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High quality cation-disorder MgAl:04(001)-based magnetic tunnel
junctions deposited by a direct sputtering technique

Mohamed Belmoubarik, Hiroaki Sukegawa, Tadakatsu Ohkubo, Seiji Mitani, and Kazuhiro Hono
(National Institute for Materials Science)

Recently, the capability of MgAl,O4 tunnel barrier in magnetic tunnel junctions (MTJs) has been investigated for
future non-volatile magnetoresistive memory applications. To date, large tunnel magnetoresistance (TMR) ratios
exceeding 300% at room temperature (RT) were achieved in MgAl,O4-MTJs using a post-oxidation of an Mg-Al alloy
layer [1]. However, the chemical inhomogeneity and interface roughness of the post-oxidized MgAl,O4 barriers have
hindered the achievement of large TMR ratios for thinner barriers. In this study, we report very flat MgAl,O4 barrier
interfaces with few misfit dislocations in Fe/MgAl,Os/Fe MTJs prepared by direct sputtering of a sintered MgAl,O4

target [2].
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barrier was deposited using RF sputtering  Fig. 1. (a) ADF-STEM image of an Fe/MgALOs (2.10 nm)/Fe MTJ. (b) Bias

voltage dependence of TMR ratio of an Fe/MgAl>O4 (1.86 nm)/Fe MTJ at RT.
and was subsequently post-annealed at  Inget of (a) is the NBD pattern of the barrier.

(12)/Ru (10), units in nm. The MgALO4

500°C to improve the crystalline quality. The ultra-thin MgAl layer was inserted to tune the interface state. An annular
dark-field scanning transmission electron microscopy (ADF-STEM) image shows the excellent quality of the barrier
and perfect lattice-matched interfaces with the Fe electrodes (Fig. 1 (a)). The formation of the cation-disorder MgAl,O4
structure needed for high TMR ratios [1] was confirmed by the nano-electron beam diffraction (NBD) (inset of Fig. 1
(a)). A large TMR ratio of 245% at RT was observed, which exceeds those of epitaxial Fe/MgO/Fe (~180%) [3] and
Fe/post-oxidized MgAl,O4/Fe (~212%) MTIJs [4], and reflected the coherent tunneling through the half-metallic Fe-A;
band. The bias voltage dependence of TMR (Fig. 1 (b)) shows that the TMR drops to the half of its zero-bias value at
+1.2 V and —-1.0 V, which are about two times larger than that of the MgO-based MTJs [5] and is similar to the
post-oxidized MgAl,O4-based MTJs [4]. This is attributed to the high quality of the MgAl,O4 barrier with few misfit
dislocations due to the perfect lattice matching with an Fe electrode. These results reveal that the direct sputtering is an
alternative way for achieving high performance spinel barrier-based MTJs with uniform thin MgAl,O4 tunnel barriers.
This work was partly supported by ImPACT Program of Council for Science, Technology and Innovation.
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High magnetoresistance in fully epitaxial magnetic tunnel junctions with a semiconductor GaOy barrier
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The discovery of large magnetoresistance (MR) effect for the magnetic tunnel junctions (MTJs) using a MgO barrier®
and the current-perpendicular-to-plane giant magnetoresistance (CPP-GMR) devices using Heusler alloy ferromagnetic
electrodes? enabled us to design the high-performance devices such as a read head sensor of the hard disk drive (HDD)
over 2 Thit/in? and a spin transfer torque magnetic random access memory (STT-MRAM) over gigabit class. For these
applications, it is required to improve the MR ratio within an intermediate range of resistance-area-product (RA) from 0.1
to 1 Q- um?. Therefore, many attempts have been made to reduce the RA values of MR devices, such as the optimization
of deposition conditions of ultrathin MgO barriers in MTJsY and the investigation of new metallic spacers in CPP-GMR
devices®. Another approach is to use a semiconducting spacer because semiconductors have smaller band gaps than the
MgO (~7.8 eV). However, no promising results have been reported so far by using compound semiconductor spacers?.
In this study, we focused on Cu(lnosGag2)Se (hereafter, CIGS) compound semiconductor as a semiconductor spacer (or
a barrier), the band gap of which ranges from 1.0 - 1.7 eV, having a good lattice matching with the Heusler alloys such as
CozFe(GagsGeos) (CFGG).

A film consisting of (a)
Ru(8)/Ag(5)/CFGG(10)/CIGS(2)/CFGG(10)/Ag(100)/Cr(10) (unit :nm) was
deposited on a MgO (001) substrate by magnetron sputtering. After ex-situ
annealing at 300°C, the film was patterned into pillars with ellipsoidal shape
(0.3x0.1 pm?) by means of electron beam lithography and Ar ion milling. Transport
properties were measured by the dc-4-probe method at room temperature.

Fig. 1(a) shows the HAADF-STEM image taken from a CFGG/CIGS/CFGG
tri-layer part. A well defined layered and crystalized structure with sharp interfaces
is clearly observed. The CFGG and CIGS layers have the epitaxial relationship with 1.nm
(001)[110]cree /! (001)[110]cics. The CIGS layer was found to have the (b)
chalcopyrite structure, which is the low temperature phase. Moreover, the bottom

(e)

CFGG

CIGS

CFGG

and top CFGG layers were L2; and B2 structures, respectively. Fig. 1(b) shows the 35FT /\“ 7 2

bias voltage (V) dependence of MR ratio and the output voltage 47 (= MR ratio x VR °
Vp). AtV ~ 0 mV, relatively large MR ratio of 30 % was observed. The RAand 4R4 5 % < 10 %
values were 250 mQ-pm? and 80 mQ-um?, respectively. The MR ratio did not £ 2°; 0 &
decrease obviously with increasing bias voltage. Large AV of 22 mV was observed g 5 / ;
at Vi, = — 80 mV. These results suggest that a CIGS is a promising spacer (or barrier) 10 4 3
material for spintronics devices where low RA are required. 5// : 20 =
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Mg, Ti,O-based magnetic tunnel junctions with CoFeB electrodes

Ikhtiar*?, P-H. Cheng"?, S. Kasai*, T. Ohkubo', Y. K Takahashi' T. Furubayashi', and K. Hono*?
! National Institute for Materials Science, Tsukuba 305-0047, Japan
2 Graduate School of Pure and Applied Sciences, University of Tsukuba, Tsukuba 305-8577, Japan

The MgO-based magnetic tunnel junctions (MTJs) are the building blocks in magnetic random access memory
(MRAM) [1]. Future development of gigabit-scale MRAM requires perpendicular MTJs with large tunneling
magnetoresistance (TMR) ratio and resistance-area product (RA) lower than 10 Qum?[2], which is very challenging for
the MgO barrier considering its large band gap. Here we report on the polycrystalline MTJs using Mg, Ti,O (x = 0.05
and 0.1) barriers that were found to show comparable TMR ratio to that of MgO-based MTJs, especially at low RA, and
have relatively lower barrier heights.

MTJ stacks of Ta(5)/ Ru(10)/ Ta(5)/CoFeB(5)/MgO or Mg.1,Ti,O (0-1.8)/ CoFeB(4)/ Ta(5)/ Ru (5, in nm) were
prepared by using a magnetron sputtering system, with x = 0.05, and 0.1. The MTJ devices were fabricated by electron
beam lithography, photolithography, and argon-ion milling. The MTJs were then post-annealed at 300°-450°C. The
electrical measurements were performed by the four-probe method at room temperature.

The introduction of Ti into MgO was found to reduce the TMR ratio of MTJs for high RA range, as shown in Fig. 1.
In general, the TMR ratio was found to monotonically decrease with increasing Ti concentration for the whole range of
post-annealing temperature. As the RA decreases below 10 Qum?, the TMR ratio of MgO-based MTJs decreases
rapidly and becomes lower than that of Mg, Ti,O-based MTJs (Fig. 2). Detail transmission electron microscopy (TEM)
characterization found that a very thin MgO barrier have some pinholes with more dislocations at the interface while a
very thin Mg, Ti,O barrier have much less dislocations and atomically sharp interfaces. This result demonstrates the

potential of Mg, Ti,O barrier for spintronics applications that need low RA MTJs.

References
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2) S. Yuasa et al, Proc. IEEE Int. Electron Devices Meeting, 311 ( 2013)
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Enhancement of spin-dependent interfacial scattering by inserting thin
NiAl layer at CoxFe(GeosGaos)/Ag interface in current-perpendicular-to-
plane pseudo spin valves
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All-metallic current-perpendicular-to-plane giant magnetoresistance (CPP-GMR) device have attracted
much interest recently for potential applications as magnetic sensors that require low device resistance, e.g.,
the read sensors of high density hard disk drives. However, the main drawback of the current CPP-GMR
devices is their low magnetoresistance (MR) outputs compared with those of tunneling magnetoresistance
devices. Apossible way to increase the MR output is to use a good band structure matched nonmagnetic (NM)
spacer with half-metallic ferromagnetic (FM) layers that can generate a high spin-dependent interfacial
scattering. Nakatani et al. reported a better band structure matching for the majority of spin electron
transmittance at interface between NiAl and the CozFe(AlosSios) Heusler alloy compared to that between Ag
and the Heusler alloy. However, its short spin diffusion length limited the application as a spacer layer. ¥ In
order to overcome the problem of the short diffusion length, we used thin NiAl as a thin insertion layer between
the Heusler alloy and spacer layers.

The pseudo spin valve (PSV) films CozFe(GegsGags) (10 nm)/NiAl 80
(tnia)/Ag (5 nm)/NIAI (tnia)/CozFe(GeosGaos) (10 nm) were prepared 70r

T 60
on Cr (10 nm)/Ag(100 nm) buffer layer that were grown on MgO (100) é‘ gg i s : -
substrates. The thickness of the NiAl insertion layer (tnia) Was varied in ;’ gg ‘o =
the range of 0 < tnia < 2 nm. Fig. 1 shows the tyiar dependence of RA,  © 10

ARA, and observed MR ratio (MRqys). We confirmed a monotonic 38

enhancement of the ARA and RA with increasing tniar < 0.8 nm. & gg i
However, the insertion of the NiAl layers with tniar > 1 nm did not & f‘; [ E
improve the MR output due to their short spin diffusion length. § 1gj! . .
Interestingly, the insertion of 0.21 nm-thick NiAl layers at = , , , , 1
CozFe(GeosGaos)/Ag interfaces effectively improved the MR output. 8
The highest ARA and MR ratio of 31 mQ pm” and 82% at room < 8 i
temperature and 78 mQ pm’ and 285% at 10 K were obtained.” These ¢ /g *s
values are 2-3 times higher than those without NiAl insertion. Therefore, ¢ L]
the Co.Fe(GeosGaos)/NiAl interface proposed here is expected to have 00 03 o8 12 16 20
a much improved spin-dependent interfacial scattering, yielding a high Hyiay (NM)
MR output. )
Fig. 1. The tnial dependence of RA, ARA,
and observed MR ratio (MRobs).
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Realization of high quality epitaxial current-perpendicular-to-plane
giant magnetoresistive pseudo spin-valves on Si(001) wafer using NiAl
buffer layer

Jiamin Chen'?, J. Liv?, Y. Sakuraba®, H. Sukegawaz, S. Li* and K. Hono*'

'University of Tsukuba, *National Institute for Materials Science

Introduction

Spintronics is one of the research fields that have rapidly developed in these two decades. However, only a few
applications reached to the practical level so far, i.e. there is still large gap between fundamental studies and practical
applications in spintronics field. Although many previous studies on epitaxial current-perpendicular-to-plane giant
magnetoresistive (CPP-GMR) devices reported excellent device performances, they are always regarded as fundamental
studies because unpractical MgO single crystalline substrate is needed. In this study, we report to use NiAl buffer layer
as a template for the integration of epitaxial CPP-GMR devices on a Si(001) single crystalline substrate. We confirmed
by a careful microstructure analysis that the epitaxial CPP-GMR devices with half-metallic Co,FeGagsGejs (CFGG)
Heusler electrode grown on the buffered Si(001) substrate have a very flat and sharp interface structures. Excellent MR
output that is comparable with the devices grown on an MgO(001) substrate were clearly observed in the device on Si
substrate, demonstrating the possibility of epitaxial spintronic devices with NiAl template for practical applications.'
Experiment detail

A fully epitaxial multi-layer stack of NiAl(50)/Ag(50)/CFGG(10)/Ag(5)/CFGG(10)/Ag(5)/Ru(8) (thickness in nm)
was deposited onto Si(001) single-crystalline substrates using the ultrahigh vacuum magnetron sputtering system.
Crystal structure, surface roughness, magneto-resistance property and microstructure were analysed by XRD, RHEED,
AFM, direct current four-probe method and TEM, respectively.
Experiment result

Figure 1 shows the stacking structure of multilayer for the whole CPP-GMR devices and the RHEED patterns for
each layer. The sharp streaks in RHEED patterns for each layer demonstrate a nice epitaxial growth of CPP-GMR
devices on a Si(001) single-crystalline substrate using NiAl as a buffer material. The epitaxial relationship of
Si(001)[110]//NiAl(001)[110]//Ag(001)[100]//CFGG(001)[110] can be confirmed for all the layers. The usage of NiAl
buffer layer successfully overcomes the difficulty of growing high quality epitaxial ferromagnetic (FM) films on Si.

Figure 2 summarizes the MR outputs of resistance change-area product (ARA) for the epitaxial CPP-GMR devices
grown on a Si(001) substrate (red stars) as a function of annealing temperature. High magnetoresistive ratio over 27%
was achieved using the CFGG Heusler alloy as ferromagnetic layers. It is important to point out that for the post-
annealing temperature up to 400°C, our CPP-GMR devices grown on a Si(001) substrate presents comparable MR
outputs with those grown on an MgO(001) substrate. This means we can replace the expansive impractical MgO
substrate with the Si substrate to achieve high performance epitaxial CPP-GMR devices for practical sensor applications,
which is a great breakthrough. More importantly, by combining this epitaxial Si/NiAl template with the wafer bonding
technique,’ various types of spintronic devices such as CPP-GMR, magnetic tunnel junctions, spin-field-effect
transistors and lateral spin valves can be grown on a Si substrate and easily attached to other integrated circuits or
magnetic shield layers, which is promising for next-generation spintronic applications based on epitaxial devices.
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Fabrication of a reversal stacking of a magnetic tunnel junction by
wafer bonding and thinning technique
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An MgO-based magnetic tunnel junction (MTJ) [1] is a promising candidate for use as a memory cell in
spin-transfer-torque (STT) switching-type magnetoresistive random access memory (STT-MRAM). Although, our
achievements have satisfied the requirements for the 30 nm generation by employing perpendicularly magnetized MTJs
(p-MTlIs) [2], developing a higher scalability still be an urgent issue for moving STT-MRAM on to a further generation
where no one has yet practically achieved. So far, a lot of lab-level studies were made to obtain high perpendicular
magnetic anisotropy (PMA) in an epitaxial film. Thanks to the high quality of the epitaxial systems, some of them such
as Llg-oredered film exhibited substantially high PMA which satisfies requirements even for 1X nm generation.
However, such an epitaxial under-layer is unrealistic in the STT-MRAM process because a conventional CMOS
integrated wafer does not have any preferable crystal orientation. Our aim is to overcome this dilemma and merge an
epitaxial film into a CMOS integrated STT-MRAM stack. In order to realize it, here we propose a new process by
utilizing wafer-bonding and -sliming techniques. This process would enable us to develop an epitaxial film and a
CMOS wafer individually for the benefit of the higher PMA in a film and resulting scalability in STT-MRAM. In this
study, as an introductory step, we attempt these techniques for the poly-crystal film stacks. The purpose is to optimize

the bonding conditions in terms of the stacking structure and the film materials.

Thin films were deposited at room temperature using a manufacturing-type sputtering apparatus (Canon-Anelva
C-7100) on an 8 or 6 inches silicon wafer. Some of the MTJ samples were post-annealed at 1 hour. A wafer-bonding
process was carried out at room temperature in a multi-chamber apparatus where tools for the bonding and the surface
etching were equipped. In the apparatus, first the surfaces of the wafers were etched by Ar fast atom beam milling,
subsequently the surfaces were put together with applying a load up to 200 kN. A wafer-thinning process was applied
for as-bonded wafers. First, a coarse thinning for one back-side of the as-bonded wafers was mechanically done using
grinding wheel. Then a chemical mechanical polishing was performed to remove damaged Si layer. When the rest of
the wafer became 10 micron or thinner, the sample was dipped in silicon anisotropic etchant as a wet-etching process

until the film element fully exposed.

In the first lot, we prepared two types of electrode stacks and applied the bonding and the thinning techniques to them.
The film stacking structures are as follows: [A] Si/Si-O wafer / Ta (5 nm) / Cu-N (15 nm) / Ru (5 nm) / Ta (5 nm) /
Ru-cap (20 nm). [B] Si wafer / Ta (50 nm) / Cu-N (15 nm) / Ru (5 nm) / Ta (5 nm) / Ru-cap (20 nm). For both A and B
samples, the thickness of the Ru-cap was relatively thick to be 20 nm for the purpose to obtain a margin during the
pre-etching (typically etching depth is 3-5 nm) in the bonding process. We planned to carry out the thinning process for
the back-side of sample-B, so the thickness of the Ta buffer layer in sample-B was 10 times thicker than that of
sample-A also for the margin in the final step of the thinning process. Furthermore, for the reason of the anisotropic
wet-etching which does not prefer an oxide element, a bare Si wafer was employed for sample-B which was the
thinning side. Figure 1 (a) and (b) show a supersonic microscopy image for the as-bonded sample and a snap of the final
state of the sample, respectively. The supersonic microscopy image in (a) revealed that some part of the area were not
bonded as shown in the bright contrast. It can be caused by a particle element which initially exists on a surface of a
wafer. Then the photo image after thinning process in (b) reflects the result of the microscopy observation, and suggests

the exposure of other layer such as Ru and Si-O besides Ta. Furthermore, peeled-like areas were seriously visible



periphery of the wafer, probably due to a scratch by contacting the wafer-mask during the film deposition process.

In the second lot, we prepared an MTJ and an electrode stack with Ta-capping as follows: [C] Si/Si-O wafer / Ta (5
nm) / Cu-N (10 nm) / Ta-cap (10 nm). [D] Si wafer / Ta (5 nm) / MTJ stack / Ta-cap (10 nm). In this series, we utilized
Ta cap layers for both the samples for the comparison with Ru-capping. Figure 2 shows a cross-sectional TEM image of
the bonded sample after post-annealing. It suggested that wafers were successfully bonded each other thanks to the Ta
cap layers. Although some nanometer-size voids are visible at the bonding interface as bright contrasts, the frequency of
them is much reduced compared to that with Ru-capping. The image also revealed that the in-plane-MTJ stack was
totally remained without having an impact form a load during the bonding process. We also carried out the whole
process to p-MTJ stacks [3]. Thanks to the improved pre-bonding process and the better surface smoothness for wafers,
the interface showed nearly perfect bonding without any voids. Furthermore, the magnetoresistive properties (MR ratio
and RA-product) and the anti-ferro coupling field of the reference layer were basically the same as the initial wafer. We

confirmed that there was no deterioration in the final structure of a p-MTJ after bonding and sliming process.

In summary, we attempted wafer bonding and thinning process to the film stacks of electrodes and MTlJs, and
obtained the processed samples with a highly bonded interface. Finally, we successfully fabricated high quality reversal
stacks of p-MT]Js that showed no deterioration of the MR/RA performance.

This work was supported by the InPACT Program of the Council for Science, Technology and Innovation.
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Fig.1 (a) Supersonic microscopy image of the
as-bonded sample [A&B]. (b) Photo image of the
sample [A&B] after thinning process.

Fig.2 TEM image of an sample [C&D] after
bonding process.
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Germanium spintronics developed by semiconductor technologies

K. Hamaya
Graduate School of Engineering Science, Osaka University, Toyonaka, 560-8531, Japan

Because of high intrinsic electron and hole mobility, germanium (Ge) is promising for a new channel
material in next-generation complementary metal oxide semiconductor (CMOS) transistors. Recently, the
operation of Ge-CMOS transistors was reported at last."

Up to now, we have focused on the integration of spintronic technologies with Ge by using novel
crystal growth techniques.” First of all, high-quality Heusler-alloy films were grown by molecular beam
epitaxy at room temperature.” Next, a newly developed delta-doping method was utilized for achieving
electrical spin injection and detection.” Using Ge-based lateral spin-valve (LSV) devices with a heavily
doped transport layer (~10"°cm™), we clearly detected spin transport and obtained relatively short spin
diffusion lengths of ~ 800 nm at low temperatures.” Finally, for Ge-based spin-based MOSFET, gate-stack
structures were developed only by low-temperature fabrication processes.® Despite a process less than 300°C,
the Al,O3/GeO, structures can operate as a gate-stack for a Ge spin-MOSFET structure. We would like to
simultaneously utilize the techniques of the spin injection/detection and of the gate-stack fabrication in a
single device structure.

The author appreciates good collaboration research with H. Nakashima, K. Sawano, A. Hirohata, V. Lazarov, S.
Yamada, M. Yamada, and Y. Fujita. This work was partly supported by ImPACT from Cabinet Office of the
Government of Japan, and Grant-in-Aid for Scientific Research (A) (No. 25246020 and 16H02333) from JSPS.

Co,FeSi, Al/n*-Ge
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Fig.1 (a) Schematic of a Ge-based LSV with Heusler-alloy spin injector and detector. (b) TEM image of the
detla-doped P layer with Si near the Heusler/Ge heterointerface. (c) J-V characteristic of the Heusler/Ge Schottky
tunnel contact (d) Nonlocal spin signal at 8 K. (¢) Hanle-effect curve at 8 K. (f) Top-view of the fabricated Ge-spin
MOSFET structure. (g) /-V characteristics with gate-voltage applications.
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Co,FeSi/MgO/n*-SOI T/3f ADERBAEUES

BIERE "2, TATUTOvA | LT, HOFHR ', KERT . FHREHRS, FkiTm'
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Room-temperature spin accumulation and transport signals in Co,FeSi/MgO/n*-SOI devices
M. Ishikawa, A. Tiwari, H. Sugiyama, T. Inokuchi, K. Hamaya’, N. Tezuka~ and Y. Saito
(Toshiba Corporate R&D Center., ‘Osaka Univ., ~ Tohoku Univ.)
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[1] S. Sugahara and M. Tanaka, Appl. Phys. Lett., 84, 2307 (2004). [2] M.
Ishikawa, et al., J. Appl. Phys., 114, 243904 (2013). [3] . Saito, et al., J. Appl.
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al., Nature 416, 713 (2002).
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Spin injection into Ge using Co,(FeMn)Si Heusler alloy
M. Oogane’, T. Koike', A. Ono*, T. Takada?, H. Saito® and Y. Ando*
(1Tohoku University, 2AIST)
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Enhancement of electric-field modulation of the magnetic anisotropy at Fe and Co surfaces covered by
5d transition-metal monolayer
Masahito Tsujikawa'?, Masafumi Shirai"?
(* RIEC, Tohoku Univ., >CSRN, Tohoku Univ.)
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Fig. 1 Magnetic anisotropy energy
1) T. Nozaki et al., Phys. Rev. Appl. 5 (2016) 044006. (MAE; top panel) and the electric-field
2) G Kresse and J. Furthmdller, Vienna Ab-initio Simulation variation of MAE (bottom panel) in
Package, University of Wien, 2001. Cu/Fe(Co)/5d transition-metal films.
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Electric field effect on magnetocrystalline anisotropy, exchange stiffness, and Dzyaloshinskii-Moriya
interaction in magnetic metal thin films
K. Nakamura, K. Nawa, T. Akiyama, T. Ito
(Mie Univ)
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1) K. Nakamura et.al, PRB 67,014420 (2003); PRL 102, 187201 (2009); M. Oba et. al.,PRL 114, 107202 (2015).
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Fabrication of CPP-GMR devices using poly-crystalline Heusler alloy films
Tomoya Nakatani, Songtian Li, Yuya Sakuraba, Takao Furubayashi, and Kazuhiro Hono
(National Institute for Materials Science)

[EL®HIC

R EERESSIE ST (CPP-GMR) OREEIRTUFFER ED7-DIZ, Co EAA AT —HE&NHHTHH Z
EPNHBNTWD, ZHE TIZ=EIR 50% 2 2 2L (MR) tavid S 7242 T o CPP-GMR #1-14,
MgO(001) i fh FEM T E S B2 X X v v VIR EZ W2 O TH Y | FiR (5500 °C) TOELBEEA
WEETH D72, @ L2 HAINEBR S, SOWAE U SmENELND, —F T, MR~y R EERT
NA AT, S mEREEZ WD Z R TH Y | 5 TR 72 BVLER 13 300 °CRRETH D, T DT,
CPP-GMR % MWl ~ v RO o — O FHUTIE, SR db MR D L RIE BB T, m v
CPP-GMR ENX G LN HMELRB L O vt AOHBNLETH D, AWFFETIL, Coy(Mn,Fe)Ge 7oA AT —
Bl Ag RB D AN—Y—E & A= L4 S CPP-GMR % 72 {ERL L 7=,

EEBRAE

CuBM bz, AR Z VU TICE VAU SV TBIOSHNA T AR NV T HERL LT, A Y
o)L T O 1L . Ru(2)/CoseFesy(1)/CoFeBTa(0-1.2)/Coy(Mn,Fe)Ge(5) /CosgFeso(0.4)/AgeoSnae(4)/
CosoFes0(0.4)/Co,(Mn,Fe)Ge(5)/CosoFesy(1)/Ru(8) cap GRLAE%IE at. %, BEUE X nm) TdH 5, Coy(Mn,Fe)Ge D K
DFABIE, Cos;MnysFesGeyg (at. %) Tdh o7, AUEILT R TE=R TITV, ZOH%EZZH T 300 °C, 3 h D EVLE
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[1] Read et al., J. Appl. Phys. 118, 043907 (2015). [2] Brinkman et al., & AGSN AR—H—HERAE LT D

US Patent 8,611,053. [3] Li et al., Appl. Phys. Lett. 103, 042405 (2013).  Fa<UEHUM A, (b) AR &3 KD
i ARA-EMILBEIR FE DO HEE & D b,
[4] Nakatani et al., Acta Mater. 61, 3695 (2013).



6pA -2 FA40[E] A ARBEASERTAITREE AR (2016)

Large voltage output in CPP-MR devices using Co,Fe(GaysGey5) Heusler
alloy and Mg-Ti-O spacer material

Ye Du,? T. Nakatani," Y. Sakuraba, T. Furubayashi,' Y. K. Takahashi,' T. T. Sasaki,* K. Hono'?
(1. NIMS 2. Univ. of Tsukuba)

The maximum attainable voltage output AVie (AVimex = Jeiss X RA x MR) in all-metallic
current-perpendicular-to-plane giant magnetoresistance (CPP-GMR) junctions is severely limited when the CPP current
density Jgiss €xceeds certain threshold value. The MR ratio gradually decreases with increasing Jgiss due to the spin
transfer torque (STT) that destabilizes both parallel and antiparallel magnetization configurations. One possible solution
to tackle with this problem is the usage of high-resistive transparent oxide as the spacer material that suppresses the
STT effect. Very recently, Nakatani et al! reported an In-Zn-O spacer for the CPP-MR with a Coy(MnggFeq4)Ge
Heusler compound. By properly engineering the Ag/In-Zn-O/Zn tri-layer, a large AV s« 0f 11.3 mV was reported in the
CPP-MR devices with a bias voltage (Vg) of 70 mV. This motivates us to explore other conductive oxides as spacer
materials. In this work, we report large AV in the CPP-GMR device with Co,Fe(GagsGegs) Heusler alloy
ferromagnetic layer and a high-resistive Mgq,TipsOx (MTO) spacer material.

We deposited the CPP-MR stack of Cr(10)/Ag(100)/CFGG(10)/Ag(1)/MTO(ts,)/Ag(1)/CFGG(10)/Ag(5)/Ru(8)
(thickness in nm, ts, = 2-2.5 nm) at room temperature onto a (001)MgO single-crystalline substrate. The top CFGG
ferromagnetic layer was annealed at 550°C to improve the L2, chemical order. For all the measured devices, the device
resistance decreases as the bias voltage increases (Fig. 1), suggesting that the underlying transport mechanism is
possibly spin-dependent tunneling instead of spin-dependent scattering. With 10 nm CFGG and 2.2 nm MTO, the
majority of the devices show a MR ratio ranging from 15% to 25% with a RA of between 100 and 250 mQ um?. In spite
of this, several devices show large MR ratios above 30% with the maximum MR ratio of 45%. For the best device, a
large AV s Of 16.2 mV was obtained at a Vg of 60 mV (Fig. 2), which is more than 3 times higher than the largest
AV ax Value of all-metallic CPP-GMR devices reported so far. Such high MR ratios were observed only thin (1 nm) Ag
layers were inserted at the CFGG/MTO interfaces. The possible occurrence of current-confined-path effect will be
discussed based on the microstructure characterization. The current CPP-MR result with the MTO spacer shows an
advantage in view of output voltage compared to the all-metallic CPP-GMR devices, suggesting that high resistive
materials hold potential to be used as the spacer layer in future read sensors of ultrahigh density magnetic recording? or
other MR sensors that require low RA values.
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Fig. 1 Bias voltage dependence of parallel-state Fig. 2 Bias voltage dependence of AV, for the
device resistance. best individual device.
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Temperature dependence of current perpendicular-to-plane giant magnetoresistance effect in
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1) M. Takagishi et al., IEEE Trans. Magn. 38, 2277 (2010). 2) Y. Sakuraba ef al., Appl. Phys. Lett. 101, 252408 (2012),
3) T. Nakatani et al., Appl. Phys. Express 8, 093003 (2015), 4) J.W. Jung et al., Appl. Phys. Lett. 108, 102408 (2016).
5) H. Narisawa, et al., Appl. Phys. Express 8, 063008 (2015).
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Co2Fe0.4MnoeSi F5 3L O8N L12-AgMg % FH v 7= CPP-GMR ZhR D
Hh g S A A1

Faa=elf t, RSS2 @52
CHAER AHF 2 Hibk AL hu=r REEREHERFEHE T X —)

Spacer layer thickness dependence of CPP-GMR effects using
half-metallic CozFeo.sMnoeSi and L1, Ag-Mg ordered alloy spacer
Yusuke Ina, Takahide Kubota, Koki Takanashi
(! IMR, Tohoku Univ., 2 CSRN, Tohoku Univ.)
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1) M. Takagishi, et al., IEEE Trans. Magn. 46, 2086 (2010).

2) H. Narisawa, et al., Appl. Phys. Express 8, 063008 (2015).

3) T. Kubotaetal., 2015 45 76 [l L - 2K FINTR 2, 13p-PAL-17.
4) T.Valetand A. Fert, Phys. Rev. B 48, 7099 (1993).
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BRI R A2 AW 7 LA 2T —E4
CoFeSi HEfE D /N— 7 A & JLPESTAL

SIREEAL mAEAL ISR
(RO TEEKR)
Half-metallicity evaluation of full-Heusler CoFeSi alloy films using anisotropic magnetoresistance effect
M. Sampei, Y. Takamura, S. Nakagawa
(Tokyo Institute of Technology)
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N . . Magnetlc field (mT)
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[1] R. A. de Groot, et a/ Phys. Rev. Lett. 50, 2024 (1983). 343805 5
[2] M. Julliere, Phys. Lett. 54 (1975) 225. Magnetic field (mT)
[3] I. Galanakis et al, Phys. Rev. B 66, 174429 (2002). ) o )
[4] V. Niculescu, et al, Phys. Rev. B 19, 452 (1979). Fig. 1 AMR characteristics of CFS films
[5] Y. Takamura, et al, J. Appl. Phys. 115, 17C732 (2014). with a thickness of (a) 35 nm and (b) 3 nm
[6] S. Kokado et al, J. Phys. Soc. Jpn. 81, 024705 (2012). )
[6a] http://journals.aps.org/prb/abstract/10.1103/PhysRevB.86.020409 deposited on MgO(100) substrates.
[7]1 Y. Takamura et al, J. Appl. Phys. 105, 07B109 (2010).
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T B X2y b NigFes  N(x =0, 1, 3, 43I DR MM o G

GHERRE A 222, JEECRSE 2, W ARER Y, RUNEAIE Y, BEEes T, BT, AEERE? Kigs!
CHPE RS, 2HIEKRT,  BARNHRELS PD)
Magnetic properties of epitaxially grown NiFe,xN(x =0, 1, 3, and 4) films
K. Ito"*®, K. Kabara’, F. Takata', S. Higashikozono®, T. Gushi', K. Toko', M. Tsunoda®, and T. Suemasu’
(*Inst. of Appl. Phys., Univ. of Tsukuba, “Dept. of Electronic Eng., Tohoku Univ., *JSPS-PD)
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(P> TEIFIRHL(Ms) 72 B N 2 U —IRE(T)2ME T Lox> 3 TR Te SRR Z TS LG ST 5 2,
— 5T, RISMEA Sy ZIETERLE L7z NigFeN TliE, IR T 6% D K & 72 1E D B MERISIKHLAMR) 03
WS TR I, 20PN TSI LS LTV, ABFETIE, 9F BT % %2 —(MBE)JEIZ LY
NiFes N 2 = v % % o v Lk L, Bt & AMR 2R 2304 % 2 & C, LAt Mt L7,
EBRA &

&4 Fe, Ni & &8 77 X< N, DRI I1C K D MBE 512 X D | SrTiOs(001) £ 4k (2 NiyFe, ,N(x=0, 1, 3,
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SEXE 1) AHDL, £<4 11, 125 (2016). 2) X. G. Diao et al., J. Appl. Phys. 85, 4485 (1999). 3) R. Loloee, J. Appl. Phys.
112, 023902 (2012). 4) S. Kokado and M. Tsunoda, J. Phys. Soc. Jpn. 84, 094710 (2015).
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Magnetotransport Properties of FePt Alloy-NDs Stacked Structures
Taiga Kawase, Katsunori Makihara, Takeshi Kato, Akio Ohta, Mitsuhisa Ikeda, Satoshi Iwata,
and Seiichi Miyazaki

(Nagoya Univ.)
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1) R. Fukuoka et al., Trans. Mat. Res. Soc. Jpn., 40 (2015) 347.
2) K. Makihara et al., Ext. Abst. SSDM2015, G-3-6.
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Schematic illustration of a diode
doubly-stacked  FePt-NDs

Fig. 1
with a

0.62kOe |

CURRENT (A)
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-10 1 ] 1 ]
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VOLTAGE (V)
Fig. 2 Room temperature I-V
characteristics of the doubly-stacked
FePt-NDs structure shown in Fig. 1 just
after magnetizing with magnetic field
application (0.35~1.5 kOe) opposite to the
initial magnetization (4.5 kOe) direction.
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Mag-flip spin torque oscillator using highly spin polarized Heusler alloy as

spin injection layer for microwave assisted magnetic recording

S. Bosu, H. Sepehri-Amin, Y. Sakuraba, S. Kasai, M. Hayashi, and K. Hono
National Institute for Materials Science, 1-2-1 Sengen, Tsukuba, Japan 305-0047

A major challenge of microwave assisted magnetic recording (MAMR) is the development of a mag-flip spin torque

oscillator (STO) [1] with a cross section area of ~ 40 x 40 nm” or less consisting of an in-plane magnetized field

generating layer (FGL) and a perpendicularly magnetized spin-injection layer (SIL) that is able to generate a large ac
field uoH,. > 0.1 T from FGL with a frequency f over 20 GHz at small critical bias current density Jc < 1.0 x 10* A/em’
[2]. Solid understanding of the underlying mechanism of the large angle(p) out-of-plane precession (OPP) is equally

essential. Recently, we demonstrated a mag-flip STO using highly spin polarized Heusler alloy Co,FeGaysGegs

(CFGG) as a spin injection layer (SIL) [3] for the
reduction of Jc. We reported, the usage of FePt/CFGG
SIL reduces Jc by ~50% compared to that using a
FePt/Fe,Co SIL. In the present study, to generate a
stable OPP mode as well as to achieve a high poH,.
woMIxsing (I is the thickness of FGL), we employed
Fe,Co with puoM; ~ 2.3 T as FGL in combination with a
highly spin polarized CFGG (/=3 nm) SIL
perpendicularly magnetized with FePt (10 nm). We
prepared cylindrical shape STO devices with diameter,
D ~ 29 and 42 nm to investigate STO properties. Fig.
1(a) shows the schematic diagram of the experimental
CPP nano-pillar STO devices. The SEM images for D ~
42, and 29 nm STO devices are presented in Fig. 1(b).
When FGL is oscillating in uniform OPP mode, rf
spectrum can not be detected for external magnetic filed
oHex applied perpendicular to film plane, i.e., 6y = 0
since the relative angle between the FGL and SIL is
constant during oscillation. Therefore, to obtain a finite
AR(?), i.e., to detect the f'spectrum, it is necessary to tilt
slightly the 6y of yyHey: from the film normal. Figures
1(c) and (e) show the AR- ugHey curves with pioHey
applied at a slight tilting 65~ 4 to 5° for D~ 42 nm and
29 nm, respectively. Large AR rise at high poHey is
comparable to that at goHe~ 0, which corresponds to
large angle oscillations that appears at /4 = —6 mA (|J] ~
4.3 x 10* A/em?) and — 3.5 mA (J] ~ 5.3 x 10° A/em?)
for D ~ 42 nm and 29 nm, respectively. Corresponding
power spectra with maximum f ~ 21 and 25.5 GHz
around poHeq ~ 1.1 T for D ~ 42 and 29 nm,

. i .
-0.5 0.0 0.5
IJOHEXI(T)

HoHex(T)
Figure 1: Schematic diagram of the STO device structure (a), SEM images
of reference devices with D ~ 42 and 29 nm (b). AR-ueHe curves with
toHex applied at tilting angle, 0~ 4-5° from film normal for (¢) D ~ 42 nm
and (e) D ~ 29 nm STO devices. Inset cartoons represent oscillation states of
FGL. rf power spectrum (d) for D = 42 nm at /yc = -6mA, and (f) for D =29
nm at /e =-3.5 mA. f~ 21 GHz and f~ 25.5 GHz has been observed for D =

42 nm and D = 29 nm, respectively at goHe~ 1.1 T.

respectively, in Figs. 1(d) and (f) are in the OPP mode. Our micromagnetic simulation results also imply that large ac

magnetic field uoH,. ~ 0.2 T can be generated (not shown) from the STOs with a pillar size of D ~ 30 to 40 nm using

Fe,Co (7 nm) FGL with high uoM;~2.3 T.

References: [1] Zhu J. ef al., IEEE Trans. Magn. 44, 125 (2008), [2] Takeo A. et al., Intermag Conference 2014
(AD-02), [3] Bosu S. et al., Appl. Phys. Lett. 108,072403 (2016)
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Electric field control of perpendicular magnetic anisotropy in Fe-Pt-Pd alloy films
S. Kikushima®, T. Seki™**, K. Uchida™*""*", E. Saitoh™™"""******** K_ Takanashi™"*
("IMR, Tohoku Univ., "CNSR, Tohoku Univ., " JST-PRESTO, "™ JST-ERATO, ™" WPI-AIMR, Tohoku Univ.,
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1) T Sekietal., Appl. Phys. Lett. 98, 212505 (2011).

2) Y. Kikuchi et al., J. Phys. D: Appl. Phys. 46, 285002 (2013).
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Fig. 2 Magnetic anisotropy energy change
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Adjacent-Layer Material Dependence of Magnetic Properties of CoFeB-MgO system
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EDOREREEE AL TWND EXIZT vy LA P—OEMEEMHI TEHZ L 2EKL TS,
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CooFeSi/Mn3Ge — JE#itc K 2 EERBLIEO/ERL & 2Ef

AR EEE, 2R KW, R9E BB, @F B, FE 20, I s
(Y DA 2 HARRIFERT, HR TR
Preparation and evaluation of Co,FeSi/Mn3Ge bilayered films with perpendicular magnetic anisotropy
N. Matsushita, T. Yabushita, Y. Naganuma, Y. Takamura, Yoshiaki Sonobe*, and S. Nakagawa
(*Samsung R&D Institute Japan, Tokyo Institute of Technology)

FL®HIZ

SR FL A £ Y (MRAM) Z AT DGR b o R VEES (MTY) OB ~DERk & L TEHE 2 it DK
W, BZEMEOHER, WV TIMR DY, 2 bZmzdICITmER(t, KRERBKET T LF—, &
WAV U RN LBEIC /2 D . CoaFeSi(CFS) 13 L2y HLHIKEEIZ IV T A B R A8 100 %D/ N—7 A Z )b
SRR E TRIS LS. ABFETIX CFS # |EMAL & 3572012, @WFmERKE T ET R X —I2 L &
BRI & 72 D MnsGe 5 D & ZZHAE G S B 72 JBiiEIc K 2 TER L MTI B0 FEBLZ o S Lz,
EERA K

ks —72y MR/ ZiEZ2 VT MgO001) AR 12 Cr Ny 7 7 BAEIRTHIEL, 400C T in-situ
T == EITo72D B, CFS/MnsGe DJIET @& 4 /Ff L7-. CFS 3 LT Mn;Ge OERURELIE 400°C &
L7z, fEEMEORHIIE X BREHTIZ L 01TV, BHMERHEORHGIZIX SQUID % 7z,
EERfER

Fig.1 {Z CFS(100nm)/Mn3Ge(100nm)#i&E > XRD [EHf/ 3% — 2 Z7~7. Mn3Ge(002), (004)[EIHr & — 27 KX
CFS(002), (004)[E#7 &°— 2 Z R TE 5723, MmsGe & CFS 13 & HIC(00DELH L TWD Z &85, Fig2
|Z CFS(t nm)/Mn3Ge(100nm)## & DR DAL RFE 2 7797, CFS OIEE 1 705 3 nm IZB VN TIX CFS & Mn3Ge D
JEMZ B AE ST L D — B b LB b8 AR L, EWEEMKRGEEZ RS2 LR TE . CFS "& 5
B 5nm (278 5 AL D —RIER R T < 20, BALFREIZ AT » TRBN A FEZ R T, 2D DR
% CFS @2 &b 2 R IT U, MnsGe O i W I BRI G ET R L F— L CFS O @A B2 i & F a5
DFRfEIENE &2 KB TE HAMREE A R LT S,

SQUID HIEICB W THEEZ K > TV P W H AR RZDZEAT R RS L ET.
B2 IR
1) S. Mizukami et al., Applied Physics Express 6, 123002 (2013).
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F o U —IREEZSFH ThFe/GdFeCo A #ARE BB IE T & 2 SCHams Uil 1]
BAKHT L, RS 2, B)IRE S
(* AARZFBL LA, 25 5 A 2 HARWISERT, 3 A ARF RSB T2t e 8}

Curie temperature controlled ThFe/GdFeCo hybrid structure for low field magnetization switching

A. Tsukamoto?, Y. Sonobe?, H. Yoshikawa®

(* College of Science and Technology Nihon Univ., 2 Samsung R&D Institute Japan, 2 Graduate School of Science
and Technology, Nihon Univ.,)
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TEE A GdFeCo lED A ¥ ik — L3 Bl X A Wb s

RSO, RERBR, INAERIS, & HER
(G ERE)
Spin Hall switching of perpendicular magnetized GdFeCo films
T. Matsumura, D. Oshima, T. Kato, S. Iwata

(Nagoya Univ)

[EL®HIZ

Gbit ##8 2 5 MRAM BA%EE L O F DR E B EIC I T, BEMEFEE O &R B EE T E DO BT A3k
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EBHE

Fig. 1 1X, Gdai(FeCo) i (TM-rich) (23 WTHTE D 7V A B fuse & 8 LI2BIZH—/VEE 2 HIE L
TRERERLTND. 728, Juse & FATIZ Hoxe=1000e ZEIIIL TV 5. fue=%2.5mA I TAE LV HR—1
RN K DREAICIR & RO U 72 AR — VB E D B 2 ZE MBI STV DL 1B, AD Lue 22D RS o 72°F
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£2.0mA ZHE LN D, e & FATRBER Ho ZEME G2 L EOFR—NVEH By OB ERLTND. AV
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Z>E L
1) L. Liu ez a/., Science, 336, 555 (2012).
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Fig. 1 Anomalous Hall voltage of Gda2i(FesoCo10)79  Fig. 2 In-plane field /A, dependence of Hall
after the application of in-plane pulse current resistance Au of Gdai(FeoCoi0)79 measured
fouise, under an external field of e = 100 Oe. applying a DC current of oc = = 2.0mA .
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Co2FeSi/MgO F&5 & i ~ DI FEIREIC L DK ji‘fétf\@,%%

IR JtE, R BETE, @A BEK, Il sk
R ILERY: Lk EXAELR)
Change of magnetic anisotropy of CozFeSi/MgO films induced by oxygen exposure at the interface
K. Shinohara, T. Suzuki, Y. Takamura, S.Nakagawa
(School of Engineering, Tokyo Institute of Technology)

1. [XC®HIZ

EEMERE T ECPMA) 2 AT 2 BEBALRBIA b o 2V EE (o-MTIIE, KER CHRALEENAIETH 5
Z ek, Ko MRAM fIEEAAE Y FE 7L LTHEHEZEDTWS. FTHETIEIPMA ZHT 5 CoFeB/
MgO/CoFeB #1288\ T b > F/BEEIRPIE (TMR) 2NN S 41, p-MTJ OFEHIZARLI L T2 0l 2],
2L, FERD p-MTJ 12 TMR LAV E VY, & TMR A FEB T 5 72 D10 1E A B o s 100%0)/\~7
A X NVREBERHAMP) G LTH 528, mEMIC HMF 2 iz p-MTJ | iﬁ%t%fﬁéhfwiﬁw. PANGIE NG
ITHMF & U CHIfF S D 7 LR A AT —E4 Co2FeSi(CFS) % FW T E LI OERUCEL Y $A TV 5 18]
ZE TICEE L CFS/MgO #1251 5 TEBLIE T CFS O BHREIX=IR TH - 7243, 4 [ CFS
% 400°C TR, BB RBEZ1T O 2 & TL2MEDHEB L BMEMKEFEOR LICKE) Lzl o®E 5.

2. REBFHE

ABHE, xtm & —%7 > R ARy H k% VT MgO(100) BLRE b FEpR EIC/ERL L 72, 30RO 1L MgO &
#/Cr(40 nm)/Pd(40 nm)/CFS(tcrs nm)/MgO(tmgo nm)/Ta(10 nm) T, MgO IX RF 2 %8y ¥ T, Zi LSO
1T _TDC ANy X TR L=, RIEEIT CFS % 400°C, NSO EZER & Lz, BRAREIT
CFS % piif% %R C 2.0 Pa, 10 min {75 7z.

3. RERER
Fig. 1 IZ/E U 7= 3Bt OB b FrtE 2 7= 5. CFS(O 7 nm)/MgO(1.5 nm)k§ 1% Tld Out-of-plane ® M-H #i#R1C
BT, 5k0e UL EDRE i R AR S /=28, CFS(0.7 nm)/MgO(1.5 nm) d Ll CRAEIRTE 21T 5

Z LIk, Fig.1M) o X 5 Icfafnii fiad L (a)
7o ZAUIEAFNRETEIC LV BmERK T R E 2000l w/. ' '
S22 EERBEL TS, Fig.l @ In-plane &
Out-of-plane MZ 20 M-H i CH E iz g 1000
RO FRIC & 0 T R BT RLE—K, g2 o
AL D &, BEFRREEEIZ LD K OfEIL—2.7x10° 5-1000
M5 —5.9x10° erglem® \[ZHEINT 5 2 & Ry Tz.
ik,ﬁm@)@?%ﬁ@kﬂ HEFLTHDHZ ~2000
LG, BERIRERIZME O CFS OBEE O 72 (b)
TELMERTE.
Bl 2000

AMFFEIE STARCCEEMREL T2 58k o % —) o 1000
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BEEZELET. s
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[1] S. Ikeda et al., Nat. Mater. 9, 721 (2010). -2000
[2] H. Sato et al., IEEE Magn. Lett., vol. 3 (2012)
[3] Y. Takamura et al., J. Appl. Phys. Lett., vol. 115, H (kQe)

17C732 (2014) Fig.1: M-H loops of CFS(0.7 nm)/MgO(1.5 nm) structure

formed (a) w/o O, exposure, (b) w/ O, exposure
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Co- and Ti-substituted M-type hexaferrites for high frequency applications

Ranajit Sai*', Masahiro Yamaguchi', Shigeru Takeda®, Shin Yabukami® and S. A. Shivashankar®
'Department of Electrical Engineering, Tohoku University, Sendai, Japan;
*Magnonotech Ltd., Kumagaya, Saitama, Japan
*Department of Electrical Engineering, Tohoku Gakuin University, Tagajo, Japan
*Centre for Nano Science and Engineering, Indian Institute of Science, Bengaluru, India

The radio waves for 5G are expected to be in X- band (8-12 GHz) or in K-band (12-40 GHz) according to the latest
3GPP release. This necessitated the development of magnetic materials suitable at aforesaid frequency bands for passive
devices as conventional soft-magnetic materials cannot be employed anymore owing to their extremely lossy
characteristics at those frequency bands. M-type hexaferrites are blessed with reasonably high permeability and high
magnetocrystalline anisotropy that restricts losses up to a few tens of GHz. However, appropriate cation substitution in
their crystal lattice not only enables tuning of anisotropy but also transforms it magnetically soft. Co- and Ti-substituted
Sr-based M-type hexaferrite can thus be of extreme importance owing to their suitable soft-magnetic properties in the
desired frequency regime.

In this work, the candidature of SrCo,TixFe;,,x019, x=1.0, 1.2, and 1.4 polycrystalline powder as a suitable material for
its use in microwave passives is assessed. Hc drops drastically from ~300 Oe to ~40 Oe as the level of substitution, x
increases from 1.0 to 1.4. As a result, ferromagnetic resonance (FMR) frequency also decreases from ~20 GHz to 5.4
GHz, making it particularly suitable for the use of high frequency passives. ZFC/FC measurement reveals the absence
of interparticular interactions in the samples. At the same time the magnetic layers, formed when the powder of all
sample are mixed with epoxy resin, found to be magnetically isotropic in all direction. This lowers theirs real part of
permeabilities to some extent. High frequency magnetic characteristics of ferrite-epoxy layers are investigated through
two different measurement techniques [1], [2], such as microstrip probe, and shorted micro-strip line measurement.
Both measurements are calibrated by high external DC bias field. The resulting frequency dispersion of permeability of
one of the sample, obtained from both measurements agrees well with each other as demonstrated in Figure Ic,
indicates the shift of FMR frequency from with level of substitution. Minute presence of impurity phases as revealed by
XRD (Figure 1a) resulted in a small FMR peak around 1.3 GHz observed in all measurements as well.

These results outlined the suitability of CoTiM family of hexaferrites for their integration into high frequency passives.
The work also highlights the strength and weaknesses of different broadband measurement techniques for the
investigation of high frequency magnetic characteristics of relatively low permeable hexaferrites.

Reference
1) S. Takeda etal.,J.J. Soc. Pow. Mat., 61, p303, (2014).
2) T. Kimura et al., J. Magn. Soc. Jpn, 38, 87, (2014).
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Figure 1: (a) Powder XRD pattern of the SrCoTiM; (b) M-H plot of four different CoTiM hexaferrite
powder (c) Effect of Co and Ti substitution on FMR frequency and in inset, dependence of FMR

frequency on coercivity.
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Analysis of magnetic near field noise suppression of multilayered
Co-Zr-Nb film integrated on MSL

Jingyan Ma, Hanae Aoki, Masahiro Yamaguchi
Tohoku University, Sendai, Japan
1. Introduction

As the IC technology becomes finer and its switching speed becomes faster, a radio frequency integrated circuit (RF IC) chip
in a receiver of wireless communication system is tend to be led to a failure of signal processing [1], due to inductive and
conductive noise couplings generated by magnetic flux and displacement currents. Therefore, a blocking of those coupling paths
is required. Soft magnetic film integration has advantage in suppressing near field [2] and conduction noises [3] without
increasing footprint on a die, owing to the performance of ferromagnetic resonance (FMR). In order to develop better soft
magnetic film, it is necessary to understand the mechanism of noise suppression. Therefore, a microstrip line (hereafter MSL)
with an eight-layer crossed-anisotropy Co-Zr-Nb film on the top is chosen as a basic structure to substitute the complicated
film-integrated RF IC chip which is consisted of many power and ground lines.

2. Approach

sensing coil
Figure 1 shows the experimental setup in this work. The ""ag"e“”‘e'd“
multilayered magnetic film is deposited on a glass substrate. The Microstrip-line }Magnetic film
Signal i
film is placed upon the top surface of MSL whose signal line is 160 lr'lgput / 5. nal
. . o Y e ]
um wide and 20 mm long, and corresponding characteristic —
impedance is 50 Q. A magnetic near field probe with a planar shield i =E i UTERSTHIEETER 5

loop type sensing coil is placed 600 um above the film to measure the Fig. 1 Experimental setup

magnetic field intensity. A network analyzer provides input power of

-5 dBm along frequency range of 0.1 to 4 GHz

Table 1. Assumed relative permeability and resistivity

3. Results and discussion

. . Permeability Resistivity,
Case €.a. orientation parameter, g 0, nQ-em
The experimental results and the simulation results agree in both N ’ u”T ’
T T
magnetic field and conduction loss, respectively. Additional 4° MSL//e.a. ki 120
B Isotropic 780 ~ 0 ~ ©
simulations are performed to analyze the suppression effect of near € Isotropic 780 ~0 120
) ) D MSL//e.a. u(f) ~ o
field noise. The FMR and eddy current loss are considered as the E Isotropic 1 ~0 120
. L . F? Blank (without film) 1 0 ~ oo
main reasons for near field shielding effectiveness. Therefore, the ¢ MSL//e.a. u(f) 60
. . . H MSL//e.a. 1200
contributions of frequency-dependent complex permeability and film = £()
resistivity into shielding effect is studied separately. Different .
permeability and resistivity through case B to case E are assumed as 0.5k ]
shown in Table 1. The corresponding results are shown in Fig.2. 3
i, »—0-000-0—&""0‘;".";';""""""'"'""-‘-‘
4. Conclusion o ., *eel
o Y ga=m=aa e »
= oo
In this paper, the magnetic near field shielding effectiveness and 2005 Case A S b
. . . .. . c = CaseB
conduction noise suppression of four-layer uniaxial anisotropy 2 4+ CaseC faaa
. . = e CaseD 4
Co-Zr-Nb film were investigated by both measurement and ooty ¢ CaseE E
""" ase
simulation. The eddy current and FMR losses were analyzed 0.005'5 03 - i ) 4

0.4 1
. s Frequency [GHZz
separately by controlling film resistivity and frequency-dependent a vl ]

complex permeability in simulation. The contribution of eddy current Fig. 2 simulation results of case A to F
and FMR loss in near field shielding were explained. The results clarified that both eddy current and FMR are contributing
significantly to magnetic shielding, wherein the quantitative degree of near field noise suppression is significantly controlled by
eddy current loss, while the frequency of maximum near field suppression was dominated by FMR frequency.
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P T M AR I ITE(E OZEMEN E &Ny T VBB O RFFFHEDNER SN TS, 2o—flE L TEZE
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AVEIHZTHY, BRI L AEERBHEBEIZ > TN 5.

ZITEELIEX, aA MR8 (BLF, CIP E5Eil) &R VBRI B S -EEM
Bl U728 Q-RFA VX7 X 2EBRL, BREEDTHD. HAMEBGLA V27 21X, aA VR
MHEEME DD D728, REMRITBEET 2 a4 VBRI bEAMEIO T ~8Y 5 <720, mHERE IR
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FMRE LBV E T CIP 2 K& EVLE L CEiPieisE 2 ok L EBRE RIC O W TR 5.

EER - AEAE 00—

KAWL CIP ORI, ~ v TR (Frbry s " F s 7 ;
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180-300 [°C] T 6h & L7-. #Ekg(k CIP OELIEDOBIEICITE 100 i
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Fig. 1 (ZIrifi SEM # X v RS & - 7= R Rk CIP OFR{LIRE &
BVOERIRFE OBIfR Z R 9703, BVOERIREE 23 @ < 72 BT PEVEFEIC
FAALIRENEL 725 Z & Rbh 5.

Fig. 2 IZ KA HELEL L 7= CIP @ XRD [BIf /3% — > &R,
As-made CIP [ Za-Fe DA BLM S5 A%, FKimlg(k CIP XL
MREEDE < 72 BTV FesOs 38 KON Fe03 DFREE M. £ 7= Fig.
31T Fig. 2 Da-Fe (110) D ElE & 0 R U7 SE¥ERS 791 Xk
BVOERIRE ORBfRZ R, AKX D 240°C LI ECbdh 734 A
WRTHZENDLNY, RENBHERTLIEDEEZILND.

YHIX, FHEEL CIP,/ =R UBIIREA MBI OBEEBRR D
JA B B L TR R R IRAT DG 70 SlT oW T 5.
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BUEARRIEIL, ISPS FHANFIER AN 4 15K18047 DBk 52 1)
THEY, IR LET.
L ZD N
1) O.A. Hidayov, et al.. Electronics letters, 49, 23, pp.1433-1435 (2013).

Annealing temperature [°C]
Fig. 1 Oxidized film thickness on CIP vs.
annealing temperature
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TR A T = X I CRENT HSEE L\ T2 oD GRMI 7R 5% G 3 PR R VAR AT 25
\ZHE D &2 215720, AT, ADEREEE B 20 0 R
WRREDTZ D FTEWTEARES 2 6 R MREEZ ATV, T DA D= 0% X _
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S OBHEHHE AL - ERRIEE SRR '

AAFFECTIRRBRALE D 72 8 | e b HiAdi 72 [ FEIRT A DR IE A kP41
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NER DB (03 & Wiznn)idQ)Ic LV B TE 5, : a0 — ez
@fo(kﬂ‘) iy (r) = Qfo(kia) @]o(kz?‘)
ZTf&h(kla)\ o1 Jo(koa) 2ma J; (ky @) (1)
ZIT, BIO RIFHEMEHFEICESBRETHY . HBLW

A 1% Bessel B% % k9 9, iz

HRLER = |
Fig.21C 2 JEHEIE O T HIMRBS I b5 ) B BB E SO —#l & » T, £ 3////><>x\

BRESRMX, 2O b=Tum, B f=3GHz & L. 2 2O E 0 —_— _\

DYTEHEE Cu & (% (01 =0, = 581X 107S/m) & L, WSRO K & o T

B 1THDIE/ ADBREFME(un = +1, pe=-)Z2BE L7z, H1EO

Distance from the center r[pm]

[z1 (r) =

(a) Intensity of current density

Phase of current density £ iz(r} |
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i BOBIRE CEMT R e, MLy Wfirgiis () Phase of current density

. o e Fig. 2 Current density vs. distance
B, A NS T HICH, BIChoIRIE L <, B o o e b Tamy.

W0 2772 XOITHERE S Z2RGHTER W L3ghhoTl,

HEE

AWFFED—HRI%, ISPS FIF#; 26820135 F5 L UM H5 SCOPE #5 TV A v L ARFJEH 5 i 165104001
B AT TR, I IR L BT ET
BE IR

1)  Yamaguchi et al.: MWE 2008 Microwave Workshop Digest, 207-210 (2018).
2) Nakayama et al.: Digest of the 37th Annual Conf. Magn. Jpn., 37, 381 (2013).
3) Mizuno et al.: The Papers of Technical Meeting on Magn., IEE Jpn., MAG-06-82~87, 7-15 (2006).
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Feasibility of orientation control during forming process for magnetic powder-plastic composites
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FBRAE R
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NI RN T z 85 1A D LB R M0 “Bh D LLBieR X 0 /h Sy, bl 513 L x, y iy mote
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Fig. 1 Relative permeabilities Fig. 2 Relationship between permeabilities of
of the specimen A, B, C, and D. oriented/random cases.
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High Frequency Permeability Measurements of Magnetic Thin Films aiming at 30GHz Band
S. Takeda, M. Naoe*, T. Hotchi**, S. Motomura**, H. Suzuki**
(Magnontech, Ltd., *Res. Inst. for Electromagnetic Materials, **KEYCOM Corp.)
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=7 T7F T4 exy VT L—vardb, £0
BWREMREL TAAL COMEET 5,

3 FHHIRE A Fig. 2 | NiFe % (24 mm x 12
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Th oo, WMHEEROEG T M~5] >8RV 5%
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B 2 1258 It O B HRR N E < 720
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of the Magnetics Society of Japan, 38, 87 (2014).
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Terrestrial digital TV broadcast reception antenna for smartphone
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) Fig.2 Frequency characteristics of antenna gain.
Fig.1 Structure of antenna.
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Development of active magnetic shielding for MI gradiometer
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[1]T. Uchiyama, K. Mohri, Life Fellow, IEEE, Y. Honkura, and L. V. Panina, “Recent
Advances of Pico—Tesla Resolution Magneto—Impedance Sensor Based on Amorphous Wire
CMOS IC MI Sensor,” IEEE Trans. Magn., vol. 48, no.11, pp. 3833-3839, Nov. 2012.
(2] ¥ 50 & oo, o N E O SR L “TYUARB YA ATRE & T D IR S fiERE
WA—NT IV TV =727 =N Ea— Vol. 1T 2012.
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Development of a planar type high sensitivity metallic contamination detector
S. Okabe, I. Sasada and H. Karo
(Kyushu Univ)
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Magnetic nanoparticle detection system by using fundamental mode orthogonal fluxgate gradiometer
H. Karo, I. Sasada
(Kyushu Univ.)
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Downsizing of Magneto-optical Q-switch Using Magnetic Garnet Films
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AC modulation method of a TMR magnetic sensor
Y. Majima, T. Yasugi, K. Sakai, T. Kiwa, K. Tsukada
(Okayama Univ.)
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Improvement of marker detection by magnetic bias for security application
Tamotsu Minamitani,Sotoshi Yamada
(Kanazawa University)
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VIS, I mBs, VT2
(B [ENLRF)
Reduction of amplitude in vibration-type electric generating element using magnetic wire
Akitoshi Takebuchi, Tsutomu Yamada, Yasushi Takemura
(Yokohama National University)

IFL®HIC

FeCoV HAMA T A YIZEAORV I T2+ &, UA YASEMOEBEIANER L 0K 20, —EDOR
LREZFINT 5 E TCRALVINTB VUxy U EIIN S ARt E2 £ U5, mill=aA vz Fn
5L TCZOMALKELEN S 7SIV AR 255 Z LN TE Y Z O INFEIIGS OB LI FE LR &
W TR A RO, A IETZ R F— « N—RRT 4 VT RA FHCRBVRRER T~ OISHICE B L, i
WA A L5 mm OFEEEIE (LT, A hn—72) 237252 CTREMNEKETHD Z 2T TITHE LR Y,
AR TlE, A br—2EOKEZ B E L, Bifi DY A ZZBIEES A DR b a— 7 A RIE LTz,

EERA &

F&20mm, ¥ 0.25 mm 0 FeCoV EARA Y A ¥ NdFeB =10 mm
2B Z #1000 turn DR A VA EREE S, 20 LE Magnetic field & -
GG DN T A ¥ L BESIZA br—2F5 K9 -

WZERE L7 (Fig. 1), A IX YV A YO TA hr—7 C=NNMNENMMINN Vg'i — 0 mm
— —
WA R R— s ROBCIC RT3 A ORI 2B L T W2 w2 41 E
- =] = v e A Coil —
7o H%ii%?ﬁ% ‘?4’ Y & A O BEEE d [mm] <o PeCov wire  Simulation point F
LDOY A XEEZTT> T2,
EEAGEE Fig. 1 Configuration of magnetic wire, magnet and
ESL e 1 ) 1 and sumalad; .y
ik % Fig. 317 5. 4 x4 x2 mm? O NeFeB i etection coil and simulation point
DA, d=2.8mm O &L EEFA~DYA ha—7 )i 10
1mm » 6 HARBHI S, 1) S DHA0EIE-0.5 mm AX4X2 mme
Thote, d=23mmicT 5 &, FAhr—27 05mm — 8r
o VRN seeeae 4x4%x1mms
MO APNERI S, HHERHDIE-05mm KV /hx E 6
WZfEE 720 A be— 7 BOEBILICRI Uiz, —F S
T AhR—/RERE AR LMAEBRS LiTE 8 4
727512, 4 x4 x1 mm3 O NeFeB i & V5 & .d=23 < 2
mm O & ZEHF MDA ha—7 5 1mm 26 H A 0 Loassazase
BRI, HAISNDHALEIZ-05mm &leoTe, BAD 0 30 60 90 120 150
AP A= IZXT OMSEMED I 2 b—v a3 VR Magnetic field [Oe]
% Fig. 2 1R, FHRALEIT Fig. 112”3 38 ThH 5, Fig. 2 magnetic field intensity for the amplitude
EWEEID2mmaS 1mmilebd ., WHisENgE < from the simulation (d= 2.3 mm).
RDTCHA b r— 7 BRI B OV A X0
BT R 2157, 500 -

HHEE : FeCoV BEMERRIT, = v 21— VIR AL O ZhF < 400 | et 0t
BloLy, Bt i=imni-bocd E . J

B Xk § 300¢ . a

: £ R g2 a"xs3

1) J. R.Wiegand, et al., U.S. Patent 3,820,090, 1974. > 200l 1

2) S.Abe, etal., IEEE Trans Magn., 33, 3916, 1997. ‘g dF" ® 4x4x12 mm3

3) R.Malmhall, et al., IEEE Trans. Magn., 23(5), 3242, S 100 B 4x4x2mme(d=28)
1987. o 4x4%2 mm3(d = 2.3)

4) M. Vazquez, et al., IEEE Trans. Magn., 30(2), 907, 0 ‘ A 4x4x1mmi(d=23)
1994, 0 2 4 6 8 10

5)  A. Takebuchi, et al. 2016 Joint MMM-Intermag Distance [mm]
Conference, DJ-02, San Diego, Jan, 2016. Fig. 3 The output voltage measured by detection coil.
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INEG — AU U TR L DR LT ¥ Z v ) A ZEnfilE

WAIEFEL, =g 28N B L B SN At R k| B2
CHAER, PMER)
Integrated Digital Noise Suppressor by Means of Patterned Magnetic Thin-film
Masahiro Yamguchi?, Yasushi Endo?, Pen Fan?, Jingyan Ma?, Satoshi Tanaka® and Makoto Nagarta®
Tohoku Univ., 2Kobe Univ

W5 45 4 /% LTE-Advanced #4575 S 27 (1 Gbps, downlink) 28&0# 2 M L. 45 5 i ot
HED 2020 FEICAE AT D, 10 42H T 1000 {5 OB A B K Z BIE T HHRRE S AT A TIET U H L)
AR L DZERBEOREL N E S ZENEETHDH[L], ZOOFEXITIRFICT v 7Dy _"— g
v RICHEMEEIE 2 ER(LFEE L FMRIBRICE S TT VXN ) A XERBT D L) L~ A 7 nlgkT
INAAREREL, RO KD 72 MREZ EFEL CTE/2[2], Fig. 1 ® Bt ko, BRI LTE 2 "F 70
72 5 MIE (Bandl, F Y 2110-2170 MHz)% 5x5 mm?2 @ 65nm Si-CMOS ##flf T32%E L[2]. WX FERd &
912 CogsZrsNbry EABHLIEZ LRI T L7z, ZNICE D, TUXNV A XERB L., BHGEE O AL —
7w N 8dB Hal LT E -, EBRAMATIC LY . BEEEIL, FFEMEET OO b, BT ORBICET S Lo
EHERI S NT2[2].. ZOTOAKRMIETIE, T/ A AMBEIT D HBURE FFE L, 2 OBLER B O BBk
B AL U7 R L./ A KRR R 20~ T,
FEREEBE FTERINT (HFSS Ver. 15) (280 /A KR 0 HELHRZ FFE L, C0796Zr47Nbys 7 film
(4nMs=0.63 T, FLJ7PERZI Hi=640 A/m, FMR J&E#4% f =0.8 GHz) [3] % % DEHE E O AITHEFE LI Lz,
ZOWARNE = ERDOETFTOL I b D TH D, A8y X B K 2 EBERESEOFEMIL Sio, (100 nm) /
[Co-Zr-Nb (250 nm)/ SiO2 (5 nm)]x4 / SiO; (100 nm)/ [Co-Zr-Nb (250 nm)/ SiO; (5 nm)]x4 / SiO, (50 nm) (/ Glass
substrate) TH V., U7 AT
&k g—qblic, 250 RF receiver
[Co-Zr-Nb/ SiO2] x4 FHJENEILE et
SREACMEO TR & L 1 C= 55— T
D—RRIRBEFIT L CHE A% 5 Frequency
ARY[3), EICHEIRR D Ak
Az EET Lk, KT
IR L7efEk N7 — ik
~RT11dB H DOHIBANA T U T i e
AL CE T, LLEICXD, | Inductor
A RAGHRIZ D30 2 B AR % 8 1)
WCHERICE /22 &, BN/
A X‘%/ﬁ\} 2 SXAﬁWﬁ%‘IﬁVC T Divided rﬁagnetic film
bHZEEIFIFETET, LNA circuit with inductors ~ Magnetic film pattern pattern
THETRW B R4 BB
(HAER) BELOTHHTAEW =
FEEMEN (BHEE) BIOPHEE RS (NEC F—=F2) QL E9, AR, REAEREFRIL
RO T DIFFEBR OMBI &= T 7=, .

L Z DN

1) L. Lavagno, et al (Ed.), EDA for IC Implementation, Circuit Design,-, CRC Press, Boca Raton, 2006.
2) M. Yamaguchi, et al, Proc. 2015 Asia-Pacific EMC Symposium (APEMC2015), 536, 2015.
3) Y.Endo, etal, J. Appl. Phys., 117(17), 17A330-, 2015.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Fig. 1: Test RF IC chip, circuit diagram and magnetic film pattern.
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ISR L= PR— 2 NEFIN KD Ak S AT I E

IAAAE N FHE—RE, A LfnE
(AL R B OB E A FET)
AC magnetic field measurement using pulse laser burst modulation
Y. Matsumoto, S. Hashi, K. Ishiyama
(Research Institute of Electrical Communication Tohoku University)

1. FL&HIC

= BT PR E TR — R T e — T L =TT T S
ERWEBENMTOLTWE R, SRITH 5O ARROBIR A% [ 100mhz puise Laser |
FLLCLED U, 20kdxid, HEBABR & EL LIC < WSO
R THDIT—Fy FE OV AL —FER WA RrRIEIC LY, ik Optce! thoreer walfmiror

Function Generator

Mirror Microstrip line
& XY stage
Wavelength 678nm NS

Garnet

(R0 & RS RE & AT AT OWTRET AT TV D 2, et fet.
THETHEY A5 AOFEFRIEC b7 0 B ER R % S— % | g5 [LockinAmp [ pas & detector | [ signal Generaor |
FHSHTHEEIT-> TEEDN, EBEOBFEGBNHESROLGE., = Fig.1 Schematic of magnetic field
DOFETEARECTCH S, T2 TR L —P &/ — R N nﬂéﬁ‘ measuring system
5HeE. EE#Fﬁ@{EUE@f;y)%Ejﬂéﬁ DORY 7 KR, (EIJL—EXT%T&) Roughness Magnetic field
DR OMIZ T — >y FOREIFIROZEEZRESZITTLEIED ity ﬁ H H orift Hﬁ ﬁ
FIREAD A U Do AW CILRERR OIIENAR &P ORHED  ares i
ZERHEWMETDHZEITED, NARL—PNN—=X NEFHF RO T photodearic o OutPut

conversion

3?) D 71:_5% l:%’i‘% ﬁﬁ/%@ﬂ;% % K%% I/ ]\ ) = ]\ O))%;%E-B %fj:rﬂ A f:ﬁﬁ\&ﬁ (taser burst) | Chopper frequerlw {Ref] —

SHRETFIEEFTICIRE L, TORYSMEEZBRTFT LT, incensity ﬁﬂ
2. BB bt Hﬁﬁﬁﬁﬁﬁﬁﬁ

Fig.1 IZAHFZEIZ 351 B BRI B OMNE 2 R8T, HIENSR E LT ewerson output!
RERAAT DR DB B T2 A 7 8 A R Y FHEEEW = 430 1 m)& FIL, felsrn | "
ZORPFICEE LT —3 v ML — WA BE IS UK 2R Fig.2 Schematic diagram of the
I 5, KKEHETH —F > b &l BRI FERD R L0 BRI 12k various parts of the signal

17 LB EDZALAE 2 B, ZNERIT 5 2 & TEREH
WA OBERBENIETE B, FeA bR REE A, RUERFE 1 L amision e
L LA L A S SRR T L PR RS = LT, [ {Somaend %
SEHERER OB ERARIC 351 B RRBIES TR T B, /LA L—HF o) [1s0des] [s1s00es VARVA
PR A MEBIIEIRIC AT T 4 AT 3 v 8= R A LIBRII {Eﬂﬂﬂﬂ () Reterencepase

Start Measured magnet ic field

? ONIOFF ZfTo7c, ZOERFRMEETTS & Fig2 IZnF LHicn [Record ‘A~ &' |
AT UTIETH—Fy ORI KT B RRIEO % &aﬁﬁm N\
fEbBHLTCLE S, TZTFRig3IIRTLIIC, REMNIEZZND / '
180deg. T/ ALARD 2 2 BT CREF 2 FHHI L | %@% YRELDHZ LT,
BERBRDEZDORETRY HT AT KEHEE LT,
3. ERER

L—H#% 100MHz THRIESH, v~/ 788X M) v 7HIKIZ 17dBm,
100MHz ® RF{E 5 ZHIM L, F 3 v/ 3—% 7.5kHz Clalfiz X8, #RE
b 1.5mm DU 5 DRGSR % 16 55x16 5 THIE L 7= 6 8% Fig.4 lORT,
Boa Ly N7 A NESRETEET R OBRREDEE R L TEY, %
AL TODMAOEF AR TE TS, £2, MEEZABLT D2
& TRV MR AR ARRIC R 2 & B2 b d,

IIIEI-

(a} Fluwchart (c) Reference phase + 180deg.

Fig.3 Measuring method

BT

R %wt‘—X/Fiﬁﬂﬁmﬁ%k%@Eﬁ@iﬁﬂ& , |
D TR E L, Z SICIRKREAHN T LET Fig.4 Magnetic field distribution
BSEH measurement using

1) M. Takahashi, et al., J. Appl. Phys. 107, 09E711 (2010). differential detection

2) H. Nasuno, S. Hashi, and K. Ishiyama IEEE Trans. Magn. , vol. 47, NO. 10, Oct. 2011
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ehE I 2 F H L 72 MHz #7358 C o
BEEREMNEE S A o — X R O RREE
T3, S9M5LE, MPTZM, # AR, FE—, A1l
CaFRE, LRy, WALKRS)

Possibility of thin-film magnetoimpedance by direct diriven current at MHz region
using magnetic domain resonance
C. Sumida, H. Kikuchi, H. Uetake, S. Yabukami, S. Hashi, K. Ishiyama
(Iwate Univ, Tohoku-Gakuin Univ., Tohoku Univ.)

1L [XLBHIZ

EE BRI ISR A B A EEEE L, SIS EFINT 5 EHBTOA L E—F v ANRRIRIZELT
HIERA = AR (M) 1L, ERERA & L TCRIH SN TV, ks AWz G4e, @
1330100 MHZ LA ETA B —F 0 AR 272 D03, FeATHFZEIZ 30 TR 10 MHz O el 4R 5 3 O 58
BICBWTA v =X v ZADENHERESNY. ZoFRE L

TIL, BEEELLIE 3B G- L Q0 2 alfEME 2+ CIois L7z 2. ABF ® ]
FECIE, X OBEIGZFIAT 5 2 LT, K MHZ 72> 5 ¥ 10MHz ﬂ j\ ="
O Fe 5 ) RIS T BN % MEBERE R o 0 FTAEHE I S " =
THA L0 CTHET 5. b /}
2. EBFE ¢ /f{

7

T U ETITIZCoZIND 7 E L7 7 A E -, B R O
RIFEE 2pm, £ 3mmiE 20, 80 pm D b D& HE Lz, §3

25

TOREFITBW TR ELER A i L, 37185 IRt E S 204 A0S0 s 10 s 0

Magnetic field H (Oe)

W %= = P P G 4 2k
iih 2 il 4E L 7. f?ﬁ?ﬁﬁﬂk%pﬁﬁ(mﬁm%%ﬁﬂm L, xR 4 I Fig. 1 Field dependence of impedance Z for 20
T—07FI7A P EHNTEFORES IMmER DA B —4 2 pmwide element from 5 MHz to 70 MHz.

A AP L=, JIE TR &-21.6 55 21.6 Oe ] TEME L. 10 " ]
ﬁ :gOMHZ
3. REAER _ | L=
Fig. 1, 213@ 20 ym DFE BT 54 LV E—F VAR OA v S 60
B4 A DR A 2 N ENE LERTh D, £ \ 'g
W SIIE-10 dBm & L7z, TELT 7 AR E O 5, A E \H Hk

N
o
T

VE—X U AOECIITIRU S OF G R R E L, EEEEK T
BRI LS5 2 A TR BU Ay O e 7 B b & FEBL T B 73, ol hewed® |

20 15 10 5 5 10 15
B BEIR T, A v E—=F  ZAOZF/N SV, Fg 2 128 Megnetic fidd H (09
WTC,5MHz DR, 96 0effiiTA v &7 ¥ ANAMRIZZEIL L Fig. 2 Field dependence of inductance L for 20
TWS. ZOL XA L E—X L AL AIRICE{ L TEY, -hn  Mmwidedement fromSMHzto 70 MHz.

38

IIREEEILIRIC X A b D E B 2 Hivd. Fig. 313 Fig. 1 @ 6.5 Oe > . P
5 7.5 Oe DHIFAZ FIMRER D 27 » 7RI 2 fH < LCHIE L ;'\:f
mETHD. 6805 7.2 Oe T TRE /A v B — & L ZE(L /
DEOLNTEBY, 72, DT RPROEAT U VANRRZIT L

N5, ZoalgA =2 A 2RI LR v
T RHEDOFEMII SIS THET 5.

gizj‘jcﬁk % —55 6.8 7 72 74

1) S. Kamata, et. al., Abstracts of the 59th Annual Magnetism and Magnetic , , Magnetic field H (Oe)
Materials Conference, p. 184, 2014, Fig. 3 Field dependence of impedance Z at 5

N . RSN P MHz with fine applied field step.
2) fEHIh, Ak 28 EER TR EERZHFEE Vol. 2, p. 161, 2016.
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NAT ABEIZELD I T v ar L—F KRR Y 3F 1
FEVTER, RAEER, 830 W), #k (F
CRALZEBER )
Meandering coplanar line type thin film sensor using direct bias for magnetic film
H. Uetake, K. Moriya, T. Tominami and S. Yabukami
(Tohoku Gakuin University)

LI U®I INA T A T (EAERG N~ P
THaT LR Y EFERRE L,

2 BRIk Fig. 1 1Z3 7 a7 L —J)Aifn
BRI X 0 ARk S B IR R Y B DN EREN
AT A RETHHEDEELEZ R LTIZLDOTH D,
ZHIVE TIHINBIZERE LIz aA iz LD
AT ABEREZEM L CTE A, HIREROZENESR
AANDORERGFERFICELD, BV AT LD
AR A X (Uf) ZMRIELERH o7, £
Z CARME TldE o BT 2 et i~ B
B, T ABRE2EBESEDHZ LT, B2
THILERAT, ST aFL—FEEDOE
B HEAIEH T A FEN (25 mm X 25 mm, 1 mm §) k2
T E/LT 7 A CoNbZr #fE (1 mmx2.25 mm, 1 um
J&) ZEEE L. SITiO (0.5 um JE) %4t L T Cu i
Bk I 7o a7 L —F g (110pm g, X v
Y7720 um, 2 um JBE) 2 ZENENY T A TITLD
TERL U 7o, BRI D RN IT A 7 A HEMmE L
T Cu MR L 72, CoNbZr JE~ | [al iz i 2
JUEEE%  (300°C, 2 H§fE] 0.3 T) Dk, el i Hh ELEE
(200°C, 1 FE[H) ZJii L C. Fig. 1 DA F I ~ER
B af5Lic, ¥ V7 EFIZ=71r—F o
DR Z JiEAL, CoNDZr I 135 L7, A T
AP Fig. LIZTRd K 5 22 Fim~Jiit, CoNbZr i
PN A VA L IR e )5 )~ 8 7 ARG A F8 R S
Do INAT ABFNC L A T AR BT HERESR
EITVVEDERIZ, % U 7 OMAEZE LR L OREIEZE
e KEERD EZZOND, £ ORMBIZI
HRD 7 =7 1 — 7 (GSG-40-150) & F T - <
D N4 T RAEREELSHET, *y NUV—TTF
7 A P (HP8T22ES) D FHMIEREIZ LV v U T D
NMAREALE Sy M ERO T, JFR AL 10 MHz-
10 GHz & L., > FigI 1 kHz, FEAbE 0 16 [
L7,

3 FHAIRER Fig. 21X Fig. 1 D& > HicBUW T,
NA T AT D, v VT OMNMMAEEB IO
PAUEEEZ R LTIEbDOTH D, v U7 AERIX
2.85 GHz & L7z, (HHZEALELELIEA) 9 Oe T 47
degree/Oe 15 H AL, Z DAEIFSMBIZR T T =2 A M &
O SA T AWS % 5 2 T2 R E & 3T R Le, —

AN EBHGREIZ L DA T A XY —ETH D E
ZHNDD, RV OHEIZITFy U TERICE
% RF BERDFREGHFAT X 0 BEMEEIRE O 1 2 F 5
e, BEREENMGON-EEX BN,

e AAFZEO—ERIL JST COl TOHOKU 7'u v =
7 NOMFRERETH D, FIARIEO —EITR A E
(16H04378) DWFFERETH 5,

2& 3wk 1) H. Uetake, T. Kawakami, K. Moriya,
S.  Yabukami, and T. Ozawa, IEEFE
TRANSACTIONS ON MAGNETICS, Vol. 51, No.
11, 4005003 (2015).
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coplanar line (Cu) CoNbZr film

|
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Fig. 1 Schematic of measurement system.
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EE DG A L O L AATER > AT A OR HIERE

KUt RE, HHE—RS, 2 EE*, @molds, AIlfnE
CGRAERZ:, *HAEERE RS
Study for improvement of detection ability of position-detecting system using multi excitation coils
Y. Osaki, S. Hashi, S. Yabukami*, H. Kanetaka, K. Ishiyama
(Tohoku Univ., *Tohoku Gakuin Univ.)

1. [FE&HIZ Excitation coils Pick up coil array
FORBMNETLICEA(E 7 L—Y 3 RRELR B THE R  (9235mmxd) (¢ 25mm x36)
i LC Marker

FROMEBNFHINC R LT, Fox DR D LC IR~ — 7 & A L (bax15mm)
DA % L ARBRI S 2T LOZF N RGO 15> Th 585, 20 Ll [
W b, ~— 2 OB K o T FE,»E L IRT L, fr@Esk i
WREEZ 72D L WO RUD AR FRETH > 7=, ZOREZ RS 57
B, BEDIRE = A V& I TALE R HHYERE & UG8 ATRE e R Rl ) ;
B OWTHET 21T o 72, N o |
2. RBHE T MMm—Aﬁ]
Fig. 1 122 27 AOMRK % 73, it =1 L EF36 )7 LA, 7 /Ty \\\l
T4 AT (SIASMMCEBAH LT 7 AT FE T L 240mm =}
LC MRS~ — 0, k= A VBl D. R LIATH 72 Fig. 1. Diagram of position-detecting
S NEFigl DL, 2 LMD A N AT NE#ETSH K HIZF system using 4 excitation coils.
AME D Jihlse = A vz ERLE L. SO = A L D — I IEE fi £
Bho, b —HITITEBEE f ORERE R & RIRFICH A S, 2410
NRT HRAIE D EZ BN OMEAIT ). 22 ThH, 13, Bx~—
71 O HARIRF DR = A N OFF R EE A AR L7z Fig. 2 1ITRT
Xo1T, EREK, fNIRHET DEERTH 5.
fLEMEOFIEE LT, WD A L ORR O K DK
HaA VOFERELE(Ny 7 770 REE)ZREL, ~— W Z%E
LIEREOX B a4 VOFRELEL Ny 7 770 NEEDE %
WD 2 ETRONDY =N HFEE(Vnane) & FAVT, ~ =055 Fig. 2. Diagram of induced voltage
ET DA% XA R— VR EEP LR EEZ R 2 & T —h by LC resonance of marker.
DALIE - FapnEH s,

marker

Induced voltage

Frequency

ZOFEOEFTE LT, BBBAOW Y HL L WET -2 uso 2000t 20074~ M-
BHEALAT &0 BRI DA F IR B ARV, & 2 A LT D - A A&
BERE R E BN 7 B (f, £) 720 B/ BB & 22 B3 3 kot — o o = !

W S 1500-<#o--| E 150] -
HZR IS FIRE T %, S HIZ 2 MlOXTEZHWL & Tv—h% E , E ;
JbRE T & 7R VRILER Z 2RI TE D L B X bNS. . ! . !
3. HB#ER L ©

Y 0, ¢ & RTINS EEROBEIc BT — 2 0] 100
LIRIE T4 10 BORE 21TV, BiiE= A L 1 EOB G L afe 20 0 20 10 e 180
A OFZAT > 7= Fig. 3 ICMIERS R O—H 27T, (RO FIET - Actual position
BB A NN LEOHOEEITHAT, 4 HOBE ORIERE R ®:, $)=(0, 90)...4 Coils

. ~ . gy - o " O:(6. $)=(0,90)...1 Coil
IFE 1 ACICELTEY, ~—0 K8 aOEITH T DA E B A0 $)=(30,90)...4 Coils
FERKIBICSESND Z ENH LN o7, A8, ¢)=(30,90)...1 Coil
B E TR

Fig. 3. Comparison of position accuracy
1) #E, fh, AARISHBKTSGE, 28, 877 (2004) under variation of attitude angles.
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7 7 A NEhE Y

Fe # &K D Faraday 0588 K~ R ET

FHEACN, TEmE, JERE, ARRE*, SAOCEx, (opEns, BRI
BINKZE, *>F R 77 A T3 AR AE)
Fundamental study of Faraday Effect Enhancement of Fe thin film for optical probe current sensor
H. Ihara, T. Hanada, S. Kitazawa, T. Kubo, M. Miyamoto, T. Sato, M. Sonehara
(Shinshu Univ., *CITIZEN FINEDEVICE CO., LTD)

FLHIC

Faraday 2R & FIH L7z emici ' i, mifiatt, miERL, A A, eV — ey v v 7
THHOTY TZrARNaf AT —Fy MEmZRWEZLORERILINTWAD D, EXE T
OFIABRN R P ~DIGHITIEEAERVONEF THD. £ THLAIE, MARARERE &L
Ty 7~y FEBIC Fe B Z WD Z LI2EH L-. AR TIE, Fe @O Faraday 2h FHE K~ H
WA 21T 1D THRET 5.

EBRAE

Fig.l \IZ ARy ZIETH 7 AT FIT/ER U 72 Fe MR A 797, 30 nm-Fe HJBHEEN & Fe #IEE A 30 nm
Ehb i) FelEx 3/, 68 LT LB ER A BRRIRIER S LAERL L 7. 70, SRR O KT
Iz Ag A BEFRA L, BE~D AR EZEECT 72 O MBS IEEIZ Tax0s 2 FV 7z b O % [ TUREMERE & L
BRI L7-. gL L5 2 & TREDEITREICL AN TOLERNZMMAT 528, £7- Ag 4E
TOINDE T EFEL §5 2 & T Faraday 2 B KA 30 - 7=,

Faraday Zh 3 MIEIZIE, Jei e LT He-Ne L—¥ (£ 5&:633nm) ZHW7=. KENHOOXERLT (77
Y hAY T RN CHEHMMRICHEZ SO RIS, TR EE S BRI S R~ ST H. E L
T, RESOFEBCITEEER @B L, FXE—A2FY vZ (PBS) TPREEE SRIGICHNELT.
WS Zxtd 5 P, SmGHREE DD Faraday [R5 OFHMi 21T > 72, Z D& X, BAEINZ & KEIINEES 10 kOe
DOERA E VT,

EBRiER

Fig.2 |(Z/ERL U 7= Fe BB D Faraday [y 2R L7z, BBV T Fe OB ZB°d 2 & T
MERA TR L2, 2, Fe OB Z 5 Z & CRIFFCRmAI 2, R 2 v Fe 842 5Hi#
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Fig.l Structure of Fe thin film. (A) Transmission Type and (B) Reflection Type. The number of layers

Fig.2 Measurement results for Faraday rotation angle of

§%Kﬁﬁ Fe thin film(A) Transmission Type and (B)Reflection Type.

1) HAMCE, FEEH, A%k, SfHE, Journal of the Magnetics Society of Japan,Vol.34,No4,537(2010)
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Fundamental study of optical probe current sensor using
Faraday Effect of metallic magnetic thin film
T. Hanada, H. Thara, S. Kitazawa, T. Kubo, M. Miyamoto, T. Sato, M. Sonehara
(Shinshu Univ., *CITIZEN FINEDEVICE CO., LTD)
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Overview of Material Research by Information Integration Initiative (MI2I)

K Terakura
(NIMS)

K[E T Materials Genome Initiative (MGI) (ZHliE ST, HARADLL DETHGE~T VT VX - 4 T 4~
TATZADT Yl IR ESTWA, EBRETHMHEELY, IST o7 vy e LT, WE - Bk
Teritl (NIMS) Z 4l & L7z i AR - MRS A = 7 7 4« 7 (MIN21) 23hE o 7= P, F72 AL,
T—A B ME - BRI OBEEIC LY . WE - MBI EZINET S 2 L ThDH, AV RV FTOE
ERHOEO 2L LT, A« AV br=J AMEZHELTEBY, ZORICBIT 5 —2>0BE17
R E LT, A TR L 3d EBRAE TR DR DBMARDF 2 ) —IREDOERT — X & 0hro T, BT
BNWZED X2V —REOTHE Ui, #iyE2HWT, BHOWEZROWE - MEHZRE T S A%
BT L. W OO BARB 22 B 2/ 5,

Reference
1) http://www.nims.go.jp/research/MII-1/index.html  (Accessible on 2016/06/01)
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Data-Science Approach to Magnetic Materials Exploration
T. Oguchi
Institute of Scientific and Industrial Research, Osaka University, Ibaraki 567-0047, Japan
National Institute for Materials Science, Tsukuba 305-0047, Japan

Data-science approaches with rapidly growing data have recently brought a new trend of research and development to a variety
of fields in science and technology. In materials science, it is now widely called ”Materials Informatics (MI)”, as often seen in
several related world-wide projects'™. The key strategy is to integrate data-science techniques with experimental, theoretical, and
computational ones. Especially big data generated by computational simulations together with existing experimental databases are
the target of data-science methods such as data mining and machine learning interleaved with appropriate physical modeling and
descriptors. In M1, first-principles density-functional-theory calculations among the computational approaches play an important role
for supplying data and knowledge on materials complemental to the experimental databases. This is one of the characteristic features
of MI contrast to the preceding “Bioinformatics”. In this talk, I shall introduce some fundamental issues of the data-science approaches

to the exploration of magnetic materials in our research project MI°L.

References

1) Materials Genome Initialtive (MGI): https://www.whitehouse.gov/mgi

2) Materials Design at the Exascale (MAX): http://www.max-center.eu

3) Novel Materials Discovery (NOMAD): http://nomad-coe.eu

4) An e-infrastructure for software, training, and consultancy in simulation and modeling: http://cordis.europa.eu/project/ rcn/198333_en.html
5) Materials Research by Information Integration Initiative (MI2I): http://www.nims.go.jp/eng/research/MII-I/index.html
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Computational exploration of new permanent magnet compounds

Takashi Miyake'
' CD-FMat, National Institute of Advanced Industrial Science and Technology, Tsukuba 305-8568, Japan
2CMI® and ESICMM, National Institute for Materials Science, Tsukuba 305-0047, Japan

I will discuss current status and challenges for permanent magnet research by information integration. Strong magnet
compounds such as Nd,Fe 4B, SmyFe ;N3 and NdFe ;N consist of three elements, namely rare-earth, iron and the third
element. A natural question is: What is the best third element, and what about the fourth in a quaternary compound?
This is an issue to be tackled by computational screening. As an example, we will present first-principles calculations of
ThMn,; type iron-based compounds. However, brute-force search based on first-principles calculations is
computationally demanding even if using supercomputer facilities, since the number of combinations of chemical
composition increases rapidly as the number of elements in a compound is increased. Machine learning is a possible
solution to improve the efficiency drastically. It is found that Gaussian process regression using 7 descriptors accurately
reproduces the Curie temperatures of bimetal alloys composed of transition-metal and rare-earth elements. This
technique can be utilized for virtual screening. Another issue is exploration of crystal structure. Saturation
magnetization is expected to be larger as the iron content increases. Hence, the crystal structure of new iron-rich phases
is of particular interest. Crystal structure prediction is a hot topic in computational materials science in the past decade,
and various efficient algorithms have been developed. Recent progress and applications will be reviewed.
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Mining magnetic materials data

DAM Hieu Chi
(Japan Advanced Institute of Science and Technology)

The most important underlying hypothesis of materials researches is that the features of the structure of materials, as
well as its derived physical properties has strong multivariate correlations. The task of materials design is to make these
correlations clear and to determine a strategy to modify the materials to obtain desired properties. However, such
correlations are usually hidden and difficult to uncover or predict by experiments or experience.

For dealing with this issue, data mining methods which can extracting meaningful information and knowledge from
large data sets, are attracted a great deal of interest. Motivated by using data mining to solve data-intensive problems in
materials science, we develop a method to quantitatively model the multivariate correlations between physical
properties of materials and their structures by using sparse modeling. The key idea of our method is to use advanced
statistical mining algorithms, in particular multiple linear regression and non-linear regression regularized least-squares
[1, 2] to solve the sparse approximation problem on the space of structural and physical properties of materials. We use
cross-validation to consistently and quantitatively evaluate the conditional relations of physical properties to all the
structural features of the materials in terms of prediction. We apply the method to a data set of more than four thousand
transition rare-earth metal alloys. We demonstrate that the obtained sparse model is not only significant for the
comprehension of the physics relating to the materials, but also valuable for the guidance of effective material design.

Reference

1) R. Tibshirani, J. R. Statist. Soc. B 58, 267 (1996). B. Efron, T. Hastie, I. Johnstone, and R. Tibshirani, Annals of
Statistics 32, 409 (2004).

2) C.E. Rasmussen, C. K. I. Williams, Gaussian Processes for Machine Learning, MIT Press (2006).
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Expectation for Materials Informatics in Magnetic Material Research
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T. Shoji
Advanced Material Engineering Division, Toyota Motor Corporation, Susono 410-1193, Japan
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Reference
1) https://www.mgi.gov/
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Opportunities and Challenges for Inorganic Material Informatics
from a View Point of Big Data Analytics

Yuzuru Tanaka
tanaka@meme.hokudai.ac.jp
(Graduate School of Information Science and Technology, Hokkaido University)

1. Opportunities for Data-driven Sciences

While “big data” in general is characterized by 3V, i.e., the volume, the velocity and the variety of the target data set
and/or data stream, by 4V, adding the veracity of data, or by 5V, adding the value of the analysis result, “big data” in
applications, especially in cutting-edge science, symbolizes the paradigm shift from mission-driven research to
data-driven research, where the volume may not be the major property of the target data set in the current situation.
Recent development of big data core technologies including analysis algorithms and high performance data
management and analysis platform technologies, together with the development of automatic measurement instruments
and/or large-scale high-performance computer simulation technologies, are currently strongly promoting this paradigm
shift to data-driven research in varieties of domain sciences, which is gradually allowing us to conduct scientific
research studies completely in cyber worlds after having obtained all the required data sets, or through the real-time
receiving of data streams. This trend will further allow us to easily share and exchange not only data sets but also
analysis and visualization tools and services, analysis scenarios, and meta knowledge about them, and will definitely
lead us to what we call open science.

2. Challenges for Data-driven Sciences

Bioinformatics has made the first big success among data-driven sciences to encourage other sciences to follow.
Personalized medicine and material informatics are example followers. However, their researchers are gradually
recognizing the difficulties to fill in the gap between varieties of available data analysis methods and the goals to find
out new meaningful personalized treatments or new functional materials. This gap has two major causes.

In these data-driven sciences, most of the target systems are complex systems of systems in which more than one
subsystem with different mechanisms interact with each other, and each of them is also a heterogeneous system, i.e., a
mixture of more than one subsystem following either different mathematical models or the same model with different
parameter values. In the machine learning of such a system, the learning data set inherently consists of more than one
subset that follow different mathematical models or the same model with different parameter values. It is necessary to
appropriately segment the learning data set into homogeneous subsets before applying the machine learning separately
to each subset. Such segmentation is generally not an easy task. Furthermore, the size of each homogeneous data subset
may often become too small for statistically meaningful analysis. Personalized medicine aims to find out a personalized
treatment that works best for a specific patient, but not necessarily well for the others. The learning data set of patients
is inherently a mixture of different types of patients with different chemo-responses. Each existing large-scale database
of inorganic natural materials is also a mixture of different types of materials consisting of different atoms arranged in
different structures. The total number of the learning data for a certain type of inorganic natural materials for which we
can assume the same physical model for simulation and/or the same regression model for analysis may be in the order
of 10°, or 10" at most, which is definitely small for machine learning, and definitely not sufficient for the deep learning.

Besides the first cause of the gap, i.e., the heterogeneity of the learning data set and the comparatively small size of
each homogeneous data subset, it is often difficult to define sufficient number of appropriate explanatory variables in
providing the learning data set through measurement and/or simulation. In bioinformatics, “genome” constitutes
substantial portion of explanatory variables. In material informatics, we also need its counterpart, i.e., “materials
genome”. For proteins and peptides, a web server called PROFEAT computes structural and physicochemical features
from amino acid sequence to systematically define a sufficient number of explanatory variables. It is a challenge,
especially in inorganic material informatics, to systematically define a sufficient number of appropriate explanatory
variables, i.e., inorganic materials genome.

3. Proposed Action Plan for Inorganic Material Informatics from a Computer Scientist’s View Point
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In order to increase the size of each homogeneous subset of the learning data set, we may focus more attention on
artificial inorganic materials than on natural ones. Examples may include those with amorphous structures and those
with higher-order crystal structures of atom clusters. Such higher-order nanostructures and/or mesoscopic structures
may increase not only the design parameters but also the value space spanned by these design parameter variables. An
amorphous material, for example, may introduce two more design parameters, i.e., the average and the variance of its
crystalline diameters. A super crystal of atom clusters may introduce the design parameters of both each atom cluster
and the super crystal structure. These design parameters may work as explanatory variables of the learning data set,
which may be provided by the simulation based on the first-principle-calculation modeling of the artificial materials and
by databases of related physical properties of the involving atoms and crystal structures. We can compute only a
sufficiently large finite number of simulations to calculate some functional properties of our concern. These functional
properties of the materials may include conductivity, magnetic property, optical property, interfacial activity, catalytic
activity, and bulk modulus. The machine learning for the regression using the simulation result as the learning data set
will estimate the values of such physicochemical properties for arbitrary value combinations of explanatory variables
for which the simulation is still missing.

It is not always possible to mathematically model the total system with all the physicochemical and structural
parameters taken into account as explanatory variables for estimating some functional properties of our concern. The
original idea of machine learning was to give a solution to this problem. Instead of assuming the knowledge about the
underlying mechanism of the total system, it uses the observation records of the relation between a sufficiently large set
of aspects and each functional property of the system as its learning data set to estimate this functional property value
for an arbitrary new value combination of aspects. The success of machine learning heavily depends on the quality and
the quantity of such aspects of the target system. Each aspect defines explanatory variables as parameters of its
mathematical modeling. In the simplest case, an aspect defines a single explanatory variable.

Aspect modeling is different from the total-system modeling. It may use a simple model that may explain the
specified aspect of the system. In naive application of machine learning to materials data, some material properties
become difficult to estimate accurately. Material properties such as lattice constant and magnetic moment can be
accurately estimated from simple descriptors, i.e., explanatory variable, using basic machine learning methods [1].
However, in the experiments, machine learning did not work well to estimate the material bulk modulus (the resistance
to compression of the material). After adding new explanatory variables such as bond type, energy difference in
compression and expansion, and density for the aspect modeling of the material bulk modulus, and calculating, for each
record in the learning data set, the values of these added explanatory variables through the simulation of this aspect
modelling, the bulk modulus could be well estimated.

Some aspect of our concern may be defined as a function of already defined explanatory variables. Depending on the
types of machine learning, such an aspect may require the explicit introduction of a new explanatory variable as a
derived variable, i.e., a function of other variables. In linear-regression machine learning, derived variables defined as
linear combinations of other explanatory variables need not be explicitly introduced as new explanatory variables. They
are implicitly considered by the algorithm if necessary. However, such a derived variable as x/y should be explicitly
introduced as a new explanatory variable. Some indices obtained as analysis results such as cluster ids or pattern ids
may sometime work as new explanatory variables for further segmentation and analysis. We call such explanatory
variables marker variables or, simply, markers.

It should be noticed that the design of appropriate explanatory variables and the process of segmentation and analysis
are both by their nature exploratory processes. This implies the importance of the development of an integrated
exploratory visual analytics platform for data-driven sciences. A further shift toward open science requires not only the
sharing of platform systems, but also a shared repository of data sets, analysis and visualization tools and services,
analysis scenarios, and meta knowledge about them in reusable forms. Meme media and meme pool architectures [2] as
well as their web-based implementation Webble World will answer these requirements.

Reference

1) K. Takahashi and Y. Tanaka, “Material synthesis and design from first principle calculations and machine learning,”
Computational Materials Science, vol. 112, pp. 364-367, 2016.

2) Y. Tanaka, Meme Media and Meme Market Architecture. Piscataway; NJ; USA: IEEE Press, 2003.

— 110 —



6aC -7 FAOR]  HAMKFREITEEIEAE  (2016)

Comments on Materials Informatics from a Researcher in Industry

Takeshi Nishiuchi
Magnetic Materials Research Laboratory, Hitachi Metals, Ltd., Osaka 618-0013, Japan

Over 30 years passed since invention of an Nd-Fe-B magnet, there are strong demands of “new materials” exhibiting
characteristics more excellent than this magnet. To realize this matter, for example, there are many efforts to find out a
new compound with better magnetic properties than Nd,Fey4B.

“Materials Informatics™ is an approach which combines material sciences and data sciences, and has great possibility to
change a way of development of new materials in industry in the future. Several national projects are promoted in Japan,

and magnetic materials, especially permanent magnets, are one of the important targets of them.

In this talk, | will give personal comments on application of “Materials Informatics™ for research and development of
permanent magnets based on my own experiences in industry.
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Satoshi ITOH,/{JjE  Ha
(Japan Science and Technology Promotion/JST)

A new national project concerning the materials informatics (MI) research has been started from July 1%t 2015 in the
NIMS; which called MI?l (Materials research by Information Integration Initiative).  In this project, a new data will
be added to the materials database operated by NIMS, the tools required in the MI research will be developed, and a
data-platform for materials research will be constructed. By using this platform, the effectiveness of the Ml approach
will be demonstrated in the development of magnetic materials including spintronics materials.  Considering that
many practical magnetic materials are multi-component compounds, we have to develop a more advanced searching
system.  Arecent development in Al technology will play an important role in that way.

The MI approach will significantly reduce the time to discover, develop and manufacture new magnetic materials; in
which a key issue is open and easy accessible database of the materials. The materials database contains crystal
structure, composition rate, etc., but it is not enough. That is, in addition to materials data of the ideal state such as a
perfect crystal, information of manufacturing processes in the actual material should be gathered in the materials
database. However, production or manufacturing process usually is concealed as know-how.  In order to promote
the M1 study, a policy regarding the handling of materials data including the know-how has become extremely
important.
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Surface Plasmon Polaritons for Magnetic Applications

K. Nakagawa, and Y. Ashizawa
College of Sci. & Tech., Nihon University, Chiba, 274-8501, Japan

Surface Plasmon Polaritons (SPPs) are very useful for magnetic applications, especially for Heat Assisted Magnetic
Recording (HAMR), magneto-optical sensing, and triggering magnons, because SPPs can be confined into a small spot
beyond its optical interference limit. HAMR head is a good example for the application of SPPs". Optical light is
efficiently transferred into a SPP waveguide, and is effectively propagated to a Near-Field Transducer (NFT) at the end
of the waveguide in HAMR head. A calculated result at a recording layer and a NFT tip at the end of SPP waveguide as
an example is shown in Fig. 1. Magnetic sensing technique applying SPPs is also beneficial to sensitively detect
magnetic condition”. Kretschman-Raether configuration at a critical incident angle as shown in Fig. 2 is very sensitive
to reflective index. It can detect magnetization direction by its reflectivity of an incident light. For example, the
reflectivity changes about 4 point at the incident angle 8 ~ 41 degree as shown in Fig. 3. It could detect magnons
distribution if we would apply NFT as a detecting sensor. As T. Satoh reported”, an optical light can trigger magnons,
so SPPs must set off magnons if we control SPPs. We also found that the wavelength of SPPs can be controlled by a
SPP waveguide structure as shown in Fig. 4%,
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Fig. 3 Reflectivity change depending on magnetic field. Fig. 4 SPPs in metallic multilayers.
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Recent progress in fundamental studies on spin-photonics with magnets,
semiconductors and insulators

H. Munekata, N. Nishizawa, and K. Nishibayashi
(Institute of Innovative Research, Tokyo Institute of Technology)

Digital information technology has great impact on our lives, which has strongly motivated scientists to look for faster
and more energy-efficient ways to process streams of digital signals. This presentation reviews some works carried out
recently in our group; namely, (i) devices for circular polarized light (CPL) technology and (ii) all-optical new

functional devices.

Spin-LED as a monolithic CPL emitter (Fig. 1)

Compared with optics and photonics based on linearly polarized light, not so much research has been carried out for the
development of technology based on CPL. We report bright electroluminescence of nearly pure circular polarization at
room temperature with relatively high current density using lateral-type spin LEDs consisting of Fe stripe electrodes,
I-nm crystalline AlO, tunnel barriers, and laser-quality AlGaAs/GaAs double hetero-structures (DH) [1,2]. Electrical
helicity switching up to 100 kHz has been demonstrated using dual spin injection electrodes formed on the DH [3,4].

From photo-excited precession of magnetization to all-optical new functional devices (Fig. 2)

We found through the study of photo-excited precession of magnetization using ultrashort (10 sec) weak laser pulses
of 1 pJ/em? or less, that spins in ultra-thin Co/Pd multi-layer films are very susceptible to light; namely, a material that
could be a candidate for photo-sensitive magnets [5]. This finding has been followed by the demonstration of
polarization modulation of light signals in an optical waveguide with the same class of magnets, GdFe thin films [6]. In
this work, we have emphasized the feasibility of the multiplexed transmission of polarization-modulated signals,
controlled ultimately by photo-excitation of a class of light-sensitive magnetic layers.
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Challenge to magnetization dynamics observation by Kerr microscope
with real-time processing of differential-polarization images
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1. Introduction

In recent years, the functional spin-related devices that apply spin wave and the spin current have been developed. In
most cases, these devices has been operated by detecting an electrical signal. However, the electrical signal might
reflect not only the magnetic but also other properties, that it is important to verify other detection methods. The
detection method by using magneto-optical effect is a useful detection method which has the advantages of non-contact
and non-invasive. Additionally, Kerr effect microscope based on the photographic method is useful because it can
visualize the two-dimensional spin propagation in a short time. We have been developed the Kerr effect microscope by
photographic method"™. In general, conventional Kerr effect microscope which applies extinction method uses a
saturation-image subtraction method® in order to emphasize the magnetic domain image. However, this method has the
following problems; a sample with high saturation magnetic field cannot be observed; image deterioration caused by the
position deviation of the sample which is affected by magnetic field and thermal expansion and efficiency of light is as
low as a few percent. Accordingly, we report the development of Kerr effect microscope for observation of
magnetization dynamics by differential-polarization imaging method, which can observe magnetization images in real
time.

2. Principle of the differential-polarization imaging method

The schematic diagram of the differential polarization imaging method is shown in the Fig. 1. Light from the lamp
illuminates the sample through a relay lens and an objective lens. The reflected light from the sample is imaged by the
objective lens and the imaging lens. Images of two orthogonal polarizations are imaged separately by inserting the
Glan-Thompson polarizing beam splitter between the imaging lens and the CCD camera. The analog video signals of
the CCD camera 1 (CCD1) and the CCD camera 2 (CCD2) are amplified by the differential amplifier. Common
background noises which are included in the both CCD camera images like the reflectivity change and so on are
canceled by the differential amplifier. Kerr signal is increased by a differential amplifier because each signal is in the
reverse phase. For this reason the output signal from the differential amplifier emphasizes the Kerr signal. These signals
are captured into PC through the frame grabber with 8 bit brightness resolution. This method has the following
advantages; magnetization image can be observed in real time, without application of saturation magnetic field; with no
image deterioration according to positional deviation of the sample; the light utilization efficiency is high because of
using all of the illumination light forms an image on the two CCD cameras.

3. Experiment

The optical system was arranged to measure the polar Kerr effect. The ample was a GdFeCo thin film with
perpendicular magnetization. It was needed to perfectly match the images from each CCD camera to get a correct result.
To accomplish this, the position, angle and focus of CCD1 were adjusted by using the pulse motor stage of the XYZ6
axis. Electronic shutters of the CCD1 and CCD2 were set to 1/2000 seconds. An observation result of the maze
magnetic domain of the GdFeCo thin film which is patterned to 40 x 100 um is shown in Fig. 2. The images of CCD1
and CCD?2 are shown in Fig. 2(a) and Fig. 2(b), respectively. The image of the difference between CCD1 and CCD2 is
shown in Fig. 2(c). And the image which is obtained by the conventional extinction method is shown in Fig. 2(d).
Domain structure is not observed in the image of Fig. 2(a) and (b) because the brightness change of the magnetic
domain is less than the brightness resolution of the frame grabber. Maze magnetic domain structure has been observed
in Fig. 2(c). In the differential polarization method, the obtained images contain hardware specific noise such as caused
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by a CCD camera and signal processing circuitry. To cancel the background noise which is caused by the hardware, the
image which is recorded in the metal mirror is subtracted from the measured image. The image observed by the
conventional extinction method is shown in Fig. 2(d) as comparison to the measurement result. Both Magnetic domain
structure images of (c) and (d) are consistent. In conclusion, the present study has demonstrated that the magnetic
domain image can be observed by the differential-polarization imaging method. Image of Fig.2 (d) has been acquired by
setting the electronic shutter of the CCD camera to 1/30 seconds. The magnetic domain image was captured by the
differential-polarization imaging method with light exposure of 1/67 less than the conventional extinction method. From
these results, the Kerr microscope by differential-polarization imaging method is suitable for observation of
magnetization dynamics using stroboscopic method. In the conference, the observation on longitudinal Kerr
arrangement will be reported.
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Artificial magnetic lattices (AMLs) introducing the artificial structure of the scale from a few 10 nm to several 100 nm
show a novel magnetic functions attributed to their structures, so the studies utilizing these AMLs become an important
engineering field. A magneto photonic microcavity (MPM) is a typical AML, in which transparent ferromagnetic garnet
is sandwiched with two Bragg mirrors, and shows giant magneto-optical (MO) effect". This presents a feasibility of
new optical media controlling its optical properties by spin. On the other hand, the magnoic crystals, in which the light
of MPC is replaced with the spin waves in ferromagnetic material, can control the precession of spin of the magnetic
material and show the magnonic band gap”. In this symposium, these optical and high frequency applications using the
artificial magnetic lattices are presented.

Holography is a key technology for three-dimensional (3D) displays, shape measurements, and high-capacity data
storage. A holographic display is a realistic 3D display because it produces an exact copy of the wave front of scattered
light from 3D objects®. Recently, we developed a 3D magneto-optic spatial light modulator (3D-MOSLM) that had a
two-dimensional magnetic pixel array with sub-micrometer-scale pixels for a wide viewing holographic display. A
thermomagnetic recording with an optical addressing method is used to form sub-micrometer-scale magnetic pixel
arrays without a driving line, and 3D image is reconstructed using the MO effect. The first 3D-MOSLM used an
amorphous TbFe (a-TbFe) film as magnetic film*, but the brightness of reconstructed images was very low. To achieve
bright 3D images, the magnetic film should have high transmittance and a large Faraday rotation angle, so we
developed a 3D-MOSLM with MPM structure using the Bi substituted rare earth iron garnet (Bi:RIG) as a recording
magnetic layer. As a result, as shown in Fig. 1 (b)-(d), we could achieve the reconstruction 3D image as bright as 100
cd/m” by using the designed 3D-MOSLM having a MPM structure with high diffraction efficiency”. Another
application of holography is the hologram memory that is a promising candidate for next data-storage technology with
high recording densities of greater than 1 TB/disk. We have employed a collinear holographic system that can write and
read data using a single optical axis with a spatial light modulator”. Similar to 3D-MOSLM, we have also selected the
Bi:RIG film as a recording medium, and succeeded to record and reconstruct data on the Bi:RIG film using the collinear
holographic system as shown in Fig. 2(a)”. However, the reconstructed image was dark and unclear due to the low
diffraction efficiency of the garnet medium. To improve the diffraction efficiency, we again designed MPM structures
for the recording media. Figure 2(b) and (c) show the reconstructed images from the usual single layer garnet film and
the MPM medium®. The image reconstructed from the MPM medium had approximately twice the brightness of that
reconstructed from the single layer film. These mean that the MPM structure is very attractive recording media.

In addition to these optical applications, we also apply the AML structure to control the magnetostatic waves (spin
waves), which is supported by the magnetostatic coupling of spins in a few GHz frequency region. An analogy of
photonic crystal, when the propagation medium such as YIG have some periodicity, a magnonic band gap (MBG) can
be observed for the spin waves. This MBG can be designed within a excitation frequency band by selecting the
appropriate periodicity of the metal strips. We demonstrated experimentally the existence of the MBG using the sample
with the one-dimensional periodic structure of Cu strip as shown in Fig. 3. As shown in Fig. 3(b), a clear and deep band
gap was observed at approximately 3.00 GHz, and the frequency of the band gap is very sensitive to the magnetic field
applied to the crystal”. This high-Q MBG would be used for magnetic sensor. Similar to MPM, the localized mode of
spin wave was also observed as shown in Fig. 3(d) by introducing a defect layer in periodic structure”. These results
indicate that we can manage the spin wave propagation in the same manner as the light in photonic crystals using AML
structure although we have to consider the effect of shape magnetic anisotropy of the spin-wave waveguide.

This work was supported in part by the Grants-in-Aid for Scientific Research (S) 26220902, (A) 15H02240, and
Grant-in-Aid for Young Scientists (A) No. 26706009.
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Fig. 1 (a) A model of 3D image for generating the hologram. The wireframe cube was constructed by point light
sources. (b)—(d) Reconstructed images from MPC and (e)—(g) those from a-TbFe for comparison. The images of (b) and
(e) were from left view point of 11°, (¢) and (f) were from center, and (d) and (g) were from right view point of 11°.
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Fig. 2. Experimental setup and reconstructed two-dimensional data patterns. (a) Schematic illustration of the
experimental setup for writing and reconstructing magnetic holograms. Reconstructed signal patterns from (b) the single
layer Bi:RIG film and (c) the two-pair MPC medium. The MPC medium provided a clear and bright image because the
diffraction efficiency of MPC medium was as double as that of the single layer film.
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Fig. 3. (a) Schematic illustration and photogragh of the 1D magnonic crystal composed of a YIG single crystal film and
a periodical metal strips. (b) Frequency shift in the magnonic band gap corresponding to the change in the bias field
from 200 Oe to 204.5 Oe with an interval of 1.5 Oe. (¢) Schematic illustration of a magnonic crystal in the shape of a
microcavity. (d) Transmission spectrum showing a localized state of spin wave at 3.395 GHz under the applied
magnetic field of 400 Oe.
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Ultrafast photo manipulation of magnetization

and non-local spin dynamics

Avrata Tsukamoto
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For further progress in applications on magnetic magnonic and spintronic technology, ultrafast control of
magnetization (ordered spin system) is an issue of crucial importance. Controlling magnetism by light is one of the
promising approaches as appealing scenario. For photo manipulation of magnetization, femtosecond laser pulses that
are among the shortest stimuli in contemporary technologies could serve as an alternative stimulus to manipulate spin
order and trigger magnetization reversal.

An ultrashort laser pulse allows excitation of magnetic systems at time scales much shorter than fundamental
quantities such as spin precession or spin-lattice relaxation times. Deterministic magnetization reversal was
demonstrated? in ferrimagnetic GdFeCo driven by single shot irradiation of laser pulse without the presence of a
magnetic field. This All Optical Switching (AOS) phenomena originated from transient non-equilibrium state and
sub-lattice nature is fundamentally different from conventional magnetic field driven switching mechanism.
Furthermore, from the compositional dependency of all-optical light helicity-dependent magnetic switching (AO-HDS)
in ferrimagnetic GdFeCo alloy, it is found that AO-HDS is associated with the collinear sub-lattice magnetization and
an explanation of the AO-HDS based on magnetic circular dichroism exactly matches the above features of
experiments®.

Recently, it is revealed that further extraordinary spin dynamics in ultrashort time scale such as bellow ps region by
ultrafast diffraction experiments with an X-ray probing®. In particular, we observed Gd spin reversal in Gd-rich
nano-regions within the first picosecond driven by the non-local transfer of angular momentum. These results suggest
that a magnetic microstructure can be engineered to control transient laser-excited spins, potentially allowing faster spin
reversal. Furthermore, AOS depends on the non-adiabatic energy dissipation of electron system in the GdFeCo layer
from the incident surface in the depth direction during a few picoseconds®. It will be also shown that employing
plasmonic gold nano-antennas placed above ThFeCo magnetic layer it should be possible to confine photo-magnetic
excitation in a spot well below diffraction limit as the order of 50 nm®. Ultrashort non-local phenomena in magnetic
material will be discussed.

Acknowledgment: This work was partially supported by MEXT-Supported Program for the Strategic Research
Foundation at Private Universities, 2013-2017 and Grant-in-Aid for Scientific Research on Innovative Area, “Nano
Spin Conversion Science” (Grant No. 26103004).
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All-optical investigation of coherent magnon propagation in metallic films

Shigemi Mizukami
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Dipolar spin-wave frequency is typically in GHz microwave range and its lifetime is quite long in some
materials, such as yttrium iron garnet (YIG), thus spin-wave have been widely studied to apply passive and active
microwave devices in early days. Most of them could not be commercialized since those were not beyond
semiconductor devices. Nowadays, spin-wave or its quantum, magnon, is studied with renewed interest as a basis for
Magnonics, spin-based information processing technology without electric charge to reduce power consumption. The
Magnonics research is still fundamental, where various basic building blocks have been discussed from the various
aspects.?) The light-induced coherent magnon may be one of such building blocks, which has been studied during the
past few years,® because it is applicable to a light coupling for magnon circuit interconnection.? It is also interesting to
seek light-induced coherent magnon in metallic films, because magnon dispersion in metallic film hetero-structure can
be tuned by the interfacial anti-symmetric exchange interaction and also the externally applied electric field. However,
there have been few reports on the light-induced coherent magnon in metallic films.>®

Here we present our recent results on the propagating magnon excited in films of magnetic metals by the
micro-focused fs pulse laser with the spot diameter of um scale. The magnon-propagation induced by the laser pulse
was detected via the magneto-optical Kerr effect for another weak laser pulse with varying position and delay-time
using all-optical scanning pump-probe technique (Fig. 1). The pulse laser-induced coherent magnons propagation was
clearly observed and its propagation were highly anisotropic with respect to the direction of magnetization (Fig. 2),
being consistent with the anisotropic dispersion of magneto-static surface or backward volume wave. Excitation
mechanism of magnon is discussed in terms of ultrafast change of magnetization induced by the pulse laser.” This work
was partially supported by KAKENHI No. 16H03846, Nano-spin conversion science No. 26103004, and the center of
Spintronics Research Network.
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Accumulative magnetic switching of FePt granular media by circularly polarized light
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Deterministic control of magnetization by light, often referred to as all-optical switching (AOS),
is an attractive recording method because magnetization control becomes possible without the need
of an external magnetic field'”. The first demonstration of AOS was in ferrimangnetic GdFeCo film
where the Gd and FeCo spin sub-lattices are antiferromagnetically exchange coupled. Since the
mechanism determined for GdFeCo films required antiparallel exchange of two sublattice systems,
it was believed that AOS occurs only in ferrimagnetic materials including synthetic structures' ™.
However, recently Lambert et al. reported that the optical control of the magnetization occurs in
ferromagnets including Co-based multilayer thin films and FePtAg-C granular thin film materials’.
Therefore the potential mechanisms for AOS in ferromagnetic materials must be reexamined. Here,
we report the observation of accumulative magnetic switching from multiple circularly polarized
light pulses on FePt-C HAMR media.

The FePt-30vol%C (hereafter, FePt-C) granular film was deposited by co-sputtering of FePt and
C targets on a MgO(001) single crystal substrate by DC magnetron sputtering at 600°C.
10-nm-thick C was deposited as a capping layer at RT. 15-um-width Hall crosses were used for the
measurement of the magnetization change by the light exposure and the applied magnetic fields.

Figure 1(a) shows the magneto-optical image of an initially demagnetized FePt-C granular film
after scanning it with both right and left circularly polarized (RCP and LCP) light pulses. The
optical pulses induce a net magnetization in the FePt-C and the sign of the magnetization is
determined by the helicity of the light. To quantify the optically-induced magnetization changes, we
exposed the laser over the Hall cross region. The initial state is remanence after applying saturating
magnetic fields of -7 T (Fig. 1Ic)) and 7 T (Fig. 1d)). Figure 1(c) shows the normalized Hall
resistance change after the exposure to RCP, linearly polarized and LCP. For RCP light, the
normalized magnetization gradually decreases to zero, then reverses and saturates at about -0.5.
This indicates that ~3/4 of the FePt grains switch to the opposite direction. On the other hand, the
exposure to LCP light decreases the magnetization to about half of the initial value, corresponding
to the switching of ~1/4 of the FePt grains. For exposure to linearly polarized light, the normalized
Hall resistance gradually approaches zero. In the case of the opposite initial state (negative
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Magnetization control using ultrashort optical pulses has been extensively studied in recent years. One of the
nonthermal control of magnetization is based on the inverse Faraday effect, where circularly polarized pulses generate
the effective magnetic field along the propagation vector in a transparent material, leading to spin wave generation'?.
Spin wave reflection at the sample edge or transmission through an air gap has been reported in finite-size samples®?.
In the present study, we report on time- and phase-resolved imaging of photo-induced spin wave’s transmission through
an air gap using pump-probe technique with a CCD camera.

In the experiment, a bismuth-doped rare earth iron garnet crystal with a thickness of 110 um was used as a sample.
Circularly polarized pump pulses with a time duration of 150 fs were employed to excite the sample via the inverse
Faraday effect. Faraday rotation of time-delayed probe pulses was measured. Figure 1 shows the transmission of spin
wave excited in the left hand sample through an air gap to the right hand sample, where the gap width was 40 pm and
the time delay was 1000 ps. The center wavelength of the spin waves was observed to be 100-200 um meaning that the
spin waves were dipolar-dominated magneto-static waves. The relation between transmission, phase and the gap width
was analyzed. The experimental results were compared with simulation results.
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switching of GdFeCo / TbFe exchange coupled bilayers
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Spin transfer torque (STT) switching is considered as a promising technology to realize Gbit class magnetic random
access memories (MRAMs). However, there still remains a challenge to develop high-density MRAMs with densities of
several Gbit and beyond, since it has a conflicting requirement, i.e., a reduction of critical current density J, to switch
the memory cell while keeping a sufficient thermal stability of the cell. One of the solutions for this challenge is
so-called thermally assisted MRAM in which the memory layer is heated during the writing". We have studied
amorphous TbFe?" ¥ and GdFeCo"" > as a memory layer of the thermally assisted MRAM cell. In this paper, we discuss
the STT switching of GdFeCo single layers and GdFeCo / TbFe exchange coupled bilayers. Moreover, Gilbert damping
constant o of GdFeCo / TbFe bilayers is discussed to compare the product of Gilbert damping and perpendicular
anisotropy with the switching current density J..

GdFeCo (10 — x nm) / TbFe (x nm) exchange coupled bilayers were deposited on thermally oxidized Si substrates by
RF magnetron sputtering, where the TbFe thickness x was varied from 0 to 5 nm. Time resolved magneto-opcical Kerr
effect (TRMOKE) measurements were carried out to estimate Gilbert damping « and anisotropy field Hy of the bilayer.
For STT switching, giant magneto-resistance (GMR) films with GdFeCo / TbFe memory layers were sputtered, and the
GMR films were microfabricated into the size of 120 x 180 nm”.
Figure 1 (a) shows TbFe thickness dependence of Gilbert

0.3
damping constant o of the bilayer. The damping constant o of gwf ) (a)
= C -
the GdFeCo / TbFe was relatively low 0.051 for x = 0, and it g2 0. o (TRMOKE)
significantly increased‘ to 0.23 for x = 1.. TbFe thickness § 0.1 GdFeCo (10— x) / TbFe ()
dependence of the anisotropy field Hy estimated from the 0 ! ‘
TRMOKE measurements was shown as closed circles in Fig. g [ (b)

1 (b). The Hy gradually increased with increasing TbFe. The
Hy estimated from TRMOKE agreed well with the Hy

field H, (kOe)
N

2

e

g

. . S £ H, (TRMOKE)
estimated from hysteresis loops which is shown as open 0 L 15
circles in Fig. 1 (b). We compares the product o x MHy of the 2 I © J ]

(2] —
as-deposited GdFeCo / TbFe bilayers with the J. of CIMS as é < ol > 7 ¢ 110 ?,:
shown in Fig. 1 (c), since the J. is known to be proportional to = E 1 =
the product, o X M Hy, in a single memory layer. The J, of the g ’;( 1 :EE"’
GdFeCo (9 nm) / TbFe (1 nm) was confirmed to increase by (—(; :O L Z 1% ;
1.6 times compared to that of the GdFeCo (10 nm), while the % - ax MeHy ]
product o X M Hy was confirmed to increase by a factor of 10. © o

0 0.5 1 1.5

This suggests that an empirical relation, J, <o X MH, does
TbFe thickness x (nm)

not hold in the exchange coupled bilayer system.
Fig. 1 (a) TbFe thickness dependence of the

Reference damping constant a of the GdFeCo / TbFe bilayer.
1) L L. Prejbeanu et al., J. Phys. D: Appl. Phys., 46, 074002 (b) TbFe layer thickness dependence of the

(2013). anisotropy field Hy estimated from TRMOKE and
2) L.Youetal,Jpn. J. Appl. Phys., 47, 146 (2008). hysteresis loops, (c) TbFe thickness dependence of
3) L.Youetal.,]. Magn. Magn. Mater., 321, 1015 (2009). the critical current density Jo of the GMR
4) B. Dai et al., IEEE Trans. Magn., 48, 3223 (2012). nano-pillars with GdFeCo / TbFe bilayers and the
5) B.Dai ef al., IEEE Trans. Magn., 49, 4359 (2013). product o x MHy of the bilayers.
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Fabrication of bonded magnets with 52 % increased flux density
via homopolar magnetization
Shinji Isogami
(Fukushima National College of Technology)

1. [FEHIC KARAHERERD O OIREMAEE 25k T 5728, Fx L 3 MO A A3 5 [Fk
KRBT 0 A S L, RRE Ok, WA AMEIOREEZIT> Tz, TOMRE, V14 F
DRGEHR & FATITRIEC A LI B R REEAMEHZRB W T, K TR 30 %nigfbz R LY. Ll
72 D AL BRSO BERE A BT 6 2 AR E DRFZEIZAT DL TRV, 5 - TARIFZETIE, Bz 3 i
PN 4 FRIZHERe U723 7= 72 TERE O [RIRRKT 6] A5 1% 77 1 b X ORESE & A REEIE DI A g & LT,

2. REAZE Fig 1134 BOBGRZ & ORI AER S — 7 2 Em» o RS E, vz urx
EIRE X A 7T, STFRRICEORE L7z — (b L 4 R ORI 2/ Lz, BRER D L
ZYEHEIE 125 ps, WA (lex) 13X 20 KA Z oK E L7z, WOERTENE, H A X :6X12X24 cm®, #E} -
Sm-Fe-N & Nd-Fe-B BEky 2> 5 ik 2 B MER X OG5 MER v RAlER, Nd BEfiRzeT 18 Lz,
Bl (BJ5PE) J5IiE, Fig. 1 WORT X ISR E Uiz, BBtk ORMBEHRBIE L, BaBRORE
WZTCA— T a—R_—%H\THIE L.

3. EERER Fig. 2 [XFEMIAERIE ORGMER R, 722 b ONTEERERA ORIENCI T SRR LR
FEDOREAE (By) ZJMEERICH LT F oy b LEEfEREZ R, it s UTCHE—AE « A XO5EER
D B, bR TRT. £9, WITHOMEHIX L TH B IXHEFITIE KL, 7 KA LLEIZTRESKREA
A DHZENRTEND. & L TEBPML TOAEBICBWT, BGMERY FHEFCIE+ 52 %,
BEREMELClI+ 23 %0 s b 2@k L=, Ziud 3 e el L CAIRID A, X 0APEHNIERE £ TE S
N, TORTETBKRERPBESTEREEZEZOND. £72 Fig. 2 REITrRT L 512, 5% DR GMH
R REPBFOME A OERBERE A IZIEE L TV D . ZAUTLMM72R v R DSBERERG A 2 {0 5 AT REME
BOoRB T HEBERMERTH D, WEHS TIEHEIER Y FEAMEORELRTTETHD.

4. BEE  ABFZEIT AR R NNERM AR LS 72 & ONSARE T HIE NEZS A B2 H A M I oA 228 %
AR T,

BEITER 1) B S, 4 157 [0l B A BRI S p182 (2015).

) Easy;axls Wlﬁiﬁﬁfﬁ (T)
Rewmyoke | 00 2 3959780 2 395978
i I A \i/ | T T T T T T
4]/ | E 04l | L B [23%
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Fig. 1 Designs for 4-pole-type homopolar ) ] )
magnetizing fixture ( Front view ) and Fig. 2 Surface maximum flux density (B) as a
schematic illustration of pulsed power source function of excitation current.
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High frequency operation of gate driver using push-pull LC oscillator
N. Ishibashi, K. Eshita, M. Hirokawa*, A. Katsuki
(Nagasaki University, *TDK Corporation)

FTL®HIZ

AA v F U 7EBREGBAETSEA, HER 2 N
— AR AHTH D, O IJIFEEARITJE PR S
5720, Ty a7 VBB LCEBIERKIZEZD S —F
BREf B VER BRI TS, KT, AFRES
PR B BER S TR/ D LTUH A v X7 X ENE R v Xy
X AP/NE W MOSFET % f - T 15 MHz B ) [0l % %
WIEL, TORIBRABEREZMT L0 THET S,

LC % ik [ % O F #r /& K ¥

ERENEI K 4 Fig. LIZ7" T, HERBECoN a N —FFX
A YT Smain DATNTEE Cgs LV +HREL, 77D Cr=Cys
e nlE, EAXHERE A E D, Fig. 2%, C1Z /8T A
— & & LT Ry & FIRJE WK fosc D BIFR &2 R L 72 I IE A
B %, Lk 1) T fosc 284 > # 2 % A L. MOSFET Q1.
Q:DAJIERE Cisss MWWCy, Cll Lo TRED LB T
WHM, Fig2 2R RIDEEBEZITDHI ENGND,

ZZT, FbAry s V=RAMIZEHINTWVD R1CLIE
F[EIEE 200 51 [F RS I S A #L L T RO E L Crl Xk X
T TCTCexb L, HEERECICEXD2IT—REEREL
TCiss #MiELTCmos & L, BIZA VH 7 HZIZHWEE
WERMHAT a—27 a4 VRN Fig. 30 L H ICKIBEEEHET 2
HEEEELTCLEMLELLETSE, Z0LEx, KK

f.. =127, JL'(C, +Cys +C,) . C, =C,/(L+4x*f2CIR?)

N, SHETRDI fose DV 7 7 % Fig. 41273, 22T,
Cmos =Con + Corr TH 5, ConlL ONJIRFED MOSFET 7
— bk YV AMEBEECyu T —F FLAVHEFE CyuDF
Ciss TH Y. Coreld OFFIREED MOSFET ® R LA ¥ + Y —
AMBEECy ET— b FLAVHBECuwDHM Coss Th 5,
¥ 4MHz COBIMEA RS L7zaifE 2 & Rk D 7L TR
T&E, MITHERIIERERE IS BT 2208 00hoT,

L DN

1) P. Shamsi, et al., IEEE Trans. Power Electron., Vol. 27, No. 8, pp.
3725-3733 (2012)
2) AAGML, 5 39 I8l B AR KU = I A BB ZE4E, 10pC-12 (2015)
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Fig. 1.

High frequency gate driver

using push-pull LC oscillator.
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Medical capsule device with cytology brush and expansion anchors
Y. Yamasaki and T. Honda
(Kyushu Institute of Technology)
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Fig.1 (27 7V (¢ 1lmm X 26mm)(ZHLZIA A T238 TR 2”7, WRE S &, I 7B A RENCRE S
AR EZIITHEASNTET v MREARER & 72D, AV M CREFF S, BICRFmMIcER I
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595, Ty MIIV Yy —2 N LTCAZ Y a—T TV 3AROIET V=PRI TnD, 7
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TWb, T N7 7 UNEMT 2R8I T, WO PET 7 4 LV AZFLIAEN, 7o —I13h 7k
NOIMANZ K & PERT 2, 72d, FIBONEXNICRTHEY Th D,

EERER

BRENIZ I, 3Hhi~ L ARV af VEFEH L, A R —FERICER I NTZPC KOV et vhic L
o TERENRES 2 I L7z, R P COERRTEEELZ R LIk, EEORREABET 72012, 1721
T X O/NBICHEA L, 500Pa D/KJEEREE FICBWTHREN L7, ZOf5%, 900e UL EIZBWT, 7 —n
ETHET 5 Z L 2R LT, Fig2 IZ7 Z/NERNTT v I —Z2HE L TWARFERT, oA EZT7Tvh
—ERRFO ERIGE (ZE5F) Thd, W, T h—iEEGE O 7' A0 T Z/NERNIZEBT 5 EE 5% H)
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BRI O R EIT o T2, 7T B —NETHLIR L%, BRSO 5 m & B Kis s, 77
CEFEEER I L FOEREIT 2mm Tho7o, 11Hz, S5sec THEOIBREZE OMIERINEIX. 3mg Th o7,

BE TR

1) K. Hajima, M.Yamashita and T. Honda, Int. J. Appl. Electromag. Mech., Vol.50, 167-176(2016)
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Fig.1 Structure of lead screw type actuator. Fig.2 Photograph of operation in a pig's small intestine under

water pressure
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Magnetically driven flapping micro mechanism using polyimide torsion bars
S. Omura and T. Honda
(Kyushu Institute of Technology)
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Fig.1 Structure of flapping micro-mechanism.
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Fig.2 Relation between thrust and frequency.
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Liquid cooling system for high end laptop incorporating magnetically driven micropumps
H. Yamada and T. Honda
(Kyushu Institute of Technology)
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Fig.2 Composition of a micro pump

Fig.3 Principle of operation
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Magnetic Field Analysis for Micro processing for Internal Circular Pipe Utilizing Magnetic Compound Fluid
S. Ikeda, H. Yamamoto, N. Mizuno, Y. Sakurai, H. Nishida
(National Institute of Technology, Toyama College)
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1) M. Sagawa, S. Fujimura, M. Togawa, H. Yamamoto and Y. Matsuura: ~ Fig.1. (a). Thermally demagnetized state
J. Appl. Phys. 55 (1984) 2083 of Nd2Fe14B hot-deformed magnet.

2) L. Exl, S. Bance, F. Reichel, T. Schrefl, H. Stimming, and N. Mauser,
J. App Phys., 115, 17D118 (2014)

(b). Initial curves for various grain sizes.
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Nd-Fe-B ZAN TRE A © FORC JEFEAT & 7 DI FEMRAEME

TEH B L, sgH e L AT 2, Jk (& L, H. Sepehri-Amin?,
RASRERS 2, EBPFfd 2, B ETH S, AET S, IREE°
(AR 1, ESICMM, NIMS?, K [R1 455240 (£5)?)
Temperature dependence of FORC diagrams of Nd-Fe-B hot-deformed magnets
T. Yomogita!, N. Kikuchi?, S. Okamoto' 2, O. Kitakami?, H. Sepehri-Amin?,
T. Ohkubo?, K. Hono?, T. Akiya3, K. Hioki3, and A. Hattori®
(*Tohoku Univ., 2ESICMM, NIMS, ®Daido Steel Co. Ltd.)
FL&HIZ
First-order reversal curve (FORC) 1%, Bifb iR b Co b3 /a2 8h o & BB IR A1
FoRT& D, 7= Preisach &7 /WIZHE D &, FORC diagram (3 48:A 745 1k & b+ A BAE 345 #ic
B DI A RIS 5. ZivE TIZZE < ORMERBUBHZEH 41, Nd-Fe-B BERERLAICBI L T bkt
ENREINTWVDS D, LaL, £® FORC diagram (& Preisach €7 /AR FHIT 2 H D L3 B A0, FEW
\CEME R AIBFE 2 7RIB L QN e, BERSRA CIX MBI TN S R iE 2 R D, T
diagram (ZBI5- LTV A b0 L HEER S D, —J7, Nd-Fe-B AN TR 1, ¢ B AT 2R WAk
B D3 TBEA L 7= R i s 2 45 L QD . ARIFZE T, Nd-Fe-B AN Li%A > FORC
diagram DR EAKAFHEIC DWW TIRET 5.
ERAE
AUBHZIZ BRI N T30k (hot-deformed, HD), % L CE i Z iR Nd-Cu JEHGLER L 7= 306
(grain boundary-diffused, GBD) % i\ 3, 0.5mm X 0.5mm X 3mm® v RERICEI Y H L7z,
Fihid c 2 AT TH 5. RBAR I RIEAE AT TH) 0.04 & 72 5. JEICIX VSM & e,
Wi c i aicERn L, =& (RT), 100°C, 200°CIZBWCHIEZTT- 7.
fERLEBE
Fig. 112 HD BBl =1RIZ 3515 % FORCs %, Fig. 2 | FORC
diagram Z7~9°. 4% reversal curve [ A ¥ ¥ — B —TITET D
FTIIRERZITIAREST, AV Y —I—T12H > TELT
5. Z OB 515 535 FORC diagram (% Gaussian 7!
DHMi7p\H — 2 b lpoTa. BRI 57, FEAER
Yot L 5 L 0ue=0.015T, ouine=0.005T & FEF I/
SREAEBLNE. REY LR & RAMICERE 2% 1> A0 9 (%)5 L 13
IR BN G DD, S EIXHHEICHY L. GBD 3kt Ho
DEIR TR ;’c20T L HD 3O 2 [F0 K x ST Fig 1. Major loop (red line) and
}:) ﬁ) REL IR K X 20 R 549, FORC diagram FORCs of HD magnet at RT
ZIEFRED & — /T;i?)ot LML G, EiRToOR
M?’J/\%& FAEAERSG A BULENEI o1 =0.040 T, Ohint =
0.050T LM S4L, WIHH HDEEIL D HE RELS RS T
%, RE EFIC XRS5, MEERSSBITOTL
BT DR Lo Tz,
BBE ARWFTEIL, SURME TWE - 731 RARERIFZE T 7 A 7 v A
1 K UL RIS MR B FEHLS O SR O F Tt b,

| | | 1

B 30k "050 075 1.00 125 150
1) C. Pike et al., J.Appl.Phys. 85, 6660 (1999) ,U()H
2) T.Schrefl et al., J.Appl.Phys. 111, 07A728 (2012) Fig.2. FORC diagram of HD magnet at RT

3) T.Akiyaetal., Scripta Mater. 81, 48 (2014)
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Thermal activation analysis on Nd-Fe-B hot-deformed magnets with Pr-Cu

grain boundary diffusion process

L. Zhang*, S. Okamoto™ 2, T. Yomogita®, N. Kikuchi?, O. Kitakami®, H. Sepehri-Amin?,
T. Ohkubo?, K. Hono?, T. Akiya®, K. Hioki®, and A. Hattori®
(*Tohoku Univ., 2ESICMM-NIMS, ®Daido Steel Co. Ltd.)

Since the discovery of Nd,Fe 4B magnets[1, 2], numerous and extensive efforts to increase the coercive field
H. have been made. Nevertheless, the value of H, remains as small as 1/3 of the anisotropy field Hy. Moreover, H,
rapidly decreases with the temperature T above the ambient temperature. The low H. and its large temperature
dependence are well known as the coercivity problem of Nd-Fe-B magnets. To solve this problem, it is essential to
understand the magnetization reversal mechanism of Nd-Fe-B magnet. In this study, thermal activation analyses
based on the magnetic viscosity measurement were performed to discuss the magnetization reversal process of the
Nd-Fe-B hot-deformed magnets.

Nd-Fe-B hot-deformed magnet with the Pr-Cu eutectic alloy grain boundary diffusion (GBD) process was
used in this study[3]. Under finite temperature, the magnetization reversal takes place through the thermal
activation process against the energy barrier Ep(H). Ex(H) is usually expressed as Ey(H) = Eo(1 - H/Ho)", where H
is the magnetic field, Eq is the energy barrier height at H = 0, n is the constant depending on the magnetization
reversal mode: n = 1 for domain wall pinning and n = 1.5 ~ 2 for nucleation or coherent rotation. Since E, strongly
depends on the magnetization reversal process, it is expected that detailed information about the reversal process
in a Nd-Fe-B magnet can be obtained if E, is accurately evaluated. Recently we proposed the method to determine
these energy barrier parameters based on the magnetic viscosity measurements [4]. Fig.1 (a) shows the
hysteresis loop of Pr-Cu GBD sample measured at 100°C. Fig.1 (b), (c), (d) shows the viscosity curves of Pr-Cu
GBD sample at H,(M/M, = 0), nucleation field H, (M/M; = 0.9) and saturation field Hs (M/M; = -0.9) measured at
100°C, respectively. The values of n are about 1 at H, and Hs. These facts indicate that the domain wall pinning is
the major magnetization reversal process at H = H; and Hs. While for H = H,,, the values of n are about 1.4,
indicating that the nucleation is the dominant magnetization reversal process.

This work was partially supported by ESICMM

Reference

[1]M. Sagawa, et al., J. Appl. Phys. 55, 2083 (1984).
[2]J. J. Croat et al., Appl. Phys. Lett. 44, 148 (1984).

[3] H. Sepehri-Amin et al., Acta Mater. 81, 48 (2014).
[4] S. Okamoto et al., J. Appl. Phys. 118, 223903 (2015).
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RS PEEGE T L 72 Nd-Fe-B SR BERG 04 O B %E

HEfit, HIIHEE, RS, BT, BARE AN, Ak
(TDK(££))

¥

ulll

Development of high performance sintered Nd-Fe-B permanent magnet suitable for grain-boundary diffusion
process.
T.Hidaka, T.Hayakawa, A.Kakoki, F.Baba, N.Tsukamoto, M.lwasaki
(TDK Corp.)

XL ®HIZ

Nd-Fe-B R BERERB A IZRB W T, D WER HH TR E CTEHRM DR TE 5, Wb DRI LR (R4 -
HAL(High Anisotropy field Layer )it @ H L 72BN L C& 72, ZOFEE BRI 2EMG LR ES
HIC&E 2720, SREMAEE L b S5, ECRERAT Th oo @K FrEE2 EBTE 5, —H,
D Nd-Fe-B SRBERGE A DAEPE LR & Il 2 & RIFURE LRGBS N D720, L= X NI
5o Lo T, RIRIEBUEIC X DR FRER EOMEE —@RD 5 Z LR RD LTS, BEMIZIE
DI NEATHEEAEICB VTSI LIRS 21 E(AHy : 77 AME) S5 & & bICEREBMREE IR T (I
B : v T AE)EMHITHZ EBHEL LTETONS
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#7325 Nd-Pr-Dy-B-Co-Al-Cu-Zr-Ga-Fe 55 DD b Z il E Oy RIGSiEIC KV ER U, fERIL
Te Bob 29 14 x 10 x Amm(BL ) 5 ) D H A ZIZIN L L7 6 O % Th YEBALERICfE U7z, Th EITEHDKAE L
L. R e\ THREDLBE 21T o 7o, BERUAFIERFAMIZ BH L —HIC L0 To7, /2, —#ov
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WJZ_ UV ARY T AB B BN, E (=grain boundary Iaver)ll :"\I\ —Sample A

cakwﬁﬁ%fﬁfz Rtz oR Uiz, ZOECORB O - § 08 i 1: ---Sample B
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1) A. Sakamoto, T. Hidaka, C. Ishizaka, N. Uchida and A. Fukuno: Trans.Mater. Res. Soc. Jpn. 29 (2004) 1719-1722.
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A 1S 2 A9 5 (Nd,Y)-Fe-B HEBRsE A DO RE KA

BABER], daARRE—. HIFE, B
(TDK #Rz4t)
Magnetic properties of (Nd,Y)-Fe-B layered thin film magnets
R. Hashimoto, K. Suzuki, Y. Enokido, K. -K. Choi
(TDK Corporation)

OIS

Nd-Fe-B R A I1TMRD TRV IR K= R VX —FEE2 G T MM EIcHY . ~( 7V » NAEH, ZE, HDD
72 EIEILV BT STV, £70, TOMERERBAIL MEMS 0~ A 7 0 — X e E~OIS AN SN
TW5n Y, —5 T, Nd-Fe-B REAITIIH P ILETH S Dy BL U Th, & 5121 Nd O B DK 3 < K
D HNTEY, xRN HED T D 23, BFRCRBOH 5 Y TNd O— 2R T, &18r
FEHANRT L ADOWEEALICEBRTE 5, L LR S Y-Fe-B it O B MER 1T Nd-Fe-B #1 D 3 EIFLE T
bHZEND, REESIOIRTRMEE 725, = 2 TARMZETIX, (Nd,Y)-Fe-B M AAER L, Y Of 1T
TLF R & AR EDBIRIC OV TRET L T2,

EBAE

LU DBEBEZE~ T X hr ARy Z Y o7 EEE VT, (Nd,Y)-Fe-B WA 2 ERLL7=, ¥—4 » b
& LT N, Y. Feg:Bos % Yl L. FEIEIT Feg7Bos—Nd—Feg;Bos—Y DIEE THEK LI 277, WlEEA
DOMBIIES X — 7y bDO ARy ZEFRIC L > THEE L, HH5ABKAE A (N Y 1.0)185F€739B76. X = 0.4~1.0 <E
L7z, F£7-. B A OREAZL 100nm & L7, #EOHITICZIE XRD 38 X OSTEM % BEAUEFED FEARIIZ
VSM % iz,

ERER

TEBL U 7= iR OfG i 4 XRD CTHER L72 & 2A, A U E—2 322141 TH D Z LR I
Too ET-EROEES I c BIAEM LB TH D Z LN gnoT,

FIB IZ L 0 IR A 2 EAR O mE A I T L, FFRL % [1 -2 017 WM 2» 6%&4’%71 STEM HAADF 14 %
Fig.1 |27~ 9, HAADF BIIEFE SN RE W ILHRITEH : -
HSRADID, AV Ry B2 N, JKEAOD Ky M3 Y
LTS, RIGH LK 5, ER L 72 s
F11% Nd-Fe-B & Y-Fe-B @%ﬁ%’%m%ﬁ LCTWe, 2o
FETE 1 Fego7Bos—Nd—Fegy7Bgs—Y DJIEFE THEK L AR
Y ATLHIETHELATEY, Nd &Y Ok LIZERK
LTeEENERENT-EBEZ b D, o, EHEICKE
DM N ONRNT EnD, st —Lr bELTW
LEEBEZOLND,

TS DML DR KFFEEZ VSM TR L 72 & 2
AH. Y O PHCRILRNHEZ TH, REDME T LIC
SWEEmR R Gz, M BIXZ O e 2oV Tl
T2, Fig.1 STEM-HAADF cross sectional image of a
BECHk (Nd,Y)-Fe-B layered thin film magnet

1) M. Nakano et al., IEEE Trans. Magn. 51, 2102604(2015).
2) HAM, AARETZ I v RAWa 2015 F444 2126F
3) Y.Umedaetal.,, AMTCS5 56(2016).
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ANREER, /INHLERTEE,  ANTTERAT,
RFHZ™, KRR, WEE™™, WIEEE, MEEY
(IR, *HAEK, **JuR)
Anisotropic magnetic property of Nd,Fe 4;B/Mo/Fe multilayer films
Keita Kobayashi, Kunihiro Koike, Daisuke Ogawa,
Mikihiko Oogane™, Yasuo Ando™, Masaru Itakura™ *, Inaba Nobuyuki, and Hiroaki Kato
(Yamagata Univ., * Tohoku Univ.,* *Kyushu Univ.)

[FL®HIC

KIAMEA D(BH)max ZHER E D FiEE LT, T/ YA XL T OBEREIN— R E Y 7 M & & RS
SR F/arvRYy MEARHLNTWDEN, RIZICHGBEZ B 580 OERARECTCHDL. ZET
(2, Toga %12 X - T Nd,Fe 4B/ a -Fe FL i & MEDIFAEN G — R BLFHHIZ L » T PRI S N[1], Ogawa %13,
Nd,Fe 4B(001)/ a -Fe $tif Tl iE DA HakE G 2MER L[2], NdyFesB(100)/ o -Fe St Tl A DOAHAE A BVER T
52 & HFGFELTZ[3]. ARWFIETIE, @mPERRILDOW T & 72 2 A O RS A Jhif % (a1 S 72 Nd-Fe-B/Fe fé & I
DR ZE BEa L, ZORISEHEIZS 25 Mo FRIBOMEIZ OV THREFLT-.

RERAEE

FEBIEIL UHV A%y Z 35 Z T MgO(100) HEfRE i etk EICrERL L 7-. IRk,
Mo(20nm)/[Nd-Fe-B(30nm)/Mo(ty, = 0, Inm)/Fe(5 nm)/Mo(tyo = 0, 1nm)]s/Mo(10 nm)® & L7=. Mo FHiJE % AR
IBEE T,=300°C CHERE L 72, T,=700C & L, X5HIZT,=300C& L7=4KHET, [Nd-Fe-B/Fe]& X,
[Nd-Fe-B/Mo/Fe/Mo] & — il & LT, Zhz SEMMYIK L. REBEICEIRICT Mo fRiEEEZHERM L. =
o OEREIEA UHV BRESICEWT, 400C = T, = 700°CO#HPHTT =—/L L=, Bbih#RiL VSM Z v
THIE L, s & BmREElX XRD T, BEEIX XRR Tl L7=. £7- AFM IZ X » TIHEE R RE A B22
L.

EERER

650°C T7 =—/L L7z Nd-Fe-B/Mo(ty, = 0, Inm)/Fe F&JE DAL AR T, tmo = 0 nm TIXIEN(IP), 1 E(OOP)
L2 5~6 kOe DIRIEST H, % b DF FIIRBERFFEN RSN, — 7, two= Inm OFEEETIX, miE S5 mhIzE
W AEIERH Y, ED H 7% 6kOe 72 DIk LT, NG RAIENMET L, H 1% 2.5k0e & BITH) 705
BerEor &7z, Zid Mo B 0B AIZ L - T, 7 =—/LH10 Nd-Fe-B J& & Fe J& M D i1 HEBL AN HNH] &
AU, H-ONd-Fe-B & & Fe BRI OB AAEHADBRIZNIDIRE TR 2 RGWERE T Z LR ENS.

BHEE - ARBFIEO—ERIL IST PFEFLILAIRMEILENTE 7 0 7 T & TR E A AR OREEHELE) B
J OV ISPS Bl gE e KA ZE(B) No. 16H04488 D X184 5% 1) 7-.
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1) Y. Toga, H. Moriya, H. Tsuchiura, and A. Sakuma, J. Phys.: Conf. Series 266 (2011) 012046..

2) D.Ogawa, K. Koike, S. Mizukami, M. Oogane, Y. Ando, T. Miyazaki, and H. Kato, J. Magn. Soc. Jpn. 36, (2012)
S.

3) D. Ogawa, K. Koike, S. Mizukami, T. Miyazaki, M. Oogane, Y. Ando, and H. Kato, Appl. Phys. Lett., 107, (2015)
102406.
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FEEIRIE TR U 72 ¥ 2 M Y Feyy
g
((F) FISLAERT BRABISE 2 L — 7)

Metastable phase Y Fey, fabricated by arapidly quenched method
H. Suzuki
(Research & Development Group, Hitachi, Ltd.)

lF &I

Fe 5D ThMny, Bk (RFep) 13, Fe B0 — 2@l & o M 5% (M 13, Al, Si, Ti, V, Cr, Mn, Mo, W 72 ¥) TRE#1d 3
LTV E LTEET A I EAMSNT WS Y, UL, 7y TRV YAV FAFIELEE I N T WS RFep Hil (R RGN
H)y ~NDO M TROEBIE, FIZX T VAL UNY RAOBTHEIGEMES 12012, 2AROBALIE Fe THEOFHU LITETT2Z &
BEHBINTVWBE Y, LoT, M iHE2 8 £\ RFep WERTEAL SIS WML ET 5 Z LG TE 5, WEETIR
SmFepp® % NdFepN,D BMEBE XN TE WML Z R T ZEBBEINT VWD, TORD, LEEHTOEK 2 EX LBARIEKIZT
FelsTIcEHT 5720 R UCIHRMMETLE Y 2BINL, YFep OfEH % MGTL 72,

FEREE - BRESLUER

JERI DR 1L 99.9at % LA LD DEEH U7z, mENAEEMEC X 0 FRZ2 BRI L, v —)VREEE 25m/s CTlEfid % Cu 1 —)b
LICEBE RS L, 55N MAR TR E 24T 900°C %7213 1000°C T 0.5 M 0 BBl % i L 72,

K1k, 2O&ES I U TERL ZEBEAREEOBRE X BEFOREREZ/RT, 72720, Fiffid 900°C THULH U 7250k, BARIX
1000°C TEULEL L 7238kl 2 T F R LT3, RFep ¥ RoFe7 7 ¥ CaCus BIZHfE OME LI, EH X — VBT Wb 7z
DT EHF AR =V TEEEXNT Z2HENH L, TOD, MEOFHOVEHFE— 27 HHBIZHIET 2 2 & HTE S MEHEHT
SPAM L 72, A5, 900°C THVULHL L 72 3KHZ IE, YFep & YoFer & Fe & ENT VWA Z X AMIHL 2, — 7, 1000°C THULH L
FiBHT L, YoFerr & FeDAMNEENTE D, YFep WA TN T Wb o7, ThiL, YFep BEREMTH b, 1000°C0.5 B D
HULFET YoFe; & FellHfRL-Z 8 2 RUL TS, 7z, ER UL EN YFep OF 2 ) =X 212°C TH - 7=, YFed
AANT T RIS, B E MBI D H 2 NS 121E YReuTi LD B REBREIVEENTWEZ LB o 7z,
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5 at 1000 °C for 0.5 hrs Sample ffter annealing

E . at 900 “C for 0.5 hrs
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Fig. 1: X-ray powder diffraction patterns of rapidly quenched ribbons after annealing at 900 °C and 1000 °C for 0.5 hours.
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Structural and magnetic properties of FeCo thin films
N. Inami, T. Ueno*, T. Hasegawa**, S. Ishio**, K. Ono
(KEK, *NIMS, **Akita Univ.)

[FCHIZ

W, VT ARV, VT T —AEEERWEAMEBHZ DWW THIENED SN TEY . BV SRR E TR
X ORI L OBLE N D FeCo A@BITHERMEIO—2>Th D, FH—HHEFHEIC L 2 EO0IES SO FeCo
BEOMEBEREFTEORESRESNTEY ., Y BT EK c/a s’ 1.25 OB ICHERE TR RKERD
ZERTFHENTVD, P L LABRL, RERKTEAZEATLHITEEL <, FeCo A& ~DHMITLHE
DBMPLIER ETOZE L X2 v LEE Y2 EOMERED LT\ 5, AT, BED RS FeCo
AR A FR L, Sl X OWHAIE, B BEKFHEIC W TR,

RERAE

HBEIELZE Ay ZAEEIZ X0 | MgO FEA 12 20 nm A€ L 72 Rh /N> 7 7 B2, FeCo #f% 0.5 2>5 20 nm
ANy B LT, vy 7 EELTRuHDWE Ta A 2 nm R L7, BEKAFFMEIL. VSM (LakeShore
7010) & W CHE L7z, X BB AMEXMCD)HIEIX, KEK 74 b7 7 7 U —® BL-16A TITV,
X #REPFHE L, BL-4C, BL-7C, BL-8A TfT - 7=,

KRR

B8 2 nm @ FeCo #ED X FRUL AT kL& ZD XMCD AX7 MV ZEK 1ICRT, p+BL W -1k
NENABLOEARLEXBICL DRI AR MLZRLTEY, Fe & Co® L3, L2 E—7BLW
XMCD 5 ZIE-> & VR TE %, XMCD AX7 hL XV BEEKICFRAAZHWTFe & Co DAL VB
FOHERRE— AV FEENENRDZ, Fe 8LV Co & HiZ FeCo EE 2 nm LA F CIZAMICA Y VB &
BUERSRE— AL FEK->TEY, —HT2im BLETIZEREN & 7257, F72. X&EI gL, BE
WZAKAF LT FeCo WEDHEENZEN L TVnDH Z L AR TE T,

ARBFFED —FBIZ, ST PEFILAILMEILRIIIE 7 1 7 T & TEFR R R E Rt A A R O FeEHEEL ) D3R
Wk viThbn,

2B IN
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2) Y. Kota and A. Sakuma, Appl. Phys. Exp. 3 0.4 - wt
5, 113002 (2012). s /
3) T. Ohtsuki, et al., J. Appl. Phys. 115, 2 02F
043908 (2014). g 40 .
0.2F
E T ~mep signal”
0.4 1 | | | | L I

680 700 720 740 760 780 800 820

Photon energy (eV)
1: FeCo #f > X #RILIN A~ b /LI L OV XMCD
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Y— 0 T T =BT K B (Cu,Co)FerO4 f8hi 1 D 1E J7 gl Al & Hk
SR

Hawa Latiff, =A5¢1E, Sonia Sharmin, =Z9975, WFHA
NSNS S L LBV R S
Tetragonal distortion and magnetic properties of (Cu,Co)Fe,O4 particles via Jahn-Teller effect
H. Latiff, M. Kishimoto, S. Sharmin, E. Kita and H. Yanagihara
Institute of Applied Physics, University of Tsukuba

Introduction
Cobalt ferrite (CFO) can exhibit large magnetic anisotropy, Ky under certain symmetry reduction
conditions. Extraordinarily large Ky of almost 10 Merg/cm?® obtained by introducing a tetragonal
distortion (c/a<1) in the structure has been reported in epitaxially strained CFO thin films [1]. Since
epitaxial strain is limited to thin films, development of the material in the form of nanoparticles is
necessary for bulk production. The introduction of lattice distortion via Jahn-Teller (JT) effect by
substituting Cu?* ion in the B-sites of spinel Fe3O, particles has been proposed [2]. However, due to
the oxidation of Fe?* to Fe®* at high temperature, no JT distortion could be confirmed. To explore the
JT distortion, the B-site ion of the spinel ferrite has to be highly stable in the divalent state, such as for
Co?*. In this study, we report the fabrication of cobalt substituted — 7 ,
copper ferrite and the effect of tetragonal distortion on its I (a) as-fluxed
magnetic properties. © Spinel-cubic

. e CuO
Experimental procedures
(Co,Cu)Fe,04 particles were prepared by coprecipiation and flux
methods. The aqueous solutions containing Co?*, Cu?*, and Fe**
were mixed with NaOH aqueous solution, and heated at 95°C for
3 h to form a precipitate. This was then mixed with KBr flux,
and heated at 850°C for 3 hours. The obtained particles were next
rinsed with water to remove the KBr flux. Finally, the particles
were subjected to heat treatment at 900°C for 2 h, followed by
furnace cooling. Characterizations were performed using x-ray
diffraction (XRD) and a vibrating sample magnetometer (VSM) 20 30 40 50 60
at room temperature.
Results 20 (deg.)
parties afe lx treatment. The stucture 1 that of 5 7191 XRD. patirs of (2) as-fluved
cubic spinel structure with faint traces of CuO. After heat and ~(b) ~heat-treated  (Cu,Co)Fe0s
treatment at 900°C for 2 h, tetragonal spinel phase could

(b) heat-treated
o

I OSpinel-tetra

Intensity (a. u.)

particles

be confirmed (Fig.1 (b)). The single phase showed that 40—
both Co and Cu were completely substituted into the __ S vith o
spinel structure. Fig. 2 shows the magnetization curves S 20|
of the particles. It can clearly be seen that the cubic- 5 10l
tetragonal transformation results in a high increase of _
coercivity. The saturation magnetization values show £ _ / /
good agreement with that of an inverse spinel. For the % 0l /
tetragonal (Cu,Co)Fe>O4 particles, the saturation &, as-fluxed
. . .. @ -30| — heat-treated|]
magnetization was 26 emu/g, whereas the coercivity =
was about 2000 Oe. -40 _{5 _{0 _é 0 é 1‘0 1‘5
Magnetic field (kOe)
Eﬁfe;erlifi?;eki et al., Appl. Phys. Lett., 103, 162407 (2013) Fig.2. Magnetization curves of the as-
CNS " : ' " v . fluxed, and heat-treated
[2] ;'dll_;tlff et al., IEEE Trans. Magn, submitted on May 6, (Cu,Co)Fe,04 particles.
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M Sr 7 =54 POREREFTHE~D Co?, Fe*DHFE

BRI, AT MEVEA, BT, MR
CRUKRBEER)

Contribution of Co?* and Fe?* to the magnetic anisotropy of M-type Sr ferrite
Y. Tanioku, H. Morishita, H. Ueda, C. Michioka and K. Yoshimura
(Graduate school of Science, Kyoto University)

LI

KABEAITE—HF —L L7 b a7 ARPEFEE AECHRTELS A0S Tn g, KABAIZRD b
HEHRLE L UL, B CEDITHREINHED Z &0, KVEWRRENZR LN ZENETF LR, 290
O To R A M Z TV DE & LT SrFeO 1328 b s,

SIFe O lE~ 7R N T T4 k(M) BlEEEZH L, FeldTXT3MTHD, iz, cHhZBALE S il
ET D72 VMR THD, ZOMEDO—EO Fe¥* % Co?*lZ, Z DEMAME D= OFED Sr*t 4 Lat T E
THZETERFMEMAHAR LR T2 EHMEINRTND Y, LMLARBRL, ZOEBKICET IBEOHIED
F LA CIESHEEFE Z TV D7, KRl 7 E OB L MG CE 0, £ 2T, IX, Bl x
FAWD Z & TLEEELZRY RO AR IEOFMR L O oREOMAEZ BIEL TW5,

AR O AR DTl Fox 13 La DAz B U 72 B LU La & Co Z [l S E# L 72 Bk il oD A e
FEOBALIEBRREE . ZhnE A S 72 Ha 2 iE Uiz, BBV 72 0aE Tl B 72 Bis s Bl o B ki
BRI L., ZD Ha%e RS o772, La DAEH LIZ3EHC DWW TIZ Ha DD 28U L 7=, 7ok, ZoiEHZH
WTCILBRAAE ORR D, La BEHE S F&ED Fe¥ )N Fet ~EHfi SN TW5, —F., LaB L Co Z[F&ERE
B 72iABH I, HaOHERZBHI L, 28RV e LT, KIE 5K) ToORE 5 [ o biBiRIc ks
W, BRI D < AZDFL, WAL IR OB & 3R 2 12T 5 5 5 F VBBl S 7= (Fig. 1), = 2 THEIF ~
IE, #x 72 La, Co EHREHI B WO THRAL IR OTARIC O W C ORI 217V, BIFTERUR OB K ORI S
TYEH L 7=,

Fk
B AL La, Co [FEt StesOue 00 Bk 2 LB By ig x=0_

RS (TSFZYE) Ik 0 BRL L. Bk R el 7 8 o R% .

LB RE L, $EMRRFIEC ST 5 Corplore 5 15T x=04 7

DELEP ST 50, RIS SiERs b RE = 10F Hlc

BT kLR — A E L, AT o7 = sl atSK - |

| SII'I -xLlaxF? 1 Z-xIC qu 19

R % 1 2 3 4 5 6 7

B 2 7o B AR ORGSR BT VET RV — % T L2 & 2 5, Hegr (T)

Co? A F v B L Fe? A A OEEDRN BT L > TR R D
TERNZEAT D Z ERH NIRRT D TARER CHE L. &
T 5,

B SR

1) K.lidaetal., J. Magn. Soc. Japan 23, 1903-1906 (1999).
2) HT A M, BABSKESES SAINEERES 5 39 (b

Fig. 1 Magnetization process
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ARG RIS W7 = T4 M OErmIzBIT 5
E i L O by DR A A— v 7

HKEE, DR, B, PpEE
(BKHK5)
Magnetic imaging of DC and AC components of magnetization at fractured surface
of ferrite magnet by alternating magnetic force microscopy
Y. Cao, G. Egawa, S. Yoshimura, H. Saito
(Akita Univ.)

[TEMHIC Fox NBA%E LI ZEMSKBEMSL (Alternating Magnetic Force Microscopy; A-MFM) 1, 7¢O
K[ABMBEETIZIREETH o7, FBFREULE TOm 2 REERISHIE 2 FTREIC L7ZBIMEE TH Y, S HIZHEIR
W D€ w72 & QNSRRI S FTRE R P R 2 797 5. WEAE, A-MFM (ZREKUBIRN OO 72\ VB REMERR S 2 4
HEDED LT, MOEGMIGEIET DKAMANGHITE 52 L 28E Lz V. A-MFM I35EEHT AT
e 2 FIIN U TR O b 2 B IIZ B (b &8 5 Z & TREI OB b RSy & DRICA U 2 R F w1 % F)
H LT, BOBEG AL 7 B b3 5. B BMEDREE CIIR b 23 2 Fiheds 00 J5 1 O A2 JE eI 254k
20T, B O FHAE A AZWERE S T & — B S B FHARS BT T X BRSNS FTRE TR Y, KA
DOMEWIHEIZ BV T O REXHRENARICBIZE TE 5. 612, B OBLIZRWBES ITIBERE L TRz 21k
T HGEEITIE, BREFO R IRREAL & O TRES R D 2 % O JEK
BOBINBELC DT, WEOAZBALRSY O EHEAL b FIRFIC FTREIC 22 5.
K ABEANZ I T ARG FIUINIRF I AL 23 280 L 722y (BT LR 5T )
E WAL DS W 2T D AZ A LRy & 2 RIRFBLEE 35 2 L, Wb Scis
WA 295 ECHHEEZE 2 OND. 22T, Rk ORI
BALRICHAIT D LB LD, ARKRTIE, 7=T74 MéaOBKEmIZE
WCAFEZEM LR e mET 2.
BE A-MFM RO 7 v — 7 BMEE (Ao 77 A =2 28, L-trace
D) OFEAT =T O FIAZEMA 2R E L TR L, Sy 2B 2 7
—VICHEEFEIZHM LT, ELEOBHEBMERE (Gd0s-FeCo P4 A 1)
ZhE L, St 7 = 7 A N ERITHERERE A (REARIES  AY 1um, PRIEET) 1 4 3 kOe)
DB I 22 KRR RS TR L7z,
R Fig 1 [CTHRLIRRED ¢ T OMEWITHNZ I\ T, R BTS2 I CRlSR
L7z A-MFM #2773, 3URHE BT FIIN U 72 22045 O 1R1R 12 200 Oe TdH 5.
M(a) DR iEIERG TIE, KM 1.5 um TH Y, @E ORI T
I LBEX DGR N EET & > 7223, [K(b), (c) D HEE J7 0] D B itk DiEE G ks X
ORBRPERIZ R D K 512, HBIRAE CORXEE NAMRICBIZEE T 52 L3 D
2D, 22 TG CIIRmERSGO RmE/ TmE EREBEmROMmRME) AR == :
ELUTHIBRICHEBI T & 5. () TR LIzsB O i by h b4+ 2% Figl () topographic
FLHIA O SR ORI, BACA SRS X 0 gl e (38e () polarity image and
TV DRI DR X 72 FTIZ RIS LTV 5. 5B CIE, KB FIEOREM, magnetic field and (d)
B L OB O TR S & ZFBER S & OR & S OB, 725 Nofkg,  intensity image of AC

= ) ) o . magnetic field for fractured
B & DBRICOW TGRS L7 R 2B~ 5. JEREHT B 2R S Z surface of sintered Sr ferrite
bR EE L magnet.

SEER 1) il fth, 55 39 [B] B ARG AR ELE, 8pD-1 (2015).
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SrzZn,Fe,. W RIS 87 = T A RO SRR

ROk EE, Il &, Ak ZilEx, KM B, THE A, IR R
(KRR, *H L2 )8)
Study on magnetic properties and local structure of SrZn,Fe,-W-type hexagonal ferrite
A. Yonaga, T. Nakagawa, Y. Kaobayashi*, K. Ota, S. Seino, T. A. Yamamoto
(Osaka University, *Hitachi Metals, Ltd.)

1. HIREH#M
T TAMEANE, BEELE BRI E DT —F— RN RK¥a D5, StMe;-W 7 =7 Ak (SrMe;Fe 6027,
Me?":2 fliD & JE A7) 1E. Me®* = Fe?* DI VSr-M 7 =51 (SrFey,016) L0 b BIFIRE LK 10 %rm<, Bk
R S-M BT = F A R [A/ S 707230 IR IR D BT PERG A MR U TR S LD, WL = Z A Mg Me DTSR
B DL THEIVEDS BB NG S TS D, fERE TSI Me? O 5 A A NS5

B RIETEEZLNDN, TRHOFBEZFALIILIZEHNIT D0, ZRHOMBEZBET 2813, W T =5
ANDESIRHEMREL DT DM BLERFH 21T L CEHEETHHEE XD, TITAMFIETIL, Zn B X ThIfn
tefl, BITIERE R A AL ST WAL = T A OB I & Zn* - Fe** O A A hOFRITICEY, BT 7 =Tk
DWEEEE SR Pk 1 & DM BERARZ HRGIES D,
2. EER

HIZEJEUEE o- Fe,04(99.99 %), SrC05(99.99 %), Zn0(99.0 %)% FV Y, SrZnFeisx0z7 (x =0, 0.5, 1, 1.5, 2) b5
AR E 72 DI, ENEAR — AL (IBK) T 2h IRA LTz, SRR A BB BER IR E 1473 ~ 1573 K, BERk
FHR R OmEFESY TS x 10 ~ 2 x 10" atm T 10 h R FFCEER 21T 572, FFLIIZBERINIC OV T, Bf=E VSM %
W TRER A 2 LT, E7-. HUVBL o 7abhar o BLES2 THUERE X #RIE13T, J-PARC @ iMATERIA Tk
FEHTZREL U — ML MENT IS REAT A1 T o 72,
3. ERER

LIZHERIL 72 S 3UBL D BUR e X AR EIT 3 — U 2 rm 3, A BE 3 FRRE O O BUH e X EIFTRIE 2BV T |

WHIZ =54 NOIZIZHEFE & g 2R EIMERTE TV D Z ERbhotz, K212 53kt ORS YT % R~
T, x=0.5 OFEFTIE, Bbdi B LA o BGHMAOMEIZx=0 DG LRRRE L ItoT-, Z OO
Fix, EBMETHD 2P OX T A YA D EFICE Db DRSNS, HIE Lz & Ry
PERGR & OFEIC X 272 BIFPEER A x = 0 L0 b ELTWD Z & DbiA & L COREMARAAFE
THZENDhoT, T2, x> 05 OFREFCITE GRS, K OEGHEEHDKIECHD LTnWab, 2,
FERENETH D Zn* OB L0 A EERANTH £ 0 | MEEEAETEME T LTS LR 5,
INTEY B X 5 RUBO R Y X BRIEIT, a3 3 — A DN T — b UL MEIT 21TV, Zn?tFe?* D S A 1
~eE D ATIRAEZ AL | BERPEL DB OV Thikim T 2.

90 . 1250

- v _ * Bt
—_— r— r:E 85 o." - " B
- = < Rl 2N 1150 &
2 X in S1Zn,Fe 0 o2 ST e 8
= L A5 =00 7= 1523 K, Py = 5X 10 atm B gl Yt Tal100.=
2 e ® = f ' . T
Z B o< L7050 =
3] = ‘ E)
z _ . 1000
x=15,T=1623 K, P, =2% 10" atm g 52
] ©=2.0, T= 1523 K, Poy = 2 X 10" atm oso| Lo
- 20 40 60 0 5 N |
260 [degree] g‘“__4
. . 0 Y 46
1. Srzanelg.x027 O)f&ﬁ’—fﬁl{: X %V%Eﬁ/\ A= B x?
744
i BEXH LERES
1) I EA KRS -HPRVRE LIS -, pp.188, 2007, T Saszare, o,
2) S. Dey, R. Valenzuela : Adv. Ceramics, Vol.16, pp.155-158, 1985. 2. SrZnFe 50,7 DRI
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MOD % U - Mo {&#: Co 7 = T A ~ OFERL & 34

JeRE s, BR OB, MR RN, B SR, ARG M
(RHIFE R~ R)
Preparation and characterization of Mo-substituted Co-ferrite thin films prepared by MOD method
Tomoki Ikari, Akira Meguro, Hideto Yanagihara*, Eiji Kita*, Takayuki Ishibashi
(Nagaoka Univ. of Tech. , *Univ. of Tsukuba)

ZL®HIZ
KT, AR T 254 FOOLEDOTHDaA NV T =T 4 b3, BiERER Bico e 2 3o v LR
L= R & R B M2 R 2 NG SN U0, BEOEFRE A 4d BRA B rE A E AT
52T, ELRDBRBESTEOBMANHF SN TND, £ 2 TAIFFETIL, Mo ZEHEA L2~
= 74 NEROER LM AT,
REBRAGE
Mo {&#i Co 7 = 7 A M &AFRT 720 AHEE/ R (MOD) 1% vy T, #ikk 2y Co:Mo:Fe = 0.65:0.10 :
2.25 CTh 5 A 77 AFMR FIT/ER L7, MOD &L, Fe. Co. Mo HDO¥EW (Fe-03, Co-03, Mo-03 :
ML AR AT &2 BRI 2D X9 ICiRA L CH
VN2, MOD &R % FEMIC AT L7- %%, #2M8 (100°C, 10min)
FOMBERR (450°C, 30min) %, KR&H & EFEN T O FHH
DFPREATITV ABERL 2 700°C TIT o 72, 7ERL L 7238,

015

Drving and pre-annealing in N2

= = Drying in air and pre-annealing in N2

ssssees Drving and pre-annealing in air

XAREFER, BEEEANS hoA—4 | REHESMB A § “
(VSM) {2 & 0 24 L 7=, K

ERERS S UER £
XAREHMEIC LD KRG CHRBERE (T - BT, %

MR C b % o -Fes0s 0 ©— 7 AR S L7278 BHEBFG T C

IRBERL 24T - T2 3BTl o -Fe,0; D E'— 7 3B SN+, Co
7274 FO 3L EHTE— 7 PHER T E T,
RN FH —mliaf A~ kv Fig.l (239, 600nm {17t D%

‘015

Fig.1 Kerr spectra of

EZOWTOEN TS > 72 b DD, WFROREHTIHNTE 500~ Coo6skez25M001004
750nm ORFRIZIBN T, ZHETO Co 7 =74 bORFET—4 & thin films.

PIEENELN TV, ZOZEnb, WTFhoilEl Tt Co 7
=T A NERPSERTE Tz EHERITE S, 72, 2ULE 2 5
T TITo T BHI R E REFRE LR LT,

Fig.2 [ZHIE I & 600nm OREEIEF A —mlERf b 27 U o A i
TR, KA BERRE 3K 3.0k0e DR S &7 L TV ZdDIZ
kL. R A KA RBERRL & ABERK % 28 S8 55 R S CF T - 725Uk
X, K 5.5k0e & LW K& ZR L, TRTERFHS TH
WLER 24T o 7250 CIEK 7.5k0e & BRI DG DI, T OfE
KLV, MOD #Ex vz Mo B#t Co 7 = 7 A ~OERIZ, w2k -
Bep A EFRBANTTITO ZEBNADTHH Z Enbhoiz, ZOJ
KliZ., Mo ORI 2L IR bhizled B b,

L Z &N

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

— 142 —

-20

Drving and pre-annealing
in N2

= = Drying in air and pre-
annealing in N2
Drving and pre-annealing

Kerr (.15
rotation(deg.)

Magnetic
field(kOe)

-0.15

Fig.2 Kerr hysteresis loops of

Coo.65Fe2.25M00.1004
thin films measured at 600nm.



6pD - 8 FA0[E]  AARBASERTAIREE AR (2016)

La-CoEHiCaM B 7 = 5 4 b+ D ¥kt B K
R, 6w, MiEHE, HMEEE, hiaz
(HRBEL)

Single crystal growth of La-Co co-substituted CaM-type ferrite
T. Waki, K. Uji, S. Okazaki, Y. Tabata, H. Nakamura

(Department of Materials Science and Engineering, Kyoto University)

1 [FU&IC

2R NS IUNL M7 254 (MBELT7 =54 F; AFe;50y9, A = Sr, Ba, Pb) (3K ABAMEIE L TEER{LEYTH D,
Efﬁﬁiﬁaiﬂ%ﬁfﬁwémfgto BAERROBS ORI X La-Co i SIM TH D | Co?* MR DA LIcFLE L Twa EEZS
nTw328, MENKS 71— 7812 Co DEHEY A FDRZTHEL Y, Co DETIREBICOWTHE N REIE STk
W, THUZT U — T ORED AL ST, Co DETFIREBOGRSEN & SIS 2 TREMED S 1 . BllESUR OBk X b E T
H otz Tk FHR EREIEDONIGZB 622 T 57, La-Co &t SItM OB HERICH) A TE R, 2L T, fRIc>W»T
ﬁéﬂé@ SETHIR SO L T 2 e 26 s Lie D, MIROBELR S O 1E La-Co [ SIM IS $HETH 2, MLk~

3. EHEREE A La-Co E#ft CaM? ~DER% &I, Co ZEA L T\ La &t CaM O HFERE R Z TV, #RIC2W T,

LalCidd 2 BEDEEENH 5 2 &, Fe ¥4 bAD CaDREANEZ 6NS L a2WE LY, RI%ETIX, La-Co &t CaM 0
B E R, Z OMBRBEOHEIC O W TRE T %,

2 RBAE

La-Co CaM O Hififi ikt CaO 7 7 v 7 AHEIT L D AR L 72, HFJEEHE CaCOs, Lay 03, Fey03, Co304 2 FVy, FFE DL
T(f"é L7t HE&LY RhCHESRZ2EMR L 72, 1400°C T 12 KEFEIRFFO#., 2.5°C/h T 1200°C £ THEHL Z DBIFH L7,

&S N7 WA RERNE 2 B U TRk X RREIT 21T MAHTH 2 2 L 2R L 72, RUROIT I3RS 8 X Mo 2
Hflwfmx WEEHIEH OSIRYE L L T CaF,, LaAlOs, StFe 2019, Co Bl % a7z, BEMEIX SQUID REERER % Fl v CETHili L |
ARG, R % RS o 72,

3 BRBIUEER

77 v 7 ABICLIHEBEHRBERICLD, La LT Co
EORZ WU OAEBICHI U 7, M 25 05,

Ca,La,Fe,Co, O (x+y+z+w=13) E L& E z+w = 119 e T T T T T T:ISK
L7, Co T L M. EEEEF 4 b~ Ca D 20

ERIEOBANEZ 5N S, £/, La ORI IZ AR T r CalaFeCo.0n
037 <y < 059 T, CoDipAEHIZw = 036 TH-7, ws0 7 >”

Fig.1 ti T=5KIicB\}%, WLl Td 2, BLED T 15 & w=036 f
DRALIET H2IIE B ) FIRIT 205, REALE B - R I A
S, MBI HE U C IR A RUL O BRI S e, w=0 5 3f T=5K L
DB TIEFMEL R DY © >~ T DHEET 255, NMR HI5E S0 5L g0 ©° 1
DRREDAEY 7Yy TEBTHS Z LsbiroTH5 Y 0f oo ° -
Co [tk 23BN T 2 1< D HHIIRELE AN E < 2 ) B 15k o ° ]
BALTYS, EEERESNTE LICMORE2MBOsR S, > 106 [ CaLaFeco,0n U
IR 3RS B LT 3. BEL7E 5 & REL IR O R S| L5 Snataden.Co0n
SBEH BT RTD & R Hy % HETS - 7277 (Fig.l I ) | ?O Ol. “wI“ O‘I‘ 02

X)) . Co D FRICHEVHTNC Hy 23 FR T 2R 250 0 10 20 30 40 50 60 70
Ron, w=036 DETIE La-Co SIM 5% D A Ml (25 kOe, Herr (kOe)

w=027) 282 % 27.5k0e & E I EIES NI,
Fig. 1 bz

References

1) A. Shimoda, K. Takao, K. Uji, T. Waki, Y. Tabata, and H. Nakamura: J. Solid State Chem., 239, 153 (2016).
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3) FHAwE, *D%HJ FHAS aE, sz 55 39 [nl H A SUE ATl 2248, 9pA-4 (2015).

4) FREK, FER, MM, HIREEE, iz 5 39 [l H AR A2 A M2, 9pA-1 (2015).

— 143 —



6pD -9 FA0ln] B AR EM L (2016)
HETFEEFHSK TICEIT A LaCo BH#LSIM 7 =54 NDOARK

[l 546 FSE, FUREEE. DRI BRI AR
CRUEf R, *[FAEHER)
Synthesis of La-Co co-substituted SrM ferrite under high O, pressure
S. Okazaki, T. Waki, Y. Tabata, M. Kato*, K. Hirota*, H. Nakamura
(Kyoto Univ., *Doshisha Univ.)

1. 8

KA D—FETHDH 7 =74 MEADORMIZIE, /EFH SrFe ;019 TREND SIM 7 = 7 A R EICH
WHNTWD, ZOWMEIZLaB IV ColZ XD HFEMHRAITO 2 & THRREGTMEN M LT 22 n3mmbh
TH Y., (L% SryLaFe,C0,019 1R T T LaCo E#AIT 572 b ON LEMITEEI L TN D,

LaCo EH#t SIM 7 = T A MZBET 5 ZhE TOMETIE, KKEFTOAKTIEx>y &2 0, Fe& O34
M COXDEMAE L TNWDEEZBND, 7T v 7 AEC XD HEEREROMBE. (x=047,y=027)2 L
BCTho7=l, BMESEFTTERT DL T, FORAELME L, Co BHENBMNT S 2 L R3S
b, & TARIE T, HIP EF AW BREERFZERMES T TO LaCo #EH#L SIM 7 = 7 4 M & h5 i DA R
Tk, HAHNE O DMK OIS DD MO La, Co MLEKIZ DWW T,

2. EBRF&E
JFUEHEY SrCO3, La,y03, Fey03, Co304 % AHA B FH AL Xpoms ® M-type M Fe,0; O (SrLa)FeO,
Vom (ZXF L Sr:La:Fe:Co = 1-X0m:Xnom: 1 2-VnomVeom & 78 D & Srl_XLaXIEelz_yCo;Olg .I
HICHEL A vz N TRA L=, BABESL 1
v MRICETZ L. 900 ‘CT 1 B BERE 21T > 72 240
Z HIP 25E 2 W T, BRRIRE 20% D7 VT - R
IRAH A 2000 kgflem® D & T 1200 CT 1 BEREIABERS
L7z, £D#% 600 C/h THRILF THH LT,
BonfzRE o —#%E 2 7 UL THREL, K X
HRIEPTXRDIC L B HHREZIT 72, £7o. k% Mg
HOLTHEL, WDXIZL D MO TESITE21T -
77

3. BREEER

HIP VEIZ X 0 BERS L7230kt XRD X% — %K 112
T, ASAFFARL Xnom = Vrom = 0.4 TiE M 8 HiAH % 5
HZ LR LTz, —J7 T La fHABFARE xpom= 0.7, 0.9
TIE, Wb R#li# & LT Fe,0;, (StLa)FeO; & & AT
WA Z ERGmoTo, StFen019 BNEIE TEETH D DIT
% L. Sr &9 _XT La Ti&H#i L 7= LaFe ;040 I IR BE
K ECEIBIEOALZEL /DT END, La @R ERE
ITIFRRFIC MO N L CLEST2EEX BN
o 26 (deg.) Cu-Ka

L 2P 1 BERSRD XRD /N & —

T T
xnomzo 9 ’ ynomzo 6

Intensity (a.u.)

1) A. Shimoda et al. J. Solid State Chem. 239 (2016) 153.
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La-Co BE#iZ M HISr 7 = 54 F ® ¥Co % NMR
W28, IR 2, KB, MR IRCE, T HZT-*, AW «, S -, iz
(R T JIBERE, * 50K

3Co NMR study in La-Co substituted M-type Sr Ferrite
H. Sakai, T. Hattori, Y. Tokunaga, S. Kambe, A. Shimoda, T. Waki, Y. Tabata, and H. Nakamura
(JAEA, "Kyoto Univ.)

1 [FU&IC

M7 =54 b StFen019 1&. NAMRY 7% b7 T34 ML (M BY) fiis&%2E L. St D—i% La T, Fe D—% Co
CTHRHCERLT 2 LIREAFEPRE M LEL, b RESHZ I EBRWEIN, BRISH L, AHEME o7, L
PLEDS, ZOMHEMRICEWT, WRAEFEPH ETI2HAIZOWTR I a2 TwARL, MBI7 254 M2k, 520
FEEREIIC 72 2 Fe A FMFEEL, ConFe DEDH A F EEML TV 2D, flifiz &) o Tw 2D, HiFHEL D,
Mossbauer 15 29 HEEKILIE (NMR) Y 74 E QMBS 7w — 7z, BESERL>Tw3008RTH 5, AWK TIZ
STFe % NMR K 0" ¥Co % NMR % {7\, i ORI FZERRE R0 1 Efi.ﬁr%n’%ﬁéf; ERMHAEINICER L 206, BAEEDH %ﬁfr
ZHEL w3, AETIE, T2 °Co B NMR OFEEHEFIC O W THET 2,

2 WREIUVEE

SrFe 019 X U¥, La-Co :E#E% Sri_,LaFe;_,Co,019 DHIAKRIARL, 7 7 v 7 AIBETHER I L2 Bl % v T, ¥ vk NMR
FEEfT o7, YFe %k, BRTMEL 22% THRAEY 1=1/2 % b5, MgEHAETOK Fe 94 Mo T 2 NEBHSICWIG L T,
SEBIESE v T NMR %2179 2 LK S, HIEREERLEDS v, = 1.4 MHz/T £{€\27- %, NMR BUERZ Tld 72\ 028, gtk T

EEIBERT — 2 ¥ FDSEABICR L TRE B L NMR SEDSHRT 28015805 H . FBEEL %25, —J7T, PCo %l
FARTFAELL 100% THZAE Y T=7/2 % b5, NMR BEAE /0, Co BB D 7% THRIBMARETH %, Fig. 112, i
JE 4 K CHlE L 728 KEEL x = 0.3 @ SrgsLagsFe 1 7C003019 I8 2., ¥l °Co % NMR 27 b V%R LT, PR
50-100 MHz & )& M1 300-400 MHz 12 °Co #% NMR {55 2 8l L 72, A7 FVIREZ KRBEMOT206 0, fEk, La¥t &
BAHEOME, Coft A viF2flitm>TWw3EEZSNTED, 3 Co % NMR 2MEE I & S AR CHRRRICBE N T»3
TRk, () EEHGURT Co?t DEAE VIR (S = 1) LEAEVIREE(S = 2) E33EFE, LTULB I EERBL TS X I
25, —HT. BAMRAEICE L CHEEN R #2060 (1) 2 flli Co** (A EY S =3/2) & 3 i Co** KAEY S =0)
EDHAE, LI T T VA TOMINGATRE L 725, BIfE, ZULMREE S 7O, & Co A4 A4 VIREBICE T 2 MG O K E S
ORGP, MOMBIERTFBRIC 1) 2 R4, S FHERICK 2 Co A A VIRBBRER A L ZBET L Tw 3

References

1) Y. Kobayashi, E. Oda, T. Nishi-
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5) M.W. Pieper, F. Kools and

%41214(;’;?2’0‘; gs Rev. B 65, Fig. 1 I 4 K THI5E L 7 Sro7Lag.3Fe;;7Cop3010 DRIRIEHS 3 1F 2 1 st
¥Co f% NMR A7 } L.
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— Sty 7Lag 3Fe ;1 7C00 3019 —
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CODHBEHAMA S 7 =514 @ *Fe-NMR

R, RO, SR AR PR
ORI, T IHEAE)
*’Fe-NMR study of Co-doped M-type strontium ferrites
K. Takao, T. Waki, Y. Tabata, H. Sakai*, H. Nakamura
(Kyoto Univ., JAEA)
59

MZELT = F 4 MR N AFeO9(A = Ba, Sr, Cass) TR I FeR T3 etk 2 1 5 8k AWML 6 CTh 5,
RS M C Feh A M SFEME (2a, 2b, 12K, 4f, 4f,) &V | BINTTHRIC KV REE SO BAL K E <
AT D, MBI = T4~ OB CIE, K & BER X OV Fe X Co OE THRIED KR A 1E L < FFAfi L,
PR OISR 255 Z EAEETHDH, NE TEAMICII LaCo B M St 7 = 7 A b O#FSE
DEHATOI TN DA, BER R G RICK & 72 8% KET Co DEMY A FORFES, Fe & Co DE IR
REDIRIIZE - Ty, — 5, LaZ g3 Co DA E# L 7= 2D S5 ERBHA OB ER I TS (i
ZIE[1]) . CoDHEH M S 7 = F A b TiE S-La® disorder 7372 < . Co (H5A YA~ ORIRAIIER &2 50
TN, 72, B ColXTIC 3 TH D LIS N, CoDIFRABINICHIN TE 5 &2 6Nn5, — T,
2 aREHT X 2WF2E TITRL R O R 2 PEBR T & 37, LAk & Bt O RIS AT %2 IEREICEHMECX 722, 22T
W7 — 7 IR R 2 W B ZE 21T o TN D,

7 =7 A MM DR B O NI I IBE D TE R 2 S D L ER H D, Fe DILRORETEN T4
ELTEFAANRT TN EL AL TS, AU CTIXoMRREN & < TUEMZN RO Zau
YFeNMR % FIV " C CoDAEBMALS 7 = 7 A B @aE D Co A7 A b & IRAIRENE DREM A 1T > 72,

[EEHE]

Co DAEHM B St 7 = T A b (SrFey ¢3C0g07010) D Hi i
fak B2 NapO 7 7w 7 RIEIZ X W ERLL 7=, *Fe-NMR '
42K, Brliih F o7, & Fe¥ A hOJIERR - SrFe;; 930007019 -
BIEEHR L i L, Co BHUCFED 52D FedhA RO r=42K
G DORE S DOECETANT, ZO/REZ S &12 Co b
YA NeiEiwmdT b,

[(BR - FE]

11X 2a¥ A FDARY bLERT, 2aV A hDAA
vovr—r L0 UREREERNZ 2 KDY T 74 K
EBALT-, 2oV T T4 ME2at A FOiEEO Fe YA - .

MZCoMRALIEZ L2k 2at 1 N OWNERS /S
L7zl tERLTWD, 2atA ML =1 M 12k

YA b &AL R Th DS, WELOFE NS Co™ ik e Tid W3 e 47
A hE LT 12k YA BB A TS, frequency (MHz)

Intensity (arb. units)

BE R M 1.CoE#aSr~7 =74 h®d2a¥ A kdNMR

[1] T. Xie et al., Powder Technol. 232 (2012) 87. AT by
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LML ST 7 =54 D YFe £ xz*‘?%—ﬁg\ﬁ'ﬁ?ﬂ:i %5

R T-, KEBIE T, MEERE, TRET7* FER>, BMSE, PAme>, IR
(F B SR, * R R)
>'Fe Mdsshauer spectroscopies studies on La-substituted M-type Sr hexaferrite
M. Oura, N. Nagasawa, S. lkeda, A. Shimoda*, T. Waki*, Y. Tabata*, H. Nakamura*, and H. Kobayashi
(Univ. of Hyogo, *Kyoto Univ.)

FLHIZ

M7 Sr 7 = Z A b SrFep0gg &, IR TN EE Pes/mme (ZEMIAE No.194) #i&EAa L v £/, BRT— A
v NS CHITEATR 7 = U BEMER (T~730 K) Th 5, FidFRICEZRD 5 2D Fe A FaRiDOSr 7 =71
MFEHZ W T, IR TORBE NS LA 572 DR ABAREIE L TOMERENRM T4 2 LN LTS,
L/L., Co NEHIND Fe A MIH-o TRV, LaBEN Y =74 M5 2 BRI EIT Co E#
UL TRNIWEEZLNTE 2, L L. 2 2Tl La@E# D B % FERIIZHED 6D D B.BE T(Sr,La)Fey,019
ZHWSD, La A AV BEH A FD Fe A I HEZDEEEFAL LI :\ La-Co [E#i2 7 =7 A b
(Sr,La)(Fe,C0)12:010 D Co A Ao WENEFINLFe A bD Fe A AL DBETFIRREIZED X D B BE2 52 5k
RS2 Z LA HAE LT UBEE T T Fe A AR 7 —5 W HIEEIT - 72,
RBRAE

HIEIZIE, Na,0 7 7 v 7 AfkIC & 0 1R S 7= B Sro.La,Fe ;010
(x=0.31) % Wtﬁ%iﬂa (c ) J7 T JE S 100 um IZHFEE LIE A% 8.0 mm
ODFW?/ WCERE LAE Y bR b D& vz, cliiost LR TIC A
D&l ﬁ%ﬁ’t’-%b F I BT NSNS Hex ZFIINL T 150K T
“Fe A ANT T — 3 HHEEAT o T2,
KERER

Fig 112 SryyLaFe;,050 (x=0.31) (243 % 150 K TOREH T °'Fe A A\

SNHRERE R AT, Hy=0kOe TD AT FMLOFEITIZEBNT

Evans DEF N A% HEZIC LTz, FOFREE, 550 Fe ¥ A Mt L7=5
Ky CHRDRNE =7 NEET D, Fig. LIRT I 6oz fns L
BWo7 4 w74 v IRERBGEONT, ZHUTERMMEOTZOIZ 2a A1 |k :
DS DO— R FIC LT 5 & SN TOBRSICHIET 5 B2 bR q0 50 s 10
%. F7-. Fig 212 Sty LaFey,00 (x=0.24) 0 150 K CREL M Ok 5 % 7% Velocity(mm/s)
T, TN K AR Her = 17 kOe {3/ THIFIMEAL, My \ZE#ET D N Fig. 1 5"Fe Mdssbauer spectra of
73%, Fig. 1 £ U He ®HUME AT Am =0 (m: R R 150 D A AN the single crystal
VT BRI LD E— 7 FRIRERE DN L TV D8, T BRERD or, 1 a,Fe1,010(x=0.31) at 150K,
IS THERRESS Hi (BT — A 2 B) DS e I~ EEESLTWD 2 &% with and without magnetic fields.
RLTWD, ZHUZ 30 kOe LIS D Hey DRIE TH BTz AT R b (y-ray I/ c-axis )

Relative Transmission

0 10 20 30 40 50

B LT, Fig.2 53RO BN D M IZE S BMLERR LTI —H L TW5b, Z -
NED Hy=30k0e TlE, Hiy & Hy DRXNTFTTHDLEEZ LR B, Rl
AT, Sr,LaFerOm OIOMEORCORRS T 42 07— 2 J|f ]
2Ry N NDIRBERIAL & WA, WETHONIA Fe VA b § aof) DAl
(2350 B BB TR IZ SV CREIC BT 5 TETH 5., 3 op - HIRI0]|
éj

L ZD N

H i+ (kOe)
2) B.J.Evans, etal., J. Magn. Magn. Mater. 67, 123-129 (1987). SryLaFe;,010(x=0.24) at 150K.
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%\%

6pD - 13
Fe DOAREHIENC L2 Sr 2 ANTTE T =74 b O
HAERBE, HhlEE—. s
(HFERZ)
Preparation of Sr-based hexagonal ferrite by controlling the oxidation state of Fe
M. Meguro, K. Kakizaki, K. Kamishima
(Saitama Univ.)
1 #E

2 MiDEBEBA A3 Fe? Th D Sr HAH i
7 =74 ME. R=(SrFegOn)’ & T=(SrFe,04)%.
S=((2FeFe,04)™ or (2Fe;0,)* Y &V o727 1w 7 D
fEEctRkans, WAL YA ZA U BSH e
7 =74 N OHEAIBIELEIZE I RSSR*S*S* | (TS)s.
TSR*S*T*S*RS. (TSR*S*RS); Tdb %,

SrFe,W OIERIHAA Y (k5 & Fe R st
L= OFFKTREEZ LI L U, GBI A3 R
Thd, Fio, T7a v 7B ANDHEO —AHEk Sr
7 T4 MIERINREECTH Y | SrFe,Y Ot SLAH
EARZEBISh Ty, 2 F 2 ORI T
FesOy & W TR S U, (ER A2 27z,
2. EBFE

SrFe,W 1 L O SryFe,Y DJEEEE LT SrFe 5010,
FesO, . SriFeq0q3. a-Fe,0; v 1B XJEE L7,
REMKREMERA L, v—% ) —KR 7 THZE
Fl& L722Y 5 900°C T 5 HERBERL LT IRBERL
%, L, BEtEEZER L L IFELES & T
T, FIRESMEOL & 5 KRiRIRER L7, Kalklo
it P R T R XORR IR &0 T L7,

3 MERLER

B0 1 1%, #LAAS SriFe? Fe®=1:2:16 OBl 4 2
281 1200°C~1400°C THERK L 7250k X BR[EHT
XTdh 5, BERLIEEED 1350°C DL ik T w Al
NFEME 2T,

2 ITHAR Y SriFe?t Fe®'=2:1.5:12 Dk} & B 72
5l & T T 1150°C, 1200°C CTHERL L 7= 30kt X #it
[EIHTIX] % 7k 97, 1200°C TRERK L72530EH TR Y B od
E— 7 RN, Fo UBIH KD v — 7 75 1150°C,
1200°C BERLDOFEL & HITHER TE 5,

JFUEHZ Fes04 & VY, H28 F Tkl 2 Bk 35
Z Lz k v, SrFe,W. SroFeY B X OMRE D720
SryFe,U DARKITHE LT,

4. B CHR

1) otiE fth, BRI L O RIR4: 47 (2000) 789.
2) S. Ram, J. Magn. Magn. Mater. 72 (1988) 315.

e W-type © SrFe,0,y v Fe 0,

* 1 sintered at 1400°C

o 1325°C

= o in
® O u} e o O

7 1300°C

Intensity (a.u.)
[m]

[m]
jm) [m] ] VD

o 1200°C

; e i
-~} u] .N\ghﬂ =
50 60 7

20 30 40

0
26 (deg.) Cu-Ka
1 BERRTZ O SriFe? :Fed'=1:2:16 kiR
D X HREHT

+ Y-type
o SrFe;,04

e Z-type » U-type

v Fe,0,

sintered at 1200°C

Intensity (a.u.)

10 20 30 40 50 60 70

20(deg.) Cu-Ka
2 BEpki% O SriFe’ :Fe®t=2:1.5:12 A E Rk
D X BREHTX
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F40la  HABR D FIGREMELE (2016)

Mg2+-Ti4+[%Tﬁ‘% BaF612019 @ﬁzﬁé L Eﬁ’i%‘ﬁ

I
(FEKR)

A, TR (R, A 3 —, O Bol

Synthesis and magnetic properties of Mg**-Ti*" substituted BaFe ;0,9
K. Kamishima, Y. Esashika, K. Kakizaki, M. Sakai

(Saitama Univ.)

1. &S

BaFe ;00 3. SHB® 7 =74 hOFTHKARA L LTA
<HBNTWS, Z 0 BaFe,019 D Fe*id Mg? & Ti* Tt
T&, Fé'Z2RABICERTEDEVIRERH L, V2 L
LR 5, OFERSA: 72 b NSRBI R IZICH B 2y Tld /e
VN, ABFZETILIEVVEHIPE T BaFe,050 @ Fe'' 2 Mg* & Ti*' T
B L, BRBEORTER X, BKEEOFEEIT- T2,
2. EBRAE

JFELE LT BaCOs, a-Fe,03, MgO, TiO, & VT, BID1L
FEMmAKIZRD XS ICTHE L, 2o 2BAURE LR
B & 900°C TIRBERL L7z, IRBERLTE . EE AN —/L I LTk
L. MERE L. 1100~1400°C C 5 BEEIARERR L=, 3k
DFE L % X BREIFT(XRD)IC & » TRIE LT, BER AT
IRV ) 3 (VSM) 2 IV TR L 72,

. RRLEER

1 IZABERRIRE 1250°C @ BaFe ;,,MgTi,01o (x=1~6)D X
AT %2 7R, x=6 TlL MgTiOs & DIRMIZ/AR>TED |
Fe'' A Ao B S - & X ITAERRT D MARSE DAY D
FHLAKZS BaMgeTigO9 & 575 Z L AR L T 5,

2 VLRI CRAME B S U7 BaFe 0, Mg, Ti, 019 (x=0.25
~L.S DR 2 R T, BRI U T, R LI BRI
L7z, LA L. 1200~1400°C @ x=1.25, 1.5 Tl LT,
T, x=125, 15T Mg, Ti B FH& A Y4 MIAD
EolEbozaliEEE R LTS,

X 3 1% BaFe 2.0,Mg, Ti,0o (x=0.25~1.5) D B iR 2 7~ d,
BaFe ;010 D = U — 1% 450°C Th D720, BEHENHE 2 5
TR —EHAMEIREANZ Y7 P LTz, Ly, x=1.25,1.5
I IRIERCIRE L o7, Zhvd x=1.25,1.5 TMg, Ti DA
YA NBERY  Fe A AU BOMBEIEROT HN RS
FREMENH D,

PLEX Y JRWEiPH T Mg, Ti &2 L 7= BaFe,0,9 D/EH
R L, BRICEDF =2 —RoZ a8 L,

2% Xk

1) R.S.Roth et al., “National Measurement Laboratory Office
of Measurement for Nuclear Technology Annual Report
19817, pp. 42-49 (1981).

2) S. Alablance et al., Mater. Res. Bull. 24 (1989) 475.
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il X # MCD 12 & % ColPt K b DOEALHX A F I 7 A DK il E

UL L, EHER L @R MARY, b e BERCL RREE? SRR ?
(*#ALK, 2JASRI/SPring-8)
Time-resolved hard X-ray MCD measurement on magnetization dynamics of a Co/Pt multilayer dot
N. Kikuchi?, T. Yomogita?, D. Kanahara?, S. Okamoto?!, O. Kitakami?, T. Shimatsu?, H. Osawa?, M. Suzuki?
(*Tohoku Univ., 2JASRI/Spring-8)

[FLHIC
& E TH D Co LIEMMEESRE TH S Pt 2B L RmICB T, KRELRMKEFHENEET L X0
PURFICRERBRE— AL FRABRINDIZERMONTWDL]. £, WiEEE PtE L REE2A
THEEICBNTUIX B I REFELHERT 5708, Bt o b 82 KT 2 LdESh
TWD. 2D OBLIROBRIL, W2 OB 5T 7 3 ZADEHEEE WO BLANDL DEHEETHD,
SR U7z PR OBERCIRRE - BB OWENEE L 72 5. AT W TIe R BEIWE L £ X #RiE KM
—faf (X-ray Magnetic Circular Dichroism : XMCD) % W C, rf 8512 L 0 b S 417- ColPt Z gl N~ |
O3 LTz PURTDOZEENZ DWW T T B CORF MO MFRE 21T > T DO THET 5.
KERAE - HBR

MgO(100) ZEAR =12 rf B EIIN A OME Sum D =2 7' L — F BRI EHRES 2 J& S 100nm @ Au JE %z IV CTERLL 7=,
JE X 100nm @ SiOy #fafxfE & B L 7= &, ColPt %)@ % Ta(0.5)/Pt(1)/Ru(24)/Pt(0.5)/[Co(1.3)/Pt(0.5)]+/Ru(2)
DL TCDC v 7 R b U ARy Z Y 72KV EIE LTz, 5348 OFEE CHALIZ nm TH 5. ColPt %
@A B TR VT T T 4— At A Ay F 7 K0 EE Sum ‘
DF 4 AZRITINT L, T HUE % 55 Hall 20 RAHE)R A o+ Lo ]
TVERRIC AN T U7z, AGRSEEE 2 AV C GHZ 4500 5 R I s % %6 4 & [
5 &, IR W TRIIb O ESERNFRE SN D Z & a
TR RE 2B DN L, Z D&% AHE £ L OV XMCD 2
WLV RITE S, 7235, XMCD DORIEIL SPring-8 DB — AT A
BL39XU (2T L, Pt LaWilina Az, F72, X BRI HEE 0o ‘

734 300 nm FREE D A v RRIZ L7z, Fig. 112 =3 GHz ot * Hikoe) )
O rf g3 % FIINEE L 72 B> XMCD O de it Hae \ 262 2 b & 7R, Fig. 1 Pt-Ls edge XMCD signal of a single
Hoc=2.2kOe {3/ % fii/)s & 3 2 SR IE IS I E R 2 7« » 7 03B
SA, AHE OfER & b= L. IERFOT 1 v TIARITKIRIE D field measured under application rf fields
% ZEENC L B foldover ZVRIC K Db DO TH S, WIC, &EMERIS % (=3 GH2).
5 100 ns, #EMENZ D BN D RERIR 3 ns, # 0 I UJE % 208kHz @<
VAR E L, rf S OMNBALAIZX 32 X Uv A (iF 80ps) A
DOBBIERF At 2B SH D Z & T, BboRMELEME L. 72
B, XBMOBEFALEIZR Y bbb Tpm MUE L7z, Fig. 212
Hoc=2.2 3 £ O 2.3k0e DIGE DR ORI FAMEZ R~ WTiLh
Fig LIZR LT o« v T O MEEBEORMETH D b DD, Z ORFH] TN
IRIFMEIIT R E 2B WD L B T2, HFIT, Hee=2.2k0e DA 1T Hee = 2.3kOe
EIZET 5 E TGOS BB RIS T— 4 ZREEN “ 20 20 50
30ns ZE L THY, KIRE D5k Z=EB) D bk il B 2358 Mg A% At(ns)

EROZ L EHTRELTND.
£ #3CiHk [1] M. Suzuki et al., PRB 72, 054430 (2005)
HEE AR O—EIL, R TWE - 731 AT 747 v A B
K OB,  JST TERIRHIA ) _—3 a VAIHEE 7 1 75 K (S-o /)
72 BHTNT SRC 6 DB O T{Tbig-.

Co/Pt multilayer dot as a function of dc

Hge = 2.2kOe

MCD

Fig. 2 MCD signals of a Co/Pt multilayer
dot after application of rf field as a
function of delay time At under dc field
Hac = 2.2 and 2.3 kOe.
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Kr' A 7 Z W& L 7= L1,-MnGa &0 BB 45 fif s RO 5 Kerr 205

IFAFSAC, DRI, REREE, mife, i, S mnik
(AR, *% LR HARBZERT)
Time-resolved magneto-optical Kerr effect of L1y-MnGa films irradiated with 30 keV Kr" ions
H. Kano, T. Kato, D. Oshima, S. Takahashi, Y. Sonobe, S. Iwata
(Nagoya Univ., *Samsung R&D Institute Japan)

FC&HIZ

Fr N ETITKS A A 2S5 Z L CMnGa RO EZ L1gH» S AL ARICHZ L S+, s@gtEn
HIEREMEICER TEX D2 &, BLUORAIMICA AV BT 5 Z & CHRE M E2 2L S &I 72 &S
B— BB TEDLZ L2 WMELTE Y. SENEA A2 BN L v BEED & IR ER T 5RO
MnGa DR b% 7518 2 HE R 0 RS OE % Kerr 205 (TRMOKE) 12 X W SR 7-D THGT+ 5.

EE A&

~ 7 F hu Ay ZPFEIZE Y, SiN (40 nm) / MnGa (50 nm) / Cr (10 nm) / MgO(001)Z {E#L L 7=. MnGa &
I MngGagy & MnyGagy ¥ — 7~ N & [RREA Sy X925 2 & TER L2, REREIX2000C TH Y, ik
400°C, 30 min OEULHZ T 25 Z LT, LIgHANEEIT 72, A A EAEEIZL Y, 30keV IR L7- Kr'
A A% 0.5~2.0 x 10" jons/em® D#IPH THEST L7-. TRMOKE %/ /L A1 500 fsec D@/ 3T —7 7 A /83— L
—P—ZHWR - =T HERICEVEE L. 1R 1040 nm R 7 EH T EmdHE (520 nm) D
Ta—T7NEY TV EICENT D Z LT TRMOKE JIEZ1T-72. 7238, WIEFICHIIN L7 KBLGIT 14
kOe TH 5.

EBRBERBLUBE
MnGa & TRMOKE 15 5 (2 I3 BA b D5 2B Sk K 9~ 2 ISR AN B S vz, SMTRER % 8 ~ 14 kOe &
ZAL S HI-BEOMEIRB %2 Btk e /T sinwt T7 4 v T 4 795 2 & THEN o0& SRRt FINEE K
% RS > 72, oD FURTFEZ SR )OI TT7 4 v T 0 7 L, BEMWHAR H & g RBEE T L
7o, E£72, - oEMOBEE NS Gilbert ¥ ¥ T ER ok BAES o7z, RS o7 Hy, a®A A IR
FPE% Fig. 1 1R T. 8B, 22 Tgfludg=2.0~21L722o7. A 4 BERETO MnGa 135 5 PR H =
21kOe &£72Y, L1;-MnGa OBALEFR L D BAES o 72 B —H L T 5. X v 7 ERKaE, a=0.011
L7, ERDMBEICHANE T RERMEE ST, 44

LS LT MnGa THE, HK BT RIZ X 59 20 kOe f 20e—
EDfEL otz —F, XU B T EEIE05 x 107 <
ions/cm” O Rt Tar=0.06 FELE E THIINL, HIZA A % 10 i
HEEBMLTHIRE -EDOMEEeoTe. FxldA A Nl | MnGa (50 nm)/Cr (10 nm)/ MgO(001)
WA L 7= MnGa B BRRENE: O L1 & FEREMEOD AL FR7S3E N P S
FFLIMIE L o> TVD EEZXTEY, Z0 &) 223l i
MEDARE PRI LY, A A HEHED MnGa DX & 0.05 | ————=o .
VUEBBHEM LI E B Z TN D. o

AMF5E1E Samsung Global MRAM Innovation Program @
XEEZ T TP, 0 L

0.5 1.0 2.0 5.0
2%E (IR . 13 ; 2
30 keV Kr™ ion dose (x 10'2 ions / cm®)
1) D. Oshima et al., IEEE Trans. Magn., 49, 3608 (2013).
2) H. Suhl. Phys. Rev., 97, 555 (1955).

3) S. Mizukami et al., Phys. Rev. Lett., 106, 117201 (2011).

Fig. 1 Kr' ion dose dependences of anisotropy field
H, and effective damping constant ¢ of irradiated
MnGa films.
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Fe, Co, WIEIZ I 1T DHL X A T X 7 A D Co MLAKMKAFIE

R AS, REF W, B FE, BE K GRHERT)

Change in Magnetization Dynamics of Fe; Co, Thin films with Co Concentrations
Yasushi Endo, Shinya Oono, Takamichi Miyazaki, Yutaka Shimada (Tohoku Univ.)

[ZC®HIZ WHEREICR T 28O BERBERIGE By AT I 7 R) 3O ZEETDZ & b7 5 Bk sEE %
L, BKWMEND A a7 AT NA A S E CIBAWGBFIZB WD TERAICIFE SN TS, ZOby 17
AHRBRTDH LT, TOXUEVTER (o) BEERRTA—ZOOEDTHD. LLERD, a OWEIZONTIE
RIZARAMER N <, BER BT HECRR O T 2 /e EOMORER ST A —% & OFIBEBIR & ZBRAVIZ M 72 iat 2 L 7211
DN Fox DT —TTIE, ZIVE TOMFEIZIBN T NiFe,, EIED o &R OTH & OMHBEEGREZ PRI LT
723, AWFZETIE, BEVEMIE S U CHiZICE BRI L 2 AT 5 FerCol AR L, BRURS1% CPW-FMR JIIEEIC LY
Fe Co, HEEIZI 1T D a D Co Ak (x) HAEMEIZOWTHEI L=,

REAE Fe.Co, HEIZELTIX, DC~7 R brr ANy X EHWTER L. ZoBHERIE, (b Si Sk Lokl
B L 7= 3-10 nm JE D Fe,Co, (0.30<x<0.50) #ETHDH. CPWICEHLTIE, 74+ ) V7 F7 4, DCv7/ XA
Ny ZBIRY 7 A 7EZHOCTER L2 2 OBERIIY 7 AHMKR (S 550 um, HFERs : 7.0) EICEsSE
72 Cr (5 nm)/Cu (300 nm)/Cr (5 nm)fEJBIETH YV, TORRIT WA fKim I Nz 1 A— MR TH D, £72, CPW OiE
KR, FERIE, 777y MRIEBIOMERREZ T U RO X v » 781X 500, 50, 88 LN 12um & L7z,

YE#L U 7= Fe,. Co, WM DR S S fiFAT IO 1 2E R B BMSE (TEM) %, ZOMASHTIZIZT RV F—45808 X #5y
Stk (EDX) AWz, 7235, Co KD E72 2 Fe,Co, IO MMHEICBI L TIE, Co #MEIZEAMRA < (110) BmL
7= bec ZAERBETH D, 7o, BEEKEEICE L TIE, SEHEBVE IR (VSM) & BERREIE CPW-FMR JIlE Y% A
7.

#8210 nm B Fe, Co, WIEIZI 1T D aafufeit (dnM,) & fIFIREA (H) @ Co MG X 2 E{L& X 11289, fgfn
fAIE Co MR DB & b 2RI L, x> 0.45 THAT 5. ZOZEENI LY O Co fpkiz X A2 b LI L
TWa. F7o, fafEfiiE x <040 TIHZFE—ETH Y, x>0.40 TIIHEMT 5.

2 (LRGSR EIR CPW-FMR JIIEIZ L W k72 10 nm JED Fe,Co, HIEIZI 1T D a @ Co MK FETH 5. a X Co
FRRIIRIE LTV A, 372, x<0.40 ® Co ML TIE, a (XITIF—ETEN L OMEITB L% 0.012—0.015 TH 5. —77,
x > 0.40 O Co ML TIX, o IFKRIBITHMZICHEA L, £ 6OEIX0.035-0.038 THDH. ZOFEHIBRTF/LF—0
Co MARIZ X DL L FELL TV T, x=0.40 1D Co MR Z HElZ L CRHRFFHEAEA O E B LT 2 Z L IChRT 5
LEBEZLND.

BEE AUEIIRIE IARATZE B) (No. 26289082), fHEA N L — JHFFEHEEMEAE (SRC) D10 & & TiThihdz,

SEXE 1)S. E. Russek et al., J. Appl. Phys. 91, 8659 (2002)., 2) R. Bonin et al., J. Appl. Phys. 98, 123904 (2005)., 3) Y. Endo et
al., J. Appl. Phys. 109, 07D336 (2011)ft1., 4) ML, %5 39 0] i ABLR P AR EEEE, 124 (2015).
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FIG.1. Change in 4nM; and H, of 10-nm thick Fe,Co, thin FIG.2. Dependence of a and effective magnetic energy of 10-nm
film with Co concentration (x). thick Fe;,Coy thin film as a function of Co concentration (x).
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Influence of the transition metal sublattice in,gEe;.,Co,);7 amorphous
alloys for the laser induced magnetization reversal

S. El Moussaouj H. Yoshikawd, T. Satd, A. Tsukamotd
(‘College of Science and Technology, Nihon Uri@raduate School of Science and Technology, Nihon
Univ., *College of Industrial Technology, Nihon Univ.)

For about two decades, several research projects have demonstrated that it is possible to tune the magnetic order in Rare
Earth-Transition Metal (RE-TM) amorphous alloys using a femtosecond laser radi&tidhis novelty has excited the

magnetic recording industry as it gives the possibility to write information at unprecedented speeds. Furthermore, the
RE-TM amorphous alloys are ferrimagnetic and exhibit an out-of-plane magnetic anisotropy and their magneto-optical
properties can be controlled during the fabrication process. However, if the obtainment of the magnetization reversal is
now well established, its fundamental mechanisms are still not clear.

In this paper, we will focus on the influence of the TM sublattice during the magnetization reversal process. In
particular we would like to address the importance of the exchange interaction in the GdFeCo amorphous alloys and
how it influences the magnetization dynamics within these materials.

In order to do that, Gd28§.,Ca,)7; thin films, where the composition x was varied, have been fabricated by magnetron
sputtering technique. Their magnetic properties have been investigated using SQUID-VSM, MOKE and pump probe
techniques. The measurements showed that, when changing the TM composition while keeping the Gd composition
fixed at 23 atomic percent, the properties of the sample are gradually modified. For instance, the variation of the
compensation point in function of the TM composition is a direct signature of the relative changes between the RE and
the TM magnetic moments therefrom the change of the exchange interaction between the two sublattices. As a
consequence, the laser induced demagnetization has revealed a different demagnetization dynamics between the thin
films (fig. 1) and a large difference of the oscillation frequency and the damping parameter during the recovery time as
represented in the graph of figure 2. These findings, which will be developed during the talk, are important towards the
understanding of the interaction between the two sublattices and the laser induced demagnetization in RE-TM alloys.

Reference
1) C.D. Stanciu et al., Phys. Rev. L&, 047601 (2007).
2) T.A. Ostler et al., Nature comr8, 666 (2012).
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Fig.1. Magnetization dynamics after an ultrashort lasEig.2 Gilbert damping parameter and oscillation frequency
radiation in various GdFeCo thin films measured at RT Gdxs(Fe Co,);7With the variation of x as deduced from
under an external applied magnetic field of 280 mT. RT pump-probe measurements.
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PR T BEMEASORE T 1 R MR %ﬁ%@@%k@ﬁ

TINEEZE Y, ENIRE Y, BAR 2
(' B ARRFRFPE TR, 2 B AR RFBLTFHE)
Enhancement of magnetic relaxation in nano grain/continuous magnetic structure
Yasuhiro Futakawa!, Hiroki Yoshikawa!, Arata Tsukamoto?
(! Graduate School of Science and Technology, Nihon Univ.,
2 College of Science and Technology, Nihon Univ.)
BT
IR CRA AL S Dok 22E B & 1 5 B LRI, A8 THF S M2 ATRe e KGiek 2 A7~ 2 B8l g ©
5. RBIGUIIHRD @Al 2 15 5 W ERRIBR S (RBEME LSRN FAET 5. & 2 CHIUE, A E B O
HAa T Gilbert BUREE a 23K E WEEMEMBIORB R MFT ST\ D, L L, BEREERIZESR S 5 W
X o 720 TIEERL, MBI ZZXTIC a2 RESEZXDZENEENS.
o NKEWVEL, MAEBOBENRKENI EE2ERL, AN XX —0ZMNRBERNRREN L%
TR, HEAR L e BRI LA IIRORBE SIS I L A ERUE R 2 X D, mEE, B Ku 7oK eiek
MEFE L THFES LTV D WD — Bl R F 2 8o 72 Lo — FePt TiX, 7/ R 112 TV MR 8 5k
WAL ZRBEATRE TH D . a=02 & V) RERMEAEFFOZ &G STV DN ARHE T, MOl 728250
A= X DKM K2 X0 | GdFeCo Mtz xR & L, M E R xFrEDRE < £
J TEMEORL 1 & D ASHAAE B % N T 858 /IEORL - 2 Bkl & B D Z G 5. W —dl R R 5 K 2 L,
SEHPRIEEAKD Snm, IS 5 A KK 10%0 5% B FeCuPt 7/ JISEREMORI+ %2 FHUE & L TRV, BHALRE
fﬂﬁ 23T Gilbert JHEEE o ORIRZREE KD HE 4TV D GdFeCo 7 = U W& e EEE DO IER 41T
, EDBKIIRFEIZ DWW TR 21T - 72
%Eﬁﬁﬁﬁ
EFEHT L, WL Si JER LI~ 2% hr o Zo% 0 With FeCuPt
v ZEIZ XV, Fe, Cu, Pt Z#RFEEIEIE = 1.25nm BE 20 t —— Without FeCuPt
e, RURFIRBMLEE 21T MESRL L 72 FeCuPt F / N7 Hs
PR - B2, AL w7 % ha o A8y ZiE%
T GdFeCo R& 5 A Bl L 72 SiN(60nm) /
GdFeCo(20nm) / FeCuPt F~ ./ AINSZ RGP 1~ / SiOx / Si
sub. & 7. BBHI R L, RUBHEENR R 15T 2 v
THB 2o b2 H1E, BREGTHEOFMAIT - 7. -30

o e -10000 -5000 0 5000 10000
F 7, KT Kerr 2% VT, Fe Ju3 OfLIRAE o
Magnetic field (Oe)

DPEEAT ST Fig.1 Magnetic hysteresis loop measured by
EEHRER MOKE

Fig.1 |2 + 1T ORGEI AR OO F A it 2 |
Fig.2 |\ B E ), WEimEAKESF M~ + 7T OS5 %
FIA] L 7= BRome b iR 273 Fig.l X0, BEEREICE
WTHATEDO BWTEBEBXEFEE A3 2523, FeCuPt
THIZEAT D Z L CHNBERIREICE DS Z &R
453035, Fig2 XV, FeCuPt Tfmﬂﬁﬁ“éﬂ% IRT D
B o 1 K OVt AL RFPE O P o & . AT LD By
[ NREALIRE & 72 5 TN D 2 & D3RR ézmto GdFeCo , , , ,
HE I B W TRV &R &I 35 ) T 2200 -100 0 100 200

b, ZDLH fiﬁ?\]ﬁiﬂlﬁ%ﬁbiﬁ%%nfﬁ SAC RN ey Magnetic field (Oe)

SREERED 10%EEICH L ST T ki +8E & Fig.2 Magnetic hysteresis loop measured
DREERAIC L O RRIEA 2 5 2 L NAETH D by VSM

i;ﬂ%r LCWa, HHIE, BRI N THHET 5,

ABFFED —FBIT AL 25~29 4F FE SCEIRFFAE FANL R SIS O AR T A% 97 3(S1311020), AL 26~30 % X*K*Jr%‘é‘ﬂ?ﬁ%
ig%iﬁf%ﬁ?ﬁfﬁﬁﬁﬁ%(ﬁﬁ%ﬁﬁ@?%%@h7‘/ AV UEEBVE, WA L — DR O BRI K VT o 7.

1. J. W.Kim, H. S. Song, H. W. Jeong, K. D. Lee, J. W. Sohn, T. Shima, and S. C. Shin: Appl. Phys. Lett. 98 (2011) 092509.
2. C.D. Stanciu, A. V. Kimel, F. Hansteen, A. Tsukamoto, A. Itoh, A. Kirilyuk, and Th. Rasing, Phys. Rev. B 73, 220402, (2006).
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YRR A D GdFeCo & [#iH: 3d Bk 4 B A1

#H )KL, Souliman ElI Moussaoui 2, <5 N2 1, HEHE L, HARH 2
(tH Zﬁﬁ%ﬁ%ﬁmfii%ﬁ B, 2H ﬁk%ﬁﬁi”‘jﬁ)
All — optical magnetization switching in GdFeCo on the different metallic layers
Hiroki Yoshikawa *, Souliman EI Moussaoui 2, Shinnosuke Terashita *, Ryohei Ueda *, Arata Tsukamoto 2
(*Graduate School of Science and Technology, Nihon Univ., 2 College of Science and Technology, Nihon Univ.,)

g 5t 7 = A NP OBE VA E 7 = U BEEERI R 5 2 & TR L SR B S (ANl - Optical
magnetization Switching: AOS) Z #5 LT 5 Z L N TX 5, AOS IXFKEIE T DAY U XA F I 7 ADZERITEIR
AR L. PR OBIEERENC X 2B LIS & I X5E B S Be 0 | AMETRG & BT e A R X A v L
KL THOBRIETED Z EERME LTS Y, £, FREMEZA LR 5 b BHEEMER D572 2 506
WM ENRE D R 72 23BN T, BT« AV Y - BFORR - REIOIEWE) = L 3 — Bk 223 88
fﬂﬁ“é fs ~ $1+ ps OEFREIFEK COMKIEFINE R L VA0S (12 & 2B X FHIIC L 2 Bans . &8
BT D AOS 1Y 7 ps TOEFROBEEFAA~O TRV XF—HGENEETHLZ 2P NI LTz 2,
AFET iE CEFSROT R F— R E AOS DR AZMRFTT 272012, 3d BB &R RREEORR D
GdFeCo 7 = U fE M D RRHEE I 6k L, [FIRRICHBAE L 2 EIREHC X D IR X W A X D BR S S5 B AR 77
ZEH L. AOS & RN TOZEMA = R /X —HIZ BT 2 et 217 - 72,

SZBRJ5 1 Magnetron Sputtering J7 2012 & 0 7EHL L 72 SiN(60 s
nm) / Gdas Fegs.s Cog.4 (10 NmM) / { Gdzs Fess s Cog.a, AlggTi1o,

Cu} (5 nm) / SiN (5 nm) / glass sub. &I F.02 5 800 nm

2V AR 90 fsCEE MR DA 7 v 7 v b —W— K A 2
LY RS2 Z LIC kD BBICTHILEEEZFE LB
RS X % R e BRI EE D BE RO F BRI TBIER T 5

EBRAER: Fig.1 (2 EFREEH — ULV 26 2 250 R ) 1
G LIER S B B YA X (M mifd) & 4 B 658 E 45

100pum

Total Irradiated Power [mW]
[

(MERN I RT, WT OB TEH A0S R X VA X% 8 8
WURDEIREE I — T xtii LU, BE#EJE 23 GdFeCo, AlTi, Cu @ R I
B S din e L X — 5 R 2NN S < 72 D, B O Rk 06 © ?
FTCTHY 3dEBEETRTHD Fe DETHEL 5 mI/ mol 0s

K Co 1% 4.7, Al (% 1.35, Ti (X 3.5, Cu £ 0.688 T& % ¥, AOS
\//Af \\1/¢_ \\DD:E f < S‘ .

A ﬁ&@ﬁfia tﬁhéfﬁ“%\f%é? ' Fig. 1 The layer dependence of created

H7 ps TOBFRIC L DMAIRFH TOTFLF—DIME  gomains sizes by AOS in the films SiN(60 nm)

L 2 ET 2 78 B IR AT OB FLLED K/ | Gdys Fegsg Coga (20 nm) / { Gdzs Fegs.s C0g.4,

kit 5. BB NS WA R CU) TR A X \Waglc  AleoTiw, Cu} (5 nm)/ SiN (5 nm) / glass sub.

H RIS 5 DICHRT 5 ERAK AV S0, Thabb, BHILRIC S L ONETRLE—1K

L RDHZLITR D, LLEXY | ACSIZ LV & REN TEFHAICHET 2872V 7 ps & ) R O

RIZK D= FNF =530 - HORD IR S LTz,

BEE: AWFTEIT AR 25~29 42 K SURDRFAE FASL R 2 A AR T Al S 129 96(S1311020) 35 & UMF-RK 26~30 4F

JESCE R F AR AR R AR B B BT AT R gE (WFZE R ) -/ A B A2 (Grant No. 26103004)

DBk E 5T TiT - 7=,

BE 3R

1) T.A Ostler, J. Barker, R. F. L. Evans, R. W. Chantrell, U. Atxitia, O. Chubykalo-Feseko, S. El. Moussaoui, L. Le
Guyader, E. Mengotti, L. J. Heyderman, F. Nolting, A. Tsukamoto, A. Itoh, D. Afanasiev, B.A. Ivanov,
A.M.Kalashinikova, K. Vahaplar, A. Kirilyuk, Th. Rasing and A. V. Kimel: Nature Comm 1666, 3:666 (2012).

2) H. Yoshikawa, S. El. Moussaoui, S. Terashita, R.Ueda, and A. Tsukamoto: Jpn. J. Appl. Phys. (2016) accepted.

3) HAGEZAW “WiT 4 &7 —% 7 v 77, (FLEHR, Japan, 2004) p 17. [in Japanese]

{GdFeCo} {AITi} {Cu}
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AP T AL ZEHIZEIT T Mn BER A 2T — 54
T X X v VRO VERLES X OSSR EREAT

Ofs M=, K=z, LkRR
(AL KEET)
Fabrication and characterization of Mn-based Heusler epitaxial thin films for spin-wave devices
OK. Fukuda, M. Oogane, and Y. Ando
(Tohoku Univ.)

XL HIS

AP EF ¥ U TIZHOTEREAE 21T 5 AT A A, RIEBENEEOBLE ) HIEFEH %
LOTND., AV UYL T BN NS VM BN CRIEBHEI T 570, IRF VBT EBEAT D &
EZONDLRAAT—BEIIFALETHD. BITH 7 = VMR TH S Mn kA 25 —8481%, 0B
BHIHEARTREHEN K E 20, L0 RHEHRIEOAHIFEINS. LoL, Mn KA AT 580X v r
ERNI RN DTV, RIFFETIE, 7% ha 23y ZiEE AW CERBIEZ 635 MnVAI
T XX VR A ERL, RIS IS L ORGSR ME & B4 L 7.

5 AP

BEEZE~ 7% b Ay Z ) o ZYEIZ LD, MgO (001) sub. / Mn,VAI (50 nm), T, = 300-700°C / Ta (3 nm)
DS ORE 2 ERL L 72, fE RS, R, ¥ v v v 78 E, £ XRD, VSM, kgt 3ns (FMR)
Z FAV TR L 7=,
ERER

Fig. 1 12 Mn,VAI @ L2, JAIFE S\ & fEFIRE L Mg D TKAFE % 7”3, T =500-600°C T Sy > 0.5 D\ ELHI
J& & Mg > 200 emu/ce D i aFi b2 AT 2RER R ONZ. b OfElx, [ UHE - RS T 5%
{THFSE T DB Si1~0.45, M¢~150 emu/cc[1] & ¥ & <, fafifgbix /v 2 o 300 emu/ce (ZATVN 2 & 2> 6 &b
MR GEONTZ L2 MR LT, £, Fig. 2 iAW BV T ER aw® TARFMEEZRT. agld Ts=
500°C CThe/Mliz & 578, ZOfEITH 01 THY, FERED @ ~4X10°[2] L W iENICE WS D o7, Lk
MROMIGHERTEN ST Z &b, XU ZHROFIRIE, BEREFVES R & OWFEIRA ORGSR AR —
DEBNRKRENST2ZEREZLND.

1.0——F+——F————+—300 0bd+——F——T—T——
1O Sz r %
LA A 4250
0.80[4 M A _ 04l |
A 4200 8 |
5 > © 150 2 %02 ©
1 r @) - B‘D VA -
" o4 “hoo s i
I O] = 0
ool 0.1+ © 1
: 50
n o n | n | n | 1 n 1 n 1 n 1 n 1
0'03 0 400 500 600 700O 0300 400 500 600 700
Ts (°C) Ts (°C)

Fig. 1 L2, HIHIEE S & BRI Mo Tk et Fig. 2 BRNF U 0 VER oo D TARTFE
AREFFED 0%, FHAFRER M4 S (N0.24226011) K OHALKFE~ L FT 4 ALY a VBB T
U—F—F¥ 7077 LD EEZ T AT,

g 2P YN
[1] T. Kubota et al., J. Magn. Soc. Jpn., 34, 100-106 (2010).
[2] J. Chico et al., arXiv : 1604.07552v1 (2016).
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A PN D T2 DR EH s R 77 X2 v

KO&RT 7
IR, A, A I
(RAK)

Long range surface plasmon and metalic antenna for spin wave excitation
Souta Yoshihara, Takuya Matsumoto Yoshito Ashizawa, and Katsuji Nakagawa
(Nihon University)

ZCBHIT

IR, WHRETFT A ZADEHT 272D A EOFRMNEM L TV D, A L ITRERE — A
v b OIREEE DS LT 5 TH @ FHIZE > THE - B2 2 LRI TWD Y, L
2L, RICIEEHRA R S 5720, @ERBICHT CRITIRMALL FICEN T H 2 LNl Ewm 7/ 7 A€
R U b > (Surface Plasmon Polariton: SPP)IZ X Zo}EJF)TX VBN LETH D, £ Z CAEE TITEHEE S
Ral—varEAWT, £HlT T AT OREEBAMT — F(Long Range Surface Plasmon: LRSP)Jahit D Ff,
Je OMEHE U 7= SPPIZ & 2 #5 thiE DR at 247 - 72,
SPP O R MR E — | O

F9, B O SPP i )7 £ TIEIT 5 72 OIBiEE 2
ALz, Y2 lb—y g rETV%E Fig 1R d, I
Finite-Difference Time-Domain 7% % HV 7=, @R I3, Ta.0s (1,000
nm) / Al,O3 (400 nm) / Au (tau nm) / Al,O3 (400 nm) & L 7=, JeilZ :
TapOs fEIIZ 1,500 nm P45 D K& S CEE L, #iE 1Vim, B2 12

0
Fig. 1 Simulation model.

BEfZ 780 nm O TM i & TapOs/ AlOs S iEIC CREHT 5 L5, ) AIZO} . . “mwm]
A5 60° TAS L, AlOs/Au Fi R HILC SPP Z fibikt L7z, ALOs
JE5% 400nm & L,  Au % ta,=20,30,40,50nm & LT S0 A
LRSP 2325 & < E:Tﬁﬁéﬂﬁlﬂ%éﬁ&to v—7fE Tl gos it
72 tau = 20,30 nm | FE S SRE SRAE DI 2 Fig. 2 To4
R, XIS ﬂfﬁ@ 2T RS) & IR TS, SPP 1T Au Tos
%ﬁ@ﬁﬁﬁc%tbfmé BRADAOFZRHA A TEHEL 8 ‘
AN &7556,AU %Hﬁ LRSP A3 bt L TW5B Z &ﬁ)ﬁﬁmufzg Do f 07'9 06 5 #50 70 9(; 110
1/62 ffﬁ% é ﬂé’fﬁ*ﬁxﬁ‘ * tay = 30 nm ﬁ)ﬁi‘j( 74?/7_‘ L/f:_ 75)\ EE%‘E ) Di_stance in x direction [|,|m]_
30 pum LA_E T tay = 20 nm 23 \VGRE &R LT, Fig. 2 Normalized power density as a
. function of distance on x direction, and
SPP #H b‘f:ﬂﬁ%ﬁ‘ﬁﬁﬁﬂ distance of z-component electric field.
ERTR L7z tan =20 nm 2 381F D459 % SPP ORI Bl & ,
L CRBEERR AT 5 7T ATLT oS 0T v F SRl e
WTHE L7, Y 2b—2arET /% Fig. 31T, & e elz-\ Tac0s 1000 nm
Al 1E Ta20s (1,000 nm) / AlO3 (400 nm) / Au (20 nm) / Al,O3 (140 ALRSP._AO>__ { 400nm
nm) / YsFesO1, (Y1G) (40 nm) / GdsGasO12 (500 nm) & L, YIG LoD G35e0,7 1 soom
ALOs NI =FJEARD AuT > 7 F &M LTz, 77 F DRF: R — —— o mﬁwﬁ%
FaDF S % Ih=50, 100, 150, 200, 300, 400 nm (2% & LA#HT & o] [ MO >
1Tolee 727 F el O E IR B DR O In A7 M %ﬂ"‘ T %_
& Fig. 41287, I =200 nm DR, Sl o R ML e KIS IX:i 3 Simulation moael
molz, 20 200nm 1%, 5fld % SPP D EAT 420 nm D=5 g ‘
BETHLIIOEZLLND,
e

AWFFE D —E01E, AR 25~29 4F FE SCHRRF 24 FANT K FHE IS 1Y
MR 2 AR T i S 52 55 3 (S1311020) D Bh Ak & 52 1T THT b 7.

Power Density [(V/m)?]
OR NMNWEULO

L 2 BGN

1) Takuya Satoh, Yuki Terui, Rai Moriya, Boris A.lvanov, Kazuya o 100 200 300 400
Ando, Eiji Saitoh, Tsutomu Shimura & Kazuo Kuroda, Nature Antenna longitudinal length, /[nm]
Photonics 6, 662-666 (2012). Fig. 4 Changes in power density with

respect to antenna length.
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A MU T LERT—F > bW
= A B AR TSR T O S e o ) E

GIBERR Y, BIEA— Y BAZEL PRI oX FrmTqod
75 )7 AF— T L= BORER >, e
CEREREAIR, ST &R, P~V Fa—ty Y TRK, *TAZ7 UK, *BEIEKR)
Development of magnetically stable spin-wave interferometer using yttrium iron garnet
N. Kanazawa', T. Goto"?, H. Takagi', Y. Nakamura', C. A. Ross®, A. B. Granovsky”, K. Sekiguchi®®, M. Inoue®

(*Toyohashi Univ. of Tech., 2JST PRESTO, *MIT, “Moscow State Univ., °Keio Univ.)

[FLHIC

AL, JRERRICIEE 2SI 5 2 & TR AT A — MV E THEMATRE T, 2R T
a0 Yy 7 RIENERAEL E 2 5N TERY, ZHETO CMOS 2 FAWIZHAZFDOT VA L IL—Llibh
ROFETORBPIIFFEN TN D, R, EBRHEOBLEDD, ENRFHEO/NSIWORTERREEE— RO A Y
VEEAVWOENEENTEY, Fhxld, KAERICE A RERLRZMET 5%, B BKIEHICRIUA L L
TEEHRBESELFELRERLEY. AT, ZhiEaTF A A ARFHIRMT 5%, TORREPERIFIEC
B L CREANCARIT L, BEGAMELHIZRB W CHD CREM L TR EHE T 2 THHREER L.

EBRAE

PR L LC, BX16mm, fE1mm, FEE18um DA v b Y v AT —F > b (YIG) EEFIHT 5. #
Wl 2 FlZ, RIMIZB 2T LT BRO 0 BBIR 28 U, Z ORISR E 2~ 7. £72,
AIRBEHZMITIC LY, BRERESEE BEL, WIKICHE L7-eEOMEZREE L. kS X,
ICHEW AT L, EEREEICRF~Z X ha vy ARy ZEEZAWTRIKR L 72 A8 S S 7=,
Z iR RITTEA S LT LRI R IR & L, 3035-3065 Oe O Jihiis

E MR ICEIN LT, (2 B4 kY Atk 4 GHz o ER(E S @ p ©) o2
%, Fig. 1 ® EX1 ¥+ & EX2 M AT L=, EXLIRFICADTH1E5

DORTFR%, PIFRZRZ L - T EX2 25 & O FAZENEFE (0°, ONIREE) 35 N i EX1 §
L ONHHE (180°, OFF 4RAE) L 72 % X 5 3% U, BEBKAEME 2 M L 7= 5
SRR R £ 5
AN DR R, WA O SIIEA 0 m £ T 2B L, B S °T %3
DF UL T ERICE BT, BEROKE R IMEET D EAHIB L. =
AIRBERMITIC LD, ZRERIUKE L CHMEICHERT 2 $T, k0 g
P (Fig.la) & e LT, BH R EOT 65 TR RIS A IE & iy - Ex2 s
U, ZE LTS b 5 F0R 0o 7o (Fig. 1b). T OFER A I,

FERICHNL LS % BT, (A T IR 21T > - 8, BB % o

FE L7 30 Oe LA LD EIREG O ELH T, 13dB LLEDE VY ON IREE
L OFFIREED AR CE 2 FEAEIELZ. Zhic kv, mNEHE
DOEWEHERIER 2 A W25E6 T, O TLE LoimBlkER KRB T

Fig. 1 Simulated spin wave
distribution in  three-port
interferometers (a) without

AN - . . .
S DFNIII T and (b) with Au coating at the
g edge. EX1 and EX2 ports
ABFGE DL, ISPS # FAF%E (A) No. 26706009, FREkAOFAZEIFSE No.  excite spin waves, and DT port
26600043, FHFE: FALFSE (S) No. 26220902 DBk % 52 1} TiTdodiz. detects the resulting spin
wave. Brighter region shows
EEXH

1) B Kl % 39 [ AR A SRS, 4R, 9pD- stronger excitation.
S y RFERFIEHE R, , 9pD-1 (2015)
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WG EBEABUIIRIT 5 A Y A A MMEGE O EAEA B IR RR:

FWeki, KREEF, HAEDE, lnds
(JUNREE: REFEBE S AT D REFEIT)
Standing spin wave resonant properties of spin-twist structure in exchange coupled composite films
X. Ya, S. Oyabu, T. Tanaka, and K. Matsuyama
(ISEE, Kyushu University)

ZL&HIC

T4, hard / soft A HaAE A > exchange spring Zh R A2 FIH L7~ A 7 v KT 31 A O&ES ERALIZBE 9
HHENRRENTWD V. KT, BREIGPEDO/N S o Wil T E RS L 2Bl U 72 a3t &
BIFEFICEREND AT YA A MEEICER L, TOAE RISV TEHRE#EY I 21— a vk
1Tolz. REPEE ST ELZFAT 22 L CTHEEO X IR RNEEZ &ERIL L, S HICEDRE¥E
Hod RO EFE CHIEC & D IEAEE I L ORI OV TG LTz

HAEAE . Vo= ) M,
3 BHEORMMEES (EERCB/PMBETRLE 2 . O v L g B

MELFHRET VA Fig. 1 1087, EEICA E Ui >,

FER% 2 7% (Generator 1, 2) , & OMERRIZ A E 2 kH = /Nrddk softlayer > 2 g
Bottom lmdhur<|i 4 I

4 1.0

Detection area 'Iop hard layer

y

A /v (Detection area) Z B & L TV 5. AWFIE TIIREMEHIRR 2
W D KM OMKFES LOBEEZ £ 2 C, EEA
B (SSW) D 3EE E B ks K OAE M ) BIE 4 LLG 5% Fig. 1. Schematic of designed exchange-coupled
ROBEEIEIC L vk, TEEB L OHFFEOMEE  trilayer strips  consists of magnetic strip  with
{biZEiz M =1000 emu/cc & L, FEEJE O T E LR T I7 VERS perp./mid/perp. layers, SW generators and detector, and
FH.=20~30Kk0e & L7-. FTFOREEEORALE K FEITIC corresponding magnetization configuration.

E)Xmﬁi_’ L/y EPFHﬁEiE{%&:ﬁZE‘ZéméX ED\/“//I)X }‘*%55&:@1 20 ¥ IHU‘S‘;‘H“,\z‘u'icd :
BRI O OW T A e SR T 4 VAV I 2 b — woas - O Fhavaried ]
vavEIToT. S : T
HEHR Ly 7
2 ROBARHUZ WAL (Ag= 1) D~ A 7 1 AU e it 2 ) S
MU7354E, EREA DA Z KL T 2 RE— FOEEA e (e0e)

BN RIEROILEBEE— N2 5. 2 kE— NIEE ¥ Fig. 2. The dependence of the resonance frequency fies
DI R STVERER H (T B % Fig. 2 1R on the perp. layer H, in the case when Hy for both the
res 8 O R VERL T, J:Tﬁﬁ CEAL S B EA L TB hard layers variable and only bottom perp. layer

@%‘@%ﬁﬂjé’@‘t —oOEAIT ’Db\ftlﬁxbf_. Ix Varzli(i)ble.

F&UTF@E\:% i@!ﬁﬁ (Hkt: Hkb)é) t%j(é‘@:ﬁ_]ﬁm, _ Mi.d(ilczlg)ri]crlhiékncssI 20*Top:§2boéul)]rl‘;1]Iaie:Elggkgle];s

BEG & OB EN LTHE SN2 PHBOHREM SIS gm 415+ 10m 2

BRDPRKEL 72D fres NELl7eb. —F Hk,t:;& 20 kOe (Z[H %107 /.7(”‘7”;77: 4 ]OE i . : =

EL, Hp DHEELSBIRE, hHBOEDN SRS > =

MRER O ZEAITNE < SEBREEITIE L A LA L. 30 22 24 26 28 30 30 22 24 26 28 30
Fig. 3 (a), (b) 1% 2 KE— RIEBJEWEL foo O L TFEFESE Hy, (kOe) Hy (kOe)

DEIFHEREFN KT DR 2 EEE)E B KO HJEIE 4 Fig. 3. The dependence of the resonance frequency fie
INT R _§ ELTRLTWA. Fig. 3 (a)l ij:j?ﬁ‘g): DI on the perp. layer Hy as a parameter of (a) mid. layer
12 nm ICEEL, TRBELZ LS5 . thickness and (b) perp. layer thicknesses.
MEEREDE E f,es@ﬂﬁb AR 72 5. _zh EL D)=
JED MR L0 b O GA T 8 RIS A B AT e SR
DERRANIER L, ﬁﬁ@ iéﬁﬁi@ﬁ%k@w%ﬁﬁ% CENTRERTHD LRI D, Fig. 3 (b)
FFREEES 2 nm ICEEL, EFEEBEZZLSETHEAEZRL TS, [ 8nm LU T OfE Tk
TEEJFEDE < 72 DIATHE D T fres DI REFLPHDNA < 72 D253, 10 nm FREE LA b CIEBE IS RIC L 5 JEE A b o
BIRITFEERD B2V, ZHUTEEE W T, HEEENR & FRRE L. B E 2 bR 288l E, exchange
spring 2R & L7 8 O A & i R EE B R~ D FER DI ned L EZ b D.

B 3CHRk
1) X.Ya,etal, IEEE Trans. Magn., 51 (2015)
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ATRIERE 2 T W T2 —~na A A TIREED~ A 7 a iyt

RER, FHERE AR, 49HMB* Jb HE* RS, MAEH, YA
(ZR BSehm KW, * AL K2 5eai)
Microwave spectroscopy of single permalloy chiral structure on coplanar waveguide
T. Kodama, Y. Kusanagi*, S. Okamoto*, N. Kikuchi*, O. Kitakami*, S. Tomita, N. Hosoito, H. Yanagi
(GSMS-NAIST., *IMRAM Tohoku Univ.)

XL &HIS

SR T A T UAETE CILRE SIS R & 22 BRI FRIE DS [RIRF I BRAL T a0 | R A 7V 2h R[] 23
FFCE DM, A TZ/UEETO ZIRITTAE T 7 AF ¥ [T 5 EHS  BEE, Fox 13, RtEe)R
DAY A ZXDOHA T EELFR L, v ET7 « 2 Wit g 2 RIS TE 722, &Y
FEAR 7R EEE R ST T, A TENIREME SR Th D 3 —~ 1 A (FeausNizss, Py) DA T WAEIE & FATIR SRR
FIThRE L, FEERSI T~ A 7 v ORI &~ T,

ERAE
JEAFHEE & EIFIERIE VTR L= Py A T L (QMMMM
g% X1 @)D & D ITME TR & BRI 2 5 < XL o 1 ‘ , @_, t
Rl L. BLHRES) Hoa 10 7 WIS TEATICFI L, ~ ignal il
I MF ey NT—2 T F T AP % HNT, ~ A 7 2D GOl
B EEE 2 E LT, Ground line
EERIER Hoy=
R 2 B IS & TRV A f L 20x10™ | . . 0 KOe
L DEASHE R AB)ITRT s Hea=2.0 kOe 12351 T 12.9 15 (b) 2.0kOe
GHz & 15.8 GHz IZ L B % B — 7 [LE ik DR IZ > 3.0 kOe

AlSy|

NTEEESZ7 FLTWBZ ERm0Dd, T HITIEIZ, 107 4.0 kOe

MRS L OR BV TH D L BEX LD, £ 057 5.0kOe

W DR E SITHBERHMEE LT 4 v 713 7.8 0.0 .0 kOe

GHz ICHN T W5, KBS TORIEEIT -T2 L 2 A, M5B -0.5 _.\\f——~‘/\/
-1.0

DD EW T, Py 1A TGRS BRI S I

i3 0 Oe 75 40 Oe DT, ZOF 4 v FIZHB LA i
-15-(¢) T T T |

A E WL D ITEE L5 AL, SR e oW o 2 600 - - 0k0e
DB ST, 400 :0 kOe
LT ASo| & 1E S N FiE S E iz~ A 7 aiigo 200 -

HIEA[Sl & DIESTAISal-AlSrl DIVERBESH KA A 7R, g ] 3.0 koe
(b) T3 B AL 7= SRR S0 Hh Sk 0D 15 5 B2 0 2 FEARIK L WWMFO .
MRR BN, £7K 1 @0 FROBSE L 7 aage 2 0]

B A T REET D L (AN — AL -400 .0kOe
LTy AR S LTz, 15 BRI D BRI ~ 1% =600 0kOe
HHERNE DI A Z T 2R E L2 A3 R -800x10° 1 . | |
FBN R ote, FEMBEE LI Py U v ZikEE 10 20 30 40

Frequency (GHz)
(@) AT AR EICEE S L7z Py A T L
HiE, ()~ A 7 m BRI O SN R AT
PE. (OB FFED 7255 DS R FF 1

BE L7256 b, IR ootz D Z &
MH. MR SEUEICIA, —RITTETH 5 Z &2,
AR S TR ME DO BT EE R ERTH D &
S R/AYA

2% SCHR[1]S. Tomita, et al., Phys. Rev. Lett. 113, 235501 (2014).[2]T. Kodama, et al., Appl. Phys. A. 122, 1, 41 (2016).
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80NiFe HREIZI 1T 5 L — P —FhE X & U IRBE O X FHiik

O kB BEY fexoRK &K, MR BEZ KR OER?S KB opE?
(HAEK WPI-AIMR?,  #AE KB T %)
Propagating Symmetry on Pulse-Laser Induced Spin Wave in 80NiFe Thin Films
©A. Kamimaki?, Y. Sasaki’, S. lihama?, Y. Ando?, S. Mizukami*
WPI-AIMR, Tohoku Univ.}, Dept. of Appl. Phys, Tohoku Univ.?

e

In

~

EREIRIZEBIT DA U EOMEIEL, ZHETYA 7 alhE O FiEEFLIATORTE . £-Z20)h
RICBE LT, @EARERLVELS~ A 7 a0 EZ KB L CIMEMNICRD E Vo lERH S Y. =
AIUTHK L, L0 @EOEER - ZZ O fREEE A2 Tk L LTV A L——35 % H\ 72 pump-probe IE13 215 5
na 2 ZoFETE, S 2OBRMARMEAEZFH UBKE G2 B SE5 L TAE U E2FHR L
TWDD, ZOHMKMEEZEROICBA L5 X E TR, ZOMEA =X LEZHLNNITDHZ L
DI BN O EETH D, £ 2 CTARIFIETIL, 80NiFe(Py)i# % L pump-probe 5% A 7= A B U3
BIEOFM ATV, Z ORhECETEIZI T D ZE xR 2 F1~ 7.

ERAERUVHER

HEICHWZ Py #EIZ~ 7 R bR ANy X Y 7RI EDERIL, IREIZXd=20nm & L7z, £/, X
B AR DOWTE (T IXIFH - 2253 ffhs <O 5 7 — %0 - (Space-and-Time Resolved Magneto-Optical Kerr Effect;
STR-MOKE) % F\ /2. Z 0RO K %K 112739, Pump K OF probe Y& O£ 1% 110K 400, 800 nm ¢
bV, TOMEZZNZIT,IMW & L7z, SMBEIESSEORE SIT Ho=03T & L, W ED S ORESS M P
% 0y =10deg. & L7=. ZORIS L EAT S x dill T probe GO & 28 L S BB OBIERE R4 X 2 (27,
T —[Elsfy DAL ATV LD FHZRWMEE L, tx FHCTHHICEREL TWD. 2k, B
S 7= B3R 2 (Magneto-Static Surface Wave; MSSW) 2SRRI CTH Y, ~ A 7 vl O EBRTE L HIE
FIRKMAEZ WD LR d. ZOEBE AW A RGO & ZOEHEEEEZ Y HERT 5.

Py

Bt
AHFZEE, FHFEH AN tER [ A v 0 & #A ) (NO. 26103004), GP-Spin Program 72 & (NZ A B2 b o =27 R 24ff
R JEE ¥ v 4 — DX B EZ T 2.

2% ik

1) T. Schneider et al., Phys. Rev. B 77, 214411 (2008); K. Sekiguchi et al., Appl. Phys. Lett. 97, 022508 (2010).
2) S.lihamaetal., ArXiv: 1601. 0724 (2016).

30

£ | “’ -
- adimn, - -
1A 10 Y
-5 4
-20
-10
" s -30
0 500 1000
At (ps)
1 STR-MOKE #II%E5% DA K], SRS D 1) 2 A EAREEORERELR. Pump SRS probe
X % y-z EHEIZ & Y, probe YeiT Z AL & HEIN THEAS FEMPEICBIES S £ CORERMEZ 4 & L7z, *x
TEHEIICE ot FHICAF Y T 5, TN TR IR S 7T 40, BMEHEL TV 5.
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- FGOOH %Fﬁb\fﬁzﬁzbﬁ_ o’ F616N2 EﬁA I‘iﬂ*/*_l.%@ fﬁf

Ot BT, A R GRIERF)
Magnetic properties of a”’-FeisN2 magnetic nanoparticles
synthesized using various a-FeOOH as raw materials
Masahiro Tobise, Shin Saito (Tohoku University)

[FL®HIZ

BRFAEULEY o’-FeisN2 1359 226 emu/g OEIFIEALE 9.6x106 erg/em? LA or |
bR BT R — R T B, SRR LT
mﬂaﬁﬁﬂﬁﬁémm\é V. a’-FeieNs K FOAR I ELLT aFeOOH % AL T
a-Fe20slc U715, MIELTFe 2 EHIL, B X X2 (L3 57 B ANHBI TS,
~ﬁ&a:m§éﬁﬂ@wwzzzm 1 R BN IR R DTG BT B L
BRGNS, 0 @ FewNs B T-ATT LA BV THERBOBREFMIIZL T S |,
BatLiBlizel . ATl a-FeOOH OB IA B LS 508, BRIV e K
DEME RS R AT o FesNe B 7N ENADETL. £3° Fig.1
(AR T3 — B A VR O TN - IR WL BRI 5105 a-FeOOH D& R4 (9% % Figl Conditions for formation of

a-FeOOH reported by Koyama et al.¥)

ML T a-FeOOH HAHAS BRI DR (B T ORFRENZ R IE) 23K, OO T

Fe;0y
60 — +a-FeOOH

40

20 |- a-FeOOH !
+y-FeOOHY -

Oxidation temperature (°C)

TR EEZ TERILZ a-FeOOH % R FUEIE LT, 80 i

REHE © ok
5SRO R - ARSI T, BT FeSOu %, RIS 2 o ohOB

Bl DT AN NasCOs 2 Uz, Fig2 ICZOREERCITofE L R E & 4ol o€

BV AR U, AT 1, 2 BE0 3 75:1%0, MLIELEEIE 30, 50 BLO: r °

70 CEL7z. ARL7= a-FeOOH ZMMEAL T a-Fe203 £L7=1%, 300~380 CT2 £ 2017 O.arecon

R SR B AL A T o7, BIX6ER 185~170 CT 4 BT E=7 (. O N I et

l
EAAT ST, AERARDREIL X #REHTIC L7, HERL A EUR OB o 36 X ORI 05 1 2 3 5

J) He 12 VSM CHIELT-. 1MLy A— 22 LBEREE AT S AR Lo C R L —
Hwr=o(ANRIZ LS TROONDMEEEE AT YL R 0 L/RDRER) 2 E LT e sionions wor formtion of a-Fe001!
EBER A ‘B\’ N Chr e,
Fig. 2 128 % OGGRFICBIIAERMEZRLE. PO A BEBLOC a 2% BN
@%%ftrf a-FeOOH HAHMNE SN, TOMOEKETIZRMNAE L, f‘ ~Ay - ¥l
Fig.3 12,25 ® a-FeOOH % TEM CHIE L=/t R4 73, M{biRE . - 100 nm

7450 c, FVHDS 2 HBNE 8 DLXIIHHIEROTAARA EBVZZL, FAL  comaions ata 5ond ¢ in pigo
IS 40 C VD 3 O LZTERIRICIE VRO 7257, BR bIR D

10 CHR25L aFeOOH DJPRAREZALT H2 L2305, Table 11, Table 1. oand H, of o”-Fe,N, nanoparticles produced
ZNBD a-FeOOH > BAERIL 7= a”-Fe1sNe 7 /KL T4 AR DBiAL 0 & Hwim by reduction and nitrding from several a-FeOOH
BXOREE S H 2R LTZ. Hw=olZ A, B, C EBLREICERETHEN, o & He A B c
XA, BEC Tt o7=. ClTA, B LRI/ NIWT=D DB A% T (emulg) 186 187 135
7T o AME F LIS, I T-OISIHENRE 2D He 231 E LIS LT, :W:;g"e) 11711-2] 11618-;’ 210“;;
SR I AR Ths Fe KL Otk Bt 5 THiE 35, -

SZ&X#k 1 T. Ogawa et al., Appl. Phys. Express, 6, 073007 (2013). 2) K. Shibata et al., /. Magn. Soc.
Jpn., 30, 501 (2006). 3) M. Koyama et al., Bull. Chem.Soc.Jpn., 47,1646 (1974).
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CaH2 & T2 K % SiO2 #7& FeCo &4 7/ KA Rk

AL L, AT 2
(L PEZEEIR G IR, 2 BUHE RS
SiO,-coated FeCo alloy nanoparticles prepared by reduction with CaH;
S. Yamamoto! and M. Tsujimoto?
(*National Institute of Advanced Science and Technology, 2Kyoto University)

[FLC®HIC

10T J5 (bee) i3 &2 95 FeCo &4 (FerxCox, X < 0.75)I & O THER Y 7 MEMM B TH V. R x=
0.35 ([ZB WV TZ ORIFBAE(M) T EWE TR E 725 Z E R H TV D (Ms ~ 240 emulg), 50> M & WD
R BT E O RO T/ MEHIRER > — L RO L & ) o T2 ERER D B BT DI RIS 2 T, S04,
AEFRIEVEWE OBER T BE, BRFHE YL, BRNA =Y — T ORI B (MR T B T 5 1
R EWoTeHe R bR LN TN D, —FH ., @BE)EMET VXV o7 b TLE D &
ZORERMMARDONTLE D DI, MHEEIEOA i3 EEERFRETH D, Si0 < ALO; % DR
KIECLZENL STz FeCo &4t /R -3 Y -7 EIC I D RS TV B 23, —fi%IZ 800°CREE D @i T
ER SN D720, Rk - TEROHIEITEE L D,

BT, Fxix, CaH 2 el & LTHWAD Z ik v Rk - AR E)— 72 SiO, #7848 8k (a-Fe) T/ i
TEERTDHZ LI LT 29, CaH, 218 TAl & L CTHW AR KOFLSIT, EBTREL2 XDOD TR TES
BICHY | SRS CTRIBE L 22 DR FHEE - BEREANIE L A S Z b=, FURHKL 7 DTk & RO L 7= kr
TEB/DZLENTE D, KIEETIL, SiO, THAE SN T- CoFe,0,7) / Kif-% CaH, TiEjc L, FeCo A4/
KT DB ERATAERIZOWVWTHET S 4,

e

JiUEHE 72 % CoFes0s ™ / KiF IZBEHUC i - CHRIL L 72 9, SiO 47 - CaHy ML IHBEBIC B - THT o7 2,
BT t ORUENTE . #8F1 NH.CICHsOH FH & U C AR G L 7o (o, U220 Lo, BEPERTATI 30
ZEHIRE ORELE D TIT o 72,

HBRERUER

Fig.1 |Z CaH, 3&75(500 °C, 12hn) R4 12 331F % 3kl
A E T HMEE(TEM) R 2 /R, BTZIcBWThhL
TOUE - BEREIXIZFE AR o TR LT, BRIk 1
JEREMHERF SN TWD Z ERNbnd, HHIE. Gohiz
B O AR ER L ORIEEM IOV T HLHRET L5 TE
Th b,

Fig.1 (@i caids & O )&k Ok o TEM #4

2% 3R

1) fziX. A. Casu, et al., Phys. Chem. Chem. Phys., 2008, 10, 1043.
2) S. Yamamoto et al., Chem. Mater., 2011, 23, 1564.

3) K. Kohara et al., Chem. Commun., 2013, 49, 2563.

4) S.Yamamoto et al., RSC Adv., 2015, 5, 100084.

5) S.Sunetal., J. Am. Chem. Soc., 2004, 126, 273.
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SRS 2 I Te 2 L8 REAAEIRER S IR DAL & & o Ja i s sk

OB NIEZ
CRAERBET)
Fabrication of a’’-Fe 4N, nanoparticles pillar aggregation by using external magnetic field and its high
frequency magnetic properties
©Y. Honnami, T. Ogawa
(Eng. Tohoku Univ.)
FL&HIS
Wtk 7 KL FHEA IR DB Z GHz s CHE S &5 —FiE L LT, T /R F &2 —H it~ Ea KT onN

ARz, v~ 7 v RBIRB A ET D 2 ENREISN TN D, 16k, 87 2 RiEafnmiit M:120
emu/g) % IV, SMEBRES R CEMET 5 2 & THEREAREER L C& 2", L, ZOFIETRT /KT0
FAHIEIS R+ T D72, S OITHRILEZRET 2 2 L TS O RDEBERICENTREIZR D LZ X b
Do ARFZETIEL, 8k & 0 AFIBEDN K & WEALEE (07 -FeoN,) 7/ R 7-(M:209 emu/g) % VY, AREBREA & UM
T2 2 & TORA OB CARRIC X DHERES RO AR AR L EEIRT ONEBA 2 Hi 2 5 2 L 2T,

Teflon tube Nanoparticles + Epoxy resin

ERA*
0”’-Fe N, 7/ R (2Tl B D = 7R 26 T #HIE & N 2 JR8H L | Fig.1 128973 N S
& 2 IV T 4.5 kOe DI S (Hiy) T C 100°C F THEA L TSR 4 (i
U 7=, SUEHRENVRRE J15H(VSM), S 73T A — & BRI igg =2 e 218 & VT
T R AERE S R OB iR L OMERBWRE AT MV EFHE LT, S Magnetic circuit
Fig.1 Experimental setup for
EEREE fabricating pillar aggregation.

TR U723t OB L HAR N & x y z B ZE N O F NSk 2 KSR KD 7 1 v b LTk R % Fig.2
T ZDORESFURBOIR D BT, x(Hey) 7T &z TR~ OHRRE SRR TR L T2 2R HIR A & 5
TR, y FROMRIBOMEKZ /BT 5, £12, f20E LR 4% Fig3 (IR, Hy AL TE
L 725UBHCIE, @A TOBBRGAR ORI 38D LT D, RS D 27% O R iT el
DOERDED b REVWED, HRESREICE s TAMEML TV D EEZXBNRD, FERE LT, /RO
F R T & W 5E T £, =111 GHz I[ZILET % £ =10 GHz % 5k L 7=,

AHFSEBIR AR O — 1%, METUNEDO ¥tk (1 BY B 1 0 R E — & — RGP BB 36 A R
— & — BEM EHE T IF AL S (MagHEM) | GERIBFSE) 12 TiThivE Lz,
BE R
1) T.Ogawa et al. ,Journal of Appplied Physics,115,17A512(2014).
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AV IR—F A FHE 2R H L= FePt F 2 Ki+ DINSE A B D TE AL,

MR SEa
(BINKRFRFFE BLERATER 1G5
Formation of Isolation Dispersion FePt Nanoparticle for
Using Mesoporous Ground Layer
Norihisa Isoda, Tetsuji Haeiwa
(Faculty of Engineering, Graduate School of Science and Engineering, Shinshu University)

[FLHIC
IR, fFa b ORI, FRESREBAICHERKL TR, REIDEAWINLLTET ) A7 —/1L0D
BRI 28, BEBEMASCA Y Y hun=J AT ADEA#EL LTRObNTWD, FmmiEHtslo B
AL 2RI Uiz A VR —Z 2EdEE, HAIIZES U728 nm OMLZTER &, /A XoMT.o
T L—hE LTI TS, BADITNV—T1F, AVKR—F AU hEELY TH#EE LT, Cot/
b7 OECH A3 2, 10nm Fif4 D Co KiF-2SHIFLIC I - THLZELSI L, Co b T8 it 2 s = L 2 HiE L
TWD 1), AFFETIX, AV HR—F A THUEFIH LT, FePt /i T DI W il & A 7= D TS T 5,
RERAE

VU 3y e — R IS ETE A Pluronic F127 & v
T 100~200nm O R HiE 2 95 2), EISAETIX, #
BREARIC LD . AYR—F 2 ) O ENENT 57
O, IREREOHIE ATV, THIEROERIZ L=, FePt j#
X, DC~Z7 % bhr ARy 2 ) o 73EEAFH L, 550°C
7> 650°C DFPH THNEIEN FICEE 3nm & 725 X 9 1Tk
L7z, MEEOFHMIZIZ XRD, SEM % B EIZITFBHE
ARG A3 (VSM) & F V=,

EERER

Fig.1 I2() A VK —F A FHUE, (b)HEbaiiHE 550°C TR L
7 FePt %H%\ (C)%*}i{ﬁfg 650°C T FePt %Hg\@%ﬁ SEM [ Fig.1 SEM image of (a)mesoporous silica film,
e Rmd, FHUBIZIE. HIFLASHS 10nm. JEHIK 12nm. BEE (b)FePt(550°C) nanoparticles, and (c)FePt(650°C)
£ 3nm OMILABIE ST, 550COHE, AR 7- 3nm nanoparticles
THNLRLF DB L TREE & A o 7228 IR T HIUE O c\’

)

SFLOWI I - THBI LTV 5, 650°CTlE, FHPKIF 9nm 500003 (s
A Ly TR ORS00 - 7= A S e o 7, 50.0002p T
Fig.2 2 A ¥ =5 A T i BRI EE 650°C CRlE L 7= FePt To.000gft " R
F TS B OREAL AR % T, FePt o/ B 71X 3RRENE: % , A
77 U 12kOe CHEMRI LTV ARV 2 & L10 i~ BAINE S 10 ;fﬁ B o 10
AT B LD EEZ bV, L10 BRHLEED 5 7 oL A 00t
B RAEEEIC SV CORMIIE, Y AEET S TIETH S, i o P02

&W -0.0003L
B ECER Fig.2 Hysteresis loop of FePt(650°C) nanoparticles

1) Y.Saito, T.Haeiwa Magnetics Jpn. pp369,(2013)
2)  G.N.A. Hussen H.Shirakawa, W.D.Nix, and B.M.Clemens, J.Appl.Phys100, 114322 ,(2006).
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RIE et FIZ R L 72 ZrTi #8)0 FeCo-(CaFs)n
7T = a7 — R O g <R

T FTEGHE - R - IR —
(B RRZFREGEEE TSR
Soft magnetic properties of Zr and Ti added FeCo-(CaFs)n
granular thin films deposited on resin substrate
K.Asada, K.Kamishima, K.Kakizaki
(Graduate School of Science and Engineering, Saitama University)

1. #E

LA, RFID Hf O EEMEN & E > T 5, RFID TIC ¥ 7 & & BICHAATEG A, &R CIaiERc
KOZERECKTNRESND, &2 THERDOIEAELIGI L, ZIEREL M LS 2 BTN —
DFZEE BN E Lic, ST 2 8BEMAPEHZ 1T IR B L O AR TLE LD 2 Ffo 2 & R
INHZEND, BEMEEAT LI IVA R —RCEAGERE~Y N 7 AL LTEORICEmafibz o
(F665C035)100.(x+y)ZI’xTiy BT aEoHsdEiersr7=a27 »—T%;@ZL:% H L7, (F965C035)100.(x+y)ZI’xTiy-(C4F8)n 7T =a
T — N Z AT T A ¥ O EEAR BT AR L 7 BR ORGSR R 2 T 0 THE T 5,

2. REBFE @ ®
BRI 2 — 7y M f~ 7% ba o 2%y ZAEE 2
Wiz, X =7y MZIE Fe I EIZ Co, Zr BXONTi F v 7 %05
fFF7=bDEH L, # % (FeesCoss)eaZraTis iZ LTz, F v 23
W% 3.0Xx108Torr LA FIZHER L7z, CaFg WA, Ar HADJET
AL, 2FE% 10mTorr 725 K951 LTz, ZDOFE, CiFg W ASY

J£1% 0~5.0 X105 Torr O TLfL S W7z, &AETIL 4.4W/ecm? g

ELURED 300 nm & 725 K 9 ICATEN T A LT Kapton®FEAK  Fig.l SEM images for (a)(FesCoss)eaZraTis
A FRIBE U e SOOI = 3L 3 — S BOR X T i oY and ) (enCondute M (Cufion granular
WCER L7, BRI IFIREEVERRS DEHC L 0 HlE L, R
[ DA IE L= oy FRBE A AR TSI L D Bl LT, 1400
3. BHRBLUER
11E0 7 b R B L 72 (a) (FeesCoss)osZraTis A48
ks L ONb) (FeesCoss)esZraTis-(CaFen 7T = o 7 — B D £ 1
SEM 4% 79, (CsFehn~ hU 7 ADEANIZL Y, FeCo A4 DkL
BT D2 ERHEFRTE D, Z U (CaFe)n EHAKIZ LV FeCo

[S—

100nm

® Quartz 10

1200 B Kapton® 120

100

1000 80

Coercivity [Oel

800 60

Magnetization [emu/em?]

K17 DR B RE B S I T 0 | R RO T £ o] ] v o

ICBR 5 2 LD RN OIE T I 5, B
QWA RTTABIRI T b EE BT L 7= o 0 10 20 30 40 5.00

(Fes5C035)93Zr4Tis-(CaFe)n 77 = o T — I Z 1T 2 BEKURFIE C,Fy partial pressure [x 10° Torr]

D C4Fs T AL ERAEME 2”4, BRI VAR CaFs H A4 E Fig.2 Dependence of magnetization and
DRI DT BB E T, TIUAIEREDCFITE  (FanComtion(Orho, el thim e
BARMNTERR S H. WP R O ERFE SRR L2 Th 5, deposited on kapton and quartz substrates
— 7. BREETIE CaFs A EDBIMZAEVME T L, 1.5X107 Torr THVMEE 725, ZHud, (CaFen
~ b U 27 ZZ & - T FeCo Rt DR 2SI S A, S T VEPMEI L 72720 TH 5, LU EDRER
£V CaFs H A53E 1.5 X105 Torr THUEE L 72aEHI I W T, A 7 b o 5t BTtk 1100 emu/cm3

AR L7273 5 16 Oe DIRLRIEN 235 DAL, WHRERRED B D ER S iz,
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CoFeAlSi-AlL,O; 77 = = 7 — D& & BT RH

ARFPECSL, PRORBEF-, IR %, IEKFISC
(KRR, * =&EK)
Structure and magnetoresistance effect of CoFeAlISi-Al,O; granular films
M.Hattori, M.Jimbo, Y .Fujiwara*, T.Shimizu
(Daido Univ. and *Mie Univ.)

1. FL®HIZ

MRS RR T2 BT/ 7 =a 7 —#EIIERNE S Th 50, AR S RIZHR L T
&<, F2, BRSO KR E RBRAELELE T2 LIS L TOMREIZH £V 2 ST,
Tz X, A AT —H4D CoFeAlSi? %, ALO, FIZHB LY T =a T — OSBRI EERFTL, 7
FTma Tl TEN—TAXNMERL, BERDT T =TIV RERLWREESEDZ EBHEDL
EEWE L, 4ENE, EREONRy 77y —BOMIEICLY, 7227 —HEOBKIEIIENED LS
BT 20 E RS LD T, TOREIZHOWTHET D,

2.EEBA%

AEHE, Mg0, A10 % —%4" > k& CoFeAlSi #—7% v b &AL HITHE S,
FOLEMT, EBRFNF —F RS CTREEZITS 2, BRITZATA BT
Z AT, WERERIE Substrate/ N 7 7 —J& (3nm) /CFAS (tepsnm) /AL0

(ta10nm) /CFAS (tegsnm) /AL0 (3nm) Td 5, CFAS DFFEE (X 2. Onm 7> 5 3. Onm,
AlO X 1.0 5 2. 0nm F T L S 7, BIEEEZEE L 2X 10 Torr LA F T,
TERIF D Ar JEIT 4nTorr TH D, /Ny 77 —JEITAL0 & MgO & L, fFRL
T BBHIEE 2 5 715, &5 \MT 4 871 TRIE TR b 2 HlE L=,
F7o, BRoOES X REIPTEEE & TEM, ARM & WV CREl L 7=,

3. RER&ER

15%LL EORE 72 MR leam33BHE, 0L ZAREDATA NI F
A ETORUMERTEX 2, £2T, SENEIERELEE Q2D Ny 77—
JEORET 732 A% AFMICE VB LT, TO/RR%E Figl \oRd, 7
AFM E AIO TIXRIE T 7 F A0 0.70m & HFE VD EWRR20D, MgO Tl
03nm & K& LT L, FHAREIIR > THDONRG05, Fig2 iE, AlO
& MgO /8y 7 7 —J@ & L7=F0o MR tbD CFAS BEEKIEETH 5, Fif

Glass/M

g
&
3 S DUNES 72 MgO O F7 8 & 0 LN CFAS I TA & 72 MR HAVE 5T £8
BORSND, LirL, REOIEGEE BT 5 L, k&R MR A RT '
BHRITZEFLT, 1X10%, Qem FEETH -7~

O 3nm

—  ALO, m
- as deposited
4 /\ after
D annealed
= O\ a0 MgO
<3 O MgO
2 O O @ (o) @ 35 deposited
2 0 E o 0 O © . Fig.l AFM images of AlO
o (@] :n:;aled
S S| 8 e o and MgO buffer layer for
0 =/ = o § \0/ H = CoFeAlSi-AlO granular film.
20 22 24 \/ 26 28
CFAS[A]

Fig.2 Dependence of MR ratio on CFAS thickness.
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BEMERIRR IS 2 Ml X ER Y R 2 b — g

JIIRE S, BEYEM, EARE, 2 FR—
(NHK fRs Bt FEET)
Simulation for Rapid Formation of Magnetic Domains in Magnetic Nanowire
M. Kawana, M. Okuda, Y. Miyamoto, E. Miyashita
(NHK Science & Technology Research Labs.)

IFL &I

NHK TlIffko7 1L v R E LT 8K A— 3— A BV 5 o (SHV) DBIRZ D TV 5, 7 /LG SHY
DIEEAEIAR ITHRE L — b 144 Gbps Z % 572, FLERIEE I RAE B RIS 2 THREER 72 Bk 28 Bk <
No, E, A RN T UAT 7RI X DBEOBRBEIBRNER SN TR Y, Bx T oB5%
FIH U o/ N Do il 22 FE A SHY GRS E O FEH A HIF L T\ b, 2 E TICBEFO HDD AR~ K
W TREMERIBR R OREXIE R Goék) - BREh - Xk (F4) % #O@ECTHEIEL =2, SR, v 17
Y737 4y ab—rarEHWTEICHEXIZRIZEH L TEBELOMRF 21T > 72O THET 5,
YIal—Lavhk

X RGRRRIZ, Ay MV EZBN L2 iiiE LLG HRERE v
AR EITo -, BRI, £ X 1.5 um, 18 60 nm, EJE 20 nm TR » ¥
2P A RF dnm —E & Ulo BEMERIBR OREURFIE L, faFnRE{E 200 emu/cc,
B VERGS 8.9 kOe & L7-, Fig. | IZREMERIRR & Ffidk~y ROET LV ERT,
TEMEHIRR — 208k~~~ FRIMRMEIEREX 10 nm & L, #fE 0 EICEE L= i
b~ R OB S T X TR TN D £ 5 . M s b Mgk o R y‘\T/,x
o~y RESHE L U CRLE Lz, MO i< kmE &L,
A VZEREFIINT 5 2 & TRAXMR 28 EIEGEAIC N T, K
HRBE X O FE B e & FHE L 72,
YSal—LasRREER ,

Fig. 2 IZHMERIFR O E EIZFigk~ v FEEE LI25E Uﬂy

(EFaE~ > OB S8 & ABIERORTR 0 ) gup e =
DX ROEREZ RS, ~y FEZFEIIN% 0.3 ns TESRE 0.01ns I
AR S, £ D%, EERX LR LZEIT 5 % 0.1ns
Tdns o7z, Fig. 312 L FOREk~y REMBRO+y 0.2ns TN . IR

- N . a A - . R T e R R
[, -y FECFRZR 30 0m F6H LEE (EF~y Ko 0.3ns

\ e 0.5nc EMIIIE ¢ ST
RO 5 58 L AR O T £ 56° ) ORKEIBERE 40 p——— —
\i

R, ZOWAIZIX 0.01 ns TRISHEX 2MEEEL S 41, 0.3 ns y —100nm

O CREE N ZENLT B2t Nbmot-, $£7-. +  Fig.2 Time-dependent change of magnetic
NEZNDLEEITIBVTREERS v FOBR 2553 LT

LA 0 OELEITIE z FRR DA T x y 7RI I3
R LR, 56" OBEICIE x, y HIAICb A~y B 2
BRBIAM L TODRERDBGEONT, TOZ LD, X0y yHaLkes —
F ORGSR Dz FI~DOB b sz 7 v A M52 & 0.01ns I TS

HIE S

Fig. 1 Simulation model

W&o T, MEICHRER TELEEZEZ LN, 0.1ns EENNRRPEREY . <\~ T SR
0.2ns EEESEENETE YT TN TR
SE 03ns EEREEEEEE IT SR
0.5ns TR T e
1) S.S.P. Parkin et al. : Science, 320, 190, (2008) 4.0ns IS N | S

2)  BHEYEIED 5 38 B A AR R4,  Fig. 3 Time-dependent change of magnetic
domain formation at an angle between
9aC-11, p.130 (2015) recording head and nanowire of 56°
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Micromagnetic simulation of domain wall propagation along meandering
magnetic strip with spatially modulated material parameters

Zhaojie Zhang,

Terumitsu Tanaka, Kimihide

Matsuyama

(Department of electronics, ISEE, Kyushu Univ.)

Introduction

Well controlled two-dimensional propagation of domain
walls (DWs) enables sophisticated functional design in various
DW based devices, including the race truck memory. The local
modification of magnetic properties, fabricated with the ion
irradiation for example [1], is a possible way without geometric
constrictions to create pinning sites for DWs. In the present study
we propose a meandering propagation truck for DWs by using
magnetic strip with pinning sites (PSs) as above, and
demonstrate possibility of high density integration exceeding
100 Gbit/cm? by micromagnetic simulations.

Numerical model

A schematic of a magnetic strip with periodic pinning sites
(PS) is shown in Fig. 1. PSs were numerically modeled by the
gradual parabolic reduction of the saturation magnetization M.
and the related perpendicular anisotropy Ku ( o Mg?). The
modification coefficient r ( = (Ms-Msmin)/Ms ) was defined as a
measure of pinning intensity. The following structural
parameters were assumed in the simulation: thickness d = 5 nm,
width W = 40 nm. Length of PS (L) and the value of r were
preliminarily optimized as 20 nm and 0.3, respectively, so that
the energy barrier height AE for the pinned DW satisfy the
practical data stability requirement (> 60 kgT). Standard material
parameters for a Co/Ni multilayer were adopted: M= 600
emu/cm?®, K= 1.3x10% erg/cm’, 0=0.02. Magnetic strip was
discretized into 2-D dipole array and the LLG equation was
numerically integrated with a finite differential method.

Results and discussions

Snap shots of the propagating DW are shown in Fig. 2. The
observed significant DW bending can be associated with the
inhomogeneous current distribution and the geometrical local
pinning at the corner. Fig.3 demonstrates successful bit-by-bit
DW propagation along a meandering strip, where the DW is
driven by pulsed currents with 1.0 ns width and 3.0 ns interval.
The DW was stabilized inside the PS after the pulse end,
accompanied with subtle positional fluctuation caused by the
residual momentum dissipation. Typical error modes of
excessive and delaying propagation are also shown in the figure.
The current amplitude margin for the bit propagation along
straight part and around corner can be well matched by
optimizing the PS interval L, and the corner distance dL as 60
nm and 0 nm, respectively. The practical current amplitude
margin is J = 2.4x10% A/ecm? + 37.5 % for the whole bit-by-bit
propagation, as presented in Fig.4.

Reference

[1T A. Vogel et al., IEEE Trans. Mag., 46, 1708 (2010).
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BRHEMENA SIVBEDIAVAY TR T4 U RFE

EHME. RE#Rz, AR, BRER. Z&FF
(RREWMK., *WiiEE)
Micromagnetics simulation of ferromagnetic chiral structures
S. Tomita, T. Kodama, H. Yanagi, S. Kasai*, C. Mitsumata*
(NAIST, *NIMS)

[FL&HIZ

BRI R E R 7R & ERRERFENKTF L 2R, THOEHEARD A A S ILEENYHEYERICH L THEBK
EHENATWS, BICEHMEDORLEICIIERELNETARICIKEKE L CEBITESBRLEDIHMI DA TIILHE
NHFINTLD, BEHASLDRIE. MBI - TYYBZIAREGFRARI DY I IS—DFERENS
SRADBRDAELT, HIZE-TO THi5E] THAIAIMY —JIHEORBE VS ERAEDOIIENMSEH K
TEKZED, LALANOKAOYWETOMINA SILHRIT, REDOBIFEZE(IZL T 10 RBELEBH T/
=LK, ZOFHANCIEZRESE LLIXEEATFARTH 1z TITHRIIAIERE KA TILAIHTF)
TORBEZZAWVSZ LT, BERUBHIBICHLEHLL T YA Y DKEE TRITREN 10° 12 & M
RELBHEKAASIIVHBROBRAICE LIz[1]), BICSEKEICHMITTRABEESES LIFEFRAVER
HASILAZDFOHMLEED[2). S/ O H A XDE— A2 FDaEMERLE (FMR) 2R TUL3[3],
SEIEINALNDEBREBENICEDTELIAIAITRT 4 IV RAHEDHERICOVWTHRET 5,

HEAE

EEREFE L8 9um, EE 60nm DsaffiEADEmAY. BEtEY (CW) 3 LLIEREEEIY (CCW) 125
B&EWN-HA SIEEEZHERPTETIVIELE, DA SLBEDERILS0um TH21=. DA SILEYF
[X10pum T, BEX(E50um &4 %, EMZE3umx3um DA Y1 T >f=, ESAMIE1I A Y aT, 1
BlEs2Avyiabiid, AvyiaDdibBRE—*2 + (800emulce) #BE LT, h4A TILEN (z &)
ENBPERMIBEEDHTAZOE Lz, ERHEIGDESEOZELSELAL, BRE— 4 2 FNEDORIEME
BEARUIBFHREEREZERY AN, BERE—AY FOEFHARRXTHS LLG AKX ZEER V-, &8
ZHE & (L 10%erg/em, U E VS ERIL0.01 & Lz, 49 OROEREIE 9GHz &£ L. <4 & OKEHIS
MDiEIF0.50e THo1=, REFBRIBTETH 1=,

HEER
RICHETHEON-HBESZRY, BHMIERHMISORS, MEIx AROEIE—A Y FOBRETH
b, FREMNO=0E, FEMNO=15FIET S, FEETANCW,. BN CCW DFERICHIET %, ERlES
(FERMMEIEO@mAIZH LNV =0=0 EDHEE. 9500e fTiFE[Zi

BNRTENS, ChEHRE—AY FO—FREZEHT o0 oo 1 1
HEFVYTILE—FDFMR EEZBND, —H0=15ET ST isaeg - | 224 1
. ABHEE IS L CEHRMSAEVTO S, REE 8 o | T A o®Y -
1812 & - THIBHISAS 10000e [HEICEHB ST LT e sl 5“2 .
5. CRLOHERRL. RBHECIEEMNICERLT ¢ o £ -
3. 0=0 EDHBAIL. CW T CCW THHIBHIBIXE b b e, -
LTHotz, SRISHLTO=15 ETIE. COW DRIBHIS o T, TRy
[T CW &Y L EFEHIGICHZD.EEHETIEIFMR ESDH Magnetic field (Oe)

MBBBERUAA 5 Y T« ~AOKFEIOVTEBR [ Caloulated FMR signals,
ETBFETHE.

SEX#L [1] S. Tomita et al., Phys. Rev. Lett. 113, 235501 (2014). [2] T. Kodama et al., Appl. Phys. A 122,
41 (2016). [3] T. Kodama et al., submitted.
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AR, B/

(EMIRE)

Introducing transversal magnetic anisotropy in magnetic wires and its effect on the magnetic domain

configuration

Tomohiko Ikeda, Xiaoxi Liu

(Shinshu Univeristy)

L &HIC

KR EBEEHRA NL DL —RA KT v 7 AE YRR
VERBRSE T D4y B T BEMERIRR O REX A& L2 BE S 2 WFSE I TR
HDTEETHD, ZE TOBPEMBRICBET D T Tl
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TP E AR M OV BRI 2 R D BEMEAIRR 0 RIS /31T
Hivd, T ZCHEH AL, FRERA L2 VT BEMERRR O
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R E
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RERHER
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AR, ENICAES & K2R, RS TIE A
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Ze TGRSR T 5 1) (2RO U 72 T PN — BEIMEE (a) K OV R X
k) DFER A2/~ T, mND—BMEECIX, HEoa> T
AN 2 fifess S AL, AR T AT 1%V&W#%ék%zEﬂé
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Bidirectional shift register based on magnetic quantum cellular automata
Naomichi Yoshioka, Hikaru Nomura, Ryoichi Nakatani
(Osaka Univ.)

=

T, BEVER BT A4 — h~ % (Magnetic quantum cellular automata : MQCA)Y 2 (/X 3E S+ B i/ IMsEIR %
FIR LT A 20, (RIEBEBEIEROBLANOER SN TS, MQCA R Z KB 57012137 — hd
[Fl COIEMOARETT M OREN LI L 72 D ETe, BERHARE T MEZ YV B R TH L Z ENHEE L.
T THXITZED L D72 MQCA ITESS R T, BIFMT 7 MLV ALZHFZTFERETD.

ERAE

MQCA M 51> 7 h LY AZFEA L LT, Au(3nm)/Ni-20 at.%Fe(20 nm) D fEA# % 2 Ff S 0 INEEMEIR % 315

UV TTT7 4=k AF =LAy H Y 7MW, VT NAT7EE VT S R BICER L 72(K 1(a)).

R B EEREH X, DB o F L oX— (SI-DLA0) (A A B =LAy & U v 7 ¥E%E T Co-17

at.%Pt (80 nm)Z HfE L 7= & D& W=, AT rﬁ%‘c@J\ﬁ X, ARG e B NS, BERIREHC X DR

ﬁv* Val—yarzfniz. Flmos 7 Mok, —H2es e & 50 T ut( 1(b), (c)). 31 F
UVIEHROFAI DI, &S —EET— R IBEMEIEEZ Hu .

EERIER

ARF DY 7N TC, MFMICE#RE LEy h 7 R T2 E0fERENT. FHLIELLE Y
V7 N T DN TRE O A, KmE (K1), @) IR L. TV T NLUAXERWS D
LIZE ST, IBWVEEREHOBER S — 285 L2 MQCA RN EFES D EHIFF L T %,

(@) (b)

Stage3 Stage1
Forward propagation ><

) o Stage4 Stage2
/ B2 . - For forward propagation
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\ 3(\‘“ 4”'?;' Y P2 (c)
,\5’[ o Stage2 Stage3

Stage4  Stagel

Backward propagation
For backward propagation
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1) R.P.Cowburnand M. E. Welland, Science, 287, 1466 (2000).
2) H.Nomura and R. Nakatani, Applied Physics Express, 013004 (2011).
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Characterization of interface perpendicular magnetic anisotropy in Ta/NiFe/Pt trilayers
S. Hirayama*’**, S. Kasai**, S. Mitani™™"
("Univ. of Tsukuba, = NIMS)
#R

Pt O X 5 7o IEREMEEBJR & NiFe 20FEK & 775 3d i BRI, AR — AR X D& A
FIV2AEFHR c BMETE 520D, A b=/ 200 B THRETRAEZED TVWAHINT o HELZTH
o TREEPEILIE (FMR) 1Mt A 77 ADMEICBITHHRE 2 7 —RMEHMO—>TH Y, EEIC
wa%ﬁfﬁmﬁﬁ’ﬁﬁfkén]FMR@%ﬁfi@%iﬁﬁﬁﬁﬁfkéﬁ NiFe &F & D L
K[BEFHEOMZEIILT L+ Tide < [2,3]. S E AR 5O E &l 72 & OFEM e Mmat N nETh

HEEZLND, RFFETIL, Ta/NiFe/Pt —BROBLIBEEZFE LN, AEEEEAE SO ERILE
AT,
EER Ak

RE~Z7 3% b2y ZEHWT, B\fig{bs ) o Bl B2 Taz /Ny 77— & L7 Ta/NigFe,/Pt =&
fE ERL LU 7=, NiFe = ¢1X 1 nm 2>5 5 nm, Ta L OVPtIEEIL 5 nm Th D, B O FRE IR B R
Bt AW TR TRIE Lz, BEBEREFET RV —K, 1%, fafofiiit M, & R #bsh 5 m o fafnissy H
X0, K=MgeH/2 T L=,
ERER

55T RBOBALTIE O R . REHI 2 T LA R LTz
(K.<0), Fig. 112, Mgt & Kot OBEEFKIFVEART, Fig. 1(a)T
X, ERARETFEERBE LN TR, WbwbT v KLg F—Nn
OS> TWDHEIICRZ D, Ty LA Y —%2RELIESGE
FOREI 413058mm & AL O, ZOHE DO IHEEHMR 1001(dead)=0.58nm *
FHPEIE, 1=0.58 nm TO Koot [TH4 T3 &% % b, Fig 1(b) AR S
I REREMRSE T T R L F—K 1202 erglem® & 725, —J7 .
Ty R A Y —FT LOXfME LT, —kEBULERE LT-ET L 1.0
BT, B Hy ~ 4nM, OFER 15 DA, BABREE DR RIT K o5k
DIFEOHMERFHLIC X > T RWZ Ly o Tz, EiR2o
DET LD HLFEOMIR 7 — A T D72, EEEOREEEBR
BHEORE ST, 0 & 02erglem DECH D EEZBND,

400x10°
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w
o
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[ ]
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Fig. 1. (a) M and (b) K.t as a function
of ¢ for Ta/NiFe/Pt trilayers. From the

[1] K. Kondou, H. Sukegawa, S. Mitani, K. Tsukagoshi and S. Kasai,
Appl. Phys. Express 5 (2012) 073002.

[2] F. J. A. den Broeder, W. Hoving and P. J. H. Bloemen, J. Magn.
Magn. Mater. 93 (1991) 562.

[3] M. S. Gabor, C. Tiusan, T. Petrisor, Jr. and T. Petrisor, IEEE Trans.
Magn. 50 (2014) 2007404.

linear dependence in (a), the dead-layer
thickness was determined to be 0.58
nm. By assuming the 0.58 nm thick
dead-layer in (b), K is evaluated to be ~
0.2 erg/cm?.
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Underlayer-dependent perpendicular magnetic anisotropy of
CozFeo.4aMno ¢S1 Heuslar alloy ultra-thin films

OMingling Sun'?, Shigeki Takahashi®, Takahide Kubota®*, Arata Tsukamoto?,
Yoshiaki Sonobe?, and Koki Takanashi?
(. Grad. School of Eng., Tohoku Univ., 2 IMR, Tohoku Univ., * Samsung R&D Institute Japan,
4 CSRN, Tohoku Univ., 3 Dept. Electronic Eng., Nihon Univ.)

Introduction

Spin transfer torque magnetoresistive random access memory (STT-MRAM) is being developed as a candidate for
the next generation non-volatile memories. For the development of giga-bit-class STT-MRAM, perpendicularly
magnetized films with high spin polarization are required [1]. Some Co-based Heusler alloys, such as CoxFeAl,
Coz(Fe-Mn)Si, are known as half-metallic compounds and their ultra-thin films with perpendicular magnetic anisotropy
(PMA) have been investigated [2-4]. Our group has been studying PMA in CozFeo.sMnosSi (CFMS) ultra-thin films
with a Pd underlayer [3, 4], showing perpendicular magnetization. However, the underlayer dependence of PMA in
CFMS ultra-thin films is unclear. In this work, we have systematically investigated PMA in CFMS ultra-thin films with
different kinds of underlayers.
Experimental methods

The stacking structure of samples was as follows: MgO (100) substrate / underlayer(s) / CFMS (tcrms) / MgO (2 nm)
/ Ta (5 nm), in which the CFMS layer thickness, fcrms was changed in the range from 0.6 to 1.4 nm. Pd, Ru and Cr were
chosen as underlayers. For Pd and Ru underlayers, Cr was first deposited on the substrate as a buffer layer in order to
get a smooth surface. The metallic layers were deposited using an ultrahigh-vacuum sputtering system with a base
pressure less than 2 x 1077 Pa, and the MgO layer was deposited using electron beam evaporation system. In-situ
post-annealing process was done after the deposition of Cr buffer at 700°C for 1 hour. The deposition temperature for
the Pd layer was 350°C, and other layers were deposited at an ambient temperature. After the deposition of all layers,
the samples were annealed in a vacuum furnace. The annealing temperatures (7Zanneal) Were 200°C, 300°C, 400°C and
500°C. Hysteresis loops of all samples were measured by superconducting quantum interference device-vibrating
sample magnetometer (SQUID-VSM) at 300 K. The maximum applied magnetic field was 30 kOe.
Results

Perpendicularly magnetized films were achieved in the samples with fcmrs = 0.6 and 0.8 nm using the Pd underlayers
and Tanneal = 400°C. However, all films exhibited in-plane magnetization in the samples using the Ru and Cr underlayers,
regardless of the annealing temperatures. The maximum value of PMA energy (K.) were 1.7 x 107 (fcpms = 0.6 nm), 7.3
x 106 (fcpms = 1.0 nm) and 7.1 x 10° (fcems = 0.8 nm) erg/cm? for Pd, Ru and Cr underlayers, respectively. Tanncal for the
optimum condition was 400°C for all. The maximum value of interface anisotropy energy (Ks) were 1.2, 0.3 and 0.2
erg/cm? for the Pd, Ru and Cr underlayers, respectively at the optimum Tanncal. It is suggested that the differences in the
dead layer thickness and the amount of the interdiffusion possibly result the underlayer dependence of the PMA in
CFMS ultra-thin films.
Acknowledgment

This work was partially supported by MEXT-Supported Program for the Strategic Research Foundation at Private
Universities, 2013-2017.
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Magnetic anisotropy of garnet films fabricated by metal organic decomposition method
H. Saito, Y. Ashizawa, and K. Nakagawa
(Nihon University)
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T, —f%AIIC Liquid Phase Epitaxy (LPE): CTER L 7= D #E M IEN T 2 28, ZREDHIEL O 7 — %
v MEERNTIIR RN, & 2 T 1L, 8L < fLEk o 873 2 @E/EREE DS LB R 5 70 B RS 4 I8 o) iR
(MOD)IEIZ KX B 4 —F v MEMERLZITV, T REARLHEEZ KD, Z£DH% LPEEIC L ZRE~DRT v T 5%
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Uniaxial magnetic anisotropy and orbital angular momentum of spinel-ferrite thin films
J. Inoue! 2, T. Tainosho?, M. Matsumoto?, H. Yanagihara?, and E. Kita®
(Inst. Appl. Phys., Univ. of Tsukuba!, Dept. Appl. Phys. Tohoku University?)
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Fig.1 (a) Fe2, (b)Co2*, (c) Ni2HZRBIT D HIE « mNBERIEITTVED c/a (R1EME, FRPLmEk 7S EERE,
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