D
Thod, E—7{fElI, HocZ KELTDHLADELFMAITTT B Fig.1 AC magnetic field Hac
LCWD2, ZHUE, FernSiuBu N EDOREE R, (L =3.0 X 109 application method
EhoTWbhliew, ADEREIMZ D Z LT, FeSiB Jg DX Sl 250
MICBRGWHFEINDT2DTH D, ZOEFBA Hoc 2737 A —
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1) S. Dokupil et al., J. Magn. Magn. Mat., 290-291, 795 (2005). %95 2 15 1 05 0 05 1 15 2 25
2) Y. Hashimoto et al., J. Appl. Phys., 123, 113903 (2018). Strain & (% 10°%)

3) G.A. Wang, etal., J. Phys. D: Appl. Phys., 44, 235003 (2011). Fig.2 Experimental output voltage Vou
as a function of the applied strain ¢
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(HAER, ** % —a L IR
10-GHz soft magnetic property of Co-SiO; nano-granular film with large perpendicular magnetic anisotropy
Hanae Kijima-Aoki®, Shigeru Takeda™, Shigehiro Ohnuma™, and Hiroshi Masumoto”
(*Tohoku Univ., **KEYCOM, ***DENJIKEN)
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TEOFRERZ RN T D, TEM IZ X DB ORRN S . B, B 3-5nm, &I 7-8nm DM Co ki1
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1) H.Kijimaetal., IEEE. Trans. Magn., 47 (2011) 3928.
2) H.K.Aokietal., IEEE. Magn. Lett., (2018) in press.
3) S.Takeda et al., J. Magn. Magn. Mater., 449 (2018) 530.
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Reconstruction of 3D image using magneto-optic hologram written by micro-lens array
Y. Kimura, T. Goto, Y. Nakamura, P. B. Lim, H. Uchida, M. Inoue
(Toyohashi University of Technology, *JST PREST)
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07T LER—UT—2 L LT T 5 2 L TRl OB 2 X - TE 720y, EEBREN R 7T A4k
EREL D ENMETH - 7= 9. % Z TH & X Micro-Lens-Array (MLA) & BEIEI D%/ L o X NEZBC S
ENEBFEANTEROE T B ZFRFICEZ AL OO ER M2 S 5 2 & CHBEOMR 23 A T &
7o AT MLA Z W NFERICE DA T AOFEEE 3RTCBOFEE BN ET 5,
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TS EERME S AL, kD FETIX 15 min BENLETHo72hu 7T LDk
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Fig. 1. A 3D cubic frame image

B2 SCHk reconstructed using a magneto-optic
medium. Hologram pattern was written by
1) V.M. Bove, Proc. IEEE 100, 918 (2012). focused laser using micro-lens-array.

2) H. Takagi, et al., Opt. Lett. 39, 3344 (2014).
3) K. Nakamura, et al., Appl. Phys. Lett. 108, 022404 (2016).
4) H. Takagi, et al., Sensor and Materials.27, 1003(2015).
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Design of film structure for a fiber type magnetic sensor using magneto-plasmonic effect
A. Nakayama, R. Sotoyama, Y. Ashizawa, and K. Nakagawa
(Nihon Univ.)
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1) J. B. Gonzélez-Diaz et al., Phys. Rev. B, 76, 153402 (2007).

2) T. Tachikawa et al., J. Magn. Soc. Jpn., 38, 135 (2014). Fig. 3 SPP resonance angle
3) K. Narushimaetal., Jpn. J. Appl. Phys., 55, 07MCO05 (2016). map for ranges of index of

4) R.Slavik et al., Sensors and Actuators B, 51, 311(1995). refraction n and thickness As
of a dielectric matter.
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