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MH loop Modeling of NdFeB Anisotropic Bonded Magnet

F. Akagi and Y. Honkura*,
(Kogakuin Univ. , *Magnedesign Corp.)

1. Introduction

The NdFeB anisotropic bonded magnet is one of the most important permanent magnets. It enables the achievement
of complex shapes and is superior in strength to other magnets'. Therefore, it is useful for motors of hybrid vehicles
(HV) and electric vehicles (EV), which are in demand because of their smaller size and higher-speed rotation. However,
we are concerned about its demagnetization, which is called “magnetic fatigue”?. We expect that the magnetic fatigue
is caused by a high frequency field of 0.5 kOe at 10 kHz, a DC reverse field from 3 to 4 kOe, and a high temperature
over 400 K. In our previous study, we showed that when the anisotropy field (H ) of a grain-surface is lower than that
of a main phase, the coercivtiy field H, is much lower than H;. However, the MH loop did not fit an experimental value.

In this study, the standard deviations of c-axis orientation distribution ( 0 c..s ) and H, distribution ( o ) were

investigated to fit the experimental MH loop of an NdFeB anisotropic bonded magnet.

2. Micromagnetic simulator
In this simulation, a one-grain model was assumed for the MH loop modeling of an NdFeB anisotropic bonded

magnet”. A dynamic magnetic reversal process was calculated by using the Landau-Lifshitz-Gilbert equation as

follows.
W:—y(MxHﬁ,)+a[deﬂ[J 6]
dt M. d¢

M is the magnetization, and M, is the saturation magnetization. H,y is the effective field, which is summed up as an
external field, a static field, an anisotropy field, and an exchange field. vy is the gyromagnetic ratio, and o is the
damping factor.

The one-grain model is shown in Fig. 1. The grain was divided into 16X 16 X 16 hexagonal prism cells, and each cell
was 2 nm in diameter and 2 nm high. The grain was assumed to have a low H; surface, which was painted grey in Fig. 1.
The surface layer was 2 nm wide. The M, was 1.61 T, the intercell exchange energy was assumed to be 0.5 117" J/m,
and the damping constant was 1.0 at room temperature. The c-axis represented the perpendicular direction (z-axis
direction) and changed from 0 to 3° every 1°, and the anisotropy constant K, changed from 0.8 to 7.0 MJ/m® every 0.2
MJ/m’ to fit the experimental MH loop of the NdFeB anisotropic bonded magnet. First, MH loops were calculated with
every combinations of c-axes and K, values. Next, each magnetization was multiplied by the constant in accordance

with a statistical probability. Last, all magnetizations were summed up, and the MH loop modeling was completed.

3. Results and discussions

Fig. 2 shows the comparison of MH loops between simulations and the experiment. The experimental data was for
magnetic particles of the NdFeB bonded magnet”. For the simulation, the 0 H;/<H;> was 10 and 30 % when the ¢ c..s
was 1°.  Here, H; is defined as 2K,/M;. <H,> was the average H,, and the main phase <H;> was 6077 kA/m. The H; of
the surface layer was 0.135 times lower than the main phase. From this result, the experimental MH loop fit the
simulation loop for o0 Hy/<H;> of 30 %. Therefore, the NdFeB bonded magnet is predicted to have a large distribution

of H; and a low distribution of c-axes.
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Behavior of a permanent magnet used for the high efficiency motor
under the high frequency magnetic field

C.Mishima!, T. Ariizumi? Y.Honkura?®
(1 Aichi Steel. Corp. 2 TOEI INDUSTRY CO.LTD, 3 Magnedesign Corporation.)

The development of high efficiency motors is accelerating as energy problems become more serious. Many
magnetic materials are used in high efficiency motors, and the demands on the properties of the magnetic materials
are changing greatly by the use of power electronics".

For example, in soft magnetic materials such as electrical steel, increases in iron losses of 20% to 60% caused by
the inverter excitation have been reported".

On the other hand, with hard magnets such as permanent magnets, the eddy current loss on the surface of the
magnet cannot be neglected as the electric resistivity of rare earth sintered magnets is very low in comparison with
ferrite sintered magnets.

As a result, the measurement and numerical analysis of losses under AC magnetic fields based on NdFeB sintered
magnets has been studied??.

With recent high speed motors, larger magnetic fields are applied to the magnet and the frequencies of those fields
are higher, and as a result the problem of magnet losses will become more important.

We have manufactured a device to study the magnetic properties in a high AC magnetic field. With the device, we
studied the magnetic properties of Nd sintered magnets, anisotropic bonded magnets and ferrite magnets.

The results show that while there is a large delay in the magnetization of Nd sintered magnets, this delay was small
in Nd bonded magnets and the ferrite magnets.

This may be attributed to electrical resistivity.

However, it was difficult to perform the comparison of magnetic properties in high AC field with the normal BH
tracer, because it was not possible to express the AC hysteresis with a magnetic unit.
This time, we have succeeded in expressing hysteresis with a magnetic unit.

Furthermore, we are remodeling the device to allow high frequency measurements while applying a static magnetic
field to the magnet.

In this report, we report the outline of the device and results of a measurement.
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Fig.1 Experimental Apparatus

Fig.2 Minor loops in a high frequency magnetic field
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Future Trend of Electrical Motor Drive System

Keisuke Fujisaki
(Toyota Technological Institute)

Electrical motors are used more than one-hundred years ago. At first DC motor was used because of battery power
source Y. After electrical power network was distributed as AC, AC electrical motors were driven by constant frequency
and constant voltage such as 50 Hz or 60 Hz. So they were mainly used in fan, blower and compressor to give some
force to water or air in water and sewage plant or so. They are considered to support the industrial revolution in modern
society. However, the applications were limited in almost constant force or constant rotation speed condition, and the
rotational speed control is difficult to be realized in high efficiency because of electrical power source problem.

Power electronics technology ? solves the problem. It makes it possible to realize the variable rotational speed
efficiently * 9. The variable speed requires the change of voltage and frequency of supplied electrical power source
because of the electrical motor theory. The rotating speed should be controlled to be the same as the traveling speed of
magnetic field in the stator core, which is decided by supplied frequency. When the frequency increases, supplied
voltage should increase because of the Faraday’s law of induction. By means of the power electronics technology,
variable voltage and frequency are possible to be realized efficiently, and then electrical energy is used widely ®.

Power device is used in it as a switching operation, which makes a high efficient electrical power conversion because
voltage or current becomes zero and then the power loss becomes almost zero. Figure 1 shows the inverter circuit, a
kind of power electronics technology, and IPM motor. The variable voltage is realized by changing the pulse-width and
the variable frequency is realized by changing the pulse-timing in the output voltage as shown in Fig. 2. Then the
electrical motor drive system is realized in transportation system such as electrical vehicle, hybrid ship or electrical
airplane. Now is considered to be the second stage of electrical motor application. The closed connection between the
electrical motor and the power electronics technology is indispensable. So their total system design is required as shown
in Fig. 3 because each technology in the motor drive system is usually based on the different background 5.
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Fig. 2 Variable voltage and variable frequency realization by switching operation of power semiconductor device.
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Fig. 3. Elementary technologies of motor drive system in electrical motor and power electronics.

The motor drive system usually moves with the vehicle in the transportation system. So there is a requirement for the
downsizing and weight reduction of drive system. Because of electrical motor theory, the high rotational speed and then
the high frequency operation are demanded in motor drive system as well as magnetic material ®. Usually electrical
power of motor (P) is shown as

P=wT
Here, w is rotational angle velocity, and T is electrical torque. Since magnetic saturation of magnetic material is usually
limited as 2 [T] or so, the torque per unit volume is said to be almost constant. Maxwell stress’s law shows that
electrical force is proportion to the square of magnetic flux density. So in order to increase the electrical power, the
increase of rotational speed is required.
However, the high frequency demand derives some new problems to be solved; 1.Increase of supplied voltage (extra
step-up converter is required), 2. Increase of mechanical gear, 3.Bearing problem for high rotation, 4.Increase of iron
loss of the motor, 5. Increase of centrifugal force of the rotor (high

tensile strength steel superior to magnetic property is required). Table 1 EV comparison of high speed and direct drive
Direct drive system is considered to be another trend for high High Speed | Direct Drive
rotational speed and high frequency. Electrical motor directly | Electrical motor size Small Large
rotates the wheels. So it has superior characteristics as; 1.Low | Supplied voltage Large Small
voltage, 2.Gear less or so, 3.No bearing problem, 4.lron loss | Mechanical gear Large Small
reduction, 5.Centrifugal force reduction. Vehicle weight is reported | Mechanical bearing Difficult Easy
to deduce more than 30 %. Which system is better is not now | lron loss Large Small
decided. But magnetic material is considered to be a key | Centrifugal force Large Small
technology for future vehicle, because it is used not only in | Drive shaft Large Small

electrical motor but also in power electronics circuit®.
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Hysteresis Model and Eddy Currents in FEM Analysis

Fumiaki Ikeda
Photon Co., Ltd.

Highly accurate analysis of magnetic fields requires faithful reproduction of the magnetization characteristics of magnetic
materials. In the thermodynamic hysteresis model found in our last proposal to achieve such an analysis, the magnetization
characteristics in three dimensions are determined by free energy and their history dependence is assumed to be associated
with friction and other irreversible processes. The hysteretic magnetic field corresponding to friction determines the
coercivity of a magnetic material. Application of the variational method to the thermodynamic potential not only enables
us to formulate finite elements for numerical analysis, but also offers the advantage of simpler handling of spontaneous
magnetization and hysteresis as compared to the conventional FEM analysis based on the weighted residual method.
This model assumes a static nature of magnetic materials. The validation was made by extrapolating the static behavior
of hysteresis based on the frequency characteristics of the measured data. However, in reality magnetic materials are
generally subject to dynamic magnetic fields. Such dynamic elements must be introduced to the model in order to express
the dynamic nature of the hysteresis.

The actual dynamic characteristics of a magnetic material are largely influenced by eddy currents, which are divided into
two types. The first are macroscopic eddy currents by induced electromotive force from variable magnetic fields. The
second are eddy currents caused by displacement of a domain wall (i.e., an interface separating domains), which does not
affect the magnetic field at the macro level while contributing to the loss of the magnetic material.

Similar to the ordinary analysis of dynamic magnetic fields, the effects of the former type of eddy currents can be taken
into account in FEM or other numerical methods designed for analyzing macroscopic phenomena when the electric
conductivity of a target magnetic material is given.

Nevertheless, the latter type of eddy currents occurs within one domain at most. It is difficult for FEM to take these effects
into account without any modification. For this reason, a model needs to be devised for expressing such a phenomenon
on a macro scale.

Accordingly, an attempt was made to devise a necessary macro model by performing theoretical calculation of domain
wall displacement in a simple one-dimensional model. The study proved that eddy currents do not manifest themselves
on a macro scale and only negligibly influence the field distribution in a small domain as most of them cancel out each
other.

Therefore, in a small domain the loss associated with this type of eddy currents can be evaluated by post-processing of
the results of an analysis that ignores these currents. In a larger domain toward more macro scale, effects of these eddy
currents are no longer negligible and must be taken into account during the analysis.

In some cases, conducting FEM analysis with macroscopic eddy currents is met with difficulties, as is the case with
laminated electrical steel sheets. In order to make such an analysis possible, preliminary research was carried out as a part
of necessary systematic research.
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High density soft magnetic composite core of nanocrystalline FeSiBPCu
alloys
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Recently, growing concern about the global environmental and energy issues, the next generation vehicles (HEV, EV
and FCV) and renewable energy (solar photovoltaic and wind generation) have been developed and become popular
throughout the world. Therefore, down-sizing, high efficiency, and high power are demanded for those motor and power
supply parts. As one of the candidate to meet the demand is a soft magnetic composite core manufactured by press
forming process using soft magnetic alloy powder coated with insulating resin. There are several advantages of these
cores, such as 3-dimensional magnetic isotropy, high flexibility of core design, high efficiency by reduction of eddy
current loss and, low cost by a near net shape manufacture process. So, we have developed a composite core with high
packing density and low loss using new high B nanocrystalline alloy powder produced by a high packing density
forming method. In this paper, we have investigated magnetic properties of toroidal soft magnetic nanocrystalline
composite cores and clarified the possibility of using high packing density nanocrystalline composite cores for high
performance applications.

The base powder consists of FeSiBPCu nanocrystalline alloy powder with nearly 50 um in median particle diameter
and silicone resin of 2 wt% for electrical insulator and binder between the particles. The toroidal cores were formed by
our method. Core loss at 400 Hz was evaluated by AC-BH curve tracer. Nanocrystalline structures were examined by
X-ray Diffraction (XRD) with Cu-K, radiation and analyzed by whole-powder-pattern decomposition method (WPPD).

Fig.1 shows the photo image of a nanocrystalline toroidal composite core of 56 mm in outer diameter 36 mm in inner
diameter and 7 mm in thickness. In general, nanocrystalline alloy shows high hardness and it is difficult to high packing
density forming. On the other hand, this composite core has high packing density of 83.4 %, as compared with normal
press core of about 70 % in packing density.

Fig.2 shows the core loss at 400Hz of the nanocrystalline composite core as a function of maximum induction (B,,).
The data of an Fe-Si composite core and non-oriented magnetic steel are also shown for comparison. The core loss at
400 Hz-1.0 T of the nanocrystalline composite core is 9.8 W/kg, corresponding to one-fourth of that of Fe-Si composite
core, and superior to non-oriented magnetic steel®.

Fig.3 shows the XRD patterns of the nanocrystalline composite core. The core consists of a-Fe grains of about 30 nm
in diameter estimated by WPPD. As a result, the magnetocrystalline anisotropy > and magnetostriction of this alloy are
reduced, and the nanocrystalline core exhibits excellent magnetic properties.

In conclusion, the soft magnetic composite core with high packing density and nanocrystalline structure shows low
core loss and large core By and is suitable for high performance next generation magnetic devices.

This work was supported by the NEDO project "Developing high-performance magnetic materials in pursuit of
high-efficiency motors”.
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Fig. 1 Photo image of nanocrystalline composite core.
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High-efficiency IPM motor design and iron loss evaluation
M. Nakagawa’, Y. Sanga’, T. Kondo', Y. Asano*, A. Yamagiwa'
Y. Inoue?, M. Sanada?, S. Morimoto?
Technology Research Association of Magnetic Materials for High-Efficiency Motors (MagHEM)
?Osaka Prefecture Univ.

The expectation for higher-efficiency motors has been increased because the demand for the motorized vehicles and the
energy-saving consumer electrical appliances has been grown. For that reason, Motors and Magnetic Materials R&D
Center, which is a branch of Technology Research Association of Magnetic Materials for High-Efficiency Motors
(MagHEM), develops the design technology of high-efficiency interior permanent magnet synchronous motors
(IPMSMs) applying the newly developed magnetic materials and the magnetic material evaluation technology. It is
important to develop the design technology of high-efficiency IPMSMs to utilize the newly developed magnetic
materials (i.e. high-remanence permanent magnets). High-remanence permanent magnets tend to be adopted as the
motor structure is the same, because it is thought that the high efficiency motors can be obtained by using the
high-performance materials. However, as shown in Table I, the efficiency of this motor decreases due to increase in the
iron loss by using high-remanence permanent magnets in order to reduce the copper loss. Furthermore, the motor
structures have a significant influence on the efficiency of the motor if the same magnets are adopted. Therefore, in
order to increase the motor efficiency, it is necessary to evaluate the iron loss generated by the magnetic flux including
the fundamental components and the harmonic components.
First, the authors developed an ultra-high-precision motor loss analysis system equipped with magnetic bearing in
which there is no mechanical friction loss because the rotor is levitated. It enables to reduce the variation in the
mechanical friction loss that is a cause of an error of motor loss evaluations, because the iron loss is estimated by
subtracting obtained losses, such as the copper loss and the mechanical loss, from the total loss.
Second, because the iron loss density is distributed in the motor, it is necessary to develop a technique for evaluating local
iron loss in order to design motors. Therefore, by using search coils and sensors (H coil) for measuring the magnetic field
strength, we have developed a technique for evaluating local iron loss under excitation by an inverter. As measurement
examples, we report the comparison result of the loss of the ring core using conventional electromagnetic steel sheets and
FeBPCu nanocrystalline alloy ribbon.
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Table | Influences of remanence and rotor structures on motor losses (City-driving evaluation point)
Model Type 1V-1 ‘ Type 1V-2 ‘ Type 1V-3 Type 2D Type V

| 'y |
Rotor structure - .
\ \s \\

Remanence Br[p.u.] 1 1.143 1.268 1
Current [p.u.] 1 0.892 0.813 1.054 0.973
Copper loss [p.u.] 1 0.796 0.660 1.110 0.947
Iron loss [p.u.] 1 1.152 1.327 0786 0.914
Total loss [p.u.] 1 0.984 1.016 0.938 0.929
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37Fe NMR study in La-Co substituted M-type Sr Ferrite
H. Sakai, T. Hattori, Y. Tokunaga, S. Kambe, A. Shimoda, T. Waki, Y. Tabata, and H. Nakamura
(JAEA, *Kyoto Univ.)
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DNMREZZXNT 2 EBNELL D,

Fig. 1 12, WL 4 K THISE L 72 StFe 2019 DMAGEL, HESICE ) 2 €0l SFe B NMR A7 bV &R L7, BXNORE
FIBL Tk, BHEEZNDS ¢ ihTd % 72912 NMR RSB (rf) 235 c iR THh % & Ei2izkd NMR E5 08 S 4, 54
I rf 8 c BT CTHIUE NMR B33 2 5. . BEETIE, BT 2 EXBCER L Cw a0, X rflc
Ety PLTWTH, EEEHE NMR S0 S N3 2 LN PSS, FEBE. Fig 1ITR L k)i, Hifih NMR A<7 b

VICIHIE 72 rf HIAMRGEEDS B S 1, WX - REBES B O BEIC I L7z, NMR A7 bV OREERIRF G . SHERES R
BnEDPS L, ZODMNEUTH DI EEERL . g@; I ICHESE R E VL B 2 8T, & Fe 94 MITBIT 2 NS % %
BICHET 2 2 ERETH 2, M HIE, JLEBRICE T S YFe % NMR OFERICOWT H#Hif L, Mossbauer 24 o TR
EDIIEIZ D WTH RS L 721,
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Fig. 1 REE 4 K THIE L 72 SrFen010 DM AGARL, HfSSIC B 2 ¥ R ig; Fe
B NMR 27 kv, JifEEo 27 b vk, BB (0 f) i zEbaEsiicsd 3
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Bt M AL Sr 7 = 5 4 N OBlES T °Fe X A7 7 —43

JKEBIETT, MHEERE, T, TP, MMEEG, TRz, AIRIER
(FL ST R, *HUHR)
Single-crystalline M-type Sr hexaferrite with external magnetic fields
studied by °’Fe Mdssbauer spectroscopy
N. Nagasawa, S. Ikeda, A. Shimoda*, T. Waki*, Y. Tabata*, H. Nakamura*, and H. Kobayashi
(Univ. of Hyogo, *Kyoto Univ.)

[FLHIC
MZEISr 7 =F A4 FTdhD SrFe; ;0501 22 No. 194 DS T L P6s/mme D7 = VA TH Y |IE T T
FEAHEAC S TN 5 DD Fe B A RAMEE LTV D, Z D SrFe,010 D S % La¥* iz, Fe** % Co* T &E
a5 Z L CEIRTOREENNM LT 5720, fix RKABAMBHIFIH IS TWS, L LR, Fed
EAIRFERC, Fe ¥ A M Co™Z @M+ 2 Z & T Fe MNZiT A HBIZOWTITREMF S LTV, A@
MAEISr 7 = 5 1 kOSSR OIRESE T *Fe A A0 77— RIEZITV. Fe OETIRGE & B L % 28
IR O THET D,

KRB E

Fe A ANT T =TT il (BULAZE) STt < 2 O S A3 50 pm B2 OB O Bk fhak
B2+ 5080 o T, B 8mmBEDORE ST Lzilbh 2 vz, E7z il U THATIC y #ia AS
L. cHilizxf L CIREITHBIESS He ZFIIN L 72,

EREER

Fig. 1 12, SrFe,0q9 (25%F L Tl T *'Fe A A7 7 —43 il
EDORERZRT, Hy=0kOe DALT FLIZEWT, Evans 234
RLTWHETFA VR T 4 v T 4 T RITI E BN
AT M EDOBRW—EE R LTz, 72, Hy = 0kOe DAY
FUZOWTIE, MRS ZHML Ch e ¥ — 7 h EUE
A AERIZZE LRV E WO RED L E, BWT v T v
THERE/DZENTE R, ZTNHDANT MV BED
AT BB He 2D H D G527 LAI< 2 & T Fe Yo
kN DN Hin 23RO D Z LN TE S, Hy=0kOe THE LN
A FVTIE, Am=0 OERIZ L DRINAIZEE A EBRIS
Roto, ThUE, & Fe A N OWNESRELS Hin ML ST
H 5 clih b ERIZEDOFFANTIITTHDL Z LEE2RL TS,
Hex OHEINE LT AM =0 DERIC L D B — 27 OFXTREN K&
Ko TNADZ ENG, BEIGHINNZ X5 T Hig 23 Hex & FATIZZR

Relative Transmission

HEEICIEEE LTV 2 EMbaote, Z LT, He =30 k0Oe Tl Velocity(mm/s)

Hi DI X & Hy DX SPATICA2 5 TE Y . 2 OfERITRHAL Fig. 1 Mdssbauer spectra of the single
ETERLNIGERE LT, £77. Hin DS He ICIETE L7220 Fe crystalline samples SrFe;,014 With external
PA N L Hex DHINN L I Hi BVBDT % Fe 4 R MFIET % magnetic fields, at 150K.

Z N binolz, La-Co BHRT = T A b SryssalagassFein 775C00.205010 (22N T b AR DHIE 24T > 7o A\
SrFe;;01 Tt Ho [IRTE L2 o 72 2a A R D Hig 3, He DN E K E LS ERT B b oTz,

L ZD N

1) B.J. Evans, F. Grandean, A.P. Lilot, R. H. Vogel, and A. Gérard: J. Magn. Magn. Mater. 67 123(1987).
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LaBE#AMAL Ca 7 =7 A b OHAELERK & W

FIRTOHE, RS, MR, PR
(HR)
Growth and characterization of La-substituted M-type calcium ferrite single crystals
K. Uji, T. waki, Y. Tabata, H. Nakamura
(Kyoto Univ.)

[FLHIC
< TR NT TR, R MAL) 72T A b (AFe,,0,0. 4= Ca, Sr, Ba, Pb) I%. Fe*" (3d°, S =5/2) 2n
ez D 7 = UREMEIRTH Y . AR E LT RARA X, AR - (LIS EE - TR EaF] 7
EOEBENLTHORY:EZHD T D, BUEFEROBMLIX A= Sr ®StM 7 =7 A M T, Sr % La, Fe % Co
T EBEMRT D & BERESGENAR L, REARM ET5 2 ERNmbNTWD, 4, LaCo [E# StM 7 =
FA MIHRENKEDL 7= T4 MR E LT, LaCo EHL CaM 7 = T A MR ENT-[1], FORMKE 25
EHLD CaFe 0,0 (FZEME L THFEET, La Z WL HRINT 5 Z S X > THIH T Call 7 = 7 A "NINEE
2B 2 ENMBNTNDN([2], La @ CaMl 7 =7 A ~OWEBEAOMHE BT 2MEI3 72, ARHFZE
Tl La{@#iCalMl 7 = 7 A M OBFEREREIZER L, £ 0WE2 3 L7,
ERAE

Bk imaBHT Ca0 AT 7 T v 7 Z¥EIC K W ARk L7=, CaC0,, La(OH),. Fe,0, %5kt LT Ca & La @ Fe =
2.9375 1 0.5 1 11.75 L7 K HITHFEL, A/ U T30 HRAHR. HEDHDIENT 1400CH 5 1200 C
FT2.5°C/h THREB LT, FEFEES XRD. SEM-WDX 12 X 0 17V . BELIIE % MPMS. A fOREME 2 Fe A AN
TS NIEIC TR L7
SRR - B8R

Bl1IE7 7 v 7 ZAEC RV ELN RO R TH D, R XRD 21772
i MBLZ = Z A MZRE S V7c, £72, SEM-WDX 1 K DA OfE R, Ak
Cay olag sFes 0300 EFIBA L=, ZhEdD Cal 7 =T A bt Fe M7 = F 1 b
O L VD7 X ZFET D729, Ca ®D Fe A h~DIFANREEDIL TV
HN[3,4], A A& Fe DN 1 @ 12 OREINE LT,

g

:w‘“ i

Wi S ORAL TR A [ 2 1R, JETBHRO SrPe,,0,, OREAL R H OB i e
GBI 5 5. AR T = 0.5 T HHET A 2 REMERA01 R {L 3 Al 1 2

B R LT, T ORI BIT R 0 BT RER BT StFe0, X IZRRDT g1 e jui Bk
BEMERS DB, 41 NPNS 1 T REARREAL MR ORRBHi b 2

T T T
L., YHRETHTETHD, BFoONTHERE W Fe £ Ay 20 =
TaNORER LY HERET 5,
15 |
)
= b
BE R 2 10} i
: i T=5K
[1] Y. Kobayashi et al., J. Jpn. Soc. Powder Powder Metallurgy 55, sl —o— H// c-axis |
7-541 (2008) 'Y —e— H// a-axis
[2] N. Ichinose et al., J. Phys. Soc. Jpn. 18, 1700 (1963). 0 | | |
[3] F. K. Lotgering and M. A. H. Huyberts, Solid State Commun. 24, 0 3 10 15
49 (1980) H (kOe)
[4) FWAERIED, BIEHRARSHEMIEE Tk 27 FERFAR, M2 CaM 7= 7A T
222 (2015) HARE S OB b R
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La,Co B M St 7 = 7 A b~ OB LB R O 7 P O FEAM

AT, AR, MEEEY. ERM T, SR
CRURBEEE)
Single crystal growth and characterization of magnetic anisotropy in La,Co-substituted M-type Sr ferrites
H. Morishita, Y. Tanioku, H. Ueda, C. Michioka, and K. Yoshimura
(Dept. of Chem., Grad. Sch. of Sci., Kyoto Univ.)

1. (FCHIC

StFe 00 lE M L7 = T A NI EINDH ARG EOMEEZFFOME TH Y | KRBT PENTR R0 B
TOKIEAMELE LTEMAMEINTWS, T E THRAFREZ B 57 DICkkA e nRE N3 ThiTX
72D3, KR Sr & LalZ, Fe % Co [ZH[4y{E# L7z SryLaFe;,Co,0p9 (T EHUTfEY Y x<0.4 Tl b 23
BPICEREAHENT 5 Y, Lavl, ZRE TITbRTE MR ERICET 2 b0 TH LA, MRS
P2 EMEICFHG T 2 72 OICIT RSN BHATH H, ABFFETIE, La E# 4 O La,Co EHAICK LT, Bk
DOWRBFHEZWE L, La @KL Co BMZNENOEEIZMATHZ 2B ET 5,

2. EEBFE

La {&#2 Sr,LaFe;,0,9 & O La,Co E#4 Sry,La,Fe,.,C0,0y0 DHEFEILZ . ¥ /) o~ —F U —RoARAHIN
BRI AL B RS E SC-EISHD 2 W CHA L7, EA Smm, £ & 120mm BEOHBKOBER KA ER L,
Sr,La-rich 72 7 7 v 7 A % I\ TR ENWABA 47 (Traveling Solvent Floating Zone, TSFZ) #4(2°C lmm/h @
B CHUE S, AR B EE 57,

AL 7E 1X QUANTUM DESIGN #1:D MPMS % F\\ T, T=5K~300K, H=0~5MA/m O TIT->7=, ZD
L&, WS OREL NG ooz, BAaaE 2 3 X% 0.5mm X 0.5mm X 2mm O E G ARIZEE L,
il & 3051 & SEATIC U CHIE Lz,

3. BE
N N e e e = N NN = ey =2
T 5 I, AlAl La BEH# O La,Co fEH#i SrFen040 (2B W T P A sinale crvstal of St Lo Ford
12. single crystal o T a (&} rown
b TSEZ EREDNCTh D = LR BN E 2o7, M 1IEEK £ gedy 06-B04TE1250 8

LERRO—ICH Y | BRI R A LR E TR E ueing T8FZ method
4mm, £ S 7T0mmfEENHE— R A A VOGS R E 72> TV 5, -~
BONTZRE AL DR XBREHTHEZITO72L 25,0 2| o o wsemssss o o onse o o o o
JEVHHRRFEBICB W T M 7 =5 4 "GN D Z L2V E CuKa Sty 5Lag 1Fe;; 3C0, 70,
L7 (R2), BUEMEOMRE, Lafiic ko EiRoR 2 MHMAH o
JHERERDS xS 03 ETHBAT B 7%, x204 THHTHINT F L Fer, Cou 0
%o [AIFFIC, x=0.4 CTIREBALIERD H DR TR B = b T
DIRDINE R, T2 LIRS OB & B LT T Y R N
WhEBEZHND, F7o. La,Co BHURIZENTIE, BIGHE 20 (degree)
BT L . HRIC L > Tz 2MA/m 2B 2 AR HE S Fig.2 Powder X-ray diffraction patterns of
i, Sro3LagsFe;3C007019 and Sty 4Lag 6Fei1 4C0g6019.

L Z-D N

1) K. Iida, Y. Minachi, K. Masuzawa, M. Kawakami H. Nishio and H. Taguchi, J. Magn. Soc. Jpn. 23, 1093 (1999).
2) H. Morishita, A. Amano, H. Ueda, C. Michioka and K. Yoshimura, Proc. of the 11th Inter. Conf. on Ferrites, S64
(2013).
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FeCo FHUE Z FH\ 7= Co 7 = T A T+ WD B ) | 4]

R A B /i
(BMIRE)
Tailoring perpendicular magnetic anisotropy in Co-ferrite thin films by FeCo underlayer
Yusuke Hara,  Xiaoxi Liu
(Shinshu University)

FC®HIC

CHVE TIEEASR AV, (00D @ B2 Co 7= T4 b AR L REREAE A2 7T V2 HERAON LTS,

U UFex 3R B 112 Co 7 = T4 b 2 JBRk LRSI IR 3710, BE R R 2 R 3B O MR 2 i 72,
a
a

FIWHEIZ FeCo T 5 Z LIT R D~T B X X 3 v LR & 57 72 FeCo & I3 5B & L CFig. 1 & Fig. 2
T/RF & D12 FeCo(200) i & CoFe,0, D misfit ratio 2.1% LIFHIT/NE T o E X F T ¥ LRERHIFTE 5,
KBRGE

Kz —2y NRA Ry ZiEE G, T AT B A IR L7, BZERNEE D% 4.0X10Pa LR, ARy 2 W
Al Ar, ARy Z HAJET 0. 4Pa, IR ICESIFN TEULER A 4 Z L 12 X 0 | kR % S W7, EEEEER ) F
(VM) |2 CTRESREMERTA . X R [EIHT 25 (XRD) |2 CH i IS AR AT 21T - 72,

EERfER

Fig.3 (a) TiXCo 7 =T 4 b~ HJE® XRD Wi % /~9, (311) HAEPHRORRE — 7 1272 > TRV | MREIPEOR R
MO T U HARMERSTWD I ERGD D, £/2Fig 4 XCo 7T A NEBO VIMAEREZRLTEY, ZO/KBEND
LEFHRMEETHD NS, ZHITHAT Fig. 3 (b) TIZWIHIEIZ FeCo 9nm ZREE LZ D% Co 7 = F A b 60nm
Z R L 72 XRD W% T, (400) E S EHAROBIRE — 2 L 72> TH Y . EEN7Z (001) mECH L723B O/ERRIC T Lz,
F7-Fig. 5 Tl Fig. 3 (b) TOMMEEMFD% 1000C TR E L-FEREZ /R L TERBY . WE S 8 k0e DIRFEN EHT
LRBFOIERIC T LTz,

1000

: e (a)
-~ 500 MM
5
b 1000
5 M
= ] ] = 030 4‘0 5‘0 60
260 (deg.)
8. 394 8574 Fig.3(a)CoFe204 single layer
Fig.1 Ideal CoFe204 Fig.2 Ideal FeCo Fig.3(b) FeCo(9nm) / CoFez04(60nm)
/" 450 L1
i 150 l o} -
e “& 150}
E o / 7 HEC
= = -150¢
4150 F J =300 | J
. ) ) ) 450
230 20 -10 0 10 20 30 30 20 .10 0 1020 30
H (kOe) ) H (kOe)
Fig.4 M-H loops of Fig.5 M-H loops of
CoFe204 thin film CoFe204/FeCo thin film

SE XM

1) Tomohiko Niizeki et al., Extraordinarily large perpendicular magnetic anisotropy in epitaxially-strained
cobalt—ferrite CoxFe3-x04(001) (x = 0.75, 1.0) thin films, 103, 162407 (2013)
2) H.Zheng et al.,Multiferroic BaTiO,~CoFe,0, Nanostructures, VOL303 661 (2004)
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BRI X DR BRI O 72 O BiFe, .M, 05 (M= Ga, A¥H{E DAk

Chk . BHER. FNERE, SRR R K
(A ERBITERFREGE WE L HEL e LY H%)
Synthesis of BiFe, ,M,0; (M= Ga, Al) powder for magnetic order control by electric field
°M. Gomi, K. Kurata, T. Sawamura, T. Yokota and *K. Mibu
(Dept. of Mater. Sci. Engng., and *Engng. Phys. Electro. & Mecha., Nagoya Inst. of Tech.)
FADBE
W2 LB E LI WEERMEIE & L CEIUC X D MEHEER T O BRI O fTRE e~ v F 7 = m A v
IMELORIANREZ Z bid, ZOMEHTIZ, BARFEREZERAHRATRIBICEZ 5720, ERICLD1
RHEEIENZR EN D, AWETIE, 2O X5 7eMkte LT, Fe %4 b%& Ga BX T Al {E#i L 72 BiFeO;
(BFO)ZHLY b7, Kk, 2oL ) e@EImiEmESK U CUMARE TR s, Frx IXHIRIKE T
INEAREE T O LORIEEARR L Y, RARBE CITERE & FESHEOBR, MR W THET 5,
EBR
BiFe;,M,0; (M= Ga, Al, x=0~0.5){&1%. & OEBIEZEigl L= F L 7 ) a— L HRICER S S -
R 2 % . 300°C CTHEMRIE 2 0 L 7= b O A HIERA & L THIWWz, THEBUWH L, fistEomEz157,
F o BHUTLE O MKBRIFDOENE A AT T —4) . —
RN L0 AT, AR
iR - i
Fig. 1 I¥ Ga i&@#uZ: 5 XRD ZfbZ7~7, Ga & x
DN E & H 12 x=0.1 ~ 0.2 C BFO DR 28 [ (K&
FH R (ZZ[IRE R3c)H> DRSS AR T (ZEfHIEE Cm)~
5% L7, 162Kk, Ga {&#i BFO I3 EGK TO
FHNTOTZN, AFETIEHERIE T x=0.4 %
THHETHOND Z ERNbnolz, —J5, Al B
T, x=0.2 fFE2 6 THOERD R S 7278,
=035 FHEE TR TIRAMTH Y, THLl LDEHR
TIRAAAD AR A B S 17, S c
Fig. 2%, 2V B OBROEIRIZET 5 Mossbauer Fig. 1 XRD diagrams of BiFe,,Ga,O; powder at
ARY R VERT, x=0 TlX, RORBEMEIA(TN=643 300K.
K)BFO 2R DIEXIFRZR 6 ROWIL ' — 7 3 BlEE — T
BiFe,,Ga,03 300 K

b, GaBHUC XV B-ICRE L-BE I X 2% .

X e— 27 b fhric8in, x=02 LTI THOE—2

DI oTlz, THHORERIL, BIESMEN, =R TIX v imu
FERMETH D Z L 2E%T D, T MHIMEVERFRE 2o

Z 2k, c#lFA T Fe-O-Fe MIEHENE L < IO, ASH#a o

o

12-4 030

100 010
101 10-1 011

X-ray diff. int. (arb. units )

HEER B L LCHRA NS, RBEGETO-D O -
X5 Ao RERAAR SR . MPB T B CREG IR FF—IERL TR \Mh

2% R-T HEBZ N L CESMICHIBTRECTH S = & & — e ironee
BLCug, \J

i%iﬁk | | | |
1) A.A. Belik, D.A. Rusakov, T. Furubayashi, and E. -10 -5 0 5 10

Velocity ( mm/s )

Takayama-Muromachi, Chem. Mater., 24, 3056 (2012).

2) J. Yan, M. Gomi, T. Yokota, and H. Song, Appl. Phys. Lett., Fig. 2 Méssbauer spectra of BiFei1<GaxOs
102, 222906 (2013). powder measured at 300 K.
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SRR LR (E OB N B ARG R 52 5

KR, FEE D), MiAE—
(T B LR
Influence of magnetostriction on magnetoelectric effect at ferromagnetic-ferroelectric laminated composites
H. Iwamizu, 1. Kagomiya, K. Kakimoto
(Nagoya Institute of Technology)

#E
BRBEENEME 5 &, SNBSS (BEIC L > TERBEERT— A v DBFHER S5 BI8T

B FHREEET T A Z~OSAREIREN TV D, B met- A ERE AR EIE TE Y ME 2058
ERTIENMONTVWD, ZORBBEIRIRMIARE CE UM ENSERBE M5 Z L1k > TME %)
BERBTHD, MEIEROKRE ZTREHIA UZBEOKRE SOFHICKRE L BEBIND, LuohRL
SHERICHEELZFETCEIEME MR AR TE, T30 RAGHIZBWTH AR TH L, £ I TRIFET
1. M CoFesOs i@k Ealt BaTiOs FEf@IRICE R L, MEICKE R B2 52 2HBETHSH, OKED
fEEE. B L OOINBRESGEIIN T MmO 2 853, FHEEOE & ME VR ICEH 2 5B LT~

ERAE

CoFe,0, Bk & BaTiOs My K2 ZNENAT ) —(b LI-th. T —TF ¥ AT 4 LV 7¥ETY— MIRICEE LT,
G ELIZ— M 10E —fge LCRAEICHE L, mMREPBEMEEREE 25 X0 A5 nfE@n=3,5TEEL
Too E D% 1270 °C X2 h O THBERE LR AR A ER L7, 5o - EHC BRis H & 280
Wt ho 2 FEJB I CREICEIN L, BEm & PATREICHE SN ERomE, Bl L ry AT
TR 5 Z & T ME 202 HE U 7o, JIE ST B Y T 2 -3000 — +3000 Oe, A2 ik i 259 0.7
Oe, W AEKI 600kHz & L7z, F/-F—REHZ H, BL W hyZR7eD HFmoEINL, BGHEIN M &

ME RO K E SOBRIZOWTHHART, 2, OFT AT — V2RV THEIOMERE 2R,

SRR

Fig. 1 ([ZFEEEL D B 72 2308 C O ME R ORIER R A2 ~7, D 3 B 5 5 EITH 2 5B ME BIER
HALTEY, TRLBTIZIE EDEER LT, £72, OFHAF—JICXDHETYH, [R5 BUFIT
—EOMERE R LI, TNOLDIENLSEUIEEIY L2 LT, FEERBICHFAROT MM L.

ME WP R LT B 2T\ D, IRICHEE I TR B 72 mm % dEimm & U, SNSRI (ho. H) ORI %28 2.
T ME 2h B2 HIE L7-fE % Fig. 2 (2”7, HUNAM A, B, C,DIZB VT, F—REHZ bbb 3T4 T
ME BENREL > TEY | AEBIERIIINTBIEIG L TR GEZAE L TWD I ENSN5D, ZORGHEDR
& LT, BEEREORERT T Tl < ES M & EBFEOHBELEG LTS B TEBY, YHIX
Hi@ﬁﬁﬁ%ﬁﬁﬁﬁébéfﬁ:XAKOwT%%??o

- 15 - L d.c. magnetic field:
2 7 . * |dc. magnetic field: € o -3000 — +3000 Oe
% 1k +3000 Oe % L 4 a.c. magnetic field:
% " a.c. magnetic field: é or 7 ~0.70e, ~600 kHz
§ 0.5~ ~0.7 Oe § _2: : h{ H
s - ~600 kHz w | | { —A {»_C
N T 43000-1500 0 1500 3000 " —B =l —D
Number of layers Magnetic Field (Oe) !
Fig.1 Difference in ME effect by Fig.2 Relation between ME effect and the
Number of layers applying direction of magnetic field
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NTET D Au T /R T O RERE T 7 AT LB FICEIT D
CoFe,0,~ VU v 7 A DOl EE T M5 AR

VAR Ve
(B RPET)
Evaluation of magnetic anisotropy of CoFe,O4 matrix under localized surface plasmon resonance
of Au nanocrystal
S.Nishikawa and T.Sato
(Keio Univ.)

FC&HIZ

EJET R TORIEERE 7 7 XE IS (LSPR) IZfE - THRAT 2 RTERRES 1L, JEHOEE ORKE
PR RNSELEMENDH D ZEPMESRTND, D BEEOLER OB KIE, RERMREL S A il
BEHAMERICEEZRIETZLICBET 2D EEZ LD, FOEEMITARTET LTI, 2K%E T
1L Au T/ Ki 1 LSPRIZfE - THRAET 5 RMEHBELIC L 2 A B fuEf AEEROZEH 2 FIFH L T CoFe,0,
DR BETEOELZBRT D L 2 BT,

EBRAE

AuF 2RI IO Y OFETER L., 9, AREREICAuZZASEL, 7=—1TT52 LI
DRIRE STz, RIZ, BRI VY777 4 —%2H0TAu T JESNEER L, EH50% 7 skl
TH, TOENLEREE~ 7 X br s ARy ¥ T CoFe,0, x W S, 7T=— iz L b &=, Zo
EORLTER LY Tz onT, BIRARY bV E T 7 77— ROWEEITT-, BT, 777
T — 2N B DREIBEAFIEDRE 21TV . LSPR T & % CoFe,04 DM~ 58 % FH 7,

ﬁ% . %g 1.0F T T T
@I R IAIC £ 0 R L= > 7 e ST, 77 557

— N R OBEGAFE A2 WE R R 222 2 THIE L2/ R 277, (b)
%X Au *ﬁ% ﬁ}ii&bﬁiﬂfl CoFe,0q4 ‘H_ ?/70/1/0){1'{_16: CoFe,0q4

%7 ()

Faraday rotation (a.u.)

DHEDOY TN HHB L, TN ORIERE R SRR OO 0.0k .
P77y hLT2bDTH D,
ZHZED, Au F I RITFEEDY TR, v T 0.5F

U & Holtk LT 640 nm A CIERE A AN AMEINC 8 5 = & 3857

SF, ZOWEIFER LY FADO LSPREE L —HT 52 L IR P , 1

A5 LSPRIZ LY CoFesOs DA &L M AR OZE3H 2 L. “ﬁmmhwgwo

RERB IR LT 2 L 2wt 5, L L. BLBlE T ——

BN DB BT 5 = LN TR einote, Taud, Bamicr ]

B DI % B 5 1R RTER R B 3 4 TR 2 T2 ”%*®) e only CoFe0 |

ThHLEZLND, 12001 .
FZTHENTEFRY V7T 7 4 —&2 T Au T/ BY A AE

W7, KRS E A% . LSPR HEICHIT 2B A Bk X5 800]

C LT, BLRRIC X AR A OB A BT S - L R BT, <00

2 Uk 4001

1000 —@— Au/CoFeO -

coercive force (Oe)

560 600 640

wavelength (nm)

1) S.Ozaki. etal., J. Appl. Phys. 106, 123530 (2009).

2) S.Tomita. et al., Phys. Rev. Lett. 96, 167402 (2006). 1. AWCoFe, 04 > FND 7 7 55— Hik i
A (a) CRIEREIC L DRBEHOZENL (b)
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EREHL L7 B R A b OVERL L SRR

DVETEE, PR RS — . PRk
(B ER, *HbT)
Synthesis and magnetic properties of Fe substituted hibonite
H. Nagumo, K. Watanabe*, K. Kakizaki, K. Kamishima
(Saitama Univ. , *RIKEN)

1. 5

AIEMMZ =5 4 | BaFeOyo ld. BB IKABAREE L ¥ Hibonite v Fe,0, ¢ CaAl0,
THWHNTW3D, Z0® BaFej0p9 EEARTF A R EMREIND Fr— T .
CaAlpOyy DHEIEIE L < BTV 5, e Sk xS

LA L, BERTA b Al % Fe TEMLEZ LV BT, 1EEA .
P, Ca, Al Fe &\ 9 HIERIZ S G EN TS EEND M ,; oy o F A
7 =74 bOLD B E TR EERT 5 2 L3 I D e, e v
BOEKRTHLAHATHD, &2 TARIFIETIL CaAl;;0,0 D Al % Fe *é ) b
TR LM R ERL L, 2 ORI & T, SRR 35444 MR P
2. EBITIE o .. B8 87 J5d
HZEJFEHT CaCOs, 0-Fe,05, ALO; & VW Ty KRG 41kIC L v ik v j R BRI

ZER LTz, 26 OBREZ BRO(LEREGRAMARIC R 5 L O ICH&E 20 3'0 4'0 5'0 6I0 20
U ARE ., RBERK. FLERHE, WER AN —b IV 2 i Ttk

20 (deg. Cu-K
By LT, = DI L . BAUF T S IR L feegdl rta
Bl & ERL L 7= 1 : CaAl,Fej,019.6D X HRIEIHTX

3.0

{ER L 73R O REE 2R X AREITAIC X0 AT L, B 5, T T ICaAlFey, Oy,
T HRENFCEMRAS 1 5H(VSM) & W CRIE L 7=, E sintered at 1300°C] g
& 303 —H20 &
o g T 1 B
3. MRBLUER 520~ oz
% 114 1800°C TABERL L=tk X REHTIREZ 7T, Fe'o 3 | %8 8
AAHEDS AP OAAHELD DRE VD, FAAVO | 3§ ©

0 0.0

%?ﬁié:m L/'(\ %g@ CaA112019 D to‘_‘y J: D %1&%&@”“

0 1 2 3 4 5

PiI, 20,1 TN XA MABEME 2D | x22 TIREARS )
A MMEMRFAE & 2207, 2 : CaAl,Fe ,0y0.s DEIFIREAL,

2 1% 1300°C CANER L 7= BUBH O SR & 135 1 O A L OWRIES) DRLPAEAFHE
RS, RN OIEIE x=3 TR L 7o 72, 500 —— 17—

31, 1300°C TABERL LI F = U —REEDHRITE S\ 1 s e
Al‘ié’/‘ﬁ—\“ﬂ“o if:\ MBIlZ =54 BaFe ;09 DX =V %{E&Féi

300

#1450°C Th D 2, Fe¥' A AU WNFIET D L T A AP A Ao
EH I, BB EERN/ NS0 T2 U= ENMET
L7=FIREMED B 5,

PLEX Y., Fe{@#iL 7z CaAl,0,0 DYERLUCESLD LT,

CaAl Fe,, O 5

100 = sintered at 1300°C 7
| | | |
1 2 3 4 5
x
3: CaAlXFel()_xO]g_g@
X = U —{RE O/

Curie Temperature (°C)

o
(=)

4. BEK
1) J. B. MacChesney et al. , Int. Conf. Ferrites, Kyoto (1970) 158
2) TARAME, MEEPEROWEL( L), FEHERE (1978) 230
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BT K DREE TR O 72 D BiFe.M,05 (M= Ga, Al) = & & & L L[

F39E AR FIGREELE (2015)

IR L NSFRE. RGRISFN, RER Rk, AEE]
(AR IZERFRYRE WELYHR)
BiFe; . M,0O; (M= Ga, Al) epitaxial thin films for magnetic order control by electric field
°M. Gomi, D. Kodera, H. Kyoukane, T. Kumagai, and T. Yokota
(Dept. of Mater. Sci. and Engng., Nagoya Inst. of Tech.)
FADE
Bt BRAEDREZFIH LSRRG EEMSER S, KRERQRTy b =2t 5 1 kg
KAHHERS 2 n T @B B IR ATHFZE S LTV 5 3, BEREB BRI ITIR D BRI K D AL v F 38
b, Bxld, 20X BRBRAEVLEL LR WEBREHEE & U TERIC X 2HEHIERE I 5 BT
BOARER~NVTF 7 oA v JMBIORMAEZZ 2 TW\WbH, AFIETIE, ZOX I8k E LT, Fe A &
Ga 3 LUV AL {&H# L7 BiFeO; = B4 ¥ ¥ v LR OFESEAH & BV 7 + b a By 7 FEEE(MPB)DAF{EIZ D
THRFRT L7z,
EBR
T XXy LRI, By sFe.M,0; (M= Ga, Al, x=0~0.5)% —% v h & HAWIZRF v 7 % b A v X ik
(2& v, (001) SrTiOs (STO)EM iz, FEHIEE 350~450°C, Ar/O2=4/1., 1Pa (2 CTIER L 7=, FidmiEiEix
XRD. Wikt~ v 2 kv 3G L7,
AR
Fig.1 1%, 450°C Ttz &7z BiFe,. ,Ga,0; D XRD X TH 5, x=0 Tix BFO ZH KMHAH R D[0011E— 7 3
BRI nDM, x OEME & HIT 39° MHTICHEEIES f T AHO[001]1 8 — 2 NEGRIZHKET %, x=0.2 Tik, T4
DHENENVICHEE LTV D, ZOMIE, Wi~y B 7k 0 BEICIE ¢ B33 T a fils il 7z
HAEEMe)Th D Z ENM B Lol TDXH 72 THIL, 16K, i LaAlO; S5 D1 EH D /N & 72 Fa ik %
AW TIEMIS B CERT 2 2 ENMOLN TR D, Ga BEHIZL Y 2D & 5 2Hlf1%7 < 72> 7= Fig2
I% Ga B H#aIZxd D ERFK 2 789, x=0.1 f1U0I2 MPB 2 F5 5, x=0.4 LI TlE Ga @ L DM E AR ek
D= OB IEE D,

g 2B N
1) R.J. Zeches, et al., Science, 326, 977 (2009).

R-like (M) phase

X X

500 7
V/,
—— | . I | Rhoml:% Tet.-like Monoclinic

- ;I;)—gl;i phase (002) BiFe,.,Ga,0;/ (001) STO — 8 - @é O A A
s | e | 2 4SOH G0 e

. onoclinic
£ g- /é + Impurity
: 400 @/ O O
z £ %
£ 2
5 9 350
: 8 as0[ ]

Amorphous

00
0.0 0.1

02 03 04 05

Ga amount x

20 30 40 50 60 70
26 (deg.)

Fig. 1 XRD spectra of BiFe, ,Ga,O; epitaxial
thin films grown on (001) SrTiOj; at 450 °C.

Fig. 2 Preparation phase diagram of BiFe, ,Ga, O3
epitaxial thin films grown on (001) SrTiO3
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FREIS I LV AR SN X D o 7 1 v 1 EfRAT

SR HAE, N s T
(fE R, *HAER)
Analysis of magnetic domain by residual stress using Monte Carlo method
K. Terashima, K. Yamaguchi, T. Uchimoto*, T. Takagi*
(Fukushima Univ. *Touhoku Univ.)

[T &HIZ
Rk, A—ATFHA I\%X?lexfﬂ TIEREHR BT . BRELER BRI L » THEEFF>, £/, F
Fr Lz 5 729 KMFEIERA(NDE)DOFHR ik & LT, MXEBEEME L ~ 1 7 gt

?ﬁ*xﬁ%(ufMOKE)ﬁzﬂJ.:Jr%fnéﬂiféioﬂit u-Kerr BATREE S BHZE S 7=, Fig. 1 (Q)IX 820 EE % Jifi L 7=
SUS304 DX BILEE TH Y | FEsbhiEOBX MR TE 7z, o, MEEICAR v h &Y TRALIIE
EATH & MERRHEICEN R Oz, IR IR BRI L2 o TWnWbd A LB oD, AT
Z, TRy 7 BICEFHOMENRRLD 7 TAZ—IZXH LTECT AL E(MCO)Y I 2 b—a rEITWV,
X2 & R BT O BRI W CTRRGGE L 7=,

Fi&

FHEICHWZER 7 T A X —I, 40x50x5 (ZHLE SAL7z A B X7 RV CRERK S 41, 10x10X5 D7 1 » 712
FIBND, BEMEENENER DM E OBKETEEZF > TV, Fig. 1 (0)IZ& 7 2 v 7 O— il &7
ﬁ@ﬁ%%%bfm o AtHEIFA PO RY AT TIZEDMC VI 2L —3 3 T, NI b=

imt%mmto% QA EAER, B R iR R T, BN A 5 & S
[ %@ E DAL LRZ MATHY, [S]=1 & LTz, Seyld 7 0y 7 HORGEFE O ~Z bL2R L,
FEERIZA— VI RE S AU TORMERT b0 L Lz Y,

H=-J ZS S - KZ(S Seasy) + BZS (1)

R

7T AL — I U CHEHWNGRICEHNRE 252 2T ) VA —T OEZITo T2/ R. &7 1 v 7 O
REFENR 2D Z E R T E T, £, BBEHIER O O B A 0.22 £-0.22 ORFO AV LREEZ TR T D
L BAV VT ENMEICR R ZME R L > TWe, TRUHDORERIIET B Y 7 O b ORI FTEICER LT
HLOTH D, Fig. 1 (OICITRTER L7222 DDA L IREBDEE L 5T b DE R LTz, BABIBERENEND Z
Lid, BREBEICL AR E B LTS, ML@ b, AV I 2 l—y g THWEET VTR Y T
Y| BXBIEBICBIT DRI, KRS TS B e D BRI T tlTé%@T@é&Mzé

g !

N II-I

Fig.1 (a) Magnetic domain observation of SUS304. (b) The easy axis of magnetization for each block. (c) Differential image
of |S;- S;’| between B=0.22 and B=-0.22. The white colour represents that |S; - S; /2 = 1 and the black colour is [S; - S;[/2 = 0.

L Z &N

1) K. Yamaguchi, K. Suzuki, O. Nittono, T. Uchimoto, T. Takagi, IEEE Transactions on Magnetics, vol. 47, 2011, pp.
1118-1121.

*"’\/\

— 108 —



9aB -7 F39E AR FIGREELE (2015)

L1o-FePt, COPE & DA R A MEIZE X 5 A VIS E D2
ANBRiM SR, SR, (R AR E
(HEK )

First principles study for theffect of spin fluctuation on the crystalline magnetic anisotropy isttype ordered alloys
N. Kobayashi, K. Hyodo, and A. Sakuma
(Tohoku Univ.)

i Loic
Ky DIREEFNED —DDEIHE LT, SREMARTDOAY Y OBEES ENBIT 5N 5. HNEEIZE W TLAES
ARAZAVWTWEET 1 FOERE—A Y ME, BENEATLIEZNETNRELS Az 51k, HReLT
EHOBRE—A Y MDNEL 2L, ZOLIIZAEVORIES FRMAETE—AY MO LTHENS., 22T
AR TIE Ky OREREFEEORIEE SNTVWEIAL VRS EOREI 2 IELGAD, K, OfE%E HERIZHEA
52T, Ky DIRERFEICET 20245 Z L2 HWE L.

SRS, BERE MR Ky AYE W FePt,CoPt L7-. 2o a4 Ll & L ITiENh 5 Fe(Co)& PtA A H
CRRICER > i EEEEF LTV

AIFETIEBFES WL > THAE—A Y MBIV EZ %, 2 0D HAICE->7 LT, ACVELE%
(FeTh-x(FelxPH(AE Y 1, IREEDFHFER X) D& S IZ AV VRO HAMNEE UTERBL 7.

I —FEAN Y REFETFEOBEGIIE~ 7 4 v 7 1 Vil (TB-LMTO) % D 2 W TiT > 7. £72, 2 /@D
BRIE T A Y ORBAMEDFRIZIE, Tk —L Y MEF V¥ v LIEM (CPA) % i\ .

HRELUER

Fig.1(a),(b)ix Z 1 Zh FePLCOPIZ B 5 M ® X AtE, K, * ‘ e (Fer)y xFel) 4Pt
O X AFED 25 7T 5. Fig.lh 5 FePtCoP o Ba * o= (ConsxCoilyt
HEACVESE X DAL & £I12 Ky PR T 2" Z R L
THY, BARAMENAL Y DERKD S X L BB B/RLTY §
B eNMEING. ZOZ eI, REEFICES ERERES
MEBDBETHAL VIS EICRE IO THEI L ERBLT

W5, | | | ‘
72, RIADMENZDWT Ky Y Mg @ o RIZHHIT 5 & RE 0 01 02 03 04 05
L, Z2oD7 5706714540 7&>Tazkdlzb 3, @

FePtTl¥a ~ 22, COPtTIZ a ~ 1.9 & WA FEEMNE S5 17z, FePt 14 : :

—a— (Fet)_x(Fel) xPt

LTI, MAS 212k 2ERT, BARGMEBIIRSTE— 124 —e— (Co1)1.x(Col) Pt 1
AV MO 21IFIZHHIT L L WIBRBBONTED, KFED
FHEASRDY, FROMEME KKHELTWS Z UL EZ.
DOFERIZ, Callen-Calle® 12 X 2 HEHIT P VTR EAMEER
BHESKE—A Y PO 3FIZIHIT B L VWIFERICHR->TWBE I L
LHBLUT, FHICIVHEETHD R0 5

References 0 0.1 0.2 03 0.4 05

X
1) I. Turek, V. Drchal, J. Kudrnovsk M. Sob, and P. Weinberger,Electronic (b)
Structure Of Disordered Alloys, Surface and Interfa¢éawer, Boston,

USA, (1997). Fig. 1 Calculated magnetic moments (a) and

2) S. Okamoto, N. Kikuchi, O. Kitakami, T. Miyazaki, and Y.Shimada, anisotropy sonstants (b) of FePt and CoPt as a
Phys. Rev. B56, 024413 (2002)

3) H. B. Callen and E. Callen, J. Phys. Chem. Sol&.1271 (1966). function of X.
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Nd-Fe-B kRt A e E MR8 7 o 5L FEARAT
T i B 2 b
fE R

The Dependence of Crystal Orientation on deposition temperature of Nd-Fe-B thin films
Siyuan Wang  Chuang Ma  Xiaoxi Liu
Shinshu University
L. XL ®HIZ
TEHACAE R DS R RO FCERBEIR O EHLO 7o 12 @ FLERE L O LS AN ER S b, &
BRI DO FEBLOT- D REMKE ST ETRITNE R 5220

2.0

B, ABFFETIL, Nd-Fe-BIZ&E B L, HEELRLKEL )51 o B pg L
FERRAF B g T —~ & U, BB MR O RTA %1 - 7=, %g =7
2. EBAE o [

stz —27 s RAAR Y Z Y > 7 EERE (FTS - FacingTargets ;2
Sputtering) EDC v~ 27 R ha > ARy # U o 7@ 2 VT, * Applied ie)ld MA/m)
A ERL L 72, A%y X RO EZEHET /)151.8 x 10~ ¢Torr
L, W/Nd-Fe-B/W/Ti@%H;‘:%mﬁ{tv V= (Sio2si) c ° ”
R B L Toe WO D P ILIRAEIR 2 JVCL 20 2ol =7

J3-C650C & T L . SHMECERILEE A IS EI S 1, 2 o [/ 4+
DRSO IVERIFEIL /1139.0 x 1077 Torr & L7z, FUIZERULEZ 13
Bt U 7= 50k & IR B RURH RS /5 (LU FVSM ¢ Vibrating Sample Applied fetd (MAIm)
Magnetometer) THIMIE LIRS L e 27 Y v 20— 12 &

S | ) e
;:f; SR TE Lo, 2 OB O KRS Z24k0e & L Efgﬁ ,/7,7_;
3. EEBER of ] ]
Fig.1 (a) 775 (d) F CHEBINELE 2 Z241100°C, 200C, =1
300°C. 400°C T, W/Nd-Fe-B/W/Ti PUJE % T i fld (i
20nm/50nm/20nm/snm {E#L L | ELZEBMLEE 2 i L 72 30k o B A ©
FYYANT EFS COMORR RIS L R S B
2300°C & 400°C THRUE L 7z3bkE 2 &, Nd-Fe-Bo T LK K 5 ~os ;/ S A
PEPREIRTFEL TWD Z R ho iz, §§ 4//!

1
20

-2 -1 0 1 2
Applied field (MA/m)
@
Fig.1 BEPERE RIS < (a)i% 100°C,
(1)1% 200°C, (©)1% 300°C, (d)i 400°C

— 110 —



9aB -9 39ml B AR ST T (2015)
Tby;Cor EEBAVIRD I 7 1 2 a7 7 iRFE DB 52

TIEBE DI, B BORZEE L RAGRAR L BN
(R FIbts . REBRBEEE T ' FMIRBET )
Microscopic magnetization curves of Tby;Coz; film

Akane Agui, Hiroshi Sakurai', Kousuke Suzuki', Syouta Takubo', Xiaoxi Liu®
(JAEA, Gumma univ.', Sinsyu univ?)

[TLC&HIZ

FxixonETlo, BEERSCEZE ORISR 27 b o BELOEVIESHR IR & A © L RN LR E
IR L TV D ERLE & 2 A GbE 5 2 & T, Mblifiz A v pllhy OB FR(SSMH), #11E 557
DAL EFIFROSMHNZ /31T 5 Flk, EHIZET VT 4 v T 4 V7 EFHA LT, A Uy R e RRIC Lz
BALHBRESMH) &2 155 FikZ2 AL LT D ) ARBFZEIT TbysCoryn EICOWT IR B I 7 u A a ey 7 7ol
bR 2 E L= T4 5,

BIEAE

s 7 b B TR D HERR SPring-8 + BLOSW TiT7 572, RF A%y Z U U ZETT LI
® 12 Ti (30nm)/Tb,3Co77 (200nm) % 10 &, R L 7= & D % TbysCoqy BakEt & L7, 2Rébilifiix SQUID T
HIE U7z, BB E BT, S|IR T, EUINBSE I (TR E CEn L7z,

AIEHER
1 12 TbyCopy FEDBEAL AR 2773, KfR, €. Olx%z 600 — :
nZEneribih#i, SSMH, OSMH TH 5, AE UL
LB DA R 2 1R T, Blifb, A B Rk, BB
S ORI L CWB Z L RS0 D, BRMEICKT L.
A EATIEIE U & | UBER IR E Th D, A
YRSy EWERTIE T = U e BIRICH D K 2 I A B
iy & WUE RSy Db AR T, A B RS & B RS O ) &
W7tz DI~ A F A>TV D, AV LS
HHEM T BRI e AT U VA ZR LT D08, B
BRICRD LT OEIZIZIE—TETH D, FIEOMHMEX
1 LV REL, 2BEORBIII LM EE TR B a0
TR THD Z ENind,

TAVE TE A IS O B g D E R EIZ OV T 2 T —
ruaAaty 7 RRMbligRIcoOWTHE L TE Y,

B CIHA B L BRSO A O W BLRK SR TR 72 Y 1: ThayCorr BROBEALHIAR, AR LBHL.
B2 Lo, 2D ORI & el 5 & s @ AE VG OB
KEWE & SSMH & OSMH 1372 L=k K finz 7~ L, T | I ]
REFSID/NS W& BICHPL LM #2385 127k
BEEZTND,

B% R
r Spin/Orbital

1) A.Aguiet. al., Appl. Phys. Express, 4 (2011) 083002. 00 | | | | |
2) A.Aguiet. al,J. Appl. Phys. 114 (2013) 183904. -2 2 0 1 2

3) S. Tabubo et. al, B&XU¥43(2015). Mmm@wun
X 20 R B RSy & WIE R D H,

Magnetization (emu/cc)

Ratio
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EMRIZ X BIES D Nd, Bi, ;Fe,Ga0,, HEEDBERRETHE~DEE

R, xR B0, A SR (RESFRR)
Al R GRIR)
The effect of strain induced by substrates on magnetic anisotropy in Ndo.sBiz2.5Fe4sGaO12 thin films
T. Hashinaka, M. Sasaki, T. Ishibashi (Nagaoka Univ. of Tech.)
T. Taniyama (Tokyo Inst. of Tech.)

LIFCHIZ chETicFxld, AESREDM
(MOD)¥E % AW CTHERL L 7= R R I BN -
NdosBizsFesGaiO12 (Bi2.5-NIGG) O I & 5 T o
WA L7=[1], A ENE. Bi2.5-NIGG T & ik
& DI AESLEW RREBGEIT R IR 2 #ik o
PR ) DIBE SRR S M A E T BB DV TR T2
FERIZONWTHET D,
2. EBRAE  GdyGasOy, (GGG) (100)4H% iz, MOD
EIZ &0 Bi2.5S:NIGG #EA F L7z, H\ 7= MOD ¥%
R, ML PRFZE T Nd, sBi, sFe,GaO,, I AR
NdBiFeGa-04(0.5/2.5/4/1) Cd %, WilEiL MOD &K D
BAT (3000 rpm, 60 ), #2M: (100°C. 10 47). {RBERK
(450°C, 104y) % SlalfEv i L=, ABERK (700°C, 3
FEf) Ik v b2 T o7, LT, AUIEEZD
5V L, JEE% 04 um & L7, £, BHE
IS DB E TIN5 12012, GGG HEWRAEEIZ LV
JE&% 0.lmm F THELS LZABHZOW T HREHE 21T
-7,
IHEBERUEE  Fig 1T Bi2.5-NIGG #E XRD
HIERE R Z 779, 800 HIFTHROALE IS KOs 1~
v ZIE OFE S D Bi2.5-NIGG 7 & GGG Hapl &
DT AEEIZLDERIEMLTND Z ERbho
Too —Ji. BUIRREOZEIZ L 28 2R VIS I3 AL
TWD Z Enbioiz, Fig 21 E 524 nm (28115
Bi2.5:NIGG MDD 7 7 77— AT U v A% RT, i
PR MBS T A BHMEAR ST <111>TH 528,
R OFRBEIE ST L0 (100)Efk T b BERK RS
PERE Tz, —J7, ZEAE 0.1 mm £ THE L7=R
BECIX, BT E— 7 23 3p, I L ST AR

FL, ERFOISHPMER L TWD ZENTFRIND,

SHIZEAT UV RIZRENDRE DR b, RE
JEF) DI 2 7RI L TN D,

No Polished GGG 800

i Polished\\;:::::::t- i

L Bi2.5-NIGG 800 i 1

Intensity (a.u.)

58 58.5 59 59.5 60 60.5
20 (degrees)

Fig. 1 X-ray diffraction patterns of the
Bi2.5-NIGG film on GGG (100)
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Fig. 2 Faraday hysteresis loops of the
Bi2.5-NIGG film on GGG (100)

BAEE OB 2 BFEE L CTEW 00 1 1 AT IR
7ZLET, ZOMEO—HIE, ’HILKEE 7R
FIHMBFZE F6 K OO 1 ol 5 AT 72 B g o> Z23E 028
MR 72 R BT K D BER & 2 I = =
r—va CEIROBRRE] 1Tk 1To T

SEXH [1] M. Sasaki, G. Lou, T. Ishibashi,
T. Kato and S. Iwata, IEICE Technical Report, Vol.
114, No. 505, MAG-15-36 (2015)
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& IR LA Wit AR ACo2X0 DRGSR 7 M

AFEIER, EERE, BN TR, ek, BORT, BN, SR
CRURBEHEL, *Ai)N AT R EE)
Magnetic anisotropy in ferromagnetic layered compounds 4C02X>
M. Imai, T. Kanno, C. Michioka, J. Yang", B. Chen®, H. Ueda, and K. Yoshimura
(Kyoto Univ., *Hangzhou Normal Univ.)

FLOHIC

ThCr:Si, B D 3d BB A B AW ERABEE R DR L DL 7 BRI FE 23
ITOITWD, Fig LITRT IO, ZnbDERILEMIL T=EBER A 4 (1
X= =7 "7y, anaZrBEERENM L, 2R EEE LT DX Kot
B, AJEERZEIZHEBE L TC\W5, T=Fe Ni CIIBEENHELT5—F T,
Co Tl WNIZTRBEMEFE AAER 337 b ERRT 277, Bl 21X, 4C0:Sex (4 =K,
Rb, Cs)ITWNT 7 E Co E— A & RS ab N THREEMERIICZE A 4=K,Rb Tl
] RIS 2 A O BBEMEIR TH Y | A= Cs TliImm IS R A EH 31372
O SRR TH D D, S HIZ ACoP, (A =7V 4V LH&E, & L& RE)THm
PSRRI AAEH N7 5 VTR Y 4= Ca TIXENEBENED A RO SGREIERR
FAR LY, A=Sr CIERRIECIBABT L RS ROR, ROz ki e | e cysal st
WaER & 70 D EERE 1 A X Bt 299, & LT 4 =La Tl KCosSe; & [AIERIC
SR ERG SRR 2 g 919,
AEFE 2 T2 DOz L MEEW OB IRIEIZ I 1 DR BT HEIZOWTHREZIT I,

L Wik

AC0,Se; (4 =K, Rb, Cs), KCox(Se1..Sy)2, LaCo,Py D HSE L DB R ATV, 15 DA 7= BAE ST a filids L OV e fil 5
TR % BN L SQUID MR I K D BALHlE 21T > 72,

EERER

WL B SRR C b SR E SRS IR EE DL T 05 05

Tl ab 2 BG4 & T 2 RO R T PED R S ik
U7z, LaCooPs CIEMs R RN 0> ¢ il 7 A (S35 % '
T2 E . IRE 2K ORETIHamSE 501
50 kOe WG & B L LTz, S 512 AC0:Se; (4 =K,
Rb, Cs), KCox(Se1+Sy)> TILHE A 5E < | fafn =&
HITRHE LICRERBFALETH S, Zhbn )

M (up/Co)
M (pg/Co)

AR & LTI RE e B, ko o ‘_ - .

FELHEER Co A A v DA Y BB HEAEHIC 110’ 0c)

LTWAEEZBNS, Fig. 2 Magnetization curves of LaCo2P>.
L 2B N

1) M. Rotter, M. Tegel, D. Johrendt: Phys. Rev. Lett. 101, 107006 (2008).

2) J. Yang, B. Chen, H. Wang, Q. Mao, M. Imai, K. Kazuyoshi, and M. Fang: Phys. Rev. B, 88, 064406 (2013).
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FERRIE A% AL TE &2 AV T2 K AR AT D
v AT Ow T RT 4T AV 2 b— g O

HPE R, TEREN, BE . [HKEE. BT, LTIE, KEIL:,
Norbert Pozar**, /MRIEER**
(8 Lmtkatt, RS tE L@rEpT, &R KF)
The Nonlinear Conjugate Gradient Method: An Energy Minimization Algorithm for the
Speedup of Micormagnetic Simulation of the Permanent Magnets
T. Tanaka, A. Furuya, Y. Uehara, K. Shimizu, J. Fujisaki, T. Ataka, H. Oshima*, N. Pozar**, S. Omata**
(Fujitsu Limited, *Fujitsu Laboratories Limited, **Kanazawa Univ.,)

IFL®HIC

~A TR ITRT 47 AV 2 b— 3 T LLG FRRERA R RICIE > TS FiE (LT, BifgiE s
FES) D TH L0, XN F—F/METIEO—DTh DRk T EZ AW CEIRICE b R Em R &
BT D FERRE SN TWD[], AEF AL, FEkE FEL VRNV —R/MEFiEL ST D
IERRIE I ABLVE & TG fiRE & OF R EE K OFHRRS EE O el 217 o 7o, FR TITKAREA OBV RS
WOV I 2 b—ya rEFIC, IEREIEARNE & BREE N ENIUCEB T 2 EEE L3RR EIZ O\ T
Dz HRET D,

Fil: Wk

ROETFNF IR T XNV F— FRAT TN — RGNV — E—v ¥ —
MO 5, MBI ARIETIE, FRAT v FICBWTHIERIC L 28k AR mgrovis, LLTFOR
TRINDMEELIZ TRE T md Vi 155,

drew = P(_gnow + ‘Bdold)

ZZTCRIFRIDAT v T TORAEFTHFEIZL VIRE H /37 A —H  dOYIRTO AT v 7 CHER U728 7,
PRI~ T MV OIERITI~OREFEE T TH D, dOVIZiH> THILZEID L T ¥ — O/ Mb A
DiRG Z EIZHD | MENRWGEITHANTO RV RERE TORIRA AIREIC e 5, AFHTHETIE, SRR
RS, FANBEN Z Ll x e F—FMEEITWEFRIRIEZ R D H 2 & TRAL SRR 2 FHH R L,
FERLICHEH L7z 7 /1ix—i 34nm @ Nd,Fe B DEHEMEETH Y | A v ¥ oA XX Inm® TH 5 (Fig.1),
HEDOES X NdFe B iR TH Y . HEADOEDITRIAE TH D, KIREITIENE & Lz,

s

Table 1 |ZIERRIE IR AELE & BMRE C OGRS R O il 2 7R3, (R 1 T4E TR CEAS LT b,
S5, IERE IR AR LA LSS ARRIC R TEsIC e D Z b (2465, UlbEoZ
ENBYAa~w T RT 47 AV a b— 3 TR W IR R ABLIE OB IE A R S T,

Method Coercivity | #Evaluations CPU-time
[A/m] [sec]

LLG 4.11 x 10° 148344 40699

Present 4.11 x 10° 3375 1647

Table 1: The comparisons between solving the LLG equation explicitly and
Fig.1: The structure of multi-grain  the present nonlinear conjugate gradient method are shown. #Evaluation

permanent magnets. represents the number of evaluations of the magnetostatic potential.

L ZD.T;N

1) Exl, Lukas, et al. Journal of Applied Physics 115.17 (2014): 17D118.
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LLG FifE % W7o B b SRR ] & b S inf =R D F 1

FKHEA AL, R4, Simon Greaves
WAL KRB <OBE BT
Calculation of Magnetization Reversal Times and Probabilities Using the LLG Equation
Naoki Akitaya, Hiroaki Muraoka, Simon Greaves
RIEC, Tohoku University

FAMNE

N—=RT 4 X7 RT A 7 (HDD)D KRERLIZIE, ik L — FOM EHRO BTN D, 9 TIZ HDD DA
EL— MI1Ghps ZH 2 CTEY, ZALl Eom BT RERILO B/ Z R L TR LERD S, ik
ERFEINZ & o B0 ZERIC R E KLFET 5 A, HDD OREEEHAD & o v 785013 0.01 725 0.05 & /M &
WD, IKERDEEE T D DITHRERN 00, EEE B LY. 22T, XU s T EROMAL R K
FHIZO W T~ 7~ X T 4 v 7 v Ialb—ra il Vi,

HEAE Table.1 Calculation Conditions
ZITIHLLG FBRICES Y ab—va V& To7. BH) '

G ROR T REFY L/ L, e SERASLSETRYE | T7Y | 7om X 7om X 100m

KR 23 Lie. &0 B 7813 001 705 01 £ T2t | SPMBAER | 50 x 10°erglem?’

T ERFESMER LIORT. KIS, AUEFLCHEMREN L | e 500 emufom®

X OREALICEII T2 1 F 1A & ORER OV A ZFIINL, FUAgT | FUNER 20 koe

LTib EFE B bIRT 50 A M~<T, B SR EELE: | FUNBEROf 0 degree

LEDREBHRICONTY I ab—va v EfTolk. R 12K

HREER 600 ————F——F——T——T 7T
Fig. L IZX v BV ZEBDRKE ST LD SRR~ |
WELRT. XU TEBDNS 725 & R D3
< 2572, F¥lZ, HDD T TV D Ridkiiiik o &
v T ERTH S 0.01 55 0.05 FTORIRKR O M
MNELL,0010 & & 2IFKI500 ps EIEFICEL ooz,
Fig.2 [Z X > B2 ZEEMN 0.01 D & & DOREHR VAT
& B lne R 2 . RRERASEHDIN U 7= FERY,  ftlh 23 s
R L 7> TD. Figl b XU BV 7 EEMN 0.01 D

& & OJIRIFENEA) 500 ps & 72 - TV B2, Fig.2 Tl R TR T TR Ry
e 01 0.02 003 0.04 0.05 0.06 0.07 0.08 0.09 0.1
300 ps LA FOfEIR CH R ER L TV D, ZhuE, HI Damping Constant

BT ENR S D Z DRGSR b IEE L 72
DO AER L TWDHe®), BEDA TmEZmNTND
& ETHIMER D 22 < 70 L ZDEE T EITIURL,
FHRFR ORIV A TH R TE B2 6N 5.
PLEEXY, ORIV AZEMT S ETHE
VT EBDNS WA TS R 28 T2 2T
XHEEZDLND.

exzm JUUULLOUL |

1) S.Greaves, “Micromagnetic Simulations of Magnetic P T Y R SO N N
. . : . 0 50 100 150 200 250 300 350
Recording Media”, High Performance Computing on Pulse Length [ps]

Vector Systems 2007, pp.229-244(2008) Fig. 2 Reversal probability vs. pulse length

Fig. 1 ReverSal time vs. damping constant

SRR

Reversalulfrobability -
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+/ Fe, O BIDERTYRIEIaL— a3

N IIN—H—ITFADERMH
NG, K ST
(BT T, *HAE75M)

Hysteresis loss simulations of Fe;O4 nanoparticles and adaptability for hyperthermia
S. Obata and M. Yoneda
(Tokyo Denki University, *Japan Electronic College)

IFL®HIC

TF, T R OBACRHE OBFE DRI HE R, 2 < OEBRFERIPRENTWS, T /1
PEIITIRIK A E 2 R D, 7L 7 M L IXR R Dk 2 RS2 A+ 2 Z L WL Sz, Bk
TNT IR EBRES I, T RO ANME~DFFARTIRR L K->T, EXAT UV AHEITLD
ﬁODiﬁ?ﬂ‘y%?iiﬁi‘@/u TSN TS, LML, 29 L RXT U U AHERD HEHEE

TE D FEET, HRNAREMTIIERTH o7, ABEETIE, BRI FE—A Y MIA
ﬁfﬂ% WZHESE Y, F RO A7 Y U AKHED Y I a2 b— g U EITWY, F/ FesOs B AT
U 3 AT L 20 O EVEE O M 2 PR IITRETT 5,

s
— A E RO A = RV F— I3 HERE @ E AR E— A b u #HNT
H=Z(']ij”[@”/’ +VV;‘/)_(Z.”[)'H (D)
i>j
LS, R TR — A o MR L% 7,13 2 SHOMES S F L% dey & LT
1
VV;‘,‘ =m{(”i '.uj) _3(;”1' 'egj)(.”j 'egj)} o (2)

LERIND, HAT@QZIINA BNV TETN, AV TETIV, XY BTV kL IR EEE
APEDLD, AETIIHERAC L RET D, J; 130 FREICRT D2EFOFEL DT 1L F —
T I, B LD THEDOES =RV —0LBEFRELE LTEE DL, TDE, AV
FEEDT RN X —% 52 2D T D 8 2T U & RRHEITRT 220, Wy & 3Rk 0 T 3
X —T, W, TR IZ L D=3 ¥ —2 KT, B 2T U o RTINS & KT —
f/hw%®%¢izw%~&Lf@ﬁ%ﬁ;@%%ém,ﬁi*w¥~m%@éméo:@%
ICREMEICEERE D 2 =X —1 X W, & 720, E ATV A Wy—puH TRESND, €5 T,
EXT)VZ%ﬁKT%m?éﬁ%ﬁwaﬂﬁﬁTE<,EX?UVXE@:@EEHTﬁi
Ly TRAX—HBEITIZDII 2L —a Db ATV ZENLRD 5,
HEAZE

FHREIIANG H OZAL Z L ITRZER D Wi lZOWT g DFE Mo
— A MM EEZ, R/REBEZERT S, RAE IO
mfi?»%wﬁ%%&DLLﬁWxEmﬂﬁ<&éif
oL, BERELRDD, REEROTRLF—ERIE
T, S L DBBIEF 22—V —iRE TR A e 27
U AREIZIIRE KB 52D T Figl Ti3E W,
1) Shuji Obata: Materials Transactions, 55 (2014) 1591-8. Fig.1 M-H curve of nano-Fe304

8x2x12

-02 -0l [ 02

woH
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INANR—=Y—I T DEDF /) Fe;0, Db AT I o REHEE

KHESFE, /NME —*
(HARE MR, +ERAET)
Hysteresis calculation method in nano Fe;O,4 for hyperthermia
M.Yoneda, S.Obata
(Japan Electronics College, *Tokyo Denki University.& School of Science & Engineering)

FL®HIZ

BT, RO TELE LT, M REMER %2 Implant L C, AWk F OEIINC K 255 INECEBE S &
DRGMENA =Y — I TICEHT DR EH STV 5, AGEE Tl FFEmaEuEafzic >\, HEHT 5/
MF 2R LT, 7= VMR TH D Fe;0, (w72 F A F) ZE LR ATV AEORETIESE
HERICREI L, ZOEHS I 2L — a UHERICOWTHET S,

DEalL—Ya vFEERLER

Fe;04 7/ KL ITR -G B C, R ROKIENES THH 2 &, mWAEREAEELZ AL TWD Z L%
MH | M ANA =P — I 7 H Implant BEHEA E L THWGTWSD, R 20 nm F2EE Tl ieElC
RHZENHBIL, RFHS T THRRE—A > FORIENSEL D Z & T, BKEe A7 U U REPEL,
RN X —DNEIEBIND LB X O TND, BT — A N OFEFEEREE L CTiE, Brown fEFHEHE
& Néel FEFHERE D “FHENGFET HZ ENMOLNTND, Fxid, MAICHABLEY I 21— a VOFE
T 5 Retarded Trace method % VY, Fe;0,4 7/ Fi I HiMES Z# HUM L2 B 5 OBb DY 2 = L— 3
EiTo7c, UFORK 1 &K 2 1, D T=300[K] T, FIIRES O 8 E S22 2[kH] & 10[kH]D A
fiRE TR L TND,

f=10[kH]

7 =2[kH]

00 500 1qee

X 1 X 2

AKFEHECTZOET NV EI I 21— 3 VOFiEE LT, —#%{k &7z Retarded Trace method & V>, 1R,
FBIWEE, RO KRG RO, a2t 2R+ & F /RO BEERAORTE T A—XI2 L5
AbBEO Y I 2 b—y a URERICOWTHET 2 TETH D,

L ZDE, N

1) S. Obata. Journal of the Magnetics Society of Japan 36(3), 161-168, 2012
2) S. Obata. IEEJ Transactions on Fundamentals and Materials,Vol.131(2011)No.10 P 838-845
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NA TR T RT 4w 7RI LR E R G R

HHEOR. R SCF
(LABER)
Calculation method of eddy-current heat embedded in micromgnetic simulator
K. Yoshida, F. Akagi
(Kogakuin Univ.)

[TL&HIZ

HEM MR OBALZLIZENE U D RERIIF OBLIBRRICEE L2 5252 LMo Ttnd, —F
A, BRHABEOS B TlE o — & IS B LD K AR NIBRICAE U5 \mERIC L 2 AR Z i+ 5 2
EM—ODFEL o TS, ARETIE, BICHELE~A 270~ %XT (v v 2 Lb—R LlE%
AL, ZI0BATIBE L FRBBREZHET L Z L2l i,

HEAE
T B DIFRR AR L D i@é%ﬁ"%ﬁ% EA Y A= L O AL LT . ) _@X?

AN BRD D, O TIIRRHIROEK I TEEDERKS &2 b DT lﬁ:;ﬂ;ﬁsdv 1)
. #i L B Rg bW &M S 7 & 514 U S BHE, & #5 J=oF @
0 n ) o
L. E=F +E % bo CHREMEMHETES L L, IERTIE) =l 3)
DA —LOFEHINGRD ., FBE LY R— L2 A CIRERBR % 5 o= CTu, @

L, LLG FERXOEDRICI ATz, ZOLERET LY a—LEq &
FIRIRE Trise IZRB),@ICKVEHAETE S, Kho & CIEENFNEBRL LEA KT, 4P A—LDK
FEDETEEEOHENBKY SLOOT, @7 — I 2B A EH L CEHROmE A K- 7,

HEHEE

B 1 E SRR R A TSRS D T L DRI om

(CHR L72 & X O EFIRIE Tuse OB I AN 2R, KIS %me —@— Trise (K)
TR XD IR Trse & JAWEEL £ & ORICIL, SR CRLT £ Lomsoe — Tpros (K)
logTrse 2% logf ORRMBELRKY o TWHEIIC & :
RTEND, ZOWEOBGREEME THE L0, £ 1 %mmm

Thbh, F#ITE, FHENSROIZFRIRE Tae &, =5 5 ’;//
MHz (2 351F % SHRIRHE 2 S & U QRN E IO 2 Tl 5”“‘ o

tt{ﬁjﬁ—é & f}iﬁf Lizkx 0)%3':5{%.};?% Tpros G0 Lf:o i’%a: LOE-02
AN LTZ Tpros & Trise & DF A A7, deviation (=1 -
Trise/ Tpros) I L E IR E K I BIZONTREL 2D, T

1 10 100 1000
Frequency (MHz)

Fig.1 Relationships between temperature

. mERIZ 7R DI O LD BRI DN TV T, rising and frequency.

HNOITR LIEBR OB EMEN DT 272D TH %, Amplitude of field = 50 kA/m,

ZOXDICARY I 2 L— & TIHERBEKIC BT sRikory  Kudkd/m Ms=1.0T

RAZ A % KRR RO L CI RN A 31T 2 = L R ATRE T Table 1 Deviation from the square of frequency.

HO . —ENTRENTI A R N EE . WEBERSENIC L D Frequency | Trise Tpros o

(BRI b5 = L S ITHETH 5, M | | g | e

5 0.09 0.09 0
BT 10 0.36 0.37 0.02
100 34.3 36.5 0.062

1) Edward Della Torre and Jason G. Eicke, IEEE Trans. Magn. 500 878.8 913.3 0137

33, 1251(1997). 1000 2833.0 3653.2 0.225
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Theoretical study of dipole field effects for reversal process within permanent magnet

H. Tsukahara, N. Inami,, K. Iwano, C. Mitsumata'!, K. Ono
(KEK, 'NIMS)
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[1] J. Thielsch, H. Stopfel, U. Wolff, V. Neu, T. G. Woodcock, Fig 1: (a) The averaged m, and (b) the dif-
K. Giith, L. Schultz, and O. Gutfleisch, J. Appl. Phys. 111 ferential energy as a function of the external
103901 (2012). field. (¢) The magnetization at A which is

located near the coercivity shown in (a).
— 119 —



9aC -1 F39lE AARBASERTAITREE AR (2015)

YA AT RTF 4 VAV I ab— g LRV
3D-MQCA NAND/NOR %~ — k D%

Ei&j:/u\ E]?’*j‘ b/ EI:I//&Q;':#
(RFRREFER B LR TER~ 7 U 7 VA RER )
Numerical simulation study of 3D-MQCA NAND/NOR logic gate
K. Iwaki, H. Nomura, and R. Nakatani
(Graduate School of Engineering, Osaka Univ.)

Wtk & LT —4— b~ Z (MQCA: Magnetic quantum cellular
automata[1]) % 1L U oD & T DI NMEMERZ W27 34 2%, RIHEE Top view 30 nm

J) - AEFEBLL o A . D7, WA IR 5 T (iiEE} K:EE>

NARAL LTHIFFSNTWD. MQCA FE1& LT, FhEICEMERE 100 m | 60 rim

| Input, | 200m
i

Bl Lo 70, IR CH, SWOthZE 2 T 5 O LIRS Front view =
NTWD [B]. UL, =koefk Ui B NgtEr i oo fe B 1k | | |20
FIOWMES D, BHESRBIEEATS Ky b oBRShs ,  [Cmm Commr{ignm
3D-MQCA IIRZBE SN TRV, 22T, ABFZETlE 3D-MQCA T . | : — Iig::
NAND/NOR 7" — h D& 2124 L, OOMMF (the object oriented 7 4
micromagnetic framework) % V72BN ERRGE AT © . i _>i r% nm i

Figure 1 (2, 3D-MQCA NAND/NOR % — b O % 7~ AFE 11X
3 SO A (Input) /v & —D>DH I (Output)y B /L2 H 5. HREEFEA
YER 2LV, InputA & Output [T5EELMEAIIZ, InputB & Output, InputC
& Output [ISGEBEMERICHE A LT 5. 220 Input 2> 5 Output

Fig.1 Schematic illustration of the
3D-MQCA NAND/NOR logic gate.

~OIRIREBEIREED, T4MTEVME & 72 5 & 5 5T OS2 thE (@) 0 (®) 0
[ —" o - B S— 7 R ——

LTWa. 0 0 0 1
A IO T RT 4 A alb— g VAL LT, AR o —
115 X 10 X Snm’, AAT ¢ T RAERA=13 X 10" A/m | P SRS

fa gl Ms =800 kA/m & L7z, AT x-y N T Ry Ok
KON 45° OEZIZAML, Z O % 0kA/m 25 100.5 kA/m
F T 1.26 kA/m A A TE{L S HT-.

Figure 2 IZfRFEM 72T 2 2 L— a3 UHERAZRT . Fig 2()iE(, s, L) = (0, 0, 0) & 52 E L 7= AN 2 FIN
T HHTORAIRAE %, Fig. 2 (b)IXAM b6 % 57.8 kA/m EIIN L 72BRORALAIREE A 7R3~ Z DA, InputB NAND
InputC = Output £ 72, NAND 7' — h & LCEWEL TWDH Z &2 02%. Input 72 5 NZ Output DELY 15257
NTOYHIREEQ = 16BN DH Y 2 b— a Y EITo T kER, SMTBETRE N 57.8 kKA/m 725 64.1 kA/m
DRI TAFEAF1X, NAND/NOR 1 /' F<7 )7 — k& LCEET S Z LRS-,

AFFAERICL Y, I E TR T RELE TOAEH I Tz MQCA 17 =Rt J7 M HLIE Al HE
bHZENRINT. BFEZWIETHZ LT, HRETOEELZR LIELENTES. B, &
nrZ77 4y AEY ERE, ZRTRIEROEZ AL, HAHAH L EIT O T A AL UDHE/\%EQVE?“C% 5.
23 Tk
1) R.P. Cowburn and M. E. Welland, Science, 287, 1466(2000)

2) H.Nomura and R. Nakanani, Appl. Phys. Express, 4, 013004(2011)
3) R. Lavrijsen, et. al, Nature,493, 647(2013)

Fig.2 (a)lnitial state and (b) logic
operation result of the 3D-MQCA.
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i Al IHE BT, R Sdh
%ﬁ@%k%\%ﬁﬁl%ﬁ 28
Analysis of the domain wall motion induced by the slope electric field
Soh Murayama, Keisuke Yamada, and Yoshinobu Nakatani
Graduate school of Informatics and Engineering, University of Electro-Communications

[ZLHIC

BIE., WEEERRENTL T NA 23, BEIML2H O RGEEEE & L CHER SN TWA[1], MEEERENT T N1
AT, BEEEDHIENANTE R 2 A 5 FIESRCA Y VRBEREZEAT 2 FERHVLN TS, LALR
DO ZNDOFET, MBI O DOMENNL L, TORBAFEL 2o T\ 5D, T, BE &K
?é%k&%&&bf\%ﬁm;é@%ﬁ%ﬁﬁﬂ%éénfwémﬂoL#L\_m%@ﬂnfi CEf
72 Tl SR BN THREREDBEEN 21T > T\ 5, FEFEFR A 13, BRIERICE D ER OIS TREEZ 5 E)
éﬁé%&%%ﬁbkmo:@%&fm\@ﬂ%ﬁmiwm@m%$®£ﬁﬁMﬁ#%%_&’Wm¢5%
B [5,6]. BATIC L DBEET RV —DENEL, ZOMEBET XL —DENLHMEBEEBIINEX S LE2 060
57, AR TIE, ZORGEHEET 5720, BREROHITET VEIERL, Y Ia2b—Ta U ERED
AT o T,

EBRER

FRHTE 7 L IE, SMESRE SR (He) & | 8 DB (DT D REEES R L — D2k (90 /0r) & 0 BEREICIND 5 £
DX [7] 1 F(r) = 2MH, — 0 /0r % I T- (Ms : B3FREAL., o'mwizw%w\o—aMK;A.x@XT
A4 7 R AER, Ko BER R IR, SMERRER & BaEE = R L X — DAL L ERE LR O - TR, H, =
(06/07r)/2M TR IND, ARKET VBT, 00 /or i XEAER LV B LI-BEE xR L X —2 W5, E-,

YIalb—vary THWTW DM OBEIZ ARG nm)D 72D, KR (HP) DB % Z g L 1= 3220
BT (KEFR) &2 T (KEFF = Ky — HPM/2) o KRGS HP 13X BRI L7 Lz, b eT
Z JHWT, ERHER 2R S 5 i N A N (D)ISR T,

2vVA Ky—HPMg/2—/(Ky—AKy+r)—HP Mg /2

He =22 - ). )

Z OEBER OB X DRIBEBENEE &V, = yAH, /a X O FEH L72(Z 2T, y: BRIEERI, A @ EE
MERT A= o HEREH), M1DO ke hmik, VIa2b— g TROMBERER L IBHER (Hex) 12
X B HREBIEIE DL AT, Vie & G ORIRE Y | 3 HexOc)

B L TR L —F LT D D L AR S, ¢ 05 1T 15 2 25 5 39
7o EAENE R AK=1.7 Gerg/cm* TOEE L, MR DRERER
FFHECTD 1.8 0e YU TH o7, Ve & Va DHER LD |
WREDRBBEN, THEN KL TWD I ENynhoTz,
LU, ERER DO ROEE L 72 (=1.8 0e) & 2
a2 b—3a U BRD TR (=2.5 0e) TiX, 2D
Walker field 28— LAR2WZ & b0 ho7-, ZOR—EIL
S%OWEHRETH 5,
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Fig 1 Comparison with analysis (Vest), the simulation results
BE by the slope electric field(Ve) and by the magnetic field(V+)
[1] S. S. P. Parkin, et. al., Science 320, 190 (2008). [2] A. J. schellekens, et. al., Nat. Commun. 3, 848 (2011).
[3] D. Chiba, et. al., Nat. Commun. 3, 888 (2012). [4] FHil Al fhasfifn, B ARBIRFSEH 38 BIEiTH#HS
[5] M. Weisheit, et. al., Science 315, 349 (2007). [6] D. Chiba, et. al., Appl. Phys. Lett. 96, 192506 (2010).

[7] T. Shiratori, et, al., J. Magn. Soc. Jpn 22, pp.47-50 (1998).
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DM HHEER T OHMEHIGERE(CH 1T 5HEBEHO
vE2alb—oaVEm

IS, {hER/E
BEXRBEEKXRYE FHREIZHRHE
Simulation of the field-driven magnetic domain wall motion
under the Dzyaloshinskii-Moriya interaction
Keisuke Yamada, and Yoshinobu Nakatani,
Graduate School of Informatics and Engineering, The University of Electro-Communications,

FL®IZ
BE, Vv 12 A% —  SPR AR (DMD 238 < SREEIE I OREERL 8h 751k H 2520 T 5 [1-4],
DMI 73ME) < 5RIGENE R TIX, Néel RGN L EIT R D728, TR VES I E T steady motion (28 5

WREREN N Z 0 | 7o RERER ENE LAY Walker W45 CRRENE my/s & IERITH LS 22 5[1,2), LivL, Z
NETITONTZ I RTEET ML AL 2 RTET A Z AWV I 2 L—3 3 > Tld, Walker M%L
D F TOMEBEBENZ DWW TIRE L TWA D, FILL EFRVVESS . %712 Precessional motion 23N Z 5 5H
W CORMBERB B 2 35T TV e, ZOEIKTIX, BEOBIHCT v v R T4 0L - B X
o> THEERENHE N T 272 D[5]. MO 2 WLET L Z HWCEEMICIHR 2 BN H 5, 4RI~
%, DMI %47 2 5@BaMEHIFR A2 V. BOGERENC X AREERBEN S X = L— 3 U &{TV, FFIC Walker
WL B COBEHEEIZOWTREL < T,

BER

V3alb—yvarTIH 2RIED~YA T a~x T RT 4 7T NE RV, SEREMEMRIE. X 1.2 nm,
g w =50, 100, 200 nm D KX X & L Z O##E % 2.0X2.0X 1.2 nm’ DE S IRICHERL L CHE AT - 7=,
MEFEHE ., Co/Ni JEREDE 2 I 2[6], BEE(H)IE. FIHEYE S 512 H,=0~1.5 kOe O Tz 7=,
X 1 1%, DMI fi(D) & W52 k3 2 BERERB B BE 2 7R L 721X T, X 1(a-c)lTZ A2 FURIARIE 23 w = 50, 100,
200 nm DFERTH 5, X1 k0. Walker B LA FOWS TORBERENEE X, DMI OfE7Z1) Tlid7e <
Iz X > TH (L L, 2E nm OMIFRNE 2 FF BRIV Tid, BEEBER BN L O breakdown HLE )3 it
KIEEZDZ Lot

400 ,DIOD I’ 2I I I I 1 DIDO I" 2I I 1 1 I DIDOI[ 2I T T T L)
——D=0.0 erg/lcm —=— D=10.0 erg/lcm ——D=0.0 erg/cm
—+—D=0.2 ergk;m2 (a) ——D=0.2 erglcm2 (b) —+—D=0.2 Ergfcmz (c)
300 |+ D=o0.4ergiecm’ d L+ D=04dergiem’ | v D=0.4 erglem’
—_ D=06 ergk;m2 D=06 erglcm2 D=0.86 erg.'cm2
7] D=08 ergk;m2 D=038 ergll:m2 D=08 erg.'cm2
:E: 200k D=1.0 ergk‘.m2 dL D=1.0 erglcm2 -I B D=1.0 erg.'cm2 i
N i I
'/ - p— /'/‘I"‘ - p— /\ -
oor '\uhﬂm Y \ s
A — * ‘ ¥—¥¥r ¥ " TV Yy r T Y Y Y ey ryryry
0 ._. :\‘-"1**"’1"’1 YJM:; /L\::‘:\‘:I/:I mf“‘,—go4ox-:_—:— L Mmﬂ""ﬂ st
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Hz(Oe) Hz (Oe) Hz (Oe)

Fig. 1. Field-induced domain wall velocity for different value of the DMI parameter D.
The results of the 2D calculation for the wire width (a) w =50, (b) 100, and (c) 200 nm.

AFFENT H AAAR B2 0 JARATZE(C) & R e BRI & 0 Bhpl & = 1 T b,

SEXHE

[1] A. Thiaville, et al., Europhys. Lett. 100, 57002 (2012). [2] O. Boulle, et al., Phys. Rev. Lett. 111, 217203 (2013).
[3] S. Emori, et al., Nat. Mater. 12, 611 (2013). [4] K.-S. Ryu, et al., Nat. Nanotechnol. 8, 527 (2013).
[5] K.Yamada, ef al., Appl. Phys. Express. 4, 113001 (2011).

[6] R. Hiramatsu, ef al., Jpn. J. Appl. Phys. 53, 108001 (2014).

— 122 —



9aC - 4 F39ME HAMKER IR (2015)
Co/Ni Z BRI 1T B A — I L ZEMEDORFH

FERE % Lm BT, s R
(FEREE R FWE TR
Study of the Skyrmion stability in ultrathin Co/Ni multilayers
S. Hozumi, K. Yamada, and Y. Nakatani
(Graduate School of Informatics and Engineering, University of Electro-Communications)

FLHIZ
AR FRREMEEIR 21T 5 2 v v v o A% — PR AEAE(DMDA R 28R & 3 53 U - b iE <,
AN — A EFEEN D R e E R STV B[1-4], A D —I 4%, BEEPE+»LEE T A
— bV ENE L RER CEREN S ATREZ R E ORI H D720, AT —I A EFHALEAT Y BZHfFSRT
W53y AN—IA L EAEY L UTHEMT 22T, sk LeEHRER 7 — I 4 ) 2 R Ff L7272
OF ., AN —IFUREENLRERNAFETEDLRMELZRRDLEN B D, AFIETIZ, DMI BRI A I
18) < BRBEMEIREIR D CoNi ZJBIRICIER L, ~A 7 ua~7 %7 4 v/ v 3alb—varyzZH0nT, Ah—=3
I UREIE N R EWNAFAET D GOV TIA L7,

EBRAE

Co/Ni OMEFESUL, fUFIRL M= 837 emu/em’® | ZRHEAT 4 7 F AEEL A = 1.0 perg/em & L, FEEEEK
BIMER K, % 4.0 ~6.0 Merg/em®, DMI ZE% D % 0.0 ~2.0 erg/em® & 2 b & ¥7=[5], FHHMEEIL. HE 1.2
nm, M 200 nm, £ 200 nm OEFEE Uiz, HARM RS, HREBIICA T — I 4 2 9RE &
LTCTHZ, ZTRNENOEETIZEB T D AN — I 4 OB A — I A GBI OV TR,

EVTEES

Fig. 1 IZ K, & D AL SE D AN — I A U RBEICHOW TR T 5, K, <4.3 Merg/em® DA%, 7N
WAL IE I 2 D720, AW — I F BNV, K,=5Merg/em® DA, D> 1.1 erg/em” TIELRLX A & 72
0. D<04erg/em” TIXAD—I AV NERLTZ, 05<D<1.0erg/em® Tlik, AW — I A UHEENLE L TF
EL, AW—I AV OERT D O#NE K& RoTz, K,24.4 Merglem® DFAFTlE, AH— I A 4
ENREE L THEET HEMIE. K, O8NELZ D OELENTA2MNERH D 2 b hoiz,

Fig. 2 1%, Fig. L IZBT DA I —I A UAFHERFE AN — I A UV ZHB S TZBEO T R L F—2E2 R LI T
HbH, RE(BFO)NL, AT —IF UV HEREOZ AN —DHFREOARWGEFEEZRLTWD, HRaIX, =3V
F—ENRVWEIETH D, FlzE, MEOZRAX—ERNROFER ATV ICE L& EEZXD L, A
OFEIR(Fig. 1 £V ER 100 nm)DSEMAN AT VIZH LIZGFEEE LD,

SR CII AT — I A VAR - RO =RV X— ) T EBZERICOWTHLMET L2 TETH 5.

2 T 140 2 3
18 Fogtbdetedeb 18
16 '% multidomain state 15120 16 multidomain state 2
& 14 F 8 : 100 . <& 14 = =
5 12 2 80 E NE 1.2 -__ ' 1 g
> 11 8 £ o 1 02
& 08| E 60 & & 038 ! i
q 06 § 40 Q 06 A3
04 ¢ o 04 F e — ] 2
0.2 & uniform state 17120 0.2 U e
(o] S— i i A O 0 -3
4 4.5 5 55 4.5 5 55
K, (Merg/cm?) K, (Merg/cn)
Fig. 1 mEMKESTE, DML EHE A D — I 4 OEROBGR Fig. 2 AW — I A U 7E(EH L EHIFED = R L ¥ —38
L ZB N

[1]T. H. R. Skyme, Proc. Roy. Soc. Lond. A 31, 556 (1962). [2] X. Z. Yu, et al., Nature. 465, 901-904 (2010).
[3] J. Iwasaki, et al, Nat. Nanotechnol. 8, 742-747 (2013). [4] S. Rohart, et al., Phys. Rev. B 88, 184422 (2013).
[5] R. Hiramatsu, et al, Jpn. J. Appl. Phys. 53, 108001 (2014).
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W A7 E CPW-FMR I EIZ X 5 Ni-Fe RO X o v 7 EE O LA

RS, R ErE CGRAERD)
Study on the Damping Constant of Ni-Fe Thin Films Using Field-domain CPW-FMR Measurements
Yasushi Endo, Masahiro Yamaguchi (Tohoku Univ.)

[ZC®HIC GBI (Ferromagnetic Resonance: FMR) JIENL, /L7 OWEEMN S 72 DMK D L 0 T ER o
ERMETZHIEED 12 LTHLNATWS V. 4, MR EEEL T, X7 MRy NI—2T7F 74 FEHNT
SRSl a 7 L —F U —T H A NI L DB (Coplanar waveguide—FMR: CPW-FMR) JIZEA W 20D
W7 N —FIZ X DIRRENTWD 9. ZOHIETIE, CPVOBRVMES# LICE AR R 2 ET S5 N TEX L0
IZ, cavityZ W2 EROFMRIIE & IXEL 7R 0, RS I B50H 3 CREPE R 721 ) C 7 S SV INMEPE IR D FHIAS FIRE T 5.
7o, BHEERICB T AR OBIEIEE LT E D AL T, B A EE EE L COAMRR 2 iR S w7
CPW-FMRIIEIZ L 0, Ni-Fed@lRICRIT 54 v BV VB a DIRBERAMEEZRFT LT, £/, BoTofRIc o0\ T, #Ek
O JE W AT S W72 CPW-PMRIFIE LS & 0 574 L7245 R & O Lt 217 - 7.

EEBAE CPVOERIZIE, 74 NV YT T 7 4, DO R ha ANy X2 BIOY 7 b4 73E%E Aviz /E# L 7-CPW
OFRIT— BRI NI 1 A— MR CTH Y, ZOBHESRIIT 7 AHMR (FX : 550 um, HaEERe, 1 7.0) kil
fEEE7=Cr (5 nm)/Cu (300 nm)/Cr (5 nm) FEJEIETH 5. CPWOMRKE, 1E 58, 77 7 FBREBIOMESRE 7
7 v RO ¥+ » ZiEIE 1000, 50, 88 BN 12 um& L. HEEREIOERICIX, RFv 7R hr A8y X 2 iz,
HEEORERE, ARSI BICHRE L 72 3-50 nmEONi-Fel R TH 2.

PERL L 7= Ni-Fe MR 1T DA & BRI L OFEMICIZ VM %, £724 2 v 78S (o) OFHMEICIE, MARURIEB X
VB ST CPW-FMR & & Fv 7=,

R HSURFICPV-PMRIIEIC X W & 5172 5 nmlEDONi-Fedd#ffic BT 5 s, O EEBOI R L DB b2 K 1 ITRT.
WTNOFRREETICB N THT v 7Bl SN, ZOMEIFEREOBEME & bIZL Y EOBERE~BE L Tnd. =
NODOF 4 v FIEINi-FedEROMRICER L TW5. L7z2-> T, BHISNZFMRE — 27 ONEIFALE, TD L & OEEK
FEOBBENOLF L T ER o BB LT 0T T 1 T T T T

2 ARG K QYRR CPW-PMR JI7E1C & 0 sk 7= Ni-Fe 0714

}

0.712 z
HIIZB T 5 o« DBIFRIFECH 5. WIROWEDSAS, a0tk 8 T
AT B ELHEEAB L TG, 2D, 10 mELDHOB osal 0 20 0 40 0 6w
N S Vz - N T TN —~ 0.540[— 1=3.0 GHz —
T @ ARSI N LTS, ORI, RO HOBIEIZEN T F o scofmmr0 E
MBEAOX B I THERR CTHNBERICELLZ X B 7 8 os3s

0.216
TITFIREN & R EAREIORIEIC L Y aDERRKEL B> T 0.215

a \
[ [ J ]
5. ZOERITEN S NS R E— 2 FORHEO-E KT 5 g;]‘;m

> . = | A - . 1 - 1+ 1+ 1 4+ 1 47
boLBExbND. —TJ7, 10 nmJELL EOBFIZEB N T ol 3URE—E 0212 = A
THY,ZDEIE0.009~0.011 FZETH D, Ni-Fe @317 fi (0. 007) External Magnetic Field,He, [O€]
ICHARTREL 2o TWD. ZOFEEE, LIt oS RS —E (% Fig 1 Field dependence of Re[As;] for CPW

CORITHNE) 1C LD EE2BND with 5—nm—thick Ni-Fe film at frequencies.
FITVETT Z .

BDREALTWELZ LIZEDbLDEEZLND. £77, 3 nmm JEDHE 0537 00 200 300 400 500 600

o

0.05
BEE AHIZCIT R ARRTZE (B) (No. 26289082), HEH&AIHIZE (No. f o.o4:1 Q | Ficld comain GO TR
26630296), HEHLA | L— SHIIHELEREHE (SRO O 0 b & Tiibh  § 00F
. 2 0.02}0
§ 0018 e o & °
SZX# 1)]. H. E. Griffiths, Nature 148, 670 (1946). e 0"1 | I N RN B |

0 10 20 30 40 50
Film Thickness,t [nm]

2) G. Counil et al., J. Appl. Phys. 95, 5646 (2004).

3) M. Toda et al., J. Magn. Soc. Jpn. 31, 435 (2007). Fig. 2 Thickness dependence of damping

4)Y. Endo et al., J. Appl. Phys. 109, 07D336 (2011). constanto. for Ni-Fe film measured with
field domain and frequency domain CPW-FMR
measurements.
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~ A 7 S LV i 4172 ColPt £ JE i
Ky ROF 7 B— 4 X B M oM E

Soufmin L, REAR Y b REL BE L, BRATR 2
(*#IEK, 2JASRI/SPring-8)
Nano-beam XMCD measurement on a Co/Pt multilayer dot excited by microwave field
N. Kikuchi', S. Okamoto?, O. Kitakami?, T. Shimatsu*, M. Suzuki?
(*Tohoku Univ., 2JASRI/Spring-8)

[ELHIC
Pt # 5L EHCABIIRE MR R GTEEA BB TEX L0 0IHAELEETHY, BIAWIFIEOX S L
o TWD. BB L PtEZHE LI5S, ZOREICEBWTILPURFIZRKREIRBAE— A Y MRFHR I
HZENHMBNTWAL Fi2, TOXHIRRITBWTE, MESRHEEICHRTH BV IRELLRE
ST D ERRESNTEY[, TOHEMNREZELL->TWND., LNLERRL, —INRERM - BX
BRIEFETIIRE CTHOM LU PtOEFOALEZSEEL TEmT 52 & il%ﬁf&”aé. T, AR
TIETCHR BRI 2 B> X s @t (X-ray Magnetic Circular Dichroism : XMCD) Z W% Z & T, rf
T X0 b S 47z ColPt 28 K > M D43 L7z PtR1- O ZFENZ OV TIA T
RERAE - BR
Co/Pt 22 & 513 MgO(100)E:Ai 12 sub./Ta(0.5)/Pt(1)/Ru(24)/Pt(0.5)/[Co(1.4)/Pt(0.5)]s/Ru(10) D&k T DC ~ 2 X%
ha 2y Z Y XD LT, TS OBE CHALIZ nm Th 5. ZREIEEERY V777
4= AT A F Ty F U TICE Y ER 3um DT ¢ A 7RI L,
B Hall 20 5(AHE) R H I O SRR 1 OV JE M SN 4 25 3 "
H (08 3 um) ZTERR L7-. fmfrig 2 A CHEE N7 0 O of B %
RAET DL, MBMELBEIICRBO URSENFELESNDS Z LT
P T AR S AT 5. 02 b A RE Hall hRB L = of
XMCD (2 X W B L7=. 723, XMCD O#IE T SPring-8 & — AT
4 > BL39XU ’Té@ﬁﬁb Pt ® Lﬂ%wﬁ%%ﬁﬁb\fc. At O TE Sy

WIRFE 2 FFO X 90 X m I C mELIZ A L7z, [} 112, 2% Hall . : .
hEIC X v HlE Ltpé 3um @ b v b —E OB LR 2 T, SR H (kOe)

Vi rf B A FUINE IS, SERU R K fir= 3GHZz, RIEHY 4000e O rf

B3 BN L7 RBETRIE L7 TH 5. B R Hae IR 12
EAZEINL, @51 FmixENSA TR TH S, Hee=3 kOe T ;Eﬁﬁu

PEILIEIZ K DR 2T« » TR BN TR Y, Z ORI KIEE DR

ZEIEEN & SO U CHE R R 2R T, [} 218, fir=2.8GHz @ rf f%

B R CHIE L7- XMCD (FE#)) o542, Ra Hall 208 (@) Off

READLETORLE. Wb faffE CHEI L, BboREERY

M, & LT/ L7z XMCD OHIEITAI 300 nm ED T/ B — A TITLY, 075}

Ry b oM CTEAIL 72 ﬂﬁﬁﬁz PEIEHS ©°— 7 DALE - IR - 5h

FEDS S ORETFIEIZBNTELS —HLTEY, CoBlaikEni Pt

JEEIE—RRICRZER 2 LTV D 2 EAURIE S T,

ZEZ3CHR [1] M. Suzuki et al., PRB 72, 054430 (2005), [2] S. Mizukami H,. (kOe)

et al. APL 96, 152502 (2010)

BIEE ABFEO—ERIE, XRE [T~ 0l « T3 A « VAT AAIRL

TIAT A BEORIE, JST TEEIEHA 2 _—3 g VAIHHEE 7 o

75 284 7 )] 72BN SRC 5 b DB O FiFbiLi-.

Fig. 1 AHE curves of single Co/Pt
multilayer dot measured with and without
rf fields (frr =3 GHz).

1.00 -

0.50 -

Fig. 2 Magnetization curves of a Co/Pt
multilayer dot measured by XMCD and
AHE under application of rf field (fir =2.8
GHz).
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<A 7T A MR & R g E R o
[f]— Co/Pt F/ K+ FalEt COHIE

BHERAE, MA B, ZgufRed, dbb & EERC
(AER)
Relationship between microwave assisted magnetization switching and ferromagnetic resonance of Co/Pt nanodots.
Y. Kusanagi, S. Okamoto, N. Kikuchi, O. Kitakami, and T. Shimatsu
(Tohoku Univ.)

FLHIC
~A 7 a7 % MEgbREE (MAS: Microwave Assisted magnetization Switching) ¥kt 255 B 30 e B o A Fi4oe

e LTHERBEZED TS, MASIZBW T, BAE— A v M GHz HHIR O S 2 FIN+ 5 2 & THRET—A > b
DIEAEBDHE SN, T OMRKBRGEPKIBIEB S LS. it — e LT, Ky MK L C—RREE 721
T, @MRDAE EE S MAS ZENCKRE BT LI LN MAS EBR L &I a2 L—31 3 VO G430 > T
L0 Lal, EBEORNEE— K& MAS Z2E 0BT ERMICITE ZHER SN TWRW. AR TIIRNEE— K& MAS
ZEORBRETARD 72012, BE Hall ZhHR1C X 2 ipEMEIERE (AHE-FMR: Anomalous Hall Effect based Ferromagnetic
Resonance) 2 & MAS Bk % [Fl—o Co/Pt + / Ky FRBHIX L TIT- 72D T, ZORERIZOVTHRET 5.

RERAEEBR

FEER AV TR R IE, MgO sub./Ta(2 nm)/Pt(25 nm)/[Co(1.1 nm)/Pt(0.5 nm)]s/Pt(10 nm) & L7=. il DC~ 2% b
By ARy A ERANE. ZOZBEEEBY V7T 7 X VINT L. R—&EHREIC Ry b7 LA 2K L. AHE i
EROBMES L O~ A 7 ol HINA O CuftiE b b TEM L. Ky b7 LA ® Ky NERIE 80 ~ 1000 nm
TRy hﬁﬁﬁﬂﬁ%ﬁ 1£60~200nm & L7=. Ry b7 LA OBELEFEKITH S5XS5 um? TH S, MAS, FMR W OHIE TS de
19355 Hae % I IC Z-6 ~ 6 kOe OFFATEIM L, Cu BRI & B
Z FIIN U AQ S hee= 200 Oe % B NIZEIAN L 72. AHE-FMR & Tl
ZEHEEIC K zﬁuﬂzmﬁ By DEAL % F O Hall BE D& k& & LTt
D, 12720, BoNDEEBHIFITH D70 & EIKERRE BV CIRIEZE
L, [EH Lf: Hall Sk &bz e v 7 4 > 77 THRIHLTZ. Fig. 11
Ky FES 160nm, Ky NEEEEE6Onm O Ky F 7 LA TR LN RE
Hall FEE D2 A Vare 28T . VB ERER fie O LA mRES M I 2w ‘ | |
W37 VT DEBOT 4 v TR TE D, BRSO T >~ (Fig. 1 -2 -1 0 1 2 3 4
OV) [T—HFE—F (m=1), EEHEMOT + v~ (Fig. 1 OV) 1IEKRD Magnetic field H, (kOe)
T—F m=2) XA HLDTHD. Fig. 212 AHE-FMR IE L v 5 5h7=
FEIEREESS He & MAS JIE X 0 15 5 72 SRR Hew % 2SHiEBE3 A 3K f
B E U CORd. H D Haw DT —/3—| i}iﬁﬁﬁﬁﬁ@ THERLTND

't = 15 GHz ]

13 GHz

AV (V)

v 11 GHz

Fig. 1 AHE voltage change AVanEe as a

function of dc field Hdc

Haw X7 ¥ A FIRIC XV f OBEANZ LW EFRIZ A L fir = 3~ 10 GHz @%ﬁ 3 Resanoren ol " A g
P TR 0.8 kOe D Hew DIRIHAMEFE T /2. ZHUTiEIZ Co/Pt /7 K @ m =1 (uniform) 5
A m=2 -

RS SIUFRER DTN S A Ha b Tl Y, 7 r— ke MAS 8 Wl

$BLpoTHG. ZOFRKE LTI Ry MBSO Licka8r O 77IIIT { [ B

BHEERORENREZHND. HiTm=1,2 1 ThoE— b il L Ii Hi s {IAH”HH
TR L2 R L TR Y, ARG MAS IRII m=1 O —KE—F e ’ Switching fed H.,

DEMCBB L EET HREBE LN, -3

0 5 10 15 20
BE I rf frequency rf(GHz)

1) M. Furutaet. al., J. Appl. Phys. 115, 133914 (2014). Fig. 2 Resonance field Hr and switching

2)  N. Kikuchi et. al., Appl. Phys. Lett. 105, 242405 (2014). field Ha as a function of rf frequency fr.
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Switching probability analysis on epitaxial Co/Pt multilayer
single nanodots

B. Lao, S. Okamoto, N. Kikuchi, and O. Kitakami
(Institute of Multidisciplinary Research for Advanced Materials, Tohoku University)

Magnetization switching is a fundamental function of various magnetic devices, such as magnetic recording,
spintronics, permanent magnets, and so on. Thus understanding the magnetization switching behavior in a single small
magnetic particle is essentially important to develop the high performance magnetic devices. The underlying physics of
magnetization switching has been discussed through various experiments and simulations in Co/Pd and Co/Pt
multilayers [1-3], which are important materials for practical applications due to their tunable perpendicular magnetic
anisotropy. Through these large number efforts, it has been widely accepted that a nucleation of a reversed domain with
a dimension of domain wall width initiates the magnetization reversal of the dot. These previous experiments, however,
were carried out in polycrystalline samples, many of intrinsic switching properties would be hidden behind some
distributions of magnetic and geometric properties. In this study, we have investigated the magnetization switching
behavior in a series of single nanodots of epitaxially grown Co/Pt multilayer.

The film structure is Sapphire(001)/Pt 20/[Co 0.8/Pt 0.5]4/Pt 1.5 (in nm).All deposition processes are performed at
room temperature after substrate annealing at 800 °C for 1 h. The epitaxial growth R CRIg6l[
of Co/Pt film with fcc (111) structure is well confirmed by x-ray diffraction X
measurements. The Co/Pt film is patterned into single nanodots with diameters d
varying from 120 nm to 1.6 um by using electron beam lithography and Ar ion
etching. Subsequently, the Pt underlayer is patterned into a cross-shaped electrode
for anomalous Hall effect (AHE) measurements. An example of scanning electron  Fig.1. SEM image of a single dot with
microscope (SEM) image of a Co/Pt dot of d = 200 nm is shown in Fig. 1. The  d =200 nm with a Pt electrode.
magnetization switching of the dots is detected by an AHE curve under a vertical dc field Hy. from an electromagnet.

dot

Magnetization curves of the single Co/Pt dots exhibit a rectangular shape, and show a Stoner-Wohlfarth like
angular dependence of coercivity, which suggesting a nucleation reversal

mechanism in the dots with bi-stability magnetized states. To analyze the switching ST w 13
process, switching probability P, of the dot is evaluated by repetition of g ** N N
magnetization curve measurements. The Py, plotted as a function of Hg. is well gﬁ""'- <~ Si‘;
fitted by the Néel-Arrhenius law P, = 1 — exp{—tfoexp[—Ey/ksT]}. The ™ S
behaviors of P, changes drastically below and above d = 400 nm, indicating the 0| —> I’

i - . . . 200 400 600 1600
change of energy barrier E,. The fitting analysis on the P, by assuming a simple diameter (nm)

energy barrier function of E, = E,(1 — Hy./H,)" gives the intrinsic switching ~ 9-2 Eo/keT (black circle) and Ho (red
field Ho and energy barrier height Eo/ksT, as shown in Fig. 2. Note that these two ~ Square) as functions of dot diameter d.
parameters exhibit dramatic change at d ~ 400 nm, strongly indicating the change of reversal mechanism. For d < 400
nm, the value of Eq can be well explained by the single barrier of reversed embryo. On the other hand, d > 400 nm, the
evaluated value of E, by assuming simple energy barrier function is hard to be explained, suggesting the somewhat
complicated reversal mechanism, such as multi-barrier.

Reference

1) J.W. Lau, X. Liu, R. C. Boling, and J. M. Shaw, Phys. Rev. B, 84, 214427 (2011).

2) N. Kikuchi, S. Okamoto, and O, Kitakami, J. Appl. Phys. 109, 07B904 (2011).

3) M. Delalande, J. de Vries, L. Abelmann, and J. C. Lodder, J. Magn. Magn. Mater., 324, 1277-1280 (2012).
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SRR T LA 121 D A B R & B

AR R CEILEZ P Z8WE P ZRTE L NFER?
Lo L5 T AN TR S5 RN N N i €
Spin wave coupling in ferromagnetic wire arrays
S. Kasai', H. Tsukahara’, S. Hirayama1’3, S. Mitani'?, C. Mitsumata', and K. Ono*
(NIMS', KEK?, University of Tsukuba®)

[TLC&HIZ

A, Ay har=2 A58 G, fiA B UiEWTERME S A F 7 ZADRHE & IR 2D T
D, TTH AL UAR—ANRITENRICHA C A AR T2 2 LN TE 5720, BUERE I MTH
NTWD W) KR TIIER AR A Ay FEEE2AETDET U F Ry MEFICBIT S A RS A T
U AR A LT, BBV T LA DO SN D 7 o F Fy MEEIL, kil L 0SS bk s h
HAIEENFORERELTEHZAZENTELD, AL UVKHEERAEZHRRL 9 2 TCRVWEFLRERD
e NS,

EEBRAE

PUBHE RF A% # 5 TRl L 7= Permalloy/Pt @K%, E1HRY V77 7 4 —BIXOPAr A A IV 7
EEHWD Z L TR L, X1 ICRIR 7253080 SEM 4 2R3, #iEIL 100 nm, #& 7O & #1% 500 nm T
Hb, FEEERZEHZIAMT 2 Z LItk > T, RSB LI OAE a2 AR L, BAMERSHT R
EHWERES A VRRIEIZE - T, AV ORI EIT > 7, F 2SR 4% 3 L 7= Landau — Lifschitz
- Gilbert FREAZFMEMNCHES ZLICL - T, AV EX A F I 7 AOFEMIZ OV TRETZ1T - 72,

R

X 2 126=60-90° 28I} D AT hLZERT, 0=90° TIIH 0B — 7 NS TWD DI LT,
0=60-80° TIX oD =7 IZHHT DA DBHARICBHI SN TS, 2, K a Fofifk e, b Hm
DI THIEISGDORE SRR D720 Th D, —hH., BRGANCEN S B — 2 ORI ELN S
=7 OMELY b REW, v 7 a7 32T ¢ 7 AFHEIZIIUL, 6=90° DOGAITITA RS DR 3B
MIZNDIZHRT LT, =80 OLEITIL, R DI OEE D FHBEL STV D, SV UL, SRR
DHFMNC L > T, REEIN LIZAE U EHAAERHOBENGIFEFTEECH L Z AR LTND

S E R

1) V. E.Demidov et al., Nat. Mater.11, 1028 (2012)
2) S.Kasai et al., Appl. Phys. Lett. 104, 092408 (2014)
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Fig. 1 SEM image of a sample. Fig. 2 ST-FMR spectrum under

various conditions.
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Pt(2nm)/GdFeCo(100nm) B2 1) % B Eﬁﬁb@i@%@

BRE—RR, JIAHL, FEEpEY)
(BHITHERT)

Current induced domain wall motion in Pt(2nm)/GdFeCo(100nm) bilayer magnetic wires
Yuichiro Kurokawa, Masaya Kawamoto and Hiroyuki Awano
(Toyota Technological Institute)

FFi
B L DMBEDOREENL, L—ARNT v 7 AF Y 2T LD E LIHRBER A TV R T~ OIS H A
HHEINDAE L ba=g ZAOFH LWHESE CTH D, ZHE TOMIET, Fex OV —7 TIIBEIEFR
SRR 72 BIZHW B U5 TbFeCo CTIIMEEE 2 BREN ™25 72 O DGR BFR B L 5.8 X 10'°A/Mm* &0 H /NS 7 fEIC
705 Z EaFER LTz, GdFeCo % TbFeCo & [F] U < RN FicdkiRic v 6 2 LHEREM Bl Ch 5, &
[BlDO#FFETIL Z D GdFeCo % VW CEIMBRENEERS B 2 Bl LT,
RBRAE

ARELO R L R X 2 U o 735 E & T T 72, GdFeCo % 100nm A% (ZF0E D ERE % B < 72 812 2nm
@HE%G&&bLK%ﬁLtoﬁﬂ@ﬁﬁm@MIi*%t LYY TTT 44—V T hATEERNT
1To7=, ML LUZARROMER 1.5um T, £ 31X 20um TH D, Z DHIFRIZ 20ns D7V AME 2 523V 2R EHE
ZHIINT 5 2 & CEIRBREEES B A 8152 Lo, BIRBREIREERS BT — b R B EE A VTl Lz,
ERER

Fig. 1 |2 PYGdFeCo REMERMAR O BEIEE FEIZ %3 2 WEREHE 271 L7, KIZ L 5 & Pt/GdFeCo it AE#R O i i
BIRAEEIL 1.1620.04 X 10"A/M* FRECTH 5, F7z, BIHE J=1.55X 10" A/m* FL B CREREESE v =36 m/s
’@Jéﬁ—é ZEMWGhots, I, WEEXERICL -

BT NIEREI XD Z & b ymoT-, W DE 50

i

Kﬁ&%%@fi\m%%%®x5/ﬁ@ﬁ%®ﬁf@ 40
LIZ & » CThghE 2 BREh 4~ 5 O T, BEREILER & 130 71,
BV OBRE N LR CHBICEBI?T S, —FH. O ,330 +
FETII A VLB BER O KR EWESE & BERO R E %
HTIIAE VR —ILhR ey a o A — - SFTAMEA ‘; 20 Jﬁ |
YER DB L - TER G RICHEESBENIT 5 2 & AR 10 l
SNTWD, LLAERL, ZA50RRF m TRl %
T 57, REEHEOMES 27~ 3 WA TIER B L7 0 .
WEEZ LD, EEIZ, Ueda 512X 5 &, PY/[CoNi], 10 12 r4 16 I8
SBIEOBE. 7 OBITAR L T< b REO BB J (107 A/m?)
X< 720 6.6nm LA Co/Ni IEJE TIIREEE N ER IT1H &
MBI 5 = L ARER TS, U AEOBETIE, fx  Fig 1 GdFeCo BALMHRIZI 1T 2 B
100 nm &5, FEFICIEN GdFeCo Rtz T g,  EKy SHEREL S & @F*E”*

ZDOZ NG, ARIOFK 2 OFEFIL. GdFeCo MeMEMIKEH Tk
AEUR—IVIRRLV ¥ u v AF—  SFAFAAER & W o I RmIZ B0 B EAER ASIE S ORI b
_RPENSTFHFICEVWIREECH - THHERFF SN Z LA RLTWE EEZBND,

L ZDEN

1) K. Ueda, K. J. Kim, Y. Yoshimura, R. Hiramatsu, D. Chiba, H. Tanigawa, T. Suzuki, E. Kariyada and T. Ono, Appl.
Phys. Express 7, 053006 (2014)
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[Co/PdRsM: MR~ DRE X A 35 1T 2 8t T HiJg o %h 3R

BLE M 0 EA R IR BR L ER de— L GERR SR AR B I S
('NHK Ft BATRFZERT. 2 #OR LERFER PR
Effect of Soft Underlayer on Formation of Magnetic Domains in [Co/Pd] Nanowire
M. Okuda'?, Y. Miyamotol, M. Kawana', E. Miyashital, N. Saito', N. Hayashil and S. Nakagawa2
('NHK, *Tokyo Institute of Technology)

[FL®HIZ

VAR, BEPERIRR SR D REBED BIRERENC B+ 2 A58 DICIEE M EE D, L—A F T v 7 AE® ) DITfAES
O LWEEOAEY BREINTWD, &0 DITREMRIRRZ TN AEERELE L, 26 ORX 2 B
INZ & o CIRMBRE T & AUE AEH T 7 7 A2 & 2 BmERERGE T S A2 £ 2 Z Enifrsng Y,
Z 2 CHA I, [Co/Pd)FEE A LRENEMBR H DOREX Z 2LV ZEHRIC &L 0 @RS S 58 LW T /31 A D
%Eﬁﬁ’”%ﬁé&bﬂ\é HDD iR~y NIZNTET 2 TMR B~y Nz, 2koca 27 b AFx v v
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order resolution) Y75 % T, [A U < WAET B iidk~ v RERIC X o THEMEMIBR P ISR 2 TR L 72 #%, 7SV A
EIAIINC L0 ZOBKZBRE) L, A~y REIICL Y Z2OERZRNT 5 Z LIZBEICEPILTWD, L
L7273 B A~ > RIT K 2 BRENME X O R FZ I3 IEF IT@m Wb DD Fidk~ > NI X DBEIXIER A ZE LT
FELTETWARWED, fkn A2 ELMERH o7, 4E, ~N— T 1 27 Bk L [FRERIZ[Co/Pd]E D

EBIZHRIENE T (SUL) A A L, & OREIRE E DT & sLeksh B D m B OV TRRGE L 7e O THET 5,

EEBRAE

AF =L ANy ZEBIOETRY V777 4 —I2L 0 21 E4(a)SUL 72 L. (b) Nig,Fe;o SUL(30 nm),
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AR L OB R CHEE LT RR &R ZEIN L, 2 Ok K E D2 b &2 FAE~y FEIC L - THlIE LTz,

EERER

Fig.1 i%(a). (b). (c). TNZN D SUL KTV T, [Co/PdIBEMERIRR & ok~ > N DOHIRRIE J5 16 O AH L
EIZXT 5, LE LT RIS 2 B2 B R Ga sk~ v REE O BfR Write head
%fbt%@f%é BEPERIAR O LTI R TOMBIZB VT, (Width:- 0nm)

FIER L~y FEBIR CHREERT 5 Z ENTEXTWVBDA, SUL A Dhl.p._:l
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BHDOLEL LD, HFETIE. SUL BB OMEHILK L Btk 5 2 S/ CoriN e
EALICR LT, BRER v FEROZLORE L ERKO®R £, /

EXEh DOFENZ DOV THIET D, ERE

%%iﬁ O 0 20 Dh_:?nm) 60 80

1) H. Tanigawa et al.: Appl. Phys. Express, 2, 053002 (2009). Fig.1 Relative distance between the center

2) S.S.P. Parkin et al.: Science, 320, 190 (2008). of nanowire and write-head dependence of

3)  EARM: BUBEIERA T« 7 FEEE, 68, (1), 134 (2014). critical current for writing magnetic

4) T HAMKTFSSWE <1, 6, (6), 357 (2011). domains.
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FEARTLN, *HEME, *RHBE, *RIEKHS
(AbRBe# b, *JERT)
Fabrication of epitaxial Sn,Fe;.,O4 thin films by reactive Molecular Beam Epitaxy method
M.Araki, T.Yanase, T.Shimada, T.Nagahama
(Hokkaido Univ. of Graduate school of Chemical Sciences and Engineering,
*Faculty of Engineering, Hokkaido University)

[FLHIZ

AN T 2 T4 b (MFe,04: M =Fe, Co, Ni, Sn, etc) [/ —7 XXM A7 0 X —8h 8 munF
2 U — B ENDRBEMEARERFZFOMELE LTAE Y bo=7 2A5BHICBWTEWELEED TV,
IRPTHITEH XL v /L SnFe,O, RO ERIR 5130722 < [2]. ERAFER X ORI B 2 3EMl 2 st 4
L7220, & 2 TSR TIRBUGES TR B 2 & 2 —1EIC K - T SnyFeq, O ZERL L . Rtk L OA b
ATV ADBIEEIT ST,
EBRAEE
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7o, WO 7= DICAEED FIET FesOy DIERL BT o 72, 7272 L, FesO4ld O, RIHA F CEREEIT-> TV 5D,
REREER

1ICERL L 7= SnFes, 04 D RHEED %% 754, =X %3 v LV ENHER S, Mgo ORI/ % — (2

R LT 2MEBEHOEIPTNZ = NENTEY . ZIUTA ER VY E IR TH D, AFM IZ L DM 5
SEHHEIFL S 13 0.30 nm & MO BN E R oTn, XPSIZ L BRI HAARIE x=0.6 TH D, Vander
Pauw 512 & - TELIEHIROPE 21T - 7, /ERL L 72 Sn,Fes, 04 & Fes0, DEXIRFTR TN ZH11% 2.80 X107
Qcm | 6.75%X10° Qem & 72572, SnFe,0, X E A R AAEETH Y, Sn 23T = & T Fe0, & L LT B
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1) T. Nagahama, et al Appl. Phys. Lett. 105, 102410 (2014).
2) R. K. Gupta, et al Front. Mater.1, 10 (2014)
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Evaluating transport property of epitaxial Fes04/AlOx/Fe tunnel junctions
S. Sasaki, T. Nagahama®, T, Shimada”
(Hokkaido Univ. of Graduate School of Chemical Sciences and Engineering,
Hokkaido Univ. of Graduate Faculty of Engineering®)
IXC®HIT
FesO4 137 = /L S EIFEEICE VT 100%D A B L SR Z R N—T7 A Z )L E WS W 2o L TS
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N=T AL LTRSS TWAIEFEDORE A TMR LITHA L TWRNEL, £/ TED TMR AL
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AW CITBIEEZEE 1.0X107Pa O &EEZER TRIGM MBE E2 HWTRIEAIT > 72, FRL72H:A
DOREEIL MgO(110) ZEA4/MgO/NiO/Fes04/AlO«/Fe/Au & 7=, FM > MgO Jgid v 7 7 —J@Th v, NiO
J& 13 FesOu J8 -~ Mg LS (EDRHI 2 7o LT 5, IR OfE PO R IZIE RHEED & FWiz, £72,
WRURERME DT 2 T 572074+ NIV Y T T T 4 — A F IV 7 ANy Z % QDT EICH
MLZER L, I-V JIER L ORI R ORIE 21T - 72,
EBRRER

Fe304J&13 300°C THUGPEZRAE . 600°C » O Z7PHAH T 30 53] 7 =—/L &21T > 72, RHEED (IR 472 A
R U —2 ZR L OO @ OVIER S BTz, £, AlOLJEIE O FHKFICEIR THRE LTV, T D% 150C
T30 M7 =— WAL A HE L=, Z OZJEE AR T L TH 5472 10um X 10um O FE 7O I-V FpklXIE
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Fig.1 I-V measurements for FesO4 MTdJs Fig.2 TMR observed for FesO4 MTdJs
23R
1. A Yanase and K. Siratori, J. Phys. Soc. Jpn. 53 (1984) 312.
2. T.Nagahama, Y. Matsuda, K. Tate, T. Kawai, N. Takahashi, S. Hiratani, Y. Watanabe, T. Yanase, and T.Shimada,

Appl. Phys. Lett. 105 (2014) 102410
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MBE %% V7= LiTi,O4 = B 7 % 3 ¥ JLjdifi
FORAE T 4 )V H—HE O/

EIRFRL . FRAIERRR, * R
(i E R AR e b b, *LiEE KR LA ERD)
Fabrication of LiTi,O, epitaxial films and spin-filter junctions by MBE
T.Takagi, *T.Nagahama, *T.Shimada
(Grad. Sch. of Che. and Eng., Hokkaido Univ. *Grad. Sch. of Eng., Hokkaido Univ.)

[Introduction]

In recent electrical device industry, spintronics is a crucial technique which develops the memory technology
from volatile to non-volatile. In the research field, high functional materials are required to realize novel
spintronic devices. For example, Fe;O, are predicted as half metal, that have 100% of spin polarization, and
CoFe;04 is expected to be spin filter tunnel barrier. These oxides have spinel structure, so that spinel oxides are
considered to be important materials. From the viewpoints of the epitaxial growth, the conductive spinel materials
are suitable as the electrodes, although Pt has been used as the electrode in the spinel spintoronic devices. If the
materials with spinel structure are used as the electrodes, significant improvement in the magnetotransport
properties is expected. LiTi,O, are reported as an electrically conductive oxide with a spinel structure. Recently,
Chopdekar et al. Y and Kumatani et al. ? succeeded in the fabrication of the epitaxial LiTi,Oy thin films by PLD
method. In this study, we fabricated high-quality LiTi,O4 epitaxial films and spin-filter junctions by molecular
beam epitaxy (MBE) and examined transport properties.

[Experiments]

Films were fabricated by an MBE system. The first sample structures were Al,03(0001)/LiTi,O4. LiTi,O4 thin
films were formed by reactive deposition at 300°C in an O, atmosphere, and
then were annealed for 30 minutes in vacuum. The second sample structures
were Al,O3(0001)/LiTi,04/CoFe;04/Al,05 /Co/Au spin-filter tunnel junctions.
CoFe,04 layer were formed on LiTi,O4 thin films by reactive deposition at
300°C in an O, atmosphere. Al,O5 layer were deposited at R.T. in an O,

atmosphere. Co and Au layer were deposited at R.T. in Vacuum. Partial

pressure of O, was 4.0x10™* Pa. The epitaxial growth and the surface Fig.1 RHEED pattern of
structure were observed by RHEED and AFM. LiTi204 (60nm)
[Results]) —
Fig.1 shows the RHEED pattern of LiTi,O; grown on Al,05(0001) at Lx\\ 2
300°C and annealed at 700°C. The clear streak pattern was observed. From \ ) ‘

the AFM measurements, the surface roughness Ra was estimated at 0.23 nm.
These results indicated that LiTi,O4 was flat epitaxial film. Fig. 2 shows

Kerr rotation angle [arb.unit]

L\
MOKE hysteresis loop of Al;0; (0001) /LiTi,04/CoFe;04. This figure R\\,\C&
indicated that CoFe,O4 on LiTi,O4 thin films shows good magnetic property. R R T S-S R
On the presentation, we will discuss about the tunneling properties. Magnefic field [kOe]
Fig.2 MOKE hysteresis
[References] loop of CoFe204 (10nm) on
1) R.V. Chopdekar et al, Physica C 469 1885-1891 (2009) LiTi204 thin film.

2) A. Kumatani et al, Appl. Phys. Lett. 101, 123103 (2012)
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Effect of applying magnetic field during deposition on crystallization of epitaxial ferrite thin
film by PLD

Kumasaka Wataru, *Shinozaki Kazuo, Sakamoto Naonori, Suzuki Hisao, Wakiya Naoki

(Shizuoka Univ, *Tokyo Tech)

XLHIZ

o IS 2 N L7 PLDIE (X A T v 7 A —ua Z PLDIE) WD Z Lick v,
7 =T A MEBEOBALOR N, 7 = U BMEZ 7R T ZnFe,0, O ERIELY) L C & 725
UL, B ORI X W v — A OEF LA 2 OFAS G S S v, VO EE) R L
— BT DA A BNIERICEET D EICLVIFEEREELTOTHDHEBEZTND AR
WHFED BRI A Y ) — 2 V3% 7”3 CoFe,04-FesOy D% ¥ A F X v 7 A —wF PLD {ET
VESL U 7= BRICRES DS T O fE S i & BERRHEIC B 2 2B EZH O T H Z ETh 5,
ERFE ' aanas

CFO(Co, 7Fe; ;04) 7 I 1 s I 12 0~2000 G D& 2 FIm L | % | %
MgALO(00 )Mot 17 {8 L7z, MEIORE @G LT 4y ARAE X ] | P8 © 3
PIATX-G)Z & = THRHT L 7= RO AELRL & BRJZ LRI ST Si(001) | 200¢ \m
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Figure 1 {2 XRD MIERERQ O /0 A F ¥ 2R T, Zhnb, K |
BB DRGSO EINEERE O B & 7 B2 [0 S5 2 228 | se06
BN R ot Eio. RIEECEINT AR K& <45 Lhp [ —
PHINT 5 2 & bRENT (Fig 2), BRHEE & OBURIZBERHT |l N —

il i

‘/C\‘ 3;) 6 o 4“1 42 4‘3 29[d‘e‘g " 45 46 47
[11 T Kubo, N. Wakiya et al. J. Mat. Sci. Eng., 485 (2011) 221.
[2] N. Wakiya et al. J. Magn. Magn. Mater., 310 (2007) 2546. Fig.1. XRD patterns of CFO

thin film on (001) MgAl,O,.
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Fig. 2 (a) Parallel and (b) perpendicular hysteresis loops of CFO thin film on (001) MgAl,O,
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Epitaxial growth of cobalt ferrite (111) thin films on
sapphire (0001) substrate using RF sputtering

Ritesh Patel, Yuki Hisamatsu, Takeshi Tainosho, Sonia Sharmin, Hideto Yanagihara and Eiji Kita
(Institute of Applied Physics, University of Tsukuba)

A previous report showed that the cobalt ferrite (CFO) (111) thin films grown by different methods present
difficulties with regard to thin films quality and magnetic properties [1, 2]. This suggests that the magnetic
properties of the CFO(111) films are dependent on film thickness and deposition parameters. In this study, we
report the magnetic properties of CFO(111) thin films grown on a-Al,05(0001) at different deposition
temperatures. The purpose of this research is to understand the optimum temperature conditions for growth of
better quality CFO(111) thin films.

Epitaxial thin films of Co,Fe;,O4 (CFO) (111) were grown on single crystal a-Al,05(0001) substrates using RF
sputtering. A metallic alloy target of CoFe (Co: Fe=1:3) was used, for reactive sputtering. The total pressure of
Ar and O, gas inside the sputtering chamber was maintained at 0.5 Pa. These substrates were annealed at
growth temperature for one hour under vacuum prior to deposition. The films were deposited at various
substrate temperatures (7) of 300°C, 400°C, 500°C, 550°C, and 600°C.

The RHEED pattern was ascertained before and after the experiment to observe the structural growth of the
films. RHEED measurements show a spotty pattern at low temperatures but a streaky pattern at higher
temperatures. X-ray reflectometry suggested that film thickness was about 50 nm. In the magnetic hysteresis
loops presented in Figure 1(a) out—of-plane saturation magnetization increased with the increase of 7 and
reached to 381 emu/cm’ as T, = 600 °C. Figure 1(b) shows that the saturation magnetization is larger at a higher
growth temperature, close to the bulk value of CFO. This suggests that single crystalline thin films may develop
at higher temperatures.

400 500 | ‘ ‘
300 CFObulk Ms = 425 emu/cm’
400 -
G 200 (b) A &
£
s
= o
g 100 E 300 a :
k) g
s 0 £
= (]
© —
N » 200 .
3 1% = a
c
& 200 A
= 100 -
-300 |
-400! i | ! | ! !
60 -40 20 0 20 40 60 300 400 500 600
H(kOe) Growth Temperature (°C)

Fig. 1(a) M-H loops of CFO (111) thin films grown at different temperature. , (b) Saturation magnetization (out
of plane) vs. Growth temperature of CFO (111) thin films

Reference

1) H. Yanagihara et al., J. Appl. Phys.,109 (2011) 07C122.
2) C.-W.Cho etal., J. Magn. Magn. Mater., 368 (2014) 149-154.

— 135 —



9aD - 1 F39E AR FIGREELE (2015)

PGS AT HAENC X D WM< Y
/IR TSI EEARIC B9 2 R

KL B, 4t 5L0E, FEPTZZRA, # b 5, E Rk, o7 E—R8, Al fd&
CaFRY, RALFERRY:, BIRREEEMRG ' & —, FJAEKRT)
Miniaturization of thin-film based magnetic field sensor with high sensitivity

by controlling distribution of demagnetizing
S. Oe, H. Kikuchi, H. Uetake, S. Yabukami, T. Nakai, S. Hashi, K. Ishiyama
(Iwate Univ., Tohoku-Gakuin Univ., ITIM, Tohoku Univ.)
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3. EEREER

Fig. VIZITEEI R & K5 TR FE 1 (18 50 um) O/MBLE B % R 1
TEZFHIT 1 mm ETHIN, B oo 7 Esy GRERT 10
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Fig. 1 Rectangle(left) and Ellipsoid(right) sensor elements.
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(1) H. Kikuchi, et al, Sens. Acua. A, 230, pp. 142-149 (2015). Fig. 3 Width dependence of AZ at 100MHz, —10dBm.
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Development of high sensitivity multi core MI element
A. Shimode,, N. Hamada, M. Yamamoto
(Aichi Steel Corporation)
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NTW5b, ZOFRIX, TEAL T 7 ABETAYORVIIE y 7 T v af veks NG L 514
=X A E 7 Ty S A VOHNETEICERT 55D THH, A vFIZLD A VKR ITD ML
TUH T, TAF e~ A 278 ATV Pz MTEoTAMB06 BFGE STV D D, ZOREE
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ZAIZRRE LTe ML 3R T DB & Z ORHEICHOWTHE T 5,

< VF a7 M ETF O

BRI & LT R R 1E TGS S U2 IZIEERE O CoFeSiB 5% 4
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Ff % Fig2 lRt, B LIz~ F a7 MIE TOFEEK I0Hz IcBH5 2 |
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1 &72oTz, . Frequency (Hz)

Fig.2 Noise density of developed MI element
L Z BN

1) L. V. Panina and K. Mohri: Applied Physics Letter, 65(1994), 9, 1189-1191
2) AICHI MICRO INTELLIGENT Corporation Web site: http://www.aichi-mi.com/
3) T. Uchiyama et al, Intermag 2013, DG-05, Chicago, (2013)
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High sensitivity magnetic sensor with amorphous wire
D.Song, T.Uchiyama, C.Cai*, A.Shimode”
(Nagoya Univ., * Aichi Steel CORP.)
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1) EEEMI B ST ATRUYT OBR, Bl
2) T. Uchiyama, A. Yamaguchi and Y. Utsumi, Magn, Soc. Jpn., 34,533(2010)
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Magneto-Impedance Sensor Based on TAD for Circuit Integration
P. Wu, T. Watanabe™, and T. Uchiyama,
(Nagoya Univ., *DENSO CORP.)
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T, A= T4 RV =T FITNT N REERT D720, By 727 MIEMHb S, &
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Fig. 1. Operation characteristics of the MI sensor system in
different operation clock when the external magnetic field is
changed.
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Fig. 2. The S/N ratio of the system by frequency analysis.

1) Shingo Tajima, et al., “High Resolution Magneto-impedance Sensor with TAD for Low Noise Signal Processing,”

Proc. IEEE INTERMAG, 2014.
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Development of Super Highly-sensitive nT Sensor for Foreign Substance Detective
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Fig.1 Noise density of developed low noise nT sensor Fig.2 Detective result of a particle with a size of 0.3 mm

2% 3CHk

1)L.V.Panina, K.Mohri, Magneto-Impedance Effect in Amorphous Wires, Appl. Phys. Lett.,65(1994)
2)N. Hamada et al, Intermag 2011, FF-08, Taipei, (2011)

3) T. Uchiyama et al, Intermag 2013, DG-05, Chicago, (2013)
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Foreign substance detection in food by using primary gradiometer type MI sensor
T. Takiya, K. Wang, T. Uchiyama, H. Aoyama
(Nagoya University, *Aichi steel)
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Fig. 5 Output of MI sensor

1) L. V. Panina and K. Mohri : Applied Physics Letter, 65(9), pp.1189-1191, (1994)

2) T. Uchiyama, K. Mohri, Life Fellow, IEEE, Y. Honkura, and L.V. Panina: IEEE Trans. Magn., Vol.48, No.11, pp.
3833-3839, Nov 2012

3) T. Utciyama : Journal of the Japanese Society for Non-Destructive Inspection , Vol.63, pp.562-566, Nov. 2014
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Estimation of permittivity and permeability of interlayer for double-layered magnetic composites
T. Mitsuhashi, K. Miura, H. Osada, N. Sekino, M. Kobayashi, M. Kiguchi, Y. Ohtomo
(Iwate University, Forestry and Forest Products Research Institute, Air Water Ecoroca Inc.)
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Permeability measurement of magnetic thin film by microstrip probe
K. Kusunoki, S. Yabukami®, T. Ozawa’, H. Uetake*, H. Yamada, Y. Miyazawa**, R Utsumi ", Y. Shimada"™"

(Sendai National Collage of Technology, Tohoku Gakuin University, = Toei Scientific Industrial co., Itd,

""Tohoku University)
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223wk 1 T. Kimura, S. Yabukami, T. Ozawa,
Y. Miyazawa, H. Kenju, and Y. Shimada, Journal
of the Magnetics Society of Japan, 38, 87 (2014).
2) Y. Shimada, J. Numazawa, Y. Yoneda and A.
Hosono, J. Magn. Soc. Jpn. 15, 327 (1991).
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(fi) Magnontech, *%— = A ([
Permeability measurement of magnetic thin film by the shielded short-circuited MSL considering the
substrate permittivity
S. Takeda, T. Hotchi*, S. Motomura*, and H. Suzuki*
(Magnontech, Ltd., * KEYCOM Corp.)
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R mml L DREFRETH D,
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Fig.2 The measurement results of geff, Uetf , and B/ of  thin film with 1.45pm thickness on 5mm square glass
test fixture with the magnetic thin film on 5mm substrate with 500um thickness (prepared by
square glass substrate of 500um thickness, H.Kijima ).
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1) D.Pain, M.Ledieu, O.Acher, L.Adenot, and F.Fuverger, /. Appl. Phys., 85, 5151 (1999),

2) S. Takeda, S. Motomura, T. Hotch, and H. Suzuki, J. Magn. Soc. Jpn., 39, 116-120(2015),

3) S. Takeda, S. Motomura, T. Hotch, and H. Suzuki, J. Jpn. Soc. of Powder and Powder Metallurgy;
Vol.61, (2014), No.S1, pp.S303-S307,
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Measurement of complex permeability of Co- and Ti-substituted Sr-M by
short-circuited coaxial transmission line method

Ranajit Sai,' Shigeru Takeda,” Yasushi Endo,' Hanae Aoki' and Masahiro Yamaguchi'
'Department of Electrical Engineering, Tohoku University, Sendai, Miyagi, 980-8579, Japan.
*Magnontech Ltd.,[1787-16 Juroken, Kumagawa, saitama, 360-0846, Japan

The recent trend of mobile communication technology directs the usage of X-band (8-12 GHz) frequencies in near
future. As a result, the study of various hexaferrite materials, owing to their moderate permeability and very low loss,
has surged up over the last few years,' while the challenging task of accurate measurement of magnetic characteristics
beyond 10 GHz has also attracted a lot of interest. Among various measurement techniques, non-resonant type
measurement with the help of simple transmission line offers easy, accurate and broadband measurement. In this report,
high frequency (up to 30 GHz) magnetic characterization of Co- and Ti- substituted Sr-based M-type hexaferrite
particles (SrCoTiFe;(O;9, will be called SrCoTiM hereafter) is demonstrated by adopting coaxial transmission line
based measurement technique. Instead of the usual lumped element approximation that induce large model errors in
case of measurements beyond a few GHz, the new lumped element expression of short-circuited transmission line is
used to restrict the model error within permissible limit.

SrCoTiM powder was procured and mixed with epoxy resin (at 5:1 volume ratio in favor of ferrite) to make a semi solid
paste, which was then used to form a thin layer of ~200 um. A toroid-shaped sample with inner and outer diameter of 3
mm and 7 mm respectively was punched out from that thin sheet of ferrite. Frequency dispersion of complex relative
permeability of the sample was estimated by analyzing reflection coefficients (s;;) obtained by placing the sample at the
short-end of the transmission line fixture. It is to be noted that the distributed element expression for the input
impedance of short-circuited transmission line was judiciously approximated by considering only the first two terms of
its Taylor series expansion. This slight modification in the analysis increases the range of measurable frequencies and
accuracy. Magnetic hysteresis of SrCoTiM, measured by room temperature VSM, shows saturation magnetization of
~200 emu/cc and coercivity of ~330 Oe (Fig. 1b). Moreover, it is found that the saturation is attained gradually over a
wide span of fields. The saturation field, which can be viewed as the anisotropy field of well-formed ferrite particles, is
believed to be around 7000 Oe. The measured FMR, found to be ~20.6 GHz as shown in Fig 1c. More than one FMR
peaks can be attributed to the presence of particles with wide size distribution (Fig. 1a). The loss (i) profile is found to
be negligible up to 15 GHz, while p’ is independent of frequency up to 12 GHz, which in turn, indicates that the
material could be well suited for various application such as inductors for X-band and electromagnetic noise suppressor
for Ku-band. However, the measurement above 26 GHz requires further investigation.

In essence, high frequency magnetic characterization up to 26 GHz of an important class of hexaferrite is demonstrated
by using a simple short-circuited coaxial transmission line equipped with a slightly modified analysis technique.

Reference
' V.G. Harris, IEEE Trans. Magn. 48, 1075 (2012).
?'S. Takeda, T. Hotchi, S. Motomura, and H. Suzuki, J. Magn. Soc. Japan 39, 116 (2015).
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Fig.1: (a) SEM image, (b) Hysteresis plot and (c) complex permeability spectra of SrCoTi-M+epoxy mixture
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Research on detection of conductive and magnetic markers using eddy-current testing approach
Tamotsu Minamitani, Sotoshi Yamada
(Kanazawa University)
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1) T.Minamitani,S.Uraoka,Y.lkehata, S.Yamada , Digest of 2015 JIEE Annual Conference, 2-115, 2015.
2) T.Minamitani,S.Uraoka,Y.lkehata, S.Yamada , JIEE Technical paper of Magnetic meeting, MAG-14-139, pp.1-4,
2015.
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Study on the electric performance of micro-inductors with magnetically soft spheres and flakes composite
Y. Endo', H. Sato', U. Erdenebat', T. Miyazakil, M. Yamaguchil, H. Kamada®, M. Takahashi’,

M. Sakamoto?, S. Maita®, N. Kato?, Y. Yorozu®, T. Yasui’
(1 Tohoku Univ., ? Hikaridenshi Co., LTD, 3Ricoh Co., Ltd)
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5%3(@% 1)S.C.O’ Mathuna et al. , IEEE Trans. Power Electron. , 38, 585 (2005).. 2) Y. Endo et al., INTERMAG 2015 Abstract DH-08 (20015).
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Fig. 1 Frequency dependence of electric performances in the micro-inductor with magnetically soft spheres and flakes composite.
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Development of spin-wave interference logic element using yttrium iron garnet
T. Goto, N. Kanazawa, H. Takagi, Y. Nakamura, C. A. Ross*,

A. B. Granovsky**, S. Okajima***, T. Hasegawa***, K. Sekiguchi**** M. Inoue
(Toyohashi Univ. of Tech., *MIT, **Moscow State Univ, ***Murata Mfg. Co., Ltd., ****Keio Univ.)
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1) N. Sato, K. Sekiguchi, and Y. Nozaki, Appl. Phys. Express, 6, waves, and DT port detects the
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Controlling of synthesized standing spin wave configuration in a permalloy strip with external fields
K. Imamura, X. Ya, S. Oyabu, T. Tanaka, K. Matsuyama
(Graduate School of Information Science and Electrical Engineering, Kyushu University)
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ARFGE T, SMESEHUNBER OZIZR T 2 X —~a A flifRFP OEEA B U OREERLE, EXMHIE L
TR L7z, 72, BHEERNEICB T DBMLIREDfffT 2~ A 7/ a~ I 32T 4 v 7 v Ialb—ra il
Tol- BN ERER LY AV mEITEE T S R 2B B /MBS I EREE O ) AT REME 2= 4.

(a) SG : Signal generator
%Eﬁjﬁiﬁ m SA : Spectrum analyzer
zy
RS T L IE R OB 2 Fig. 1 (a) 12, e EBiReEc s

[40] [sA] [4¢]
I VIRE LI-#E 1% Fig. 1 (b) [T T. F11E— ﬂxE’Jiﬁ) v i

757 4 —HRICE ORI LT, A I, K f’j
FEICE VR X—~a A (JEX d = 48 nm, fpa w =50
um)ZfEH L7=. Fig. 1 (@) IZRT LI, I Frv=x » GEl 35“‘“05; dumGe,

L—% X0 2 RO 7 L —FHmk#t (GEL, GE2) (2 Au(léolnm) 50 um 16.7 um ﬂ?éﬁfﬂf
~ A7 uEEREATIL, ACVEEBEIES. N—~

wA IR U B ETE A B, W R mssw) | ©) OP;;C;LZ;;;?COPC u ﬂwe
X GEl

v

%~ FTHhsb., FRIZEEELZY Y2 T v 7 a1/ (DE)
ct D ELE D DIRNBER E AT T AT+ 74P
D ESKHIH I (Pa) & L TR L72. GE1, GE2 I & 0 fihiEd

é D AE B ONFIZE(A)IL, ZIENDIEIERTHEHE L Fig. 1. (a) Schematic figure of a fabricated sample and

72— R TR LT E TS, experimental set up. The SWs are emitted from the
generators and inductively picked up with an overlaid
conductor. (b) Optical microscope photograph of the

EERER functional area.

Fig. 2 (a) (ZAMEBBER A A —7HIEIC X 0 B S =7
AL AT, GEl,GE2 IZ A Lo~ A 7 ik B0 &R 5
X 5GHz TH 5. HIEITAS= 0(ZER), n(kR) DEE TIT-
2. ZNZENORE T, SRR OEAITHKE LT Poy \ZHHHE
PRRR IR, & A N R DN AR FLAZ B 2 JE R 22 R BE R b S 8L
S, E— 2 &R H, T, BRI O E R D @5 Gf,;j P
EEAEVENER SN TV ZERT I a2l — g i Bias field, /1, [Oc]
X o THERR S 7=. Fig. 2 (b) 124¢% 0~ nrad OHFLFH TEAL 3
SR ED Poy i 9. Hy=1560e D L X, Ag NI 5
& Poy ei@%ﬁéﬁ ZHEML, A¢=0, mrad MIZI357 dBm @
HAENFIET D, —J7, Hy=1800e D L X, A¢p DA
% L Po 133D L, ¥t Oe DA —F T Py DAp WAFNEN

40 A7 T N

=50k

Ag [rad]
.60 0

Intensity, Py, [dBm]

401
451
.50

551

Intensity, P, [dBm]
IS

AR LTWDZ EBM otz THUZ, (k% i agl 21360 ]l H, T 1800e

T DA PWT ANA RNTKE L, SNSRI K0 B ERIAET Aé Irad] A¢ [rad]

HIEREZAINTE D A[EEMEZ R LR TH S. Fig.2. (a) Measured output intensity modulation with
S E TR external bias field H,. (b) The output intensity Pout

i ing the Ag.
[1] M. P. Kostylev et al., Appl. Phys. Lett., 87, 153501 (2005). in varying the 4

[2] A. Khitnum et al., Superlatt. Microstruct., 38, 184 (2005).
[31Y. Urazuka et al., J. Appl. Phys., 115, Art. No. 17D115 (2014).
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Numerical simulation on standing spin wave excitation in exchange-coupled multilayer strips
X. Ya, K. Imamura, S. Oyabu, T. Tanaka, and K. Matsuyama
(Graduate School of Information Science and Electrical Engineering, Kyushu University)
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1) S.Pal,etal,J. Appl. Phys. 115, 17D105 (2014)
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Fig. 1. Schematic of designed exchange-coupled

bilayer strips, consisted of SW guide consists of
magnetic strip with soft layer and hard layer,
inductively coupled SW generators (width: Wg) and
detector (width: W7p).
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Fig. 2. The dependence of the resonance frequency frs
(a) and voltage value Vg, (b) on the layer thickness
ratio ¢, / t,.
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Fig. 3. The inductive output voltage comparing phase

differences between two generators are 0 and 7, when
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Magnetic domain wall movement in magnetic wires for battery-less rotation sensor
A. Takebuchi, T.Yamada, Y. Ogawa?, Y. Takemura!
YYokohama National University, 2Nikkoshi Co., Ltd
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Fig.1 Waveforms of output voltages detected by Fig. 2 Configuration for measurement of
two pickup coils. induced voltage from FeCoV wire.
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Examination of excitation in electric generating element of vibration type using magnetic wire
Akitoshi Takebuchi, Naoya Kameda, Tsutomu Yamada, Yasushi Takemura
(Yokohama National University)
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Fig. 1 Configuration of magnetic wire, magnet and

detection coil
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Effect of cold rolling and heat treatment on magnetic properties for transformation-induced plasticity steels
K.Sasaki R.Obara S.Kobayashi T.Hojo T.Murakami Y.Kamada
(Iwate University)
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Heat generation of composite particles composed of biodegradable polymer and iron oxide
Chiemi Oka, Kazunori Ushimaru, Nanao Horiishi*, Takeharu Tsuge, Yoshitaka Kitamoto
(Tokyo Institute of Technology, *Bengala Techno Lab.)
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Fig. 1 SEM images of core—shell composite particles
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Fig. 2 Temperature changes of suspensions of (a) iron
oxide nanoparticles and (b) composite particles in AC
=Tk magnetic field (2 MHz, 3.4 kA/m

rms)
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Preparation of gold plated LSMC perovskite sphere samples for magnetic hyperthermia
Y. Akai, T. Nakagawa, K. Maeda, S. Seino, T. A. Yamamoto
(Osaka University)
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7. Fig.1 Temperature changes in PAG gel under
1MHz magnetic fields of different strength
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[1] M. Horiki et.al., J. Magn. Magn. Mater. 329 (2013) 49-52.
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Magnetic properties and medical applications of high heating agents using metallic magnetic particles
Y. Shibata', S. Ota', T. Yamada, M. Fukase?, Y. FujitaZ,Y. Takemura'
"Yokohama National University, ’Daido Steel Co., Ltd.
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Heating Efficiency for Magnetic Hyperthermia
Teruyoshi Sasayama, Kazuhiro Tanabe, Naotaka Tsujimura, Takashi Yoshida, Keiji Enpuku
(Kyushu University)
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Wik M 2R 7=, BR HIZT v > MEHT (N4L, HF006) (234 2 il 2 5l L TRk 7=,

3. R

112 10 mT (rms), 20 kHz THIEE L7 & XD MS1 Db AT U & Z—TF %4, ek, FEHE, FEfHEoO
EZ v — 7 RN S < 2o T D, X 2 1[G TMS 1, MS2, MS3, Resovist % Jiitt L 7= & & ¢ SAR (Specific
Absorption Rate) fifi% "9, MSI. Resovist, MS2, MS3 DJEIZ, £7=. WA, H[EAH, [EHHDNEIZ SAR fE)
B L TR, RRCEBED RIS FEEGNRIT 6 L TRE S E 32.%5z5 LR TE T,

300 : 18
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Fig. 1 Hysteresis loop of MS1 at 10 mT (rms). Fig.2  Effect of viscosity on SAR values for MS1,
MS2, MS3, and Resovist at 10 mT (rms).

BE IR

1) T. Yoshida, N. B. Othman, and K. Enpuku, J. Appl. Phys. 114, 173908 (2013)
2) T. Sasayama, T. Yoshida, K. Tanabe, N. Tsujimura, and K. Enpuku, Proc. Intermag 2015
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Relaxation time properties of magnetic nanoparticles and their dependences on density and viscosity
Ryoichi Kitaguchi , Satoshi Ota, Tsutomu Yamada, Yasushi Takemura
(Yokohama National University)

[FLHIC
BUE, REMET /RIS ARSI 720 35 ABF7co 41T JSPS BHFE 26289124
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ok K ONEAR R 712 B L CARTRBA LI E 24TV, F6
BN OB AR B L C BRI & S LT\ 2 72800,
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~

ARWFZE TR o S et T 2 B2 oW, IR D o ?Zomrgg;:g/ermﬂg?) .
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B L7, &Y 7 M OWTRIEALEIE 21TV, AR v 370 mg-Fe/ml

v)
FoRetE e OFE R R ORI 21T > 72, .

Magnetization [A mzlkg-Fe]
o

EEBHE 12 5 kHz
AREBRTIE, TSN TS RMERE (et 7~ 4kam
A L. M300. —JORIFR 1143 nm. — YORIAR 52415 5 25

nm D~ 7 F S A | Fei0) ERBIE LAV, Efo, B Nagnetcfed (kain]

B U . RELEO LR CRS LR R Fig.1 e A7 J v 2n—>

JEDIED Y T R TR D 5 Y 7L & i
BONE UBSKEFFEORIE, K OPRE « KRR RO v
WEZAT -7, FUNBRSREELT AKAM & U, ECHRCREE e Flu*fmwmm”

B o . . --0--37 mg-Fe/ml
(TRBHREV L ) FH(VSM) 2 IV CTHIE L7z, &t A7 =Cr-120 mg-Fe/ml
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-<--240 mg-Fe/ml
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<
|+
(@]
FR 25CO b E1T7o72, & ©. -#--37 mg-Fe/ml
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I b .
] B S
Fig. 112 5kHz, 4kA/M TORIEERFDOE AT Y ¥ A L— =f”mhw-m~« =
e, RITIEASTE < 72 B I HE, “DRLD —
TaY s RIAIRED E < 72 DITHEV 4 KA/m TORE 0 % 160 1000
KTV HERTE D, Frequency [kHz]

AR B IBUNT, BetE T/ b D3 B E 2 R 15
& L 1T Specific loss power (SLP) & W9 LR H 5, =2
TIX% @D SLP % H?f T#|- 7= Intrinsic loss power (ILP) #% 7& SEI
BUNROIEE S U, R TIRED R DR PR, K OE A [1] S. Ota, T. Yamada, and Y. Takemura J, Appl.
HORL - DI BN & Wt L7z (Fig. 2), IRENEL 25125 Phys., 117, 17D713 (2015)
U ILP 2B U, BEESEMA B — 7 & 22 B EM BB L [2] D. Serantes, D. Baldomir, C. Martinez-Boubeta, K.
TS Z ENHERTE S, Z AR o B AR-+8 AAEH Simeonidis, and M. Angelakeris, J. Appl. Phys. 108,
WX VBERE— A NORERDIH SN0 LB 2 b 073918 (2010)
5,
Z O R B E 2 TR DR & 28 2 WAL R O RIE %
1TV, FENR O ZAT > TofERIZ OV T HIET 5,

Fig. 2 ILP J& B 5e
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Thermodynamics of magnetic suspensions in correlation with
temperature dependence of magnetic susceptibility

S. B. Trisnanto', Y. Kitamoto®
Tokyo Institute of Technology, Yokohama 226-8052, Japan

In a thermodynamic circumstance, single-domain magnetic nanoparticles behave uniquely as they can exhibit
superparamagnetism at room temperature, followed by spin-glass-like transition at low temperature. Experimentally,
these two behaviors can be easily identified from the absence of hysteresis in the field strength-dependent
magnetization curve, and the presence of thermo-remanent magnetization in the temperature-dependent magnetization
curve, respectively. Maxwell relation additionally describes that the total entropy of such ferromagnetic system
decreases with increasing the applied magnetic field (for a given temperature), and it increases with increasing
temperature (for a given magnetic field). Referring to this magneto-caloric effect”, the change of magnetic entropy due
to a magnetic field fluctuation is thermodynamically contributable to the temperature rise in magnetic suspension
observed during the irradiation of alternating magnetic field. Therefore, understanding thermodynamic processes of
dynamically-magnetized magnetic suspension and the corresponding measurable-parameters are of importance in
optimizing the heat generation of magnetic nanoparticles used for practical application of magnetic hyperthermia.

The particle movement in fluidic medium, as well as spin fluctuation, is strongly affected by thermal energy in addition
to the availability of external magnetic field. For constant magnetic field, increasing temperature will amplify both the
random Brownian motions and the spontaneous flipping of magnetic moments, giving rise to a lower magnetization
value. A sufficiently-high temperature will completely randomize the magnetic moments so that paramagnetism appears
with respect to Bloch’s law. Hence, the change of magnetic entropy (i.e. spin entropy) is associable with the
temperature-dependent magnetic susceptibility. To investigate the entropy change due to alternating magnetic field, we
recorded complex magnetic susceptibility of two types of magnetic suspension containing: sodium a-olefin sulfonate-
coated iron oxide nanoparticles (Specimen 1) and carboxydextran-coated iron oxide nanoparticles (Specimen 2) at 30°C
to 50°C under 6.5 Oe rms magnetic fields with frequency of 1 kHz, 10 kHz, 100 kHz, and 1000 kHz. We found in both
specimens that the decrease of magnetic susceptibility x in higher temperature was clearly observable at 1 kHz, but
increasing frequency of the applied field to 1 MHz resulted in a less temperature-dependence of x (Fig. 1a). Meanwhile,
the gradient of magnetic susceptibility upon temperature dy/dT estimated from the linear regression of Fig. 1la further
convinces that temperature has a small contribution to the high-frequency relaxation-dynamics in the respective
specimens (Fig. 1b). Here, Fig. 1b also means that the change of magnetic entropy is negligible at higher frequency.

Reference
1) N. A. de Oliveiraand P. J. von Ranke, Phys. Rep., 489 (2010) 89-159.

0.08 _ — 1x10°%
(a) Specimenl: e1kHz o1 MHz T3 (b) ® Specimen 1
Specimen2: m1kHz 01MHz B i i
T 0.06 _"'oo...... oo, ggxlo"“*' o Specimen 2
@ * g
o * . 7
= E 6x10™7
E 0.04 3
2 § ax10°- g
E PO0COCID O CEIDATIADO 0000 000 O 0 O d = %
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~ ™ "mpng ., = 2%10% 4 I
- I B myg g, = ) (o] L]
OO
O T T T T T T T T T I:||:|IDI:||3DIDID DIDIDIDID |D| | OXlO-a L L IIIIII : —t III”I : ; B
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Fig. 1 Measurement result of (a) temperature-dependent magnetic susceptibility and (b) the respective gradient of magnetic
susceptibility upon temperature
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High-Density Formation of FePt Alloy Nanodots on SiO, and Their Electron Transport Properties
Yusuke Mitsuyuk, Katsunori Makihara, Takeshi Kato, Akio Ohta, Satoshi Iwata, and Seiichi Miyazaki

(Nagoya Univ.)
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E\iR{L Si0, I EIZTE R LIt bt o s i B g A U £ — F H, 77 A~ (H-RP) 752 &
W&k, A&/ Py MEEBEEGEBE: ~10"em?)—fEFRTE D 2 L 2MEL VD Y, AFETIE, T
J R MELTH =R CHMBEZ 7R3 L1 RAIA 4 FePt (235 H L., Pt/Fe MjdfifE A IR ME © Hz—RP
ﬂﬁ%mb\%Eﬁ%@%ﬁ74ﬁv—yay&ﬁ%%ﬁ@#é:&f %mééf/F/b@ﬁaf
gﬁ%&f#% LBl LT 7 By b OSNTBGEIINREZ 31T 5 & ik fetE 2 7 il L=,
4

p-Si(100)EM % 1000°C R 7 A BE{IZ & 0 2Rk L 7= SiO, E(IE/E~3nm) EiZ, & 7§75 12 Fe (1.4 nm) / Pt (1.7
nm) _JEEA B LTz, Z Dk, SMIEMENT, Ho-RP WLHL 21T - 72, WEFR T OE F s, Mt CoPtCr
a— b Si T L N—(He ~ 220 Oe) & VTR L 72, MBS T BUBHE. FIC K ARA Z#BliEd 5 2 & T,
0.5 ~4.5 kOe DHFIPHTEL LT,
REBIUEE
SiO, fl | Pt/Fe F&J@ 151 Ho-RP ALEE % Jifi L 724 O AFM K ik
FEIEIRGOLEH L E Ry MESBLO Ny NEEEIT, £
ZE1~5.0 nm 35 X O~5x10" cm? Td - 7=(Inset in Fig. 1), 7=, B
L7277 K F® XRD 784 — > TiE. FePt(001)3 L TN002) ' — 27 73
HHRIZERD DAL, LI O A #eRd LTz, Pt CHEi- - BV X% M
VT, Ho-RP ALERRF OB EEZEAL 2 7 L7245 F, Pt #1i 23~600°C £
THEEN D Z L5 Ho-RP AR IZ 51T HINEC X » THHAIS 41k
L7z fRIRCTEX 5, B L7z FePt &4/ Ry MmN X ONmE
BT TN AN TR 2 FIN L | WAk BhRR 2 5FAf U 7245 J4(Fig. 1), L1o-FePt
FORRIITEICIRIRT 5 &5 2 DD IR DR &, £ OfEix
NP X OMEERR ST 10 T 4 ~0.31, ~0.52 kOe TH-o7=, EE K b
D 1-V FpfE(Fig. 2) TlX, BEREGIZBW T, Tip /3 7 A3V 5 CTE
LUV DB RIMENR D LD b LT, Btz — N AFM ¥R8F DR
{bS51 & [Jl—JF [ DAL 0.5 kOe ZEIIN L7234 . R OBE
LA BEERZITERD BN E DD, 0.6 kOe Eﬂﬂuf . -1.5V
TRIFBICERL-VLME R L, 0.6 kOe LA EOWESFEIINTIX, BAE 72
AT O b noTz, —J, RO FIETER L7z CoPt G447
J Ky MR, BN OHKITED, L EVWEEE R 2 IR
HTEHDMNoTND, EHIZ, FePt &4F /7 Ky R T, %%Bﬁ%ii}%
4.5 kOe HIINt% ., 4MAE uﬁ%%? 50 FEZIZEBNTH, 4.5k0e DY
ERU IV REE R LT, S B, BBEHETT WM & ¥ 712 0.5 kOe
Eﬂjju L7eHETH, 4.5k0 FIIN & [FERD 1-V RetE 2 7R L7223, HINRE

5 0.6 kOe T, #IHID 1-V etk & RIFRE OB L~UL « LEVWHEE
73:0710 INHORERNG, e E Ky N OBE R TAT, BOEAT
g)jié\f‘ LVEED LEVEBENRKE S ERHEIND LMIRTX 5,
a
Fe (1.4 nm) / Pt (1.7 nm)f& & 5~ Hy-RP FREHZ L - T, Llo-FePt 542
R b % E~4.8x10" em? TEEERK T X, ﬁiﬁf?ﬁﬁ@f%ﬁﬁ
13~0.52k0e T o7z, Fiz, IMBRESGEIINEICI T 5 FePt 64 K v 0
0 R A RSE 2 itk AFM B84 0 CRBAIG L 7o SR FRET ® APPLIED VOLTAGE Vy, (V)
& Llg-FePt 7 R v b OB T AT L= E T2 b & =i T
BHCTXT=,
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Fig. 1 Hysteresis Loops of FePt-NDs
at room temperature. An AFM image
of FePt-NDs is also shown in the inset.
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1) K. Makihara et al., Abst. of IC-PLANTS 2012, P-65.
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Electron Transport Properties of High Density FePt-NDs Stacked Structures
Yusuke Mitsuyuk, Katsunori Makihara, Takeshi Kato, Akio Ohta, Satoshi Iwata, and Seiichi Miyazaki

(Nagoya Univ.)
Fr i

BB, Si0, Wi IC TR U 7= Kk Pt/Fe FEJE@IE 4 Y £ — ~ Hy 77 X~ (Ho-RPYILHEE AN ERFENNBY T 5 Z & T,
Ll BAIA4 FePt -/ Ry b & ESBE[@EBE: ~10"em?)—FEHER TE D, SERBESHIINERC IS 1T 5 FePt &4
K b O RPTESISERE 2 B AFM #2812 VD CRElE L7245 58, FePt 7/ R S ORI IT IR & ROk L 7=
B IES LN BIRTEBR TX A2 Z L 2WLNICLTWD, AR TIL. PIHREE A2 RSS2 2 & TR
BYA XD FePt 7/ Ry &KL, € OBILFMEETNT 2 & L b, A XD/ D FePt 7/ Fv b
TR S LIEAZ N L C O BRAE v 7 LIEREEICIBW T, FEREE AFM 2812 W CRFTE S s B M % 31

i L7z
EBRAE
p-Si(100)FEH & 1000°C, 2%O0.dry BR{LIC X 0 2Rk L 7= Si B\igql
(R : ~2.0 nm) E1Z, EB7&FI2L Y Fe (0.9 ~3.6nm) /Pt (1.1 ~
4.4 nm)ZBEEL—TEIZ L CHEE Lz, T 0k, 60 MHz & )& E
HOFEEREAIZ L Vbl - ARk Li-mBEKE T T A~ 2 AT,
Pt/Fe &)@ I3 i |2 AN FENNZA C Ho-RP ALER % Jifi L FePt 5427/
Ky NEHER LT A AORRBFePt 7/ Ry N JgA K v
7Kg, FYE S S.0nm @ FePt F / Ry MER#E., EB 7&EIC
£V SiOx HEEE(~2.0nm)HEFE A2 1T\, Bl XX | Fe (2.3 nm)/ Pt (2.8
nm)FE B IR . Hy-RP ALERIC XV 43 & 7.9 nm @ FePt 7/
Ky b &R LTz, Si FEEmICIE, Al 2% 7 NE x5
L7z, RFrEREEREIL, JERME R 2 — R Si v FL—%
FWCRHIE L7z, AMEBRESHENINCIE, BUBHEL ISR AR % Bl
L. 0.5~4.5kOe OFiFH TN % 2L /7=,
HEBLUER
WO Fe/Pt " JEIREIZIBWT ., FePt 7/ Ky FOERNR
Do, BRTHRENPROONTZ, £/, B TORBIEE
ARG D FEH L7 Ry b & CTF & 7ok S(Fig. D
5. B A XOINAE S IRBES I DRI R TE 5, ZOFERA
bl BREE DI D FePt 7/ Ky b &4 Sio @& Lo
FEEREE(ES N b iHe =~2.5k0e, TR > b :Hei=~0.5 kOe)
ZIARL L FEREVERREE 2 F O COMSFI IS ¢ o R T S - BB
(I-V)FrE 2 3EAM L 72 (Fig. 2). #IHIIREE TIX. Tip /31 7 A-7.0V 3T
BECEML NV OERBED 5D, TIUTK L, SNBSS 0.5 B
L OV 1.5k0e FIIN L7856 Tk, JERLGIC I ~E )T BB 2 )
L(Iin Fig. 2), 2.5kOe LA D2 FIAN L 72 B, Kibg 72 8t L ~v
DK« LEWVEBEOK TFARD LD, M, FePt+ ./ Kv
b EE ClE. FEREME ARM 2REH 2 W23 A, AN A IC L D
-V BPEDOZALITRER D vy, 2 S OFERIT, -V EER ET
DO Ky FOBAEDFAT, FATIZE W K& B L, $RELS D/
72 Ky b OBALIRIEZ HIHT 5 Z & TE L OHIEN ATRET
HHZ EERLTND,
R B A XOHANLE4 FePt -/ F v b OfbEREE D BrES
{RE R A JEREE AFM 2812 IO CEMEE L 724558, 7/ Ry b
PRI ) 76 % I U 7= B s 28 b 2 =R TRl T X 7=,
& R
1) R. Fukuoka et al., Abst. of MORIS2013, Omiya, We-P-07.
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Fig. 1 In-plane and out-of-plane
coercivities of FePt-NDs as functions of
average dot height. A typical AFM
image of FePt-NDs is shown in the inset.
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measurements is shown in the inset.
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Anomalous Hall effect in pseudo-single-crystal y’-Fe;N films
K. Kabara!, M. Tsunoda® and S. Kokado?
(*Tohoku Univ., 2Shizuoka Univ.)

[FL®HIC
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AECIHERIRICB T Doy DBADITIZIER LN 2o TWD Z ERbnD, AERBERIT, Ek L7z FeN
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WAL o T Z E[6]lE <AL TWD, T72bb,
50K LL T Clfsbn2ic X % 3d #uE OFGBAE S IEE L 720 |
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Anisotropic magnetoresistance effect and anomalous Hall effect of MnyN films
K. Kabara!, M. Tsunoda® and S. Kokado?
(*Tohoku Univ., 2Shizuoka Univ.)
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[1] S. Kokado et al., Phys. Rev. B 73, 172410 (2006)

[2] K. Sunaga, et al., J. Appl. Phys. 102, 013917 (2007)

[3] M. Tsunoda et al., Appl. Phys. Express 2, 083001 (2009)
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[5] S. Kokado et al., Phys. Status Solidi C 11, 1026 (2014) Fig.2 The measurement temperature
dependence of anomalous Hall
[6] K. Kabara, et al., Appl. Phys. Express 7, 063003 (2014) conductivity.
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Improvement of MR output in Co,MnGay,5Gey 75 Heusler alloy based CPP-GMR devices through
composition tuning
S. Li, Y. K. Takahashi, Y. Sakuraba, T. Furubayashi, and K. Hono
National Institute for Materials Science, Tsukuba 305-0047, Japan

Many recent investigations have shown that the usage of Heusler alloy is an effective way to enhance the MR
output in current-perpendicular-to-plane giant magnetoresistance (CPP-GMR) devices due to its half-metallic nature as
predicted by band structure calculations. We have developed highly spin polarized Co,MnGay,sGey 75 full Heusler alloy
and achieved large MR output by using it as ferromagnetic electrode in CPP-GMR devices [1]. In our previous study,
DO;-disorder was found with annealing temperature (7,) higher than 450 °C in the CoMnGaGe film with the
composition of Cos, ;MnyssGag Gejgs. The DOj-disorder (Co antics) is thought to decrease the spin polarization of
Co-based Heusler alloy based on the band structure calculations [2]. MR output was thus degraded due to the
appearance of Co antics in our previously study using CoMnGaGe film. In this work, we report an improvement of MR
output in CPP-GMR device by suppressing the Co antics through the composition tuning in CoMnGaGe Heusler alloy.

Epitaxial CoMnGaGe thin films with the composition of Cog4s4Mnyg3Gas1Gey7; (refer to Mn-rich CMGG) or
Cosp7Mnys Gag 1Gegs (refer to Co-rich CMGG) were prepared by using MgO(100) single crystal substrate in
ultra-high vacuum magneto-sputtering system. CPP-GMR devices were fabricate through conventional EB lithography
and Ar ion milling process. Anisotropy magneto resistance (AMR) measurement was performed in a physics property
measurement system (PPMS) and GMR measurement was performed in the CPP-geometry.

Fig. 1 shows AMR as function of T, in Mn-rich CMGG film and Co-rich CMGG films with thickness of 50 nm,
deposited on MgO substrate. The amplitude of negative AMR reaches maximum at 7,=500 °C, and then decreases with
further increasing 7,. This can be interpreted by the reduction of spin polarization caused by Co antics at high 7, in
Co-rich CMGG film, which has been discussed in our previous work [3]. On the other hand, AMR in Mn-rich CMGG
film shows monotonic relation with 7, up to 650 °C, which might indicate suppressed Co antics in Mn-rich CMGG film
by increasing the concentration of Mn. Fig. 2 shows CPP-GMR output as function of 7, in Mn-rich CMGG film and
Co-rich CMGG films based CPP-GMR devices. The Mn-rich CMGG film based CPP-GMR devices show more robust
dependence of T,. It is gives strong evidence of suppressed Co antics in CMGG film thus leading to lager spin
polarization. The ARA drops at high 7, might be due to the chemical diffusion between Mn and Ag in case of Mn-rich
CMGG film based CPP-GMR devices.

[11Y. K. Takahashi et al, J. Appl. Phys. 113, 1223901 (2013) [2]S. Picozzi et al, J. Phys.: Condens. Matter, 19,
315215 (2007) [3]Y. Sakuraba et al, Appl. Phys. Lett. 104, 172407 (2011)

0.00 10 | —®— Mn-rich CMGG film based CPP-GMR
. a Mn-rich CMGG film #— Co-rich CMGG film based CPP-GMR
00s |- e Co-rich CMGG film
st
g oo} . . 3
2 <]
] Es ) .
x 012 < *+
E : - . % l ) 4
0.16 - » af 7 ?
L4
-0.20
0 100 200 300 400 500 600 700 250 300 350 400 450 500
7,(0) 7,(C)
Fig. 1 AMR as function of 7, in Mn-rich (blue square) and Fig. 2 ARA as function of 7, in Mn-rich (blue square) and
Co-rich CMGG (red circle) films. Co-rich CMGG (red circle) films based CPP-GMR devices.
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CPP-GMR devices using Co,Fe(GagsGegs) full Heusler alloy and a AgZn alloy spacer

NIMS?, Univ. Tsukuba? °Ye Du,* T. Furubayashi,* T. Sasaki,' Y. Sakuraba,’ Y. K. Takahashi,* K. Hono"?

The current-perpendicular-to-plane giant magnetoresistance (CPP-
GMR) devices with a metallic spacer layer have been considered to be
promising for read sensors of ultrahigh density hard disk drives (HDDs).
Using a Ag spacer layer, the MR ratios have reached over 50% with the
resistance-change area product (ARA) reaching 9-12 mQ pm?® However, a
room-temperature ARA of at least 15 mQ um? is required to use CPP-GMR
as a read sensor for the areal density of over 2 Thit/in In this work, we
report a very large MR output obtained from the CPP-GMR devices that
use CFGG Heusler alloy as ferromagnetic layers combined with an Ag-Zn
alloy spacer.

Fully epitaxial multi-layer stacks of Cr(10)/Ag(100)/CFGG(10)
/AgZn(5)/CFGG(10)/Ag(5)/Ru(8) (thickness in nm) were deposited onto
(001) MgO single-crystalline substrates at room temperature (RT) by
ultrahigh vacuum magnetron sputtering with a base pressure lower than
4x107 Pa. The CFGG and AgZn layers were deposited from alloy targets.
The compositions of the deposited films examined by the induced coupled
plasma analysis were Co47:F€259Gai35Ge134 and AgsgoZNnagg (at%). The
top CFGG layer was annealed right after deposition with annealing
temperature (T.,) ranging from 350°C to 630°C. The samples were
fabricated into CPP-GMR devices using electron beam lithography and Ar

milling. The area of the pillar was measured by scanning electron

'
ex-situ | in-situ

70 (b) Ihﬁn;ram

@
a

s
=]

R A (M) um?)

P

w
=

20
300 400 500 600 700

T, (°C)

Fig. 1  Annealing  temperature
dependence of (a) ARA for AgZn, Ag
spacer and (b) MR ratio and intrinsic
RpA for AgZn spacer.

2040 60
It (a

80100 0 5 10152025
ont. (at%) ont. (at%)

Fig. 2 HAADF-STEM images and EDS
mappings for thin film stack of
MgO//Cr(10)/Ag(100)/CFGG(10)/AgZn
(5)/ICFGG(10)/Ag(5)/Ru(8) annealed at
350°C and 630°C.

microscopy. The microstructure was characterized by transmission electron microscopy (TEM).

Intrinsic MR ratio of 25.6% with ARA of 10.9 mQ um? was obtained in the sample annealed at
350°C and MR ratio of 59.6% with ARA of 21.5 mQ um? in the sample annealed at 630°C (Fig. 1). The
structure of AgZn was found to be B2 in the as-deposited state; however, it changes to fcc after annealing at
350°C. At 630°C, Zn diffuses out of the spacer region (Fig. 2). The diffusion of Zn at 630°C improves the
degree of ordering in CFGG, thereby enhancing the MR output. This work shows that the CPP-GMR devices

with the AgZn spacer layer are promising for readers for high-density HDDs. The method for obtaining high

spin polarization by utilizing the diffusion of Zn would be useful not only for CPP-GMR but also for other

spintronic applications.
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Magnetization dynamics in mag-flip spin-torque oscillator with
Heusler alloy Co,FeGa,sGe 5 electrodes for microwave assisted

magnetic recording

S. Bosu, H. Sepehri-Amin, Y. Sakuraba, M. Hayashi, and K. Hono
National Institute for Materials Science, Tsukuba, Japan

The main challenges for practical use of microwave assisted magnetic recording (MAMR) for next generation high
areal density magnetic recording are development of a mag-flip STO" consisting of the in-plane magnetized field
generating layer (FGL) and the perpendicular magnetized spin-injection layer (SIL) that is able to generate a large H,,
from FGL with a frequency over 20 GHz at small bias current density Jc < 1.0 X 10> A/m’. Solid understanding of
underlying mechanism of the large angle out of plane (OPP) mode uniform precession® is equally essential. In this
study we have investigated the oscillation behavior in a mag-flip STO device (Fig. 1(a)) with a 100 nm diameter

circular pillar using well established highly

spin polarized ferromagnetic Heusler alloy, (a) | Topetectrode (b) | T T
Co,Fe(GaysGeys), for SIL/FGL to reduce Jc. 19 ¥ R =aml
AR-H,, curves with H,, slightly tilted 6 ~7° F Lf ~ 1o é i

from the film normal are shown in Fig. 1 (b) M. ﬁ}smm o & 50f

for different negative dc bias currents /.

When |Ii| > 7.5 mA a sudden jump to the H(Oe)
. . . . (c) 300 ‘ ()
intermediate resistance state at high H,, ‘ 1=-0mA WZJ:.g?AA
N L H =993 kOe -6.omy

. . T b oo - -8mA
region appears in the R-H curves, indicating v e e - 75ma

o L . N Ko 588 10 — 10l
excitation of magnetization dynamics by the £ ' xR §o

z " — 8.32 kOe o
reflected spin current from the SIL interface. B e
100 i i v Y Py W'y
. . . 7.01 kOe 8- -
Fig. 1(c) presents detection of rf signal at I,L bl L *ﬂ?f/"
6.1 kOe g
f~12 GHz with large H.,. In addition, the Qi T S 6 7 8 9 10 1.0
. . 5 10 15 20x10° H(Qe)

frequency systematically decreases with f(Hz) X

reducing H. following Kittle’s equation. Fig.1: (a) Schematic diagram of the nano pillar STO device structure
(b) AR-H,, curves for different Iy, (c) rf spectra at [j; = -9.5 mA
measured under various H., and (d) frequency as a function of Hey
for Iy, = -7.5 mA to -9 mA (Je ~ 0.95 to 1.15 X 10'* A/m?).

The rf frequencies as a function of H. are
also plotted for different /. in Fig. 1(d). The
blue shift of f with increasing /4. at high H,
region indicates detection of OPP mode STO for the bias current density Jc ~ 0.95 to 1.15 x 10" A/mz, which is close to

the limit of desired J¢ for practical application.

References:
1) J. Zhu et al., IEEE Trans. Magn. 44, 125 (2008)

2) A. Takeo et al., Intermag Conference 2014 (AD-02),
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A BRIVEREERE 7 TR b O R VRS IRDOER

e RikZE, A HIER
(RAER)

Fabrication of magnetic tunnel junction with spinel barrier layer

Maki Sasaki and Masakiyo Tsunoda
(Tohoku University)

(XU I HIE, MgO%[EREE L LI-gmiett b o S (MT)) BFPNEAICHIZE S TEBY, @WK
EHZEE (TMRE) BE LTS, MTIOBESR S v RIGHIZIHEWEARGIE (RA) RO HNDH0,
CoFe, Fe, Fe,;N% O IRREIEE M & MgODRE G TN KE IR I AT 4 v NERFO720, FRRERE OfE L) K ©
o Tm. AR (MgAlLO)IECoFe s DRI TEM & O FIEAIN/NS 72 2 LD BMTIOMERER ST 5 7
DI b RVEERE & U CUTAEAFSE S, 2 E TlZ, CoFe/spinel/CoFe-MTJ, Fe/spinel/ Fe-MTJ4&(Z 51> T 100%
EHADRKERTIMRIEDMEF LN TND D Fex OIFFEZ L—F T, RFEA/NyZ U U IEICE > TAE SR
JVIEBEE 2K L 7-MTIC 60%% B 2 D TMREZ 15T 5 Y. ARFFETIE, Sukegawad 2D FiEICfiiLy, =
BRIV BREERE 2 F AR LIE TR L I-MTIZ/ERL L, & OTMREFFHE D FEAl 217 - 7.

EBRH¥E  CoFe/MgyAlyg/Oxi/CoFeB-MTJ } ("CoFe/Mg/Oxi/CoFeB-MTI & {EfL L7=. £7-, Mg MgAlE D i
JE b A 8L S CIREEEE OFLRL D 5472 5 CoFe/(Mg/Mgyy Alyg)/Oxi/CoFeB-MTI & /R L 72, MgOHL b A AR 12
TERCoFesfiliilE g % = v & & o ¥ VR &, Z 0 LICREEEE 2R LT, BRI & BN Z Rl L7,
H AE 3PaDRifiRsE 2 V>, BRLRERZ 505725 200s DM TZ2AL S & CHARIRIL 21T - 72, &R A FIEE
i Linmé& U, BEBEREZAA 1RO S L < LB % 28] (N.O. : 3Pa, 200sec)
L CHEBEIORGIC L 0 IT- 7. VER L 7= MTIOREURERE 100 - T

@1t

MiIEVSM, TMRAFEIZCIPT A FHWVTHIE L7-. goL A2 L
<! W3 AL
EBRFER  Fig.l IC/ER L 7-MTIOFEEERE ORI 3T 5 g 60
TMRE.Z 78 v kL2 b DETRT. MggAlyy 2> HMgspAlsy D ® r
fF3TCTMREL 8O%FRIE A sl L 7. Sy BIRE(L ClEMegq0Als, @ 49)
|_

13T 40%F2 P A ead L7z
Fig.2 1%, L 7= MTJ OREEEE QA3 5 R4 &

[\
(=

2y hL7ZbDTHD. RAMIZSEEEIT - 12560 020 40 60 80
WO LEL rot-. 2k, —EOmL TR L 2TV PEBESE L ARX,  (Mgjgo-Aly)-O
Dol DN, SEELICL VB bIN-T-0EsEZLS Fig.1 FEEEE OMAICXT 2 TMR bt

ns. _ g Barrier thickness dg (nm)
10° = —T

NTWRW. ZHIIREEEE ORGSR+ TH D 2 &R
FAbD. BUE, HEIRLI LIZEZETRIINEZ AT

T T T T
E deff=0-8dMg+1 A 7dMg/-\|

9 ZETTMR IEOM EARATEY, SESYARETD O
e :
BE @
&
1)  H.Sukegawa et al., Appl.Phys.lett. 96, 212505 (2010)
2)  H.Sukegawa et al., Appl.Phys.lett. 105, 092403 (2014) 10° |

n 1 n n 1 n
3)  B.S. Tao et al., Appl.Phys.leit. 105, 102407 (2014) o 20 40 60 80
BEE&EJ%/EE‘ZX, (MgIOO-xAlx)'O
4) M. Tsunoda et al., JAP 177, 17D703 (2015).
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Fabrication of magnetic tunnel junction with (AL Ti)-N barrier layer

Yasutaka Sakai, Shuhei Kobayashi and Masakiyo Tsunoda
(Tohoku University)

[ZCOHIZ BREME b o FNBEEEMTNE T2 & E HDD A O ~v RISAT 5720120, K
HIPURA), RBEKIETIMR)IENER I D . FEdE MgO Z BEREEMEL & LT L7z MTJ 0541213,
RRAREL P2 Z 22 FROMER A Jiti 9~ 2 & 12 &5 T MgO JEJF 0.75 nm C R4 =1.6 Qum*, MR =210 %3G Hh 5 = &
BHx DT N—TTIEHR LTS Y. L, MgO FHE 0.7 nm LA T Tld MR LS RIICHED+ 5720,
JEARIIC £ D S 570 1K RAABIZEEL <, MgO (2 2 #1772 BREEJE AR O BAFE MR D LTV D, Zn RN
IZED MgO DN R v v 7K TFT 52 EICER L, (Mg Zn)-0 %[kl & L= MT] SN S T
% 73, MgO FEEEE MTI IZEE_T MR ELIZIE T LT 5 Y. Z 0K Zn OIS LD MgO DMK
TL, TORRELTABEBFOaL—L U N U RVOMREPMEBE L 272D THDLEEZEZBND. 22T
Fexl, BEooBBWIMT KD b o VEERE S AR R & JFEE £ 7 1T L BERE RS I L > TR T 5 2 &
%f%zt. Tz D7 NV—T7TIIIEAE AN FEBEE MTJ (25T MR =50 %, R4 =10*~10"Qum’ TH 5 =
EEHEL TS Y. £, TINIXEE#EO BEARTH Y, (ALTI)-N OFESAEE T Ti #% 30 %Ll F T
I3 AN OfE S CTh 2 VY RIEE 2RO Z ENHE SN TWD Y. 2 2 CARIIZE TN =k &

L C Ti Z8&UNALTI)-N [EEERE MTJ ZERL L, %0 TMR ek 4 74 L 7.

EEBRAE AR~ xR ooy ZEEBEEMA L, HEPTERAIEHALT)-N #i%, CoFeB/AL-N or

(AL Ti)-N/CoFeB-MTJ % {EHL U 7=. HLHLRIAIE H(ALTI)-N EIEOFALIZIX Ar & N, DIRE T A % 7= RO
ARy Zik, MT) OREREBTE R IIRGHE A 7S > 2 {5 & Al or (AL TI) MR

#OT T A~ IEEZ VB, MTI O TMR ##PEE CIPT, S 10N o NyTO% |
HT1Z XRD, SARAHTIE XRF, BALEBREE VSM % 22 L Caffli 247 - é@f\\x " N0
7. %%: ]
RERBER  Fig! IC(ALLTL)-N HIEOHGTRO Ti WEKFAEEZ RS, 20 218?: \\
FERAD, (ALTI-N OfG R AEIEDS 7L S 2 - xS03 OHAITI, Jg& I SRR |
Al-N 12 ttf\“CHij(“C QHTRRE DD AR CTE 5. F£77, x=0.3 FE TP Ti content (at.%)
BRELO LTINS LT, (ALTi)-N DS RHEE S x=03 Z B LT Y Fig.1 Resistivity of (ALTi)-N thin film.
FRAIRE S s D A ARG 2 L2720 T 5. Fig.2(a), (D)X MTI D RA $5 107 | | | |

L O'MR O Ti RV R 2N 2R, Fig2@I ook Lz THEEEIC LD R4 1001 (a) Plasma “‘(‘gf‘,j_‘;"“ .
DEALIT Figl E5HELTHY, L0 E Ti LTI RA O X 672 510 0 1% Négs N, ]

T&5. —J, Fig20)PHIZ AN IC Ti RO TICEET 52 L1280 MR &0l

PR 5 2 E DD, ZHUTZEILETO Al IS Ti AEET S 2 L ThE Sl
R L7 R, BUR TOZEAMEE S, FEEME E TRk 0T

Reactive sputtering |
“ (RS)

TLEZERNRERTHD EEZLND. T, ICEA Sy ZIRIZ X - TER 80
L7Z(ALT)-NIZ 7T A& iEZE T Z L IZX > TMR A M EL7Z. it
BT R BERAEEZHZETCMRENM ETHZEEZERLTEY, MR A
HEFF Lo DIR RALDOEB N HIFF S NS,

MR ratio (%)
N o)
S =)

N
2

ZESCHER 1) S. Isogami et al., Appl. Phys. Lett, 93, 192109 (2008). 2) Y. Uehara et al., J.
0
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R.S.+P.N.
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Magn. Soc. Jpn., 34, 311 (2010). 3) Y. Kurosaki et al., 35" MSJ Annual Meeting. (2011). 4) 0
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Ti content (at.%)

S. Yoshimura et al., Appl. Phys. Lett, 97, 10C920 (2005). 5) D. Holec et al., Scripta Materialia, Fig. 2 (a) R4 and (b) MR ratio

62,349 (2010).
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CoFe,0, # W/~ HEEB(LM A ' 7 4 L X —FE 1 DfERL

PRt WIWERE 2, S EE 2. RIRRHR 2
(AbERBesafbt. LRI ?)
Fabrication of perpendicular magnetized spin filter junctions using CoFe,0,
H. Kajita', T. Yanase?, T. Shimada?, T. Nagahama?
(Hokkaido Univ. of Graduate school of Chemical Sciences and Engineering*
Faculty of Engineering, Hokkaido Univ.?)

EA

a0V k7274 kb (CoFe,0,) TR ERAAIEEE L - TH Y, IR X e B, 793K D&
W2 U —f, TLTHERKRE LTEI<HBNTWS, 20X REEIcksTAY Y 74V E—D L 57
ISR STV D, T4 MgO(100) H:dl iz = v 4 & o v Lk & L 7= CoFe,0, N IEEMEA R T & A L,
EVMERE N Z R LT e VWO MENR SN TS Y, L1 FePt 84D X 5 REEBALE L AEbESH 2 LT
BEMGA LA T 4 VE—DIERNAIREE B X biILD, £ Z TARER TIL CoFe,04 D HEERELIEFE D UE
ATV, BEBACMA Y T 0 VE —DOIERER R D,
RERAE

CoFe,04 1Z MgO(100) Fabik 1T it MBE 5% W CERE U 72, IR R MgO(100) E:A4k/ Cr (20 nm)/MgO
(2 nm) or Pt (3 or 10 nm)/CoFe,0, (t=2-10 nm)/MgO (2 nm) & L 7=, CoFe,0, /&3 4x10* Pa Dl T ¥ I /LK
T, 300°C TCo & Fe DRI _LAED LV THolz, ZDLE, V=T vy v X—%HnTru=y I RIZL
7o 7K. 410" Pa DEEFE T ¥ HIVEHA T TR % 721 (300°C, 450°C, 600°C) T7 =—/L%%47-7z, =
B % v LR EIL RHEED (2 L 0 | MO REFRIT AFM 12 & 0 R L7z, BREHEITEREICB VL O
W —h % (MOKE) % FWCHIE Lz,
fEE

Pt Ei(27&% L 450°C 7 =—/ L L 7= CoFe,0, ® RHHED 4 #[X 1 127~ d, WKL A R Y =7 XFZ —U»R5E5
N, TEXX VY LRELTWAZ ERERTE -, AFM L0 P 12 0.20 nm TYHEHENR B W &N
o T, X212 CoFe, 0, DRER E AT U v AR A RT, B IXEIRICR L CREIZEIM Lz, ATV
AR & D B AR mERAL SRR Sz, mNICEIII L7288 e A7 U U ARMRE N /ehoTz, Th
LV ERLL 7= CoFe,04 IZREMAAESTMEZA L TWNDH Z EIVRIREN D, MO _EIZ#3E L7- CoFe,04 12t~
Pt BIZZAE L7z CoFe,0, DN KR ERIREE N R L, AT E K< RoTWDHZ EnbNnd, ZOZEnb
PtJgZff A4 252 LKLY CoFe,0, DEEBALBIENKFEL TWVD I ENTHEND, o, TEMBA A
BT g VE—RAf AR L R R T D,

Kerr rotation angle / a.u.

X 1. Pt EIZHKAE L72450°CT =—/L LT T
(:)Fezo4 %) RHTEE;-I% # 2. CoFe,0,(t=10 nm)®> MOKE h##
L Z PN

1)H. Yanagihara et al,, J. Apply. Phys. 115, 17A719 (2014).
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#A7% CoFeA/MgALO, = t° % & 3 % /LI e 1
Z O Te B E bR O /R

SR E, 1. P. Hadorn, RALRIEH;, FEFiE, —=4AaH]
(bt BtE)
Fabrication of perpendicular magnetization films using an ultrathin Co,FeAl/MgAl,O, epitaxial stack
H. Sukegawa, J. P. Hadorn, T. Ohkubo, K. Hono, and S. Mitani
(NIMS)

(L &HIC

%M%E&%@@E&®ﬁﬁumtéhéﬁwﬁpwﬂﬁﬁ@%ﬂﬁbt BRI E ST K & 7o
HAEED TS, BHIAEVEABAMIBKR T VLT 7 ZAEY (ST-MRAM) ~OISHIZEel T, &
W R U RUVEESIERST (TMR) BEAMS 5405 MgO /N U 7 & CoFeB % filA B b 7oA IE DM A NCHIFZE S U T
%Y, E7-. MMEEMEAIE & LT Fe P CoFeAl (CFA) A4 Y2 M5 Z L2k > T MgO & DREIZK X
REEMARBRTENHEIND Z ENPEINTWND, —F, T HOMBEMERE MgO & ORICIE 3~4%F
EDFRIEE DT D72, T b DSl Job\f AT 4y MEPHEFOT OB AT Lo TG
DELENI DLWV B D, MgALO, ZX—A LT 50 TIE, MTIDO/NU TIEE LTEV TMR HAd
BonDdZ BTz Y, MgO I _IRRENER & O T RELZ/NESL TEDH 2 D, X BN Rkt
EOMERN T BEMRE T EZ I DICM ETEX 5 AEEMEZ MO TV D, AL T X F v L

CFA B & MgALO, VIR Z FifE S5 Z LI XL W RELRB|BEMKEFENG LN Z L2HET D,

ERAEE

ZREERME X~ 7 hu v ARy FAEEEZ W TER L, S BHEE & LT MgO(001) s A3k BT Cr
JEZ /Ny 77 —& LT, CFA (fcga) Mg (0.21nm) /MgAl (fyea) /Oxidation/Ru PR3k (2nm) & L7z, CFA
JE1% Co-Fe-Al DE&HX —57 v ML EIT 72, F72. MgAl BORRLIZIZ T T X~ig{bikEs L OVE Rk
LiEE RV Y, (R U= ST Bz h BV (BVLERIRE T.,) #1771, VSM % FH\ CREGRFIEREATR
HEIRTITo 70, EIHEEMATIZIZ HAADF-STEM % V72,

EEMER 1500 T T
MgAl JERE (LS 2 tygar (205 U Tl 2 2 L IT XKD | Ty 1000
>200°C THEEMSRMALIED G a7z, il & LT Fig. 11Z1E, fopa
= 1.0 nm, fygar = 0.45 nm DIEEIT%F L 5 Pa DEEHFRPHSAL T

Sy BRI X 0 VERL L 7= CFA/MgALO, #3d& DR b it ool i )
ﬁ(nfaww)%ﬁbfwéo:@%ﬁﬁ%ﬁﬁ@kﬁ&b P e In-plane
THLRTND D EBDND, tera=1.0m & A=A, i W [ S
BRI E T L F— Koy 13K 4x10° erg/om’ FEJE & K & 72 1000 -5(;00 0 soloo 10000
[l EBND Z L b o7z, HAADF-STEM &I & BMHr7> | MaoneteTen(oe
UL R CEA NGALOL B - OM 5 T, ot s o T
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