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Status and trends in high performance magnetic imaging using

Scanning Probe Microscopy(SPM)

Ahmet Oral
Department of Physics, METU, Ankara, Turkey

We will give an overview of the state of the art Scanning Probe Microscopes (SPM) for magnetic imaging in the
20mK to 300K temperature range. Recent developments in cryofree cryostats and dilution refrigerators (DR) have
opened a new avenue for scientists suffering from heavy Helium costs.

We shall first describe the design of High Resolution MFM which can achieve 10nm magnetic resolution. Such high
resolution is possible with unprecedented ~12fm/VHz noise floor of the cantilever deflection electronics.

We shall also describe a mK-Scanning Probe Microscopes (mK-SPM) operating in Scanning Tunnelling Microscope
(STM), Scanning Hall Probe Microscope (SHPM) and Atomic/Magnetic Force Microscope (AFM/MFM) mode in a
wide temperature range of 20mK-300K. SHPM images of magnetic materials at 20mK will be presented.

An Oxford Instrument cryogen-free DR (Triton DR400) with 400uW cooling power and 7mK base temperature is
used for the experiments. A 1W Pulse Tube cryo-cooler is integrated into the DR. After wiring and attaching the
microscope we achieved 20mK base temperature. Piezo driven Stick slip coarse approach mechanism is used to bring
the sample in to close proximity of the sample.

We have also designed a Fabry-Perot interferometer for our mK-AFM which has a measured ~1fm/YHz noise level
@ 4K as shown in Fig.1.(a), while the shot noise limit was ~0.2fm/VHz. The system uses a dielectric multilayer coating
at the end of the fiber to achieve this unprecedented noise level. We tested the microscope in MFM mode with a
harddisk sample and imaging Abrikosov vortices in BSCCO as shown in Fig.1.(b)-(c). We hope to improve the noise
levels further and achieve better than 5-6nm resolution for mK-MFM.
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Figl.(a) Noise floor of our interferometer (b) MFM image of Abrikosov Vortex Lattice in BSCCO at 4K.

A novel method for excitation of Atomic Force Microscope(AFM) cantilevers by means of radiation pressure for
imaging has been developed for the first time. Piezo excitation is the most common method for cantilever excitation.
However, it has quite a few drawbacks like causing spurious resonance peaks and non-ideal Lorentzian curves. The
force exerted by the radiation pressure is quite weak but sufficient to excite the cantilever to tens of nanometers for
imaging in vacuum, as the Q increases to few thousands. An amplitude modulated fiber coupled 1.31pum laser is used
to excite the cantilever at its resonance and detect the position for MFM imaging as shown in Fig.2.
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Fig.2.(a) Calibration of AFM cantilevers using radiation pressure (b) MFM image of Hard disk at 4K (c) MFM
image of Abrikosov Vortex Lattice in BSCCO at 4K.
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Status and trends in high performance magnetic sensors and their applications

K. W. Kim, SungJoon Kim, Incheol Song, CheolGi Kim
(Department of Emerging Materials Science, DGIST, Daegu, 711-873, Republic of Korea)

Planar Hall resistance (PHR) sensors has many advantages (such as high signal-to-noise, small offset voltage and
very linear response at low field range) compared to other magnetoresistive sensor [1]. Until now, multilayer sensor
structures have been studied to improve the sensitivity of PHR sensor using cross-shaped sensor junction. At this time,
the sensitivities of the PHR approximately 3, 7 and 12 nV/Oe respectively [2]. Among these structures, the sensitivity
of trilayer structure was higher than others because its interlayer (Cu) reduced the exchange bias field and shunt current.
In order to obtain more improvement of sensitivity, we have designed a new geometry (ring-shaped) of the sensor with
Wheatstone bridge configuration over existing cross-shaped. For a constant ring width, both the sensitivity and the
output voltage is proportional to the ring radius.

We have integrated multiple rings in a one ring junction of the sensor called multi-ring sensor. In using this
magnetic sensor, we have made the on-chip magnetometer [3]. The on-chip magnetometer has been made by integrating
a planar Hall magnetoresistive (PHR) sensor with microfluidic channels. In order to make this on-ship magnetometer,
we uses successive hard and soft photolithography method. The in-plane field sensitivities of the integrated PHR sensor
with trilayer structure was approximately 8 uV/Oe. The monitored PHR signals during the oscillation of magnetic
nanoparticles droplet of 40 pL showed the reversed profiles for positive and negative z-fields, and their magnitudes
increased with the applied z-field strength. The measured PHR signals versus applied z-fields are well fitted with the
magnetization curve by vibrating sample magnetometer (VSM) for 3 pL volume; herein the PHR voltage of 1 uV is
calibrated to be 0.309 emu/cc volume magnetization. In addition, I will introduce the biochip system based on
spintronic devices.
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Figure: (a) 3D-microscopic images of various PHR sensor, (b) on chip magnetometer chip, (¢) Schematic drawing of
ferrofluid droplet coming towards the PHR sensor, (d) Schematic drawing of on chip magnetometer in which the
channels ( F1, F2, F3 and F4) represented in blue color are flow channels for generation of ferrofluid droplets and the
channels (C1,C2,C3 and C4) represented in red color are control channels (valves) for operation of ferrofluid droplets
oscillation.
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Achievement of 1020 MHz NMR
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Y. Nishiyama3, T. Nemoto®, H. Suematsu’, T. Miki* and K. Saito*

"National Institute for Materials Science, 3-13 Sakura, Tsukuba, 305-0003 Japan
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3JEOL RESONANCE Inc. 3-1-2 Musashino, Akishima, Tokyo, 196-8558, Japan
*Kobe Steel Ltd. 1-5-5 Takatsukadai, Nishiku, Kobe, 651-2271, Japan

We have successfully developed a 1020 MHz (24.0 T) NMR magnet shown in Figure 1, establishing the world’s highest

magnetic field in high resolution NMR superconducting magnets."

The magnet is a series connection of LTS (low-Tc
superconductors NbTi and Nb;Sn) outer coils and an HTS (high-Tc superconductor, Bi-2223) innermost coil, being
operated at superfluid liquid helium temperature such as around 1.8 K and in a driven-mode by an external DC power
supply. The drift of the magnetic field was initially 0.8 ppm/10 h without the *H lock operation; it was then stabilized
to be less than 1 ppb/10 hr by using an NMR internal lock operation. The full-width at half maximum of a 'H spectrum
taken for 1 % CHCI; in acetone-d¢ was as low as 0.7 Hz (0.7 ppb), which was sufficient for solution NMR. On the
contrary, the temporal field stability under the external lock operation for solid-state NMR was 170 ppb/10 hr, sufficient
for NMR measurements for quadrupolar nuclei such as '’0; a '’O NMR measurement for labeled tri-peptide clearly

demonstrated the effect of high magnetic field on solid-state NMR spectra, as can be seen in Figure 2.
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Fig.2 "0 MAS NMR spectra of a labeled peptide
L-tryptophanyl-glycyl-glycine dihydrate (WGG)
taken at 600 MHz(14.1 TYNMR and 1020 MHz
(24.0 T)YNMR. Both resolution and sensitivity

Fig.1 1020 MHz-NMR magnet. It weighs 15 can be seen much improved in 1020 MHz
tons, 5 meters in hights and high temerature compared with 600 MHz. Simulation for
superconducting coil inside. 1020 MHz is also plotted.
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Microcapillary capsule for nanoscale and real time observation of materials
in liquid by transmission electron microscopy

T. Takamural, P. J. K02, P. Southern3’4, D. Ortegas, Q. Pankhurst™* and A. Sandhu'®

'Electronics-Inspired Interdisciplinary Research Institute, Toyohashi University of Technology,
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*Research Promotion Center, University of Electro-Communications, Tokyo 182-8585, Japan

*Davy Faraday Research Laboratory, Royal Institution of Great Britain, London W1S 4BS, UK
4University College London, Gower Street, London WCI1E 6BT, UK
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Nanometer-scale resolution and real-time observation of materials in liquid environments is required for drug
discovery, tissue engineering with induced pluripotent stem (iPS) cells, and synthesis of metallic nanoparticles [1-2].
Transmission electron microscopy (TEM) has the potential for such applications because it offers atomic-level
resolution and adequate video rates. However, samples must be kept under ultra-high vacuum conditions,, which
makes observation of aqueous solutions challenging. Here, we propose an innovative ‘wet-TEM capsule’ consisting
of a sample container separated by nanometer thick membranes that enable an electron beam to be transmitted
without liquid leaking when the capsule is inserted into a TEM vacuum chamber.

Fig. 1 is scanning electron microscope image and a schematic of our wet-TEM capsule, which consists of external
tubes, silicon support substrate, window region, and silicon nitride membranes. First the silicon support silicon
substrate with nanometer silicon nitride membranes was etched to create window regions. Subsequently, capillary
tubes were integrated in between two chips. The gap between the membranes contains the sample solution that is
injected via the external tubes. We will describe recent experimental results on the observation of magnetic
nanoparticles using the wet-TEM capsule system.

Reference
1) Niels de Jonge and Frances M. Ross: Nat. Nanotechnol., 6, 11, 695 (2011)
2) S. Zhang, et. al.; Open Surf. Sci. J., 4, 26 (2012)
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Fig.1 SEM and a schematic image of our capsule
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Magnetic nanoparticles for biomedical applications
Shinya Maenosono

School of Materials Science, Japan Advanced Institute of Science and Technology,
1-1 Asahidai, Nomi, Ishikawa 923-1292, Japan

Superparamagnetic iron oxides (SPIOs) including y-Fe,Os; and FesO4 nanoparticles are biocompatible and relatively
easy to synthesize; these properties make them the most used magnetic nanoparticles (MNPs) in biomedicine to date.
They have been studied for several decades and have contributed to both diagnostics such as MRI contrast agents and
therapeutics such as magnetic hyperthermia. However, the relatively low saturation magnetization (Ms) of SPIOs limits
their potential in these applications.

Enhancement of the magnetic moment of MNPs is key for improvement of many applications in biomedicine.
Considering the characteristic size of biological systems, MNPs with smaller dimensions than normally used SPIOs are
preferred as they would increase the spatial resolution. Using MNPs, which have higher Ms and higher
magnetocrystalline anisotropy energy than SPIOs, one can significantly improve efficiency in various biomedical
applications. Moreover, these magnetically superior ultrasmall MNPs could lead to revolutionary and novel clinical
applications.

Recently, mono- and bimetallic superparamagnetic MNPs have become readily available thanks to the development of a
range of synthetic techniques. In general, the metallic MNPs exhibit higher magnetic properties than oxide MNPs, and
thus those MNPs increasingly attract attention in various biomedical fields. In addition, various heterostructured
multi-functional MNPs including magnetic-plasmonic core/shell/shell MNPs (Figs. 1 and 2)! have been recently
developed for bioimaging, magnetic separation, magnetic immunoassay, etc. We review the progress of research on
MNPs for biomedical applications.

References
1) S. Maenosono et al., Langmuir, 31 (2015) 2228.
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Fig. 1. (a) STEM-HAADF image of a single Ag/FeCo/Ag core/shell/shell MNP. (b—e)  Fig. 2. (a) Magnetization curves of
EDS elemental mapping images of the single Ag/FeCo/Ag MNP: (b) Ag L edge, (c) Fe  Ag/FeCo/Ag MNPs measured at 5
K edge, (d) Co K edge, and (e) overlaid image. (f) The EDS line profile at the center of ~ (black) and 300 K (red). (b) UV-vis
the MNP indicated by a yellow line in (a—€). Blue, green and red lines correspond to Ag  spectrum of a hexane dispersion of
L, Co K and Fe K edge intensities, respectively. as-synthesized Ag/FeCo/Ag MNPs.
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Magneto-optical effect of Ga substituted Bismuth Iron Garnet with metal nano-particles
N. Adachi, M. lgarashi, M. Ishikawa and T. Ota
(Advanced Ceramics Research Laboratory, Nagoya Institute of Technology)
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Characterization of large Nd;_(BicFes (Ga,O, thin films on glass substrates for magneto-optical imaging
Q. Liu, G. Lou, M. Sasaki, and T. Ishibashi
(Nagaoka Univ. of Tech.)
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Optical and magneto-optical responses of Au/Bi:YIG periodic structures
H. Uchida', K. Ooki', H. Sato?, R. Isogai3, S. Saito?, M. Inoue®
('Tohoku Institute of Technology, *Tohoku University, *Toyohashi University of Technology)
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Proposal for a magneto-optical memory based on molecular magneto-optical effects
M. Karasawa, K. Ishii
(11S, Univ. of Tokyo)
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1. K. Ishii, K. Ozawa, J. Phys. Chem. C, 113, 18897 (2009), 0 0v TERT D0 FIBAE Y OBLAR

2.J. Cho et al., Jpn. J. Appl. Phys., 28, 1593 (1989).
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BA sodr, R BOR, WK, %k K—, @A Z3, A BE—, PangBoey Lim, J E StfE
(BB RF)
Volumetric Thermomagnetic Recording into Magnetophotonic Crystals with Heat-absorbing Layers
R. Isogai, S. Suzuki, K. Kawazu, T. Goto, H. Takagi, Y. Nakamura, P. B. Lim, M. Inoue
(Toyohashi University of Technology)

[ZLHIC

BEEGRERIE, YeE AV TR ORIL A S TX 5 FIEO—2T, MREFT 1 A7, &HAL v F5
IR EN TS, Bxix, SURBEEMEICH BRI » MY 7 A8k —3% > b (BiDYALYIG) &%
WT, RS T LEBALKEEOERENAR & L TR T 52 LIlELTns Y. ok &, HiFEm»HHE
EZNT CTRE LN OElT 5720, REIBENE S NEIZATUZ VR T T5. 2055, RmiEfHFEo
MR BANYERL L, ARBALIER L 72 W EIRC OB E U D720, RAEANCTERR S 2 K TR
DSENTLES. ZOBRIE, FENREWKGEIEEATT O BRICREF I CHEEICEN, WS HMIZt+a7e5
FREATOREE L 725 T e, ABE T, BB RLEL LR TSRO S S a2 s L, IR T3k
EARFERITERT 2 Z L2 B, BWRIUBZEA L@ (F—% > b/ BWRIUE: GAM) ORGSR T ¥
WO, ROARFIEEZRME T & b=y 7 fERICHEH LIEERICOWTHET 5.

FEAE

R T W2 PRI REERT 572 0121%, GAM DO REARZSE BiDYALYIG | EWLIN & D& IR 2 1@ U 5 &t
THBENDD. SEEBWRILE & LT ALO; 2 L, BBIKECEIFOIRE 5 L EAEROBRE DXL %,
AHIRFEEFE (COMSOL Multiphysics) (2L 2GR T LI Lz, ZOMRERE 2, 2 X7 OFERSLE
W FEOREME 7 + b= 7 fEsk (MPC) BEKIZ GAM 5% E A L7~ (MPC+GAM #i) SGGG itk /
(Tay0s / Si0,)? / GAM / (SiO, / Ta,0s)? Z i it L, WA T DT K OVl HT 20 = % 3941 L 7=

ERBERRUEER
MPC @ X 9 7o R GAM 15 2 AN D BRICIE, FORBEEZ LRSI T 208N H 5. T g B
Fx, BERICL VLN L GAM #EOFKE HIEIZHEYY, MPC+GAM BHADIEEAZRE L, Z O
IR EN DA TWHREZTME L7z, Lo L, EEBRATHROSDSINAE LD ZERH DL ENaholz
BERNFETRDE, H—Fy b/ TAIFOREICHITEHOKFIC LV RERCHEnEB L TlY, &
RELT, ZOHZOBENGEGLS 2D, BATWHWRLOSNTLED Z NGl

FIT, HATAT A I FIEOREE 2 Z DN FWED 12 O E T2 L. ZO5EEET =
T, THILRWSZ BRSPS T, SRR O
ARDBRSAGT 2 HEFFT 5 Z LN TE S, 230 mllem?
DFedkT RV X —HE T MPC+GAM BERIZ R D
T f & AR L 7o BR O AL SR 0 A & Fig. L IZ/R T .
MPC BEATIE, FmfFo A LN ERL Z &
THERI R FBEZ ARSI LT D. —F, MPC+
GAM HE& 133 18 7> & B2 T CHABR A e T4
EIRTETEY, KNS GEERICAERTHY,
MPC @ 25 (DB ZhENBEFE LN D Z & BT,

2E R
2 um
1) Y. Nakamura, H. Takagi, P. B. Lim, and M. Inoue, Fig. 1. Magnetic fringes in (a) a two-pair MPC
Opt. Exp. 22, pp. 16439-16444 (2014). and (b) a two-pair MPC with alumina layers.
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Co/lRuUZBIEIZRBIT A~ TR NI 7T 7T 4 TR

VT ARSI T O P R AR A
ek 2 KEF AL RW L N AL R f

(RAERTE, 2 AL TR

Wavelength dependence of near infrared on magnetorefractive effect for Co/Ru multilayer films
H. Sato!, S. Mizuno?, K. Akahane!, H. Uchida?and S. Saito' (* Tohoku Univ., 2 Tohoku Inst. Tech.)

[FLOIC taxro—T7 LA o I 2/ o Tx, Bzt G, HHVNTRZE T TOR RO &
VUV TMARE LR AT OIEB ST WA, R TR T EH VR WEE L FR TRV EEBLT A
VX, MR BB R0 B BRI L > TR T2 OIE HBNAE R THY, MEBRR BN FRFESN CT0D. EHH

DITTRBEMEFPE CIIRA AR R ZFUN BT SRS S TE LS bDT L& 7,
(B A DA ARFHELBLG DN R ISR N 22 RITIE A Lz, 20857281
RTCOEATITE (w727 777 4730 %K (MRE) : Magnetorefractive Effect)
(3, BEFEREA L 1995 £ LIS 2), SEB 13 2002 £ELLEE 3) (IZHABIIE D TS,
LinL72 236, WEFEH OET- 25 B SRR 1123610 5 MR il DI fifE!

WD DD, BrS 24 ICB V- MRE OB 721345 SIZW 2 22 0,

A DIIMELE, AL OATI SOEATEL Y % 3 B B CRESEIC Bl C&D E ik
AT 572012, #EMEEIZ Co, JERETENE IZ Ru 28R L7- RKKY B4
%43 % ColRu ZJE I AVERIL, Fi-R 21T HMRE(T-MRE) ZHIELZ. A
TiE, i Co/Ru ZBIEDTRIMEICEITH T-MRE OB LIZERL,
T-MRE DR EARAZMEN O WTHRIT L7 O THR ST 5.

EEREER Fig. 1 I2/ERIL7=[Co (4 nm)/ Ru(0.7 nm)]io 2@ KD I 5 900725 1700
nm E£TO T-MRE DRIEMRENT —~> 7 TR, K OHEBIZIEE 1550 nm
ZRLTCHY, HUIE RS T2 &R A7 Vo 2 gl (O Ml AR &S 5.
T-MRE (3R HEREIFEHMIN TWDLIEN R TEND. ZOHIRHR IZ OV TAY
NEAFEELEAZE B L CHEE LR L — T H IS S<HER

“’_pz —lwTsy, ( n BsaL*(M/M;)? )
0% 1—iwtg,, (1 = iwTgy ) — Psp > (M /M)?

TN 21T o7, ()RUCBIT D tsar & fsa 1L EINENZE EARIR T D)
BELIRE [, PR AMRF BELR B THD. MIMs (358 Jg o ek o J5 10 35
TO%E 1, [HTOHA 0 THh2bn 5. ()XEHWTEEIEORME D7 H)s
AT HDL WIS AT DG A ITHONWT, ZENFEZE B LI BZBREATN L (Tp,
Tap) At B LIZHE % Fig. 2 (@) (2”7, Fig. 2 (b) (21X, (Tap -Tp)/Te TEFHES
N5 T-MRE Z7RL72. Tsal, fean, p 13 Co/Cu 2@ IE THAE SN TUVAHESR, Co, Ru
DYV AZ E 27T 7 PICRHB L. 2D OB RICIDE, LBk
% T-MRE O REKAFET R R ICE D0 — B TREIND D, HDHIEE Thiv)s
MR HZ POl ZOZEEBET HE, Fig. 1 IR U2 EBRERIE Fig. 2
(b) OIRF AR ZBLIL TV oZENHERIN D, Y HITERIMKICEBITS
T-MRE D B RO\ T S HE N AT D 45 TE ISy i L CRENT L A S 2 0F
TGS,

BEXM@ 1) M. N. Baibich et al., PRL, 61, 2472 (1988).  2) J. C. Jacquet et al.,

MRS, 384, 477 (1995). 3) V. G Kravets et al., PRB, 65, 054415 (2002). 4) M.
\bpsaroiu et al., Rev. Sci. Instrum., 75, 3127 (2004).

Ea,=1-—

- (D

Wavelength, 2 (nm)

-12 -6 0 6 12
Magnetic field, H (kOe)

Fig. 1 Experimental MRE
plotted against wavelength
and magnetic field for a
[Co(4) Ru(0.7)]10 film. The
cross section in the white
line corresponds to the
normalized transmittance in
the inset figure
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Fig. 2 Simulation of (a)
transmittance for parallel and
anti-parallel  magnetization
state and (b) normalized
MRE against wavelength
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X AEE R D= DD U N— 2 F T T L a iEOJLE

BRI, B0, ZRTHEY NEREA, ﬁmﬁﬁﬁif\ FAAHH
R, *WHE - MEHTERAE, ** i L — I g FERAS)

Expansion of Reverse Monte Carlo method for reconstruction of magnetic domain structure
M.Tokii, E.Kita, C,Mitsumata*, K.Ono**, H.Yanagihara, M.Matsumoto
(Univ. of Tsukuba, *National Institute for Materials Science,
**High Energy Accelerator Research Organization)

WALIRFE OFERIZIL, T EITER CHE O NG DG 255 LENH 508, MHEEHRSKE L
TREEDN D OFRER IR CTH D, F 2 THRLIZI ANA—RFL T HmiE V2 & W RSO WL %
RATe NXNH A ZOFEEMGBE L TA LT A T HEECRBERE 2 E LY ZEMG 2RO, VAA—RET
I iEEAWCCREZITo 2R, BREE ST TN ARERNETTCLES, £ TFRig 1@IRLELD
27—V g% oNX2N ICHEERE LEHR AT o 7ok S, MO T AR 2 2 L3 T& 7z, F£72 Fig. 1(b)IT
R X D ICERN DO N B TR ST B T 2, S5, BUEEmRE WS 7 ER
KEOMMIED T RETDHZLICEY., BILOFZFICONWTHLHINE LG22 ZENTE, LVBEOEWE
WRTIEE 72D Z ERIFFCE 5, 2 E T 2 RITOBERAEGE RIS T DR 2R U722, BRI
SANS DFEBRTFT —HZ I L CZOFEZ#EAT S5 2 &%Eﬁ&bfwé L2yl SANS 5 —4 ¥ Tl E PRI
LT — & EABELT — % D5 %ﬁ&@&ﬁ#%%f%é ZDT=DIZAENE, BRERIITER ~ 72 3 RoTREX
A2 AR L. SANS ORER T — % L iErE &@%@%Amﬁ_mfo

D ommmMER®)

-
: —Jz8o

size: 64x64

TAZ: 6X6 §

(k3R %] :
BETIRAOMOTHEELD | ! -

K (a) (b) size: 128x128 /

Fig.1 (a) UN=ZXFE TN IB N2 7 — Y ORI ik & (b) R R
A
ARFIET, () BHABATREERE (JST) I K 2 PEF LRI IE T EprR i m MERERG ) D3R %
ZFTUTONZbDTH D,

L 2PN

1) K.Hagita, H.Okamoto, T. Arai, H.Kishimoto, N.Umesaki, Y.Shinohara, Y. Amemiya, AIP Conf. Proc. 368(2006) .

2)  0O.Gereben, L.Pusztai and R.L.McGreevy, J. Phys.: Condens.Matter, 22, 404216(2010).

3) A. Michels, D. Honecker, F. D obrich, C. D. Dewhurst, K. Suzuki, and A. Heinemann, Phys. Rev. B 85, 184417
(2012).
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Magnetism of Ca;_Sr,FeO; oxidized by ozone
E.Kawawa, H.kawanaka'l')', Y.Nishiharau, H.Iga-2 )
(Grad.Sch.Sci&amp;Eng.Ibaraki Univ., Advanced Industry Science and Technology (AIST)D,
Fac.Sci.,Ibaraki Univ.? )

[ZC®HIC

RO R SR W% A2 AT 5 Ca SiFeOs IXEEREZE F TOAWRMHES LTS D, ED
CaFeO; 1% 290K L FC Fe*'728 Fe®" & Fe 'l B4 B L BT E > T\ 5, — T, StFeO; D#kA 7
NIAMTH D, T T, TDOEETH D CaSrFeO; DEA T U NIFFRREEL o TWDE EEZ D
AU, Z OREMEIZIER IR, Fox 1XHFEWE & LT Cay St FeOy O3RN & AR IEIC K 0 /ERLL |
AN K DRI I AR L, BRREEKHEIREE CTH D Ca,SrFeO; DA AZ ATz, AL
DOIRERIFIE 2 MET D,
ERERAE

[ FH SO E CYERL L 72 Ca S FeOy OFREIZRIC L, AV R E 3% DEEFF5ZPHXH T 200°C, 700
I EAMLER 24TV CaySrFeOs Z1ERL L 72, 3O OMRE R A KR X BRETIC L v R L, wéalk
I% SQUID R&H G CHIE L 7,
RERFER

Fig 1 IZHAL SR DR AR FIE 2~ 3, B CRORBMEISE 2 3k — b (Ty) IS4, x= 0
6 x=05 T TWWEF LW HARA LD, £, WL EOREFR T, BERBERRFIZ LD
BRI A (Te) DBIS L, St D R—7BEBOHME & b, BBEEIXITFEL WD, BEAKF
IR, EICBWT, AR E—A L bERDZN, F2 U —UA RANHE D RETT L TIEEED
2 T E RN &350 o T2, Fig2 IR —/V i, B BRI IS L 2D KRR R & AL O Btk &
A7, x=0.6 T HatEERGREENRES LIERaEEEZ A LTV LIMENH D, Told, SrE#I
KOS E R OBERIZE N> TFNY Ca VU v F M CEROEENEZ > TN D Z &N o

>77,

4 T T T T 300 — T T : I
¥, Ca, Sr F
ot 21 ShFely a Ca, St FeO,
=)
_23!.‘ Ty, oM = 1kOe oEn L A i
. oy
3 . .ﬂo:;s ‘g.{:‘%% . a ' Teo
= [ * Coght ' %‘\“' 200+ A s T —
g -: :::: "nh:u M
3z MY Yt ° ii ) ﬂ“"‘,‘
£ ok Ana“g "a :N% g 1501 |
@ 23408 LI " =
o &g LI . & ®
o [ i, s o .
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Fig.1. Magnetic susceptibility of Ca;_SrFeO;as a Fig.2. magnetic-phase diagram of Ca;Sr,FeO;

function of temperature

SE X

1) T.Takeda et al./ Solid State Science 2. (2000) 673-687
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T X X3 % /L Fe/Au/Cr =82
=R AT S K] Ltmﬁjﬁzmﬁuﬂﬁ@x 7 — &/f*ﬂ” 7 A

FOHRKSE . Bk AR, B, ML, ARERIT. PR
(HRHLR)
Slow dynamics of thermoremanent magnetization due to quantum well formation
for epitaxial Fe/Au/Cr trilayers
E.Wada, K. Fukida, K. Mukai, K. Yokoyama, D. Akahoshi, T. Saito
(Toho Univ.)

FLHIC

REMR 7 7 A M L—2a VOMFSEIX, 77 A M Lb—Ta URORMNA T ARITEBT D WL B % PR
T5 ECHERARTHD, ZTHETICHLIE, Fe/Cr “BIRIZBIT 2 KIS b b7 2 BRI (Mry)
OFEF (Ar—XAF I/ R) RREHER T T AN —va VIGERT L2 E5ME L TEE 2, FHrlds
W2 T, B Z %3 ¥ )L Fe /Au/ Cr(001) = @I BV T 6 Fe & Cr OBIKIIRE A DB TV DI H b 59,
ﬁﬁ@ﬁ7?xbv—yay%fwﬁéxm~ﬁ4%>7x%ﬁMLko:niAu%%#ﬁ%WK;DZ

VOB LT Aufg E CrBORmEIZBIT AR T T A N v—a vy ERET 5,

%ﬁﬁ%
MgO(001)/Cr(50 A)/Au(z A)/Fe(40 A)/Au(20 A)i% MBE i TERL L 72, £3°. MgO JEHi % 600°C T 1 FEf 7 =—
v LT=t%, RIREE 400°C DM T C Cr,Au Fe B A MR S W7, K EHEREDOEIZ RHEED #l5i Co B & %o
YL E AR LT, Au P RIEDIEE 2 1% 2=0, 10, 20, 30, 40, 50,60, 80 A & L, My z I LTED LS
2 LT 5 03% SQUID % W TH~7z, ZOFE, £79 300K T 500 0e DR AEFIML, EDt% 250K £C
10K/min THEI L., 250K BIFEE &SRS 28V 10000sec MR ORFRIZ 2 HE, &) FIETIT- 72,
EBRER

Mgy 1 ZETD z OFREHT BT Mpy=M-Sint DX TR I D K 5 R EREICOI 28 (A —4 1 F
IV R) AR LTz, 2T, IR, Myl ZER. SIZAr—& A F I 7 ADOFLE BRI B ORISR & T
N5, Figl IZROFRBHIL Ms THAAL L= S LT He D 2 ARTENMETH D, S/Ms I z 126 L CJAM~14.7 A @
REE D B2 /R LT, B, ZOENE He O 2 {RIFHEE REL TS Z ElbnoTz, Z OREENO IR
ELTEAT, TAuBEBTHFABRICE VA OB LIZAuEE Cr@RIETOT7 T AR L—a rET /L
ZHe%ET 5, Fe,Au, Cr DAY RIZHEH T % & minority spin (Z2xf L CO & Au & FHFBER S L, i
LFoT AT TREUSBNAEL L3, 20L&, AuCr RAEIRET AT v IWFEETDH &, TDAEES

M. FelCr “JEIR & AR 2, SR 7 7 A b L— 9.0 , , ‘ 800
varnEL, FRCEoTAR =X A F I 7 AP 80l o ® /M
Lb0LBbng, £io, IREOEPIIHEGRMICHEDL . 708 A o Hc
o712 Au DA E U MBRORE O JEH (14.6A) LR — 6.0-%-: 1600
HLTHY . SM; DIRBIA Au DR ELHBORBICE S 501 | | 3
K5 eV Fx DEFLELFH LTS LSR5, §4055 00 3
SEXH S 3.0
1) M. Nomura, ef al., J. Phys.:Conf. Ser. 320 (2011) 12042. 2.0 I A 1200
2) T. Hashimoto, ef al., Program and abstracts of the 8th 1.0} A J
international symposium on Metallic Multilayers 0.0 ('):: 20 40 60 30
(MML2013) 186. Thickness of Au, z (A)
3) T. Katayama, et al., J. Magn. Magn. Mater. 126 (1993) Fig.1 HURAL S U7 BEGUREME S/Ms & 105 ) He
527 D Au B 2 (17
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Monte Carlo Simulation for thermal assisted reversal process of cylindrical magnetic cluster

N. Sakamoto, K. Terashima, K. Yamaguchi

(Fukushima Univ.)

[FL®HIC

AR, BT O A NV AT B O Tz S FERERGEERIZ DWW TR AT EDM T O TE T . L LR B,
BT o A b THAEA R D BROIREE R & B85 OBIRIC OV TORFHIL T L RS TR EBbh 5.
Z 2T, AWETITIRE G MRS & 722 5 MR O — %2 < D Wl Y 5 27 —125 LT,
ErTHr (MC) EEHWEBEORRBRR Y I 2 b—3 3 U270, IREEEE & 8655 O BILR 2 figt L7z

HETH

77 A= I TEEN T, RSB39DHLOTH Y, HFRHEHEEL 1 & U THEMZITHE FHRICESR A

EUERELEZLOEHWZ, HEIZA PR U AT LT XA

ckrECyTFhArueY I alb—Ta VBT

ol BEXTANRY I ab—a AT O BRICHO DEEBINTE &M T TR LS 02 fuvni.

H = —¥nearJijSijSj + D Zau (% - ﬁ(si : rij)(sj . rij)) +BY;S; (1)
NI =T 3K (1) 2RV BEAREBEAEEM, B
TIANBER IR T EAER, % S EAMBEOR TS HH]
MBFC X D —~ 2R VX—TH, Siiki HEHOALE X7 |k
NTHD.
R

Figure LIZII3ODIRETHOE AT Y S AW —T&Rm Lz, ILE
KTHS ERDIZHONT, RIEDD/NE L I TWD Z R0k,
F7o, kKT=1L.5STIHERAD L DK VRFFIN0IC2>T0nH I &b
303 % . KT=0.01 CLREE I DN0.TREE TS - 7720, A DRe%IEE
LV b/hSVMEIZT S Z ST LT

Figure 2 [ZFEHE TR L7 b DI IERGIRE CIREZ T Tuho
BRI, MFEOR S TR E IS bR Hio72b D TH 5. kT
750.6 225 0.5 & D RWREEFEIK CTIE 0.05 & Vo 7258 B &
DRGE % DT 720 AU IZ R R L 72 Do 7223, kT=1.3 fHiE D %
2 U — G AHE T 0.01 12 E D5V T 6 KRB T & 72

Figure 3 |ZIT&RE R T 3 DO R D65 %2 I 2 12556 ORéAL
DRI HE S ZR LTZ. KT 127005 1.1 OB OHE, /hEn
B CHRALDRT R TREET D Z 05, Fiz, SBGITH
LT, HREZBEDLETXTRETHZ N ol D
FUZOREEIY BIEETHSZMA TOREELRWN T L33
N5, W, ZOREXYERTESEZMZATYH, B4ELEITLD
TEOIRRBIZIR D 1o ORI R IE Th 5 2 L DR T X 7.

S E 3R

1) M.H. Kryder, et.al “Heat Assisted Magnetic Recording”,
Proceedings of the IEEE, Volume 96, pp.1810-1835 (2008).

-1 0 1
Applied magnetic field

Fig.1. Hysteresis loops of cylindrical cluster.
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Fig.2 Temperature dependence of normalized
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reversing of magnetization succeeded for

magnetic field.
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LaFe,,Bs (b EM DBREE T A ¥ BitEER L
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RAR 2, REFIH, #aAR R
CRAEKR Zoohih)

Itinerant-electron metamagnetic transition and kinetic arrest of LaFe;,Bs compound
S. Fujieda, K. Fukamichi and S. Suzuki
(IMRAM, Tohoku University)

GE

SrNi;,Be HUAEIE O LaFe,Be (LA 1T 4.2 K THRGFH L 1 IFRIEEE, 370 b A X Wi 2~ 3 2 & 3k
HENTWD Y, UL, Zh b ORI 2 & DR CITb -0 T, B OFEMIZIA & 2
T, Fxlx, BIEEAICER L TRET S La 2L EimfmR L 0 %R S5 Z L2k,
SR R RIAE & B TS LaFepBe (LA A ERIT 5 Z L ITkEh Lz, AW T, LaFeBg{ba#o 2 ¥
MBS OWR AR E A 2T 4 v 7T LA MTOW kT D,

EEBRAE

LaFe,BgfbA#id,. &% Ar FHSR FCT — 7 iR U TS T InfifEe B RUR 2 A 088 |l B 255 A L, 1173
K T 10 H oW ELBLEE %2 s L CER U7, BABRIEIZIE SQUID #7732 v 7z, F 7=, Mossbauer %) 5
1% ¥ Co MR A2 FHWTHIE L7,

5 . . . . °
ERIEE ol
LaFe;,Bs b &9 DR OIRE HhifRIX 36 K 5 TH A7 &R
L .5 K ™ Mosshauer 222 /L3 5.4 T FLEE 0O PESRESH (= 0.38 us/Fe) =3
BR LT, SHHOREND . AMEAWIZF — VREE Ty=36 K O o 5|
JEE SR DIZNFRRETE T H 5, FIRSE IR P m B L CRIE L 725 .
(LR D ERGDN BR D T2 A 2 Batk s e ORI 7% Fig. 1
VRS, E2, RIRNCIE R — VIR Ty OB GE S R TR, 0 : '

0 10 20 30 40 50

AAELEOREIL, SORBEMAREEN S 720F Tl <, Ty L EO
PEIRRED B & SRBEMEIRRE~D X X ik 2R3 2 & ThH D, i
Wt —w MM EIL 2 kR Th v = br v —2 ki & < | A
s (Critical Endpoint:CEP) Tl A # RMEHRfE T80 B % JIE S 72\ T2
VIR AR XA b2 22, 7038, 156 K LU O JOmEMER
BE CITARLETR(B) TO A A X WEMEEAB 2VE U, BB (B M)
BT, B e M d (Kinetic Arrest) 23 E U % 72 60 (ZHa % 1 2B
Shieles,

FARE \CIBIGTmAI LT, 3T OREZFII L CTHIE L7
WAk DEEMZE L % Fig. 2 (28T, Fig. 172258 62578 X 5 (CEINE
BrE 10 K2R 2B X 0 /NS0, FEMORGE & & Ik
LI %, £z, FROELEH T IK THEM S 4, REN
RNE EREGEIING X DB b OB MNT/ NS <fRI8IZR D, DF D
BALE ) O SRBEMIRRED & TG IR BB~ D A X BEMEIRRE I, R
DR TICEWVEBISRBIE L, WA X T v 7 7 VA MIBFIZR D,

PPN
1) M. Rosenberg et al.: J. Alloys Compd. 182 (1992) 145.
2) Q.A. Lietal.:J. Alloys Compd. 256 (1997) 82.

T(K)
Fig. 1 Temperature dependence of
the critical fields B."® and B, of
metamagnetic  transition in the
increasing and decreasing magnetic
fields, respectively.  The dashed
line indicates Néel temperature Ty
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o o o

20

0 2000 4000 6000 8000 10000
t (sec.)

Fig. 2 Time dependence of magneti-

zation under a magnetic field of 3 T.

The magnetic field was applied after

zero-field cooling.
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MgALO4(001) JEH FICZEY ¥ vILREL 72
NiFe204 Wl D £ D T [ g 5 5 Pk

MAER, M, A=, JF BB Sonia Sharmin, WIFEZEA, E4%&6
(RPN PBLTAA)

Negative perpendicular anisotropy in NiFe>O4 (001) epitaxial film grown on MgA1>O4(001)
M. Matsumoto, T. Tainosho, Y. Hisamatsu, J. Inoue, S. Sharmin, H. Yanagihara, and E. Kita
(Inst. of Appl. Phy. Univ. of Tsukuba)

EL DI

CoFex0s DRI X, Co?t D 3d” DEFIRELZDRIFETH 2 LEZLNT VS, L ld o, i
DAHZER LT 1A F VETNAZHGT, CoFerOs ZES X v )LD BT D BN 2 iR 7- & 2
5, IEHERZEALTED 0 PEOMHRDE 2 F TR E LHEMMEIEIE L 272010, AL VlEHA
ER%ZE L TR E itk BAGEDSHN 2 F5 o721, & 2 THM, BFED 2% VLETIRER ff
D NiFe:0s LY ¥ & v )LD B IC D W TR 72, MgALO4(001) % FHIFEN & U CirNIEMETE 2 5 A
L 72 NiFe204 1Z, N2t D 3d8 23 o, Wil 2 2 THA L TR 3I2 b o b 63, KE L ADEEMRE G METFE
BT 2 EDNFEBRNICHS ISR > 7D TRET 5,

8 —/7" v MIZIE NiFe f4 (1:22 atm ) Z FHOZSOGMERF v 7% ba v 28y ) v 7 X D %2175
720 PRVBEHEUE A3 9 nm %> 579 nm DEF 5 30BHE BUIE L 72, BRI U 72 308HE X BRIBITE: IS X 2 %1~ BT
WA HlE., R V2 HERIT> 72,

FEUFRG

Fig. 1 \ZJBE 41 nm DRI OREALIIERZ 733, 2 D DORALIER 2 NI TH 2 2 L2305 5, BERH]
TR ASHIE IS RIE DA IC B W IR E R RGBS BIN., WS EERUS -6.0 Merg/em® & AT D
537z, Fig 2 IZFGRIOES S v 7 itz m 3, = ED7k[R2]1%2 o CRafigit, mREGERz Zzh
FhRD B E, 230+ 1 emu/cm®, -7.6+0.1 Merg/em® & 7% D | WAL » B o N7 fHE RS —F L 7z,

F IR EORE T E S ¥ 2 2 LB ) BSMHIMERIRIC X 2 b D, TN NiFeO4 YL % L
T3 ERELT, XFREFHEIC X D& S N mE ST kg E8 ar = 0.856 nm 2 W CEHRZ1T9 &
Kne=-4.5 Merg/em’ M3 507z, 5 DFRIF, TESY X v LED K ) ICHEAINEADBKE VS
W, WREEAIRIC X 2 RS TEDBISGRIN B A3 TH D 2 LR RB LT 5,

2 Xk

[1]J. Inoue et al., 2014 Mater. Res. Express 1 046106
[2] H. Miyajima et al., J. Appl. Phys.1974,47, 4669—4671

1.0} 8.0+
"E 4ol
0.5 € 40
N
s 5
S 0.0 m; 0.0}
-0.54 1 3'4-0- — 70 kOe
—— In-plane ~ H : In-plane : (558 ll:g:
1.0k —< perpendicular | -8.0- —— 40kOe |
-80 -40 0 40 8( 0 45 90 135 180 225 270 315 36
H [kOe] 6 [deg]
Fig. 1 )5 40.8[nm] DKL AV Fig. 2 55 40.8[nm] D FUEORES v 7 Hhifik
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4d BRAEL XNV T =T 4 MOO)EED/ER L &Rt

DSR2, %5 N, BE¥EK—HRE, Sonia Sharmin, M AN, =I5
(FLH K)
Magnetic properties of 4d-element-replaced spinel ferrite(001) thin films.
Y. Hisamatsu, M. Oka, D. Sekiba, Sonia Sharmin, H. Yanagihara, and Eiji Kita
(Univ. of Tsukuba)
I
MgO(001) FiZ =B ¥ % v )Lk S872 Co 7= 74 b (CoFes, Oy CFO) JEREIL, Fll & D1 A3
B (-0.52%) IZ K AMAHMES R A E U CEVWEREMBKEGEEZ ST ZENDroT0D . ZoEn
TEELFGRIRTPEL, A C U HUEFAEIER] (SOD ITERT 2 & EZXH22, SOl DKE SR B il
FHEAERMSEER A EPUERRTE—A > P LICHEIT 2720, REBRAERD, T2bLIRTFESDOR
ERTREBEATHI LTI RERBEMKETENERTEEb0EE26N05 2. £ Z TAIIE
Tl, 3d eREICH L TRE 72 A £ Rh # A L7z RhFe; Oy #1FL L, & OB ZFHME L7,
EBRGE
TR SUSHERF v 7 ) b r 2 ARy 2 T PEIC KD RhyFes, 08 2 FRLL 72, FEBGRAZ X 3007C &
L, Fe, 8L RhOfi&EY —%7 v b&MEHLTAr+ 0, FEHAF CHlIEZIT->7-. ok %, HHT

% HaH & MgO(001) & MgALO4001) & THEWV3 T 5 Z & T RheFey 04 (T AT 5 IE T 2 A DO HIlH 2 5 7.

PRI L 7= 3UBH Ik U C RO sl B #1147 (RHEED) % FV 7o R IAfG dn i OFFAM, X #ifitg+~ v 7
HE (RSM) & W= B4, 797 +— REFHELE (RBS) & W IMEAELRHE, 36 J OWERUIE
T 7.

EBRRER

Fig. 1 12 (a) MgO(001), (b) RhyFe; ,04/MgO(001),

(c) MgAlL04001), ¥ X U8(d) RhFe;, 04/MgALO, (001) D
RHEED 4%~ 7. &H LOEMITBNTHZED EFIC/ER L
7= Rh,Fe; 04 ® RHEED 14i%(b), ()29 0 PR A b U

— 7 Lig ol WTHLD RhFe; 04 128V TH MgO D 2 {5 D
T ERICHIET DA MU =27 BB TS, THIEAEXR
NAGERREE DR 2 RE L TS, & 51 MgO O 4 0k
FREEIKHET 5 A R =27 B TWD A, ZHUIERAF

3mSR R AR BELE (2015)

HERRIC L Db D EBE 2 BND. (b) TIEAMARIBAL TV D T Fig. 1 RHEED images of (a) MgO(001),
LD, R TRERENEWENRIZIND. (b) RhyFes,,04/MgO(001), (c) MgAl,04(001), and

Fig. 2 (T 300K (23U CHIE 1T > 72 RhFe; ;04/MgO(001)  (d) Rh.Fe; ,0/MgALO, (001).
(x = 0.14) DR A7~ 3. fafbIX Fe;04 (x = 0)D 500

emu/em’® £V &/N EUVMEA R L72. OMBIZ OV T bR AR ﬁ— —|n1lxhne I =
PEDFHM 24T - 7o k5 R, BaFnigAkiE Rh ORLAEE x O IG 300 | L= PP 7 i
UCHAT 5 2 & BT, Z ORRIBHLOMAIE R D2 200} / -
EURIES D> T LR BLS. § o1 ' i
SECH 1T RIS, T EROTE L BAMEOERE 5 1ol ; ]
(ZHS &, RhyFe; O ORERFFIEIC SV TR 5. 200 / -
-300 - ! -
T. Niizeki et al., Appl. Phys. Lett. 103, 162407 (2013). 0 o 0 20
J. Inoue et al., AIP Advances 4, 027111 (2014). H (kOe)

Fig. 2 MH-loops of RhiFe;, 04 (x
0.14)/MgO(001).
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iE?%V&»zﬂwF7I§4F%ﬁ@k%QQQ—%@ﬁﬁﬁﬁ

HAETRE, AN E  ARHZE, HEIE—AF, Sonia Sharmin, #IFZEA, 2L HA
(B RT: WP T
Large negative uniaxial magnetic anisotropy of epitaxial cobalt ferrite thin films
T. Tainosho, Y. Hisamatsu, J. Inoue, S. Sharmin, H. Yanagihara, and E. Kita
(Inst. of Appl. Phys., Univ. of Tsukuba)

X LI
%a/z EON$AY T3 %réxﬁ%%r#xtzw:/w N7 =54 b CoFe;04 (CFO) (2T, Co*2(3d") £ A
NIHF L, tyg BB A W E R D BRI R B S & AR B A OBR A R L72[1], BRI, Mgo
(001) Jebk blz=v & % v v ViR S 7= CFO (001) EEIXHNIZSREADEANI (ca<l) | K&
BERS BT EZ RIS D 2 ENEBRINITR SN TWD[2], T[] T, WICHNOEMREAEZEAT D (ca
>1) ZEICEVADEEMRKRTEEZRT ZENTHINTWD D, ERIIZITR I TW W, 4E, Fx
13K 7 E4X 8.039 A @ MgAL,04 (MAO) (001) % FE#K & L C CFO M Z pkid % = & T, HNDEMEEA %
AL, RERAOFEEMAEGEEZET 5 CFO MELZESL Z LN TETZOTHET 5,

RERAE

TR by, X )= TENEN S SRIBE RS L2 MAO B Eic, gt ~7 b ARy X
U ZIEIZE Y CoorsFerasOs IE AR L2, #—7% v MZIiL FeCo (3:1atm tb) &&% H\ o, BRFEIEIT
6 sccm, FEMIEFEIZ 500 ‘C & L., MEE 2K 10, 20, 40, 80, 160 nm DY F L& Rl Lz, #5517z CFO i
WZDWT XBREFTIC L VT EZFE L. X AR RAEIC LV EEEZ ROz, BERRIEIC OV T,
SQUID-VSM T X v Bt #if 2 Ml E (300 K, -70000 Oe ~ 70000 Oe ) L. R kL7 MIE (300 K, 0 Oe ~ 90000
Oe) 2L VR EAEEREZ R L,

ERERHEE
Fig. 1 (ZIBE 38.4 nm DFELD ~ L7 JIEOFER % 9, W54 90000 Oe FIIL TH Lo OFc KD
ML TN ELBEEBAIIESDICREWZ ERNb0 D, BEOFIE [B] ICESEMTLIzE 2 A,
Ku = -51.9 Merg/cm®, Ms = 433 emu/cm® Tdh % L BN S 70, D Ku OfsHEIE R A ¥ 0 LA O Z U2 PLE
335, 7LZ7 O CFO Tl Ku =2 Merg/lem?, Ms = 425 emu/cm® 72 DT, BRI X BERMIRED LD FE L
ZENbMnD, £72. Ms OfEIZEAL R S 15

b=
BT B L, #EBTHE Ku B XL OEHR o
r [aa]
RTxT %5 CFO MIOBIL A 2R L R 2 ot
BN ERCEB ISR TV BT 2 EROICHE X o or
gﬁaTéo ME — 21
(]
E)
3 =]
Bk 2
1) J. Inoue et al., Materials Research Express 1 g ~
[_' 1
(2014) 046106. -
2) T. Niizeki et al., Appl. Phys. Lett. 103 (2013) '
162407. il

0 45 90 135 180 225 270 315 360

3 H. Miyajima et al., Jour. of Appl. Phys. 47
) v PRI Ty Angle (degree)

(1976) 10.
Fig. 1 Out-of-plane torque curves at

different fields.



8pB - 15 F30E B ARG FLFITREEELE (2015)

Fe XK#ECaZ MM 7 =T 4 N D ﬁfﬁz%{tr WFoe

PEATRRRE BB RS —. fhE Tk
(B ERF *BT)
Study of optimum preparation conditions of Fe-deficient Ca-based M-type ferrite
M. Shigemura, K. Watanabe*, K. Kakizaki, K. Kamishima

(Saitama Univ., *RIKEN)

1. 5

N7 =74 hO—FTHD MM 7 =7 A4 MIFITKAR L g\ I W N
AZHCBNDHMETH D, M FersO L0 EFE LY L S60 ,\ ,;!?""‘i"/ BN
#fil & LT M2 ORRICT v ) HEARTHS Ba, St Rl £y | f;r/*\\/kfi
A%, AT AN Y EBULRTHS Ca BUREICHET 5 5, | [ oo
ROENED Ba, Sr LW bZ, CaZHVWTHMOMM T 27 2 / A — |
A MBI B 2 LT ko T, WIHE CERE R As T B 4 serdat

) — = sl - 1300°C—#- 1250°C

ZEMNTED, AW, Ca,La TEHBLEMBE =54 b2 P e 1200°C
1@%%%@7?2%3% T SRR 2 B~ ol RS 2 BRER L T, wi’ ; Jt ; é ; ; ;
2 i v

AEHIMARIBEEEZ HOTER L7z, HREEHEZ, CaCos, 1 Cagglag,Fe, 0y, (y=2.0~9.1)DAAFABLAL A
La,0;, 0-Fe,0; Z VT, Ca,La; Fe,09.,(x=0.7~0.9, y=2.0~10)

DALFERAERIZ 72 D KO E LT, 26 OB RITIRAR Y M-type ¢ o-Fe,0;
— VI VTIRA, B, R LI, 900°C T 5 BERIbER M | @P{%gQ
L7z, BERL L7z slBH e 2 R — L L FV T 1100 tpm T 10 R ﬁ s
SRR Ly MERR L 7=, 1200°C~1300°C CABERL L7=, 3t 3 LIRS R
EHO R R X RETIE & I CRERT L, RAtiR 2 N.' 0]
BB R IO CHIE LT, SRAITE, BFs~r s 2 ol aBhsbe s s
07+ 7 A %P —(EPMA) CHIE L7, M} .
3. BEBIUOEE .LJ‘JJ :RJJJJMAM,“«_‘JMLLJJML ¥=0.7
1 13221, C 0 CagsLag2Fe, 019 (v=2.0~9. 1) D BRI AE % 0 0 4 0 e 70
T, y=3.0, BERGELEE 1250°C LA CR & A p R bl 2 5 3, SibeE i
BAFNREA LD K & VEREHZ DU T EPMA MR 24T 72 & = 2 Calay.FesOr., O X ARG
A, Fe/(CatLa)DLENK) 8~9 THDHZ LA R Lz, L7z s ‘ ‘
Do T BWEEREEE T Ca iBEIFANIAE L2 FTREMER B D, H=1kOe
2 1% Ca,LayFeg0010.,(x=0.7~0.9) D7kt & 1250°C THERRL 2 20 N
TR X REHIRTH D, =07, 08 TIE, HEOMBE7= _
T4 FOMERIZIER TER LT, x=09 T~ 4 A he 2
M#Z =54 FORME 72572, gl 7
[ 3 1% Ca,La; Feg g019.,(x=0.7~0.9)DEMEE S HI#R A 59, 1E 2 5. i }
BB O F = U —IR X 400°C (135 TH D, Ba, St O M L | ‘ \!
W7 =T 4 FOF 2V —BEIXZENEI450°C, 460°C TH Y | 100 200 300 400 500
AWFIEORERIT M BHEERAFOXF 2V —HETH D LB 2 Lol
5D, 3 Ca/La, Fes (019, DEBEA IR

IJ\J:J: D N Caé\ﬁ%—?‘x %%&b\ La@ﬁ% 1-x %j?fﬂifzj:—(&\ %b\ﬁla‘ﬁnw'ft%%o MEE7J:§/‘) }\4{%35&:
Effr T DAIRUE. CagsLagaFes0Oro, Th 5o

4. BEER
P E KRR, BT, BEEE, 7 =71 &, EKRAS (1986) 17, 129
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FrHfEEEEE b ONTeE T = 74 FO/ERLE

Peg—tk, EOBRIT, RIS — e
(FEKR, HAF)
Synthesis and magnetic properties of hexaferrite having new stacking structure
K. Watanabe, K. Watanabe”, K. Kakizaki, K. Kamishima
(Saitama Univ., RIKEN)

1. #8
NFET =74 hOfEREREIL, S=(2MeFe,0,)™ £ 721X ¢ Z0,W @ ZnFe0, V RS,
(2Fes04)*", R=(BaFes0y1)”, T=(BasFeg01s) * L\ o727 1 v 7 £ Sintered at 1325°C

fifg CRlik TXx A (Me lX M&EH A 42), S7Tr Y2 LR
a7 PREARER - TG T M(=RS)%L, X(=RSRSS)*,
W(=RSS)FRNERDOHE A H 5 Y, Lo L RSSS ORI E(L:
. BaMesFeyOss) & WV 9 I E 72720, AR TIEZ Ofbd
W& MesRS; & L. Z DR L R Rt E O E &2 1T - 72,
2. EBRAEE

JFUEHE BaCOs, ZnO, a-Fe,03 % Ba:Zn:Fe=1:4:20 £ 725 X 9 1T
MELEZ, 2nbZ2BRR—L I LT 24 FERAS L, il
L7 REBHE 1tem®> D7 L 2T L v MIRICEA L, 900°C

v * soaYMo e o00

Intensity (a.u.)

T b RFERBERL U 7o, BERSIR 2 7 5 AR — 1 2 LT 10 Z5 . 20 30 40 50 60 70
1100 rpm TRk L. FREEANIERZ L7, % LT 1275~1325°C 20(deg)  Cu-Ka
C 5 B AER LT, 1 (Ba:Zn:Fe=1:4:20)ABEpkitEl D

BOEHORE A% X BUEHT(XRD)IC &> CRE LTz, sbicm  XRDZY—
Fru—=T<A 70T F T A FEPMA) TREI O/ Z 2 L7z,
F 72 B AR A IRED ORI RE ) R H(VSM) THRIE L 7=,

3 BREER

ABERGIR B 1275~1325°C THERK L 723UkEtD XRD /N4 — 2 %

1R d, #EtoFEMIE Zn,W & ZnFe,0, TH 5, 1300°C,

e e o N Ba:Zn:Fe=1.00:4.79:29.0
1310°C ABERAREHIIL RS FFADE— 2 B 5, =7n, RS,

1300°C ABER BB DFLAL /AT Tld. Ba:Zn:Fe=1.00:4.79:29.0
EWV IR ORI E R LTz, Z 0k SEM A X 2 12T,
TR T R A OEIR TH D, 1F0NT B Zn,W, ZnFe,0,,
Zn,Y FHEX DRI DFTE L=, o T 140°C  310°C 510°C

2 1300°C ABERLFEID SEM

4 312 1300°C ABERL B O BB R MR Z =9, 75 75 2 N A | R R
3 FRMH DO IRBEMAR DIFAEN D7D, 140°C 1% Zn,Y?, 310°C 13
ZnWYD X 2 U —iRETH D, MEEN TV D Ba-Zn ZDOAT
BT =74 ML 510°C WD %2 U —iBEET R0, 72b b
ZHIZZngRS; DX 2 U —iRELEZ BND,

PLEX Y., 1300°C OABER T, N7 =T A  Zn,-RS;
DGR NER LT B2 6D, ZOF =2 U —{RE X 510°C

‘"/

Magnetization (emu/g)
» S
| |
| |

T 3?) D 710 0 | | | \__i
0 100 200 300 400 500 600
BE R Temperature (°C)  H=1 kOe

3 ° e R 3B O B &
1) R.O. Savage et al., J. Am. Ceram. Soc. 47 (1964) 13. 3 1300°C ABEEUE ORI R

2) J.Smit et al., Ferrites (John Wiley and Sons, 1959) 197.
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B8 PMMA K 7% > 7 L— MIEWT R ICE Bk %
HT B ERBAR RO /ERY

R, *EEFI, SOcHkd, SaARAT . A s
G PN PN
Preparation of two-dimensional closed-packed shell structure of thin film formed using PMMA
particles as a template

Hironori Mori, *Kazuo Shinozaki, Naonori Sakamoto, Hisao Suzuki, Naoki Wakiya

(Shizuoka Univ, *Tokyo Tech.)

LB SRR ZE
2 YL & AT B M s o LosEmsnss Y VQ Y
TN, Tk 2 2 KOEIT IR e S - B T Bk A7 o7 L — | st

WCHWD Z L2 k0, FEROEGERERE DSBS L 7o 2 RS 2 1 RSB DRI
ZEITHEI L TWD, T OME Tl ERITER DO ORI/ NS W, BINEO XD 72 RO
FERBLO IR S LD, AR TITBEBRMENRICER L, 2 RotEkEdE 2 A9 2 miF B & ih
WO~ VF 7 xuA v 7 BEEHEEOFEREZ L Lz,
£ ikin

THREM L L C LaNiOs (LNO), 5##EER L LT Pb(Zr,T)Os (PZT), 58l | ..
PEAR R O 3R E M & L C Terfenol-D % F\ 7= ko8 Btk E 2 A 3 2 BRidelk
A PLD IS CERI L7, £, K& MLz U ORATEKIZEERIFE 10 pm \
O PMMA Z¥oLicam A Nz . SO 2 fii UBUKPEIZ L7z SiHAR
WA ya— METHEREICT L —F2ERILE, 20T 7 L— Mt Ei
THEMRIZEIR T LNO 2Rl L, sl IS H M A2 600CTT =— L& T o7z,
T, HERIEE A 500°CIC LT PZT %, =R T Terfenol-D Z i L
72. Terfenol-D (X, PLD F ¥ '/ X—WNTH—4 v MIxFLEHEIZ/R D
L OBE LTRSS Z LT, EMOINALZ K- 7=,
FEBHRER

TESRL L 72500 i SEM BE.5 X OV EDS 12 L 5 nE o Hr ot 3
%X 3 (2~d, LNO Hiskod La & PZT HED Ti I3 NE OB
DEENLHRHEIN TS DI L, Terfenol-D kD Fe X%
NOERBHED LB LR ENTWD Z E¥bnbd, LLEDORER
e FEEMAINL L BRDO~ILF 7 = a A v 7 EIEA R T X

2 Terfenol-D 5D
VESRLG 1%

TWD Z EARBENT-, F7-, Si b 12 PLD 15 CE#E

M L 7= Terfenol-D o> VSM JHIERS K Tld. Mm% 3 PR L2 O(SEM T2,  EDS
RUTET2, ARWERL L 721 D Terfenol-D K & sffiE i L2 ET ((b)La, () Ti, (d) Fe)
BT EBEZLND,
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PEN HHERE DL 5ESL « 7L 7 7 & Co. Fe T

MDA BTERRRE, A AL* AR E]** PG
(EREFHE, *LTR, **HANT 2R 7 105 (]R))
Polycrystalline and amorphous Co and Fe magnetic thin films on PEN organic substrates
H. Kaiju, T. Abe, M. Ishimaru*, K. Kubo** and J. Nishii
(Hokkaido Univ. RIES, *Kyushu Inst. Technology, **Teijin DuPont Films Japan Limited)

XU ®HIZ

ARYx=FLF 7% 1L— b (PEN) AR 12 Ni, Ni75Fe256§'r$7$H%%7ﬁ%¢é & Ni, FeJfi-f-72% PEN NI
BOIAET, PR, KO, FHHAREAER INS[1], Z4us X b, BITERSIERET (AMR) 2h 5208
KL T —20 5% (MOKE) 23Bllll S 45 (2, 3], ABFFETIX, PEN ﬁ%ﬁ&%ﬂ%h@ Co, Fe MEHEEIZER L, Z2D
i - NGRS L ORI EZTARHA 2 HNE LT,

%%ﬁ?i 120 . I . |

PEN AR (75 N7 2R 7 ¢ L 548 TEONEX Q65, Bs - 7nm 7072
10 mm, &2 mm, [&E 25 um) E® Co, Fe BEPEHEREDOIERIC 5, 90 i
UK h HE A EEE LW, AENT—1T L
250-450 W, ZEHEREOMES)IZ~10"Pa, ZRHBIEL— ML 1525 8§ ¢ '
nmimin & Uiz, BMBARIEE (5T 5w ommRss 2 %00 :
360 Oc & L7z, REREBEICITETRABEMELAFM 20 5 | -
T PUEBHERSARTIC BB A T SR (TEM) el 8 90T
Z AV T TEM SR OERUTIZ Ar A A2 2 U > 7 2 vz, I ;
IoLE, BT U AL DRBORE LR 2 S 20 ER O35 30
AT =V AW, BERAFMERHmIZ TR N MOKE 5% Thickness d (nm)
FANz, BeOREIINEES L 1 kOe, PN EIINEE AR/ 1E 0-90°, [ 1: Fe/PEN |2 3317 % (R4 O Fe BEE (& 71
BUNAR » MY A AIE 3 um, WIEREITERE L, PRI ZErT TEM 14 & BRI O 5,
EBRAE R 90 T

1 |2 Fe/PEN (28T DIREES O Fe BEARFIEE RS, Fe g I
R < 72 D1 \_TIEV\ LRI TIDME T L, 7 nm BLF ClrifRig S E I
AT Do T nm LT CORBIHKI Fe 0T 2177 g OF
b, KON, T/ BRSNS D 2 E AW E TEM #l52LE o
FRREFTORERNPSHS NIRRT, —HT, K2Rtk 2
(2. ColPEN TUE, 7 nm BT Co BURITHV T bRBENILH 5 |
KET, LA, BRKEZRTIERDNPoTZ, ZHUEX, Co O
%@@gﬁmm RO, FHERR Eﬁﬁkﬁﬁmmﬁﬁﬁwm ol

CEDFATE D 2 &S - KRG HERENTIC I D BB 0
l_ foc ST Thickness d (nm)
[ 2: Co/PEN \Z351F 21571 D Co ERAR A7

525k WX TEM 4 & B #R R O R,

[1] H. Kaiju et al., Appl. Surf. Sci. 255, 3706 (2009). [2] H. Kaiju et al., IEEE Trans. Magn. 46, 1356 (2010).
[3] H. Kaiju et al., J. Appl. Phys. 111, 07C104 (2012).
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BEE7 Y — = v b PVD I X AELERIED AL

RS, GARER, BURZE*, MR, AR, EIEE D R, LAk
(EH LK, *TANAKA R—/LT 1 7 AMKER), **HKPE, ***4 K7)
Preparation of iron oxide films deposited by Supersonic Free-Jet PVD
F. Abe, A. Yumoto, Y. Masahiro*, S. Ohkoshi**, A. Namai**, M. Yoshikiyo**, T. Yamamoto***
(Shibaura Inst. of Tech., *TANAKA HOLDINGS Co., Ltd., **Univ. of Tokyo, ***Nagoya Univ.)

# 8

Fe,051%, offl, BHH, yHH, ¢ MZREDBFEL, SMITBWTHEA OBKFHELZRT. e M (BT, 2%
(MR Pna2) 13, @B T CRRORMNEZATIMETHL ZLRMENTEY D, H&B LU 15
TREZERVKAA L LTERSNTND. L, BEFOEBEEIN I TRbEk R S i A fil
THZLRENETHY, « Mz E RO KB 2 At d s Fli3 b2 @EE 7 U — = v b PVD
1%, ERRER OGRS R 2 B EE T AT S, RIS R 2 MR S D 2 IS K AL
FTOHLWEBIZ L OB ETH D, ABIIEIE, « tHEZ S TREMIRILE 2 FUEHI W, BEHRY ) —v =
v b PVDZ & Y BALBRIR DI &2 5k r,  BRBRSAE 23 M SRR E~ DB 2 F T 2 Z L 2 A& 975,

EBRAE
BEEZ)— v b PVD (Supersonic Free-Jet PVD; SFJ-PVD)

Fig.1 | SFI-PVD ZE&E OIS X 27”9, AREEEIE, BERAE (Figl Lo
Fx ), FRTAERSE (Figl TOF ¥ N) ROEZEPERGR L 0
RENTEY, WF v RS Rt L, R oMl i@/
ANEIEHFE LTS, BZERRICE VW T v o "2 EHZ2REEIC LT,
TR AERREIC He T AZEAL, BZEHRL TWDIEERE & Do
FEIRIC LD TAREARSE D, F /R FAREICHRE U EEE 2 — 7
v MZNA:YAG 7V A L—W— (R 1=532nm) 24 -7 7L —2 a3 v
THILICE T IR RAERESED. ERSNET R, A =
E o IR E E T L, B L ABET D D L CIES R, WY G pup e tasrm of
FRERIZRRIE L 7o BRI TR 2 - HERE 2 L TR T 5.

SEERFH

BRI, FEMRIC ¢ Smm BJE Imm ORI (C1020) ZHV, ¥ —47 v M, W BAE—Y L7
BEICE VR ST ) 38 STz Fe,0s T R (e FH 77% + o FH 23%FLE) &, U BB ST
VN Fe, O3 B AR (€ FH 78% = o AR 22%FR ) & Bafd L7- 2 R A B & LTIV =, AR T, st &
LCH I RFAEREES, L—W—H, Thmr A 5 RRIER AR 5 2 5 8 2 SR E L7z
(BRI T A —Z OFEMNT R CRA) . i U 72 B ORESREIE, SQUID (2 & 0 5T L 7=.

vacuum

Deposition Chamber ’
’

supersonic nozzle

heater

quartz window
target

B R

Fig2 I[CHE S B2 RO G H 2R/ T. REDE— e BEOBIC KT Uiz, 72, Bk
B U 7o e D TR B ORI, #—4 > b~D L — — RS R i b 7
HFD—>ThdZ LaxWbne Lz, KERIZBW TR b EWIREES (3.5k0e) %R
L7 7 v % 32 Jjem? CHRUE L7238 CTH - 7=,

dinm

Fig.2 Surface
photograph of iron

oxide film.

L 2D ;N

1) A.Namai, et.al. : NATURE COMMUNICATIONS (DOI: 10.1038/ncomms2038) , pp.1-6(2012).
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A F U BREZ KX % MnGa RO FEREMAY & IR G JE oD il 15

REREE, IARAGE, s, Ry, Sk, #EER
(R, * LA HAWIERT, **4 ENT)
Creation of non-magnetic layer and control of its layer thickness by ion irradiation on MnGa films
D. Oshima, T. Kato, S. Takahashi*, Y. Sonobe*, S. Iwata, S. Tsunashima**
(Nagoya Univ., *Samsung R&D Institute Japan, **NISRI)

FC&HIZ

Fex T2 ETIS, LIHAFEO MnGa (26 LA A S5 Z L2k, MnGa 2% Al AEHIFHA~ & BB
LIEREMAE T2 2 L, F7o, TOMEZFIH L CE Yy hXZ =K (BPM) BMERTE A Z L 2R L TE
720 KEFZETIE, A A BREIC X Y MnGa K% RE ) O T OE S £ TIHBMELT 5 FIEICO VTR L
=D THETB.
REBRAE

HfE s MgO (00 EIZRF <27 % hr v A%y Z (2K Y Cr (2 nm)/MnGa (15 nm) / Cr (20 nm) / MgO sub.
DOEAERL TR L 72, & COgIEEEMRIRE 100 °C LU TR L, Cr THIE & MnGa JE O lE%Z 21T 22
600 °C T 60 min, 400 °C T30min DRA N7 =— LV &ITo72, BRI LI L, A4 EAEEZ A,
Kr' A AV B 21T o 72 B = kL X —]%5,10,30keV & L, BE 1T 30 keV DA 1 x 10" ions/cm?,
5,10 keV OFAITIE 3 x 10" fons/em® & U7z, FRE£4 JEE 2 a0 BT FIS KT L, 0°285 70 i CHS4 2% 2
LT LY, FEMEALT AR S 2 AL ST, BERTR OR A, RER AR L0 HE L.

ERER 500+ M (emul/cc)
Fig. 1 [IZHHATE LV 5 keV O Kr' A A o % i T E 7 [ 2> 5 60 “fH imadiation o e

{FC 3 x 10" ions/em” RS U 7= 1% o0 IS T (B J5 1] OB AR & on 3. BR T Aﬂe\r

B R D REAL B AS SR 72 T REA LI O BEAL IR & 72 > TV B DIkt | iradiation

L, FREHE O RAL R I AT L O B 2ME T L, B bR o RO -15 15
KT E A EBDRR BN, ZDZ Lk, FHE»DHDLERED j H (kGe)
T ORHDPIEmMEIL I TEY, 72, ZOIEMMEIL I8 &8k
2GRS TVBBITIEFEICS Yy —T I L TWA ETFREND. £ 2 -500-+-
T, BRIRALOIE T 505, FERAEL SN BORIEE Ay o7, 18 1 Outofplane M-Hloops
Fig. 2 |2 FREH A L JERGAMEIL S - B OB E O RG22 R 3. TE A O of MnGa film before and after
BT, A A DT R F—30keV D L &2 1 x 10 jons/em® ffg the B keV ion irradiation
O AIERMEAL LT B o 4V =R A — 8 E< 72 5l along 60 7 from film normal.
A F 2 OREFA~DORAENRBDT 5720, FEEHEL SN2 OEERE
7o TWn5D. £, =TFXALX——FT, BEAELKEITBHL, 1
F U MIEEIC 5 LIEWAE TAR T 5 X 9122572012, IEMEIL S
LEOEINHEL Ip> T D, Fig. 2 D, MRE T 3L —3 O
AEEZEYNICERS D L CHMEILSEIBOESZABICRSZ &N
FRETHDII ENDLND. X6, ZOBEIL 1om L~V Tl &
HT EERTELTND.

. 30 keV

Magnetically inactivated thickness (nm)

Egiﬂ 0 3‘0 66 90
AMFZE1E Sumsung Global MRAM Innovation Program O X #2(2 X 0 17 lon incident angle (deg)
.
Fig. 2 Ion incident angle
EZ DTN dependences of non-magnetic
1) D. Oshima et. al., IEEE Trans. Magn., vol. 49, 3608 (2013) layer thicknesses on MnGa

films.
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BZRXLVE—L—PEBETTHERL”Z Nd-Fe-BR T/ arRYy MNERK
R BT MR X 4 B fmk HE (BRIRKE)

Nd-Fe-B nano-composite film magnets prepared by high laser energy density
Kenji Fujiyama*, Takeshi Yanai, Masaki Nakano, Hirotoshi Fukunaga (Nagasaki University)

U THEFRARA OREN L) 13 —% o/NE - @ERRGICEKT 2D TH Y, Tl HiEENH
a2V, 250 HH, Txik, TRV EETLHYY VARUNMIE—4 ) Z—2OIEHE LT,
PLD(Pulsed Laser Deposition)i: & FV>, {445 7) 400 KA/m FLEE, 7ERERAL 0.9 T BRI, (BH)max 90 kI/m® DI
PEZ BEEfE & L C% 5 ME Nd-Fe-B/ a.-Fe 527/ 2 iRy v FEBRGH DIERIAZRATE -, ZOFESE, #—4
v FREICHEH T L —F O —28% 1mm L FICKY, TR X —HEL LT10Jem’ LLEOE L K&
TR ORI U 72 B, b ERR RISk L Nd-rich # —7%" > FZH W22 b 23024 57, Nd-poor & 7257
J ARy MUROREIDNSE S, BVLERE, FERRAE 1.0 T, (BH)m 100 kI/m® FLEEOME 4 #Ek LY, A
e ClE, Bl L7230RHIBI L, RRIERFRI OB X AR A 1 = X AOELZRFTT 2 & & b, Nd&A
BEHIE L, (BH)max PIA L HRAST,

EBRFE 6.5 rpm TEIEE S H 72 NdFe,B (x=2.4~2.6)84 4% —/7 v MZ, 5K 3550m O Nd: YAG L —
% a5+ UkfiFid™ % PLD (Pulsed Laser Deposition)#:% VY, Nd-Fe-B SARiA A ERL L 7=, BARMIZIL, #—74
v b —Ta HEAMEEEZ 10-12 mm & L, L—H— U —4 W [HE, =FLX—HE 10 Jem® LLE, IR
30 ~ 180 min DA MV L7z, BURER OREHIIENE TH D720, BSLHIRH 1.8 s FLEZ OMRFLRF
MEGLEE 2 i U7 t%, FIIIRESL 7T DSV ZERAATV, RRKHVES 2.5 T O & VSM CREGREE % 5FMh
L7=, #Mp%lT SEM-EDX CNd & Fe D& H =% HIE LT,
EBFER  Fig 113, AR 60 min. (B : 15 pm) 25T
(2 180 min (JBE : 65 um) HOREIOREFETH D, K
M OE L7 KB, T2 —4y hREOTZE—Y 3 0
AT 2o T2 —4y MRED EH®) 3, FarLy hoig
FWZeME L7610, TRey 7Ly hOBESLHT A ADFEL
VRN AAE U7k 728 TRR S AL D BRIEIRER 120 min. & T,
(BH)max 100 kfm® RO ERFF LIZ b OO, 180 mini2ET 5 Prepared by using different deposition time.
EZOMENEIITIKT Le, B Fa 7Ly bR 140
1, B O AL PRI L Nd U vy FRlIicy 7 b &
HHEEBIZ, RENICEREZ 725 L, MREHEDOLILE R
Wb EEZXLND, £ T, HFERFZ 60 min(ZEE L,
B =27y F O EELSERN G, KEx i Nd A RE0ORE

C Sﬂme
IO, (]

(a)60 min. (b)180 min.
Fig.1 Surface morphology of samples

]

—_
[3°]
<

—
(=3
(=)

(BH e [KI/M0
o0
[=}

o

(=]
R
I

ZAFRL U (BH) o 223l L 720 W3R % Fig. 21287, Nd B &% L
BN 2 DIUBH ) (THIAN L, 11.5 at.% THe K 130 kI/m’ FEE * Nd/9(Nd+Fel)O><IOO &.%1 2
\CHET D 2 L R LT, FEFRHR T A i S b O Fig.2 (BH) . as a function of Nd contents.
THETLTETH D,

L 2PN N

(1) M. Uehara et al., [EEE Trans. Magn., vol. 41, No.10,3838(2005).

(2)N. M. Derrﬂlgsey etal., Appl. Phys. Lett., vol. 90, 092509(2007).

GYARFS S« BRFERY I RT 4 7 AWTFESE R, MAG-12-072(2012).
@HL—YT7 T L —va L 2oEECNRETEMEES, TV—97
TL—arEEoicHl (ERTESm) (1911).
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Co(1120)¢p 35 & U Fe-Co(100)y, T HuJE %bﬁﬁz L=
T B X % v L SmCos &4 %Hﬁ@% s S e

KT « SRS - gARH - [UHE - KIERE - HlSSCR” - fRdgfs L™
(P, "HpEEKR, TILIEX)
Structure and Magnetic Properties of SmCos Alloy Epitaxial Thin Films
Formed on Co(1 150)}lcp and Fe-Co(100),.. Underlayers
Mitsuru Ohtake, Yusuke Hotta, Ataru Suzuki, Makoto Yamada, Masaaki Futamoto,
Fumiyoshi Kirino", and Nobuyuki Inaba™
(Chuo Univ., *Tokyo Univ. Arts,

8aC -6

Yamagata Univ.)

[XLHIZ  SmCos HHIA 4T 10% erg/em’ 4 — & — D —#ilBE R 7 M= R /L — L 700 °C FEEE D E O =
V—IREAZFD. 2D, BEENIZHALE ST Z F7> SmCos J& & @ W EIFIRE b & FF OGS 2 FhfE S 7z
TR MET ) 2 VWY Y MEROEBREHC SN TWD . L LARns, HEOEA, SmCosfH &
FELL U 7275 07 it & F55 SmyCo, A 72 EANRAET 254088 E ST s Y. K5 8% Sm-Co AH DA% TR bE
EAEWZEEL L TWA 72w, IS L ixmshomiEz2HEd 2 X BRET Q0/o, 20¢e A% v > XRD)
TILERBIAR S TR, T DK D 2 il i ST s -~ v THENA DN TH S Y. AR TIE, BEE
Eiqﬂ@iéﬁﬁ%Vyﬂﬁumﬁﬁf ETH D E#E R (RHEED) #tEfT & D MBE 4*%%)%%\5 iz k
D, Co(1120)e, B L < 1% FegsCoss(211)pee FHIE FIZ Smy;Cogs (at. %) BEAE TR L, M & BRI 2 TR,

EERAE MgO(100)HfE & EAR 12 20 nm JE D Co(1120)¢p 3 & U FegsCos5(100)y.. FHIUE Z~T m o X F

YARESEZ., ZLT, A0 FHE EIC 20 nm JED Smy;,Cog A TERL L7=. R O AR 1
500°C & L7-. #EFEMICIX RHEED, XRD, RBEAEFMEREMIZIE VSM, SQUID /15t % v 7z,

KEHEERE Fig. 1(2-b)IZ Co BL U Fe-Co FHiJE EIZIEAL L7 Sm-Co Ikt L THEIZL 21T > 72 RHEED /=~
H— kg, fERREIT R — U RBIER SN TERY, XX r L Sm-Co NG LI TWD 2 &30
%. Fig. 10—\ ReTi7r, RTs, BT, RT:HEED Sm-Co(1120) 85 SIckt L T/ ¥ —r Dy I 2 L —
a v EIToRRART 9. BlE S RHEED % — i3, Whb, RLBREEDHREDY I 21—
a UiER (Fig. 1@) & —HL W5, Lo T, R #i&E%F> Sm-Co 2% Sm-Co(1120)[0001] 27,
+(1120)[1100] 77 || Co(1120)[0001]nep+(1120)[1100]hep, Fe-Co(100)[011]nee || MgO(100)[001] D Ji (i B T
RENTEY, c fiABEENIZE W CEAR L7-BfRE RO BGEm N SR ST\ D Z Lo -7z. Fig.
1@z Co THuE LIZIEAL L7z Sm-Co EDRLh#RZ "3, BEENIZEB W TGS DO BV O il b 45°[A]
R ZFIIN U2, X0 KRERMMBANBRIN TN D

fix L7=1m (MgO[o11])

(a) Sm-Co/Co

@) Ry 0 o @00

@R, 7,0 © © J

Fig. 1
Fe-Co(100)vec underlayers. (c)—(f) Schematic diagrams of diffraction patterns simulated for Sm-Co(1120)
bi-crystals with (c) B2 77, (d) RT%, (e) R.T%, and (f) BT structures. (g) Magnetization curves measured for
the Sm-Co film deposited on Co underlayer.

2240
® O O 0 ®@

2130 1230
© 0 O O O ¢

2020 180 0220 ®
112 1121

2240
(ONOHONCNCNONCROXC

3030 0330
(@) (@]
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[OXONONONCHONONONG)

|
—

(g) Sm-Co/Co

=
2240 1
00 0 0 0 | baAPOEOSEOCEOM@T E
000 coo | 06 6 0 % T
©m® @O O O® GO 1120 & MgO[001]
00000000 |PEOEOO0ceOA §
3 MgO[011]
(b) Sm-Co/Fe-Co (dRT; © © 0 ¢ |(HRT; ~ o %
E
Z

—40

-20 0 20
Applied magnetic filed (kOe)

BEE  SQUID BT & D BALHIFRINTE TP R KRB AR ORI ZEIR O T H 2 THS £ L.

L ZDEN

1) J. Zhang, Y. K. Takahashi, R. Gopalan, and K. Hono: Appl. Phys. Lett., 86, 122509 (2005).

2) V. Neu, S. Sawatzki, M. Kopte, Ch. Mickel, and L. Schultz: /EEE Trans. Magn., 48, 3599 (2012).
3) M. Benaissa, K. M. Krishnan, E. E. Fullerton, and J. S. Jiang: IEEE Trans. Magn., 34, 1204 (1998).
4) M. Ohtake and M. Futamoto: IcAUMS 2014, A5-28, Haikou, China, 31 October 2014.

40

[(a), (b)] RHEED patterns observed for Sm-Co films deposited on (a) Co(1120)np and (b)
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Hix 7% CoPt T LRSS 7 MERRIC IS 1T 2 WX A A XD
bz EIIN 5 T A A

JREER, ST, AR, f2HEE—
(RIK)
Dependence of magnetic domain size of ultra-thin CoPt perpendicular magnetic anisotropy films
on applied magnetic field direction
R. Hara, K. Hayakawa, H. Kawamura and R. Sugita
(Ibaraki Univ.)

X C®IT

CoPt FLHils 3 W IR ELRE U T & BB b 2 A3 5720, BERGLEIHASE O T A A L LT
ST s 2. CoPt TERIKIE MR OBEERFE R OBERAEE IZ DV TIEZ < OBFFED 2 ST
%73, 10 nm LA F ORI 31T D REX A A X OBESHEINGT TAHEIFEIZ DWW T IR E TR L A EiEm ST
VRN, E ZCAMFSE TR, MRiE CoPt T B SUIE 5 MR A 5 T (B 7 1) X OV N NG L, Z OREX
A A DTERERESHIIN T AHRAFYE 2 B 52N T 5.
ERIT ik

B ORETE X Pt (2 nm) / CozoPtsg (3~10 nm) / Ru (20 nm) / Pt (100 nm) / Glass substrate T& Y, RF~ 7 % b1
A8y 2 Y o 78 E 2 IO TSRO EZ 1T DO IT/ER U7z, BB O Ar 7 AE132 x 1073 Torr & L7z, {ER
U 7 5Ok 7 e g 2 (B 5 1) e NI N T NSRS A FUINC 975 Z & L0 AC Wl L (Z A ENEEETHRE L O
THRE L RS 5), BEXHEIE 2 B BIEE (MFM) Z VW CEIEE LTz,
ES YRS

BT/ D VO X PNTEREL L7 3,5, 7 & TV 10 nm D CoPt T EAEE TR O MFM 4 % Fig. 1 12/~
F 72, Fig. 1 £V ROTEEIREX YA X% Fig. 2 127”7 Figs. 1,2 £ 0, JFE 3 nm OEOREX WA R, MEETH
WY, #1400 nm Th 273, HNTHERBED S8 13549 200 nm TdH V) WETEREDK 121272 > T D Z L ADH
L. WTHVOVERE ST A TYEIE L 72356 6, IRIE OIS EVEX Y A X3 LTnD. £72, 5 KOV 7 nm @
B F1T % HI NI OB YA X133 nm O & [RIERIC, TEIHEBEE D H/AS V3, BEEZ 10 nm (2725 & 1F
ER T A ZXDK 70 nm (272> TWD. D KD RBEX A A X OVERERES EIN A7 & ONEE AR A D
BHEIRO LS ICEZ LD, EEEHOBRICIE, TE RIS H D3 @ < BAERUEES Hy 73R E W T2 0DIT K
Rl X OB A LI <. —05, mNTEBO LG, NG m & iziidbl®, FUES MK 45 & midy
IR ERIRREIZ & 5 728D, hep ¢ BIANTEELT M7 H DT NMENT WD & B E & 5T Fla & I2Eds L
RF V. Zd z, HNIHBIIREEBICHE S THREN S BET D, TROLBEB/NELS D60 LE
bbb,

Thickness of
CoPt

(%)
(=]
o

3nm 5nm 7 nm 10 nm

Perpendicular demagnetization

IS

o

o
T

Perpendicular |f§
demagnetization| g

w

[=}

o
T

Average domain size [nm]
NN
o
o
T

100
In-plane  |§ In-plane demagnetization
demagnetization 0 . L
B 0 5 10
Thickness of CoPt film [nm]
Fig. | MFM images of perpendicularly and in-plane demagnetized Fig. 2 Dependence of domain size on
CoPt films with thickness of 3, 5, 7 and 10 nm. CoPt film thickness.

B 3R
[1] B. Varghese, S. N. Piramaanayagam, W. K. Lee, and H. K. Tan: /EEE Trans. Magn., 50, 3201606 (2014).
[2] Y. Yang, J. S. Chen, and G. M. Chow: J. Appl. Phys., 109, 07B744 (2011).
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& Ed A Nd-Fe-B o /U

R’oAh, WA B, g i, bk &
(ALK )
Fabrication of highly-oriented Nd-Fe-B thin films
Y. Azuma, S. Okamoto, N. Kikuchi, O. Kitakami
(Tohoku University)

1. [FL&IC

BEW, BT RNFX—OBLED G Nd-Fe-B i O @EMERRIE @< RO BT 5. @tER ki mT 7258
DN OB HH T, EREIMGITEEREO —>TH 5. Nd-Fe-B Wit O &I 2 FEH T 57201215,
WAL SR O BFR N AR AR CTH Y, HEREEZ AW T VE RN LS HMEINTVD. I LICHERER O
72O, FEmELAYE, RT3 A X - ARG ORI Sz RE R BRI AR AT K TH D, ABFFETIE, T
HIAP RO, FEBGREICOWTRETZITVY, EShE 72 Nd-Fe-B MO /ERL % 3 7.

2. EERAEE

~ X b ARy ZEICE Y, BEREIE Si FEHR_EIZ W or Mo(30 nm)/Nd(0.25 nm)/Nd-Fe-B(50 nm)/W or
Mo(5 nm)DFEfEfEE Z ER U7z, THUE 2 S TRl L7212, MR Ty, 2 500~700 °C & LT Nd &,
Nd-Fe-B &, v v @&l L7-. Nd-Fe-BJgIZNd, Fe, B D 3 LRIFF ANy X (T X WL L, FKHED
WA 2 92 Z & 12 L 0 SR EHAR Nd 3FeqoBs [ZFHFE L7z, B O Sb i 13 X #REIPT(XRD), BEAUFE
M A RENSUEPRIRS D RH(VSM), SUBFR I BLE2 1R 7- [ 71 SIS BE(AFM) & N T2 FLafl L 7.

3. ER#ER

FTW FHIOFERIZOWTRRS, Fig. 1 IZXRD 71 7 7 A )L O FEMIRE Ty K FEM % 783, NdyFe 4B #
MHOEPTE, T_XTO Ty 2B\ T 00/ 235 H 58 <, (00DELH L CWDER T2 R TX 5. 001 LAAHZITTS
W 214 L 105 MBI S 7. FTH Ty =600 CIZBWTIL 214 & 105 OEIPFTE— 7 1 HIFITHE AL L TEY,
FRVO0 DB N FEBL XL TUW D, Fig. 21T Ty = 600 CCREE L 7=kt AFM 8 %2779 W FHITIX Ty b
ST, KT 1E 200 nm FEE O B EN S, c DD 1lum BEDT 7 ARk F~EBITT 52 N
oo, —KF, Mo FHIOEE, XRD 7 a7 7 A /ViZ W FTHIOEA CIZIERETH - 7203, BRRIEIR T
T LS ETHBIREEDEETh o7z,

g g 38§ © g 8

S =) d=22 S 8 s

o oo 00« O <40
o | ONdpFe,B
2
k= T, = 600 °C W \
oo
o
- Ty, = 500 °C

Si sub.
[um]
10 20 30 40 50 60 . . .
20/(degree) Fig. 2 AFM image of Nd-Fe-B film grown on
Fig. 1 XRD profiles of Nd-Fe-B thin films W underlayer at 600 C
grown on W underlayer.
B R

S. Sugimoto, J. Phys. D : Appl. Phys. 44, 064002 (2011).
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L1, RHIIE 4 & 3d BB EORMET B X %3 v L _JEBIEOE L

VA TR « PAPREK - B ORE - KYTTE - TARIER - Ml SCRT - AREE(SSET
(PR, “HEEEKR, TIEKR)
Preparation of Epitaxial Magnetic Bi-layer Films Consisting of L1, Ordered Alloy and 3d Transition Metal
Ryoma Ochiai, Masahiro Nakamura, Youhei Noguchi, Mitsuru Ohtake,
Masaaki Futamoto, Fumiyoshi Kirino", and Nobuyuki Inaba™
(Chuo Univ., “Tokyo Univ. Arts, Yamagata Univ.)

[FEOHIS R & AR D 72 D R Out-of-plane In-plane
BT ) oY M RGO S A s o
BRERMIEH L L Ce A 7 mE— 2% S § 8 8§38 Sre s
MEMS JEICIN S CHES WS, il | & & T Sripd SitE 8
BRELT, 85 SmCos X NoFeuB 2 20fi k8|15 2 - g repdre =5
EREGMEBR SN TOSR, BIEHDS AT o - s @

e .

=

A, Ll iEEZ+> FePd <° FePt 472 8%
L 725, L L b, L HAB452 M
N TR A 3R S YD, AR T, L,
A% AW FREIE O rTREM: 2 /i35
Z LA ARG, FERNLOR D MO HifEdh

| | ]
JERT ISR L1y FePd, FePt k& M ZFs S8 g g _88 &
SFe, Co/nb7s JEMATRL, Hirk LR S e 2 S 5% ©
S ol g, W 20| g
NS Sile—3
L - [ <
S A

EBAE BFPKICIE UHV-RF ~ 7% b
VAR HAEE AR L, FEARIZ13(001),

(011), (111)5HL> MgO Bifbdhz FV -, JE
12 FePd, FePt(20 nm)/Fe, Co(20 nm)DJIET
FiE L7- e, BX0, FRElEE L C
@A 200 °C OFEMIRE TR L=, £ L

MgO(011)

1 | |
$ JToMiEE s v L 3 3 8 g _gg
% Z &% RHEED B LV il L7, o] s § olg 5%
%, A2 FHIHIEED FePd 35 L0 FePt JB4 S1ils 2 g Sz 1%
L1 FZ B 12 7212 600 °C CHLR (&) | e—5z : S

Z it 7= AT 21X RHEED, XRD, AFM,
WAL 1 VSM & V-

SERER  Fig. 1(a)~(b)iZ FePd/Fe/MgO(001) &
Fe/FePd/MgO(001) &kl CIIITE L 7z fidhds LY | |
FIPYXRD /85— By, AV S2 =TI o0 40 60 80 20 40 60 80
FePd(001) 4% 15 i, FePd(002) 2 A4S 4, 26 (deg.) 26y (deg.)

Fe(002) K MBlZR ST D, —J7, N .
2 i Fig. 1 (a-1)—(f-1) Out-of-plane and (a-2)—(f-2) in-plane XRD patterns of
XRD /%4> TId FePd(00) A KA & [@), (c), (e)] FePd/Fe and [(b), (d), (] Fe/FePd films formed on MgO

I;:%llg) g\ggiﬁﬁ;hfg S ;]} OCII/_ \1 O_;eél:ﬁ,f substrates of [(a), (b)] (001), [(c), (d)] (011), and [(e), ()] (111) orientations.

WIoRERE b, FePd &I ¢ Bl SEIELLZ 1R

Uz L1g(00D)fEER DABRR XA TN D Z &2V D. RHEED 35 KOV XRD i HUE L= B4 5 2% )LV BRI
FePd(001)[100],4, || Fe(001)[110] || MgO(001)[100] T& 4. Fig. 1(c)-F)iZ MgO(011)F5 L ONLLL)FEH_EITHERk L7 — @l XRD
NG — % MgO(OLL) bR HIZHERR L 72 2t L Cldimgh FePd(022) & ik FePd(200) AR, MgO(lll)ﬁéiF)iL
TERL L7268 255k L Cidimigt FePd(111) & [N FePd(220)+(220) EASS D MBIER S 41T\ 78, BB cBBA% 1RCRIIRR0 B
720N BRSSO &0 BRI R B2 D ATREME B X DALD. Y HIIEERIED ED T, FePt, Co Z#iAAot
TAEFIZONWTHHET D TETH 5.

ZEZCER 1) T. Teranishi, A. Wachi, M. Kanehara, T. Shoji, N. Sakuma, and M. Nakaya: J. Am. Chem. Soc., 130, 4210 (2008).

2)J. P. Liu, C. P. Luo, Y. Liu, and D. J. Sellmyer: Appl. Phys. Lett., 72, 483 (1998).
3) Y. K. Takahashi, T. O. Seki, K. Hono, T. Shima, and K. Takanashi: J. Appl. Phys., 96, 475 (2004).

MgO(111)
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RHRBEC IV IER L Tca R 2645
DOzz—MI’l3GC %H%@Eﬁ/f\q:%'l\%

OPEEBAEEN (I‘mi) FHIEMS® W
(ALK RZBE TR AL B K KB T 5EF )
Magnetic properties of D0,,-Mn3Ge thin films with a high coercivity fabricated by laminated
sputtering method
K. Watanabe' , M. Doi’ ,T. Shima?
(Graduate school of engineering, Tohoku university' Graduate school of engineering, Tohoku gakuin university®)

(&5

BUE, B NX—, 7 ) — X —7etb 2 O FEBUZ AT THINBE S S IR L Tnd, £ 2T,
B NX =00, L0 EEERKIMCEEEE - KER - #BEEOAY Y ha =7 AT /31 20BN H
LERENTWS, BEBEL, ﬁ‘%%ﬁt ’:»su\f%ﬂ%%gé@ (2 & DBt OBE AL S RER S, 2
TE L CHBENE & L COMRBEAHEFFT 2 7201213 107 erg/em’ 1F & D 3 O LS 5 1E 2 A5 2 MRS BE 28 44
FLiph, & T, ERKRD MRAM | ﬂ%b\%hft\é Co-Fe-B (~10° erg/em’)I24H> 0 | &\ ik Sl AR 7 1 (2.3
X107 erg/em )& A L, 2B F 2 U —{RE(~ 850 K) & AT 5 D0p-MnGe 23ER SHTWn5 Y, ABFZE

TlX., STT-MRAM, FEEBALEORMAHELE L THER STV % D0y,-MnyGe IR 2 A8 HFEfE A /% v 2 {5

IZBWTALWICERERGIE L, BERERLZITV, BRFELHs 22 e L,

[ =B 71E]

AT T, EIREEREHE, BEEZE LT Ay 23 % VT MgO(100) BLRE b FEAR EIC Rl Uiz,
Hix Ny 77EE LTCr% 5nm, BB & L T[MnGeli ZEK% 100nm, ¥+ v 7EL LTCr% 10 nm
& U7, BIEEEZEFE 1T 7.0 X 10° Pa LA F D5 F ORI 21T - 7=, BB R t=1~ 30 [0, Mn fiLR X x = 2.7
~3.5, FHURFE T, 1% T, =400 ~ 500 °C, 7 =—/L{RJE T,1% T, =475~ 550 °C £ CE{L & TR AT 7=,
F9. MnJE & GeJEORERBIERF 22 S V7155 OREERE ZTAR5 72 D12 D0y»-Mn;Ge 1T LML 7 &
Fatb LD Mn U FHEIKCTZ ORMEENLEICHEOLND Z &b, Mn OfktbE x=3.5, t=15& LT
[Mn; sGelys ZWaMERE & Uiz, WMERE T 5 [Mn;3Gelis 1L Mn i & Ge i1 & 2K HAZRNE T % O & & 51 15
FHE IR L, ZBHBIEEAT 5[MnsGelis /B & Lz, 72, [MnGel, ZJEIFIC BT 2 BLRE M o018 8 [R5k
TP, Mn MUERILIRIENE, [Mn Ge], 2B EEIZ ) CEBd A 72 HikH 0 DO0,,-Mn;Ge f g rh & B I 2R RS
% T2 O\ EEMOREE T, ?:tuw PEE DR b 2 X D 72D DT =— VIR E T, DI S/ % Mimt Uiz, R s dh
T X AREIPTEXRD), BERAHEISBEEE T3 : iy o -
TR FHSQUID) & AV THFAR L 72, 2 e ] B

[ 3] i I

T =— R T, ORESEEE T 2720 T, = 475 e
~550 °C ¥ CZ&AL S Eifb bl & BERUREME 2 314 L 72,
Fig. 1 (21X 7 =— Vi T,=475~550°C £ T&{L &+
R U 7= RE oD . X #R[EIHT /8% — 2 & SQUID 2 L % kil
MR OFER 283, T, = 500 °C IZF W\ The b AT
V001 E AL A] &2 s IR NS B v, R b M =
119 emu/ce, R4 H =119 kOe Z/R L7T=, FHE TIX
BEHGE, BATOREL . (B )) K OB B 1> Mn | S i o
R AR AFYELIC D0 TR L < H T 5 a2 aEELEe

=T
1)  Atsushi Sugihara, Shigemi Mizukami, Yuki Fig. 1 XRD patterns and M-H curves of Cr (5nm) / [Mnj;3Ge];s
Yamada , Kazuyuki Koike, and Terunobu (100nm) / Cr (10nm) 7= 450 °C,
Miyazaki : Appl. Phys. Lett., 104, 132404 (2014). ~ Ta= @ 475°C, (b) 500 °C (¢) 525 °C, (d) 550 °C for 60 min.
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L1o-FePt ZAE SR Z 3 1T DRI TTIE L N U T o MERCOD Fe MR K AFME

SRR R, /NEppRthess SEeplior, Ao, [A Inr, dbk &
(LR, *+E LK)
Fe content dependences of magnetic anisotropy and variant in L1,-FePt poly-crystalline films
A. Hotta*, T. Ono***, T. Shimatsu*, N. Kikuchi*, S. Okamoto*, and O. Kitakami*
(*Tohoku University, **Fuji Electric Co., Ltd.)

[XL®IZ Llg-FePt (X 7x107 erg/em’ BB DK & 72 —HhEE R G IEEZ A L Y, 2075 =2 T FEERL
BT VR RS S GEER A DA i & B ST b, EBALICHIT T, Lle-#EED ¢ s mPIcELm
LN Ty MBS T2 ENROOND. ZHIETIZ, 50 at. %Fe DL EDO @R Fe #HAK O B &
RS T =2 FGPEVTARY T N OIFEREE SILTWAD, Z OMBIRIEIECH R T EICRT5
NI STV, £ 2 Tk lE, Llg-FePt BIEORIR I A 2B SR T O ARy X ik
V& AWTRE A ORI D L1g-FePt ZhESEATER L, NV 7 v Ml OMBKFEME L, FR KR
PRI B2 B 5B A TR~ T

FRERFE AN, BEEZ~ R o2y FIEEZHOTIER LTZ. ZiEd FePt 1, 254 > F
T AT 4 A7 EIZ, (00D)ELM L7- MgO ZAsfmEEO THIEZ R L, 0 Rl X %2 v Lk
ST %m@ﬁﬁi TV T — FEITHEL IS L 00 Lie. s MT \ C13mE s X O
X AREHT (XRD)Z =, BRI MEER Ky(= Kut Ko, Ku BE R Kp 1 ZFNER 1R, 2 RO
RBFMEEROIL, BER—NANEN X DA AR A FIH LT

R MV 7 B A E L CRO 7= R REINMER 7T).

HRRUEE Figl lCK, B L OHAIE S O Fe fRIKTANE 2 R
72¥, MRIC K D ¢ BORER A A HICBHE 72 2 ITFE O v o 7.
&ﬁi@SiRﬁﬂ@%mkk%:ﬁmb,wm%ﬂmﬁﬁf
KKREZRLTE., S HIZ Fe A ZHEMcES L, KLBEIUS |
KFT2b00, SOKTFIZHLTKDOIETFRREND k#b#
otz F, KO TIZE 720 Ky 12335 Ky OFIE 03880
LCu 2. Fig2 1T XRD HIEDORE R BHE LI, N T~ -
N RS DFRIBR T & % FePt(001)ifE D EIHTIRE &, FePt(110), (200), s ﬁmﬁma%“ 5
(220) 1 O [EHTHR D> & Williamson-Hall plot % N CHH L 7= b O .

FA%E D Fe $RKGEETH S, Fe MAOHINMIZ & B 7220y, 50 %ﬁﬁgMMdew®m“f
at. %Fe KELALL_E KR Tl FePt(001)f o [ 4750 2 A BHE |- 14

[$]
N

K, (x1 O7erg/cm3)
">
D\W
E
H/%W
| L | L
o o
[} [e ]

N
T
R
o ¢
~

N
T
|
[
N}

oS :

MLUTEY, HAFELBML TV, 2, K Fefilins Y 200 i
T RMIERSNTEY, Fel50at. a2 HE YT UM e 1
AWICEINT 5 Z L2 R L TWA, & Fe i ToNRY 7o Flsy ; I

OHEIT K, DIETE LS LTWA. 77, Ky OEAZAY %120j 1o
TV MERORE SPAE L OLRE LYW, BB ER 8 e loe
DRFFEDT RN X —FELE L D720 ThD L BEZ BN, . 1,
BEZHR 1) R. F. C. Farrow, et al., J. Appl. Phys., 79, 5967 (1996)., 2) 0

S. Okamoto, et al., Phys. Rev. B, 66, 024413 (2002)., 3) K. Barmak, et % 46 48 50 52 54 568

Fe content (at.%)

al., J. Appl. Phys., 95, 7501 (2004)., 4) H. Ho, et al., J. Appl. Phys., 116,

. Fig.2 Fe content dependence of
193510 (2014))., 5) T. Shimat t al., J. Appl. Phys., 109, 07B726 ;
2011) ( s 3) fmagsu, et at., PP s ’ integrated FePt(001) peak

intensity and relative strain.

S
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X/\‘\/&{fkiu\ ?ﬁ,ﬂ%i@b:ck ZD Llo-FeNi *Bo)ﬂéﬁi‘

M oz, KA R, TR LT EiE FIA, AT S C1% -3
(AL K244, JASRI-SPring-8°)
Formation of L1, phase for FeNi by sputtering and rapid thermal annealing
T. Y. Tashiro, M. Mizuguchi, T. Koganezawa*, K. Sato, T. J. Konno, K. Takanashi
(Tohoku Univ. IMR, JASRI-SPring-8°)

XU®HIT

L1, 24 O Gt & &~ MR BHE S O — R RUER F ME(K) 2 F8 BT 5 6 D532 < | FePt =° MnGa 72 1L A
vy b= 2A5H TR FA SN TWA, Llp-FeNi A4, Zili7et Bl TR S T A I bbb 53
W E K(1.3 X107 erg/em®)VE T2 2 L b, LT 7 —2A « 7 U —BEFAMENE LTHIE STV 5, us)
L2 6, BAI-ASHRAFER O T F X — 0NN S W, HA-RERIZEREIREE 23 320 °CY LK<, 2L
SLBRIZ X B HANBIZIZE R 2R AL ETH 5, Bz i, 7</\°y57%9:%\ﬁﬁ{ﬁ?&ﬂfi(RTA)”%fﬁbWi?/f
IZX Y L1y FHDOE R 2R T,

KRG
WEHE, ~ 7% br 2y 2 ) o 7EE VT MgO001)JEM_EIC FeNi A B L. T D, HZEH
T RTA % i L7z, FeNif&iX, Fe BLU'Ni Z[FIFFE LS IIRAICHE L, RIEESLXORAEREICE TS 1
JEHT- 0 ORI TR L7z, BMLERE, FHREE S L OBVLEIE 2 R rIc 2 b S w70, 1E
L 7= FeNi B2 SWTC, B~ A 7 107 F 74 P(EPMA), Bi=EE 1 T#3HE1(SQUID). X #[EHr(XRD)
x;wéiﬂ‘:%iﬁf&fﬂéﬁﬂ(mm K VAR, BERRRE, ARG, Rk A L7, Ll AR E
(2SR 5 M 6D CHREE D FH VAR - 7 — 7 OBLANC X, SPring-8 BL46XU O # AL it  &2 FI i L 7= XRD %

To7
[Fe x nm/Ni x nm]//MgO(001)

e ks 1500———T——T1,— T

MgO JEHR LIC Fe 35 & OYNi % x nm FORIE LI ZRIME (a) L%
FERIBIR: 15,30 nm) DREHI OV T RTA £47 572, Zivb & 4090 4 ]
DFREHZ DU T SPring-8 T In-plane XRD #17->7-2 & Z 5. L1, "d 0/'
HREICRIN T 5 @7 & — 7 AUICBl S e, Soic, T g0l 4 @ ot
BiALHi#R 4 SQUID Z W CHIE L7z & 2 A, B HEE jilﬁ L o _% -
DORHLHTRIZ I\ TIRBEI(H, ) & FERIREL(M, )78 S €% g
Too BRS NIRRT ©— 2 3 X OMEA ©— 7 ORI RELL 0.5 -
B FH LI BEIEES) & R TR & e He, L8RRE @ 0.4f (D) o -
JEBEOM, )% Fig. 1 (2% & 0T, BRBREHCHIS By = o) o i
BEOM, M3 S I L TEORBIE o= b aiymotz, & ool &P i
E72. TEMBE0 S BRI C AL THELTHY . S g4l o, %’ ______
ZIBICEE LT Hy R M, IM, 2385 L2 bis, oogf=—=0% " ., g

0.00 010 0.20 0.30 0.40 1.00

2EX

LR Order parameter S

1) J. Paulevé et al., J. Appl. Phys. 39, 989 (1968). Fig. 1 (a) Coercivity (H, , ) and (b)

2) K. B. Reuter et al., Metall. Trans. A 20 (1989) p. 719. remanence magnetization ratio (M, /M) of

3) M. Mizuguchi et al., APL Mater. 1 032117 (2013). Fe/Ni multilayer as a function of order
parameter (.S).

Eilia

AFFRIL, SCHRN S TC RIS RN ERTEHIF 2CHL S (ESICMM) D B & 52 1 F T T T,
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Pd-Sb #5IN L1,-CoPt JERE O #E Sh B a1 & s &R

FREPREL - MRS — - PR
(B ERFERFEFH TR
Crystal orientation and magnetic properties of Pd-Sb added L1o-CoPt thin films
T. Kanou, K. Kakizaki, K. Kamishima
(Graduate School of Science and Engineering, Saitama University)

1. #E
R FEERIC B W TIOR8k 7 Tl ﬁﬁ%ﬁ@mﬁﬁmﬁzxd%ooﬁéﬁ\XEVszyx
ZIGH LT2SFEA T Y 73 ZADMFZEREEANATOIL TN D, Bl 21X, B 1 IRGTIRBEMEIRIZ A B R

ﬁ%ﬁ#:&f@%ﬁ%@ﬁé:&ﬂﬁwténfkb\%E@Eﬁ@wmﬁm%ﬂ@f%é:&ﬂ%\
AEY ELTOEHABRIFSN TS VD, £ TARIFATIX, A B AR 7E 0 13 Rt Emss e
& LT Llo-CoPt &4 % H W= MEMACE A2 BRI L, TEK T HEOFRIUZ M Cllakds X OZULEE
FHORELETV, RERBEEBCEASS Z B E L,
2. RBRA*
BRI, wFm 2 —4y R of ~ 7 b RSy Bk #(00D) o fet-CoPt
B2 W, #—4 > MZiE Co FH(76 mm?) LI Pt F v 7 ©002)

(1100 (111 o
[ e ) SbPd=38

<1 CmD)kiUPd%ﬂ(l em )& [0 72 b O &V, 2 "’k\m

(2 Co (1 em"™) LITHLR D Sb 2Bl LIz b D&l Lz, 3
%?/A“W%25Xm'mnuTL% o, Ar TAZHN *
L. HAE%Z 1.0X107 Torr & L7=, #AENIL 44 Wem® § JL s
LU, ARSI ICHIRIC RIS L2, BB, JUE T 5 | o e——— I
KFELIR(10 scem), 500~700°CT 1 BRIBVLEL 21T\, 3t ol Ry o
B a1,
3. WRE LUK “ku_,w; KUY
Fig.1 1%, BUE FAFESGF 600°CT 1 RV L7- 20 30 4;@;0 %Mmm

Sb/Pd Hﬁ@ﬁ%foﬁ % PdSb-CoPt # 0 X #rIHr¥ %759, Lo Fig.1 XRD patterns of PdSb-CoPt thin
HEFEHE D001 ZRA10)E D S OEITAL S EH S, films deposited with various Sb/Pd ratio,
AT OIREHZEBNT fot-CoPt FHOAER AR T 5. H5IC then annealed at 600°C for 1h. in Ha.
Sb/Pd HAt 2.2 OREFCIZODE L b OEYHROZAHL .
TH Y, (001)m A IR < Blm L2 e 70 %,

Fig.2 12245 @D PdSb-CoPt RO REALIE R K OMREE )

@ Sb/Pd HAKAFMEZ R~T, REESIZHOWTH S & Sb/Pd

EEAS 2.0 LU TIIRESRHNICF S RIS Th 523, £ L Bk
b C U NSt T (B 5 /) D PR ) 3 BE K 2 — 5 TN Ji )
DERME TR U, BEEMEIEE 725, 24T fet-CoPt @
WAL A Bl C d 2 (00115 1A AN T 7 A (S B ] L 7 72 8
LEZOND, —F. BHLMEE Sh/Pd oBIMZENEY T s s a0 a w0
L. 2.2 OREHClRUME L 725, ZhUE Sh/Pd s 2.2 DRt Sbipdratio
TR A 1'[:753\%%\%?? Lt Z2 s, P EOREE Fig.2 Dependence of magnetization and

coercivity on Sb/Pd ratio for PdSb-CoPt
M5 Sb/Pd b 2.2 128V T RE 72 \EMALENG DL, thin films annealed at 600°C for 1h. in Ho.

w £ o
S 1=} S
S S S

Coercivity (kOe)

Magnetization (emu/cm?)
o
(=1
o

i P4
1) A.Yamaguchi, T. Ono, S. Nasu, K. Miyake, K. Mibu, T. Shinjo: Phys. Rev. Lett., 92 (2004) 077205.
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H—RF ) F 2 —TIZNE S 7= FePt f80hi— O FH R 48

ATFRARSE, RHIZE, e, BEEAA =),

(ZHEX,

kst
ENGIEN)

ATHE —, ffRiEF, /MR IE

Composition control of FePt particles in carbon nano-tube
T. Maeda, R. Muta, S. Takase, Y. Fujiwara, H. Sato, K. Maeda, M.Jinbo, T. Kobayashi, (Mie Univ, *Daodo Univ)

1. FANE

FePt SORI1-13 % ORLA-OHEE 1T X o THRBEME-CoiimetE: 7 &
ex It E A L, £ OISHFEFITIA < IEFEIXER S B~
DISABIER>TWD D, FePt #ki I —R o F ) Fa—
7 (CNT) ICHNEESED Z & THRE RSOt
AN—Y—=I TR E~DIFHARH/HETED, Lol BRD
BEBREE TR RBIN . BERANA =W — 2 7 TR RBI A 2
WL TWAE, ALV RO SN DI RER D, %
Z T, ABFZETIL CNT ([ZNEL E 72 FePt ok DAL 2 il
SN THR L7z,

2. EBRAE

FePt A4fllitlZ~ /3 har 2y 2 Y v 7HERIZLY
Si FMITHIE LTz, Fe ¥ —47 v h RIZ Pt Fv 7% EE LTz
BWEX—7 > FEHHLTEY ., Pt v 7OKEIZ LY FePt
FEARZ I L7, ONT ORRRIZIZ MPECVD kA2 H LTz, #EiE
fEATIZ TEM, SEM. RESARMEIT AGM & VSM &2 W TEEfE L 7=,

3. EHERHER

Fig.1 12 CNT JEiilZ NEL S 3TV D8k - O #E /Y72 TEM
Wi A R, LI V2 FePt R ELIE Fe77at.%Pt23at.%
Thbd, ZOHEIH MPECVD #EE 4 AW TRE S L
CNT OFToH 5 bamboo HEENHER TE 5, AMFEICEHEW
T CNT DOLED R SN2 HERTIL, &2 TO CNT el
KA DIFEPHER STV D

Fig2 |Z TEM {%b%ﬂhﬁthNr TN E LTV B kL
TORFEE A NI T LD ERT, FePt il DOFARLLE
Fe77at.%Pt23at. % D& BRI I T, FePt JEE N 2 51246 -> T
SAOE—7 13 LT Y | BRIEHEIN & R o 23
ﬂmbfwé’&ﬁbbé ARFIECIIK SR BRG] Al
EBRITEZTHRND T, R FBEOZE I IRE D251k
NREEEBEZ HD,

fRBEAARE L Pr23at.% & Pt0.8at.% DT — & & L+ 5 & [H
UBHETHLICHED LT, PO.7%D il % AV CESL -
CNT AR 1 DIE 5 DSRED AT Z 5N TWD Z &R
Db, TOI LMD, RS FePt il O FA R AKTEIED
boHrLEZLND,

Y H IR ORRR & AR KR L OV D IZEEM
PRREE AR OFE ROV THRE T 5,

| bamboo like structure |

: 200[nm] |

Fig.1 Typical TEM image of CNT which was grown on Si/FePt10nm.
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Distribution of diameter of FePt particles.

(1) Q.A. Pankhurst, et al : Appl. Phys., 36, R167-R181(2003).
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ST TIRFEAR L1g-FePt - /B D Ed b CORGGEL M

3 I R S =t o)
IWARE

U R E AR G & A T DL
Model Calculations on Magnetic Field Alignment of Cubic-Shaped L1,-FePt Nanoparticles on Substrate
S. Yamamoto
(iCeMS, Kyoto University)

[TL&MHIC

L1, HLAIREE 2 A5 FePt 1% CoCr RA4? 10 {5 LA & i WO BRAUR 7 MEE S K, (9 7 X 107 erglec) 2 A3
L ENMBNTEY ., TDOF /kit1% 1 Tblinch? 248 2 % J5 3k D i 5 JE 5Lk A D 17 T 5,
F 21X “SiOp-Nanoreactor 15" LRI DB H LWVAEBL— FZEHWAS Z EITL D KRE INY)— CREKSF
PRI, /KIS - BRSNS BT T 5 LlgFePt 7 /Wi F 2 AT 5 2 LITlzh L Tna Y,

L1o-FePt 7 / Ki+ DREKFCER AR~ DI 2 & 2 723856, & ORMLE S Z2 B T 5 il m S8 5
Z LMD CEERRETH D, AP E D LTz L1-FePt F ki & H B EBE L AN RS CRL )
SH L FEIMEMEICENDFEEZ AT 50, BOREMEZSD720I21X 100 T BLE S O TEv i
INLEE L R HRENR D - 72 2, AR TR, SEHRGIRZ AT 5 Ll-FePt 7/ B OBSEEICET 5 EF
VR EITO, BN TRER 2 BRI L1-FePt -/ ki D84 & bl L 7=,

ETIL

SETIRTEIR L1g-FePt -/ khi+ & LT, HWOE S a(m), WALES N EICERE L R DT V%%
% % (Fig.1(a)). Kif-OF i 1L Y 72 SR CHB S TR Y | WIS EN BT 5. SRR O T/
BTy 2 B ISR - TR A R R S D 2 Lic kv oD ki ik, EIRERRICH TET LI L
WEOHNTND I, RFTRRICHET DM TH Y . SEHEIR L1gFePt 7/ i+ DOBA bR TH D L &
RO D, ZDIH, ERIKLFOGE L ITRRY | BT E OR A OBALITERIZEE £ 7213 HATORE
LD & &N TE ARV (Fig.1(b)3 L TY(C)), AFFETIX, WAL ERICEE & 72 5 7= DIZ LB AE LM (o
TRIR TR ORIE & SIS O 7e A D) B L OYMIRIG SR IFIC  D TRET LR 2 53 5,

(c)

(a)

B~

o
-
o
I

Evaporation of
solvent

Fig. 1 (a) Schematic representation of (a) the cubic-shaped L1,-FePt nanoparticle with an edge length of a nm, and the cubic-shaped
L1o,-FePt nanoparticle on substrate (b) before and (c) after evaporation of the carrier solvent. Here, M, H and « represent
magnetization of the particle, external magnetic field and the angle between M and H, respectively.

BE IR

1) S. Yamamoto et al., Appl. Phys. Lett. 87, 032503(2005); S. Yamamoto et al., Chem. Mater. 18, 5385(2006).
2) J.A.Bainand W. F. Egelhoff Jr Appl. Phys. Lett. 88 (2006) 242508
3) #ilx1E S. Yamamuro and K. Sumiyama Chem. Phys. Lett. 418 (2006) 166.
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FePt@PbS-2t 7 @3 = VLT 2 Ri D A Xl & e b

AL
(RS R P B - R & AT DL
Size-controlled synthesis and magnetic properties of FePt@PbS-core@shell nanoparticles
S. Yamamoto
(iCeMS, Kyoto University)

[ZL®HIC

FEREVERT B2 W e REHERIC L 0 | BeMET B ORFEZ ST 2R AT < b ifsE s T
=D, BEVET ORI & IEREMEAT LT BT B 72 BT 1 B A~ — R T R A/ S W T O R
PEIZIZR D LR R o, —JF, Btk 2R RK i 2 IR B CHE T 5 27 @Y = VAR ClE R
o R R A S LT BERARE DS R E S BT D ERM LN TS D, Lo LA, BB =
MR & DBEEEEZLICBE L TEE SN T D 00, ¥ 2 VHHOREDOE(L N RIFTHEE R L
Tl ABFFETIX, FePt 7/ KiF-ORE AR % 72RO PhS 2447 L 7= FePt@PhS =27 @ = /L
JRITEARR L, OGS - BEEEIC OV TR L 7=,

REBRAE

a7 &b FePt 7 R FiX, Sun HDJ
EICHRL-ER 373 O D& FH Lz,
FePt F / Ki# @ TD PbS ¥ = VIERIZ, 7
A UFEA T, FePt ) /2 Ki¥. PbO, A LA
VBELAATDE RN —n—F T FNT IUHET
RIGZELZ EICEViTo Tz, Bon = ko
R - BERUERPEIL, XRD HIE, i E -5
TEE(TEMYBIZE, VSM 12 X B BHMEHIESEIC &
0 R L 7=,

BRI UER

80-170°C » ¥& 72 2 RGN R T PbS + = /b
TR UG 24T - 7o 3k TEM 18 % Fig.1 (2R
T WTHNOIGREIZBW TS FePt /KL
F-FRMEIZ POS v = VAR L TERY  EIZ PbS
VR EBRISREICERKF L TND Z

RN D, BETITEROZEME ORS¢ Fig. 1 TEM images of the FePt@PbS-core@shell nanoparticles
prepared at (a) 80 °C, (b) 110 °C, (c) 140 °C, and (d) 170 °C for 20

SEFEICOWTHIET 5, min.

BE IR

1) #EEL T, (a) Green, M. Small 2005, 1, 684. (b) Cozzoli, P. D.; Pellegrino, T.; Manna, L. Chem. Soc. Rev. 2006,
35, 1195.

2) #lzI. (@) Lee, J.-S.; Bondnarchuk, M. I.; Shevchenko E. V.; and Talapin, D. V. J. Am. Chem.Soc., 2010, 132,
6382. (b) Kim, H.; Achermann, M.; Balet, L. P.; Hollingsworth, J. A.; Klimov, V. I. J. Am. Chem. Soc. 2005, 127,
544,

3) Sun, S.; Murray, C. B.; Weller, D.; Folks, L.; Moser, A. Science 2000, 287, 1989.
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Preparation of Silica-coated Magnetite Particles and Evaluation of Their Magnetic Interaction
Balachandran Jeyadevan, Fukunaga Mayu, Furukawa Etsuro, Cuya Jhon, Miyamura Hiroshi, Mamiya
Hiroaki*

(The University of Shiga Prefecture, NIMS*)

1. #&

UTHE, BEMET RIS MIRBVERIE~OFI AN STV D, Lo L, BEREHEICE K 3 5 320 & DR
ek L & X5 BT, R -ROBKHMEERANBELE 22> TV 5D, 072, ki1 AEVEH O R
RE CORKFFERE N LEARR R Th D, KL TIE, ~ 7 2 ¥ A bF /7 ki1 (MNPs)Z i % FERENEM TH 5
VU BT L, R AEEROREEINZ 5 Z LT, R ARROBESEEDO L 2 A T2,

i

2. EBIGIE

A UA VBB E O 1A 2 2 F oS M % T & T MNPs 2437, A LIk 74 o 7 o
~% ¥ & IGEPALF CO-520 OIR G * o0 |

cmx, oM Lass, 7oe PR @ e ¢ s
=TREAL R IABET T EFATEOS) [ S s L e T o

s

Nz . Bit~D ) hE w217 -7, {ER u- pasf M: Ml = 5 kO, = 5K)
L 7ot ORI 6 L O ARFEAm (2 12 i A
B BEME(TEM) 2 A\ 6 s AT 121X
X #REPT(XRD)EEE 2 e, 72, Rk
REENTIC I3 7 — U =B HiR44 53 e (FT-IR)

SEE A M T, BRI 13, R e
mHL Wby T H T O L AL R R LD f(i)il[e(li' %Simz(lg?anoét:rﬂic; Fig. 2. Zero-field-cooled and field-

FORC(FH‘St Order Reversal Curve)%i’ﬁq magnetite particles, 7.8 nm and cooled curves of silica-coated MNPs
with an average diameter of 7.8 nm.
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D205

MM,

0154

-
010

0.05H i

W=, silica shell thickness, 20.8 nm).
3. WRLEBE
AR LIHRIE 15.0 5L UV 7.8 nm O MNPs & s i1 (o) S
Before coating 10 1000 Anerzn.anm.:oarmg 4

HAWT, 7 =7 /KX TEOS O &, MR %2

BILEESH LT, BE 2.6-28.5nm DY I T A\
7 MNPs O/ERUC % 2h L7=(Fig. 1), 7=, >V . (@‘)

500

Hy (Oe)

Hy (Oe)

LR =

-500

BRI D MNPs OB % WIE L7255 R :
U B REIEDOVER &I FRESGHm A TOMRE— 0w e o o e o
BRALA RO & — 7 i (77 v % 7, Th) Fig. 3. FOR:I diagrams of MNPs (7.8 nm in diameter), (a)
DA Lf’_(Fig. 2), BT, K FFEIFHBEAERH OFE  before and (b) after silica coating (shell thickness, 20.8 nm).

filiJ5 15T d % FORC XfRTICIHVTH, AL

Mess Hu 1a OWEAS Y Lz (Fig. 3) o ##I2, KIfE 7.8 nm @ MNPs (2300 T, B 20.8 nm D Y U #
BaAT SRR, A OBEOGEI ORI K Lz, Ko T BB ORI EEH O EL Mm%
FEL LT, FORC KOS L) T 5 Z & 2 EBRANTFEN LTz, S 7R DMK IC X 0 | BEAUR
BRIEICHIV D MNPs ORGHI DWW T, Bz it OB R BHIRFT&E 5,
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HPRiE & 7 T v 7 AHRIC K % (Cu,Fe)Fex0s fthi+- D /ERE & Ryt aTAh

Hawa Latiff, FEAGRKE, MIFIEA. Sonia Sharmin, =Z4dh
B R FHEW E R A se R
Characterization of (Cu,Fe)Fe.O4 nanoparticles obtained via coprecipitation and flux methods
H. Latiff, M. Kishimoto, H. Yanagihara, S. Sharmin, E. Kita
Institute of Applied Physics, University of Tsukuba
Introduction
Magnetic nanoparticles such as magnetite (Fes0.) and transition metal doped ferrites in the form of MFe;O4 (M=
Zn, Mn, Fe, Co, Ni etc.) are promising materials with intrinsic magnetism whose stoichiometry can be
manipulated to tailor their properties for specific applications. Most spinel ferrites usually crystallize into a cubic
lattice structure. Copper ferrite, CuFe-O4, may exist in cubic and tetragonal symmetries. The structural phase
transition occurs as a result of the Jahn-Teller effect and is typically accompanied by a Jahn-Teller distortion in the
structure. [1-2] This lattice distortion along with its effect on the realization of ferrimagnetism as a consequence of
the Cu?* cationic distribution is of fundamental importance. We aim to investigate the control of lattice distortion
of Cu doped spinel ferrite particles. In this paper, we report the fabrication and characterization of Cu doped spinel
ferrite nanoparticles obtained by co-precipitation and the flux treatment method.
Experimental procedures
The samples were prepared with the addition of Cu?* of different molar ratios to
FeFe204 (CuxFeqxFe204 (x=0, 3, 13, 50%)). Aqueous solutions containing Cu?*,
Fe?*, and Fe®* were mixed with NaOH aqueous solution to form a precipitate.
The precipitate was then mixed with KBr flux, and annealed at 850°C for 3 20 30 20 50 60
hours. The obtained particles were then rinsed with water a few times to remove — )
the flux. Finally, the particles were reduced by in hydrogen gas at 380-530°C for
3 hours. X-ray Diffraction (XRD) and a vibrating sample magnetometer (VSM)
were used to characterize the materials.
Results
Figure 1 (a) shows the XRD pattern obtained from the sample with x=3% o w ‘fgeg_) 0 e
before reduction with Hzgas. The confirmed hematite corundum structure is  Fig.1. XRD patterns of sample
due to oxidation during high annealing temperature. After reduction, a single  x=3% (a) before and (b) after
spinel phase could be confirmed (Fig.1 (b)). Fig. 2 shows diffraction patterns  reduction with H; gas.
after reduction for samples with increasing Cu content (x=0, 3, 13, and 50%). cu?/(Cu*+Fe?) ratio
Single spinel phase was obtained for sample x=0, 3, 13%. A slight peak W
attributable to Cu is observed when the Cu content is increased to x=50%. The 5%
crystallite sizes calculated from Scherrer’s equation were in the range of 30 — J i e
0%

Cu:3%

(a) before reduction
Hematite

Intensity (arb. units)

Cu: 3%
(b) after reduction

Spinel

Intensity (arb. units)

(arb. units)

50 nm. The saturation magnetization of the sample with x=3% is 37.4 emu/g
and coercivity was 171 Oe. By using this fabrication method, we were able to
dope up to 13% of Cu and obtain a single phase spinel structure. All samples

Intensity
%
X

spinel (220) 0 (400) @223
were cubic spinel and we were not able to find any Jahn-Teller distortion. In o 5 o = o
this case, further control in the annealing condition is necessary. 20 (dea.)
References Fig.1. XRD patterns of samples
x=0, 3, 13 and 50% after H, gas
1) H.A.Jahn and E. Teller, Proc. Roy. Soc., A161, 220-235 (1937) reduction.

2) T.Tanaka, S. Fukae, M. Chiba, H. Okimura and Y. Koizumi, J. Magn. Soc. Jpn. 20, 265-268 (1996)ss
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Dynamic hysteresis loops and explication of heat generation mechanism
T.Kuroiwa,K.O‘[a,A.Hawa,M.Kishimoto,H.Yanagihara,E.Kita,H.MamiyaA
(Univ. Tsukuba,NIMS*)

FC®HIZ

IENADIEFRED—2 L LT, BAZBRMICINE T 2BKIEEVRIENER ST\ 5, BIKIRBELE &
WIREMET 2 R R 2 3 AIZEER S8, ARG OFIINC L 0 B S+, ﬁ>h%%ﬁéﬁé<‘:b\9%ﬁ)f
HD, LU ARICHINAREZR R OIERICITHIR N 5 5 7o, BEKUREVEIEZ BT 5 - DI @msh=®RIc
T DT )RR EZ BT 20BN H D,

WRARHZ 08 U 7=ttt 7 B IS AR 2 FUIN U 72 BR O BEAE 121 TRER B A7 U AR Bk
PEZHRBND [R— VBRI, K OREESEENC KD 7T 0 U8EfMm NEZLND, ZIbDR~DHEE
VEEIINRE R OYRIE & AR BIEIFT D, T 2 TRMET Rk & LTt ki % v, @shRIc
HEAT D12 OEB AT 5, Z 2 CIlEBHZ Lo m BB R A B L0 FHl L 7= 2 FE O e T/
KL D AZTREAC BRI DO W TR O TSI D BIZ DWW T T 5o

EREE

AHFSECRHFS U 7o B B s A 25 1 Ol LC R A W BRI KD AT A Vv B — 5 v A DR,
FloEEREETCHLT-DU vV (B 1K 2EBIRPLORE T o 72, BRNEATIZITY v fi%E
FAWEE 100 DY L A FaA v (£ 14mm,E & 30mm) & V7o, BAEBEICITER 25 0 8 DT v 7
Ty T a4 vERW R ESNTERLESET VX VAR R a—T JEMEE L MH g% FAEEE LT,
FIIN AT BE 72 B SRR 12 400kHz LA F T 6000e, 1MHz BLF Tl 3000e Th 5, !

EERER
2 M ORI ki & U CBR B GEORRO RS Bk~ 7 ~~A bhif (DINP?), Bk~ 2%
XA MR- (SCF3”) O TEM BEZ[X 1, K 2 (2R T, Bk~ 7~~~ A MR -1 Z AR 23 K & < (30~50nm)
BHFHIARIC L DERE TN S D R LITERERE AT UV ADEEBNRREWEEZ NS, —H.
Bk Co N~ 7" 2 Z A ML I3 LERRPRIZE AN & < (22nm) | ARG TEDMEES C ., SREWERE 1 3RE
BERE SR L TN 2 & Il S B AR Tieksg b FR - 8L L 7=, SCF2 3k & B i Ll fR O R RN E 2 2 b &
| EFEAR T MH #ifR & T2 & BB K AN OBNNEEL TV D 2 EAURE Sz (1K 3),
TR IR EE SN LT, BEREME 7T U RO FEGIZOWTERT S,

. 23 : - -

X 2 -, 50nm [Oulhase shit o duta=142576e0)
El*HWK%M%Eﬂhf/M% X 2. BRAK Co ¥RMN Fe;0, 30MEMERI 7 X1 3.SCF3(100kHz) DA AHZ 5 L
(DINP) (.SCF3) 72 MH ith#t & DC T MH ihf

XA 5 38 ERERFES(2014) 4aF-12, 2) M. Kishimoto et al., IEEE Mag.49 (2013)4756, 3)E.Kitaetal., J.
Phys. :D.43 (2010) 474011
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T/ BEMERLIC B I DR ERT UV R « A7 —1U 7 ke
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(& FRL, HE-FEHE TR
Magnetic hysteresis scaling for ferromagnetic nanoparticles
T. Sato, S. Kobayashi, X.L. Dong, L. Zhang,T. Murakami
(Iwate Univ., Dalian Univ.of Tech.*)
XL IS
SREGMER DR E AT U T A « A7 —U 70, BPRHRRIEREA O ELrs
WHLERBLR TR R 2TV D, BIZIE, v~ T — L —F D 2T
U v 2K W & BB AR FE BREOIZIX, NEHER 14 DR —)
JHIRE Y ro[1], LacL, \EOWIE TIE, BRIz W\ CREED
FERSHIR BN 3 SRR 72 SV 7 B CHERR ST DI T % ABFZETIL,
WEAVIETHR S F 7R RS T do D T/ TR CRL-88 ~ IR [ R AL DL
T) OARTF—=U 7R RFE L T2 OTHRET 5,
KERA %
Fe,Co,Ni & 3 FiIHDFRBEMIER BB I HOWT, KET T A~ e
B2l E VT iRiRE T am %k CEARIPE Fe:24+10nm  (Fig.1), mic'rograph of Fe nanoparticle,

Co:54+9nm, Ni:41+11nm) K& UVK#H 14 CEERIFE Feid7T+24nm, obtained after Liq.N2 cooling.
C0:94+30nm, Ni:16+4nm) Dt 6 FfHD -/ ki f-5E 2 HE L o .

Tzo XHREIHT(CuK B & 2 fE i, TEM 852, KO b e
SQUID BAGHT & D5~ A F—/L— 7 WI5E (£ 10~300K) e

EAT o712, “Fl—oco

SRR i —

=
=

Wiile enufz)

Fig.2 12, IR 800K O~ A F—/L— TR BT, K3k
OBBBHGEL L £ 27 ) L AREDOMOBROFRIT F 7w
AT, RTORBFCEMIELZ R L, WA~ & OBHER 1
B T LByt BRI AU TFORTT 4 v bLEzEZA, |
L TOHERB, BESGHICB VT, S Z L RIZED XK 0.001 0.1 X " " o
Nm=1.42+0.08 #157-, BriCenu/s)

Fig.2 Relation between hysteresis

B2\ m We*: b 27 U & A 30K loss and remanence of minor loops
Wi = W2 ( R) Wi A F— L — 7 RSk taken at 300K
F ™\ B, Br* : R BATEER na S %K

1600 T T

ZORERIL, U mBEIERIIC B W T bR A 7 — Y RN i — L v
AT A LA RL TN A, 1400 | IF; o
Fig.31C Fe iMEHT BT B~ A F—/L— T E Wi DR KT '\

MR, BT Wo BB RT 2 & RERAE E YL\

AU LT B8/ TH Wad B0 30% KX 0D LA R L, S (o, N

IR AP Ni, Co SEFC LB S Ui, —h, BEES 5 1 N e

He 3, Fe B OF Ni BUBHCIHAROR FRAK X UBBICHIAM R 0 [ o T
Bl PAED Wad RO He ORERIT, BARTHE, KT, | T
KT HIEDBLE D & MR TX B L £ 2 b5, Cw m wm m W
SE ()

[1] S. Kobayashi, Phys. Rev. Lett. Vol. 106 (2011) 057207. Fig.3 Temperature dependence of

inor-1 fficient for F 1
[2] X.L. Dong etc.: J. Mater. Res.,Vol.14 (1999) 398. finot-ioop coethcient for Te samples
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Core loss properties of Fe nanoparticle assembly
M. Kin, H. Kura, H. Watanabe, Y. Hayashi, T. Ogawa*
(DENSO CORPORATION, *Eng. Tohoku Univ.)

[EL&Ic

Fe 7 / bi FHEA K (FNA) IZWREMEM BHE~ OIS AN SN oME T 5 D, TR E TENA O a7 o AfF
PEIZBE9 D #1372 < . FNA OB FREIECBIRBENE & W o TR 3N 2 7 a0 ARHEIC S 2 2382\ T
DI RSN TV RN, ARFZE TIXRIR 2 (L S8z Fe 7/ RiF 2 MERET A2 Z L1k ->TY 7
TEAR D FNA REH 2B L. Z O TBMLIE %2 & 35 LT FNA OBSRETIN 2 7 1 2R T 38 >
WCRHii 24T - 72,
EBRAE

Fe 7 / ki 113 Fe(CO)s & FRETHTER % UG S B pliBR A 2 IR F TRV RS 5 Z LIk > THk Lz 2,
BREMEREET 5 2 LT, K 4.0nm & 6.5nm D Fe Ki 72 FNFNAER U7, (L L7=F ki 712 L
JEBMLE (~107 Torr, 200 °C) 24TV 3 72 RIETE RIS H Y 2 RE L b o2 Am R E Lz, 20
KEMERIET HZ LT 7R 2 ER L (K1), BLEOIESEIX Fe /b F-OBRMLE T2, 2
FIRLE L KPIRENILIZ 1.0 ppm LLTF D Ar HAFFARD V0 —T R v 7 AR TITo 7z, RS &1 T
& HWT, MR D FNA ORI EARFNEZFHIE L7z, B-H 77 7 A ¥ Ca@zHARY) & FHV CRIEERD
FNA ORIV b it & =27 v 2 250l L7,
ERiER

WAL RO FERLFEIED D . R 4.0 nm D FNA Tl 150 K (28 TR BAMEERS IRE (T Bl S hu, =il
TITBEREMER R IR 2R Lz, — 5. Kifk 6.5 nm @ FNA Ti% 400 K UL F OEEHRFAIZI VT T A5 R
ST, SIE TR RIEEE 2R Lz, X 2 ICHIBAE D FNA O AZHEAL B (Bna=50 mT, J&#%%
1,100 kHz) %797, I ARTERAL R O S B EARTFNEDS N XN 2 LD IEELITIEIEE L T en s
ENIRB ST, AR R RS D IR ER 2T 2 R A ERRICHER L T A TH
HEEZLND, KL 6.5nmm O FNA TIZMBMEH RO 27 V) o 2088l S, =27 2 2% 100 kHz T 1488
kW/m® T -7z, —J7, ik 4.0 nm O FNA OAZHHEALIIARIT 100 kHz I8 W TH B AT U P AREH ST
a7 a AFPERALL T TH o7z, ZHHORERE Y | BEBIEIREED FNA TIIEELOIEF IS Wa T %
TERICE B Z ERHLMNT -T2,

50 =T 1 SOFT 1 T
d
- - - 100 kHz - - - 100 kHz
— 1kHz — 1kHz
25 25 -
= =
£ E o
m m
25+ —]
(b)
I I 50 k£ I
Fig.1 A ring-shaped specimen 2000 -1000 0 1000 2000 -4000-2000 0 2000 4000
by molding FNA. H (A/m) H (A/m)

Fig.2 AC hysteresis curves of FNA with (a) 6.5 nm and (b) 4 nm in diameter.
BE Lk
1) H. Kura et. al., J. Magn. Soc. Jpn., 35, 203 (2011).
2) H. Kura et. al., J. Phys. Chem. C 114, 5835 (2010).
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Synthesis of a”’-Fe sN, nanoparticles by using Fe nanoparticles covered by oleylamine
T. Ogawa, ©Y. Honnami
(Eng. Tohoku Univ.)
FL&HIS
ZEAbEE (07 -FeoNo) L i B A (18 M:226 emu/g), /& it b G528 7 HERE AL (1.8 kOe) & W o e Rt 2 K50 2 &
O, REIEMERICE DN o”-FeN, 7/ bi B X OEAERITERA RISHP RIS TS, ZHET
o’ -Fe Ny KL 1X B gk 2 IR R L CIEIRLE N CE 2 D, LavL, ZOHIETHER S Ik FIRRAE 01
LOENRKE S CRLARENAE LT LE O BN & 5, £ Z TR Tl SRmiEER(A LA L7 < 2 (OAm))
THEbI, o, B RO Fe 7 /R IZER L, TR A MFEMELE L, a”-FeiN, 1/ B DR % 37
7o
ERA*
Fe(CO)s & OAm DIEAHIBEK % Dodecane VAR CTEANET 5 Z 212XV Fe F /R %157 2, #5417 Fe
TR % Hy T AR TR 21T o 72, D%, NHy T A% AW ZLLBE A2 1TV 0”-Fe N, Z/ERL L 72,
ABHREV S ) FHVSM), X SREIHT2E (XRD), & i & BB TEM) & W\ T, R ORERURME,
A 36 KL ORI 2 31l L 7=,
ERER
i 72 o N TR AT o 72 ) /R XRD OFER% Fig.1 IR T, T LV, FTED o”-FeN, fHD
flLiZ a-Fe FX° e-FesN AHANEAE L TV D 2 & 2353525, Rietveld T DFE R, a-FeisN, 3 70%., a-Fe 23 10%.,
e-FesN 28 20% 45 L T, BAERRAREIS & KA D M, D SCEME 2 & & IC3RBH O M, 23R4 % & 205 emu/g
ThHotz, —J. VSM 5L M DfEIX 209 emu/g TH Y . Z OFERITFIEBRAE A OHIFAN T Rietveld fif
HroRERE—F Lz, UEDZ &b, AR LIERBHIZHATH D Z Lo Te, EALERRIHE DORIF D
TEM 4% Fig.2 \Z” T, SLAEERTE O FERILZENEI 10.6 nm, 10.5nm TH V| 1T & A EEn/a<
R THEE DR E TN Z E BTz,

Z ORRIE, FESIHFTERISIEANBT = 1L X — - PEELANTR GBI IS (NEDO) DZEFEHEAKIAHIIE T
077 o TR E B T @ AR — F — HREMEA BT BASE ) ORERGONTZ b D TT,

L Z DN

1) T. Ogawa et al., Appl. Phys. Express,6, 073007(2013).
2) H. Kura et al., J. Phys. Chem. C 114, 5835 (2010).
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Intensity (a.u.)

=

t*:e‘:a . o
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- £ EH L= =l k-1 s -] ) a0 4k MO E R 1]
20y ks (deg.) TR g
Fig.1 XRD pattern of Fe-N nanoparticles. Fig.2 TEM images of nanoparticles (a) before and
(b) after nitrization process.
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Rotational hysteresis loss analysis for randomly oriented a”’-Fe ¢N, nanoparticles assembly
Masahiro Tobise, Tomoyuki Ogawa and Shin Saito (Tohoku University)

FLBHIZ
BEFRBEATFULEY o -FeisNa IZFIRIZEBVTH 1620 emu/cm? DOEIFIRE(LE 106 erg/em3 LL_E o> — il S s
SRIHET L F— A1 T LA B RN SRIBIU TSN D, 57 EE BRI (L — FBEHEBPERL TS
N 2. o FeiNs BRI 3HHII LTI, Fe BRILIDDNIKRE (LI /KT8 C Fe Z(F
WL, 5IEGEEEIT BT ko TR A A IERT DA Sl 9 STV
5. W o™ FewNs /K O RIHERER Hoe 2B 5001, EAKTTORT [ | L

I RO L (I IS CIRRE ) B 21 LS W BIETh5, LnLans | | 8 {

H

/

o”-Fe1sNo 7~ /K - DB S PERLHE AR P CORAIRIFAE LAERIZ OV TOE R
A7 37, AL A RUE D He SEBUEIROBSMNEIZEES<EARIZITE > TR “’)

kOe)
10

0
V. B id Fe R /KT CRRLER o BUR O I 8 CIRRE TEREICRFAT 5 2 & 23 4
BECHBHI LR, BT R TR N Z DA RO A O R T TRk |—
R L O R R e 2 e —
AR (RES A TE R, A RES @7 BB D AR L 7 RO ) ZMETHTE  mnoparices :
IckoC, BRI FerNa F /K1 T-45 O RO Bl 4 OB ERE RO FEATI -3 70 7 e
AET 5.

00

-200

EERAE * |05
o”-Fe1sNe R 113, b Ekz T 2 b CHO R LU ER B LT S-W type
R XEREIT DR RS, AL R0 90 %IZHAEL TV AL % v e g
MeFBL TG, Bl MBI Ok 7 SOk E A cE T L 03 3
BUTz K VAT 13 (Ko BER R A T R — VS, kR Y= 8k, T s 0. 02 ©
XHEE) 13 20000 LLETHY, ARG LT /R TIERFERHEIC RS aFeul, | |04
BUEHL OB TEHI LA MR L. ERARED He 13 VSM Uik it o
FINRES: 14 kOe) 12D, Hivte (FMFICL > TROBNDEHEER TV ZIBENR 0 o 01 02 03 04 05
LIRBRESR) & Hy (BHEE AT YL A R i K A B 5 1ML 263 (RED Hol H*
. . Fig. 2 Relationship between H/H P and
JNEER: 20 kOe) IZLD R ELT=. H,/Hy of a”-Fe,gN, nanoparticles assembly

EERIER

Fig. 1 1CHERL[Aa”-Fe1sNe 7 R A RO h#R %, Fig. 2 O AXIZZO[alize 27U 248 A dh# A R L
7=. SEE K LT-a - Fe1sNs 7 Jhi A AD Hvte 3 11.0 kOe, Hplx 3.9 kOe, H. 1% 1.9 kOe Th-7-. HET
D SPTWD H Ol (K ORIEED S Hio=2Ka M DRAEFWTE) 25 6.2 k0e ThHo722t5 BT 5L, T/
Wi ORGP FUTEEOZNI0E EWV. ZOZLIFESEPHAIEO R W T RN BERSILTWAHIE
ZRIELTWD. AR L CORKIERRNT 24 57212, Fig. 2 \ZHERL a3 KD Hy /Hee kXt Hel Hote D757
ZaRLiz. L @(0.35, 0.18) 1ZFER M, 2/ (0.51, 0.48) ITREK NI EAMER NIV A OBRIE CHD. Afaic
IRUTEE SRR OIS G, T /R ORI Z D 5 5 RICED Hel 2.7 517 EORHRHHZ 03005,

$EXE 1) M. Takahashi et al., J. Magn. Magn. Mat., 239, 479 (2002). 2) T. Ogawa et al., Appl. Phys. Express, 6,
073007 (2013). 3) E. Kita et al., J. Magn. Magn. Mat., 310, 2411 (2007). 4) S. Yamashita et al., J. Solid State Chem.,
194, 76 (2012).
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7 %ﬁlbt?$@*%xﬂ47w7/7%®
/NRAY - & AL O R

HARKER, BRE—> 8RR, FOFE > ILnIEsE
(ALK, *FEREHT)
Dielectric layer inserted single-feed spiral antenna for miniaturization and high frequency use
Hanae Aoki, Jun-ichi Hayasaka, Hiroshi Masumoto, Ken-ichi Arai and Masahiro Yamaguchi
(Tohoku Univ., *Denjiken)

[TLC&MHIC

Hoal Y OBEhRaE K O/ NUEA L, e X RERIC X D IEEAEE - B u v S H A~ OFEENR
JER LTV, SRR bicxt e BB O ILHIgbIc L0 . T30 AR K BEEO T 7
FHRFOEDDEBEREIMNEEE 7> TV D, FTa—= Ik b7 07 1255720 OLEEIL I Kt
END—FHTAGHERNEFE Y AT LD 0.7-2.6 GHz S TR SN D 7 > 7 FF 1O/ ~HEZ R/ T om
LORERH DY, AL TNBROT T IR T o7 E LTHLN, v X 2GR
REFMALTE 100 MHZ Hr 07 > 7 L LTEMET 5, Zihva/ ML, £ > X7 X2 U A(L)RF v/ v &
AV MWN/NE L ZeuiE, GHz HOHRB I OFNIC E H 72 5 KEHEROBD BRSNS, AL TIE

I LI/ ENWAETE 4.2 mm @ﬁd\ﬁ”ﬁfx/\% TNT T FHRAEER L, @ERERSEEZ M L7, £
7o, PhEIRARE SIO NEEW T T FRHEICE 2 DB OVWTER LT,

EERAE
AR TIL, ETEMAR S I 2 L—3 3 »(HFSS. Ver.15.0)Z FIW T, @&l THE+2 24 07
TTOMEEFRE LTz, AN TLOE, N, BE, SRR, B5E 7 A—%—L 1L T4,17,32GHz
OF 23 MGE ki PN TN AN %&1mmm@mﬂxﬂ4?w7y%+%§ﬂbtoTV?fi vz
h A 712 £ Y 320 nm-Pt /300 nm-Si02/320 nm-Pt/F:AK Si0, DL JEfEE Z R L=, 1GHz IZRB T A AR D
SiO; DIFEERIL, 6,tand (X 0.02 THo7=, F DO FEEKE x%ri\mNmmmN&Mmkvln7u
— 7'(Cascade microtech, Infinity GS250){Z & ¥ 0.1-30 GHz O #iFH CaMfi  (a) © AW LS P

L7, 5 7
@ -0 s

EBRERLER 8 15 .
11, (QFAHAKRE K O0) 1 v & — 5 v ADEBEIKE A =Y. 2 |

@725, BHRROENEEER) & RLT 7 FET VL TOFEE §Q%§ Meas. (luu. =0 3um) -

calc. With t,..u. of 0.3pm

(; f'ﬁ) 13 4,17 GHz DR/ ER—F LTy ZOT T FHixEmA v B— L | calc, With tyye., of 0.6pm

VAT LTSN, REHRORMEC B B v E—s x|

Biwgﬁﬁifﬂwbrmé T LT FED BRI AT )00 g. .
WRTIET > 70 LC #4E, BN CILEELRICERT S &% w0l
zgné T T O M-I-M R O R By B> SE TR R t=
0.6 1 m (AHRE) Ik, /2R IS t=0.3 1 m O F(k) & L
L CEERAICS 7 L, ZOZLRE C OB LEEET DL
BT, BLE, BAFRVEREN SN H R OWT, 4%k
PRI DN R A B ST 5 TETH B, 200

400 | | | |

B EICER 0 10 20 30 40

Frequency/GHz

—_
—

calc. with 1, of 0.3pm
Meas. (fyuue = 0.3um)
calc With £ e

of 0.6um
400

200

Impedance [Q]

1) J. Kumar etal., proc. of 2014 IEEE GCWCN, (2014) 229. Fig.1 The frequency dependence of
return loss (a) and Impedance (b).
P

FROZITIZHIZY ZMEEWTEW, 7T Yy b A e KOS EAICIR JEEHH L B



8aD -2 F39E AR FIGREELE (2015)
T OPTO R SR IC N AT RES e B T AV RS E R T T

KIFUENE, BInFEE, HIPERS, SRS, IR
(L R)
Terrestrial digital TV broadcast reception antenna for folding type mobile phone
M. Yonehara, T. Wakamatsu, S. Fujii, H. Kurisu and S. Yamamoto
(' Yamaguchi Univ. )

[FLHIZ

i B3 T 2L TV R R BRI AR TNV ZAE T HI20DT T T RUEESIL TS, 15 BT
470 - 710 MHz &JR<, Hediisk (BT B Bl 2 U SR A TRl o 72 He ) 13 40%I 28 3232, ZOEIFEE H (59
20 %) EEEHE L TREW, M2 T, HHZERCTOMHRIIK 50 cm 720D 7C, #E SRR O EMRICHNE fTREZR T > T
BRREHT DI LT EELL, T T T RIS RO R L THD, ZHLIIRIOH, 7 =T A NDOBRERLFHERICLD
W EERHREE T AR T 2T A O EMmRE B ES - B EmEE | 07 T RRsn- Y,
LML, ZO7T 7 TldE B TG L DR AN 7 =T A MR AR A R Th-o72728 , AAFZETid—r72
AERNT = FGANAE LT 7 T F DO FEB A REME A L

Antenna wire
f:o Ferrite
7YT SO )
ntenna wire
7T OREMRHTE, SR RIS = Bt

W BREFIRMTS I 2L —Z(HFSS, Ansoft £#£) TfT-7=, & UHF
ORI AT R T DR DA XL 7 =T A~
DOAEHZ PRI T A7-D1Z., Fig. L IR TINTAHBEIR T =T 1

oD {80 6 - T L B L 7l (LSS PRI L0 52) D77 4 T e

T EZR LU, EmEF NPT 2T A EEICEE T 5 Side wire type

Center wire type

«

R

HT, BREDIZEDLT =T ANDOEI G SEHTE TR, Fig.1 Structure of antenna.
KREFRRDOEEZMHI Lo WREMRAIGTHT52L 0

AT & THD,
RTEAIEDEREER

Ni~Zn 7 =7 A MABEL T, 400 - 800 MHz IZF W\ Cldtbi%
W3 8.2-10.3, HaFE =R 12, WK tan 6 0.25-0.91 £L T,
EREMREED T T NI OW T BRI ATV BIEE

1
Lh

—
=
T

— Side

Center (simulated data)

Antenna Gain [dBi]

(EBILVSWR), SAF Y—b, 7o 7RI a5 [ [0S i '
M) BN LT, N2 T, EBSCT T HERIEL T 20 — . o

T RHEE STz, 7T T RIS O JE R BRI U X A 400 500 600 700 800
— U EFNFEIFig.2, Fig.3 |27, i EmiEiE o Uik 5 Frequency [MHz]

Ni-Zn A RV T =T A Nefdi LT . IS o ESkiE 127> C Fig.2 Frequency characteristics of antenna gain.
A5 dBi L ) ERBLITEHIEN, SRab—var ek
RO RS,

Plane position Simulated Measured
EhYIS z e
BRSO T TS RREL, RORAE I T |, e e alea
TAMEMAILCh, S EFAR MO BRE T 7 e | ' \\)@/ @
FEHCXLT LA EILT, — hor:lz:mtal :hon'gzomal

Bk o Wiy @

1) H. Aoyama, M. Gonda, S. Fujii, H. Sano, “Compact Chip e ) 1 / \J /

Antenna for Terrestrial Digital TV Broadcasting,” Hitachi N vertieal|  * ¢ vertical
Metals technical review, Vol.24, pp.29- 31 (2008).

Fig.3 Radiation pattern (@ 600 MHz).
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A —R 7 F AN AR By T VRS AE R T T

KIFIEE, BHInFE, ST, R, AR
(L R)
Terrestrial digital TV broadcast reception antenna for smartphone
M. Yonehara, T. Wakamatsu, S. Fujii, H. Kurisu and S. Yamamoto
(' Yamaguchi Univ. )

[FLHIZ

EEDIL, oYV E R I SN T BEZ R BT O 2L TV BOE R T T R R L REL A
PERENFONDZEEEFELT Y, Fll, R BRI AR DO T O EFIIA~— 7+ N> TD, 2T, A%
WZBWTIE, ARV T =T A e W T, A — 7 AN FTREZR I 37 2L TV k= E 7T o712
UNT L A BRI S vE 1 R SR AT S I 2L — 3 (HFSS, Ansoft #E)IZ k> TREL-,

ToTTDEE

PR BRI T DT T I, T T L AR S R
THERE T DD Tl M GND b & O TR T, X AR — LT T T 1)
WCEES D, A~ —b 742 DFMR GND FiDESIT, o0 R s E SR
DA TV EBIT B LN, 7o T F L TEIESE B2 D ES)
72 RSN T D, KRERHIRIHIGTHEEHIC, ERICNE TS
720D T T FEA~DEEFUWEK (40 mm BLF) (I2hN2 T, M GND £23
SHIZHWSFOF T, ERMRT 7RI (-5 dBi LA L) &7 4%
ENd D, 2T, Fig. L IR T IDIC, A=—h7 4O FMR GND iz, 2 A&
DAY e EAMTHEAE X ANDZ I ST, T T T HRERNS R &
DI GND EafefrLiz,

HIEEER IL(VSWR) &2 # T 572018 A R A WA &2 2 TR
DECTLEI RN DD, 22T, LEEMBEEICIW T, B AR
T2 FAMDHDIAS EH ERAIZHOT-> TR T2 8125~ T, A
[RIEE 2372 Th BAF72 VSWR ZFEEBLL 7=,
fRTIER LB

— AR A R T =T A M400 - 800 MHz IZ8BWTC, LB 8.18
- 8.66, lLIEER 12, AAEL 0.10 - 0.28)&. Ll D7-b 25 1%

15 mm

Fig.1 Structure of antenna.

IRV TR LR AL L7 27 Ak V(& $L 400 - 800 MHz (2R T Fwrr—
BHGER 3 - 3.1, AFEER 4.6, BIKAIIAK 0.039 - 0.04, 7% L — Lowloss spinel fente
0.022)% 48 E L7z, Fig. L IZBWTENENOMEICTx=2.3,x=2.7LF5Z Fig.2 Smith chart.

LT Fig.2 DIDNTAE —H L A=y T 7T HIENTET, Fig.3 1T
IOl REILI T T F13 85% L o #Ek g 12 38\ v T-5 dBi LoD B 4T

(=

T TR E R L,

BELYIC g St i
A —hT AN CED, J BT P2V TV s Z G A7 7T % g_m

RELUI, 72T AN EDEREHERNROIEA . GND [l ~DOAUYMERL 3 | |

CXBT LT ER RO, BRET =T A OfL B HEEIC LA T §-1s I e el forte

T, BIFRT T I RGBT b s TR T, = . /

ﬁg‘%—iﬁk 400 Sggequenctiog\ﬂ{z] 700 800

1) K, o0 REERE RIS A e et i T 2V k%15 Fig.3 Frequency characteristics

7T HARBRTE B39 MG S (2015). [FEERTIE] of antenna gain.
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N ARF RO 7~ A NT A —

KIFIEE, FAnF08, TR S, SRR, (AR

(k)

Miniaturized top mount type isolators

M. Yonehara, T. Wakamatsu, S. Fujii, H. Kurisu and S. Yamamoto

(' Yamaguchi Univ. )

[FL®HIZ

15 FE BN RO B 8 B AL A EFE T 3B S O/ N R L3RR DB TVD, EFH BT T =T A
WCBWCIEMRIERSR (1) EAMRIRERER (1 ) OZENRKREIND O TERL ZE TR clhiT 52
ENTETHE T O/NULITH R, SRBEME T A T E R ST DRI~ U MU T AL — 25 REL T D, Y

LML, AL~ MU OREE TIE GND NS S A 5% T D728 @ LD T 70D, &2 CARMSE T,

A DR ZAZ F I AR T T by T <= MT AL —
BERFETHI LA AL,
TAIL—E3DEE

T AV —BZ OG- RITIE, IR TA IR EFREICIE-S<EE
BB 22 —H(HFSS, Ansoft #) T{T-7=, Fig.1 12, by~
<UL NIT AV — R OREEE TR T ARERR I LY A7 AR
TR E LT, Y-Junction FBIZ kA1 GND & H B R EL
HIZ, HARO _EHEIZ, BREED Y-Junction 2789 LOICEXEIIHE
L7238 — 2% 5% T 5, ZHULTIAEEIC T AU, Fig.2 IR L9IZ,
AR TR BV TR R ERNICE R L TRIEL T
ST BRI IE, Y-Junction ¥ CIE7 =T A MERIZIRETHD T
BRI OHEREZ AT HZ LN TED,
BIIEREER

800 MHz #HFAIZISUWCHHENE 10 MHz LA L Hsk P ff A 2
0.80 dB,,,,. KN T AL —a28.0dB,,;, &L 2 GHz #F. 4 GHz
HZ W TR 60 MHz DA E| #fi AL 0.80dB,,,. 7/ 1L —
T2y 10.0dB,, O FEBIAZ I LT, S—2VDERPET AL —H
DHFFYARELERL, ¢% 2 55 10 [mm] D] TR 21T 572, 2
GHz #f& 4 GHz 2O\ Tl g= 2 mm (ZHB W T, JE R DO EV 800
MHz #5122\ Tl g = 6 mm (B THEAT W R4 R T
&2, EBNIAREREIL, 800 MHz #7238 TR ATEZE 0.85
By 15.2 dBUE AR I/ MR, 2 GHz #7ZIUNTHIEIE 12
MHz, A% 0.78 dB,,,. 7A YL —3a212.0 dB LA_E, 4 GHz
HAZI W THAIEE 59 MHz, i A$EK 0.42 dB,,,. 7 AV —3
> 14.1 dB LA E&FRRFCET,
BHYIC

2 GHz & 4 GHz #HZ W TEHRE YA X ¢ =2 mm, 800 MHz 7
WZDOWTIEg=6 mm T, FERNOOZEHEEE 0.5 mm Dy 7'~
U NUT AL — AR R LT,
BE R

D UARHITE: “TAYL—20/NUE” BABR TS £,
Vol.5, No.10, pp.450-456 (2010).

Yoke (iron) i
Permanent magnet

Yoke part

YIG ferrite single crv stal
4aMs: 850G, AH: 20— o
; ; . under 0,50 mm
Dielectric lavar—
Line (silver)

GND (silver)—

Resistor (30€) B

Dielectric substrate (FR4 epoxv)

Fig.1 Microstrip line-top mount type isolator.

Fig.2 electromagnetic wave propagation.

0 T
g
[l
g
“g 200
§_‘ L = Inzertion loss
A -301 — Isolation
..... Return loss
-40 I I 1

700 720 740 760 780 800
Frequency [MHz]
Fig.3 Frequency characteristics

of S-parameters.
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JRHE CPW by T~ o MR A Y L—4

KIFUEHE,
(A xR

FRFER, HFED, SEE, (AR

Miniaturized CPW top mount type isolators

M. Yonehara, T. Wakamatsu, S. Fujii, H. Kurisu and S. Yamamoto

(' Yamaguchi Univ. )
[FLHIS

EFEOIT VIR 2 T AL — 25 B 800 MHz #5. 2 GHz 5, 4 GHz # CEIfET 5. shiaMEILnEs T
IIEERK LTI A7 XN 7%

n -

—

FERBIER LT Dy I~ MLT AL — R R LTS,

Wb D ThHh -7, 800 MHz #r. 2 GHz #7 Tl i AR KD 22 HEIRCH IR O 22 D5 K70 L FE R R 5 RF
MDA EINEEND, AFZETIL, 27— TR (CPW) 238 A+ 52 LI LA I Al Wi m e Bt O BB Bz o0

THRFILTZ,
TAIL—E3DEE

T AV —F DG FRITIE =R TA IREEFRIEI IS5 JE R R
R —Z(HFSS, Ansoft fIZTIT> 7, Fig. 112, AEHRE T L5771
L—H DR R T, BRCIRE LT~ AV aAN TR & X — AL LTz h
o= MDA IZIE, v A7 AN TR E Y- Junction EOHES
AT CREME DAERR R N B RESEDDHIEN, FE R IERF D
HHRNZ DR TNDEE 2 T2, ZHUTKT LT CPW &3 ARy 7~ Ml
TAIL—H2 DA, Fig.2 DI, G B IEEZ DI E S
GND &Iz BRI 2 U CEAMR B2 {sfk L T<5H D TE Y-Junction
LD & T C OB DB IEH D DI W ERIR SIS, FIoMike
7 2 TAMENCHEEERDIFELRNTZD | BB — 2 ADIK F 25T
Do
AR R R

A=V DELGET A/ —ZDFFHIAXELERKL, ¢ % 1.4 1175 10
[mm]O#PH CTE(LE 72, 800 MHz 31T D S /3T A—H O JE I Bkeik
% Fig.3 |29, CPW AWy 7~ MY AL — 2B TE,
AVBAN) T TA AN D VIV NSTe B YA X =4 mm THEH

Yoke (iron)

Permanent magnet\

YIG ferrite single crystal
4nMs: 850G, A H: 208
Airgap T

Line (silver)—__
[
GND (silver)—_

Resistor (50Q)

Dielectric substrate (FR4 epoxy)

F39ME HAMKER IR (2015)

Yoke part

Fig.1 CPW top mount type isolator.

» Electromagnetic wave

HI7RIE AT W RIE R A R T H 2 LA TEZ, BARRIIL, HrisiliE 26 MHz,

82 0.69dB, . T AL —3ia 10.7 dB,, #FEBLT&7-, 2 GHz #5(C
DNTIE, ¢ =2 mm THAKIE 60 MHz, i AR 0.51 dB,,,. 74/ —3
> 12.2 dB,,, % . FL T 4 GHz #2oW\WTldg = 1.4 mm EWVH/NRIH A X T
HHIBUE 73 MHz, A8 25 0.39 dB,,,. 7 AV —31a15.2dB,, A FEBLTX
7=
HEYIC

TREGME SR R M E SR E T DN T N AL —Z BN T, B
PERREELC CPW A 228 T, FE 0/, FE =R DM
b REH A EBLITE LI EN b T,

2PN
D CKEfh, NSRS Oy = MY AL — 5 J RS
25 39 IS (2016). [EFETE]

Fig.2 Electromagnetic wave propagation.

)
E =20
o U
g = Insertion loss
;2- 304 —— Isolation
..... Return loss
-40 . . L L
700 720 740 760 780
Frequency [MHz]

Fig.3 Frequency characteristics
of S-parameters.

800
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RN FRNEBEZ B E Lo U =T TR R DORE

mAZE, mARHE  HHE BRI, ®EK—, S opH
(BRI R AR )
Design of Collinear Interference Optical System for Magneto-optic Effect Measurement
H. Takagi, K. Takakida, R. Hashimoto T. Goto, M. Inoue
(Toyohashi University of Technology)

FLHIC

RIS FRNTNER ORAL AL U CEBMR AT 285 CTh 5. ZUIBMERIBIZ L - T
FEATHRIEDNFRZENEC D7D Th 5. (AL EE CHIET 2 FEIC~A Ty TR e 5
0, B EMIRSERBI DI AT D 120, 28R DS TRRIRENE DAELO BB A2 2 1704\ . AT
T, 2L EREIE 95 2 & THELCR L TREZZITIC Wa ) =TT USR5
ZL, TOFMEFE LTI alb—ra rEAWTHEMEIRONEETH OB 21T - 72

RERAESLUHER
AFFETIRET D2 ) = THNAHTHNFRZXK 1 IS, S EWIRSE RS 2Rk T 5720,
AFUCH L THRELZZ W, BRIEEMBCDERICIZZT LR =T L— b2 ng D 2R
ik, BRI RmE (AR A45 pm) O— SR LU TAOEEE L 72 5. ®iotiE, ZLrxuy
— 7 L— hChEFETICER L, RBRIRICEEICAS TS,
HORII L, HO7 LRy =T - M@l Lk, F— o e ﬁﬁ%%wimmW
DAY FEGERT S 2 CRMTHA RS L, RBRKRECE I —‘7
CONARERERET 5. 2 U =TT ROFEMIEIEE .
LT, AREREMITY 7 F(COMSOL Multiphysics ver.4.3a RF w5 uil
Module)Z 5 L CERFE ATV, FHERE DLk S Aok ratched ayer
FHMHTEZ L 2MHILE. Y2 —ya ryEF M IE—LA R
ATy, TR =T — |k, BRERIK, Se5E R E |

z Transmitted light

SIS, MRS LR RO 2 @i 5 R 532 m, 1§ L] ol — -
4dum ONEFATIZAFT T 5. RREIEZT AV I =0 L0 2k ™M™ e
BEHZ G L L, RO O AFHALEICIE 5 um o8z K1 =3V =7 ETE0EER
7. BEMEROBMbO R & X%, SkofafnfFYmEisfg Th D 0.34
deg. F TEIERICERIE LTz, Mt &L S ROCOTHICMET, St &
FEREE CRIE L. BROBME G MIEREE M EFo 2 @h &L
TR O E 2 G L7,

BERIEHFNRIZ K DARERH DL I 2 L—a UREREM 2 1
AT B2 13ERIC K D RO RS A A PR O AR ZE Kk
HL-L)20 X100 DRE X TH D, 22 TLE LIZEOBAL N FE
FH BT OREOTHIRE, L 1ZBEOFEEEEA A 0 OO+
WIRETH L. M2 K0, FHOLIREIIEROMRCHFEL A 12 X
STEALTEY, FULHENLBIEKROBSICFNR 2R 0.1 02 0.3 0.4
T% Az L ﬁ)ﬂi\. —‘é j’LfC | Polarization rolatilon angleg (deg.) .

PLEX Y, ANERE T pm A — X755, 0.3 deg LD T LA
NARZE (RYGHEEER) OBPER ORI PR A2 E T b L%
oD, M 2 (Ao I

—a URER

12.5

%] (5] - o
o
o

(-1 )24, (%)

-
[¢]

=]

[=]

£ WK 1) H. Tashiro, et al., JSPE, vol. 62, (1996) 393
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CIVF XY BT A BMET 4 b=y TR A R LT R IR S

ARSI, ®IEK—, mAZE, JF Lo
(BB EIN R AR )
Estimation of defect depth using multi-cavity magnetophotonic crystal
R. Hashimoto, T. Goto, H. Takagi, and M. Inoue
(Toyohashi University of Technology)

[ZL®HIC

BE, Zathm ED=OIcix R IERERENMTON TR Y . WEMOBHE - O 2R T 5720
ICRMEDOES 2 EEICRHET 2 Z Enkd b s, £ 2T, BRO L O ICEE TREATREZ ., XL (MO)
A A=V MR Lz, Foxld, BEXA X8 50 nm BREDEFERA ~v N U U AT —F v b & RaEE
CRIAT 2 2 LT, mZEMOIRIER MO A A—VEBUS L Py — 0, KIESITIE U CIRMBLR O5REA
AT 52 b, BHREORCHBEREA A ZT 2, ZOZ{ITEBO=a FT A M LTHRGTE ST
W, KRS ORI FEETH 5, IR DRI D OFERECIS U TR T 5720, B2 k5
LZEND D, Fxlx, EECTKE RELERBIRA NG OO T + b= v 7 fE5(MPC) % iV TR
SRl A T o 72, L2 LIRSRHEZAEA L= MPC Cld, B AEFN % 05892 7= O ICEIIME R O FFHE N L HE T
MERMZE L, MO A A—V 7 OEdtERNE2biviz, AFZE Tk, IR OREE %2 IR H LT,
WRRIAN SRR A B = & ©, A EZR#CcE DL E X, 2F 0 ZOFETIE, MPC 25 S HHICE
I H0ERH D, LorL, @iETMPC 28813852 LIdRE#ECTCH S, £2 T, MPC BB SHTICXK
Batk & 23l 9- 5 7212, MPC FUCHEMEE 2 HEERA L7Tc~ /L F ¥ ¥ B 7 « MPC Zakal L7z,

EEBRAE - BR
AIREFEEY R 2 L— % (COMSOL ver.4.3a) % FHVN T, RBRIRD> 5 o BHEfE & JRiRBLIR O 50 ORR 2 04 L,
R 5 Z L7 < RIS 1 mm 225 10 mm F TR C & DRaMERE OALE %2 KD 7, RBRERICIT A2
E L. FHMENOLEERZENT 2720 0Rba 2 BE Lz, iR & B Lo sMilizEx s Lz, kT
HECIE, KMaE SIS U CHUMBR 2RI 2 08N H 5, £ 2T, BAHIEZ RECT 57202, EINEE
% 220 Oe THEIE L, MPC 2SR AIFN L2V E 2 3R R O 72, 1 IERIBIE S & IR R E O BY
BERT, FOEMRL. HINEBIAREZ 220 0e & LT, MPC % 3.1 um 7212 S EE L 72 & & OJRIREL R
FEZRT, —J7 . IROFEHIINENRE O ACHIMBER 2 6l U 72356 OB 2R3, ORI L, P
MO HEEA 3.1 um B 2 S HUNBEA 2RI L 118 0e FIIN L7 & E LRIFETH D Z N0 D, - T,
PREEZ B U 7oA ICREMEE 2 2 B A T 5 MPC 2 /E9 % 2 & CRIIIEES — & C. 10 mm F TOXRFER S D3
MTEHZENRBEINT, KIZ, ZOEI R~V FXYET o
MPC % ixat L7, méﬁm_ﬁ3wm%htu% DLFRE D 5 300 L oft - 06 pm o 106 o
T HhEVEE % 2 JEEdE L7 MPC kit L. 022, ~ b Applied field : 220 Oe Applied field : 118 Oe
Uy A7 7Fu—FEEFIA L TR, #itShoidix, k& I
W HER T — WEEEER T — A— FHERI T
— KR BRI T —Th D, FHREICBW AR O
W RT3t L7z R T MPC O RTENE L vTe, ZHUTRIROKE E
FIBINTHZ LT, MIPRRDHNEORMERET MO A A—UN
BoNDZEEBRL TS, LLEXD | AKMPC I3 E &8N
é’é:f KGO DE S BRI DAETD MO A A —UHEL 500 T 2 3 4 5 6 7 8 9 10 11

N N
o o
o o

Stray field (Oe)
@
o

Liftoff : 3.1 pm
Applied field : 220 Oe

-
o
o

BFTE, OB OZEM B340 DE D B K IR S OFHf 2 Depth (mm)
“C EHLEZOND, Fig. 1 The relationship between the
Sk strength of stray field and depth of defect.
1) Z.Zeng, X. Liu, Y. Deng, L. Udpa, L. Xuan, W. C. L. Shih, and G. L. Fitzpatrick: /EEE Trans. Magn., 42, 11
(2006).

2) R. Hashimoto, H. Takagi, T. Yonezawa, K. Sakaguchi and M. Inoue: J. Appl. Phys., 115, 17A931 (2014).
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77 —MEMET + b= 7 fE e D% ET

TE R AR, B AR, BEER—. mARZEIE. AR BB, e
(BB RF)
Design of Magneto Photonic Crystal for RGB Colors
K. Kudo, K. Nakamura, S. Sakai, T. Goto, H. Takagi, P. B. Lim, M. Inoue
(Toyohashi University of Technology)

[FLHIC

HRR 3R B EEAETOIRTHIEL L TCEFRI T T 7o NEBEINTWD, "V T 7 4 1 IWIKNTF
BT 5856 LARONROREL BHET 5720, WECE SO 7 AN ERICAHEZ T 5 2 LR
IRCRD ZENTED IWTMBAERRTE DA WROLF 3RILT 4 A7 LA Cldfy HHEHRA A » Y 7 A
B —% v MRYIG)DEEBALBEICHAIERE LAY T LE2FRTHIET, 3RTHROEAFALE
BLTW%, L2L, RYIG HEROEHNFRITEE L FEEIKAET 5720, 17 —BOHBEIITERICE
DR EEE ORI R NI L 72D, AR TIIMRILT: 3IRILT 4 AT LA D LDBNEAT 4 7 & iz
B I—{bEHBE LT, BET—x% > MNEOHESE 2R LT,

EBRA &

RR)FE(G)HB)EAIZH T 3 MO KRMEEZFHERI 7 —IC LV IXSATLEKFNBOWIET + b= 7§k
fi(magneto photonic crystal: MPC)D#f& &2~ b U w7 A7 7'a—FiEIC L » Tikat Lz, ZOEE T, &6
DRMEIEIZHET HIDOWREEZMWSIITE DL LT, 1 DOAT 4 THTZERBEFRIZ LD 7 —BOHA
EBATH ZEMTED, FEOMNMEFTALT 27212, 3EOXMET 18O AR ZE 5 2 T, I —I[Aliz
ABLORHF RO EAT MVEFIE LEhR 2 RO 72, BAEBOBEIIRIERO BT HEE L O R
JEDRENZ K> TIRE SN D, ZROGIREIL, 1SO 13406 £

B CHERE STV A 100 cd/m? 2395 X 9 I RGB égh%ﬂgﬁx:
DEWRICD M%7 o 7, % KKiEIC RGB &R % W50, g
AH LTEGE OMEEEEH L, KIS L7e AS (510, /Tay00° S
BICxT % 505 LW AR WA R ORI ek 7 1 2k — W o
7L UCRME L7, R:¢IC :2=637 nm
%ﬁﬁt% (Si0, /Tay05)®% :A=637 nm
mﬁiﬁﬂ@C@%L%Fgluﬁﬁ 0> K WA L35 SEEE
DOFBRI T =1t L, FHOFEKRI T —DO_XT 5% Fig.1 Structure of the MPC for RGB
MEEDZ LT, RENITHERBEBEOERNF OOk
AR OKRKEECEELMELTLE S 2 L2 Tn 120 -
%, RGB ZNEFNDE—7 KL R:620 nm, G:524 nm, < 100} & o S
B:440nm L 72> TH Y | ZDOWE T 100cd/m? #3ELT5Z T gol
RESERREE 1X R: 174.2 mW/cm?, G:7.0 mW/cm?, B:929.6 mW/cm? :r;;/ sol
L%, Fig2 (CAKMIBTHRE Y e 2R LIRa0 £ 0
2R, Bz R BREHRMEE O ARG E 527- 2 |
ERTHD, 7oA M—7 DEEHFRLEORE 7T AW5Hk 20¢
CHTHAEASND EENRRT 199 %THY . mﬁﬁﬁﬂ 0% 2 5
DI X D FAEGOREITIEF IS, RGB Z i % wavelength (nm)

BAETEOMRERT, 5%, MPC Z{ERIL, W7 —B%

Fig.2 Wavelength dependence of brightness
ERCFHET D 2 L ERR D, g gth dep 9

BEXER 1) B2, SIEEFAr Y77 ¢ —Hik G HEE FEEE 93(6), 492-498, (2010)
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WatE T — % v M B WA Q A A v T DRI

PRV, 1%HEK—, John Pritchard*, HARR, mARZIE, HHE—,

Pang Boey Lim, Nicolaie Pavel**, Mani Mina*, FEE#nda**, LG
(BBHAINBI SRR, * 7 A A UMLK, **5 FBHFRRSEET)
Development of Magneto-optical Q-switch Using Magnetic Garnet Films
R. Morimoto, T. Goto, J. Pritchard*, T. Yoshimoto, H. Takagi, Y. Nakamura,

P. B. Lim, N. Pavel** M. Mina*, T. Taira**, M. Inoue
(Toyohashi University of Technology, *lowa State University, **Institute for Molecular Science)

[TLC&HIZ

~A7uF v FEEL—F =T, L—P—F A F— REIRERTA A THY 205, PRUEOHE —5—
RERELQ AL vF, T— K v 7 RIRICLDE VAT L - T, EmORREGMREE, maet, BIOwE
REAED L —H—HNLD 5. FRCH IOV ADOREY K UJE R/ SV A% — o Z il A e 7e iEEh Q A A
v FE LT, BEAFIRB L OEEFIREFA L2 bONHRE SN TVDN, FREMICHET A XD
INBUBIZIRIE DS B~ 720, BREVEE N KNI 25720 E WY SR H -7z, Fox L, JRERANSER LS fTHE
T, IR DM D TR 2RO R A R LI EOE SRR Q A v FEIRE L TV D, RO
R EM -T2 Q AL v FOEIHNIIF E A EENZD, AFETIE, BRRNEL, BNFEEHT- 0 OBR
HFRDORE T —3 > NEFEH L, BET—3 > MEOBEE G RIS SV AR 2T 5 Z & T
KIEFEEE Q AL v F L T DOFEFEELTHT-.

EERAE

~ A7 aF v TEEL—F— 0%, ERITHEREN I mbH D L) REIKRL——%, #FOBE %
WHZ ETHR/MUL LIS DEET. 2 2 TIIEARNREEORIEZ B E LT, JEA 4 mm @ Nd:GdVO,
ftidm & AMIEEICRE LT BEROEFREE Q A4 v TR T EAEE TN HREHREZ 130 mm & HRAHEL LTV
D8, BACHNNIRENET — 2 v MEZ L —F = EHCEBEZAE CTE 2 2 LM O/MERAED 25D TH
L. BEENQ AA v FHEITIX, H—F v MEWREIZ, T EX v v VREIEICE > TS vz, HE
190 pum O HfESERENE D — % » NEZ F W2, R 1064 nm (BT 2BWRIT 78 %, 7 7 77 —[Alisf i 47
EToholz. EARK 6 mm OV ARLY 3 A L& NIkt U CRELD, BT —% > MEZEGe Lo Ic L
— PRI TICEE L, 2OV AR A RISk U CIRE T mICHIm L.

EERIER

IR~V TR VY A S, ENE 2.3 ps, $EIE 3V, 0K LB 100 Hz OV AE 5 &ALz &
ZA, Fig LIZRT L 97, QAL v FRIRH PR Sz, 550727V AJEEHEE 50 ns, 5 1064
nm ChHotz. ZOMPIZLY, BEENT—F > MEHAWTEOLFEE Q A4 v F U I NFEIES iz, H#iH
ETIE, BRI L —F— RS E R L O L AR 2 280 LT3 8 ORIBEHEIC DWW T H T 5.

L 3
AWFFED I, ISPS EFHF%E (A)  No.26706009, BEIkAIHIHHIZE No. 82 FWHM: 50 s
= P °
26600043, FHIFEFEAREFFE (S)  No. 26220902 DAL Z 5% 1T Tz, =1
o
5
BE Lk ) S N
0 100 200 300 400 500
. Time (ns)
1) T. Taira, et al., Opt. Lett., 16, 1955 (1991). Fig. 1 Optical power of
2) T. Taira, Opt. Mater. Express, 1, 1040 (2011). Q-switched  pulse  using

3) M. Inoue, et al., J. Phys. D: Appl. Phys., 39, R151 (2006).
4) T. Goto, et al., J. Phys.: Conf. Ser., 36, 197 (2011).

magnetooptical garnet film.
The pulse width was 50 ns at
a repetition rate of 100 Hz.
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RS Kerr 20 BB/ 25 (0 B8 TERERE % (2.7
10° 4 — & DRSS ) 7 D B 56

ORE R, BE EER, BERF ML, NEED HET, FEE M (AT —2, *HAERT)
Development of 10°® order magnetostriction measuring system for thin film
with calibration function of displacement and measuring function of Kerr signal
S. Meguro, T. lida, J. Hatamochi, Y. Odagiri, *S. Saito  (Neoark Corp. , *Tohoku Univ.)

[ZCWHIT FESORERT /S A A FIRGHEHI CIX, SRR OEH O 7= DI Kk & e b2 Fl CHRBEM: & 7578
THMERH Y, BEOHR & T OHIEEIRFOMNLIIMD CTEECTH S . HIEEOREIT R R LR
o} 7 ARSI B LB L 2 B85 7 BN B S B2 BR OB O 0 2B IE T 5 FIEIC X v iThbh T
. —RICEMEOHENCITE T ZENHV SRS, 107 BT OM/MEERE TIE, KB OBR~DOW 5|

D L \TEENAREE DS ORLy NEET 5 BN ER X T, B LoffEs 2 fE Lz L CRER
Oy H YR T 5 2 E NME L 72 B VI U 2 BT DR RICIT L v REO R LRV SN,
FRAFNZE DR R Z 8T D & BT FHIECE D DIVt B S 2 B2 & L IR EE L < BOEA M3
LD T THEHAIIET IR LA Kerr IRNTFR & & — b LB OBALIREE 2 4] E T & DHRE 4 %
T, ST e XA UENME RS LRIREHIIFTEE S 95 2 & T A— ML LoV O N B IEASRE
b B L7872 7 R R e 8 A B L7z o TG 2.

RERER  Fig. 1 ITBAFE U 7o IS 75 I 2 8 O RN & 7R 3. FUIBESULIEAS ~ L AR VY 2 A V% il L
THRAESH, [PEEERE K 30 Hz, KRR 100 0e & L7z, 6T 7 u—7 Y612 X 0 it Kerr 205 & ki Al HE

THH, Tr—T L —HEERMELE L, BT D O E BFEL e — AR T v X Thy
Iz L, T AR 4 2Bk e & it Kerr 20 3 M ROG 28R 38 10 2 h 27z BBk e i
DIe~T a H A IR (O3FRAE 0.8nm) IXEVEHCIEXRS 45 K D BLE L, SUEO[E E ST & R B —
DR R YER 2 T S8, Fig. 2 ITJE S 140 pm O A T 2 HAM_ LTI L 7= NiggCoy il (JE/E 20
nm) D[RRGSR T T ORBEZEN B L OWE Kerr (55 & 79, BEEZNIT— I FrbE 2 KB L, BRSO 2
O TEIL T D, [BIEEEFEE 2 BN S W 5 12 DNBEEENL & Kerr (5513 & BICREAH T2 &
EBICHEENNS L R VIRESERIT 5 Z N5, Kerr (5 B3R L 1IN b5 720, B
BEND/NEONGETHRMBEROHW A AEETH 5. KT 2E B OREIIMELMO K E Vil AT
iTo7z. Fig. 31ZJE X 140 um O H 7 A AR EIZ AN L 7= Ni 36 £ O NiFe # & (1) 100 nm) o [RI#A#E RIS
R D RGN FS KOV Kerr 15 5 % 7”3 NiFe 51X 50 Oe LI TN KOV Kerr {5 5233 F1 L TV 5 23,

Ni IR TN TNLEF L CTB O, FIMBERBAE LTS Z ERNDND. aHl &7 NigCoy MK D
1% 6.0x10°, NiFe MEOREEIT 3.4x107 Th o7z, FHEH TIX 10° 4 — & —OEREIC OV T H AT 5.

BEER 1) “WEMEREORIEE?, Y4~ v 7,67 (1990). 2) T. Kawai et al., Thin Solid Films, 519, 8429 (2011).

0.02

Optical Heterodyne
Interferometer

4PD

Orthogonal [ NiggC0,y020nm
NPBSX”  Helmholtz coil R

C L " 0 L L 0
' Polarization 0 90 180 270 360 0 20 ) 40 60 80 100
— Bifferential Rotation field angle (deg.) Rotation field amplitude (Oe)
etector

Fig.1 Diagram of the magnetostriction Fig.2 Relations of magnetostriction Fig.3 Relations of the magnetostriction
measuring system with calibration displacement Ad and the Kerr signal ~displacement Ad and the Kerr signal 6,
function  of  displacement and 6  for the angle of the rotating for the rotating magnetic field in NiFe
measuring function of Kerr signal. magnetic field in Nig Co, film. film and Ni film.
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A5 N EERER 2 W TG R HIN DT TR & 8 E L 72
AEEMESR T BARERC K D KA A DIEF A A —2 v 7
PIIFER, TOHoeK, ARTF=Al, SR, ke
(FKH K2
Static magnetic field imaging of permanent magnet by alternating magnetic force
with a fixed measuring direction of superparamagnetic tip
S. Nakayama, G. Egawa, Y. Kinoshita, S. Yoshimura, H. Saito
(Akita Univ.)

[TLEOHIT Frrid, PUBRHREIITEE COBSFN TR R RSN EMNSE (AAMFM) 2% L, V7 M
PERE 2 VT, BB RS GEIA O B FiS O @ RREB IR LT 5 DY AMFM (3JihiRE S 7=
PREHZ 2 O HAR AW S & Bele D WS 2 FIN L C, BREHEAL % J8 RO 28 b S CTHREFEUBH RN FE SRR O
REMRN ERE ST, ZORBEHKIINFHRT DEEHEE O B R BB L EZF A LT, 3k OE i
Wi 25t 5. L L7enb, KAMASEOMmD CHEWERBS 2 34T 5 B OB, V7 M
PG TIE, 1) ROBEK IO ORE MMM OSSN KEE, 2) BREHELISFEE S OEFRISEIZ LV fa
L, FEEERIASNELCR, SOMBENRG Y, BEEHELSEY) e E 2 FF O L2 WIS LEEIT A
L. INEmETIESE L OBEBMAES N D 5 P, BRI IR 2 <, BREEIINTE D AT
PREHBAAL DN AT D O TEREHTEIINT 2 ASHhEES 00 07 1) Z BEg s 5 18 & U 72 ELIRRESS R H AN TREIC 72 D 2.
AT TIEE WAL REH T 25 7 T =2 7 — 1D FeCo(ALO;) B F M RE 2 FHV T, A-MFM 12X Y kA
WA DRI A A= v T EAT o T fi R W9 5.

& FeCo(ALO)FR Y T =2 T —A&ilEiZz, LT Iy FIRO Si$EEHT 100 nm B U TR RE
PRE BRI U 7=, A-MFM (3RO EER 7 10— 7B (L-Trace I, B IMFIA A2, AEFBEBIR & L
TR AHVINEZS Y 3 kOe DR, JRWEER R, w7 A4 07 7 EE2MA TR LT, EBRA Ok
G 3B B E T A EIIN U 7. BlEEskE & L Cilili @ FeNdB BéA#ds K OVE 1E L7 FePt WA RIE (HE
300 nm) & VY, PREFEURHE FEBEA FRE 2 2L S CEYGBIER 21T o 2. TREHCHEIIN U 7= 22 Wi ksés o J&
X 89 Hz, #ENEIZ 300 - 3000 Oe D#iPH TL(L S8 7-.

#ER  Fig 1C, R IEE 7 MICE L L 72 NdFeB % )71
RO (a)F MM, OWSEREGR( v 7 A 07 7 ORI
%), (BB (n v 7 A 7 7 ORARG), (ARG TR EE
DIATaT 7 AN, EHBERDT A T a7 7 AV
AR GREHTHEIIN U 72 A Wi BE 5 R 1 3000 Oe, HEEFHURHH R
1349 1500 nm T& 5. FeNdB WA M X £ K &2 HFEE L
2. BARDE XX 0.6 mm THD. ()DMEHHBIEBRIZHD LD
WA ORGSO B & &R &SRS T 2 HBOIRRE & KB L 7=
BARR 72 T (H 5 [0 OGS S STV 5. REBG OTRE N B
b ORE () 285 L L CTARD 180° b3 B B HE o [ din
HLEARRICBIE SN D, ZOREBIT, BT DR = E B
By SRR LTV AR R T Ic BN b D L HEE S 1, &/
FeNdB iUEIOFfE SRR 10 um FRE & AR S d. Kbk 1 T4 N S |
DR X BEREHC BT, BHEFRERIEREZ ) w5 & bR A ey BB

it BB O R CRESG ABLAN A D O T, AR T O

/fkjj{go%ﬁji k7 Zﬂ%@l%ﬂﬁﬁzé- B, (9)0)@%@'%1’%@2 image, (c) phase image, (d) line profile of
AT a7y AVTH, AR —EEO RSO T /A X amplitude image and (e) line profile of
DIFFINE V. ZNOORRIE, V7 MEMERETIIRZFME  phase image for a NdFeB plate shaped
WEINC &0 BN R 50 L Bp 0, @ FrERet ¢ magnet.

VEREHEAL D K & S DTk O EVINT 18 C 3 5 kA 2 TR

FROIHTRIZL T 20T, FHT 2 EiBES O 5 E A EIINT 2 &S F i TIRETE 52 L &R LT
W5, BT, KARABIZEIZIT 2 ORI B & bk U 7= R &R BEE O R D FE % 7
5.

SEIHER 1) H. Saito et al., J. Appl. Phys., 109, 07E330 (2011). 2) [fi%z 1, &5 38 [a] P ARES P2 i it i 2
££, 4pA-5(2014). 3) HHA fill, 2 38 [A] H AR P PN AL 24, 4pA-6 (2014). 4) Hr il fih, 25 38 [] H AR
RPN EEEELE, 4pA-10 (2014).

Phase (deg.)

Fig.1 (a) topographic image, (b) amplitude
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i PR ) FePREREF O 7 AR & 2 Sevm ik & 22 e )
PR IC L DREAGESER~ ~ KD 5 nm 3 fRRE - Riiss A A —T > 7

KA JIRE, K. Srinivasa Rao, # &, &HAF
(FKHK5)

T, IR, ARTF=E[, ik %

Effective directional sputtering deposition of FePt sharp end tips for Snm resolution imaging
of writing head by alternating magnetic force microscopy

H. Mizutani, K. Srinivasa Rao, F. Zheng, S. Yoshimura, G. Egawa, Y. Kinoshita, H. Saito

(Akita University)
FLHIZ Frox T FE CREIRIEIF COMSGEIEN Al e/ 2 H
RIBEER TP B(A-MFM) 2 BAFE L, ~— REEMERREH 2 H WV CREAGE
R~y RO RFHRBSBIE 21T > T&E 7= 2. A-MFM % A 72 48
LEtNE, /~— FEERREHC 2 O IIRE W Ex & Bere 2 E5LIRES & FI N
T 5 2 & CHREHRENC AT 2 R EZEFHEM)EZ R L TITo . BIfE
BRFEDME D BT D S & R 4B 3 D ARGk~ v R ORIk #E
B2 h 3 ONVZE A RRE AT 9 72 0121E, T HvE THA%E L7 1RRE /175 10 kOe
FREED FePt /~— REEEHIKRI LT, W72 % miami )bk L OV dedift
DUERARTHD. WEEFK %X, FePt RO & REE LD T892,
1) MgO IINC L% 7T == 7 —Hi&E(k, 2) FePt fifi b oD i PN 2¥ 5 i
LD 7= 8 DIREF-IR - R BLER, 3) HHAMBAREED 7= D pkfFE T VHF
7T R WE, ERETL, 20 kOe LA EDOREE NIRRT & 3 % A
7=, ARRFZETIE, JoimdePiiRet 2 B B2 dic, B ot
ROETEE 230D B, AREEAE E D CERL L 7288t 2 -V T, R
RoERS v R EBLE U AR RS 0> 22 [/ iR he 2 R A L 7-.
Ak FePt REEEHE, TIRO YT I v RIRGEHSE 10nm)E L <13 H
SERIR LIRS nm)D Si BEEHT, A A TN E Y 4 nm FEE O 3K E R
{ENE(FePt SR 5 0D 1 I BVLER I D SidEEHRIM & D& &b 2Bk 5
TS IE Y 2 TR L, KU Z & 72 < FePt & MgO D[RIFFA /N
Z2 0 IECTRIE L TER L 72, BEPERRIEIE 15 - 30 nm, MgO iRIN&EIX
35 vol.%, HANEO 7= OB L, FIEHE % 0.1°C/H, 700°C TOR
FEREM A 1204y, & L7=. A-MFM il O K& CHIER alRE Zp A=A A
7'v— 7 BMBE(L-Trace 1, H M7=/ 28O, J&IHAEH5(PLL [A]
EYB X O m v 7 A4 07 T aBI L TR Lo, MRS, &
WNZREM A2 FH L 727, B2 RmEMINMISCT4nm Y 7 b SH
TATo 70, BEKGLER~ v FORMEERX, 30mA, 211 Hz & L7z,
#ER  Fig 112, (a) BMERSHROEEEE OB, (b) AR%E 2 VT Si
PRt OB 3 O30 nm D FePt-MgO 35 D pli i & Jiti L 7= 228+
SEM 14, Z/~7. kD%, (o) ke ¥ —57 >y M A%taT 5 — &7
FYREEEE 2 D TR U 72 888F 00 SEM 4 bR, — XA 7R 38 E & F v
TG AITH, 1) REHRM O e Se Bl 2 107 O 2 & 7 BRI 2 Rk
ETXxA2 8, ITITRLTWARWD, BEMEEAIEFICEI LT
Si REHR I OB B RN Em N LD, 2) BEEAMICH —ITRIE T
5L, DRSS, ZOERE, @OBEAKIIRT LI, 1)
BEt~D Ay Z ) T RET—EAEOME SN STHY, o
PRSI AR LTV D 2 &, 2) YEBBGIETETORR « R v el e
DT O ANRARETHLZ L, L2 bDEEZLND.

Fig. 1 (a) Schematic figure of a sputtering
system for MFM tip fabrication, SEM
images of FePt-MgO tips fabricated by the
sputtering system (b) and typical
sputtering system (c).

height (nm)

Intensity (V)

Intensity (V)

')‘(‘(nm) v

»i(9)  Sitip: Coneshape
FePt-MgO : 15 nm

\ Lift height: 4 nm

s \A,\ Head current: 30 mA, 211 Hz

T TR PP

Intensity (dB)
/

Ky (1/um)
Fig. 2 Topographic image (a), amplitude
image (b), and phase image (c) of the AC
magnetic field, and their line profiles (d),
(e), and (f). The power spectrum of
amplitude image (g).

Fig2 |2, MXGhEk~y R%&, ARIEECER U7z FePt REEE 2 HWTEBIZE Lz, (a) ZHEIZIRGE, (b) BHH
FE, (c) B, TN HDT A4 7 a7 7 A 0@d), (), (DERT. BEEHE, MR Si £ FePt-MgO
A 15am IR L7260 & V-, BIZENC, OB REHEREIC /2D K 9 ICER LT, 3REEMN
5 ERAR CHRAS TGS DI A NBIZL T &, MBS T D 180°DALFIZE LA B RN E 2 C 0 T E LS D
MRPEEC N AR ICBIER T & 5. RO MRER, TERMIHIDT A > 7 a7 7 A VDZER AT N T LB
RIMETDHETA R ARV L ELL D R/NEREDOHEL ER L TRDDLE SamBETH 72,

BE W
3) F. Zheng fil, %5 38 [0l A AW T2 P AL ELE, 4pA-3 (2014).

1) H. Saito et al., J. Appl. Phys., 107, 09D309 (2010). 2) S. Yasui et al., ICAUMS2012, 4pPS-118 (2012).
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V7 MR 2 AW T2 AR A I BRI K D
B RLER R D 5 nm Z3fERE - Bt A A — 7
K. Srinivasa Rao, LJIIJEK, AR TR, FHAMHE, mHakE
(FKH K)

5 nm-resolution imaging of perpendicular magnetic recording media

8pD -3

i

by alternating magnetic force with a soft magnetic tip
K. Srinivasa Rao, G. Egawa, Y. Kinoshita, S. Yoshimura, H. Saito
(Akita Univ.)

[FLHIC I, BRREEARORmBEICHEY, BERABEMEE (MFM) (CIZZER S fRRED A AV < K
DOHITWD. Frx XM ofEaEm _LICH % & 72 2 50 R M U 5 O BE 5 7 23 7] BE 72 22 /e s 5 77 BT 85
(Alternating magnetic force microscope : A-MFM)" % BE%E L, WK E B FHA O @4 et 2 D TV 5.
A-MFM % O 72 BB FHRICIE, IR 872 7 MREEBREHC, BREH O IR S L H7e 2 R B D 23
e 2 I+ 5 = & CHREFREIEICB AT A HLBEOREMK N, FEHIEINCEEEER 25 <238
GaFHT 5. A-MFM O & fREEILICIEFHANEREE 23 &/ < JEdit7e vV 7 MESMERET OB N EE L 70D . FEF,
P X TR R LT AR IS B 12 & B REHAEREREME P2 WV, SO Y 7 MMM B O %
T\, FeCoB RIEGLE Y 7 M BEMEEELAY 100 Oe LA OARWEIFIRGS & MW EHIRE 2 R+ 2 L2 R L2 Y.
FIRFC Z OS2 T 2720 O/NO 7 = F 4 a7 #FR L. S LICARFETIE, el ofine:
7 NS OER A, BEMENS A ST RS ORI T 10y B ) —ICRIE T E D ANy Z Y o JAEE & T
Bat L7z, 2 O 2 H W CRERR AR 2 B2 LR, 5 nm OZZM D REENZE L TR LD T,
ZOHMERET 5.

Ak FeCoSiB RIEGE Y 7 MRS %, IR R B HE 4 O Si FEEHTBEMEN & Al L CIEHRL L 7=,
A-MFM (iR O EER 7 0 — 7 BAMEE(L-Trace I, H SEM7/ /2802, RiBSEIRE L CRIRD 7 = 7 A
har, EEEERR, oy s AT T EEMATCTa N A T ERFE LI, 72T 4 N a7 ORIk
BHTRRHE I B T A EIIN L7, 253k & LT CoCrPt-SiO, T ELRE R sLeR il A 22 IV, RS FBH I EERER
2-3nm & U CHEBIGEE 21T 72, REHTHIN L 7= RIS O HRIE X 50 - 300 Oe, JE# %% 89 - 500 Hz
DOFIFHCEL S HT-.

ﬁ_% Fig. 1 iz, PREHZ AW DJE ¥ A2 89 Hz & LT In-phase image (X=Rcos(wt))  Line profile Power spectrum
B % 100 - 300 Oe O TLAL &8 THIE L7, 500 kfei  Hu =100 Oe =i EEM
D CoCrPt-SiO, TE B FMIA D EERIHE (7 =7 4 i ﬂgﬁwuwuug =
k27 O FRESE S (Hy cos(o ) W [FIH S H7= R T N S
A-MFM (X = Reos(w 1)), BLOGEEE v My  Fr=2000¢ - Wi SR T
A TaT 7 AN, BROEMARY T LERT. T &M%;UVUUUUU i) e
AL TaTrAMELTALDEDTHY, ZEEA~Y e e
FS AL TARDTA TR T 7 A ADEMAS FT5 wawanwww s A SR s 7
T3 L ORIz, FeCoSIB IMIBEEHIEMAN 10nm QR TRt WIVE] T
BIF OBEHERY72 Si BREHTREMEREE ~ & BB FE T 25 nm it phocsdral T

R LU72 b Dz vz, BmEMS G TIIAZHSE RIS 100
Oe IZB W T Hitikt Yy FABBICBE SN TN D.

Fig. 1 In-phase image (perpendicular magnetic field
image), line profile and power spectrum of a CoCrPt-SiO,
perpendicular magnetic recording medium with different

A-MFM T3 HE B OIEA D S RERS SR Fn &
MFMENEHFBTEDLN, F47Tm T 7 A NVIHRD
£, BROmEMIG O F RN L& 00 FREICRBEIZEL L TWAETN A4 XIZELEh s Z &7 <
BMRICBIZE SN TWAD Z ERbnd. FEMART MV E HEW SIN L THRANE SRR STV
ZENDND. EMSREEEMRINEENHRTA ) A XL ~UL L UL IR D/ MNER O E B L TR
W5 E S RETHo T, FEE T, 2SO MREEIC KIE T REMERREL O Jeus IR IF I -OREME AR e, B
L OE HITEWGOERE B O EEMKGLE BRI O T OB RIC OV THREET .

driven AC magnetic fields of tip.

SEX#ER 1) H. Saito et al., J. Appl. Phys., 109, 07E330 (2011). 2) H. Qi fih, 5 38 [0l H ABER 22 i el 1A 2
£, 4pA-12 (2014). 3) %2 fh, 25 38 [A] A AR AL ZAE, 4pA-5 (2014).
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Relationship between Surface Morphology and Spatial Resolution of Magnetic Force Microscope Tip

Tomoki Kagawa, Keiichi Kato, Mitsuru Ohtake, Masaaki Futamoto, Fumiyoshi Kirino", and Nobuyuki Inaba”™
(Chuo Univ., "Tokyo Univ. Arts, ~ Yamagata Univ.)

IFCHIZ WK AEMEE (MFM) 1%, S (MFM
BRE) 12K 0 RE S OIRMEBIS A E R L, Bib
WA BT 2B TH S, MFM 81T Si 2 E DI
MRS IR B2 Z LI K v ERL S, Bl
MR FE T2 HEELRERTHD. BofRElbo=)
I, S OSESUE PN, WREBRIEE O R R R
PR S D LENH D Y. AR TIE, TERIEE
THUER R 22 2 C Co 5% Si HREHIHE T HZ L1
£V MFM 2 ERL L, BREFFRmER & o fEeD R
ROV THR 2 T~ 7.

EERAE PEWEICIIEEEZE RF v 7 % hr Al
v B2 U 7R R W SN 4 nm O Si R
{2 20 nm JE D Co FE% =R (RT) ~300 °C THE L7=.
PERRSS (o F% m Rl 2 B 8912, Si #REt & Co LD
Mz, MgOX°C, W7 ED FHIEAEA LT-. BN
O EHL ST REH R & [FIRFIZ Si AR EICE R L 72 i
PEfRZ AFM B2 25 Z LI X 0 Fl L7z, $E$HRIR
BEITIT SEM ZHW 2. S fREEFEmIC X PR
MFM 2 % Hv 7z,

EERER  Fig 112 Si &K EIZ RT 38 X 0UV300 °C T
% L7z Co €D AFM 4 % 779~ RT TIFRiE A% 10-20 nm
BRETHY, XEMHIR D 03mm THD. ERIEEE
300°C £ CEF D L&, RifRH 50-100nm, R, H 6.6
nm £ THAL TV 5. Fig. 2 (2 RT X 0V300°C T
% U7=#88t D SEM 4% 7~9. AFM 2%t L C, RT
TITEHR B EEH N EIL SN THDH DR LT,
300 °C TIXEIRDO R E BN BlEm s cng. =
D LMD, 300°C THE L7-REHCIL, RT BB RS
IZH, SRR T OHBMES L TR S D. Fig
3(a)lZ RT 7B R G 2 AV CRlE TR B  GE SRR 2 8
B UTAERAZ/RT. £72, Fig. 3(b)iZ Fig. 3(a)D fHRHES
SOEHT a7 7 AL, Fig. 3(e)TitskEy MRITx L
TEE 7 — ) 2B A AT 7280 — AT MV ERT,
1000 33 X T8 1200 kKFCI DWW N DREERBEEICBW TS,
BABRICREER E Y MEEFBITE, RU—X7 fLZ
BOWTCHRBEE ST I E— NBOLNDS. 4
HiL, BRERmER & MERE D BRI OV CREMIC
ORISR

500 °C R( 6.6 nm
#
100 nm

AFM images observed for 20-nm-thick Co
deposited at (a) RT and (b) 300 °C.

Fig. 1
films

Fig. 2 SEM images observed for MFM tips coated
with 20-nm-thick Co films at (a) RT and (b) 300 °C.

(a-1) 1000 kFCI

(c-1)
1000 kFCI

(a-2) 1200 kFCI (c-2)
12
21 91 00 kFCI
g2 W\f i
1 1 1 1
00 mm 0 90 180 0 0.0 0.04
nm Distance (nm) 1/ (1/nm)

Fig. 3 (a) MFM images of a perpendicular medium
recorded at (a-1) 1000 and (a-2) 1200 kFCI observed by
using an MFM tip coated with 20-nm-thick Co film at RT.
(b-1, b-2) Signal profiles along the dotted lines in (a-1,
a-2), respectively. (c-1, c-2) Power spectra analyzed for the
bit images of (a-1, a-2), respectively.

ZEZHR 1) T. Yamaoka, K. Watanabe, Y. Shirakawabe, and K. Chinone: J. Magn. Soc. Jpn., 27, 429 (2003).
2) L. Gao, L. P. Yue, T. Yokota, R. Skomski, S. -H. Liou, H. Takahoshi, H. Saito, and S. Ishio: /EEE Trans. Magn., 40,2194 (2004).
3) M. Futamoto, T. Hagami, S. Ishihara, K. Soneta, and M. Ohtake: IEEE Trans. Magn., 49, 2748 (2013).
4) M. Ohtake, K. Soneta, and M. Futamoto: J. Appl. Phys., 111, 07E339 (2012).
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Scanning Transmission X-ray Microscope for Permanent Magnets
Nobuhito Inami', Yasuo Takeichi', Yoshio Takahashi?, Kanta Ono'
('"KEK, *Univ. of Tokyo)

FL®HIC

KIAMEAT D BB AT T B S aRL R L ORI B 1T M e B X O OO RN R
BEENZOWTHFIZERNHED ST WD, FRZ, LT AX L« LT T —AMEE AW AaMEHT. T oot
FROEMDH R THERFEIC G2 5 BT 5 L PNEETH S, B L 28 nam F2E O E
ERFOBEAI X B2 HAND Z & T mWEMOREEZ R oTo A A=V U T2 fF T2 2 LT 5, MA T,
X BRI ANRT SV EFGD 2 & ThBFERAI L FREBA/ L 2 N TE, FMREESNT XHEHWD
T ETHEBBRIRENTMEA AT T HITHI T ENTE D, 4 A=V 7 aHEZ R X BREEEEIZ I3V < 20
FENHDHN, XBEELL TREEZEET D ZEICE DA A=V 255 E8ER X FREA(Scanning
Transmission X-ray Microscope: STXM)IZRIFT TS Al E T 5 72 OBEA M ELO BTN TV D, DX A 2
— DU BSOS EICE Ry L Th D E BN, 2R NOREGIIEOMET, ZhE T
ENICIHIFZE A EEBASN TR 5T, WIMNERRICH H STXM ZIRBVEECH L7720, BRI OA A —
YIPEICBWTARIRENFEICL D N 7 NOEENRRET L, T2 THRADITLV—TTIE, 2O LR
BEPERT D720, IV TEEA STXM OB Z{T- 72 Yo TliE+ 2,

EEAHE

4 112 STXM B %~ d, X MEENXT L7 Ly —r 7 L— MNEZP), SikEE IR T % Order Sorting
Aperture(OSA). ik Bt 2%l L7 X 2 BT 5 PMT Y 2 — /30— R =7 D EREREZ TH 5, FZP,
OSA, &Bt, 74 7 7 Z DK AT — VL, attocube AR T T 5 F—HB L OAF ¥ F—Z2 5 Z & T, 4fE
O/ ARE L 72 o 7=, HIE S AT A%, National Instruments f84 LabVIEW Z AW CTHERR L 72, RBHE =
TR VAT T NED Y T A DR SV TEOA o H—n sy 7 il 8O End RS B
7R IZIE, FPGA H3E# S 4172 NI Compact RIO % VN, LabVIEW FPGA # il L C7 a7 I v 7 %f1-
Tre 70T LA[REIRN—RD =27 Th D FPGA N5 Z & T, @Bl zZFEH LT,

EERER

BA%E L7 STXM $E@E D FEFED 728 Nd-Fe-B BEFERS AT DRBERA A — v 7 HIE %17 - 72, W& KEK Photon
Factory O B —2A 7 A > BL13A (2 C{T>72, BLI3 ® X #ROT R /LX—HiPHIL, 30-1600eV TH D, it X
BERETDHZLENTEDLT U Vab—FOFHZIY, MELEO XBEEANT DL ENAREE o7z,
TE L72 NdM BIUHIZ BT AR A A—2 v 7Bt RUTZ NMIELD /A4 X 6T, FIRe R RpEIX
DEELND Z ENynoTe, ABFFETH%E L7z STXM HEEIZOWTIE, BEEGHUINSCRER 0 Al E b B T
B SHEOBHEMEIEICENRERFIEL D EBZZHND,

B R E—L5 1 VHER <> STM

PMT ED2—)b
1) K. Ono, et al., IEEE Trans. Magn. 47 (2011) 2672. mER - - - om ]

2) Y. Takeichi, etal. J. Phys.: Conf. Ser. 502 (2014) 012009. &g "#ZV”F
3) Y. Takeichi, et al., Chem. Lett. 43 (2014) 373. g;ﬁcg;
4) N. Inami, et al., J. Phys.: Conf. Ser. 502 (2014) 012011.

EHEBH] sy, OSA B

STXM F+ >//\
FFER

Fig. 1. Schematic image of STXM.?
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Thin film strain sensor using inverse-magnetostriction effect on Si wafer

H. Yokoi, Y.Kubo, S.Hashi,
(RIEC, Tohoku Univ.)
[XLC®HIC

TEENR & TR OFEERNE ) & 72 DB R 2RI L7 &

K. Ishiyama

S Y ORI EIT o TE Y. 2o U

Y BB ~OEHNMBEOBAL I > BERE E, SERBERORTOL v E—F o 2A8B{LE LT
BT 5. EEMEREORGEOFHEGEL LT, BV ORI, BER, R0 3 FHOBIEESREK
ENSAEUZBUSEHEFHA LTS, Fx iz 0&EL W & MEMS Hiffi 2 15 bt, HEREEe Y

FEBTLHIEEENE LIFRZED TS,
BORGENFETEXD L BB LT 2.
EBRAE

FLOERIZIZRF A X &, U7 bA7iEERWE. FERMES
JBJEIZIE Mo, WMEEIZIE FernSiuB s & iV 2. Fig. 1 IZRT X 91
Mo, FenSiuBus & HICHE—D 1 Z—2 I 7 U A TRIRICHIE L=, Si
7 = ANDIEIHT 200um, Mo DFEEIE 2.0um, Fes,SijqBs PIEE I
0.7um & L7=. FRIEAIC 360°C, 240kA/m D[EIfiRRELE T D I TEAL
AT, BREFHANCERGEEZFE L. Fig 2 [CEMNOEE
TERT. FTOEBAUEZETE LIS HBERICLT, ko~ A 2
0 A—=H~y REM LY TEFIELZETEEZAMLE. A28
— X AWETR Y NI =0 T FITA M L.
EERHER

JEWEH 120MHz OF ¢ V) 7 EiixlE LIz EDOEL-A
— & A% Fig. 31CRd. BITEM T4 IE & L. %9 1,000ppm
DIEMEREINEED A v =& 21X 73QTh o7, EMEE DR
(R 250ppm AT DA VB —F 2 AT AIMICEE R L, 40ppm
I CHRAME 99Q L7ro7z. D%, BIREICEIT S & izin
L, M Lz, ZOERNGHICE T 51 v E—F v AD
ZAEITIRKRT 2.6Q 720, BREEHNLIZEZA 368%& 72
o7z, HUNZEDS 40~160ppm O#LPH The b B2 b Zm L, #F
IR L7HE L BERELZEH L2225, F—URIT 1,747 L7
ok.mn%%ﬁw?’ % EEIINEE O REE RO RBEIX G AL DO

, BEOAEIOA B =& ZRERER & OB EZ1T, I 572
é@ﬁﬁﬁ@tw@ﬁ%ﬁm%ﬁﬁﬁé.

HiEE
ABFFEOD — I IST Setid il o Btk s
MEMS ZFIH U 72 MRENFH > A 7 B D B3 |

B3 7w 7T b THES

2 EBETN
1) Y. Suwa, et al. [EEE Trans. Magn. 46, 666 (2010).
2) Y. Miwa, et al. IEEE Trans. Magn. 51, 2000604 (2015).

INETSIiv= ki
ARG T, AEFORBRAEORFIHRERIZ OV THRET 5.

WEDbDTHS.

Eht o YHEFERAIEL, BMERICHT

Sensor element Si wafer

8.5mm l l
e

~ "13mm

26mm

Fig. 1 Schematic diagram of the sensor
element.

Fixed end
Sensor element
l on Si wafer

lig

/ u
]

\

Micrometer head

Fig. 2 Experimental setup of impedance
measurement under stress.

| tensile‘ corﬁpressivé
10+

S *  impedance
b + change
g8 9 Y260 |
3 .
2 %
L |

measurement direction

-1000 -500 0 500 1000
Strain (ppm)

Fig. 3 Impedance change of strain sensor
induced by applied strain.
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Frequency analysis of the current by magnetic thin film functional sensors
S.Kisanuki, H.Tsujimoto
(Osaka City Univ.)

FLBHIC

BIfE, BRt XA ELRTEY, Fx 3SR 2RI LI @E ) & o O Ly T
7o WiMREE )t IR TFIEIC L 2B IFH AT/ M (3mm AREE) T&, Ao/l - iRE
WA T 2SO AR L, ZREN, ERENILICEELSHET SN TE S, FHA TRBICA
R OFF DI CORBREZFIH L72H LT A AHEEZED T D, Al FEHft CER O & K
FRNTISFIRE CTH D Z & MR LT D THET 5,

ERBRAE

FF—~uaA 2R L, BRI X D6 AR 2 5%
EXHDERERZTEZRNDERORBEICHH LIZHEEZRY HTZ &
NTE, REEZIEEMCEIT D, Figl Il LEBROREZ R, £1
WAL TRAT RIS T H 2 BN 5 EM AR E T 5, £ ICIXERIC
B L 7o BE SR EIIn S v, et CEMET 2, 2 2 THAT SRR OB Oy &
R HWN D BERDFE RO & & | RREEEIC X > THTEEIZE TR
& 2 EEE T T bivD, T OEWMETIER —/RA T 4 L FZ Lo T
ELICIRD T Z N TE D, Lo THEFZRNDEREZERERI+5 2

&, BB ATRE L 2 D, FRERIXVOHINEAFMAL, 2 2DFHK Fig.1 Magnetic thin film
T O[PMIAHD FE 72 &\ AT L. Z D 2 DO IEEZ FHWAUINAHO functional sensor

WL H L JABEBIRITR TE 5,

2 DD FEFOIPUEILH 32[kQ] T, T FNIT 0.03[A]D 0[N D F 72 5 B 25 B ARN ST, H
JIEEJE % 1000 fFICHIE L7 D HIZH v A T JEWRE S[HZ)D T Ik — /XA 7 4 )V Z T K - CHELE S & i
TN T, Zoa— "R T 4 W HOWREFENR AT MVOIRE 72D,

REREER

Fig.2 (ZfAAT %I 52 FE T % (300[Hz] L [A) D B & L 0.3
CJE B EIRNT %47 o 1o % " d, BRI D 7 — U Tk "7
BB TE END X 91T, 300[HZ] D FEA R B kel oy & %=
TP DOART MVEZLTWD Z ERbND, I 2 CTHRAME

0.25 4
0.20 —

0.156 4

Output [V]

WAy A HEME &% & 3 AR ARSI U3, B ks K

0.05
A U5, TRHEERAE LT <HY, ELmEEs el | | |
BT ZTNWADZEEZRLTWD, BTSSR OEFKRDOKSY 300 600 900 ;rzggueml[ioz? 1800 2100 2400
ZEGUCERT 2 2oL, ®EE CHERICER L T Fig.2 Frequency analysis of the square wave
BEWRRE RTINS TE 5 Z L RHIREE LD, current (300[Hz],1[A])
p 2B N

1) AR EE: TEMERE Y, BABSRES F 197 Bt E R p33-38 (2014 4)
2) M R TREMEMIRE Y Y K BB E F OREMEICET H9E) , B, p63-88
(2014 4E)
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Development and characterization of non-contact salinity sensor based on electromagnetic means
N. V. Toai, M. Sonehara, T. Sato
(Shinshu Univ.)

[Z LI

AN OEME X OEE L~ Lom EIZHEY, KOFBENEIZEES> TS, Lo LEx DNEBERICHHTE
HUKITEHNTNET, AREOMBEICER L TWD Y., = ORBEEZ RIS 5 7= DI WKEALT T
R OERRAHE L TV 2. HIETIE, B SN KOMESEE 2 HEST 5 - o2iE, RERHEZAKH
WCANDDONRELTHLHIN, AT FUAREEMNOIEEMTRE TE D FENREFE L. 2T, HE
DIXEMRRIFIEEZFIH U FEEAE IR A B R Lz, AR CIEaER L OFHmIZ YW THET 5.

EBRAE

Fig. L IZRIE SN FEAE IR ERE (LT, B W) OBFEZRT. SMUlO = A VIdie= 1 L, Nflo
AT 8 TR A A LV THER SN TEY, Fig2 [ZERMIKART. a4 viciE, fREO0S5A, J&EK
1 MHz O IESEIE AR Z EIN L7=. Coil 1 N34 71213285, Coil 2 N3 A FIC/HAKE ANT-. &
AKIZIE, B HREE 0.05 ~ 2 [%]Z& VY, E7-ED7=0REKE AW, v v MEFLR OWGERE & i
A VOFHERE ) # NS (AD8032) (AL, HIIEIE V, ZHIE Lz, ARt oFsl e il & m e
FEIET 578, Coil 2 NOBKDEERAK > T, BREKICHFEERNAEL, TIUTX DT XY Coil
2 & Coil 1 O -BIE TIIAZENEL, FIC8TFRIaA VORI L VHERT N A SNDER
2725, HEPREEROBICKT L8 YL LTARFEITAENTHS.

%ﬁﬁ% Salt solution

Fig. 3 I BHEIK DEEZR VT DA AR AR O H B V,, AfHzZE
G DR AR, 72385, 61L AD8032 DF — X o — R &2 W THEL L7-.
BHKOEBR OV IIEBIE Vo 3@ < 722 Z B30 5 . FF
2 Voldo <0.1[SIm]DOFEIFATRESE(L L TE Y, JKOENIREZE X
DRERHIETE DRENELNZ. BREY AL, At PollEk
B LOVERRSE R 2 5EICE T 5.

BE R

1) R. Clarke, J. King, T. Oki, “The Atlas of Water,” Maruzen Co., Ltd., 2006.

2) R. Clayton, “A Review of Currnet Knowledge DESALINATION for
WATER SUPPLY,” Fondation for Water research 2011, 2011.

Coil 1 Coil 2

Exciting coil

Fig. 1 Photograph of the novel
non-contact water salinity sensor

salt P | 97 g 830 T T T T T V] 2
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Fig. 2 Block diagraph in the non-contact water salinity sensor system Fig.3 Relation between sensor output voltage Ve,phase 6,

salinity, and conductivity o in the salt solutions
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Motion capture system for tracking finger motion of hand work
Y. Osaki, S. Hashi, S. Yabukami*, H. Kanetaka, K. Ishiyama
(Tohoku Univ., *Tohoku-Gakuin Univ.)

1. [FC®HIC

IR, BERefkRE o B CRIEER O FIEO IEEETDFHI~OBEENR S E->TND. Z0 X5 R
BT, Fr AL TELVAPLAD LC R~ — T ZHWHE—va vy I Fx v A7 A0
R DFHE T o 2 HERICENAE L TH RIS R AT, /NUBRED T A ¥ L AR~ — I &
AWDICHBEL LT, mm U TOBEELERETDLIZENLAENREMO 1 >THDLEEZLND. RO
Bzl 52 H2 0, KIETEH 300~400mm P05 DZEM ZHERT D HENH S, A7 TIE, FHEEH
HWHADY AT LA OO DRFTEIT->TEY, ToREEHMET 5.

. Pick up coil array
2. EBRAE (25mm, 100t XSG)/-),}/\
Fig. LIz E—> a v ¥ ¥ 7F v VAT Aafificg L Driving ol e

(L=390mm, 13t) ) ']‘- 'K
LDOThD. 2OV AT LI AL, B2 A LT LA, ’\ 125mm :)}i]j :
. IS

LC HRMMR~— 0ol s s, ~— 13 ¢ 3X15mm D

/|

a1

(xy.2) = (0,0,0)—{ 4y ] ].

Ni-Zn 7 =74 M ¢ 0.1mm Oz 500 [FIE 72 = A /LT ,ahfm}ﬂ
FoTarF o EEANCHEGELTHY, R K @@f”'JH;M
116.7kHz TH 5. ~— W OERIT 1gRETH Y, FRICESH L "2$%ﬁ$ JHZM

Ul

Gﬂmm i ;

FFBRICTEINC A RIFTZ gl vt Ex NS, L
R U7~ 300mm MU GRRE DO#FHOBE 21T 5 726, Kt a A

~
A LIRS A A ORIIE 425mm T 5 = & TRz :§§§§§

z

JUIE 60mm RS CT6X6 @ 36 HOREE L, MtEaA LT L x
BRUT=. bl o A IR I R Ao TA R U 72 bR 1 4

Fig. 1. A diagram of motion capture system

AR L TR L, At = A VO EE T EE D e
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AT -~ _ i R e S
FERINT, %~ — A OREMETHEL 10 BT 72, Fig.2 = Jo o o o & & &
CHE S REORBEE R, WELEZATOMEICEY E [0 o o & ¢ & o
T, BB~ — 0 &8 L7fLE L OF s smm K, HE 3 EIETZ‘E‘ET:TETE
&7z 10 [ O fir B OFEHE(R 2545 0.5mm Al T b - 7. Tl006 kb %t 6 4
AIEE 24T - T FiPIEF OB & 2 H 3 2 OIZARAKR &4 S0 TIVOR RRATS S T TN RO Mo W
ERZEHTHY, 4%, TAB R TR QMR L SRR AR AR R
D ESLETHD. ok
st FEEE SRR
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1) # b, b, £k, IR, i, R, BAISHRBGSR TS x-axis [mm]

w5, 28, 877 (2004) Actual position

* Detected position
Fig. 2. Detected position in x-y plane
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Magnetic Motion Capture System using Super-Low-Frequency Signal
Daisuke Oyama®, Yoshiaki Adachi®, Shigenori Kawabata?, Masanori Higuchi', and Gen Uehara®
(*Kanazawa Institute of Technology, “Tokyo Medical Dental University)

OIS =2 alr XY T T AU AT LD FRELTEER, B, REBE<HSNTWS. ZOoHTh

FeF0E, @O REE R RE AL E I E RS FE O8N D, BUETIEERD HFRER->TD. —T, B
K TIINFEROEFT THD I AT DA KU T HIEITIND, JE B AR B TFET DEREE Tl 32 Fh
LV, ZHUE, 8RS AT LTI kHz 75 100 kHz FREEDOAZHiE B AR ML TR 12, EIHIZ &R ET
DI DB A2 T TS AR INE I, MEHEEDOREENME T 520N HRKTHS. ZZTEELIL, MER
DRCEEB L)/ NEN 100 Hz 705 1 kHz F2 5L O R)E i e 5UE B A R LI AL EBLHIS A7 A DFEZ1T W,

FOHEINEE R U D, BB CIE, 7210 3 T HHIAN AT REZR S 2T A BA S LT=.

HEEER HRLEVATACBITLU97 LA OfKE Fig. 1 (ORT. 3RTAEFHIIN LS 725
&9, 3OS ERIET 58 EY 2 — /LA, SMF 340X 340 mm? O O FHRIFERR 0 8 M FTICELE L 72

U EVa—MEIMI Y (TAF -~A 2710« 427U x> b MI-CB-1DH-M-A X O%-B) % {#

L CHERR L7z, B Y7 LA ICBH £ 7z 200X 200 X200 mm® OFiPH & 3% E L7z,

PEFHARI SR L 72 DR~ — I —aA VD% 4EE L, st LT 260, 350, 438, 500 Hz @ IE5%
BMAHM LT, BELEBREZZE T LA THRIEL, a4 VEBKRY AR —/VERE LT EE
it Z LI CEDONEERTE L. £, 4HO~—T—aA ML, XUBROT o —7 oIz E L
o, BHlL7ca A v ofiEE R m—TmDMEZEH L, VT AEA LTERRTDH, KRUAT AT
10 Hz DA CArE BRI 21T 5 K 28R E LTz,

S B 8 RISEER AR LTV AT AL TFa— T ELZFHIITE 52 L 2R T 5720, JEFHICeER
SN DRI COMNBEEEREZBZ o7 BLF 2=-710mm OF S ICRE LIZRO LicF 2 o flov
oy MEEE, ZOREZERRICT e 7 LR % Fig. 2 1IR3 7. Bty RREWGEIZFE U
WETo—v o 7 UERE T, B—F%x /i

BEXH

1) E. Panerno and P. Keisar, IEEE Trans. Magn, 40, 1530-1536 (2004).

2) R. Sato, Y. Hayasaka, S. Yabukami, T. Ozawa, H. Kanetaka, and S. Hashi, J. Magn. Soc. Jpn., 35, 67-71 (2011).

3) D. Oyama, Y. Adachi, M. Higuchi, and G. Uehara, IEEE Trans. Magn, 50, 5101604 (2014).
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FeSiB 7V —%2#HF$45 GMR £2F%ZFHW-EXHE W

WIATECAS, RS, AHE R
(G ERT)
Magnetic strain sensor having FeSiB free layer using GMR element
N.Yamamoto, T.Kato, and S.Iwata
(Nagoya University)

FLC®HIS

BRI SRS R (GMR) & R L7zt i, Wb 8 M & b g O FR % B 23ME e UokF LTk L
b EOMREREERET 5. —J7, BUHEMEHCIE, BEREMZ D EBRBITENELT 5 BE O W RS
L, EARIZLDBAE mﬁ@ﬁzw;ﬁﬁriwﬁftéﬁmtlm EDOAEBCITHERDIT H 2 ENTENLEAZ R
HIENTED. AWETIE, BAICEDEMCE HEOBKETEDZEL 2T S GMR & Y OB 21T o 72
EBAE

HERELZE ANy ZAEE I D BB C, GMR ZJE K (Ta(5nm) /FeSiB(10nm) /CoFeB(1nm) /Cu(2.2nm)
/CoFe(3nm)/MnIr(IOnm)/Ta(an)) Ze RIS U 7= AR, B T REZR R S O B0 5 3 FRFAD A A(70um ,100pum, 150pum)
R, B U 7= Bk & i 2 B A BOE L7208 100um, £ X 1200pum OFFRIROMEEIC 7+ MY Y 7T T 41T &
DINL L7z, FrOBCES#MPAMBROEFmE DL MLL, £AOBINCIE, U FOFiEEZH V. GMR E T
AR AETERR LT T A % Fig L \IORT L OB RMEE L 225 KO ICEE L, HHBCHEMAZ D Z & T GMR Mt
\CE D e 5 2 7. Figl O FAICHIM LIS EEE Lz, GMR 1% 7 U v PREIHLAGA A TIREE T GMR &1
D IR e 5 171 ?ﬁMk@A%TRMﬁMW%Wzé LT, Rk B HE DR A FEERE 6 LT Fig2 D & 9 IcE
R S 7. GMR IR ICEGRE T 2 3t L7 IRBEEIZ B W T, BEAZHINT 5 2 & THHEBEOBR BT ENE(LT 5 &, GMR
FTOEPUENZL L TT Y v PRIEONT VARRNTEENEL D, A UEBELZFHET 7 300 fFICHE L7
EEEHIELEV,, & L.

EERFER

Fg3@s:ﬁ#émﬁﬁruw%7u/bbt%®f%5 FeSiB JB T A DMEER & Ffo7-0, IEOELZINZ
AL, BERIENED L, ADELREMRIZHAIE, BKETENENT S, EADELIITITH LT Hyg
73 20 Oe DIFEIITH STBIEN T f%b’ﬁmbfmé_&#b#é._@_kmg Hyius 73 20 Oe OIFAIC A H g o
WAL D18 Z TR ST 6 L TR AS EEOMEE THDH EBZ O D, Hyg 7520 0e DA, EH e =£12X10% %
GMR MIARICINZ 72 & &, V= =400mv O HHBEE BT,
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Fig.1 Schematic drawing of the Free laver -15 -1 05 0 05 1 15
experimental setup. Fig.2 Top view of the GMR element (*10%) Strain €  (><104)

showing directions of the easy
axis, Hy;,s, magnetization of pin
and free layer and stress.

Fig.3 Output signal as the function of the
strain . Cross, diamond and square
symbol shows 50e, 200e, 400¢ dates,

respectively.
BE R
1)K.Ishiyama et al ., IEEE TRANSACTIONS ON MAGNETICS, VOL. 46, NO. 2, FEBRUARY (2010)
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IT7 U F ATV REEEORER YR TF
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(RALZBER )
Development of meandering coplanar line type thin film magnetic field sensor
H. Uetake, T. Kawakami, K. Moriya, S. Yabukami, T. Ozawa
(Tohoku Gakuin University)

1. FL®ic ST AR T L—F R L TRV T 7 A CoNbZr i & L Ix A B T AR R IS TR
R 2R IEL, mEELZ I 5T,

2. EBFk Fig. 1IZMELZ BV EFOGEEEZRLEZLOTHD, B HHF I, CuEkic &k
HIT UM a T L —F R, SrTi0 i, 7L 7 7 A CoNbZr MM SR SN D, BRERIIT S
CoNbZr JEMED AL 1 mmXx0.95mm & L, 3 KD a7 L —F#K%E I 7 ARICEE Lz, B ¥HFEFIT
BT AR EIZY 7 b A7 7 a' ALY FEE Lz, CoNbZr 5 (1 um /&) 1%, RF A% » Z & U C 5 mlorr,
200 W TRl L7, CoNbZr JMR D — s S A PRI X [EHRRE R 300 °C, 2 e, #éitd 200 °C, 1 REf]
Ta 7 L —F ORI~ 5 U7z, SrTi0 5 (0. 5 pum J&) I% RF A%y Z 3 E % VT 20 mTorr, 200
W, B—X#% 160 CITMBA L TR L7z, X7 &2 RBlar L—F#RIKIE RF A%y X EEE 2 VT, 20
mTorr, 200 W TCrZ 0.1 pum, CuZ 2 um L7z, X7 AR OEIRIEIX 110 pm, EARRIFREIL 20 pm
E LT, EARAREIT3IARE Lz, Cr ML SrTio #iE & Cu EIROEEMZEmD AT DITHIE L7z, B
YRIITRO 7 =78 —7 (GSG-40-150) 12 XV, BREFHFNIBLIERNBL, 2y NU—2 T F
F A W (8722E9) |2 X B3 MIERIE (S 2 217V, JAREEE L OBk T 5% v U 7 OMARE LB X
OMIRIE & 3 AT L 72,

3. FEHRRER Fig. 2 XA T HF v U T OMNMHENEZ R LIS D THDH, 3.15 GHz
AT CAARIZ AR ICZAL L, BRI D & 1340 311 degree/Oe & 72~ 7z, DMERFHAIEE 2 ~D s Ao
H%& 72 % Gain>—40 dB b7z L7-,

ZZ Wk 1) H. Uetake, S. Yabukami, T. Ozawa, N. Kobayashi, and K. I. Arai , “Highly sensitive
thin film sensor using coplanar line” , Journal of the Magnetics Society of Japan, vol. 38, no. 2-2, pp.
83-86 (2014).2) S. Yabukami, K. Kato, T. Ozawa, N. Kobayashi, K. I. Arai, “A coplanar line thin
film sensor and measurement of MCG without magnetic shielding” , Journal of the Magnetics Society of
Japan, vol. 38, no. 2-1, pp. 25-28 (2014).
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Fig. 1 Fabricated thin film sensor.

Fig.2 Phase change.
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Temperature drift suppression of amorphous magnetic wire orthogonal fluxgate

by imparting induced magnetic anisotropy
H. Karo, T. Nagatani, and I. Sasada

(Kyushu University.)
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Reduction of fluxgate gradiometer susceptibility to uniform
magnetic fields using permalloy shielding disk

Ahmed Lotfy Elrefai, Ichiro Sasada
Applied Science for Electronics and Materials, Kyushu University, Kasuga 816-8580, Japan,

A new method for constructing fluxgate gradiometer has been previously introduced'. The developed
gradiometer uses a pair of fluxgate sensor heads connected in counter series in order to detect the
difference in magnetic field. The sensor heads are operated in the fundamental mode orthogonal fluxgate
(FM-OFG) mechanism which provides very low noise measurement capability. The developed
gradiometer has been proven to be efficient in detection of tiny magnetic particle contaminations down to
the size of 50 um®. The parasitic susceptibility of the FM-OFG gradiometer to the uniform magnetic field
is, however, in need of reduction when the gradiometer is used in magnetically noisy environments. In
this work, in order to reduce the parasitic susceptibility of the gradiometer to the uniform magnetic field,
the efficiency of a small permalloy disk plate placed underneath the gradiometer sensor heads is
investigated. The efficiency of the method is estimated numerically and confirmed experimentally.

Figure 1 shows an illustration of the sensor configuration with the shielding desk. The two heads of
the FM-OFG gradiometer are configured parallel to each other with a baseline separation distance
between the centers of the two heads. The sensor heads are centered above the shielding disk with a
separation distance of 5 mm. Experiments were conducted using two permalloy disks of thickness 1 mm
having diameters of 10 cm and 12 cm. To evaluate the shielding disk effectiveness; a quasi-static uniform
field is applied parallel to the sensor heads axis. It is noted that, the effect of adding the shielding disk to
the sensor on the amplitude of the sensor output signal has been evaluated and found to be of minor
relevance (less than 10 % reduction). The recorded experimental results are shown in Fig. 2, for the
measured gradiometer susceptibility to uniform field vs. the separation baseline between the sensor heads.
From the graph, we can see the gradiometer uniform field susceptibility with the shielding disk is reduced
to around a fifth of its value for the individual sensor. The shielding performance is improved as the
baseline separation is reduced, where the sensor heads grow closer to the center of the shielding disk.

The proposed sensor configuration achieved a significant reduction to the FM-OFG gradiometer
susceptibility to uniform fields. The improved configuration has several prospective applications to be
used in, such as; magnetic contaminant detection in lithium ion battery manufacturing, and magnetic
nanoparticles detection for biomedical applications.

References
' I. Sasada and S. Harada, “Fundamental mode orthogonal fluxgate gradiometer,” IEEE Trans. On Magn., Vol. 50,
4007404 (2014).
> A. L. Elrefai and 1. Sasada, “Magnetic particle detection in unshielded environment using orthogonal fluxgate
gradiometer,” Journal of Applied Physics., 117, 17C114 (2015).
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Fig. 2: gradiometer uniform field susceptibility [mV/puT]
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Fig. 1: Illustration of the sensor placement over the
shielding disk. The sensor heads plane is 5 mm above
the shielding disk plane.
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Fe-Si-B-C 7 /L 7 7 AJEE DR X AL G H - L A

7T w7 R p— kYo N

EHRARET IAREET, AR, MR

(W= T 474, TILLK)

Miniaturization of fluxgate sensors by magnetic domain structure control of Fe-Si-B-C amorphous ribbons
H. Miyata™™, R. Yamamoto™", Y. Morimoto™, M. Takezawa™~

('MTI, “Kyushu Inst. Tech.)
B#

Fxix, 77 v I AP - MNERE UV OREEEY, TOa T MEOBKESE EZHIET S Z Lick hkETE
HILERELTHWA Y, ABFECIX, Fe-Si-B-C 7E/L 7 7 AH 2 H W=/ Ml oo, e IEIC k%
WX AE SR A L. 10 mm A TFIS/INYL L=t o 3 THO RS HEN AN TH 2017, £7-.
WMEM B OB 2 BlE29 5 Z LI X0 . BB O, FO T 7e ES T OE WIS L SRR OE W%

FARIZOTHRET D,

KA

Fe-Si-B-C 7E/L7 7 Afis & T Figl \Z/R"T 77 v 7 A7 — |
oA L, o A VTR L, A5 1 Oe DRBES A F
MUz & & oA MCHHE S 22 EE 2 B A v CEBH
E LT, L7 MEHE. Metglas #E5L 7 €L 7 7 A RLMEEEHE O
2605SC T b, Eio, MEUEDSBALRERIZ KIFTHEEZRDH720,
Kerr Zh LTRSS 2 VT, TENL 7 7 AMEREOBKX 2822 L7,

RBRLER

Fig2 lZ B v Y IO EE A 2R3, Bt HE20mm, A
WY R 10 mm THRXEEZFHI#E L THW2Rnd o, @03t 10
mm C. 15 MPa ®DIENZEIINT 5 = & TR EZHIE LD TH
0. ENENINHI G 1 0e ORGSR ZHIIN L7256 O ) EEDOZE
Z7my hLTebDTHD, WTHot' U HIZBW T b D
wine bz, BENREA LTS, £/, ALEITHET S L
KEEZHIE L2 b OO FNRENRE D, BES EHDOBGRE AT
Ut BKHEE 2 HIEE IR S 2 B Lich A, B 11 50%
BRELTFLTWSZ EB3bs, L, BHEN 10 mm OHFET
b, BEXHEEAHE L2 b0k, MAREMLTEY, 10 mm 2/
fbL7zE izl nTh . BXKEEHIEIC XS hodeER’f
HTHDZENYMoT,

Fig.3 (X7 /L7 7 AHHIZ 9 Oe DA ifs 2 FIIN U 7= BRI BEBERS B
ML Z ST fEk Z B LR TH Y | AR O, A0
LEBLZELELOTH D, FLMHIO S PAEEERE L T2 HES K
Lo TEY, Wl E Y b HLHED T BHEEBE) LT )02 &2
bhrd, RBORSZE LGS, REOHEEIZ S ® 2 56 o
DAXHINZKRE L D0 T, B HPHADOIKR FORREIZ/A> T Db
DEEBEZLND, Sk, BV EEZILICELI LESGAEOR VT
DAL E | BLIBRO L ZHET D TETH D,

ZEH 1) H.Miyata et. al., IEEE Trans. Magn., 50, 4005804 (2014).

Fig.1 A schematic view of
a sensor head.
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Improvement in Immunoassay using Magneto-Resistive Sensor
Kohei Noguchi, Takashi Yoshida, Keiji Enpuku
(Kyushu University)
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MR ET DEEHROEECHRREE LR T 2 FEE L TRERENA HOLIL TS, #
W EIRE R GERAE L LT, A~ — I — 2 ORGSR LD E M TN TV S, EE LI
INETIZ, MR BtV ER~— I —DT7 70U VKEMEFRA LTZMES AT L2/ L, e~
— N = REE~— I —DOREED =D OV TREB R E R A RERE2{T> C&E 7, ARETIHHEE~—
H—INOWRETESED O, BR~— I —ITROBHER SN 2 EEEFML TWd, L Laens, itk
ROEINIARFEA~— D —DEEEZSI R LTI T 7V VTV EHRESE L0, BIHEE OB LR
K& 7o Tne, ARl BhEERZHIIN L7 ZIC BB 21T 5 Z L IC L » TEERE o ST 5 k%

BIZE L7, ZHUC XV BEEE 2RI L 72 RIS AT RIS 722 B,

BRI E

MR~ — D — %A T 27O OHEPUR G %2, 1.5mT
DRGSR L7208 b G S/ iz, OSSR L g 5t
(4omT) % k [FIEIIN LEEAE— A > b DI & ZHiz 72, Fig. 1
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Fig.1 Magnetic markers after the
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Study of ion concentration measurement by detecting response from magnetic particle
Shoya Oda, Suko Bagus Trisnanto, Yoshitaka Kitamoto
(Tokyo Institute of Technology)

#E

RN ORI FIZIIRE 2 724 A 2 DNERT T D, Bl Z21E Na, CL K A A VDN FET D, A A ARRIERD
TEERROMIR DIGEEITER L TWA, T DA F Ly DNAT o A XEEITRT- VTV A DY, BRI A
HOGEREIIA A VBRENEEMENLTND, TOTOIRIEOA AV REZNET D Z & TRADH
WAERET D ENTE S,

%< OEGEA T U REITEmE HOTHIESND, Lo THIEXSG: & OERMBRET Sy, ®%E
AW TEBFET D0, 8N FOBRTEDL LW LERL D, —F., KR FETHE, FE
P D NI ARG I E AT E CHRIE TE AFAEnH 5, Lo, ZIvE TITHEXHYZR
FiEEHANTA AV REZE LTS IITE LR, 20045 BNIRER + 07 Z 7 U EERICE B
L. NaCl JRJE L BEXULEIE 5 & OBIRN S A A AR X 0 BRI T OIREEN & D L 9 128 5
BT R A WET 5,

EEBRAE

BEVERLF 2T D722y V) A RaA a2/ Uiz, FHUINY 2 RI5TREE 240 G, HIEJE B80T
510Hz 7°5 2010 Hz £ T& L7z, FEBEREOTZDIZ, b9 2DV VL /A RaAfvxzHunw-, HE
oA VISR 2 A4 VORNBNZEEE LT, BRI 7 ROBIRICNT L, B 7 WElE -
A VOPWEIZERE LTc, MHERETIZE £ 2B I3 (b8h 7 CEXYERK 13 nm) ZfEHAL
7=

EERIER

Fig. 1 ([ZEIYERUELIEIC L 2 REMERL 1 O PR ) F R O F-IAS R 27~ L7=, NaCl#REEDHE 2 5129t
T, BROREZIDPEERLTND, 3 wt% TITRL 23R L7728, K175 NaCl 2O L 0 g%
B2 LTWDZ ENbhoiz, Fig 2120152 wt% £ TORE OFIFH C& H A TRIMERL 70> b DIRE
BHICEENDEMBEEZTZRE LM RE T, 57 REMEE LS 3 WSS TR L, 20k
AR T DR EZ " T, BEREREL b L b, R/ ESL o TNDH I ENbnd, =
AR DBALISE S X 0 @B ORBE B BN 7o TWH Z EARB LTS, I HIZ
NaCl T T 5 & IREDRE RO THEA/NS K> TWD, Ko TNaClIRERE L 78D
&L BITHRIE AR RN R L2 2 SIS X DRA DT T 7 ABEMDISEDEN, EdikE 5% Aun
Ll o THRIETERZEEZOND,

25
n NaCL:0 wt% 0.07
£20 / “j \ === NaCl:0.5 wi% o 006
£ NaCl:1.0 wi% £ 005
gs £
B0 f £0.03 ~®=NaCl0 wt%
g % 0.02 #NaCL0.5 wt%
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Fig. 1 Hydrodynamic diameter of magnetic particle Fig. 2 Dependence of harmonic signal ratio of magnetic particle on

NaCl concentaration
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Magnetic Particle Imaging using Electric Scanning of FFP
Kazuhiro Tanabe, Shi Bai, Kazushi Yamamoto, Teruyoshi Sasayama, Takashi Yoshida, Keiji Enpuku
Kyushu Univ.

1. [FLHIZ

MR~ — N —%ENICEA L, BR~—D—0DbOBEAEFERET2 2 LIk, BEORFER L &
BCEE - B RRE IS LT D T B BN X MPI (EKURL -1 A — 0 7)) LRI TR Y | EEZHNICE
WTHEHRSINTWD, AFETIE, BTN UREER~OIGHZEE L7z MPI & 27 LD Z1T -
T\ 5%, FFP(Field Free Point) % & e RHES 2 H\ 5 2 & CEMSRED S FEEZIT 5 23, FFP OALE # ER
HICERESEDL 2L TA A=Y U 7TV RS 30 mm OB S 5 & 100 pg OBIR T/ ki ORIk
LD T, LLTFICHmET 2,

2. WMRHFAA—DVT

AR AT NTlE, RO 1 mT (&% 22.75 kHz) %4> 7" /L (Resovist; 100 ug % [H& 2 mm ¢ D%
AN D) ITEIN L, B> TS RAET 58 = @il 2 1@ L CHEgb LT\ b, BRI/ ki,
RV U B RN EE S & X R OBMEAIFNIC XV 2 OISEAE SIS L D R
Fio, ZO7, HEANEw LD 5 (FFP) Z BRI A 2 % 2 & T, FFP _LITH DRI
LOIREFEERD Z LN TE, ZMOREEDWFIC O/ N D, A BIEWE L - ERIBIR 24 L% Fig. 11273,

ERHBER 2 A VT 9X9em O IEFF 2 A /L (FREE Imm, & o= losint + 1,

$0200) WUS/MBRRY . & HiEENCHBO KA & 5 S R

52 & THIL (x=y=0) 2BV T FFP 285/ 5, Vi A4+ ALIE =R 7E“”T
HEROISHICER LT, B MPIESE 2 M| 22 L C lgrad Lo

2y BT EITO 2 EIEN TR, I TFFP 2EX < ‘;‘_‘ ~ X
HONTERET 2 T E IR Lz, SHIZED A Y v hd MPI % ;;7ﬁ 5 1)

BOMBIEOH72 5T, WERR OB L 2 BE O AMEE S A1\ A BT

BPMBE TN LB A A= v THRERORER L35 2 bh <= | =

%, FFP OBXMAEBTH DT 7 b aA v Gk 1 mm, & @ Lshift Vepise= loSinwt - Iy
88) % Fig. 1 DR, HRITT, 7 b aA VI HARHER
A NOHEENTH Y, ZRZIUCER e Vonine 2 )
M52 LIk, FFP 2EET 52 LN T 5, b Sigpal (V]
Alal, ERMER 2 A VT 10A, 7 b AT 18A,, D = 305-3
AP B 2 Hz) & e =9A ZFAIINT 25 Z L2k Y, 32mm
W5 ORI T FFP 2 &L, ZOL 20OV FANLDES  E
Whae~y 7 Lk (Fig.2), FoizEBE~ v 7KOE -
T ONEIRIE x, y A & bR LR UiEEZ R L, TAE® -8
D DOEESGDZ LN TET, -12
Y o -1
3. &6 L X—16 -12 -8 —4X[n(:m]4 8 12 16
BERHLAA A=V ZIZB T FFP 2 AT ERT 5 v Fig. 2 Contour map of the magnetic field using
AT hEPA%E LT, FRP OBREERIC & 0 JIERF R O R electrical scanning system. The gradient field is
EZTAUTHED AR OFAIC LY SN DR EEZMDZE o amT/em.
DTET,

Fig.1 Schematic of gradient coil and shift coil
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F_mRERILESZ AV
ERTESKLFA A=V TV AT DO

SuR AN 115 SN == I 5 ON = q
JUNR)
Development of a three-dimensional magnetic particle imaging system using third harmonic signal
Naotaka Tsujimura, Takashi Yoshida, Keiji Enpuku
(Kyushu University)

IZCBHIT

Wk T /R a2 ma T CHEL, TORMIMERESEAELHES L bR~ —F — EMEEh T
B A REBRICHBHGF SN TWD, ZOHRT, BRT /00 OBAUE S ZRIET 52 L1z X > ThE
K[ IRFONBEERET D, BERFA A= 708 00RH Y, KNERZINICBWTER ST
W5 DA KRR TIE, RER T R Tk xyz FIENSER L, BRT /B0 5 OIBIERBALIG AT &
LDH ERE S ERET 5 2 THRT S RTOMNBEOREEIT> T, £o, BEIRERBR 2N+ 5 2
& T, LV EERSIREE R —IRITTERRL A A=Y TV AT LD EZBIE LT,

EBR

AEFEIIE 2 A WA K VR T R ISR (2.8 mT rms, 2.99 kHz) ZHUIN Lig{k &v 5, @57/ kL
FNSOMAHEE AR aA L THRINL, vy 2 A4 0T v 72V CE ZEREESOME%ITY, =5
W ERET D LT, MEBMAOEELETD Z LN TE, BUULSEE T EZEREICRET A2 ENTE
%o Fio. BB 2 A I X0 EFERER 2 FIN 5, BRI 2N K & WK Tk, fafnii izt -5 <
T O ETRIEE B AIE S D T, EIRERRS 2 D 2 & TR IRREL A ATRE L 72 B,

Figl.® X 95 12 50 pg(Fe)é5i 7/ ki1 > 7L (Resovist, FUJIFILM RI Pharma) —.->% xyz J57 M2 30mm &
WA EICEEL CEE, VU E SRTICER Lz, RIZ, YTV EERTDHZ L THONTE &k
WAG T~ v 72 AR/ T RIEINNLS) 2 W CHEGALEE 21T\, 224 iRRE 72 ZIRTTOBK T/ B D
T BE O3 AR X % VR L 72
EBRAER

NNLS 7£4 FIVNTEH#L L 7RS0T /R O ZE I 72 BE 3 AT X & Fig.2 12”3, z=15mm, z=-15mm (2351
TREDSAAOE—I7HERBENTWDE Z ERDND, VU T ABHFELR, 2=0 Pl T, BESMAMNO &
o TWND, ZNNHLDOFEEZHNDZ LT, =R T NVOMEEZRET D Z LIS LT,

L Z D&,

1) B.Gleich and J. Weizenecker, Nature, vol.435, pp.1214-1217.2005
2) HH. NI TE  BRIEER Y X T 4 v 7 A% MAG-10-163, MBE-10-164,2010
3) Josvan Rijssel, Bonny W.M. Kuipers, Ben H. Erné, J. of Magn. Magn. Mater. 353 (2014) 110-115

30rnm/ B
z=15mm FEEEEEEEEE ¢
Z=0mm 30mm :
R e, 1
(a) (b) (C)
Fig.1 Two Magnetic nanoparticles
samples separated by Ax = Ay = Az Fig.2 Contour map of the MNP distribution in three dimensions at (a)
=30 mm. z =15 mm plane (b) z = 0 mm plane, and (c¢) z = -15mm plane.
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I R D MEEME T k7D MPI & RIS B4y 0 2

R PrE#EZ  IUHESE R&RE
(B E NI K)
Evaluation in harmonic signal of blood-pooling magnetic nanoparticles for magnetic particle imaging
S. Ota, R. Takeda, T. Yamada, Y. Takemura
Yokohama National University

[XLC&HIZ

Wt~ R DIE 75 2 BT 5 2 & TR &AT O BT A A — 2 0 7 (MPD) DML IR 4
(MRDIZIO D HAT & L CTHERZED TWD Y, ABFECIE, a 7RO R D {bek) ki 7o
RVHEALTNE Z ATV, maiE T O 21T o7z, MPLIZK T D5 Z B E LToRi-I22o0n T,
BRI D 2 TRIRAKAT PX° Langevin B%k & HI O 72 il F 1R & SR O i P23 Thii B,
B - R

aTRIEEN4,5,8nm DANKREF L AF ) - PEF LT I ) TF LT XRANT MO~ T~~~
A MREFAZ DUV ThRRIEYS 4, 8 kA/m, JEE AL 1-100 kHz O St CARFRAINE 217 - 7=, JIEIThL
T2 KU B S BT TP REH S T OERIC LY [ L2 BEEREHZ DWW TIT o 72, AR 13
MFDOTNT I EFEGT D OBAEMIICHE S < MFICBIT DITERF ARV D &2
invivo EBRIZEL WV REN TS Y,

Fig. 1 (a)i. BRI AFERIZ LY DOEE L72ilB O % = @i O E R FZ R L TV D,
b A TRABEDORE 72 8 nm ORI DO =maililiRENRE W LAMR SN, £RERE AT
U2 AN =T8N THRIES I DBIUINT & Te T O ARRL T EWMETH 5 L iR L 7o, Fig 1 (b)l,
FEARW N T 2 F =@ mE OFIEZ2 R LT\ D, KHPREIORRREZ EFEMIT Y B RERT 5,
HIEE -

BENAE ] Uo7 B3, ARt L bW e &d £ Lie, 2 2P L LT £,
B CHR
1) B. Gleich, J. Weizenecker: Nature, 435, 1214 (2005).

2) BNEAE, Af, BETE, WAL, R 8 38 M B ARRERUE RN S, 2pF-10, Bk, 2014
9 A.

3) A.Tomitaka, R. M. Ferguson, A. P. Khandhar, S. J. Kemp, S. Ota, K. Nakamura, Y. Takemura, K. M. Krishnan:
IEEE MAGN, 51, #6100504 (2015).

4) N. Nitta, K. Tsuchiya, A. Sonoda, S. Ota, N. Ushio, M. Takahashi, K. Murata, S. Nohara: Jpn. J. Radiol., 30, 832

(2012).
@ 5 () 0.15
Fixed A 4nm Fixed A 4nm
4 | 8kA/m g gm 0.12 | 8 kKA/m g gm
2 o}
= 3 o o §v0.09
o a q
< 2} o ="0.06 1 o R ¢
= é A A A O
17 O o 0 0.03
0 - O |
1 10 100 1 10 100
Frequency [kHZz] Frequency [kHZz]
Fig. 1 (a) B = e A TR (b) B =@ DI 5F 215 50 E OEIS
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ARG EIAINT & 0 BEPEGR AR B 38 A9 5 b 2 D

FEH BESERF I B9 2 AT 52

A, IS, EEES, LARFER
(KR K)

Study on sound generation delay time of sonic wave emission from magnetic fluid
stimulated by alternating magnetic field application
L. Ishida, T. Nakagawa, S. Seino, T. A. Yamamoto,
(Osaka University)

1. BIRE=

RS 2 N4 % 2 & T, BRI GRS O 2 (5O E M E FoE (iR EN) NfEshsd L
WO BLG R EEZR” 7S 2008 AR ST Vo TR BN 3R L T F IR S D £ TITHE
FICRWIEN GBIERFHE]) HNELDLZ EDRH LMo TS, ERIZHWTWABE THLRY 77 UL
7 X RNV OFE SRR U CRIERE#Z 7' e v M2 L EMRERAE LN D 2, Z OEMREEIREE
BEE v I2AME L CH R 3B m s B2 2 LD L BB B E I O AE E TOMIC HIRE (%
BIEIERFE]) DR 2 Z DRI DD, FEF EEIERFE 2 EHEE L2 OARE OMEIICER Y AL A 7ZAFFEIE
7euN, AW, BTN 2 I ARIREEEE Y o CESENE X5 L ICERE T RL, BEOEBEDT
TEMERS & W5 SRR BN 6 D ARAEE ORI 41T > 72,
2. EER

il I 2 M T 2 7o D DFEBRRIZLU T OB Y Th 5, HROBEMEITA M300(> 7~ A 7 X J L)
ZWREE 20 wt%ICATIR L7 b O & b S I AR & UTe, 2 OReMEiRiAsZ 7 7 U VTR L 72— 20 mm,
JEE 1 mm OEFEFEOMAICH F L, ES 0.0l mm O =AMIERO7 VAT EEREZHACZLO%
HIERELE LT, ZOREREHE 2 A Ll RICHEMERIADOLET D X 5 ICEE L, a4 /M IERE A E
WAL 2 & TRV 2 FUIN U7, FUNBEETREE 1 42 Oe TREE L. JEMEEIE 300, 400, 500, 600 Hz &
L7c, BAELMMERE Z~ A /7n 7+ o TERERELTHRHL, 7o 7Z2HWTHEEL, 7
ANFma Aa—TIC L 5> TPCIZIVIAALT, ZDFERFRE VTS BIERE O ESEIE 21T - 72,

3. RERER

M 112, #35EEH 600Hz (281 2E 5 & FREFOREEZR~T,
FHFREHE~A 7 0740070 —T R 110 mm POERIFHZE |
LAIWTHIEL Th D, ZOMEND ., TGN E 1 C b IBEN 4 JV
UTH 0 REICRBIER DS = L BRerd b, £, £ 1 IChEE L
$a 2L S U A ORISR O 2R3l 0 IR TR 0 2 4
5 JERR I A~ OARAF DN L B 7720,

| --musEs| | —EwiEs]

£ 1. FABEEI BT 55T R AR | %%&ﬂﬁﬁ
05 i 15 2
H H H H
— 300Hz | 400Hz | 500Hz | 600 Hz EM(me)
FEEBIEREH (ms) 0.20 0.21 0.18 0.19 W1l - G Y
(W4 )8 %k 600Hz)
SEIR < z

D #JIMES 1F2y, 5 32 Bl H RIS FS IR ES S (2008) 12pC-10
2) M.Tano et al., Mater. Lett. Vol.98, pp51-54, 2013.
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N R VA kSR Lﬁ.ﬁ”ﬁ&ﬂ:@iﬁ&*ﬁ%@éﬁk Z O

EREE, TEERE L, PIE, AR
PN D)
Synthesis and characterization of hollow iron-oxide particles modified inside with gold nanoparticles.
K. Suga, S. Seino, T. Nakagawa, T. A. Yamamoto (Osaka University)

1. IRE=R

UTAE, etk A4 5 dh2efshi+ (Magnetic Hollow Fine Particles: MHFPs) (%, HEREMEDY % & IRk 2 N9
HZEMHEETHY, FEBKAFENAETHD Z ENORARE S 2T A~OISHERYF S TS
AWFFETlE MHFPs DINERIC 4T/ ki %585 L, MHFPs NS & HRE(L92 = L IZVER L7=. MHFPs NEHIC
& R EMRET 52 8T, &FRmICT A ((SH) RATFIILANLT 4 l\% (-S-CH;) =L, ®Et
Ry 1% P [E 2 L MHFPs P OFEBEL 23 FTBE & 722403, ZhERAVICHEREME /0 T OBIE N FIRE & 72 5 %
Y V7L LCOEARf NS, A, NEIZ&T /b1 2k Ltﬁmﬁaqﬂﬂ%ﬁﬁ%’—@/\ﬁkﬁé:Mﬂﬁﬂﬁ
WERIZOWTHET S,

2. EER

RiF-REMNT 2 /M (NHy) TR S U72Ri8E 300 nm @ SiO, ki 7+ (Sicastar®) 26 mg 27 > 7' L— k& L

7o, BrRaETE Y ICk Y, Sio ki FREIC Au T K OB T o7, FOH, 7=2T4 Mo

L PUCEY, AufiFF SiO2 BT ORMICE BB A I L7, GRSk 1%, 1.0 mM @ NaOH 7k

IR T 5 2 & TSI, 2V L, WERIZ Awki 23 HEF U7 R 22 B bgkiichr v 2 1572, S ook 7ERE
ZE ML (TEM, SEM) (T X o THIZ L7z, ML fESEIEIC DWW T 7 X~ o0, X#RE

X VMO L7z, £z, BKEEOFELIT- 7.

3. BREEE

Fig. 1 |2 TEM 3 X O SEM (Z %éﬂﬂ%ﬁot BaRd. E R ZEY, SiO RIf-FRimTRL
£EK) 6 nm D Au R FHEF Lﬂ\é Z e E N (Fig. 1(a). 7 = 74’ % ?Sbo EI2IE, Aw/SiO, Kif
(ZRIBEKY 50 nm @ﬁiﬂlﬁﬁ%*ﬁ%#‘%&% LTW5DZ AR SN (Fig 1(b). SiO, DIRMFALVERIC X v HhZefis
DELNTEY, WIS AukiF 03 FET 52 & bR STz (Fig 1(c)) . XMREPTHER S ICP ER D
T, NERIZ Au *ﬁ’—mﬂ FF U 7o 22 et Fe A L ERIORE - D AR 2 fedR L 72

Fig.1 TEM images of synthesmed particles. (a) SiO,/Au, (b) Si02/Au/Fe;0y4, and (c) hollow iron-oxide particles

modified inside with gold nanoparticles.

Inset in (c) gives SEM image of hollow iron-oxide particles modified inside with gold nanoparticles.
B R

1) S. Seino, et al., J of Nanoparticle Res 10, (2008) 1071-1076.
2) M.Tada, et al, J. Magn. Mater. 321(2009) 1414-1416.
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AR AR N 18] ) T ARRE SR T P BB R b o R Ve

TN R, KM w2, IR BREE Y SRR A2 0B T, REH gLz %, 2 e
GRALKRBEL !, 2=k /5 7?)
Magnetic Tunnel Junctions with Low Magnetic Anisotropy Electrodes for Bio-magnetic Field Measurement
D. Kato', M. Ooganel, K. Fujiwaral, J. Jono?, H. Naganumal, H. Katsurada and Y. Ando'
(Tohoku Univ.!, Konicaminolta®)

X

=N
=8

/N2 AEARBES (OS5 107, MRS« 107" OFHINC X v | RO B M @m kS REMEA 2172 5, L)
L. ERES 2 EH L~V CRIE AT RE it o id SQUID DA TH 0 IR~ 7 M X BB HD NI T,
T a UK A XD KRAU: EORMESREZH/ LTS, 2T, by RUVBSIPI(TMR) R &
ToBRRETE B R AAEAMTIFE & AV \té{ztﬁw%mﬁﬂ WCHIENEE > TV D MTI IXREIERTRETH 0 |
FTOWHERRETH D720, Brta=y ba/MlE, KT =v 7 ax MET5ZENRAEETH S,
I ETOHFRICBW T ARR MR % A% CoFeSiB (30 nm)/Ru/CoFeB 7 U —J& & iV 7= MTJ IZB W\ T
K 40%/0e DREIHEE(TMR Le2H, Hy + BIFVERIS) 2R LT D Dy L L, EERBSERHIZTT 5 720
z 1. & 57225 ERRE LS AN I TRIE T D 100%/0e LA E)RSLETH D, ABFFETIE. BITMERS %

O =B CREGIRE 210 E S 5728, CoFeSiB E D b 21T -7,
%‘jﬁjﬁ;’i

HEEZE~ 7R ha ARy ZAEE 2 v BB EEA S U =2  FE RIS MTY IR 2 ERL L 72, MTJ O
R %13 Si, SiO, subs./Ta (5)/Ru (10)/ Ta (5)/CozgsFessSiisBio (fcoresis = 30, 50, 70, 100)/Ru (0.4)/Co4FesBa (3)/MgO
(2.5) /CouFesoBag (3)/Ru (0.85)/CossFess (5)/IrnMnyg (10)/Ta (5)/Ru (8) (innm) T %, 7+ VU V7T 7 41k
£V 43T MTI BT 2ER Uz, Bt o PR OBEH 2 ESIRTI R 2 G5 72DI12, 2 EOBSEH T =—
LIZED MTI D07 Y —J@ & &8 DR E Gl a B AR St 70, BRI ORI E X IR CER 4 51
X 0AITo T,

EERIER

Ist 7 =— /L% 4 C® CoFeSiB EEIZH5\ T 200%F2E D E Ly TMR L3S B L7z, — 5 C CoFeSiB fR/E
IMTEE, A2 5t 7 180 O AREE T (H) DM Lz, Z#UiE CoFeSiB REHENNIZ X ¥ . CoFeSiB/Ru/CoFeB ##
IEIZEBUNT, CoFeSiB DAL KHRD SCBLHINC 72 5 Z

CHEEBEHRLTCWAS, . 20d T =— &2 {TH 2 & 126F T T T Ty
; | BUIBEREE - 115%/O0e

TRTOBREICHEO T, RALREG R i e 0 &
MESD Z LTI L, CoFeSiB E/E % 100 nm & D 100+ [2Hk 1.7 Oe] .
LR FITB 0T, &K 115%/0e &\ 9 B RE Q : ]
EBHZLICRILE, COMIET Iy s 2 3 75E 1
VL= ZEERHEH LA, B0 MTI 2B T 1 i . ]

B K OBEHRE TH Y  MTJ & 72 A RS 5 ﬁ' 501
WA K& < B L7z, % i 1
HEE wy 250 ¢  FBHERE - 26%/0e]
ARBFSEL IST HRJERR R B 3 Nl 1 ) ~—s RS [TMR_ : 183%] ]
S A 1 75 NS /) SRR RGSTESISE

T LY hr=s AR & —, ISPS 4% S e e
BIAFFE BB GRIEE 5« 15J02067) D 38R 451 ) 0 20 40_ 63 o0 100
TbIE L, CoFeSiBIE[E (nm)

LB Fig.1 CoFeSiB thickness dependence

1) D. Kato et al., Appl. Phys. Express 6, (2013) 103004 of sensitivity
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ORI D T2 8 D > = Vo B RREh e 5 o — L R

THE— mTHAE A fEE—RER
(JUINKF)
The separate-shell active magnetic shield for MCG measurement
Kenichiro Shimoda ,Y oshiaki maeda,Hikaru Karo, Ichiro Sasada
(Kyushu University)

LIZC®HIC

DR TR R IR B MERE B D T2, FOFHNCITHIBER OB TS DB AET DR 2Eifk T 2 4
FRbH Y| R —V RBLERAKR &0 D, BxlliwGHZ B L, GEEMHE ZMA G- v = Vo BPR:
RN RERRLTEEY, o AOEPRR S — L RCIE, 75 v 7 25— Mo CHESRER A L, > —L R
HNERTRRE LTz A S Ko THIERER 2 A SE D 7 1 — Ry VRO IR LV s 217> T D, Hx T~
4=y 72—V FOMMIES PRIV RNTHLZ AR L, £/, ZhiZk> T
BERHINCHS LTz, 2B DORERIZOWTHRET 5, %
2EBAE Outside Feedback FG A

¥z VBRI R L — v RIXZ B O T L7 7 AFEH CTHEE 65 '
cm, £X240cm OHGEZMES 4em 12725 K5I ETFIZ 4L
Z OH-F O & & 28 cm DM & F L ivE o B ix
T4 RTEHHEL 7> TWD, Figl IZv—/b Ry = LW & Al

Inside Feedback FG | 60cm

EaAf VEE, BIRZT7 4 — RNy 7 eV OREEZRT, 7 ""ggngngél """" gwx
= K 2 O VNI LT & & ORI : ?

Y VNSRBI E L2 A2y 6 60 em 8RB E AT 4 — R : Compensation Coil

N s /"j‘é" E L L X ONEMSEOREETS. Z O Fig.1 The position of the Feedback FG sensor
=V RO EIZ 60cm &9 SidsEEfiE =2/ vicdEmw 0 | T i\rll(;ic(:igmp
Wi L CHIERE R 2 R S — b RHROBER % 04 L7z, L 1000 prerrmm—rmm Outside

SHEERM OB THD, F74— KRNIV Y2y =

SIS LT & X O DIRRER & 7 7 v 7 27— b v & 10 :
AV CRHIIZAT S, |
3REBER

T4 = RNy IR R 2 VNEBICERE LT & v
IAMNRIZERE LTz & S OWNEHMEE O D 7 F 7 % Fig2 \ZR-7,
| Hz DS Z i35 & o = VINEICERE LTz & & 75 35.8 pT/ ST S A R
V Hz, ¥ = VANBICERE Lz & & 23102 pT/Y Hz & 72 0 {KJE 3 O 0.1 1 10 100 1000
MR ZEMTE 5 2 &b ote, Fo 60 H FHEOMEE b A Fig.2 Magnetic no]i:;faques;zc[g'ﬂ of sensor
SR CTET, 74— RNy 7 i & v = WAMBIC R E
L7z & & DOHEEHAIO 1eh 43 OFE R % Fig3 127, LEKE
WA U CREIME L BAF 220D FHAG 2 7= i B 23

Magnetic noise [pT/sqrt(Hz)]

. j\ | Al

position inside and outside

20
HRTE T, z Y PN
BE S
T -20[
1) 1. Sasada and Y. Nakashima: “A new method of g a0l
magnetic shielding: Combination of flux repulsion and 3
backing up magnetic pathways,” J. Appl. Phys, 103, ~%%%0 0.2 0.4 0.6 0.8 1.0
07E932 (2008) timefs]

Fig.3 Waveform of the MCG
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B MI & IS KD DTl

BRI AERL, NILEI, BERBEES BREARLE, flEr
F il RRY, A LA UNNIRF)
Magnetic field measurement from the heart with supersensitive MI sensor
Y.Asano,T.Uchiyama,S.Tajima,Y.Okuda,S.Nakayama
(Nagoya Univ.,*Oregon State Univ.)

FLHIC

BUE., BARANDIEROE 2 (finRETH D Z & & mlnd O X2 EREOHRKOMENH D L% %
LD, DEERIOF] R & L TR DEBOZBCIHE IO IROBSGIEIZHNE VWD ZERb D, ZhE
T SQUID (28T 100pT F2E D LIRS HIE ST B RD, SQUID 1HEIARA~NY 7 A& HEH L WA 720
FGromv T ax hRELSEBNRRENE VSRR D 5, IR TEMET 5% & LTFG & 3OR05%
FREERIER Y o YOI L B DB EHAI ORI M T T\ 5, MI 36 7RI TEET 570, DS
HENFRETHIUX T A FOBIBIZORN D 2 ENBELXL NS, AR TIEY — /L RL—L72 L TMI &
YU K D DRORES OWE % R AT R 2 @5 T 5,
EERAE

BERE X 20 (RBETH D, HHRFIZITRy RO EIFERFIZR-TH LW, ZOTFIZMI B EEN,
WRFIZE AW > TH BV, ZO%K 25 A A LD IR TOMOBEAZRIE Lz, 20L&, [FEHIL
B G Z Lz, 5572 T — 2 TR E K 31.6Hz TBEIES 2 L, SOICEROEL A MIE L,
Z D% 5 LB O T — 2 12xt L CTINESEE 2 10 BTV, JIE L7 0B 2 M Uiz, IR &
oA B ORFEITA 3mm & Uiz, JE L72BERO G RITRICERER M E TH 5,
RERHER

Fig. 1 13O B BT dem OALE, Fig2 ITLETD HAIC 4om OALEIZIIT DG 2 HE LR CThH
B, DEEIN B dem OALEIZEBWTLER & XS EREERHB I N, LEE»HAEM dem OALEIZE
WCIHDERERB LI =213 508, ElEITESTHENBRN SN, SRITEBRE DEREEL2E 2 T
WEEITH>ZE L, KL TUET D TETH D,

6 0.014 35 0.006
5 A $50pT 0.01
N/ 50pT A )
4 ‘ 0006 = 25 “ 0002 =
A : i
=3 oA oo B < ¢Vﬂmﬂ MWWM/ 5
o) g 15 A 0.002 9
S 2 uf\m \ A -/ \’\", 0002 B 8 \A/ v £
A/ g < g
A []
! %’\ 0.006 2 05 20006 £
0 —~\ — : 0.01 .—/\_J L_/\ :
E] 400 0 014 05 200 400 600 80 601
Timelms] Timealmsl

Figure 1 Magnetic signal recorded along with ECG at 4cm left of =~ Figure 2 Magnetic signal recorded along with ECG at 4cm right
the pit of the stomach of the pit of the stomach

L Z &N

1) S HLiao, S C Hsu, C C Lin, H E Horng, J C Chen, M J Chen, C H Wu and H C Yang., "High-Tc SQUID
gradiometer system for magnetocardiography in an unshielded
environment”.Supercond.Sci.Technol.16,2003,1426-1429.

2)  JEHEAE R RS —IROC T T 7 AT — T LA ORYE LOORESRE ~ OIS, B AR A OGRS
A Vol.133 No.6 pp333-338

3) B AT ERRN R, /N AR R SR B — A m IR B P K D DR O & G HAP, AU
X CEE A,Vol.133 No.6 pp372-375



8pE - 11 F39lE AARBASERTAITREE AR (2015)

DR DZE 7 4 V2 2 IR S IEHEE IR 1T 5
HEE /R T A — & DfgEt
] F By W,/ AR ZE — BB W, ¥R IE AW, N1 2811 @
(D& F K7, QM AUE KT
Examination of estimated parameter in signal source estimation using spatial filter for MCG
Akitoshi Mukaiguchi®W,Koichiro Kobayashi®,Masahito Yoshizawa®,Yoshinori Uchikawa®
((1)Iwate University,(2)Tokyo Denki University)
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1) R.D. Pascual-Marqui : Methods Findings Exp. Clin. Pharmacol., 24, 5 (2002).
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Component selection method of noise rejection based on Independent

Component Analysis for MCGs
Morio Iwai(1), Koichiro Kobayashi(1), Masahito Yosizawa(1), Yoshinori Uchikawa(2), Francis M.Bui(3)
(1)Iwate University, (2)Tokyo Denki University, (3)University of Saskatchewan

[Background]

In recent years, a magnetocardiogram (MCG) measurement which can detect heart disease early has become important
in clinical research. However, it is difficult to know the exact heart activity without noise rejection because MCGs are
extremely small compared with the environmental magnetic noise. The most effective noise rejection method is that of
using a magnetically shielded room (MSR). But, the MSR has problems on cost and weight. Then, MCG measurement
without the MSR is desired.

To solve this problem, we studied noise rejection methods using independent component analysis (ICA). In many
cases, noise rejection methods using ICA are performed qualitatively and manually because we must perform
component selection with experimental judge from waveforms of components separated by ICA. We proposed new
component selection method to carry out this process quantitatively and automatically.

[Algorithm]

The proposed method is based on average of autocorrelation function peaks. First, we calculate component’s
autocorrelation function which is time-shifted from 0 to T-1 seconds (T is measurement time and calculate blocks are 1
second). After getting autocorrelation function, we get that peaks and calculate average of that peak values. Finaly, we
distinguish noise from MCGs signal components using that value.

[Simulation]

We performed simulation to compare experimental judge from waveforms and the proposed method. Three simulation
data (0, -10, -20 [dB]) this simulation used were made from row noise data and row MCGs signal data. These data were
measured by using 64ch-SQUID magnetometer at the sampling frequency S00Hz.

[Result and Conclusion]

Fig.1 shows averages of peak values calculated from each components separated by ICA at 0 dB simulation data and
those waveforms. Fig.2 shows averages of peak values calculated from each components separated by ICA at 0, -10, -20
dB simulation data and these averages are arranged in decreasing order. White bars indicate noise components by
experimental judge from waveforms. Black bars indicate MCGs signal components by experimental judge from
waveforms. Fig.1 and Fig.2 show first 8 components from high contribution ratio.

As shown in Fig.1, the proposed method can distinguish noise form MCGs signal components as experimental judge
from waveforms. As shown in Fig.2, the boundary between peaks average of noise and MCGs signal components is 0.6
when simulation used simulation data at 0, -10, -20 [dB].
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Fig.1 Average of peak values at 0dB Fig.2 Average of peak values at 0, -10, -20 dB
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System to estimate the rechargeable battery condition for rechargeable cardiac pacemaker
Taku Sato, Norimoto Sakai™, Hidetoshi Matsuki™*
(Sendai National College of Technology, *“Graduate School of Engineering, Tohoku Univ., ***Graduate School of
Biomedical Engineering, Tohoku Univ. )
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Magnetic actuator and excitation system for intravascular treatment
Y. Shibata, M. Takahashi, T. Yamada, Y. Takemura
(Yokohama National University)
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An invention of the magnetically-bended guidewire by a low magnetic field
W. Goto, S. Hashi, K. Ishiyama (RIEC Tohoku Univ.)
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Alternative magnetic fields might affect germination
A. Hayashi, Y. Hirata, T. Naiki and T. Hatta
(Forestec Co., Ltd., Hokkai-Gakuen Univ. and Okayama University of Science.)
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Effect of ELF magnetic fields on anticancer drug Doxorubicin potency to human lung cancer cells
Daisuke Matsui, Toru Ushimaru, Shoki Hagihara, Makiko Kakikawa
(Kanazawa University)
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