11pA-1 H42 | AR ANREAEEE (2018)

Magnetic field effects on crystallization by LLIP method
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Application of magnetic fields to crystallization have been studied in order to make a high quality and large crystal.'™
Liquid-liquid interfacial precipitation (LLIP) method is one of technique of crystallization from solution. Two kinds of
solvent are stacked to make their interface. One is a poor solvent for desired material, and the other is a good solvent
saturated with the material. In general, right solvent is stacked on heavy one to prevent the convection owing to gravity.
The seed crystal is born and grown at around the two-dimensional interface because the supersaturated layer is generated
due to mutual diffusion of the two liquid. The sedimentation speed is low for small crystal and accelerated with increasing
size of crystal according to Stroke’s low. When the grown crystal is leaved from the interface and sunk to the bottom then
the growth reaction is completed. Magnetic field and its gradient are thought to be influenced the crystallization processes
as follows. The generation of seed crystal and the growth rate are controlled by the magnetic field because the degree of
the super-saturation depended on the diffusion of solution is controlled by Lorentz force under the influence of magnetic
field. The growth direction is also controllable magnetically because the posture of crystal is controllable against the two-
dimensional interface if the crystal has anisotropic
magnetic susceptibility. In addition, the crystal size is
controllable because the staying period at around the
super-saturated layer, which corresponds the reaction
period, is controllable according to apply of magnetic
force parallel or antiparallel to gravity.

In the experiments, some kinds of crystal were
crystallized and the magnetic field effects of the size,
morphology, magnetic orientation, and quality of crystal
were estimated for C60-fullerene nano-rod (FNR), NaCl
salt, ice, glycine, taurine, lysozyme, thaumatin, etc. as

listed in Table 1.¥ For example, the long axis of FNR . . . .
Fig. 1 SEM images of FNRs crystalized in (a) zero

magnetic fields, (b) horizontal homogeneous field of 9.6
T, and (c) vertical field of B =7.2 T with gradient of dB/dz
=—-58 T/m. The directions of magnetic flux were shown as
allow in images (b) and (c). The scale bars indicated 1 um
for (a) and (b), and 10 pum for (c).

was oriented perpendicular to the magnetic flux as shown
in Fig. 1(b). The volume of FNR was enlarged by 10
times in the homogeneous horizontal magnetic field of 13
T. Under the influence of the gradient vertical magnetic
field, the volume was enlarged 100 times in the reduced
gravity environment as shown in Fig. 2. The size effects

were also recognized for other crystals as listed in Table 100
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were found as a magnetic field effect.
The magnetic field effect on size must be applicable to
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analysis. A hen egg white lysozyme was crystalized by Diameter, o (um)

the LLIP method under the influence of magnetic field of
up to 13 T. Ten times huge protein crystal was observed
and its XRD structure analysis showed that the crystal
kept high quality with the maximum resolution of 1.22 A
and R-merge of 4.6% (Fig. 3). The high mosaicity was

Fig. 2 Scatter plot for fullerene nano rod crystallized
under the influence of magnetic fields. The symbols e, x,
and o, corresponded to the size for Fig. 1(a), (b) and (c),
respectively.
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Fig. 3. The structure of lysozyme crystal precipitated under Fig. 4 Side view of the vertical interface
magnetic field with BdB/dz = —587 T*/m. under horizontal gradient magnetic field.
the interface was indicated as broken line.

expected because the crystal aligned perfectly to magnetic flux.

In addition, a new one-dimensional reaction field was developed among a paramagnetic liquid and two kinds of
diamagnetic liquid under the influence of horizontal gradient magnetic field as shown in Fig. 4. The paramagnetic liquid
was forced toward the magnetic center (the left-hand direction in Fig. 4) due to horizontal magnetic force. The horizontal
two-dimensional interface was changed vertical by the high magnetic field and the coexistent line among three liquids
was appeared. We except the new reaction field is available to make new low dimensional products.

Table 1. Typical experimental condition of LLIP method and the magnetic field effect

Raw material Poor solvent Diameter of Reaction Magnetic Remarks
/ Good solvent (precipitant) reactor, d / mm duration field effect
C60 fullerene 2-propanol 14.5 48 hr Size x100, rod crystal
/ Toluene Orientation
Ice (water) Toluene 5.0 3 hr Root position, "20°C
/ 1-BuOH Orientation,
Growth rate x6
Glycine EtOH 14 2 hr Polymorph, 0°C
/ Water Orientation
Taurine EtOH 14 2 hr Crystal habit,
/ Water Orientation
Thaumatin (Rochelle salt) 6.8 20 day Orientation pH=5.0
/ Acid
Lysozyme PEG4000, 6.8 5 day ~ Size x10, negative g
/ TAE (CoCl,, etc.) 2 month Orientation
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Numerical simulation on structure formation of magnetic particles under
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This study gives an attention to structure formation of magnetic particles by dipole-dipole interaction under magnetic
fields in materials processing. When magnetic field is applied to medium containing magnetic particles, the direction of
magnetic moment of magnetic particles align in the same direction as the magnetic field, and magnetic particles make
chain clusters by the dipole interaction among particles. So, the magnetic field is useful tool on development of
anisotropic materials.

In this time, we performed numerical simulations of the structure formation of magnetic particles whose size is on the
order of micrometers in material processing, and studied the unsteady process of the formation and its feature. Figure 1
shows the schematic model of numerical simulation. The cube of simulation region is a part of the inside of the container
and the periodic boundary condition for a 3D system is used. Magnetic particles are randomly dispersed in the container
at the initial condition. The translational motion and the rotational motion of particles are governed by Newton and Euler
equation, respectively. Here, we used DEM including the magnetic effect. About the simulation research of magnetic
particles, A. Satoh has already published many studies?. He deals with magnetic particles in magnetic fluids, and particle
size is on the order of tens of nanometers. Therefore, he calculates using Brownian dynamics method in which particles
do not collide directly with each other. He also discusses mainly the rheology of magnetic fluid due to the structure of
magnetic particle, and not structure formation in unsteady process.

One example of numerical simulation results is shown in Fig. 2. Particles aligned in the direction of the magnetic field
and made the structure formation of chain cluster. We discuss the structure formed by the magnetic particles and the
formation process when the concentration and particle size of the particles in dispersion medium are changed.

Reference
1) M. Yamato, et al., Polymer, 55 (2014) 6546-6551.
2) A. Satoh, Introduction to Molecular-Microsimulation of Colloidal Dispersions, Elsevier, (2003).

(a) Isometric view (b) Perpendicular section
to the direction of

Fig. 1 Model of numerical simulation g
magnetic field

Fig. 2 Result of numerical simulation
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Liquid Crystal Magneto-Electropolymerization
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1. Alignment of Liquid Crystal Conjugated Polymers

Magnetic field [1] or shear stress [2] affords to produce uniaxial
alignment of liquid crystals. Orientation of liquid crystal conjugated
polymer has been achieved under magnetic field. The aligned polymer
thus obtained in the magnetic field shows main-chain orientation
accompanied by orientation of liquid crystal substituents.

2. Liquid crystal electropolymerization

Electrochemical polymerization in liquid crystals has been carried
out. The polymer obtained in liquid crystal matrix shows liquid crystal
like morphology observable with optical microscopy [3] and scanning
electron microscopy. Although the polymer shows liquid crystal like
optical texture, the polymer shows no fluidity (polymer solid film). This
is due to the fact that molecular collective form imprinting from liquid
crystal matrix to resultant polymer in the polymerization process was
occurred.

3. Liquid crystal chiral electropolymerization

Chiral conjugated polymers were prepared by electrochemical
polymerization of achiral monomers in a chiral liquid crystal (CLC)
electrolyte solution [1,2]. The polymer films prepared in chiral liquid
crystal shows “Electro-driven change in optical rotation”. The optical
rotation degree is
comparable to that of
Faraday rotators. The
optical rotation degree
can be precisely
controlled be the external
voltage less that 1 V.
This can be a new
physical effect in optical
rotators. The ellipticity of

B § this polymer is also
. Y e ' found to exhibit
Figure 3. A polymer prepared in liquid hysteresis.

crystal under magnetic field.

4. Liquid Crystal Magneto-Electrochemical Polymerization

We carried out electrochemical synthesis of conducting polymers
in magnetic field of 12 T. The polymer thus obtained in the oriented
liquid crystal show uniaxial form. Polarized absorption spectra of the
polymers confirmed anisotropy and "linear polarized electrochromism
[2]. The uniaxial optical function is controlled by application of external
voltage.

5. Liquid crystal magnetic orientation in solvent evaporation process

Flgure 1. Polarlzmg optlcal mlcroscopy
images of unoriented polymer (top) and
oriented polymer with magnetic field
(bottom).
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Flgure 2. Allgnment of a liquid crystal
conjugated polymer with shear stress.

We developed a new method of magnetic orientation in solvent evaporation process via LC state to obtain aligned
polymer. Uniaxial alignment of conjugated polymer in liquid crystal was achieved under magnetic field. A growth of
the liquid crystal domains and magnetic orientation occur simultaneously in this process to form thin solid films with

align liquid crystal order.
Reference
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[2] Goto, H; Nimori, S. J. Mater. Chem., 2010, 20, 1891-1898
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Composite Coatings Utilizing Magnetically Fixed Particles

Junji Sasano, Takuo Ebitani, Takamichi Yamamoto, Seiji Yokoyama, and Masanobu Izaki
Toyohashi University of Technology, Toyohashi 441-8580, Japan

Composite coating is one of the methods to form films of composite materials utilizing electrodeposition. The
electrodeposited film with co-deposited particles is augmented with additional functions which cannot be possessed by
the matrix metal film alone. In general, composite coatings are formed by electrodepositing the matrix metal films
co-deposited with particles from their suspended solutions. Homogeneity and amount of particles in the films, and the
stability of suspended solutions depend on the characteristics of the particles and the matrix metals, so it is not easy to
find the optimum condition to control these properties simultaneously. To overcome this problem, we have investigated
a new method to form similar composite structures without using suspended solutions; the particles mixed with
magnetic particles are fixed on the electrode by the attractive force from the magnets placed on its back side, and then,
their gaps are filled with electrodeposited metal. Here, we call this method as composite coatings utilizing magnetically
fixed particles (CCMFP). In this paper, we investigate alumina co-deposited nickel composite coatings as a model case
of CCMFP, and show some necessity conditions to realize the formation of composite coatings by this method.

As a preliminary test, we tried to find the suitable condition for filling the gaps between nickel particles
magnetically fixed on a copper working electrode with electrodeposited nickel without using alumina particles.
Conventional Watts bath, which is one of the simplest nickel plating solution, was used as the electrolyte solution. The
magnets for fixing the nickel particles were two types of neodymium magnets, we call them magnet A and B; the
magnet A has the magnetic flux density of 360 mT with the size of 15x10x5 cm?® and the magnet B is a bundle of small
magnets having the magnetic flux density of 213 mT with the size of 1x1x5 cm® (total size: 16x14x5 cm?). (Fig. 1)
Electrodeposition using magnet A, however, did not result in the formation of a uniform film. One reason was that
nickel was electrodeposited mainly on the nickel particles not on the copper electrode due to the conductivity of nickel
particles. This problem was overcome by increasing the contact resistivity between each particle with thermally-formed
nickel oxide. Another reason was non-uniform distribution of the magnetic field, and that was evaded using the magnet
B with a bundle structure. After improving these two issues, bottom-up growth of electrodeposited nickel was achieved,
but even so, the roughness of the film did not improve. We thought this was because the bottom-up filling of nickel
slowed down during the electrodeposition process due to the recovery of conductivity between nickel particles by the
dissolution of nickel oxide. To investigate the stability of the oxide, we performed electrodeposition using solutions
with different pH values; then electrochemical measurements and thermodynamic estimations revealed that the nickel
oxide was easily reduced at low pH, and moderately high pH without forming precipitates of nickel hydroxide in the
solution was suitable for continuing uniform bottom-up filling. Nickel-alumina composite coating was conducted under
the optimized condition written above, and it was successfully formed. (Fig. 2) Although the surface roughness of the
composite film and uniformity of dispersion of alumina particles need further improvement, the results demonstrate the
possibility of CCMEFP as a potent method for the formation of composite coatings.

Cu working electrode with magnetically
fixed Ni particles

n

Cu plate

Ni particles Magnet

Magnet A
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Fig. 1 Experimental setup of the three-electrode electrochemical
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cell for CCMFP with a Cu plate working electrode with
magnetically fixed Ni particles, a Ni wire quasi reference and a
Ni counter electrode. Photos of the magnet A and B, and the
schematic structure of the magnet B are also presented.
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Fig. 2 Cross-sectional SEM image of AlOs3-Ni
composite film formed by CCMFP; darker gray parts
are included Al2O3 particles.



11pA-5 H42 | AR ANREAEEE (2018)

High magnetic field effect on copper electrodeposition
and anodic dissolution
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Magnetoelectrochemistry is the electrochemistry in magnetic field, which is characterized by a macroscopic
solution flow called magnetohydrodynamic (MHD) flow induced by Lorentz force resulting from electrolytic current
and magnetic field. Mass transport in magnetic field is strongly affected by MHD flow, so that in electrodeposition and
anodic dissolution, surface morphology of electrode can be controlled by magnetic field.

Numerous microscopic flows called micro MHD flow spontaneously occur in MHD flow. In a vertical magnetic
field, a macroscopic tornado-like vortex called vertical MHD flow emerges over an electrode called vertical MHD
electrode (VMHDE). In electrodeposition and anodic dissolution, lots of vortexes of micro MHD flows create screw
dislocations having chirality depending on the direction of magnetic field. According to this process, copper electrodes
with high chiral catalytic activities have been fabricated and applied to enantiomeric reactions [1]. However, in general,
because of viscosity, about 1 um vortexes mentioned above are impossible to rotate. For such a high performance of
catalysis, something to drastically decrease the viscosity is required. One question therefore arises; what is it?

Answer is ionic vacancy created as a byproduct in electrode reaction; a polarized spherical free space of the order of
0.1 nm surrounded by oppositely charged ionic cloud, which is produced by the conservations of linear momentum and
electric charge during electron transfer [2]. The average lifetime is about 1 sec [3], which is extraordinarily long
comparing with a collision period of 10° sec of solution particle. The most important point is its migration without
entropy production, which implies that it does not interplay with other solution particles, providing inviscid flow
without viscosity. In copper anodic dissolution on a copper VMHDE, microbubbles originated from ionic vacancies has
been observed (Fig. 1) [4]. Furthermore, the micro MHD flows make ionic vacancies distributed in mosaic, so that on
the patterned vacancy layer, drilling effect of micro MHD vortexes leads to characteristic pit formation with high aspect
ratio on a copper electrode surface (Magneto-drill effect) (Fig. 2).

Electrodeposition is also strongly affected by magnetic field. Unrelated with hydrogen evolution, copper dendrites
develop in high magnetic fields (Magneto-dendrite effect) (Fig. 3) [5], where in place of hydrogen molecules,
nanobubbles from ionic vacancies adsorb on 3D copper nuclei, inducing remarkable dendritic growth.

M crobubble

«—>
Imm ; . .
Fig 1. Microbubble globules on Fig. 2 Magneto-drill effect Fig. 3 Magneto-dendrite effect in copper
copper surface during on a copper rod electrode at deposition.
copper dissolution at 8 T. 10T. (a) B = 15 T without hydrogen gas evolution.

(b) B =0 T with hydrogen gas evolution.

Reference

1) 1. Mogi, R. Aogaki, & K. Watanabe: Sci. Rep. 3, 2574 (2013).
2) R.Aogaki, et al: Sci. Rep., 6, 28927 (2016).

3) A. Sugiyama, et al: Sci. Rep., 6, 19795 (2016).

4) Y. Oshikiri, et al: Electrochemistry, 83, 549 (2015).

5) M. Miura, et al: Sci. Rep., 7, 45511 (2017).



11pA-6 A2 | AR EEAE (2018)

Concept and Procedure for the Synthesis of Uniform Nanoparticles in
Liquid Phase with Large Quantity
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Since monodispersed particles have excellent uniformity in size, shape, composition, and structure both of bulk and
surface, they can be used as highly functional materials for industrial use due to unified characteristics under one
standard based on their monodispersity. Among so many synthesis method of nanomaterials, Gel-Sol Method" is unigque
in the production scheme from the dissolution of initially formed gel to the re-precipitation of monodispersed particles
in solution phase, where the composition of ions and/or complexes are kept constant in the solution phase. For this
method, particles are formed through nucleation and growth by a direct deposition of monomers onto growing particles,
obeying LaMer model®. Namely, the growth mechanism of particles is not via aggregation of primary particles. For
hydrothermal processes, including Gel-Sol Method, the most important technique is to avoid tremendous coagulation
between growing particles. As you know, DLVO theory® predicts adequate conditions of particle synthesis that we
usually choose dilute solution system, where electrolyte concentration is too low to lead to the rapid aggregation. In
contrast, Gel-Sol system shows the concentrated solution, including initially formed gel. For this method, growing
particles are strongly immobilized in very viscous gel network to completely reduce Brownian motion, a trigger for the
aggregation, in which a particle collides with another one. Namely, the particle formation rate is preponderantly higher
than the coagulation one of growing particles in order to prevent aggregation. In this manner, Gel-Sol method can be
applied in non-aqueous solution in place of aqueous one so as to establish the combination of solvothermal synthesis
with Gel-Sol method. For hydrothermal procedure, we have been experienced that materials, which is predicted
stoichiometrically to form in any condition, sometimes cannot be prepared. For example, a.-Al,O3 cannot be formed by
the hydrothermal synthesis method, where AIOOH, intermediate compound between initially formed Al(OH)s; and
a-Al>0s as a final product, is too stable to dissolve in aqueous solution in order to convert into a-Al,Os. For the other
example, ITO, indium tin oxide, is the same case: ITO is often used as Transparent Conductive Film on various devices,
such as LCD, SmartPhone, etc. Although ITO is expected to form stoichiometrically via a hydrothermal method, ITO
does not be obtained in the actual synthesis process. For these cases, we choose organic solvent such as alcohol etc., in




place of water, since there is too much oxygen sources, that is, water.
Namely, the synthesis of magnetic nanoparticles is exemplified®. It is very difficult to obtain single-phase e-Fe,Os
nanoparticles, because e-Fe.O3 phase is an intermediate phase on the transformation from y-Fe,O3 phase to a-Fe;Os
phase. To prepare g-Fe;O3 phase selectively, focusing on the formation energy of &-Fe;O3 phase is important. The actual
preparation method is shown as follows. First, FeO nanoparticles with the size of 24, 40 and 60 nm were synthesized by
our previous method®. As-obtained nanoparticles were coated with SiO, shell to prevent their tremendous aggregation
during heat treatment. The resulting SiO coated FeO nanoparticles were treated at 1000 - 1200 °C in the air. When 40
nm FeO nanoparticles with ca. 15 nm SiO; shell were treated, significant aggregation and increase in particle size were
observed at every treatment temperatures. As-prepared nanoparticles were found the mixture of y-Fe;Os, e-Fe;O3 and
a-Fe;03 phases. When 40 nm FeO nanoparticles were treated to cover with ca. 40 nm SiO; shell, the particle
aggregation was completely inhibited. The crystal structure was found to transform from y-Fe,O; phase to a-Fe;Os
phase via e-Fe,O3 phase as the treatment temperature increased. The e-Fe,O3 nanoparticles formed at 1100 °C showed
large coercivity of 20.8 kOe at 300 K. As a result, the control in change in the crystal structure with temperature, under
the complete inhibition against aggregation nor the growth in size, is the most important so that e-Fe,Os is selectively
formed as a desired product.
Fe(acac)s 2.0 mmo

o %cc0

Oleic acid 5.0 mL Fl
Oleylamine 5.0 mL ‘ 1
Preheating p- &9 _‘.. 26 36 4 50 60 70 80
Heated at 210 °C i 100 nﬂ 2 8 [deq)
23.6 £ 2.0 nm 40.9 = 3.8 nm 59.5+ 8.2 nm
N, atmosphere
Heated at 320 °C . .
m Cubic shaped FeO nanoparticles were formed.
Washed with ethanol m The particle size could be controlled by changing
the preheating time.
Dispersed in Hexane The number of nucleus were increased by long time heating,
thus the final particle size were decreased with time.
FeO NPs
Cyclohexane 80 mL
IGEPAL CO-520 12mL
25% NH; aq. 2mL

Stirred for 15 min

FeONPs 360 mg
Cyclohexane 6 mL
Si0,
Tetraethyl Orthosilicate
Fe/Si = 0.1 [mol / mol]

FeO
Stirred for 16 h
Washed with MeOH, EtOH -

FeO @ SiO, NPs Uniform SiO, shell was formed on
the surface of FeO nanoparticles.
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Large tunnel magnetoresistance effect in polycrystalline CoFeB/MgAl,O4/CoFeB magnetic tunnel junctions
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— 77 . MgO EJE D HE K & 32 TMR k23 B L 150%LL E o "

TMR HAWFHOMAIC BN T b2 EICH Bz, MgO Mg-Al-O

(0.5 nm)/Mg Al-Ox & 1235 T B K 260%0D TMR R332
Bz, Ziud, MgO ffiAJE A Mg-Al-0 N U 7 kD
TeDOT T L— e LTHM@ N2 EEZ 2 b b,
F7o. B A BRIV MTT & RERIC BAf 72 TMR FLD /S A
T AKAFE B BLES S L7z, Wi STEM £ (Fig. 1) 75 (001)
A A L 72 CoFeB/Mg-Al-O/CoFeB & G H LT 5 Z & Fig. 1. Cross-sectional STEM image of a CoFeB
PHER S A, Y T R O T AR b IS T & /ﬁgl;.e/MgO (0.7 nm)/MgAl>-Ox (1.2 nm)/CoFeB
Woinolz, LLEORERNG | fiil MgO A8 OFI AT &
ST, MDA ERVMTI ZERICHE L ZEREFL LTHELND Z Lo Tc, ABFEO—HITHE
B FEB T HEME 7 0 7T 2 (ImPACT) 1T & 0 B P E IR 208 L7 Z56I2 L0 . £ 72 JSPS B
(16H03852) DBhf%iz L viTbini=,

L ZD.T;N

1) H. Sukegawa et al., Phys. Rev. B 86, 184401 (2012). 2) T. Scheike et al., Appl. Phys. Express 9, 053004 (2016).
3) Ikhtiar et al., Appl. Phys. Lett. 112, 022408 (2018).
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BER b v RIVEES FelMgAlLOJFe (2B 1) B BEKIEH IR R DEINEEKFS:
B REHEICXET S u—F

YRR, = Bk
(hr Bt )

Bias voltage dependence of magnetoresistance ratio in Fe/MgAl.O./Fe junction
: First-principles theoretical approach
Keisuke Masuda and Yoshio Miura
(NIMS)

2004 O FERELIPILEOME [1,2] Lk, MgO k> xRN T REZ WA b o Vs (MTI) 12
DONTEE L ODIFFEN e SN T&E T2, ZD—J7, MgO & A& T RIEA MK & WBRIEMEIRIZD\V T, MgO LISk o
k) 7@ E RO CREEO B OB (MR () 24X 9 &7 5B IMICED 5T 5.
Z RN T MgALO, % V2 MTI, Fe/MgALOJ/Fe IZBE 272132 D L 5 ik BD 1 H>THh Y, ZhE
TIZEIRL T 300%FEE D E WV MR EERESN TS [3]. 20 MTIIZIE, Rl COR T AREANIEFIT/HE N
(0.1%F2E) = L0, MR L BAF R BIEIRAME 2RO Z L7 PR x 72 A U » R MFEIET 5. Fe/lMgAlLOuFe &
Fe/MgO/Fe DARE M. 2 AN LR 5 2 & 13 MT) OREKARE R EZ L 0 RS P+ 5 L THERETH S,

AWFIETIE, 55— R Z AV Fe/lMgALOLFe D MR Eb D EIINE FEAMEAEPEIZ DWW THEMT L, Fe/MgO/Fe
BB L DEITHOWTEREIT oIz, Fox 13 % i b L7- Fe/MgALOuFe & Fe/MgO/Fe D& 112 %t L
FEINBEI S A & FE A Green BASEZ AT 5 2 & T, TNENDOFRD MR LLOEBEERFEEZFR L, £5°
Fe/MgAl,O./Fe, Fe/MgO/Fe DAl L 725 & LT, MR e3SHIINEE & & HICHFAICHED L 5 i RE
FEVeTO L RDIBOBENNHFONTL. S HICZOEFERE V2T, Fe/MgAlLO4/Fe @ V. 75 Fe/MgO/Fe ™
ZIICHARBFIZRE N R Doz, 2O XKD REREIE Ve OZOEIREZW LT 5720, Fxldil
MTJ IZ DWW TSRO = RV F — (KA K OB D /S RAEIE OFEM 72 fif T 21T o 72, A B Ui & £
MgALO4 /XU 7 D N T EEXT bee Fe DEINESG T EED 2 15T 5 72, FelMgAlLLOu/Fe |23 TIXEMD
RV RAgEDS HEMZ bee Fe /Ny RS2 [HIN T D 7272 VTSRS 2 FF2 (32 RITD 7272450 F) [4,5].
Fex OFITORER, ZOX DNy RPT0 2= BRIZ L » TEAH SIS Fe OB AE LR R
73 FeIMgALO4/Fe (231 2 K E i REBE V. ORIRTH D Z L i3bho7z [6].

AHFFED 1% TDK B tE, BHFE: 5L S (16H06332), % B (16H03852), AU ZERl s~ 1 7
Z L (IMPACT) OB &2 1M Tl b D ThH 5.

1) S.S.P. Parkin et al., Nat. Mater. 3, 862 (2004).

2) S.Yuasaetal., Nat. Mater. 3, 868 (2004).

3) M. Belmoubarik et al., Appl. Phys. Lett. 108, 132404 (2016).
4) Y. Miuraetal., Phys. Rev. B 86, 024426 (2012).

5) H. Sukegawa et al., Phys. Rev. B 86, 184401 (2012).

6) K. Masudaand Y. Miura, Phys. Rev. B 96, 054428 (2017).
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FEMIETR, PEHYEIR, Gang Xiao****
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Voltage-induced Magnetocapacitance Effect in Magnetic Tunnel Junctions
H. Kaiju, T. Misawa, T. Nagahama*, T. Komine**, O. Kitakami***,
M. Fujioka, J. Nishii and G. Xiao****
(Hokkaido Univ. RIES, *Hokkaido Univ. Eng., **Ibaraki Univ. Eng.,
*#*%Tohoku Univ. IMRAM, ****Brown Univ. Rhys.)

L LI

UTEE BREENE B R RS MTDIZE T D b FABRF v /3v & A2 (TMC) R 1%, 07 A v 8
REPIR A L LA T 27 AT DB A R E 52 D, BIRERR U RoMER AT Y ~D
IS BRI TS Z ENBENANTRERERZED TV AH[1-4], TMC Zh RO BLREVRHE DO —D2 & L
T, BEICHT 202 MERETF NS, HlZiE, TMC O Vip(=E a3, 7 A0 TMC 35312 70
5L EDOBIT)IL b RNBEEIEDT(TMR) &L C 2 (FRERE NV ERFEIN TS5, 20X H7%
TN A MMECEE L T, ABFFE T, BEICK LT TMC MY KT 58 LWEEZ B Lo THiET 5,

ES sk

BmEZE~ 7R hu v A8y ZAEE 2 JI T BERL Si Htk b
IZ Ta/CosoFeso/IrMn/CosoFeso/Ru/CosoFes0B2o/MgO/CosoFesoBao/Ta/Ru
OIS LD MTT Z AR5 U7z, 5RIGEIERE CosoFesoBao DIFEIT 3
nm, #fxE MgO ORI 2nm & Uiz, B iz 7+ Y v
777 4= AF IV U TEERWE, AT 1800 um?
& L7, TMC B X O TMR 2R OMIEICIE, ERSE U 4
FiEE Wz,

EBRAER

112 TMR & TMC O3 A 7 ZEAFVEZ RS, TMR Eid A
TAEED B E LI T S 2 ERbons, —J5, TMC HiZ
DNTIHENAAL T RZBN TR T 508, E3A 7 AT
KT DR HENEHH SN, 2D OEREREZDHHT D
728, BERFHEIC X AT 21T - 720 TMR O FHEI2IE Zhang &7
N FVTE[6], TMC OFHEICIE 4 REENY 7L (QBA) & A
vk R Y 7 ML (SDD) £ 7 /L [2] % B Y A7z Debye-
Frohlich &7 V& Wiz, & OHREE, 2T L DT, EBREE
REHBHEENBOW—FE2RTZENDbNoT-, ZHTAE S F
¥R H U ANEEFE TMC RICKEREELZRTT &%
BT 2, G CIL L 0 BRI BB - SRR R I W T T 5,

L 28N
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2: TMR kb & TMC LA 7 R EFE
A7

[1]1 H. Kaiju et al.: Appl. Phys. Lett. 107, 132405 (2015). [2] T.-H. Lee et al.: Sci. Rep. 5, 13704 (2015).
[3] S. Parui et al.: Appl. Phys. Lett. 109, 052401 (2016). [4] H. Kaiju et al.: Sci. Rep. 7, 2682 (2017).
[5] A. M. Sahadevan et al.: Appl. Phys. Lett. 101, 162404 (2012). [6] S. Zhang et al.: Phys. Rev. Lett. 79, 3744 (1997).
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SRR Y2, AR Y, HRARSFRE %, RS EME % BEETR 2 ZINE T, AREY?
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Response of pulse input in spin torque oscillator
°Daiki Suzuki®?, Sumito Tsunegi?, Kay Yakushiji, Akio Fukushima?, Shinji Yuasa®,
Yukiko Yasukawa®, Hitoshi Kubota®
(ChibaTechl, AIST2)

XL &HIZ

AEUHAT I AOEEEEFIHA LR AT Y RCAE Y MLy BIRFEFIE, IR OBREET N1 2
ELTHEASNLTWDS, ZRHDT AL AR T, EFETIEAE S Z A F I 7 ADOWPER IR 5 B & F
ALEEAERICHEEDEE > TVD, ALV H AT 7 ZOMWPERZR 5 EVICE LT, BLRERIC
BOWTKERAE SRR DD 2 & IR ERHERSNTOVDEN, ZOERMARBGEHIERL £ 7207
WORBURTH D, IS, 7OV RBED AN T D4 F 7 AOEREFRIEIXIZEREEOHEKCTH 5,
AWFFETIX, A EAFT I 7 ZADOWERNRIRDEENEZFHAND 72T, AV MV RBIRF T VL AEE
AT LZEDISEEF~TZ,
=B

ERICHW - AE Y VY 3IRFE T3 FeB % HHIE & LRSI 2 v b v B&E#H T ¥ SifSio,-sub./
buffer/ CoFe(2.5)/Ru(0.86)/CoFeB(3)/MgO(~1)/FeB(5.0)/Ta/Ru (nm) T 5, HEIRIRZFIEL S 57012, FF
IR 550 mT Z R IE A L, 2V REEEZ AT Lz, AIEFIRE UTHERER R A S
(Keysight 33622A) & Nz, 7SV ADSEE ER Y (F230)RIX 5ns & L, 7L AIEIZ500ns & L7z, /34
T AT 4 —DRJEEAR— EN OV AEEEZAT) L, @EER— B A MY RBIRFEFOMIMET%
VT NEA LA Aa—7 (Keysight DSOS804A)Z & v &I L 7=,
a2

1 @), (B)IC A B2 kL7 SAREF I FIN L 7= 56 ;04‘EL—( = : 2
T E 5 (off B 0 mV, on B 400 mV) & . = DR 2 o 02F T G e~
By ML RIER T OMARIEE RS, ALY L 8 O-OMWWW o £
) RAREFICBENAINEND AL ADLS Easy > Lo 2 S
T, 20 ns LL EOFHERFRIAE LT b, fReI2fE %ﬂQ_ o | o I‘ é 3
FIRENHE KT DB SN, BIRIREETO O 04 —llil‘—l':‘l—'illl] :8 a
REEHIL 2ns THY | EHWERNBRMTLET 40 20 0 20 40 60 80 100 120 140
CHE L 7R FIREX 20ns DL ECTH D 2 E b o —
Foo —Ji. ZULADEL T Y TlE, ABSH TN — 040 —. . 2

o N N > E
WE L EER CASRSBE N, BRTIE, B g 02 oupt | 4 o
WSR2 LOBMicAE Y 47320 8 % W ° 8
BREIT . s {2 2

Q02 44 5
BE R > 16 £
04 N N T T T T T I b ©
1) J.Torejon etal., Nature 547, 428 (2017) 360 380 400 420 440 460 480 500 520 540
2) H.Tomitaetal., Appl. Phys. Express 1, 061303 Time [ns ]
(2008) \ .
3) S. Tsunegi et al., Appl. Phys. Express 7, 063009 ;;%E_%;i o/)l/é ﬁ?ﬁggﬁ%ﬁﬁﬁ?&ﬁgﬁgggzg
(2014) D, (I FY,
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FeB H Hi 8 & FF S XUl A B b L7 g HIRSE -+ D[R HIE 5

RO 12, 8RR E 12, FOREA 2, SEATFE 2, @S EmE 2, Braiin g, ©INE 1Y ALY 2
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Effect of interface modification on electrical synchronization in spin torque oscillator
°Takumi Ando*?, Daiki Suzukil?, Sumito Tsunegi?, Kay Yakushiji2, Akio Fukushima?, Shinji Yuasa?,
Yukiko Yasukawa', Hitoshi Kubota?
(Chiba Institute of Technology?!, AIST?)

ER

AE YV MVIRIRFE T (STO) DX A F I 7 ZAOBRFERC S JE B REOUGEE B Lo ThivC& 7z, i
T, SRR UsE Y ROMAREIE R Y 72 P o LUIS ST T, STO O FMIE S ICE A N EE -
T 5, STO ORIEABSGIIREN V E 7 IXEXWN P2 AERIC L 0 BET 5, EXN2MHEERZFA L
RIS 3B RS T [ BEBE SR AR O SREEDMEAE L e W e, FIE D ITLRMED VRS B 5, — T,
WA R A AAE I e TESB R A NIEES < | IRE) T O B EBGE D5 Mz Bt 5 7200 TR AR
EHESNTLE D LWV IBEND D, ? Z OFEBIDHERE T 2 BN EKE (FHE) (2B LTk, BIRSGEB L O
MEHEAFMEZe B U CRMIIR IR D72 ISH EOREE L 72> TV 5, ARBFFETIL, BT & JE W R
PEZFFO FeB % HHE & 3 2L STOV 2 AR & LT, Z ORI O R 25 21T - 72,

RERAE

AT THW BRI STO DERER Z X 1 (a) 12777, BHEEREIL 10 nm & L, E£E 300 nm @ STO %
EBBUYZ I 7 4 BEIPAr A3 IV 7L 0ER LT, BEmEE ST O/SR ¥ X OEGREE e 2 EN
L HBWRIEZ RN Uiz, $£72. FYIEZ Rl 5 72 DI EHEE SR E2 O bl R o EBR 21772, Z0
W, JEMEE B L STO O NEBZERICKBIT 572012, EHEE B OB ficld STO OFRIER I £, D 2
W (fie~2 1) ZZ Wz, STOIZIEA SN D EEF S HE Ac23-20 dBm & 722 K912, FEEE SO
FIRE R U EBR AT T2,

KRR

X 1(b) (ZELFRFEE 400 mV, RELFAR 300 mT (23511 5 STO D IR IEL fi, DIEVER I AR FEMEZ R, 2
DEFASA T ATBIT 5 STO DRIEFEIREITB R L Z 512 Mz BE TH 5, fie/2 23511 MHz LLFE L TUN513 Mz
P EIZ 3 W THIE(E B O JEIRBUTK & 77 STO O IRJE I HIE 512 Mz FREEC—E & 72 0 | Z O B UEJE e 5 hE
T STO 1B BRICxt L CIERBIREETH 5 Z L b noTz, —FH T, £ic/2 23 511.5 Mz 2>5 512. 8 MHz
WZBWTIE fic/2= Fono EJATEHD—H L TNDZ ENG, STO EEFEAFRM L W AT BIBHl s, 2
DEBRMN G, FeB H HJE 2 oA STO TIX 1.3 Mz ORMIEZ > Z L b o Tz, BETIE. R
8 DFIR SR BHETF I DWW T H R 21T O,

BE 3 (a)wp% (b)  s135
(1) S.Kaka, et al., Nature 437, 389 (2005). MoO(1.0) _ 513.0f 1
(2) R. Lebrun, et al., Nat. Commun. 8, 15825 FeB(10 nm) % 519.5F M@@%
(2017). CMEOé%élg) = O%& T
ore g o .
(3) A. Kumar, etal., Sci. Rep. 7, 411 (2017). o
CozFe-(2.5 SF 3
(4) S. Tsunegi, et al., Appl. Phys. Express 7, | OlrMen(%) ) | — Pue = -20 dBm
063009 (2014). m PH0/07511 512 513 514 515
(nm) foc/2 [ MHz ]

1@ A v b7 B EFHE T (STO) D FHE i, (b)STO
DIEIEE I fro DIEVES S AWK fc IRAFME,
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Energy Harvesting Based on Stress Induced Domain Wall Motion in
Soft Magnetic Microwires

S.N. Piramanayagam,' S. Bhatti,* C. Ma? and X.X. Liu?
'School of Physical and Mathematical Sciences, Nanyang Technological University, Singapore
“Department of Electrical and Computer Engineering, Shinshu University, Nagano, Japan.

Energy harvesting is getting significant interest due to the requirement of devices for the emerging internet-of-things
(10T) technology and their requirement of self-generation of power. As a supplement to solar energy based energy
harvesting, generation of energy based on magnetic principles is useful. Domain wall propagation in ferromagnetic
materials, as induced by stress and a pick-up voltage using coils has been investigated as an alternate form of energy
harvesting. We have recently shown that power can be generated from mechanical vibrations in purely ferromagnetic
structures. In this talk, we will highlight the details of micromagnetic simulation and experimental work.

For this work, we deposited soft magnetic FeCo films using facing targets sputtering (FTS). The fringing magnetic field
from FTS was used to achieve a field-induced anisotropy. The use of suitable underlayers helped to reduce the
coercivity of the films and to set the magnetization along the fringing field direction. Lithography was carried out in
such a way to achieve microwires with an anisotropy in the orthogonal direction. Stress was applied and the change in
the domain pattern was observed using bitter-pattern technique.

Figure 1 shows the changes in the domain pattern as a function of the applied stress. It can be noticed that the domains
are densely packed when there was no stress applied. When the stress was increased slightly, the domains expanded. For
higher values of stress, the domains disappeared completely. For practical applications, the stress could come from the
bending of the substrates due to the picking up of ambient vibrations. For energy harvesting, the resultant change in the
domain wall motion could lead to a change in flux and hence a voltage in the pick-up coil. We have made a prototype
device with pickup coil and have obtained voltage pulses of the order of 1 mV in a resistive load of 50 ohms.

In summary, the use of flexible substrates with low Young’s modulus and a special magnetic stack enabled us to achieve
significant magnetization rotation or domain wall motion even from ambient vibrations. We have exploited the rotation
of magnetization or domain wall motion to induce voltages in the pickup coils.

References

1. Bryan, M. T., Dean, J. & Allwood, D. A. Dynamics of stress-induced domain wall motion. Physical Review B 85,
d0i:10.1103/PhysRevB.85.144411 (2012).
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Fig 1. Domain wall images as observed by (a) optical microscope and (b,d,e) bitter-pattern technique (c) Ilustration of
application of stress, to induce domain wall motion.
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Visualization of Anomalous Ettingshausen Effect in an FePt thin film
T. Seki1’2’3, R. Iguchi3, K. Takanashil’z, and K. Uchida®*
(‘IMR, Tohoku Univ., 2CSRN, Tohoku Univ., °NIMS)

B ®I

Bz oL A PR (Anomalous Nernst Effect: ANE) EBE T v 74 V7 AT E U FIHE (Anomalous
Ettingshausen Effect: AEE) &, MBAIMEARICE 1 2 A L LTHS 2o A6NTwBBIRTH 2 Y, ik
(M) & RE ARV T DA ANCEEZ L ¥ 28R D ANE TH D . AEE TIEFENI) E MIZ X >TVT R
BHNng, THOBMEREBIRIEZ RN ——xRZAT 1 v 7T E L COIHTARED» SIEHZEDTE D |
FFIZ ANE 3NV 7 | % D T4 2 EICB TN ED S Twb, —J5 T, AEE OWFEHRE X
PNV R R R E Lz b DI S TE D 2, BRI B 1) 2 AEE OBIINTEETH B, F2,
AEVHJ)E M DB ZEIEE L7 AEY LT 2 4R (Spln Peltier Effect: SPE) ** & AEE DXtk
DEVIZOWTHEIFZINTES T, HELEHD A A = XL ZHRT 2 72012 S i H D% 5 %2 HAEICIX
MT 2 EDREBETHS, 2 I TARIETIE, vy 74 v H =87 774 =k D%\ 2 2 LT, FePt i
ABHZ BT 2 AEE DAL 21T -7 %), AEE & SPE DRFREDE VW ZBMEICT 22 L2 HIEL, 51T,
AEE THEINZMELTHO 70 7 7 A VEZHSPICTE I EEZHNE LT,

ES S
AEE % 08t § % 72 0 D lifEE R & LT, SrTio3 (100)HEHR BIc 28 % o v )LRE & & 72 FePt (001)ifi
PRV, BEEZENGE 72 bRy A8y EEEIZX D 10 nm JED FePt 8% 350°C TR E X725, %

MMT.7mx 22k Y FePt J§% 500um rﬁm@):@%ﬁ;ﬁ%?«&ﬂuibf:o RID J. % FZTITHI L 72286 7%
WA AT IC X BEMGREZR Yy 74 VBRIBT 2 2 8T ¥ a— VEBDOFL 2D o EEL D DiRIES
FONtHIEWM Z 72, £7-. AEE & SPE Ok ZHR2 HIV T, SREEIE LT v P Y T A8 —F v
N (YIG)FEHK 12 10 nm JED Pt J&§ % BB L 72 YIG/Pt B HE#L L 7%,

FFHN SRS Z HINT % IM BLE Tl FePt £ 8 X O YIG/Pt F 1 & b IC J DRI L 72 2L
BXOREAIBHI SN, BHlowy 74 YEWMERISS e, —J5C, MEESANCEEEAN L 72 PM ELE
Tld, FePt 1 CTOAHBE R IRELHPBIM S 17z, PM ELEICE T 2 BUBfR D&\ 1%, AEE & SPE DX
HDOBANH ST LB TE, FePt BT T AEE D FEELR A AL ER>TED, YIGPt ETITBT
2IIELAGIZ SPEIC L > THEL T3 2 & WERNISR I NIz, $7-. AEE DIRELEH 70 7 7 4 L 2 26
ICHAARZAE R, RELATOEM AN MEEE PMEETRESC R LTV L I EBH L E 57, Bl
R L R L 7SR BOR O A & A DR ZIE T 2 2 L CEBREHHTEZ 2 L b oY,

E £ DU
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Computer simulations of a Skyrmion motion in a racetrack
Koudai Migital, Keisuke Yamadaz, Yoshinobu Nakatani'
'Graduate school of Informatics and Engineering, University of Electro-Communications
*Faculty of Engineering, Gifu University
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HESE ) 490 nm .
FBFESLIE PtCo DIEZ FIVY, ffIRiAl M,=580 emu/em’, Bi&K[Al €

fizkt ¥ =1.76 X 10" rad/(s* Oe), ZCHaEA T 7 F A EHL 4=1.5 p erg/em, 8

BEER 0=0.3, FEWEE £=0.3, DMI % D=3.0 erg/em’, 55

FPEEET 1 DKL 9 I K,=8.0 £721% 7.5 Merg/em® & L72[2], £’

PEAIARO K % & 13490 nmx 100 nmXx 0.4 nm & Uiz, ZOX5 428 §

PEHIFRIZ AT —I A% 1 DELE L, AV UERAHIFI L T F°
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L7, Fig.1 Sf:hematic of the magnetic nanowire

and anisotropy.
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Short term memory and non-linearlity in nanomagnet recurrent neural network
Y. Kuwabiraki, H. Nomura, T. Furuta, Y. Suzuki, R. Nakatani
(Osaka Univ.)
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Selective resonance reading from double-layer recording magnetization
using a spin-torque oscillator

Taro Kanao, Hirofumi Suto, Koichi Mizushima, and Rie Sato
(Corporate Research & Development Center, Toshiba Corporation, Kawasaki 212-8582, Japan)

Three dimensional (or multilayer) magnetic recording which utilizes ferromagnetic resonance (FMR) has been proposed
as a method for increasing the recording density ). The recording layers have different FMR frequencies, which enables
selective writing or reading of a layer by applying microwave field with a respective frequency. The microwave field is
generated by a spin-torque oscillator (STO). This write operation is a multilayer version of microwave-assisted
magnetization switching (MAS)*%. The MAS has been investigated because its application for next-generation assisted
recording has been expected.

The read operation utilizes changes in the STO oscillation which occur when the STO induces FMR excitation in a
recording layer. This method is thus called resonance reading. The layer-selective FMR excitation has been shown in
magnetic multilayer films by using a signal generator 7. The resonance reading using the STO has been demonstrated
on a sample where the STO and a recording magnetization are fabricated close ¥. By using micromagnetic simulation,
transient magnetization dynamics during the resonance reading (from a single recording layer) has been studied and a
response within a time scale of 1 ns has been shown?. Based on the obtained waveform of the STO, detection methods
for the resonance reading have been proposed'®!V.

Recently, we have demonstrated the selective resonance reading from double-layer recording magnetizations using the
STO in micromagnetic simulation'?. Figure 1 shows schematic of the STO and the recording magnetizations with double
recording layers. The STO consists of a perpendicular free layer and in-plane fixed layer'®. Each recording layer consists
of a soft layer and a hard layer, which have lower and higher perpendicular anisotropies, respectively. The soft layers are
used in the read operation, while the hard layers keep written data. The magnetizations of the soft and hard layers are
directed in opposite perpendicular directions by interlayer antiferromagnetic coupling. The magnetization states of the
recording layers are called up or down states depending on the magnetization direction of the soft layers. For the recording
magnetizations (RMs) an external perpendicular field HXM is applied, which makes the FMR frequencies different for
the up and down states. Parameters are chosen so that following two conditions are met. The first condition is that the
response of the STO for the FMR excitation in the soft layer 2 is large enough. The second condition is that the FMR
frequency of the soft layer in one recording layer is unaffected by the magnetization state of the other recording layer.

Figure 2 shows the waveforms of the magnetizations obtained in the micromagnetic simulation where the STO is moved
over an array of 6 recording magnetizations with staggered magnetization configuration. The time evolution of the y-
components of the magnetizations are shown. The y -component of the STO corresponds to a signal by the
magnetoresistive effect since the magnetization of the fixed layer is in the y-direction. The STO oscillation frequency is
set near to the FMR frequency of the soft layer 2 in the down state. In Fig. 2(a), when the STO approaches the soft layer
2 in down state, the magnetization oscillation is excited. At the same time, the STO oscillation amplitude decreases owing
to increased effective damping. When the STO is near the soft layer 2 in the up state, the amplitude recovers. From this
difference in the oscillation of the STO, the magnetization states in the recording layers 2 can be detected. In Fig. 2(b),
the magnetization directions of the recording layer 1 are opposite to those in Fig. 2(a). It is found that the waveforms are
almost the same. This result means that the magnetization directions of the recording layers 2 can be detected independent
of those of the recording layer 1. The independent detection of the magnetization direction in a recording layer enables
the layer-selective reading as if there are two single-layered discs on one medium. In the presentation, future problems
on the layer-selective resonance reading will be discussed, such as effects of stray fields between the recording
magnetizations.

This work was supported by S-Innovation program from the Japan Science and Technology Agency, JST.
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Signal processing for STO reading in three dimensional magnetic recording
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!Graduate School of Science and Engineering, Ehime University, Matsuyama 790-8577, Japan
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1. Introduction

Three-dimensional magnetic recording with antiferromagnetically coupled (AFC) medium® has been proposed as a
candidate of the prospective recording technologies, and it uses a spin-torque oscillator (STO)? as a reading sensor as
well as a write-assisting device for the microwave assisted magnetic recording (MAMR)?. The reproducing waveform
in the reading process using the STO is given as temporal dynamics of magnetization calculated by the micromagnetic
simulation?. However, the amount of data obtained by the simulation is too short to evaluate signal processing schemes.
We proposed the envelope model to develop the data detection scheme for the temporal magnetization dynamics of a
resonantly interacting STO flying over bit patterned media.

2. Reading based on interaction between magnetic medium and STO

The reproducing waveform in the reading process using the STO is given as temporal dynamics of magnetization
calculated by the micromagnetic simulation? shown in Fig. 1. We assumed that the relative velocity between the
medium and the STO, the dot diameter and pitch are 20 m/s, 20 nm and 25 nm?, respectively. The dashed line and cross
symbols show the temporal magnetization dynamics normalized by the saturation level of the STO magnetization, A
and the sampled envelope with each dot interval, respectively. The horizontal axis shows the time normalized by the
channel dot interval T. The recorded data pattern is *000111000111" as shown in bottom of Fig. 1, and the STO reacts
to the recorded dots for “0”. As can be seen from the figure, the normalized amplitude of STO oscillation waveform
decreases as the STO comes close to the recorded dots for “0”. On the other hand, as it leaves from the recorded dot of
“0”, the amplitude increases again. Here, we focus the change of the amplitude between the detection target and the
previous dot. If "0" is recorded, the difference of amplitude is negative. On the other hand, if “1” is recorded, the
difference is positive. Therefore, the recording pattern can be detected by the differential amplitude of the envelope.

3. Read/Write channel model for signal processing

The amount of data obtained by the micromagnetic simulation is too short to evaluate signal processing systems. \We
proposed the envelope model to develop the data detection schemes®. The envelope model is obtained by the
convolution operation of the attenuation functions for the dots of “0” and “1” shown in Fig.2 according to the data
pattern. Under observation of the envelope, we noticed that the partial response channel was applicable to improve the
performance. We evaluate the performances of the differential detection for the envelope and a soft-output Viterbi
algorithm (SOVA)® detection for partial response class-I (PR1)® channel. In addition, we apply the idea of adding
another STO with the opposite behavior to the PR channel in order to improve the reading performance. We add another
STO which reacts to the recorded dot of “1”. Thus, we employ the dual STO with the reaction to “0” and “1”.

4. Performance evaluation

Figure 3 shows the bit error rate (BER) performance for the system noise (SNRs) 4. The symbols of
square, triangulate, and circle show the performances of the differential detection, the SOVA detection with
single STO, and the SOVA detection with dual STO, respectively. The vertical and horizontal axes show the
BER performance and SNRs. As can be seen from the figure, the differential detection cannot achieve the
BER of 102 at SNRs = 30 dB. However the SOVA detections show better BER performance than the
differential detection. Moreover, the SOVA detection with dual STO achieves the BER of 10 at the required
SNRs of 25.2 dB, while the SOVA detection with the single STO needs the SNRs of about 28.0 dB. Therefore, the
SOVA detection with dual STO improves the SNRs by about 2.8 dB compared with the SOVA detection with
single STO.
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Microwave assisted magnetic recording on
media with multiple, discrete recording layers
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Introduction

Microwave assisted magnetic recording (MAMR), in which a spin torque oscillator (STO) is used
to locally reduce the switching field of a recording medium, allowing information to be recorded on
high anisotropy media, is actively being developed for use in future hard disk drives.

If a recording medium has two discrete recording layers it is possible to use MAMR to selectively
record on one layer or the other by tuning the frequency of the STO to the resonance frequency of the
target recording layer. Given that the spacing between the two recording layers must be small, e.g. 1 -
3 nm, magnetostatic interactions between the layers become a problem. In this work we examine the
requirements for multiple layer recording and possible options to reduce the effect of magnetostatic
interactions between layers, and between grains within the same layer.

AFC media

Antiferromagnetically coupled (AFC) media were originally developed for longitudinal recording
[1], however, it is also possible to make perpendicular AFC media [2]. In such structures, consisting
of two magnetic layers separated by a material such as Ru or Ir, an anti-parallel alignment of the
magnetisation is favoured, reducing the stray magnetic field emanating from the structure.

In addition to reducing magnetostatic interactions between AFC structures, interactions between
grains in the same structure are also reduced. This results in much higher signal to noise ratios (SNR)
for tracks written at high linear densities as a result of lower transition jitter [3]. An example of this
is shown in fig. 1, which shows the positions of 600 transitions written on AFC and single layer (SL)
media. Fits with error functions show the reduction in transition jitter when using AFC media.
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Fig. 1: Positions of 600 transitions written on Fig. 2: Average magnetisation and standard devi-

AFC and single layer (SL) media. 30 nm bit ation of the magnetisation of two 20 nm-long bits

length. written on AFC and SL media. Magnetisation of
AFC hard layer is shown.

A second reason for the higher SNR of AFC media is a reduction in magnetisation fluctuations
within written bits. Fig. 2 shows the average magnetisation of bits written on AFC and SL media.
The magnetisation of the hard layer of the AFC media is shown. The bits written on AFC media



had slightly higher average magnetisation, but the standard deviation of the magnetisation was lower,
resulting in lower noise during readback.

Media with two discrete recording layers

To select the properties of each layer in a medium containing two discrete recording layers an
analysis similar to that shown in fig. 3 is carried out. For a given head field and high frequency (HF)
field generated by a STO the maximum switchable /}, of grains in recording layers 1 and 2 (RL1 and
RL2) is calculated. Subsequently, Hy, is chosen such that a grain in RL1 can be switched by a HF
field of frequency fi, but cannot be switched by f,. Hyo is chosen in a similar manner.

Having determined the H} and HF field frequencies, tracks can be written on each layer. Magne-
tostatic interactions between layers favour a parallel alignment of the magnetisation in RL1 and RL2
which can degrade the recording performance. To counteract this a small amount of antiferromagnetic
exchange coupling, J;;, can be introduced between RL1 and RL2. Fig. 4 shows the SNR of tracks
written in RL1 and RL2 with and without antiferromagnetic exchange [4]. The SNR was increased
when antiferromagnetic exchange was used. An alternative approach is to use AFC structures in RL1
and RL2. However, this will not completely eliminate magnetostatic interactions between the layers.

Fig. 4 also shows a strong dependence of the SNR on the write head velocity. The main cause of
the SNR reduction at higher head velocities was a decrease in the magnetisation switching probability.
This suggests that there is some critical part of the HF field that initiates magnetisation reversal.
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Theory of Microwave Assisted Magnetization Reversal

Tomohiro Taniguchi
Spintronics Research Center, National Institute of Advanced Industrial Science and Technology,
Tsukuba 305-8568, Japan

Microwave assisted magnetization reversal (MAMR) has been attracted much attention from viewpoints of both
fundamental physics and practical application such as a high-density magnetic recording. The basic idea of MAMR is
that microwave having the frequency close to ferromagnetic resonance (FMR) frequency efficiently excites an
oscillation of the magnetization around the easy axis and assists the magnetization reversal by a small direct field). A
quantitative analysis on a relation between the switching field and microwave frequency has been made by using the
Landau-Lifshitz-Gilbert (LLG) equation in a rotating frame?. In the rotating frame, the microwave field is converted to
a direct field proportional to the microwave frequency. This additional field in the rotating frame has been considered as
an origin of the reduction of the reversal field®. We should, however, point out that this theoretical view is insufficient
to understand the mechanisms of MAMR. According to this physical picture, the reversal field is expected to be
monotonically decreased with increasing the microwave frequency because the magnitude of the additional field is
proportional to the frequency. The numerical simulation of MAMR, however, revealed the existence of a critical
frequency, where the reduction of the reversal field is observed only for the frequency lower than the critical value®. As
can be seen in this example, it seems that the physical mechanism of MAMR is still not fully understood yet.

In this work, we present a theory of MAMR based on the LLG equation in the rotating frame*%). We notice that the
microwave field in the rotating frame provides not only the direct field but also a torque pointing in the direction of the
damping torque. Interestingly, this damping-like torque prevents the switching. In addition, this torque can be
mathematically regarded as a spin-transfer torque®. Using this analogy between MAMR and spin-transfer phenomena,
we derived equations determining the switching fields in both low and high frequency regions separated by the critical
frequency?. A quantitative agreement between our theory and macrospin simulation guarantees the validity of our study.
The analytical formula of the critical frequency is also obtained as®

H,. /3 ,
f = Hy ) zja[z—g(HacfHK) fa], (1)
[

where y, Hqe, and Hk are the gyromagnetic ratio, magnitude of the microwave field, and magnetic anisotropy of the
recording bit. The present works*® provide a comprehensive picture of MAMR, and will be useful for designing
magnetic devices utilizing MAMR.
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Design and development of all-in-plane spin-torque-oscillator for
microwave assisted magnetic recording

H. Sepehri-Amin, W. Zhou, S. Bosu, Y. Sakuraba, S. Kasai, and K. Hono
Research Center for Magnetic and Spintronic Materials, National Institute for Materials Science, Tsukuba
305-0047, Japan

Microwave assisted magnetic recording (MAMR) is a a) .
promising technology to overcome the stagnated areal density increase § L
of hard disk drives. However, its most essential part, £ pEeE =g
spin-torque-oscillator (STO) specific to the MAMR application, has not E 1:30 %19° Aot oroc=zig] TN
been established. The STO device for MAMR should have a diameter % 11010 e ootz 20.10
smaller than 40 nm, total thickness smaller than 25 nm, and a capability & | osoxiwmer 07 = 16.1°
to generate large magnetic flux, uoH,. > 0.1 T, with a frequency over 20 ogompw%mil L eeng
GHz at a small current density J<1.0x10® A/cm? [1]. We have recently b) e 1lg(Gml)-lzz)2 e
demonstrated experimentally mag-flip STO, that can oscillate with —~ il = — e,
resonance frequency of 21-25.5 GHz and produce an uoH,. of 0.15 T 5 261 - e =070
[2,3]. However, the main disadvantage of the mag-flip STO is its large g ;: : ?:3123

—

thickness due to the need for ~10 nm out-of-plane magnetized FePt. In
addition, the required J for oscillation of mag-flip STO is over 4.3 x 103
A/cm? that needs to be substantially reduced for the practical application
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all-in-plane STO, which composes in-plain magnetized spin-injection
layer (SIL) and field-generating layer (FGL), that can possess smaller
thickness and driving current density compared to the mag-flip STO.

. L . . Figure 1: (a) RF spectrums calculated
Micromagnetic simulations showed that the magnetization from My oscillation of FGL for f5T = 0.80

direction of SIL can be switched to the opposite direction to that of the  and gFSL = 0.75 for different J. The

applied external magnetic field by use of spin-transfer-torque that  oscillation cone angle of FGL is also
shown. (b) Critical current density required

. - . . i for the magnetization switching of SIL as a
example is shown in Fig. 1 (a) in which when the current density  fnction of BFOL and varied 5.

increases from 1.3x10% A/em? to 1.4x10% A/cm?, magnetization of SIL

switches opposite to the applied magnetic field direction. Thereafter, increase of resonance frequency to 20GHz and
increase of oscillation cone angle to ~45°. We designed SIL to reduce the critical current density, J., required for the
magnetization switching of SIL. The materials with a smaller oM, and spin polarization (f) in SIL results in reduction
of J.r and enables STO to oscillate with frequency of above 20 GHz with a large out-of-plane oscillation cone angle of
45-50°. The validity of this finding was studied experimentally by developing STO with different SIL materials; Heusler
CozFe(AlysSios) and Feq7Coss. The former showed B2 crystal structure with a large spin polarization and latter has A2
crystal structure with smaller spin polarization. The magnetization configuration of SIL and FGL in STO with ~60 nm
diameter is investigated experimentally based on the field dependent resistance change measured at room temperature
and low temperature and discussed based on the micromagnetic simulations. We also found that large S of FGL is
beneficial to reduce J, as shown in Fig. 1 (b). We studied the underlying physics for this based on the spin
accumulation in SIL for different spin polarization of FGL. By increase of S, more reflected spins from FGL/Ag

interface toward to SIL layer with opposite direction to the magnetization of SIL was realized that will be beneficial for

results in oscillation of FGL with a large cone angle at a reduced J. An

magnetization switching of SIL. We will discuss how the magnetization switching of SIL lead to an increase of
oscillation cone angle of FGL, reduction of J for oscillation of STO, and an increase of oscillation frequency.
Acknowledgement: This work was in-part supported by Grant-in-Aids for Young Scientific Research B (17K 14802).
References: [1] Takeo A. et al., Intermag Conference 2014 (AD-02). [2] Bosu S. et al., Appl. Phys. Lett. 108,072403
(2016). [3] Bosu S. et al., Appl. Phys. Lett. 108,072403 (2017).
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Microwave assisted switching on CoCrPt based granular media

N. Kikuchi'?, K. Shimada?, S. Kikuchi®, K. Sato?, S. Okamoto'?, O. Kitakami2, T. Shimatsu?3*
(*IMRAM, Tohoku Univ, 2CSRN Tohoku Univ, 3FRIS Tohoku Univ, “RIEC Tohoku Univ.)

Microwave assisted magnetic recording (MAMR) is one of the candidate technologies to realize further recording
density [1]. In MAMR, magnetization switching field is reduced by radio-frequency (rf) field with GHz frequency
range so that media with higher thermal stability can be used. Magnetization switching behavior under rf field,
so-called microwave assisted switching (MAS), has been widely studied experimentally and theoretically [2-5].
Analytical and numerical studies based on the macrospin model have predicted that the switching field linearly
decreases with increase of rf field frequency (fir) up to the critical frequency, at which assistance effect vanishes [2,3].
Experimental results on isolated nanostructures also follows the theoretical prediction, indicating that the MAS behavior
can be well described by the macrospin model in isolated structures [4]. From practical point of view, it is important
to study MAS behavior of CoCrPt granular media, in which there exist intergranular exchange/magnetostatic interaction
and distribution of crystalline/magnetic properties. Experimentally reported MAS behavior of CoCrPt granular media
shows different tendency from that of the macrospin model, for instance smaller assistance effect and broader frequency
dependence [5]. Numerical studies on granular media have suggested that rf field with sufficiently large amplitude is
required to realize large switching field reduction. Recently we have reported that MAS effect in granular media
shows strong field amplitude dependence, and the coercivity reduction ratio can reach to 50 % by applying linearly
polarized rf field with amplitude close to 1 kOe [6].

In this study, we present experimental results of MAS behavior on CoCrPt granular media quantitatively evaluated by
detecting anomalous Hall effect (AHE). Figure 1 shows schematic structure of the prepared sample. CoCrPt
granular film of 15 nm in thickness was patterned into a rectangular shape of 1.0 x 3 um3, with four terminal electrodes
for AHE measurement. A gold line of 1.0 um in width for rf field application was fabricated underneath the structure
separated by a SiO; layer of 100 nm in thickness. In-plane linearly polarized magnetic field was generated by
applying rf pulsed current with frequency fir = 2 — 25 GHz to the gold line. The maximum field amplitude was
evaluated to be 950 Oe at the sample position. The rf field was applied as pulses with fixed duration of 20 ns to
minimize heating effect due to Joule heating. All AHE curves were measured by detecting AHE as a function of dc
field along film normal.  Figure 2 shows normalized AHE curves measured as a function of dc field Hq..  Coercivity
decreases with increase of rf field frequency, without significant change of the slope of AHE curves. The coercivity
reaches minimum value of 2.4 kOe at fs = 18 GHz, which is almost half of the coercivity for without rf field (4.7 kOe).
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Fig. 2 AHE curves of CoCrPt media measured with
Fig. 1 Schematic illustration of fabricated sample rf field (fr = 8, 18 GHz) and without rf field.
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Microwave-Field-Induced Magnetization Excitation
and Magnetization Switching of

an Antiferromagnetically Coupled Magnetic Bilayer
with Perpendicular Magnetization

H. Suto, T. Kanao, T. Nagasawa, K. Mizushima, and R. Sato
(Corporate Research & Development Center, Toshiba Corporation, Kawasaki, Japan)

I. Background

Antiferromagnetically coupled (AFC) media that consists of two antiferromagnetically coupled magnetic layers has
been explored for magnetic recording [1]. Because the AFC media reduces the dipolar interaction, it improves the
reliability of writing and the stability of data. In microwave-assisted magnetic recording (MAMR), which is a candidate
for next-generation magnetic recording [2,3], the dipolar interaction raises other concerns. MAMR utilizes large-
amplitude ferromagnetic resonance (FMR) excitation in media magnetization to assist writing, and the dipolar interaction
leads to the distribution in FMR frequency and the collective magnetization excitation in multiple grains. In this respect,
AFC media is considered to be advantageous for MAMR [4,5]. In this study, we fabricate an AFC magnetic dot consisting
of two Co/Pt multilayers and investigate magnetization excitation and switching in a microwave field.

Microwave magnetic field

I1. Experimental setup

Figure 1 shows the experimental setup. A magnetic film consisting of two

Co/Pt multilayers with a Ru layer between them is deposited. The two E.v ‘ lT,f ((55(;)))

magnetic layers are designed to have different anisotropy by controlling the % gg&')a/\’[%rt(s) / Co(16)].x2
Co thickness, and the one with higher anisotropy is referred to as a hard layer Ef’ ~ E‘: :3)|ayer

and the one with lower anisotropy is referred to as a soft layer. This magnetic E z Licz(stz).s) /Pt(5)1x3/ Co(4)
film is then patterned into dots of two different size (a larger dot for %

magnetization excitation and a smaller dot for magnetization switching). & LEXE)
Magnetization excitation and switching of the magnetic dot is studied by E Sapphire subst.

applying a z-direction magnetic field (H,) from an external electromagnet Fig. 1. Stacking structure of the

and an in-plane circularly polarized microwave field from two coplanar magnetic film consisting. Thicknesses

waveguides fabricated on top of the magnetic dot. The detailed experimental

. o are given in angstroms
setup is described in Ref [6].

III. AHE-FMR measurement of the AFC magnetic dot 50

500 nm dot

Figure 1 shows the anomalous Hall effect (AHE) voltage 40 CW 6 GHz
of the AFC magnetic square dot with a side length of 500 - 30 CCW 6 GHz
nm. In the remanent state, an antiferromagnetic = . No microwave
configuration is realized. By applying a microwave field, an £ 75 |field
increase or decrease of the AHE voltage appears, indicating & 10 /',__ Ed
that the FMR excitation of the magnetic dot occurs. For the _§ 0 | '/,/ VA
counterclockwise (CCW) microwave field, the decrease of %-1 0 e @ A
the AHE voltage due to the FMR excitation of the soft layer —
appears at H, =0 and +4 kOe because CCW is the rotation 20 RT soft]
direction of the FMR excitation of the +z-direction -30 _'6 Ha_;d 5 . 2 : .
magnetization. The dip is wider in the antiferromagnetic Z-direction magnetic field (H,) [kOe]

configuration at H, = 0 kOe than in the ferromagnetic
configuration at H, =+ 4 kOe. The different width may be
attributed to the interaction between the hard and soft layers.

Fig. 2. AHE voltage versus H, obtained
without a microwave field and with a

For the clockwise (CW) microwave field, the increase of the microwave field rotating CCW and CW.



AHE voltage due to the FMR excitation of the soft layer at H, = -4 kOe and assisted switching of the hard layer occurs
at H, =+ 1 kOe.

IV. Microwave-assisted magnetization switching of an AFC magnetic dot

Figure 3 shows the switching field of the hard layer (Hg,,) as a function of the microwave field frequency (f,¢) obtained
for an AFC magnetic circular dot with a diameter of 80 nm. The rotation direction of the microwave field is mostly CW
except for the plot depicted by cross in which the rotation direction is CCW. For the microwave field amplitude (Hf)
range of 43 —170 Oe, H,,, decreasesalmost linearly as f; becomes higher and suddenly increases at a critical frequency.
As Hy¢ increases, the microwave assistance effect increases, and a large Hg,, decrease to approximately 1 kOe is
demonstrated. For Hys = 213 Oe and f, = 12 — 14.5 GHz, a part of the hard layer reverses, resulting in a magnetic
domain configuration. This switching behavior is similar to that reported for a single layer perpendicular magnetic dot
[3,6]. When the microwave field rotates CCW, FMR excitation of the soft layer is expected. However, no significant
change in Hg,, is observed, showing that the soft layer excitation has little effect on hard layer switching. The Hg,,
decrease for CCW and f+ =3 —5 GHz shows the f.+ dependence similar to that in the CW microwave and is attributed
to the fact that the polarization is not perfectly circular and a small CW component exists. These results show that the
large microwave assistance effect is obtained for the AFC bilayer, which is not hindered by the additional soft layer.
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PR AR BN B CaFeAsF ~0D La R—E 7
BEOR 58—, @2 iR, 1A TEARE, s 5 —
BEEFEA N,
Synthesis of La doped Iron-Based superconductor mother compound CaFeAsF

R. Koshimizu, K. Kaneyasu, M.Yamaguchi, Y.Kamihara
Keio Univ.

o
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2008 412 Kamihara 513, LaFeAsO @ O %A NI F Z@E #7952 & THRSEIEBIR L (Tc) 73 26 K OFE R
PRI L2 D Z LA LT [1]. &512 2017 412 Kaneyasu 5% Cap.LaFeAsO,F, (22T x =025, y =
0.50 (23T Te =31.5 K #f51L72[2].

ARFFETIE, CarLaFeAsOr,F, (23 C(x, y) = (1.0, 1.0) TS CaFeAsF ZFRAHEL, LazK—7L7= Ca;.
JLaFeAsF [ZOWTC, A RGRITEITHIZEZ HINET 5.

Hik 1af

- ZHERABDERK

EFAEOZ £ 0, Car,La,FeAsF DOk ihakkl o &Rk %
1T-7-. La, Fe, As Z{b &t CLa:Fe: As=2:3:3
ERDBEDIIHMEL, INLEARFICEZEEAL, 21
RLER U 7=, LI 2% 2La-3Fe-3As &9 5. IRIC Ca, As &

LBt T Ca: As=1:1, Fe, As Z{bFE AE#HLELT L Lbdg kg @ | |
Fe:As=2:1 &5 ICHEL, 2hbETNERA k0 % E DU JOC M EE §E
B PNICEZEE A L, BV L T CaAs, Fe)As Z157-. it B W M;‘d"m - W m
2La-3Fe-3As, LaFs, CaAs, Fe,As, CaF, #{bF&Eimbhic ik
DEE, BEHES LTk, AEICEZZ L, CaFeAsF & Fig. 1 XRD patterns for CaFeAsF.
725 x =012 THE 1000 °C, CagsLaosFeAsF 72 % x=  vertical bars at the bottom denote
0.5 I2-5UN T I 1050 CCCRLER 7=, the calculated positions of Bragg

_ - diffractions of CaFeAsF.

- % mman rt D FTE

XOBR[EIHT 4 E (Rigaku Co., Ltd., RINT2500Ultral8, CuK «
radiation) % AW C, 5EID XRD /RN — U ZHIE L, B L OBMHORIEEITo72. £l x=012o
W, B/ REEAZFIH L TR T EREZRRE L.

HER

CaFeAsF ® XRD /3% —> % Fig. 1 l{Z/”7". CaFeAsF DA —27 03 H 0, FFTH 7. B E LT
CaF, & FeAs MR S U7, M1 E 41T a = b = 0.387903(2) nm, ¢ = 0.858532(3) nm T > 7=,
FLHESEDRE

[EFE S 12 £V Cay,LaFeAsF(x = 0 and x = 0.5)% &5 L C, XRD /3% — > ZIE LARIEE 217 - 7=.
x=0 Tl% CaFeAsF & H 72208, x=0.5 I DWW CIZHIWE Tdh 5 CagsLagsFeAsF (315 H L7207z,
A%, B O NTREIOMKIR TOBLRIIUR, BULOMRE &, AR OSRM%E x = 0.25,0.75 &£ &1L
SHTC Caj,LaFeAsF A5k L, FHRIEZ1T 9.
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Evaluation of superconducting round wires and tapes using iron-based superconductor Sro;VFeAsOs.s
S. Iwasaki!, Y. Takano?, M. Matoba', Y. Kamihara'
'Keio Univ., > National Institute for Materials Science

&

FREBREIR [1] DUEDTHD SruVFeAsOs.s DEBIREHEEIRE (To) 1% 37.2 K THY, #xtHETO I
VS B RS AU (oH o) 1200 T LA B & MEDS RAEL LIV TS [2]. 2072, Mg T CofE fizmis
TS ARSIV TN D, e, Xe 7 AUAMIEE T 5 R EEZ A L, R X & (0) ICZDZOESHY-
WRHIRFMEN LT HZ DM ST [3].

ABFFETlE, SrVFeAsOs; (27 H L, A ERLIZF T powder-in-tube (PIT) {EICEVERIS 7=
Sr2VFeAsOs.s PIT #Af OPEREZ ER-SHDZ L2 HINET 5.

AT T 6 =0.00 LL7Z SroVFeAsOs.s D i it il Bk & [E A SOGIT & 0 G p Lo, 75 B VI SR i 12k
L, X#BREHTIC L 0 FEFRE 2170, B s 1EIC £ 0 EEHESTER (o) 2 H1IE L7z,

O SREEmEE FHW T PITIEIC X 0 LRI KO — 7R D PIT#M A (E R L 72 15 & 417- PIT
A3 L, BT mlrm 2 AR E M (SEM) 1T L 0 8lg2 L, ElUiE 1A L 0 EXEbE
FRE LT £72,42 KITBWT, V-TREZEJIE L7z,

ﬁ%a%% 102_ ////‘
B E NS HE BN OWT, p<107Qem & 72 HIEE & i

L CERENTZ T2 X, T2~ 24K ThHo7-. £7-, B E L
T SraVO04, SrtVOe, FeAs, FesAs D3ELE L7, fERLE 7= PIT ##
M 72013 150K THh o 72 & OMEIF L HE bR E D Tz bt
AR~ 9 KK, AU, BRI T D BERR DB § 3N L7 :
ZECERT D EEZBND. 72, SEM 4 L 0 JuIk PIT #44 1A
TIXZEREN 128% Th - 7=DIx L, 7 —7 IR Tix 2.6% <  Fig. 1 Voltage (V)-current (/) curves
-7, Figure 112, 42 KIZHBI1F 2tk LOF — ko por - at4.2 K for superconducting
bk %R VoI BHEIC B DER LS | uViem & LCon  Sr2VFeAsOs,; round wire (@) and
E 0 LBIEEAKE < Ao - BREOMARRER @) L L 22O
2. INEVRE DBERHREREE (J) 1L =285 Acm? TH - 72, JLIK T LAY 0.25 A Kifii TH
DI EMD, BN LIS N ERLIZEEZOND.

PIT ##M DX 5722 J. D EHOT=0IZIE, PIT M OBIREENEE E > TV D5 Th HlRE
27D SrVFeAsOs.s DIEFHE K& % Fib 42 Z L BFETH 5.
SEXHk
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$R 21113 16 &Y St TyFeAsOs_s DA JE B & Ok
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Synthesis and transport properties of Iron-based 21113 compounds Sr, 7y FeAsO3_s
M. Yamaguchi, H. Fujioka, T. Otsuka, M. Seto”, S. Kitao*, M. Matoba, and Y. Kamihara
(Keio Univ., *Kyoto Univ.)

1 FL®IC

PRABLER L FePn T (Pn = P,As) OF Y UV TEEE L F Y VT 70y JEP SR I NS, FTH, LFEMEL & » 21113
REMPIENDEFRICHFINIYEIL, R0 T 204 MAROF ¥V 770y ZEICHET E2EWV c filE (~1.57 nm) 255, %2
IR PA/nmm OIS T %2 L 5. ZOFEERICHEEIND SruVFeAsOs_s 1% 37.2 K OBEEEBIREZRT V. — 4,V % Cric
E L 72 SrCrFeAsO;s_s FRHHTIIMEE 2RI T D, Cr ¥4 bADTi R—Er itk 0 BEEERT Y. ZOROBEEIE
BRIz OV THEMRIT R > T WD, £z, 1111 &, 122 RICB VT, BAKFH & BESHEIELTFE WO HRENH 5 Y. RI%E T,
Sr,CrFeAsOs_s D& LB & OHE SR, kRt O 31l %2 i 3 5.

2 ERAE

AEAE 2 AW EHER I & 0, AR BERIER d = —0.10-0.40 @ Sr,CrFeAsO;_y D& fkiRR 2 &k L 72. X #t[E1H (XRD)
i (Rigaku Co., Ltd., RINT2500Ultral8, Cu Ka radiation) (Z & 0, f@AMHAE 21T > 72, X 612, BUN_TEZFIH U TR T T8
(a,c) EETIRFE (V) Z2RKDT=.

AU Y LEERR GM % #HH% (Sumitomo Heavy Industries Ltd., SRDK-101D) % i\ 7z AP IRAEEE I L 0, WUFIETE
SR OBEEMRGMZJT U7z, £72,5Fe X AT 7 5 HHE (TCo MK) 217\, Fe @M T OMEIE 2 Rz, ARZ ML
DOFFEFTIZIE, "Moss Winn” % Fi\ 7z,

3 BREIUVEER

XRD N & — > OHIEFER L D, SroCrFeAsOs; B EATH b, EiH & L T FeAs, FeAs,, Fe,As, Sr4Cr;Qq, StO DSER S v 7z, ik
FZEED D d = 0.15,0.20,0.40 DRI L 0,6 & V OFIBERZIE L T 6 - VERIEEMRZ ED, ZidRlD § % P& 'z e
U7z #5076 & a,c,V DBfR% Fig. 1 IZ1R7.

BLAETROPEFRER L D, 30-50 K IZF VI DBFEHLELZ. 012 <6 < 021 OFRBITIEF > Z7EE (Tawom) A F TEASIEITIRIX
WAL, 025 <6 <026 DRRITIZF > ZBE (Thin) AT TELIEFRIIBIMU 2. Fe A AN T ARZ MVORERREREL D,
6 =0.16 DK TIE, 60-77 K THRUEDHIA L, 40 K LR TSI & 5 sextet 2R U7z, 6 = 0.25 OFREI T, 30 K BAF THRIE
MK U, sextet ZRI RN o7z, ZTOZ 05,6 =0.16 DiXEID Fe BT 1& K@ fEME (AF) TH D, 6 = 0.25 DK D Fe &Ik 1

Lixgx LA ek s OTNYY N e e 7 [N SRPZ NS S = = S DR A4 = B T DA A SrzcheASO3 ™ EE 2 e S NAB LI 2 T A s T
® T T T
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Fig. 1 Calibrated oxygen deficiency (4) dependence of lat- Fig. 2 Phase diagram of Sr,CrFeAsO;_; in terms of § and tem-
tice constants (a, ¢) and lattice volumes (V) of Sr,CrFeAsO;_s. perature. Tar (Fe) (red square), Tspw (Fe) (blue square), Tanom
Black lines in red plots show standard deviation of the values. (upward orange triangles), Ty, (downward green triangles) are
plotted against 6.
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Analysis of magnetic properties for two dimensional Kondo lattice CeFe1-xCrx
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HE

4fEBFEATHCALAMDOT T, Cer0, E&Feszﬁ B722% "R ICITH#KE R CeFePO Z REFHELTZ

CeFe,..Cr,PO [1] (1E 7 &y, P4/nmm) ZAF7Exf Gl L7=. x =0.
ZIRHL [1], x=0503kEHI25K L/LFT WD S Fe
ERbMroTWD [2].

1, 0207 EHL10 K A TCe HH 3 D i@ AEM:
HRD A EE (SDW) IZAHERRE 35 =

AR TIE, Néel i & O, 10 K AT TEHEVDIR RS D3 K & £5- O [A 25 Shottky FLEMZ K 2 & G-

ThodZLaPl L.

hHix
CeFeosCrosPO 122U T, FLEVAIE DRFHT Cld Ce 4 f75‘i
BN K> THEL DRV F—HEANLE 3 E{i
{Ecm L 7. Schottky tt’fﬂ@m:ﬁz A, A DIEZFR %2 IZE 2 6
T & CHRIRIREE & B bR E, BB TR L o=
¥ —F y7°0>1cm%ﬁo 7=

HREER
CeFeosCrosPO DT=0 — 30K (28I} DB Schottky
FEER, AT ERER, @?Sftt?ﬂ&tﬁi AE OFNZ Fig. 1|
<7 [3].
7J TT7 4T 4T EBAToTRER, Shottky FREL
=30 K, Ay =60 K OFFRHED0.35(% 2% L TEFH
,?;J& y=68.3mJ mol! K2, #&FFE =02 mJ mol! K*
OLEWEME B N—FER LT, 210K Tl
BT B LBV DR EPS 5y DR K 1L Shottky FEEMZAZIA L
TWNWD T ENmhot.

CeFeosCrosPO ®T=0 — 30K (28175, Cp/ Tversus T

DR ZFig. 2 |~ d. £7- Néel (mr; IZTv=5.953)K &
oo,

S E Xk
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Fig. 1 Comparing experimental and Schottky
specific heat. The blue plot is heat capacity
for CeFe(sCrosPO, and other lines are
Celectron, Clatlice, and 0-35*CSchottky (Al =30K 5
A, = 60 K). Cam represents sum of these.

0.3 e -
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o
g
=
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Fig. 2 Cp/ Tversus T for CeFeg sCry sPO.
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NAFTF T L— MZE5D YBaxCusOrs~ A 7 12U A ¥ DOFERLE I

PR RE AR AL
ETTE, FHEE, AT, SRR, IR
(BEIERE)
Synthesizing and verifying the function of YBa>CuzO7.s micro-wire with biotemplate.
(Keio Univ.)
#E

AEREFRA RIS £ 2 5V 7 BREROERN T, AilAE & A E OBEEREmL, v~ 7 e A7 — /LT
DN LA FIRETH H[1]. 2009 4=, D.Walsh X7 F A 7 v ARG & LizApkic Lo /ER L7
YBa;Cus07-5(YBCO)~ A 7 1 U A ¥ ORALIEIZ L 0 BEEEI=E 2 WS L7[2]. —F, ke e LTH
WHNDBIREE T TWHET(SQUID)DT NA AEHIZENWT, B8 ~A 7 a U YIIETHMEE L TH
HTHD[3]. £ T, EERFUEKRIEIZLD YBCO~A 70U A YOBEEKE L TORHMEEEZIAT S
728, ERSFRIZ LV ER &7 YBCO v A 7 v U A Y Olkfst L, BRiCE T 2 FE#EERFEZH L
M7 5.

Wik

Y (NO3)3-6H,0 (Strem Chemicals), Ba(NOs), (Sigma Aldrich), Cu(NO3),-2.5H,0 (Sigma Aldrich) & {b. 5 &im bt THE
L, fiKERAHEIE Lz, £ OEIRIC Dextran  (H(CsH100s)x)[1] (Sigma Aldrich) % il % R #R L7, &
Bta 7 7 A NIRICHEE L7z, MiR%ICKRA A Cali S H 7, WolEfg, 920°C T 4 BRBVLER 2 L7z, Z DR,
FHRIEEE 2 0.1~30°C/min TZ&{L S, 9 fHDFEH & AR L 72, 0.5°C/min TRERL L 723 0EHZ 2T X AR R
(XRD)IZTHESFHDRIE Z T/ o 72, £72, FilBHZ W TERAE T BMEE(SEM) 2 W\ C R Efg S 0822
ATl o7z, i L1z SEM 4% Imaged[4]2 W TH T A Y OTRIR A WE L, FIRHE & R OBRZ TR~
7.
fEREEE
XRD HE DOFER, W OFE S E 7R YBCO fahfH 2 Ff->. 0.1°C/min, 30°C/min THERKL L 7230kt SEM
%% Fig. L 1Z/RT. £72, feig L7z SEM 425 Imagel 2 W CTHIE L7z Et O R X OFEHELS L O, BHEO
SEEME & FIREE OBMR % Fig. 2 128" 7. Fig. 2 LV~ A 7 0 U A Y OFRIRICITFREERTEER S 5.

16 '
E 124
R
.E 4 " —
[a) .—
~— 3004 -‘
£ n
% 200 \-
2 S 10 — -
(2)0.1°C/min (b) 30°C/min -, T
2017/1222  NMUDBO x100  1mm 2017/12/08 0 o . » %
Ramp rate ("C/min.)
Fig. 1 SEM images of YBCO micro-wire calcined by (a) 0.1°C/min and (b) Fig. 2 Diameter and length of YBa.CusOr-3
30°C/min. Red lines indicate the points that are measured with ImageJ. micro-wire versus ramp rate.

L Z &N

1) S.R.Hall et al., Supercond. Sci. Technol. 25, 035009, (2012).

2) D.Walsh, et al., Supercond. Sci. Technol. 22, 015026, (2009).

3) C.Carr, etal., Supercond.Sci.Technol.11, 1317-1322, (1998).

4) W. S. Rasband, ImageJ, U. S. National Institutes of Health, Bethesda, Maryland, USA, http://rsb.info.nih.gov/ij/,
(1997-2012)



11pPS - 6 H42 | AR ANREAEEE (2018)

FREAR FICTER S VT ke 2 A9 D 5smitt ) 2 U4 v D
N\ 2 VBIRERIZE T D~ 3 T T REIRRE

mirHEE. EIIES

(A SEAFBH . TR R T)
Majorana Bound States in Topological Superconductor
with Ferromagnetic Nanowire including Domain Wall

Masahiko Ichimura, Masao Hirokawa
(Hitachi R&D Gr., Inst. of Eng., Hiroshima Univ.)

U, R B Y IV ERICREBE SN D —FEO hAR e VAW ENEE ZED TN 5,
NRa D HVWEN (BEZEZ2GTe) PR AVICHBARME LTS L& TOREICENT
Ra D HNAREENREGIZEN L., v v TDRHEETSH, MR P VBREOYES . B
HOBA-HR— /Lt Bk a Kt L Majorana FFELIRAEMBS) 23 L2 2 & BEGRMIC RIS T
W5[1,2], MBS IIZERBEFE Yy hELTHIEL, PARe Uh L& FiE L IR 2O &1
HHEEZABEE T2 2 ENHIRE STV D,

MR P HNVBREORALE L TESHOWOND DN, s-IBRER BT Sz A B il
FEAAEH OBREEIR T ) T A YIRS Z N L7 2 Th A 8], Fxix, MARa b VB RE
TERORG S Z2WE L, s RER EICR SN T-BEEZ A/ T Dt/ VA Y2589 5,
OB, BEEENRE S ONTA—2 L L TEHEAINDZ EIZED, Mie U VBREHEKOE S
EDOBEA . FRZm v DRIEEOHNTIZBEE N - 5,

WeRE 23 DRI, 7 — VBRI K 0 BT A A U ELEMR EER 24 U 5 (4],
Z OZERE L E — EEICE X # 20E Oreg & OFRI[3] & 24l & 72 5, AGEIH CIL, ARRIZHIT
5Ty VOB E MR, A RIOBBNCBIT D NAR v Y VB RE D HEI SRR 23
INTA—=HToHHILEIRRD, -, MEEREZ GO bR e Y VBIEEHBISEM T ¢, MBS
DRPTKEBEE, BLXORMAEVEELZFHSTER. VA YOl=y D607 Rz @
FREEEEIICER T 5 MBS 33 2k L TR S VD Z &b o T,

L Z- D4

1) A. Yu Kitaev, Ann. Phys. (N.Y.) 303, 2 (2003).

2) Lian Fu and C. L. Kane, Phys. Rev. Lett. 100, 096407 (2008).

3) Yuval Oreg, Gil Refael, and Felix von Oppen, Phys. Rev. Lett. 105, 177002 (2010).

4) T.-P. Choy, J. M. Edge, A. R. Akhmerov, and C. W. J. Beenakker, Phys. Rev. B 84, 195442 (2011).
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NR—= 2TV hAEu D— 2R U ERET

IHEHRTE S, BoREE !, nRMER S, LBEFERR S, =RT&3,
ANBFRER S, RAR— 2, JRARFIN 23, SERE 234, /NiE A L3
(HRFRR, 23AE K AIMR, SNIMS MPIL, 4 FRAF AIP &2 % —, S&HF, &= i)
Analyzing magnetic domain structure using persistent homology
T. Yamada'-3, S. Suzuki', Y. Suzuki® ¢, T. Ueno’, C. Mitsumata?,

K. Ono®, 1. Obayashi?, K. Akagi**, Y. Hiraoka® ** M. Kotsugi'-*

(Tokyo Univ. of Sci., 2AIMR Tohoku Univ., NIMS MI?I, “AIP center RIKEN, QST, °KEK)

11pPS - 7

FE®HIZ
WH, vT VT NAAL U T 4~T 4 7 ZADORBEE R, EHREFZMEMFZEICER Y A 58 & 3551
LTW5B, MBIOMERE 3 L ORER R FIEILZ A T DOREREL T A EEREEECTH LD, BXO
FARTEH NS b oWt ZiEin T 22 LI nE CTREECTH 72, £ 2 TRIRT — ¥ OB A5 &
FLIRATREZR [X— 27 v hREr V— P ZREKERICEA L, XK S EEROMBLEOHEE
DHRIRNNE B Z Ty ABFIE TITHENEIR D INIRES A SRR O KA D/ — 2 2T o AR DR
HENZOWVWTHE L2 DZ O RICHOWVWTHET 5,

BRI

Kerr BAf#: 2 FH T YIG 7 —3 v b HEE LI A I E LREIX & (Fig. 1a)
ZA5T-, PIE OB ITEURHE Tz a4 L2 3k LN 2 2L S 7028
SEBMOMX B E T, £, BGEEE LIRECTRENEE 22k &
TN HEEK OmIE 2 TS Lz, TS L 72X {5 5 HomCloud?! %
AW T/—r 27 XK (PD) (Fig. 1b) Z/ERL, L ONREEL L

PD & ORRDOLEAIT o712, £72, PD OEFED 5 LA AT EUID b
DD Birth & %fhind 2 A2 X BRITERE L7 (Fig. 1¢). H
I Tl
R R H
Fig. 1(0) & O RABISTICRE 20— 2 2HO ZEPOMRKBITIEA N o 2 N
I A THEEN %<, Birth BT IENR Y &5 2 & BREEKIFIZIES > 1

ENRHDLENGND, Tz, F—RED DG OIS B 3 A — TR
XIZAR DN B 72 D REIX A D 5138 L ZF— D PD 2MF o4, FHUMBLE S 2
725 L PD #2252 L DREXBRIZIIT D PD ORMUKRIEMED RIE S
72 Fig. 1(c)DFER LV PD L TrAMN GREN - ZEHRIL, MXKIZIBWTHL
PLHEFE Y 72 D OFBET XX — 0BT D & B2 B I D Syl o RE s A

EEeZ LR T T,

B R .
[1] Edelsbrunner, H., Letscher, D., and Zomorodian, A. (2002) ﬁ 2

Topological persistence and simplification. Discrete and
Computational Geometry, 28(4):51-533, 2002.
[2] I. Obayashi, HomCloud,

https://www.wpi-aimr.tohoku.ac.jp/hiraoka labo/homcloud/index.en.html

Fig. 1 BU5% fEfb L7 B2 X
%), WXEH»HERML L
PD(b), O} PD DI ALK F
IR L7 R ()
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FePt/ Fe 7~/ A RV y FABIORA F 7 =—/ic & %
R SURE & WG IXAR S B 2R
ek I RFm & BHFIES. B
(RAESABER )
Effect of post-annealing on the magnetic properties and magnetic domain structure of

FePt/ Fe nano-composite films
T. Sato, K. Ohwada, M. Doi and T. Shima
(Tohoku Gakuin University)

B=

TR, FRCEWER KRRV X—FE (BH)mx & H LTV % Nd-Fe-B JEfiietiix, ~A 7V v R
— (HV) - EXB#HE (EV) FOE—4%, BV — N—RT 1 A7 F7 A7 (HDD) DR GLERE
EREORA B TICHEINTWS, LLAENL, TNOLOMA DN = U —IRE TR 2 &6 2R
WNETSHL . FmTHEITEEEATND Z LML O NP REMSZDOMEEZH L T\ 5,
Z D7, Nd-Fe-B el M 2 2 #i- e mtERea OB P EFUNL SN TWD, F/ ar Ky y
N IR WG & A T D I REVEAR & @B b 2 9 2 B RAMEAR O AR TS A 2 A
LAATHY, 5B ETHESZ OMEMTbITET, L LARRLBKEHEDN ED-HIZE 572
HTL— T A N—BRE L ST D, AT, SR T2 L 0 U > 7TIRD FePt LT FePt/ Fe
DOF 7 aRYy NREH A ER L BVLEREE & 20 S E B ORI & RIS IR 2,

ERAE

AWEHIEEEZE L ANy X2 ) o 7HEE Z O TERL L 72, (X U912 MO (100) HLfSSLFER iz v —
Rgé LTFeZ lnm, Ny 77 —JE& LT Au% 40 nm & =RIEIZBWCEIEL., £D% 300°C T 1 K
EVLER 21T - 72, IRIT FePt #4500 °C (23T 10 nm %17 > 7214, 500 °C CTEMLEL A 1T - 7=,
FePt U > 7 /X4 — 2 Je N FePt/ Fe 7/ a2 iRy MlEHIE Y V7T 7 4 —2EEBL) & Ar A A4
T F o THEEZ VT FePt IREE R FIC/ERI L7, VU ZIREEIOAMEIZ2.0 um ICEEL, W
% 0.8~1.8 um FTELSHINRY =V ZAERL LT, ZOBEOT v F 2 TR A 4 v — A ASHA I
0°,20°,85° LB b ¥ 72, Z D & 51T FePt 10nm HLJEMEE A U T FePt U > ZTEAREE L OV FePt U > 7/ Fe
a7 aryiRYy NalBH A ER U7, BUBIORE S E X X BREPTEEE (XRD) | ¥ — 2 OFRITR
[ D EESEE (AFM)., BRSBTS EE(MFM)., BERAFME B S & TR (SQUID)E
X ORI 7 —2h Sl 78 28 (u-MOKE) & F N CRfAl « #8211 - 72,

ERER

AEHI L10% FePt O FEAKE B —27 TH D (002) LUK F-KHE—27 TH D (001)B LT (003) A
PARRICHERR S 4L, I TRTORBHI B W TIREE /11X 2.4 kOe., faFIRE LIE 1000 emu/ cm® 235 57, AFM
WZ X BREVERGFEME U FePt/ Fe 7/ 2 AR Y v FREHIE TO/NRNY — 2B W THIN. 572N U [ TR
SINNZ EnD, BIFICDy F U 7 SN2 ERMER STz, £72 MOKE TR O E RS H
KU . BTONRE—NZBWTILATD 2.5 kOe 2> BN L1 D 4.5 ~ 6 kOe & PRI OHEMMAHER S 7=,
FePt U > ZTRGEE & [RARICNEED IS RIZHEW D — Bl O 3R STz, £, RN 1.2, 14
um®DF ) 2R Yy FMREHZ B W TR BULIRREIZ I W) T Bull’s eye” B 7o e XA & 03 BB | 2R S AL,
WS 5 0] & 28k S W CREXAEIE & 34l L 72 BRI, BIBR 22 E SR el S T,

S5

1) Skomski. R, Coey, JM.D. (1993), Phys. Rev. B, vol. 48, pp. 15812-15816, (1993)
2) R. Kurosu, A. Sugawara, H. Iwama, M. Doi, and T. Shima, IEEE Magn. Lett, vol 8 no. pp.1701-7471, (2017)
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BIEA B iREIZ X D SmosBiasFesOrn il D /ESL & 54

MRS ' AR Spetd ', paJIESE 'L WJRUESE °, ke !
(RMBATREERS: 2 () @A LA IERT)

Characterization and preparation of SmosBi25Fes012 thin films

by metal organic decomposition (MOD) method
R. Urakawa', T. Yamamoto', G. Lou', M. Nishikawa', M. Kawahara?, T. Ishibashi'
(‘Nagaoka Univ. of Tech., 2’Kojundo Chem. Lab.)

IXC®HIZ

IIETICE A 1L, ENHEOEFERE 2~ 9 NdosBiasFesOwe R Z /ESIT 25 Z LIZkEh L, BEA
BV EORSKEEZ ML CT& 72, —JF, Nd, Y. Gd B0 A 15502 e @i Bl @&y — =«
v MIFZEFID 720, & 2 CTAENE, A EJEEFRIC Sm % V72 SmosBizsFes012 (SBIG) A2 Gd
3Gas012 (GGG) HifE A FEM EIC/ERL L, 2 ORI 2 51M L 72 fE Rz >\ THiE 3%,

EBGE

GGG (111) £ #x i MOD =t — b %l (BiFeSm-
04(2.5/5/0.5)), FEEALSMFFERT) 2 F L, A =
— % T 3000 rpm. 30 sec DM TEAT L=, T DI
100 COFRy 7 L— N TR SHE, 450 COAR v b
7 L— N CIBERR AT o Tm, T OEMEE 5 B VIK L
T RBRITARBER 21T o T2, ARIOFEBRTIXZ OARBER D
JBEEA 510 — 690 CET 20 CT oL b EH7-, 1B
L7=% > 7 nzonWTC, Faraday [HlHis68 2 017E L7,

£ G

Fig. 1 {2, SBIG # /5 Faraday A7 KL,
Fig. 2 [Z# 5 520 nm THIE L7 Faraday £ A7V &
At ABERIEE N BN D I2o0 T Faraday [Al#z
FAITHIML, 690 CORFICHKIZ® L7220 Sm & iz
H—Fy b THINFETICHE SN N, Y 72L&k
[FkED Faraday BHAARGOND Z &R bhoTz,
F7-. Faraday t A7 U o 2 Cl, ABERIEE N BN
DA OV THIFIBEG DMK T L, BEE RS T PED 58 <
ol b, 111 F B AESETH D L E X
HiLbd, LLEDORERI G, Sm &4 TR AW - &R
FE Bi @ — > FMERIFIRECH D Z L3 o
7

BIEE O RBFIE O — L. BRI ZE (A)
(18HO03776) DELKIZ X v 1Tz,
Y 2B

1) M. Sasaki, et al., Jpn. J. Appl. Phys., 55 (2016) 055501

530°C
| 610°C
| 570°C
| 650°C
" 690°C

Faraday rotation (degree)
OO A WON 20 ~2 DN WO

500 600 700
Wavelength (nm)
Fig. 1 Faraday spectra of SBIG thin films

crystallized at 530 — 690 °C.

400 800

690°C

\\
650°C
610°C

530°C 570°C
1 1

o =~ N W b
T

-2

Faraday rotation (degree)

-3 -2 -1 0 1 2 3
Magnetic field (kOe)

Fig. 2 Faraday hysteresis of SBIG thin films
measured at a wavelength of 520 nm.
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B4 B A3 R1E T I D ProsBizsFesOrr R O /ESL b FEAf

FRECEEE L ARAPEOR L, BEBefd T, vO)IPHESE L WJRIESS 2, AfGkeaE L
( RMBARERT 2 (BR) mnl B L5 nT)
Characterization of ProsBi2.sFesO12 thin films prepared by metal organic decomposition method
T. Fujieda?, Y. Kimura!, G. Lou?, M. Nishikawa!, M. Kawahara?, T. Ishibashi*
(*Nagaoka Univ. of Tech., 2Kojundo Chem. Lab.)

[ZLC®HIZ

Pz, THE TIZ NdosBizsFesOr (NBIG)HEZAFRIT 2 = LIThEh VL, i @sOtFhetid L0
B R T b e L CE e, H—Fy O NI OBKRE— AV MIFe* L AT TH L 08, Prtot
B FEROBKE— A FOMEZFROEHFFIND, LLARRDL, Prl—3y FOWEIIZEALER
STV, FRCZ, Bi #%< & Pr H—2 v FOWET RSN TRV, & 2 TAHENL, ProsBizsFesOre
(PBIG)# % % Gd3GasO1 (GGG) Hifti b A HIC/ERL L, 37l L 72 Ric >\ CTlE T %,
KRAE

GGG (111)3 L ' GGG (100) Kk -1z, MOD =— k~#f
(BiFePr-04 (2.5/5/0.5), (££) M/ Ao 7EpT) 2 F L, A ¥
> — % "C 3000 rpm, 30 FP DA TEAT L7, £ DT 100C
DRy b T L— FT 10 MRS, 450CHK Yy b L—
kT 10 HEBERR & T/ o 72, Z OFEE 5 BV IR L7
®ic, ARBEE 3R TR o 72, ARIOFERTIX, Z OARKE

w

= N

1
—

Faraday rotation (degree)
o

% OIRE % GGG (111) 14 Tl 510-810°C, GGG (100) K4 T 2 a2

1% 670-730°COHIPA T, ZNZh 20CT A b ST, 1ER 3 2 41 0 1 2 3
LIy FCHNT 7 7 57—l 2 JE L, Magnetic field (kOe)
HEREER Fig. 1 Faraday spectrum of PBIG thin films

Fig. 1 & Fig. 212, ZHZH GGG (111), GGG (100):4% - 0n GGG (111) substrates
ICHEBLL 72 PBIG WD 7 7 57—t ATV v A& RT, W

w

TROHAIC S, ABEREED LRICE bR->TT 7 TF— A 710°C

[EIEA A ITIEIN L, 700CHHE TR & 72 o7z, £72. GGG (111) § 2 r

DA TIE, ATV E 27 ) 2 2 &Rk L, GGG (100)D 3,;' 1T r 690°C
B REABIEE A LR BAENS T, DEOREDPD, 0 J
ERLL 7= PBIG MR 111 HICRALA St a o L & 2 5 Sl 670°C
N5, MY AHET 5, S |

BEE AMFZEO L, BRI (A) (18H03776) 4 321012 3 4
OB LV T, Magnetic field (kOe)

Fig. 2 Faraday hysteresis of PBIG thin films

EZDCN on GGG (100) substrates

1) M. Sasaki et al., Jpn. J. Appl. Phys., 55 (2016) 055501.
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EHRLF] Auk 7-/BiYIG MEER O %5 X ORI O
FDID X =2b—3 g v

HAGIE Y, J. Schlipf'?, KRBT 3, FRE(H 3, #ZEER— 14, FAE—", P B.Lim!,
L Fischer?, J.Schulze?, WWH#/A Y, JF EotEE!
("EEERL KR, University of Stuttgart, 3 HALK, YIST & X 30F)
FDTD simulation of optical and magnetooptical response for composite structure with rectangularly
arranged Au particles/Bi:YIG
Y. Itabashi', J. Schlipf!?, K. Ooki?, S. Saito’,T. Goto'#, Y. Nakamura', P. B. Lim!, 1. Fischer?,
J. Schulze?, H. Uchida!, M. Inoue!
(‘Toyohashi Univ. of Tech., University of Stuttgart, *Tohoku Univ., *JST PRESTO)

[FLHIC

BRARBNERTH DT —F >y NI 7 7 77— RZ2FH L
TRTA L= EICHBERTEY, T3 ZAO&E RS
Mooz, X0 R&72EERAZRFOMEBIOBENEE LT
% JAHIECS Au ki1 2 REME S — % > B Bi:YIG)HENIZ/ER L,
RfEE R T 7 X B EFIHT 2L T 7 77— 2R
KTxb D, £EEHEHI L Aukit & Bi:YIG & OB AET
L, 77 RXREBUVHIENREZ > TV DR TRERT7 7T T —
BEZ A NG LT D D REFETIE, Z ORFESIFEEOEF
BIOBESAAIGEIZOWT, FDID ¥ 2 b—ya v ZHNnT
BT D,

AEELUVHIAZEE

Fig. 1()lZ, TE-HEEEEE 2 W CERLL 72 x J51H 200 nm,
y 516 250 nm JE O HEA] Au ki &2~ T. 2O RIZ Bi:YIG &
R U 72 ORI A AT IS N 2. A L7 Y6 R i oo 44 i
Z B HIRE ISR LT 0, 30, 45, 60, 90 deg. & 28k ¥ CHIE L
EEERE 7 7 75 —[Efiz A~ NV % Fig. 1b & 1c 1T,
FRFETIET 7 AT HBIZ LD MR OBEENZE( L, AT
DOIRICHEOAEN 45 D & S ITHWRITHML, b7 7 77
—[EERA N R D REL ool

FDTD % AW st AR R % Fig 2 1IZ°d. ZZCTHW=TF
LTI, AubiFOEEDN 120 nm, Bi:YIG OJE X2 91 nm, R
SEZ x &y i CRBIREER, TR 5 & e RIS &
L7c. G O E ISk 2 AED 45 deg. ORFICHR S 7 7 7
T—ARANKEL IeoTlz, ZIULERBRLE —&KT5. F725
BREHRELLBAEE 00D 45deg. ICEZD L, HERRLED
LRI S T ER ootz TiE Au ki 21 E HEC Y &
LTWAZEICLDBIROMETHD. Z OREOREE T2 R
OHERIL, BRDFIZLVERELELTELELDTHDLEEZD
n5.

L ZD N

1) H. Uchida et al., J. Phys. D: Appl. Phys., 44, 064014 (2011).
2) JIEREM, 55 41 [B] B AR PR S AR 19pA-4
(2017).
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Faraday rotation [deg.]
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Fig.1 (a) A top view of fabricated Au
particles, (b) transmissivity and (c)
Faraday rotation spectra of composite
structure.
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Fig.2 Calculated (a) transmissivity and
(b) Faraday rotation spectra using
FDTD.



11pPS - 12 H42 | AR ANREAEEE (2018)
CoPt-Ag 7~/ HEIEIRICR T L JRfE 7 7 A€ 4G & OG- Rtk

WARIEE, 22 INET- . WHEEE, fHeths £,
(BKHPEE > 2 —, *THILR)
Magneto-optical properties and plasmonics on CoPt-Ag perpendicular magnetic nanostructures
H. Yamane, Y. Yasukawa*, K. Takeda*, Y. Isaji*, M. Kobayashi*
(Akita Ind. Tech. Center, *Chiba Inst. Tech.)

INVPREL(E *

FLHIC

TSXEVHBHZWE T+ b v I ERICEDBMEAENRDOERIEE SN TS, Halk, B
AXERAVWEHFE-LREFZEOVOREXEME LT, Bt/ BEAOHEIAZEHEEICOVWTREAZENT
W5, BEMSEAEEZET S CoPt BL Ag A F T SNz CoPt-Ag F/ #EAR T, fafEIZITHAN
T/INSEENIMEIS T, 4B Kerr EERANEMT Z2BELEZABRAINS 'Y, Thik. AR FISEET S
CoPt BOMAAFBHED RELIZERET 23D THY BETSXEVHEBOHELEZ TS AMETIE.
CoPt-Ag F/ BERICHE T ABELTHMEANAFYHEDORREMAT S LEZBNE LERFFITo 1=,

ERAE

HEE. IR AV ANY A ES S UBNBIZ L2 REREZZAVTHS RERLEICHER L=, RWIC,
Ru T #ufE (100 nm) 2, EEAY3 nm @ Al &0 Zn0 SREE (AZ0) 2/ LT, Ag(b nm) SEIEZERICTHIES 5,
FD#®, EZDTHMIE(BO0C, 60 ) ET5 T Ag ODHMAMFHEEETRRT S, S5, FDLIC
hcp (001) ~CogPty, & (5 nm) &, AZO HEE 2 nm) M L TRIES 5, EXRERIK(E. EEEEFIEMEE (SEM)

[Tk Y. Ffz, ERAFRHEE, 18 Kerr HIRICZE Y IKEK 250~900 nm OFEETAIE L 1=,

EBER

1 1. B 400 nm TAIZE L 1= CoPt-Ag F / &R D 1% Kerr
W—TThd, BaFHSICLET/INSIZENMAEES (89 2k0e) (28
WT. Kerr BERAMNRK ELGDHFEGHESAFFENGRA SN
5, SEM A5, ABREICIX., KEZH 50~200 nm DHLF
PREREESNTWEZERDM2TWNS, O EMD, CoPt B
[X. Ag kI F (Particle) & % L & Ru EHEIE Matrix) # FTH#h &9
5 2FEICHETHIENTE, ZDHEE. & CoPt BD Kerr
BIEEA (Qarticler Gratrin) [ LTFORXMBRH BN D,

gparticle:(gMAX_HS) /2, Hmatrix: (aﬂAX-'-HS) /2

2(F, EXKYRDT=, Ag AL F LD CoPt BOHRIFERANR
2bLTHY. 2(b) IZ1F. RHDFERIZEYKRHT-FEHED
BREZRLTWS, Ff=. LE®ELT, ESH 100 nm D Ag &
GIEEICHRALI=CPtBG m IZDWWTHRLTLS, THo
Ag DRRDEH S & T, BlEsA. BHERLLHIC, BROHLX
R FIHBARELERLTWEZ ENDH B, Ag EmIE LTI,
Ag DIRUR (TS5 X7) i TH Kerr BEEADIEEAR SN, CD &
EEAEOBENREET 5, —H . Ag AL FLETIE KK 345 nm
£ T Kerr BEADBHENREE L. ZORIE TEBRZEZRL TL
%, T OHRREFITKLHBIEM S . CoPt-Ag F/ HBEIKIE,
R 310 nm fHEIZ, MAFIEICE LB S HE-BRIRE—Y %F
FTEHELRDIO2TWS, EDZ EMD., CoPt-Ag 7/ &k
1285115, Kerr BlEcADERREAI TOEDEBXRIL. Ag ERED
5E & RERIC Ag IRIVG TOEIENR. —FH. RRERAITOED
BRIE, Ag BHFTORETSAEVHEBICERT HiEELEE
AbNnd. AARIE. BABOBBEZITTERL =,

S E 3R

1
2)

H. Yamane et al., J.J.A.P. 54, 06FJ09 (2015)
H. Yamane et al., A.P.L. 106, 052409 (2015)
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Substrate temperature dependence of perpendicular magnetic anisotropy of CoFeSi/MgO multilayers
Y. Stutler, E. Matsushita, Y. Takamura, S, Nakagawa
(Dept. of Electrical and Electronic Eng., Sch. of Eng., Tokyo Inst. of Tech.)

[ZLHIC

WEBE IR T EPMA) 2 7T 2R b 2 RV (p-MTHIZEB W TS TED b o RV &2 F2 5
FAHEDIT, A EUSHRRD 100%0D~—7 A Z LR RHMEP) I PMA % 363 S & A B2 058% A AT
PhTWg, ZHETHAIEL, HMF E SN D 7R A 2T —454 CoFeSi(CFS) % MgO & #:a &d7-—
JEREEICHEE L, MgO & O R mBARIEITIE VLY CFSIZPMA 215 C& 5 LA RLT&ER3, Z0
PMA (% CFS OEREIRE TslZkAF L, #il %1%, 350°C THuFET % & PMA IXIEA L7z 9. ARIFFETIL, CFS ®
Ts 2 RMANCZE L ST CFS/MgO Bt 2 1B U, bR & S 2 3 i 42 2 & T, BER
B OE LD RIRZ TR~

EBRAE

TNTORENE, k% —4 y ARy Z k% VT MgO(100) Hifs SR EIC/ERLL 72, 3Bt FE B
WX, FEAR/Cr(40nm)/Pd(50nm)/CFS(0.6nm)/MgO(2.7nm)/ v 7 & L7=. Cr Jg & Pd J8 DO RIEIZER TV,
CFS J& DR IEIRE Ts 1%, 25°C, 200°C, 300°C, 350°C & £t S+#7-. CFS FKifild, HiRIZHB W THEEF /3T 2.0Pa
OFFXKFIZ 10 rHBREL, TO%MIOELE X v v 7 EEZOEEOBEECTRIE L. F£7z, Rimsto
WAV #Em T 272008k e LT, IRV CFS & % 8-> FEH/Cr(40nm)/Pd(50nm)/CFS(30nm)/ = +
o FOFEERETE HVERL L=, MgO JEIZ RF A%y %, ZHLIADEIZAT DC Ay X THIE L=, 3B
WAL P TR BN BB RS 1 3H(VSMY TR L, FN 51RO M-H 15
HIR2 5 PMA ER AR L7z,

ERER

Fig. 1 (2, CFS(0.6nm)/MgO #&i& Dk d PMA E4L KL Ts ik
2R, K, Ts = 200°C T—HIEIL7=2%, Z D%
L, 350°C TO &7 o7z, FUHDIEREMTIT R TR—Th o7
W, ZO ToKGFMEIE CFS BIZWNET S PMA EEL KPP 021k

T

| CFS(0.6nm) / MgO

K, (Merg/cc)

L2560 EFHAITEZT-. £ 2T, 30nm JED CFS i T Y100 200 300 400
K DOFIE 24T - 7. KU, Ts ICKAFEIEL L7228, CFS(0.6nm)/MgO Ts(°C)
EED KUZHERT 3HIE E/NSWETH - 72 (Fig. 2). Fig. 1. Ts dependence of K. of
B OFERNES, CFS(0.6nm)/MgO HEXED Ko Ts fRIFHEIE CFS/MgO bilayers.
CFSJE DN D PMAIZ L 2% 5 CIXFB TE RN L2V 6——————— —
Mots. REHEEOERNRFMICKESBBLELEZLN CFS(30nm) .
L. FBRYBIL, FEBEKEGFEICOWCHEEMR T 21T - 72 -
fERLEOWRET D. %
(]
BE Xk Qi
1) S. Ikeda et al.: Nat. Mater., 9, 721 (2010).
2) Z. Wen et al.: Appl. Phys. Lett., 98, 242507 (2011). 2O 100 200 300 400
3) Y. Takamura et al.; J. Appl. Phys., 115, 17C732 (2014). Ts (°C)
4) K. Shinohara et al.: AIP Advances, 8, 055923 (2018). Fig. 2. Ts dependence of K.’ of

30-nm-thick CFS layers.
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Perpendicular magnetic anisotropy and the crystal structure of C38-type MnGaGe films

Mingling Sun 12 Takahide Kubota "3, Yoshiaki Kawato *, Yoshiaki Sonobe *, Koki Takanashi *
(Institute for Materials Research, Tohoku University ', School of Engineering, Tohoku University 2,

Center for Spintronics Research Network, Tohoku University °, Samsung R&D Institute Japan *)

Introduction

It has been a consensus in industry and academia that magnetoresistive random access memory (MRAM) is one of
promising memories in the near future. From the viewpoint of materials development, the exploration of materials
possessing small saturation magnetization (M;) and perpendicular magnetization with high uniaxial magnetocrystalline
anisotropy energy (K,) are necessary for increasing the capacity of the core of MRAM called magnetic tunnel junction
(MTJ) [1]. So far, the most successful case is CoFeB/MgO/CoFeB perpendicularly magnetized MTJs, which has
achieved tunnel magnetoresistance (TMR) ratio of over 120% at room temperature [2]. Meanwhile, some other hopeful
materials were also attempted, such as L1,-FePt alloys with extremely large K, [3] and Co-based Heusler alloy utilizing
interface magnetic anisotropy [4]. However, My values of all those materials are relatively high. Here, we focus on
C38-type perpendicularly magnetized MnGaGe films. MnAlGe which has a similar crystal structure with MnGaGe was
deposited on a single-crystal (001) MgO substrate successfully [5]. Relatively small M, of about 250 emu/cm’® and
moderate K, of about 5 x 10° erg/cm’ are of the interest for the application to MTJs. For giga-bit-class MRAMs, the
reported K, for the MnAlGe film is still small, and the study of C38-type perpendicularly magnetized film is still
limited. Therefore, in this work, we have determined to study perpendicular magnetization of epitaxially grown
MnGagGe films.

Experimental

All the metallic layers were deposited by using an ultrahigh-vacuum magnetron sputtering system. The MgO layer
was deposited by using an electron beam evaporation system. MnGaGe layer with a thickness of 100 nm was deposited
on MgO (001) substrate directly by co-sputtering technique using a MnGa target and a Ge target. The surfaces of the
samples were capped by MgO (2 nm)/Ta (5 nm) layers. By adjusting output power of MnGa and Ge targets or changing
Ar gas pressure, 5 series of samples were fabricated, which were: MnysGayGes;, MnysGazgGess, Mn3oGaz;Gess,
Mnj3;GazGes; and MnsGajrGes;. Subsequent annealing processes were carried out using a vacuum furnace at 300 °C,
400 °C and 500 °C. After the preparation, vibrating sample magnetometer (VSM) and x-ray diffraction (XRD)
measurements were carried out to characterize the magnetic properties and crystal structures, respectively.

Results and discussions

Composition dependence of MnGaGe thin film was investigated systematically. Except the MnysGay;Ges; films, the
M; values were close to that of the bulk sample [6] after annealing at the temperature higher than 300 °C. In addition,
the Mn3;Ga;z¢Ges; thin films exhibited perpendicular magnetization for the post-annealing temperature ranging from 300
°C to 500 °C. Furthermore, from the results of XRD measurements, epitaxial growth with (001)-orientation was
observed in the Mn3;Gaz¢Ge;; films with annealing. On the other hand, (110)-orientation also appeared in other samples
most of which exhibited in-plane magnetization. It is proposed that the stoichiometry is crucial for the epitaxy of
MnGaGe film onto MgO substrate and the perpendicular magnetization.

Reference

[1] H. Yoda, Toshiba Review, 66, 20 (2011).

[2] S. Ikeda, et al., Nat. Mater., 9, 721 (2010).

[3] M. Yoshikawa et al., IEEE Trans. Magn., 44, 2573 (2008).

[4] M.-1. Sun et al., IEEE Trans. Magn., 43, 2600404 (2017).

[5] S. Mizukami, et al., Appl. Phys. Lett. 103, 142405 (2013).

[6] R. Y. Umetsu, et al., IEEE Trans. Magn. 50, 1001904 (2014).
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Spin current generation via spin vorticity coupling using Cu and Pt
Yuki Kurimune?, Yukio Nozaki*®
(ADept. of Phys. Keio Univ., BKeio Spintronics Center)

ZC®HIC

A MRS A (spin vorticity coupling, SVC) & 1, A E v & TJFIEIERIC K D MENHEE L, AL LifE
DAEILESTRT Uy VT RAFX—ERELLBRTH D, 20 SVC 2 HWT, 6 1T
DFVFEMAEEN D A R E R T D FEERE L[], RELOFFEICEI L, SVCIZE D AE U HiiOK
& S, REEDRE R A B ARFARFEICHF] L. A € uE R A AEH (spin-orbit interaction, SOI) D F5\ > Cu
Al BAERAEMIEIZHE L TWD, — 5 TRELITERIE. itz Huz SVC IZ X2 A B Uiz
T, [ & 181 SOl B35 L WEIENFET 5 2 L 2 HEMIOR L72[2], & 2 TARBFZETIL, SVC ZhEIC
BT 5 SOl OFHITHER L, A URARKIEE LT SOl ™55\ Cu & SOl MRV Pt & VT, ik iz
Ko TEMRESNTZAY RO EB R ZIT > 72,

RER &

WEZAT > To R A O % Fig.l (2777, LiINDOs EEHAR BT 1 O3 72 REMIDT)Z B L, IDT
12 NiFe(20 nm)/Cu(200 nm) % 7= 1% NiFe(20 nm)/Pt(200 nm) % ki L 7=, IDT [ZASHREE 2 FIIN L, i
Wz ZJBEIEAT D &L FERMEIEIZ SVC HPRDZRA B MR SN D, ZANHHE TH 5 NiFe J&
WCHEAESNDEZET, AV NIV A7 77— M ZICE D A VERIRENS, AV EREEIND L
B~ A7 aEBMETHOT,INERT M FRy NT—I T FI7AFEHNTS uff B & LTHIE LTz,
EERFER

Fig.2 1338 m M 23 hile S A A EE Lz & 2 0, B~ A 7 1 OWRIGEE A PO ORE A7
39, FE L BRI, Z 2 NiFe(20 nm)/Cu(200 nm) & NiFe(20 nm)/Pt(200 nm)D#E R TH 5, Fig.2 L v |
A Y D S SRR AR 2R T R D SRR & — BT DRI BN T v A 7 ORI B BT, W
FEDRKE 1%, NiFe/Cu 23 NiFe/Pt L1V H4) 84 EREL Roledy, AV O 5% FHN§ 5 121%, Barnett
Wes N EHE NiFe JE OBML AR S S0 F G2 BETHLERH D, YHIX, BB OMEMEERIC LV EH X
NTCAERORIZTEDE | ~ A 7 BRI ED A BRI K D FH G2 EEMICEET 5,

14
'?: 12 —— NiFe/Cu
— 104 [\ NiFe/Pt
X 8
R-SAW £ 6
AN, — NIV
§ NiFe/metal & A % 2 " i
. . ‘ __’,’" “_,_‘_777_ - T T ~
LiNbO; substrate = 0—8 6 -4 2 0 2 4 6 38
p— 24pum —
— = HoH /mT
Fig.1 Experimental setup for observing spin wave excited Fig.2 Magnetic field dependence of microwave
by spin current injection. absorption in NiFe/Cu (solid line) and NiFe/Pt (dashed
line).
B 3CHk

[1] M. Matsuo et al., Phys. Rev. B87, 180402(R) (2013). [2] M. Matsuo et al., Phys. Rev. B96, 020401(R) (2017).
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Spin Current Generation Using an Interface between Weak SOI materials
T. Horaguchi #, Y. Nozaki ®
(“Keio Univ., ®Keio Spintronics Center)

HMAER

A EIE, B OBEN 2 LICHIEIZ MV Y & 5 2 b AEE R EES L L CAB MK T A A~k
AN SN TWD, ik, AV URARICIZ Pt 8 A VB AE/ER (SOl) OKE/LRELFETOALE
ARTFRGEL (A B R — V) SORMER T TORME S A F X 7 AR « il (AR 7)) A
WHNTE T, Loy L, FEREMEIRR T 2 A5+ 2 B GRE MG SAW) 2 JHW T2 X B it AR R[]0 A
RIS COEKRZER—A U MAKRIAHME S TRY . AV VHEEMAER O/ S 226k 2 vz
A B UTRAERICHIENEE > TV D, BIEICOWTIL SAW IZ K 28 Rl L & b IOES§T 5% %@Eﬁm@
firb A DAY RS (SVC) 1T X5 A B Ui Ak PR @*%% IZE > THRE STV 53],
BFEICE L L, S8EREIZ LY SOl 2RI D L OWMEL H DD, E@#éEkQXE/méﬁw4
DOFINTIZE - TV, AHAFZETIL, H&%ATXE/T%”@#$ <V ABUAR—=AZRICK éxE
VIAERRICARM X 72 Cu & Si RS ST 2 BEERICT L, Ay Ly RS E (ST-FMR) [4]1C

0 2 el 24T o 72,
EER A &

ST-FMR IZAE RICERNT DAY 8T VAT 77— b7 OFHEEEBRIZEIVBET LV RT v N
5O 53 RREMEILIG A7 h oL ETERE U PR BIEL (Lorentzian) & FROFFRAEEEL (Dispersion) & LT
SEETAHZ L AR L ATTERICH T DA U RAERIREZ RBLARELA U BRIREO—FTH 5, s
X ST-FMR {EZ FH W= A B Ui V7 OREIC LY, AV VEUEMRAEERO/NS 2R E T R Y —7
IR E DI SRk A BB A AT o 72,

25,

EL SRS o
Figure 1 {Z sub./NiFe(8 nm)/Cu(10 nm)/Si(10 nm) D fH#R(IE 10 um) > 12‘?/:]
O ST-FMR JITERS R 23T, TR B & SO OMIE = o© |
MTHRSNDBBTOT 4 v T 4V IRERTH D, AEVROES . V'
PRSI RIS AL 5o TRy Cusi2 BT |
DAY AR RE ST, FEM 7SR RS R OVE BRI S DU AT 00 e e e
TN AHET 5, N “Corenin
0s /:. | — Dispersion
S -
B ik gos |/
1) D. Kobayashi et.al, Phys. Rev. Lett. 119, 077202 (2017) -10
2) H.Anetal, Nat. Commun. 7, 13069 (2016) P
3) M. Matsuo et.al, Phys. Rev. B 96, 020401(R) (2017) S

4) L. Liuetal, Phys. Rev. Lett. 106, 036601 (2011) Fig.1 STFMR spectrum measured for
sub./NiFe(8)/Cu(10)/Si(10) strip.
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Spin current generation using non-uniform spin dependent scattering in surface acoustic waves
Akihiro YamamotoA, Yukio Nozaki*®

(“Dept. of Phys. Keio Univ., ®Keio Spintronics Center)

[ZL&IC
BT, REHMER 2 AW A RN ERSIND Z E/IKRGIZE > THRERSNEZ[], ZAUTAE U mE
fEE LW R L P MEEROM BEER 2RI U<, FREEPEAR/FEREIER O T8 Bl v A U — RIS ik
¥ (Rayleigh Surface Acoustic Wave RSAW)ZEA L, it A B 2Bl L7 b D TH LD, RSAW & IMiEFkR
xR T 2 T, IREAMERRE IS L CERERAFAICET 5, ZOMIC b REHMERIIZT 7R KR
S (Love Surface Acoustic Wave ,LSAW)SFE(E L. Z AVTIRIE SRR m IS5 L COEITICE L5, AWFZE
TiX. TDLSAW TH XV REREAIC & D A VAR FIRENE D DA D70, MEEMERFERENE AR
D JERE EIZ RSAW & LSAW O “FHO R EFEIER 27 EA L, &t A B DA &2 AT,
EER A&

WE LTI-F T OWES Fig. 1 I3 JEBHEME LTASHWLND ¥ U Z R Y F 7 A(LIT0s)FM EIZ,
HEE2E R wn e AWV CIE S 30nm, < LiE 600 nm @ Au 72 4UIREM IDT 2/ER L=, =Dk, shmitE
(20nm)/Cu(200 nm)% A /X Z AR L7z, —F @ IDT \Z AW B i 2 FUIN U 2= sl 6 2 it S, 2% ok g
DARHE 7 TN AN G 2 FIIN U 72 R A8 C R i 4 @ U 72 R WM 2 fh )5 0 IDT TELl L7z, A
N7 AT 7= MV IIZE DA BRI K o TR MR 23 ihke S 402 BB 30 T 3R i SR O
BRI DNE I DEBA LTz, REWMEROERERERIEIX, X7 vy NT—2 7 FF A4 HF—(VNA)
RN TITo T2,

EERFER

IDT (ZJEEE DRI H R MEREZEHIN L2 N 6 Sy 552 RE L 2.4 ym 400 ym
e, W7 — 1 mEHZ KV frequency domain 7 — ¥ % time domain 7 4
— ZICEBR U TRERE K 2103 T, R O AR A D E )
5. RSAW & LSAW O i )7 S LiR0; F M IZ b STV D 2 & AR
T&E7, BMBIZRT X 9IZ, RSAW Al T 2 B EIc B\ T,

LiNbO; Hebft 2 FIVN 7= SE4TAFZ2[1] & AR IC RSAW FH SR D 2 B L i 28 il -
L7 FMR 2MBIZ2 S 7=, 4 HI%. LSAW O X v o teic>  ~ -
WTHREET S, 1 FAHERR O S K

LSAW RSAW

| /

poH /mT
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Effect of size and reference layer’s thickness on thermal stability of p-MTJ
T. Tanaka, C. Yoshida, A. Furuya, Y. Uehara, K. Shimizu, J. Fujisaki, T. Ataka, H. Shitara, T. Hirahara H. Oshima*
(Fujitsu Limited, *Fujitsu Laboratories Limited)

WEMREITEEFFOBR b RNV ESHZ T E-MTNEIBR T v X L7 72 A A E U (MRAM)DOESR & LT
INFETITHE IS LTS, MRAM O ERLIZEIT 2 HERIFEO—>2 L LT MT) H# ik S
NWoT — X DEEEMIEEAN & H[1]. ZDAZFHET 2 H51EE LT, String 1%X° Nudged elastic band 7% % [
WA a7 3274 v 7 vIalb—yalrynbd b, iz Chaves-O'Flynn HIZ X 585038 5[2]. MTJ
FATIIZHRED O ORISR N 7V —BICE 2 5B EH TE R0, MTI R FOLEMEL T Utk
T 5L CIRNBAROREZEZE LAZMT 23 RITIE LA LR EN TR, ARETITI0ENLRD
THEHMIO NV T MTI ZET VW~ A 7 a~ T 32T 4 v 7 v alb—a U ETD, B2REBOES L
RV A AR TV —JOBRLEMIZE 2 5 BIZ OV TN,

BV MTIZE T OME % Fig. 11073, CoPt DREEEn& L2 % = & THMIE DORE 22k S -,
TRV X —FEEET String 1% VTR L 72[3]. String i & 1d 2 DO R EIRREZFE SR ON, kT L
TN b/NESL 2R ERERT D TFIETH D, RO LNTREZ VT P(AP)IREED S AP(P)IRIE~D
RNF —EREA R R LAZ RO T-.

Fig. 2(@)1X MT) & 7 D ER L Z2IREOBRE 22 2 1256 DA 7% v MR Hogrser = (Hepoap + Heapop)/2%
KL TWD. Z Z THepoapapop)lE P(AP)IRTED & APPYRIE~D IR DOIRIE ) T 5. ZRIE DIRE & E
BICE>TH 7y MERNEILT 52 L Rbs. ZhiE7 UV —l@Iamb 5 RNEBERANE T 570 L&
ZBND. Fig. 2(b). (C)IZ P(APYRTED & APPYIRIE~DFEHAp apap—py DV 1 AEAFIEZ Y. BB DI
JEREDGEN)E X1, Appop > Apoap [Dapop < Apoap) E 785 . ZHUT T U —BITb D IRAELIRIC L 0 %t
PRYEDMEAL T PARTE & AP IRIED L EMEN LT 2720 LB Z B D, FriZn=10(2) DIFIZAp_apap—py (LA
ZHENNZHE > CTHIFI9 DA\ 27~ L7z, Fig. 2(d)13A4 = (Apoap + Aapop) /2D WA RE(FIEE £ LT\ 5. Fig.
2(b). (©) TiThpoapapp) FIEIEDEEIZ L0 VoA KEAFED R E S AL LD, T D LIFRRVADY A X
RFEMIIEREICIZE AL LSRN bbb,

—_—

a) (b)

19009 - 400
oy ] R
3 . & 300 *
= ] < 0..!
= T bl 1 T 200 YY
T 900 & &8
€ - = 100 AAA
|_CoFeBTa(0.45] | — Free layer g Z 0 R
-1 I f T
& -
Diameter (nm) Diameter (nm) En=4
Ta(0.3) 400 (9 (d) ne
O | 400 | on=8
Reference layer & 300 X 300
Ru[0.42] T c° Xxn=10
' 2 200 66 4 N 200
CoPt(0.4+0.8n) < 100 ﬁzﬂ 100 F!T’n
. . 0 o W& |
Fig. 1. Structure of MTJ. The numbers in 0 25 50 75 100 0 25 50 75 100
parentheses are nanometer, and the red arrows Diameter (nm) Diameter (nm)

indicate magnetization direction.
Fig. 2. (a) Offset field. (b)-(d) Index of the energy barrier.

1) H. Sato, S. Ikeda, and H. Ohno, Jpn. J. Appl. Phys. 56, 0802A6 (2017)
2) G. D. Chaves-O’Flynn, G. Wolf, J.Z. Sun, and A. D. Kent, Phys. Rev. Appl. 4, 024010 (2015)
3) W. E, W. Ren, and E. Vanden-Eijnden, J. Chem. Phys. 126, 164103 (2007)
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Spin-Orbit Torque in rare earth—transition metal Ferrimagnet/4 f-metal Heterostructures
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('College of Science and Technology, Nihon Univ., 2Graduate School of Science and Technology, Nihon Univ., 3JSPS
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1 &ELsoic

A, MM/ ESERECEUSZAE VHE FLVZ (SOT) IZ2WT, A RAYY A =2 ANBE THAICHIE
Wb TW5S, SOT 137 = afitik/5d E4EFRE 7213 Tld7e <. GdFeCo/Pt D & 5 =i+ B $E (RE-TM)
7 = VMRS BELEEA D . Gd/CoPt DL SR 4f EEEHVZR 2 IZBVWTHHIEINT WD, AL TIE
K2 T 4f EBEOAY VHEMHAIERIZEH LU, RE-TM 7 = VR4 f S@EA~ATOESIZEIT 5 SOT IZ2WTH S
NZT 5,
2 EBRAE

Si ##x iz, Au(20 nm)/X(5 nm)/GdFeCo(10 nm)/SiN(100 nm) (X = Gd, Tb) 75 7% RE-TM 7 = Y iigtEik/4f 4
BATOESEE RF ARy 2D v KO ER Uz, BTHRY VI I 7« —EEE2 AT, IE5um, B 100 um O
B IUN=JRRITIN T U7z, NG 2B LA S, ERREREHAVTV = Vgsin2rft (KEX V. FEE )
TIREISTAELZHML, vy oA V7 TERAWTEIREBEIZELUBA R —NVELEZE L2, S—IVELEDOREARY
R B & O IR E B % O ANBEE AT & 0. damping-like SOT D K E X L BHA L Y m—IAEkRKDZ, (HN—

E=w 7 R—I)VELENE)

3 BRBELUEE

Fig. 1 (2R —)VEBEDIEARP LD Vi B KO ZIRKERBRD Vo O, EEA TEH & TATI U 72 MRS Hex
A2 /79, Gd/GdFeCo. Tb/GdFeCo D ZNZHNIZEWT Vi DRFFIREFE U, Vo DR FIEEWVWIZHERMESTHS Z
Ebhrotz, TOFERLD, Gd/GdFeCo & Tb/GdFeCo T4 U % damping-like SOT DAl EIFAWVIZH W ETH B Z
EWREING,

Vi 8L Vo OINBEIBHAFME L D kD72, Gd/GdFeCo. Tb/GdFeCo & & U EARl & U THERL L 72 Pt/GdFeCo
2B BEMAY Y R—IVH Osy % Fig. 2127537, Gd, Tb 2H4 L7256, AY VHEHEEANKES WL 05 Pt
WHART, ARIAE Y R— VAN 10 f5RERE o7z, 72, Gd & Tb THMAE VA=A OREIELL T
WA, ZHUEGd (4f75d") TIE Af BUEHE & S LLEETHZDICH L, Thb (4f°) TR 4f BIHIZE 51z 2 O
THMbB7ZDTHBEEZOLNS,

0.2
400 Gd/GdFeCo
oF 0.1 -
3 -400F : F of- - _ - _—_
T 00l TH/GdFeCo s .
o o 01 F
-500 E{ 500
-zoof
| | -0.2 | | |
-2000 0 2000 Gd/GdFeCo Tb/GdFeCo Pt/GdFeCo
Hey (Oe)

Fig. 1 In-plane magnetic field dependence of 1st and 2nd Fig. 2 Effective spin hall angle of Gd/GdFeCo,
harmonic Hall voltage. Tb/GdFeCo and Pt/GdFeCo (reference).

HEE

ARWFZEE, T 25-29 4B SCEIRBHAA FANL KA MG A FARE i B 2 (S1311020) & & OV 30-32 4 JSPS
FERIFZE BRI E DBz & b b7z,
References

1) W. S. Ham, S. Kim, D.-H. Kim, K.-J. Kim, T. Okuno, H. Yoshikawa, A. Tsukamoto, T. Moriyama and T. Ono, Appl. Phys. Lett.

110, 242405 (2017).
2) K. Ueda, C.-F. Pai, A.-J. Tan, M. Mann, and G. S. D. Beach, Appl. Phys. Lett. 108, 232405 (2016).
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Dynamical Modulation of Magnetic Vortex in Nanostrips
Using Interfacial Dzyaloshinskii-Moriya Interaction
Y. Goto” and Y. Nozaki”B
(ADept. of Phys. Keio Univ., BKeio Spintronics Center)

IZC&HIC

REY v a v A% —SFARFEVER (IDMD) [ X5RBEME R & EA R MO R imIcHn 5, DML TiEAE Y
NEATHET XL F—DNMEL R L7200 ANA B~V ZHHEAERE IDM 58T 52 itk Thlthr:
WA E DL ENLT D 2 EDHMBINTWND, —F T, MRS TR x L X — L e v
F— DA L VB UN o BRIEE N L ET 5, BERIRITiaEE % MR o 7 F R0 FER]
HET 5 ™M E— FOFENA LN TEY . ZOEABEKREIIMIEOBRE & ERICEKFT 5, THE— RIER
RERLCHRIC LV ERT 5 Z LN TEX DM, il Liu 5128 > T DML 28 ™M E— FOREEAE LT 5 L v
IVIal—varERIRESNTZ, [1]Z 2 CTHRAIE, DMLIZED ™M E— ROEHFHZFZRICEI D BIZL.
~A IO I RT 47 AFHEOFERER LT H 2 LI LY DM OE ERREN & A T,

ERFE

K1DXHICEELwmOMBEE Y 2 H EIZ NiFe(25 nm)/Pt(9 nm) THRUE L 7=, ¥&IZ Cu(70nm) o & fik
% PR S Bk L. 2SR AT 2 50 MHz 725 400 MHz O J&3% Bt CHIM L 7=, TM & — RO iM% I8,
NOBREEZNETHZEICLVBNILZ, £/, M3 DL ITHbEfEfMSE S5 Z & TV FRmR i
WARERE 2 AL B LIRIERICIR D TM B — RZ b 32 ER 217572, MR oORE 1 XIcE b e& T T
Ralb—va X BREEITV, DMI OKRE TR L TED L O RERNE Z 5 O ZHf~7=,

X 2 1 NiFe/Pt 38 X OV NiFe 72> 5
2D TME— RO A~ "
JMERLELOTHD, KX
72 IDMI MFEET B L B2 BND ‘
NiFe/Pt [23\\\C TM E— R [#H
AR 10 MHZ IR F LT\ % P%ﬂ’%é:ﬂ‘mﬁfﬁm SEM [H]

e h, Yialb—var

WCRDRERLY | WMOBERNNE |Fe/Pt
WIEE DML I L A EFRED KX
< ENLZENTHISND
72 % BTV T RGIRR o i NiFe
BEIZBH L TIT o7 TME— RDZ

FTNCONWTH TR EIT O,

voltage/uV

50 100 150 200 250 300 350 400

frequency/MHz ;;“
2 : NiFe/Pt & NiFe H#ck1T % 31V PR
FFLANRT (L
B Bk

[1]Y. Liu, M. Jia, H. Li, and A. Du, J. Magn. Magn. Mater., 401, pp. 806-811 (2016).
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Characterization of Spin Hall Torque Acting on Antiferromagnetic Structures
H. Masuda', T. Seki'?, T. Kubota'?, and K. Takanashi'”
(‘IMR, Tohoku Univ., 2CSRN, Tohoku Univ.)

BT ®IC

BRI AR D R DB 35 ST 350 5 O 5SS IR A e B 2 B A IS 8 2 ROBEE A E v b e = 7 A8
WEFEHZEDOTWS D, KBHEAC Y b =2 2128 2 HED 20, SRR SME ORI
ZRRNCIRET 2 FE 2§52 L TH D, MEHEZEDR O RBIERICH L THERICR 2 EE 25
N0, BIRWBEIC LIS THEETLIAEVHIE LV OFHTH S, THE TOWETIE, 2NV 7 SR
Ptk & 2 € VB AR O R E CIEMEWE (Pt, Ta, W 4 L) ZilaGbE 7R 2w T, B L )R
W SRS E O A ER DR TE 72, L LA 6, 2NV 7 SO X XA & Ol IcZ L <

W5 & 2 WIS DL DS A ATBE 720 & D BN 2 U2 D 0 | Bk IE 2 HIH L 29k To R
BRI E 7> T 5,

FOmgE & BIR OB %2 2R 720 D—2DHRE LT, Co-Gd TENLT 7 ABENEL LN
%, Co-Gd 7EIL T 7 AEBETIE, Co & Gd DIERE— XV F DBEATICHAT 2720, B8R % %S
52 LT, 7 BRI LS & 5 nHE 2 HIH T E 5, £, WALDSHIE T 2 HUDAET %
7o Wi 7 = ) WA & 7 2 BRI BHBURY 72 BORRE MRS IE & EIROM AN Z2# X2 2 L23AlRE L 2 5,

Z 2 ORI TR, MHRERZ IS E 7% Co-Gd TEN 7 7 AEakE & IR Pt 2B (L3
Co-Gd / Pt #ifiall 2 fE B U | AR B X ORESRUB SR E 2 5Tl L 72, FFIC. PLIED A E ¥ A — LA %zl
JRET AL YA — VSIS (SMR) (12D W CHRUBREKA M 2 B BTV SISIRIE (AMR) DR
LIRS 2 2 LT, KMERSHEE IR T2 A8y =L V7 OBz HIEL 72,

F 72, Co-Gd/ Pt 3GERRHIIN 2 . A TSR IER T & 2 RORBEIER & A TS FOEMZ A, AT
BI2AEYR—L P VI DWEIZOWT O 21T5 7,

EBiE R

RBEEZERR A Sy 70 v 7@ % o T, BgAL Si FH_EIC Cr (4 nm) / Co10..Gd, (30 nm) / Pt (4 nm) D FE
JEiE s % A T 2R 2 fE R L 72, BB IZ IR & L 72, Gd IREE x % 890 9IS L O il 13 5 1S9
DL, x=24 at%IfE CHALAIEIS E R Z EDBHS D E o7z, THUE x =24 at.% % B51Z, Co-dominant 72
Co-Gd 542> 5, Gd-dominant 7 Co-Gd G4~ EZMLL TWE Z LA EKL TWw5, AMR DMK % 51
N7AER, x DB L CZDRFENRRKEET 2 2 EBHS 2 E o7, —J T, SMR IFHKIC L 5 FHL
FEx2RL7%, ZO/EIE, AMR & SMR B2 B Z2HELA A=A LTEL TWE I EZRRLTED,
M7 2 VRSB O TH O RAE YR — L P V7 DSMLICERI T2 2 LR Ens 2,

RIS IE . KOBBMERAATIR FICB I3 Ay A — L P L7 OFHIIIC O W T H ERT 2 FE T3,

DU
1) T. Jungwirth, X. Marti, P. Wadley, and J. Wunderlich, Nature Nano. 11, 231 (2016).
2) W. Zhou, T. Seki, T. Kubota, G. E. W. Bauer, and K. Takanashi, arXiv:1805.02827.
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Experiment on Generation of Spin-Motive Force Using Surface Acoustic Waves
Shu Negami®, Yukio Nozaki*®
(Keio Univ.*, Keio Spintronics Center®)

[XLC®HIC

A ¥ #2#E /1(Spin Motive Force, SMF) I, MK T H2HEKOEES) L1380 ETOFFSH 5 —D20DH
HETHH AL NIERNT HEENTHD, ACVEENL, ZHAE%ZH9 5 non-collinear X% D HE
MZARIC X V3BT 5, SEATHFE it BRmEE 1150, ﬁ/mﬂ B A 220 U T A REME IR [2] 2 R H L
e A VB NERPRE SN TWD, REBRTIL, R HMAESAW)Z WD Z &2 X | e R ORKE

LRI 7 LIS &S 225/ - A b, A UVEBHOAREITH) Z L2 HEE L,

RERAE

A BN ERITHWZE T OGS Fig.1 12787, LiNbO 3 24K I EE 225 %% FV T Au(30
nm)® Interdigital Transducer (IDT) %z —xHER L 7=, iz, IDT RGN & LT 180x700 um2 @ Ni(50
nm) % A3y 2R Uiz, Fef% (2 IDT OB & B HIE OBEM & LT Au(70 nm) Z ikfiE U7, JI7ETFIE
IFROEY ThD, (1) IDT IZEEE FO~A 7 v ZHN L CRmHMER 2wk U, Ni #EICEA Lz,
(2) SAW D7 NV keaw & §ilsits Hae DfAER 0L L, B3558E % =50 mT [#7C 0.8 mT %A THigl L
72o (3) BREHHIZIWT Ni EIRIZR T TAEE O OB EE T/ AV b A—2—THIE L], (D~Q)%
£=1.61, 1.69, 1.7 GHz @ 3 FJHO JEHE T, BGGHIINA FE 0% 0°~90° % T 10°% A28 b S w7z,

EERER

Fig. 2 1%, 0=30°TOi+DE@DENZE VoVe) TH D, KEBRTHWZIDTIIMN 1.61GHz D~A 7 1
WARHME N T & & DR, IR &2 i TX 23%3 CTh b, D7 1.61 GHz O~ A 7 m IR
& 51X FEm PR OBAZZTH D | O BEEBITR G UAO T G2 KM LB AZ L Z 2 b
%, LTehRo> T, 1.7 GHz DWERBRESRERT & L, Z0% & oI5 5 IXEEEOREZ Y R -8
NFEL IR TZENTE S, Fig 3I1RT X 912, SAW ICH kT A REA LB (SAW-FMR) [312335 5| &4 5 %
Yo CREBEMZN B S 7z, UL Ni AN CIE— 22 B Lk 2B 3555 | S 4, s A n 2 b7 2
ik, T bbb ZEM - R LT 550 TORFEFTH Y, SMF OFG %&b Ex b, SMF O
ERAEZICHONTITY HET 5,

®@ @ © O

-20
i ) o 0
DT R SAW{EHSREIS -2t : 1

-22
SAWEES 17 ”
Ksaw—

|
N
w

voltage / uv
voltage / uv

—— 1.61GHz

500 pm

—— 1.61GHz-1.7GHz

—24 1.69GHz -3
— laenz 1.69GHz-1.7GHz
-25 ‘
— .. — . -40 -20 [ 20 40 -40 -20 0 20 40
320 pm 280 um 320 pm field / mT field / mT
Fig.1 Schematic measurement setup. Fig.2 DC voltage as a function of magnetic field = Fig.3 Differential signals at 1.61 GHz and 1.69
measured at three different frequencies. GHz with respect to reference at 1.7 GHz.

BE IR

[1]. K. Tanabe et al.. Nature Communications 3, 845 (2012)
[2]. Y. Yamame ef al. Phys. Rev. Lett. 107, 236602 (2011)
[3]. L. Dreher et al. Phys. Rev. B 86, 134415 (2012)
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Magnetic anisotropy of negative giant magnetostrictive SmFe, ultrathin films
H. Onozawa, R. Kitagawa, Y. Takamura, S. Nakagawa
(Dept. of Electrical and Electronic Eng., Sch. of Eng., Tokyo Inst. of Tech.)

[FLHI

ARG EM B CRRERAL 7 U —J8 2k L7-fR b R EEMTH E EER A GbE vy =1L
b= 27 MTIPE-MTHVIE, NERMELZ RS- FFIEF IRV RISEIREE A ER TED. ZOHFT
D7V —J@MEE LT, FxIZADERREENRE T SmFeQIZER Lz, ZHETDEZAH, 100 nm
JEDOFENE VT, BGHZTEERRFICE T D B2 6D T E/NLT 7 A SmFe, FH2S T ELRL S I 51
(PMA)ZFFHOZ L ZH OGN LTEY. Zha 7 ) —BIUSHT 27201I20E, nm A —¥ —F CTifg{b LT
H PMA RKERMEEZR S TND I EERTHERD D, A5ENY, SmFe [IEOMEE 20 S+, PMA &4
BEE DR AEEE O W CEEM AR E 2T o 7o T OHET 5.

REBRIE

T_NTORENE, g —4 v bRy ZiEEZHOCTER L7Z. SmFe, #EIL, W Ny 7 7 BAHER L
T-H T AR EICHREL, &5ICW TFv v L. SmFe, DEEE 1%, 10 7>5 100nm ¥ TEL S H7-.
SmFe; FIFEIF D Ar 43 F1Z 0.1Pa, FEARIEEEIX 200°C & L7z, F£7-, BEMEZER L-%IC, 77—/
% 500°C T 1 BRffE L7z, REOBALEREL, IREFEERE /) 5H(VSM) TRl 247 - 7=.

ERERLER

Figs. 1(a) & 1(b)IZ 30nm /& & 10nm JE D SmFe; IO BALRFEZ T, EE Ak LT, ¢=30nm OFE}
WAL A F oL — R T E 722%, t=10 nm OREFCIZREE D X 5 22 dh#R 2 R L7, Fig. 1(c)IZ8
FiAl Ms @ t & TFEZE7RT. MslX, 230 nm TIEH 520emu/cc D —EMEZ I ->7=72%, t=10nm TiX, #
450 emw/cc F T L7z,

WAL R St % & BICFE T 572, M-H g5 BE & EHNETNENOBR R T F VX —FE
Ki, K%K, ELICKBREEZBE LI VX —EED2ES AK = KL — (K + 2nMs*) % EF L7=. Fig. 1(d)
\ZAK & KD HERIFMEZRT. 1230nm £ TIEAKITEZ 720, FRLLFTIZA LR Y, 28 10-30nm O
[ CREALSE Syl S RIEL D> & N G TN 221k

THZ Lot THUE, LI 500 (a) 30 nm ;7*—“5
9 Ms DRI K B IKBER OB 53 LL B Ky 3 14

PIEF L2l THD. ThbOfRI,
JRIE D PN IR Fr D T PET &

M (emu/cc)

LT 7 AHEENENL LT 2 b BT B x
LLEE DY, SmFe; #BIE PMA % {77 % H

% 30nm ¥ CHELTE D L bt / g

S B HWREICIY, ITHEERRTE O Ry -50?1_0-5 642 tin TAEET0 0 20 40 6080 100 ‘

E/j foéjf%iﬂé %%ir(ﬂﬂ K?}ﬁf\“ 725 N [5 Ekﬂ%?ﬂkﬁ: 78?}%] Magnetic field H (kOe) Thickness t (nm)

W A VR DHEEZ NS, Fig. 1 Comparison of the M-H loops for SmFe; films with # = (a) 10
B EZTk nm and (b) 30 nm. # dependence of (¢) Ms and (d) 4K and K.

1) Y. Takamura, et al.: Solid State Electron., 128, 194 (2017).
2) H. Samata, N. Fujiwara, Y. Nagata, T. Uchida, M. D. Lan: J. Magn. Magn. Matter., 195,376 (1999).
3) B HFA, AAERL SRR, ISR 5 41 Bl A AR F S FTR S, 19pA-7, @b, 2017 429 H.
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Intergranular exchange decoupling of CoPt-B,O3 granular media by
introducing RuCoCr-oxide buffer layer

°Kim Kong Tham ?, Ryosuke Kushibiki #, Tomonari Kamada #, and Shin Saito ?
(® TANAKA KIKINZOKU KOGYO K.K., » Tohoku University)

FL®HIZ BFATOREEMK LM TR & LT CoPt &4t (77 == TR BIL< HW
LBNTWD. 77 =a 7EOEEE L S SITMIET72012iE, a7 LR Sk o — il SRR Bk~
FOLX— (K4 % 1.0 x 107 erg/lem® DL B ISR S8 2 L3, fEaRkif o R i A 2 R S5 2 & S 0ZE
Thd Y. @ KIS EGT 53T MRFERRLA FEBLT 57291213 CoPt &M Lk 7 /L7 7 AFH &
DOHEFEEZRAET 2 Z EBHETH Y, E£F OIXRE ALY, Fl21X B0 & H 5 Z & BBt I A %)
ThHhHrZ ea®WELTE. FRINHEIT, RuFHEOE LIZIT 2 S 9)HI R 5 C o0 Bz fhL
DR S BIFAZHAE S OMFI TH 5 3. ATk 4%, RuFHEE L CoPt-B0s 7T = = 7 BilEfE & DI
NG —oxide 77 =2 T Ny 7 7 @EFHAT D@ a8 H
U, RIEAZHaRE G & Ml 3 2 SR O RGBS 2 57— D THiET 5.

;ﬁﬁ% ﬁﬁ"‘iﬁﬂi%/ﬁ’ﬁ/ﬁ@ L, )%*%5274? C (7 nm)/ CogoPty—30
vol% B,03 (16 nm)/ BL (0—4 nm)/ Ru (20 nm)/ NigeW1o (6 nm)/ Ta (5
nm)/ glass sub. & L7=. ZZ CBL &I3FERMET T = T @M B
BNy Ty )%Tg?) Y, RusgC025Crs—30 vol% TiO, & L 7=. ﬁ%ﬁ*ﬁ(l
ITEMERE LD ~T B E X X v VR ZRES T 57201,
THUEOREL (Ru) & BEMEREMEI O —ES (Co) % & dedEwaitE T
i RUA 4% 3EE L TWA.Fig 1 IZII/ERL L 72 SR DORRETT (He)
D BLIEE (ds) KFMHEE T . de, 20005 2nmMICEL 75 &,
He 23 75 205 9.3 kOe ~& 24 % b RT 5. 51T, deZ 4 nm ?
FTELTSLE, Hix 937587 kOe iZIETLTLED. H D

deL IKAFPEDER Z TR D701, BGVERT (He), BVLZEM, Buffer layer thickness, dg, (nm)
RIS DLV &Rl L7z, = :f’ RZ RS & UL Fig. 1 Dependence of coercivit;/ (Hc) on the
REWHREESDOE AW E L TIE VauK KT, GDat 3 & 8 «a  buffer layer thickness (dsL).

(4njdM/dH|e) ZHIE L7z, KO X, 7T = = TREME O 2R
7R MEEBR BT RV X — (Ky) DEEMEEERED 70 %% 5 5
WMERE RN O RE L TNWDH I EE2EELTRDT (K =
0.7K 9. Fig. 2 121, (@) Hk & Ky, (b) GDact & VaetK8@KT 5 LN
(C) a D dBLﬁkﬁ‘lﬁ%%T. deL % 0725 4 nm [ZJE< L"C%), Hxk
BIOKIZIZIE—EDHE 18.5 kOe 3 L 118.0X 108 erg/em® % 7= L
2. FETZ VaaKOWKT 13130 BA EOfEZEZ /R LCERY, Mt L7z dae
DOFIPH TITBEEL O BIIEAE TE D . — 7 GDa B LT o 1T de
232 nm TH/ND 6.2 nm 38 XV 1.2 OFFE R/ N2 R LT, 20
Z LI 2nm o BLFFAIL L 0 B ARHRE G MR S D 2 & &R
LTW5.

AR TCIIfE A O E AT DM IENE S 7 =27 J@&BL
ELTHALREY 7 = a IR ORBKFEZ RS TRAT L, Bk
MRS RLR ARG B~ KET ROV ThEm T 5.

E£EZX#R 1) G Choe, M. Zheng, E.N. Abarra, B.G. Demczyk, J.N. Zhou, B.R. N S
Acharya, and K_.E. Johnson, J. Magn. Magn. Mater., 287, 159 (2005). 2) K. K. 0 1 2 3 4

Tham, R. Kushibiki, S. Hinata, and S. Saito, Jpn. J. Appl. Phys., 55, 07MC06 Buffer layer thickness, dg_ (nm)

(2016). 3) R. Kushibiki, K. K. Tham, S. Hinata, and S. Saito, AIP Advances, 7, ~ Fig- 2 Dependence of (a) Hxand Ky, (b) GDact
and vactKu9¥"/KT and (c) Slope («) on buffer layer
056512 (2017). thickness (dsL).
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Morphological control and magnetic properties of L1, FePt thin films by added elements
K. Ishida, M. Doi and T. Shima
(Tohoku Gakuin University)

FL®HIC

BE, KABAIIN—RT 4 A2 K74 7HDD)YR® VY —, T/ Fax—4% AbE—h—, ILHIZAN
BEOX—ELRNAT Yy MI—OF—F—IZHEHSND 72 ERIEVISHR 2SI TnW5, £72, BT
BRI REMES ST RO SN LR, KEEDFHRPTCEHTE D210, BEZOREEEIX
1 Thit/ in’® ICEEL L9 & LTS, 4% b 4K A7 77 NEIROIER SICk 0 F— % O RERAL)
T2 ERTFRHINDZ LD, BRLIFEHMEEDOHEMNB KD N TND, LnLRBRL ZOEmEEIC
PRV, FEERREMERL T O/ MEIC X ABE S EORENGEAMET 2 2 &b, BWiERMK R TS BT 54
Bk b TW5b, FZTHEAZED TNDHDN LA FePt HAIA4 TH 5, L1, FePt HHIA 41305
7R BRI (1150 emu/ cm®), 1 VO ERBE SRR T PE(7.0x107 erg/ em )TN A . THE & MEd X OB bt 4 LT
WD T E D IR OB FESRB AR B E LTI SN TR Y ZhE TICEE L O™ ThbhTns 2,
S 51T, FePt #IEIZ Cu ZIRINEHE L LTHWD Z & THRAWBIEE B/ L, RS ER~D IS H RSN
TW5, LML E, FePt #EIZ Fe LIEFEIRTH DR ERMNT 5 2 LI LD ER L OB LR O ZE1L
[ZOWTIE R AN STV ey, 2 CTABFZETIE Fe EFEFEAETH D Cu B LN Ag Z RN L 7= FePt
HWIEOEHBIZ L RS, REEROMEAEEICED L ) BB L2 RIFT 0 LSHET S Z L2
& L,

EBRAE

ETORENIBEEZEL L ANy X U o JHEE % IV T FePt(Cu,Ag)d 2 ERL L 72, FEAIZIE MgO(100)
HARE fh FE M 2 O CTIEBONE A 700 °C 128N T 1 REEIATVY, FeP(Cu,Ag)i A A L 72, L Z L0kt D
134T 10 nm & L7=, (FePt);po.xCux #EIZOWTHIITHEE X 1%, X =1,5, 10, 20 3 L T30 (at.%) & .
(FePt)100.xAgx IR DB AT X =1, 5,10,22.1 3B L 129.3 (at.%) & B S EBRE1T72 - 7=, B ORI 1%,
FEELAEEE 2 X RRIEIPTHEE (XRD), 2 JERE IR 1 ) B BE(AFM), BRIV 1R 8 & TR R G
(SQUID) % W\ TaEAl 217 - 7=,

ERER

FePt(Cu,Ag)#ilEZ ERL L. 2 0 OREHZOWTEHMI 21T o 70, £ OFER., Cu lMDGE . b E IR
MBI FePt BLEFH O AT & — 7 SRERN D325 L & blcE— 7@ n@maflice 7 LT Z
ENFER SN, ZDOZ LD Fe LIEBEVETH D Culd FePt HAMHFIEA L, fEaiEE I CE B84 KT L
EEZLND, LR, Ag DA TIIEARICL DAY — O —7 o7 MIMRINT, B—
7 BRE DD DR SN, RHFPRERBZOME, CulmMoBEIZB W TIIRINES 0~ 30 (at.%)F TE/L
S5 LI ORI 72 ~46 nm £ TEAD TS Z ENEER SN, 2. AgiRNIOBATIEREELX 0~
29.3 (at.%)FE CHIIM S &5 LRI OAMIE 72~33 nm ETHRATH 2 EPMERINTZ, ZNLED,. Cudbd Ag
DOBFE WL Y A RN 22 BENKE N EBRMER SN, BEEEE Ag i W T2 ToiRET
955 kOe & EWMREBL A DS FER S, Cu iR CIRIRIZEOEINC X 0 REEAI DD T 5 2 EBNHER I
Too FBEMHFFICIZ. CuBB LN Ag 2NN LT7-BED FePt MIKIZ 5- 2 5 B2 SOV CREMICHRE T 5,

2 E |k
1) A.Perumal, Y. K. Takahashi, and K. Hono, Appl. Phys. Express. 1, 101301 (2008).

2) S. Sun, C. B. Murray, D. Weller, L. Folks and A. Moser, Science. 287, 1989 (2000).
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ECCIAD~ A 7 v 7 o A ML HRREME:
FEEF sl AL 8K A AL BT ek B BEIR gk AC
(ABERELT, BWE - MEHFZERERE, CEER A B )
Property of microwave-assisted magnetization switching in exchange-coupled composite films
Hirofumi Tatsuno”, Shoko Suzuki?, Shinya Kasai®, Yukio Nozaki*¢
(AKeio Univ., BNational Institute of Material Science, “Keio Spintronics Center)

FL&HIZ

~A 7 KT VA MEUER(MAS) IR, kS & FIIN4 2 Z L 1T K » TRABIRCERRESS 03 3 5 Bl 4 C
HY | MKEREEZN ESELHEL L TRVAZHRIN TV DL FIEO—2TH D, EMRETETX
VX —DEIR DI a ZHSE S ST AW AL, 2 v 7 m AV U E T V(TMS) &2 W BUERHRIZ L D |
ARG A TR N2 AF L C Hard J8 OBV ERIE S 38 3 5 2 & A3l TV 5 [1]. PARTF & 1%, 23S &
51 D MAS FrtE 2 iR 5 72 BB 51D 878 5 Co-Cr-Pt 277 = o 7 — DI FEREM: ECL(Exchanged
Control Layer) %z %A 72 ECC(Exchanged Coupled Composite) (A Z /ESL L | ECL RIEIC X - TASHARE A 50 4
FLOOME20ns D~ A 7 alif 7OV ZEZHML T MAS EBr &1 72, TORR, Ik KO~A 7 a7 v
A NNENHBLT 2 EH D ECL JEARTFNEN TMS £ 7 A2 CIEfH TE /a2 E by o 7z, TMS £7 /L
TliX, ECC BHUAIZI T D fdb b ORGSR IIFE G0, BRIE G MIZ BT 2R b CAVEERZE I TR,
Z 2 CAENIBEE S MICEZEO~ 7 0 A & 1 RGNS ASHRE G S8 72, EBROERIZ LV IEVWET VA
AWTEIEF R 217V FEBGHEIR & OHlg - 3l 217 - 72,
HEFE

Fig. 1 ICFHETET VO —fB & 7~x3, Soft J& 4 nm, Hard J& 12 nm OAHFE S A x =y =10 pm, z=1nm D&t
RERCTREFMIZ 16 nEILCET NV EB X BET DR ERNO~ 7 0 A U RN EWIAZEEGT 5 &
INCLTwA I B~ TR T 4 A EToT2, 2O L X Soft Jg & Hard BNOREAT ¢ 7 2 A EHIZZE
ZI1X10°° erg/em TEE L., BHLEAT 1 7 R AEROMEZE 1X10 °~10"° erglem O#if TEL 5
T LT MAS R D 2 ikt & iR EEAR A 2 T~ T2
EERIER

Fig.2 (ZWAL ARG D ARG A TR EE IR FME D RHRAE R 27”97, Fig.2 HOMRE & FRILE L E NS
(575 Oe)ZHIMN L7256 & Lo 1o BB O REFER TH 2, AW 2 FHIUIN L 72703 - 72356 O FHRAE R
H.J.Ritcher DRE[1] & —ET DR TH Y | ZZHGHE A IREE D/ SUWEHIT Soft J& & Hard J& Of & 23814 %
Decoupling fEIk AN BLALTZ, (b)

IOLEMASIZBENTL = fotn ol o
Decoupling fiE 3k @ [E Aij T = inter = oo .

Tl SR RE S 5 B /N & 72 = E 1::: . vveenen ]
DAERDF BN, £ Dfth Thiard , g a0 -.”. ] TR A

MAS EM o Aic il 20 ky § ::: .. .
JERAFMERC Soft J& & Hard / .o LT
JE@ DEIG EEZ T %A O o5 o5 o - - -

Ainter / 107 7erg-cm!
FHERE R 72 LT oW TR

F L, EBRFER L OLb# - Fig.l Numerical model for simulating Fig.2 Numerical results of switching field as
Heam AT O, MAS in ECC medium a function of interlayer exchange coupling
BEH

[1] H.J.Richter, A.Y.Dobin. J.Appl.Phys.99,08Q905 (2006)

[2]T.Yamaji, H.Imamura. Appl.Phys.Lett. 109,192403(2016)
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BT F IR OV A PO T IR AR AL & A 5 X2 AR ] 40 Rt <€

JLEE N A, W T HE A, BRI =2k AP
(BEELR T A BB KA VI B)

Time-resolved measurement on nonlinear magnetization dynamics

using sub-nanosecond wide inpulse field
N. Kitajima®, G.Okano® and Y. Nozaki®*®
(“Dept. of Phys. Keio Univ., ®Keio Spintronics Center)

XL®IC

AR, TR GEERIEAR D BUR BRI R I N T Y BV T — R & GLE S D EAMNIIE T R S, 2DV DL LT
AV T Y AMEAC K E(MAMR) 22T 5D, (R DWFFE Tl ~ 1 /iR E % KEU BEDRT Ty
VI F =D+ I SNREETIT DIV TE 7208, i EAYVINE S SR B SRR (R 2 8 SIS 1]) & 3 X 72
W IX AR, N E M % F-Bt 2 LT Cooperative Switching %(CS ¥E[21)13251F 515, CS LD JH PR %

Fig 1 lIRT, VA VO EIGRER A+ 37256 KEEZE TS
RT VY IVBERE AE ISFAES B, T 22OV Ak % B ET N
TRERT YV YNV F—DOBENEAL L, LK EET 5, X
HRIZE S/ DOV AR E IR T V2 Y IV EEE G R LT
WS ZEMEI OV ATEGEIMNAA IV T % BEZBDETRT YUY
IV EEEE DR R A E 32 &M TE S, Okano H[2]IFZDF
HZ WS 2 TR E T B O TRE L D% 25 E Bl £ 3 A
IG5 RN DS Z L% R U Tz, T I THZIE IV ARG
N&AIY 7 %22 TR EITO RLERRIHI T Bk 22 E H)
AORHIFEEENEL -,
RBRAE

KR AL Si FEAR I 5 FL 22 2855 A S OY EB i34 8 % F
T Ti(5 nm)/Au(60 nm)H 5725 37 L —FH RIS (5 S48 1 pm)%
BRI 72, T D FERRD FIETI TV —F KRS _EITHIRRIR D
NigoFex(Py)% 60 nm J& 5L 7z, MIFR D £F 7 I E ik 5 % F
INUREA L 2 BRI X B 72 b & BOEATIZEN U 72 IR BE T FMR
HIRE 24TV, FLIE R IR AR 7, AL SR AN S & 2 & S8 8
BN EE 2T D MO E TS % 2 2 TR JE
ZME L, WA SRt % I E U 7=, b R lisig 3~ 1 71
v e VAR EE LA HMUZEEIZED
SO BDN Nz,
ERER

MAMR O J& e B ATV S OV FEARAEVE N O AN 22 58 f %
R UTz, IOV A & BE U2 O THIEZ 7>
72, Fig 2 IFEBHILO—HITAI D AI—T DR RTHD, Y
HIZE BB D/ IV ABGGEIINRA I 7 %2 Z -l E s R4
FWTARLE SIS 25k 42 @B A ORI X2 U5,
2% SR
1) G. Bertotti et al.. J.Appl.Phys. 105,07B712(2009).
2)  G. Okano et al.. Phys. Rev. B 97,014435(2018)
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(a)
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Fig. 1: Schematic view of the CS method. Theta denote
the magnetization angle mesured from initial state and E
denote the potential energy. When we applied no
external field, 2satate is degenerate. When applied dc-
field, degeneracy is resolved and microwave is applied,
magnetization begin precession. But, magnetization
switching is disturbed by the potential barier(AE), so
appling pulse field, we can realize magnatization
switching. Pulse amplitude correspond to AE, so we can
estimate precessional angle through pulse field.

0.25

0.20¢
0.15¢
0.10
0.05
0.00
—0.05}
—0.10}
-0.15}

amplitude /V

02 5135140 145 15.0 15.5 16.0 165 17.0

time /ns

Fig. 2: Wave form of microwave combined with subnano-
wide impulse field. Microwave frequency is 5 GHz and
duration time is 15 ns. Pulse field is 100ps and the intensity
ratio is 1:3.
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T SRR IR IC R 1T 5 L — Y —Fil A v sk
EHe oBEre, fik BGEL OR Rt Kb piE s

(AL RE WPI-AIMR, 2 8JbRZFE T, 2 RAEKS: CSRN)

Laser-induced propagating spin wave in synthetic antiferromagnets
A. Kamimakil2, S. lihamat, K. Z. Suzuki'®, S. Mizukami®-3
(*WPI-AIMR, Tohoku Univ, 2Dept. of Appl. Phys., Tohoku Univ, 3CSRN, Tohoku Univ.)

de =
H5R

FORBEPEARIZERE T 2R E— A RR AWK ATICRA L TR0, MREMER L 3R 20k ¥ 1 F 2
JAERTZEND, FET AL ASHAPFBEIN T Y. —F, KBRBEMHERD XA F 7 232 0@y
R R E ) DRENE G Tl <, FRCORBENES BRI 5 A VU REFO#RE TV, £ 2 TRIF
JETIE, 7SV A L——%& T SO RS JE B (SAF M ) 1236 1T 5 A B3 OBl & A 7.

EEBRAE
SAF H5x5 L LT, SilSiO(sub.)/Ta(3)/CoFeB(3)/Ru(0.4)/CoFeB(3)/Ta(3) Hillts (JEE/Z : nm B ) % A /% » X 15|
LB L 72, BEREFEORHEIZIE, B — 2R b ONCIRERREVRIBL R A V. B b A o &
AV R FEOFIZIE, AR T - T o — TR RO T R, KOO T - e — T
22 3 RIS RO T — R (STR-MOKE) % £ LE W 22),

EBRER

BEALIE ORGSR, BN 12T ORMEEABG 2 H 35 2 LB nh ol K 1@QIC—Fmk AT — R Dk
M L7 BN S B T TEE cerr O SN B O IR FEE 2~ FUINEGS O S 13 13T & L7z, 64 = 40°
(72 72 L G4 TP EL D S O FE)IZEB WD CTaer = 0.012 & HLEEH/ NS UWMEZ R L7, X 1(b)I2 STR-MOKE D]

EREREZRT. AL X, A 1XZNTh, Ko7« T u—T7 BN, AR > bHOREEEE, K OWE D —[Als
AOEATHSH D, £5um FEE ORI CHIE 2 A B OERED B S 4v7z. JIE ORE SR BEMEEIRIC 3
JFAHAE D OWH L ITREL B> TEBY, SAFHEICHIT D ORBMERALECS Z KL TWD 0 &
EZHND.

BIEE AHFRIL A (26103004), Core-to-Core 11 75 A, HAL K. GP-Spin D X435 1) 7=,
5% SCHk

1) J. Lan et al., Nat. Commun. 8, 178 (2018). 2) A. Kamimaki et al., Phys. Rev. B. 96, 014438 (2017).
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[Co/ Th] M Al o> BB ik X BREN I 3 1T 2 BiRt. Si Jg 2 oD 52 %8¢

B G, JIDR He, A RE, BA RK
(NHK SO EFT)

Influence of Surface Oxidized Si Layer Thickness on Substrate
for Current-driven Domain Wall Motion in [Co/Th] Nanowire
M. Okuda, M. Kawana, N. Ishii, Y. Miyamoto
(NHK Science & Technology Research Labs.)

wtbt
REMEAIARR 25 ) D ERE DR BREN B 2 AFZE VICIEANEF D L—RA F T w7 AE Y AfREINDH
JRBRD AE U BRI NTWD, Fox 1Tt mﬁ%ﬁﬂ CHEEBE L. TN0 OBIX 2OV A BRI X
> CRIMIBRENT 2 SRRk T N ADOFEB A B LT, BMEMR T OREX %2 B 5rEh 3 2 JLaE7e &
DTG I, BHFHEREING OB XK OZAE2BRFET 57290, BIEOEFIEMBIIC X 0 [ColTh]ReMEAIHBR O R X B
%%ﬁﬁbto%%%ﬁiwwk RO BREh R 1T 508, HOMAREBA DL ERELEY 2—b
LR VMR OBACIRER R L EIZR D, BEPSZBUICHTHZ L TEMEILT D2 2R Lz, &2
fﬁﬁ%ﬁ@ﬁ&m&ﬁ BRI NBXEREN 2 HET 5 Y 2 — VOB L RGET 5720 K2R Si EE
FIRZIT D R BN A HUN U 72 BROREPERIRR ~ DR A | RO FHMEEIC L VB Lo THE T 5,

ERAE

AF =LAy ZIEB I OETRY V777 0 —I2L 0, PY3 nm)/[Co(0.3nm)/Thb(0.6nm)]s HE (2%
JE N A T AR AL Si FoAk BICHERE U CREMEMIAR 2 /ERE U7, REMERIRRO R & EI%, 185 pm, £ X 20 pm &
Lz, 7OV RAERZEHMT 5720, RO MERHIC—5tOEME L LT 5, EiEEE SR I3 R i O
HoigtE R b o=, FEEWRL SiBE % 20 ~ 400 nm O#iPH TELESE-b 02 HEL. ThZho
FEAR EAZREMERIRR 2 TR LT, RIS, 2OV R A HUN U CERE) BRI M B R IR X 2 A U7, MR E
ZJFIAIZ 500 ns D3V A& I L CREX DS B~ Dk T 2 KO FIaMEiIc L v Bl L, Bk Si kg
JE DN K o TREXBREE B L2 mEX AL 3 2 BT FE O ZIc SOV TRAE L7z,

EEREER

Fig.1 1% Si Kok o 2 m Bl Si JBIE % 200 ~ 400 nm O TZEAL SE72BA 0, WX BRENE E O HINE T
&.rﬁkﬁ a2 R L7ZbDTH D, KERIL Si BELIFITIW T, BEIXBRE) T HE 728 B DL L o BRE) 3 it 2 FIN
L7256, FIHIBEX & L CEA LRI A R CEX T LML T DT Blg S vz, BAiR{L Si B
@/ﬂw‘ IR, HIRRICENIN T & 2 B A B o _FRREDY 3.0 X 107 Alem2 5> 5 5.8 x 107 Alem2 ~ _E - U 725 5. 1
XBRENEE S 85 m/s 705 146 mis ET61mis EH L7, ok, HM YV ADOEGEE LR 2.8 x 107
Alcm? K& 7o TWB R, ZHFEEOWREDITRG L CERL Si JEICEFRErRERBAOREN D L, BX

BREhOLEER DA Lzl e Zx ohvd, Bl Si JEE 1 N
200 nm & 400 nm OB E TLBEKALT B IROBH AL g L | [ es0.2000m .
L. 500 ns D/ LAZFMIL TN SMISRAET 5V a—A i 2, | | 2o .
DZESYIT 16 X107 J L RESL DL, ZOBO—EABMILSIE 2 ¢ | o0 - & Al
CEBMSNTOD b0 LRSS, S5ICHOARIL SR £ ° ' R
(2B DR BRBIOFERIT ST b 4 H 5, £, e e
23k o :"“’ TR
Applied current density (x107 Alcm?)
1) A.Yamaguchi et al.: Phys. Rev. Lett., 92, 077205 (2004). Fig.1 Applied current density dependences of
2) S.S.P. Parkin etal.: Science, 320, 190 (2008). domain wall velocity for [Co/Th] nanowires

3) M. Okuda et al.: IEEE Trans. Magn., 52, 7, 3401204 (2016). deposited on various SiO, surface oxidized
layer thickness.
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Large perpendicular magnetic anisotropy in
sputter-deposited Feioo_xAlx/MgALO4 heterostructures

T. Scheike, “H. Sukegawa, X.D. Xu, T. Ohkubo, K. Hono and S. Mitani
(NIMS)

Large perpendicular magnetic anisotropy (PMA) at ferromagnet (FM)/oxide interfaces is of utmost
importance for magnetic tunnel junctions (MTJ) based memory devices such as spin-transfer torque magnetoresistive
random access memory (STT-MRAM) and magneto-electric RAM. In recent publications, Al diffusion from a Co,FeAl
FM layer into an MgALQ, layer was reported to induce large PMA energy Ker = 0.4 MJ/m’ in lattice-matched
CooFeAl/MgAlL04(001) epitaxial heterostructures.? It was suggested that the element diffusion resulted in strong
hybridization of Fe- with O-orbitals at their interface, assisting the PMA contribution.? In order to improve K further,
we examined the bee Fe-Al with Fe rich compositions as an FM layer. Here, we report larger PMA energy Keg over 1
MJ/m? using ultrathin Fej0-xAli/MgALO4 heterostructures for various X.

The following stack structures were deposited on MgO(001) single crystal substrates using an ultrahigh
vacuum magnetron sputtering system: MgO substrate/Cr (40)/FeigoxAlx (treal)/Mg (0.2)/MgaoAlso (0.7)/plasma
oxidation/Ru (2) (thickness in nm). The MgO substrate/Cr layer was annealed at 750°C for 1 h. Fejg0-xAlx was deposited
by co-sputtering of Fe and Al. An MgAl,04 layer was formed by the plasma oxidation of the Mg/MgaoAleo bilayer. The
stacks were post-annealed ex-situ at temperatures of Tanm. Magnetic properties including K were evaluated using a
vibrating sample magnetometer at room temperature.

As shown in Fig. 1, large K above 1 MJ/m® was

obtained for X = 11, 20, and 28, which was nearly the same value T T I

observed in Fe/MgAlLO4 fabricated by electron-beam 2 ‘i'.(ft:’?) 1
deposition.? For Tam < 300°C, K.gr increases with X. Keg values 10r- 1 gg
show a strong Tum dependence above 300°C (x < 20), showing .=~ 0.8 -
possible tunability of PMA properties with Al concentration and ‘é 06 .
Tann. Scanning transmission electron microscope analysis showed K L i
a lattice-matched interface with Al diffusion from the Fe-Al layer X
into the barrier. Above 300°C, diffusion of Cr was also 021 ]
confirmed; however, we observed no significant change in the 0.0 _1;.;1_:_0_@ e
saturation magnetization and negligible magnetic dead-layer. The 02— ' ' '

} ) ) 0 100 200 300 400
results show very large interfacial PMA can be achieved by
atomically-controlling element diffusion in sputter-deposited Ton (°C)

heterostructures. Therefore, the FejooxAl/MgAlLOy4 is a good  Fig. 1. Tam dependence of Kerr of various Al
concentration (X) in Feioo-xAlx (treal = 0.8 nm)/

candidate for future spintronic applications. This study was MeALOs heterostructures.

supported by the INnPACT Program, and JSPS KAKENHI Grant
Nos. 16H06332 and 16H03852.

Reference

1) H. Sukegawa et al., Appl. Phys. Lett. 110, 112403 (2017).
2) J.P. Hadorn et al., Acta Mater. 145, 306 (2018).

3) Q. Xiang et al., Appl. Phys. Express 11, 063008 (2018).
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RRAEY /st R~ 7 n A IR R T DRI TTR &
SR A 4 i A AL [E0 P & DA B

OB R MG T ORAMRERL AR Rpk?
(MM B, 2 RTR)
Relationship between magnetoresistance effect and crystal orientation of
ferromagnetic-metal in oxide/ferromagnet heterostructure
Shinji Isogami, Jun Uzuhashi?, Tadakatsu Ohkubo?, and Masamitsu Hayashi®?
(*NIMS, 2Univ. of Tokyo)

1. [FEBHIS ~TuESEmN (x Hi) ~ERZLZRNS, BEARTLHEN (yz i) T %R
T 5L, BRIEPIE(NE LD A U A— RIS (SMR) ZiERN/HEILTWD D, Z ol EldE
T O N R G PEREKIEST (in-plane-AMR) 2 & 872 575, 5] 21X MgO/Fe/MgO 24 H D Fe O
s PESCEL A L2 K> T, Rk SMR JIERLE 1230 T Transverse-AMR Zh BRI ST 5 2. Frx
%, 7EAT 7 AFO In-W BRE (IWO) /shfii: 4 @ ~7 o #2812 L SMR I ERLE - TRESHGHT
(MR) HIEEL7=& 24, IWO OFEIZE 53 —FED MR Z{LEN Il S ni-. Zo@EFE LIfm
(ZBIT AARERZ: SMR 2058, s&EMEA R ENEL D Tr-AMR 2 73 & O alREMEN TR & 5 A RMEH ¢
bh. FZTAETIE, BlEN- MR ZLERORIEDO IR Z IR 5 7%, S s ot 2 B
& L. ZOfEE, MR IEZRTHDOLEREARWNEDOTIE, JREME RS SECAPEISEV DN & 7y
Llpotcl, FEMERETS.
2. BEBAE WEloRERIL, LA & Si AR/ IWO /Cu/FM & /Cap J& & L7-. WlEIZIE RF
<7 Fbhur ARy XY o EEE AW WO BEIXEEE A 0.5 UE ATE T VI RA T AT X B G
PEAR /N 2 ) o ZIEICTEIBTHRIE L2, FM JEIZ1X Co, CoxFesoB2o, FesrCosz 72 &% Nz, AR—/LN
—IAIN~S AT ZFAWNTIERL, 34 XiXL=12mm, W=08mm & L7=. #H (Rw) OHIEICIX
ERMNSEZ Y, 08T 5 4 T O %2 yz [N ChEiESE208 51T-7- (Eiko SMR HIER
&), ZZCERME x FmEERZL TS, WO/ Co il OmAmEEIL, HAADF-STEM &)/ v
— NEABRET S Z — 2 Z TR LT-.
3. EEBRER Fig. 1) IWO EE (two) (ZxT 25 MR £{bEF (UARw/Rx) % 7x7. Cu EENE
(IWO/Colcap) DiF, IWO EIE 3% nm Z 2 D58 T- 0.2 %—EME & 2> 7= 2 LM E Tl L. Lo
L Cu#f A (IWO/Cu/Co/cap) TiE MR Z{bHEMFIEE 1 L7257, Fig. 1(b)ix Cu Z4FA L Tz
IWO/Colcap ® STEM 14 % ~4". 7

. :
ELT 7 % IWO EiCERM Con @ | VO
TERA BLCHUL A . Fig. 1(c)i% Co ol fep =3 M 7
E WBIFAF/E—2A "j-é' ;f;?liljﬁ‘ R IWO/Cu/Colcap Y
NE =R ATOREE, Co S oSS0
N i 3

X ¢ RN M Z WA TR«
= s - Sl % -0.1F E
R R R T L TR s O

e [o] 0
ST, A TIL Cu A L7 02 °° o ° | ®

y — y . IWO/Co/
D Co DML R L, fidii & e ’
BRI OB ISV Tl T 5. 0% 1615 20 25
IWO film thickness, t, nm

Bk wo (nm)
1) H. Nakayama, et al., PRL. 110, 206601 Fig.1(a) IWO thickness dependence of MR ratio with and without
(2013). 1-nm-thick Cu layer insertion between IWO and Co layers. (b)
2) LK. Zou, et al., PRB 93, 075309 Cross sectional HAADF-STEM image for IWO/Co/cap structure. (0
(20186). Nano-beam electron diffraction pattern of specific point in Co layer.
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