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Accurate Control of c-Plane Orientation of FePt Alloy Thin Film with L1, Structure Parallel to the Surface
Mitsuru Ohtake, Akira Itabashi, Masaaki Futamoto, Fumiyoshi Kirino, and Nobuyuki Inaba
(Chuo Univ., "Tokyo Univ. Arts, ~ Yamagata Univ.)
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Fig. 1 (a-1, b-1) Out-of-plane and (a-2, b-2)
in-plane XRD patterns of 10-nm-thick FePt
films (a) without and (b) with cap layers after
annealing at 600 °C. The scattering vector of
in-plane XRD is parallel to MgO[200].
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Fig. 2 Magnetization curves measured for
10-nm-thick FePt films (a) without and (b)
with cap layers after annealing at 600 °C.
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Large grain size of Cr seed layer deposited on CrTi amorphous layer for
future high K, FePt-C granular medium

°Seong-Jae Jeon”, Shintaro Hinata™”, Shin Saito”, and Migaku Takahashi®
“Tohoku University, "JSPS Research Fellow (PD)

Introduction Hard disk drive industry has been evolved through the increase of the areal density before the
emergence of the trilemma. Thermally assisted magnetic recording has been introduced as one of the prospective
technologies for future recording media by using the L1, ordered FePt with high magnetocrystalline anisotropy (K,,) of
7x10" erg/cc”). In order to use the L1, ordered FePt as the recording media, it is necessary to fabricate the granular type
such as FePt-C medium whose magnetic grains are completely separated each other by the C boundaries. However, it is
reported that the reduction of the signal to noise ratio (SNR) arise from the magnetic anisotropy field variation, which is
caused by the angular distribution of the (002) sheet texture in the FePt medium?®. Generally, the sheet texture of the
crystalline film is known to be attributed to the epitaxial growth on crystalline underlayers. In this report, we proposed a
new concept of the layered structure for reducing the angular distribution of sheet texture in FePt-C medium.

Concept of the layered structure The concept is to realize a highly oriented sheet texture in seed layer by promoting
Frank-van der Merwe growth mode (layer by layer growth)®. According to the initial state of the sputtering process
when the sputtered atoms adhere to the surface of the crystalline film in liquid state, growth mechanism is determined
by the wettability of the atoms. If the wettability is large enough, the atoms maximize the contact surface on the film
that tremendously induces the epitaxial growth. Consequently, formation of the layer by layer fashion on the crystalline
film namely, large grain, leads to the highly oriented sheet texture. Figure 1 shows a schematic of the new concept of
the layered structure. The structure is consists of the magnetic layer (ML)/barrier layer (BL)/seed layer (SL)/texture
inducing layer (TIL). Main function of each layer is as follows: TIL as determining the grain size, SL as contributing the
highly oriented (002) sheet texture, BF as preventing the atomic diffusion between ML and SL by using MgO, and ML
as FePt-C magnetic recording medium with the highly (002) sheet texture. The main issue in here, is to find out suitable
materials for TIL and SL. M. Mikami reported that the grain size of the recording medium is controlled by Ni-based
amorphous layers under the oxygen process”, suggesting that the grain size of seed layer would be changed depending
on the amorphous material. Since the Cr alloy material has small lattice

ML (FePt-C)  Small crystal

misft, the material can be used as seed layer. Accordingly, both A=\ A\ A A/ Lo oo e s
amorphous and Cr-alloy can be applied as TIL and SL. To obtain (002) \Magyeticiayen®ity) \—) '
texture of SL, it is necessary to change its surface energy. In addition Cr | g, pier tayer (81) )
alloy material is widely used in FePt medium because of the small {ﬁsumuoy) ..
lattice misft with the MgO. To obtain (002) texture of SL, it is necessary [ S s texture

to change its surfgce energy. Here, We tried to 1nvest1g'f1te the various ( Taxturs Inducing layer (TIL) { ILGmorphous)
samples. We applied substrate heating process to fabricate the large Promoting (002) texture

grain seed layer by using above TIL and SL materials. Fig. 1 Concept of the layered structure for
Experimental results In order to fabricate the large grain seed layer, reducing the (002) texture distribution of FePt-C
one example structure, Cr (SL) and CrTi (TIL). Stacking structure is ~ medium.

following Cr(10) / CrTi(50) / Sub. Figure 2 shows the grain diameter
(GD) and integrated intensity of sheet texture for Cr seed layers (/o) as

a function of the substrate temperature (7y,,) represented as red circle 100 (5_’,;
and black square. Here, GD was evaluated from Scherrer equation with E 8 g
(110) diffraction appeared in-plane XRD. As shown in the graph GD 3 8
increases from 8 to 12 nm as increasing Ty, from 200 to 475 °C, and % ! 60 g,
then decreases 12 to 11.5 nm as further increasing Ty,. Similar tendency g l‘ ». 140 é.
was observed in Iy, graph. Increase of I, from 10 to 80 cps as © < "'i “i
increasing Ty, from 200 to 520 °C, and then decreases 80 to 25 cps as é P ................ u q20 §A
further increasing Ty,. These results suggested that the Iy, is affected by © ol v o oo v o000 00 L Ty §
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the grain size of seed layer. In summary, we demonstrated increase of
the grain size of Cr seed layer deposited on CrTi amorphous layer under
the heat treatment. Fig. 2  Grain diameter (GD) and integrated
Reference 1) Mark. H. Kryder et al., Proceedings of the IEEE 96, 1810, (2008). 2)  intensity of sheet texture for Cr seed layers (/o02)
Hai Li et al., J. Appl. Phys. 115, 17B744 (2014). 3) Scifert W et al., Prog. Cryst. Growgh VU1 respect to the substrate temperature (Tiu).
Charact. 33 423 (1996). 4) M. Mikami et al., [EEE Trans. Magn. 39,2258 (2003).
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Microstructure control of FePt-C by poly crystalline MgO underlayer
T. Shiroyama, B. Varaprasad, Y.K. Takahashi and K. Hono
(National Institute for Materials Science)
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Mo =73 FePt-C JBIEA 12nm & JE<L 72 % & MgO
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Effect of MgO seed layer misorientation on the texture and magnetic
property of FePt-C granular film

J. Wang', S. Hata?, B. S. D. Ch. S. Varaprasad®, Y. K. Takahashi', T. Shiroyama' and K. Hono"
! National Institute for Materials Science, 1-2-1, Sengen, Tsukuba 305-0047, Japan
2 Department of Electrical and Material Science, Kyushu University, Kasuga 816-8580, Japan

FePt-C based granular films with L1y-ordered FePt nanoparticles have been considered as the most promising candidate
for heat-assisted magnetic recording (HAMR) media for the recording density exceeding 1 Thit/in?. For the practical
application of L1y-FePt films as HAMR media, the thin-film structure has to be optimized with excellent alignment of
the c-axis normal to the film plane and small grain size of less than 6 nm with less than 10% size distribution. In our
previous work ¥, we demonstrated well-isolated uniform microstructure with high poH, in FePt-C granular film on
polycrystalline MgO underlayer. However, there are some remaining issues for the practical application, i.e. large
switching field distribution and large in-plane hysteresis in the magnetization curve which could be an origin of poor
SNR?. In this work, we investigated the origin of the large in-plane component in the magnetization curve by
comparing the FePt-C granular films deposited on a MgO single-crystalline substrate and a poly-crystalline seed layer.

10 nm thick FePt-28vol.% C were deposited by co-sputtering Fe, Pt and C at 600°C under 0.48Pa Ar on MgO (100)
substrate (Sample A) and glass/ NiTa(100nm)/ MgO(10nm) stacking (Sample B), respectively. MgO seed layer was RF
sputter deposited on the amorphous NiTa layer under an Ar pressure of 5.2 Pa at room temperature (RT) using a MgO
target. The orientation and phase mapping experiments were conducted on a FEI Tecnai F20 TEM with a field emission
gun and an accelerating voltage of 200 kV using the ASTAR™ (NanoMEGAS, Brussels, Belgium) system.

Figure 1 shows the in-plane and out-of-plane magnetization curves of Sample A and Sample B. poHc of Sample A and
Sample B are 4.3 and 3.7 T, respectively. Although both of the films show strong perpendicular anisotropy, compared
with Sample A, Sample B presents a loop with smaller coercivity, broaden of switching field distribution and in-plane
minor loop. By comparison of the orientation maps in Fig.2, one can see that the MgO seed layer introduces significant
misorientation of the (001) texture along the normal direction and it should mainly responsible to the decay of magnetic
properties in Sample B. With further ASTAR analysis, we found that about 23% of FePt grains in Sample B have 45° or
even 90° miorientation from the [001] direction. They are mainly originate from misorientated MgO seed layer grains,
MgO surface roughness and MgO grain boundaries which were confirmed by cross-sectional HRTEM observation.
Reference
1) A. Perumal, Y. K. Takahashi, and K. Hono, Appl. Phys. Express 1, (2008) 101301.

2) L. Zhang Y.K. Takahashi, A. Perumal, and K. Hono, J. Mag. Mag. Mater, 322 (2010) 2658.
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Mechanism of coercivity enhancement by Ag addition in FePt-C granular

media for heat assisted magnetic recording
B. Varaprasad®, Y.K. Takahashi®, J. Wang', T. Ina?, T. Nakamura?, W. Ueno?,
K. Nitta®, T. Uruga®, and K. Hono'
!National Institute for Materials Science, 1-2-1 Sengen, Tsukuba 305-0047, JAPAN
2Japan Synchrotron Radiation Research Institute (JASRI/SPring-8), 1-1-1 Kouto, Sayo, Hyogo 679-5198, Japan

FePt granular thin films are considered to be one of the suitable candidates for ultrahigh density
perpendicular recording media beyond 1 Thits/in? because of the high magnetocrystalline anisotropy of the L1,-FePt
phase (~7x10’ erg/cc). We previously reported highly Ll,-ordered FePtAg—C nanogranular film as a potential
high-density storage medium for heat assisted magnetic recording (HAMR) [1,2]. Although the addition of Ag is known
to increase the H,, the mechanism of H, enhancement is not clarified yet. In this paper we investigated the Ag
distribution in FePtAg-C granular films by aberration-corrected scanning transmission electron microscope-energy
dispersive X-ray spectroscopy (STEM-EDS) and X-ray absorption fine structure (XAFS).

(FePt)p.9Ago.1-28vol%C  (FePtAg-C)and FePt-28vol%C (FePt-C) granular films were deposited by
co-sputtering Fe, Pt, Ag and C targets on a pre-deposited glass/a-NiTa/MgO substrates at 600°C. In this work, we
employed a new alternating layer deposition technique to control the grain growth in the perpendicular direction
suppressing the growth of the randomly oriented spherical particles on the [001] textured FePt granular layer. The film
stack was glass/a-NiTa(60nm)/MgO(15nm)/[(FePt)qsAdo1-48vol%C or FePt- 48vol%C(0.25)/FePt(0.15)],5s deposited
on a heat resistant glass substrate [3]. Figure 1 shows the in-plane and out-of-plane magnetization curves of (a) FePt-C
and (b) FePtAg-C films. Both of the films show strong perpendicular anisotropy due to the strong c-axis texture.
Coercivity H, of FePt-C and FePtAg-C films are 3.0 and 3.9 T, respectively. TEM bright-field images (not shown here)
indicated that FePt-C and FePtAg-C show well-isolated uniform microstructure with average particle sizes are 10.5 nm
and 10.0 nm, respectively. The higher H. in the FePtAg-C film in spite of the similar microstructure is attributed to the
higher degree of L1, ordering. Figure 2 shows STEM-EDS elemental maps of (a) Fe, (b) Pt, (c) Ag and (d) a combined
map of Fe and Ag in the FePtAg-C film. The elemental mapping shows that FePt particles are enveloped by Ag-rich
shells. EXAFS results showed that Ag shells have fcc-like structure. From these details analysis, we can conclude that
Ag is rejected from the core of FePt grains during the deposition, forming Ag-enriched shell surrounding L1q-ordered
FePt grains. Since Ag has no solubility in both Fe and Pt, the rejection of Ag induces atomic diffusions thereby
enhancing the kinetics of the L1y-order in the FePt grains [3].

Reference

[1] L. Zhang, Y.K. Takahashi, K. Hono, B.C. Stipe, J.-Y. Juang, M. Grobis, JA P. 109, 07B703 (2011)

[2] L. Zhang, Y. K. Takahashi, K. Hono, B. C. Stipe, J. Y. Juang, M.Grobis, IEEE Trans. Magn. 47, 4062 (2011).

[3] B. Varaprasad, Y.K. Takahashi, J. Wang, T. Ina, T. Nakamura, W. Ueno, K. Nitta, T. Uruga, K. Hono, APL.104, 222403 (2014)
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Fabrication of perpendicular magnetized FePt nano-dot by dry etching with nano-silica particle mask.

K. lida', J. Tsukioka', A.Tsukamoto?, and A.ltoh.
(*Graduate School of Nihon Univ, “College of Science and Technology, Nihon Univ.)
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silica particle on FePt continuous film
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Conference Series, 266, 012040 (2011).
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IBNNESLIRIZ X 5 Llo-FeCuPt ST - D RERFFME R D FFAM
H Rl AT 2 ik 2
(Y EARR LR ZFBE T2 9082 AR T AAE)
Improvement of Magnetic Properties of L1o-FeCuPt Isolated Grain by Additional Annealing
Jun Tsukioka!, Arata Tsukamoto?,Akiyoshi Itoh?
(!Graduate School of Nihon Univ. ,2College of Science and Technology, Nihon Univ.)

LIZU®IT EEEEMRGSIE IR AR & L. FelCulPt £ @ il % 2 5 £44L (Rapid Thermal
Annealing: RTA) 35 5 C, Ak 71k, Ll HAIE4 b, (00L)EER LA FRE TH HFE D, £7- RTA I
Iz, kiR OFEE 2 3 % 20E % AL (Rapid cooling process: RCP. LAT ., ZUHFA-FEIRBULIR)Z X 5

L1o-FeCuPt KL 1 OO fERL & BN ER I X 2 AR 1 HLAE A EIZ DWW T LT 5 2, R Tid k-
SO 7 0 2T URBERER IR 21TV . RIS BN EVLER B R T ORI - PR S RS Sk 2 X B BRI
DO I ONW TR EIT- 72,

2EBRFE DC ~v /% b 28y ZEic L v Emb Si i bic @ e
Fe/Cu/Pt DIEIZANE L7- (FEEIEIE 3.75 nm, FHAKE FessCuiPtis) o !
ISR I B 2 < 4.0x10° Pa, i ArH(H:3 vol%)/t 1.8x10
Pa Th D, AL, RIMET 7 EZFIZ CRIEEZZE< 8.0x10 Pa
DY L BHARRIRBLIR 21T o 7o, FIRBEIXRINRT 7B T ; e

HIB L 150 °Clsec & L7z, T EDREIREICE L%, Np 7 A 00 G . ol
% F v N — A LA EDEE =-90 °Clsec DAENHIAZ ATV, Fig.1 TEM image of single isolated grain. (A):

YR B AL 0D 2%, BLZ2r1|2 T 600 °C, 1 hour B MIZLEL A 4T »7-, RTA and RCP (pretreatment), (B): After
additional annealing at 600 °C for 1 hour?.

3%% %\ﬁﬁﬁé(ﬁﬁﬂ%ﬁﬁl ] ﬁz;@ L 7L: ?ﬂ&ﬁ?ﬂﬁ(*ﬁ% -o-pretreatment FePt grain L -+ After additional annealing L

+-pretreatment FeCuPt grain - After additional annealing /
72 b G INBMATE 5 L7 IS HOR 7123519 5 too e rutuenn £ S =
TEM &% Fig.1 |\ZRd, 2 2 CIBINBVAEIRTE O Q1000 | FeCuPttheony M) | o000 oo

TR A AR BRI L AR L3R STV D 2,
Fig. 1(A) 2= BN EVILER Al O A E ok - 12 B8 W T
Q) D (001)EESehLm Ll A& & BT, AL MH, £ L
THEIE DA BN TR WED A R fEE A, B INELELC
X 0 (001)EESehC ) L7z Lo s Sk & (B) 2 - 7=,

gnetization M [emu/cc
[l
(=
=

Ma
S s Ly
[—]
[—)

B INBLER T DA FURF OB LHRFIE % Fig.2 127”7, 800
i FE T MRS & 5 1IN L7256, BBV IS

BUNTIT, O BT 5 ICBIEE S D B REMERL Y & £2 <1400
T DL ECRafnd 2 B REVER Sy MFAE L. IREFS) He. B A eratic fold H I
o o . agnetic feild H [T]
PEEBAL M, BAFIBEALMS, (2D T, ZIVEAL HE=11 Fig o Magnetization curves of FePt / FeCuPt grains, Additional
T, Mr=275 emu/cc, Ms=465 emu/cc T& %, —J7iBANEY  annealing condition is 600 °C for 1 hour.
ALERTS TV BEMERR Sy 23125 L. He=2.6 T, Mr=903 emu/cc, Ms=915 emu/cc & 721 | 1B NEVILER T & b L
He, Ms & BTN L7z, & BICIRE NG MRS 2 FIN L7256 ORMERFETIZ, 22T UL FIZB W Th T
ML E A7 ) U ABR N5 5547 T THEMET&mOVEEBRRIETEOFELZ R LIz, DEORRIY
IBIMBVLEL 2 Jit Z 97501 K 0 @ W IR EREAUR TE2 A% Llo-FeCuPt AIVSZAORE 123 AL C & 7o F & fgal L 72,
X BT, [AfED RTA, RCP 7' A2 X 0 VERL U 7= FeseoPtass NI T- DBEKFFE & O LLEZN S, Cu BN
HEIZ LD He, M OB b7,

IBINEMLBIC K 2 R E B BER & LT, AR db i IEaTAl & 0 #ERE S T D30k 7 I IS E LT
AL HEE AR Y 9 2 SR SAR A 2 9 2 A b 25 . IBINEVALEI 100 (001) SERCIR) Lo b At 4 it dit i
Bz & UHSEa Lo B IcixsrEnm B L e B D,

ABRE ARGEO . FFEA 1 L DTSR R OSCH R R O e AR i X R
3% (S1311020) DBIRKIZ X W T -7,

5.2% Sk

1) Y. Itoh, T. Aoyagi, A. Tsukamoto, K. Nakagawa, A. Itoh and T. Katayama: Jpn. J. Appl. Phys., 43, 12, 8040(2004).
2) J.Tsukioka, T. Ubana, A. Tsukamoto, and A. Itoh: J. Magn. Soc. Jpn., 38, 143-146(2014).

3) T. Maeda, T. Kai, A. Kikitsu, T. Nagase and J. Akiyama: Appl. Phys. Lett., 80, 12, 2147(2002).
4) Dusti A. Gilbert, Liang-Wang, Timothy J. Klemmer, Jan-Ulrich Thiele: Appl. Phys. Lett., 102,132406 (2013).
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el - R BRI K FeCuPt ISZA0RL - D
Z BRI T AT K 2 RIS - R0 FE R O RREY
NIRRT, A, IIRELCSE %, A 2
(" BRI TF 208, 2 AR5 T24)

Increase of Surface Coverage and Areal Density of Isolated FeCuPt Grain

2pA-8

by Multistep particle formation with Rapid thermal Annealing and Rapid Cooling process
Aki Ogasawara', Jun Tsukioka', Makoto Katoz, and Arata Tsukamoto®
('Graduate School of Nihon Univ. *College of Science and Technology, Nihon Univ.)

[XLHIZ

B R EMKGEEADOER A BIE L TRV, ThvE THHAREWR L Si Bk B2 FeCuPt ZJ8EREE, &
A ZVLBE(RTA : Rapid Thermal Annealing)3s L OV HIZLEL(RCP : Rapid Thermal Annealing) %17 9 = &
THREE KT U e fih3 ERL A U7z L1-FeCuPtNIMRL - 2SR FTRE T 2 Z & A M L Cnd D2 LinL s
D3 B BRI 5 D 2 MR O R IHE RN 20 % LB TH L Z ENREThH o722, Kl TR
R O WIHIFEIBIE, KR FIADE I L 2 REPEER, KB EEROBRF 2177,
ERGE

DC v 7% b m v ARy ZIEIZ L 24k Si B 112 sub/Fe/Cu/Pt DIEIZAELA L FeasCuiaPtys D JENE A 1)
HIFEEE ¢, (1.25 nm, 2.5 nm, 3.75 nm) CTHRME L7z, BRERE, FROMIR T o 7E 22 )R 10 CRus A MR BV 21T >
o, BRI IEIIARIMR T » T OB IHIENC £ 0 I D 2.9~5.3 s TEEERE 460~600 CIlZiEL, HAZE
PEB| R, BHRBAC LV WG EEE -33~-68 C/s TRUMGBHEIZIT o 72, Akl - BVLER%, [F—Fk Bl
TR, BV 7 e 2 240 IR UKL BT D 2B R T TR 21T o 7.

=R

TABLE. I (Z&ffANE, #ULH 7 0o+ 2 CIERLL 72
WL JERE, BEAURFME, S AefIE 2 /7. Fig. 1 (IC& /RS
Flk o JiR ) T B 5 1) 0O M-H BRI 2 7R3, £4,=3.75 nm |
DOWTITHAESRED 728 600 C, 1 h OB IIEVILEE %
iT>7-. Fig.1 (a) 7> BRI xE U IEE RS T4
BT D He=2.6 T DRIMERI TG 5D 2 & AR T
X 5. —707, VRO, B B8 B R 3 iR
THY,t,#YV LELBEHE L. ,=25mm 1275
Z & TR, KLU RN ER T E, &
DITIBINEVILER 72 L C £,=3.75 nm I & [R1ZE O BE XU
MER L. L L Eid(a), )TV b F gl
TGN 20 %fhiL & IRV ME 2 7~ L7272 D Z B Mk 118
BRI K DB R AT, S EE LT, ETRT
DEBEEDTZD E BT ¢, 2D L ,=1.251m (2T
Wit TR L i 36 FEORL FAZTE R A AT © . & D%
RURTEIER DT- DR, B 7 1t X &40 K L
KRR &0 kL5808 B % R B OO RIFPE RN
40% Z B2 DRI DR ATRE & 72 > 72,
BEE

TABLE. I summary of particle form, crystal structure
and magnetic characteristic on various way of deposition

(a)formed particle with additional anneling(#,=3.75)

(b) formed particle(z,=2.5) (c) first time to formed particle

(¢,=1.25) (d) second time to formed particle(z,=1.25)

@1 ®]©]@
particle shape average grain diameter [nm] 53.4121.5[(7.79]10.4
particle number density [T particle/inch?] |0.07]0.35[ 3.4 | 3.2

surface coverage [%] 23 |20 |25 |43

crystal structure L 1o-FeCuPt(001), (002) diffractionpeak | O | O | - -
magnetic structure |coercive force Hc [T] 2.6 | 3.1 - 1.5
saturation magnetization Ms [emu/cc] 9151 740 [ - ] 260

—4—(a) formed particle with additional anneling (ts=3.75)
@-(b) formed particle(ts=2.5)
©—(c) second time to formed particle(ts=1.25)

1500

1000

500

0

-500

-1000

Magnetization [emu/cc]

-1500

-10 -5 0 5 10
Magnetic field [T]
Fig.1 M-H loops comparing the magnetic property
on various way of deposition

AWFIED —EIETFHA b L— D FEHEMERRAS, STEIRL 7248 RN 7 BRIE RORT 78 254 352 95 26(S0311020) D

BIEIZ X0 T o726 DTHS.
BE Xk

1) Y. Itoh, T. Aoyagi, A. Tsukamoto, K. Nakagawa, A. Itoh and T. Katayama: Jpn. J. Appl. Phys., 43, 12, 8040(2004).
2) A. Ttoh, A. Tsukamoto, S. Okame and K. Mizusawa: J. Magn. Soc. Jpn., 36, 62-65(2012).
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VR VERLE - BT g 2 % 2 HERE Co/Pt T DRGSR R

KL B, HERER, NEHBA

Magnetic properties of atomic layer stacking Co/Pt films sputter deposited at room temperature
N. Honda, T. Tsuchiya, H. Uchida

(Tohoku Inst. Tech.)

[TL&HIZ

YRR B 5 FRAR AR L 21T 1107 erg/em’ LA _E DK & 72l
ML 800 emu/cm’® FEELL E o @AM M, 2 FFo> 2 L b
VETH L. L1, CoPt BIAMEA &I 2 O D2 7= 7.
UL, EBEREFTEZSD7-0121F, 250 CLLETO/ER
DUETHD D, Fhxida ) A—% %z Co/Pt D5 &
FEE Ay AHEFRIZ L0, FIRERCE M, &ETERA H,
(M, =870 emu/cm’, Hy, = 15 kOe) D Tl B P 2457~ 2. = =
TIE, BB L Bl Co/Pt FEJEIEE & DE & i~ 7.
BEEOMER
SV IR ha ANy HAEE A D CRUBHE A ERL L 72,
EE 4mm, &3 10mm OAFHI U A —2 %=, AR
VB ArENTE D KRER M PSS 08Pa & LTz,

150 CTMALT A L &2 To7-1%, FIECTHRBELZ. Ta & Pt
XN 10 nm Tk L7z FHE B, Bk 2 —%
[AliiE X HC Co & Pt DREIKFA Ny X U 7z X 0 FEJEh %
RIL72. Co & Pt DB BAFEM T B 72 » LR A BT
2B XD =y MBI & RIS A R LT
Ak ok
Fig. 112 Co & Pt & 1 J&FfE ¥ offfE L TIER L 7o (=
30 nm) O IEE IS L RE N F RO M-H V—7 %777, M, 1% 1100
emu/cm’ & K& <, £z, HARFHL—F OEFIRR S RS
HHNDEE H b XN 2 & AT kOe & KRERMENE LI
7-. Fig.21X Co & Pt ZZNZEN 3 RF/ET >fEE L7I2ED
M-H v —7 %789 H 13 5 kOe F2 5 O MEE G ERTH 5 73,
MJIREIETFL, 13T Co DHMARIETH S . Fig. 3 1%
IHIZ, Co & Pt%x 13D E LTEGEORENO M-H
N—T%0T. Heb/NSL o TWBHR, MIERlT 0 Bfliay
REEICKTFLTWS., LER-T, BEFfEEE Tk,
M, & HBRFIZEONTWD Z L X0, L1, OB AL R
IR LN 2 H 00, HAIA &2 BEREHE & 7e o T D
LWz B,
BE X

0.8Pa,R.T.

Hk =8 kOe

5000 10000 15000 20

Ms=1100 [emu/cm?]

Magn. moment, M,V [emu]
o
S

uuuuuuu

Applied field, H, [Oe]

00

Fig. 1 Perpendicular and in-plane M-H
loops for a Co/Pt stacked film deposited with

1/1 atomic layer using a

collimator.

0.8Pa Co/Pt 3L/3L

-15000 -10000 -5000
-0.0002

/7

e—"

-0:0006

Hk =5 [kOe]

5000

Ms = 748 [emu/cm?]

10000 15000

Fig. 2 Perpendicular and in-plane M-H
loops for a Co/Pt stacked film deposited with

3/3 atomic layers.

0.8Pa Co/Pt 1/3

Hk = 4.5[kOe]
10000 15000

Ms = 429[emu/cm?]

Fig. 3 Perpendicular and in-plane M-H
loops for a Co/Pt stacked film deposited with

1/3 atomic layers.

1) H. Sato, T. Shimatsu, Y. Okazaki, H. Muraoka, H. Aoi, S. Okamoto, and O. Kitakami, J. Appl. Phys., vol. 103, pp.
07E114-07E114-3, 2008. 2) T. Tsuchiya, N. Honda, S. Saito, H. Uchida, and K. Yamakawa, Intermag 2014 Digest Book,
ES-14, pp. 1937-1938, Dresden, 2014. To appear in IEEE Trans. Magn. 3) Z. Zhang, P. E. Wigen, S. S. P. Parkin, J.

Appl. Phys., vol. 69, p. 5649, 1991.
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CoPt-WO; 7' F = = 7 R DR I OBGHIIFRAR ~ DR A F 7 =— /L DZhE

O Fn oy BECEKREADY, AR WY, ®iE 5
(HEF &R TERSH, VAR, O A R FITR BRI R)
Post-annealing effect on magnetic properties and microstructures of CoPt—WO; granular media
“Kim Kong Tham ¥, Shintaro Hinata ™, Shin Saito ”, and Migaku Takahashi ”
(Y TANAKA KIKINZOKU KOGYO K. K., ” Tohoku University, © JSPS research fellow)

ZLSHIZ FFE. ~A 7 a7 v A MERTEE MAMR) " 13— RF ¢ 227 3 LTV trilemma ARE %
I 2ok & LTHER SN TW5D, F—HA 0 MAMR BRI, BTV T =2 SRV S TWD
% CoPt &% E KAL L THWA Z EBMBEREN TN 2, —iIZ CoPt &4 D@ K AL FED—>o L LT, &
I Co & Pt OJFFIAEK 2R S8 5 BPUMBGLE 7 o 2086 TS Yy L LAaRL, o7
T A%V T = a TEREROBICERT 5 &, THUEORE M A EHEAE S 2855, IR AR BBk
DT =2 FHBBERENTLEY, a7 2RI EONARNWZ EB¥bhoT Y, 22 THA T, =i
THRIEESNTZ7 T = 2 TIIKRD 3 T DR % HERE L7228 & MRS Sk h o JR IRl 2 e S &5 5k L L
T, RA RN =— VIEICHER Lz, SRFEL1Z. RA N7 =— L ORENSEBIES D 7T = 2 T kK
1545 & X, Hx RBALMIMEIO CoPt—BE b 7T = 2 TIHKZ R A v 7 =—/L L. T OBEKEE MK O
HOHHAE 2 324 L 7= 0 THAET 5,

ERER 41X LTFig 11, AR M7= LRE(T): 500°CK V=D CoPt—WO0; 7' T = = T KD
AL BE 2R LT 2 ffA KNS S AR O o TEM 8 Ch 5 AR O g &R iX . Glass sub./ Ta (5 nm)/ Pt (6 nm)/
Ru (0.6 Pa, 10 nm)/ Ru (8 Pa, 10 nm)/ CogCra— 26 vol. % SiO, (2 nm)/ CogoPts—30 vol. % (ALOs, SiO,, TiO,, WO;)
(8 Pa, 16 nm) & L77, BVLPRSRIZBERIZZEE: 5X 10" Pa, FUE K& ORI 200°C/H R & L7, T, &5k
NE 500°CICHEESED &, RS (H) 1£7.1 75 10.8k0e (ZHI K L7z, Z DORRIC, RIMAZHGE S O E |2
BEGR T 2 BB S35 O B L AL 4nldMIdHNIE 1.6 BETH Y . = OBAR ORI AZHFE G MBS & 2RI LT
W5, Fig. 2(a) IZ1%, flix OfE{EY X (X: ALOs, SiO,, TiO,, WO3) ZIRIL7=% —4 v M &AW TER L7
CoPt-X 7T = = FHAKD H, O T EEZ R LT\ 5, X=ALOs, Si0,, TiOy, WO; THD /T = = T KD K
H XZENEH 23,5.7,8.6,10.8k0e Th o7z, AIfEE LIz {EMFEOH CTlk, WO; 2 HW235612 H 03 i
HEWEZ R Lz, T, OZA6ICHT 25 H, OBR ORI ZFH 5 72012, WOs 2 W TZBEHAD K2 % JlE L
7= (Fig. 2(b)), = 2TV J = = T HRP OREMERE RO K" 3 X OV ME 13, R 30 vol. %D b3
EENTVDEEDE L, B OERENARIEKD 710%THH L LTEM Lz, T, ZERE)S 500C % TH
D8 KET7.8X10°205 1.0X 107 erg/lem® £ THIM L7z, WIS T, % LRSS &0 K5 T 8.6X10°
erg/em® [ F L7z, 20 KEN O H OZICIFIERE L TWS, 2075 = o T KOBUE & Xtk
DFGHE yKEKT 2B L7- & ZAK200 Tho7=Z L0 s, AN TOEGE S X1 LI mEH TX
7 HE = 2K F M E G h ) ME N T, 2% LT 990 emuw/em® DIFIE—EH TH-7- 2 & & 2 fF
5L, HOMKIT HE" OBRICER TS Z ENRBEND, L EOKEEZRIET S L. CoPt—WO0; 7T
=2 TPERICRT DR A T == bid, fEERLO 3 T DRI 2 HERF L 722 0S SR O JF IR A R L. 107
erglem’® Z 2 5 KEN 2G5 - OICENRTFIETHDH EVZD,

$EXH® 1) ]. G Zhu et al., IEEE Tran. Magn., 44, 125 (2008), 2) K. Yamada et al., digest of The 24" Annual
Magnetic Recording Conference, E1 (2013), 3) e.g., Y. Yamada et al., J. Appl. Phys., 85, 5094 (1999), 4) Kim Kong
Tham et al., J. Appl. Phys., 115, 17B752 (2014).

a/ @Sat CoF;t—oxide

Rr
H, (kOe)

@ (p)?o

O 200 400 600 0 200 400 600
T, (°C) T.(°C)

Fig.1 M-H loops of CoPt-WOj; granular media at post annealing X grin .
temperature (7,) of 500 °C and room temperature. Insets show the Fig2 (2) Hc and (b) K,*"" dependence of CoPt-X (X: ALO;, SiO;,
in-plane TEM images for those granular media. TiO,, WO;) granular media on post annealing temperature (75).
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JARHEL B A A AN DA ENRFERIE ) Kerr 2 ’;”if(f‘iOD P&

FIAUIE S AR, HRATSFRE, &AL, BEcpria
(PERAME /A b= 25tk o #—)
Development of Kerr microscopy for the observation of magnetization dynamics in frequency domain
S. Tamaru, H. Kubota, K. Yakushiji, A. Fukushima, S. Yuasa
(AIST, Spintronics Research Center)

FLHIZ

WUNREEVER 2 W= B BT S A ADOWIE 21T H T, Bk OBRZEE) & IR kIZ Tz - T, &WZERSD
fERE CHIE T 2 FIIMMHO CTHETH S, ZDOHMIZIL, ZiLE T Micro Focus-Brillouin Light Scattering
(MF-BLS)[1]X° Time Resolved-Scanning Kerr Effect Microscopy (TR-SKEM)[2]23M# 1041 C & TV % 23, MF-BLS
IEASEOBPERGELD %, GHz & D ARWEREORIENKNEETH Y . £7- TR-SKEM 13% < DIREIE— %
—EIIFE L CLEIRE, ThZh—E—Ebdd, Trid, Bk, @20 MREE CRUMLERHE 2 1 E 5
%7=®, TR-SKEM %A F i X, BH— B~ 7 nj CHEH 5E— REZBRIHIE L, Zhic X
STHEUZAR VW% Kerr R % W T35, Spatially Resolved Ferromagnetic Resonance-Scanning Kerr
Effect Microscopy (SREMR-SKEM) &\ 5 FE%BA% Lz, [3.4]

EBRAERUER

B4 112 SRFMR-SKEM O 7 11 v 7 [ & 7”3, S8R L —HF— (3 10 MHz D EHE Y v 7 (2[R L TR 408 nm,
FAENER) 20 ps DSV ANEIAET D, o~ A 7 n iR b EE S vy 7 I AHFEH L72 8 GHz O~ A
7 alERAETDH, ZO~A 7 aICtE S BEEBIGSREEREIC NS, AR SRS, LA
HlE~A 7 B ORE ST HF A I 2 T CREMEREZ IS U, KARIEZ ORFRICB T 28 k& KB %
Kerr [Al#54 779, KEN V2L > T A 7 a@lid 180 FEMARET S, 7SIV ARDO AR & A 2 > 713
B AABIZEIV B2 6D, KoTT74 T4 7 7 X2 HAEEFREWREICFEH L Ca v 7 A VHEET 5
HIZLY  BBETAE U OBEEENG LN D, B2 Ay U LS ZOWEEBRVIRTFICLY
A ORISR A ET D ER KD,

X 2@ c @Bt ofEE 27, OB TIE, 100 nm JED /S —~ 1 A (Py)EAY 100 um MU J5 O IE 5 T IZHAM
T&E, ZO FIOFHRERECPW)BIED ZENTWD, 20O CPWIZ~A 7 ailniiil, Py BEHIZAE
KRRET D, Sig.| Lock Host
X 2(b)IZ 520 Oe D/ A 7 ARggd i CRbkL Z 7z A B % ORME & ArAH O 1 IR IT 'g—_J“Ra 28
oY AR, NS &L D ZOWRITH) 15 um TH D FRDN5, AR j\ 5 e [0
Py IEDBFIZIREEER L U HIRNO T, POAFT TR Shiz A e WS, i ; Mz
B LOO?E'%(F%%ZE’J:{BEE_L Py IO S I BT HEIZIEN 2V §5< 72 b, Q
%@%cmvﬁﬁﬁm%Mﬁiﬁtﬁﬁbxﬁ WL CORMITI & O T = |
WAL ZTWD, SEE T, ZOWEFEOFEME D), BGSOREEIRE L L sample V| Gen. Gen.

\ Mod.
% T ORI OWIERERIZ > Tl 5, 1| SREMR.SKEM Y & o

7
(a) REvUHR

\\»

E=D TN

1) A.A. Sergaetal., Appl. Phys. Lett. 89, 063506 (2006)
2)  W. K. Hiebert et al., Phys. Rev. Lett. 79, 1134 (1997)
3) S. Tamaru et al., J. Appl. Phys. 91, 8034 (2002) (b)

N
o
o
a

£ 3
4)  S. Tamaru et al., Phys. Rev. B 70, 104416 (2004) 3, 200 "s‘ \ / M / i3 I . %
o N AV AR '{ —
At g, ANTN Vi “V‘V\F:_n g
ABFFEIE, IST EIEH A 7 ~N—2 a VRIHHEE 7 v 75 50 95 0 25 50
A(S-A /) BRI GFLETA N L —T —F 7 7 ) Position [um] ‘
F ¥ DD OEHR ) OXIEIC L > TTbhi=, 2(a) FEFOREIE, (b) X 2(2) DR BT ST

AW OIRME(F#R) & A GRI O 1 RITs3A
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HE[EL (L L1o-FePd #EIZ B 1T DK 4 B0 7 EHK

Oft

V- BX =
IS,

K ERRSE*, KR, KAREE, EIRIRE, LR
CGRALRFR Bt Lt e R G L S, * AL R 755 7 BHR

T ST IEEAE)

Low magnetic damping in L1(-FePd thin films with a large perpendicular magnetic anisotropy
S. lihama, S. Mizukami*, H. Naganuma, M. Oogane, T. Miyazaki*, and Y. Ando
(Department of Applied Physics, Tohoku Univ., *WPI-AIMR, Tohoku Univ.)

[FL®HIC

RELBEMKEST 2 AT 288, KT T VX LT 7B A AT OFWEVZEMEE RS 5
7= DORNEERA R LTRETH D, i, AU IEABMURERIC R T D KEEEREE L, BERKRS
PEEBKSE XFNN— N T ER() T 5. LoT, MOEEMKETHEEEL S D/NE Rak
RTMBIORR N UHTH D, ZhE TR IX, BEERL FePt HIFEIZI1T DML T 24 A F I 7 ADIEHR
B 2170, PR & e afll (0.06) 2 L7= Y. Pd T PICHEATERWITHE TH S 7%, FePd D ald FePt
DZINHA NS IR EZ R T 2 & IR S D . ARBFIE TIL RO K & 7R TE R R M & /N &S 72 o 3f0H
L2 EDRHIFEE D L1g-FePd HEIC B W TR Y 24 A T 7 22 JEL, a2 fliT 2 2 2B E LT

ERAE
AEHTE
Ri)E & Uiz, SR, IR T, TR L 774,
WG FHVSM), 5 iaAEiE 2 X RREHT TR L, b 241 2
J AL T = 5 MOV A L= —F W 2R 7 e T e —
T X LTz,

SRR

M T, a2 \CEZ THERIL 72 & 2 A, T, 73 300°C UL EORIC
EEMKRESTEEZGT 2 BN GoNT. £2 T, 28500C LLED
LA RE FHMEN R <, M ORE REEBSEGMEZ RT3 BN
5517, Fig. 1)U T,=300C B L T, =500'C TIERL L 7= 3%t
WAL Z A F 7 AREREREZRT. SIS 20k0e & L, 15
R Oy Ak 2 ICE X T D, FERICEEEPE S HED/NS W F
FEEBBBI SN TN D ZNENOHICIREIREERESZ 7 «
T4 YT T DI L CH AR B IO 2R, b
DO ED ooy 27T L. OB oy = 12nfrD BB % V7=,
Fig. 1(b)IZ5272 5 T, TYERL U 72308 D qee OS5 JEE G IR AT 71
T Al E G I L TRELSEM LT D, ZAUT RS 2

=

=T

<7 CHELE Vo TE SRR e AR ORI L Db D LB R

5. T,=500C OFRBHI BT D aer DE/IMETE 0.006 TH B 7=
®. FePd BEMAVIED oL 0.006 LV L/ WAEEENRH D, ZD

3, EERH ST UM IR O P T O R /NS RED—D>TH 5.

(Eirza|

ARFFE D — IR (No. 24226001), HH &4:J&, NEDO # T4
%2277 ~(No. 11B07018d), FIRST 7’12 7' A, JSPS ¥R 78 B
LEENE (No. 26-4778)DIEBI D & LTI 7=,

S E 3R

1) S.Iihama et al. Jpn. J. Appl. Phys. 52, 073002 (2013),

~ 73 ha Ay ZIEIZ X0 ERL L 7 BEAE R I SITiO; (001) L & 54K/ FePd (20 nm)/Ta
IR T, TEZEFERVLER L7z, BEREE IR BN RUR
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= 500-C with different field angle 6u
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1 dependence of aeft obtained from
the fitting with different 7:.
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FC®HIZ

R\ T- > T, FRBEAER (B3Rt M,
(2~ A 7 I OISEME

(Ferromagnetic Resonance: FMR) D#RIEA> 5 3l 415 379,
WRETIE, EREBLOTRE OREAIET]

El/ 220
'El/ %E.B

*JF'EJéC?@f‘k/\ %ﬁfb é ’&47’:_ C084Pt16Cr10—8m01(8102) 7 7 — T 7 ﬁ;
K22 T Q-band FMR ZHIE L, BEAKRDOEALIRIE L ar & DR
BIZOWTHRE LD THRET 5.

SRR RIS A ORI, BMERE O R WIS T o
sk [ OB A WAL Sz, TOBMAKR AR FEREE LTE
THUE ORI Ar HAJE PN 228 &4, Ru FHUE O MY
EEAESE. K1IC—flE LTERMMDOKE VD PyR=8Pa ®
Ru FTHI BIZ/ERI L 727 T = 2 FHHMRIZIS 1T 5 FMR [ 5 & fEi 4 O
ALIRIEIZ DWW TR T, &5 B OFExHE S ITEAR O/ MM, 12
KIS LTEY, Kk EBEB IR FTEOEFIXZENZENRALZ E
EB LW FMEICENSERETCORBIIHIGELTWD. £
HF L OHOERTRENT FMR IXZFNEIEERR Hy, DK
& 7 B &AL LTk, B X O Hy, D/ & 72 T & (b
L7 5D FMR IZHRHES LTV 5 3. E\ X B FMR 127
H9 2 &, BALBFLIRIE (M/M,=1) 2B\ T, AK 2.4k0e T
FRNE A Hp™ 7549 500 Oe @ FMR MBI Sz, £, Wbiiz
DT L & HIZHBEE TR L, 2> AHp™ 1T KL TWn<
e otz ¥ 2120F CoPtCr-Si0, 7' T = = T IHKIZ BT
(@) EmEis L0 (b) FrElcdb Lcfbabkilic X5 FMR g
A Hpc™ ORALIRBBIAFEE 2 TR 2 O PN I~ T. BN I L o=
AHpSxy RolZ X VB L= FEh 7 v v 7V ESET#EH L. |k
1] & B VAL R D e 1% Pa= 0.6 Pa DFEFTlX MM, =1 725 0.65
~OWAIZED 0.050 725 0.065 ~E DT NRERKTHoT-.
U7, PaM = 8.0 Pa ORREFCTIXFIRED MIM; DZEAY T ae 135K 0.025
M 0.115 ~ERE SR L. FH I U7k Sk o 4hg
OB, EFRO B & ICHAE USSR o g L R E A T
Holz. P UOKERu FHIEZ AW T =2 FHRICB W
T D MIM 5T 5 AEAKIFICEER L7ZH & LT, Pa
DEERIT & H 2RV DAL —MES BN L, ki A Haks & o 5
BN ECT- T EEZ TS

BEXER 1) Y. Nozaki et al., J. Appl. Phys., 112, 083912 (2012). 2)
K. Yamada et al., Digest of the 24th Magn. Rec. Coference. TMRC, 24,
64 (2013).3) S. Hinata et al., J. Appl. Phys., 111, 07B722 (2012). 4) S.
Hinata et al., [EEE Trans. Magn., 48, 3177 (2012)

38 AR R AIREEBELE (2014)
CoPtCr-SiO, SR D SRS X TE AR D FE8h 24 v o 7 TE S
O CRUREA MY, FREE Y, @A AFY, e BE
(A AR R IR ZE B (PD), PHAEKR)
Effective damping factor for CoPtCr—SiO, medium with partially switched magnetic domains

©Shintaro Hinata ®®, Shin Saito”, Migaku Takahashi”, and Masashi Sahashi”
(YJSPS Research Fellow (PD), Tohoku University)

TPEERR E)

FMR signal (a.u.)

~A 7 aET A MgRELER (Microwave Assisted Magnetic Recording: MAMR)
I A e it e L TIRE S h, ITFEEROBA~DT v 2 M LSRR HE S sz D

— R & LT CoPt &2 /T = 2 T BUROBEHABRF ST\ 5
— il AR SR
(XSS A e T 7 7 X —aDIERPEETH S,

2y

I

LNLRds 6, A ToReEREIC
ICIRELTED, ﬁuﬁf*aaﬁ T [a) & DR LD SR AR HLFE A
BT CRAERTH I LD, o TRALIREBIIKFE L TR L EX DD, ABFETIX

IZ, trilemma FERE
FHA1E
MAMR BEAR DR LR
Nz, ERERUESL, FF

77 =a 7R D
WAL RN E C DX 8 7T 7 7 F— o DRV, B3 B A L 7R T@%ﬁ%%iﬂtﬂ%
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CoPtCr—SiO, AR D SRk R oA I K IF 3
~A 7T A MRS DR

ORI EKEA MY, FHE Y, &S Y, R B
(B ARFRBLARERIFZE R (PD), b)Eﬁ:H:jt%)
Effect of microwave assisted switching on switching field distribution of CoPtCr—SiO, medium
©Shintaro Hinata ®®, Shin Saito”, Migaku Takahashi”, and Masashi Sahashi”
(YJSPS Research Fellow (PD), ®Tohoku University)

[FLHIZ ~A 7 uli7 X MERFEE: (Microwave Assisted Magnetic Recording: MAMR) [, trilemma #F#H
FIFIZEZTH Y, BIfTD CoPtCr &% AW/ T =2 TIRICHE 32 2 & CTH 7R 5 5eskE K m R
ENTWD D FEEIZ MAMR 23T D BRICIE, BEAARITEIAN y R 5 ORI % #1012 3% ) C s
T2 L Lanb R~ A 7 2T v A NGRSO FRBERGEIT, BRI & SRR 7 S Fn L
R T~A 7 a2 R » B E RO ERERS B ORERE AN TirtbhTng 2. SRk, B
DRGSR OENANA FE 2 B DRI L W BSIZEERRETH VD, 77 0% mm OFEBUZIE > THRENE—7R2~ A
7 alE R~ TED TFyv T 475 VICk~A 7 a7 v A MLIREEZ R A, O SRR 5y
Fiw il L= THET 5.

EBRER X127 VA MR EKEGELEREOT-OD~

A 7 P OEINFNEZ R, MFEIIANIRR Hye™ 2 Microwave M
EEE S EICHIN LB 7L —F 2 LT\ 5. EBTF
NEIZLA T D@y Tho. 1) Bibafafn S 570, SRR
Hpc™ Z W E T~ A (KBS £ CTEIN. 1) Hpe™ % A
N5 B (Hpc™ =0) £TR519 5. 1) Hpc™ OFIINAE %2 2
B L72t2, 7 A MREREART 72912 Q-band (£J 34 GHz) @
~A 7 aEEAINLRB S Hye™ %2 B O D ((EEOH VKL 7 e
B —Hy) ~E4R515 5. IV) HpcS™ OFIINA FE A i B~ R E be
L,DH E ~EBALIRIEZMERF L7 E F Hpc™ 2 f513 5.

V)Hpc™M ZENDHAETHREI L~ F—L—T%AL 5. V)

Ho DMEZZEHE L ERLD - V) 20 1KY, K&, D ' -

6 E ~ & RIRRS I IR T Q-band BRBAMEIFIB AT 1% L rnied sitect. Grey. sod Tine.shows the

Returning field

EL, TOLBERNS BEL 7= 9, typical full-loop of the granular media (6, =0deg).
¢ 2 ([ZI3fEx DO~ A 7 EIREE P IZIUNTRMIG L 72 Hpe™ 3 , —
FIMAE (a) 0 deg (M) # LY (b) 45 deg IZHIT D | 160 (@) |

Co74Pt;6Crip—8mol(Si0y) 7 7 = = T WK O K5 g L 45 4f 9 Microwave power

(Switching field distribution: SFD) %753, 4 SFD |4y fifl 63 0 MW

[0]
o
M 100%E 725 L HICHBIE SN TWS. (1) IKBWVWT P = &
0.002 mW (1ZIF7 A hMEL) TlE, SFD (34 3.8k0e il 2
BEL Lotk & o7, P 28INSE 526y, SFD OJEIR _
RPN A~BE L=, P=160 mW TIX 0.002 mW D 0
B & H L TR 200 Oe IR~ B L TR Y, HRAfEIE 3.6 3 , ‘ . |
kOe & 72 o7-. —747, (b) 2BV T P=0.002mW T® SFD i% (b)
2.5 kOe ZiMfE & Lizpfiz & 7. P 2#fNS¥7254E,

) .
SFD DIk & LCIES - 8 kOe Lh LD RS AFERICHE VT S 2 [ Microwave power -
’H(ﬁ”fﬁ 200 Oe 1&6%5?‘1&' “%%ﬁ L7z, na@ﬁt%i ) , %4'&))5‘ g 0.002 ’
FMOBRFIMCBNTh~A 7 0T ¥ 2 Mo LB MR 2 1) 8 :
DIRBENR DB DO LD Z Lol
& Xk 1) K. Yamada et al., Digest of the 24th Magn. Rec. Coference. I | . !
TMRC, 24, 64 (2013). 2) S. Okamoto et al., J. Appl. Phys., 109, 07B748 0 2 4 6 8 10
(2011).  3) Y. Nozaki et al., J. Appl. Phys., 112, 083912 (2012). 4) S. Hiet (kOe)
Hinata, et al., J. Magn. Soc. Jpn., 34, 214 (2010). 5) S. Hinata et al., [EEE Fig. 2 Switching field distribution at various
Trans. Magn., 47, 3951 (2011). microwave assisting power for incident angle of DC

external field @ is (a) 0 deg and (b) 45 deg.
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BT VA MERFLERIZ BT DR ORER ST

IREEM, BEMRFEST, /KIE, BRIEH E)
(—HEX)
Anisotropy constant required for Thermally Assisted Magnetic Recording
T. Akao, Y. Isowaki, T. Kobayashi, Y. Fujiwara
(Mie Univ.)

FL®HIZ

BT VA MESKGER(TAMRIC B W CHERBEROMK R T KnEa5 x5, £7, g8 Ialb—v 3
N EBXALBEZOBAROBHIERE 0 T/0 x #3H Uiz, W, HWRLEMEICER LTH 5Tkl
2=y a kB K ERH L, TAMR T Kok EbiIcx =2 UV —iRE T IR TET 2L ERH D
B, KX TeOBA#HTHL, £2Z2TCT, N7 D KT DD K Db KulKapul & WD /XT A —Z — 238 A
T 5, Kui/Kawux DA U THE Ka BB > TOTHIEOEREES EIXFR U THDHA, K/ Kwux & KE T
DOITEEL VY,

HEHER

PR A= — %, BRDOEE R , 1y STV T LA ¥ in, LA VA XOEHER~ oD |
HZIARIE Tw T, Table 11213 h # 2L S H /R &2 =T, BifA%Z TAMR & LCfli 5 729i2i%, LT 3
DO EHIZTHLERH S, (1) FHRO 10 FEFRFICLE R BROBRES THIE KuV/kT (330K) 1%, n
EopDDRFEDEGEL EIRE D K, L ) K& 2L Tde b, (FEHRFICE VT, REEMED 1 vy b
A, 1 7 v 7 BOERLEENS, EAENERTLIRIEOBHEEAT/IAx P RED, ZhiXoT/ox &
DIEL 2 TIEAR O RW, BB, BB I 2 L—3 g VTV EE LEEAROGBEEEIZLY Y v Ty s
JmersuaA NIy 7 HFRTEBEBLZEE LY, £L T, By hTAXY b FEEdbT56 2 & T, K
MWERTHHHAEE LK TR TELLTLIILENTEDLDT, ¥V bT v 7 HRATOREZ L, (3)F i
TOWHWRLEMEL D RS T CHUARE M2 (AR CE DIRRKDOBER Hagy NIRE D, TN B 2GR SRR
Hy U &L TE by, ZOHREEETIZ@BEEL 2> TV T, 2 XV RIKD Ku/Kopux 23 F
D, hA6nm M6 10nm IZEL b &, LAV

Table 1 Media specification of TAMR for 4Tbpsi

PELIFR BV ZAUT hOEINE L B0 T/0x h [nm] 6 g 10
MTERDHTHS, h=8nm IZBWT KuV/kT= n [grain/bit] 4 4 4
63 ORI H A 10 4ERIRTFCT& 523, TAMR & op [%] 10 10 10
LTS I B A+ Th Y K VIKT=97 3% T, [K] 500 500 500
FLish, bLATI0x% 6.9Knm 25 13.5Knm M, (300K) [emu/cm’] 675 655 643
ET RIS LN TENE K VIKT=65 0tk K, (300K) [Memu/cm’] 27.8 252 239
TAMR & LCffiH Z LN TE, Ku/Kwux % 0.87 7> H. (300K)=H,(300K) [kOe] 823 769 743
5055 ETCFFHZEMTES, LizoTuntze T [K] 544 532 524
Ko/ Kapuc 130 T'10 x \ K& AKIFT 5, K, VIkT(300K) 97 118 139
Kg=f(n,o b) 63 63 63

ARFZeD— T ERA b L— Uk SRO R (1) K JVEkT(330K) > K 81 97 115
Db LIATbhE Lz, ZZICHBEERLET, oT/ox [K/nm)] 772692 6.23
(Q)AT/Ax [K/nm] < 8T/dx | 772 692 623

BLAR H, [kOe] 10.8 105 103
1) T.Kobayashi et al.: J. Magn. Soc. Jpn., 36, pp. (3) H,; [kOe] > H,, 245 272 29.8
282-286, 2012. Ko/K sbuik 0.90 0.87 0.86
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Sm-Fe-N Zhe A D < Bk

T TR
(TIELIEKRY)
Magnetic properties of Sm-Fe-N magnets
Tetsuji Saito
(Chiba Institute of Technology)

FELHIT

Sm-Fe-N A& RIZEE CHOMT 2720 Nd-Fe-B B I3 RR D | BEREICL Y ELRE TE R0 LK
el oTWe, 2D, BIE SmFe-N B IRy FigEfa & LTHEASN TS, Jill. # LW E(LARE
L LTNIdFeB 7TENLT 7 AEEMEREEZTENALT 7 ADOF FRELARIE T X 54 REREE AWEN B
STz, ZOBBERE ABIEIZGEE CHREZEMRHEAM T2 Z L 2HHEET2Y, Z0), miRTHRE
95 SmFe-N G&MARLMHHEEMEAMIEC LV EILRIETE S Z b T& =Y, LavL., WFEM
B AMHE TIFBRR OB LOMERITE 0, 22T, ET 7 A~ BERSIEIC KD Sm-Fe-N Ga K2 EbAk
FETEDMEIDIZONTIHRF LTcE Z A, WBIRTHMET 5 SmFe-N &M Kb IE Y 7 XA~ fiikic L v
EILIE TEX B Z ERbho TE T, RETIIHET 7 X< BRI LD ERL L 72 Sm-Fe-N Bt ORLRFF
PEZOW TR =D THET 5,

EBRFE

JEBHEY R LT ThCu, #4365 L OF ThyZn,, LD 2 FEHHD Sm—Fe-N & REZ W=, £, Zh 5D SmFe-N &
SRR O EALATIE &t BEMEE AWHE CRA T, 723, FIHKIIREH, HBEIXEIR TfT> 72, RKIZ SmFe-N
BEMKOBEILRIE Z INE T 7 A~ BEiE CiRA T, 7ol BERESM L LTk, FRARIIEZY, FEfSiRE
1% 673—873K, BEREITE I 100MPa & L7z, #3072 BIOBEEITT L F A7 AETHE L, 567k
B &AL, XAREPTERE, EEME FIHMEES L OVEPMA TH A, 7215 6 07230 O B S URR
VIRERREPRE D E T v AT U U A BRITIREECEPR RS ) 5 CHIE Lz,

mRERBIUOEE

45 B FE #6 H AW CHE ThCu, B35 1 OY ThyZn,, B o [(emu/g)

SmFe-N AR E bIEE A LT 5 2 &/l ALY 0

DEAIZELRIE TE A Z 08, F/25672 SmFe-N .

R (SR & RIS BV BRI 277 = L 2 (b)

ST, L)L, ET T X~ Bk TIEX Thyn, B o 50
SmFe-NHGEMRIFMEETH —H oML TLED Z &03,
Fomii (873K) TIXERIZHMLTLE S Z & bh
S77, FAUZHF LT, TbCu, D Sm-Fe-N 54K b miik
TR LTCLE >N, KBTI OMIT 5 L
<EMBRETE B Z EBbooTz,

X 1 {2 TbCu, LD Sm-Fe-N B4R & E T T A~ BE
FEEIC X D ERL U 72 TbCu, B4 D Sm-Fe-N Db AT U
CAMMRERT, BT T A BRI KD ERL L7 Fig.1 Hysteresis loops of (a) Sm-Fe-N powder
TbCu, D Sm-Fe-N B&A 1 FEMI R & IZIE TR 5 O VO and (b) Sm-Fe-N magnet produced by spark
K2 md Z & bnoT, plasma sintering method.

S E 3R

1) T. Saito, H. Takeishi, and N. Nakayama, J. Mater. Res., vol.20, No.3, pp.563-566 (2005).
2) T. Saito, H. Sato, H. Takeishi, and N. Nakayama, Appl. Phys. Lett. vol. 89, 162511 (2006).
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H NIRRT Z RO B4 % 2 /L RCos il Jé\\,ﬂﬁ@% ST

YE AR « LB « g3k « RYTFE « ZARIERS - MBS0 - FRdE(E=E"
(PR, "HOREER, TIER)
Structural Characterization of RCos Ordered Alloy Epitaxial Thin Films with In-plane Magnetic Anistropies
Yusuke Hotta, Makoto Yamada, Ataru Suzuki, Mitsuru Ohtake,
Masaaki Futamoto, Fumiyoshi Kirino , and Nobuyuki Inaba”
(Chuo Univ., "Tokyo Univ Arts, ~ Yamagata Univ.)

FLHIZ #HLIHEeRE (R &3dmBEEREREDCoh b 7225 RCos HAIGE&ITE WK FEERL, =D
IR A, 77 Faxz—4, v 7 nET—F g E~OIGHICRT TN TN TV, THILE T,
(10001 L < 1ZQIDELH OWURLCr2), Fed/s & Obeck)d FHEZH WD Z 212k Y, Al EWNICIFEET
HZEH X v LSmCosEDE A HME STV D, ABFFETIEL, MgORRERIEHR Elic~T r= X%

¥ VR S 72Cr(100)35 L UCr(211) FHUE iz
Fix OF5 HHETHEE A WZ RCos HAIE &R O

FRAATVY, BT RS & A & oD BE4R 2 i~ 72

RERAEZ I & EZE ) TR
Z V2. MgO(100)3 LT MgO(110)345k 112,
TNEN, ~T R XUy ILEE S
Cr(100)33 £ OV Cr(211) FH/E FiZ 20 nm JED R &
Co DFHAREEAN 12 5 & 72 2 FHAL T HEMIEE 500 °C

TIFE L L 7=, #5&E3EH 121X RHEED 3 L OV XRD,

e BRI 21T VSM 2 7=,

EEHRE Fig. (8B L) Cr(100) THIE I
\Z Sm-Co WEFZALHIZBIZE L7z RHEED /3% —
oY TERRI B s & SRS £ G, Fig. 1(d)
@ SmCos(1120)Z [ DFEL Z R~ BT/ 8 2 — L )3
BEINTEBY, =% %2 v/ SmCos [ENE
HILTWD Z E23yh 5. RHEED f#HTIC L 0 ik
ELIZ XX vV HMBERIZLLTO@®Y ¢
H5.

SmCos(1120)[0001] || Cr(100)[011]
SmCos(1120)[1100] || Cr(100)[011]

SmCos 1%, ¢ 2 EPNICHEEL, AWIZEASL
7~ A BMR A 2 SO T o kbR X
NTWDLZ ENgh-o7z. Fig. 212 XRD /X% —
/%:/Ta“ E A7 — T, SmCos(1120)5C 5

NRDHND. HN/SZ —2 TiE, SmCos(0002)
FEARRHHTINZ, SmCos(0001)BHE 1S5 #1122
SNTHEY, RT B EIZHAE L7 SmCOSH%z‘S
SN TWD Z 3005, B HEIT Sm LA D
R ItHF % 72 RCos EIZ DWW T HHET 5.

2Z (@R 1) E. E. Fullerton et al.: Appl. Phys. Lett., 69,
2438 (1996). 2) E. E. Fullerton et al.: Appl. Phys. Lett., 71,
1579 (1997). 3) M. J. Pechan et al., J. Appl. Phys. 87
6636 (2000).
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Fig. 1 (a, b) RHEED patterns observed during Sm-Co deposition
on Cr(100) underlayer at 500 °C. The Sm-Co film thicknesses are
(a) 5 and (b) 20 nm. (c—f) Schematic diagrams of RHEED patterns
simulated for (1120) surfaces of (c) Sm,Co;;, (d) SmCos, (e)
Sm,Cos, and (f) SmCoj; crystals.
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Fig. 2 (a) Out-of-plane and (b) in-plane XRD patterns of an Sm-Co
film deposited on Cr(100) underlayer at 500 °C.
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Cu(11l) FHufE Eizks i) 2 = v 4% % o v /L RCos HLHI A 4T E L DT ik

I HEL - ST - S5 - RV T« ZARIERR - MBS0 R - fsEE ="
(PR, “HEEEKR, TILEKR)
Preparation of Epitaxial RCos Ordered Alloy Thin Films on Cu(111) Underlayers
Makoto Yamada, Yusuke Hotta, Ataru Suzuki, Mitsuru Ohtake,
Masaaki Futamoto, Fumiyoshi Kirino", and Nobuyuki Inaba™
(Chuo Univ., “Tokyo Univ. Arts, " Yamagata Univ.)

[ZL®IZ RCos (R: A 1HEILHE) BAIG AT 10'~108 erglem® 4 — # — D K B8O b DL, D=8,
TS DT S R R GLER IR 7 E oIS THFZE S LTV D, ZRE T, Cu(lll) FHiEZ %
ZLIZRY, WHMEAESEITH S ¢ WS E LIV SmCos NI S5 2 & T g 9, o
FEARE WS 2 R D 720121, BRI L TR AR T Ao 2 ¥ v v L2 V5
ZEMEHTHD. LoLenn, SmCos &4 ELL
PANY R R~ i NTTTER A N LAY o= i e S
)V RCos FEDIE AR BT FA EE S v TV, AR
22 ClE, RILEELT, YRGIAREEZH W -t
2 %2 % )L RCos D TE R A 7k A T2

(a-2) 20 nm

EERAE I ERU I3 A B A% MBE 2B A
7. MgO(L11):H7 1= 20 nm JZ & RCos (at. %) (R (b-1) ReTar ig T4
=Y, Gd, 72&) ARMBETN L. BB O AR cees osoes| "
IR 500 °C & L7-. HE&EFHMIZIX RHEED $ X POV Ce |[|_eo 0 & o Co_
U'XRD %, BEALHBRAIEICIL VSM 2 M7z, 0000 o000 |I11207100002 1702 %
oC» ©O O 00 O «© 6 O o e
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1b-2)F D A, BRI KD Api72r k57 REGR
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Fig. 1 (a) RHEED patterns of a Y-Co film observed
during deposition on Cu(111) underlayer at 500 °C.
The film thicknesses are (a-1) 5 and (a-2) 20 nm.

(b) Schematic diagrams of RHEED patterns simulated
for (0001) surfaces with (b-1) RT17, (b-2) RT%, (b-3)
BT, and (b-4) R7T5 ordered structure.

HItEE 2 FF O B SN ST D 2 & iR
T& 5. YAIE, o R TEEHWZERICOWNT
HEET 5.

SZ 3wk 1) S. Takei et al.: J. Magn. Magn. Mater.,
272-276, 1703 (2004). 2) J. Sayama et al.: J. Phys. D,
37, L1 (2004). 3) M. Ohtake et al.: J. Cryst. Growth,
311, 2251 (2009).
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Fo w7 Ly MEBIZ X 5 Sm-Co/a-Fe f& =7
T a R Yy NEBERCA ORI

Bosdti, BRIEEE, MIOFEGE, ThEFIER, fEoK i
(Rl RFERFERE THAFER)

Improvement in magnetic properties of PLD-made Sm-Co/a-Fe multi-layered nanocomposite film-magnets
due to suppression of droplets
S. Makihara, A. Tou, T. Yanai, M. Nakano, H. Fukunaga

(Nagasaki University)
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(1) H. Fukunaga et al., [EEE Trans. Magn. 49, 3240 (2013). coercivity, together with hysteresis loop for the film shown by
(2) H. Fukunaga et al., [EEE Trans. Magn. 50, 2101504 (2014). the dotted circle. The squareness is given by Hy/H. which are

defined in the inset.
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T—0 7T A EEIC L VIER LTz Fe 2T/ BT ORKRFE

I EE, IWARERES, FHREH, AT
GRAERSE: REEFe L20T7ER)
Magnetic properties of Fe-based nano-particles prepared by arc-plasma deposition
M. Matsuura, T. Yamamoto, N. Tezuka, and S. Sugimoto
(Graduate school of Engineering, Tohoku University)

Fe 2T /KI I Z N E T, MIESCZMIER EOkx 2 ikE A0 TERIN TE 2. [MEO—FfTh
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EERIER
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BE ik Fig. 1 HR-TEM images of Fe-based
nano-particles prepared by arc-plasma

[1]67)11 &, ULVAC TECHNICAL JOURNAL, 65 (2003) 1-5. deposition.
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NdFe;,. NdFe,N, RO ERL & Z O 5 M 5
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(WL - HORHIFEHERS)

Preparation and magnetic properties of NdFe;,N, thin film
Y.Hirayama, YK.Takahashi, K.Hono
(The Elements Strategy of Initiative Center for Magnetic Materials, National Institute for Materials Science)
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1) Eric E. Fullerton et al., Appl. Phys. Lett. 69 (1996) 2438. Fig.1 XRD spectra of NdFe,, and NdFe;,N, (a) and
2) K H.J. Buschow, J. Appl.Phys. 63 (1988) 3130. obtained by setting the chi and phi appropriately in
3) Ying-chang Yang et. al., Solid State Commun. 78 (1991) each plane of NdFe; film (b).
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Coercivity enhancement of bulk hot-deformed Nd-Fe-B magnets by the eutectic grain
boundary diffusion process using Nd¢Dy;,Cus, alloy

L. H. Liu™, H. Sepehri-Amin®, T. Akiya®, T. Ohkubo ®, A. Hattori , K. Hioki ', and K. Hono *
“National Institute for Materials Science, Tsukuba 305-0047, J. apan
®)Graduate School of Pure and Applied Sciences, University of Tsukuba, Tsukuba 305-8577, Japan
“Daido Steel Co., LTD, Nagoya 457-8545, Japan

Hot-deformed Nd-Fe-B magnets have high anisotropic microstructure composed of ultrafine grains that is comparable

with single domain size of Nd,Fe,,B phase!'!. Coercivity, as extrinsic property, can be improved via modifications of grain
boundary structure or its chemistry'>!. (Nd,Dy),Fe 4B shell structure that forms after grain boundary diffusion has been
considered as the reason of coercivity enhancement'. In this work, we applied low-temperature grain boundary diffusion to
bulk hot-deformed Nd-Fe-B magnets using NdgDy,(Cus, alloy powder to modify grain boundary composition and to
enhance anisotropy field by localizing Dy at surface of Nd,Fe 4B grains.
Hot-deformed magnets with the composition of Nd;;¢(Fe,Co)py BssGags (at.%) in 7x7x5.6 mm’ size were used as the
starting materials. The eutectic grain boundary diffusion was carried out by annealing at 650°C with sample coated with
NdgoDy19Cus powder. The microstructures of the samples were studied using SEM/FIB (Carl ZEISS 1540EsB), TEM (Titan
G2 80-200).

Demagnetization curves of the hot-deformed and diffusion-processed magnets of different heights are shown in
Figure 1. The coercivity (poH.) of 5.6 mm, 5.8 mm, 6.0 mm high samples were enhanced from 1.4 T to 1.91 T, 2.15 T, and
2.26 T after diffusion process, respectively. The large slope of the demagnetization curves of diffusion-processed samples
indicated coercivity distribution from surface to center. We find the formation of thicker intergranular phase with higher Dy
segregation close to surface than that of the center region. STEM-EDS elemental maps showed micro-scale phase
segregation of Nd and Nd-Dy-Cu (Fig.2). Formation of Nd-rich phase and (Nd,Dy),Fe 4B shell at surface of Nd,Fe 4B
grains are the main reasons for coercivity enhancement of diffusion-processed samples. Based on SEM and detailed TEM
results, the mechanism of coercivity enhancement of bulk hot-deformed Nd-Fe-B magnets by grain boundary diffusion
process will be discussed.

Reference

[1]R. W. Lee, E. G. Brewer, and N. A. Schaffel, IEEE Trans. Magn. 21, 1958 (1985).

[2] H. Nakamura, K. Hirota, M. Shimao, T. Minowa, M. Honshima, IEEE Trans. Magn. 41 (2005), p. 3844

[3] H. Sepehri-Amin, T. Ohkubo, T. Nishiuchi, N. Zozawa, S. Hirosawa and K. Hono, Scripta Mater, 63, 1124 (2010)
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Microstructure and Coercivity of Tb4O; Grain Boundary Diffusion
Processed Sintered (Nd,Dy)-Fe-B Magnets

U.M.R. Seelam', J. Liv?, T. Ohkubo', H. Nakamura® and K. Hono'*

'Elements Strategy Initiative Center for Magnetic Materials (ESICMM)
National Institute for Materials Science, 1-2-1 Sengen, Tsukuba, Ibaraki, Japan 305-0047
*Graduate School of Pure and Applied Sciences, University of Tsukuba, Tsukuba 305-8571, Japan
3Shin-Etsu Chemical Co. Ltd., Chiyoda, Tokyo 100-0004, Japan

In the grain boundary diffusion (GBD) process of Nd-Fe-B magnets, heavy rare earth elements
(HRESs) such as Dy and Tb are incorporated preferentially along the grain boundaries, instead of alloying them
into the bulk. This results in a dramatic improvement in coercivity without losing remanence, leading to
substantial savings in HREs.'” However, it is well known that the alloying of Dy to the matrix is required to
attain the coercivity higher than 2 T. In this study, a detailed microstructural characterization was carried out on
terbium fluoride GBD processed (Nd,Dy)-Fe-B sintered magnets with four different Dy contents in order to
understand the combined effect of Dy alloying and Tb GBD process. The nominal Dy compositions of the four
base-alloys (prepared by two-alloy method) were 0, 2, 5, and 11 wt.%. Coercivity values of the four magnets
before and after GBD process are, 1.2 and 1.9 T, 1.5and 2.4 T, 2.1 and 3.2 T, and 3.6 and 4.3 T respectively.
Microstructure of the four samples was characterized using scanning electron microscopy (SEM), electron
probe micro analysis (EPMA), transmission electron microscopy (TEM) and atom probe tomography (APT).
Figure 1 shows STEM/EDS mapping of Nd, Dy, Tb and Fe; average concentration (wt.%) of each element in
the shells is shown next to it. Figure 2 shows high resolution STEM/EDS mapping of a grain boundary region
containing shell. In addition to the Tb and Dy rich shell, a thin Nd-rich grain boundary phase is observed. The
concentrations of Tb and Dy in the shell next to the grain boundary phase were estimated from the EDS
analysis and correlated with coercivity. The coercivity after the GBD process is in accordance with the increase

in the anisotropy field estimated from the concentration of Tb and Dy.

References

1) H. Nakamura, K. Hirota, M. Shimao, T. Minowa, M. Honshima, IEEE Trans. Magn. 41 (2005) 3844.
2) Z.Samardzija, P. McGuiness, M. Soderznik, S. Kobe, M. Sagawa, Mater. Charact. 67 (2012) 27.

3) H.S. Amin, T. Ohkubo and K. Hono, Acta Mater. 61 (2013) 1982.
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Figure 2. High resolution STEM/EDS mapping of the magnet showing Nd-rich grain boundary
phase. Concentrations of Nd, Th and Dy in a shell very close to the grain boundary were obtained

Figure 1. STEM/EDS mapping of Nd-5Dy-Fe-B sintered magnet showing Tb enriched shells
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Nd-Fe-B 7k ARG BT DR AP ME D BERE % 2L ER IR B (R M
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Temperature dependence of post-sintered annealing on magnetic properties of intergranular phase
in Nd-Fe-B permanent magnet
A. Yasui, T. Nakamura, Y. Kotani, T. Fukagawa*, T. Nishiuchi*, S. Hirosawa**
(JASRI/SPring-8, *Hitachi Metals, Ltd., **NIMS)
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2aB - 10 F38MEl HAMK PRI (2014)
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Evaluation of demagnetization of Nd-Fe-B sintered magnet by motor drive load
S. Ikeda, K. Fujiwara, Y. Morimoto, M. Takezawa, H. Kabashima*
(Kyushu Institute of Technology, *Mazda Motor Corporation)
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Synchrotron radiation analysis of structure and magnetism
of grain boundary phase in Nd-Fe-B sintered magnet

T. Nakamura, A. Yasui, W. Ueno, N. Tsuji, T. Ohkubo”, H. Iwai’, T. Akiya", Y. Kotani, T. Fukagawa
T. Nishiuchi™, Y. Gohda™, K. Hono", and S. Hirosawa"
(JASRI/SPring8, "NIMS, ““Hitachi Metals Ltd., ~ Univ. of Tokyo)

A high performance Nd-Fe-B permanent magnet has become an indispensable material for electric products,
hybrid vehicles, and power generators, which are key technologies for energy sustainability. Associating with
problem on the critical materials, improvement in coercivity without reduction of magnetization is intensely
required in Dy-free type Nd-Fe-B magnets. Since it has been known that microstructure is essential for permanent
magnets in order to increase the coercivity, the microstructure control may, therefore, bring a solution to
developing the high performance Dy-free Nd-Fe-B sintered magnet. In a micro-magnetic point of view, a
thin-film-like grain boundary (GB) phase existing between neighboring Nd,Fe;4sB grains is preferred to be
paramagnetic so as to prevent reversed magnetic domains from expanding into neighboring grains. Although the
GB phase had been believed to be paramagnetic for a long time, the recent study using a three dimensional laser
atom probe technique by Sepehri-Amin et al. showed convincing results indicating that the amorphous GB phase
could be ferromagnetic [1]. Further studies on magnetism of the GB phase, however, are needed to uncover the
origin of the coercivity.

In the present work, we have measured X-ray magnetic circular dichroism (XMCD) spectra in a
Nd140F€797B52CuUo 1 sintered magnet using synchrotron soft X-rays at BL25SU of SPring-8 in order to clarify the
magnetic state of the GB phase. Since the Nd-Fe-B sintered magnets have a grain-boundary fracturing character,
magnetism of the GB is directly investigated by the surface-sensitive XMCD measurement using a total electron
yield (TEY) method [2]. The XMCD of the Fe L,3s-edges was measured on the fractured surface which was
covered with the GB phase. Applying the magneto optical sum rule [3-5], the apparent Fe magnetic moment was
obtained as 1.66 pg from the XMCD spectra measured at 30 °C. Since the recorded XMCD signal was composed
of those coming from the GB phase and the under-layered Nd,Fe 4B main phase, the magnetic moment of 1.66 g
was deconvoluted into each contribution on assumption of the probing depth of the TEY (A.=1.2 nm) at the Fe
L, 3-edges [2] and a thickness of the GB phase (tg=3 nm) [1]. As the result of the deconvolution analysis, the Fe
magnetic moment of the GB phase was estimated as 1.4 pg. This

3.0

value is of about 60 % compared to that of Nd,Fe;4B and implies M Jis
that the GB phase is ferromagnetic. Moreover, the temperature
dependence of Fe magnetic moment in Fig. 1, which was _
obtained from the XMCD spectra, indicated that the Curie fz.n- 1€
temperature of the GB phase was lower than that of the main 2 m | 5
phase, Nd,Fe4B. The present result, therefore, implies that the § E
coercivity will possibly be improved by forming the GB phase ‘g ol %
which has the Curie point being lower than the operating = 1°° =
temperature.

It was reported that the thin-film-like GB phase grows by
post-sintered annealing process [1]. The materials to form the 00— - po” po 00 20
GB phase could be supplied from somewhere like the Nd-rich Temperature (°C)

phase at the triple junction during the annealing process. In order

to eIL_JC|Qate the metallurgical .phenc?mena with respect to the Fig. 1 Temperature dependence of Fe magnetic
constitutional phases, we have investigated the crystal phases in | " . (Me.) obtained by sum rule analysis of
the Ndj4oFe797Bs2CuUg1 sintered magnet by X-ray diffraction  xmcp spectra at the Fe L,sedges and a
(XRD) experiment up to 1000 °C. High temperature in-situ XRD  magnetization (M). Both XMCD and magnetization
measurements were performed at BLO2B2 of SPring-8. In  were measured under 1.9 T.



previous studies by means of transmission electron microscopy (TEM) [6, 7], it has been reported that the Nd-rich
phase is a mixture of Nd (P6,/mmc), Nd,O3 (P6,/mmc), NdOx (Fm3m), and small amounts of other
compounds, where symbols in parentheses denote the space groups of crystallography. Among them, the Nd-metal
phase is expected to relate to the formation of the GB phase because the optimum annealing temperature of
540 °C is very close to the eutectic point of 520 °C in the Cu-Nd system. Fig. 2 shows temperature dependence of
XRD patterns with labels denoting crystal phases determined by analysis of the XRD patterns. The Nd-metal
phase ( P6,/mmc) starts melting at 580 °C (XRD pattern at 580 °C is not shown here), and completely melts at
606 °C. The melting point of the metallic Nd phase in the present experiment is higher than that expected from the
eutectic point by 60 ~ 80 °C. This difference of the temperature is explained as that the XRD detects the
crystalline Nd-metal unused in the eutectic reaction because the Cu concentration (0.1 at%) is too small to
consume all of the crystalline Nd phases (>1 at%). Here, the volume fraction of Nd which exists as Nd metal was
estimated from the Rietvelt analysis of XRD

pattern. On the other hand, a different Nd N0 ()

phase having cubic crystal symmetry (Fm3m) Nd;0; (fa-3) , .
was also found in the temperature range E 15000 1029°C
between 335 ~ 788 °C. Variation in volume § g11°C
fraction of the cubic and hexagonal phases of -5 {1000 N0; (P6;/mme) 188°C
Nd was invisible at the eutectic point. The =

Nd203 phase remains solid state even at = NN AT| 606°C
1000 °C, but shows some phase transitions 5 5000 o
with respect to crystal symmetries involving = C 335C
P6,/mmc, la3, and P3ml. Although the 0 _ 29C
mechanism of these phase transitions in the 9 10

Nd,Os phases is still not clear, the information 2 0 [degree]

may be useful in refining the Nd-O phase
diagram which is important in elucidation of
the microstructural formation mechanism of
Nd-Fe-B magnets.

Fig. 2 Temperature dependence of XRD patterns of Ndy4 oFe7g7Bs2Cug 1
sintered magnet. Arrows beside XRD peaks denote trends of shift of
peak positions for identified crystalline phases.
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Effect of grain size reduction of Nd-Fe-B sintered magnet on temperature

coefficient of coercivity.
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(Intermetallics Co., Ltd., *Tohoku Univ.)

1. Introduction
Grain size reduction technique of Nd-Fe-B sintered magnets is well known process to increase a
coercivity without substitution of Dy for Nd. We have been developing ultrafine grained Nd-Fe-B sintered
magnets using a helium gas jet-mill which can produce smaller particle size of the powder than a
conventional nitrogen gas jet-mill". Recently, Nakamura et al.*) have reported the development of single
crystal powders with particle size of under 0.6 pm using a combination of HDDR
(hydrogenation-disproportionation-desorption-recombination), hydrogen decrepitation, and the helium gas
jet-mill processes. In the present study, we report magnetic properties of ultrafine-grained Nd-Fe-B
sintered magnets with grain size of under 1 um.
2. Experiment
The starting material in this study is the strip-cast (SC) alloy with the nominal composition of
Nd,7,Prs23FeBgosCug. 1 Alg24C0g 95Fepa (Wt%). We prepared 3 kinds of powders with particle sizes of 3, 1 and
<lum. The 3 pm powders and the 1 pm powders were produced by using the nitrogen gas jet-mill and the
helium gas jet-mill, respectively. For the <1 um powders, the SC alloys were performed the hydrogen
decrepitation followed by HDDR treatment. Subsequently,

the HDDR-treated alloys were crushed into ultrafine powders

-0.40
by using the helium gas jet-mill®. Each powder was filling - 045 |
into a carbon mold and subsequently was aligned with pulse «2 5 -0.50 ---* - @
D Q - - - Cd
magnetic fields of 5T. Then each powder in the molds was 23 '8'2 (5) ¢ = Ze
= < -0. o
sintered at the optimum temperature in vacuum and annealed $2 065 | o :K -
at optimum temperature. Magnetic properties were measured £z o070 | BT " ’
= 2
by B-H loop tracer from room temperature up to 180°C. £5 05 ¢ i =@~ <lum
3 Result g- § -0.80 P - =+ 1 pm
. Results & _0.85 =/ 3 um
Fig.1 shows the variation of the temperature coefficient of -0.90 : '

23-60  23-100 23-140 23-180

the coercivity ( 8 ) of the Nd-Fe-B sintered magnet vs a
function of temperature interval ("C-C)

function of temperature interval (7-23°C). The temperature
coefficient of the Hel (8 ) of the magnets improves from Fig.1 Variation of 8 of the Nd-Fe-B sintered
-0.55 to -0.47 %/K between 23 and 180°C with decreasing magnet vs a function of temperature

the particle size of the starting powders from 3 to under 1 pum. | jjterval.
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Low eutectic temperature alloy diffusion process for
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'Elements Strategy Initiative Center for Magnetic Materials, National Institute for Materials Science
*Graduate School of Pure and Applied Science, University of Tsukuba
’Daido Steel Co. Ltd.

Nd-Fe-B magnets have been studied for more than thirty years. One of main research issues of Nd-Fe-B magnet is
low thermal stability due to its low Curie temperature (7, ~ 310°C). To improve the thermal stability, coercivity (H.)
enhancement is a possible way. For example, A, of 3 T at room temperature (RT) is required for hybrid or pure electric
vehicle and wind turbine generator to prevent a thermal demagnetization.

Coercivity of permanent magnet relates to the magnetocrystalline anisotropy field, H,. The H, of Nd,Fe 4B phase is
about 7 T at RT and the value is theoretical maximum limit of coercivity. However, the coercivity of Nd-Fe-B magnet
produced by conventional mass production route is only 1 T without Dy. It is accepted that the surface defects on
Nd,Fe 4B particle and inclusions causes the degradation of coercivity, because the nucleation of reversed magnetic
domain may occur at these sites. Here, (Nd,Dy),Fe;4B phase possesses a higher magnetocrystalline anisotropy field than
Nd,Fe 4B. Therefore, Dy-rich shell structure formed by grain boundary (GB) diffusion process enhances the coercivity
effectively with minimum amount of Dy for sintered magnet".

It is empirically known that the coercivity of Nd-Fe-B magnet can be increased by refinement of Nd,Fe 4B crystals
without Dy. A Nd-Fe-B sintered magnet with H, ~ 2 T without Dy had been reported by Intermetallics Co.”. They
prepared fine Nd,Fe 4B powder with about 1 um diameter by He-gas jet-milling technique. However, it is difficult to
obtain sub-micron sized powder by jet-milling or any mechanical pulverization technique while preventing oxidation of
the powders. Ultrafine Nd,Fe 4B crystal can be obtained by Hydrogenation-Decrepitation-Desorption-Recombination
(HDDR) technique or die up setting process of rapidly quenched Nd-Fe-B alloy and then hot-deform processed magnet.
These crystal sizes are one order of magnitude smaller than that of sintered magnet, about 300 nm in diameter particle
(HDDR) and 300 nm in width and 50 nm in height of platelet shaped grain (hot-deformed), respectively. However, the
reported coercivity of ultra-fine grain sized Nd-Fe-B HDDR powders and hot-deformed magnets is only around 1.5 T.
This value is lower than expected from a trend of sintered Nd-Fe-B magnet, H, ~ 2.5 T at 300 nm in diameter”.

We have studied the reasons of the low coercivity in three kind of Nd-Fe-B magnets, sintered* >, HDDR processed
powder” and hot deformed Nd-Fe-B magnet”. In any case, the coercivity of Nd-Fe-B magnet relates to structure and
chemistry of GB. It have been found that the GB of high coercivity magnet is thicker and contains lower Fe
concentration”. Fe-rich GB phase shows ferromagnetic property”, therefore, such ferromagnetic GB causes the
magnetic coupling between Nd,Fe 4B grains. Thus, magnetic isolation between Nd,Fe 4B grains by nonmagnetic GB
layer is critical point to enhance the coercivity.

We demonstrated that the low eutectic alloy diffusion technique is suitable way to modify the structure/chemistry of
the grain boundary phase and enhance the coercivity in HDDR powder and hot-deformed magnet. This technique was
independently reported by Sepehri-Amin ef al. and Mishima ez al.¥) in the HDDR processed magnet powders. A low
eutectic temperature alloy, such as Nd-Cu, Nd-Al and so on, infiltrates into GB rapidly in HDDR processed powder and
hot-deformed magnet and thicker GB layer is formed between Nd,Fe 4B grains without significant grain growth. While,
in sintered magnet, Cu diffuses into GB rapidly but the microstructure remains almost unchanged. Thus, the effect of
Nd-Cu diffusion process is small in sintered Nd-Fe-B magnet.

Currently, we are focusing on the low eutectic temperature alloy diffusion process for hot deformed magnet. We have

observed a coercivity enhancement from 1.5 T to 2.3 T using Nd-Cu eutectic alloy”, and 1.6 T to 2.6 T using



NdgoDy,oCusyg near-eutectic alloylo) for small hot-deformed magnet with 1 mm thickness. While, remanence reduction
of about 20 % was also observed due to infiltration of much amount of nonmagnetic material into magnet. After these
works, we applied the technique to larger hot-deformed magnet with 5.6 mm thickness, and we confirmed that the
infiltration effect occurs almost homogeneously and the coercivity enhancement occurs same as small specimen'”. In
addition, we observed sample expansion to mainly easy direction. The amount of diffusion alloy and volume expansion
of magnet was almost comparable. So, we tried an expansion constraint method during diffusion process to prevent the
excess diffusion of Nd-Cu phase'”. As a result, we observed that the diffusion processed hot deformed magnet with
constraint possesses higher remanence (M, = 1.36 T) than simply diffusion processed one (M, = 1.27 T). One of the
reasons can be estimated that the diffusion processed magnet under constraint maintains the higher crystallographic
texture than that of as hot-deformed and diffusion processed magnet without applying expansion constraint.

Temperature dependence of H. and energy density [(BH)m.] Of hot-deformed magnet and the samples that were
Nd-Cu diffusion processed with and without an expansion constraint are shown in figure. For comparison, the energy
densities of commercial 4% Dy and 8% Dy sintered magnets are also shown'”. The temperature dependence of
coercivity of Nd-Cu diffusion processed magnet is much better than original hot-deformed magnet and 4% Dy sintered
magnet. This data suggests that the effect of ultrafine grain Nd,Fe 4B crystals appears by magnetic isolation in high
temperature. In addition, the (BH)ua of expansion constraint processed hot-deformed magnet is 358 kJ/m® at RT and
191 kJ/m® at 200 °C. This high-temperature property is slightly higher than that

of Dy 4% sintered magnet. 80P oye | [Hotdeformed magnets

We modified the GB of hot-deformed magnet by Nd-Cu diffusion technique. R PN & NG ok |
The amount of infiltrated nonmagnetic Nd-Cu into hot-deformed magnet was % 2-0-(5*‘?%”‘ N sm‘eggg?fggggg; 1
controlled by expansion constraint diffusion technique. As a result, we could % 150 \ ; 1
obtain high coercivity as same as 4% Dy containing sintered magnet with high § 1op A : i
remanence. Obtained magnet possesses higher maximum energy product than 05 ,(3&27‘;;3\,% No-Cy dif. samples
4% Dy containing sintered magnet at 200°C without Dy. The next step of this 00 As""“’ﬁ""m;‘" ,

: T
400 A by 0% (sintered)

work is to realize a magnet with H, > 0.8 T and (BH)yax > 150 kJ/m?> at 200 °C.
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Magnetic domain structure observation of Dy free hot-deformed Nd-Fe-B magnets

Keiko Hioki, Atsushi Hattori, Takahiko Iriyama
(Daido Steel Co., Ltd.)

Nd-Fe-B magnets have a fine microstructure due to their unique fabrication procedure, which gives
them 1/10 finer crystal grain size (100~500nm) compared to sintered magnets and produces both better
coercivity and reduced Dy content"). However, the coercivity is not as high as expected from the grain size.
To further improve the magnetic properties of this type of magnet, it is important to clarify the reason for the
higher coercivity of this magnet. As the first step, we investigated the magnetic domain pattern structure of
this magnet in detail.

A hot-deformed Dy-free Nd-Fe-B magnet with the composition of Nd;35-C0s38,-Bs.s4-Gag s7-Fepal,
(at.%) was prepared. Its remanence and coercivity were 1.35 T and 1353 kA/m (17.0 kOe), respectively.
Observations for this sample were performed from two directions, perpendicular to the c-axis and almost
parallel to the c-axis. In this study, the observations of the magnetic domains in the thermally magnetized
state and in the magnetization process were performed. These observations were performed using not only
Magnetic Force Microscope (MFM) and Atomic Force Microscope (AFM) but also Low Voltage Scanning
Electron Microscope (LV-SEM) at the same areas, in order to investigate the relationship between the
microstructure and magnetic domain pattern.

Figure 1(a) shows MFM images for the c-plane and (b) shows the illustration of magnetic domain
pattern in the same area. Contours of grains observed using LV-SEM are overlaid in the figure. These figures
reveal the following: 1. the sample consists of single domain and multi-domain grains, 2. a group of grains
form a maze pattern, 3. multi-domain grains exist uniformly throughout the powder, and 4. relatively large
grains at the edges of the maze pattern are multi-domain grains. In Fig. 1(c), magnetic domains looking at the
plane parallel to the c-axis exhibited the stripe patterns parallel to the c-axis with various widths, some of
which are interrupted by the equiaxial grains at powder boundaries. From these observations, the 3D
magnetic domain structure of hot-deformed magnet is as portrayed in this figure.

Based on these observations, the magnetic domain structure of hot-deformed Nd-Fe-B magnets will
be discussed.

Reference
1) K. Hioki, A. Hattori, and, T. Iriyama, J. Magn. Soc. Jpn., 38, 79-82(2014)
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Fig. 1. (a)(c) MFM images in the thermally demagnetized state. Looking at the planes (a) perpendicular and (c)
parallel to the c-axis, respectively. Dotted lines indicate powder boundaries. (b) Illustration of magnetic domain
pattern shown in Fig. 1(a) in the white square. Contours of grains observed using LV-SEM are overlaid. Multi-domain
grains are shown in bold lines. (d) Illustrations of three dimensional magnetic domain structure of hot-deformed

magnet in the thermally demagnetized state.
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Observation of magnetic domain reversals in Nd-Fe-B hot-deformed and infiltrated
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Nd-Fe-B magnet in motors in hybrid or electric vehicles requires Dy to increase its coercivity to maintain their
magnetization in an operating temperature. However, Dy reduces magnetization in the magnet due to anti-parallel
coupling of the magnetic moment between Dy and Fe [1]. To understand the coercivity mechanism in the Nd-Fe-B
magnet to satisfy both high coercivity and magnetization, we have studied microstructures and magnetic domains in the
magnet.

In general, the coercivity of Nd-Fe-B magnets can be enhanced by reducing the grain size of NdzFe14B phase but it
was found that only the grain size reduction cannot realize enough coercivity because of the reversal domain
connections during demagnetizing procedures [2]. To reveal factors for higher coercivity, it is important to show the
relation among magnetic properties, microstructures and magnetic domain reversals by using several kinds of methods
because the microstructures and the magnetic domains are correlated to the coercivity.

Small-angle neutron scattering (SANS) is one of the complementary method to two-dimensional observations using
microscope and it has a possibility to quantify the three-dimensional and multi-scaled microstructures and magnetic
domains. The SANS enables us to investigate the bulk magnets using high transmission neutrons. Moreover, SANS can
be performed under various sample environments of magnetic fields or temperatures.

In order to clarify the effect of grain isolation in nano-crystalline Nd-Fe-B magnets, we have prepared samples with
different grain isolation and have performed SANS measurement to observe the difference in microstructures and
magnetic domain reversals in these samples.

The hot-deformed Nd-Fe-B magnets have been made from rapidly quenched melt-spun ribbons. The melt-spun
ribbons were crushed into a few hundred um and then sintered at 873 K under a pressure of 100 MPa. The sintered bulk
was hot-deformed with height reduction of about 80% to develop a (001) texture of phase. The hot-deformed magnet
was soaked into the molten Re-Cu (Re=Pr or Nd) alloys to infiltrate into the grain boundaries to isolate grains [3]. The
magnetic properties of as-deformed and Pr-Cu infiltrated samples are shown in Fig. 1 (a).

The SANS was performed at the V4 beamline of the research reactor BER-II at Helmholtz-Zentrum Berlin (HZB),
Germany. The samples were fully magnetized along the easy magnetization axis ([001]-axis) at 10 T in advance. The
sample temperature was set to 300 K. Neutron beam with the wavelength of 1.147 nm was used. Incoming beam
direction was perpendicular to the [001]-axis and the irradiated area at the sample was set to 8 mm in diameter by the
neutron window. The typical g range was 0.013-0.165 nm with a sample-detector distance of 15.76 m. External
magnetic fields of £ 5 T were applied along the [001]-axis to obtain magnetic field-dependent SANS patterns.

The magnetic field dependences of intensity 1(q) along the [001]-perpendicular direction for as-deformed and Pr-Cu
infiltrated samples are shown in Fig. 1 (b). Note that the scattering vector q and the dimension in real space d can be
converted using Bragg equation, d = 2rt/q. The variation of the intensities in a specific g-range corresponds to the
variation of the microstructure or magnetic domains of the dimension d. As shown in Fig. 1 (b), the intensities increase
by applying the reversal field for as-deformed sample and become maximum at the coercive field of poH; = -1.46 T. For



the infiltrated sample, intensities along the [001]-perpendicular direction also increase by applying the reversal field, as
observed in the as-deformed sample, but the intensity difference is smaller. To magnify the magnetic field dependence
as a function of the g or d, the intensity difference from that at 5 T are shown in Fig. 1 (c). The intensity difference
becomes maximum at the coercive field of each sample. The intensity of smaller d range is dominant for as-deformed
sample although the intensity of larger d range is dominant for infiltrated sample. These results indicate that the single
particle reversal is dominant in the infiltrated sample implying that the larger ratio of the isolated grains than that of the
interacting grains in the [001]-perpendicular direction, as compared to the as-deformed one.

These SANS results will be compared with the results of Nd-Cu infiltrated samples or direct magnetic domain
observation by microscope.
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Fig. 1 (a) Demagnetization curves for as-deformed and Pr-Cu infiltrated Nd-Fe-B nano-crystalline
magnets. (b) Magnetic field dependence of SANS intensities of as-deformed and infiltrated magnets. (c)
Intensity difference between fully magnetized state and each demagnetization field. These intensity
maps can be produced by (b).
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I ntroduction:

Nd-Fe-B sintered magnets which have high maximum energy product and coercivity are widely used in
electric motors and generators. To improve their properties, theoretical elucidation of the reversal process is demanded.
In particular, the relationship between coercivity and their microscopic structures is an important topic for the
improvement both from the scientific and technological points of view [1, 2]. To understand coercivity mechanism,
theoretical studies based on micromagnetics have been performed to analyze the reversal process in Nd-Fe-B magnets.
However, the edge length of numerical mesh element has to be smaller than the exchange length (1.7nm in Nd-Fe-B
phase) in order to avoid “artificial pinning” in the simulation. Typically, grain size of sintered Nd-Fe-B magnets is
from 100nm to 1Am To simulate the pinning and nucleation procesthénrealistic grain structures, therefore, the
number of finite elements involved in the numerical calculations exceeds a huge value of the order of millions. In this
study, large-scale micromagnetic simulation is performed on K computer [3]. The effects of microstructure on the
coercivity are numerically investigated.

Calculation methods:

We consider the following micromagnetic enerBy; to analyze the magnetization in the simplified

microstructure of Nd-Fe-B magnets,

Etot = EZeeman + Eexc + Eani + Ed1 (1)

where,Ezeeman: Eexc » Eani aNdEy  are Zeeman energy, exchange energy, anisotropy energy and magneto-static energy,
respectively. The magnetization dynamics of the reversal processes are simulated by calculating the
Landau-Lifshitz-Gilbert (LLG) equation,

02240 < e i

where, myanda are the normalized magnetization vector, the gyro-magnetic ratio, and the Gilbert damping factor.
The effective fieldHg is derived from partial derivative of magnetization energies. The spatial distribution of the
magnetization vector is numerically divided to the elements of the unstructured mesh which is commonly used in finite
element method. To handle the domain wall motion and nucleation of the reverse domains, we used a small mesh
size(1nm) and adapted the domain decomposition method by using METIS library, which divided the entire model in
the small region and each region was calculated by the separate CPUs [4].

Simulations:

The simulation model is shown in Fig.1. This model is composed of 27 grains whose diameter is 50 nm. The
grains are three-dimensionally aligned and the width of grain boundary is 2 nm. The total number of mesh model is
about 5 million. We here label the state of a magnetic vector which points to positive y-direction “up”, and the
opposite state “down”. As shown in Fig.1, all the initial magnetic vectors are down except for those in the grain of the
front side of the top layer, which are initially in the up state. The simulated reversal process in the case of the
alignmenta=1 is shown in Fig.2. Due to the inclusion of the soft magnetic layers in the grain boundaries, the reversal
domain easily propagates into neighboring grains. The simulation result at the aligiménts also shown in Fig.3.



This result shows that the grain boundaries pin the domain wall of initial reverse domain and the nucleation occurs at
another grains. The reversal mechanism depends on the microstructure and material parameters of the grain boundaries
In the presentation, the parameter dependences of the reversal processes and coercivity will be reported in detail.
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Introduction

The hydrogenation-disproportionation-desorption-recombination (HDDR) process is an attractive and
unique method for producing anisotropic nanocrystalline Nd-Fe-B powders. In order to develop highly
textured Nd-Fe-B powders, HDDR process parameters need to be carefully chosen and controlled [1].
Although lots of investigations have been carried out to understand the mechanism of the anisotropy
development in HDDR powders [1-3], some questions still remain. In this work, the microstructures of
Nd-Fe-B powders that were HD processed at different hydrogen pressure (Py,"") were investigated to fully
clarify the mechanism of the anisotropic microstructure evolution.

Experimental

Dynamic hydrogenation disproportionation (HD) Filtered Elemental Maps
3 { Ng'_.a.“{g"‘ - i,

desorption recombination (DR) process was carried out on
Ndj2sFeso.1BscGagsNby, alloy powders at different HD
hydrogen pressure, Py, = 30 kPa and 100 kPa. The
microstructures of the samples in early stages of the HD
process, a fully HD process, and an early DR process were
investigated using SEM/FIB (Carl Zeiss 1540EsB), TEM
(Titan G2 80-200), and a locally built laser-assisted three
dimensional atom probe (3DAP) to characterize the memory

sites responsible for the texture development.

Results
A high remanent magnetization of 1.43 T was obtained

for the fully HDDR processed powder with Py,"™> = 30 kPa, Fig. 1: (a) Energy filtered B and Nd maps of fully

indicating a strong [001] crystallographic texture. However, ~HD processed sample at Py,=30kPa. (b) BF and

P2 — 100 kPa | Kl Fe-B (c) DF TEM images from the same sample
" 00 kPa led to weakly textured Nd-Fe-B powders indicating well textured Fe,B grains. SADP

with a remanent magnetization of 0.89 T. obtained from a Fe,B grain is shown in inset of

TEM observations from early HD processed powder  (b).

with PHzHD = 30 kPa showed that the Fe,B phase has a direct

crystallographi_c orientation relationship with the initial Nd,Fe;4B grains, i.e. [420]pe2s|[[211]Nd2Fe1s and
(OOE) Fe2B H(l 11) Na2rel4s. Energy filtered (EF)-TEM and 3DAP results obtained from a fully HD processed
sample showed boron not only in the Fe,B phase but also at the NdH,/o-Fe interfaces in both weakly and highly
textured samples. High resolution STEM-HAADF image and nano-beam diffraction analysis from NdH,/a-Fe
interfaces showed that boron enrichment at these interfaces does not make a separate phase, such as iron boride.
However, there is boron enrichment more in Fe grain of the NdH»/a-Fe interface in nano-scale. Fig. 1(a) shows
EF-TEM maps of B and Nd for the fully HD processed sample with Py, = 30 kPa. Bright field (BF)-TEM
images obtained from the fully HD processed samples with different Pyp,"'” showed that the Fe,B regions in both



weakly and highly textured samples comprise of
several small Fe,B grains. Fig. 1 (b) and (c) shows BF
and dark field (DF)-TEM images obtained from fully
HD processed Pip,"°=30 kPa sample. The DF-TEM
image shows that the Fe,B sub-grains in boride region
of fully HD processed Pu,"” = 30 kPa sample is
strongly textured. Fig. 2 (a) shows BF-TEM image
taken from the sample fully HD processed at Py,"™" =
100 kPa. Superimposed EF-TEM maps of Nd (red), Fe
(Blue), and B (green), obtained from the same region as
Fig. 2(a), is shown in Fig. 2 (b). By comparing Fig. 2
(a) and (b), NdH,, o-Fe, and Fe,B phases can be
distinguished. Selected area diffraction patterns
obtained from different Fe,B grains in boride area are
shown in Fig. 2(c), indicating that the Fe,B grains in
the boride area are not well aligned in the sample fully
HD processed at PHZHD = 100 kPa. Orientation
relationship study of PHZHD = 30 kPa sample at early
DR processed stage showed that recombined
Nd,Fe;4B grains have direct orientation
relationship with the remaining Fe,B phase
from HD process. In addition, 3D SEM
tomography obtained from 3D serial sectioning
of BSE images from Py,""” = 30 kPa sample at
very early stage of DR process showed that the
recombined Nd,Fe ;4B grains nucleate at the
interface of Fe,B/NdH, grains and grow
through the interface of NdH,/a-Fe grains.
These microstructure investigations

indicate that the highly aligned Fe,B grains act

Fig. 2: (a) Bright field TEM image and (b)
superimposed energy filtered Nd, Fe, and B maps of
fully HD processed sample at Py,=100kPa. (c) Selected
area diffraction patterns obtained from different Fe,B
sub-grains in boride region.

(a) Highly textured sample (P,;,=30kPa)
Fully HD Early DR

as memory sites for the development of the
texture in the sample HD processed at PHZHD =
30 kPa, as shown schematically in Fig. 3,
consistent with the previously proposed texture
memory effect (TME) model. Importantly, it
can now be shown that the recombined

Fig. 3: Schematic illustration of microstructure evolution of
HDDR processed sample with (a) Pip'™> = 30 kPa (b) Pip'™° =
100 kPa. This figure shows that in the highly textured powder,
highly aligned Fe,B grains act as memory sites and remembering
the crystallographic orientation of initial Nd,Fe 4B grains and
transferring the same orientation to the recombined Nd,Fe4,B
grains.

Nd,Fe 4B phase nucleates at the interface of Fe,B with NdH, phase and grow through the interface of NdH,/a-Fe

interfaces and boron segregated at the NdH,/a-Fe interface acts as a boron source for the growth of the

recombined Nd,Fe 4B grains during DR process.
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1) K. Sugimura, et al.: 2014 Annual Conf. FMS IEEJ (2014). Fig. 4 Mlcrograph of weld part in laser
welding joint of SUS304 pipe
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Bi 7 =T A ~ ORISR O

R BIRE AR T R L IR T L R AN
("TRREBNLRY: EERF, 2 EERNIR LR
Characterization of magnetic and optical response in a single crystalline Bi-Ferrite
A. Yamaguchil, T. Yamamoto', Y. Utsumi', S. Nakashima?, H. Fujisawa2
('LASTI. Univ. of Hyogo, *Grad. Sch. Eng. Univ. of Hyogo)
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2), TORER, AFETHNDBI 7274 FONRY KXy v 71T, K264eV THDLZ ENDhoTz, ZD
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1) S.R.Basuetal., Appl. Phys. Lett. 92, 091905 (2008); P. Chen et al., Appl. Phys. Lett. 96, 131907 (2010).
2) J. M. Park, F. Gotoda, T. Kanashima, M. Okuyama and S. Nakashima, J. Kor. Phys. Soc. 59, 2537 (2011).
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Preparation and characterization of Y-type ferrite
Takuto Teraoka Xiaoxi Liu
( Shinshu university )
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1) “Low-Magnetic-Field Control of Electric Polarization Vector in a Helimagnet”

Shintaro Ishiwata, Yasujiro Taguchi, Hiroshi Murakawa, Yoshinori Onose, Yoshinori Tokura

SCIENCE Vol.319 21 MARCH 2008 (1643-1646)
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(111)ELIA] BiFeO; 2~ /v F 7 = A » 7 3Kz Fv o
R AT EE S EIINZ X 2 Rg Ak J7 1y il 4
A OB ORI thEE, A fE DI ek, R AL A U
(FKHKR)
Control of direction of magnetization by local electric field
in BiFeO; based multiferroic thin films with (111) orientation
S. Yoshimura, Y. Sugawara, J. Lu, G. Egawa, Y. Kinoshita, and H. Saito
(Akita Univ.)

IFCOHIT shpatk - smFEENEEZ RO~V F 7 2 A v 7 ENT, B E WX D8 M O J51AHIE, kB
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FER  Fig 112, FEEOD BFO FEEIEOMRTI 515 5 7= i 51 CTHEE L 72 BBFO IO FI b (M) &
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i EE R B S IR TR S U7 M O & [FIARE D 60 emu/cm® 23545 & 41, 7 R N
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P K 10 pClem® FEEE T 0, PLD 3% CHER R EiIcmE CfFR &
%wi%ﬂ%@ﬁ@ 50D 1L FThole. DK E LT BBFO A D
{LZEREN L OTNROMEBERBENRE T NS, Fig. 212, v LvF7xn
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A A BRI £ B LB E OIS, ZRZIRT. 0 © B parior fime omed Mo o8
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JQO)B"AW”E%%T/\/( X@%Eﬁj‘ Iﬁ%‘}T L/f‘ AHHE C I Fig. 2 (a) tpographlc(b) EFM, and (C)MFM images of ‘
REE DRI DWW THIRRETFETH D. Bij Ba, 4FeO; multiferroic film onto Ta/Pt underlayer.

ZZ 3R 1) D. H. Wang et al., Applied Physics Letter, 84, 212907 (2006) , 2) 1. O. Troyanchuk et al., Neorganicheskie
Materialy, 464,475 (2010), 3) & ¥ fih, 37 [BI A AR P2 FANREMEELE, 3aC-6

BEE FHEFMEHIIC ZHAMY £ LT, £ WERT WA - SURSSEAIESER L P ET
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h—T AMER 7 T A Z =BT 5 e D AiEiE

SR AT, RyE, NEEkr, mAREd T
(FEER, *HAEKR)
Different magnetization process of torus magnetic cluster
K. Terashima, K. Suzuki, K. Yamaguchi, T. Uchimoto*, T. Takagi*
(Fukushima Univ. *Touhoku Univ.)
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TSGR B B =mPHIE S &2 B % S;
T iBEHDOAE LR NLTHD D,

S,-S,
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HEEIAMUA~ S BB L, RAEIICRAE RS 5, 5 o5 1
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5 -0.51 E
BER 2
1) F.Q.Zhu, et. al, Adv. Mater. Vol.16, Issue 23-24, 2004, O 0z 00 ez o4

pp.2155-2159 Applied magnetic field

2) K. Yamaguchi, et. al, [EEE Transactions on Magnetics,
vol. 47,2011, pp. 1118-1121. with r=3, £ =10 repeat three times.

Fig.2 Hysteresis loops of torus ring cluster
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Accelerating method of micromagnetic simulation interpolating magnetization vector
T. Ataka, A. Furuya, J. Fujisaki, K. Shimizu, Y. Uehara, T. Tanaka, H. Oshima*
(Fujitsu Limited, *Fujitsu Laboratories Limited)
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1) A.Sakuma et al; J. Magn. Magn. 84 (1990) pp.52-58 =
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Fig.1 Conceptual diagram of interpolating Mesh size (nm)
magnetization vector Fig.2 Normalized coercivity of 2D calculation
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AulZn 7 =74 FNEBEIZRBIT A FRE T 7 AT OB EME

% RS, AL N, K. Brachwitz*, H. Hochmuth*, M. Lorenz*, M. Grundmann*, 1)11{% —
(B AR, *Univ. Leipzig)
Surface plasmon responding on magnetic field for Au / ZnFe;O. film
K. Narushima, Y. Ashizawa, K. Brachwitz*, H. Hochmuth*, M. Lorenz*, M. Grundmann*, and K. Nakagawa
(Nihon University, *Univ. Leipzig)
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0.18 ZoR L7z, @ RIEMMEMEL & IER BB NI IV TR

7T Rl ANMERISEN AT B TH D & 2R LT,
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AT —EBIL, FHFEF FAFE(B) No. 24760324, SCRME RIS K HIS AOBF 7 SR T S iR 3 PRk 25
~294F) DBk EZITT-

B3

1) J. B. Gonzalez-Diaz et al., Phys. Rev. B, 76, 153402 (2007).

2) Toru Tachikawa, Yoshito Ashizawa, and Katsuji Nakagawa, J. Magn. Soc. Jpn., 38, 135-138 (2014).
3) M. Bohraetal., Appl. Phys. Lett., 88, 262506 (2006).
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TENLT 7 A FICERIE L A~ AT — % v N ORRE R
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Buffer Layer Dependence of Bismuth Iron Garnet Prepared on Amorphous Substrates
N. Adachi, K. Hayashi, Y. Kiba, S. Fujiuchi and T. Ota
(Advanced Ceramics Research Laboratory, Nagoya Institute of Technology)
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ITVMEZ 7R L7o, Fig2 ISR ORBEMIEEZ 7, NdLIGOREN Y 7 v 7 13H5H DD, b7k
WEaR LT, £, WEBIEEZITo72 L 25 Bi 3 TV L FEME G I 40nm F2 5 ORE SRR BIEE T & 72,
ZHNHOFERN S NAY, ICOBA T, FEEE A 2 ot s AR U, Bi 2 & TfEEE 1 3 Itz Bk
FELTWD EEDOND, ZNHD T LD FHMNRD 6T EED BIG [ZUTV VEEE 2 Wb 2 & T,
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References

1) N. Adachi, T. Ota, Journal of the Ceramic Society of Japan 122(1), 40-43 (2014)
2) T. Ishibashi, T. Yoshida, T. Kobayashi, S. Ikehara and T. Nishi, J. Appl. Phys 113, 17A926 (2013)
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Fig.1. Faraday hysteresis curves at 635 Fig.2. SEM micrograph of buffer layers (a: BiY2IG, b: BiNd2IG, c:
nm of BIG/buffer on glass substrates NdY2IG)
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T T4 NEHTIA TGRS DT
A BT K DWR T A T IV R
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Magneto-chiral effects by a meta-molecule consisting of a ferrite rod and copper chiral structure
Satoshi Tomita, Kei Sawada*, Andrey Porokhnyuk**, Tetsuya Ueda**
(GSMS-NAIST, *RIKEN SPring-8 Center, **Kyoto Inst. Tech.)
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Characterization of Ndy sBi» sFes.;GayO1, (y =0, 0.5, 1) films on glass substrates
prepared by Metal Organic Decomposition (MOD) method
G. Lou, M. Sasaki, T. Hashinaka, A. Meguro, M. Ninomiya, T. Ishibashi
(Nagaoka Univ. of Tech.)
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%, Mr/Ms DI, y=0,0.5, 11OV TEALN, 0.11, 023, 083 Thotz, LEDZ b, Fhx 23BI%
L 72 NdgsBiysFesGa,012 (y =0, 0.5, 1) #EIX, K777 77 —2hRAMR Lo E F. BRI Sl
HIEMHRRTOHDZ ENbhoTz, FEMIZOWTIE, YH®RET D,
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Fig.1 Faraday hysteresis of Nd, sBi, sFes.,Ga,O; films; (a) y = 0, (b) 0.5 and (¢)1.
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[1] T. Yoshida, et al., European Phys. J. Web of Conf. (in press)
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Effect of Spin-dependent Scattering on Optical Properties for Co/Ru Multilayer Film
S. Saito', S. Mizuno®, K. Akahane', H. Sato”, and H. Uchida® (' Tohoku Univ., * Tohoku Inst. Tech.)
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MML7-, Fig. 2 (& —fl& LT mBrtEmERsEa %2892 [Co(4 nm)/ Ru(0.7
nm)]y, ZEED (a) Bt M FBLO (b) #E 1550 nm TOE@EROEIIRE R
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ENDND, ZIUTHIG L THEIERR (b) (X, 10 kOe 7DD LiisD, R
WEETITAIFIE D S 1% BENMEL 725, 202 & LV ERFEIIZ, 77 A
NHERTE DERIMER TS R ATEETH 5 Z & b o7, Fig 3 121X
BUSALBRFEOMA e ATV VAW BRI NAE L RE D T —~ T
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SEX# 1) M. N. Baibich et asor
) Fiber G Hall senso Fiber
al.,, PRL, 61,2472 (1988). 2) A. ®
B. Granovskii et al., JETP, 89, () § | .
Halogen lamp L1 L2 L3 L4 Spectrometer
955 (1999). 3) V. G. Kravets et D Sample
al., PRB, 65, 054415 (2002). 4) Electromagnet
M. Vopsaroiu et al., Rev. Sci. Fig. 1 Sketch of the spectroscopic

magneto-refractive measurement system. L1-L4

Instrum., 75, 3127 (2004). . o
strum ( ) are condensing and collimation lens
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Fundamental study on colorization of magneto-optical three dimensional display
H. Takagi, K. Kudo, K. Nakamura, T. Goto, P. B. Lim, M. Inoue
(Toyohashi Univ. Tech.)
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1) D. Gabor, Nature, 161, 777 (1948).
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Formation of magnetophotonic crystals with cerium substituted yttrium iron garnets
Taichi Goto, Takuya Yoshimoto, Naoki Kanazawa, Ryosuke Isogai,
Hiroyuki Takagi, Caroline A. Ross*, Mitsuteru Inoue
(Toyohashi Univ. Tech., *MIT)
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1) Y. Haga, et al., J. Magn. Soc. Jpn., 36, 54 (2012). sample comprising garnet substrate/
2) T Goto, et al., Opt. Express, 21, 19648 (2013). 8i0,/(Ta,05/Si0,)*/Ce YIG/(SiOy/

3) T. Goto, etal.,J. Appl. Phys., 113, 17A939 (2013). TaZO5)8.
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Study on Diffraction Efficiency of Volumetric Magnetic Holograms with Magnetophotonic Crystal
R. Isogai, K. Kobayashi, S. Suzuki, T. Goto, H. Takagi, Y. Nakamura, P. B. Lim, and M. Inoue
(Toyohashi University of Technology)
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1) R.Isogai, N. Sagara, T. Goto, Y. Nakamura, P. B. Lim, et al., J. Magn. Soc. Jpn., 38, pp.119-122 (2014).
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The Diffraction Efficiency of Magnetic Volumetric Hologram in Magnetic-Garnet/Alumina Multilayer Film
K. Kobayashi, R. Isogai, S. Suzuki, T. Goto, H. Takagi, P. B. Lim, Y. Nakamura and M. Inoue
(Toyohashi Univ. Tech.)
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RSNER 7 ) v PoRkE, BEEOZA L ADETFig.1i1c & %] .
T, BOK S ICHBIECIIMRE LI TREET s 7Y v URE £ O o
PRDIEIKIC KV A L. RAMARL T ) o VoRS AR § g
STW5, ZHICH L, #FiFL7ZEETIIHE TV v Y ofEe g@h

P BRT Y OBV D E TR TES Z by £ T P

o, Fig 2 [Tfix DEXIAZT X —HE TIE LB e © | AAAAAAAAALLL
SEBORGTHEERT, BEETICL—FRBERO 7 Uy L aah

Tk % D= BT A iR TR LTV 5, Ko X 5 IC kT 200 40 G0 B0 100

Light energy density (mJ/cm?®)

(349 50 myfem® LA B TN AR LTV D28, ZEIEEZHVS  Fig, 2 Diffraction efficiency of the

Z & T80 miem? 2\ T 0.28%, 100 ml/cm? Tix 0.35% D[4 multilayer film and single-layer film.
EKR{ O, L—FREEZORBIKE ZIEFREOMEEL R Lz, ZhE ) BICEELZE L EEESE %
WD Z L TUEWEISRNP I TE D 2 Lo 7o, BE TR FTEOFME IOV T HLIMET 5,

B (R S. Baek, H. Sakurai, P. B. Lim, A. V. Baryshev, et al, IEICE Technical Report, vol. 111, pp. 21-25 (2011)
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RN FIRITLT A AL AITLD
T L— 1YLk ra 7T LFKRD T

HRTFIR, mIARZESE, #%AEK—, LimPang Boey, Jf FJtiE
(BHBEAR)
Fundamental study on magneto-optic three dimensional displays for gray-level holograms
K. Nakamura, H. Takagi, T. Goto, P. B. Lim, M. Inoue
(Toyohashi Univ. Tech.)
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[FCOHIC ARRIAEBEFRRTDZIENTED SRR R/FHIFE LTEFFRR 77008355, Fhxld,
T FHEEHT A Y U A8 — % > F(BiDyYFeAlGarnet) Z V72 ISREF A DRGSR N F 3R ITTT 4 A7 LA
IZOWTHIEZ T CTE 72, B BAMIEITET FLAGTRB L OEWREZALAZHAN TS, L—1k
IZE > TH = U—IRBELL EICIBAS 7= 00E, T80 ORED B OREFR T AR bR LEER E 7 'L
BT 5. 2O, R 7BV EFZBRT LT 777 —HlinfAl. BEBLKEOTLD 2EOHRTH Y,
FoRTHERT T T HIANA TV =R ST A Tholz., 77 77 —HiEfi% 2 ENLEMELTEHZ LT, &
D EYGENFEER BRI ENTEXA T L — L~ LDFha s T Ak FEnrtksd 227, AT, 77
77— RIS ZMRAE 7 BV ORIE S Bisk O = VX — Ik FT 5 Z LICEB L, Ok
TANAX—ZHIET 5 2 & TR Y B VO LT 21T 7

KRERAE WRE 7L, RS SRR E D SIS IV LR E U 5. AN, R
FNX—ZHIEHT 22 LT, REANPOMILKEET 2RI ZHETE2 LB 27, 77 77 —bliEMIEIRdtic
KIET2Z L, BRE 7 BEVORMIRS ZHET 52 & TEEMRLEITo7o. BT —3 v MERIZ,

HRE = % /L 2 — % 58 mllem?® ~ 83 ml/em? £ TZAL S8 TEWEA LR Z 1T\, BULEERDE Utk 7 7
77— R O LA RIE LTz, BWERGLERICIE, NG MDA R HICRR Lo XY — o i/ NG
T5 2L THUNRBRE 7 BNV ETER T D24 V) VR B, B L7ERIE, #E 532im, 2oL
AHE 10 ns, FIREHHI0HZ DSV AL —FTH D, £, BRE 7 B/LORETRIIKT DRI D2 L
ERET DD, 24V 7 HFRE O TG 1.36 yum O 4 8: 3

HEA— % M RIZHIAZ, AMDGRIEIS 5 1 KEDEORIE ol &

IR E UCHIE L. gz.zg- i

RBEER BIDET AR —WEHT 57 7 77— 0 §osof "

FALE A Lo, IO 7 77 —FafAE 1 L LTlkkL 0%

fl%%% Flgl a:%j— ﬁ'@%‘fﬁlﬁi*wi\"_@iﬁﬂmi Lf:?ﬁ’)f, 77 %0_45‘ -
FF—EEARELLTND Z & 8bns. JHEBFE=xL® Eoal—e o

— OIRETRAL IR L O 7 77 —[Elisf 2 HlH cX 72729
LEZOND. Fig2 I TIROBRE 7 B2 — L %k LT
ONFIAZNREZ T, FRADRITT 7 77 —AEEAICEKFE L TV
L2 ED, BT IR —IZL > CHRAHIRE LR &Iz,
BRI, 1FEF S 72 0 0.1 mdfem? O IRFH = 3 L —DfilfEic L v,
6 BEFHEHFDHZENTED., ZNHDFRERND, B ELOMS
HEAERICHIE CE 2HT R AROREERIES: 3 RoeT 4+ A7 1A
IZBWT, Bt F—DflEIlc L R E 7 B VOl %
fEfLCTEDZ ERENT.
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1) D. Gabor, Nature, 161, 777 (1948).
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Electronic structure and magnetotransport properties of graphene/cobalt junctions
Shiro Entani, Hiroshi Naramoto, Seiji Sakai
(Advanced Science Research Center, Japan Atomic Energy Agency)

WA, 7772 E0F ) RBSLHEED T AW TAE Y hr= ABRFEBEINTWVWS, 250
MEFCIXA C - BB AERN NS N EFIZE D BV AE UAREE 72 SENT A B R RRE O R BN
HfFESNTWnD, BAIIAE L FEARRER SICEAET 5017070/ IREWE L SR & o mIcER L,
Wtk - DT T —FIC L O TAY Y e =7 AFTFOBEEELZEE L 0D D, 777 = v LRk
EEORIETIE, 777 = /NIDRT T 7 = 2/Co(0001) REIZBWNTALE Y 7 4 VX —ZhRNEHS S
ZEMHRIICHER SN TWAN Y, V77 = SR~ T oS E W EEEE (CPP) AL NL
T HEA TIERE RBEIESTDRITERIC B S h Tuhan Y,

AWFZETIL, Co/ VT 7 =2 /Co ¥ Z AW CPP A U NIV THTFITHBNWT Y T 7 = 0BT X AR
fREEMEDOBAC R, BEEIE L= T 7 = MU SRR EETER YL, Co BBEICHATL Z &
TRTIEEH LT, 7772V ERORD —HORZIZHBNT, A— I v 7HEMBPEREND & &I,
FIRICB W TEOKSKIEIINERI SN, BKIERLRZEBE3IB I I 72 v HHWEZETFTENREN 0.1 -
02%B L 1N0.7-08%TdH D Z LNy ho
oo 777V BEICK DT T 7 = 2/Co )

REDOETFRIED AL Z T T ~ + 43 %™ e N

THAZE A (R), WEE 2@ Lo _ pretne e || 2\§h4h Stifening

777 2T, REIZEIT S Co & DO %_ﬂ’/a\~——$?€0 o f{ : )
. N S A ™ s

HEROREFHENE D Z EXgnoTz, 2 g i NN ; % 21 Softening

JELL LD e —2 27 MiE Co 12 b D& ar o~ |,

(BT)OR—EL 7k T2 2L gi:::ﬁz:::4 54*

WTED, — 05, BEZ 77 = THIERS i ; of

NI ~D KX 72> 7 MIERBE : . — -8 , L .

B 20 CIELH C X 7R SRR AR 1550 1600 1650 0 5 10 multi layer

T S e e N e Raman shift (om ) Number of graphene layer

7= HWIZFEF T, Co FENCHEIT  Figure: A pair of G band Raman spectra obtained from the

LHEWHAEEINZ LY 777 = DFEF graphene/Co heterostructure and pristine graphene with

WREANEGH L A BB A RMNME T LT different graphene layers number (left). Graphene layers

ZenREBEZLND, number dependences of the Raman G band shifts by Co
depositions (right).
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1) S. Sakai et al., Appl. Phys. Lett. 91 (2007) 242104. Y. Matsumoto et al., Chem. Phys. Lett. 470 (2009) 244.
2) Karpan et al., Phys. Rev. Lett. 99 (2007) 176602.

3) T. M. G. Mohiuddin et al., IEEE Trans. Magn. 33 (2008) 2624. M. Z. Igbal et al., Nano Res. 6 (2013) 373.
4) S. Entanietal., J. Appl. Phys. 111 (2012) 064324.

5) S. Entani et al., J. Phys. Chem. C 114 (2010) 20042.
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U5 7z ) URACET BTy DREEE A LIASE D KRN & 5 B

RGAEW, KZFEKR, T
(BLEK - W)
Effect of Hydrogenation on Spin Transports via the Edge States in Graphene Nano-Ribbon
Kouhei Inuzuka, Syuta Honda, and Nobuyuki Sano
(Univ. Tsukuba)

XLC®HIZ
777 =3 um L EOFFEFICE DA UEME RO Z ENERMICHER SN TR Y, AU RERE - ~OF AR
BEINTWD, 72, 77 720Dy DIEAE Yo Lz v VIRIBICER T 2BMENEHN D LW I ERAFHEICK
VIESNTWDS D BELEICY IS Ty CEFORONN YT 7 =2 F 7 VR (GNR) TIEA B 504 L 7ol
®9ﬁzt/®I//ﬁ%@S®#7mw TR IR SNE, MOy PORKELITZ GNR IZEBW

TiE, ESo2 N LB EEZFIATL2 2 E TRES AV UGB LI BEEZB LN, LhL, V7P Ty UBNKELLIN
22812k Y EScldiHiT 5, MAmNKFRILINTSHE. ESonNTFIET 2 ik & HI L7 Sl AN RIET 2, 7oL —
%B“C“%?k%ﬁiﬁbﬂéﬂfb‘fib‘bﬁfﬁﬁ&)ﬂ ¥, ESoZz M LImERBHEITEL Y 5 5, £I2T, AIFETIE, MIENERE
AW REFHFEIZEL Y, KEMND ESc2 N LI BEEICED L ) IZHBEE 52D 0EHD,

stHAE (a)’ Le_©_6 & L .. o e, .
757 = EEFBTOERY — FEAE NS, 757 T:i”?”?”?"? I ﬁ 4
= > DOIEX 8 chains, {5 )7 [H D& X (L)1 50.5 chains TH v, 4 V‘V‘(“G‘v \d c c 9 """"
BY— RIEEBFERTH D, 777 =8y 7 (m

Ty PEEBFSTBY, 7T—AF 2Ty P TEBY — Re# z P o '

ZII z‘*“‘”

N NAYA &
BB, E1, MVE AU I Iy VDD bk R o te e a*«t‘v ARATR S

WCAKFIL L, bIRFFTET o FLIKFL LTSS, BRI

KFELTSa (Fig) 2 BT 2, EFRE, BXUSEOFEREIC ! L A
x4 F/\4’ YT A TET IV, BIBINE BRSO AR
Kz NS 2, Fig. 1 Structure of one-edge-side of the metal/

GNR/metal junction for (a) hydrogenated type I

E‘I‘Eﬁ*% and (b) type II with Mi=2 and L= 9.5 chains.
T B DTKFEL LGB W TIE, ESoha X7 X A

TCoDH > 7 VT KB IO BT 6k LHaE BRI /s Ui,
F 7=, KFEM Fig.1(@)D & o i2d 0o B T Ne BRI S =5

SMOIE, AFMHMICA L Clol AN L (Fig2 #8). <
Fig.2(0)? & 5 12 NH H DA & — 78 X A3EHRAIIZ 72 > TW %
HREEADIZR T Dol 13Tl J::;M L 722 o 7= (Fig.2 i), o F é
0. KENREHMLEHACHBNTS o BUEO= v DIRREES
BT B b A DL S, E
&)

BE R

1) N. Ota: J. Mag. Soc. Jpn., 37, 3 (2013).

2)  Yamamura, et., al.: J. Mag. Soc. Jpn., 34, 34 (2010). Fig. 2 conductance via Eso of the junction with
L =50.5 chain. Dotted line is the conductance
of the junction with all-hydrogenated GNR.



2aD -3 F38MEl HAMK PRI (2014)

MBE |2 £ % ZnTe/ZnMnTe = t° % % > ¥ VRO FE S O Fadt

ARIER, BRI
(f& 1 TR)
Luminescence conditions for ZnTe/ZnMnTe films grown on sapphire substrates by MBE
Masaaki Imamura, Yuuki Fujimura
(Fukuoka Institute of Technology)

[FL&HIZ

EHEEBR O N -VULAEW BRI Z R T 2 RV D X 1 I T -VIILAY -5k CdTe, ZnTe,
ZnSe, ZnS DFER TOEERH = 1L X — 0 11 R E SR TS Mn IRERFEEZ RS, ZnTe D/ R X /L¥F
—132.28eV (2 =544 nm) TH Y FEEOLD OFIEIE 532 nm (2.33 eV) IZFEF 1TV, DAL AL ZnTe/ZnMnTe
ZW 7 7 A 7 HAHR C T MBE (Z X D AERR L2 RS RIEOF I ZT <D Z & & Lie, mkiZe BIEITE Ol
B FRED S & G BRI ORISR (Zeeman Zh5F) L BIRT 2032 FRICTHRDL Z &L THHD, F
T ZnTe 3 L N ZnMnTe HEEORBSLM AR T H2LENRH V| KM EREZEAL LT TN Z & & LT,
EBRAE

ZnTe/ZnMnTe 5% MBE %£E (1 L 0 FARIEE 300°C, ZnTe £ /LR 470°C. MnTe B/VIRFE 670-690°C T, 8
REZE T S THRI 2 um OIREVERR L7z, ZREHEITR 1A THDH, FHALY FVHIERERE L Vortran D
405nm, 100mW LD J&JR ., i EBFEh FTE 72 Jobin Yvon H-20 & / 77 10 A — & LiERAR b =27 AD PMT (2 & ¥ #%
L7z, B/ 7 aA—% AFHINZ 450nm O 7 > Z /8 A « 7 ¢ )L Zffi 5T 405nm LD KA LTS,
EERER

2@ S BB ZnTe 2NV 7 HiffdR O XRD IZ K D BT A7 M v &4, BRI 0.3mm Th D, 2
0 =252 FEIZHROVATDEIHT AT MV ZBIRI L 7o, KO)NEY 7 7 A 7 5 C IR S 872 ZnTe JETH 5 7
[T &) DFRNART "VEBHI L7, FIEEK 3(@) & OITRT L OI1Z, 237 TIEHERTH M
FEIERBLAITE 208, FERESUECIXME/2 AT R OVIZBLIIICE TV 2y, B RHEED /X4 — (XX 4 1Z
RTEICNAB—IZENEDTh o722 &b, XRD /AN — 2 LT, BIIFRIRFE S DO ZHE M L HEZL S
Do St V77 A THOM EFHEE S DTV, B VERIC XD EREEE O T RREEIT O e L
R Z FE531AT - T 207 s ah Rk & RIFREE DR Ah 2 % ZnTe/ZnMnTe A4 F372 0,

AT FAVRTEIZ DN T KON ZnTe HLE AR DML A AN 72 0) 1| s S O BB & L £ 37

10 ‘ ‘ ‘ ‘ 14000

g -5 12000 (a) ZnTe Bulk Single Crystal T (b) ZnTe Film
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BUEHEA S 535 TIRBLL 72 MGN IO RESGURSIE ~28 38 BT~

FEJR Fntst, A EE
(HAERF)
Magnetic properties of MnyN films fabricated by reactive sputtering method ~dependence of N content~
Kazuki Kabara and Masakiyo Tsunoda
(Tohoku Univ.)

IZL&IC

MEE LR T EPMA) &2 A3 DM O BRI < F T b s, o CIREMBALEZ AT 28 EHE,
SRt oA %2 3 % HDD A T B GRS B B[], IR IREIREE D A B U EAFA T &
LTI ARXAEYFIMELE LTSN TWD, 7 = U Bk CIRE R 29 5 MnyN 2 PMA % 7~
FTZENFMBA [2][3]. A TR B X S RIS K0 AR L 72 3B CIE 2.2x10%rglce @ PMA SRS S
TW5H[4], MmN 1X fec Mn DIEIMIEICEZZNREA LIESESEFOZ b, ZRD MngN EHEO B
WCRTETRELPSINTT 5 2 L2 AT, MngN IR O /FRIRE 2 32 & HURAFPE I SO W TR 21T o 7o,
REBRAE

MgO AL 12 100 nm @ Mn-N Z/ERL L7, Mn-N #[EiZ, Mn % —7% > b % VT Ar+0-14%N, O
BAET AL DPOENE~ 7R ha v A8y ZIETIBR L HERHIELH2 (O ROIRAEE PN C ARSI BB 4 il L 72,
F o RABHA % EREBA I8 & LT Ta 4 2 nm HERE S8 70, (ERL U 7 MO 5 i 2 XBRIEIPTE (XRD)
T, BERFHE 2 IRENEERE ) 518 L OWER bV 7 5H & D CTHIE L7z,

EKEHER

FROMVBL X7z, £72. MgO FE# & MnyN 2 RijiZ Mg 0[200](002)
[ Mn;N[200](002) D = &° & & L v )WER N 8 5 Z L MR TE 5, &
512 MnyN OFEAIRE T & 5 (100),(110) BIFTHAR AR TE L Z LN B R
B 7 MN EIEN TETWD, L LR E, BRREH 20280
Ta,B-Mn, 14%IZ 3T MngN, DOEIFTHE B S 7= 2 &b MmN i R }
B %135 I BRI R ORBAEE ChH D 2 L BYmot, oot

Fig.2 ICWRFrFME DRI B IR F M2 7R 77, B3 &M 2> . 260,-p (degree Cu-Ka)

. ) , e N e ore Fig.1. In-plane XRD profile of MnsN films.
6 'f%l‘ Eﬂf:%H%EP wﬁﬂ%%*E L: Elg—g« é ‘rﬁ %&%{T‘rﬁa L/T l/ A z) o ﬁﬁﬁjitt The Scattering factor (Q) was set along
8%IZ 3V \Tﬁ’ﬂ%ﬂﬁéﬂt(llOemu/cc)\ ﬁ[ﬁﬁé@ﬁiﬁﬁi*wﬁ%@xlﬁ MgO[200](black line) and MgO[220](gray
erg/ec) AT KAE A7 LT D, ZHRITRILAE 8% 5%~k /&< line).

Fig.1 I ZH IR & (L S 72 MnN JI5O in-plane XRD 77 |8 12§ lg 1§ rwose g
7ANETT, BTOERFRLICHEOT MLN ©(200),220) 0 ~FZ T F Wy g "™z
i

Log Intensity (a.u.)

5 &, MnN BAHIZ GBI S fafuiifl, mEBRETEZL o) 15
F—LH 0 LAMITIHD L TV D, XRD IZ X 2 HEEMAT OFERD o MmN ]
HlE, BHRMELOE T I TROMIBEDOERN KB LTS Z i ]
LRI ST, FRb b ERN KM L MRS T, =) 8 OOF 0=
WEMERCH] L 72 Mn ORGSR T — A > b S OBBEMERC SN 281k L 7= 7= % i ] §
DIEIFIRAL B L O PMA BB L-b D B2 bRA, gw: ;Sg
L 2PN I :

1) H.Nemoto, et al.,J. Magn. Mag. Mater.320 (2008) 3144-3150. 00_' —— é S '1'0' ——s
2) K. Ching etal., Appl. Surf. Sci. 92 (1996) 471. N, flow ratio (%)

3) S. Nakagawa et al., J. Magn. Mag. Mater.140-144 (1995) 715-716. Fig.2. Magnetic property of MnsN films as
4) Y. Yasutomi et al., J. Appl. Phys. 115 (2014) 17A935 a function of N2 flow ratio.
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CosFeSi/MgO K X MgO/COQFe& s OVERL & FEm

gnoR PETL, MR OtE, mA K, HI s
CGRRTERY #HILFER B L7HEK)
Co2FeSi/MgO and MgO/CozFeSi structures with perpendicular magnetic anisotropy formed by
facing targets sputtering method
T. Suzuki, K. Shinohara, Y. Takamura, and S. Nakagawa
(Dept. of Physical Electronics, Tokyo Institute of Technology)

XL

BRI YEE G T DN —7 AOVTRIEMER(HME) 1%, B R LRSS s oL G (MTI) IS5 F T REZ2 =)
A BB L TEHEETHD. Co2FeSi(CFS)X° CooFeSiixAl 72X D CosFe R 7 /NVRAAT—54:1E MTI DOk
¥ RNREEARTI(TMR) L Ol FEAR AT NE72 HMF AL CHIFFSI TG, 7, CoFe R a41E MgO LD
RENC B W TR B E T HERFH RSN, BEMKEGTELROZENRESN TS, DINETH AL, ktm4
— KA HEIZLY CFS & MgO #IEOBE#EZERL, HMF LU CHifFEn5 CFS IZBWTH IR E R
KB FEPRFEBLTHI AR TEL. RS TIL, CFS @ MTJ #§i&E~0i F FI e IZ W TG & T 72,
AEHER L 3l 5 1

FUBHISS 1) 22— 7 A S 2 EA IO CTERIL 72, BB OREIEIE, MTS o R EMAARELZ MgO(001)H
fE R FEAR/Pd 237 7(20 nm)/CFS(1 nm)/MgO(2 or 0 nm)/Ta &, E¥EMEEELZ MgO FHA/PA(20
nm)/MgO(2 nm)/CFS(1 nm)/Ta LU7-. & TORITIEMRE 300°C THRIEL7=. CFS J8 DS M1L, Ar TR0
KA 0.13 Pa), L —h:0.05 nm/s £L72. MgO J&1% Mg #—7 v MR FRIC LD RUSHEAR S 22 K0 ERIL
7o A A AMIC 1 X AR E T (XRD)Z, SRR I AR HR B R /) 5 HVSM) 2 iV vz,
EBRAE R

Fig. 112 CFS J@7 MgO J& D THIINLIE 35 T B A & SR i BRGS0 T~ e b R 27~ 3. B
IR A R o T L — 7 RO, (FRUTEI DN REMRE T EEZ AL TWDAIEN Tz, —F, MgO %
HERE U7 BUBE CI IR R O AR L — 7 2 fERB L 7o, 2, BEERRSE G PEORIED CFS Jg & MgO g D ftmE1c
LD THHZEERL TN, Fig. 212 CFS JE4 MgO JEd Ll JL%@“Z)L*BE%W*”%LuiUer@ﬁﬁMKEHEIn"‘?%
9. MgO EIZ CFS R LT=356, TEMRIE AR TERh o7, Ziudk CFS OEOEWZEDLH D
EBZHND. FIETIE, Ny 778X CFS &, MgO B OIER G4 3REIL, MgO & CFS ORiEHEEICRVCHE
BB EREONDRIFIZONTigm L7200,
B R
1) Z.C.Wen, H. Sukegawa, S. Mitani, and K. Inomata, J. Appl. Phys. 98, 242507 (2011).

2) Y. Takamura, T. Suzuki, Y. Fujino, and S. Nakagawa, J. Appl. Phys. 115, 17C732 (2014).

1500 ———T ] 1500 —————
CFSundengO

o 1 S CFS on MgO ]
© 1000F 3 © 1000F .
3 3 A e o] = r ]
§ 500} § s00r
S o S of
= PR SOoeEs T g CFS(inm) | ]
£ -500¢ = ool & -500f ugo @om) |
51000} eem | 51000} mem |
g _ w/ MgO MgO(001) sub. _ g F MgO(001)sub. | ]
1500 —— e e e ABOOE
-5 -2.5 0 25 5 -5 -2.5 0 2.5 5
Perpendicular magnetic field (kOe) Perpendicular magnetic field (kOe)

Fig. 1. M-H loops of CFS films under an MgO film Fig. 2. An M-H loop of a CFS film on an MgO film
and w/o an MgO film
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("3 —2r Kk, PIST & & H0F)
Band-gap measurements of Heusler alloy films using circularly-polarised infrared light
T. F. Alhuwaymel ! R. M. Abdullah', O. Whear', T. Huminiuc ', R. Carpenter ' M. El-Gomati '
and A. Hirohata '
(' Univ. of York and * JST-PRESTO)

FC®HIC

Ay ha =Y ABEFONEEE ESE B0, A USREDN 100%E 725/ —T A B2 JLIRREME R 5
DN BBETH D, FICHBBN—T ANV E L THHENTVDEHRART —E8ERIZBW T, T8
BIJEE & 2 iR O FER R BES TN R EN D, £ 2T, AU TITEBIMEE WA Ry v 7
HEFEZREL, BEANA—TAZNVOEIICHITTZT — KNy 7 2L 5,
EEBRAE

LR L ICmRA R E AN T, A AT —GE&EET OB A 2R LBELEZ Y, 5
MRt EF 2 v /3—IZX Y 17THz D7V R L LT, dFERAENIS 45° 0O CAR Uiz, @RI K ARA %
HE L., £OMEGORE % NS B ER IR T, vVal T —b LI~ /U7 14—
BIAE L DHRERER LT, ZOB~A VT 4 =AU DOHRNT =V IMFICANY Ry v 72 (535
7o, NURX Y v 7ORE SIS U RN ORI & 5 L MfF S D, o TG DM EITIRIF L
TR EREDEZEZNET HZ LT, N RF Yy v TOREIZAEL DL ENAREE 0D, RBRAEIX
ARSI L2 AV, vy 74 VHIERZ N L CHlE LT,

ERER

2 nm /& Ru J& THE# S U727 23 nm JE DL H5 L CooFeSi il 2 SRR HIE L2 f B2 X 2 1RT, MRIEE#O
OB Y 400°C T 3~6 BEEIZEVLER U 72308, 13.2 um DR TH 200 mV o B8 58 B DA GE AR 406 D
WA E STz, ZAUFA 0.094 eV DN R v o FIZHIET D, TOXIICHEIRTH AN KXy v 7%
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Fig. 1 Schematic diagram of the experimental setup.  Fig. 2 Difference in intensity between the fields
with the N-/S-pole upwards for Co,FeSi/MgO as-

2% CER deposited and after annealing at 400°C for < 6 h.

1) A.Hirohata et al., Curr. Opin. Solid State Mater. Sci. 10, 93 (2006).

2) T.F. Alhuwaymel et al., IEEE Trans. Magn. (in press).
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Magnetic properties of Mn-Co-V-Ga Heusler alloy thin film
T. Tsuchiya, T. Sugiyama, T. Kubota, . Narita, M. Mizuguchi, T. Ueno*, N. Inami**,
K. Ono**, and K. Takanashi
(IMR, Tohoku Univ., *NIMS, **KEK)
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Mn DT NVHRA AT —EB81E, —HOMBRN 7 = VBIETH Y, £, BEE AU PERITRMm L 72
IN=T AENAMETH D L ENTVA.Y Mn, VAL Mn,VGa 13 DRFERIZRMAR TH 0, 20 7 3k, R
ZNENOHITTINE TS O REBHE S TNDE Y

7 = YR AN—T A Z VIR A 2T —BBITEBMER A 2T —84 L L TRAED /NS WiZ), A B
N7 R LTe AR IZ 361 2 EIE E ORI A2 Th 2 L E X bivd. HIZ, Galanakis H O PR FHA
IZARIUE, Mn,VZ (Z=A1%) KA AT —5H40 Mn A b % Co TEMT S Z & T, Mn DRERE— A2 b2
CoDE—AL Mo THiESH, HHM TRME Y m D AN—T7 A Z LRI E D L SN TEY 9, BIEIC
BALDOKE SEFIFTE DN —T AL NMELE L CTHBRBENHK TH 5.

ARFFETlE, (Mn-Co),VGa D Co Mk & BN EL S BT B X X U v LR A (ERL L, & ORESr
WEHONITHZEEENE LT

EERFE

AREHTEEEZE~ 7 % ba o ANy ZAEE 2 O TERL L 72, EAUE MO (100) Hifkk fhFa R 2 v 72 B
ANC Ar A A CHEMRER 2 IV 7 LERRE O & bR Lz O HISHERREHE T HUE &2 O3 )
S U 7=, BMBEHRR L I XML EE % S5 7 © 700°C O] T2 b S 872, BRI Mn, Co, V-Ga D 3 FED 4 & #
—7y FEAWERIFA Sy 22X 01T, EEFRIIS 2 DX —7y h~OBRANEBENEELSEDLZ LT
THEE L. BIEOMEOITITEF 70—~ A 7 a7 574 % — (EPMA) Z M\, fhdid, mxttz 2
N, X FREIPTEEE(XRD), BB (VSM) & FVCRFi L 7=,

EERER
XRD (Z L % 5 S s AT OS5 F, AR %2 700°C &35 2 & T Co A 0 — 35at.% O#iPH T L2, HLHIEE
EHTHTEH X v LN G LT, Fig. 1ICER THIE L 72 8Fni L 0 Co MUK TFME 2 7~ 4. Co ML D
B RIZEE DAL IR B2 277 L, Co 25at.% UL EDFMR TIZIEE 1 &7 b, BB o & 722 DI
fk6) OFFEAMERLE —ET 200, BEONHEGR TR fE L TWHAENE I DOV TIEE B 5FHEN L
ECTh 5. T, KIRTOBMERINIE, MM Atk X oK VO
FE—RA L FNOBEERFIZOVWTHERTATETH S,

BT - ARWFIEO—ERIL IST EERELFE T L R FE e 252 Q
(SICORP-EU, HARFIR) D Ejf&IZ & v {Thhr-. = 200 1
BEYH ; o

s 100F -

1) L Galanakis, et al: Phys. Rev. B 66, 174429 (2002).
2) Y. Yoshida, et al: J. Phys. Soc. Jpn. 50, 2003 (1981).
3) K. Ramesh, et al: J. Mag. Mag. Mater. 320, 2737 (2008). 00 . 1'0 . 210 O 3(3 O
4) T.Kubota, et al: Appl. Phys. Lett. 95, 22503 (2009). )

Co concentration (at.%)
5) C.Klewe, et al: J. Phys. Cond. Matt. 25, 076001 (2013).
6) 1. Galanakis, et al., Phys. Rev. B 75, 092407 (2007).

O

Fig. 1 Co-concentration dependence of saturation

magnetization (M ) for the Mn-Co-V-Ga films
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MnCoGa &47EIZ BT 5 2 FH xR MR

AKECRRER, LB, BT, EEES, mREA%K
(BAE R e4T)
Anomalous Nernst effect in MnCoGa alloy thin films
M. Mizuguchi, M. Inoue, T. Sugiyama, T. Kubota, K. Takanashi
(IMR, Tohoku Univ.)
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éwt&\%ﬁﬁXt/FD%7XTA4X“@KWW%ﬁéhTWé FriZ. D0y, Mn;Ga HLAI& 4213
ColfFZmMT DI LITLY, BMREFTMEOREZIERHIZEMLSELNLZEDBMONTEBY, ZOHRD
Bz R R TR D 2 LT BEREW e iX, ZhE T L1 FePt 4R A L E LT, TOR
WL A RHROPEEFTO R R G L OB E A S I LT E P 2 2 T URHFSE TlE MnCoGa
AEHEOBRE IR ER ST HZ L2 HNE LT, TORE RV A NIREZH T, Co DHINEE
PS5 Z LIC RV RER B MEE B S HBHC OW T, B RL v A MR ORI IEME 7 & A 3RS

;H/\fLO

\

l

EBAE

BEEE~ A b ANy 2 7L DRE B L7z, MnGa # —7 v hEBL W Co ¥ —7 v & H
VT, MgO(001) AR 12 EEpiE 500°C C MnCoGa TR % [RIRF7E 5 L7, SUBFOMRIEIL 30 nm & L7z, {E#
U 7= 3 B D s R R I O R 2 8B A58 B 1~ T¥EF (SQUID) & W YT o7z, B x> A MhEROWE X
TN PN 5 IR AL & £ - 7R B © L BRI IE 2 (PPMS) | i@ﬁﬂﬁﬁﬁm@w%%%mb\
TN N CIRE AR & \mE S IR ET HRER VA NEEZRET D2 LICLVITo7,

ERER

XRD (2 & D i b S AR ORGSR, Co LT DI & b 720, (a) (b)
Mn;Ga E'— 2 SR 13H0 L. Mn,CoGa B — 2 BREEAHINT 5 = & B |
WOy ho Tz, ZHUE, IS 7z Co JR+75 Mn 5+ % EH# L T
L2 EERTRRETHD, ZNDOREHIOWT, BE R A
rHEOREEIT - T, 112 Co Z¥RAN L T2\ Mn;Ga 7 IE
B LV Co % 18%IM L 72 MnCoGa JEREIZDWT, BERL R

N BB O IR R AT 2 IR CHE Lz R 2 Rm7, BHFOR
BHE BICHMERBIEOE 27 U U ARBRI S =2, ZORRIT 7ﬁ$£m@$7 *mQJWQy
RA2DbOTHoTE, TREACOVTRIHRE B BT D o | Anomalous Nermet voltage
TERPBHI SN TEY, TNUORRFERNV A MIRENM LT measured at room temperature for (a)
ERATF UL ATHD I EMNRR SN, BETIE, KA ML MnsGa thin film and (b) MnCoGa (Co =
B A MROBER, BEERFIEI ST ik 100 thin film.
T 5,

AW D —RIE, B E B4 - FE(S) (25220910)D 3k % % 1T 7=,
[1] T. Kubota et al., J. Appl. Phys., 113, 17C723 (2013).
[2] M. Mizuguchi et al., Appl. Phys. Express, 5, 093002 (2012).

Anomalous Nernst Voltage (arb. unit)
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Characterization of spin pumping effect in microfabricated devices with nonmagnetic materials
T. Yamamoto, T. Seki, *S. Ono, *K. Miwa, and K. Takanashi
(IMR, Tohoku Univ., *Central Research Institute of Electric Power Industry)
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AU E— X ARELSORMEZRREE L, APPSR ~NEIRICAE U EAZIT) FIEOBEMELTAY S
KU THRNET NG, ACURUE S TRR LT, SRR FERENERBE BT B TRIL O 5 25 )
%ﬁﬁ#é:&m;DxEyﬁﬁﬁgﬁﬁ&i%@ﬁ%%%«&%ﬁéhéﬁ%f%ém XE/TVBV
TICE VAR SN A RIIREICBT 2B MOBE LD NTED, A Vv E—F U ARESOEEE S
Faan e SNABL 72 TR TIE. AV VRV EL I EFNT, BIEAEE K kwfw%mw%@
FENHE SN TWA LT LB, BLOIERMESRE Cu ~D A U EAZ AT,

REBRAE

Fig. L IZER L 7= F O Z2 7R3, a7 L—FT 8 RCPW) EIZA Y U EAJE 2 53—~ a1 (Py)iE
S, B X ONPtAlAR A ELE L, Py-Pt &7 U U HESE S U < ITIEREME Cu iR CAE L7, VT L B
FEENZ DWW TEA AR T 4 WV A(ALR) TAN— L, 7 — NEEV) ZE S E 720 5 Py O iifidE i
(FMR)ZX7 hNEJETHZETAT L UHIZEBIT LAV VR B VRO AT 72,

RERER

Fig. 2a |2 Cu #I#R 2 H T 5T /84 ZAD FMR A7 hLZRd, ZZ T PtHIERA Y & PR E L DF#E+
ZUERLL . PtHIERA D OFEFITB W T Py-Pt % 200nm & L7z, 2 DDOFEFIZH W CHIEE P EIC i
RoNnpnolzn, AT MUVBIRICETOHERKNA RGN, ZOREOHE KL, PtliR2EFELI-Z &1
iof(mmﬁ$®XE/T/Hyﬁm%@zt/ﬁ&ﬁﬁmbt_a tlTék%iEhéI@zwi
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[1] V.A.Dediu ef al., Nat. Mater. 8, 707 (2009).

[2] K. Ando et al., Nat. Mater. 10, 655 (2011).

[3]1 Y. Tserkovnyak ef al., Phys. Rev. Lett. 43, 117601 (2002).

a. ‘ , b —
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- With Pt —=
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Fig. 1: Schematic illustration of the experimental setup. Fig. 2: a. FMR spectra measured for the device with Cu.
A Rubrene crystal or a nonmagnetic Cu wire was placed b. FMR spectra measured for device with rubrene under
as a bridge between the Py element and the Pt wire. An various Vg. The measurements for a. and b. were
ILF was put on the rubrene crystal to apply Vg to the performed with applying H = 1800 Oe and 1000 Oe,

device during the FMR measurements. respectively.
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Spin-current amplification by geometrical effects in a lateral spin-valve
R. M. Abdullah ', A. J. Vick ', B. A. Murphy ' and A. Hirohata '
(' Univ. of York and * JST-PRESTO)
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BEWET D 2 L 2 BT,
ERAE
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BV NV T R AR BRI & B — LS A MG D CERE U 72, NiFe MU#RHIFEREEIX 200 nm & L,
ZOHIIZJEIL 100nm » FHE Anm (0<h <60 nm)EA —AFET7F = v MEEZHT 5 Cu iz BlE L,
7B NiFe MiFROE ST 6um & L, —HORMis 28I T4 2% 2 & CRALKIBRSGIZZEE2 D1 T D
HIEIXEIEL T 45 nA OEREZFEINI L T, FEHFT DC reversal 1% FWTiT - 72 2,
ERER

2Dy, HNAE L TICRRT 2 RISV S iviz, @ O Cu F / f#k(h = 0 nm)
Tl. NiFe MR OBULA VAT & SOATEOE &2 & D36 D VI OZEAV/DNH(2.81 £0.04) mQTdH > 7=, ZAITHf
L. h=60nm ® Cu 7F = v MR TIZ, AVI=21.52085mQL 72V, 7ELUEDESHEAER LT, =
D X 5 IR ORSIRHIENC X 2 A B U mBEREIEIE 2 I 2laThy . A hr=s AF T
RS H ETIEFICRE AR Z D TV D,
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Fig.1 Schematic diagram of the lateral spin-valve (LSV)  Fig.2 Non-local signals for the LSV with
with a triangular ratchet. triangular ratchets with heights (0 ~ 60 nm).

2 CER
1) BMESL, AV LT (RRE 2012-246581, PCT/JP2013/079599).

2) R. M. Abdullah et al., Appl. Phys. Lett. (submitted).



2pD -3 538l A ARSI (2014)
g7 77 =W A Vi — IR A OB & % OFEMm

RIFEL IR, L — R0 V2, S b2 R
I JRGEIR 3. BB S, Pake] B2
(M BRRBEZERE T, 2 HRURBE T, 3 JURIEENT)

Observation and evaluation of spin-charge conversion in single-layer graphene
R. Ohshimal, A. Sakai?, Y. Ando® 2, T. Shinjo! 2, K. Hamaya!, K. Kawahara®, H. Ago?, and M. Shiraishi 2
(*Osaka Univ., 2Kyoto Univ., *Kyushu Univ.)

T LHIT

ZOMNBEE LEREVWALYUIERENS, BB/ 7722 (SLG) ZHWEAE VTR ZA~OHIFR N
FoTWBH[1], £ T, FolffRIcHE CHR SN2 &S THMEF CO A B Uil — B A B G OBl S #d S
o2l 2 & & E 2 T FARRICA B CHLEF BEERHO/NSWE TH Y A YO B0 e g 77 7 = v
BT AE U R— NV REFIH LA Ui —EREBRBER OB L Ol 21T > 7O THET 5,
ERGE

SRR IR T d D YaFesOw (YIG) HARIZ CVD EZ W CTARK L KififEHfg 7 7 7 = v ARG 7' atk
X VB LTz, Z0%, MHHAEmE L Ce&EMmE BZEAFIRIC X VB LTz, 3B A X13 YIG AR
23 1.5x3 mm?, FEMRIEA 1 mm L7285 Tnd, HAEIZITE T A 3608 (ESR) &4 CHBaME g 4 3
EL, 7/ARNVIA—FEHWTED L EDBEOELEBIE LT,

Fig. 1 IZHfEMEIS FOBIEOE b2 /Rd, B
8 0 COWR R EEOZAL B S e, Z g
AR —VHRIZ L DREEEZTRET HEFTH
%. ¥7-. Fig. 2(a), O)ICEBEBD~ A 7 oy
— KA FME S KOs O FUINA JE AR 7% 2 2R I
+, B O EUINAE FEARAF PRI A B 2 — VI & 10 0 10
S>THOLNAERET Esqe 1 H-Ho (G)
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Electromotive force
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DEME L —BT 5, 2 2T IsITEASND A B U, H-H, (G)

GIIAV R ML ThDH, IBICTAV RO RNX Figure 1: The FMR spectrum of the YIG at 6=0°

SlE~A 7 aoRU—ZHfld 5 Z L5 Fig. 2 OfE  (the left panel) and the electromotive force in
FEIHGRE L0 —BEZ R L TBY . BonizfE52nHE  SLG/YIG at 6=0° and 6=180° (the right panel).

7T 72 DA IR VRICEBEETHD Z 400 400
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1) M. Shiraishi and T. Ikoma, Physica E 43, 1295 (2011). Figure 2: (a) The microwave power dependence of

2) K.Ando et al., Nature Mater. 12, 622 (2013). the electromotive force. (b) Angular dependence of

3) R.Ohshima, M. Shiraishi et al., Phys. Rev. B(R), the electromotive forces under 1 mW. The filled
submitted circles are experimental data.



2pD - 4 #9380 H AWK PSR AL (2014)

WNBREME A Va7 Y RS O Y U TR

KHESFEL, /NME 0 FRPIRER
(HAEE MR, *EREL T, 8K T)
Distribution of pure spin current in the small ferromagnetic spin Josephson junction
M.Yoneda, S.Obata, M.Niwa
(Japan Electronics College, *Tokyo Denki University.& School of Science & Engineering, **Tokyo Denki
University.& School of Engineering)
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Fig. 1. Schematic of FM/NM/FM junction Fig. 2. Dependence of the critical spin current intensity by the

number of quantum domain wall
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1) 1) F S. Nogueira and K.-H. Bennemann: Europhys. Lett. 67 (2004) 620-626
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All-optical detection of spin wave propagation in magnetic alloys films
S. Mizukami®, S. lihama?, T. Kubota®, R. Ranjibar" 2, A. Sugihara®, Y. Ando?, T. Miyazaki*
(*WPI-AIMR, Tohoku Univ., 2Dept. Appl. Physics, Tohoku. Univ.)
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—EHEAERN A ENT A NETA AT —RTry 7 A4 UL, BESIXERA Z W TR E G mICE L
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BRI T &3, (siIERES NS WATREMEDR & 5 .

BHEE  AHFZEIX NEDO #5 FAf%22 7 1 (11B07010d) 72 & OF
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1) V. V. Kruglyak et al, J. Phys. D 43, 264001 (2010).

2) K. Sekiguchi et al., Phys. Rev. Lett. 108, 017203 (2012). 0 160 ' 260 ' 360 200
3) T. Sebastian et al., Phys. Rev. Lett. 110, 067201 (2013). At (ps)

4) T. Satoh et al., Nature Photonics 6, 662 (2012).

5) S. Mizukami et.al, Phys. Rev. Lett. 106, 117201 (2011)%.
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Time-domain measurement of propagating spin waves in an epitaxial Fe film
N. Ishida, K. Sekiguchi-**, and H. Sukegaw#'
(*Keio Univ.,*JST PRESTO**NIMS)
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HO, AWIZETIEH, TERF Y yIURE S ¥/ Fe Bl IO A 2l /57 2 &k 9 2 A 2 EO BN
& A AT,

2. ERAE

Fe Hi#% & 7% (100) 7 % MgO(100) HAR L2 i L 7=, Fe Wil Cr 2 Ny 7 v —J§ & L T i
FE25mMIEXFy vy VRESI L [2, 20 Fe iz E FRfm &Lt Ar 1 4> 3 ) v I
X0 120 x 200 um? iZ BT L 72, SiOx(80 nm) % Hifii L Fe i % #iig L 7= . SiO, L2 Fig. 112
REVZFUE(S) 7Y R (G) 157457 v 5+ 2% Ti(5 nmyAu(200 nm) THEH L 7,
FEeHDT T FRAYVEMEN., REHOT > 77 TH
. W7 T FREOERH (Gap,g) (& A Y I DR
J5d 5 [3). SMBRES 500 Oek y Jiz AL L 7R EET. il
AT VT F (ER) 27OV AEE Vip ZEIINL A 23 % il
U7z, AE VD Feflil 2 2L TR Y > 7 FE N2l
WY 5 &, WALRENIZ X SHRZAMVED, RET > 7 FI
HERENBEL S, ZOFFREN 2 A VREFLLT
Aiu 23— THRIL T,

3. ERERBLUER

iRt 2 2 EDAY VHEE S ORI % Fig. 1 Schematic illustration of a measurement
Fig. 212 ¥, BIZRT & 5107 v MROZ YV IEER setup. The widths of the signal line and.the

ground line are 1 pm and 3 pm, respectively.

BRI, N7y MU S BZERR (t) Vbh b, AV VK
DREEEIX Vg = g/ts 225 10 km/s& Db o 7z, RIS
% 10 OelZ il =& vy Z2HET S &, 13km/s& 7 b 30 %1
MUz, Z0id, AV VEODEBER» SFHR S 1D vy D
] & EVERNIZ — 309 %5, Fe Bl R 5T Py IZILHrs
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Induced Voltage (mV)
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BEEA Y VRO EBR T B Z L b o 7, 0.0} z}% ‘}W ([ CHm——-E L
Il
L s | ! ! !
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] Time (ns)
[1] K. Gilmore et al., Phys. Rev. B1, 174414 (2010).

Fig. 2 Spin wave signals with different gap
[2] H. Sukegaweet al., Phys. Rev. B6, 184401 (2012). distances (g). Spin wave pakets are fitted by

[3] K. Sekiguchiet al., Appl. Phys. Lett97, 022508 (2010).  ‘h¢ Gausian function (broken lines).
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Brillouin light scattering spectroscopy of spin wave interference in a NiFe wire
N. Sato* and K. Sekiguchi***
(*Keio Univ., “*JST-PRESTO)

1.0000

00000000000000000000000 Y"0000000000000000 2000000
000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000
0000000000000000
2.0000

Fig. (a) 000 0000000000000Si000000 35nmO000 w=2.5um O NigFejo 00O
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1) T. Schneider ef al., Appl. Phys. Lett. 92, 022505 (2008). | = -8 um. (b) BLS intensity mapping be-
2) N. Sato e al., Appl. Phys. Express 6, 063001 (2013). tween the antennas.
3) P. Pirro et al., Phys. Status Solidi B 248, 2404 (2011).
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BPIREREAT 2, SRJRALF 1, BEARSERE 12, mOLE S, AREY 2, SRS, mEERE 2 BEke
1. FERMF 7/ A ha=27 A%t % — 2. CREST-JST
High-frequency voltage-assisted magnetization reversal
T. Nozaki'?, H. Arai', K. Yakushiji'?, S. Tamaru', H. Kubota'?, H. Imamura', A. Fukushima'?, and S. Yuasa'*?
1. AIST, Spintronics Research Center, 2. CREST-JST

FL®HIZ
EREEROCAE L M7 I L FRE SN D g 2 1 )3 7 A %%UH@ L 7= IERRE R ORI, BeR
FEERCHEAE AT Y OBXIALT VA MEEfTE LTHA IR TWA, b OILEE A 53 7 A h

TITRE REIRAVUNDB L L 720 | #LEWE%&: X %Z)K%ifocfﬁjwﬁ;%:bx@w\ éné
ZIK%E%T“ I LERE A BB I BT B BRI R T L[ ZFIH Ui 2 1 F X 7 ZfFhE[2]Ic
% EIEBREN T o A MMI:}yT%@;aE IOWTHRINT 5,
%Eﬁﬁ&% BLUHER (a)
DA R T — BIXORARy XY 7 i

BRI 0t 21250, MgO001)HH -1 Cr/ 3 1.0 ™

Fe (0.7 nm) / MgO (2.5 nm) / Fe(t nm) / FeB (1.5 nm) / % 0.8 l 'l

TaRu 72672 5 SIBHIE & L WERE 26 pr2 > b 5 ] Lo ——sa

¥ RVBEEIRTRE TN T4 M L7z, FeB(1.5nm) 2 Lo T~ Lo
BAEEAINC &Y RERK R MHEEGS 7 — M - '
BTH Y, 2em FII L CRIEMAR LRGN E 02 I

T 572DICFe Y = v U (t=0~0.7nm) & D 2 J& Z ool LN

Wi e L7ce b RVBRIEHUIAR DA 7 ALK 150 100 50 0 50 100 150
e, BLORES A URREHERNICE Y, EBEFHIE Magnetic field (Oe)

R IAIEIT & BB 1 3 2 ARER  (b)

X THD LR LT,

1(a)lZ Fe(0.26 nm) / FeB (1.5 nm)D IEERU{L 7 U — 120
JEaETD N RSB TICH L T, SE&E wp _ _ _ ______ = o
72 JE W D v A I FEE (Vims = 316mV) 2 FIM L7223 5 _ sop 'Y ﬂ.'.'.
BTE LI B MR I~ A F— =N 0flE T, S .y L
SEREFIATEING B O 50 EEHFICFIML TS, £ | % o
R E O JEBHRT B T SOERE R (How) 28 IR0 L Ty Jowg
TWDZENGND, K0 FEIZJEIR B A 2 5~ 20 .‘*
T Rz X 1N T, K IGHZ ICE— 7 & a7 o
B IR R OIS AR STz, 18 BT % oo 34 s 678
Frequency (GHz)

ML T2 (Hswor FAUR) & HERL T, KT
B0%LL DRI DTz, SR CIZFINE LR | 1 (a) SESERBEWRKOEELRET

B L OB A ELAEIC OV TH R D, (Vims = 316 mV)EIIN FIZ 3343 3 Hk&1L b
BECHt VROV RARSTE AR OB, (b) KRR
S (Hsw) 0D & &) 1 6 Jo) 8 A A7 . Hswo (F
1) T. Maruyama et al. Nature Nanotech. 4, 158 (2009) SR VI IERER O D KRR R A T,

2) T.Nozaki et al. Nature Phys. 8, 491 (2012)
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L1,-FePt D L — U — 35 i i i) i s i
e RI&K, A ERE, SUEEE, KA, KIF®RE, SMRE, ZHELR
(RAEKRBE T, "HALAK WPI-AIMR)
Laser-induced ultrafast demagnetization in L1y-FePt films
Y. Sasaki, S. Mizukami*, S. lihama, H. Naganuma, M. Oogane, T. Miyazaki*, and Y. Ando
(Dept. of Appl. Phys., Tohoku Univ., “WPI-AIMR, Tohoku Univ.)
ZE®IZ
AR SV A L= — R OBRIZ L 5 40 2 WMEIR O M m s i B 51, JREERO 8L & BLERER U &[RRI,
V=P —T VR ML RIRIZRBEIND L0 RGO Z OB 2R EE CH S, ZOoNOBRIZ X

B ABALORANL, Ay - BUEMHEERICLE 2 AT 7Y » 7TBELCERT 5 &5
Z B, FOBREEERILSY v v Z BRI DY, LinLans, JEH LEE R R E I L
TOMEE AT I 7 RCEHTHMERITHEVITONTE LT, SRR LEENS. ZNETHEA T
Llo-FePt B & MBEDORLIRFE S A T I 7 AL XAN— N U E U TEBIZOWTERE L 223, = ZTldLl,
HRIEE D F 72 7 FePt {IRIZ 3817 2 B mdBim e 2 5 ~, v
VIERE Dl EIT o7,

ERGE
REHIMEEZE v 7% ha v 2y ZEE W TER L, Mgo
RS SL AR 212 CriPt N > 7 7 24 U TRk & 722 FBOMBME E C 8
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2V AN 210fs, DF X BT 7 AT L—HF—2HNT, Ko7 -

To—TETHE LE. SV AREEEIZ1KkHZ TH Y, R T

X365 HZ IZAEF LTz, 7 a—T7 KO A —FEEAITT +T7 A N7
U X% W8 5 L0 JlE Lz,

FEEBRAE R

Fig. 112, 300 JECHRYE L7= L1,-FePt #IRICB W THEX IR v
IR CTHEHA L 728 s R O WER R 2 m 7. AN 7R
FEMBIEAITIE, RIERR 2N 500 fs AT TRIBIZRMEAN B L
7o, 10 ps £ TITIIBMLOEIEN RO D . R 7 HREN &

KRB ONT, BHENHKTS. LOALEBREORTHT
X, BEEEOHMAHL 2o TWVWD., TNHDOT—X & ={iEE
TIZ K o TRENT L, e s o 23l L7z, Fig.21Z

T DR T HEEERFMEE T, ZRO 728 Ni EIEO RO R
O CRLE. WEROREID © bR 7w LEELO
KAFME A R LT 5. FePt D 2 o v ZERBIT NG LV & K&
WH OO, BRI FePt KO T8 “EFRERKE <, HiGoR
TH U T ER WSRO SR BAFR I B AL WD 4y

> 7.
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U, e
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1) B. Koopmans et al., Phys. Rev. Lett. 95, 267207 (2005).
2) S. Mizukami et al., Appl. Phys. Lett. 98, 052501 (2011). S. lihama et
al., Jpn. J. Appl. Phys. Jpn. 52, 073002 (2013).

Fig.2 FePt 725 ONZEMAH Ni
B DWREIRE ] D 7N > 7 N 5R
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TbFeCo fi#R A Iz Ak L 72N 7“»&@@@%%?@@%@

HAHER, SUOH, A, ALK, TAK, HEFEz*
(BdTBITERY:, *JRRY:, **SHLERT)
Study on current-induced dynamics of bubble domains in ThFeCo wires
M. A. Tanaka, H. Kanazawa, S. Sumitomo, S. Honda*, K. Mibu, H. Awano**
(Nagoya Institute of Technology, *University of Tsukuba, **Toyota Technological Institute)

[ZC®HIZ

TERE M2 AT 5 BB T OREX 2 B OB S8 5 = L TH= RHRENET S A A~IEHT %
HLATOH TS, MEROIE > IO ICRHREBTER SN TV A8, M2 BX S BT 5 B/
SO A REEEO B X % S £ 721 D HARD 5. BERGIR IR T 2 B RIS T 7 AR A
IR TE, ATARKETNSD - & THROMOEEE SR 0RE L BRES S IETE 5. ST
KIZER &2 FIIN L 72BEOZEENOW T OIFFEIZIZNE TH E Y 72V, ARIFZE TIidfaforifb 23 272 % ThFeCo
AR EIC ST UBER A TR L CHRRE D K & & L B T CO¥BI 2 TR
ERERAE €))

RRAL AT 3 Si b b\ TS ERE I 2 = ) 7 b A
B ARy B Y T &‘%ﬁﬁb\fa’ﬁfbm 6~7 um 2 D ThFeCo/ Pt
KGO A /FRL L7-. TbFeCo & L THaF#E{l 90 emu/cc, 150
emu/cc & 7R AR E 2 OBATE. B ASIKORHME % i & (A
g, Fnxpghcmgobir L —y—ompuLc O J
%ﬂﬂﬁ% IRTARER B AR LT, 0BT 2R 1@)IoRT. ﬁ"—) -

S TR B ER 2T L, NI IR O % — 5%
ﬁ;ﬁﬁﬁﬁnf%ﬁ%‘é Ui, £72, 354055 % Landau-Lifshitz 57 (c)- s | EEE -

- > = >

{ Bubble domain

i -

—
Current

KzHWe~vA 7 m~ TR T 4 7 AMM)Y I ab—vard _ m Current
g L7 Fig. 1 (a) A Kerr image of a bubble

SRyt domain in a TbFeCo wire. Current-

[ 1(b) (2 ffntga k28 90 emulce & /s S WEUEHZ BEIEE EE 9.8 X induced dynamics of bubble domains
10° A2 DEF % i LT- & % O AT UREK ORE T %54, ~—  in TbFeCo wires; (b) Ms= 90 emulcc.
AR E Y LD SN TIEE A LRV & SEi e (© Ms=150 emulee.
DK OITHET S, fafimi ks’ 150 emu/ce & K& W ThFeCo
MR AR IE 12X 100 Al O T L7z 8ha, Mook @F
SITEMBE U Ik S E EAMABRGICKE LTS, E
M2IZMM ¥R 2 b—ya kD RERETRT. X200 sisHingr
REED B Mg=350 emulcc DEEITIZX 2(b)D K 9 ICEIKIC LY m———" et ent
INTOVHMEIN U723 B A & 7 mICE < . Mg =450 emu/cc @
TIEE 2(c)D K ST T IATIER L7223 S /i & ¥ 7 1
g, ERERLE VI L—a rTOBEBGTmOEWE, bk
HOPUBIZ L D AL R— LR OEEBIZ L5 L EZ BND[2].
—J7, W TORMBAALORE S & ANT XD IGIRZE O
FHEEMERNC—E L TV 5. SRR LA/ S 22508 CIEAE e Y
IR R F =R B E AT N E/NE LT D HITENT 508, faFRE b3 K & 22508 CIIAB AU i
TRV X =P8 B & AN TR O JE D S O 0 IABBEIG DB ANTVOREEZT TS EEX LS.
[1] D. Chiba et al., Appl. Phys. Express, 3, 073004 (2010). [2] D. Bang et al., Appl. Phys. Express, 5, 125201 (2012).

Fig. 2 Micromagnetic simulation of
current-induced dynamics of bubble
domains. (a) an initial state. (b) Ms=
350 emu/cc in a current. (c) Ms= 450

emu/cc 1n a current.
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Effect of the Gilbert Damping Constant on the Spin-Transfer Switching: a Macrospin Model Study
S. Nakamura, T. Sato, K. Yamada, and Y. Nakatani
(Graduate School of Informatics and Engineering, University of Electro-Communications)

[XC®HIC

A RN R Z R U7 R4EREPE A £ U (SpinRAM) DOFERLICH =0 . BAE, RKEEE R, DI
BWARD N TS |, KEEBEROKBICIE, BEAER@OEBAESH THLEELZLRTND L LnLk
Mo, 7LV ANE(@) E o EIVENDOZEIT LT, REEEROZEE TSI R0, AR TIE, Ay
M AR S R 2 L—3 3 U EITUV, FIDIZ a &7V AR NSRS D RSB O ZbIZ DV T~ T2,
WIZ, 7V AW OWAL DA L 2 KEEEROZAL 2T~ D 72, 7~V ZEIWr O IRe i 2 HusE R (1) &
EF L, FHERRICRT 2 KERERIZ OV TN,

EERAE

AKyIalb—ra Tl v 27 r A ET7 V2V, SpinRAM OFEEfEIX. EAE 30 nm, &E 2 nm %
FE L, R r=11.22° nm® O \ERKE G1EZ FFOME S UCEHE L, MEbESUL, fafili(t M,= 600
emu/cm’, TEE G GMEER K, =1.76x10° erg/em® % V72, = 2 T K, 1%, B2 EMdask A=E/ksT (T=300 K)
=60 L VR, F-AEIOY I 2L —2 3 TliE, A USE P=1.0. SRR H,,, =0 Oe., #IHAE
0,=0.182 rad, WL HERILHEM T @ =n - 0.43 rad & T,

%ﬁﬁ% 10000

Fig.1 12, =0, t,=1~1000 ns {Z31F 2 o {5 2 SCHRFEIR D 2 I -
2 b—ya UEERAERT, BUVWULRBEDEAIL. a ORI
RIEERDWDOT 5. —H FVSARBOBEL, D anbR g 100
BRERITEIL L2 < 22D, ZOE L 72 < 72 5 KEEW L, 7V A K 10g
TSR B2 = L dbio Tz, ZO/V AR ET 2 EES 1,
FCICHE STV B RIBET O 1WA T bOBR()TH S, 0.1 £ b
Iy = e 25(g WIal-DHo HIPCUL]  Simiiss rr oy s wol | Coms
Cl = 1n|tan(t9’ /2)/tan((90 /2)| .. (1) izgggfzeﬁg%y 1e-05  0.0001 D.[}Ola 0.01 0.1 1

Fig 1 {TRT & 912, 7L RIS 2 (D)o difid, F2HR Fig.1 Effects of @ and , on Zw.
L —F LT, 10000 ¢ : :

te=100ns W

Fig2 12, t,=1ns, £,=0, 5, 100 ns {2331} % a \Zx49 2 A=A D almons @
Sal—va VRERERT, REEL. o 2EAT S LT oo 4
L7z, ZHUE, 7SV AUIME T @ & 7c L TORWEMER, N
TET 5L TOERMET D, (-0 OREERLY b/hSWE 3 A
W CRHLIEANE = 570D T 5, Fig2 1R LIz ML, 1 K F D R e e
% RSB ORI 2 72T, EBIE L &< B LT,

M IOIeI-OS G.dDU] O.(I)Ol G.IU] d.l I]
1) S. Mangin, et al., Nature Mater., 5, 210 (20006). o
2) X.Zhuand J. -G. Zhu, IEEE. Trans. Magn., 43, 6, 2349(2007). Fig.2 Effects of aand ¢, on Lw at £,=1 ns.

3) H. Tomita, et al, IEEE. Trans. Magn., 47, 6, 1599-1602 (2011).
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Effect of the Gilbert Damping Constant on the Spin-Transfer Switching: a Micromagnetic Model Study
S. Nakamura, T. Sato, K. Yamada, and Y. Nakatani
(Graduate School of Informatics and Engineering, University of Electro-Communications)
[XLC®HIZ
RIOWE ' TlX, v 7 r AE(MS)ET V& W TH UL ARt DR ER (a) | 253t 5 RARER (I, D2
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ZEnbinotz, 72, D60 nm TIERMEHGETIE—EEICKEE L. D>60 Simulation data,
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nm CTIIBAEREDIE—ARRRE TS5 2 2y Iab—ra v KDk
L7z, BEZRE ST L BIEMED L 2> TREENEZ 2720, g 807
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D) AR R, LRI, AR 5 38 Al AR TF R AN (2014).

Fig.2 Effect of Don Lw

at #,=1 ns and a=1x105.



2pD - 13 538l A ARSI (2014)
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Numerical simulation on magnetization reversal in synthetic-ferri MRAM free layer

J. Shen, M. Shi, T. Tanaka, K. Matsuyama
(Graduate School of Information Science and Electrical Engineering, Kyushu University)

XCHIZ

AN L L7z T 4 v 7 7 = U E(Sy-Ferri &%)
(X, HEET A OBEMEARHERT DRI K 2 Fedkmi bR
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WAk ieIx, BEpERRdRE LMD 7 0 X b — 27 O
LA THD. REFFETIE, GbitfHhAE L hT
A7 57— b7 F K MRAM(STT-MRAM) DGk E
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U T EITD, HEHY I 2 L—va IRV RE " @
FGBROFEM L, HER O ST A — 2 ~Dfk o o
TEMEZ SV TR L 7=, Fig.1. (a) Simulation model of synthetic-ferri free

layer, (b) Time transient of magnetization reversal
2alb—vavETIL process.
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Characterization of Nanocrystalline Fine MgFe,0, Soft Ferrite
Powder Synthesized by Ultrasonic Spray Pyrolysis Method
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Harinarayan Das, Kazuo Shinozaki’, Hisao Suzuki , Naoki Wakiya™

'Graduate School of Science and Technology, Shizuoka University, 3-5-1 Johoku Naka-ku, Hamamatsu 432-
8561, Shizuoka Japan

*Materials Science Division, Atomic Energy Centre, Dhaka-1000, Bangladesh Atomic Energy Commission

*Department of Metallurgy and Ceramics Science, Tokyo Institute of Technology, 2-12-1 O-okayama
Meguro-ku, Tokyo 152-8550

*Research Institute of Electronics, Shizuoka University, 3-5-1 Johoku Naka-ku, Hamamatsu 432-8561,
Shizuoka Japan

Ultrasonic spray pyrolysis (USP) has been successfully used to synthesize fine ceramic particles with several advantage
such as convenient, controllable and continuous process ". In the present work, nano-magnetic unsintered magnesium
ferrite as dried powder has been synthesized using ultrasonic spray pyrolysis technique without any additives and post-
annealing processes. Magnesium ferrite is a very useful soft magnetic ceramic material and it expected to be suitable for
local hyperthermia when compared with other ferrites ®. Spherical nano-sized magnesium ferrite powders were
obtained using ultrasonically atomized aqueous solutions of iron (III) nitrate and magnesium nitrate mixture followed
by thermal decomposition of dried mist in nitrogen atmosphere. Different pyrolysis temperature applied to the reactor
furnace was found to have a significant impact on the crystallinity and morphology of the magnesium ferrite powders.
Structural characterization was carried out using x-ray powder diffraction (XRD) method to evaluate crystallographic
analysis and crystallite size. Figure 1 shows that all the samples are single phase cubic ferrites particles with the space
group Fd-3m and lattice constant vary from 0.829 nm to 0.838 nm with increasing pyrolysis temperature from 600 °C to
800 °C. Crystallite size of the nanoparticles increased from 5.24 + 51 to 15.97 = 45 nm when pyrolysis temperature
increased from 600 °C to 800 °C. Formation of ferrites was examined using Fourier transform infrared spectroscopy
(FT-IR). The nanocrystallite nature and morphology of the as dried powder was evidenced by transmission electron
microscopy (TEM) (Fig. 2). The effects of the pyrolysis temperature on the particle size distribution were investigated
using laser particle size analyzer. Results showed that particle sizes were decreased from 253 nm to 67 nm by
increasing pyrolysis temperature from 600 °C to 800 °C and also narrower size distribution was obtained using higher
pyrolysis temperature. The agglomerates observed by field-emission scanning electron microscopy (FE-SEM) proved
that MgFe,O4 nanocrystallites shows high dispersibility. Also, particles prepared at 800 °C had less aggregated
structure than those prepared from 600 °C to 700 °C. The composition examined using energy-dispersive spectroscopy
(EDS) was stoichiometric. Magnetic properties of synthesized MgFe,04 powder were examined using VSM.
Reference:

1) Kang et al. Mat. Sci. Eng. B, 127 (2006) 99.
2) Francoetal., J. Appl. Phys., 109 (2011) 07B505.
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Fig. 1. XRD patterns of Mg-ferrite nanoparticles Fig. 2. SAED pattern of Mg-ferrite nanoparticles
synthesized at various pyrolysis temperature. synthesized at 600 °C.
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Controlled microwave-assisted synthesis of nano-crystalline zinc ferrite

Ranajit Sai**", Suresh D. Kulkarni®, Navakanta Bhat?, and S. A. Shivashankar?
! Department of Electrical and Communication Engineering, Tohoku University, Sendai, Japan
2 Centre for Nano Science and Engineering, Indian Institute of Science, Bangalore, India)

Controlled synthesis of nanocrystalline spinel ferrites are of immense importance owing to their interesting magnetic
characteristics at nanoscale that leads not only to study the process of magnetization in them at that scale but also to use
them for the development of various functional devices. Among largely-favoured low-temperature solution-based
processing methods, as demonstrated in our earlier work®, microwave-irradiation-assisted synthesis technique (MAST)
offers rapid way to obtain pure crystallites with very narrow size distribution. However, the use of surfactant and the
need of post-synthesis anneal was unavoidable in order to control distribution and growth of particle size. In this work
we will demonstrate surfactant-free and anneal-free synthesis of zinc ferrite nanocrystallites with tunable physical and
chemical properties by same MAST but with slightly altered synthesis conditions. Furthermore we will also show the
effect of processing conditions on their properties.

For the synthesis of zinc ferrite by MAST, metalorganic complexes such as Zn(acac), and Fe(acac); were chosen (in
stoichiometric ratio) as precursors and taken in a solvent mixture containing ethanol, 1-decanol, and a small quantity of
de-ionized water (5:8:1) and stirred mildly until a clear solution resulted. The clear solution was then transferred to a
Pyrex glass vessel, designed for ‘Discover SP’ system (Microwave reactor, CEM Corp., US), and placed inside the
microwave cavity for the exposure of microwave irradiation (2.45 GHz, 300 W) for just 10 minutes so as to complete
the reaction that resulted in pure nanocrystalline zinc ferrite powder (sample name: N10x) as precipitate at the bottom
of the vessel. 1-decanol, being a high boiling point solvent, pushed the overall boiling point of the solution mixture near
to 200 °C, while serving the purpose of surfactant due to its high viscosity. Therefore, the inclusion of 1-decanol was
found to be crucial to control shape and size of the nanocrystallites. The purity and crystallinity of the samples were
confirmed through powder X-ray diffraction (PXRD; Fig. 1) and X-ray photoelectron spectroscopy (XPS). Scanning
electron microscopy (SEM) image of the crystallites revealed mono-dispersed particles of ~ 5-7 nm diameters in
agglomerated state. Magnetization of these nanocrystallites, measured at low (3 K) temperature by using SQUID
magnetometer, revealed (Fig. 3) hysteresis with saturation magnetization (Ms) and coercivity of 30 emu/g and 400 Oe
respectively. Zinc ferrite — a normal spinel, which ideally is antiferromagnetic (below Ty=10 K) in bulk, displayed
superparamagnetism even at room temperature (Fig. 1c). This observation is a clear evidence of process-induced
distribution of cations in the lattice that in turn enables ferrimagnetically coupled superexchange interactions among the
Fe** ions present both in tetrahedral and octahedral sites. It is also to be noted that the inversion was infused in the
crystal structure only at ~190 °C and is believed to be influenced heavily by the presence of microwave irradiation.
Prolonged exposure (1 hour; sample name: N10 x-1H) of microwave irradiation, however, resulted in a little reduction
in Ms (23 emu/g), while uniform growth of nanocrystallites up to 20 nm was observed (Fig. 1 and 2). Therefore, an
anneal-free alternative to crystal growth was evidenced.

Reference
1) R. Saietal, J. Mater. Chem., 22, 5 (2012), 2149.
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Inter correction measurement of permeability and permittivity by short and open circuited coaxial line
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High frequency soft-magnetic properties and thermal stability of
CoPd-SrTiO; nano-composite films

Yiwen Zhang', Nobukiyo Kobayashi’, Masayuki Naoe®, Shigehiro Ohnuma'* and Hiroshi Masumoto'
! Frontier Research Institute for Interdisciplinary Sciences, Tohoku University, Sendai, 980-8578, Japan
’DENIJIKEN, Sendai, 982-0807, Japan

Soft magnetic films with high permeability and ferromagnetic resonance frequency have been studied intensively for
the application in micro-electronic device components. Recent work has been done on soft-magnetic Co-based
nano-composite films to keep their permeability as high as possible to GHz frequency.” However, the resonance
frequency (f#) of the films is still low which may limit the application in higher-frequency magnetic devices. According
to the modified Landau-Lifshitz equation, it is required of large values of magnetic anisotropy field (H) and saturation
magnetization (M) to obtain high fr. Soft-magnetic films studied to date have large M,, but show rarely high H
Recently, a few films demonstrate high H;. whereas, they show low thermal stability, which is a big disadvantage for the
high temperature processing in practical applications (such as Surface mounted technology at 250°C for Printed circuit
board). In this report, SrTiO; (STO) is employed as nonmagnetic ceramic phase due to its thermal stability and high
resistivity (p). Pd is induced to form CoPd alloy nanoparticles to enlarge anisotropy (Hy). To prevent oxidation of Co
metal, a kind of tandem sputtering method is used. The composition, structure, magnetic properties and thermal stability
of the CoPd-STO films have been investigated.

The CoPd-STO nano-composite films were deposited onto Si and quartz substrates by sputtering methods, using a STO
target and a composite target composed of a Co disk, Pd chips. The chemical composition of the films was analyzed by
X-ray photoelectron spectroscopy (XPS). Film structures were investigated by XRD. The microstructure of films was
characterized by TEM. The magnetization was measured with VSM. The permeability (1) was determined by a shielded
loop coil method.

The CoPd-STO films consist of amorphous STO matrix and CoPd nano-particles. The CoPd phase shows fcc structure.
The CoPd-STO films have a typical in-plane uniaxial soft magnetic properties, with the easy axis (parallel) and hard
axis (perpendicular to easy magnetic direction) (Fig. 1). The magnetization hysteresis loops of the films show
magnetization (B;) of about 10 kG, H; of around 950 Oe, and p of 300 pQ-cm. It is noteworthy that the magnetic
properties of the sample after annealing treatment at 250 °C shows no obvious change compared with that of the
as-deposited film. Form XRD analysis (Fig. 2), it is clearly proved that the CoPd particles have no change after
annealing treatment for both size and crystalline structure. The measured u’ is approximately 10, which keeps constant
up to 3 GHz. The calculated ¢’ by L.L.G. formula is consistent with the measured results and shows the resonance
frequency at about 9 GHz.

Reference

1) Y. W. Zhang et al., IEEE Trans. Magn., vol. 47 (2011), 3795-3798.
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Fig.1 Hysteresis loops of CoPd-(STO) nano-composite film: a) as deposited, Fig.2 XRD spectra of the as-deposited
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Fig. 1 RHEED patterns observed for Fey,Sig films deposited on
MgO(100) substrates at (a) RT, (b) 200 °C, (c) 400 °C, and (d)
600 °C.
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Fig. 2 (a-1)-(d-1) Out-of-plane XRD patterns of Feo;Sis films
deposited on MgO(100) substrates at (a-1) RT, (b-1) 200 °C,
(c-1) 400 °C, and (d-1) 600 °C. (a-2)—(d-2) Rocking curves
measured by ﬁxmg the diffraction angles at the peak angles of
FesSig(200) reflections in (a-1)—(d-1), respectively. The
intensity is shown (a-1)—(d-1) in a logarithmic scale or (a-2)-
(d-2) in a linear scale.

. 3 AFM images observed for Fey,Sig films deposited on
MgO(lOO) substrates at (a) RT, (b) 200 °C, (c) 400 °C, and (d)
600 °C
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Fig. 1: The magnetic properties of Fe-5wt%Si and Fe-6wt%Si ring samples
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1) C. Kaido, T. Ogawa, Y. Arita, J. Yamasaki, and Y. Shishido: Optimum Iron Loss of Non-oriented Electrical Steel Sheets.
J. Magn. Soc. Japan, 31(4):316--321, 2007.

2) K. Ono, T. Ogawa, and T. Sen: Develop of New Material using Vaccum Technology: Development of High Purity Iron
Base Alloy. Research paper of Industry Technology Center in Fukuoka, (9):99--103, 1999.
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Magnetic and Shape Memory Properties of Fe-Cr-Ni-Si-Co-Mn alloy
Hiroaki Muto*, Takashi Todaka
(Oita University)

[FLHIZ

ERFEEA ST TN 54, Cufté. Fe 2G40 SHENTFMET S, LML, BEFORIRG
BAESIICAGEHI WD AEE L VRN E WS TREFTZIE A TWS, £I T, FEH DI, Bt - T
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BB DA RIE FIE D RIEL 21T 9 72 DI, BRFHECTE IR LB E DR 21T o 7o ROV Tk~ %,
EEBRAE

B ORI E, KRR FRAEBIEIZ X V1T o 7o, EEHE ORI, EERERE D FHVSMIC L v |
fafifgit Mslemu/gl %, T FRESRFERIEEE 2 12 X 0 B He [A/m] K OEREAESR  ZRET D Z &
2 X0 AIT oo, TARELIEEE ORI T, IRFLIEDIER 2 SME [%] 2 W& Lz, 7=, VSMIZLV, =V —
ST CL. B A BT EEE (TMANC L W A — AT F A FERERK TIREE AJClORE 21T - 7=,
EBRERERUER

Fig. 1 & Fig. 2 1T Fer.sx~Cro-Nis-Six-Cos-Mny &4 D AT Ms & FAARFEIERNE SME ORIER R % 1
ZHrd, Figl T X512, SiOEFFENEHDT 5 2 & TRFIBE Ms OfEI3EML T\sd, T,
SiOGHEEEWS L, Fell@EMB LR THS, £72, Fig. 2 L0, JBIRELIEDE SME 13 Si 054 &N
Swt% Ul FOREHI B W TAMICIE T4 5 2 L MR SN2, AT T & 2 2 IRGEEH OB 23RN & &
Zbhb, SRER L Si OEHAED 5.1wt%® Fer1.9-Cro-Nis-Sis.1-Cos-Mny 3B HL., fafumiit, Ms 3
69.5emu/g TIRFLIERNAE SME 72 100% & 72 0 | FEIRFLIEFrEZ SIS D 2 &2 < KT ED M) BIThk
LTS, Fhl72 FEBRARS R TR R E T 5,

120 Py g 100 i A A A
100 * i 80
_ A A
£ 80 [ ] _ ® As. Cast
z A e ® =0 I
9 60 = A After shape memory treatment
0
A 20 ‘ ‘
= 40 || ®As.cast @ A * & ‘ o
90 || AAfter shape memory treatment 20 ? ®
. T T 1 ! ¢
45 46 47 48 49 5 51 52 53 54 55 45 46 47 48 49 5 51 52 53 54 55
Contents of Si[wt%] Contents of Silwt?%]
Fig.1 Ms vs. Si contents in wt%. Fig.2 SME vs. Si contents in wt%
EEBUN

1) T. Todaka, M. Szpryngacz, M. Enokizono, International Journal of Applied Electromagnetics and Mechanics,
10S-press, Vol.19, No.1-4, pp.149-152, 2004.
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Micromagnetics simulation of random magnetic anisotropy in magnetic nanocrystals
S.-J. Lee, N. Inami*, T. Ishikawa*, K. Iwano*, C. Mitsumata**, K. Ono*, H. Yanagihara, E. Kita
(University of Tsukuba, *KEK, *NIMS)
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Improvement of thermal stability of CoFeSiB thin films
T.Shimizu,Y.Fujiwara,M.Jimbo
(Daido Univ., Mie Univ. )
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Magnetic properties of thick amorphous alloy sheets
T. Sato
(SACO Limited Liability Company)
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Structural and magnetic property changes of core-shell structured CoPt-CoFe,0, particle during heat
treatment under reducing atmosphere
Cuya Jhon, Miyamura Hiroshi, Balachandran Jeyadevan, Ishio Shunji*
(The University of Shiga Prefecture, Akita University*)

1. Introduction
Energy product (BH)max, which is a function of saturation magnetization(Ms) and magnetic anisotropy of the material,
is the decisive factor in the development of strong magnets. Though record energy product has been obtained by the
invention of Nd,Fey4B, the use of rare-earth elements such as Nd has prompted the researchers to look for (a) new
compounds composed of earth abundant materials with high magnetization and high anisotropy on one hand and (b)
exchange-coupling between hard-magnetic compound and a soft phase with high Ms. We attempted the preparation of
exchange-coupled magnet through the formation of CoPt(core)-FeCo(shell) using solution technique and subsequent
heat treatment. Here, the synthesis of core-shell structured CoPt-CoFe,0, particle and structural and magnetic property
changes during heat treatment under reducing atmosphere are reported.
2. Experimental

CoPt nanoparticles with varying composition and size ranging between few nm to few tens of nm were synthesized by
heating in an alcoholic solution containing cobalt acetate, dihydrogen hexachloroplatinate and surface protecting agent,
oleylamine. Then, these particles were introduced into a mixture of oleylamine and oleic acid, containing cobalt and
iron acetylacetonate. Finally, the suspension was heated to temperatures above 250 °C to obtain the CoFe,0,-coated
CoPt particles. The core-shell structured CoPt-CoFe,O, particles were heat treated under reducing atmosphere to obtain
a soft-hard magnetic composite. Morphological, structural and magnetic properties of the products obtained at various
heat treatment temperatures were analysed using TEM, XRD and VSM, respectively.
3. Results and Discussion

J 600 °C

A typical result obtained from the morphological analysis of the PN
samples synthesized using the above technique is shown in Fig. - § \ & 4007
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& 0
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ferrite shell was confirmed from the observation under TEM and
EDS mapping. Though the heat treatment under hydrogen
atmosphere was carried out to reduce the CoFe,O, shell and to
obtain high Ms and magnetically soft FeCo alloy shell, the
presence of FeCo was not determined at none of the
heat-treatment temperatures. In contrast, CoFe,O, crystals grew
with higher heat treatment temperatures. Then, at 600 °C
underwent reduction and diffused into the CoPt core. This
transition was clearly observed in the XRD profiles (Fig. 1(b)) w |

and in the transmission micrograph (Fig. 1(c)). On the other hand, Of,t,%)oFEEg)\f kf;“%%%"%;ﬁ&%?’i}%elihitrﬁiﬁﬁﬁeﬁ
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transformation process and the magnetic properties obtained thereof will be discussed.
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Magnetic-dielectric effects of FeCo-MgF insulating nanogranular films

N. Kobayashi, T. Iwasa, K. Ishida, H. Masumoto*, S. Takahashi**, and S. Maekawa***
(DENJIKEN, *FRIS, Tohoku Univ., **IMR, Tohoku Univ.,***ASRC, JAEA)
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Tunneling magnetoresistance effect of Co,Fe(AlSi)-MgF, guranular films
M. Shinoda, Y. Fujiwara, K. Maeda, T. Kato", M. Hattori , M. Jimbo™ ", T. Kobayashi
(Mie Univ., 'Nagoya Univ., **Daido Univ.)
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Magnetic properties of carbon nano-particles synthesized by discharge in ethanol
T. Inamori, Y. Fujiwara, J. Murakami, T. Tanaka, S. Takase, K. Maeda, M. Jimbo’, Y. Aoki, K. Kobayashi
(Mie Univ., ‘Daido Univ.)
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1) N.Ohtaet.a.: J. Magn. Soc. Jpn. 34 (2010) 573.
2) H.Asano etal. : J. Phys.: Cond. Matter. 22 (2010) 334209.
3) Y. Wang et.al.: Nano Lett. 9 (2009) 220.
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Fig.1 Magnetic hysteresis loops of Fig.2 Magnetic hysteresis loops of carbon
graphene powder. nano-particles.
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Correlation between growth dynamics, phase and saturation magnetization of Fe nanoparticles synthesized
by chemical route
°T. Ogawa
(Eng. Tohoku Univ.)
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1) M. Kamata er. al., IEEE Trans. Magn. 48, No.11, 3944 (2012). _ enfmetioisea
Fig.1 Fe(CO)s amount vs. reaction
2) H. Kura et. al., J. Phys. Chem. C 114, 5835 (2010). time for synthesis of Fe NPs using
3) T. Ogawa et. al., J. Magn. 16(3), 308 (2011). various kinds of surfactant.
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Improvement of saturation magnetization of Fe nanoparticles

2pE-6

by low-temperature post-annealing in a hydrogen atmosphere
M. Kin, H. Kura, M. Tanaka, Y. Hayashi, J. Hasegawa, T. Ogawa*
(DENSO CORPORATION, *Eng. Tohoku Univ.)
[FLHIC
Fe 7/ K- IXfOBENE T 2 R+ & e _m Wi b2 B9 5720, BRI MFIE 720 T2 < B e s B
72 E~OISIZ BT T2 ZE S B AT DI TV D, Fe F / KiFDERRIED—>E LT, Fe(CO)s DEN ik
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2 HEL. FeF R0k % 10 nm LA FO#PHCHIFET 5 Z LicERLTWD Y, L LAanb, KGHT
BRAKR DB il T S 4072 Fe F /7 Bi1-(6.5 nm) D FEFIRE LIT 300 K C 155 emu/g, TH Y . 7L 7 D o-Fe D
ED TI% I E-> TS D, ZOBKIIE ST RiF O RREED a-Fe ICHERTEATNS Z L7128 E
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EERHER
ARRE & KFEH APELLELE D Fe 7 / Kif- 0 XRD OfE % Fig.1 (27”7, SRERZIX o-Fe O — 7 (i &
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1) T. Ogawa et. al., J. Magn. Soc. Jpn., 36, 202 (2012) 2) M. Kamata et. al., J. Magn. Soc. Jpn., 36, 309 (2012)
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Fig.1 XRD patterns of Fe nanoparticles

Fig.2 M-H curves of Fe nanoparticles
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Preparation of a-Fe / MgO Nanoparticle Assembly for Observation of Magnetic Phase Transition
induced by Electric Field
A .Ishiyama, T.Sato
(Keio Univ.)
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Scheme.1 Synthesis of a-Fe / MgO nanoparticles .
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[1] K. Hiroi, et al., J. Phys. : Condens. Matter 26, 176001 (2014).
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CaH,-assisted low temperature synthesis of metallic magnetic nanoparticle-loaded multiwalled carbon tubes
S. Yamamoto', L. Seinberg®, M. Tsujimoto', Y. Kobayashi’, M. Takano'~, H. Kageyama®
('iCeMS, Kyoto Univ., “Eng. Kyoto Univ. *Okayama Univ.)

[ZL®HIC
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WTEBT /R TE2EATEY ., CNT BEXOERET /R HICHEET 2220 LA b BRI Ty
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1) A. Masotti and A. Caporali, Int. J. Mol. Sci., 2013, 14, 24619.
2) F.Gengetal.,J Mater. Chem., 2005, 15, 844.

3) S. Yamamoto ef al., Chem. Mater., 2011, 23, 1564.

4) L. Seinberg et al., Chem. Commun., 2012, 48, 8237

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

6) L. Seinberg et al., Chem. Commun., 2014, 50, 6866.
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Formation and soft-magnetic properties of thick Fe film deposited by Supersonic Free-Jet PVD
A.Yumoto, I.Takano, N.Niwa
(Shibaura Inst. of Tech., *Kogakuin Univ.)
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Fig.2 Cross-sectional SEM image of
Fe film on A1050 substrate.
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Pr-Fe-B A& HF A RO T & BiEE

Magnetic properties and structure of isotropic Pr-Fe-B film magnets prepared by PLD method

Oshima Shuichi*, Takeshi Yanai, Masaki Nakano, Hirotoshi Fukunaga (Nagasaki University)
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Extraction of Thinking Process in Gross Relationship Between Deposition Conditions and Film Quality

of FePt Magnet Film by RF Sputtering Using Analytic Hierarchy Process
Shingo HIROSE, Yukitoshi EZUKA
(AIST)
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T20$@ﬁ5ﬁ%ﬁﬁ“éi//%70)ﬁ%f%é
ZOFERMNS | BAREOEMELDTZ DI, KT
A—=HELTIF v R—NES] %% B CR#ET
5D Embnolo, BEEVEIZHHE TERWIGEITIRWT
[RE /ST —| 208 L, THERIEE 2 =FHICEES
HTEMHOENE ol ZOHWIX, W EICRERIC
BONZICERBRICESHNTRBY BE T n k22K
MMETELZenbhote, 2E, FH TIL, BlDOXI45:
FAOWM & DBIRGEEEZ B TELEEIT O,

BERGRERNPERY | BEEEE OB/ v

LT D 2 & T, AIEER ORBRE XS

Ovlecte Evaluated
High Quality Permanent Film by RF Sputtering Values
(High Hc, high (BH)max, etc.) after
‘ deposition

Criteria ‘ | ‘ ‘ ‘//

Film
Structure

Alternatives ‘

Chamber
Pressure

Thickness Composition Defect

Sputtering
‘ Parameters

Substrate

Target-Sub.
Temperature

Distance

Buffer
Layer

RF Power Post Anneal

X1 & He -+ @ BHmax % B & 9% FePt D RF A
Xy B2 T RIRGA & E B R E T B R T & DK
R Z R L7z AHP fEtET T L

Consultant
0.3

Final Weight

Chamber RF Power
Press.

Sub.
Temp.

2 XX UTEETHTLY=T D AHP 5t 5

T-S
Distance

Buffer
Layer
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Anneal
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FTS BT 2 BT RRE O in-situ Jis 718152

MRIFAFE TIARFRR, Mt )l sesst
GROUTLHERY: HIEOER SR L3RR
In-situ stress observation at the initial stage of film growth in FTS method
Hisanori Hayashibara, Masanari Nakagome, Yota Takamura, and Shigeki Nakagawa
(Dept. of Physical Electronics, Tokyo Institute of Technology)

XLC®HIZ

ks —7y RRARY Z(FTSETIXZ DX —5 v b & EERDOAMEBIRN D A3 SR I3 L
ROFRNOAFT D, 2D, ARy R 135 —5 > hO[NE 9 5 GeFmJ51E, Facing direction)
& ZICIEEIN CIEAZ 35 )7 (22 J518), Orthogonal direction) (255170 B B4 F5H, Zhic L v g
WIZR GRS DR SN DGER S D, Z ORGSR 3TUE, SR e ER O
TERBHIFFCE 5 12, Bx X FTSEBICHFELREZA WIS IO insitu IE AT LEEAL, ZOR)
Wy 7205 ) OTEEGERE DB 21T > T X 72, AEl, HERICH~NE S 17 O 30um OFFEWAT Z AR E A5
Z & THIERE A 100 f5LL b B &4, Ti X0 FeCo 7z & o IHERS W) BERE O It ) il Fe % 574 L 7=.

EBAE
Fig. 112 FTS SRS LIS N0 inesity JIE & 27 A &md. BOWEIEAIC L 57T 2 EARO T b

B L — P23 A T R B R inssitu LI L7, =0

B, R & A H O 2 B ENZ IO H 5 2 Sp Desloamen

ERE L, & HIHOER O bR OZ % T T s <]

%Eﬁﬁ% ‘ Facing direc:t:;;“ °
Fig. 2 (T 7 ZAEb BT Ti 2 BEERE L 72356 ORIEIZ R4 %
TeoBBEOEE T, MO E RN AW EN I
IR SN TV S HEELTEBY, EOMHEE TIE3IHEES,

Laser
Orthogonal target

direction

target

Fig. 1 In-situ stress observation system

Zone 1 Zone 2
A DB X TIHERIS I EMICIER STV D 2 L 23T, A so| Fecing
EIEAY 15 nm E T (B 1) X3RS ANER S, Zok— 2
TEDEREIG ) (FElK 2) ASTERE Sz, gm
B LTI TERLF 230 7 AR B ikick L, Mo 7 > 8 L2 Orthogonal e, o
VFENT— VAT R ) ERBIEIS RNt E L bR 8
%. st & EAE G TRIEIS I OKRE ESRERD 2 L 1b, 20

0 T 7 3 Z
EHERE FT ARG O BB DO TR N IEM Tk e < BAZ i B 2 H o Tinominal thickness (nm)
BIRIZ 72 > TV A ATBEMED B V. fEIK 2 TlI@ Rk E 23 /ey
L 720 peening ZRIZ XV EHEIS IR SN EEZHND.

Z AL RuECHEH X 7. 100,

Fig. 2 Displacement as a function of film
thickness for Ti

)7, FeCo D% & (Fig. 3) Bl SN amm Facing
T CRHAR DA BEOEPBN SN, ZOZETREL— = s
MRS FRBEOBIZTERAL. YRIXZOBRETOVTHEM 8
(R L7, Z o Orthogonal N
a &
L 2B N 1 1
=% 5 10

FeCo nominal thickness (nm)

1) Hlsesst, BARA RS TE <l 8,107 (2013).

2) A. Hashimoto, K. Hirata, T. Matsuu, S. Saito, and S. Nakagawa,
IEEE Trans. Magn. 44, 3899 (2008).
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FeCo F / ki1 & FePt EMTIHDOE S HEI/ERUZ B9~ 2 et

MAEE, BOER, e 8K, e, BFEET, NIPESS, A, PErEiL”, fmokie™
(FALKRZFZBLOBE IR, *HALK R EGE TR, T RIFRF)
Study on fabrication of composite film composed of FeCo nanoparticles and FePt electroplated film
Y. Hayashi, H. Yokoi, S. Hashi, H. Kura", T. Yanai, T. Ogawa’, K. Ishiyama, M. Nakano ™, H. Fukunaga
(RIEC, Tohoku Univ., *Eng., Tohoku Univ., ~Nagasaki Univ.)

wtbt

AR, BERGEEIE oA FIE R 72 E~OIIFED D4 7o fEtE T /B O A B0 A AR B 235 S T
W5, ZHOEMET 2 R EAEAIICHEAER, REICA U D872 28R 2 ORI E TR 5 =
ET, T aryiRYy MEAEBOAREENDH D Z LD, Fx ITBELRALFTIEC L DEMET ki1 % H
WS ERERLIC BT A RET 21T TV b, BEIZ, T & A& Tk d D B BLRENE T R &
A EROER A S L. BN MR E 2 BB T D 7o OIS BT R+ 2 Wb Z E R Eh,
BB LZE10nm LIFTH D EWE I 3iES RN ui)ﬁ]ﬁ%@‘)‘/ﬂu%kﬂﬁ@ﬁu VEWVE DMFAET B IR
WG N M ETH D, £ 2 CTARIFIETIE, @Bt /2 AWt ) a Ry y Ma e~
DI EZ BRYE L, FeCo 7/ K+ (CEEIRIAR 15 nm) & H\W 2 Bk Bk - HEFRS (EPD) I %4 % FePt BATIC
L AT 2 mEtE T o 72,
EERAE

BAILIZFHW S FeCo 7/ Ki+1%, Fe(CO)s 3 & O Co(CO)s DIRARIERAZ, FimiEMER %2 & TRt C#L
T D EICK VAR L. A LT FeCo &/ ki &= X /—/ 30 mL 243 &, EPD T/ ki
53 BOR (TRIBTIR) & Lt Bkt D FeCo 7/ KiFII A miE AN L W B ST\ 528, EPDEIC L W -/ HE
T HEHERE S D 720OI21E, FeCo T/ b+ OE B 2 HIEHT 2 MENH 5728, I F A4 MR EEEA T H
HERYZF LA /%mﬂ%«a WCINZ T2, BEHIZIEARA T A R T A BIZERBEL7ZE Y 75 »(Mo)lEZ Fv,
FeCo F / Ki¥% EPD JEIC L W HER S &7, = D%, FeCo 7/ ki EPD Iz L C o/ R -2 i O S i ik
B L OmbE 2 B v i< 72, EZZhEGLEE(150 °C) 38 L OV H, A R P& R EVILEE (280 °C) & fiti L 72, %
D%, FeCo )/ ki EPD RIZkt LT, FePt OEMTZ1T-7-. BT, EAEEPIIXT LT FePt RO BIHNE
D=8, HEZEHREMLEL(750 °C) % Jii L 7=. BEORKFFERIEIL VSM, RiEBIZ21% SEM, JHR T3 Kk
X BT (WDX)IC & 0 475 7=,
EBRER

Fig. 1 (CE 22 ZILELE% OO FePt FEAT BLAMR IS L O 2

OB A MO AL ARCE 1-2 L) 2R3 O R %

IEMEIZ A T & TR O T HMLME X [emu] D E £ T/RL T g

W5H2S, FePt OEBMT&EIX 7 —rr A—X I X HEMmERH 5

EC LY, EOFEREEERL TV L0, ML §

DFEE FeCo F /T OEARITHIELTVD EEXDL  § i
5. FeCo F / kit OEABOHN(EPD K OHIINEL é (BPD: 10V -10+)
i X 0 IR, FERRALANE CORMLEDO B A 2 T sy Tos
L< 720, EATEBOBLIMOFE T FePt Bk E 2 o
R 0 AR LT D D L b, E7- FeCo Do oo il
FORTOEERBEL D L, REEND 14 kOe 5 W5 -100-5 00 5 1013 2025
11.7 kOe % CHib LT\ 5. JiH0> FeCo -/ K-l 100 Magnetic field [kOc]

EREESC, BV D FePt TR~ DL D7 Sl2-OW T Fig. 1 M-H curves (first and second quadrant) of annealed FePt
BT ANEN D B0, S%ITEROF kT oikEE electroplated film and annealed composite films.
728, TEM 72 & % W TRUGIREE & 8RR & OBIfR %
BHOHMZLTWS PETH S.
BEE AOFZE D —T0IL ISPS REBIRFIEE ST 26-7528 DBk EZ T b DO TH S,
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A S=Y— I RS ISR T D
T A K —a A U X DR OB

HIFIAR 5T, A5, AR
(BRKF)

sef, BEFEGE, A)IEACT

Enhancement of High-Frequency Magnetic Fields
By Using Booster Coils Added to Applicator for Hyperthermia Therapy

S.Yamada, Y.lkehata, R.Hayashi, T.Ueno, M.Kakikawa,

(Kanazawa University)

IFCHIZ

TAY VUV ARREIZ LD E TN A —3 a4 )LOFAERER O,
Fe TR A TR AR S 5720, U v VHOERL
(60pm®, 60004%) DEENANLEE T 5 DMUWE FOWEETH 5. AT,
A NEAIFIE L, R A I SRR OB R A1 T 572, &5
2, FNENDIAL AT Y EHITACT—A X Rl L LT
TA Y VARERREETHEIED, a4 VOACA P H T XA
DT DXL DAY aA UMD ETROAE— ARt L=

T—RE—EEST7 v TV r—4

Fig. 113, “Ff = A /U THERR S A DD AR OFENRE
A=Y —I T O N AT L THD. Kt I, vFT5
IO ETas BB SN, £ ETaA v aESCTAZ Ik
HAVEY B AN, e BRI AR 5720,
BRGHEILT A ¥ L ARREIZ L D —HOEGZT LD D2,

ZDVAT DO AEEIINS L7290, Fig.2 (TR TEHICET
A V% 2WHEEQR X2 24 /W) & Uiz, WHNER o214 Ud, LC
T2 L —alig L U CEMGREIC L VIRET D, ZO%ElKIE, Fig.3
L%, B NO—OINIESEERICHER L, fthod 3 A U3t
WH A VBB SIS, T oA R Z 5 7 FHMhiE ST
PChD. FaAn, arT o YOMTERMIIRIUEE 35, BT
OAFF A DRSS k=095, F72 FF oA WOk SR k=
0.065, =1A VDA II/AEL=6.0puH, 27 A3 0.29 uF TH D,

VEalL—LafEREFELD
Fig. 3 [TRTEAMERRIC T R 2 L—3 3 > LI-RSE% Fig 4 1R T

Pancake coil(induced side)

I =
Series-resonant Cap. C;

280  Ingyced field g/loaugrﬁtic
: KEE LY e
g
E % —— —
23

/360 mn}

Series-Resonant Cap. C; ~ Pancake coil(exciting side)

Fig.1 Applicator with wireless
transmission system.

Coil 11

M|
L —

La;
Coil 21

L22
Coil 22

Fig. 2 Double pancake coils with
parallel coils.

INTA—=FOfEY, FHZ L > TEONTZbOEEH LT, ETOZNEND A MIFn A ERX IR AEOFHRIE T
HY, RTINS CDTE T, E R UMIBWThRICE 2D, £, Y2 alb—yaOfEiRIE, oA
NOBECA L E T B A, 2T OB X D BFROAEIRE SHHITE 5 Z EBHLNT o7z

BE IR c
1) S.Yamada, et o e Ma ome Gzl
al, : J. Magn.
Soc. Jpn., 317, V.-,.[ Ly Lz
282 (2013). 5
2) S.Yamada, et 5
al, : J. Magn. 62 ra IM I rzz Caz 1y, E
Soc. Jpn., 38, _‘_| )
37 (2014). L N
e
Mz

Fig. 3 Equivalent circuit of applicator.
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X

pERBEREMETL AR 2 IV MR N~ A 7 e IO 72 8 DO R TR

BRECOK, mBtETs, FefEE, S 5 Em Y
(& e 57 B 2240
Magnetic Field Analysis for Micro Processing for Internal Horizontal Circular Pipe Utilizing Magnetic
Functional Fluid
Y. Tsukada, S. Ikeda, N. Hiramatsu, Y. Sakurai, H. Nishida
(Toyama National College of Technology)

[ZCHIC

KHEPEEM O R ME ONEREEMTIX, ZOEE 7 EOMEBHFERMEN TV DI EHEIENME T 5, £
D=, ZNEEREN ORI TT 2 HENRRD LN TEY BEKIERGTAE (MCF) %R\l TiEnE
RIN TS, MCF I TRIFED F T 2 REVERORL 7 & i S B TMMERIA TH O | R M ZHIET 2 2 LIk
O R EIRA LIRS 7 VXU T VREER (B2 7 A%) 2K T D 2 LN TE 5, AHFFETIE, MCF
Z T WFERE O T BEGEG O 72D ORESFRT 21T - 72,

BERTOAELER

ZAIVE TIZEBRNC)O S OO FER G STV A H 006 Fig LITR TR O TR 2 i fg i o st
Gl Uiz, TRV VI ROKARBAZ —ERRTEMAE LZHOTHY | Ba X imicEmsnTtsy .,
FEWITANT, B DA S PO T & 72 o TV D, BRRLITFFREMER TH VD | K7 T A 2L > TR T >
TEND, MENE T EL EOBRERESHRWVWERR T 7 AZERKTE W, —F, Hillc#A %%
SLTHEZRZESITD L, Wiy 724
MIOMAAER PSR TE 5 ¥m, M7 e Permzm;&Mignet %oacer
T A2 DERRERA 72 12 10 DHEIRh R
(ZIA) B L7222 L N FEBRAYITH 58 &
o TV A,

PLEX Y | T FEI T G 2 RO H :
BRI & Li-, AR E FOldE % I Linc of magntic force
IRT A—4  UTRRPICARNT L. E5 weelilose &) o e arin
FERE DI EITY 2 & & PR T o
A OREICETHT — X 5155
ZEEEME LT, 2IRITTTO 1
DOFEGMEYT- 0 OFFE EIT R
CEAVINENG (R 2 (OF SN SIANE 2
Wrd B, fRNTAEE 2 i b3 5 > A
T AEE LI,

FERO—F % Fig. 2 12 d, BNEIT Fig. 1 Schematic diagram Fig. 2 Distribution of flux density
149mm TH %, BAEEZ 13mm Ll EE$ 5 ERATFICIIRER T 7 A Z ORFENELS RDRMETH S,
i O RARBE A FEIEAY 180mT & 72> TH Y | BEAMTIN LY RERWAREE LML LR S, ZOEMH
IR ERWHREE AR ZSED X ORFFT XN &30 D,

SEHR

1) H. Nishida, et. al., “Influence of Magnetic Field Distribution on Micro Processing for Internal Horizontal Circular
Pipe Utilizing Magnetic Functional Fluid”, Journal of JSAEM, Vol 22, (2014 in press)
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PNV ANBRFIRG AT DRSS FE 7] B~ T 7= 3 — 7 #iE D fsdl

Bl BT, AR ke
(Emm s ' — R, BRI
Optimum yoke structure for enhancement of magnetic flux density in Halbach-type permanent magnets
Shinji [sogami, Hiroki Matsumoto
(Fukushima National College of Technology, 'General Education, “Electric Engineering)

1. [FEHIC

BATT 7 F ax—H —F Sf AORERTE LRSS OMERRIL, & JICBE SN Kk ABA RS D1
HEEDARCHRE R LIC K> TRO LNTWD . 5% T A AH A ZXOHE/ NSO IK AT A O /N
e b, PERDBREMWERENSG LR WAEEMEN H D . ZHITKABA NS RAET DRRBEME T+ 5
7O THD. KABAREOMEINZ L DMHREEDOKT2MEIT 5720, HTAILIINET, BAE
Halbach FeI{t9% Z & CIRAVE R Z 8 LIEREE O EZ HIEL C& 72, LirL, BR5m ko
WIZIE Ny 7 3 — 7 & D FEu b %78 Td 5. Halbach ECAEAA 1T Plain Bifi A & 13872 A EHE/ i)
NRE—=V e HT D120, Ny 73— IR AEEDR RO D EHERI SN D, Ko TARISETIE,
Halbach Fc¥EA (% L TR 72Ny 7 9 — 7 G ORGH 2B & L.

2. BEEAZE

WA FE ORRGEIC I, BEGMNT Y 7 b (IMAG) % W CHEH %2175 72. Halbach FlFIBEA M EHI 1T,
Wellmax-18ME %42 7 AR Rl ((FEAeBIn L) 2 (& L7z, Halbach Bl I1EX 1 1237 &
1T, [ARRZ WA DY 2 KD KA (4X14X4 em’) THROKAA (6X14X4 cm’)
ZikAIATHEE & L72. 2@ Halbach FlAIle A 2 22l d=6 mm 7207 BEL, L FICENQTARE L. FR
B7e Ny 73— 7SI T a0 FRE gL L, O7rr ha— 7 RE, QAR Ay 7 3—27 02 fiE
DOEFAENZDONT, IMAG fENT 21TV, BRI RO E D Z iy & i Lz, 2 2 TZERHPR &0,
WARED)S 3mm DES EEHZLTND.
3. IREER

X 2 | FE A~ DKAREA LFEA2 DSy T
39— 7 WS X D P RBEHREE (B,) D
M= %779, @il Plain B 12 HE~_T, i
ffll Halbach 7 D4 1%, 40 %D N & 72
o 72, Z X Halbach B2%Z LV, Jmivks
RBZERR IR LR TH D Z & e B
25 IMAG 1T L 2 fiEHT CRIE & 72 o yoke  yoke
oo Wic7vr ha—r7EZRELILEDZ K1 AV Halbach X2 fix OKAREA L3y 79—
B, SBICTINORMNEERE, = AT AR S R
FULR A Halbach Bt 7> B A ~DIRIVBEHA, % 783 BEH ~2h % ‘

I RATRMRTHDZ o7, M EEME LAy 73— 2Rk L= 2 A, 22%
ORI % R L7=. 2 7Ud Halbach BéA NERO R R e diiE & I CERNT 2 B2 oD, AEST
L2 OEE R A2 BARICER L, BOREE R E~mid e oAl 2NNy 73—
DOEFHEH 2R T T ETH S.

S E 3R

1) K. Halbach, Nuclear Instruments and Methods in Physics Research Section A, 246, 77 (1986).
2) Z.0. Zhu, and D. Howe, Electric Power Applications, 148,299 (2001).

Bz (T)
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bt AT VA BEE A RERERRIIE T VA2 AV
Fli &2 DRSIEM B O B HE E

HFHH, frE—, — g8t

GRAERE)

Iron loss Calculation of Soft Ferromagnetic Materials using Magnetic Circuit Model
considering Magnetic Hysteresis
H. Tanaka, K. Nakamura, O. Ichinokura

(Tohoku University)

FLHIC

kT VARE—H e EOBXHERROENRITIE, B e A
TV VAL EOHHEOERNZREDLERAARTH DL, ~
A7 a~TRT 4 7 AIREREREIX O 28 & RN fRHT 9~ 5
FETHY, B AT U VAR & OM R B G %
RETEDN, RICETANDKERN D720, BEXHEHRO
FENTICE A2 2 L3RS TIEEY, UL, W oo
REZHTHZET, ETFT VLML 2 FENEREINLTY
W, TNEZITT, LICEEDIR, fbESn~Arn<s
T A 7 AETNVEBKEREICRY A Z & T, MKk A
TUVAEMENPORERL RET 2 FEERELE @,

AR T, MEFEOEAILRE BRI E L, 2 FEO 87 M
A B, WRNZTENLT 7 ABBOE ATV A)—T D
BEERITT-DCHRET 5,

ERXTUSREERARLGHEAERETIL

X 112, BN OBBRI S, MERICHER Sz
L, USRS T AR E T VERT, RET UL, FIX
IR T X9, BEife ATV 2% LLG FERATEHEL, K
BREBSRA VX7 2 A LHERERTEHAET 5, LLG HifE
DIRT A=K %, BERLZERE ATV RZ2ERTHZ LT
Koond, Fio, RBERERTETONRTA—FThdHn
BLOpIL, MEoEEESBEithRE LT 52 & TRED,
BEFIEOZYUM AR T 5120, HJE 0.35 mm O—fRE 72
7P A B (35A440) & HRJIE 0.20 mm DEERHE O S5
A7 A F{EA (20HTH1500), B L O\TENL 7 7 AEBDOE X
TV AN—THFERL, FEEREREIToT, K212,
E AT U A= OFEANE L FREEEZ RT, ZhbDX%E A
5l HBEFEICIL > THX OO 257 ) v 20—
ERERKRETE LI ENTHEND,

S E 3R

R, R, LI, WK, KB, B L, B, AR SA-13-6,
RM-13-6 (2013)
2) [, A, —/f, ¥

i)

A, Vol. 134, pp.243-249 (2014)
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Fig. 1 Proposed magnetic circuit model.
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EANRIL & OB E L 2 T3 U = B TR A BT B 5 et

KHEE, AEG=, “ERE, s, IoARseE
RAERZERZEBE T2 5eRt, RALR AR B E T2 5eRt)
Compatibility with High Efficiency and Output Voltage Stabilization on Wireless Power Transfer
Y. Ota, N. Aruga, "S. Miyahara , F. Sato, "H. Matsuki
(Grad. Sch. of Eng., Tohoku Univ., “Grad. Sch. of Biomed. Eng., Tohoku Univ.)

A“
S

[Z LI

TERTHE 2 DT IR IR BB E N 1, #Emas OB R B ENE, B - ~ VAT TS E, RIAWVERR O
AN ENTWS D KERA R E T MBEOLITIEBEBIRAERT 5720, REREBOL (L
RV AMEHNEL CHOHNBERLELTVWDI I ENROOND. ZTNETORIE BN TIE, *E
aA NVEEEBRENE L2 E O NEEZTEALTIEZOWTEREIT-> TE D, MR - T,
[P S DB S0 HEEM S — e EE LB CH D Z L BRDLNDEENH H. &2 TEHEINE, LC
T =22 FXIEIEA L, @SR RIEFEMIGE L IV EIEORELE WL T 5 HIEIC OV TR 21T 72

BRERAR

MEROAMIKIEIZ NNy 7 U OFREIREBOEIROBEERDUC L > TEHQ ~coF TRELS LT H720, 2
REAMRELEDOE FIZOWTARMMEEZRIET 2 MLEND D, ARET T, IR o~V 27 7SS~
DEBEEELIZ AL OME 40 mm, 20 turn) ZREL, ZOaANRTA—=FEANTCAMREINC LD
EEREIE L R OB & BAERE, WHHHE, LC 7 —AZ D& FRTEEY I 2 L—XIC L 0 R L=

BREHER

AWEE & HEEORRE Fig. 1, AWEE) LR ORMRE Fig. 2 IR T. Fig. 1 L0, EFFERIZHR
T, WHHHRER LC 7 — A # BT ) EEOEBFHI/ NS < 0D Z &3 bnd. —F Fig.2 £V, Bk
& LC 7 — 2% FRPEAMBEIR CHRREAKTH Y, WHHEAIRAW TE—27 20252 EBbhd.
— R IR TR & ARG D BRI, BAEESKEVEAWFICOHENFEL R L HIRESR D120,
NREOBLENHITESFRE 21T LC 7—AZ FXERIRLZIFODHFEMTHDL L0z, UibEXy, B
HARFERE ORI 2L RN O M EELEBHNMZ 5N5, LC 7 —2 X2 FROEANEZTH 5 Z & AVR
Wiz, BlEFEo~ vy F o 7 HFROEMR EIZONTELZZERD TL .

- - —Series =--- Parallel ——LC-Booster - - —Series =--- Parallel ——LC-Booster
100 250 —
td ‘< -
5200 e
= Py i
> 2150 -2
= ) i
=
5 Z 100 7
= o e
m 5 .
a 50 P S -
o ——
1 10 100 1000 1 10 100 1000
Load [Q] Load [Q]
Fig. 1 Load - Efficiency Characteristics Fig. 2 Load - Output Voltage Characteristics

L Z &N

1) AR, @ VA YLV ARREEMN 20 DA, pp.82-91, 131-140 (2011)
2)  KH, HA, Velk, g, IaAR: SRR 24 4K B BIfR 72 BALSGH & R 23 3 i SCEE, 2G24(DVD) (2012)
3) Y. Ota, T. Takura, F. Sato, H. Matsuki, T. Sato, T. Nonaka: /IEEE Trans. Magn., 47, pp.4235-4237 (2011)
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EV HETHIFEMAGE Y A7 HTBIT 5
) fa R O R UGE I BT D R
AEWE, BIRE, iR, ORI
(ALK
A study on efficiency improvement during power supply for Contactless Electric Vehicle Charge on Moving
N. Aruga, S. Miyahara, F. Sato, H. Matsuki
(Tohoku Univ.)

[ZL®HIC
HAE, BEAMMN/NIWVWEV (BXEENE) (ZEHPEE > TWAENR, ikl s KERMORK#E %%

BN S D ENEERREE RS TWND., 22T, A XYY L0 ETHICIEEMCHEEICHEZITY Z
CEBRL, AT —LETNCEIT LML OBFEIToTE- D UL, EBRICETHIHEMAELZIT
LA, AWMICEDEEESRIKORETE, KW OB EHKETILERNH Y, FTHIAMHET 2EE
R D MERH D, £ 2 TARF T, BARIKE LTLC 7—22 FRIZH, fFETy—L FiFe L
TEZE A VT EICBEIEAR Z 555 IS 72 B0E ) EFH IS R BCBET 2Bt 217 - 7=,

BE A

EEIAN (L) , ZEMLC 7 —RAF a4V (L) , BMEEZITITLDOZEME v 77 v 7 3 A /1(Ly)
% Fig. 1, Table. 1 OFRICERFEF L7z, 58 A /VIZIXEIT HMICLERNICIE R L— U KEHF a4 v &2 H
VY, LC 7 — A& 2 A U3 5 A B AR T RE 7 ARk A3 7 97442 500 mm , 15 turns DRI ZA A T L a A
NEL, BT v FaA LiFHME 200 mm, 10 turns & L7-. BEARIKIE, Ny T U KROE—Z O EAN
ELTC, 50 Q TCRARDFEEEOND KOG EITo72. F2, BRI MZn R 7 =74 FE2HW, a4
NMEF v v 7% 100 mm, JEHE A 100 kHz & LS AT EEICB T 233O A MRHEEZHIE L.

KERIER

Fig. 2 ([ZFEBRR 273, HOEDPEWGEIIFRBER S IZE-HL TV DL 2 EBbn5 0, HAEHN
REWVRKRRETIE, 2IRETRHELVFERDND. BITRRDNREZ G286 (REAR) NADEELZ LF
SHDLZLICEVEAMAEEELTWD Z LRGN D. UL, BIHIMNCHEVMBRERD /ST A — 2 BNE
fbLlicledThdeEZOND. ARIZENBBEZ RS LEBRICAELL2MRE T2 L0V MA L 34 Vi
F1 - REPEROBLE FIEIZ SOV TRET Z1T > Tl

er & Pick.up Coll —nsim. ©Vin=13V OVin=30V 4 Vin=50V  © Vin=60V

Boo

) - —y
| Feeding Coil GAP100 mm gy 80 ﬁ—%%%i
'O\E' m]
S 60 © X S
GC) [m]
Fig. 1 Figure of Coil configuration S 40 X
E |
Table. 1 Coil Specifications at 100 kHz . 20 A
Feeding Booster Pick-up
0
Inductance L [pH] 33.1 176.5 25.4 10 100 1000
Resistance r [Q] 0.20 0.20 0.05 Load Resistance [€]
Coupling Factor k 0.07 0.3 Fig. 2 Load characteristics of efficiency at each Input Voltage

ZE 3k
1) F Sato, J. Morita, T. Takura, T. Sato, and H. Matsuki : J. Magn. Soc. of Jpn., 36, 249-252 (2012)

2) T.Takuraetal.:J. Magn. Soc. of Jpn., 35, 132-135 (2011)
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CER T2ERZETA2ED)

Proposal of electromagnetic resonant coupling type WPT using multi-frequency band

DOI Tatsuya

(College of Engineering, Ashikaga Institute of Technology)

[FL&HIZ

WA, R ORI D A A~ F o ZERE AW EBRA IR T A ¥ L A#E (WPT) 2MBifan T
WBEY ALy T S EIRILEIRE R X D IR TS R O RSB 7 D, B R IEE
TlE, VAT AOIARBEREERR 3 D3 B & 7o > T B B R 0 13 BB R AT IS ikmaﬁﬁéﬂ&w
AR I, EEOFEWER Sy 2RI Lo ER ARG WPT 2R L, R 21775, =%
T hERL, BREFHERDY ZHEST2U A ¥ L ABRE~DISHIZ W TR B,

REVATL

ARG TIL, EEOJE WA % FIRHGEE FTRE7R2 WPT ¥ A7 A D
FaHBET D, Figl ITI-RE WPT ¥ 27 AOHEEX 27~ 1 KA
IR O IX SR Aoy F 72 X2 A & b ORI bR S
hé]@l@/XTAma DOIIEE I E & OEZET N A
By bbb, FEROZET AL R 1 2 kAITERENRIES]
BEishTnb, %ty NOEZET A R, TNENOIE
JE GO ERN TN 725,

RBREEDIERA

— I, B HERX I — o HEE 2 o LC HiRa 1A v
BIEZEIA ﬁﬂﬂéhéo 2D, EREENES O
ZEMMIE SN L, FEE T T —ERNLER->TWD, Afia

T, ﬁﬁﬁ&m YEL ST AV LV AREICIREY AT L %IG
ROy X k-

ARRTI, ARG &5 3 @iy A aET 5 2 fokZE
TR, A% D WPT VAT LD %77, Fig2 2, BEXIIZEH
Wiy & ate & 5 %G L7 1| RO IR % B 4 r?

Table 1 (&, AP L5 3 @il BT 265 ET A
A D BRI O SR HRE R % N ErT, Table | DFERND

AR 120kHz OEZET /S A TILE 3 maliak sy 3@&&%
HENDN, AW 120kHz 23K & < RN E, —J7, HEFE
&ﬁﬁwgﬁ@éX@7A4x1i%ﬁ&ﬁ“i%ﬁu4xvxw)
THY, HF3 ERER D DB TEBNENE, S EiE Rk
7y 600kHz &2 BRICHREBE SN TN D, fERE LT, Table 1 |342%
VAT AL ST, EAERBGERENAIRE THDH L ERT

g 2 BN
1) HEfEE  EF 0%, WPT2013-16 (2013)
2)  AASKEEH - SRR 25 AR R TERFEARER ST (2014)
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Fig. 1. Concept of resonant coupling type
WPT with multi-frequencies.

o
S

o ©
¥

| Voltage [V]
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Time [ps]

o ©
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[ 'S

Fig. 2. Voltage waveform of primary power
supply [2].

Table 1. Measured voltages.
A set of transmitting and receiving coils
with f;=120kHz  [dBuVB]

120kHz Primary 29.6
component Secondary  [26.8
360kHz Primary 27.1
component Secondary  [21.8

A set of transmitting and receiving coils
with £;=360kHz _ [dBuVB]

120kHz Primary 22.4
component Secondary  [23.1
360kHz Primary 56.6
component Secondary  43.5
600kHz Primary 30.6
component Secondary  [26.9
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~NIVFTNA AT A X LV ARE Y AT LDk 2 A VIR OB

RN, BPRS, BEAEh PEBRSCIE | ARG
OVF LEEmBERMZ, *RALTHERT:, **HdLRT)
A study on transmission coil in multi-device type wireless transmission system
K. Furusato, T. Nonaka, T. Takura*, F. Sato**, H. Matsuki**
(Hachinohe Nat. Coll. Tech., *Tohoku Inst. Tech., **Tohoku Univ.)

FF &
T, FENANEROBERNELNEDLRoTND, £ 2 TEAALNEISROFTEICE T DRIEM: 2 W L
THILEBRROOND, ZHODORMBEMRT DHEMOUEDITT A ¥ L ZABE MR EN R H D, faET A
DTITHREAT = a v EO EOHFNI T A Mg e B0 ThH, /MRS LSO EEENLE
THZLERERSND, Ll EEAANVLEZEIASNVOMERBRBROTNNEL D Z EICE-> T, MER
BT D720, #ERANCEIMREZDROZEEEOLT A<, Lo TAIETIE, EXEaALVED
T PRI DGR DY 2 A IV OALERILRIZ &> TEAL LWz o DfciiE e 1 IAETE = A VIR & et L7,

4 ILDOERL & B Al

EZE A N OREREBOBEGRE V2TV, EEIA NVORO KL Z1T o7z, EEMOBEEM
AT —Yarafd VEBEOME aA VoAb E LTGERIL T, MECKRFSNTZaA L IDRE
S, BEEZEFEEPTIORREUR Lz, BELdROT AR af VTR 20mm O b OEFH L, %%
BaA NVHOEBET6mm & Lz, B LIZaANVONELE Fig. 112”7, Fig.1 ®DaA L& HNTLELT
DFEEAREA A DOWEEIT 5Tz, A NDOETIIZ L DBAEREBOZLEITHBRTIE D /NS0 | #EHE5%R
BONBERMEOLEN A NVIBIROERIC L > THRETHD L N2 D,

NEOBEDT-DIZT7 =T A MEATHHEEZBE L, BRI 2 L—F Maxwell 3D ZHW\WT, =21
VLI B LR COR AR E B IANY A XEORERIELTZ, ¥ o b—y 3 U5
WA NVERN, ZEIANVEEE 20mm 225 50 mm F CHRIEE{T> 72, Fig. 2 IZEDORERERT, 7
7 TNDkJIZELTD, keld 7 =74 &R LIS EOREGREEZ N T RL TS, 774 hZ
B BACFRITZE NI A 120 WIRE O —E D THER L T2 2 D 280 COHEGR RS RIC 120 %fefE
DIEFLDHZETT7 274 MERE LIZHGEOFFHEICONWTEBBLZEH/LIZENTE S,

L Z DTN

1) EEYE—, BPSE HAEM RS LR AR VT T A, 2T A ¥ L ABENREDR
B2 A NV ORUEMRAT, Rk 25 4R KPR 2 AL SR &R SCEE (2013)

2) T. Futatsumori, T. Nonaka, T. Tetsuya, F. Sato, T. Sato, and H. Matsuki: ~Contactless Power Transmission System
of Station-type Charger in Mobile Device, J. Magn. Soc. Jpn., 36, pp. 131~134 (2012).

————— Air-core ka eeeeeses Ferrite-core kf
X Air-core ka (Measured) o Ferrite-core kf (Measured)
Rate of kf/ka Rate of kf/ka (Measured)
0.5 150
§ 04 | T—"  x . =
S e [ . 5]
€03 LT -=5 100 &
o0 . - X he|
=02 | et T X 3
g e 150 9
1) e’ <
o 0.1 *‘— 2
O Il Il Il Il Il Il Il O
15 20 25 30 35 40 45 50 55
Fig. 1. Proposed station coil in supply side. Radius of mobile coil[mm]
(Left side : Primary coil. Right side : Secondary coils) Fig. 2. Effect of coupling factor by ferrite.
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AR R R IR 24 LR b RV S & T X D SRS R

BEEIE Y K BRkE 2, RRIRUERES C. PE)IES C. SOREEZ T kA, R
GRAER ', HIEK WP, =53 /v4 3
Weak field detection using MTJs magnetic sensor aimed at ultra-low-field nuclear magnetic resonance
M. Endo’, S. Mizukami?, K. Fujiwara®, T. Nishikawa®, M. Oogane’, H. Naganuma® and Y. Ando*
(Tohoku Univ.!, WPI-AIMR, Tohoku Univ.?, Konica Minolta®)

[FLHIC

VTR, D TIRWVEEEE T ISR 2 A LB (ULF-NMR)ICIEA RN EE > T\ 5, TOHH & LT, EHEE
WICBWTKRE, mar 7 A MRBKLEBEGREZSE LN Z ERFET L5, BIfE, ULF-NMR (21X SQUID
IS LTS o3 k< v %ifb’(b\é?)\ SQUID OEMEIZIKIRIZIRE SN TWAD 7D, Tz s
HIRCTENVMET D mEERS £ 03k Hid, 100 um FEE OFELSH Cid, NMR O 77— 7 A1 £k i3 kHz
HThHDH, 16>T, FxILULF-NMR ZF8E L, § i L OVERE kHz OS5 iitkiss % & o i Eind
LHPNERZBLE L[], TR N o 3 A (MT)RES & W ORGSR HFE )1 2 5T L 7=,

EBRA &

PRI TR m B ZE~ 7 R b v ANy Z ik W T T o 7o, B RR I SifSiO,/Ta (5)/NiFe (70)/Ru (0.85)/CoFeB
(3)/MgO (2.5)/CoFeB (3)/Ru (0.85)/CoFe (5)/IrMn (10)/Ta (5)/Ru (8) (IE/E:nm) & L 7=, B v iU TR 720k
BT REEIETIHR 255 720, BHE & EEROBLE S 2 EA b ST, S5 UF A XK
D72, —EO MTI ZENFNIHER Lo, £7o, BRI EIC XKD MTI Bt o oS4 JlE
L7z, MTI i85t oV OB HEEIRHEIZIZANRY T AT F T4 FEHD, ~ILAKRLY 2L LB L)
AV S G A ha ) ﬁ%@%%i()%ﬁ%é&(mﬁ%%%%ﬁ 5]

MUt A 7 ABHOEINC L E B 2 -, 1.0 e
SRR _ 0.8F ._

Fig. 112 MTI 85 o 9~ 20 mA OB A FIUIN L 72BE o€ g 0‘6§_ 3
DRSS R B A A R T, YeRS ol & F o ]
FLOZED 5. MTI Bt v ORRIEIE 110%/mT Th 5 = 0.4 Feruessusenest™ E
LYot BUE, Bb ERER MT) HE T O /E T 0.2 Eresreias ettt
400 %/MT Th Y [2]. 2D Y OREEIEZ D UATLETH 5, 2 - (zmT) 1 2

stat

Fig. 2 |2 )8 %k 2.2 kHz OIS % FIAN L 72 B2 D H ) BB A
N7 PVERT. D STEMT ORESEAR LD L5 ICH Fig 1 Magnetresistance curve of a MTJ
W2 HML T\ 5, R A EIC B I 2 EEDO E— 7 sensor with bias current of 20 mA

il ) A RART SMAOFEEN D, 2O MTI S 3o

3.0.""!""""[""
Res R IE 200 pT/HZ®® & LTS Bz, OB OfE ; '
I% ULF-NMR 1235 C 1 cc DKDOZREEEIZ K 0 BERES cm @ g™ g 05
N UL
FTZIEET DMPIHZ DO RE S TH 5, § 3
e 2 1.0}
. . e L . v :
AWFFED—FBIL IST WFFEA R FE TR H) A /) N—2 E
N N © Rt _ > T: P - O.O-"I o ST T e SN
a VAIHERE T 1 7T N(S-A /N)] OIARIZE VT, 219 220 201
BE R S (kHz)
1) M. Endo et al., The abstract of the 74th JSAP Autumn Fig. 2 Voltage spectrum of current-biased
Meeting, 16p-P5-1 (2013). MTJ sensor when alternating magnetic field
2) D.Kato et al., Appl. Phys. Express 6, 103004 (2013). with frequency of 2.2 kHz was applied
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BRI A v B —F v A T & D i N100 3 L TV P300 {8 =
R

£ A, HEES, Nl @ L
(& ERY)
N100 and P300 Brain Waves Detection Using Highly Sensitive Magneto-impedance Sensor
K. Wang, S. Tajima, T. Uchiyama
(Nagoya Univ.)

[FL®HIC ZnETiT, 7V AEEIZ X DHABF
AR LA A v E—F 2 (M) rHic &
D, BaT7 AT 4 —F—OR RN EEL <
NTHHM Foxix, BRA v E—F 2t P/
BCHAEMICEN R ERIA LT, AMRREICK
B AR 2 T EERI I B H A RET LT
%o TNETOEBRERNS, it pTREORKE S
DRI FAEL T 2 W RUE 5 S R BEE-CBR T ER AL C
BHTE 52 ENGh->TE R, —J5, SQUIDIZ & /
%, MBS EH O FF TIE, FDOEFORE ST T Measurement Circuit
F—HF—=Thbd, T7°bb, M B HICLVEHIE
2 BEERAT T O EARAE 51, SQUID (2 K 2 FHI ] X
0BG BE 100 ERREE SN RENTZD T —
VRV ATOFEIGA[RETH D, ABFIETIE. M

Ml gradiometer head

Fig.1 Magnetic field measurement system at in the
occipital region using Ml sensor

100

Y YA R LT, BN N100 38 K OVP300 {5 5 D fi 50 A\
Tt 7 N NN
EE R ° MO AMAAAASY

7 A4 T
- 100 200 300 }{0/\ 500 /.Bﬁm
-50 —Target

FLEIE BN P300 [E 52T 57202 F, "/

BRI OERREZFHRI Lz, ™E (2000 H2) @ 7 |
FEHO(E BHRHEE (b = 0.2) TIVR SN, BEHEDIE Tire [msed]
FI(EH (1000 Hz) 1%, EEET (= 0.8) 4R
Shic, #BRE T, BRESFIIEC T, EZFMo
A v F e Lo IR e T, 213, AF
RV ERENC K0 B BinTe, SO RREIE 5
DRFRIEIR I T % 1, 25 EOBER RO TH & L TROIFERTH D, F#E21E -100ns 2°5 0ms D
VHfEE A7y b e UTHIIE Uiz, BRI 2 BOSHE B RN ek L CUEIE—E () 2201
F T, BRI T, 300 ms AT CHIEAKE < ZHLT 5 2 EMRENT VWS, SbIC, FEEHO
BRI I LTI, DR D 4 £ OWBREN D, P00 L EX HNLIESEMIE LI, /.
N100 Z A3 2 71, 2 4 OBERE 125 U CTERIM O EBR 21T - 7o, S ITHBE LT 20-30pT DK
X XOFHE—2 A, 100 BIOME T LD | 100ms (HTICBR S iz,

[1] T. Uchiyama, K. Mohri, Life Fellow, IEEE, Y. Honkura, and L. V. Panina, “Recent Advances of Pico-Tesla

Resolution Magneto-Impedance Sensor Based on Amorphous Wire CMOS IC MI Sensor,” IEEE Trans. Magn., vol.
48, no.11, pp. 3833-3839, Nov. 2012.

[2] S.Tajima, T. Uchiyama, Y. Okuda, and K. Wang, “ Brain activity measurement in the occipital region of the

head using a magneto-impedance sensor,” Seventh International Conference on Sensing Technology,
pp.267-270,3-5,Dec.2013.

Sensor-Output [pT]

= Standard

Fig. 2 Time series of magnetic wave forms in the
occipital region due to oddball paradigm
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Investigation on method for evaluation of shielding factor of magnetically shielded room applied magnetic
field with low-frequency.Part 3. Placement condition of coil on single-layered shielded room.

Yuta Yoneyama®, Akihiko Sakai', Satoshi Yuuki?, Kunio Kazami?, Keita Yamazaki®, Toshifumi Shinnoh*,
Takao Yamaguchi®, Kazuhiro Muramatsu®
(*Giken-kogyo Corp., >Yokogawa Electric Corp., *Takenaka Corp., “Kajima Corp.,

*Daido Plant Industries Corp., °Saga Univ.)

FAMNE

() ETHERENPEEWS (EITA) SEBMEMEHEE(LEMEES S (Bl R —/ Fr—2A G) 1,
2012 /£ 1 AT JEITAEM-4502 $i#% TRES > —/V R— A OBIEEN (1Hz DLF) SBELems/ 1 Aioxtd
L ERPEREEAMIE ) D& flE Lz, Bl &EE, Wikiko 1Hz X0 bW EE (B & 7)) oXEkiEre
FHIEOBBAL ZRET L TV D R, pgAJERE. (55Hz) 12395 1 @iy —/L Rb— LA (MSR)
DOIERMEREFHIEORETE LT, MSR DIBIRAZZE 2 72 & & D A VEE D 4P SV THATIC L 0 1

FET .
EREEITMEE O M IVEESY

MSR O~1EZME W, BATD, &S H, IE5
o A L —0DE X% L, MSR BEE&E D
oA )VETOBERRREZ Ly LT, 24V
B2 B E LT, EfERE SF o LA %
58, R —/N RORAH TH AT
WZaA VEREL, BERAEZHNTS.

L (XFEDIE Dy, BLEET 5. £, Lk
EM-4502 HFGIZHEVY, 224 LHL % MSR BE
HOHF LAY D, BEARRESAMIZRY 28
b5 D, P bEIE & LT TR &2 3
HUNBENHD., FIT, V=)L RRRWEES
D MSR FL DMK EE % B,, v —/L K&
NI % By, FUL AR D 4 sLOREHIEE %
B., Bu, B, Bg& L (Fig.l), MEfigiAE SF %
K EEF L.

SF =8B,/ (4B, + B,+ By + B+ By) (1)
MSR FoHK & ER REIRE DR ES

A CH_R7Z=FEOaA VEEIZEIT 5
SF & —H$ER D SF, & bl L, A E Mntd
5. Le=1435mm & L, MSR IR (X—= 1o
18, #i1fE) %#FHEAKRET/L, D=3000mm E
L, W=3000mm &7 /LCFRE LT, AIRE
FIEIZ K D IER A BB LTz =R Tk IEm R
it 21T > 7= (Fig2).

FOFEE, AT F L, D=3000mm EF /L,
W=3000 mm &7 /L Cl& EM-4502 k& D =1 A
JVEL & S COREZE (SF, 12Xk 5 SF D LER)
IZZENEH 40%, 19%, 59% L 72V, MSRJE
RICk->TIEFELL SF MEL s NS =
Lo T- (Figsd).

A%, EEEZEE L ET, Hibicm
T TEER7R MSR DOFEIRIZ RS L7z 5 %2
FL7ZV.

(i) Origin Model
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Fig.1 Evaluation Points around the Center Point

(ii) D = 3000mm Model  (iii) W = 3000mm Model

Fig2. Analyze Models of MSR (Permalloy and Copper)
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(i) Origin Model

SF.= 950
SF. =811

(ii) D = 3000mm Model  (iii) W = 3000mm Model

Fig3. SF vs Ly (55H2)
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Investigation on method for evaluation on shielding factor of magnetically shielded room applied magnetic
field with low frequency. Part 4. Measurement results of double-layered shielded room.
Satoshi Yuuki', Kunio Kazami', Yuta Yoneyama®, Akihiko Sakai’, Keita Yamazaki’, Toshifumi Shinnoh®,
Takao Yamaguchi’, Kazuhiro Muramatsu®
("Yokogawa Electric Corp., *Giken-kogyo Corp., *Takenaka Corp., *Kajima Corp.,
*Daido Plant Industries Corp., *Saga Univ.)
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() ETHEREIFFEEW S (EITA) BEX > —/v
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JE) Oy — K—2A (MSR) ORI RESEH
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BE —ILFL—LLEBBISIEE

Fig. 1 IZHIEIZ V72 MSR Z 757 i W=3,004mm,
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AR D 7 B O MR RERF M 2 7. & 51 & b JE
BEPELS 2D L SFITREL 2V, x, 2z FIMT SHz,
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maERLTWVD.
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Fig.1 Experimental MSR and Exciting Coil
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Improvement of Mechanical Stability and Dispersion of Hollow Porous
Au/FePt Nanocapsules with Thermally Fused Netlike Shell

R. Zhang, Y. Kitamoto

Department of Innovative and Engineered Materials, Tokyo Institute of Technology, Japan

Introduction

A novel multifunctional nanocapsule with hollow interiors and porous Au/FePt shells has been
developed for image-guided photothermal therapy and drug delivery. This architecture has strong plasmon
resonance in NIR range, high magnetic response, and drug loading capability. In our previous work, we
successfully fabricated hollow porous Au/FePt nanocapsules using silica spheres as template and improved
their pore structure and magnetic properties of the thermally fused netlike shell by high-temperature
high-pressure treatment (HTHP) in suspension. However the agglomeration and destruction of Au/FePt
nanocapsules were observed after HTHP. In this work, a silica coating was prepared on the surface of
Au/FePt/silica composite spheres to protect them from agglomeration and destruction during HTHP. The
Au/FePt nanocapsules showed a better dispersion and higher mechanical stability even after removing silica
spheres and the silica coating layer.
Experiment

Firstly, as-prepared Au/FePt silica spheres were modified with Polyvinylpyrrolidone (PVP). Then the
PVP-modified Au/FePt silica spheres were dispersed in a mixture of ethanol, deionized water, and ammonia
aqueous solution. TEOS was added drop-wise to the mixed solution. After being stirred for 2 h, the products
were washed and then redispersed in ethanol. The ethanol solution of silica-coated Au/FePt silica spheres
were HTHP-treated at 573 K for 1 h. The purified particles were stirred in NaOH solutions to dissolve both
of silica coating and silica cores. Finally hollow Au/FePt nanocapsules were purified, and their morphology,
crystallographic structure, optical and magnetic properties were investigated.
Results and discussion

TEM images of the Au/FePt/silica composite spheres at various steps are shown in Fig.1. A solid and

uniform silica coating with the thickness of about 50 nm was prepared on the surface of Au/FePt/silica
composite spheres. After HTHP, metallic nanoparticles deposited on the silica template sphere were
thermally fused together, forming the Au/FePt netlike shell. The influence of silica coating during the fusion
process of metallic nanoparticles was investigated in details by transmission electron microscopy (TEM) and
X-ray diffraction. There was no obvious difference in the fusion process between Au/FePt silica spheres with
and without the silica coating. After dissolving the silica coating and silica sphere, hollow Au/FePt
nanocapsules with the pores of ~40 nm in diameter were obtained. TEM images and data of particle size
distribution showed these hollow capsules have a better dispersion and higher mechanical stability. Magnetic
properties of the nanocapsules were not influenced by the silica coating.

al a2 b1 b2 @ cl c2
"
"‘d

Fig.1 TEM images of Au/FePt/silica composite spheres (al, a2), silica-coated Au/FePt/silica
composite spheres (b1, b2), and hollow porous Au/FePt nanocapsules (c1, c2)
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Synthesis of iron oxide nanoparticles having anisotropic shape
A. Horiuchi, H. Latiff, A. Seki, K. Ota, M. Kishimoto, H. Yanagihara, E. Kita
(Institute of Applied Physics, University of Tsukuba, *Kyoto Univ.)
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i &E-, 2z CaH, GBI LTFe0, & LY, KERIML THEESHT-, TEM & XRDIZ X %
BIE2 L HREMAEEMNT. VSM IZ X D REXURFIEREAG, DLS (12X 50 A XEEIT -7,
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TEM photographs of a-FeOOH TEM photographs of XRD patterns of a-FeOOH
nanoplates synthesized by a-FeOOH nanoplates coated nanoparticles
hydrothermal treatment with Si02
B Lk

1) M. Kishimoto, et al., J. Magn. Magn. Mater., 324 (2012) 1285
2)  BIESR  BUNRFEEIMER AR E A - B TR SE 156 S (2014)
3) S.Yamamoto, et al., Chem. Mater. 23 (2011) 1564-1569
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Synthesis of biocompatible hydroxyapatite-lanthanum strontium manganite hybrid particles
S.Sugita, N.Sakamoto, H.Aono*, K.Shinozaki**, H.suzuki, N.Wakiya
(Shizuoka Univ., *Ehime Univ., **Tokyo Tech.)
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EBRAE
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X 1.0SBF SJREN 155 TH 5 1.5SBF 2 Lz, F7=. KN EEED pHT.4, 36.5COSM: T T 2 HER
EEET-, SO sk, i, Mk, B S, WHIENE, BERRRE & O JE 2 A L 72 BR o %
BVERIE 2 SEA L 72,

EREER

XRD. SEM-EDS D H: X v | Ki¥-73 LSMO, HAp IZ L » THRR SN TH Y, £7-LSMO 78 HAp IC &k~ T
WIS TN D Z & SRR T & 7=, Figure.l |ZHF I ME B3R 1% (SBF {2i&1) & SBF i2{& % DR 1-® SEM
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TERTNEEINTVD, ZD7=®, SBF REIZ L o THEIEE S KO, BHIHIZNROm Evyrme S,

© =100 nm
Fig.1. SEM micrographs of LSMO-HAp hybrid particles.
(a) before soaking (b) after soaking in 1.0SBF (C) after soaking in 1.5SBF

L Z &N

1) A.Inukai, et al, J. Magn. Magn. Mater., 323, (2011), 965
2) Marc. Bohner, et al, Biomaterials, 30,(2009), 2157
3) G-H.An et al, Mater. Sci. Eng. A, (2007), 449
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Development of synthesis technology for particles suitable magnetic hyperthermia in wide magnetic field
and frequency range
T. lwamoto, M. Tokunaga, A. Mizuno, H. Mamiya", J. Cuya, H. Miyamura, B. Jeyadevan
(The University of Shiga Prefecture, *National Institute for Materials Science)
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1) M. Sutoetal., J. Magn. Magn. Mater. 321 (2009) 1493.
2) T.Kikuchietal., J. Magn. Magn. Mater., 323 (2011) 1216.
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Modeling of Volume Distribution of Magnetic Nanoparticles by a Mixture of Log-normal Distributions
Teruyoshi Sasayama, Takashi Yoshida, Keiji Enpuku
(Kyushu University)
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EHRGAITHED . Z DA & SVD IRIC K » THE O N BRSO & DD "z i/ & 2 b i % i
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1) D. Eberbeck, F. Wiekhorst, S. Wagner, and L. Trahms, Applied Physics Letters 98, 182502 (2011)
2) T. Yoshida, N. B. Othman., T. Tsubaki, J. Takamiya, and K. Enpuku, IEEE Trans. Magn. 48, 3788 (2012)
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Characterization of the Third Harmonics for Magnetic Nanoparticles
Aiki Hirokawa, Shi Bai, Kazuhiro Tanabe, Takashi Yoshida, Keiji Enpuku
Kyushu Univ.
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Fig. 1. Dependence of the third haronic signal on the DC field. DC field was applied (a) padrcaﬁel or (b) perpendicular to the AC

field. Symbols are experimental results, while solid lines are calculated from (1).
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Improvement of Spatial Resolution of Magnetic Nanoparticle Imaging
Shi Bai, Aiki Hirokawa, Kazuhiro Tanabe, Takashi Yoshida, Keiji Enpuku
(Graduate School of Information Science and Electrical Engineering, Kyushu University)
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Fig. 1 Contour map of the magnetic field generated from the three
MNP samples with spacing of 10 mm. The gradient field is (a) 0.4
T/mand (b) 0.8 T/m.
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Non-equilibrium and non-linear magnetic response of magnetic nanoparticles
and artifacts in magnetic particle imaging
H. Mamiya and B. Jeyadevan*
(NIMS, *The University of Shiga Prefecture)

(R EECIER IS @72 b L —T—Th D 5E IS & R, IRPNIZIARTE L W Rk 1
D, NMEEREGIHEBRT DBMEICEEZ A, BPAZBERHERBICE > TR/ A—V 7 LIS 295
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xtg e Lz, £9, BILELDEOEME 7 XLl BE, ZOKREX ITIHHBKT— AV bOm X BHELES
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