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Effect of a magnetic field from the horizontal direction on a magnetically levitated steel plate
(Experimental consideration on applied position of tension)
Y. Ito, Y. Oda, K. Okuno, T. Narita, H. Kato

(Tokai Univ.)
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Fundamental consideration on vibration mechanism in thin steel plate with curvature
during magnetic levitation
M. Tada, K. Ogawa, T. Narita, H. Kato
(Tokai Univ.)
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Front view

Fig. 1 Schematic illustration of experimental

apparatus.
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Fig. 2 Time histories of displacement and amplitude
spectrums of vibrating frames by the sine
disturbance (3 Hz).

Table 1 Standard deviation of displacement under
sine disturbance.

Frequency of sine | Standard deviation of
wave [Hz] displacement [mm]
3 0.235
5 0.538
7 0.207
9 0.154
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Loss Calculation of Field-Winding type Claw-Pole Motor based on Reluctance Network Analysis
Y. Ichikawa, K. Nakamura
(Tohoku University)
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Stator Field winding

Fig. 1 Basic configuration of a claw-pole motor.
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Fig. 3 Electric network model of a rotor surface of the
claw-pole motor.
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Fig. 4 Comparison of calculated eddy current losses.
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Efficiency Improvement of In-Wheel Magnetic-Geared Motor for Walking Support Machines
K. Ito, T. Kadomatsu, K. Nakamura
(Tohoku University)
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Inner rotor

Pole pieces Motor

140 mm

Outer rotor

Inner rotor speed 3162.5 rpm
Outer rotor speed 550 rpm
Number of turns/pole 59 turns
Winding space factor 46.1%
Gap length 1.0 mm X 3

Fig. 1 Specifications of the improved magnetic-geared
motor.
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Fig. 2 Load characteristics of the trial magnetic-geared
motor.
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Deterioration Prediction Method of Magnetic Properties in Magnetic Core
due to Machining Process by using LLG Equation
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Table 1 Specifications of test samples.
Sample No. 1 2
Rolled ratio % 0 3

Density kg/m? 7600
30
<>
180 Depending on the

rolled ratio
y y
LX 1\—:»Z
Fig. 1 Dimensions of the test samples.

1.6

0.8

Not pressed
— — — Pressed

Magnetic flux density B (T)

-1.6
-5000 -2500 O 2500 5000
Magnetic field H (A/m)

Fig. 2 Measured dc hysteresis loops.
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Fig. 3 Measured and calculated dc hysteresis loops.
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Torque Improvement of Interior Permanent Magnet Magnetic Gear
Y. Mizuana, K. Nakamura, Y. Suzuki, Y. Oishi, Y. Tachiya, K. Kuritani
(Tohoku University, *Prospine Co., Ltd.)

(j: l:&)'_ 2) T. Ikeda, K. Nakamura, and O. Ichinokura, J. Magn. Soc. Jpn., 33,
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Gear ratio 10.33
Outer diameter 150 mm
Axial length 25 mm
Inner pole-pairs 3

Outer pole-pairs 31
Number of pole-pieces 34

Core material 35A250

Magnet material Sintered Nd-Fe-B
KRB ESND,
AR TI, EHEFREAORIZER L, HIAR A Fig. 1 Specifications of a conventional IPM magnetic gear.
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Fig. 2 1%, Mtz e Li-Fmmea (SPM) Fig.2 Specifications of an SPM magnetic gear.
[AXVTh D, BHAREEN, Fig. 1 O IPM #5F

Gear ratio 10.33
Outer diameter 146 mm
Axial length 25 mm
Inner pole-pairs 3

Outer pole-pairs 31
Number of pole-pieces 34

Core material 35A250

Magnet material Sintered Nd-Fe-B

TEHEILLIRDESICEH L TH S, Gear ratio 10.33
Flg 31z K*HTTTE T 5 IPM 5 ¥ ¥ %ﬁ‘\‘"g“o Outer diameter 150 mm
W%@%ﬁﬁ%fﬂf@ﬁ/«ﬁi%ﬁﬁﬂi‘ﬁ‘é Z&T, Fig 1 Axial length 25 mm
BLO2DRFXYEREKEOEE T, BAELTH Inner pole-pairs 3
Outer pole-pairs 31
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Number of pole-pieces 34
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DR MY LB OBERE LY RT, B, =0 Fig. 3 Specifications of a proposed IPM magnetic gear.
I o R O [E1 87 13 300 rppm T 5, [FIX(a) % A
L&, BETD IPMBIA XY (Trapezoid) DA k B e 100 —
A7 0E 392 Nm ThH Y, Gk IPM K F ol _ S
(Conventional) @ 25 {%LL ETHDHZ LMD, 230 £ e
B, SPMEERFYICRLTH, M7 134 20 % €2 A
EE-TWD, £z, FEb)AS, BRCELTH £ 5%
RRD IPMBERF VYRR BENL TN D Z ENDND, 0
E, AL O —EIL ISPS B FLE(B) 5 ' e 100 200 300 400
JP16H04310 DB % 3% 1T~ 7=, 0 : Hotational speed (rpm)
(a) Maximum torque (b) Efficiency
BE Fig. 4 Comparison of torque and efficiency of the magnetic
1) K. Atallah and D. Howe, IEEE Trans. Magn., 37, 2844 (2001). gears.
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Prototype Tests of Transverse-Flux-type Switched Reluctance Motor
T. Komoriya, Y. Ito, K. Nakamura
(Tohoku University)
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Stator

Rotor

Axial length 90 mm
Diameter 96 mm
Gap length 0.3 mm

Number of turns/pole 75 turns
Winding space factor ~ 50.1%

Voltage 60V
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Fig. 3 Comparison of torque versus rotational speed
characteristics.

0.6

Average torque (N-m)
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Fig. 4 Comparison of current density versus torque
characteristics.
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Efficiency Improvement of High-Speed Cooling-Fan Motor
K. Kawamura, K. Nakamura, O. Ichinokura, *H. Goto, **H. J. Guo
(Tohoku University, *Utsunomiya University, **Tohoku Gakuin University)
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Motor diameter
Rotor speed

.'.‘ Number of turns/pole

| Magnet pole pairs

! Gap length

Material of magnet
Material of iron core

54 mm
12600 rpm
48 turns/pole
2

0.5 mm
Bonded Nd-Fe-B
35A300

Fig. 1 Spesifications of an SPM motor.
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Rotor speed
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Gap length
Material of magnet
Material of iron core

54 mm

12600 rpm

48 turns/pole

2

0.5mm

Bonded Nd-Fe-B
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Reduction of AC resistance caused by proximity effect using magnetocoated wire
K.Torishima, T.Yamamoto, Y.Bu, T.Mizuno, Y.Honda
(Shinshu Univ., *Hitachi Metals, Ltd.)
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Fundamental study of a magnetic particle composite core transformer
for the LLC resonance DC-DC convertor embedded in an organic interposer

R. Oka, T. Shirasawa, S. Ishida, T. Akiyama, T. Sato, M. Sonehara
(Shinshu University)
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Design of Micro Processing Tools for Flat Plate Utilizing Magnetic Functional Fluid
S. Ikeda, T. Matsuba*, K. Fujihira*, H. Yamamoto*, H. Nishida*
(Komatsu University, *National Institute of Technology Toyama College)
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Controlling the all-in-all-out magnetic domains in pyrochlore iridate thin
films and heterostructures

Y. Kozuka®
'National Institute for Materials Science, Tsukuba 305-0047, Japan

Domain walls of ferromagnetic or ferroelectric materials have attracted little attention as active elements of devices, but
rather are considered to form as metastable objects of ferroic domains. In the case of ferromagnetic metal, domain walls
frequently act as scatterers of electrons, deteriorating the device operation. Here we present transport properties of
pyrochlore iridate thin films and heterosturctures, where metallic conduction at the domain walls are theoretically
proposed while the bulk is kept insulating in stark contrast to conventional ferromagnetic metal.

Pyrochlore materials, expressed as A,B,0; (A: rare-earth, B: transition metal), are composed of tetrahedral network of
rare-earth and iridium sublattices, respectively as shown in Fig. 1. Characteristic of this compound is the all-in-all-out
spin structure, where all the four spins at the vertices of a tetrahedron point inward or outward alternatingly due to the
cooperation of strong spin-orbit interaction and spin frustration. Although the all-in-all-out spin structure is
antiferromagnetic, there are clearly distinct two magnetic domains as shown in Fig. 1, which we call A domain and B
domain for simplicity. While pyrochlore iridates are metallic in the paramagnetic phase above the Neel temperature Ty,
the all-in-all-out spin structure is theoretically predicted to induce intriguing semimetallic or insulating phases below
Tn,” depending on the strength of electron correlation tuned by the choice of rare-earth ions; the smaller the rare-earth
ions are, the stronger the electron correlation is. Additionally, in the insulating phase, conducting domain walls are
theoretically predicted,? followed by experimental observation by microwave impedance microscopy.? Although the
electronic phases of the pyrochlore iridates have recently been gradually clarified experimentally, thin films are still
difficult to fabricate and controlling the domain walls is not easily accessible in heterostructures. In this study, we aim at
fabricating pyrochlore iridate thin films and heterostructures to artificially control the all-in-all-out magnetic domains.
The pyrochlore iridate thin films are fabricated by pulsed laser deposition using Y-stabilized ZrO, (111) substrates. The
oxygen partial pressure and substrate temperatures are varied to find optimum growth conditions but the epitaxial
Eu,Ir,O; films are not obtained probably due to low formation energy of pyrochlore iridates. Instead, we anneal the thin
films after depositing amorphous films, resulting in successful formation of Eu,lr,O- thin films. This method, so-called
solid-state epitaxy, is also found to be applicable to pyrochlore iridate thin films with other rare-earth ions. X-ray
diffraction and transmission electron microscope also show single crystalline Eu,Ir,0- thin films are formed.”

For controlling the all-in-all-out magnetic domain wall, we have fabricated Eu,Ir,O-/Th,Ir,O, heterosturucutres.” Eu*
is nonmagnetic, while Tb*" has a large magnetic moment of J = 6. Thus, we expect that magnetic domains of Eu,Ir,0- is
not sensitive to external magnetic field and the domains of Th,lr,O; may be switched by magnetic field. Figure 2 shows
magnetoresistance (MR) of Eu,lr,O; and Th,Ir,0; thin films. In the case of Eu,lr,O,;, MR does not show hysteresis, but

Ir sublattice A domain B domain

Fig. 1. Ir sublattice of pyrochlore iridate A,Ir,O; (A: rare-earth) and spin structures of two all-in-all-out magnetic
domains (A domain and B domain).
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Fig. 2. Magnetoresistance of (a) Eu,Ir,O; and (b) Th,lr,0; thin films at 2 K. For Eu,lr,O; thin film,
magnetoresistance is measured after cooling the sample under + 9 T and —9 T, while that of Th,Ir,0- thin film shows
double hysteresis, indicating domain switching. The insets are expected domains of Ir spins.

is asymmetric with respect to magnetic field. The sign of the asymmetric part is inverted between positive and negative
field cooling, which suggests that all-in-all-out magnetic domain is selectively stabilized by the polarity of the magnetic
field. In contrast, MR possesses double hysteresis for the Th,Ir,0O; thin film, suggestive of magnetic domain switching.?
The stabilization of the all-in-all-out domains can be visualized by scanning SQUID microscopy.” Although
all-in-all-out spin structure in the cubic symmetry does not produce dipole moment, subtle distortion of the lattice can
hold dipole moment, the sign of which depends on the all-in-all-out magnetic domain. Figure 3 shows the images of
scanning SUQID microscope. Under zero-field cooling, magnetic domains are clearly observed. After warming up and
cooling down the sample from 130 K under positive magnetic field, uniform shift of magnetic field is observed. This

result clearly demonstrates the above assumption that the
all-in-all-out magnetic domains can be selectively
stabilized by cooling magnetic field.

Finally, we fabricated Eu,Ir,O,/Th,Ir,O; heterostructure
and measured the magnetoconductance at the interface as
shown in Fig. 4. The interface conductance exhibits
hysteresis. Obviously, interface conductance is higher
when the magnetic domains of Eu,Ir,0; and Th,Ir,O,
layers are opposite than when those magnetic domains are
the same. This result indicates that the domain wall
conduction is successfully controlled in the heterostructure
with selective domain stabilization.

The scanning SQUID measurement was performed under
the Inter-university Cooperative Research Program of the
Institute for Materials Research, Tohoku University
(Proposal No. 15K0063).
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Fig. 3. Scanning SUQID images of a Th,Ir,O- thin film
at 4.7 K after (a) zero-field cooling and (b) cooling
under positive magnetic field from 130 K.
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Atomic-scale studies of structural and electronic properties in functional transition
metal oxide thin films using scanning tunneling microscopy/spectroscopy

Ryota Shimizu®?
School of Materials and Chemical Technology, Tokyo Institute of Technology, 2JST-PRESTO

Discovery of high-T¢ superconductivity in cuprate has triggered enormous attention on strongly-correlated
electron systems in transition metal oxides for decades. To elucidate the mechanism of exotic physical
properties, many progressive efforts have been made to dramatically improve the resolution in measurements
such as angle-resolved photoemission spectroscopy and scanning tunneling microscopy/spectroscopy
(STM/STS). Nowadays, these techniques are widely used to understand structural and electronic properties
in a variety of bulk cleavable materials as well as layered perovskite oxides. However, due to the poor
cleavability, there are few reports on atomic-scale studies of three-dimensional perovskite oxides.

To overcome this problem, we focused on high-quality epitaxial thin films as a specimen, and in-situ
studied the structures and electronic states on the thin film surfaces of transition metal oxides at the atomic
level. For this purpose, we constructed ultrastable low-temperature STM combined with pulsed laser
deposition (PLD) system[1] to eliminate the influence of surface contamination. In this talk, | show our
atomic-scale investigations of SrTiO3(100) substrates[2] (Fig. 1(a)) and thin film surfaces of perovskite-type
Lao.7sCan2sMn0O; (ferromagnet, Fig. 1(b))[3] and spinel-type LiTi,O4 (superconductor, Fig. 1(c))[4] using
low-temperature STM/STS.

On a Lao75Ca02sMnOa/SrTiOs(100) thin film surface, we observed uniaxial zigzag (V2x\2) stripes with
two orthogonal domains, accompanying an energy gap at the Fermi level. Combined with theoretical
calculations, we found that the electrical dead layer (gap opening) at the surface is induced by the relaxation
of the topmost truncated octahedra (MnOs) correlated with the Mn 3d orbital reconstruction[3]. Furthermore,
on a LiTi>04/SrTiO3(111) thin film surface, we succeeded in the observation of clear triangular lattices and
superconducting properties (gap and vortex state) in tunneling spectra[4]. Thus, our PLD-STM studies open
a path for atomic-scale visualization of functional transition metal oxides with three-dimensional structures.

This work was performed by the collaboration with Prof. T. Hitsougi, Dr. K. lwaya, Dr. T. Ohsawa, Dr. Y.
Okada, Prof. S. Shiraki, Dr. T. Hashizume, Dr. Y. Ando, Dr. E. Minamitani, and Prof. S. Watanabe. This work
was also supported by KAKENHI, JST-PRESTO, and WPI Program.

(b)

(a)

2 nm

SrTiO4(100) Lag ,5Ca, ,sMN0,/SrTiO,(100) LiTi,0,/SrTiO,(111)
substrate thin film thin film

Figures: STM images on (a) SrTiO3(100) substrate and (b) Lag 75Cao2sMn03(100) and (c) LiTi»04(111) thin films.
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Origin of interfacial ferromagnetism between perovskite transition-metal
oxides LaN1O; and LaMnO;

M. Kitamural’z, K. Horiba', M. Kobayashil, E. Sakai', M. Minohara', R. Yukawa', D. Shigal, K. Amemiyal,
T. Nagai’, Y. Nonaka®, G. Shibata*, A. Fujimori®, H. Fujioka’, and H. Kumigashira'
'Institute of Materials Structure Science, High Energy Accelerator Research Organization, Tsukuba
305-0801, Japan
*Institute of Industrial Science, The University of Tokyo, Meguro-ku 153-8505, Japan
*National Institute for Material Science, Tsukuba 305-0044, Japan
*Graduate School of Science, The University of Tokyo, Bunkyo-ku 113-0033, Japan

Heterointerfaces between perovskite transition-metal oxides have attracted much attention because of their novel
electronic and/or magnetic properties that are absent in their bulk form. Recently, it has been reported that an unusual
spin order occurs in a paramagnetic LaNiO; (LNO) layer in the heterointerface region with a “ferromagnetic” LaMnOs
(LMO) layer, resulting in the appearance of the exchange bias between the two oxides". For understanding these exotic
magnetic properties appearing at the heterointerface between LNO/LMO, it is indispensable to elucidate the
relationships between the electronic states at the heterointerface, especially the interfacial charge transfer between Ni
and Mn ions, and the interfacial ferromagnetism. In this study, we have investigated the electronic and magnetic states
of both the transition-metal ions in the interfacial region by utilizing the elemental selectivity and surface (interface)
sensitivity of x-ray absorption spectroscopy (XAS): The changes in valence of both ions caused by the interfacial
charge transfer and resultant spatial distributions of the transferred charges are determined by XAS, while the induced
magnetization by magnetic circular dichroism (MCD) of XAS.

The XAS measurements on toplayer for for both LNO/LMO and LMO/LNO bilayers demonstrated the occurrence of
the electron transfer from LMO layers to LNO layers (Ni*" + Mn*" — Ni*" + Mn*") in the interface region®. Thus, to
evaluate the spatial distribution of the interfacial charge transfer, we have measured the thickness dependent XAS
spectra of underlayers for LNO/LMO and LMO/LNO bilayers as shown in Fig. 1. As can be seen in Fig. 1, the XAS
spectra exhibit the small but distinct spectral modulation reflecting the valence changes due to the interfacial electron
transfer. Furthermore, a closer look reveals that the spectral change of Mn-L, 3 XAS are totally saturated by 1-ML LNO
deposition on LMO layer, while that of Ni-L,3; XAS seems to continue up to 34 ML deposition of LMO overlayer on
LNO. These results demonstrate that the spatial distribution of the interfacial charge transfer is significantly different
between the two layers. Judging from the saturation of spectral change in the underlayer, the interfacial region subject
to the charge transfer is evaluated to be about 1 ML for the LNO side, while 3—4 ML for the LMO side?. Meanwhile,
the Ni-L, 3 x-ray MCD spectra of LMO/LNO/LMO sandwiched structures revealed that net magnetization was induced
only in the Ni*" ions at a 1-ML LNO layer adjacent to the interface owing to the interfacial charge transfer. As for the
counterpart Mn ions, the magnetic moment increased from that of LMO bulk within the 3—4 ML LMO layers from the
interface where the transferred holes were distributed. Furthermore, both magnetic moments were ferromagnetically
coupled to each other. These results suggest that the stabilization of ferromagnetism in LMO layers due to the
interfacial charge transfer and the resultant ferromagnetic coupling between Ni and Mn spins are keys to understanding

the induced net magnetization in Ni ions at the interface.
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Ferroelectric and Magnetic Properties in Room-Temperature Multiferroic
GaFeO;-type Thin Films

T. Katayama®, S. Yasui®, Y. Hamasaki?, and M. ltoh?

The University of Tokyo, Tokyo 113-0033, Japan
*Tokyo Institute of Technology, Yokohama 226-8503, Japan
*National Defense Academy, Kanagawa 239-8686, Japan

Multiferroic materials exhibiting ferromagnetic and ferroelectric properties in a single phase have been
eagerly studied due to their fascinating physics and novel technological applications such as fast-writing, power-saving,
and non-destructive data storage. However, such multiferroic materials rarely exhibit both spontaneous magnetization
and polarization at room temperature. GaFeOs-type iron oxides are promising multiferroic materials due to the
coexistence of a large spontaneous magnetization and polarization near and above room temperature as well as their
multiferroic properties such as magnetic-field-induced modulation of polarization. GFO consists of one tetrahedral (Tg)
Gal site and three octahedral (Op) Ga2, Fel, and Fe2 sites. The ferrimagnetism in GFO is derived from superexchange
antiferromagnetic interactions between Fe ions, where the Fe ion magnetic moments at Gal and Fel sites are
antiparallel to those at Ga2 and Fe2 sites. Especially, the Fe 3d° orbital at the Fe2 site has strong hybridization with O
2p orbitals, producing a large spin-orbit interaction. This interaction leads to a much larger coercive field (H.) of 20 kOe
at 300 K in GFO-type Fe,Os; nanoparticles compared to other room-temperature multiferroic materials. For the
ferroelectricity in GFO films, a unique mechanism of polarization switching is predicted. The displacement length of
the metal cations at the Fel and Fe2 sites can reach as high as 1.2 A during polarization switching, whereas that of
conventional perovskite ferroelectrics such as BaTiOs is about 0.1 A. Such a large displacement of magnetic Fe ions
should realize a novel magnetoelectric effect.

To realize large magnetoelectric properties and applications of GFO films, the ferroelectric and ferrimagnetic
properties at room temperature must be controlled. A key point for the existence of both ferroelectricity and
ferrimagnetism at room temperature is to understand the relationship between the constituent composition at each cation
site and the original character. Thus, a systematic investigation of multiferroicity as a function of the compositional ratio
of Ga and Fe is important for a fundamental understanding and future applications. In this study, we fabricate
high-quality Ga,Fe,O; epitaxial thin films (x = 0.0-1.0) and systematically investigate their ferroelectric and
ferrimagnetic properties. All films exhibit out-of-plane ferroelectricity and in-plane ferrimagnetism simultaneously. The
coercive electric field (E;) monotonically decreases with x. Additionally, increasing x reduces the coercive force (H.)
but enhances the saturated magnetization (M) at room temperature, according to the site of Ga ions. Finally, we
demonstrate the room-temperature magnetocapacitance effects of the GFO films. The E;, H, and M; values can be
widely controlled in ranges of 400-800 kV/cm, 1-8 kQOe, and 0.2-0.6 ug/f.u at room temperature by changing X,
respectively. Because such ferroelectric and magnetic ranges differ from those of well-known room-temperature
multiferroic BiFeO3;, GFO-type iron oxides may expand the variety of room-temperature multiferroic materials.
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Synthesis and spectroscopic analysis of novel ordered alloy
with large uniaxial magnetic anisotropy

Masaki Mizuguchi and Koki Takanashi
(Institute for Materials Research, Tohoku University, Japan)

A large uniaxial magnetic anisotropy is a fascinating feature for magnetic materials because it gives birth to various
intelligent functions. For instance, materials with a large uniaxial magnetic anisotropy are promising for the application
to high-density magnetic storage devices since the thermal stability of magnetization is kept even in a nanometer scale.
Furthermore, large uniaxial magnetic anisotropy energy (Ku) is one of the crucial matters to realize next-generation
strong hard magnets. It is well known that L1o-ordered alloys such as FePt, CoPt, and FePd show considerably large K..
However, they include noble metals, thus it is an indispensable subject to find a noble metal-free large magnetic
anisotropy ferromagnet. It is known that iron meteorites contain L1o-ordered FeNi phase, so-called “tetrataenite”, which
induces unique magnetic properties different from usual Fe-Ni alloys. It has been reported that L1o-ordered FeNi has a
large Ku of 1.3 x 107 erg/cm? for a bulk sample?. However, there have been no studies on the fabrication of L1o-ordered
FeNi thin films. We have been trying the fabrication of L1o-ordered FeNi films by alternate monatomic layer deposition
or the sputtering method for several years®'®. In this talk, we present a review on the recent progress of our study on the
synthesis and characterization of Llo-ordered FeNi films. The maximum value of Ku, which was estimated from
magnetization curves, reached 9.0 x 10° erg/cm®. The largest order parameter, which was estimated from XRD spectra,
was 0.48. Ky monotonously increased with the order parameter. We also fabricated Ni/Fe superlattices with different
layer thickness and investigated their magnetic properties to understand magnetic anisotropy in Ni/Fe system including
Llo-ordered FeNi. The spectroscopic analysis of the electronic structures of these films by the photoemission
spectroscopy (PES) and the magnetic circular dichroism (MCD) measurements were made using a synchrotron
radiation. The origin of the large uniaxial magnetic anisotropy will be discussed. In addition, recent progress on the
synthesis of L1o-ordered FeNi bulks by a chemical method will be also presented'?.

This work was partly supported by JST under Collaborative Research Based on Industrial Demand "High
Performance Magnets”.
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Analytical relaxation behavior of iron oxide nanoparticles in fluids under AC magnetic field
A. lkuta,Y. Kitamoto
(Tokyo Institute of Technology)
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Effect of ionic concentration on dynamic magnetic susceptibility of iron
oxide nanoparticles embedded in chitosan hydrogel matrix

M. E. Villamin, and Y. Kitamoto
Department of Material Science & Engineering, Tokyo Institute of Technology, Kanagawa, Japan

Recent interest in ferrogels consisting of iron oxide nanoparticles (FeOx NPs) attached to a polymer network, such as
chitosan hydrogel (CH), is driven by both the desirable properties of FeOx NPs and CH, which can be useful in many
biomedical applications [1-2]. One important potential application is magnetic based biosensing. In this case, it is
important to understand how certain chemical stimuli affect the magnetic properties of FeOx NPs inside the CH polymer.
However, actual demonstrations of using chemical stimuli on CH for sensing are limited. In our previous study, we
experimentally demonstrate how pH affects the magnetic relaxation of FeOx NPs embedded in CH under AC field [3].
We observed that as the pH solution decreased, the CH swells and the peak position of the imaginary part (") of the AC
susceptibility (ACS) is shifted to higher frequencies. From these results, we inferred that the CH swelling enhances the
Brownian relaxation, thus we have demonstrated that chemical stimuli can be magnetically detected. In the present
study, we extended our research by using other external stimuli, i.e. ionic concentration, and study its effect on the
magnetic relaxation of FeOx NPs in the CH. Swelling ratio (SR), which is a measure of water absorption of the hydrogel,
and ACS were measured after the FeO,.CH are immersed to different NaCl concentrations. SR results in Fig. 1 show
that the swelling of the FeOx-CH decreases as the ionic concentration increases. When CH is immersed in high NaCl
solution, the water inside the CH diffuses outside the CH causing it to shrink. In contrast, in low NaCl solution, the
water goes inside the gel resulting to swelling. The inset of Fig. 2 illustrates the frequency dependence of y” at different
ionic concentrations of FeOx-CH measured by ACS. From these results, the y” peaks are found around 200 Hz. The
frequency position of the " peak, f, is generally associated with the magnetic relaxation time, with t = 1/f, where 7 is
the magnetic relaxation time [4-5]. The ¢” peak frequency values are accurately extracted by fitting the data in the inset
of Fig. 2 with a Gaussian function. The " peak values at different NaCl concentration are plotted in Fig. 2. It is evident
that " peak frequency positions shift to lower frequencies as the ionic concentration increases. The shift is again
expected, since it is inferred that the swelling of the CH enhances the Brownian relaxation. These results, as far as the
authors’ knowledge, is the first time demonstration of ionic concentration sensing via magnetic detection, which may
become useful for magnetic biosensing applications.

References:

1) A. Kaushik, et al Biosens. Bioelectron., 24 (2008), 676-683.
2) J.Cho et al., J Food Eng.,74 (2006), 500-515.

3) M.E. Villamin, & Y. Kitamoto, ICM2018, B10-02.

4) F. Ludwig, et al., IEEE Trans. Magn., 53 (2017), 1-4.

5) S. Bogren, et al., Int ] Mol Sci., 16 (2015), 20308-20325

~ 200 1600

T & i -

= T, X 1500 . .

O 1951 A&é@ﬂ*@@@%@@i o N

c R ‘AA @ sé\A = s

g a. AA&; . T ooqé\ N @ 1400 F

O 190 L 100 200 300 400| m

GJ N Frequency (Hz) [e))

= 1300}

® 185} . 0}

o = FeOx-CH = 1200 | {

o -_E id . ) m FeOx-CH
. ye guide . ---E id

2 "R ye guide |

180 L L 1100 L L
10 100 1000 10 100 1000
lonic Concentration (mM) lonic Concentration (mM)

Fig. 2. Measured " peak frequency plotted against Fig. 1. Swelling ratio plotted against different 10mM,
varying ionic concentrations. Inset: y” frequency 150mM and 500mM NaCl concentration. Inset: Actual
dependence of FeOx-CH. FeOx-CH sample used.

— 230 —

F42 Bl HAMKF TR (2018)



14aB - 3 42 Al B ARSI AT (2018)
R A A — 2 7 ORI EFEE O B3

(LN —HE L, BPAMHIOR L, R Y, SR T Y, R BRER L BRRER L, EREMR L HRTFERA Y
FER ISR 2, — M- 2.
( = ZEERKRAST, 2RRENLKRT)
Development of Verification System for Magnetic Particle Imaging
Kazuki Yamauchi?, Kota Nomura?, Tetsuya Matsuda?, Yusuke Sakamoto?,
Hiroshi Inoue?, Shun Tonookal, Shinji Sato?, Taisei Ide?, Koki Fujiwara?, Yuko Ichiyanagi?
(*Mitsubishi Electric Corp., 2 Yokohama National Univ.)
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Specific loss power of Resovist enhanced by aligning its magnetic easy axes
G. Shi!, R. Takeda', K. Nishimoto?, S. B. Trisnanto!, T. Yamada?, S. Ota?, Y. Takemura?!
(*Yokohama National University, 2Shizuoka University)
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Wash Free Detection of Biological Targets Utilizing Magnetic Markers
K. Irie*, K. Akiyoshi*, T. Yoshida*, T. Sasayama*, K. Enpuku*, and M. Hara**
(Kyushu University*, Tamagawa Seiki**)
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Evaluation of dispersion characteristics of nanoparticles in magnetic fluid by small angle X-ray scattering
H. Sudo?, H. Mamiya?, J. Cuya!, K. Suzuki!, H. Miyamura?, and B. Jeyadevan!
(*:The University of Shiga Prefecture, 2NIMS)
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Magnetocardiography Measurements via Peak to Peak Voltage Detector
Type MI Gradiometer

Jiaju Ma and Tsuyoshi Uchiyama
Graduate School of Engineering, Nagoya University, Nagoya 464-8603, Japan

In the previous study, we had reported a high-performance MI magnetometer [1]. However, for detecting extremely
weak magnetic field such as a bio-magnetic field, we have to cancel the background uniform noises such as
geomagnetic field. In this study, we have proposed a peak to peak voltage detector type MI gradiometer (shortened:
Pk-pk VD-type MI gradiometer), which is aimed to measure an extremely weak magnetic field. Meanwhile, we have
demonstrated Pk-pk VD-type MI gradiometer for detecting magnetic cardiogram signals, with simultaneous
measurement of cardiac electric activity. The new MI gradiometer is composed of a pair of MI elements: a sensing
element and a reference element. The distance between the coils is set to be 3cm. The figure 1 illustrates the block
diagram of new MI gradiometer. The pulse generator produces a rectangular voltage wave to differential circuit. Then,
the rectangular waves are transferred into three different positive pulses. We detect both the positive peak and negative
peak of induced waves in each pick-up coil excited by rising edge and drop edge of the excitation pulse, by using the
staggered pulses and analog switches. Finally, the Pk-pk VD-type MI gradiometer outputs the difference between the
sensing element and reference element for canceling out uniform magnetic field noise. Therefore, we can achieve a
highly sensitive, low noise level, and stable MI sensor system for bio-magnetic field measurement in unshielded
environment, at room temperature. Both of sensing and reference Ml elements illustrate good linearity. The difference
in the sensitivity of sensing and reference elements is within 1%. The noise floor of the Pk-pk VD-type MI gradiometer
is lower than 2 pT/Hz? in the frequency range from 1 Hz to 100 Hz. It is 1/5 of noise level of previous MI gradiometer
in a 1-100 Hz frequency range.

MCG measurement by using the Pk-pk VD-type MI gradiometer is carried out on a male subject (aged 26) in siting
position, without any magnetic shielding equipment. We set up the MI gradiometer on a wooden table, and the sensor
head is perpendicularly placed to the chest surface, with a distance of 10 mm between the chest surface and sensor head.
The measurement point is set at the chest surface, 25 mm to the left of the pit of stomach. The output superposing noise
of new MI gradiometer is lower than previous MI gradiometer. Meanwhile, we have successfully measured the MCG
signals in averaging over only 6 cycles. Comparing with the previous MCG measurements [2], we have markedly
reduced the cycles for arithmetic average processing. The Fig.2 illustrates the simultaneously measured ECG and MCG
signals in averaging over only 6 cycles. As illustrated in Fig.2, we can obviously identify a sharp magnetic peak,
corresponding to the QRS complex of ECG. The amplitude of this magnetic peak related to the R peak is approximately
100 pT, which coincides well with the reported MCG value.

Reference
1) J. Ma, and T. Uchiyama, IEEE Trans. Magn., VOL. 53, NO. 11, (2017).
2) T.Uchiyama and T. Takiya, AIP Adv., vol. 7, no. 5, 2017
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Fig. 2. Simultaneously measured ECG and MCG signals in averaging
over 6 cycles.

Fig. 1. The block diagram of Pk-pk VVD-type M1 gradiometer.
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IMEXI DT D ) 77 L A E2 R0
Time-shift PCA |2 & B J A X[&EE

EIESTIEL IRZE— BB
(EHFRF)
Noise reduction in Magnetocardiograph based on Time-shift PCA without reference sensor system
M. Iwai, K. Kobayashi
(Iwate University)
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(a) simulation data (b) signal processed data
Fig.1 Wave forms at -20dB simulation data.

L ZD N

1)  Alain de Cheveigne, Jonathan Z. Simon, “Denoising based on time-shift PCA”, Journal of Neuroscience Methods,
vol. 165, pp. 297-305, 2007.

2) M. Iwai, K. Kobayashi, “DIMENSIONAL CONTRACTION BY PRINCIPAL COMPONENT ANALYSIS AS
PREPROCESSING FOR INDEPENDENT COMPONENT ANALYSIS AT MCG” , Biomedical Engineering
Letters, August 2017, vol. 7, no. 3, pp. 221-227.
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Remote sensing of ciliary beating with magnetic sensors
R.Makibatake, D.Oyama, J. Kawai, H.Tatsumi
(Kanazawa Institute of Technology)
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Localization Method of a Solenoid Magnetic Marker Coil
Daisuke Oyama, and Yoshiaki Adachi
(Applied Electronics Laboratory, Kanazawa Institute of Technology)
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W22 2 CHES R LB BIRHEE 2 1000 BV IR L, (rEHEEREAE O LR 2 E I LT
#ER  Fig. 2 ICE ST L BEE L OFRERT. MEOTIIT A L OBk axial) &£ 071 (radial)
W CRRLTWD. (ERORLMR 2 A LV OEEIITHRBEICMEIRET LV, BRA A R—IVET IV E
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SE
1) AfRHMf, 5 31 8] B ARERBR T2 RS, Vol. 29, pp.178-179 (2016).
2) N. Derby, S. Olbert, American Journal of Physics, Vol. 78, 229 (2010).
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Fig.1 Forward and inverse model of numerical experiments. (A) - (E) correspond to the combination of the models indicated in Fig.1.
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Effect of ELF Magnetic Field on anticancer drug potency to human liver cancer cells
T.Maeda?, M.Kakikawa?, S.Yamada?
(*Kanazawa University, 2Komatsu University)
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Absorbance change of iron oxide nanoparticle suspension under damped oscillatory magnetic field.
M. Suwa, A. Uotani, S. Tsukahara
(Osaka Univ.)

XL &I
BERRL A A= 2 TR NA N—=H =T D X DI, BEBEIERCET ) ROt #2457 A% H|]
AT 2EREMAEEL TE TS, ZRHOHEM T, R rHNoB boRE: (r—/VEllx) O&RTRL,
B BIROEER (77 7 U EllR) #BET 52 & THIERA A—T 0 TROREBGHED LFICOeRn b Z &R
BUEFHEIZ L > ORBR STV D 2D, BT — A v b ORLFZFENTE S, S LAEIc L v BlERT 5, LrL,
AL AR OB N2 AL S R — VRl L 7T v U aldin g By 5 2 S d#E LV, & 2 CTARIFE T, BERE
BV ARG T T OFLER T BL T r BOR O EEA LS. 7T U R OB & A T,

KRERFiE

Ewijk 5D FEITHEHER 104+ 1.40m O~ 7~~~ A b (y-Fe,0s) #lET 7 ki (magnetic nanoparticle, MNP)
AR U, 2 A KIS S, ISR EERINE 2@ L 72 50~200 pg cmB OREIC /D X MR Lz, 7=,
TREED AR E R D720, 7Y o —)L &M L7z, LCREEDOKEIC LV | PIHHRIE~ 1 T ORER
WSV ARG E RS, EOREEIEa T o OERIFERITKAF L, AENEEIC 344 kHz THEEREIT
577, 10mmx 10 mm (EExEX) OZERY L/ A RaAg vz fv, Eito MNP 5 #iE % 5 mm x5 mm (N
BXES) OMERA T A ZE AL, A4 VNICHE L, KEIZIE Xe 7o 7HW, £/ 70 XA —%T
& 405 nm ([ZHE@AL L7 e 2 RS & SATIC B VICIRES . 7OV ARG TRE 5 OB EE 2R b 2 8L L 7=,

KRR

Fig. 112 MNP 3B oW R b 2~ 3, feds @ ®)
FIN#E ., EOICWSEENED L, RSO 2 =
15 DJEW SR & SRR B S v, WO
JFE DR/ NI OB, WK v 2224
WEIZHoTon, Wb S L TEALTWY
72o V7~ A b MNP I3RALEE S &[5 C 5

NCIEH A 50 2 & MM STV D 9, Bt T R
FIANC & 0 BEL 5 23 B8 & AT IR - a.z:EWW/WWWWWW of

) 7‘:&)\ ﬁll/:ﬁEE L EEQ’T Lf:ﬁﬁ’: @@??j?l_"ﬂ L ﬁgéﬁ o 0.‘0 o.lz 014 0.‘6 018 6.£o o.ﬁz ‘ 0.54 0.26

60 |

AA /107

T5, ZHICED, TUF AR TH D MRS t/ms t/ms

z ~ VA=) 3 N2 R §‘u‘/J\ i > . i
Fick o E%i}ﬁquﬂi&j[ﬁ};?) ﬁf/ L/fi:%z Fig. 1 (A) The absorbance change of the MNP suspension
BiD, o TRMEZALDOBEIVIL, 77 7 (top) under the damped oscillating magnetic field (bottom)
EHDOZ A F I 7 A KMT 2HENREIN and (B) the expansion of the highlighted region in (A).

Too BT, WOEEEZALD O REALIR S filh DB A FE
AL D ZENARETH Y | RGBT 2 ERET R OEESEE) D A 1 = X L& B LT,

L Z D& N

1) D.B. Reeves, J. B. Weaver: Appl. Phys. Lett., 107, 223106 (2015).
2) H. Mamiya, B. Jeyadevan: Sci. Rep., 1, 00157 (2011)

3) G A vanEwijketal.: J. Magn. Magn. Mater., 201, 31-33, (1999)
4) F. Bentivegna, etal.: J. Appl. Phys., 85, 2270-2278 (1999)

— 240 —



14pB -2 H42 | AR ANREAEEE (2018)
e ) R DR - BEEZ A I 7 A

KR!, PURFU R« Aa Ny =22 ArkfgRHE?
(G PN S i R ES AN
Dynamics of magnetization and easy-axis of magnetic nanoparticles dispersed in liquid
S. Ota!, S. B. Trisnanto?, Y. Takemura?
(‘Shizuoka University, *Yokohama National University)
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Magnetic property of interaction-free magnetite nanoparticles with different size and shape
H. Fukumoto', H. Mamiya?, J. Cuya', K. Suzuki!, H. Miyamura' and B. Jeyadevan!
(1: The University of Shiga Prefecture, 2: NIMS)

FL®HIZ
~ 722 A bFJRTF(MNPs)IE, fERIRBVE LR MRI 7 EBEZEISH~ DG 238 A ST b T v 2 g
MECH 5, JEFAICHE L 72 MNPs DR ikt 217 9 2o i3, flx o 7 KT ORISE % Ko 2 BE
Hb, ZFTEBTRELE LT, ¥4 XRBIRIC X 2 RHEME & R FRIMHEER D 2 o58Z%F o h
%, RWFETlE. 4 XCBRICK 2REIROFEZTX 27209 4 XD K7 5 J\[H{K MNPs DR % 1T
W, X HICHEMEIRTH B ) A B RTRENCHE T 5 2 L TSR T A A ER o ik o ERL A 5
Bizo T, 150 2R O RESRFERHIE 2 7. J\ER MNPs D% 4 XA RERFFEIC S 2 2 W EIC DO nwT
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EBAEE
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7T FM(TEOS) 2 F L, Rif~D2 ) AWE 1T o 72, 1ERL 723 ok E X OTIREHM 1 13E @
FBEOSEE & . TR SURFIE R 1< 13k SRR E 221 (Quantum Designth:#IMPMS-5XL) % Fi v 72,

REER

Fig. 1 IC7"9 X 91T, RiBR{ATH % Fe[acac]; DIRIEAX AL I ¢ 5 2 & T, HRE11.2,15.1,234nm DR 5
PA X %HT 5 HHEEEDOIIREZH 3 MNPs %15%7-, Ric, BERMWK TRMHEERD R Wikl 215 5 72
B, &Y A XD /AR MNPs I8 L C TEOS DR s X O 2 5R% L, B/ 28.5,32.7,30.7nm IZ > Y
AW I 7z MNPs ZAFBL L 7o, EBIL 722 U 408 MNPs & HI v T, HRCI%M&@M?WWEWW@
Tl 21T > 720 % OfEH, HaEHT 35 OB TR A1 .
FA 23 s 2 & D3RR & 7z G ICAIAZ L 72 MNPs @
K79 A X0SFFEIC S 2 28 % RHMICH~ 3
7. RPE-FERME ST EMEBR 2 B L 72 (Fig.2) -

- ¥ hies A B % 3 3 ) .
£ TORPHT I THRIERI TR Kenr 4720 k)/m Figl TEM images of octahedral magnetite
T B TH A R ~DIKEE IR x N o, ZDOH nanoparticles with average diameters, (a) 11.2,(b) 15.1

° and (c) 23.4 nm.

Hiid, SEIER L 22 ROk 2 H$ 5 MNPs 25, KL | roaed B — & ‘*’“ o o
THA XX YIRS X 2WAFE~DHE LGB KE W72 A i
ThHLHELLND, Sk, WHkTHE LboBkE i
A9 % MNPs DR [AH ZLEH O AR EE Tl SRk —?

S AT S 2 & Ty A4 X - TBIRE NE N OB~ Fig.2 Effective anisotropy constant - particle diameter

correlation diagram of silica coated magnetite samples
DEHELEPHL IS EHAFEI NS, with average diameters (a) 11.2, (b) 15.1 and (c) 23.4 nm.
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WAIMBEAT 7V r—& O aA VIR & B INE S8R
AN s, RS, Hh B
(IRSEMBRREE, *BIRKE)
Shape of the coil and the induction heating experiment of acupuncture warming applicator
S.Yamada, Y.lkeda", S.lkeda
(Komatsu Univ., *Kanazawa Univ.)
ZL®HIZ Resonance
I capactor

B LA ISR B 7 BRI HN A3 3R D BT
Do HPEEZFRIZEBIT D T4 EIE [21F) OIS
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72 EOBREEC X0 IR 5 72 60 B RESS ~0D 58 2 1k
THZERRDBEND,

AElL, SIRERO Tk Z2HOWTEEMNEN LT v
TV =2 (kA v) ZRWT, KOSy
D I 7 FHEINENT X UL, 72 E~OBEEZ M2 B 2D
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Fig. 1 Applicator system for acupuncture heating
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HEZT DO IR BIBL O ihiiEE & O FAKE AL A Fig.1 1R
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b L Ch aA VLK ER D, TERET 57202
PR T = RT5H51E, @F v e ad o2 Fikx et
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Fig.2 8% v La o7 v 7 ) r—2Ths, KIS
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FEINEREER
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EXt.))
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2 FE TR
1) S. Yamada, Y. Ikehata, R .Hayashi, T. Ueno, M. Kakikawa,
J. Magn. Soc. Jpn., Vol.39, No.2, pp.30-34, 2015.
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Z2[1 100 mm DR NA 73— H— T
hes < a] s A e 5 38 AR 3B D B %
O, I, BRI, TEEE S, iR
(RBROR: R T2 SERY
Development of a 100-mm gap magnetic circuit type magnetic field generator for magnetic hyperthermia

T. Ito, T. Nakagawa, R. Hasegawa, S. Seino, T. Yamamoto
(Graduate School of Engineering, Osaka University)

1L.HRER
VAR, =7 S ADIBIRIE & LTSN A= — I TIRIENEH SN TW5. I e 8k % 23 A
FRERJELDICAR A L, (K580 SRR 2 FIINT 5 = & TREKZ RS E, SAMIAZ RS 5 BEETH

5. BRI SR ORI IR e ERRET SN TRV, TORBMEIIMIGIREIZEIKGTFT 5. 61
FEKIIAND EONEICH > CTHMYREEE CTEF TEIMERDH Y, ZO7=DITIRNO LW GEIR I
— ORI IR A A A TE DEBE N RO LTS, T E THox ik, AASHE B C&H 5 22k
300mm D H:{E ORI & LT, 220 50 mm ORGSR AR E 2 (ERL L, 15 511 2 s D 22 M5 —H
Zor LCE D, R TIXZ L&/ NEIRHR I3 A PTRE 72 2261 100 mm (ZHE9R U 7= 2418 2 EHY - 3% L 7=
BRI DWW THET S,

2.528%

774 MHM7 =74 FEF, ML33D)& W TRESEIEE 2 ARk L, 100 mm 0 Z2B5 4 £ O8RS R
FATERE 2R U 7= (Fig. 1). B oA L LAZHES 20 U CREIRERE (B S i, LIREI 2 /557 5 (Fig.
2). HRFAORIEIIEESBNOAEA X T B Ly, WIZEF ¥ /XU F Cp e O TITW, WG REE ORIEIZIX
B 7Ty T ad vk T, RIS Tl 8 RS E DS RO RERE /) 2 JE 3K f & RIS H DR E 3D
HCHE L, N EHEEHBFEIE (Estimated Heating Index : EHI) & FES. FEMA L U CTHH & STV MR
KO BHLIL fH? Th D, ZO¥ELY —EE) THBE S, BHI R KI5 K 5 HRFEI O Kb 217

3EBRERLER

EBRE D, 7QBEDaANVEMETH L, Cy% 500 pF 1238 E L THAR(f=417.5 kHz) S H 7= 55 BT IR O
EHI 28 KIC72 5 Z & b o 7o (Fig. 3). A VOB I AT (L 2 N S %) & B 1IN 5
N, A = AR LB B9 5 . £72, C AHIMN S5 L S ERITHEMNT 523, 4R ER
B35, o0z ED EHI & KIZT DD ORMPIEI—EIZEE YD, 2205 100 mm O &R
RS R IEE I, ERRORNRETHDL Z ERHLNE 5T

0.9

¥ 08 / "
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Fig. 1 Magnetic field generator Fig. 2 Resonant circuit Fig. 3 Relationship between matching

capacitance and estimated heat index

L Z DTN

1) R. Hasegawa, T. Nakagawa, S. Seino and T. A. Yamamoto, “Optimization of Resonant Circuit and Evaluation of
Magnetic Field Uniformity with 50 mm Gap Magnetic Field Generator”, J. Magn. Soc. Jpn 42(2018) 90-95.
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GdFe 6 & EICBIT A Gd AT — A b &EBEHR—ZROFMEEE

WeZHE ME, SRR ME— 2R, W) KRB, BOK B2
(" BARRZRFZREEE T 0R, 2 BARRFEL TS, ° B AR IRELS REBI0F S8 B-PD)
Correlation of Gd magnetization and anomalous Hall effect in GdFe alloy thin film
Hiroshige Hachisuka', Yuichi Kasatani**, Hiroki Yoshikawa?, Arata Tsukamoto®
(* Graduate School of Science and Technology, Nihon Univ., 2 College of Science and Technology, Nihon Univ.,
3JSPS Research Fellow)

[FCSHIZ B R — 20 Fe I 8 5 7 [0 OB LRy Mg cos 012 BT % . {REBERRTREVEIR CTH 25 Fe K
DEALDTERBER I T RS, B H e 7 A fn S8 212138 20 kOe D8RS # LB L35, 0D
729, RS TOR—NVEET/ NSV, 22T, £ LT%T*%?)%@%:E AV hEHH Gd LiEEE
MEERE—A L M2 D Fe ODBERE—A 2 FORCHATREGIZHR L, IEBROB L ORI, TR 7D
Ik, & U CRUALAERLRGE 5 CITRER R Eﬁi%%ﬁ#éG@eQéﬁﬁ EBR L. FERER—L
RICBWCEEE PR E— A A9 Fe MREE TR EEBLHEZ b0 EEXLNLD, i
B2 OWRE— AL FEORERGIICEAFSELEEL D, £ T, GdFe G@EEIZHIT 5 R R
— VRO IRHFH AL SUR A E D RR R &2 AT > T2

EEAE FEHIY T AHAM LIZ SiN (60 nm) / Gd.Feioo (20 nm) / SiN (5 nm) / glass sub. (x = 0, 10, 16.7, 20, 25,
30, 40, 50, 60, 70, 80, 90, 100 at. %)%~ 7" b B A Xy X U o 7RI K 0 /ERL L 72, SRR Ol R E 7 A1
NG 2 EIN L, N2 0.1mA DOEBEFE A EIN L 72BE0ERICx L CRE R OBLEHEE Lz, e
PRENRIRE )32 T 300 K 23610 B et 2 1 L 72,

ERERERUER Fig | [CEE L 0 Ko7 BiR 8
— VT (Rapp) %77, Ragg 3R X 7R R A A7 2 % 4 x5

—— GdlgFego
—i— Gd25F6‘75
GdeoFes

L7z, FRIZ G ALK x = 25 at. % CREE TE T AICHLS g
Syl & B DB T T b K& AR A — VBRI Q:EO

N7, F£77, G x =10, 60 at. % TIIRHALZE 5 s 4 x5
NG & 720 Rygeld 4kOe (2B W CH AT, Gd

AR x = 25 at. %IZ A BEN T & BSTER S . AP S ) )
Fig. 2 |ZEEXURFEDFHI X © FIINEES 4 kOe 1I28BIT 5 . Magnetic field (kOe)

BEfL A4 150 > oK R FE MR AT Ry fcos @] 1 L Magnetic fied dependence of Ry
ZR T, Gd #LRE Fe MERRIZ 5T L Gd #LARE x O K & 3R s | 60 7 5 Ranp/cosO 4 14
| Raie/cos 6 [2HINL, Gd filpkx =30at %icHV TR & | 60 o O Mgq 1 12 %
(v = 0at. %) LHASTRAR 30 fr L R x7aifnsion 5, | | o0 &
72. £72, GAd LK x> 40 at. % CIXHEFH 72| Rapp/cos8 | T Y o ] o6 S
Wb A B, KIC, Fe OERORBILAER x O < | v o Joa 3
IZRF L BRI b T B L AE LR -7 Gd OWfrk 1 [ ’ o 4 02
BN 720 DAL T — A 2 b Maa DILIKTENE % Fig. 03 # 5 % _;fﬂ

21ZRT. Gd #LAE x = 40 at. %FEfE £ T Maa L, _ _Gd content x (at. %)
Gd HLHR x> 40 at. %-CIE Moy BN LT=. —F, Fe okt Fig. 2 Composition dependence of |Ra,/C0S8| and M.
LT Gd DEF AR —/VEEREITHKI-10 fFRE WV EVEHESNL TN D, Zb D Z &7 bR — 2R OHEH
& Gd DRERTE—A > MTBWHER & 5 2 L AVRIe S vz,

BIEE  ABFIEO —ERILPARK 25 ~ 20 AL SCEAL G AN R PRI ) SR O 36 (S1311020), PR 26 ~ 30 47 SCHE
gzﬁigiﬁ%;ﬁﬁﬁﬁ% CErA AT S 78 (2B R M) | F ) A ERFEO 2% TIT - 7.

1) T. R. McQuire, J. A. Aboaf and E. Klokholm; IEEE Trans. Magn. 20, 5 (1984)

2) N. V. Volkenshtein, I. K. Grigorova, and G. V. Fedorov; Soviet Physics JETP 50 (1966)
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Th12Coss 7 F /L 7 7 AT DO WAL S n 288 O IR AL

JRA- BOh. IR UL FER AL B DB S B gk ZWE. B ORE. b pRAr IR EIE
LIEPE Dk
(REFS R, *EM K, **JASRI, ***QST)
Temperature dependence of the magnetization switching behavior
of a Th12Coss amorphous perpendicular magnetic anisotropy film
A. Harako, H. Sakurai, K. Haishi, X. Liu, C. Ma¥*, K. Suzuki, K. Hoshi, N. Tsuzi**, Y. Sakurai**,
and A. Agui***
(Gunma Univ, *Shinshu Univ., **JASRI, ***QST)

BT
Foxlx, Ry 7 b rEElE VT, BEER O 2 BB R (Spin Specific Magnetic
Hysteresis curve: SSMH) . #liE @A LR (Orbital Specific Magnetic Hysteresis curve: OSMH)
ZHES 2 FELRELTND 19, REFETIEL, THEEK b 2 RS THRRAA v F o 7 ZfliET %
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ES IS
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1) A.Agui et al., J. Synchrotron Rad. 17
(2010) 321.
2) A.Aguiet al., APEX 4 (2011) 083002. ;\mnm i)
3) A.Aguietal,J. Appl. Phys., 114 (2013) - "% F FH= oo™
183904. g
4) A.Agui et al., Mater. Res. Express, 4
(2017) 106108.
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Fe-Al(001) Hi#% S 7L 0D Gilbert & > &7 7 B4

JUFAGER « BH J%* « RAT F8 » TARIER**
(BRie[E X, *Magnontech, **H1JLK)
Gilbert damping constant of Fe-Al(001) single-crystal films

Tetsuroh Kawai, Shigeru Takeda, Mitsuru Ohtake, and Masaaki Futamoto
(Yokohama National University, *Magnontech, Ltd., **Chuo University)

[FLHIZ 2v v hu=7 2RIV EEEERD - - - - -
Gilbert # > B> VERERKERHEST H 2 L OEEN
DEEL TV D V. BT S SRR SIS O R IIE  (AH) 7>
O Gilbert # > B VT TEREZRD D FIEFZEL Mo TH
% 2. ARHETIX Fe-A001) BLAE S 2 & LT, ¥
Bod o | e S O WIUE (Aw) 75 Gilbert 42 B
TERAERD D FEICOWTEHET 5. Fe-Al B& I
WA < EALENTWA T TR, BB TEICEN
TWAHDTA I HITFT I F I FRBERZHELT W
LEZHIEREHGEAT.
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EERAE Fe-Al 544 —% v N&MiH L CTUHV RF + Static magnetic field (Oe)
7R ASy ZET MgO(00]) i i Jk AR L7 & Fig. 1  Static magnetic field dependence of
40 nm OBLA PER L 72, SEARIRELIL 300 °C O —EiREE & resonant frequency measured for an FeggAlyo(001)
L7, BEOREIE DY beo(00D) BT AR T % Z & & RHEED  ginole-crystal film.
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(//bce[110]) 12 1 kOe £ TOFRBLSS Z HIIN L 7= By o> gy
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T A= — XX, — R, ¥ v 7@ Fig. 2 Measured complex permeability for the
a=0.009 TEBRLFHENBELS —HLTWH L HI2R %%, FegAly(001) single-crystal film. Circles are
L)L, AwlZiX Gilbert # B0 FEIZIT TR &F experiments and the solid lines are calculations.
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1) J.C. Slonczewski, J. Magn. Magn. Matter., 159, L1 Resonant frequency (GHZ)
(1996). .

2) S.S.Kalarickal et al., J. Appl. Phys., 99, 093909 (2006). Fig. 3 Resonant frequency dependence of AH

3) S. Takeda and H. Suzuki, J. Magn. Soc. Jpn., 33, 171 of the FegygAlyo(001) single-crystal film.
(2009).
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XMCD & 35— R EREE ) b /7= MnaxGa O I E X T M

BRI L /NEVESEE 20 gaoARRnd 34 (A CTRIIRIE 54, 7K bRkt 34
THROREE, 2@ M, SHJER AIMR, 43AEK CSRN, °#AL K T
Perpendicular Magnetic Anisotropy in MnsxGa studied by XMCD and first-principles calculations
Jun Okabayashi?, Yohei Kota?, Kazuya Z. Suzuki*#, Akimasa Sakuma®>4, and Shigemi Mizukami3#
The Univ. of Tokyo, 2NIT Fukushima Collage, *AIMR, Tohoku Univ., “CSRN, Tohoku Univ., *Tohoku Univ.

Introduction
Magnetic ordered alloys have attracted significant attention for use as spintronics materials because they are highly
likely to exhibit perpendicular magnetic anisotropy (PMA). Tetragonal Mns«Ga alloys are widely recognized as hard
magnets which exhibit high PMA, ferromagnetic or ferrimagnetic properties depending on Mn composition, and metallic
properties [1]. Two kinds of Mn sites, which couple antiferromagnetically, consist of the Mns.xGa with the D0j2-type
ordering. On the other hand, the L1o-type ordered Mn;Ga alloy possesses the single Mn site. In order to investigate the
mechanism of PMA and large coercive fields in Mn3.xGa, site-specific magnetic properties have to be investigated explicitly.
X-ray magnetic circular dichroism (XMCD) can become a powerful tool to study them. However, the difficulty in
deconvolution of two kinds of Mn sites has prevented the site-resolved detailed investigations. Some assumptions are
required for the analysis [2]. First-principles calculations were also performed, resulting in the small orbital moment
anisotropy in the Mn compound cases because of the spin-flip contribution of MA [3]. In this study, we perform the
deconvolution of each Mn site using the systematic XMCD measurements for different Mn contents in MnzxGa. We
discuss the site-specific spin and orbital magnetic moments which are deduced from angular-dependent XMCD and
compare with the density-functional-theory (DFT) calculations.
Experimental
The samples were prepared by magnetron sputtering on MgO substrates. On the 40-nm-thick Cr and 30-nm-thick
CoGa huffer layers [4], 3-nm Mns.xGa were deposited at room temperature and capped by the 2-nm-thick MgO layer. We
prepared the samples of x=0 (Mn3Ga), 1 (Mn,Ga), and 2 (Mn;Ga) cases. X-ray diffraction peaks originated from D02, and
L1o-type orderings were clearly observed. The X-ray absorption spectroscopy (XAS) and XMCD were performed at BL-7A
in the Photon Factory (KEK). The total-electron-yield mode was adopted, and all measurements were performed at room
temperature.
Results
Mn Lo 3-edge XAS in Mnz«Ga showed clear metallic line shapes. XMCD intensities decreased with increasing the Mn
contents, resulting in antiferromagnetic coupling. With increasing Mn contents, the fine structures in XMCD line shapes
which come from two kinds of Mn sites were clearly detected. Based on the spectrum of Mn;Ga which consists of single
Mn site, the subtraction from Mn;Ga XMCD spectrum after the normalization of spectral intensities deduces the
anti-parallel coupled another Mn site. After the deconvolution processes, the spin and orbital magnetic moments for each
site were estimated using magneto-optical sum rules. Furthermore, clear hysteresis curves at Mn Ls-edge XMCD were also
detected, which was consistent with the results of magneto-optical Kerr effects. In the presentation, we discuss the
site-specific magnetic properties depending on the Mn contents and compared with the DFT calculations.

This work was in part supported by KAKENHI and the IMPACT program.
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Fe-Ga A& B & D<100>T5 H~D 5[5k Y 38 K OVEMEIS FTEIN
(2 X DR EEDEA

B >, REPRAEX . EBAER TR, R B R AR, fE AR SR R
(AR ZoeF, ** AR @BF, >4 G A7)
Modulation of magnetic-domain structure of Fe-Ga alloy single crystal by applying tensile
and compression stresses parallel to a <100> direction
S. Fujieda*, S. Asano*, R. Simura*, S. Hashi**, K. Ishiyama**, T. Fukuda*** and S. Suzuki*
(*IMRAM Tohoku University, **RIEC Tohoku University, ***Fukuda Crystal Laboratory)

e
B =R

Fe-Ga Gz I L7ZIREIFET A AL, FOEY OIRE) 2 @ RICERT RV X —ICE|TE DT
% 10T (Internet of Things) ~DJSHRHIEE NS D, ZDOF A 2T, 2 L DHIZ Fe-Ga & 2 BET 5,
Fe-Ga A@NIRENC L VBIBEONIZ VI EM SN §5 &, HRENFRICER LXK EEOE(kIc Ly =
A NEE L REENET B0 BHRFEIC L VFERENNELS I, LivL, WREEMNEICER LIZRKIX
FEE DAL OFEAMEIHA LN TR, £ 2T, ABFZETIL, Fe-Ga A& OMALE 5 fh T 5 <100>H5 [~
515 0 3 K OVEMRS ) & FHIIN U 7R RE TREXBLER 21T\, RERKARIE IC I E T R E S R D B & T~ T,

EERAE

Czochralski (CZ) VA1 L 0 /ESL L 7= K Fe-Ga A4 BLfG dh 2> B B 23 (001) i 35 & ONGE 7 11 A3 [010] 5 18] (i
JIEVING M) OFRERFT 2800 H Uz, KEdR AL, it Laue VEIC X 0 I L 72, Kerr Zh RBAMEE A2 FH W
T Fe-Ga &4 Bk i (001) i DR X BLEE A 1TV, FEAAERE L7216 B A W TS &2 FHIN L 7=,

EEREER
X 1(a)i2[010]J7 18] & AT D@ E % AW TR IS D EIINRTIZ BT 5 Fe-Ga A4 Bk i 0> (001) i O [X
W E R, HEE SN DB %2 KEIC/RT, Fe-Ga &4 Hifkk ik o> (001) i O s XA 1%, mN O 4 -©0<100>
WA 2% By sl 5 ) & ek i m) & 3 DX s L OBEBR
180° fkE & EAR 72 90° RERECRERR SN D Z & D3Hsh
ENTWVD Y, FEEOEMEIEN 1BV TR SIS,
D& S 7IRRED Fe-Ga ALK ik D[010]75 7] & AT
(2 16 MPa D518 Y It 1) Z EIN U 72 IR AE O RE X1 % [X]
L()NZR T, BIHE Y J1a) & SEAT D <100> 77 6] % Rl S5 1 &
T HRBIX P L ONEARA 7R 180° RkkE TRERR S 7=k
RO SN D, K 1(c)F L OA)IZ[100] 51 & FAT D
2 % R TS T2 [ — & T O JEME IS JTENINRT 2 (2 36 1
5 R AE I %019, 12 MPa D JEHMgI D OEI N L v | £
KaH I\ & ®E O<100> 5 M &2 b Fm & 75X B IO
MR e 180° EEE CHERL S N-RRBER NVBlER SN D, S R
KOBITBNT, <100>FHORERKTEDEERT o e % Compresion <=
X 1 Fe-Ga &4 Bifh 5k (001) M OREXKEE, (a)
72 ORI K0 fE A IR T RN O TV 5, (o BIAE 0 & A EVINET, (b) 16 MPa D213 0 15/ F. (c)
T, BERRAREILSIE Y B X WEMIS D ZEmMT 5 L 21 JEMISIFEINET, (d) 12 MPa DJEEIS /) T, (a)F &

=N

BT B, PR Fe-Ga &4 Bk i ORI HE 10 N (b)IX[010] 51 & SEATOBIEE TR, (OB IV
. . _ (d)VX[100] 51 & SEAT DB T,
FFTHEORANH LN o7z,

ZE 3R

1) T.Uenoand S. Yamada, IEEE Trans. Magn., 47 (2011) 2407.

2) S. Fujieda, S. Suzuki, A. Minato, T. Fukuda and T. Ueno, IEEE Trans. Magn., 50 (2014) 2505204.

3) S.Asano, S. Fujieda, S. Hashi, K. Ishiyama, T. Fukuda and S. Suzuki, IEEE Magn. Lett. 8 (2017) 6101004.
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MBI 7 =54 FICBIF % Fe2t 0550 La-NaMBl7 =5 4 F
5N, S AR, S, iz
(BURBET)

The magnetic anisotropy of Fe?* in M-type ferrite: study on the La-Na M-type ferrite
T. Waki, K. Takao, Y. Tabata, H. Nakamura
(Dept. Mater. Sci. Eng., Kyoto Univ.)

1 ’RUsIic
NI~ 7% b 7734 7 £ 54 + (AFe;049; A = Ca, Sr, Ba, La, Pb) T T 1 1
3. AARGEMRE LCRRICH S Tw 3, BUEEROMEHE SrFe;200 20

Sr?*(StM) & Fe*t o—ifi% La’t & Co™* TZNZFNHEML 72 DTV, Co™ D

BREWEE— A Y FBRABRSEZBRL TW2 EEZSNTED, La* 138 :5 -

TR D 7z OIS T 2, EFE, BRI IZLT L La’ & Co** Do 2 —o- 5K
HCHDNBOTEAEC, Fe¥* ORUEIC & ) RAET 3 Fe blitboTlAlH S0 T

PR T 2 = LW & 757 29, Fed* bREHEE— A Y F 24T o 00k
270, WRRAEICE ST 2 L %X 5N 505, il Sry_La,Fey 4C0p4010 T st PO

Fe?* OEEIC kb B AESERE T2 9 LlESn, MB7 254 b mwmwmmq9:13%
ICB T B Fe* DR ESTEDER S TWw 5, Sry_,La,Fe;n050(0 < x < 1) 1S 0 L L

BT, RN B OMEBTASINTED . 0 < x < 0.7 Tl 0005 s 20

PEFT2—HT. 07 < x CHHRSNS 2 LAWMESNT VS Y, Fe 0 oo

B F v RGWEDRR RO RGICHEE L UZ L T2 EEZ N5, — 4T
Fe?* O RGIEMIREE T E 2 L1358 212K <, BMEZ IES T 2 EK o iR
DARURTH 5, L, NHET7 =74 F OEHk Co’t ORKESTENRNEICBETH 2 9 Z LRI, Fe* OR1EE DK
BUCHEDS R 72 B, AR T Sr-La LA CFe? 260 MM 7 2 54 b & LT NaLaM? I2FH L. 2O ¥kE R H
W 2 T o 72,

Fig. 1 (NaLa)M D {b i

2 EERAE
(NaLa)M D HifE B2V T7 79 v 7 2RIk DA L 72, EEHE Lay0s3, Na,COs, Fe, O3 D¥yEZ v, $Eia% La ¢
Na:Fe=0.65:1.85:12 £ %2 kI ICTHRLZ, BAELLERNEZ AR 2IFICAN, BRIFT 1400°C FTMEVL 724, 1100°C
FC-2.5°C/h TR L. ZOBEIRE CFE UG RE 872, HEE IR X BBITIC X DT, SR> uTdiEES e X
AP TRIEA A v EEER L2, BALIE I SQUID G2 Av, MR OB A S (H || c) O WG (H L o) /7
FUZ DWW T2/ (T=5-300K, H=0-7T), JIEL 7=B{bIZTHR % BIR L KW HIEZ T - 72,

3 BREIUER

75 v 2 ARG, PHARO BKE G 2 1572, R X BIEHTIC X D MHTH 2 2 L 2R L, HMTEIE a=5885A,
c=22954 A LSCHRET L kL7, MRICOWTIE Na+La & Fe DA 1: 12256 F 1 (=1:113), A¥ A FDAL AV
DHEETH 253, (CaLaM THRD Z L3MMEINTWE Y, BJEA 4% 13 THIELT % & Lag79oNagyFer104019 £ 720
FeX* Ohtld 046 £ AL 5N 5, T =5K ORULEEEET A ORLHERICIE 0.7 TAHETAE Y 7Y v 7B B S, BED
EREEBIHIBOIRS B E 75 % (Fig. 1), £7:. 2HRERT StFe 2010 & LEREHHEIMET LT %, BELE M i~ 2
vy 79y FEBIE, Fe? ORI 2L X—IC c & BESTAICHUNDIEET 2720 EEZ 6N, JOHA & VB GEDS, R4
HOBRSGHERE TS LT3, Fe? ORIE, Sri_,La,Fe;n010 TEAEMAPMET L TR D L AMETH S, —HT,
i1t c/a 1 Sri_,La,Fen0p9(x > 0.7) & [FAFLEET, Hiflizemith 2 BGMHEA RO BT LART 22 L3 TER Y, S8BT DEE
75 TSI & M 3 2 DD B,

References

1) K. Iida, Y. Minachi, K. Masuzawa, M. Kawakami, H. Nishio, H. Taguchi, J. Magn. Soc. Jpn. 23, 1093 (1999).

2) A. Shimoda, K. Takao, K. Uji, T. Waki, Y. Tabata, H. Nakamura, J. Solid State Chem. 239, 153 (2016).

3) N. Langhof and M. Gobbels, J. Solid State Chem. 182, 2725 (2009).

4) H. Ueda, Y. Tanioku, C. Michioka, and K. Yoshimura, Phys. Rev. B 95, 224421 (2017).

5) M. Kiipferling, R. Grossinger, M. W. Pieper, G. Wiesinger, H. Michor, C. Ritter, and F. Kubel, Phys. Rev. B 73, 144408 (2006).
6) J. Inoue, private communication.

7) D. Le Roux, H. Vincent, J. C. Joubert, and M. Vallet-Regi, Mat. Res. Bull., 23, 299 (1988).

8) K. Uji, T. Waki, Y. Tabata, H. Nakamura, J. Solid State Chem. 245, 17 (2017).

— 250 —



14aC -7 Fa2 B BAR D FIGREELE  (2018)

La-Co BB MBI Sr 72514 MZBIT 291 MEN Co &
PCo-NMR (Z & 5158
FRRR 2, RIS, FAH 3, C. Meny”
(F AL, *IPCMS)

Site-selective Co substitution in La-Co co-substituted M-type Sr ferrite: °Co-NMR study
H. Nakamura, T. Waki, Y. Tabata, C. Meny*
(Kyoto Univ., "IPCMS)

1 @EL®IC

7 x5 4 MEgFARM O La-Co HiE# M AL St 7 = 5 1 » Sry_,La,Fei,_,Co,01, TIE, Co D Fe 1 % HHT S &
HonTwad, —iEAEICESTE2OREEDOY A MO CoTHY, THUNDY 1 b D Co IFMRRHMEWE I/ > T
WHBEEDR H B. D7, BRonsz Co RTHANMEZ WET 212k, FED Co V1 M ERNIZEMRT 2 ZLAEEN 5.
2k, BART, PCo-NMR EEE D, CoDEAEY A MIABRLLE 31 +H0 D, ThoDY A b2 535 ColdeT?2
MOBALEVIRBIZH DL 2WE LY. £/, Ha%ER - #HEE2EL T, —EGMICESET 5 O XA LD 4f1 'b‘
1D CoTHETEMLRELE->TWVWE Y. 25T, MEMEMIOBENTEE LIT5 L, Co DERERIIEKRT 2 L, #
MRS HY Co MBI U CIRIFRIB I RS 2 9. RIE T, SEMET (HIP) TARL Co JB1% % FHHM & b Kig ~IE&J7L:
Sr-La-Co ZM M7 = 514 ~® PCo-NMR EEr#Z1T\, Co DH 1 NN ZE A7,

2 ERERAE
HIP (F&#43)E 387 atm) TEMK L7 x =092, y = 0.93 (WDX O#r#ak) OEZE Y 2RE 2 AW, °Co-NMR EEilt
Strasbourg ® IPCMS O flé[FI 8 /A HASEEE 2 W TITW, ¥, 2K Tfio 7z,

3 BRBLUER
IZ 4 U 72 Sr-La-Co Rkl ® & T 3 MO MK D ¥Co- 59

NMR 2R2 b LEEIERT, 2hEnkGhTamli x>y o OltaFe,,00,0; "Co-NMR @2 K
KD, BMEFSMKTTAR L x~y DR Y, BXUHIP &KL
REORRETHE. THOEDARY MVIFETH—DARZ bE A —
RTUELEZHDTH Y, MEIFHFHICRE XS ITBBERHIEE
MzZTH25. HhR3BEOEEVEMINDA, T 2MioEmALY Y
D Co DIEETHD D, HBHEBOE NMITCHEHKE— AV b
DEVZRENS D, TRLLENHEIGIEAY VD & 0 #ERS D
FWKREL, ZNO5DHEDNHD o, HIEFEBEEIZZEN S OHBD
NI VATHRE D, BABEORERNMES S1 B UEAKELNL 4F, Y
A hDCoHkTH D, HEEKED 2 DDESF S2, S3 IF/\HAAREAL
12k £721%2a ¥ 1 bD Cofske Ex N5, BMENEINAT S &
FEBEIERO S2 & S3 B T hAEAP R S, HIP B Tlx, F
SIREIL ST ICHEPFL, S2 & S3 osEidmMflEnsg (FBRICX
S2 bRl EnGg). FEBEMTIE, 12k/2a D Co DA A ¥ I b 387 atm ]
VIRFENZALT B ATHENE & 552 12 REER T & 20 A%) DA EORERIE, I X20.92,y =093
HIP & DORRITIE, TDIELA LD Co A 4f, ¥ 1 b ZEIRIIZSE [
BTH5I L2 RET S, Thbb, BENEDOHKIL Co DEIE AN ‘ e
%R 2 LAY A MRIME 2RO 5. 2 ORRIE, 15 hoss 0 100 200 300 400 500
T A =R EWYNCHIETNIE, ACY~A )T Y A N THliRA
M2 532 4f) Y1 M2 Co 2D ONZHRENZRTHDOTH D,
EHENS.

S Py, =0.2 atm
x=0.29,y=0.15

S2 S3

Poo =1 atm
x=0.32,y=0.28

Spin-echo intensity (a.u.)

Frequency (MHz)
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SRSy E N X B Ce@HASIMEL Y = T A kDA K

G2 o 11 Ry 3 =/ B i N Y A
CRESRE AR R T2 850

Synthesis of Ce Substituted Sr M-type Ferrite by Controlling Oxygen Pressure
G. Inoue, T. Waki, Y. Tabata, H. Nakamura
(Department of Materials Science and Engineering, Kyoto Univ.)

ELHIS
M7 = 5 4 b (AFen019, A=Ca, Sr, Ba, Pb)l%, “Zfli> DL ANENCLETH 5 Z D6, KAMAE L

TASELLTWS, BETEROBSIL, SrFen010?DSr& Fed’Lad CoT MBI 1172 b @(Srl «LaxFeio-
yCoy019) TH DV | Co¥ DRI SFMEEIERL TV E EEZSNTWS, L IEEMAE D70 MI T
W, oA LRHPST, Nd, Sm3) DU & LTHRETH 5, LadiESe2Hia kit L“Céy.{ﬁ"é »H % D3,
Pr3*, Nd*, Sm3*Z D W TIEEIRRIRE SN TE DD, A 4 VBN S (R Bz, BIRLIC (%5,
—J. WU AT TH 5Cel DTk, MIHPIZE T 2 Z0E Alif(Ced H %\ 1XCet) 7 EAIH 2 153
% BESIEBH S 12 > Tz,

Z Z2THE, HA L DMRFE E LTCelaiEH L, BEDIEZ I U 7255 C, CeEffaSIMB 7 = 5 4 |
DEERAR, KROLEWEZ B L 72,

Ee-SrM(Srl.XCexFelzow)a‘s &£ U'Ce-Co SrM(Sri-xCexFei2yCoy019) D Z it fiiatfh(x,y = 0.4) Z [EH A IC & b &
% L7z, SrCOs, CeOs, Fer03, CosOsZ FTEDBMFE L THEAL, XLy MM L 72D %5 1200~1300°CT24
IERIBERS U 72, SOBHRFIZ RE 1 (Po2=0.2 atm), ArZ5PHAH(Po2< 0.01 atm), FEEFRIAR(Por=1.0 atm) & i#E
FHREZTRBEL 72, ZNoIMAT, EBEFIHLAT (Por=387 atm)IZ &\ T HHIPREEZ FV % T & TRERS
ZiTo 7, 36 NI BERG AT —E8 2 B U AR BIT IC & D HHFEE 2170, R BIXHE ST E(WDX)IC
IO EEA T VIRELZERL 2,

EEBRER

COBERXERET 0GR, MBS TAHORRI 2GS 2 LR TE R, CeDHIARBEIENE L 7251221, Fe0s$
L UCeO3NHI & LTEBIINS X ) 1T o7, CeD B BIRIFEEZE 7 HITIKATE L (RIERSF 5 T0.05, 1%
FHEHL TN, KR E X CArfT0.25TE), 7EDME (X EE LIRS B35 2 L 7,
Flo, T EBEEWL 72CeDREDBIRZ MDA THICE LK L 2A, A XV ERZEZ D EM
AP EHE L 72 CeDAliZ I3l CTH 2 FIHEMEDNE W 2 LAV L 72,

ZDIEDS, StFenOwlil N 2 CeDEVAIKIZ, £ 4V PROAL ST, BEDEIZHNT 5 Ce3 Dffiii
EPEICHE CIRTE L. EEESE T Tl L EBPIH I NG 2 E8bh o7,

— 0, CoriEffimdD ERIZ, BETET TREL DY, BBEDTHEIZX LCe & Conidith FIRIFHHK T
B Z R, SHEDCe-ColEtiSIM 7 = 7 A4 MMgA DOFEFUZ AT TiE, BE LS ERENERIC L 2 &4
55,

\\\)1-\;

5 3CHk

) K. Iidaetal.,J. Magn. Soc. Jpn. 23, 1093 (1999).
) D. Seifert et al., J. Am. Ceram. Soc. 94, 2109 (2011).
) T. Waki et al., Mat. Res. Bull. 104, 87 (2018).
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MAT7 =54 MZRIT D —HiRERETT D RFTE AMEFE

HENE—RR L2 ARz HEEEA
RPN 27NN ST RN B WNE SV A NIRRT A S
Local strain dependence of uniaxial magnetic anisotropy in M-type ferrites

J. Inoue" %, H. Nakamura®, and H. Yanagihara'
(Inst. Appl. Phys., Univ. of Tsukuba', Dept. Appl. Phys. Tohoku Univ?, Kyoto Univ.?)

XU @EMEREARARLA OB IE, =R F—HiAE S ER A2 O S U CERTAREFEO—>2TH
%5, ERMBBA L LTRSS EHENTWEARGR 7 =54 FO—miEKEFEICE LTS, 20 E
PN BN FEMCTARL N TV B[, BHICM AT =T A D CoDEANHRMTHD Z ENEH &
nTnal2l, BEREFMEE, ERMICIERER T (1 4Y) OAECHUEMHEER., BXOEOHH O
BTFOIRMPEIC LD BT EEZOND, MBI T 2T 4 MZBWTYH, Fe A4 2D Y Dz
FNORDRFENTEATND Z ERMsNTWSI,

AHFFED HHNTBE ARSI T, MBI = T4 MO DK R B ORI, — i< %
FHEZHT 2 RATEOIE., BLOTZEREBEDREZRL b b,

HEETI WA A L 2O OFBEREREAS AL 2 G0 7 AKX —I2, p-d BRKE AL EE
HAEM (SO ZHu0 Aniz 1 BT AHRA T 5, B HREOFHFEIZIZBEF O tight-binding 1% & £ A7
%, SOI & L TUHRTN SOl #8 T 5, 7 7 AX—NOBMEA T D> 7 "B I T A% —DEW
PR D —EhRE R RO L FHET D,

BERE £ 1.2 Baferrite & Sr-ferrite (256542 5 HAE AR, Ideal #EiE & 1%, &7 T A X —RN
NHRT =274 FDOLDOE—FH L TWHFEETH D, [deal HiEICKT2 Ku OFFHEMITERME & ik L
INEWA F b THEINAEL Y KE2V, 2T p-d BRICEDHERTH D, RFTIICEATZBEE
RORE SIS 1ok 5 Ku OFHREIZSEREIZ 2 0TV, BT EOREEEZ RTHERTH D,

20, 4V A N @mks 72X —HNOY A ) ITEANS T Cor' A A2 O—Hh B OB A
%9, Srferrite ® Fe** OAIE L dz = 0.002, [c/aluic = 1.07 TH D, L7z >T, ZONMBIZFET D
Co* T DRI HEEZ 5 2 58], —HBR GO KO- DOITIE, 4 HRORE 7B E - 138MEA A
DY T SRR ETHDLZENDND, NFRmT =74 NOBREFMEOEZBROMGEIZIL, BEEOEHR
ENVETH D, FEICE - REHEICBOTHEBEOHENERIND Z LTSI,

2%1 M§E7I§/r bm#mﬁejﬁ/lﬂz%i& Ku 0.002-{ smeeossnsaanana YYVYVYYVYYVYY
DEFFEAE & EBRE, 4% 2 T A2 —OJRN e LTS vy vy

ST =74 POLOE—E L TWHEGE 0001_555 “EEEEEEE Co2+ on 4f1 site
Z ideal G L LTV D, HUZIE M erg/om’ e tetvvvy inSrferrite
X 00004 % ua L1000 W KI<0, K2<0
Ideal str. Ba Sr = nie LILIL A K150, K2<0
e mraarammmcceesaisiis K1+k2<0
K. (cal) 0.95 245 | 2.60 =0.001 2 L1l @ K10, K20
. oA A K1+K2>0
Ku (exp) --- 3.25 3.57 . S Te ke St W k1s0, K20
090 095 100 105 1.10
[C/a]ratio
WEE  AWFICITE IR R RO
7a T AOETIThbhT, 1 4f1 A b LD Co¥A Ao ORI RIS
PEDFHRAE, 82 1527 T A K —WN Co¥' A &> D 7 HhJ51A]
EZ BN D7 b (0.001 B 1% 1CXHE) | [c/alio 1 c/a DI
[1] A2, Mag. Jpn. 13, 59 (2018). HETHBILENETH D,

(2] /EEEFE, Mag. Jpn. 13, 68 (2018).
[3] J. Smit and H. P. J. Wijn, Philips Research Report “Ferrites” (1959).
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Co 7 = T A FIERLORE &b AL m) il 18 2 OV ORI

FEHE Y, JFAE L. Sagar Shirsath?, Danyang Wang?, ZRiEREYE L, 21/
MEINKRF:, 2=2—H T AT = — )L ARY)
Magnetic properties of Co-ferrite/Fe-Co bilayers
C. Mal, Y. Haral, S. Shirsath?, D. Wang?, A. Morisako! and X. Liu?
(*Shinshu University, *University of New South Wales)

IZC&IC
AEFNEEEFTDHCo7=T74 MIAE Y hu=J A PN L~ LF 7z A v OEE LTHEAR
FEDODTND, MWEREFEX2) —BEEZHETL720D, Co 7 =T MEBRITHE T =74 b & IERMEE

WA BEDED & A RBEREZERTHENTE, WHYELAE L 7 4L AICBWWTHHATH %,
Fo.Co7 =T NTHEYATFT 7 zuA v 7 iEEEAT 2RO TRE RBEENREZ T, EiZ, Co
7 =T A MEBREO RO A BT S 72 DI2id, (001)EL ) R OV ERLSE G A AT D IS A KT
bbb, TNET, CO7=TA POANTRIZEX XV v LREIZIV T SITIOz<° MgO 72 £ 0 Hfk gL FEik & A
WS, FER B  B T 4 1T SiOLSi FEAR EIZ(00)EL Z AT 5 Co 7 = T A kD ERL A 32 72,
RERAE

BRIt 2 — 7y hEoxy &2 U o FEEE (FTS) 2 W T, 2 ks U =2 2 (SiOo/Si) Eatk 11T
Co-Fe-O/Co-Fe iz ERL U 7=, (R L., EHERRRZIEBOMEZ i X 72\,

PERL U 723808HT VSM Z W CTRESUERFE 2 JIE L, X BREIPTEEE (XRD)Z & 556G dbii il Ofir 217 - 7=,
RERHER

Fig. 1 (ZJRJE725 60 nm ZH 4% Co 7 = 7 A FEEOBALII#EZ <9, (a)lZ FeCo THIfEZ A L 72\ ikkk,
JONb)i% 3nm @ FeCo FHifE % A3 5kl &35, FeCo FHIE 72 L OFECTITH 110 emu/ce D fafimel %
BITDHN, NV DCo72TA FEWETAEITTUATHD, ZUTiGmEP IR SR 2 AT 5 2
L&Y, L., FeCo FHIE 3nm 249 25 sk CIXAafB b 23 2SS BN L 7=, XORRIET O I E 5 F
51X FeCo THE Z AW THEMBIMNEL L 72 < THREML LA R UEEZ AT HZ L 2H LM LT, ZOFER
ML, FeCo THIE N A B A NEEORERILIEEZ BT IR 2R/R L TCWVW5, £2. 2 TOR
£t 800 °C T 2 REMBVLBE A i 9~ 2 & 12 L 0 EREEI DS BIRIZHENN L 7=, Fig. 1(c)iZ FeCo THifE Z A L2 ik
B, K ONd)IZ FeCo THUE 3 nm % W 723kl O 2 N E O BVLER% OFE R 27~ 3, i OREE LN -
BB SEEZ R, FeCo FHIEZME

WEREHI L D SV EARE A ERL, @ .| / L * & B

FHEN - RERRR S AR LT, Fig. £ o / 3 /

2(a)\ FeCo FHUE 47 72\ akkt, RO¥ =7 - 7 " g

(0)IZ FeCo T HiJE % H 75k D 2L ER P W w

D XEPTREREZ T, FeCo PHIEZ @) "f(d) =13 & (b

£ L2V EAEEL)E AR S OE R £ w /% g

TihH A, FeCo FHEEATHMBITIE 2 2 o %’ /2

(004) I e bV BT T B 2 L& T i A |

L7z, E£72. N XBREHTHEIC L - T e, e 200l

a=b=8.43 A\ c=8.35 A FESLRETF DR T A Fig. 1. Hysteresis loops of 60 nm thick Fig. 2. XRD results of

— 2 BB U7, ZhiE, S HEA A B R/ Co-ferrite (a) as-deposited Co-Fe-O films (a) annealed films

SO clihZ ) EfE L2 L 2pRed 5, 2 without FeCo underlayer, (b) with 3 nm thick without FeCo

D XD RFEREREEEEILICo 7 =T 4 T FeCo underlayer, (c) annealed Co-Fe-O film underlayer and

REWFEZ2 L T-0TEHRTH A, without FeCo underlayer and (d) annealed (b) annealed films with
Co-Fe-O films with FeCo underlayer. FeCo underlayer.
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R R SUE IR K D E R T Nd-Fe-B Ak A DB &
W8S R D S B B A

MrHZE—. 2 8, 85 @ik mREN, =EEE0s
(KIRKRF)
Preparation of Highly Coercive Nd-Fe-B Magnets by Grainboundary Modification Method and
Precise Characterization of the Magnetic Properties
Ken-ichi Machida, Na Li, Hanlin Zheng, Hiroaki Nishio, Masaji Endo
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Temperature dependence of microstructure of Tb-rich shell in
grain boundary diffusion processed Nd-Fe-B sintered magnets

Tae-Hoon Kim®, T. T. Sasaki®, T. Ohkubo®, Y. Fujikawa®, M. Miwa®, Y. Enokido®, and K. Hono®
@ Elements Strategy Initiative Center for Magnetic Materials, National Institute for Materials Science,
Tsukuba-city, Ibaraki 305-0047, Japan
®TDK Corporation, Narita-city, Chiba 286-8588, Japan

In Nd-Fe-B sintered magnets, the formation of heavy rare earth (HRE, Dy or Th) enriched shell by the grain boundary
diffusion process (GBDP) is essential to improve the coercivity while minimizing the HRE usage [1]. Due to higher
anisotropy field of ThoFe14B than Dy,Fe1.B, the Tb-GBDP is more effective to enhance the coercivity of the magnets.
During the GBDP of Th at 970 °C, the Th-rich shell is formed by the diffusion induced grain boundary migration (DIGBM)
[1]. The Th concentration at the Nd-rich grain boundary (GB) region abruptly increases upon the GBD of Tb, and it
provides a chemical driving force for the GB migration. Thereby, after the Th-rich shell formation, the size of the main
phase grain increases by the thickness of the shell [1]. This implies that the thickness of Th-rich shell and the size of main
phase grain can be controlled simultaneously by controlling the driving force for DIGBM. According to the simulation,
the formation of thinner Th-rich shell and smaller main phase grain are strongly required to further improve the coercivity
of Th-GBDP magnets [2], and we can expect that those microstructure is obtained by reducing the Th-GBDP temperature.
In this study, we investigated the change in the microstructure of Th-rich shell as a function of the Th-GBDP temperature.

The as-sintered Nd-Fe-B magnets were GBD processed using ThH, powder at 870, 920, and 970 °C. The GBDP
magnets were annealed at 520°C. Magnetic and microstructure characterizations were carried out using a BH-tracer, EDS,
SEM, and TEM.

Fig. 1 shows the magnetic property changes as a function of the Th-GBDP temperature. The coercivity of GBDP
magnet increased from 1.9 to 2.1 T as the GBDP temperature decreased from 970 to 870 °C. The remanence was not
affected by the change of GBDP temperature. Fig. 2(a) shows the microstructure of 870 °C and 970 °C GBDP magnets at
a depth of 100 pm. In the higher temperature GBDP magnet, the thickness of Tb-rich shell was thicker and the size of
main phase grain was larger, compared to those in the lower temperature GBDP magnet. Notably, the average Tb
concentration of the shell was higher in the lower temperature GBDP magnet, as shown in Fig. 2(a). Upon the GBD of
Tb, the increment of Tb concentration at the Nd-rich GB region (i.e. driving force for DIGBM) was larger when the GBDP
temperature was higher, thereby forming thicker Th-rich shell and larger grain in the higher temperature GBDP magnet.
Since the GB migrated while consuming the Th during the Th-rich shell formation, the average Tb concentration within
the shell was higher when the thinner Th-rich shell was formed at lower GBDP temperature, as shown in Fig. 2(a).
Interestingly, the formation of Th-rich shell was also observed at the center part of both the 870 °C and 970 °C GBDP
magnets as shown in Fig. 2(b). Unlike near the magnet surface, the Th-rich shell at the magnets center seems to be formed
by the solid diffusion of Tb rather than the DIGBM. Nevertheless, as observed at 100 depth, thinner shell with higher Th
concentration was also formed at the center part of the lower temperature GBDP magnet, as shown in Fig. 2(b).
Conclusively, the smaller grain size and the formation of thinner Th-rich shell with higher Th concentration are the main
factor for higher coercivity of lower temperature GBDP magnet. The relationship between the GBDP temperature and
microstructure of Th-rich shell at various magnet depths will be discussed in detail.

References
[1] T. H. Kim et al., to be submitted (2018).
[2] T. Oikawa et al., AIP Advances, 6 (2016) 56006-1.
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Effects of grain boundary phases on magnetization reversal process

H. Tsukahara, K. Iwano, C. Mitsumata®, T. Ishikawa, and K. Ono
(KEK, 'NIMS)
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Magnetic properties of L1,-MnsoGasoAl, epitaxially grown thin films

Keisuke Kamiya'?, Yoshitomo Tanaka®, Sigian Zhao', Gary Mankey' and Takao Suzuki'

!Center for Materials for Information Technology (MINT), The University of Alabama, Tuscaloosa, AL, United States
’Materials Development Center & IP HQ, TDK Corporation, Ichikawa, Chiba, Japan

The L1y-MnGa and —MnAl alloy thin films have received much
attention because of their high magnetic anisotropy of the order of
107erg/cm’ at room temperature, for potential applications such as rare-

earth free permanent magnets. D.2.3

The present work aims to study
the magnetic anisotropy mechanism of L1y-Mnsyo(GaAl)sy films in

conjunction with structure.”

Thin films of MnsoGasocAl, were grown onto MgO (001) substrates by
DC magnetron sputtering using MnsoGasoAlx (x = 0 ~ 20) alloy targets.
During deposition, the substrates were heated at around 600 °C. The film
thicknesses for all the samples were about 60 nm. The crystal structures
of the films were characterized by XRD (Cu Ko) and TEM.
Measurements of magnetic properties were carried out by VSM and
torque magnetometer in fields up to 90 kOe over temperatures ranging
from 20 to 300K.

Figure 1 shows the XRD patterns of the films. All the samples possess
the c-axis orientation along the film normal and exhibit a (001) super
lattice peak of the ordered L1, structure. The order parameter S were
estimated based on the intensity ratio of I(g91y/I(002) to be about 0.9%,0.8,
0.6, 0.4 for x = 0, 5, 10 and 20. Figure 2 shows the temperature
dependence of saturation magnetization M; and uniaxial magnetic
anisotropy K, over a temperature range of 20 to 300 K. It is seen that
the K, decreases rapidly with T than the M; does. The exponent n in the
correlation of K, M; " is found to decrease with x from around 2.5 for
x= 0 to about 2 for x= 20, as shown in the inserted figure in Figure 3.
These results suggest the significant deviation from the single ion-model
for the magnetic anisotropy mechanism.”

The present work was supported in part by NSF-CMMI (#1229049)
and TDK Corporation.
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Stabilization of tetragonal FeCo structure and uniaxial magnetocrystalline anisotropy by VN addition
T. Hasegawa, T. Niibori, Y. Nakamura, Y. Takemasa, M. Oikawa, C. Shirai, Y. Seki, S. Nakagawa
(Akita Univ.)
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Lattice distortion and uniaxial magnetocrystalline anisotropy of annealed FeCoAIC films
Y. Takemasa, K. Kumagai, T. Hasegawa
(Akita Univ.)
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Stability of tetragonal FeCoX (X =VC, VN) deposited on amorphous substrates
M. Oikawa, M. Sakamoto, T. Niibori, T. Hasegawa
(Akita Univ.)
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Fig.1 XRD patterns of FesoCoso, (Feo.sC00.6)90V10,
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on SiO; substrates.
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Effect of Cu-diffusion on hard magnetic properties of Fe-Pt thick-film magnets
prepared by electroplating methods
Y. Omagari, J. Honda, S. Furutani, T. Morimura, T. Yanai, M. Nakano, H. Fukunaga (Nagasaki University)
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Anomalous Nernst effect in L.1o-FeNi thin films fabricated by pulsed laser deposition
Masahiro Saito', Himanshu Sharma?®, Masato Kotsugi', Masaki Mizuguchi’
(‘Tokyo Univ. of Sci., ’IMR Tohoku Univ.)
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Fig. 1 Nernst voltage of L1o-FeNi film as a
function of applied magnetic field.
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m»5 100um £ TE Lz, EERIZ Pt (5 nm)/Al (100 nm)/Ti(3 nm) AWV TR L7z, FIZ, MIHRO EIT Sio
g & ITO BAGE 2 /ERL U7z, Fig. 1 (ZaUEHMERSE O Wrm X % 7~ 9,

#1300nm D ARy MEXTE 2 b—W—~v A 7 nh—lELERE ot b chere _ .
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TNEF OWEKEFFEZHIE LTz, B —BAMEEZ T MR O O Ra A%

EEBE LT,
REER

Hga@’v~%~v47nﬁ~ME% Z TR O MR T
M (BAT x A1) 1> T, BEFR A Fai oo 2B 7 N FIAINRE O Ak i
MAETRT, x=1 pm THT v TR R G 2R T2, x
DN LV TEEFRSFPEDSIEINIAE Do x =20 pm TR BEERES
M AR, Fig. 2(b) (2 x=30 um\iETH— FERE V=0V
75 V=8V O li# %79, Fig. 3 1Z MOKE (T & 5 &4 ER RS
WCBWTEREZHN L -RFOBX O T %2177, (a)+2 Oe, (b)0 Oe,
(c)-2 Oe DZEINZEILDINERIES 2 FIAN L7228 & FES 2 FIIN L 72 IRF LT,

B TORRNOWBEDOBE Z MR CE 72, (@), D)DHEITAFILI
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Fig. 1 Ilustration of the

Fig.3 MOKE microscopy images of
sample Fig.2(a) Kerr hysteresis at different thickness in the ~ EF-induced and magnetic

absence of the EF, (b) Kerr hysteresis x = 30 ym for ~ field-induced motion of domain walls
in the region with the thickness

different applied gate voltage Va )
gradient.
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BANREEZ ATV I A b T VA OERLE Z DR

RS, SEE L GREE L (UHEEAL FRENE Y BN B 2
(HFMIREE, E&%‘Bk%)
Preparation and properties of field-effect magnetic skyrmion transistor
Chuang Mat, Ryoma Arai?, Xichao Zhang?, Yusei Yamada?, Akimitsu Morisako?!, Xiaoxi Liu!, Teruo Ono?,
(!Shinshu Univrtsity, 2Kyoto University)

IZC&Ic

BRAXAIA T AR U NERI T L BT A ORI X EETH D, FO/NS X L R
PR, RTINS O IR MR ELRIE ~ OIS 2B 2 b b, AR TIX, T v R/UICER 2N ATEE
72 3T AERLL . EHRT VAKX Y MERA TN I A OARR, EIREEEIRR A ¥V I A ORIEER
HELZDOF— NEEORE, BRIEBIAAFINIF L N T URAZE L TOMELZHRET D,
REBRA & —

AREHERIZIZ, AT VI Y7o 7 4 —1E 74 NI YT I 7 0 —1EE | pe
XSy B Y L TR AE T, Fig 1IRT k5 7 3 TR A L7, =
F ¥ FVIEHE 4 pm, £ X 20w m @ Pt (0.5 nm)/CoNi (0.4 nm) /Pt (0.5
nm)/CoNi (0.4m)/Pt (1 nm) D % @i & ik S iz,

ERLEH T L —F—~ o 7 0 —REEEZ AV CERANEOR ko | S| | oo
SR IE L. B0, giaiey—amgus Lseraiamors (@) @] @]
W& & FE S EVINRE D RERERS B 4 4 E L 7=,
REBER

Fig. 2 IZF ¥ R/AERIC 7 — NEBIE V=0V & V=85V ORAFIMEZ /RS, Vo=0V K372 T E A R
FitEE R L, RS He 381 300e Tdh o7, L L., Ve=85VHIINT % L BRFFEIC K& 2 BEn A b,
B TEELRE S T PEDN B L, BREET) B4 2 Oe if?ﬂw\ L7z, Fig.31ZF ¥ RO I —BIEEIC L - T
B LKA S O —F &2 ox 3, BFEEENREC FNEET P AZ Y MLk o TR AFILI A" T L
MW LT EBEZ BN D Fig. 412 Ve=0V 75 VG =8.5V F THIIN S W7 REZ B IRBRENRE <N 7 VB B D
BT E ) OFE R AR, Ve=0V DD Jo 259 5.9 x 101 (A/mY) TH » 7273, Ve DEIMILE Je 238D
L. Vc=85V DOIFIC J 235 5.1 x 101 (A/md) & Tl Lz, &7 — FEBEAIMNC X - ’C?‘ﬂ??/bﬁﬁ@?ﬁﬁ%m

BEOHIEZFER L, BEHR—TEDOR, BERICE DR A TN A OEFEFEIDO“ON” & “OFF” O/ b
X7z,

Fig.1 Structure of the device.
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Fig.2 Kerr Hysteresis for Vo= 0V Fig.3 Kerr image Fig.4 Threshold current density
and Vg=8V. as a function of gate voltage V.
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(FERBefefb t AERBE T ?)

Evaluation of magnetic property of Pt/CoFe,O4 ultra-thin film using magnetic proximity effect
©S. Nodo?, T. Yamamoto, T. Yanase?, T. Shimada?, T. Nagahama?
(Hokkaido Univ., Graduate school of Chemical Sciences and Engineering!
Hokkaido Univ., Graduate school of Engineering?)

XL ®HIS

a0V k7274 b (CoFe04 : CFO) 137317 T 793K & &V Curie IRE A FF D, BN TZREKAFED B =E
BIMERRER A S 7 4 NV E —FTFHE~DICHDPIRH SN TND, L LR LEETII LY LR oT
WA Z 7R U FRICJE S 2580 nm F2 B O I C IR ARBE S (APBS) 0 F 4 o R ITEE R - D Ak 4 72
BERFFIEDR A STV D D2, SENIEKTHER RO FEENHE ST 5 IPYCFO @R %A W T,
Pt DRI EHIE I & > T CFO B O RRFE DM A 1T - 7=,
=B =

FEEEREH IS S ME S TR B 2 3 2 —(MBE)EIZ L » TYERL L 7=, KSR 13 MgO(001) £:47/MgO(20
nm)/Pt(2,3 nm)/CFO(2-6 nm) Td» 5, PY/CFO JE Dk di A1 13 S s 85 7- [F1 4T (RHEED)IZ X % % D45
22 XHREHT(XRD)IZ & - TRl L7z, BB IR TI2 X - T Hall S—fE o R 2 ER L, B
HIZE (Hall HIE) 21T > 72,

ERER

Fig.1 [ZZIRIZH 1T 5 Pt @ Hall flEOfER % R~d, SRIER L 3 —

7= 7Tl h CFO BREIESEWV 6 nm B W T, 2L 7 Off ol tﬁ“m
1713000 0e L W /hE <o TWBHZ L3bhnd, FIBEN/IN — 6o

KRBT, BRESIPMETF LT Y 3.4 nm LU F CIERRES
RIFE0 L. (B ERMAICIED B> TWE I ERbhot, =
UL L 28, 55 WIS BEDH D L 5 7o K
BRI DA L5 60 L EZ BRD,

WIZE: b CFO EE 253 2 nm D H > 7 /L1220 T Pt o Hall
WE OIS R 2 ME U=, BB % Fig2 1ORT, BRNICH Y .
A9 % LRI FIC M S THBIC BT 517 R b, 220 T Mo ctic feld 10n
KELETIZIZIEO &z, ZDZ LG, CFOEE 2 nm Tl Fig.1 ThickHESS‘degpendent Hall measurement
RSB B IR 220 K (BEIC B L ZEZ bILD, £i-. Z0 in Pt (300 )
220 K {2351F 57— 4 % Brillouin B%(T 7 @ ®)
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4T 4T Lz A, J=1500L 72 ol
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ST ink, BERMED LS ICES 5 I
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a
1) C.lJin et al., J. Appl. Phys. 110, 013917 « -1} | 8 ° .
°
(2011) of .
2) Y. K. Wakabayashi et al., Phys. Rev. B 96, 2 710‘000 —5600 . 0 5060 10600 160 1§o 1«;0 150 1$o 260 zéo
104410 (2017) Magnetic field /Oe Temperature /K
Fig.2 Hall measurement in Pt (t;z, = 2.0 nm)
3) W. Amamou et al, Phys. Rev. Mater. 2, (a) Temperature-dependent Hall measurement (b) Temperature
011401 (2018) dependence of coercivity
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Fe-Ga 52 351 T B esURrME oo Ga fipkic L 5 21k

N Fez, w28, HiR FE GRAEREE)
Change in Magnetic Properties of Fe-Ga Films with Ga Composition
Yasuyuki Kawabe, Yasushi Endo, Takamichi Miyazaki (Tohoku Univ.)

[TLHIC Fe-Ga B&ITWROTHNBKE L, BFIBAME S | BBAESCIM THENR W E W 2R 24
LTEY DV, 77Fax—FREOERRT A ZA~OIEHNIHENTWS, —J, Fe-GaEIZHW\Th,
fEIE - e TRV — @R RE T AN ZASOIGHIZANT THER SN TWD 2, LIeB-T, Zhbd
FTNA ASHOFEREZ HEE LT, Fe-Ga &4 Fe-Ga WO, MR X OESHHEICE T 2 s
ITPON TS, R ThH, WREMICE L Tk, Fe-Ga A4S Fe-Ga Hifi i DM IEIT L MmE ST
B LU D, Fe-Ga Zikibi IO LI R E N H E 0 IThiL TRV, REFFE T, Gafilik
DEI D Fe-GalAFR L, 246 OfEIER L UOWREHEZRET L7z, FoizmiA a2 b L2 LT Ga ks
QLY AV s

EEBAE FeoGac (Fe-Ga) IEDOERNZIZI DC ~ 7R hu 2y 2 Y v 72 W=, 1B EoRE R
XA I T AT B L 72 50nm JE D Fe-Ga < CTdh %, F£7-. Fe-Ga o Gaflak (x) X 18.5~33.4at.%
CRIAS B b S E 7, FRUIEOREIZE LT, SiniE st (TEM) LJRFHODBEMEE (AFM)
ZRWCEHM L7z, BEofEmAEEIL GakipkicBii 69 bee ik Th o7z, BEOREML 1T Ga kA IC KT
HFFRa~09MMBEIRRMS ~12nm TH Y, F7o, BEOHENF RO EREITNT LD Ga ik TH A 20
nm ThHotz, —J., 1ERLZBEOBSEMEICE LT, IRERREPE R (VSM), Y6 T ZiEE vz @ik
FETERERE TR ((BR) BRRMREERD) BXOWRY MRy NU—2 7 F T4 ¥ ik 2 e by iz
7 vm— KN K FEMR JEEZ VTRl L 72,

HRBIUER 113 Fe-Ga BICHT A0MBAL @aM) = 2O T T T T T T ]
D Gafflf () KIFHETHH. GafpOBME & bIZ, aaMsiE  F 18|

BRI Uiz, ZoZ8ix, bee #2435 AHAFHO Fe- s

Ga VL7 B@OE LU L TS 9, kx0T 2 ) 13 § tor

Ga il LKLz (K 2), T7bb, Gaflakns 21.7 at% *:% 14'_

PLUFClE, Galpkomme & $1Z A1 33 ppm 725 47 ppm &£ T 2 1

AU 72, Gafipns 21.7 at%A 5 27.2at% Tl AFFEC § 12|

A L. GafHARAS 27.2 at.% T/l (44ppm) & 7o 7=, Gafiik § i 1
73272 at%TIE, GaflkDMANE & bz LB L esapmE 5 05 e 39 3
THEM U7, AsD Ga fikic X 2 kiX. Fe-Ga Sv 7 540Dz Ga Composition, x [at.%]

FEHLLLTWHBAEDD, F5DMIIRERD Fe-Ga £iE e Fig.l. Dependence of 4nMs on the Ga
OFER L b GafkA 20 at. %I EIC B W TEL o7 9, = composition (x) for 50-nm thick Feio-xGax films.

DR E, ERL 72 IR OOk SRL Ol S B 03 55 O 9 A D %

< T2 [11] HRICRALTHA - Ltk bneEzbhn  E O T 1T T %%
B, Ffo, FUEVVER (@) bM2IRT LS G T 0.08
Ar Uiz, 72bb, Gaflint 27.2 at%ll FCIE Ga sty g 7|

ML L HIT o TFELMNITHEM L TR (0.085) L7220, Gaflk 8 | 0.06
AR 27.2at %L 1 CIE Ga SRR ORI & & BIC o iX L=, v 40T -
NO o DIEL., Fe-Ga WikMIEORE DL b5 LWL RoTzy & | '
COFERE, WHEEEOX L EL ZICMATHAMERIC L4 = 300 Jo.02
BT RER S TN EICE B LD EER BN, I .
WA AMEO L HEKEA UL b= REREEEE 5 O e e ey 30
=L HWIERFEBEER- L hn=7 X[ ¥ —DOXED a Ga Composition, x [at.%]

b & Tz, £z, REFZEO ik, BHFER s (B) (No. Fig. 2. Relationship between /s vs. x and
17H03226) DOIAED L & TIibii-, a vs. x for 50-nm thick FeiooxGax films.

SEX#EL 1) A E. Clark et al., IEEE Trans. Magn., 36, 5, 3238 (2000)., 2) B. K. Kuanr et al., J. Appl. Phys., 115, 17C112 (2014).,
3) N. Kawamiya et al., J. Phys. Soc. Jpn., 33, 1318 (1972)., 4) A. Javed et al., J. Appl. Phys., 107, 09A944 (2010).
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EEBLEa S VA E T AT

AW TR Y OB
M >, W RES,  I0F EmYR, R B3, L BEh, EHOMK
TN K AT DG HFEL AR FERE
Magnetometer Based on Inductance Modulation in Coils Made of High-T. Superconductor
Keiji Enpuku, Yujiro Yoshida, Shigeya Yamashita, Masaaki Matsuo, Teruyoshi Sasayama, Takashi Yoshida
Kyushu Univ.

RS TP COEMERTTRETH W . 23, 1 Hz B DK ERRAR 2 SR T p R e v i o
THRSCHAFE SN TR, 20k, @i EafA vE A X7 82 0 2B TR E o3 %
BIJE L T2, [1] Fig. 1(a) (&% DSR2 759, Bt =1 b (Lp) & BT = A b (L) 1 S s 5 R TR
L, IRIEHI(R =27 pnQ) CTHEt 756 Z &1k 0, PAL—T 2B L TV D, EFBORD A = A Z8HA L
TG ETI, BV — T IETE | SRR AT 2 A VI B SN D, Z OB — 7 ORFESIET = (Ly+Lm)/R.
THEZBNDTD, Lytly=115 pH DFE 1013t =4.26s L 720 1 Hz FRE DIRE MR A R#ETE 5, Fio, &
A=AV RS OAMIER B T AU B T COBENRIREL 72 D,

B aA N E SN B 2 BERETICERT D20, af VDA L Z 7 2 A Ly ZRERICETT 2
FREHWZ, ZOFROFBUIELZBERE 7 T v 7 AP — MR TH D, T7hbb, oA LNIC
Wt O A4 724 L, BED A TICERER 1n=lpc + lacsin@nft) 21T 2 &2k v, Bty A4 7 odEkR
RSN SE D, ZORR, BERIANVDA L H I X AN Lp(t) & RERICER S, B o1
(P-Q)ZIEV, = I, x (dL,,/dt) DHITEENE SN D,

B = A L AT A TSRS T — T Pickup - Modulation
(SuperPower £ SF2050) % HIWTIEREL 7=, fith= coil —> coil

AN DINT F—Z T EE Dy =25 mm, B4 N,=50,
Ly=65 uH TH D, £7z, B NVDRT A =K%
D =20 mm, Np=60, L,=50 uH T&h 5, =2 A /L idiffk
EREHNTWHEAIL THEIZEREE Lo D A 7
[Z0E 500 pm, JE = 35 um O¥ (55044 - 120FC20)

AW, BT A TITIE 1pe=70 mA, 1,c=35 mA, fy, /I\ I
=400 kHz OZFRER | I L CTA v X7 Z VA Ly Signal flux Magnetic wire

RIS E T L=, — OB ORIS & v W O BT R

L

m

(BJEIRERIEBARED) 13 Kye=885 VIT L7257z, o Iy A

Fig. 1(b)iE > Y ORERMET A7 M ERT, & _ m,&\{ﬁ | |
VY OBEME ALY FNS, OWER L BERE S \FLI I
Kvg % MWV TEH L7 B (VSs = VSu/Kye) TH 0 | ik = 3 Y \‘\s WH ‘qf,;h» 1. N
FHEENS 13 20 Hz LA b oo J8 S 508 T2 IE [ ey = 2l ‘kj#fw* _
L7720, 1.3pT/\Hz & 725 7=, 20 Hz LA F AR JE %% “mm ) v ‘*ﬁ#i U{gy M
OIS 1RO T & & bicEnd 5 1f B
MR & 700 1Hz T 5.6pT/VHz & 72572, ol H‘H%
BE t(Hz) ®

1. K. Enpuku et al, Appl. Phys. Express 10, 113101 (2017). Fig.1. (a) Equivalent circuit of the magnetometer.

(b) Noise spectrum of the magnetometer
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Investigation of serial magnetic tunnel junction sensors for high

signal-to-noise ratio in eddy current testing

Zhenhu Jin, Muhamad Arif Ihsan, Mikihiko Oogane, Kosuke Fujiwara and Yasuo Ando
Department of Applied Physics, Tohoku University, Sendai, Miyagi, Japan

In recent years, magnetic tunnel junctions (MTJs) based on MgO barrier have been attracted considerable interest
due to high tunnel magneto-resistance (TMR). An earlier study reported that TMR sensor based on MTJ can detect
small field change, which indicated these devices can be used in eddy current nondestructive testing (ECT) field [1].
However, it is still required to develop a sensor for detection of different defects. Considering that adding serial MTJ
number in the sensor can improve sensitivity [2], an optimized serial TMR sensor can provide a high signal-to-noise
ratio (SNR) during ECT. Therefore, for achieving high SNR, we fabricated sensor with 4, 16, 28, and 40 serial MTJs in
1, 4, 7, and 10 rows, respectively. Furthermore, we investigated their detectivity and analyzed their output signals to
determine the maximum SNR for detection of different defects in ECT.

The magnetic film structure of MTJ was SiO,-sub./Ta(5)/Ru(10)/Ta(5)/NigoFe2(70)/Ru(0.9)/CosoFesnB20(3)
IM@O(2)/CoaoFes0B20(3)/Ru(0.9)/CorsFezs(5)/1r2Mnzg(10)/Ta(8) (in nm). These series of 4, 16, 28, and 40 MTJs with
10x10um? top pinned layers and 15>60um? bottom free layers were fabricated with photolithography and ion milling
processes. After fabrication, for achieving excellent R-H curve, the fabricated MTJs were annealed twice in a vacuum
chamber using different directions and temperatures [3]. Furthermore,
automatic ECT system was composed of an excitation unit with a function 100 0030 @100 Hz
generator which delivers excited signal and sensing probe with the prepared
MTJ device. The surface and back-side pits with various regimes in
aluminum and copper specimens were inspected by using ECT probe with
TMR sensors.

Figure 1 showed the dependence of detectivity of the sensor on serial P H 2D demes s 1
MTJ number N. It is indicated that the TMR sensor with a large MTJ “lo 100 1000
number can offer small detectivity. However, since the inhomogeneous Freaneney (1)
secondary field induced from eddy currents in the specimen, the disturbance
of field strongly affected by the distance between individual MTJ and test
specimen during defect detection. As shown in Figure 2, the ECT result
when different sensors were used to detect a surface crack, the noise
amplitude increases with the number of serial MTJs, which indicates the
dependence of noise on their number. On the other hand, due to the
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Fig.1 Detectivity for different sensors
at different frequencies. Inset:
dependence of detectivities on serial
MTJ numbser N at excitation
freugneyc of 100 Hz.

. R " . . R MT]IJ row
distribution of secondary field, the crack signal reached a saturation for N 05 A 6 8 10 o0
=28, and highest SNR can be obtained. Although the inner defects of the jm Lo 1o
copper specimen were inspected, the probe with TMR sensor (N = 28) = . " o1s

offered considerable high SNR. This study suggested that the optimized
TMR sensors can play an important role in achieving high SNRs during
ECT.
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1) J.Lenzand A.S. Edelstein, IEEE Sens. J. 6, 631 (2006).

2) R. Guerrero, M. Pannetier-Lecoeur, C. Fermon, S. Cardoso, R. Ferreira,
and P. P. Freitas, J. Appl. Phys. 105, 113922 (2009).

3) K. Fujiwara, M. Oogane, F. Kou, D. Watanabe, H. Naganuma, and Y.

Ando, Jpn. J. Appl. Phys. 50, 013001 (2011).

Fig.2 The relationship between
amplitude of the crack-free signal and
noise during surface inspection with
different sensors.
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CPW KA v 'Y 2 —L

B —, EIRfsE, MErEm, #b FF, RHEE—
(EREPTEIIFZERT, ALK
CPW transmission line type magnetic sensor module
J. Hayasaka, K. Sugawara, H. Uetake, S. Yabukami™, K. I. Arai,
(Research Institute for Electromagnetic Materials, *Tohoku University)

1. [XC®IZ

UF U LA A 2 IREMSE O &SR B A %
HryE LT, mEE, HofK/ A X72 CPW (Coplanar
Waveguide) {5587 AR o V8 Y 2 — L & B
L7-.

2. EEBAE

Wit o HE T, DRSO A RS SR R
FL LTSN TWVWD CPW (b B AR
TV EERA L. REE, EE/RIE, FEHR-77
RS, % %2000um, 300um, 50um ThHbH.
M 1%, CriCu/Cr/Au (JE7 0.1/3.0/0.1/0.3 um) Th
5. FREEICE, gL LCo CoNbzr 7EL T
7 A (JE&E 5um) ZFlL7=. CoNbzZr fili& CPW
BRI OMERRIEIC X, SITIO3 (STO, 3um) Z V-,
F A HRO IR %, 1,600MHz ToHh - 7228,
FAER O AR EIC XY 500 MHz H#ICIE T L7-.
15 B AVER SN & L ClE, 48 FR-4%J8 PCB i (4+
1 150mm X< 100mm) _EiZ, RF HEEEIES, B
BRI, PSD [HIH, 7 Vvinl e 25 LG5
JLERAR— R (JEIEH 500+50MHz) % e L7-.
X U7 ORAERICIL, Agilent N9310A Z i L 7-.
Bz, ~LARLYyaf LERHL, 8EL-
YUY EY 2 VOIARVERER M L. £, B
RUBENRRIZRD LI, FlaA kb 05mT
DEFER A T A5 L.

3. RERER

Fig. 1 1%, BE L7= CPW B AM S & v &
Vo — )V OREXUEEREE (BZTbRL 100Hz, &% Y
7R 500 MHz) TH B, BESEEEE 100 nT £FaT
OB EIRIC B W T, MAEE X, 03 mvinT
(Ich_0deg.) Th o7z, Fiz, BT —/V RO S
TN REREICEB T AHHEERIL, 5nT
Thotz. /A4 RXE, ELLT, #liTokH7%
AIERNC LD LD TH H.

Fig. 2 1%, HHEE, BLONHOEEE X ¥ U

T AWK TH D, v U 7 A 500MHz fF
T CHRRMEZ7R L, HIMEIX 0.20 V (Ich), 0.38 V
(Qch) (BRI 1 nT) Tholo. £z, MAHIL,
Ich, Qch & HiZKI-20° TH o7, FEF L(E 50
R— RO r—7 ML s BLEZ 5ND.
A%, BV HET, B XOME SR O i
{RIC X 257 2 SR, 38 X OWMELO BB K &
ZF v U RMEBNEREE L THEITORS.
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1) # bk, fth 25 41 8] HABR F P ek =
4 21aD-2 (2017)
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Fig. 1 Magnetic field characteristic
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FaradayZh RAAE 7 v — 7 Bt P RAKSR I — 27 IR O%RE

LR S, FRbE RO, MEH (K, AR Ay, SR B, R N
EM KT
Study on shape of magnetic-yoke for Faraday-effect optical prove current sensor
K. Yamazaki, Y. Fujishiro, K. Shiota, K, Iwami, M. Sonehara, T. Sato
(Shinshu University)

ZLC&HIZ

BE L, NU— L7 hr=7 AZEWT Tl TER) EE) ofdlza R L TRy, &tk
ERRDHNTND. FEH I, BRI/ TER A X2 < @RS C b E e Bt v 0%
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Fig.1 Model of sensor head  Fig.2 Analysis resultin H vs. a (@) Hvs. Ly (b) Magnetic flux density
with yoke. Fig.3 Analysis results of trapezoidal shape yoke.

SE Xk
1) M. Miyamoto, et al.: INTERMAG 2018, CW-14 (2018).
2) N.Yabu, et al.: The Papers of Tech. Meeting on “Magn.”, IEEJ, MAG-17-156 (2017).
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Optical magnetic field sensors using FeCo-MgF nanogranular films
H.Ohba,N.Kobayashi,K.lIkeda,K.I.Arai
(Research Institute for Electromagnetic Materials,DENJIKEN)
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Fig.1 Shematic of the optical magnetic field sensors
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1) N.Kobayashi,K.lkeda,BoGu,S.Takahashi,H.Masumoto, 00 100 20'26Ci?£01%§°'° 200 €00

S.Maekawa,Scientific Reports,8,4978(2018)
Fig3.Figure of merit vs. FeCo concentration of the FeCo-

MgF nanogranular films
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Evaluation method of amorphous magnetic ribbons for the FM-OFG magnetometer
Ichiro Sasada

(Sasada Magnetic Instruments Laboratory)
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Uy PR —V FNICEE, 2 73 SSE i S TE N A 7 A Bifliae 2 B L 72 i B 2
WT 5, COLERETIFEEEDOREZIDS, a7WIKHFET MR EED ) RV S DHE D
PEZHZ 2L TES, 72, iwllNT 2FHEEBLIRBOZND S, WKRETEORE SBT3 EHZ
B2 EDTES,

BR AiEMetglas2714AY) AV SR mmic A Y v P L72b D (BMLEEEL) &, CNERELZTELT 7
2 R DIEI mmA Y v M AIEVLBLZ i U 72 > 7 VIO W TEHITL 7261 %2 Z L Z4Fig. 1 (a) 8 X U(b)
IZRT. Fig 1(a) Tlin=194mA L L, FO»)TIEFAI17.7mAE LT3, FEEEIIETE 20 kHz, %% 100
kHzTH 5. MERTHREVBFEL TRVUOT, BEOHEITH F D BERPIMOBBITER T 5, hitkfizo
DHE DML iac=iae| D K2R T, Fig. 1(2)D+0.1 AD WEITIEBEENIZLZ LD -0, aX VD L) 1Tk -
Tk, FEIOHIMDi T v OMEEVBREZ V., —77(b) TIEBRRERIREALIER (X0 D /N S W HELPH T D A

EUTWS, F72, 7%y FMIERHLIT/NSL B3 2 L oA ETEIZNE W,
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(a) dc bias current [A] (b) dc bias current [A]

Fig. 1 Offset vs. dc bias current. (a) as slit Metglass 2714A, (b) annealed Co-based amorphous sample.

RIADEE T VT DMEF AT FVEEDOFERDOXIZE KD, Fig. 1@)DV ¥ 7V Tllinr02 AL T2 2 L
T, 1HzT5pTAHz BLF, 10Hz T2 pTAHz LT & & 25ERBH S NT 50, (b)ITDOWTIE, =35 mA
T, 1HzT5pTAHz, 10 Hz T2 pT/ANHz & KIF IS/ S 72 BHREE R TR SR %2 57

%
1) fEH—BE, HEAWRERL 7 7 v 7 27— &, HARIGHER SRS, 26pD-3, 2001

2) IE M, 36F v RV T7 Ty VAT — by EHOOEREH, BRESHSCGEE Vol. 136 No.

6 pp. 224-228 (2016)
3) Ichiro Sasada, Low noise fundamental mode orthogonal fluxgate (FM-OFG) magnetometer built with an
amorphous ribbon core, IEEE Trans Magn, 877, DOI 10.1109/TMAG.2018.2840500

— 278 —



14pD - 1 H42 | AR ANREAEEE (2018)

TRV T 7 A S e SO A HRITE DB 3

WHE AR, BE A IR K2 7 KN, KRB R RITS N R
(HAER, 2 (R SRR REH)
Development of New Measurement Method for Magnetostriction of Magnetic Amorphous Alloy Ribbon
Y. Endo !, Y. Shimada?, Y. Kawabe !, B. Fang *, O. Mori?, S. Sato?, R. Utsumi 2
(* Tohoku Univ., 2 Toei Scientific Industrial Co.,Ltd)
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1) i —, BEA, AACHBERTS 2,5 (1978). Fig.1 Relationship between inverse inductance and
DC magnetic field for an Fe-system amorphous ribbon.
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Stress evaluation by Barkhausen noise measurement under rotating magnetic field
Takuya Ono and Yuya Nakashima

(Fuji Electric Co., Ltd.)
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BECHR 1) T. W. Krause, L. Clapham, and D. L. Atherton, J. Appl. Phys. 75, 7983 (1994).
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Magnetostriction measurement system of magnetic thin films with Michelson interference
M.Sato,Y.Yoshida,T.Suzuki,Y.Takahashi,K.Koike,N.Inaba
(Yamagata Univ. Graduate School of Science and Engineering)
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1) Y.Endo et al. J.Appl. Phys., 109, pp.07D336 (2011).
2) W.S.Rasband, ImageJ, U.S. National Institutes of Health, Bethesda, Maryland, USA, http://rsb.info.nih.gov/ij/, 1997 -2012.
3) A.C.Tam et al. IEEE Trans. Magn., 25 NO.3 (1989).
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Fig.1 Schematic picture of measurement Fig.2 Picture of the magnetostriction Fig.3 Variation of deflection for the
system with Michelson interferometer measurement system Fe single crystal in magnetic field
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Effect of Winding Stress on DC Magnetic Properties of Ring Sample
Y.Baba
(Kanagawa Institute of Industrial Science and Technology)
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Design of mangle type magnetic field source using permanent magnets
H. Sakuma, T. Kikuchi*
(Utsunomiya Univ., *Hayama)
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LR ECE) —ME, BiA BIRICE M7 ICRIETEEIC OV THRFTT 5.

BELHERE

Fig. 1 \ZRT X518, BEFMICERB LTz 6 KON R A Y AA % ERNARICERE LT v — 7 — Rk
WEZEZDH. SMADAEZ Fig. 1(D L2 ICHKETDH L, WA THENTZZEMICREKROBENEL S, —
¥, WA DOMEN Fig. 1(b)D & X, WEOBGIIE R &7 b[3]. Hix RiiaoRE S LR AEIZBWT
WA JELD DR & R AREA B < bV % 2 IRTTH BRE S (Field Precision, TriComp) (Z XV EHE L7z, B
FAOHFEEIL 11T & L. Fi, WREEHEIIEBENR2E X -1 OBER EBE L.

HE#R
Fig. 2 [T L 912, WADELRZ 20 mm ([ZEHE LT, BA (OFL) BEEEEZ TS T &, R
B3R 7220, BOYW—MHIHE< b, £, SRV L uitﬂ’?/ﬁﬂ”“””,@\%: RE T DT 7D,
I, WAEZREGRIELTZOD NI b REL 2D, RO U CRERRFIE2TIVNENDD. —
% B 722 7R — L300 SR I E S Bk O 3 10
o) s E G R BE 0. I— max T M t diameter:
EﬁkwaW#MEffOSTb DD ()CDC) :@) agne %ﬁﬂ
BLLERDIEAD . FHREMRNG, B 20
mm D% AL LA % FNT, 0.5T ORsk C) C)
BRI D6, TR 30 mm FLEE DR & @ !
3 3 o =] 0_0 1 1 1

RTEX DN D. F2, KMV (6)0 £ o04 (b) %~ Max

Z1E30Nm/m BBETH Y, /J\’jﬁ@%_5i @@@

&%T%Jﬂb‘fﬁﬁﬁéﬁé:&ﬁ‘ﬂ‘ﬁg 0.02 -

CRETTIL, BUEMEAUEL, HE L () C) e
%%Ltﬁ%%mﬂfé%ﬁfké. ® 000

05-

Bmex (T)

4

By@1em® (T

B% 3R

1) K. Halbach, IEEE Trans. Nucl. Sci. NS- ® @
26, 3882 (1979) (::) (::) ol
@ 20 25 30 35 40

2) M. Kumada et al., CERN Courier 41,9
(2001)

3) R.Bjerketal., J Magn. Magn. Mater.
322, 3664 (2010)

Tinex (Nm/m)
3

Magnet separation (mm})
Fig. 1 Magnetic field Fig. 2 Maximum flux density,
produced by mangle type standard deviation of flux density, and
magnetic field source. maximum torque as functions of

magnet separation.
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e JAl R AL AR E D ks FEAL & MPRMRFPE R4l
ANEPRFALE L BERE T BEEEA . EWR G R Y B2 R
(B, PR RZFEBEEL Y v — 7)., PHERFE, (BT >V —)
Improvement of accuracy in a high frequency magnetization process measurement and characterization of
magnetic materials
R. Onodera', T. Kuroiwa®, H. Yanagihara®, M. Kin’, H. Kura® and E. Kita'
('NIT Ibaraki College, *Univ. of Tsukuba, ’DENSO CORPORATION)

[ZC®HIZ

WA REMEREEO @ RS FIC BT DR EB R DR A I e SN T 5, B, B ENRT —F /31 X
D/ BRENE RO m AR LA RO O TEY , sV 77 b Ha7 e LTHWLR
2 BRREMERA BHIBE A B R DR (BR) OIHIB RO BN TWD, —F, BB 2 & JER B T
ThREIT D 2 & TRAET DIEE L ARIFITHO oA X—=F = I T HMTTITNRO BWREED T OB DK
XM BN E L Te D, &6 6 OHEN S MM B @R T COMRICE & EfICZET 5 2 &R
TNA AR DOIZDICEETH D,

AL T, :ITMHKJZU%?MZIKE LT@E%T%*l?@Faﬁ%E BT 5, @mERKRICI T D ERE R e b
A & SRR BCR R A 2> S BB E O TEREZR BAE S 0 S ATRERISE AL T L Z L AL T 5,

SR/ % s
A B DRI BRI J A I Ze i a A L L 2 o F oo

572 B EF] LC HEAREES & @A B EH kW) THR S TEY | sk /
2mP1wﬂ®ﬁlTﬁﬂ&@%%%$éﬁé LRTES D, N i

WAL X, Bl - Bt oA v e 5 /?/Uﬂ‘/DX:»— s o5k
7%ﬁmb\mmmm@%rgﬂ&@wfi%&ﬁfét Y e e
PEUERRL & LT R Dy,0, K. Ym3mm%&8%ﬁﬁbf S sk

JE %L 60 k-200 kHz, RGNS 600 Oe OFiH CHIE 21772 -7, -1

-15E 3

ﬁ§ ! " ” 4 . 2t YIG, 58 kHz ]
Figure 1 (% YIG ER % J& 5k 58 kHz, WEIGHRIE % 59 600 Oe TH| 2 b
LR TH S, KBRS+ 5 8B S B & 1 10

Z OB X0 W5 L AL OBEN ATRECTd D, FRIKNTIT ST

DOIERE %7 LT\ 5, Fig.2 1 Dy,0, K% 82 kHz, #J 100 Oe Fig. 1 Magnetization curve of YIG sphere
CHE LI AERCD D, BALIERS IR ORI gy (3 mm) at 58 Kz Inset shows enlarged
MEZR LT D, FRRICIEFUAE DR 278 L, Fig. 1, 2 s

LB DRI OEBAIEENER, 2, 02 0 12X THD, & 4

L5 OBEICHB VT b AL IZE S 2@ T 5% Th < A 4

BN, ZOXIREENMELETLE Y, ZOEEIT. EICEERHR 2F /,/
ORI, BB 2 A MCBT 2% v v EADT o RT 2 ) /}/
AMBELDAY I 7T YL MESRENERTELS EEX 5 05 o5

BB, MAETHESECKET 220, BSREEO/ NS ofEgc 2

135902 0e T 0 | AR IH B O FEPEFTAG 2P ATRE 72 L~ & s chp
THIH TEX oo b5, BEAEDEMISHORECTLH LN, FE 2} ]
W EEE B O S REEL . Mo A L OEREEOBRIHZED . 3t Dy,0,, 82 kHz '
B AR TE D EE LTS, b

WO T, S 7 o T AR R R O B N E RS RS O JWJW'”H%e” 100150
THHET S,

Fig. 2 Magnetization curve of Dy,0;
=N powder at 82 kHz. Inset shows enlarged

i d the origin.
1) A. Seki, et al., J. Phys.: Conf. Ser., 521 (2014) 012014. view around the ongin
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D T/\LA )L ORI IR R TE E 8- 5 il A D A SE

O, Rk AN, BH O, L E, Nl R
CRARFHFPES, ﬁitk%)
Measurement of local magnetostriction for a thin film deposited on Si wafer
O. Mori, Y. Endo’, Y. Shimada, S. Yabukami’, R. Utsumi
(Toei Scientific Industrial co., Itd, “Tohoku University)

L LI A v E—F R BEEEERLIZ~YA7 D QRO (2 ) & U(H+He) IZHEBIE & 72
2 ANy ST a— T B R S RN STNWT, & Hy IZBIT DT 4 v T A 75 ATRE
T2 BWEEGHMIE & RIRFIC SRS K DR D, T4 VT 4 TITE G LI E DY (3AhsE
PERV R 2 FIH U CRATRY 72215 & 37l T & 2 &8 I 12rMg) (2B T2 DT KT A—Z & IV THEE As
FRMERtHE 2B Lic, ZOFHIIEZ VT = 2B L= 25, —346X10° Th o7z, Fio.
RO JR AT RO R O JITE Rl 21T o 72, A~O ZTNZNOALE CHIE L72#5 R % Table. 1127w
2 FHASEE 50 nm JED Co-Zr-Nb JEDERUTIZ RF 4 = fERN . 7= LOWTHOME TSR
ANy ZEOT, U= 02 mmEO 4 AT MREORERIEEE L R TO D ERMES T,

Si Hetliw Fviz, E7o0 ISR LI OFHI T #EE  Co-Zr-Nb JRIZEI L Tix, HALRZFESBIEHITERT

FEIXTZOmY Th o, &E R EEHmgm 7 —7 DA NIFIE SR — BB TRt e 72 & E L,
o ﬁk/\;%r@wk i by | D TICTEELET RO S B ERT Y L
A E—F Yy ARG E TR/ 2K bO~ L IR FEORETE 5.

7 m A MY o 7R (Microstripe Line : MSL) il £E K 1) S. Yabukami, K. Kusunoki, H. Uetake, H.
o—7 U &, Fig. 1 ® X9z, ERIL7= Yamada, T. Ozawa, R. Utsumi, T. Mori izumi, Y.

Shimada, “Permeability Measurements of Thin Film
Co-Zr-Nb [ IR D7 /b < 1 Bl {Qbﬁf.fﬁ Using a Flexible Microstrip Line-Type Probe Up To 40

L. SloRVISHEf G35 & BENEO RN GHz”, Journal of the Magnetics Society of Japan, Vol.
ALY %, 2 ORHAM S NiFe I E#gic, MsL 41 No. 2, pp. 25-28 (2017).

Tu—T% KU RXF LT 4 LEN L TR
& LT, Co-Zr-Nb RIZ 351 % s Hen 5 e 44 f,
ZALZE T %, FHAE Fig. 1 O =~ HULLE O
BELOHLBRIZAA 30mm fLE A~D @ 5 T
179, 7k, ARFHUOERIZIE, Co-Zr-Nb IO LA

Fig. 1 Schematic of measurement system.

i )7 17 2 MSL OIgE J71h) & A T2 3 5, _0.05
I No stress Tensile stress
3 FHHEER  Fig. 21XV = i@ O oIS hAam R £ %0 15006 _ /9750e

12 & % 50 nmZ 0 Co-Zr-Nb BEORUL I EEd T~ 4 °% 1 N
RF #4572 EIN L 72 B8 D Syq > B Sl 72 4K TRk 29 } W .
I % (1-521)/S21 F & Tl L7 AER Th Do BT S g00 L SN e
AR OIRIE, FEHILTS D AREOREZ R LT 2-00 |
Wb, I SIATREO T = O #ERT 289 mm Th - Frequency [GHz)

2o IENAFIZ LD f OZACIE, SMEBELS IR D3 Fig. 2 FMR of CoZrNb film (4inch Wafer, 50nm thick).
AT & & 72200 30 MHz ARJE e i~ 7 k L7z,

SRBOMEE (L) KAV TREE As 2B L=, table. 1 The magnetostriction distribution in each position.
Position As
(fos® = ")/ fra" = (Mzsr’:,Ef)/(ka + Hey) ) 0 346 % 10°
- -6
7272 UL fro (B fRrRE O BRBGME LIRS A I 2K, fi iﬁu‘? : -::gzi 13-6
JI AR O FREGHEILIG R A, r 1T SR M C 3.63% 10
FAFIREAL. Hex VRFIAIN L 72 AMEBIES, . Hyg 133 D V\? D -3.75X10°

HRESR, ho 13T = B S| B ITEEO Y 7R TH
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K& R BER KT X A RGN D 30GHz £ CO B EBRERNAIE

RHE %, BA A MREZI T Al RARTES
(Magnontech, * HAL KT, ** % — =2 ARF)
Complex permeability measurement of magnetic thin film up to 30 GHz by short-circuited coaxial line
S. Takeda, H. Aoki*, S. Yamasaki**, H. Masumoto*, H. Suzuki**
(Magnontech, Ltd., *Tohoku University, **KEYCOM Corp.)

[FLOHIC ERAER~ A 7oA Y v FEREEMSL)Z W TREM IR OB B D N OVERE R
(SCL) # W THME Y — NOEHRBEMEOWEHELHE L2 2, Sl FEFEEREEZHNT ke a2
TER D i N5 7 MM E IR DO B % 30GHz £ THIE L 72D THET 5,

SERAEEBTAE S EEHE & LTIE APC-7 2 72, REMEER (Co-Si0d) 1X, b r A XA Jiko
7mmd x 3 mmé x 0.5 mmt D H 7 AFEMD FIZANy ZIETER L, ZDREHIE 1.5 um Th 5, BEPEER T
BEEGHEEZA L, mNORFHEITIZE A LRV, EIRBERRE OBROE v S E IR O RS (5240 Oe) %
FIIN9~ % field % A\ 7z, Fig 1 (Z AR R EE (2 T IEURE 2 3N U 723556 O BERS Wi (X 2 79, skhim 134
GBI T D K 02T 2, T &, BIRM OB &R & U TR 2 S EBorl L, M=
% LCAAI[AIEE & U CRMT L7, FEAHREUT h=t/(d+t)=0.03 & ELERAYIEREIZR D B D DT, #asehH & 2
AR TH D, d=0.5 mm ITERDEA, = 1.5 um [THERDELTH S, 72721, MSL L #7210 | Fig2 IZRL
X o1z, field EZ2FA LN B EER Ho Z A 72856 AFB. CHIE He & helZPAT T, Z OES 1T p=1
EBEZONDHMN, DL BEIXEE TH Y He (2 K DB ILIBOE 5 (FMR2)23% 5, Z DfF 5% LLG F7
BRAXVEHLZLO LR T EEE L TE L&, BB E A R OFBRFEFEMR) ZEH L7, Fig3 2%
HENTAE 5 TH U | Figd DBIMBEER Hex 12 K D IRBEMEILIBDOIE 52 22 L | WM B R OEFMR1) TH 5,

L Z DTN

1) S.Takeda, M. Naoe, J. Magn. Mang. Mater., 449 (2018) 530-537,

2) M. RanajitSai, HA, WO, FEE, AR SR, TERE R 2 7o 5 BB R O JE —30GHz
~OPkER ], BRFEER~ T RT 4 v 7 AWFEREE MAG-15-170 (2016), 76 1L,

3) H. K. Aoki, S. Takeda, S. Ohnuma, H. Masumoto, /EEE Magn. Lett. (2018), in press.

Substrate Thin film
( ]\ l3 J/ Toroidal sample RF magnetic field
z 2 (O B
'/" H ¢
Coaxial line —dg Z
Reference plane Static magnetic field ————% Hex
for equivalent circuit

Fig.2 Schematic configuration of static magnetic field

Fig.1 Cross-sectional view of short-circuited coaxial and RF magnetic field in the toroidal sample.

line loading a toroidal thin film.

8

= FMR1] 8 | FMR1 |

= 6 £ 6 5 '

S 4 W JANEE: 2 Lk P\

= N\ e U\

E 2 & ° _7\i~ g 2 4 . o .

5 olped—] \ | N /% S et

8 0fphes 1 5 ohui= .

—d '& \ \/0 /{u 2 i . EL;

g _of / 3 g_ dr} h . g

o 2F N g 2 .

S, .| AFMR2 S_, .

5 10 15 20 125 30 0 5 10 15 20 25 30
Frequency GHz Frequency GHz

Fig.3 Measured p-f curve of magnetic thin film on . . .
0.50 mm substrate with 1.5 um thickness by field Fig.4 Corrected p:f curve of Fig.3 by LLG equation.

method ( 5.3kOe)
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W AE R BERRRNE ST D e 3

KHE % HAE FEx LR . ARRFEZER REER* SRR
(Magnontech, *E— )
Demagnetization effect in high frequency complex permeability measurement
S. Takeda, M. Taguchi*, S. Yamasaki*, S. Motomura*, T. Hotchi*, H. Suzuki*
(Magnontech, Ltd., *KEYCOM Corp.)

I}
I

FLEOHIZ mEEEREHEY—JwElET 256, ERFEE~ A 7 a2 b v THREEMSL) Z v Ca
fHHkuiUer%@' 78 L7-A 0 & L Afs Rl #R S (SCL) &2 W C b e A ZOLVERE O R B R 2 JE L 7 fk I3 a7
%o AIE OB OBRERW T U, @il ) 2 p o v — 7 F sk fr (B SR IE I H0 1 3@ BRI > 7 b
35, MSL & SOL ®REfRIE, ~7 o KEFREN TLlxt LIk SED 2 RN TEp V29, —J5, @Ak
R L7 TIE LLG SRR TEAIND I 7 2 R RBESRE N, Ny, N, 238 5, 4Rl LLG HREX DG RAER
TH Nk DR E < 7e D & BARILIGEIRE S S BB T 5 & 9 BIg 2 1R Lto
R = [7 L 132 pm @ NSS (Noise Suppression Sheet) 7> 5 mm x16 mm D4l E4El & O 7 mme x
3mmd D kA ZAREEZE Y HT, Figlix, ZhEnop-f FefEZE MSL, SCL THIE L7ofR &=,
SCL % APC-7, MSL ®#5tiZ. A MU v 7 HEEHE w= 7.5 mm, #E&E & hi= 2 mm, ho= 6.7 mm, 5 5.5 1=8mm
ThD, baAgZLREOHA, 1MHz Tw=90 TH 528, 10 MHz 2SI LIZ U 1 GHz Tt 5 L &
2%, £, 0 13K 200MHz TE—7 2HD, I OIS BRILBE K fchH D, —JF, FEitiET
I%. 1MHz Tp 40 LIRTF L, HERILBE LI frid 750 MHz £ T EH3 5, ®IZ, MSL OF —& Z4fiE L,
SCL OfRIZ—E S ¥z, TDO LI/ LN~ v KEFSREIXN=0.0149 Th -7,
AERREER 7/ oA L OBRE A2 LLG HRRAAFHE Ui, £ Of R % Fig.2 [Z7 T,
ke ZLEE 2 5 mm x 2000 mm OGRS RE LTz, 20 L X OB E T ¥ —VET L TEHA
L. Nx=0,Ny=0.983, N;= 0.0168 #1537z, b A X /LOMEGEIHY T 5 mEEBROF MR X FRThod, FRITm
Nz Hm, BERFNyYy FaThb, 22 Tk, BEM B OSIFIRA L 4nMs=5000 G, z J71H D B FFPEREAR Ho= 140 Oe, #%
FfEEa=1 & L7z, 20 & &0 HRILEE R fr 1350 170MHz Th - 72, EBRD 200 MHz £ » 2 LGV, £7-. 10 MHz
YL ECHE T 2 HBIFF A IR cE Ry, —JF, SR OEBEOHEZ S mmx 16 mm TH D03, x F [\ O KR
fREL Ne=N=0.0149 £ 725 & 912, 5 mmx4.28 mm OFEMEELE Lz, 2D & & ORBEAREIT N«=0.0149, Ny=0.974,
N.=0.0109 T 2%, Fig2 (IR T L 512, IMHz TOWIL 30 FRE LK T L, BRIEE RS fr 12500 MHZ 12> 7 k LTz,
EEMN—BUIA OGN -T2y 27 a KR DENT 5 & BRI EEEN EA T 284 4R &,

100 | | 100 |
— —
2 80 ™ Tproidal (SCL) ™ 280 N 5 %2000
2 Ls 16(M$\// —_ Z \_2X
g XN N 5 5x428 |\ |
£ 40 \ ........ Ww E 40 Lo
g . g </
é — RN ol < ’.. Y 3 .
° S U il Rk ey, = | ke Byt \ '..Q.
%‘ 0 lanastiteahaaeeeee &.& %- 0 ¥“
O_90 ©.-20
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
Frequency  GHz Frequency GHz
Fig.1 Measured results of NSS by MSL jig Fig.2 Calculated results by LLG equation for 5 x 2000 (Nx=0,
and SCL jig (N=0.0149). Ny=0.958, N;=0.042) and 5 x4.28 (Nx=0.0149, Ny=0.974, N-=0.0109).
5% R

1) S. Takeda, T. Hotch, S. Motomura, and H. Suzuki, Journal of the Japan Society of Powder & Powder
Metallurgy, vol.61, (2014), No.S1, S303-307,

2) S.Takeda, et al., J. Magn. Soc. Jpn., 39, 227-231 (2015),

3) S.Takeda, et al., J. Magn. Soc. Jpn., 39, 116-120 (2015),
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TE/ BT b 4k 0 R DA 0D 2 B SR T B9 2 BRAR A e

ki RS, BRILER, ALRAHUR, Hilsefe
(R T m 5% M)
Theoretical Study on Skin Effect Loss Reduction of Cylinder Multi-layer Transmission Line
with Positive/Negative Permeability Materials
Yasufumi AIZAWA, Ryuta MORIYAMA, Kodai KUBOMURA and Hidetoshi NAKAYAMA
(National Institute of Technology, Nagano College)

L ®IC z
i A RS TIER BRI K D RO RS, (R RAEDO K E 25k
BCHD. FEEELMRT 28N TFIEL LT, ADEMEME % N 11

W2 R BONRIENC BT D58 ViddEsd B, 1HE & OJATIFZEIZ LY,
ZOMBBIRPFRES =D . FFZETIE, ERREEIEIC L DR T r
WT RS D B2 RN ORREHER 2 7R L7272y, HIEARES I EHE2 T‘ T
BERA D =ALTHDI0, RG22 LT3 22 REHI A TR R falr) |l
BT ICH D &5 25720 AWFIETIE, AOBEBERME O )

~ SSH
BOMHIBHRIEDT=0, FFIIHEMEREEZX SR E L THRFLTEY, v
DIRNCZIBET AZ DWW TS LR 2 28E 2 T, HEEBHERD ) '
RIS X ARG R E B L CHGEE LT R A2 RS T 5. Fig. 1 Structure of cylinder

transmission line.

E/ 8EHEMHOBREEEICLIBARCERRER

AHFZE CIIBEGRIIREED 723, Bl 7 P AEE W7 i 6 35 D BRI % f
212, Fig. LITRTEBBAET VTR L. FOHROZBRREE O
BB & SRRITBER 2 TR &, ) LEICHY 5. 5 LI,
KB OB OB E R, L BIREE in(DICLVROSNDGHETH 5.
W2 L, RIS THRKIIS T o T-REMA B D18 3 BREE DT

Loss per unit length Lall
[w/m]

K DWMRETH D, WMARKRIL, RFTAIZRBER H(r) & R B O 2o | : : : : .
@%ﬁu"b) ) *y) HiLb. éﬁ”ﬁ & Eﬁ‘ri*ﬁ%%é\bﬁfl n E H miﬁﬁi Ly Q factor of negative permeability material
ZA(D) TR T &, RBEALRBEMEDORFIE/DLZENTED. Fig. 2 Loss per unit length vs. Q
™ iy ()2 ™ oq factor of negative permeabillity
b= [ mrear s [ oot HEY 20 dr (1) material,
-1 On ?‘“—1 2
HEBERUSHORS

I/ BOBREEMEL D 2 JEHEEIZIB W T, 2 DOMELOEE Fe, 35 L e, & Cu L [A% (5.81X107 SIm)& L,
HBBERORE IR L HIT 1 Th D IEABHEFRME(un| = |uel = )& 8E L, ADFEHFEMENT, HEFREH
FOFHEBA( = —ju", 0 <0)T, TDOQME(= |W/W'NPKRE S EZAL S 756 ORI Z i L7-.
RRTESRM, JEWE =1 GHz, HAME DA rma= 8 um & L, PO A OFERLRM B OFEE -4 r = 5.67 um
ELT, QEICHT 2B A0 EIE, T0 ) LEEORE S Z§HHE LofER% Fig.2 12”7, Fig. 2
BT DIREME RO KL LR L OZER, SEEHTZICEE LIEMIEBRAEZ R LTS, fRELT, Q
R/ NEWFEEBMERKE L REL 20, 2EBRICED 2MIERKOEEZ2HET I LN TE .

Lt21E, BREREOEIICE DEMEERKLZED T, BWHEEICHEET 2MEHESE O &2 2L S+,
FEE R OSARIEE DR B T3 L ORI 2 B & LSRGt ORI 21ED 5 TETH 5.

HEF
ARWFFEO—FRE, ISPS BHfFE: 17K14674 OB AZZ I TR Y, Z ZIZEHP L EFET.
2% SChk

1) Yamaguchi et al.: MWE 2008 Microwave Workshop Digest, 207-210 (2008).
2) Moriyama et al.: Digest of the 41th Annual Conf. Magn. Jpn., 41, 184 (2017).
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AT —a— MEZLD a2 RY Y MEHERD *mq%'rék@?ﬂﬂfﬁ

JR B A IEEr NP
(U a—@EF7 o ARath, *AAERT, st ) 2—)

Measurement of magnetic properties of a thin soft ferrite film by spray-coat method
T. Hara, M. Yamaguchi*, J. Konishi**
(RICOH Electronic Devices Co., Ltd. , *Tohoku University, **RICOH Co., Ltd.)

[FLHIC
0T VA v LAY — R EMIN D mAEER X N TR R BRI A M E L STV D
:h%£ﬁ¢5&<\mmc:yﬂ—&ﬁmk4/&7&% ERNZT 2 HIRN IR Mt ST b “M
ZDOXE P T, FENOKT R MIEERTRER KA ¥ 7 X OEBNIIF I TN D
AFETIL, Bl 27 Z T ORETRICA T L —a— MEZIRR L, ATEICLSaVRY Y
N REERRE D FEA ) 72 BERFE 2 E L TN R 2 95,
100

EERAE 80
AT —a— MEEIX, BAMOEETHZ L2k M &
REA~OBRAICHE L= TETH S, SiER AT L —a— | ®
ETNI-Zn-Cut Y 7 b7 =4 MR CEERIEE =0.61 pm,
WBRHR =544 @1 MHz) &, ZARFVRBIEEDa R i

MIZER LTz, 7 =74 MHROFIERIL 19.5 wtte, REIX :60 ﬂm
62.6 um & L7z, AT L—a— F T O BRI & LTt -80 Ey—
IR & PGMEA {ﬁ'ﬁlj%)zﬁl’\ RETF « IR TBMAITV, M0 2om o0 o 1000 2000 3000
E(280 CIZ Sy DRI EAT - 7o M-H #IFRIT VSM T, Feild (0¢)

BRBRHRIT L — VT 4 FV—T 3 A VI G R BOEREH I E S Fig.1 Static magnetization curve
BaHWTHIE L,

SEERHER 14
Fig.1 ([ZARWFFE CYERR L 7 BEtERE D M-H itz R4, 2R _ 12
¥ M E LT ofafmg b Ms 1% 80 emu/cc & Ni-Zn-Cu 5% Y 7 |
F7 =4 MRD Ms IZHARTIES . 7 =74 MROFEH e
% 195W% & L2 LB L LTRT bR, Hyc= 1000 0c A
&KJ%QK@%@@@%?# NATADCHREMME G |
W5 LT, MR CIEESSED L, BRI LT =1
L0 F7o. BRI IR RS m BRI L B 17 —T S

THY ., — IR O B & —F LT, PrEqMHz)
Fig.2 Complex Permeability
HehE

AKETIE, A7V —a— b NEZEH LR RY vy MEMROBKEEZRE L, IREBHEOA T L —7
2 AL DI DORBITEHR X IHOBREEREOND T EPHERTEZ, A VX7 X ~#EHT 5
TEOA%OMEE LT, BHERRROEEIRE O HERZET 6 b,

L ZD TN

20

Magnetization (emuw/cc)
o

170615-Sample Nol

1) A.W. Lotfi, et al, “Integrated, High-Frequency DC-DC Converter Technologies Leading to Monolithic Power
Conversion, CIPS 2012, Paper 07.5 (2012).
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Assessment of the mechanical properties is of high importance, both for safety and economical in the modern industrial.
The majority of conventional non-destructive evaluation techniques are insensitive to the degradation in the
microstructure of the metal. However, it is well known that the nonlinearity of magnetic hysteresis in ferromagnetic
materials is completely depended on the material microstructure [1] and the mixing frequency method can precisely
measure the nonlinear effect [2]. We investigate a new micromagnetic method that exploits the magnetic mixing
frequency technique to induce the magnetic nonlinearity. Figure 1 shows a typical example of mixed B-H loop with a
set of minor loops superposing on the saturation loop. Then, the minor loss coefficient and the magnetic nonlinear factor
are used to characterize the mechanical properties of materials. An experiment result of case harden which assessed by
the magnetic nonlinear factor is shown in Figure 2. Also, the magnetic nonlinear mixing frequency method was used to
evaluate the fatigue damage of the steel. Compared to the traditional non-destructive evaluation methods, the studied
method has an advantage in assessing the subtle changes in microstructural mechanical properties. It has the potential to
be used as a non-destructive technique.
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Figl. Hysteresis loop of mixing frequency excitation Fig 2. Hardness dependencies of the magnetic nonlinear factors
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