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SANS observations of initial magnetization process in Nd—Fe—B hot-deformed magnets
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Observation of magnetization reversal process in Nd—Fe—B hot-deformed magnets by small-angle neutron scattering
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Coercivity enhancement of hot-deformed Nd-Fe-B magnets by the eutectic grain boundary
diffusion process
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Hot-deformed Nd-Fe-B magnets have high anisotropic microstructure composed of ultrafine grains that is comparable with single
domain size of Nd,Fe 4B phase "), indicating that they have the potential for higher coercivity. Coercivity, as extrinsic property, can be
improved via modifications of grain boundary structure or its chemistry . Nd has eutectic reactions with various types of NdM,
compounds, where M includes Al, Cu, Ga, Zn, Mn, Co, Ni, and Fe. However, only a few eutectic systems, Nd-Cu and Pr-Cu, were
explored for the eutectic grain boundary diffusion process .. In this work, we applied the low-melting-point eutectic alloy grain boundary
diffusion process to 2 mm thick hot-deformed Nd-Fe-B magnets to adjust intergranular phase composition to achieve complete magnetic
isolation.

Hot-deformed magnets with the composition of Ndy3(Fe,Co)w B47Gags (at.%) in 4x4x2 mm’ size were used as the starting
materials. The eutectic grain boundary diffusion was carried out by coating the magnets with melted eutectic alloy ribbons, followed by
heat treatment at proper temperature for 1 hour. 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. After the
heat treatment at 700°C for 1 h by NdgAl,diffusion process, coercivity can be increased from 1.26 T to around 2.45 T; by Nd;Cus,
diffusion process satisfactory magnetic property for the diffusion-processed sample can also be obtained, with coercivity of 226 T
(Fig.1a). However, NdAl-diffused magnets exhibited a poorer temperature dependence of coercivity than that of NdCu-diffused magnets.
We find the good isolation between Nd,Fe 4B grains provided by the intergranular Nd-rich phase compared with hot-deformed magnets
(Fig.2) Based on SEM and detailed TEM results, the mechanism of coercivity enhancement as well as the thermal stability of the
hot-deformed Nd-Fe-B magnets by grain boundary diffusion process will be discussed.

This work was in part supported by JST, CREST.
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Fig.2 BSE-SEM images of the hot-deformed (a,b), NdAl-diffused(c,d) and
NdCu-diffused magnets (e,f) with c-axis in-plane.
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Effect of metallic glass infiltration on the coercivity and microstructure of
Nd-Fe-B hot-deformed magnets
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Anisotropic hot-deformed Nd-Fe-B magnets have variety of high temperature applications

such as servomotors and electric power steering motors. In order to raise their coercivity, grain

boundary infiltration process using low melting eutectics, for example Nd-Cu and Nd-Dy-Cu was

employed [1]. The binary eutectic of Nd-Cu is at 520 °C. In order to keep the infiltration temperature

lower, and to possibly form an amorphous phase in the intergranular regions, further low melting

alloy is preferred. In an attempt to realize the above, in the present work, a Nd-based bulk metallic

glass (Nd-BMQ) alloy with a nominal composition of NdeyAl;oNijoCuyg (at.%) [2] was used for

infiltration. The glassy alloy has a melting point at 481 °C, one of the lowest of all the Nd-based

alloys. The study was extended to Pr-BMG (PrepAl;oNi;oCuyg) as well. The infiltration process was

carried out at different temperatures between 600 and 700 °C. The resultant coercivity increased from

1.1 Tup to 2.8 T (Fig.1), which is the highest value of coercivity achieved so far for the bulk magnets

that do not contain the expensive heavy rare-earth elements Dy or Tb. High temperature coercivity

also showed improvement (Fig.2). Formation of an amorphous phase in many intergranular regions

was the most interesting feature of the microstructure (Fig.3). With detailed microscopic observations,

crystallinity and chemistry of the intergranular phases were studied. After crystallization studies, it

was found that coercivity does not majorly depend upon the crystallinity of the intergranular phase.
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Fig.1:

H (T)

Magnetization curves before and
after infiltration process
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Changes of microstructure and coercivity by annealing temperature for Nd-rich Ga-doped NdFeB

sintered magnets
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FABD Nd T 80at.% & . ARSI SN S Nd U v FRIFABICH T NDIBENE L&Y, £z,
ZONA Y vy FRAFHIT a3 EEZ A L TBY ., BiET DO Nd Y v FHEREOEEEZHT 5, Lo T, B
HIZ X DIEMIED Nd U v TR O DS BVLERC X 2 @B b DO E N TH D L TE 5,

-

g S Ay
0 20 40 60 80
Distance, nm

1 (a)BVLERRS O 53 - SEM . (b), (c): ()F DRFIT/RT Nd U v Fhi 48D HAADF-STEM 4, B X
O'Nd, Fe v > 7', (d): () D EBBNDHETRET 07 7 A1, (o), (O): KiFHH, BELONA Y v FH LD 15
BT B RRET R,

L 2D 8N

) EWING. BiEmRGEEHESEFRKESTRHE, 202 (2013)
2) RS, BAB RS RFHEE NS TR, ST ¢ 21 (2014)
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Grain boundary/Interface modification of Nd-Fe-B sintered magnets by low
melting temperature Nd-TM (TM : Cu, Al, Zn) alloys

H. Sepehri-Amin', T. Ohkubo', Y. Kaneko®, Y. Takada® A. Kato®, and K.Hono'

'Elements Strategy Initiative Center for Magnetic Materials, NIMS, Tsukuba 305-0047, Japan
T oyota Central Research Institute, 41-1, Nagakute, 480-1192, Japan
* Toyota Motor Corporation, Advanced Material Engineering Div., Susono 410-1193, Japan

One way to enhance the coercivity of Nd-Fe-B sintered magnets with minimum use of Dy is known to be Dy
diffusion process [1]. In this process, microstructure of Nd-Fe-B sintered magnets is modified to (Nd,Dy),Fe 4B shell and
Nd,Fe 4B core region. The mechanism of the coercivity enhancement in Dy-diffusion processed magnets has been reported
to be increase of magnetocrystalline anisotropy field, H, = 2K,/M; at the Dy-rich shell region [2]. Our finite element
micromagnetic simulation studies have shown that the main reason for the coercivity enhancement by Dy diffusion process
is reduction of saturation magnetization of Dy-rich shell region with a comparable magnetocrystalline anisotropy constant
to the core region. In addition, coercivity of Dy-diffusion processed Nd-Fe-B sintered magnets cannot be enhanced unless
Nd,Fey4B grains are enveloped by a Nd-rich grain boundary phase. In this talk, we will present our efforts on how to reduce
the saturation magnetization of the surface region of Nd,Fe 4B grains by introduction of a non-ferromagnetic element at the
surface of Nd,Fe 4B grain combined with grain boundary modifications of large grain sized Nd-Fe-B sintered magnets.

Porous Nd-Fe-B sintered magnet which was partially sintered at 950°C with a composition of
Ndy4s5Fer01Bs97Aly37 (at.%) was selected as starting material. The average grain size in the porous Nd-Fe-B sintered magnet
was ~6pm. The magnet was covered by various Nd-TM (RE : Nd, TM : Cu, Al, Zn, ...) powders followed by heat
treatment at a temperature range of 550°C-800°C for 1-3h. The magnetic propetties of the samples were measured using a
SQUID-VSM. Microstructure of the samples were analyzed using SEM/FIB (Carl Zeiss 1540EsB) and TEM (Titan G2
80-200)).

Nd-Cu diffusion process on porous Nd-Fe-B sintered
magnets just enhanced the coercivity from 0.4 T to 1.3 T. This
obtained coercivity is much lower than that of Nd-Cu diffusion
processed hot-deformed Nd-Fe-B magnets with a coercivity of
2.3 T. Back scattered electron (BSE) SEM observations showed
that Nd-Cu phases remain at the triple junctions as isolated Nd
and NdCu grains rather than infiltration into the grain boundaries
of ~6um grain sized sintered magnets. However, diffusion
process of porous sintered-magnet using NdgAl,g alloy led to the
coercivity enhancement from 04 T to 1.45 T. Fig. 1 shows
SEM—BSE mge of Nd-Al diffusion processed su?tered magr}et. Fig. 1. Back scattered clectron (BSE) SEM and EDS maps
A thick Nd-rich phase was formed at the grain boundaries. ¢ Fe Al and Nd obtained from grain boundary and
Composition analysis of the grain boundary phase showed that interfaice  modified sintered Nd-Fe-B  magnets.
this phase is free from Fe and Co suggesting that the grain ~ Ndx(Fe,Al),B shell region can be found on the surface of
boundary phase is non-ferromagnetic. Al was found to diffuse Nd;FeyB grains.
into the surface of Nd,Fe4B grains and substitute for Fe forming
Nd,(Fe,Al),4B shell and Nd,Fe;4B core microstructure as shown in EDS maps in Fig. 1. Diffusion of Al into the Nd,Fe;,B
grain and its substitution for Fe decreases saturation magnetization of the surface region leading to the enhancement of the
anisotropy field locally at the surface of Nd,Fe,4B grains [3]. Although achieved coercivity in this work is just 1.45 T which
is not as high as small grain sized Nd-Fe-B sintered magnets or Dy-diffusion processed Nd-Fe-B sintered magnets, the
obtained microstructure can shed a light for development of a new process as a substitute for Dy-diffusion process to
enhance the coercivity of Nd-Fe-B sintered magnets.

[1]1K. T. Park, et al. Proceedings of the 16th workshop on rare-earth magnets and their applications, Sendai; 2000. p. 257-64.
[2] H. Sepehri-Amin, T. Ohkubo, K. Hono, Acta Mater. 61 (2013) 1982.
[3] W. Rodewald et al. IEEE Trans. Magn. MAG-24 (1988) 2, 1638.
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Accurate measurement of hysteresis curve for Nd-Fe-B sintered magnet
with superconducting magnet-based vibrating sample magnetometer

H. Nishio* **, K. Machida**, and K. Ozaki***
("Research Institute for Measurement of Magnetic Materials, ~Division of Applied Chemistry, Osaka Univ.,
““National Institute of Advanced Industrial Science & Technology)

Introduction

In recent years, there has been growing interest in the developments of a new measuring system for the hysteresis
curve of large voluminal rare-earth magnets. There still remain some problems such as decrease in the maximum field
(H), the magnetization distortion, and the drift in the hysteresis graph (HG) method, and the eddy current effect in the
pulsed-field magnetometer (PF) method [1-3]. Therefore, we made the most use of a superconducting magnet (SCM)-
based vibrating sample magnetometer (VSM). We compared the SCM-VSM method with the HG and PF methods to
obtain accurate magnetic properties of Nd-Fe-B sintered magnets with very high coercivity (Hg) (> 2.1 MA/m).

Experiment

The sample was magnetized with an H,,, of 5.6 MA/m. The inner diameter of SCM used for NbTi wire is 50 mm. The
time for the measurement of a hysteresis curve was approximately 2.5 h. The applied field (Hy) uniformity within 0.1%
was 14 mm diameter sphere volume in the center of SCM. Magnetization (J) was calibrated at 1.0 MA/m by using the
saturation magnetization of a Ni (99.9%) whose size was the same as that of sample. He, was calibrated by the nuclear
magnetic resonance. The accuracy was better than 1% after calibration for both J and He,. Particular attention was paid
to accurate correction of demagnetizing field (Hg) for the cylindrical sample with diameter (D) of 10 mm and length (L)
of 14 mm using a magneto-metric demagnetizing factor (N,,) depended on the differential susceptibility (dJ/dHe,) [3, 4].

Results and Discussion

It was essential that the longer L of the sample be
magnetized uniformly for these methods [3]. Fig. 1
shows the hysteresis and dJ/dHs curves of Nd-Fe-B
sintered magnet with L-to-D ratio (L/D) of 1.4 for the

Technology Development Organization (NEDO). The
authors thank Mr. K. Tamakawa and Mr. N. Sasaki of
Tamakawa Co., Ltd., for providing a SCM-VSM system.

SCM-VSM method, where Hg is the effective field. 1L ' ] =
These curves were corrected for the Hy. The definition of = < ( 145 <
N was generally limited to dJ/dHe = 0. However, Ny, E’ 051L ;
was considered to be the functions of L/D and dJ/dH.y .g 430 E
[4]. The values of dJ/dH,, in the hysteresis curves were S 0 =
0.01-5.40 TM/MA (= 10° H/m) in the study. N,, of the b 115 %
cylindrical sample with L/D = 1.4 for the SCM-VSM §'0-5 - k? o
method is obtained by 0.240 — 0.037log (1 + dJ/dH) on S 1 0 3
the condition of 0 < dJ/dH < 10 [4]. Table 1 shows the =r -’J. .

magnetic properties obtained from these methods for
Nd-Fe-B sintered magnet. The squareness (Hy/Hc)
obtained from PF method was much smaller than that of
SCM-VSM method. It was suitable for the measurement
of hysteresis curve for large voluminal rare-earth magnet.
Acknowledgement This is based on results obtained
from the future pioneering program “Development of
magnetic material technology for high-efficiency
motors” commissioned by the New Energy and Industrial

4 -2 0 2 4
Effective field (MA/m)

Fig. 1 J-He and dJ/dH¢ curves of Nd-Fe-B sintered magnet.

References

[1] L. Ludwig et al., IEEE Trans. Magn., 38, 211. 2002.

[2] C. H. Chen et al., J. Magn. Magn. Mater., 320, L84, 2008.
[3] H. Nishio, IEEE Trans. Magn., 48, 4779. 2012.

[4] D. X. Chen et al., IEEE Trans. Magn., 27, 3601, 1991.

Table 1 Magnetic properties of Nd-Fe-B sintered magnet (D = 10 mm, L = 14 mm) measured by PF, HG, and SCM-VSM methods.

Method Correction JIm /B (T) Hes (MA/m) He; (MA/m) Hy/ Hg (BH)max (kJ/m?) dJ/dHe near Hey (TM/MA)
PF Ref. [3] 1.22/1.15 0.89 2.10 0.919 256 17
HG Ref. [3] 1.21/1.18 0.90 2.03 0.941 268 12
SCM-VSM Eq. of Npy 1.22/1.16 0.90 213 0.963 263 38
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RFAZHR, 8 pRE. BTHE—
ONT N
Reductive Diffusion Grain Boundary Modification for Nd-Fe-B Sintered Magnets using Heavy Rare Earth
Compounds and Their Magnetic Properties
G. Yamato, S.-H. Jung, K. Machida
(Osaka Univ.)

FLHIC

BRI TH 5 Dy 0 Tb %, ALK < BEHL S B 5 WKL 2 38 U Cea NER~BMER X & 2k 5t
WEEIX, Wb AR T ESED 2 R RN EZELE LT LETE 5720, 1ERORETIZE LAV E W
bR & & B b D Nd-Fe-B BEfE e A 2 BB TX 5 [1],
FRICZ %G, Al FEORMBIIHRZILIZHRNT52 LT, &
DL < Dy R0 Al &2 Y5 Aa NERICHEHCE AT 5 2 &3 Af
BE& 2D, ARBFSETIE. DyF, £ 7213 TbF, & LiAlH, THNEGE T
A3 DR E 15 % Nd-Fe-B BEfERAA 1T Y L, AL & P4
J1& DR ZE AT OTHET 5,

RBRAZE

FAW T2 BERE A 15 B b2 T 38 (BR) +R8L NB2 - (Br=1. 43T,
H,;=960 kA/M, (BH),,=378k]/m*) T, fEMIZHELH 3X3X
2.8mm* [ZHIWF L7, Zhbicwt LT, DyF, & 721% TF, (23824
O LiAlH, & Cal, CIRA L TIER L7 A7 U —RERHEIZ
#eAE L, 950°CHIIf% C 4 REEINEVE . 5] &Ht & 550°C T 2 ¢
T == VAR A i U Tn, 15D TR OBIRRE IS L 2T
Eﬁ{t/ﬁ”ﬁ%%%ﬁﬁb \ngﬁ“\“flo 10 20 30 40 50 60 70 80

HEREEE 20

1135 & L CLUTOF, & LiATH, Call, &£ % 700~900C gy | XRD patterns for the Nd-Fe-B
T2HBIEERZHBDOXRD XY —2Th b, MEVIEED magnet pieces treated by a mixture of
5 &I, T AL, BEITRINT 5 B — 27 SR 5 2 TbFs, LiAlH4, and CaHs powders.
EMIND, [AEROFEFIL DYF, O%ETH b7,

Intensity (a.u.)

iz, IBE ATV —CREIHTEED DyF, £721% TbF, &
A LT R & 950°CHI: TIEVT % 2 & T, (RIS 23 19901
REN KT 5 = LD B AT 5T, AR BT P sm—
D722, BIBRATEDRECME L= (K1&2R) % Q 1000
ML CTAZ Y —L Lizb D%, Nd-Fe-B BEAEZ HIZFTE ‘E
BBATL, 950°CC 4 RERIIAVASE LSO MBI E L 2 ) [ oaniz 700C
212, KE D, 700°CH 5 950°C T T OMEN L 1=K Hr K —— Th3AI2, 800 C
L HRBEA DRI ELTVD 2 ERSHD, LivL, b
BRI Th,AlL, B & ICRIBT& 2 B — 7 BB Sh T 0 s o p» o .
7000@/)?%\\*(1%%@%75%\% LTHR 2 . BREET) O A Hej (KA /m )
To AL, &EOPRUC L S22 E 5 DIRETE BT D, Fig. 2 Demagnetization curves for the
B Ik Nd-Fe-B magnet pieces treated by r a
[1] B2 X, BTH, 2=, 4%, 78 (2008) 760 72 &', mixture of TbFs, LiAlHs, and CaH:
powders.
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AR X MR MCD SRS & 5 1A LBERG AT DL IXBI%2

HRFET e N, RN
(*JASRI/SPring-8, **ESICMM/NIMS)

Development of soft X-ray MCD imaging technique under high magnetic field
T. Nakamura*** Y. Kotani*, and S. Hirosawa**
(*JASRI/SPring-8, **ESICMM/NIMS)

&

AT DK AMEAT DWFFRIZ BT, BEX OGS, R T) & BRI OB &2 fRI 3 5 7o o D % e
FHNY TH D, FriZ, BBALIREED D IA R IREE 2 8 TR SR IS B 2R OBX 23 %, PRisd /5%
WA BSEmIICHEMET 5 ECHER SRS, UL, — MO BERBAMEE CITRUBEth & L CORRE 2 L2 b
T 572, ZL DGAEIRENINE LR T LB ZBZE L T\ D, —FH, Kia AR clibini
W Cld, R TH > THMEmIZHE S TEWRE D 2R 2 2 L M6 THWD[1], £ 2 TAZET
L EVOVEREE ) & MERF T D AT LS 6 L CREX O SMIESS 2L A 8152 5 2 & 03 ATRE e B AR X ) MCD
PEM S % SPring-8 ¢ BL25SU (2% L 7= (MCD: Magnetic Circular Dichroism) , ANGE{E Cid, HEME, B X
W, AT DBERERGA ORI % DX BRI OV THRE T 5,

Hik

AEAEX HE MCD BEIEEIE, I, MEFEEEA RS IR LTEBEEZRT v o X—& Ty o3—
W D#R X FREEC IR TRERR S LD, BRXBREEE L > XIZIE, A2IRAY 310 um Che A iE A 40 nm D
FZP (Fresnel Zone Plate) # V7=, HE-2MEAK 100 nm O FECHXEE— L2 EE L, 2B FINE
B L DWIHNE 21TV, MCD R 2SR & L CRIG 2572, 2oL & Mmoo - B FE LT
AESANLEDORVEALDLN, =26 100nm ~ ¢ 150 nm ZFFA LIZ5A OESEE T 10um TH Y |
— XA T R A Y BBERERG AT O SERPRIEE S um O b3 ITxN T D Z L AR L TV D,

BRER

A1 Ny 0Fer9 7Cug 1 Bg o B R A1 7R ORI 17 12 5%
L. Fe Ly WU (707.9 eV) DZER Y FRCHER X # 4 A
FUCE-WIRE DA T D, K45 um, #E 50 um D
FHIEZ 150 nm AT v T CHER Lz, BUORTEX, Fe i
JEDMEYY Nd-rich FHIZH Y35, HEBEHANO = F T
Z MEE X B MCD 2V RIC LD D TH Y . BUERLkEE
DR XIZXRS T 5,
HEE

AFFRO—EIL, SCHRVEE ORFEFETH 5 e Rk
WERE A B ZEBL A D AR & 52 THThivE Lz, $£7-,
ARPNE THO A REHT B SL B EORE D ZIEEIC &
D AW F L,

L ZDT;N

[1] T. Nakamura ef al., Appl. Phys. Lett. 105, 202404 (2014).
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Relationship between magnetic domain structure and crystal structure of Nd-Fe-B sintered magnet
T. Nagaishi, Y. Morimoto, M. Takezawa
(Kyushu Institute of Technology)

XL oI
Nd-Fe-B REEM AT OB 72 /5 SRR L, F ORBEITK & 7o
ERIETZENHE SN TWE Y, Z OERBEFHOFHEZ A & i

Hude
MR DB ATV, T OB LI~ Z & TR 22 Sk, € o 440
RN ED &S R BERETHEROLNITHZEEZHEMEL | 540w
Too ZDT2DIT, BIESHER D DWMELIEATEE A U, AR E O ol 41
Wl AT > oD THRET 5, ki =
== . s o T Voaihidan e
RERFG Fig.1 Magnetization reversal area at

BIEBHE, IREETIH 14 kOe, FRRABEAE LAY 13.9 kG @ Nd-Fe-B  j the magnetization process.
RPERHA T, BEMO-NEXERFHOR S S mm, 1§ 1.8 mm T
B 5, WEHIBHRICHLDIA E N TRV AFE GG 7 & AT 2 B2 % 85
FAFEE L TN 5, BEIXBIERIZIT, Kerr ZhRBAMEE 2 I\ 2, £k
B WAL IR Byl 7 A2 4+20 kOe THEBL L, Z 22 HHUMEESR % 1 kOe ¥
O EH20 kOe F TEL SH RO LB OB L 21T -7,
D%, BACRKEEFT 2 SMASRE LIt L, Fariilz, =
DOFESR L& [F—H18F O EBSD (2 X 25 fh 0L AT P ERE S, & OV EPMA
(2 X DR AT OWERER & DIl A 1T 5 7=,

EREREER

WA FE DB EHE 5% Fig.1. EBSD &R 5 & Nd @ EPMA &
K% Fig2 & Fig3 IZENEIURT, Fig2 [T d . ¢ ®iAEdm A mic
i > TV D IRONTREOEIIICIBN T, Sk S E M CRAL SR 518
MRHDLZENroT, T7bb, BN RWEITE S, Bbxis
BLOZDOEE~DREDEZITRET HRERIE ST,

LU, ¢ BASEL A TR0 B T TV D W IREB O ER S T b b
HRITE Z > T3, ZOEE. Fig2 WO RAOEFTIBAL K& T
DEDIHFET 5 2 ERED o7, Fig3 IZ”" T EPMA & Ol & 1T
572 & A, Fig2 TOREA TR I N D MALSHAEFTE L ORLAE &
DUVNIKIEHE & & 2 BN D E TNd 72 EOF LR ORENE L |
EDHIZ 0 ORELEL R-TND I EBRMERINT, ZODA+
MR EAET DRIF B D WIT R EARER > 13, B RliR o i &
720 AR IS B E 52 T D 2 E Ny ho Tz,

e Z- D4

1) FEE, KAEER;. H. Sepehri Amin : H A4 JE 425, 76, 2(2012).

Fig.3 EPMA elemental map of Nd..
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v A7 a7 %T 4 v 7 AT XD Nd-Fe-B #ElER A OEHEBLIREED
hos X AR S R

Rl RS, B T EAKREE, KELE, HRER, KREILE
(& RSttt RSt s @b e
Micromagnetic Simulation of Thermally Demagnetized Nd-Fe-B Magnet Thin-Films
J. Fujisaki, A. Furuya, Y. Uehara, K. Shimizu, T. Ataka, T. Tanaka, H. Oshima*
(Fujitsu Limited, *Fujitsu Laboratories Limited)

IEL &I

UAEBRBE A~ OB G | B —F R BME I SN 5 K ARH T D Nd-Fe-B i 1) o mtEREL~
OEEMEE > T D, Nd-Fe-B A OLRBENIIRALIBIRITIS T B IR AERCOREBED B =0 75 o K& <K
7L, E2N0ITEERIRESCERARIE COMMAEGE IR T 5 Z LN b T 5, T4 E T Nd-Fe-B fi#
HOREICE L CTE L OBEY 2 2 b—2 3 URMTRb TN D b OO, BiEEZ ZERICER Y - T2 BEIX RS D
RHTIZA D L Z AR EN TV, KABHG OWEEEZ EHT D FEO DL LT, ~Af 7 ua~ /X7
4 I ADFEND D, ZIUIBANESZ FEEISHIDAWERIC S L, 2O IREZ2HE T FETH D,
7272 L Nd-Fe-B A7 CTIEFEA RN E nm~% um TH 25—, BIEEE X3 Snm F2E L V2 E RIS T
WA, BEEZIE LSO ICIE Inm FBED A v 2 58BN 0E L 220 | FHEICHWS A v 2 BITIER IS
fERIC7 D, £ THAIXPC 7 7 AX ERWIZWHIFHEIZE Y, BENZRBERIN TORFFE Y I 21— 3
> & A[RRIZ Lz, A [BlE Nd,Fe B IR A 1231 2 BWHBOIRIEZ G L, £ OBXKAEICOWTEREITI,

HEFX
AT alb—va rTREBIERY ML m 220 TLL T Landau-Lifshitz-Gilbert(LLG) S 2K (2 & fi# & |
Z DORALIRREZ KD 5,

om
a+ acz)—at = —y(m xH, )— YoM X (m xH, H,=H, 6 +H,+H, +H,
2K
H,=—"*(-k-mk, H, =2 Gy H,=-VU, VU=V-(Mm)
M HoM,

ST H, BAIBR. o BFVEL TR, S EY A RRREK. kRIS ML, KRR AR
B, TEZEERER, M ZBRIRL, AR O TR, U IR RART vy LTl D,

HERRE

Fig. 1 lIZABIOFREO—Fl%ZRT, ZIUIFIRKE X 960 nm X960 nm X 30
nm @ Nd,FesB HE# A E7 /L (FHE 5000 ) #HNT, PCY T A¥F
[ZT 1500 =27 ZHWIZEHIEHE AT 1o R CTh 5, Ml owb~<27
N 2 TN EF T 7 AICERE L AN & B a (2R - TR B TR
BT % £ CTRIFEZ1T o7, Fig. 1 ITEVHBIRRE DAL % AL
L72bDTHY, +z Fiazm < b7 b EIRE T, z FROBME~
7 M EBFBETEIL TS, ZORITIHE, REEX & ST IVREX A A
B U - -7 ZREKIRREN G DLz, Y H I, SRR Aok o
MAETLHLED T, TNLOFHE/EICOVTHET S,

L Z DN Fig.1 Thermally demagnetized
1) M. Sagawa, S. Fujimura, M. Togawa, H. Yamamoto and Y. Matsuura: J. Appl.  state of Nd2Fe14B magnet thin-film
Phys. 55 (1984) 2083 in the micromagnetic simulation

2) H. Kronmiiller and M. Féhnle, “Micromagnetism and the Microstructure of
Ferromagnetic Solids”, Cambridge University (2003)
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Dy 7 U — 475 NdFeB ®&¥y % AV 7=
M, SRS 2 A T D HRTE R o RigA D B3

FrefEst, B o, IR T R TR
(AR AU Ah)

Development of Dy free NdFeB anisotropic injection molding magnet with high heat resistance and high
magnetic properties
M.Shintaku,K.Noguchi,C.Mishima,H.Mitarai
(Aichi Steel Corporation)

[XC&HIC

NdFeB 5 PER o FREATIE 160kI/m® O i@ WA S BN - TRIRERIEZ A L TE Y, 2o 0kt
H LT, = o/ - BEAVICERN L T& 72", NdFeB BEfSEA CTiX, % Dy 24252 Lick»C
MHEME 24 G- S/ TV 523, =0 513 d—HDDR ZLEE% 0 NdFeB BA AR 12 NdCuAl 5K ZRA L, &
I CRERERALEE 5 = 212 & > CTHEWEGE iHo)OBEFIZRE LT\ 50, Ba ik s L Cid@EEEL
DNAIRE 7R TEMERRIAE & MR & — IR 23 FTBE 70 SRR IE 3 LT B, SHHHAERGA Tk, FEIC
PA12 £ PPS 3~ b U 7 A& LTSNS0, HllHEOMEWEN R EN D E— X EIILERAE AT 5
PPS OANEHAFEETH H, Lo L., PPS TIIMKFHEDRAR 0 TH L=, BHNEHEL <. Z D5 NdFeB
BIGMEAR Y FEA O DEED D> TH o1, AL, BREFE & WEWEZ O R> 2 & 23 aTRE 72 BT v
PEBHIEE LT, PAG6 &2~ b U 7 AL LTHWERGWER Y FiEAZBFE LD T, #ET 5,

E 37

d-HDDR #LEEf: . NdCuAl % il CRIFIEBALEE 5 Z LI &k » TH 53172 NdFeB B 5 VERK) % 6.5wt% D
PA66. 20wt%D SmFeN AR LIRE L, £0%, “HEHE CTEMT 52 LIk s Tar "y v e/
L7ce SHICINEZESMFx v BT 412 1.8T OELASGZFIIN L2 BRI T 5 Z ik > T, Ay M
FxfFle, HFOIIZAR Y AT 4.0T THEBE, B BH  L—Y%—% W TR DHIE 21T - 72,

1 =

L) >

112 PA12, PPS, PAG6 % FIVNTYERL L 72K RREAT 0D IR i % 08 §
Y, PAL2 & FAVERETIE 8.7KG &V Br 245 LTV 5 2%, PAI2 O 06 §
RN 180CTH D72, HHAREIREIL 120CE TL 72> TV D, —H, 04 £
PPS % W =A% 7.4kG & Br MK < 72 5 T 5 23 PPS DR A3 280°C 02 é
EHEFITE W=D 1S0COREE T2 5 Z E XA TH D, KEIC g
PAGG 4 VN IZREAE, Br S 83KG & PPS KV b 1< fro TG, - T T O
F72. PA66 DFlSIL 260CTH 5728, PPS & R CEMHEREIX Magnetic Field, H / kA/m
150°CE CHREETH 5D, Y HIIMIERTEDOE =, u—F WA %A Fig.l. Demagnetization curve of various
H— I L7= & X O Flux fHIZHOW TS, I THET 5, binder resin as a) PPS, b) PA66 and c) PA12

Z DRRFATMNATBHE AT = RV X — « FEELITRE BRI (NEDO) D EFLRF O RGO 2 b DT,
BEIR

1) Y.Honkura, Proceeding of 19th International Workshop on Rare Earth Permanent Magnets and Their Application,
Beijing, CHINA 2006, pp. 231-239.

2) C.Mishima,k.Noguchi, et.al. Proceeding of 21st Workshop on Rare Earth Permanent Magnets and Their
Application, Bled Solvenia 2010, pp. 253.
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Nd-Fe-B 52 HDDR ¥3 K O RSB EZ K IE 3 Pr & # o s 28

AIUHEZ, @A, EMESE, HRA—
(OF H TR th)
Influences of Pr substitution on magnetic properties of Nd-Fe-B HDDR powder
N. Katayama, S. Kaneko, K. Shigeoka, K. Morimoto
(Toda Kogyo Corp.)

LI

Dy 7 U —® Nd-Fe-B 52 HDDR ¥y RIZ @R 2 RBLSE 5 FHike LT, Nd-Cu X Nd-Al 72 & O
a4 A R S 2 51k D0 5URHE 412 Al 23RN L HDDR SR 2692 HiE AnlE S Tns. L
MDLZRN D D DOFIEL, RESI(Ho)Z KRS 2 ERBEARBEEB)OWAD ZH LW MERRH - T-.
FEH ST, Nd SRR & IZIF 5 LW IR k() & 30%FREE @ W E 5 ML (Ha) & & D PrR et AHIC & B L,
Nd O—#R% Pr CiE#a L TR R OBRFHEZ R T, ZORE, KD B O T E2MA 22 5K 18k0e £ T
Ho DENFRETH D Z L 2R LD THET H.
ERFE

Nd-Pr-Fe-Co-B-Ga-Zr A& ERL L, SEALEGLER,, /KB RRAREE K O 21T > TR 150pm L
TOHREMAE Lz, ZOBMRICBEHR O HDDR AWHE 2% fii UMM R 21572, K OBKREIXIRE R
WeARHZ LV AE L, ui#EARkIE FE-TEM IC K D BlgE L7z,
EBRKER

Fig. 1 I Pr{E#i &2 2 b S CT1572 HDDR My K OBKAFEZ 7R3, Pri@iEINC LY, HKRD B % 1Z

E—TFIHE BN D, Hy% 3.0at%Pr T 11%, 5.2at%Pr T 18% F T RKEEAZ LN TE . 20 Ham k
UL, Pr@EEND PRINDWMEFD Hy KRB RE L, RENERICITSRABHIERNGH L Z &
PRS2, Fig. 2 1TIX Pr &7 0 XUV 5.2at% DR D TEM 1§ 4 tle U TR, B G REMEARRS Shkhzfi o
U Nd-rich fHOE X728 Pr @I L VML TRV, ZOZEN Hylil BIZEFE5E L TnbEEzonb. ¥
DOBTIIE LN RO IR > Figa OFERMEICE L THL®ET 5.

‘ ‘ ‘ ‘ j 1 185
71 A
| | | . & 7180
i i i T 4 175
140 |-----4------ R e ShaTooodooop-
—_ : : e —. 17.0
0 : " Y :
< 135 f" ————— - 165
[ 'y’ 1 1 1
m { Yl P ! 4 16.0
13.0 T;’;’lt :0 155
R i R E St e B
: : : : : 4 145
12,0 bommmmdeme i - 140

0 1 2 3 4 5 6
Pr content (at%)

Fig. 2 FE-TEM images of the HDDR powders with
Pr content of 0at% (a) and 5.2at% (b).

Fig. 1 Pr content dependence of magnetic
properties for the HDDR powder.

L Z &N

1) H. Sepehri-Amin, T. Ohkubo, T. Nishiuchi, S. Hirosawa, K. Hono: Scripta Mater. 63 (2010) 1124
2) N. Katayama, K. Morimoto, H. Akamine, and M. Itakura, Proceedings of the 22nd International Workshop on
Rare-Earth Permanent Magnets and Their Applications, 2012, pp. 221-224.
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Nd-Fe-B # &g A OEfLE X U‘&é%fﬁfﬁ

TG, EGEE, ErE. Faalt, B
(EINKF)
Fabrication and magnetic propertics of Nd-Fe-B thin films
Chuang Ma, Yusuke Hara, Siyuan Wang, Akimitsu Morisako, Xiaoxi Liu
(Shinshu University)

IZL&IC

NdoFewB (&% 140 & 35 Nd-Fe-B B A 138k A TRk & L, b EERN— NI O —>TH 5,
Nd-Fe-B A OB D A J1 = X L EfRI$ 5 Z & 13, Nd-Fe-B i DI K= VX — a2 ET HICHE
Thbd, KHFETIL, WMdRBMWTEEﬁ%%%%wTﬁﬂ%Wﬂb\@%ﬁﬁﬁ%%%“f\%ﬁ®ﬁ
THREIR B B OV B L7 B IR RE OB XA SR K » T, @RS Nd-Fe-B I D REALAERE DRI A 7,
RERAE

IR 1T Ny Z U v 73 E 2 LT, W(20 nm) /Nd—Fe-B (50 nm) /W (20 nm) /Ti (5 nm) @ X 5 7ZpkiE <k
B2 ERL L 7=, MR 650 CC 5 4y MBI Z2 VLI % i L 7~

2BV % it U 7o 3B & VM X D RESURFPE 2 IIE L7z, MEM Z WD CUERE U 72 30RO RE XA 1 % 81 22
L7, F7-. BERFEEEOBIECHER L- MM 7' o — 7 1324428 E TYERL L 72 CoFe0 M0 iFRE Y v — 7 %
7=
REREER

Fig. LIZHIEIZH W3Rt o FE OB b % 7R3, Fig. 2 (a) ICEHBOIRRED MPM 8 2717, ZAHRE
RAEETIX, 9 307150 nm OIEF IR X A BlEL STz, T OBX OY A XI3Wr i E 1 P cilss
L7 Nd-Fe-B RO #ESRL 7 L IIEFEEDO YA X TH D, Fig. 2(b) (FilEHI+24 kOe DAMBEIR ZHIINL |
FRAWALARAE T D MPM 8 2 7~ 7, ZR R B LIRRE Tl I XIZIE R — B b F a2 Fo 2 & 2 s T & 72, Fig. 3
WX Fig. 1 OFEFEL 0 LB D/ OB O LR 27777, Fig. 4 |2 Fig. 3 T L7zalkl & +24 kOe D4}
EBERZEI L, R BACIRETHIE L7z MMM %2R 7, Fig.4 & Fig.2(b) ZHikT 5 &, RED/HNE N
BT, BEBLIRE T OBXBR T T L TWA Z E 2 LI Lz, £/, Fig.2(c) X Fig. 1
TR L725BHZ+24 kOe 7255 -24 kOe DAMERRE R & FIUIN U721 O MM & %2 7~k §°, 2 OIRRETIE, KERREIX O
4%1Fm ua;w%w’ﬁ%m —HEROBE A I3 1 pm FTEE L, R SR O SR 1-4
ARXED@EPICKRE, 2D LIZL ST, BALKERRFIC, R 7 LRIV S ERR S 5 L& 2
HiLd,
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Fig.1 Hysteresis loop of ~ Fig.2(a) MFM image of Nd-Fe-B  Fig.2(b) MFM image of Nd-Fe-B  Fig.2(c) MFM image of Nd-Fe-B

Nd-Fe-B thin film thin film at Virgin state thin film at +24~0 kOe thin film at -24~0 kOe
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Fig.3 Hysteresis loop of Fig.4 MFM image of Nd-Fe-B
Nd-Fe-B thin film thin film at +24~0 kOe
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INIRAY, /NHIRTE, BWRZET, KEEE, WA, LHEKR, EZEY
(LR, ALK, TINKR)
Structure and magnetic properties of interface-orientation-controlled nanocomposite films
D. Ogawa, K. Koike, T. Miyazaki*, Y. Mizuno, M. Itakura**, Y. Ando*, and H. Kato
(Yamagata Univ., Tohoku Univ.,  Kyushu Univ. )

IFL®HIC

Nd,FeB/a-Fe 27/ a2 RYy MégAlE, Nd-Fe-B RigAOHGHMA LRI DR KX LF—FHERGFOLND
ENHIE SN TOVDER, REICEWMEIZEE > TWa. ZORMEE R 5 72 DICHEK D NdyFe 4B fH DS
Ti] 7] 1oz 728 1 A1 D TR AL S N 2, & 1 NdyFeyB/a-Fe S COFESE HALIZE H LT 5. NdyFe 4B/o-Fe
S DOAHAE S NI R E ORGSR FAIRF L TR L, B TEDLVEDL Z ENERIUIC TR IS, &
BREUIZ & NdyFe4B(001)/a-Fe(100) i CIXIE 2] TH Y, —JF Nd,Fe4B(100)/a-Fe S CITEDE [3]1% & 5 2
EWRENT. 22T, @mMERIEORT LR 2 A ORHSEG R, D F Y NdoFe,B D(100)iH % & T ¢ il
B0 & o-Fe & O F i Z [AIkE L7z, #Esh 5 ALHIEIR 0 NdyFeyB/o-Fe -/ Ry » b 2 @2 ER L, %
D&M 2 51 L 7.

EERAE

Si HAR BIC THUE O Ta & 5 nm A L 721210, falifb Lz A8y 2 G (FEWARE T, = 600°C, Ar # A&
Py =0.7Pa, A/Xv ¥%EJ)DC 150 W) T Nd-Fe-B J& % 40 nm & L7, FAHEIEIZ ¢ $li23E A L 72 Nd,Fe 4B
Ki1- & o-Fe WNEDIKHAER & 72 D FHTE K & [BI#ES 5 72 %, — % Nd-Fe-B J& 112 Ta % 50 nm 5% L, Nd,Fe 4B
b0 bl (cm) CMEEE ST, TO%, WAy ZIEIZ KXY NdyFe B b1 LD Ta @A RE L7#,
Fe J§ % tpe=3~10nm B9 2 Z L1280, S s 00 & §il4## L 7= Nd,Fe 4B/o-Fe 2 JERDAER 25772, Ta
JE D AR X GHE, Ty=R.T., Pa=0.7Pa, RF15W, —J Fe BD A%y X &M%, T=300°C, PA=02
Pa, RF30W TH 5. Felgd LIZ@{bBiilkfg e LT Mo JE% 10 nm AR L7-.

EERER
JE M ORERIIFRE G A TN 5 72 D18, G RRICI 1T 5 U = A L ah#R 2 JE L7z, Fig. 1 1% Fe J8JF 5=3 nm,
BIEOSmm ORBHIBIT DY a4 vilifindb AM ey k [4LT= —
GRTHS. T, BEOBROE 2 SIRCHNT, WRHE H 2 10} [re=3mm|
B m TR LT & & Ok My(H) & 5L M, & D2 AM
(=M, — My(H)) %, 2M, THIL LTZETH S, KLY AM OfElE, H=
6 kOe {1 TR L TE Y, T X b/ SEciiiziEte
T2 CTholz. Thbb, "— NHEPEALKEET D H=6k0e £V &)
SV TIE, BMED MR ECTHEILTDHEVI AT Y TNy T
BRN/EZ > TnDZEE2REBLTEY, Y7 b — B O
[E] ORZEFEEDFTITHEEEL TWDH Z Enbhoiz.
B H (kOe)

KBFFEIT IST PE2 AR TIZE 7 1 & 5 A D KIE %2 Tiibh -, Fig.1 AM/2M, versus reverse field for the SiO,
/ Ta(5 nm) / Nd-Fe-B(40 nm) / Fe(tr.) / Mo(10

ﬁ%iﬁ nm) films

AM I 2M,

[17 Y. Toga, H. Moriya, H. Tsuchiura, A. Sakuma, J. Phys: Conf. Ser., 266, 012046 (2011)

[2] D. Ogawa, K. Koike, S. Mizukami, M. Oogane, Y. Ando, T. Miyazaki, and H. Kato, J. Magn. Soc. Jpn. 36, 5 (2012)
[3] D. Ogawa, K. Koike, S. Mizukami, M. Oogane, Y. Ando, T. Miyazaki, and H. Kato, submitted.

[4] E.E. Fullerton, J. S. Jiang, C. H. Sowers, J. E. Pearson, and S. D. Bader, Appl. Phys. Lett. 72, 380 (1998)
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Sm-Co/Ta/a-Fe f&ETIF / 22 R v NERERGA OReR
R EERE, I HE, o ®AE, R OER, fmk R
(Rl K=t TirgeF)

Magnetic Properties of Sm-Co/Ta/a-Fe Multi-Layered Nanocomposite Thick Film-Magnets.
Hiroaki Koga*, Yuya Furukawa, Takeshi Yanai, Masaki Nakano, Hirotoshi Fukunaga
(Nagasaki University)

X C®IZ

& 1XNd-Fe-B RA D 5 @i T THEHATRERAREMEE LTF 2 U —IRE DR Sm-Co AT
#4H L, PLD (Pulsed Laser Deposition) %% fV 7= Sm-Co/o-Fe f&Jg )/ a2 Ry v MgaREERL, &
O REZ L CTE -, ZOAME TIL Sm-Co & a-Fe BT Co & Fe MHAICIEE L TV D Z & AR
Eh, B LZRWESHEOH LR DR TN > Tng V) 2 2 TRIFFE T, BRIOILEZ I Z
%7212 Sm-Co J& & o-Fe EIZmfA D Ta Ny 7 7 —J@ &4 L CREKUERED M) L2 B L2,

EX s

FEEEEER D729, Sm-Co, a-Fe, Ta 02bL R 5EE X —5 v ME MW, Sm-Co & a-Fe OHEFEHIT3 @ 1
L L, Ta% Sm-Co & a-Fe DEEFRICHE L7, Ta DHifEIL Sm-Co & a-Fe DAHSHANER 28] 57272912,
ZOFEBIED Inm LLTF &R 58RICIRE LT, BT 2854 —57 > FE2 VAL —H (A=355nm) CTT7 7 L
—a LT, T 5 B AEIC 390 JEHIO TM/Sm-Co/TM/a-Fe #84 JE Hifs @t s 2L L=, 4
JEAMIEA 14nm TH Y, BUEIX 6um FRE TH D, FEEBRIFTEOZEMIZSCIAITR Lz,

ERAER

Fig. | [Z/ERL U7 BE A RO AEfLi% O X RRBIPT ¥ — L ZoRd, Ny 7 7 =@ & A LI-Aa ORI %
— T, SmCos 25 DEFTHEATIE U, SmCos 2> 5 DEIFTHENIRLS 72 o72, ZIUL, BT Co & Fe 254
AAZYER L T Sm-Co JE Db Rk L 0 D7 e T2 DR, Ny 7 7 —J@OAIZ LY Co & Fe &
OB O A HH S, Sm-Co JBDHAA SmCos & o= Z ENFEREEZ BNLD,

Fig2 \ZPREET), FRBEERALD Ny 7 7 — B DOIEHEFEZ R T, FRT Ny 7 7 —BE2FA L WO LR
71, BEBAALOZNETNOTPHEEZRLTCND, iz, ERLAEEO Sm &6 &i1X Sm/(Sm+Co) = 17.6
~19.5[at.%] T D, FHRMETH D Ta #A LT Z LIT Lo TET, BEBERED LTnWb, —F, R/
IERIBIZM EL TR Ry 77 —@OHAOEIMEEZ R LT,

Fig.3 |\ZfRHE) L FRBBREAL DOBR EERL L 72D v A7 U v A —T 2R LT\ 5, FERIBUL DO % i)
LOOREN ZH ETE 52 NS0 5,

AHFFEDFER, (BH)pax 1273y 7 7 —BEFEA L720 B DI 15%0A E L, (BH)m=59 kiim® 85 5h
776
iR

(1) A.Touetal. :J. Appl. Phys 115, 17A748 (2014).

(2) HPERM  ERFRY T RT 4 v 7 AFRSER MAG-14-179 (2014).
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Fig.1 X-ray diffraction patterns for Fig.2 Coercivity and remanence Fig.3 Relationship between
films with and without buffer layers. as a function of buffer thickness. coercivity and remanence,

together with a hysteresis loop.
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RA N7 ==V v 7 ANTER L7 E5% Sm-Co BEREA OBER R

w IR, PSR, UGS, TR, KR
(I R F)

Magnetic property of an anisotropic Sm-Co thick magnet prepared by post-annealing

Y. Furukawa, H. Koga, T. Yanai, M. Nakano, H. Fukunaga

(Nagasaki Univ.)

Uiz Mim® & LCEHED) & Hled 5 LIRVETH Y, A
Sm-Co/a-Fe -/ a iRy y MR L, @mfafifil & & B L OBWBE SO 2RI N LETH D,

W 2 U IR RS 7200 IR T b TR AR R 72 1L
BEHO—>ThH D, FoxlIBEIZ% 5 Sm-Co/a-Fe F/ = =)

VAV MEREER L, FERT 100 k/m® DRk R E T
F—mWMEL TR, BAT 5 & TREHEHEDR L 5

PSHIEE S B BT HERE 111 RIBE L B 2 IS 5 = & £ ‘

(ko TRBRD A, REFI (60 min) OMIC L 5T I 1000
Sm-Co J& & o-Fe JERICHEFALHANE = 0 . BUE G 23 % —
BN TLE S, —J7, Nd-Fe-B Rl TiL2 A7 v 7 # p= ——in-plane

W (BB R R T ==V v 2) ZRANDZ L TR ] out-of-plane
HHEBABEOLND Z L BHE S TWDHE, RIFZE T, Effective field [kA/m]

5 Sm-Co/a-Fe F/ a RNy Mg & VBRI 2 mi Bk (a) As-deposited

Bl LT.2 AT v FEVLER A U TR Sm-Co SRR 1+
HOMERERA, EROFED Sm-Co RREA IR 54
IR IR LTz,

EBRFE

73 DYERLZ X PLD ¥ YN r Sm; 4,C -, A !
e AT ﬁf;@ | /ﬁfi’ﬁﬁ E%ﬁ.&#é m; 4L 05 _100’0’/, /0;, 1000

Magnetic polarization [T]

X —/7y M2 Nd:YAG L— (A=355 nm) ZMH L. I s

SN Ta BHLICHERE S 7o, WRBCRIE, Ta EHUCE 0§ ~———

e L, ¥a— L 8xFH LU CEREIE L7z, ARBRE ——in-plane

B ORA BB CH o TmDTHERA R T == v/ I R out-of-plane
(600°CC 0 min) |Z X > CTHEARMICH L STz, Effective field [kA/m]

EBE R (b) After post-annealing
Fig.1 I[ZFEHUREE 200°C TER L 72 Sm-Co WA R D A Tig.1 Hysteresis loops

B (a) & BULILE (D) D & AT U ¥ A — T %m g, =5 =g =5 =

B4 DB TRIRGME 2 = S 7S N F AN Bk LT L
7o BULEL I EN R A LT EARBE AN L7, T
Fig.2 1255 714 @ Sm-Co BéA (a) & FEARIEE 200°C Tk
i U 7= BV IR % DREA (D) D X BREF DR B A2 7T, &
HHOES FIC SmCos NHDE—7 BNEEESNDM,
Fig.2(b) CIXia B 5 I ELE LTV A (002)EH 5 D B — 7
MR S PH I MIICZ L LTS Z &R
TIN5, BIrE VSM (i KEIANEZA 4800 kA/m) %
HOTHIELZE 27 U v 2 i b ENG & OEE S bl R NP S W -
MICRHME T A7 DIC LB AT I A X — 5B L BT 20 40 60 80

Intensity [arb.U.]

FAR—EFHT 5 & 400 K/m’ BIEThH - 72, = DI, 20 [degree]
R OREALE BTN 10T T > 5 MCELR LT85 Fig-2 XD patterns

B ORI F VX —OHRME 107 MI/m® (K, = 17.2

[1] A. Tou, T. Morimura, M. Nakano, T. Yanai, and H. Fukunaga: J. Appl. Phys. 115, 17A748 (2014).
[2] Ya. L. Linetsky and N.V. Kornilov: J. Mater. Engineering and Performance 4, 188 (1995).
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Ndg(Fe, M) 4 DRI RAT S IIN o0 3R D 52 %8

Ve 5. @SR, xR, RARGE . EHME, g 27, &r#is
(- H B 7ET, WE - MORHFZCEEE, T b 3 2 B EED)

Influence of additive elements on magnetic properties of Ndg(Fe, M), 4 films
T. Sato, Y. Takada, T. Sasaki’, T. Ohkubo", K. Hono", A. Kato™ ", and Y. Kaneko
(TOYOTA CENTRAL R&D LABS., “National Institute for Materials Science,

“Toyota Motor Corporation)

[TL&HIZ

Nd-Fe-B &A1 Tld, Dy HIBOERZ T, 2 E Tk Bk R SCE 2 8 X D RBE o) B
REtEnTnsd, —FH, Nd U v T Ga IR Nd-Fe-B JEf5feA CTEWRBEN 215 D05 2 & BTFERE S
T3 12, ZORERERA TIE, —%H7e Nd U v FHIZIN 2 T NdsFew B2 a@MHBSRIICER L TR, 2
NETOMETH DRI TO N DIRIES Fe IR OW/D L IX B> T REBEI M LA B = X AR END 9,
Z 2 CARMFFE T, NdeFews 2 EEFHDORE ) ~DOIEH Z ST 572D, IIcHEZ 2 2 T Ndg(Fe, M)y
A ERL L WSOt M B X OVRINEIZ L DA EDZ (b2 Bat LT,
RERG K

ABHT., BEEZE Ay X AEEFEEZERE 5X 10 Pa LT TERL L, By bl & Si A I Ta 10 nm/
NdgFe 4 M 100 nm/ Ta 20 nm O &R & L7z, WIIoCHE M 121X AL, Si. Co, Ga Z M\ /2, Nd-Fe-M [,
650°CIZHIZEA L 72 IRHE T NdgFe, A8 & NdoM , #HAKE % 22 A

R L, 208, B |5 - & CREILETO o ool ]
(R LT, MAFRxI10~27 L2 5 L 5 CREEATHE 5

Ut BEGUBMEORHRCIE VM 2, (ML stktope 2 400] ]
WO HANZONWTRIEEIT -T2, £i2, SN XRD(Cu Ko L 300_— .
BRI T 72, 3 200f ]
EEE 2 100} :

112, NdgFep,sM(= Al Si, Co), 4 5 & U NdgFesGa [0 & ol
Bt 2R, SiB L Co DIFAICIT., FFIRALIZAINEE L w/o Al Si Co Ga

DA D 461 emu/em® [Z5%F L 10%FEE DB CTH 7=, — 7. 1 NdgFe,M(= Al, Si, Co)4flid L
Al DEFAIZIE 267 emu/em®, Ga Tl 27 emuw/em® (2380 L7z, NdgFesGa BED TR L. FINE L DA
XRD fEHT 6. WTILDEE S NdoFey FAAER L7223, Al % wlo L EI.

& Ga DY AITITHIZ Ndg(Fe, M)y FH OAERR D ERR S A72,

X212, AlR L O Ga DRI L 2 fafiifb O 2 b & ~d,
WIS ESITEIS R U TR LI XA L, Ga Tl
GEHEx>1TIERIEFO0 & 2o72, ZOMBKIETIL, Nd,Fe;; fiD
AERIT NI 40, Ndg(Fe, M) FHOAERA T & L TBIZE STz,

PLED X 512, Ga=e Al DUSHNT Ndg(Fe, M), RO g Fifsg b
DWWV HTEEIZ R S0, Ndg(Fe, M),4 FH7% Nd-Fe-B 47 O RL R
AR L2 AT KR ORI L 2 K8 L Nd-Fe-B #& dhiz ] O i
KL EAER Z 832 2 LB BT o Tz,

BAFNREAE (emu/cm?®)

o 1 2
EER . NdeFereM(= Al, Ga)JEDOME
) ERIG, BB RGEEEFTRKETRE, p.202 (2013).

2) LS, AARSRTFSFRFHRBASTRE, S7 - 21 (2014). 2 Nd¢Fe M(= Al, Ga), I'ED M &4 5 x
3) H. Sepehri-Amin, et al., Scripta Mater., 63, 1124 (2010). W% B EAFRA L D 2L
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ThMn, B (Ndy 7Z13)-(Feg75C0025)11 5-Tio s-N #1231 2 IIon R0 R

PERREIR, SoARMRIG* . ABFE T+ BURE R T+ KREFIEME, MBS, B R E
(haZABEE ()., @hRE—7 — HBEMEH BHOT 70 & (MagHEM),  # i BE TRHR*)
Elemental substitution effect on ThMn;, phase stability of (Ndy 7Zr3)-(Fey75C00.25)11.5-Tigs-N powder

N.Sakuma, S.Suzuki, T.Kuno, K.Urushibata , M.Yano, A.Kato, A.Manabe, K.Kobayashi
(Toyota Motor Corporation, Technology Research Association of Magnetic Materials for High-Efficiency
Motors (MagHEM), *Shizuoka Institute of Science and Technology (SIST))

FLHIC

ThMn,, B S E 2 A5 1-12 SR R 13 O R b (M) & BRI (H,) &2 A L. NdFe,B DFs
KU ABZ D AREMENH HME L L TIHER SN TWA D, Zh 6 OO BEKEHE O B, ek
BRSO, AWE OB MERERG L O ATRENE 2 RS 2 72 DICEE TH 5, ARE TIEE WAL #
5 DE R 72(Ndg 7210 3)~(Feo 75C00.25)11 5-Tios-N # A D Zr, Co, Ti DRI RIZHOWTELE LT,
ERAE

AR w7 Hy A MEIZE 5 THERLL 72(Ndy 7210 3)-(Fe 75C002s)11.5-Tio s B4 & TRV LER 1% . Bk L C
B umBOMKE U EFRT AR CTEMIZAT > Io, 5B O RS BHEIERHE 21X XRD(RIGAKU, SmartLab),
Cs-STEM(JEOL, ARM200F), R&5URFEREAMIZ 12 VSM(QuantumDesign, Inc. PPMS(9T)) % FH\ M7=,
ERER

(Ndyg.7Zr¢3)-(Feo.75C00.25)11.5-Tip5s-N MR
[001]J7 117> 5 @ STEM-EDX #i 5 % Fig.1 {2
T, Nd & Fe Do, T fRETE
NENDOTLHEY A FOFRINTETWDE D
LMD, WINTEFETH D Zr 15 Nd2a
A M, TilX Fe8i 4 MIE(ELTND D

LAGIND | B ST B RS EART ° Fesj:{‘: e s
AR LA LT, RELTEO Ti & O -rsi :“ ﬁ”“’"”"f& o
N % Q@ resi—repe © 0 g 0 ©
%{{a/} é'ﬁ—_f ke tti%iﬁ%}jﬂk\ Nd %EF[ O Nd2a—=0 do.c 2 ; oe
Lok L FeBi, Fe8j ¥ b TSNS 6 BB e wn/]o®ce2el
D100 5 MO X (Fig.1 DJFR1ET VXS '?%;;% g%;;b [;;ﬁ; c =

FODHEL T D ME DI AZIE L 72 573, Nd Fig.1 Element specific STEM-EDX mapping of
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1) Y. Hirayama et. al., Scripta Materialia, 95, 70 (2015)
2)  S. Suzuki et al., AIP advances, 4, 117131(2014)
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Analysis of nitriding mechanism in ThMn,;, new magnet materials
T. Kuno, S. Suzuki, K. Urushibata, K. Kobayashi
N. Sakuma, K. Wasio, M. Yano, A. Kato, A. Manabe
(Shizuoka Institute of Science and Technology,*Toyota Mortor Corporation)
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Effects of substitution with Ti on the NdFe;,.,TiyN, compounds with ThMn;, structure
Y.Hirayama, YK.Takahashi, S.Hirosawa and K.Hono
(The Elements Strategy of Initiative Center for Magnetic Materials, National Institute for Materials Science)
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(TIHETIEKRD)
Magnetic properties of Sm-Fe-N melt-spun ribbons
Tetsuji Saito
(Chiba Institute of Technology)
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1) T. Saito, H. Sato, H. Takeishi, and N. Nakayama, Appl. Phys. Lett. vol. 89, 162511 (2006).
2) T. Saito, J. Magn. Magn. Mater., vol.320, pp.1893-1897 (2008).
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Development of Super High Resolution Micro size Magnetic Sensors and
Their Highlights Applications

Y. Honkura
MAGNEDESIGN CORP.

The trend of big data in Fig.1 creates the big progress of sensors towards to like bio sensors. Like bio sensors must have
high performance in super high resolution, micro size, low power consumption, real-time, low cost and mass production.
The like bio sensors must be archived by combination of sensor innovation and the sensor fusion smart system. In the
field of magnetic sensors the developments of high resolution micro size magnetic sensors and their new applications
such as wearable computer in Fig.2, medical applications in Fig.3, automotive driving systems, smart grid has been
dramatically progressed.

MI sensor which consists of amorphous wire and MEMS coil must be most promising super high resolution micro size
magnetic sensors. Recently the remarkable progress on MI sensor improved by pulse stimulation from MHz to GHz
and fine pithed MEMS coil from 30 um to Sum in Fig.4 which gives the 100 times increase in sensitivity compared to
that of MHz type MI sensor is reported. I propose GHz type MI sensor as GHz-spin rotation sensor (GSR sensorl)).
This GSR sensor must measure the earth magnetism easily and apply to gyro compass which is used as motion sensor
for wearable computer. Moreover it can detect bio magnetism of Pico tesla level and apply to heart magnetic
cardiogram and magnetoencephalography.

The keynote speech will introduce the recent developments in super high resolution micro size magnetic sensors and
their high light applications challenged in Silicon Valley.
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Reference
1) Y. Honkura; Nano plat form consortium symposium (2015).
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High Sensitive Magnetic Field Sensor Using Amorphous Wire and
Micro-fabricated Fine Pitch Coil

T. Kato, D. Oshima, and S. Iwata
(Nagoya University)

There were various types of magnetic field sensors available at present to measure the magnetic fields from
electromagnet, motor, earth field, and bio-magnetic field. Among these sensors, only a SQUID magnetic field sensor is
used to detect quite small magnetic field from biological activity, e.g., human brain and heart fields. However, low
temperature facilities are required to operate SQUID sensors, and thus high sensitive magnetic field sensors operated at
room temperature are desirable to detect the small bio-magnetic signals without large medical facilities. One of the
candidates is a magneto-impedance sensor" which is comprised of an amorphous ferromagnetic wire and winding coils;
we refer to this sensor as an amorphous wire sensor.

The amorphous wire for the magnetic field sensor is known to have a special domain structure due to its induced
magnetic anisotropy and shape anisotropy, i.e., magnetization in the wire surface layer points in the circumferential
direction and one in the wire center points along the wire axis. When the wire is placed in the magnetic field, the
surface magnetization canted slightly along the field direction. The pulse current flowing along the wire tends to rotate
back the surface magnetization in the circumferential direction, which induce the induction voltage to the coil winding
the wire. The ultimate sensitivity of the amorphous wire sensor will be the thermal stability of the domain structure. For
the detection of the bio-magnetic field of around 1 pT, the thermal stability factor K,/ should be larger than M; x 1 pT,
where K, V, and M; are the uniaxial anisotropy, volume, and magnetization of the wire, respectively. If we assume the
K, =1 kerg/cc and M = 1000 emu/cc, which corresponds to saturation field of 2 Oe, the necessary dimension to have
sufficient K,/ for the detection of 1 pT is estimated to be 4 um¢ x 500 pm, which is smaller than the present amorphous
wire sensor.

The present amorphous wire sensor utilizes the wire of 15 um¢ x 500 pm and winding coil with a turn number N of
16 (coil pitch of 30 pm), and it is reported to detect the magnetic field of 10 nT”. Since the sensitivity of the wire is
roughly proportional to NL* / D?, where L and D are the wire length and diameter, respectively, the wire dimension of 5
pmo x 900 um and winding coil with a coil pitch
of 2 um, corresponding to turn number of ~400,

\ p— -
are estimated to be required. In this talk, we \./d L —

describe the micro-fabrication of the amorphous \‘~ — Al T -

: : e - THTTETETTETERREY FEVETLIT TN =
wire sensor with a coil pitch of 5.5 pm, and report = SR . ==
the output of the sensor by flowing the pulse ) -

current in the wire under an external magnetic
field. Figure 1 shows the optical micrograph of the
micro-fabricated amorphous wire sensor with a
wire dimension of 15 pum¢ x 420 um and coil turn
number of 42. The output signal of this sensor was
confirmed to have 3 times larger amplitude than

that of commercially available Fig. 1 Optical micrograph of the micro-fabricated amorphous

magneto-impedance sensor which has a coil turn wire sensor with a wire of 15 um¢ x 420 pm and winding

number of 16. coil with a pitch of 5.5 pm.

Reference

1) L. V.Panina et al., Appl. Phys. Lett., 65, 1189 (1994).
2) N. Hamada et al., PIERS Proc. 860 (2014).
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Micromagnetic analysis of dynamic magnetization process in an
amorphous wire for M1 sensors

Y. Uehara, A. Furuya, K. Shimizu, J. Fujisaki, T. Ataka, T. Tanaka, H. Oshima*
(Fujitsu Ltd., *Fujitsu Laboratories Ltd.)

MI sensors based on the magneto-impedance effect in amorphous wires are nowadays widely used in electric
compasses, thanks to their small size and high sensitivity [1]. Recently, MI sensors with ultrahigh sensitivity have been
studied for application to wearable computers and medical devices [2]. To realize these applications, it is of prime
importance to analyze dynamic magnetization process in amorphous wires. In this symposium, we introduce
micromagnetic analysis of dynamic magnetization process in an amorphous wire by using Landau-Lifshitz-Gilbert
(LLG) equation taking into account the eddy current.

A schematic structure of an MI sensor is shown in Fig.1. A pickup coil is wounded around an amorphous wire. The
amorphous wire has a circular magnetic anisotropy arising from the coupling between negative magnetostriction and
frozen-in stress. Without external magnetic field Hey, the magnetization in the wire forms the vortex structure in the yz
plane, as shown in Fig.1. When He, is applied, the magnetization is tilted to the x direction by the field. As the pulse
current whose change rate is in the order of MHz-GHz is applied, the magnetization turns back into the yz plane due to
the Oersted field generated by the current. Simultaneously, the pickup coil detects the change in magnetic flux that
arises from the rotation of the magnetization. Because of the high frequency of the current, it is necessary to take into
account the eddy current effect in the wire to accurately calculate the dynamics of the magnetization process.

In the LLG simulation, the amorphous wire is treated by a 2D model, assuming that the magnetization distribution in
the x direction is uniform. It is because their typical length (several hundred um) is much larger than their diameter (~10
um), and can be approximated as infinite. The pulse current field including the eddy current effect is incorporated into
the effective field in the LLG equation. Fig.2 shows the magnetization process with and without the eddy current effect
in the wire. The diameter of the wire is 10 um, and the mesh size is 20 nm to compute the magnetic domain structures
accurately. Saturation magnetization My, circular magnetic anisotropy Hy, and resistivity p are 1 T, 500 A/m, and 130
uQcm, respectively. The pulse current height is 0.39 A and the rise time is 0.8 ns. The initial magnetization is aligned in
the axial (x) direction. The magnetization rotates toward the yz plane due to the circular anisotropy and the pulse current
field. As shown in Fig.2, the eddy current affects the motion of the magnetization drastically. In this symposium, we
will show some simulation results to understand the phenomena in the amorphous wire.

Reference
1) http://www.aichi-mi.com/mi-technology/.
2) T.Uchiyama et al., IEEE Trans. Magn., 48, 3833
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Signal-Noise Ratio Improvement of Magnetic Tunnel Junctions

for Detection of Bio-Magnetic Field
K. Fujiwaral, M. Ooganel, D. Kato', J. Jono?, H. Naganumal, M. Tsuchida? and Y. Ando'
'Department of Applied Physics, Graduate School of Engineering, Tohoku University,
Aoba-yama 6-6-05, Sendai 980-8579, Japan
*KONICA MINOLTA, INC., Tokyo, Japan

The discovery of large tunnel magneto-resistance (TMR) effect at room temperature in magnetic tunnel junction (MTJ)
has spurred intensive investigation of MTJ applications for spin-electronics devices, such as magnetic random access
memory and various magnetic field sensors. For sensor applications, low power consumption and small device size of
MTJ make them prime candidates for next generation magnetic field sensor. In addition, from the feature that operate at
room temperature, MTJ enables detection of bio-magnetic field (e.g. magnetocardiogram (MCG),
magnetoencephalogram (MEG)) without liquid He (Fig.1). However, sensitivity and noise reduction are insufficient in
MT]Js have been developed. In this work, we fabricated MTJ with antiferromagnetic coupled bottom free layer for high
sensitivity, and MTJs were connected series-parallel to reduce noise.

MT]J films were deposited on to thermally oxidized Si (001) wafers using DC/RF magnetron sputtering system. MTJs
were micro-fabricated by photolithography process and Ar-ion milling. After micro-fabrication, MTJs were annealed
260 - 350°C with applied magnetic fields of various directions. Fig.2 shows R-H curves of MTJ with
CoFeSiB/Ru/CoFeB antiferromagnetic coupled free layer. High sensitivity of 115%/Oe was observed in single MTJ".
Fig.3 shows a schematic image of signal and noise measurement. Series-parallel connected MTJs were placed in the
center of the Helmholtz coil, the output voltage was amplified by the 100 dB amplifier and input to the oscilloscope.
Fig.4 shows MgO barrier thickness dependence of signal voltage, noise voltage and S/N ratio measured from 18 Hz,
120 nT,_, input magnetic field. Both signal and noise decreased with decreasing MgO thickness. From this relation of
signal and noise, maximum 154 S/N ratio was acquired by 2.2 nm MgO thickness. The Detectivity D (D = noise/signal)
of MTJs with 2.2 nm MgO barrier was 0.8 nT, this value is possible to measure cardiac magnetic field by performing
integration of the order of 100 times.

Acknowledgment This work was supported by the S-Innovation program, Japan Science and Technology Agency (JST)
and Center for Innovative Integrated Electronic Systems, Tohoku University.

Reference 1) D. Kato ef al., APEX, 6 (2013) 103004.
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Development of pT resolution magnetic sensor utilizing MI element
towards medical use

°T. Uchiyama

(Nagoya University)

Magnetization dynamics by pulse excitation in amorphous wire is limited in the surface layer by skin
effect due to magnetic rotation. We have constituted highly sensitive linear micro magnetic field sensors
utilizing Off-diagonal Magneto-Impedance (MI) effect. Recently we have succeeded in producing pico-Tesla
(10°0e) resolution MI sensors due to ultra-low intrinsic magnetic noise of amorphous wire .

Superconducting quantum interference deice (SQUID) have ultrasensitive, which have been utilized for
bio-magnetic signals. For example, magnetocardiography (MCGQG) is a noninvasive technology that measures
the magnetic field of the heart. It was developed for general-purpose use as a noninvasive, noncontact
diagnostic tool for detecting obstructive coronary artery disease (CAD), and especially for detecting cardiac
ischemia. Recently, MCG study using highly sensitive magnetic sensors, which can operate at room
temperature, have been reported 23),

We have tried to measure MCG signal using MI gradiometer. Fig.1 shows magnetic signal along with
ECG sensor at 4 cm left the pit of the stomach. The subject was a man. A distance between from sensor head
to a body surface is about 3 mm. The magnetic signal shown was averaged for ten times. The magnetic wave
form was confirmed that is similar to the ECG wave form. By contacting sensor head to on shirts we
recorded cardiac magnetic field of premature ventricular contraction as shown in Fig.2.

The SQUID has been also used to measure the human brain. The application of brain signals detection was
developed in various fields. In medicine area, it could be implemented in such as brain injury inspection,
diagnosis of neocortical epilepsy, telemedicine or cognitive functions research. And with advances in sensing
technology, neuroprosthetics applications based on brain computer interfacing (BCI) could be improved and
used to restore damaged hearing, sight or movement.

Event-related potentials (ERP) is one of the important biosignals of the brain which has a wide application
in examining brain activity and cognitive functions. The P300 (or P3) is one of the ERP components which
normally elicited in the process of making decisions. We have recorded of the waveforms of mean P300
magnetic field in occipital region elicited by audio stimuli, for several subjects. Brainwave measurement
results of MI sensor will be presented and the results will be compared to SQUID's or EEG's results.
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Fig.1.Voltage from the heart and Signal on the body Fig.2. Recorded premature ventricular contraction of ECG in (a)
surface at 4cm on the left of the pit of the stomach. and MCG by MI in (b).
Reference

1) T. Uchiyama, K. Mohri,Y. Honkura, L.V .Panina, IEEE Trans. Magn.48(10), 3833-3889, (2012).
2) H. Karo and 1. Sasada, J. Appl. Phys. 117, 17B322 (2015).
3) S. Yabukami, K. Kato, T. Ozawa, N. Kobayashi and K.I. Arai, J. Magn. Soc. Jpn., 38,25-28 (2014) .
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Thermally stable magnonic sensors using spin wave differential circuits

Taichi Goto', Naoki Kanazawa’, Hiroyuki Takagi®, Yuichi Nakamura®, Shingo Okajima?,
Takashi Hasegawa®, Alexander B. Granovsky®, Koji Sekiguchi®, Caroline A. Ross®, Mitsuteru Inoue®
Toyohashi University of Technology, 441-8580, Toyohashi, Japan
’Murata Manufacturing Co., Ltd., 617-8555, Kyoto, Japan
3Moscow State University, 119992, Moscow, Russia
*Keio University, 223-8522, Yokohama, Japan
®Massachusetts Institute of Technology, 02139, Cambridge, USA

Magnetic field sensors using spin wave propagating in the yttrium iron garnet (Y1G) was proposed”. Experimentally its
high sensitivity, ~38 pT/Hz, was demonstrated with the artificial magnetic lattice (AML) composed of copper stripes
onto Y1Gs2,3), but the thermal instability of magnetization of YIGs prohibited spin waves from moving to device steps.
To solve this issue, we used the spin wave differential circuit (SWDC) comprising two YIG films magnetized in
opposite directions. Figure 1 shows the fabricated SWDC. This setup was put into the thermostat chamber and the
magnetic-field sensitivity was measured by changing the applied field by Helmholtz coil. Figure 2 shows the thermal
sensitivity of circuit A alone, B alone and SWDC. The obtained thermal stability of SWDC was —9.5x10° © K. This
was about 2x10° times better than single circuits. The sensitivity to the change of magnetic field was same with single
circuit. This prototype of spin wave magnetic-field sensor can be minitualized with decreasing of the thickness and
wavelength of spin waves. Details of measurement setup, tuning method of actual device, and fundamental properties of
magnonic crystals modulating propagation properties of spin wave will be discussed in the symposium.

SMA connectors 0- %mguumuunmummmumnmu 1
YIG TN Qe SWDC
I i ; a
| -100+ s E
< %y
- QQ
@ -200- - .
&2 2}
£ ‘o
-300+ o Circuit A ﬂg .
A Circuit B &
s -400 T T T T T ¥ T v
Micia stnis lites 300 305 310 315 320
Temperature T (K)
Fig. 1 Top view of the spin wave differential circuit Fig. 2 Phase of spin wave versus temperature. Blue
composed of two YIG films placed onto four microstrip circles and red triangles show that of circuit A and B,
lines. Two YIGs are magnetized in opposite direction respectively. Green squares show that of spin wave

each other by bulk Nd,Fe;4sB magnets embedded in jig differential circuit.
composed of brass. Four microstrip lines are electrically
connected to the vector network analyzer.

Reference

1) M. Inoue, A. Baryshev, H. Takagi, P. B. Lim, K. Hatafuku, J. Noda, and K. Togo, Appl. Phys. Lett. 98, 132511
(2011).

2) N. Kanazawa, T. Goto, and M. Inoue, J. Appl. Phys. 116, 083903 (2014).

3) N. Kanazawa, T. Goto, J. W. Hoong, A. Buyandalai, H. Takagi, and M. Inoue, J. Appl. Phys. 117, 17E510 (2015).

4) T. Goto, N. Kanazawa, A. Buyandalai, H. Takagi, Y. Nakamura, S. Okajima, T. Hasegawa, A. B. Granovsky, K.
Sekiguchi, C. A. Ross, and M. Inoue, Appl. Phys. Lett. 106, 132412 (2015).
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IR LA -HE Co-AIN-SIO F 7 /5 = 2 T — o /E#

AR, WA, JH%IL>, 1A IEYE
(ALK, *HEEWLAT)
Fabrication of Co-AIN-SiO2 nano-granular films with low magnetic-dielectric loss
Hanae Aoki, Hiroshi Masumoto, Shigehiro Ohnuma* and Masahiro Yamaguchi
(Tohoku Univ., *Denjiken)

[FLHIC
BREE « FBEFROBOMEIZ T VT FHR T ~EAT DL, ZOHEBEHEDENSEBOEMEE XV et
EWN/NEL 720 Hra/AUbTE s, 7274 FBLOZOMR - OEAERNEICHFEI N TN D A, 2-6
GHz #f OEYEE B ENER K 2 AT o7 FIDIGH T & 5 ZHEEEIEAM BHE A H STy, Fex i,
Co R/ 77 =27 —MEOWE-FHEMFEOFHB ATREIEIC OV THREFT L, BEMLEZFF S22 EDENT
i JE R A2 I L C & 7o, 7 o7 Faid Ak e LTI ERERTI /N SV (=1X 104 Qem) & W9 FE
ERD o7z, GHZ W TIMEREZMZ 5 LWV Grb b, ZEELHEBLIEIE 2L E TIZ CoFe-Si0, 77
= o OB E RN RS ST WD, Z T AEITRROR T EEAHE L, B—7
T=a 7 —BEEERT A TEE L TES LML TWA A, ITE, [ & TBEICDT N RER RS
R EEND RS RS Tns Y,
AR TIE, # T DAy ZikE AT, BEEERE CEREN S
<, @S /) VI =a 7 —EEERTHZ L ZHNE Lz,

EBRA &

Co-AIN-SiO; /77 =2 7 —RDOERIZ, "t RF~ 7 hr 1y
— REMWIZ T D ARy Z TR U7, IR, b IS 3 L OV
& IX, TN XRF(SEM-EDX), XRD 5 LY TEM TikiE L=, EX
PHUL 4 5715 TRIE Lo, BEOERBERUFFMEIT VSM THIE L. BEmE N o
fafnfgfb., BIPERR R X OMREE ) &2 D E LTz,

SEEA4EE L EER Fig.1 TEM image of Co-AIN-SiO2
PEORAKIE Core-(AIN)2-(SiO2)ea [at. %] T 0 . AT HLAEHTIE 1.8x 102 ~ nano-sranular film.
Qem TH o7z, XRD LV BT EYRIEE 1-3 nm @ Co KL 12377 '
FL, M1DED TEMBIZEGN S0 X518 —77F =2 100
T—EETHDH Ny oTz, Co DRIFEIICTENLT 7 AD
AIN-SIO fBMFAE L, ZOREDBIED @B AP % 5 LT
HEEZLND,
N N O R AR A X 2 (2R, IO S fnfge % 1500 G TH Y |
EINIZ 20 Oe D EFGVEREAR % B3 2 MBI CTh 5 Z & 2350
o7, BEHEOIZTZINETIZ, Co-AIN RIENERD 7T =2 T
— R LD LRV Co fHARHIFH (30 at.%Ll b)) Tt 2 k42 &
YL LTE 0, ARIED Co-AIN-SIO EETIX 14at% 10000 | mdiy
DA CoMLR D EHRFUIEIC 5500 C b BAT AR IR S 2 AT 5 3R it

[4)]
[=]
o

ngnetization, BIG
o

-100 -50 0 50 100

MRS BTz,

MR 5 S 4 Magnetic field, H/Oe

B R Fig.2 Magnetization hysteresis of
Co-AIN-SiO2 nano-granular film with

1) M. Naoe et.al,, J. Magn. Magn. Mater., 391 (2015) 213. magnetized easy(e.a.) and hard(h.a) axis.

2) H.Kijimaetal., IEEE. Trans. Magn., 47 (2011) 3928.
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Hafat: FeCo-MgF 7/ /' = 2 7 — oD TMD %#h 5

AR, CEERREE, A EAHIE, HARED SR SRR, i e
(REREATE, *HALKRZZEROT, **HACKR A, *** 5T SE b S AREATT)

TMD eftects 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)

[ZL&IZ

BIRNETF ) A— 2 —ORNESRT ) 7T =a— L Efafgkik~ MY v 7 ANS AT /G
BT2F /77 =27 —E, OF /EEICER L&Y A ZHRICL - T, Bix eighiettz
RET D, Bxrld, BEP OISR OEA B 20at. %8 E UL T Ok 2 R 3L IR I C B8V ¢,
—XDF ) T T == X7 O N RIS X D EMIRENCEN T D, KRERFER LK
FHEDR, 72 B, TMD(tunnelling magneto-dielectric) N R8BI+ H Z LA R L=, 22T
I%. FeCo-MgF 27/ /7 =2 7 —RIZEH L, EF D FetCo & ZHUIEI R DT ) 7T =a—
INOEEE DI L TMD 0% & ORRZ FEIC G L7k R W T3 5.

KER A%

HEEUEHT, @A ANy FEEICLY, Z T AECE o TER L. #—% v ME FeCo &
AFM(75mm ¢ )&, MgF, FH(75mm ¢ )& 72, BERMESIHICIZ LCR A —% —Z v, EX
PCPURITE T 4 36 715 CTHIE L7, B b#hi#RiX, AGM (alternating gradient magnetometer) CHIE L
7=, HEXEMRHTIZ XRD, HEEOHTIZ WDS IC L - TiTo 72, M, BHIEIXRIETIT- 7.
=R

Fig.1 1Z1% FeCo-MgF D Erf @ Fe+Co £ & TMD #0583 L O b o AV RIEK BT 3 (TMR) O
BfpE R L. ZNOOBIY, /7 =2T7 XA 7O TMR 2772 8MbNT05 2. KA
535 X 91T, FetCo MW EETIE TMR /R~ 23, BEtE4 IR &2 20at.%LL F Tk TMR 1ZHK L,
TMD N¥HT 5. —J5, XRD OFERND, FetCo DML, BEH DT ) 7T = o — )VHUE
JEREEMLTWDZ ERDbND. Z0Z 05, TMR 24 GEE S FetCo DR IZLE-

—(’ H%EF'O)%/ 73:1%/1/0>£&%%};ﬂ:z)§ 5 T T T T T T T T T T T T T
WA LTEEY &S 77 ==— VRN 120
N o s . 4|
58D, hrRREO/ IR [ MR N TMR 16
NN, BEBFRT ) FT=ma—nt @l P2 / 1,
N [a)] L 7] o
T—IZHALAOOLNDZ LICL-T, 2.l A N =
" N . 18
TMD 2R ERT L EEZDND. : A ]
SE Xk T A4
1) N.Kobayashi, H.Masumoto, S.Takahashi, and 0 T 0
Is)-gllaflgal‘ggag/nature gzllr;nggllcglon& 5:4417, 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
:10. ncomms
2) Kobayashi,S.Ohnuma,T.Masumoto,H.Fujimor, Fe+Co (ath)
J.Appl.Phys.90(2001)pp.4159-4162 Fig.1. Dependence of the composition ratio of
Fe+Co on TMD and TMR for FeCo-MgF nanogranular
films.
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F39M AARRR R AR AR

Co,Fe(AlSi)-A1,0, 7 T == T —ZBEICBIT 3
BESIRPLEN R O BULE R B K71

AIFRsE, BEEARE]. RS INEERIE T KRB AR REE T MRIE, A HEIRT
(ZEKRTL, *AHEKRI, **KFEK)
Annealing temperature dependence of MR ratio of Co,Fe(A1Si)-Al,0, guranular films
R. Ishii, Y. Fujiwara, K. Maeda, T. Kato®, D. Ohshima®*, M. Jimbo™, T. Kobayashi, S.
(Mie Univ., *Nagoya Univ., *+*Daido Univ.)

Iwata®

XL ®HIz

7T = a7 —BCE A Y U ER A IR T Co, FeAISi(CFAS) V& W5 Z & TMR e A HTFE T
B, CFAS AL SE B 7-0121%, 540CLL ETOBMBANETH S LIESh T3, 22
NETOFEL DT — T TlIHkaE/CFAS /Mg DR T/ 7 =2 7 —EEERLL T\ 223, 300°C—
400°C DEALIE T MR HEME T Uiz, ZAVZEVLIRIZ L 0 | ok FRIBEEN KE K 20 X772 L NJR
KThHsEHHL TN D, BIFFETIL, ZEMEZEA LT (CoyFe(AISD)/AI0)n DV T =2F—%
JEBEAERL L . B A 1T > 7= D TFDRER T HET 5,
EBRFE

MEVERNIRF RONDC~ 7R b 2Ny &2 Y o Ziki Wiz, A28y ZH X Ar, 1. 0Pa th TER
(BB & Si FEMIZ ((CoyFeAlysSigs (tops) /MR (ta0)) & n BHERE S W72, F£72, 1.2X10°Pa LA T
T 1 EfH, 200°C—600°C TEMLEL % Jifi L 7=, TMR Zh SR 1B 2 S 115 T i RTINS £ 15K0e CHIE L.
F7o. BRI VSM M OV AGM THIE L7z,

ERIER

Fig. 1 idtcpas=1. Onm O LARBLOBLHE FE R 1F 2 7R T,
taio=0.5, 1. 0nm DIFF, BUUHIRE DM & & bIZilFIE .
Wb Uiz, HIRHTOMED 10%0 Q em FLE & 4 B OEIZIT < gwfe 27 o T
U =ma @l LCRETE TR &R & B 5 gag o
HEHI XD, —FH T, tyo=3.0,4 0nm Tl kBT E %0 B P

HLTWi, Fig. 2 1Ztepas=1. Onm 0 MR H oD EVILHR IR &K et e
FCH D, te=0.51.0nm TIEMR 2GS LM o7, Fig. 1 Anncaling temperature dependence
ta10=3. Onm TIEL 400°CE TMR HiE L U AR MR} 5.5% , oL Restovivity

LR LTZM, OB LTz, tyo=4. Onm ORE, EL . s.°

JRLEE 600°C % C MR et 5 L. 600°C THeA MR b 6. 0% % )

FF72o thp=3.0,4. 0nm | BMAHELRE 600°C DOFED MR L s:® O
— 7% Fig. 31T T s ty=4. Onm CILHH BEER) 72 K % 0

IRLTWB D, ty0=3. Onm TIIFRBEVEREE 2R LTV 5,
PEo T, tho=3. Onm TIIMBL FHRKE L o722 & TUR
DIRFLEDDEEZEXBND, —F T, ty=3. 0nm DL
TR D> 5 1% MR AR CRERR S NL721Z E OB IR S
TELT VBN T =a 77—z R T\
WRTBEMES B B,

2 E X

0 200 400 600
Annealing temperature ("C)

Fig.2 Annealing temperature dependence of MR ratio

250 o

250
magnetic field(Oe)

Fig.3 MR loop at annealing 600°C

1) N.Tezuka and N. Ikeda and S.Sugimoto and K. inomata:Appl.Phys.Lett 89, 252508 (2006)

2) W.Wang et al:Appl.Phys. Lett. 92, 221912 (2008)
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B & Fe-MgF, 7 7 = = 7 — R O E & i

ARERE BB R AHIES | WHE | WA WG SERE R
(AbXtE® ' ALKRE TR
Microstructure and magnetic characteristics of single-layered Fe-MgF, granular films
S. Honjol, T. Yokono', M. Arita', A. Tsurumaki-Fukuchi', H. Kaijuz, J. Nishii%, Y. Takahashi'
(Hokkaido Univ. IST', Hokkaido Univ. RIES?)

[ELHIC BBHEAREHETRETH N RXAERICBNT, 77—y 7ry s — RNZL5D TMR O RKSOH
BA A MRENBRERICBWTHESNA TS Y. ZoEEEEA 2 0K BEIC LR SE5 2 enTtanid
TMR O %7 — FNE7e EFlix OREERIATH 2 ENTE, BREV. ZhzE8FICBW T, AFZEIZRBWY
TIXB CAERRE Fe 7 2R 7005702 Fe-MgF, ifg8 7' 7 = = 7 —[RICHEH L7z, 2 ETIL, RRAERESS
BBV T, BEEREHE « TMR Bt~ F R+ R OWHIFE O BENFHR SN TWER Y, HE/ I =2
T DG EITF ORBENEEIC/RD EEZOND. 2 TIET A, ABHMEORTERE S LT, Zo8IC
DWTHAIZHRA~N, 7 /R REET b7 v VA X OIERGEZ/RE Lz,
ERAE Si0y/Si R EICEum X v 7 A Au/Cr BRZERL L, EB &% (~1x107 Pa)lZ & ¥ MgF4(50
nm)/Fe(t = 2.4-5.7 nm)/MgF,(1 nm)Z 775 L7=. ZhoioxiL, A6 Kerr 1R (MOKE) % W 7= B b HhfR,
B L OWERHRBIMR)Zh R D RIE(15 kOe) 21T o 7. EAAIREAR O 43 T2 1 FEI 8 STEM (Titan3 G2)%& H 7z,
ERER Fe ) /R F2HSL Va2 T A & 72D HAADF-STEM 4 % Fig.1 12779 t=1.8 nm ORECIEE
L8 2-3 nm F2FE D Fe Kif- AN BAFIC/ B L TV A[Fig.1(a)]. £72 r=2.8 nm TIEHCREEZ B2 35 4-5 nm
ORI DR T X H[Fig.1(b)]. t=4.0 nm TiX, FipkdE & A2 Fe bi 7 OfEA Lic RT3 L H AL 5 73,
AR & U CITER S AR W S iIRBICH D 2 & 300D [Fig.l(c)]. EIZEEENEIM L ¢ =54 nm T
1L, EEEAROBEF/ SAN D 72 5 WO A RS S 472 [Fig.1(d)]. Fig2 (2, 325 MOKE b HifR)>
S BT REE S O Fe IRIERFMEZ R T, REEEECTH 5 ¢ <5 nm TIXEE OB MREE S EH LT,
CHUIIRE OIS T Fe KL+ L7270 ThH D LHMECTX 5. —JF, t>5nm ORECIIEERY
IMZPE, BRI DD LT, ZAUTEREOERKRIC LV ZREMEE & leo7- 2 LItk 5 &2 bivd. Figl
|2 TMR He DI AK AP 2 R4, Fe i - 8 — 2 L—3 3 VBB (~5 nm) &2 55 & LT MR LT\ 5.
F72, TR TR OBIFIE(~3.5 nm) £ ¥ B WIETIX TMR EESEEIN L=, ¢~3.5 nm T2 8V T 5 nm
FEDSZW Fe i BRI TS LB X HiL, BEMIEDORELR L I2#E 7 7 =2 7 —ROM5IE
RAFEETHD EWFRFTE 5.
I RUPCIIRMF (25420279, 26630141) , B RO =EMENC LA EZ T T TENT2. £, RO—HITF /77 /ao—7
Ty T — A (RS & MG T, JLIBERY) O T TRLNEZLDOTHS.
SE

1) K.Ono et al. J. Phys. Soc. Jpn. 66, 1261(1997), 2) K.Ono et al. Japn. J. Appl. Phys. 41, 97 (2002).

Fig.1 HAADF-STEM images of samples with £ = (a) 1.8, (b) 2.8,
(c) 4.0, and (d) 5.4 nm. The bright part corresponds to Fe.

2160 8

O //-\"\ =

- < ha oo 6

g120 VAR \\9/

L 80r o \ g4

> 0

£ 40 / % 2

3

g 0 o 0 | | |

o 2 3 4 5 6 2 3 4 5 6

Fe Film Thilness(nm) Fe Film Thilness(nm)

Fig.2 Fe film thickness dependence Fig.3 Fe film thickness dependence

of Coercive force (at RT). of MR ratio (at RT and 15 kOe).
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(FeCONDB)-(SiO,) T~/ =t F 1 F— B oD 15 o e e S e e

ILAAA-. INEZ . KERRAC, RS- RERTE. AR —
(BREZHIEBRFE & o 7 —)
High-frequency magnetic properties of (FeCoNbB)-(SiO,) nanocolumnar films
T. Eguchi, N. Nakagawa, M. Yonetsu, K. Okamoto, T. Suetsuna, S. Suenaga
(Corporate Research & Development Center, Toshiba Corporation)

[#S]

PERFEREO MR LAN 72 E OB (E RS O BNMERI X & B AL L TR0 8157 > 7 IS D i JE B
MEM B O EEMERN @ E > T D, @ B AR RN, BT 2 BGRB8V Cadid - (K18
KOFFEDRRD DI D, Foxld, THODORMEZFEBRTLOIMEIE LT, 7/ 77 =27 —HE XL bMES
BREREEDIZT ) 2T AP —HEERICOWTHRE LT 5Y, FeColzNb & BEZHIMLET LT 7
2F ) 3T M —EETIE, bee-Fe fibDOBER BT IS BUTER T 5 BRERDBL (W) BIHShD, K
A CIX(FeCoNDbB)-(SiOo) Iz 35U T, 1t P ARSI 1 0 T N —8ih 225 M 2 5 U SRR 3EaR & I
() OEBEEIE X OEBFRRIRE (tand=w' [p") OEBZRATZ, KPR I VELNTHT 2
T/ A & R R SRR L2 DUV TRRGE L 72,

[ =853 €Y

<7 hu ARy ZIEEE RV, Ar FRBA. 1000e
DR CABEIMR EIZIEE 168nm @ (FeCoNbB)-(Si0,)
TERRER 2 /B U7, et & & — 4 > Lo A X
25° L L7z, MEEMTIEXMEdT & TEM Bl Tl 2
ST, REtOBREMEIX, REHEEV AR IE (VSM) B
K ORI SRR EEE (ERE T  PMM-9GL) % H
WTTHRIIE LT,

[EZBRFER]
(((Fe70C030)96Nb4)g0B10)es-(SiO2)7 i IZ I T, T/ ¥
A D FeCoNbB i AR AN Si0, B 2 A LRI L T AT,
RS WG E ST, 1(a)(b)icFmE TEM £, Wrin TEM
G2 3, MRS i O FLE 1K) 5nm, SiO, BE D JE X3
Inm ThH o7z,
2\ FREER I O i JERR R SRR A R 3, AR DS R A

Fig. 1. TEM images of the (a) surface and

DR LT D &0 K B TRARRES S I 1, sy o el (b) cross section of an (FeCoNbB)-(SiO,) film
(o J B BRI S, BOTIERIR 36408 DREA e '

TN TR TTIEA R HL LTz, € ORER, £ 1L 7GHz LL RiC u e N
EERAL L7, BAFIRAEIE 131T Tho72, FeCo DTE 100 /

N7 7 Ab, BEXO f, o®mEEMAIZELY, tan § =
0.390%@1GHz L 720 GHz # TIRIAR DENIHFEL 13 3 50 Pvoinmenghf e 3 r
7o v .

30 O

1) T. Eguchi, N. Nakagawa, M. Yonetsu, K. Okamoto, -50

T. Suetsuna, S. Suenaga: J. Appl. Phys. 115, p17A311 (2014) 100 1000 10000
EIR#(MHz)
Fig. 2. Frequency dependence of permeability
for the (FeCoNbB)-(SiO,) film

N

o
Shee
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FeCo AT AR IZ d6 1T 2 RNl /124t
AR, MIFUAZE, @ATER, IS
(RO TR EBEEE T2 FE Rk o - B T )
Investigation of abrupt change of internal stress at the initial stage of FeCo thin film growth
Masanari Nakagome, Hisanori Hayashibara, Yota Takamura, and Shigeki Nakagawa
(Dept. of Physical Electronics, Tokyo Institute of Technology)

[TLC&HIZ

s & —27y REA R Z(FTS)E TIIIER T 5 RN A4 U 5 5 70 B8 It SR IR 3 5 B BE % sk
PEEII AT G T& 5 Y, 2k TH A 1T FTS BEEICH R B REE AW IZIE ) OERE in-situ JIE S AT L%
AL, AT AHM EIZ Ru <0 Ti A HERE S 720l Do G RE 2 B 5 2MZ L C& 7=, — 5 T, FeCo
HEEOLE L, IR ERE O E OREIE G 4nm) 23T, Ru <0 Ti TIEHAN R WARERL 22 G 1 DL
THZEERERLTEEN, FOREITS > TWEho7= Y, KB TIL, ISHRIEICI L, BRI
@ in-situ B X BREHT(XRD)HIE 2 AW T Z O REREORK ZH 6N T 52 L2 W E Lz,

ERAE

FeCo #if1Z. #'T A KM BT FTS % VT Ar H AJE 0.133 Pa THUBE L 7=, ST EER O —ig A2 EE L
FEOWNIEIE N KD H T AR T-bIHaEzr L —F —ZBMFHC L 0 RIET 5 RS 35T in-situ B L 7=,
T, BRIESTE LY T AEMKIC Al B2 — 2 2B L, £ OBEMB O Z in-situ B L7, SHI
X HREHT(XRD) % % FIV N T D FeCo JHEE D & sttt O 34t £, 17 - 7=,

EERHER ;

Fig. | O EBILIT A T AFM _EIZ FeCo % EHHERE S H7- & £ D FeCo '
TRIZIZ KT 577 & REOFE A KT, RO IEADEE IXZ TG
SRIG S TEREIS ISR SN TWDH Z & 2K T, 0.5mm £ T
B &N 2 EREIG T F A~ DR AT X B HERDE D e L
TW5, 1.0nm YL ETOFESIZEREREIC X 2 FmES, 2.5mm
LI ECOEMEG XEEE AT AL STz 2 & 12 K D peening ZhHE D% , ‘ ‘ b 2
B4 %3, FeCo BE7% 4.0 nm F CIIIE/IE8 B /M (LT 578, 4.0 ? hickness um) - 7
nm & TR IRIE BB EN D, Z OAEG RIS OZEALIX
R L — ML HTHIZ 4.0 nm BREDOEEICBWTHN S,

Fig. | ® AMITERESE L WEOEEZ KT, BXURFIRIL, BIR
R DR CIIRE Aefll & 72 0 | BRI OEIE CIXRIE —E L 2o T,
F72 E/ LR 4.0 nm TREEICE L, BRIERIURITET L,
ZO X RO IIEE ORI L > THRIHTE 5 Y,

Fig. 2 |Z FeCo D XRD /3% — > Zoxd, G/ L ESKEIIRICE
2 REfE 72 AR AVE U 2 T O EHFeCo R 3.0nm) TIE[Er & — 2
DRHENT, FITELT7 7 AThbEEZOBND, —F T

(%) &
T

—
T

Stress * Thickness (N/m)

Fig. 1 Stress and resistivity as a function

of nominal thickness of FeCo film

T T
1FeCo(110)

Intensity (arb. unit)

IR Z o721 @%iﬁ*il'(FeCo = 5.0 nm) Tl FeCo(llO)lEHﬁ B — 42 . 44 46 43 30
7 IR S Iz, T ORSRIE, R 2 (L IR D RS 0 251 20 (dee)
THHILZRIELTWS, Fig. 2 XRD patterns of FeCo thin films
SE 3

1) ISR, AR T2 TE<1) 8,107 (2013).

2) A. Hashimoto, K. Hirata, T. Matsuu, S. Saito, and S. Nakagawa, IEEE Trans. Magn. 44, 3899 (2008).
3)  MRIRCEE, FOARERR, AT BE R, TN SR, 5 38 Bl H AR AUSE R AT 2, 2pE-12, 2014

4) P. Duwez, R. H. Willens, and R. C. Crewdson, J. Appl. Phys. 36, 2267 (1965).
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[Fe/C/Co/CI1ZJBIEIZ I3 1T % IE J7 gl 7E & RS 22 07 1

EEE, 2%, AR#E—
(PR R L, *FKHRPEESITE 2 —)
Tetragonal distortion and magnetic anisotropy of [Fe/C/Co/C] multilayer films
S.Fujishima, K.Shintaku, S.Ishio
(Akita Univ., *Akita industrial Technology Center)
FL®I
IR AR AT AT 0N LSRR O MERE M) R IE . M O SRR G E (K,) & & gafnmddb (i) & %%hfz
7~ EM B OBIRN VTR R K Th 5, T.Burkert”, G.Andersson?. Y.Kota, A. Sakuma® & D% — R4
UL, Fe,Cop IZ81F % Co DAHRLAS 0. 5-0. 6, %Mﬁd@bx12125®m%$uﬁ;&%uﬂmyhn%iéﬁ>
WA D K,EZHET D22 ENTED, AFETIE, =R L LTCEEIRL, [Fe/C/Co/ClZLEMZ (FR
THZLT, EFMEEAT D FeCo A GL BN E LT,
KRG E
BRI, BREZEL I Ay XU (BERZEE 1T 3-6X 10 Pa) 2 V2, ~ 7 %7 hua 258y ZIEIC
L0 EBIREZ 2000C & L, Mg0(001) Bk dh A BIC THUR E L C Ru 28R L 7=, £, FHREIZH W
T Fe/C/Co/C % 40 UM U 7=, REAURFIEIZ TR RUBPILEE /) (VM) . MEXEREAM 1 13 X #RIEIT 40 (XRD) % M
Wiz,

ERBERLEER

Fig. 1 13 MgO(001)sub./Ru(20nm)/ 105 @ 1800
[Fe(x)/C(y)/Cox)/C(y)]ao((x, y) = (0.14nm, e b ! Ms E |
0.00nm), (0.11nm, 0.01nm), (0.098nm, ® I ow g
0.021nm). (0.07nm, 0.035nm)) DL c/a K gl'm ] ) ] mooé
fAFIREAL Ms @ C IRINEARAFIEThd 5, BRI, 102 | o/a :22 g
Fe+C & O Co+C DA FHIEIE 1@%)‘%&1&5 X | €S ®..
kit L7c, [Fe/ColZ @iz C @A IRNT 5 2 Y 1 200
LIZEY | cafER DT TN MR RS 1 T )

0 10 20 30 40 50

Nz, ZHhix, —#D C 2 FeCo fpLIZIR AL
I EBEBZLNLN, IRMEICRLT
HFFL TWIZIZ EOZE TR 6T, CHR¥—IC
LT TRV EEbN S, IE 50%2
L TiE, FeCo (002" — 7 BNEIHI SN2 o T=72, cla DRENTE o7, Ms B L Tk, CHmE
DI ENED T 2 A R b,

INHLO/RRNG, FH=0tFE L LT CEHWTIEFREOHAZRARZS, FHL TV cafdl b HEW
WEigot-, LoL, REEEET T, BHEEARE LT FeCo T EAEATEZ LT, MEHERD
FIEELTEZREENAN THL Z L aRmT L L bIT, FleRMERREIOET ARG L b 2720, ISR
BENPOLHEETH D,

B E 3k

1) T. Burkert et.al., Phys. Rev. Lett., 93. 027203(2004)
2) G.Andersson et.al., Phys. Rev. Lett., 96. 037205(2006)
3) Y.Kota, and A. Sakuma, J. magn. Soc. Jpn., 37, 17-23 (2013)

C consentration [at.%]

Fig. 1 ¢/a ratio and Ms as a function of C content
for [Fe/C/Co/C] multilayers
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MgO KT SrTiOs E#R EIZHE X872 FeCoAl BEOEEHMKE T

BOE, §HER], ealksr, sisEE, o, Re)IIE ARk
(BKHK &)
Perpendicular magnetic anisotropy of FeCoAl thin films grown on MgO and SrTiO3 substrates
T. Kataguchi, S. Yoshida, S. Kanatani, K. Takahashi, A. Arakawa, T. Hasegawa, S. Ishio
(Akita Univ.)
X C T
IRAARK ARG AP GRR AR D) ITIE, s SR T PR (K) s B FnREA b (Ms) & Fedadii 2. 72 8Ttk
DARARTH D, FEFHFEIC L D & FerxCox 28 x=0.5~0.6. fifitk(c/a)2 1.20~1.25.B2 HHIEA 1.0 T,
1.0x108 erglem® D Ky 3BT H L #E SN TS Y, K7 /L—7TiX, MgO/Rh/FeCo ik T, IE
FEICERT 2 K & oa ORFRSP. Ko @ FeCo BERIKIFEAB S0 L72?, LavL. 4tk IEH M FeCo
DFEFUCITITEBA LA ETH O . BT 2x10%erglem® L LD Ky ZEH 4 2IIFIESE L B2 HAEE O
NEHEBETH D, AL TIEZ MIO L SITiO; il 0D FeCoAl D T B G B HEIZ DWW THET 5,
FEBR Tk
AREBRTIT MgO & SITiO; O “FEDO AL RS b FER 2 V2, BT Tk, v 7% hr A8y ZIEIC
£V, MgO(100) AR iz Rh % [001] Fdlm & 72112,

MR A 200°C & LT FeCoAl ##UPEE L, HIZ{hi#)E & igg I

LT SiO, ZE=RBIM L7z, F72. SITiOs(100) Fet i, 130 -

54 400°C T 60 3D _N—F 2V EToT-1%. BiIE LR - i;{s} [ ‘} } }

%A FeCoAl BTN SiOp ML 7=, WUt Ao ° s | .

W AGE N BAEATIAE R % A\ CEVAER AT » 1o, RERASPERE 110 ©

U — R P X >, e [

Ko ORI IRENBUBHLRE /)51 2 V72, 0 5 10 15 20 25
FERHE R Al addition [at.%)]

Fig.1 c/a ratio as a function of Al content
for (FeCo)1-xAly films.

Fig.1 (Zi%. MgO(100)sub. / Rh[20nm] / (FeCo)1-xAlx[2nm]
(x=0, 5, 10, 15, 20) / SiOo[5nm] 122>\ T, XRD |2 L - Tk

0.1

7= cla @ Al FERIKIFEZ R LTz, cla 135 1.2 OfEiz /R LT oos | f{"‘—‘f;_:
W5, Fig2 (Zi&, Ml —2h R TRIE L2 RIBOBMLEh#RON 006 | 0at% “’ /
= 0.04
EREREZ R LTS, B LTS TREBKETHEZ R LT 2 gp L | ‘ 5at%
BY. EAEICL Y BEMKRSHAFR SN ES N1 D, F O] |
FLWIHE, BICAIHREREE B BERS Foa (U0 TP
- -0.06 '
PEDEALFE D FEBRFERIZ OV THHREETT O, BOR \_j‘
_0.1 e e e st Al Pl L i
-10 -5 0 5 10
23 SR H [kOe]
1) Y. Kota and A. Sakuma, Appl. Phys., Express 5, 113002 (2012) Fig.2 Magnetization curves of (FeCo)ix
2) HH, B, i 39 [ HABRFERETTE (2015) Al films measured by Polar Kerr effect.
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MgO/Rh/Fe4,Coy D IE 578 & —Hili gk jﬂé’a

HHER], BO&E, BEEE, ey, Kewe, i, Be)IE, BYas =, Sk, qRe—
(PR T, *HALKRT)
Tetragonally distorted structure and uniaxial magnetic anisotropy of MgO/Rh/Fe;40.xC0y epitaxial film
S. Yoshida, T. Kataguchi, K. Takahashi, S. Kanatani, H. Ohmiya, A. Arakawa, T. Hasegawa, K. Hayasaka*, S. Saito*, S. Ishio

(Akita univ. *Tohoku univ.)

[FLHIZ

BRI Fer Cox B @BICIEF B A EAT 5 & @it B A RBIT 25 2 L2, B JREERIC
RENTWS Y, ZHIZ K % & x=0.5-0.6, Bkt (c/a) A3 1.22-1.25 1517 T —Hilfi & 52 5 i(Ku)inﬂij(k 720 K=1.0
x 10® erg/cm? 73 %(E'Jéﬂéo FERCIIEA DNy Ty —BEHWZ EX X2 v LARICE - T FeCo IZIES
TBRBADPRL SN TND P, LasL, Ik E LT FeCo, D ik & K, & OFIBIEH B TIid 2w, A
BFFE i, Rh Xy 7 7 —@Z W TIEJ S FeCo ARk L. K, & IEHZE cla DR Z2FH~<7=,
ERAE

~ 7% hu Ay IR LY FEHOINEVEEE 300°C T MgO(100)£:4k 1 Rh % (001)Ed M & ¥ 72, = Dk,
FEBOMEVEE 200°C C FeCo # B L, RV CHRGERE & L C Ru &2 EIRARIE U 7o, ESURFIEREAm 2 13 A —Zh 3,
W hL o A—H2—_ VSM, FEEMATIZIZ XRD, TEM KR OVER FIEE FIEMEE (STEM) % Huiz,
EEREER

Fig.1 {Z MgO(100)sub./Rh(20.0nm)/Fey5C0og5(3.0nm)/Ru
(2.0nm)?> HAAD-STEM 4 (a) & SAD /X% — > (b)Z /R L7,
FeCo & RN OAHIFFHETHD . 2 HXF v Lk E LT

2 O
[002]q, (20213

+[110]ec,

WA ZENMERTE S, (0TI, RhOFRWEPTAR v FeCo(110) ," 3
2%, FeCo OFWEIHT AR v FABIEE S, EFEL o,

t o7 FeCo MR SN TND Z ENRD, ZDOWFD cla
1% 1.11 ©. #7-BI£RIE FeCo(001)[110]/Rh(001)[100]//MgO '
Fig.1 (a) HAAD-STEM and (b) SAD images for the Rh/FeCo

(001)[100] L% layer in the Rh/FeCo(3 nm)/Ru film.
— SR (K DR & SITFEEITKFE L TR D | K

JE73 1.5-2.5nm T. 1.6X10°erglem® D KMEA R~ LT=, — 2.0

. B Xl BERIXESFELHFEINATBY ., B ~ e Q

B HBLIZ A LT, % 2 CFig2 et FeCopOf % 517 R
DBIETO Ky & cla7 =2 EM0T, Ky & caOBEE 5 e g R

7ry hLiz (K@), DX HNT, KyldclallkiFL E L =

THY ¢a=L15-1.35 TRAL 2T, ZORRIE Kota 7 A o,

b0 LFHAAOME (H0) L —HLTRY, X7 rd —e
1EJ7di FeCo D — Ml 5B 7 (K )1, IESFRICER LT 0.0 o o
WHZ EEREmTE S, £72. EE 10.0nm L/LL(c/a-l 0 1.00 1.10 1.20 1.30 1.40
LOMHE TS, Kup=0.5%10"erg/lem® DAE AN BLEL S35 8, c/a

Z XX FeCo @ B2 HiHIE K A A :/0)[001]@&;’5] WCESR] LTy Fig.2 Ky as a function of c/a for Rh/Fes,Coso films. The
predicted magnetocrystalline anisotropy for Rh/FeCo with S =0 is

5 EEbND, also shown (open circles).

L 2PN

1) Y. Kotaand A. Sakuma, Appl. Phys. Express, 5, 113002 (2012)
2) B.Wangetal, J. Appl. Phys., 115, 133908 (2014)

3) L. Reichel etal, J. Appl. Phys., 116, 213901 (2014)
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W/Fe (001) = &° % % o ¥ L Z @O B HIENIC X 5 TERK
MO R B

AARBEIE Y, AT Y, 29 A Y b HE Y, = ERKE® (CHARK, 2 AU T2 HHER)
Strain controlled perpendlcular magnetic anisotropy of W/Fe (001) epitaxial multilayers
Y. Matsumoto?, S. Okamoto?®, N. Kikuchi?, O. Kitakami, Y. Miura?
(*IMRAM, Tohoku Univ, ?Kyoto Institute of Technology)

XTI
TNETICTEZ ¥ ¥ LRRE S72 MgO (100) sub. /W (10)/Fe (0.5)/W (3) (nm) 3 f@ 2351
T Ky = -2.1x107 erg/ce (300K), -3.5x107 erg/ce (10K)IZ T 5 B R 2B D FEE LR ﬂﬁﬂﬁma%
H)NREBT 522 LMC L[] ZhiE FeW R 2 AEsAE S (K = -0.6
erg/cm? (300K), -1.0 erglcm® (10K)) IZEK T2 LD THDH. ZokEHIB W T in\WTi‘m:J:
5%% EADTD, Fe BAHEWNOFEY EE2ZITTND. —RICEEMEM B O BRI T I3 T
Fﬁ&bfﬂﬁmﬁbé L, ARET iTﬂﬂE%E%L% SR 5 T & TEAIHNBATRETH Y,
(ZAHRE L7 R PEO B (LA M SN D, AL Crm ¥ % v L THAZ W T, EHf
1@%1¢otﬁ5‘ﬁ, RERIEDOEEMK[ESTHEORBLZMR LT-OT, TOMRERETD.
EKBRTIE
SRR B X % —(MBE)IZ & - T, MgO sub./Cr (30)/W (t,)/[Fe (2)/W (t,)]«/Cr (3) (nm)?> Fe/W
LB ZERL L 7. Fe RO FEHIE O, FeBEIX2nmm —E & L, WREBELZZLSET-.
G RN (2 1% RHEED 36 X U XRD, #ERAFMEDFHMNIZ 1T VSM 36 X OV A — L2 R (AHE) Il E
iTo 7.
EBHE R 1 [
Fig.1 (= Fe/W Z @I e 7 16 O B L iR o il R
BoRY. RBE T e e AN R VERESS HET IRk
BB L7z, W BIEZ < 5 DI, HE
PMERESZINC > 7 M 28RBS 47z, Fe /3L
7D Mg ZE LT K, & RIS o 72k % Fig.2 123
T W BIEORIIZHE, BEREGTHEREN S IEIC -1 — L
BAELTWDERT D05, Fe & W T, 2L ZiC 30 20 410 0 10 20 30
BWTKH 10O+ I A~ /%ﬁirfb W B =D Magnetic Field (kOe)
RIS f_Eﬁ%IJﬁ[JO)ﬂ‘t%k#l Wrcxn., F—E Fig. 1 Perpendicular magnetization
FEE T L, LY a-Fe O ERICES L curves of W/Fe multilayers

tw=1nm

tw=0.6 nm

Norm. AHE signal
o

Fe/lW TIZIED SRR T MENE LT D Z LA THIS 0.6

nNTEY, TOEBILHIETLOTHS. 20 ul @ @

Ky DEJRE LT Fe/W RiEICIRIT 5 R mRE ST E 8

PIRETH &, Ke=05erglem? & BfESL B D, 2D %ﬂ 0.2

EIXEAMKE GRS LTHE Lo WEDJEWS S E 0

D Ky=-0.6erglem® L RIFEETHD. LBn-T, £ N o .

il 2 PR > 72 IRRE T Fe ):@Eﬂﬁﬂﬂbmuj;l%hi 10’ 0.2

erg/cc B DIEEMERR TS+ TE 5. 04 N

0 02 04 06 08 1 1.2

SEER W Thicknesst,, (nm)

1) Y. Matsumoto et al., IEEE Trans. Magn. (to be Fig. 2 W layer thickness (t,) dependence
published) of perpendicular magnetic anisotropy

constant K, of W/Fe multilayers
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3mSR R AR BELE (2015)

2R KIFT TR M o R

e BORE >, FiE Y
, O HAREATIRE AR BIRFJE B (PD))

Effect of bumpy surface underlayer morphology on compositionally modulated atomic layer
stacking of hcp CogoPtyg alloy film
©Kim Kong Tham ¥, Shintaro Hinata ™, and Shin Saito
( TANAKA KIKINZOKU KOGYO K. K., ” Tohoku University, © JSPS research fellow (PD))

FC®HIC

IS 2R E LCHER STV 5D, iR OMAMREL(A&IC

VR, ~A 7 a7 v A MERGEE MAMR)D [ZN—FF 4 27 BNEBLTWD U Lo ~ifiE

i, BIT07 7 =2 ZRICHW SR

T D AT HCoPtE 4 % i — Bl i R T PE (K AL L THWD Z EBMRE ST D 2. CoPtd 4t ik

@K?ﬁ:é% B DT
572 DT % 1T CoPtA & fli btk 12
k) ZEHTHZENARTHDL EEBEZTND .
@ﬁﬁﬁ%%%mbét
REFREE BT 5 FHlE L ToOR 7k 2 FE D FBLO " hE
Kﬂnfi@&?ﬂ%@%ﬁﬁékioﬁmﬁ
R E EEICEHL L0 THET 5.

EEBRIER  MEHIH Tz CogoPly BBl 34 THEARIELEE 300 °C
DTFT, [A—A/Ny ZEMTHEBEE L. FHIRuEOREFKIL
FRIEAT T AE, RRIE% OMBGEE, &F-th s 7 =2 58
Ny 77 @70 OFEICE Y ELESET. Fig 212, ARFT
TERLU 72 THIBE O “ LS (R) & FSMKIRE (GDgy) & DBIFR
oy, AEIOBREHIRT 2 REIKROZEIEX, R, TIEA 0.4
75 2.0nm, GDr, TIL 6.7 705 12.5nmmTh o 7=, X OS(ER
EZN SO TFHIUE IR L 72 CosoPtyy & & DK, L VKR
TR RIS T G\ 2 R 3EBAS T TR & SEAR BT & OFESy
58 £ b 2 Lorentz 35 & OVE - BUELIA - THHIE L 7= Corrected Iy, /
Ina T 5. F72, FAKNCIZIAA 205 SR L ORI &
O T EICFERE L 72 CogoPtyy B4 IE O EEAE T BME O &
A BELER IR B (HAADF) B % ~7. HAADFBILE T #R O
ﬁLfZLW)*%M a2 BT DR H D . KRR OEH R T il

WAL L= RB IR o a2 5 X AT DR EN
BHICHEE L TW5. ZECosPty & &S MR & LT
Pt-rich72 J& & Pt-poor/2 J& & (TR A 2 Z LT\ 5D Z LTkt
JELTWD. —J7, /NI TS B ERL L 7250k
TIEa L T A RBDONTE LT, CogPly &4 TEME S A IE I
ELTHERLTWDZ ENDND. CogPty B&fiimbiDK, %
FHIiL72E 25, (R, GDry) O (1.3,7) 725 (0.5, 12) nmD A
BIC X VEZS 1.3 205 1.7X107 erglem® ~E K L7z, CoPtA4:
WO L% 7T = 2 7 BEAR O £ BEMERE SR O J5 1 R RS 7
& D FEBUC X 2 mKAITIET72011E, FiE2/ VR T,

WERR A AT 5 THIEOIERA MBI RS LB 26D,

&3k 1)]. G Zhu et al., [EEE Tran. Magn., 44, 125 (2008). 2)
K. Yamada et al., Digest of the 24th Magn. Rec. Coference. TMRC, 24,
64 (2013). 3) S. Saito, et al., IEEE Trans. Magn., 50, 3201205
(2014). 4) S. Saito et al., Abstract of 59th Annual conference on
Magnetic and Magnetism Material, GU-03 (2014). 5) K. K. Tham et
al., J. Appl. Phys., 115, 17B752 (2014).
Phys., 117, 17A923 (2015).

—IC
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L, AV UHLEFAERZADIE NPT Z EDBMLERTRKTHY,
Z, Fig. 1(a) ISR THRO R DR 1802 AfdfEnE (7B

7T = a7 ERO THIEREICIT, ﬁ%iftaa?{u
_nmﬂ‘{jﬁ@llﬂlﬂl%L%fEffbéﬁ“éﬁgﬂ%é ERH BTV DD,

6) K. K. Tham et al., J. Appl.

:n%%ﬁ#

EDX %
FIIRET STV (Fig. 1(b)). £ 2T,

75)C030Pt20 éé%ﬂ%@ﬁ%fﬂﬁkwnﬂiﬁl_k T OKNZ K Ecn

c-axis

—
O
-~

Pt-rich

Pt-poor
Compositionally modulated
atomic layer stacking

O>Hh>O>h>
N I
QO 0O

Dominant
factor:
Surface
energy.

—
o
-

b
oxide

Covalent
bonding
energy

Fig. 1 (a) Compositionally modulated atomic layer
stacking of a Co-Pt alloy film and (b) possible growth
of Co-Pt alloy film on a bumpy surface underlayer.

N
>

- Corrected Ig, / fiyng.

-
N
T

Ru grain size, GDg, (nm)
® >

6F K, (%107 erg/lcm?)

0 1 2
RMS roughness, R, (nm)

Fig. 2 Relation between the grain size and surface
roughness for underlayers prepared in this experiment.
Contour lines inside the graph show integral intensity
ratio of the superlattice peak (/) and fundamental
peak (Isna) and K, of CogoPty films deposited on these
underlayers. Insets show HAADF-STEM images of
CogoPty films deposited on underlayers with typical
grain size and surface roughness.
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THuBIERR & Co RO RIS & O BAt%

KWr9E « “AIER
(P R)
Relationship between Underlayer Morphology and Microstructure of Co Thin Film
Mitsuru Ohtake and Masaaki Futamoto
(Chuo Univ.)

[ZCWHIC WaMEHERT A A TlE, RO SELRSIE 7 &2 BRICIERE THES WO E. ITHFEO
EEMEKGEEHAD Co AEE VT =27 —ATIE, THREOERGIERTSZ EI2LV, BRSO
A AR DR EAT > TS, LoLenns, FTHERRAKRE 5L, 77®y MM EoHm & T
T2 LA b RENAFET 5 Z &0, BMEEORSREICEL MTTZERBX 65 12, RiF
220, HbmE & TR T I ARAIDTH Y, 77y FE LTAIDR(110)7% & 2> Au THUE FIZ Co
ERZER L, THERRE L BREOBGRE R~

FEAE PBIERICITBEEZE S TR X Fo—3EE2 . MgO11D) Bk fFEAR B 500 °C T~F
DTEXFU Y VREISELZEICEY EddoT7 7y N2 Au THEZER L, O L2 300 °C T
100 nm JED Co MEATERL L7-. HExEfigtriciZ, RHEED, XRD, AFM, TEM, SAED # v 7-.

FEEER Fig. 1(@)IC Au FHUB T L7- Co Wi TEM % % 7~9. Au FHUBIX(111)7 7 212z,
11D=(110), 100)72 D7 7y FEEHRLTEY, TI7ABLIOE 7 7y b EIZB O TRER LD #
72% Co fEmMRE LTS Z R0 005. Fig. 102 Au(111)7 7 % Rk S 7z Co #ifk o HR-TEM
%% "7, ABAB--- (b L<(X ACAB---) FEEZHEARL T2 hep(O00DFEEBTERK STV D Z &35 h
%. Fig. 112 Au(11D) 7 7 & v b EIZJERK &7z Co Ml HR-TEM % /r7. 7 7t v hEH & FATIC
hep(O00DFERERL SN TER Y, ZOFER, Co Fifh? c WIAHEHE S M2 HH) 60BN T LE-TNDH I &
Noys. MEIE, (1100%(100)7 7 & v k B2 &7z Co flidh OAEEMATHE RIZOWTHHET 5.

(111) terrace

#10) facer 8 — ) (110) falet
e ; A Al < (100) facet

(110) facet (117) facet

v s

"(bz '." 0.0 I..

2od -t 1 KR AR 0 &%) e H

Fr¥ Lsannsan 2R AT A0
BT T N Yy L
ol 2 LA

» ".'..

Adipg 257

Fig. 1 (a) Cross-sectional TEM image observed for a Co/Au film deposited on MgO(111) substrate.
[(b), (c)] HR-TEM images of Co crystals formed on (b) Au(111) terrace and (c) Au(111) facet.

S£ 3R 1) M. Takahashi and S. Saito: J. Magn. Magn. Mater., 320, 2868 (2008).
2) M. Ohtake, K. Kobayashi, and M. Futamoto: IEEE Trans. Magn., 48, 3207 (2012).
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FeRh/BaTiO; ~7T 2B W CER D BRTICE 2 5 %

RS RRAT, SR —, OHRRNG . A L
(RTK)
Electric field effect on magnetic phase in FeRh/BaTiOs heterostructures
R. Iijima, I. Suzuki, M. Itoh, T. Taniyama
(Tokyo Tech.)

oI

CsCl % FeRh A413, =il CRORBEME 2 7~ L 380 K {3 TN~ L BRI T 2 R RaWmE L LTHD
NTns, FxlLZNETIZTEHX F ¥ v /L FeRh/BaTiO; (BTO)~7 2 #i&E 1238\ T, BTO OHEEHIEE 12
£ D FUiH R A DS IEBEE- ORI 2 IR T 5 2 L 2 L CE[1], E£72. FeRh AT % E ﬁfﬂ
FMLES EVIRALHEINTVD[2], AFFETIL, FeRh 2 BTO0 )M EIZEkME L, &R
PS4 D BTO OIBFHE N A A VAT E . ZAUTE D REEA D FeRh DK %ﬁm%ié%@&owfﬁ
B LIZRERICONWTHET 5,

ERFG

FeRh/BTO(001)~7 m#§i&% . Fe, Rh ORI IZ L 5D MBE 5% VT BTO(001) Bk i AR FIC/ERL
7o 300 K (231 D WAL DBESATIE, F6 L OV DOE TR A fiEhe K06 Kerr RIS I W RIE Lz, B
[N C BTO(100) 7 AN HIIN U 7=, FES 2 WM (2 ok U CHRE G RIS HIN U722 23 B B b O BEG R A 2 1 E 5
5HZETEMDRICOWTHAEL, £72., BTO OFE KA A IREZ LT 572912, 450K TRk %
fafn Stk o, uoEHOL L T300K £ THHL, ix OEE CHBILOBISEFEZIE LT,

DB ENT-, —F T, 300 K IZBWTIL5ELE 7R KR
BEVEIRRETIE 7 < | FREEME, OORBEMEREIR O HAFIRRETH B
ZENDIoT, FOFEHIR LT, EIEEHII L 2RO

05F i -

s?%%%' @

%5&%% @ 1.0 'QOO L g 90—
Z=EATRAS = -@-- 100 V !9"%2&@
I FeRWBTO ~7 M MB ORSAHE AT 5 ||-omov | & B0 0
Blic, BALOBERIFEZ I L=, ZOfE, 400K & S
zE@Wﬁﬁ& BOT, WBHE-RCRRAEER 2 5 TR 5 00 j%ﬁwg ------------------ T
= P o
£
5
.

i #R D ZA{L % Fig. 12" d, BT 100V ZHNT 5 Z & _2000 Q 2000
Ik D IRREA D LT E NS, 7o, RN L H (Oc)
BIEOBIFE (Fig. 1(b)) 76, BIEFMNCEE S (R DAL 450 I

D20V RETRMT S 2 ENSNnD, ZOBLEFIMAE D

B DML, B8 REIC B CERRIANC Y BTO 0 5008 ®
WFBac KA VERBBBL, ¢ FAL P OEBMER 5 o] i
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1) I Suzuki, et al., Appl. Phys. Lett. 104, 022401 (2014).
2) R.O.Cherifi, et al., Nature Mater. 13, 345 (2014).
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Change in magnetism of ferromagnetic Pd(100) ultra thin film by phase transition of the substrate II
S. Sakuragi, T. Ogawa*, and T. Sato
(Keio Univ., “Eng. Tohoku Univ.)
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Effect on magnetism by voltage application to Pd(100) ultra-thin film on Nb-doped SrTiO,
Ryo Itotani, Shunsuke Sakuragi and Tetsuya Sato
(Fac. of Sci. and Tech., Keio Univ.)
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Fig.1 Thickness-dependent magnetic moment Fig.2 1-V characteristics of Pd/NSTO junction
per Pd atom with different substrates (at 300 K). (inset: Schematic diagram of the sample).
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Control of electric spin states of single organic molecules with STM atom manipulation
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Fro. BB Tl SHEMEEMR BIZWAE U2 FRRENE n 1R 112, STM £REH 2 W THAMR O REMER T %
BEATDZ IO LT (B, HEARDS T OJRFTE T A B RIERERR & 58— R EEH
faRbEFIEASNIEZ AR LT, sz lET5 (7],

\\EE

% SCHR

[1] T. K. Yamada and A. L. Vazquez de Parga, Appl. Phys. Lett. 105 %, pp.183109, 2014 4.

[2] S. Schmaus, T.K. Yamada, W. Wulfhekel, et al., Nature Nanotechnology, 6 %, pp.185, 2011 4F. .

[3] A. Bagrets, S. Schmaus, T.K. Yamada, W. Wulfhekel, et al., Nano Letters, 12 %, pp.5131, 2012 4F.
[4] Y. Yamagishi, S. Nakashima, K. Oiso and T. K. Yamada, Nanotechnology, 24 &, pp.395704, 2013 4£.
[5] S. Nakashima, Y. Yamagishi, K. Oiso, T. K. Yamada, Jpn. J. Appl. Phys. 52 ¢, pp.110115, 2013 4-.
[6] T. K. Yamada, S. Nakashima, N. Ohta, N. K. M. Nazrig, and K. Nakamura, in preparation.

[7]1 T. K. Yamada, N. Ohta, S. Nakashima, K. Nakamura, and A. L. Vazquez de Parga, in preparation.

—216 —



10pC -5 3mSR R AR BELE (2015)

RO T A NA NS AR I T A EFEER LA A v T T D
BB AL ENE

LR AR, BOR R, PIBL B, AEH OBF . B B
CPNTEW
Growth orientation dependence of current induced magnetization switching in exchange-coupled
antiperovskite nitride bilayers
H. Ando, Y. Kuroki, T. Hajiri, K. Ueda, H. Asano
(Nagoya Univ.)
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Anisotropic magnetoresistance study of Heusler-type half-metal ferromagnet and antiferromagnet
Fe,CrSi/Ru,MnGe bilayer thin films
T. Hajiri, M. Matsushita, K. Ueda, and H. Asano
(Nagoya Univ.)
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Exchange bias field of epitaxially grown Ni,MnAl/X bilayers (X: Fe, Co, Co,MnSi)
Tomoki Tsuchiya, Tomoko Sugiyama, Takahide Kubota, Teodor Huminiuc, Atsufumi Hirohata and Koki Takanashi
(Institute for Materials Research, Tohoku Univ., * The University of York)
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Analysis on the Magnetic Flux Fringing Phenomenon at Air Gap Portion of a Reactor
Gou Kijima, Misao Namikawa
(JFE Steel)
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Fig.1 The sketch of calculated \ / Fig.3 The relationship between
magnetic flux. Curved lines fringing width and air gap
indicate flux line. length.

Fig.2 Simulation model of a reactor.
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MW #k DC-DC =2 o "— X H & B 7T E /LT 7 A
T ADBEBERICET 5B

HAFHH, e, — g8
(ALK F)
Consideration of Winding Arrangement of High-frequency Amorphous Transformers for
MW:-class DC-DC Converters
H. Tanaka, K. Nakamura, O. Ichinokura
(Tohoku University)

DC-DC converter Offshore ; Onshore

el g
AR, ENAN TR BRPE LR FEEOBANEA T ®< wss| "% 1o e

VB, Fig. 11, AKABCAIFSITEER (PMSG) % V> ST apma A A
RV AT LO=HITHY, PMSC 2 oi3bni e Fig. 1 An example of a system configuration of
IR L, DR IS DCIAC HC IR O R wind-power generation system using PMSG.
FERERL, “hE hT v A0 k> TRIER, HOE s e s

WLTC, mEEREE (HVDC) #1795, AV AT A B
T, REERICED N T RONRICIn ., %E
BRHEDS R RISV T, HVYDC IZ &L 5k
RADEBA WS NS, AifETIE, ZoO@EwE 7
VAT ENT 7 AR EMND ZLERRL, T
2 ADNRUY - BB ARE T D Z & AR LD,

" Thickness:95

| Primary [
ARECH, BRI 5 B R A B 5 B s
B ICBI L C, AT L OERRIC X it 21T - 72, seondty A | N ey e 71|
6% winding a‘é
BRI AT RS %ﬁ*ﬁﬁk I<E9 % %g (a) Non-interleaved (b) Interleaved

Fig. 2 12, f#bTH LOEBRICHNET BT 7 2 K Fig. 2 Shape and winding arrangement of the test
T U ADR « sHE LR EE A RS, [FX(a)lLi#EH amorphous transformer.
RETHY, 1 RERE 2 KBRS EADIEIH % 12 P~
SN TWD, —J7, RO LRERE 2 ERH
1JBmAZ HICALE S CW\Wb, Fig. 312, 7TEILT 7 A
b7 2D ETRY, IR L OIS, BRI
AR E ATV D,

Fig. 4(a)(Z, A FREFEE THRD 7 BP0 J8 1 Bl
2T, FXO)IEEIETH L, b0 E R
D&, LUCERE 2CERE 1 EREZAICRET D2
LT, @B 5 BRHERIOEMZ MR TE 5 2

Fig. 3 Appearance of the test amorphous transformer.

Lk Z)S‘Tﬁg h A, ZUx1 ﬁ(%fl’ﬁ L2 &%;’l@%% ZHIZ 10 - :\::;-Iienat\e/:deaved 10 - m;‘lie”;\e/:;a"e“

WD ZET, K% OB D ORIV RN T HIY & 10 10

N, EERRSIH S Ths, Ak, BHE S 1 &

BT 2 FHAE & FRIEDORAER, rET 108 ! //f v

BRI D 2 KTHITL 720, CORE, BIREE = -

DIYTE M EBRCTE R T I Th B Lims Do a0 - Taoeeo e oo - 75000

Ao (a) Calculated (b) Measured
BEER Fig. 4 Comparison of frequency dependence of the

1) P, R, — &, EBEFE MAG-14-29 (2014) winding resistances of the amorphous transformer.
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RNA ([ZHAS < TEREM 3 H—KA A X7 2 OBAEEIE

R, IIHERER, KHETM e, AR,
AINEEERE, IUH B, AT, AT, — B B
CRAERS:, *HAbdES, **& LEK)
Iron Loss Calculation for Concentric-Winding type Three-Phase Variable Inductor
based on Reluctance Network Analysis
K. Nakamura, Y. Yamada, T. Ohinata*, K. Arimatsu*,
T. Kojima**, M. Yamada**, R. Matsumoto**, M. Takiguchi**, O. Ichinokura
(Tohoku University, *Tohoku Electric Power Co., Inc., ***Fuji Electric Co., Inc.)

FC®HIZ

SRR UL, EFEIESR LA s e TR ;
Wi L7z, SRBM 3RS 27 SRR, BIER S
BMEART AL LE L AT, VT 2y T
A%y hT—7 AT (RNA) IS, EREM 3 H—KT UX
EA L H T B OPROREET > IO THET 5,

(a) Core division  (b) 3D unit magnetic circuit
ER&ER IH—AKUESA VF IV 2OHBETE Fig.2 3D RNA model of the variable inductor.

Fig. 112, BB 3 H—IKAZEA &7 & OERRORE T oy
ZoRY T BROMEHT 0.35 mm JEOEE ST A R TH D,

RNA EF /VOEHICEE L TIE, TR Th omi%,
Fig. 2()D £ 5 ITEBOBERIZEIL, K5rEIEFE % FIK(b)
WRT KD 7% 3 WonDBAIAREIK TR Y, 22T, Mo
FERRIERESIRIL R,y Ropld, 0 EIEFOSHE LB B-H i
BRINORD D, —F, RERT A X7 X AR, Ryl
S EIESE DO~HE EMEIO SRR R 53R 5,

PR _EISHN DI IC OV T, Fig. 2 O RNA £5 /1 &
Fig.3 DERERET NV EHER T2 Z & TEET H, 77205,
Fig. 2(b)DFEE H M ~DIRIVER g IC L > THE L HEE %,
Fig. 3 OBREKICH 25 2 & TERZ R, KO- HEH
\Z X o> TA L DI %, Fig. 2(b)IZ7R T RNA 7 /UIZIKT,

Fig.3 Eddy current circuit model.

100

Fig. 412, iR RNA E7 /L% F TR 7 g O S s ° Messuned
LERMEE R, COMERS L, SHEMERCEETE V1 —on
Tb\éikﬁ§2}’)75>éo %60 R P
7285, ABFZEIT IST MFZURCR BRS¢ A-STEP D4 % e
FiT o7, 20
60 114 turns 0 - -
M 0.164Q 0 5 0 15 20 25 30
208 turns Primary dc current (A)
No. Ny, N 0.604 Q Fig. 4 TIron loss characteristics of the
Core material | Non-oriented concentric-winding type three-phase variable
silicon steel inductor.
Voltage applied 200V
Frequency 50 Hz m
Capacity 4.0kva 1) K. Nakamura, et al, “Development of
7 Control current | DCOto30A Concentric-Winding  type  Three-Phase

Fig. 1 Specifications of a trial 4 kVA concentric-winding type Variable Inductor” , IEEE Trans. Magn.,
three-phase variable inductor. (2015) (in press).
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HANWVR=NER) TRV EEMBINNNVT aT A7 Z AW

1IMHz A A » F 2 FBEE DC-DC = 33— 2 DI STAR
RS, M. AR, BRGNS, (e
(BN KRZF, *EER TR Ee 2 —)

Evaluation of 1 MHz switching DC-DC converter using Carbonyl-iron/epoxy composite bulk
core inductor
A.Ueno, K.Sugimura, M.Sonchara, T.Sato, K.Sato

(Shinshu Univ., *Nagano Prefecture General Industrial Technology Center)

XU HIZ

IR L B EIER L A AL 95 SiC GaN /XU —5 34 2 MHz #5 A A v F 7 DC-DC = 2 73— & D BHFE Ok
ERAEESTND, FIUMEL T, a2 "= FEREO ~T7 ALY 77 MUZRLTH IMHz 22 5
EWEEECCTEMET 2 Z LAk b DH 0y, BITE, $E kHz # DC-DC 2> N—Z A U X 7 ZIZEZH I
TWHHARITRMn-Zn 7 =7 A ~ 27 O MHz 1 COIGHAARMEIZS DO L ZARATHLONERETH
Do = EHOIL, Llum BRORHI 72 B VR =V #kky & =R X VIR O 7 DA B o) (BLT. CIP/Epoxy
EWET) EHWTEER > TR ORI HIGF S D MHz TSV 7 a7 23 1E LT,

AFETIX. CIP/Epoxy 23V a7 ZHNWTNRT—A B 7 ZZERIL, MnZn 7 =54 a7 A X7 4
& el LT Si-MOSFET % FV 7= IMHz A A » F > 7 DCDC 22 > 3 — X T L7 RIC W TR 5,

Si NMOS-FET(TK25E06K3)

EX YakiA ° 11]
CIP/Epoxy B A M EHI LB E N HITSTH D . ¥+ v 7 L AR - w22k

TAE 7 ZadffELTz, Fo, HiBEE23000Mn-Zn” = 7 A 04 uF

NaTERWEA LT ZTIEA L F T B R L BB “[“

BEMBHEODA X7 2 DZENG EIZER—L 70D X BHKEDY 15y L TR

¥ TREMKLE, Simsios 244
Fig.lIZIMHzA A v F 2 7 J[EDC-DC =t > /3 — & DBl FE MR % e A siseo ‘5\,

AT, USBAANRT —EBFEA~DISHEEF—7 L LT, I8VAS va T (IN5820) [ [2A

=5V 2AHH N 2 EBIRAAEIZERE L, Si-NMOSFETZ A A v F T, ° 10 pFIM nF = 100 uFIIO.1lchI)I1 nF

Si-SBD & &t & A A4 — RIZH Uz Fig.1 Circuit diagram

EBRER

T — N

Flg ATENEBHFEO WD EFFELE R, 5V - 24 IREOZ) S ;;‘P;Epfe’;ym””m‘;t b

SRIT. CIP/Epoxy/SIL7 a7 A L 42 5 % FIO 1= 82 1387.1%. 5 ssf . ]
Mn-Zn7 = 7 1 b:r?%/&&&%:ﬂ%u\t aEsel %L 2 [ et "
D% R AL ST A IZRB W T HCIP/Epoxy /L7 a7 A %’ 86:— Boo °° .
y&“&&%ﬁﬁwtﬁ#aﬁ@b: W2 EDRENT, £2 5V 2A 2 0 *
HAOEEDA 27 ZHEFIIMn-Zn7 =T A haT7 A v Z 7 XD % 841 o A
B 73278 mW., CIP/Epoxy SV 2 27 A 2 2 7 B DHSE 73243 mW T 5ot
o7, §820”'(')15"3'”1é”’z””zé"é
L 2PN Output current /,[A]

(1) Y. Sugawa et al., IEEE Trans. Magn., 49 (7), 4172 (2013) ) ..
Fig.2 Output current z, characteristic

of power conversion efficiency
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EJAE LC BRI OEARRE L 7 — FEREIEIRR~DIEH

A mz,  BOFHE, WK BEE, NI IEEZ*
(Rl&K, *TDK)
Fundamental characteristics of high-frequency LC oscillator and its application to gate driver
N. Ishibashi, X. Wei, A. Katsuki, M. Hirokawa*
(Nagasaki University, *TDK Corporation)

[FL®IC

S RREIE AT DA & B TR NI (- C . B ;_ é% L3,
BUEREIC b VLR KD TV D, A4 v Ty 7Es |
HORARCEAT O A, RIS 5 R = L N — T l_:

B S, ZOMNEIETEAIIC AL » T 7 rT_'Wﬁﬁkglq% L

BehHishs Z Lanb, HEO LC BIRREIKIZL 57—

FEREHIE AR STV 2 D, ARG CIL. b JLAHG 705 Fig. 1. High frequency LC oscillator for gate

SRS 72 217 SV TR LT 0G5, driver.
LC RIRE RO 3IEERE ;

FER[AI % Fig. 112759, MOSFET (2 XL % H b LC 384k L de o
% T 5, RC AT SEIKZHERT %% v /80 % & Ci % S s T
IRG R — B ZH o T HEHT Ry & FEHRJE I fose D BIIR % I &’ C1=1000 pF

1 C1=10000 pF
0

L7zfER23, Fig. 2 TH 5,
Sk )T REREAR() TE SRS L LTV 5, S v

£, = ]/27[1/L(C'1 +C+C,) (1) Fig.2. Measured data on oscillation frequency.

Z 2T, Cisld MOSFET D A W Th %, Fig.2 #R5 &

RUC L 5T o MEBEZIFTND Z ENGMNEMN, XQ)T 10

BT A0, 5 7

Z T, AFNEEE A RCAEFIEIR I F A LT Ry S, ——C1=100 pF
A CoUC M S W5 Fig. 3 Th 5, LRGSR & BT <, o000 o
EICW DA IIRE < BT D, RL)1HELR D 0
1%, Fig.3 D7 5 7 % EICIER LT=Sa OWTETH %, ! ;ﬁ) 10000

W, WRERE Cuwll XD I T ROEELEE LT
CisZfiIEL, & HIZA v &7 XIZHWEERERHAT 2 —7
AA T DOWTRIRIEEEDO B L ER L CLEMHELZY
B D foc %, Fig. 41~ T, Fig.2 & RIE—FH L TW5HZ LR

Fig.3. Analyzed oscillation frequency in

consideration of RC snubbers.

NIn%. ’

AREH L ORAEH 3, v
HIRM N 2N AA v FFRFOT— b - YV —AMITHINT <, ——C1=100 pF

1202, Frl o A F /8B & #5 G RIS A L 7o 556 O FF '*51 gijgggﬁ;

PEIZOWTHMRT Lo, MaREOEREZE YIRS L, 5 0

IR 2 T HREMESED Z &N TE D, 1 1?1(:(:‘)) o

2E Bk Fig.4. Analyzed oscillation frequency in

. consideration of RC snubbers, reverse-transfer
1) P. Shamsi, et al., IEEE Trans. Power Electron., Vol. 27, No. 8,

op. 3725-3733 (2012) capacitance in MOSFET, and large swing operation

in inductors.
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EV HIZETHIEEMAGE S A T LB S

O3 A b % i T2 52 BRI SRR 2 B 9 2 s
BHARFBAK, Meescil 2, R, IRTER Y, HAEH
Q) EPNEY B TP NRY E[E SN
Reduction of Leakage Magnetic Field from Receiving Side by Separated Coil
for Contactless Charging System for Moving Electric Vehicles
S. Aoki', F. Sato*?, S.Miyahara', H. Matsuki’, T.Takura®
(*Tohoku Univ., “Tohoku Gakuin Univ., *Tohoku Institute of Tech.)
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Tor IXEREFE S RIC L2 EATPIEEMEELREL TV D. AT, B2EaA A5 5 HH SR
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RL, EHELBEBREICONT —EDORREHR L Y. TOMREL AT LKD) b, ZEMD AN
A TN NNERETHIRMBBANKEZ EDTEBY, Z8EaA L OREEBRROEERT RS LETH
b. FIZ TR TIIEEN ZNE TR 21T T& 0% oA L 2% BT P IEEAGEDZ B A L E L
TEAL, A D DS S5 BESREEE OSBRI o A L & O AR 2 AIRESRMTIC L VR,
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EIZA LT 2 DD A I FAET BRI E T R b s . = )R
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BECHAEDERD AW LEED AL L ORAHaLRTE = O

%. Figl 23 a4 L & R TH D A3, T aA )L OiE g

&, WAV E RS 100 kHz, BT 1A ThblE L7-RF o458 10 2 19—+ |

m MR IS T D MR OIRMTIE 2 7”97, 485 2 A VATIIREMER B é ﬂ ﬂ ﬂ
& LT, 600X600X8 mm DHIEMER 2400 D7 =7 A FaxEL Z o

THY, 5E =3 AV TIIREMER B 200 mm OffFEZ 52 T\ 5. xaxis  yaxis  zaxis

7z, MRFTICIXERAENT Y 7~ Maxwell®3D %l L7=. Fig.l Fig.1 Receiving Coil Model and

X, 5= /1’ JVIANRAL ZF)vaA v <‘: BZ L xy,z # EZ4 4 Comparison of Magnetic Flux Density.
51, 75, 87 WA FOMKIEA MR L, WREFRRICAZTH

DENIRINT-. WIZEEM gﬂiﬁ/l)/]/@%ﬁk EEaA IV "-_—"-1_'—7'-:"
Rt Z-I'(—'J" o

RO y fih 103513 2 K R A O RATIE % Fig2 \omsd, 252 9~

SRR CTENE N g Running Direction)
A LDF Y v 1L 170 mm ERE L TWD. HEla A L& ER e "“-”‘“TSidcSIiI;Dircctiun)
THHEIZLY, ANA T aAf L E LK 25 %DfEE A2 01 —o—Separated Coil == Spiral Coil
BTE, WHFGEO TN R 5 FRHDEE. U EoER  80% | 4 /<2{'
L0, ZEOCHYE AN AR 5L TRMBR & B 500 =, s
LODENERENTADEEZDND. S o0
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%%Ifﬁf 0.02
1) BHAFBK, AR, 2015 FETfFaEE T s 1s s as
¥ WPT if%Es, 1577 (2015-28) pp.43-48 y-Dislocation [m]
2) HEARFK, MARKEHE fh, FAL 26 FEAE =7 Fig.2 Feeding Coil Model and
AP ZESE  pp.24 Coupling Factor Between Feeding

and Receiving Coil on y Axis.
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Effects of Inductance Compensation Methods on Efficiency via Inductive Power Transmission
T. Takura, T. Nonaka®, F. Sato™ and H. Matsuki™
(Tohoku Institute of Tech., "Hachinohe National College of Tech., “Tohoku Gakuin Univ., ““Tohoku Univ.)
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WX, ANBEDPAMICEOETEAAINDBBE DD, AMICIOTHNELEEZZESELNS. LL
RIENEN IR ERDEMIEINOIAND =D, FIREERT DHTDICHEBREAREE Qfﬁ@ﬂﬁmﬂ;{b
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fll% LC RS T 90 %LA L& FERL T 5 7 DI B2 a fHDOK) 2 % Lo TG,

P H H 3 T [ E— 1 1

o
o

LC resonance\

o
o=}
T

Compensation of Li-M

o
o
T

|
@)
o
|
8
=~
|
=
AN
9]
|
au
-
|
=
1
| I
Maximum transmission efficiency
o o
o ~

o
'S

2 103

! 10

4

=
o

10
a

Fig.1 Equivalent circuit. Fig.2 Maximum transmission efficiency #max Vs a.
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1) G.B.Joung and B. H. Cho, IEEE Trans. Magn., vol. 13, no. 6, pp. 1013-1022, 1998.
2) T.Nayuki, K. Nemoto, and T. Ikeya, Electric Power Engineering Research Laboratory Rep., no. H09015, 2010.
3) T.Takura, H. Matsuki, et al., J. Magn. Soc. Jpn., Vol.35, pp.132-135 (2011).
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Relationship between Transmission Efficiency and Magnetic Field Distribution
at Contactless Charging System by Utilizing Repeater Coils
N. Sakai!, F. Sato'?, S. Miyaharat, H. Matsuki?, T.Takura®
(*Tohoku Univ., 2Tohoku Gakuin Univ., *Tohoku Institute of Tech.)

ZLC®HIZ

#%ﬁﬂi%jﬂi%&fﬁ’%b‘f Fe R AR DN E B R L7012, BRI LISMNC ko A L A2 D
TARIEHAMT OB AN AT DIV TS, Mo Rt L2 HWHERIC, ZEIA NVORELITICE
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BICZEaA NV ERET DR, Bt 52AME 50 QEE EREANRTE Lz 2 X7 =120 T OSESY
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mﬂmrz

EZEaA N, KOk A WX REERRE S U, 1ERR L7z 22 A AR % Tablel (27”3, & £ % 100 kHz
E LT, EZEaA N, KOFfkas izizar sy aAL, HRIE TV, Figl ICHTET VAR
T, Rk A 2 ESEHRFICBWTZE A VORELFT 2 £ 2 R OS5 & & &Aﬁﬁﬁﬁ/7 k
Maxwell®3D (2 X Y gt L7z, ZOKf, 8= A MIHET 2 AMTIE 50 QEE Tt L7t Lk 2 &
B AR LT REaD 2 "2 — L Lz, B, mIﬁmmm%Ltif@:4wWGw&40wn&
L, B VORI 0031 ThDH. EEBEENE L TIOW EEE LEEHAIZOW T L.

fRHTHER
Fig.2 (2 ik = A L 2 [EfEAREZ 1T 2 BB ICIER ICZE a4 VA RLE LB O34 % 7~ 7. Fig.2(a)
¥ 50 QEHGRE, Fig2(b)iI il A BERF I DWW COMHTRE R 2R L T\ 5. Fig2@DfEHR L 0, FiiEAm
ﬂ%f%bt BOMEIHMEIELL DA VERETHRDBRGETHY, BESHMNAIE—L72o>TH
%. WIT Fig2(b)DFEHR LV, FRNB 2 A VEE TIEBE O E) — IR SN TWA. — 5T, 2N
oA VEE TIIES MR —Th Y, PikaA L TOBREKNIEFITRE V. T ORERZ k4
% ERREE 1 IRV TIE 50 QEEil: & I AMRF CORBIGOMN EL L b AR — L 2o TWNHTD, EhE
ARE L T ARG A2 — L 2D LB HTAILERL DL EEZOND.

Tablel Coil Specifications at 100 kHz. P.—10W Receiving P. - Repeaterl power loss
Inductance L [uH] 17.6 @ mmmm) P Repeater2 power loss
SSS | i s
Resistance r [o] | 0.0225 A 1 P, - Output power R
eeding .
. Repeater 4. 1620e-2E4
Quality factor 491 Fig.1 Analysis model. 2 visse-son
P,=002W] P,=5[W]  P.=002[W] P,=47[W] P,=001W] P,=3[W] PJ=057[W] P, =057W] 3 Tranacot
3. 9854e-085
o ® 0@‘ @' ® 00 i
4 voe
P, -0002[W] P, =05 W] Pu =07 MWl PR, =77 W] (¢}  rase ot
n=0 [%] n=5 [%] R.-004 " 7 [l n=77 [%] R, =0.34Q . 5 8783007
Routel Route2 Routel . Route2
(@ 50Q (b) Optimum load (R,)
Fig.2 Relationship between transmission efficiency and magnetic field distribution.

2% 3Lk
[1] Koh Kim Ean, Yoichi Hori, other,IEICE WPT2012-37.
[RIKHE &, i, ERFR~Y T RT 4 v 7 AES, MAG-14-37, pp.47-51(2014)
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Center-constricted magnetic core-coil structures for resonant wireless power transfer
Hirotaka Oshima, Satoshi Shimokawa
(Fujitsu Laboratories Ltd.)
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Granular Nanostructures and Magnetic Properties of FePt-C/FePt-SiO,

Films
LURAN ZHANG!, LIWANG LIU*, KOUJI HAYASAKA?, SHUNJI ISHIOY 2

! Venture Business Laboratory, Akita University, Akita, Japan
2 Department of Materials Science and Engineering, Akita University, Akita, Japan
¥ Nanotechnology Platform of the Ministry of Education, Culture, Sports, Science and Technology (MEXT),
Japan, Center for Integrated Nanotechnology Support, Tohoku University

The L1, ordered FePt is one of the most promising candidates for heat assisted magnetic recording (HAMR) media
due to its high bulk magnetocrystalline anisotropy energy constant K, of ~7 x 10" ergs/cc. For HAMR media, L1,
FePt-X(segregant) thin films must have high coercivity and small, uniform and columnar shape FePt grains. Various
segregants, such as C, TiO,, SiO, and etc. *® have been doped to FePt film to obtain desired properties. By doping
amorphous SiO, and TiO, can fabricate the (001) textured FePt films with columnar grains. However, these FePt films
exhibited poor perpendicular anisotropy because their phase separation tendency is too weak to isolate FePt grains in
the lateral direction”. FePt-C granular films realize high K, and well-isolated FePt grains with small grains. But the
doped C easily diffused to the surface at the relatively higher fabrication temperature of FePt films. This resulted in
second nucleation and the formation of double layer structure with increased media thickness®. In this work, we
successfully fabricated columnar structured FePt film with large coercivity by using FePt-C/FePt-SiO, bilayer structure.
Granular nanostructures and magnetic properties of FePt-C, FePt-SiO, and FePt-C/FePt-SiO, films have been
investigated.

Fig. 1(a) shows an XRD pattern of the FePt-C30vol%(4 nm)/FePt-SiO, 45vol%(4 nm) film. The wide background
peak between 17<and 35<corresponds to the amorphous glass substrate. The (001) and (002) peaks of the L1, FePt
structure are clearly observed with a missing (111) peak, indicating the FePt grains are strongly (001) textured. The high
degree of chemical ordering of L1, FePt manifests itself as a large integrated peak intensity ratio
A(FePtgo;)/A(FePto)=2.2. Fig. 1(b) shows the magnetization curves of the film. Coercivity of the out-of-plane direction
is about 28.5 kOe. Fig. 1(c) and (d) show the cross-sectional TEM bright field images of the film. It is evident that only
one layer of well-isolated columnar FePt grains which are about 10 nm in diameter and 13 nm in height is epitaxially
grown on the MgO intermediate layer. It can be seen that the FePt-SiO; layer is successfully grown on the FePt-C layer
without forming the second layer. Note that the 8 nm thickness of FePt-C/FePt-SiO, is thicker than the critical thickness
of FePt-C single-layer formation (4 nm). It means that the FePt-SiO, layer suppress the phase separation between FePt
and C.

4000 | FeP(001) (a) 600 (b)
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Fig. 1. (a) XRD pattern, (b) magnetization curves and (c), (d) cross sectional TEM images of FePt-C30vol%(4

nm)/FePt-SiO, 45vol%(4 nm) film.
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Simulation of L1, FePt microstructure by using phase field model

L. W. Liu', K. Ohsasa®, T. Koyama®, L. Y. Liang*, L. R. Zhang", and S. Ishio*?

Venture Business Laboratory, Akita University, Gakuen Machi 1-1, Tegata, Akita 010-8502, Japan
Department of Materials Science and Engineering, Akita University, Gakuen-machi 1-1, Tegata,
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*Department of Materials Physics and Energy Engineering, Graduate School of Engineering, Nagoya
University, Furo-cho, Chikusa-ku, Nagoya 464-8603, Japan
“Mathematics and Computer Science Division, Argonne National Laboratory, Argonne, Illinois 60439,
USA

Heat Assisted Magnetic Recording (HAMR) media demands L1, FePt-X(segregant) thin films should have
small and columnar FePt grains with high coercivity. In this work, the influence factors to form the columnar
FePt grains were studied by using 3D phase field model based on Koyama’s model.”

Fig. 1 shows the 3D microstructure of the FePt-X thin films with increasing the film thickness (L1, FePt:
yellow, Al FePt: red, X: cyan). The simulated volume is 50x50x(t=2-10) nm® and using isotropic atomic
mobilities. The interfacial energy is 1.82 J/m?. Fig. 1(a) shows the morphology of the FePt-X thin films when t
is 2 nm, and the columnar FePt grains can be seen clearly. Fig. 1(b) shows the FePt-X microstructure when t is 5
nm. The bilayer FePt grains start to form and the interconnected FePt grains increase. Fig. 1 (c-d) shows that the
FePt grains are layer by layer or semi-spherical shape when the FePt-X thickness varies from 8 nm to 10 nm.

Fig. 2 shows the variations of 3D microstructure of the FePt-X thin films with the different mobility M,
values and the same mobility M,=M,,=1.0. The volume is 50x50x10 nm?. Fig. 2 (a)-(b) shows the number of
bilayers of FePt grains reduces when M, is decreased from 0.5 to 0.1. When M, continues to decrease to 0.01
and 0.001, the microstructure of the FePt-X thin films almost fully become the columnar shape as shown in Fig.
2(c) and Fig. 2(d). These results clearly demonstrate that selecting the materials with the anisotropic mobility of
atom diffusion as a segregant is vital to prepare the columnar microstructure of the FePt-X thin films.
References
1) T. Koyama, and H. Onodera, Mater. Trans, 44(8) 1523-1528, (2003).

()
Fig. 1 The variations of the FePt-X thin films Fig. 2 The FePt-X thin films microstructure with

microstructure with different film thicknesses: (a) 2  decreasing M, at t = 10 nm: (a) 0.5; (b) 0.1; (¢)
nm; (b) 5 nm; (c) 8 nm; (d) 10 nm. 0.01; (d) 0.001.
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Effect of amorphous Cr-Ti texture inducing layer on highly (002) textured
large grain CrgyMn,, seed layer for L1, ordered FePt-C granular film

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

Introduction Heat-assisted magnetic recording media has attracted much attention for future hard disk drive owing to
the high magnetocrystalline anisotropy of L1, ordered FePt(K,~ 7x10” erg/cm®)". In order to improve signal to noise
ratio, it is necessary to fabricate the medium in which the grains are magnetically isolated such as FePt-C based
granular film. For large perpendicular anisotropy, controlling the c-axis (002) orientation of the FePt, corresponding to
the magnetic easy axis, toward normal to the film is required. In general, the preferred crystal orientation of the FePt
can be adjusted by means of hetero-epitaxial growth from (002) textured MgO underlayer. However, it is reported that
the misalignment of the (002) grains normal to the film is caused by angular distribution of the MgO (002) orientation*
% Origin of the angular distribution is regarded due to the absence of the epitaxy growth of the MgO underlayer, which
is directly deposited on an amorphous film. In this study, method to suppress the angular distribution is proposed by
introducing a new concept of layered structure.

Concept of layered structure The proposed structure consists of the magnetic layer (ML)/under layer (UL)/seed layer
(SL)/ texture-inducing layer with amorphous structure (a-TIL) as shown in Fig.1. Developing the SL with having the
highly (002) texture-crystalline film, key idea of the concept, can be described when satisfying the high wettability of
SL on a-TIL. The liquid phase of sputtered atoms of the SL tends to spread out on the a-TIL before solidification. Since
the crystal terrace, evolved during solidification from liquid phase, possesses the largest surface area on the top surface
compared to the other surfaces, the main contribution to the sheet texture evolution results from the top surface. And
consequently, the large grain size with highly textured SL can be realized.
Typically, the condition of high wettability is defined as Young relation

written below ys. > ¥ty where ygp is surface energy of SL, yy, is W@W'\;ﬁ
interfacial energy, and y,.r_is surface energy of a-TIL. Since there is still | e |
I |

lack of information on y;,, expectation for high wettability by using the mz

interfacial energy is difficult. However, it can be rationalized by taking

into account the quantitative value between yg and .. Accordingly, Seed! S0 i

condition favorable for the high wettability can be a high value of ¥, e Z

and a lower value yg;. Thus, we have investigated to enlarge the grain size AR R R ;

of SL by changing the quantitative value of 7, ..  Texture inducing layer (TIL).
Experimental results CrMn and Cr-Ti were introduced as the SL and Fig. 1 Concept of layered structure for suppressing
a-TIL, respectively5 ). In order to enlarge the grain size of SL, two methods the (002) texture distribution of FePt-C medium.
were presented. (1) High wettability; changing the compositions of Cr-Ti 159 N1
a-TIL owing to the higher yz (2.570 J/m®) than y¢ (2.056 J/m%) . (2) I ]
Promoting the adatomic mobility of the SL; elevating the substrate S ° i
temperature. The film structure used in this study consists of CrMn L 10t ¢ i
(30)/Cry90xTix (20)/NigoTayp(2)/glass substrate. Substrate temperature was ; ® 1
elevated before CrMn deposition. The temperature varied from RT to 600 58 I '. °
°C. Ti composition (x) in the Cr ¢ Tiy a-TIL varied from 0 to 100 at.%. = 51 o'
Figure 2 shows the dependence of the full width of half maximum at § i ‘.~ ® |
CrMn (002) diffraction (FWHM o) on the grain diameter (GD) of the w
CrMn SL with various fabrication conditions of Cr-Ti TIL. The FWHM ¢,

I [ 1

degree of the angular distribution, was evaluated by rocking curve profile
(not shown in this abstract). The GD was estimated by Scherrer equation
using CrMn (110) diffraction measured by in-plane XRD. As shown in the ]

figure, the FWHM , decreases from 10.5 deg to 3.4 deg with increase of :ﬁg'grzaifzggﬁirﬁgi rMMr:V?f}de;i};eésdfﬁiTg;ﬁE
the GD from 11.4 nm to 15 nm. The result indicated that the remarkable  conditions of Cr-Ti TIL.

progress in reducing the one-third value of the angular distribution was

accomplished by increase of 3 nm of GD. It is expected that the epitaxy from CrMn, MgO to FePt-C can be improved

by introducing Cr-Ti a-TIL.

Reference 1) M. H. Kryder et al., Proceedings of the IEEE, 96, 1810 (2008). 2) S. Wicht et al., J. Appl. Phys., 114, 063906 (2013). 3) J. Wang
et al., Acta Mater., 91,41 (2015). 4)S.J. Jeon et al., J. Appl. Phys., 117, 17A924 (2015). 5) L. Z. Mezzy et al., Jpn. J. Appl. Phys., 21, 1596
(1982).
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Switching field distribution of FePt-C/FePt exchange coupled
perpendicular media

J. Wang', Y.K. Takahashi', J.Y Kim? K. Hono'

! National Institute for Materials Science, 1-2-1, Sengen, Tsukuba 305-0047, Japan
2 Seagate Technology, 47010 Kato Road, Fremont, California 94538, USA

Since the grain size of the recording media has to be reduced, a magnetic material with high K, must be applied for the
concern of thermal stability. However, high K, media require high writing field in order to write the information onto
the media. Due to the physical limitation where the maximum attainable head field is about 1.7 T ?, the writability of
such media becomes a challenge. In this work, by increasing FePt soft layer thickness in FePt-C/FePt exchange coupled
granular/continuous (CGC) perpendicular media, we successfully reduced the coercivity field from 4.9 to 1.4 T without
sacrificing thermal stability. Meanwhile, the switching field distribution (SFD) of the bilayer media also got significant
improved. Both of these advantages make FePt-C/FePt CGC media here a potential candidate for extremely high areal
density recording media which is writable meanwhile thermal stable.

FePt-C 10 nm/FePt X nm exchange coupled granular/continuous perpendicular bilayer films were DC magnetron
sputtered on single-crystalline MgO (001) substrates. Bottom hard layer was deposited by the co-sputtering using Fe, Pt
and C targets at a substrate temperature of 600°C under 0.48 Pa Ar while the top relative soft FePt layer was sequenced
co-sputtered at a lower substrate temperature of 400°C. The soft FePt layer thickness was varied from 2 to 15nm.

Figure 1 shows the in plane and cross-sectional TEM images of MgO(001)/FePt-C 10nm/FePt Xnm CGC
perpendicular bilayer films with different soft FePt capping layer thickness. Fig.1 (a) & (b) illustrate the TEM images of
single FePt-C 10nm layer without soft capping layer. One can see that the single FePt-C layer gives a well-isolated nano
granular structure with average grain size around 10.2 + 1.5 nm (Inset of Fig. 1a). For bilayer film with 5 nm capping
soft FePt layer, due to the inter-diffusion at FePt-C/ FePt interface, FePt grains grow larger with average grain size
around 12 nm and the capping soft FePt growth epitaxially on the top of each individual hard FePt grains forming
identical grains. Further increase the layer thickness to 10 or 15nm, one can detect soft FePt gains island on the top of
bottom FePt grains, finally forming continuous soft FePt layer which is typically CGC structure. On the other hand,
magnetization curves (Fig. 2) of the exchange coupled bilayer with various soft FePt layer thicknesses indicate that the
introduced capping soft FePt layer also holds perpendicular magnetic anisotropy (PMA) and can effectively reduce the
covercivity field Hc (4.9 to 1.4T) though direct exchange coupling at the FePt-C/ FePt interface. Furthermore, SFD
analysis with AH (M, AM) method ? shows that the direct exchange coupling at the interface can significantly narrow
the SFD (33% to 6%) by increasing soft FePt layer thickness. However, decline of SFD with 15nm capping soft FePt
layer can be attributed to the degradation of PMA.

Reference
1) Koji Matsumoto, Akhihiro Inomata, and Shin-ya Hasigawa, Fujitsu Scientific & Technical Journal 42, 158 (2006).
2) A. Berger, B. Lengsfield and Y. Ikeda, J. Appl. Phys., 99, 08E705. ( 2006).
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Fig. 1 In plane and cross-sectional TEM images of FePt-C10nm/FePt Fig.2  Switching field distribution and
Xnm exchange coupled media (Inset: FePt grain size distribution) corresponding out-of-plane magnetization curves of
FePt-C 10 nm/FePt X nm exchange coupled media.
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Microstructure and magnetic properties of L1, ordered FePt-C nanogranular
films: Influence of graded structure with different C volume fraction

Himanshu Pandey, A. Perumal, J. Wang, Y. K. Takahashi, and K. Hono
Magnetic Materials Unit, National Institute for Materials Science, 1-2-1 Sengen, Tsukuba 305-0047, Japan

L1, ordered FePt nanogranular thin films are considered as one of the leading candidates for heat assisted
magnetic recording media [1] with areal density beyond 1 Tbits/in®. Considering the feature of its high
magnetocrystalline anisotropy, it is possible to fabricate thermally stable FePt particles with size down to 4 nm [2].
Hence, enormous efforts are being made to produce FePt grains with minimum size, high coercivity and columnar
growth with the aspect ratio of more than 1.5. However, to realize the nanogranular structure in FePt films, various
spacer materials such as C, SiO,, Al,O;, ZrO,, TiO,, Cr,0;, etc must be used. Although the spacer materials help to
reduce the grain size below 7 nm with narrow size distribution, the magnetic properties degrade due to reduction in
degree of L1, ordering and enhancement of misaligned FePt grains.

Therefore, in this study, we present FePt-C granular films deposited as graded layer structure with different C
volume fraction by co-sputtering FePt alloy and C targets on single crystalline (001) MgO substrate as a model system.
The graded structure was implied to suppress growth of randomly oriented grains on top of FePt granular layer [3] and
thickness of FePt-C film was optimized for obtaining a single layered structure with columnar growth. Crystal structure
and degree of L1, ordering were analyzed using X-ray diffraction (XRD) with Cu-K,, radiation (A = 1.54056 A).
Microstructure was characterized by using transmission electron microscope (TEM, FEI Technai F20 and F30). The
room temperature magnetic properties were measured by superconducting quantum interference device vibrating
sample magnetometer (SQUID-VSM) with an applied magnetic field up to £ 70 kOe.

The present investigation reveals that the average FePt grain size as shown in Fig.1 decreases with increasing
C volume fraction. The cross sectional TEM analysis confirmed the column growth of FePt grains without the
formation of second layer of FePt grain. A minimum grain size of around 6.5 nm and the pitch distance of 7.6 nm is
achieved with perpendicular coercivity of 4.4 Tesla (see inset of Fig.1). A systematic investigation on the effect of C
volume fraction and graded structure on the degree of ordering, microstructure refinement with columnar growth and
the resulting magnetic properties will be discussed in detail.

This work was supported by the Advanced Storage Technology Consortium (ASTC).
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Trans. Magn. 50 (2014) 3100108.
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Fig.1: Plane view TEM images of FePt-C thin films with different carbon volume fraction in graded structure. Room temperature M-H loops are

plotted in the inset.
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1) T. Shima et al., Appl. Phys. Lett., 81, 1050 (2002). 46 48 50 52

1 O,
2) T.Shima et al., Appl. Phys. Lett. 99. 033516 (2006). Fe content X in Fe,Pt;50. (at. %)
3) T.Sekietal, J. Phys. D. Appl. Phys., 44, 335001 (2011).

a axis (&)
w
(0]
(e)]
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[ J
[ ]
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|

H, (kOe)
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Fig. 2. H, as a function of Fe content.
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Characterization of Crystallographic Orientation of FePt Alloy Thin Films Formed on MgO Underlayer
Youhei Noguchi, Masahiro Nakamura, Ryoma Ochiai, Mitsuru Ohtake,
Masaaki Futamoto, Fumiyoshi Kirino", and Nobuyuki Inaba™
(Chuo Univ., “Tokyo Univ. Arts, " Yamagata Univ.)

[ZC®HIZ L1 s 2> FePt #HHIA 413 107 erglem® 4 — &% — O —#i R B S EC R L X —ZH>, 20D
728, T OAAEFILE S EEE LA MRAM 72 & ~DF A A SHIZHENT T, HFEREAII T T
Wb, TAA ASHTHE, BEEZETH D ¢ iz ARz L CREICE N ST 2083 H 0, (001)E M
L7=THIE S L <IX001)HEAE RN HWG NS, LML G, JEHIZ ¢ BT E I AV 72 (002)54E & 12 n
ZC, WNIZE 72 (100)fE N RIET DA N MAE S TWa. (100)EL A OfFFTIZIE HR-TEM™DROm N
XRDWENHNTH 5. Fxld, ZNET, BFEEIR EICTER L7- FePt B2 L THEP XRD 7% VW72 /D
AT 24T > T & 72 9. ABFZETIE, BWi{b Si HA LT FePYMgO BEA TR L, #duftm sl 247 - 7-.

REBRAZE ARlofERIcEEE Out-of-plane In-plane
o SR ha ARy B T ) _ - -
B2 M7z, BB Si R i g o888 & o 289 o8
200 °C C 10~-100 nm J£0 MgO T 3, gt e g 8z% 8g°

AL z Ao e 10nm & ¢ 288 2
i % TRk L, %o iz 10 nm & v 5 g8 s
D FePt BZ M L=, Z 0, L7 LI @)

600 °C CERMILE A i+ Z LIz kD,
L1 FHA~HAIME S8 7-. HEEZEmIC
I% RHEED 5 L% XRD, Réfb. il
B IZIE VSM % =,

:

Intensity (arb. unit)

EEEEER  Fig. 1(a-1)—(c-1)iZ 10~
100 nm JED MgO T HifE EIZH Rk
L 72 FePt RO HI SN XRD /34—

BT DWTIOSAD, FePt(001) \j 100 nm ‘

BIE T BBESATEY, ¢ e 1) W (-2)
il 23 T LI 6]V V7= FePt(001) 5 f 78

RSN TWDZ ENnnnd. F

72, 10 nm JE> MgO T Hifg B I 0T B w10 w5 70w
% L7- FePt iR ¢l (Fig. 1(a-1)), 26/(deg.) 26y (deg.)

FePt(11L) B 4 & 58 & 5 1 5 . Fig. 1 (a-1)—(c-1) Out-of-plane and (a-2)—(c-2) in-plane XRD patterns of
FePt(001) | I A "C (L) % Fe%t film(s dgp(()sitgd on MgF()) underlay(ers )of( (a))lo, F()b) 40, and (Fc);) 100 nm
BIELTWAZ L5035, —J7,  thicknesses.

THUEEA 40 nm 2R D &,

FePt(111) S AT L TR Y, Z D Z &% FePt 5T FePt(001) i 2AMER R L CWA Z L& /Rm LT 5. K&
A & BRGR OFREE D B R U7z FePt RO X, THUEE 10~100 nm (Zxf L T 0.5~0.6 &%
IF—ETH-o72. Fig. 1(a-2)—(c-2)IZE N XRD /X ¥ — > % T. 2 TO TFTHBEOHZEIZBWT, MERTHN
25 FePt(001) 8K TS N2 SN TE Y, LL(100)EEANBE L TWD Z E R 5.

Z&3CHk 1) K. Sato, B. Bian, and Y. Hirotsu: J. Appl. Phys., 91, 8516 (2002).
2) Y. K. Takahashi, K. Hono, T. Shima, and K. Takanashi: J. Magn. Magn. Mater., 267, 248 (2003).
3) A. Perumal, Y. K. Takahashi, T. O. Seki, and K. Hono: Appl. Phys. Lett., 92, 132508 (2008).
4) S. Jeong, T. Ohkubo, A. G. Roy, D. E. Laughlin, and M. E. McHenry: J. Appl. Phys., 91, 6863 (2002).
5) M. Ohtake, A. Itabashi, M. Futamoto, F. Kirino, and N. Inaba: IEEE Trans. Magn., 50, 2104204 (2014).
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Structure Analysis of FePt/FePd Bilayer Films Formed on MgO(001) Substrate
Masahiro Nakamura, Ryoma Ochiai, Youhei Noguchi, Mitsuru Ohtake,
Masaaki Futamoto, Fumiyoshi Kirino", and Nobuyuki Inaba™
(Chuo Univ., “Tokyo Univ. Arts, " Yamagata Univ.)

[FLBHIC L1 EiEZFF>/ VUL FePt 3L O FePd &4
%, FHER, 6.6x107 3 K18 1.8x107 erglem® O K, 4
D7, ThD OIS EERKEIEREUASS MRAM
72 EAOIGAZT TR SN TS, T3 ZGHT
i, EBANGICINZ T, BHEAESECH S ¢ il
M< X ICHMHET 20BN HD. L L,
(001)AL A FHECHEMmFER LI 2 b DA 4L
B U726, ¢ SN EIELZ MV 2 (001)FESMZ Nz, N
\AFAET D (00)fE M NRIET D a0 @iE S Tnd
Y FHxlr, 2hET, MgO(001)HEHT iz 10~40 nm
JED FePt 35 L ONFePd A TR L, FERECAIZ DV TH
ANTE7Y), FePtBETIE, M L1(100)fEEhANEE L
7273, FePd L, L1(001)fEahDA IR STV D
Z ot AKBFZETIE, FePYFePd —JEIRA AL
T5HZ 2L, FePt ORI A §A Tz

KEBAE WEHERICIIBEEEZLZRF v/ 3% hr ARy
B 7R R . MgO(001) £ 112 200 °C
FePt(40-x nm)/FePd(x nm) % L < {3 FePt(10-y nm)/FePd(y nm)
TIElEA TR LT, BERE, L AH~OBRIb AR S
BH721Z, 600 °C TOBEMLE ZHi L7-. #EETEMCIE
RHEED, XRD, RSUFHETHMIZIXVSM % vz,

SRR (FR LT RCOMT, TEXFT vl
FELTW5HZ & ZRHEEDHIZ T, LIfHIZHHMEL T
W5 Z L 2 mANXRDHIE CHERR L7z, cfilias f NI
VN7 (100)FE i DA HE 2 G~ 5 72912, N XRDME &
1T-7-. Fig. 1(a)lZFePt(40-x nm)/FePd(x nm)iEo N
XRD/XF — 2 Zemd . W0 ZJE K (x = 10~30 nm)
THL1(001) S 3588 B 41, L1o(100)f5 Sk 23 EAE L C
WD Z ERIND. Fig. 1(0)ICHIFE 410 nm~Jd &
BB A DO R A9, FePt : FePdJg/Eb 21 : 3L L
7o RBHCIELL(001) S B DB S AL TNV, clilis ifi
EAZ AN 72 L1(002)F ffa > & 72 2 A IE DN FEBL T & T
W5 . Fig. 2l X OVHESNXRDBIE DR B H
Hi U 72 i NAS 1M lRa & b Rc A2 <97, MR 240
1510 nm~, X H|ZFePdEH A EE 5 &, HN
K& IXZ0E Ui aME 1 23U 3~ 2 M 2338 0 Hivs.
ZDOX )T ENcEBLOREICFE L TWDH D
ENREBEZLND.

FePt(40-x nm)/FePd(x nm) FePt(10-y nm)/FePd(y nm)

L1,(001),,
MgO(200)
+(002)+(020)

L1,(200),
L1,(001),,

WL

Intensity (arb. unit)

20 30 30 40 50

50 20

26y (deg.)
Fig. 1 In-plane XRD patterns of (a) FePt(40—x nm)
/FePd(x nm) and (b) FePt(10-y nm)/FePd(y nm) bilayer
films deposited on MgO(001) substrates.

FePt(10-y nm)/FePd(y nm)

FePt(40—x nm)/FePd(x nm)
Bpulk-FePd a b
0.39 ¢ /labulk-FePt ( )/L r /Q‘L

‘.._..——a'.'
F FePtFePd
0.38 AreptFepd
Crept

0.37 FA 3 N

\ Chulk-Fept Crepd

CoulicFepd ‘ ‘ ‘
0 10 20 30 400 2.5 5

FePd layer thickness, x or y (nm)

Fig. 2 Lattice parameters, a and c, of (a) FePt(40—x nm)
/FePd(x nm) and (b) FePd(10~y nm)/Pd(y nm) bilayer films.

a, ¢ (nm)

Crept,Ferd

0.36 75 10

SE3Ck 1) K. Sato, B. Bian, and Y. Hirotsu: J. Appl. Phys., 91, 8516 (2002).
2) Y. K. Takahashi, K. Hono, T. Shima, and K. Takanashi: J. Magn. Magn. Mater., 267, 248 (2003).
3) H. Ho, J. Zhu, A. Kulovits, D. E. Laughlin, and J. Zhu: J. Appl. Phys., 116, 193510 (2014).
4) A. Itabashi, M. Ohtake, S. Ouchi, F. Kirino, and M. Futamoto: J. Magn. Soc. Jpn., 37, 358 (2013).
5) M. Ohtake, A. Itabashi, M. Futamoto, F. Kirino, and N. Inaba: IEEE Trans. Magn., 50, 2104204 (2014).
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W11 Z&+h, Varaprasad, B. S. D. Ch. S.. J. Wang. A. Felicia, mt&AE /. EEFfE
(W& - MBHIFSERES)

Improvement of texture for MgO/FePt-C by Cr seed layer
T. Shiroyama, B. Varaprasad, J. Wang, A. Felicia, Y.K. Takahashi and K. Hono
(National Institute for Materials Science)

XL I

WA RS EMAGe TR E L TIRESN TV LT v 2 N R GEREHA L LT, MgO FHll iz L1,
HAEEZ DO FePt-C 1/ 7T =2 7 — O IITDOIL T\ 5, LLAT, Fx 1% FePt-C F / ki 1-d ¢
HREL A L2 DU T MgO(001) HiAE dl JEii b & 7T A LM BRI U 7= 24k &k MgO(001) F Hi_E 1235\ C LL ik fig
Wr 24T\ ZEdh MgO DOFLFIPER E 25 FePt-C 7/ ki F-ORLAMER BICKRE S B L TWH Z L aR LY,
FE72. Cr(002)fix MgO & DI FHEEGYEN B < BEE D7 =— /W2 X0 ffdatE & RimEiEENSE SN D
Z DB, MgO(002)/7R A A T —AAE ORI OB R FE2 B E LTHRIAShTWS 2

Fexix, AT AFR EICERIE L7z FePt-C &/ 77 = = 7—ED CHilfidmtm L2 B & LT, Zftsh Mgo
H%@ T HIIZ Cr(002) i A L, BlStDfE # it 21T - 72, & LT, Cr(002)ED#fi AL, FePt-C DRk

WCEHTHDZ L A2MR LIz, SHIT, Cr(002)@DAMEMN, ik MgO <° FePt-C DEPEICK LT LD

iovwﬁbk®#%%ﬁbk®?\%@@ﬁﬁﬁmowfﬁ%ﬁéo

%ﬁjﬁ{f ——w/o Cr
R IEmEZE~ 7R b ANy ZIEEZ N TIT o7z, £ T7 o 1m
2 Hob 112 NiTa(L00nm) % B L, #5U\C. Cr(5~20nm) % SR CHufis Cr 7.8hm

600°C30 437 =—/L L. MgO(10nm)% RIRIZ TR L7, SBlc, Zhb crsnm
@ Cr/MgO T Hii_EiZ FePt-C(10nm)fEi % . 3.6mTorr Ar 5 A 55 IWT FHAR
&% 550°C. Fe, Pt, C @ 3 JL[RIRER /X Z (2 Lo TR L 7=, BURE O E 1T

X AREPTIZ T, o K OV i A & T R 1 Lo im 1 ) J0 iR RE 7B - BRI ERIZ L v
P U 72, F 7o RS IR S & T TR ERURLRE J1EHS TIT o T2, 5 20 95 30
ELTIEES Omega (deg)
1 1Z Glass/NiTa/Cr/MgO @ MgO(002) &t v &> 73— 7 %7~ 3, Cr Eﬁf@ Fig.1 MgO(002) rocking curve of
WEE, MgO DRELmMEIEM L 525, Cr20nm TH Cr M EWNEE LIFIER Glass/NiTa/Cr/MgO.
CHh—T Et7eo7=, 7=, ¥ 212 MgO/FePt-C »
WAEFED Cr Jg(15nm) A 2 X D&V AT, 1000
Crlgoffi AT XV | mNIREEE DRI H0 & 720 |
FHEE TR ON—T I AN GE ST
Do ZOZ LI, CriEDiAIZLY ., MgO(002)
OFLAENLE SN TV RV HED ST,

Intensity (counts)

(a) w/o Cr (b) w/ Cr(15nm)

)

N,
AN
\

Moment (emu/cc)

&
3
3

1t /.v" Fat :
i He( 1 )=44kOe| v ’_A | )=46kOe

FePt-C #0hi 1@ ¢ i mtE2s M B L7 2 & 25 oo T H()=9k0e | Peewasava s amet™ (/)4 5k0e
% L/ _,C I/ \ 6 . é%?giz‘/c“&j:\ %ﬁ%ﬂ]*%%%ﬂgﬁ) 6 : 0) -60 -40 —Zgieldo(ker)O 40 GD -60 -40 fZFDield D(koez)ﬂ 40 60
JFRIKNZ DWW T HiEmT 5, Fig.2 Magnetic properties of MgO/FePt-C (a)w/o and (b) w/
&k Cr(15nm).

1) J.Wang et al., Acta Mater. 91, 41 - 49 (2015).
2) J. Okabayashi et al., Appl. Phys. Lett. 103, 102402 (2013).
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EfEA LT ', R Medapali®, ARFIT ', J. Wang', = PEf#k . EEME ' E.E. Fullerton®
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Helicity-dependent all-optical switching in FePt media
Y.K. Takahashi', R. Medapaliz, K. Ishioka', J. Wangl, S. Kasai', K. Hono' and E.E. Fullerton’
(NIMS', UCSD?)

10aD - 10

[ZC&Ic

IN—RTF 4 A7 KT A 7 (HDD)D H 7% % Fedw 8 FE I _E IR GRS R O S L BRI R T D, R
TR D SRBENEORL T O LI A U D BAVEE E M O RRE 2 fRIR -5 72912 FePt 72 & O @ W 51 (Ku)
ZFF OB DN RIARBERFSEL & U TRET STV 5, & Ku BB I W 72 BRI m O B 2 B L 2
728, BROEEERIE R E AW XX —T VR M EREE TR A S BER D 5, B0 R RS
X DWHEERDO =R VX —T 2 hOMIZ, ITHEMRE O X 0 S CREAL ORI 23 7T RE 72 MR
HA AU SRS R MRFRER IR DO 1 2L LTHER STV 5, AFE T, FHEEFH B LSS D FePt It
(RA~DISH Z &FEIC, FREIREIC & 5 FePt A DBULZEALIC OV TR 21T > 72,

EBRFIE

FePt-C 7' 7 =2 7 —#ifiX, Fe, Pt, C D3 DDH =7 MWz a A3y 25T MgO Bk bk EICIE
U7, BRI O BRI IL 6000C Th D, FRIEHRIHNC X ABMLNERIZ T 7 77 — BB LR —VETIT
L VFHE L7z, FRYEICIE. 3 E 800nm, SRS 10kHz O 7 = A MO L —F—% A7z, ¥ T A~DED
A R/NRCT 72012, Fa v/ =X EEEE IkHz IR L7z, A—AF T, ARV E ArA
F o2V T DRI T CERL L 72,

R

Fig.1 IZ FePt-C 7 7 =2 7 —iiEOEN O TEM B % 7~7, FERL T2 9.1 nm @ FePt i A C~ MU v 7
AHNZH) =T L T D, Fig. 2 IZ FePt-C 77 = 2 7 — IR L 0 ER U 72 R — VR D RE AR — KT
(AHE)H#7 & PR YE 2 B L7 O AR — A ARHL 2 22 @) (b2 d, AHE B L 0 RO REE T3 42.5
kOe Th 5, (b)& VD FHEHIC L HBALZAIZT 2R DOBALIZH L TR 13% Th 5, MiEEERFNTLZ Lk
DAV IS oAb 2B S T 5208, BRI DI RO LB L BN E < e o T D, TR
I RS U 72 #2127 U7 AHE BB BRI ATCHE L2 b O LR L CTh o 7o 72 S I X 221k
DPINTBNC K DR 72 4 A=V L2 b O TIEZR L, PRSI K D IEOBALIREEDZE(IZ L 5 6 D
LEZEZOND, EoZ enn, MFEEESEL T 2 2 LI XV SR b2 b L OHEED &
HWALEENER TEZ DB HND,

2B SR
1) C-H. Lambert et al., Science345, 1337 (2014).
e 1’;!""‘ 0.38
o {a} T T T | T T T [ (b} T
B sl PSS | 1 osd
g /' [ ? 1§ | i
8 1o st 2 T S
g t"‘ / 1 %U.Bu II" IIneur.-"f ‘D;a‘r\\ “K‘
E AN el aseansssent®™™ J E,‘EU.ZEu Voo K linear e
' | o2
"5 80 40 2o 0 20 40 80 B ——d——f——d——i——i5
H (kDe)

FePt-C granular film.

Time of laser irradiation

Fig. 2 (a) AHE curve and (b) Resistance after the laser
irradiation in Hall cross of FePt-C granular film.
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FeCuPt N2 7~ / BEMEROkL F-IE RS « e SURF I oD
WOk TR OB FEIC 31T % Fe « Cu « Pt - Fo b AU E R A7
ANARBR L, AHELZ Y NERERS L, BRASHT 2
(P AARZER G TR, 2 BARSEB T5EE)
Fe, Cu, Pt Interfacial Effect Dependency in the Fabrication Process of
Isolated FeCuPt Nano Particles and Induced Magnetic and Shape Propaties
Ren Kobayashi!, Masayuki Imazato!, Aki Ogasawara!, Arata Tsukamoto?
(*Graduate School of Science and Technology, Nihon Univ., 2College of Science and Technology, Nihon Univ.)

LIFLOIT HEEBEHAT 2 N EERSGLEEASE~DIEH & LT, Fox 38R Si Rk B2 Pt/ Fe %
e TR A R L Aok R BVLFE (Rapid Thermal Annealing: RTA) % fii9~Z & 12 & 5 Lo — FePt ASZREME R+
DR V&5 Lz, RTA ORI EROE SITER ETOEBIR ORI X5+ Ek 2Thy, &5
I nm O&RBEBEEZFIHAT D Z 05, SR EE L L SiFAR & O L 2SR RECRE R R 2 T
ESTHREXARBERICARD EEZ-. 2 CTRE LM T HERLOBKESEOHBEEZH LN E T 570X
U XD ERFREUE R L OB OB A 2 2 T 2 IE IS ChL 7 A R LR - it A2 1T o 7.
2.EBGE T D EMBITEWRL Si R L, =%~k 7,21.88 nm

HB\%H%‘:FHW #0, 5 30sectL7=. DC~ Txbhar ARy H T Pty(0.92nm) Pty3(0.92nm) Plzs(0.62nm)
W% IV Fig L IR T HELRL B Feas Cuis Pls(REEIEE Ts = 1.88 TRCETIR | mrwrrees | mrer
nm) O#[EE Fe, Cu, Pt, NN ThKR FEERDLH 35 I reconom |7 cuo20m) | P030m) |
DOBHERICTER L=, b 0Bk L, B22E<3.0x10° 1 sioy S0y Si0y

Pa FXPHS, 2 CHIEEER 90 °C [ sec, HAZR|EEEE 600 CD Si Si Si

RTA 2470, Z OH KIS Q IO 7 0 B FREAC L 2 @il H) —n o

V%AT o7 (ER U 7Pl + OB I 13 E AR E MR

Fig.1 Layer design of FeCuPt thin films.

( Scanning Electron Microscope: SEM ), BAHHHE DFFIINC 118 T B e
{8 -3 7RG AR H( Superconducting Quantum Interface
Device Vibrating Sample Magnetometer : SQUID VSM )% Mz, (A)

3FER  Fig2 IC &R TYERL L 72k 1~ D & i SEM 1435 &
ONPHIRIPE( Da), KIFECEEFE(Np )OHIERE R, Fig.3 (i &
B 5 T ~ESFEIIN 21TV VSM &1 U 7= Béf b iR 2 797, Fig.2
L0 NIl FIB2% Fe, Cu, Pt DIEIC KX\ & & flEsR L 7= (B)
TR LR SCBN OBLE G, Bl Si R E AT 5K
@ D4 & & ORIV E T AR T SRR L R
LB Z L aBRBELTWA. ZZTHEARS N, DEEMAZK Y, (€)
EfR{b Si FAIZx L Si-0, O-0 DBzt sZ L
DTEDHIXUHBP LTSN, TOFEIT/NIINWI &
NHERTE S, —HFig3 LV =%~ ko kA HEmFmE
ZITH5 Z & T Fe, Cu 23 gD 7 AT\ TIEREE )

Fig.2 Sequence of SEM images in (A) (B) (C) for
different irradiation conditions.

Tracataon

( HC )Zﬁ’f,&?ﬁ L/_,Cl/ \ 5 : <1: Zﬁﬁﬁ%@'@% ZD ] :j’bﬂiﬁﬂﬂé\(ﬁ'ﬂj{: emgn —earditien ﬁ:\llthoutwrradiamn : EE:]rr.anliatimn time 5 sec G:mdiation time 30 sec
B Si FitR & Jm i & o ST ER AR E AT E LT = -

9
h
L}

300

WBZEERELTHNS. Ll Pk FEovr7rics | W |-
W CHIERR TR & RO BN S <, BRI

fec]

B64-202468 864202468 864202468

LG EZFITVWEEZOND. DLEORERED NyDK -

8
- B 8

& SIABNRRL ST b & Rl 2 RS DRI RE EAE B gy [l | e | e
LTkKY, @%?ﬁlﬁliiﬁ?\‘/'?%ili5%*&%@&’%%??5 é” e
LRV ENLTND T LD, BR{L Si bR & 4 JE ERR p p =

& OF L O R DR OFAIG LIt KE < FEL TV - - ¥
BLEZLND. © :*d?fzr£7f2~é?”
ABREE AR O—EIX, HFHA N L— PFEHEERAE L O R R L s64202s00
SCERBLFA8 FLNL K P HEIG BB 8 SR T A S 93 (S1311020) Magneti field ]

DRI X 0T 7=, Fig.3 Magnetization VS magnetic field in (A) (B) (C)
5.2 ik measured with SQUID VSM at R.T..

1) A.Itoh, Y. Itoh, A. Tsukamoto, K. Nakagawa, “IEICE technical report.
Magnetic recording.”, 105 (167),13 (2005).
2) H. Zeng, M. L. Yan, N. Powers, and D. J. “Sellmyer: Appl Phys.Lett.” 80, 2350, (2002).
3) A. Itoh, A. Tsukamoto, S. Okame and K. Mizusawa, “J. Magn. Soc. Jpn.”, 36, 62-65(2012).
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Z T H IR VIV 2 B FePt AINNZ AR T-TE R DR AR A A7

ABEY Y NERER D, HAH?
AARRFZRFHEE TR D, A AR T 2
Compositional dependency of Isolated FePt grains fabricated by RTA
Masayuki Imazato®, Aki Ogasawara”, Arata Tsukamoto?
Graduate School of Science and Technology Nihon University, Japan®
College of Science and Technology, Nihon University, Japan®

IZCHIZ

T SRE BRI AR D & 6 FEA L 0D 72 D I I IR ERORL 1 DG b, @B AL AR AR T 5, AR B Si itk b
(RS U 728tk o Pt/ Fe A8 %F LT, Rus - 24408 (Rapid Thermal Annealing and Rapid Cooling

Process :RTA)Z i3~ = & DI L 0 N7 L 7= FePt okl TREZTER ATRE VCdh 5 = & E-T0A S D 1ok 1
e, B E I BRI IE T 5 2 L 22 ME LT D, ARE T, BEREEEZ —EE L, iy

DR 2 20 S W 7= G R B a9~ 2 Bod AR I 2L B

PA X S ORI DWW T T 5,

DC ~ 7% b1 5% U T Ptygox / Fex(x =50, 55, 5i7.
63.7) #FEE 4 RIFE 1.88 nm Z 2Rk Si Fobk BIC iR L.
EHZEFIZTKI 90°C [ sec. AR 1T CHIE SR SR E
9 600°C & LEMLBEAZ 1T o 72, JERK L 7= FePt SNk -
TERBLE 1L A A % 1 BAMEE (Scanning Electron
Microscope :SEM) % FHV N7z, b i ARAT 121 X #R A1 4E
i& (X-Ray diffraction :XRD)% F\ 7=, Figure 1 [ZERk L 7=
FHABRAZ I D FePt LR T HED K SEM B2/~ L |
Table 1 (2 ¥R P8 (Da), TERRL B BE(N,). R H(SiD)
%759, Figure 2 IZ&HERRIZI1T D XRD 7' 7 7 A L& 7R
7, Tablel £V, x=57 DFALLIZIN T, PRI it
b R FEEN IR K e D, FT-, Figure2 LV x=50
IZBWTHIRR 2R E— 73R 6T, x =55 128V TAREH]
FHZ R (11) B — 7 MBI S 7223, Ll A iE b L 7=k 1
FFELRNWEBZ bD, FIBERE X7 U ZAEHI
B b E ORI A2 R T RIS D LR o e, — T, X
=57, 63.7 {233\ T L1,-FePt(001), (002)D[alT & — 7 738152
Ehf=Z Lk x =55& 57 OFRIC L1, #dl L 7= FePt
R REO RS T DR OBERDIFET I EEZD
b, £z, AT LR E# R LTz, LEXY, K
FIEIC LV RS BRI BRI, M I K& <%
DK, KA X HAIGe, R E LTRSS TEN
A, HMHEZEROZ EARB I NI,

A APIEO —HBITRERA b L — DOFIEHEERAE . SCES
FHAB RN AR RO JE AR SR 36 (S1311020) D)y
FRICE VTS b D TH D,

23 3CHk

1)A. Itoh, A.Tsukamoto, S.Okame and K. Mizusawa: J. Magn. Soc. Jpn. 36,
62-65(2012)..

2)J. Tsukioka, T.Ubana, A. Tsukamoto, and A. Itoh J. Magn. Soc.
Jpn. Vol.38, No.3-2, pp.143-146 (2014).

3)Watanabe, K., The Research Institute for Electric and Magnetic
Materials, Japan.Private Communication (1992).

4)Cabri, L., Feather. Can. Mineral. 13, 117 (1975)
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Fes7Ptas

Figure 1 SEM planer view of isolated Fe,Ptigox

(Z & VTR LTz Fe, Pl « AINZHORL T DT kL

Fees 7Plass

grains in various compositions.

Table 1 Average grain diameter(D,), Standard
deviation of diameter (S;D), areal density of grains
(Np) for isolated Fe.Ptipo.x gQrains in various
compositions.

Intensity[a.u.]

Composition D, S.D N, (T particle
Fe,Ptioox (hm) | (nm) / inch?)
Fes,Ptsg 22.4 5.13 0.24
FessPi,s 19.6 2.86 0.24
Fes,Pt,; 14.3 2.25 0.76

Fegs 7Pta7 4 17.4 3.00 0.27
L10-Fe1=t(001)3) Disordered, 10 pept(111)  L1o-FePt(002)
|
\ P X =63.7

X =57
rbpmbeprrns|

X =55

X =50
20 25 30 35 40 45 50 55
26 [deg]

Figure 2 XRD profiles for isolated Fe,Ptigo.x grains
in various compositions.
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SMR IZBITHE Y MEFHE~OBREE v FORE

PRRRER, FAGFSL, PRRFZREA, JQRGE, @FF6E*, FRaH# B **
(BRI LRERS, AL REE)
Influence of adjacent bits to bit reliability in SMR
R. Suzuto, Y. Okamoto, Y. Nakamura, H. Osawa, Y. Kanai* and H. Muraoka**
(Ehime University, *Niigata Institute of Technology, **Tohoku University)

[FC®HIZ
N—RT 4 A7 4{EMHDD : hard disk drive)DFegk & L TERH STV 2 LK FLEK(SMR : shingled
magnetic recording) 23T, K E v hORERIRIEIXZ OB v FORBERE S ZTDH. AT, Bk
Voronoi K25 7T =2 FHUAET L Z W2 SMR V2 2 b— g Ui ko T, iRiI g —r =%
Ity MEBEZRH L, BEEE Y FORBIZ OV THRETT 5.
Ev MEEEOREH
Bl Voronoi MICHE3< 7T = 2 ZHHAET L ITKt LT, 530 = ATF O £ A Fi ok~ K V% M
WCSMRT 5. 22T, By bEL=73nm, b7 v 7 v F 1, =22.1nm &5%7E L 7= 4 Thit/inch® O i e ék
EaEET 5D, £, iLERIIZIE 40950 £~ k@ PRBS(pseudo-random bit sequence) V5. ¥KRIZ, HRAK}
GRT7 v 7IBWT, RN EE L WL SN TV DR T 2T 2 27 BV EER T HHIFANTH
VML L, TOHMEERT LAy PO 2 By FEmMMBEEN T v 7D 5 EY FT, BRI E
vy hETH B REAKICESHWTE Yy MafE~ Yy 72EMT 2. £72, By MeHHE~ vy T&2 /4 —
BTEHLDoL, AT Ly FNOEEHEZES L, Ny
Xrp CHAETLHZLTHEAY Yy FOBHEZRENT 2. 1272 3315

4000 =
L, NylZ 1 By MEAERET 527 YV, rp lIRENERL £ gggg i
TOREERTHD. = 2500 5
BEEY FORE 2 1105 %288 _?,g
Fig. |2, SRS <4 —L (HEHE Y FEZomfilory £ 1000 E
k DFEERIND “1017 OBEDE v MEHEE~ v &R~ T. § Los (5)00 é
BUFS\WC, fiEfE 7 v A b Z v 2 i, Sl s Y b T 5
v/ ik FREREL, BATHE Y hOTLERALE L 5

TW5., £z, BT7—R_—F, I LY B EEE -33.15
LTW5. Figl ZR5 &, By b ERIBSAICENTREES R, &ﬁimd;mJﬁg

FEETHE Y MAICHTIOE Y hOFRSTLE S TBA T

%2 L RNbinDd. Fig2 |2, iEkRA/3 %2 — 2 73¢000”, “100”, Fig.1 Bit reliability map for recording sequence
“001”, “101”DFEO Ly MEFHEZZNEhord . X5, pattern “1017.

HEHT 28y hOWANKERDN 720 000” D 35A OfF FHFE 23

&b <, MANCKEEDO H 5<101" DA N K HIRWZ &3 1.0
M5, Fiz, BNCKERD B 51007 & % A2 KERD 3 5 <0017

0.8

DYE T 5L, By kb Eil~OH Yy hOBAROD 2
“U00”DHAMBHAEMEL 725 = Lk, fio ey hogmn & 00
KE725Z ERbhD. 204

M
L Z-D;N 0.2
1) R.Wood et al., IEEE Trans. Magn., 45, 917 (2009). 0.0 000
2) M. Yamashita et al., IEEE Trans. Magn., E96-C, 1504 (2013). Recordmg sequence pattern
3) Y. Kanai et al., IEEE Trans. Magn., 46, 715 (2010). Fig.2 Bit reliability for recording sequence
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DWDD %z R /e BERrsmctt LT TEORRES
ARHEEE, LT, (heefh
(FEAUEERT)
A study of shingled write recording reading method using the DWDD
Hiroki Hayashida, Keisuke Yamada, and Yoshinobu Nakatani
(Graduate school of Informatics and Engineering, The University of Electro-Communications)

IXLHIZ

N RT o A DRI LA S8 D kcdttRosis il E LT, HE=(SWR : Shingled Write
Recording) 23 S Q5 [1], BEFSR X CIImE Rk bD7-DI, 7—4 b T v 7 - EiaCiogk L,
PN b 7 ZREFEERT D, LL, b7y ZEORNZE YT —4% 8T v 7 NOBIXHVINE < 720 ek Uik
SEREEIME T 5720, FEGEFOGA LBREEHC /25, &2 T, N eX O R E RS CHiA 31
& U O&EEER TR SN - REERE BN H(OWDD : Domain Wall Displacement Detection) /7204 )i
T2HERE 2 H5[2], DWDD TiIEidiiRL, Bikg, A1 »F o U8, fdRED 3 @ Timlksns,
Z TR v F U TTRFENT Ko TRERHRAME A SRV P O T 2 (Fig. 1), Fe/AH LOBRITIE, 3t
A LTS Z R ORtENE DA ESIZEVE 5.2 5 2 & CTAA » F U 7O 2 g L, BEhigo
X 2R 2 (Fig. 10)), ZDOFREREGER T 5 2 & CURERKIERIZ &> TIRFURIREE S 5L,
FLEREOIEROTAN L ARG TELZ ENIRFESND, £Z T, AETIET I 2 b—a 2,
FLERTRR SRR 2330 T, DWDD 20 VY TRERAER LT85 OISR DR AT > 7=, WKL
KOFIZ X~ C, BUROTRIUBETSRE & H2E(E 5 SNR(Signal-to-Noise Ratio) DL & #i~2% = & T,
AER ORI EDU TR L T2,
SEETL - FF

R ADET L E LT Fig. 1ITRT X 91T 3 @O
JE%44% 10 nm X 10 nm X 12 nm OREHERF-H3 2 RITHY
(ZHCE ST D fElA Ve, GRS Y1 13 130
nmXx130nm X 12nm & L, ZOFHIZ 10 nm X 10 nm
XTI iR SN Qs & Lz, #EBEMT 1
nmX1nmX1nm & UCHEEIT o7, BRIERIZ L D
RSRE EAOPRA DL, BEEORAMIALE 1600 & 1 . Simdation model of @ without, ) with domain
emucm?, AA v F g L ECERE O kA2 1000  expansion.
emu/cm? & L. B~y FOMEIIEA S5 4 nm b
75 & U TR B DR k7=,

Il

Tl

0.003

'w/o e);p. .
W exp.

3
5
FEER 3 0.0025
REFSREOHE L L CRRBREROREX D% 2§ 00p]
A WA O 21T o 72, Fig. 2 [HERX O, %
7 d LRESEROBIRE 7T, BIKIRE(T) 2 bk & 00019
CREFEAE R LGS, d=30 nm CTheK 2.5 512725 2 S oo001F 00T T T TN T
ERDInols, INLORELY, Bk oce § |
BREEANA B35 Z &3 on o T, GlE TR SNR O 0 20 40 60 80 100 120
FERIZOWTHIET S TETH D, d (nm)
sism L e e

[1]S.Greaves et, al., IEEE Trans.Magn., 45, 3823-3829 (2009).
[2]T:Shiratori, et, al, J Magn. Soc. Jpn 22 pp.47-50 (1998).
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RETFE L1, FeMnPt Ry r/S\—2 DS LREAL B8

RANE, ELRXREFGRE), IMNFEEFEHE), T. Thomsonk, GEEZ
(FUE KT &, *University of Manchester)
Magnetization process of L1, FeMnPt dot pattern
Takashi Hasegawa, Kaori Sasaki, Ryo Ono, Thomas Thomson*, Shunji Ishio
(Akita Univ., *Univ. of Manchester)

FLCHIC

By hRXZ—U RAT 4 7B 2R PIEEORFFITEEREEDO —DTH D, A 4 2 HBEH LR E
HID Z L7 WSRO H A B S H 2 LN TE D, ZILE TIZF A 1L Lo FePt ® Fe %14 4 Mn TiE&
$i9 52 & T, Lo - Al FSEAEEZSHEICFE O Ml — FREAMEMZE (L A5 T, SO C~2 27 Z0fH L
TeAFUBEICE VT 7 Ky hXZ = OERIZ{T 572 D, RIFFETIL, Lly FeMnPt /3% — > ORgXEILE &
WAt SRR D F FEARAEME ORI 24T - 72
EBRAE

<7 b ANy B ) YA LY MgO MR T Fe, Mn, Pt % S2iE TR AR L | 20EEVILEE (300 K/s,
973K, 20 min) Z1T-o7, IRWTHHIIN L~ A7 Z0fH Lo A A B4 (Mn®, 4keV, 3.0 x 10" ions/cm?)
ZAT o T, BERRFMEREANL T, BEKIBAMEE (MFM) 12 X DREXBIZE & | Pt-L3 WU 61T 2 X #risgsi M
it (XMCD) OZ e AT U v AHIEERIRTIT- 7,
ERER

Fig.1(a)l%, A A > BBEHE% D Llg FeMnPt /3% — > O MEEFLEBACIREEO MEM B Th 5, Z ZIZII/RL T
W2V AFM B X D 5 5 - ZEMMIT R K T 1.2 nm Tho72, MM XY Ky MR 100 nm & &
L DI, A=V U THEBITIERMETH D Z LD, Fig 1(b)lX, 120 um 4D/ — U FEIKIC K 1T 5~
7 173 XMCD 5t 27 U & AR CTd 25, WALZE S il & RS O WAL B AR O @B M~ D SMF bRk 7=
WA EE (Ku) 13 7.6 x 106 emu/em® ToH D | 1RO Ku & [FIFRE OMED3E S 417z, Fig.1(c)lX, XMCD
s e A7 U v A B B LN KRR (Hr) OAERFE TS 5, @RI 1/cosd IZUTVWBEE T~ o«
v RENADITK L, Ry k%% —2 Tl Stoner—Wohlfarth (SW) EF/VICHEPT AN H 5, 2LV
WAL AR 1L, R CIIEERR BN, Ky X2 — 0 TlE—FBIMLRERIC X 2 KX D=2 —27 ) =—
2 UNXEITH D Z PR IND, (BF3CHK : UT. Hasegawa et al., Abstracts of 58th MMM (2013),
p.p-287-288 (CT-06). Ht%EE : AAFZEIL NEDO £ T2 7 R(11B0700d) DB % % 52 Cirbiviz, F7I=ARMFZED
— BB IR R i R% SPring-8(BL39XU)(REEEE 5 2014B1826) TiTHoi7=,)

E- % N 3.5
30 | o0 Continuous film
' m Pattern (D=100nm)
25 - 1/cosB
i ; —S-W model
0.010 20 |
-=perpendicular _» 0
. ] $ m]
0005 | inplane N 1.5 5

u.)
L |
| |

-
o

S 0.000 | ="

MCD (a
<
k4
o
<
>
o
o
[3,]

-0.005 ¢ m? mm

[T II . ‘b

08 -04 0 04 08
Magnetic Field, H (T)

Fig. 1. (a) MFM image and (b) XMCD hysteresis curves of the dot pattern with 100 nm in diameter. (c) Angular

Normalized Switching Field, H,(8)/H(0)
o
=}
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Angle, 0 (degree)

-0.010

—
O
~—

dependence of normalized switching fields.
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B L O A U RHNIZ X D CrPt IR O d ] OEAE il

fEH &S, KB, MERAGE, 5, e
(Bt RREE, 40 REEER T IERT)
Control of structure and magnetic properties of CrPt; films by heat treatment or ion irradiation
K. Fukuta, D. Oshima, T. Kato, S. Iwata, S. Tsunashima*
(Nagoya Univ, *NISRI)

FL&HIS

JIFTRINC A A2 B RET 2 2 & TRERMIZ 38 — U S BT 2 ik, EEBIRICITE A EBE 5
27N, YRl v F Lo 07 at A LR TR I A R TE Y hoXF — U IEHR(BPM) Z VERLT 2 i
ELTHIFHESNTWD, BAIIINETIOTIETIER L BPMICBT 2 WA E21ToC&n Y, 4]
e K B FEREMEALIZR N T, ED X 5 EE A LA & TH A DI OV TOEmII A+ Tholz. £ 2T,
BVLBIRE 2 28 2 TR L7z CrPg I & o A2 BB STz CrP HUHITG SO fE R R 35 L ONE il % ik
THIET, A A VBENC X » TAEL HEEBLIC OV Cigim L7z,
ERAEE
A B ZE AR5 1A % -V C 20nm D CrP A R U 7=, BHIE O B S 23558120%, B s LC001)id [ =+
LT MgO(00 ) G b IEM A R L7z, — 7, BERKSL L A D 2546100, BEBEEAE 6N
LA T AT E W2, BEEETF v SN —HNTERZ 600CIZHED, CrPt % 20nm I L7721, BloHE
28F ¢ L R—Z L, LI, HHAWEAZHED 72 700~850°C T 15 Sy MBVLEEZ U7-. fEdaiadE i X Mm%
SRR XA T R A BORE 5 & O CREM L 72,
ERER
Fig. 1 IZEVLBE L & 001, 002 & — 27 OFEHRE R L ORI LOBIREZ R LTV D, bbb ko1
*ﬁmfiﬁmﬁmiﬂ WV 001 B — 7, 002 B — 27 OFEREENIEIN TV 523, 001 B —2 & 002 B — 70)%/\
EITIZE—E L 2ol 2L AL ONLIHAIE BIZE—ET, ZOHIEK 08 Thote. —H,
ﬁ@%uths VEBVLEREE O ERACEEWEFHICEIM L TV A Z ERNbavs . RIC Fig2 ICA#H T A5 ki
BB L 7= CrPt BE D BAFIRAE & b L7 thifias &Rk T2 K, OBR &2 7R3, —RICTRBIE Tl K oc Ms™ DO RIR
NHDHN?, T 2T KCMATWMABE NG SN TWD. A A VBN A LA b RBEOBGREZ 7T 2 &2
WS TRy Y, BULEIREIC X AREZE(L & A U BENT X DS IRl 8 2R 2 L 3o
72. Fig.l B XL Fig2 76, CrPi I, MHRANZIZmBENED L, BIHIAR & FEGE O X 5 e IEREVE ORI 4Bl
L& L 7o TRBY, ZOEBOEIEDENDN, MB LK, DE(IZ RN > TWATAREENH 5.

BE R

1) D. Oshima et al., IEEE Trans., Magn., vol. 49, 3608 (2013)
2) W.IJ. Carr, Jr., Phys., Rev., vol, 109, p.1971 (1958)
3) T.Katoetal,J. Appl. Phys., 106, 053908 (2009)

200 300 3 600
M Integrated intensity of 001 d |
— | O Integrated intensity of 002(x10) d
&, - @M
Q i
< 200
5 100 E Ed 300 £
R= L § L
el 4 < 4
3 , 100 = N S
E" ]
0 — 0 —_— 10
700 750 800 850 700 750 800 850
Annealing temperature(°C) Annealing temperature(°C)
Fig. 1 Annealing temperature dependences of 001 Fig. 2 Annealing temperature dependences of
and 002 peak intensities and M, of CrPt; K, and M, of CrPt; films fabricated on
films fabricated on MgO(001) sub. SiO, sub.
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L1,-MnGa (001) EC[AEA~DIKT R )L — 1 4 BREHT X 2 FERGTED

FAOKFERE, ARORHE, RE I, NNERAIGE, 5 mIE, L
(G BRT, Al BEEREATZEA)

Control of magnetism of L1, -MnGa(001) films by low energy ion irradiation

T. Matsunaga, T. Negoro, D. Oshima, T. Kato, S. Iwata, S. Tsunashima

(Nagoya Univ., Nagoya Industrial Science Research Institute)

FC®HIZ

A F U BREHNC L o TERERCEE A RFTHIIERE L S5 2
ETE Yy MRE— U RZ R 2 FEIC LY, REFHENRR
<, BWVRSREBEOBAR Ko 2 N CERSTLZ LR TED D
DOEHRFEIND., T ETHRAII LA TR E 2RmEM(LE
FF> MnGa 52 30keV O Kr' A A % FRSH 5 Z & CIERNEAL T
XL EERTEELIL, TNERHALEEEEE Yy hXZ—2
EOERIZRE L&D . LvL, BR5EBEELDO-DITIT,
A F 2 DR F L F—(E L MnGa RO #EFEILA LB TH 5.
AT TlE, MnGa [EE % 150m 725 5 nm (ZHEFE(L L, MnGa @
fafnmit, RiE7), BEREGEEZRFTTD L b, Kogxrx
—A F L TOIMELEIT T2,
ERAE

RE~Z7 % b A8y &) o Z4EEIZ LY Cr(2 nm) / MnGa(5
~ 15 nm) / Cr(20 nm) / MgO(001) Z#LLFD X STk L7z, £7,
MgO HEMUZ Ar A A= F 2 7 &4TV, 600017T 10 45, B2
HCEVLEEA1T > 7. Dk, 4000 F THRA LT, Cr(20 nm)%
Ay ARSI U=, B 6000 T 60 A3 INEVILER L, 20000 % T
%it%, MnGa & A% R L 7=, MnGa J8® L1y HAED 7=
40001T 30 3 DESLIRAAT o T2, BRI T A 10000 LN FICRE L
T, CriRilEz ANy 2R LT,
EERHER

Fig. 11X, MgO AR EIZfERL L7= MnGa i (5,10, 15 nm) D fi
ATEE ST A OBALBR TH D, R TORTHEEL | OEEFBK
Lo TWDH A, AIFIBLLIZEIE 10 nm & Tl 400 emu/cc F2E T
DD L, 5nm Tl 300 emu/ce FEE~FD LTW5. JHED
W S SRR L O X, MnGa O 8 OREAL AL
TR TNE W=D EEZHND.

Fig. 2 1%, BEEDHE 722 MnGa 52 10 keV O Kr' A A > & S L
2B OB O WBE BARIFIEEZ R LTV D, 7238, AL O IX REH

500 ~ Tomm
e e aase]
C?“ e =
! Snm
3 15nm
i
£ 0
Z
=
| e owm—n-l:,ﬂ:’xjh-.:"')
4
=500
-15 0 15
H (kOe)

Fig. 1 Hysteresis loops of MnGa films
with thicknesses of 5, 10, and 15 nm. The
loops were taken applying a field along
the film normal direction.

1
< 15nm
% 10nm
g 0.5
Snm
0 1 L
1012 1083 10 1013

Ion dose (ions/cm?)

Fig. 2 lon dose dependence of
magnetization of MnGa films with
thicknesses of 5,10, and 15 nm
irradiated by 10 keV Kr"ions.

Oz 1 ELTHIBE L7, TRETHREL TE7230keV OA A H LR, 10keV D Kr' A A2 %
MnGa(15 nm)IZFRET L 72354, 1 x 10" jon/em® TH B RICIEHMEAL TE 2V Z B2 5. — 77, IHE % 10 nm,
5nm & L7254, M s b 3x 10" jon/em® THRABIZIEMIELTE D Z NS5, T7bh, MnGa lED
BALIZ LD, RO A A=k X —CIERME LN AIRE L 72 D Z LB o Tz,

L ZDEN

1) D. Oshima et al., IEEE Trans.Magn., 49, pp. 3608-3611 (2013)

— 246 —



10pD - 6

F39E AR FIGREELE (2015)

RN M 2 AR WA A S (ECC) R v s Offb i

A% EHE, I ES*

RAETZERZE, * KRR EEES AN > & —)

Magnetization reversal of 2-layer exchange coupled composite (ECC) dots with inclined anisotropy

Naoki Honda, Kiyoshi Yamakawa*
(Tohoku Institute of Technology, *Akita Industrial Technology Center)

FLHIC
REFEEHEE Ky NECC dot) |l IEMER L TENE & R 72708 D sk
IR R AR T & 5 Y. Fea THMR A ETLE2HANT
4 JEREYE £ CREAT L, 3 BAEIE DS SRR YRS SR & R SR
NS S FE AR PRI s h & L 2, Befk L7z 3 J8 ECC
Ry hDOEy hR% — YR TIE 4 Tdot/in®> DY > 7 VEEERTH
+oy7pEtEky 7 b=V ERT I AV I 2 b — g TR
L2 ZZCIMERIEGEEZEAT LT, 2@EETYH 3
JEREE OB SRR E NS DI D ATREME 2 #5975
BHETIL
ECC Ky N ORISR % Fig. 1 FIZRT X 9 e AV T LT
FrL7?. N—FREGE 1L Y7 MNEGE 2 B)DRFIAL M,
BIVERES Hy, RS V R OVE B =X —J 20— NE
DT A =B THEL L THW . RS ITE) Li- Bh e
R F—ITHRIET D SWRLT- O SRR R THIMSL L 7o h* &2 koD 7.
ARG UL D T RV B — R A TR SRS DRGSR & LTk
O,
HRE REMR
Fig. 11Z/— FEOBRFHEAEZ 0" (FEE)NDH20° £ TEXYE
B OB LHEERE T h* D g G SR F e 2 T M & VI
MECHRUC & Lz, RO EME IV K 0 /S 7k
FERBE R 2R~ 2 & 33735, ECC R b O SRR FURIERh 513
WALEARNZ L 2720, BEEOMRTEL Y RERENE LN
EEZEZBND. WIZ, Fig 2 ICRGHAEREEL 10° OIS
W CHRBAL BRI h* DV 7 b 8 O JRk AL S5 PERE R A e %
AT WMIERNE GO AT/ NE WA, VT NEORIGTERUR
ERELTDHEIVRELEETEDZLEZRL TS, YT b
BIZE GRS DAY, BFEOEENT X0 FINRRIC L D/
LRI A RIEL D EExLND. B EL Y7 MEOR
iz O EZ B TE DRI WIFHFTE S, Fig.2 TRAITARLT
R MMZx LT, Fig 3 (2 h*OEINEE A BT % T8 717 T
OIETHEML L Tt HRIRFHEEZH WD Z & T, 90° 1A T
OAERFES /NS0, filfk U7z 3 8 ECC IZUT VR &
7pot=?, 2 JBIK ECC TH EE LD mTREME NI SN 5.
&E 3
1) R. H. Victora, X. Shen, IEEE Trans. Magn., vol. 41, pp. 537-542, 2005.
pp. 126-131, 2013
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Effect of inclination angle alpha

N

—+—h*(@=0d)
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10°

20°
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o
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2 3 4
Normalized interlayer exchange coupling, Jn

o

Fig. 1 |Interlayer exchange coupling
dependence of normalized switching field, h*,
for 2-layer ECC dots with various inclined
anisotropy angles.
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Fig. 2 Normalized soft layer anisotropy field,
H,,, dependence of normalized switching
field for ECC dots with perpendicular and
inclined anisotropy.

Applied field angle dependence
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Fig. 3 Applied field angle dependence of
normalized switching field for ECC dots
with perpendicular and inclined anisotropy.

2) N. Honda, J. Magn. Soc. Jpn., vol. 37,
50, p. 3002504, 2014.
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BT A MERGLERICBIT A 7T X = 78R
IEE L HHEI O 7= b O E ST

B,
(HAK)

BRI, AN, REME—E, $IE

Study of plasmonic waveguide structure to suppress head temperature rise
for heat assisted magnetic recording
Yoshihiko Hayashi, Kyosuke Tamura, Yoshito Ashizawa, Shinichiro Ohnuki, and Katsuji Nakagawa

(Nihon University)
FC®HIZ
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Fig. 1 A model of magnetic head
with a plasmonic waveguide.

Fig. 2 Antenna structure of the
plasmonic waveguide. The antenna
heights are 35 nm (a) and 9 nm (b),
respectively.

Temperature distribution
around the tip of the plasmonic
waveguide. The antenna heights are
35 nm (a) and 9 nm (b), respectively.

Fig. 3

1) K. Tamura, Y. Ashizawa, S. Ohnuki, and K. Nakagawa, J. Magn. Soc. Jpn., 38, 131-134 (2014).
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Study on anisotropy constant ratio for Heat Assisted Magnetic Recording media
Y. Yuasa, T. Akao, Y. Isowaki, T. Kobayashi, Y. Fujiwara
(Mie Univ.)
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EBENRTA—F =T EEIARIBE T, L TEENEE h, 7 LA RISHEER o, ORI Y Th 0, F(2) 25
TELNRTRA—HF— iyyﬁ/vm/fﬁaﬁz(SMR) & HAMR 2 2& 87~ SHAMR ORI & T, Th 5. T, A 4%
INT A—=H—fHD 500 K 725 550 KIZEL T2 & K/Ky (30,6312 F2Ro7=. LU hEELILEY, o
FRIALTY, ﬁﬁj#xﬁﬁ(m@t&b%h%n 0.71 £ 0.69 & K/K, ... PERICHE VRN 8070,
SHAMR OFI X AT/ Ax(y) % FIFHNDDTK/K, 1L 0.64 IS FRo7. T,OEFITE(T) 2 KEL TE
HIETTRSIT/ Ix(0) b RELTED. EBIT, ¢, & SHAWR ZRFICHIAT S L, T2 EHFEE2<TH
K/Ky 0 120.58 ETTIFoh, h%

5 ¢ LCRIFC SHAMR %I fl L C Table I Media design guidelines

b, 0.57 ETEBMTE 5. &R Standard K /K, = |0.72
< TEBHHE1T1E, SHAMR &fE A4

BPELI LI LT, KK () K.(T)V, K psre T,: S00K = 550K |0.63
ZEIBIZ0.51 ETTIFHND. kT,

h: 8§nm — 10nm

HAMR D BEARERFE TIE AR S
B2 Qe X5 ENE

e o 1.0
WChs. T LT, WEAELE n ._’—L‘
FITX 55 A s — 2T 5 [0.57]

TEPMETHD.

relaxing parameter

) AT _ T HAMR —> SHAMR [0.64 Esﬂ
ARWFFED—HITERA N L — VB Ax(y)  ax(y)
HEXERERE (SRC) DAL b &icqTH relaxing parameter T, : 500K — 550K [gg3
NELE., ZZICHEBEE2RLET. w o ]
&R

1) T. Kobayashi et al.: J. Magn. Soc. Jpn., 39, 8 (2015)
2) T. Kobayashi et al.: to be published in J. Magn. Soc. Jpn.
3) Y. Isowaki et al.: J. Magn. Soc. Jpn., 38, 1 (2014)
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Development of the Curie temperature measurement system using infrared light
K. Akahane, H. Sato,and S. Saito  (Tohoku Univ.)
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TR TE— A N OBFIRFICARAT LI IRLOREZ L NBIN D Z LN LN TER Y, BXMER R TE
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Optically induced demagnetization in Gd,;Fe;7.,Coy

Souliman El Moussaoui', Hiroki Yoshikawa?, Tetsuya Sato"*, Arata Tsukamoto'
(‘College of Science and Technology, Nihon Univ., 2Graduate School of Science and Technology, Nihon
Univ., *College of Industrial Technology, Nihon Univ.)

The manipulation of the magnetic order in a ferrimagnet by the use of an ultrafast laser radiation has seen growing interest
since the work published by Beaurepaire et al. . In GdFeCo rare earth (RE)-transition metal (TM) amorphous alloys, it
has been demonstrated that all optical switching (AOS) can occur in these materials and the magnetization reversal can be
triggered in a sub-picosecond timescale . The magnetization reversal within this material is found to be achieved via a
transient FM-like state where the RE and TM moments are parallely aligned *. Such reversal can be triggered every time
when the two sub-lattices are brought out of their equilibrium state by a heat pulse alone *. In terms of applications, this
mechanism could revolutionize the industry of magnetic recording and information technologies. Therefore, in sight of
the large interest that has been paid to the study of this reversal mechanism, an important aspect is to determine the
parameters that could boost this reversal process.

In order to achieve such a goal, we have investigated the optically induced demagnetization dynamics in GdFeCo RE-TM
amorphous alloy when changing the Fe/Co constituent ratio. For that purpose, Gd,;Fe;7.<Coy thin films were fabricated
with magnetron sputtering technique, where the Co composition x was varied from 0 to 15 atomic percent while keeping
the Gd composition fixed. The obtained samples exhibit strong out-of-plane anisotropy and equivalent coercive fields.
The ultrafast demagnetization dynamics of the thin films is measured with the Faraday effect in a stroboscopic
pump-probe experiment. Fig.1 displays the normalized Faraday signal obtained in Gd,;Fe;; and Gdy;Feq,Coyg as a
function of the elapsed time after exposing the sample to an ultrashort laser radiation. As it can be deduced from the graph,
the difference in demagnetization dynamics for Gd,;Fe;; and Gd,;Feq;Coy is of significant importance when considering
the AOS phenomena. Our primary findings, which will be presented during this talk, could lead to important indications
for the engineering of new magnetic media.

Reference

1) E. Beaurepaire et al., Phys. Rev. Lett.76, 4250 (1996)
2) C.D. Stanciu et al., Phys. Rev. Lett. 99, 047601 (2007)
3) 1. Raduet al., Nature 472, 205 (2011)

4) T.A. Ostler et al., Nature comm. 3, 666 (2012)
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Fig.1 Demagnetization dynamics of Gd23Fe77 and
Gd23Fe67Co010 amorphous alloys measured with Faraday
pump-probe set-up in the time range [0, 1ps]. The solid
lines are fits obtained from double exponential function.

— 251 —



10pD - 11 F39lE AARBASERTAITREE AR (2015)

FEATHEBEA T AGdFeCo_BEIZBIT 3 2N AL K EsH R

PRz, EIIKRE, s>, EA >
(AARRZFPRFEEE TN, * A ARTAZPE T, ** H AR B T AE0)
All —optical magnetization switching in the GdFeCo double layer films with dielectric intermediate layers
Shinnosuke Terashita, Hiroki Yoshikawa, Tetsuya Sato* ** Arata Tsukamoto*
(Graduate School of Science and Technology, Nihon Univ., *College of Industrial Technology, Nihon Univ.,
**College of Science and Technology, Nihon Univ.)
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The magnetic layer thickness dependency of all — optical magnetization switching
Hiroki Yoshikawa', Shinnosuke Terashita', Ryohei Ueda', Souliman El Moussaoui’, Tetsuya Sato>*, Arata Tsukamoto®
(' Graduate School of Science and Technology, Nihon Univ., * College of Science and Technology, Nihon Univ.,
3 College of Industrial Technology, Nihon Univ.)
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2)  HIKE, T, EAH, IR 38 [l B AR E R FEHIHS TR, 3aA-8 (2014).
3) H. Yoshikawa, S. Kogure, T. Toriumi, T. Sato, A. Tsukamoto, and A. Itoh: J. Magn. Soc. Jpn. 38, 139 (2014).
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Thickness Dependence of Static and Dynamic Magnetic Properties in Rare-earth Transition Metal
Ferrimagnetic GdFeCo Thin Films
R. Ueda’, H. Yoshikawa’, A. Tsukamoto?
(* Graduate School of Science and Technology, Nihon Univ., 2 College of Science and Technology, Nihon Univ.)
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Myemu/cc & E L, Ms-temu/em?Zkd X 95 IZRT. 0 5 10 15 20 25 30
Thickness t [nm]

Mgt = Mt + Mg Fig. 1 Thickness dependence of
M. - (BT AR 2 A L 765, My = 5485 emulce, My = saturation magnetization M. and
1.0x10* emu/cm? Z157-. Ziux, SEIOREEEFHIC IV TIE, My energy K, in GdFeCo thin films.
MREWTZD, FRICFEERENZIEZOFGNRRESRD L%
BHRLTVS. —F, BRRSET X —KJICB LTI, AR o T "
ERPHZFR O TE EOMETHY, 273105 erglec Tho7o. A 5 | Lows
FEEHPHIZ BT, FICIEROBAEMIIREE A A2 AT D 2 5 . f . lo1 8
ERWSME R T Ewol 1002
ALY DR PLIR800nm, L ABRIOfs CHEAME) 58 | : 1 0068
V¥R LK - T R— TR LY, EERSS R ‘ ]
72° fE AR R Hex = 178 mTEANL, BMLESZERICcT & L o o . . 1, %
HI7E U7z BIERE R A Fig 2l m 7. k=B E 4L £, Gilbert& > s B
VL T ERaSRIT RN EL 2D L L BT LTV, fOEE : . .
ST BB, R TR H (LR, BB, R O 2 K e ot Mot
IEESR D7 F v OFN) (BT DU8, BERERFFHEDOK DY —E D> factor « in GdFeCo thin films.

DM T2 Z LA K0 AH I T [ELREG SU5% 07 MERE SR 03 BE D

L, fERE L THa I DA &SR LTV D, —7, a (ICOWTITRNE O YV BEARERRAE & OFEBINMK

RS INTIZARVR, REORD & &SIl b DT 2 MR R O, MOBRYKERELE & I, Stmirfs

T DI A TR DML MR W IR DA EZ IR LTV 5.

BRE AWFFEO—HIE, SCEEMEE RN RS BT 78 AR TRl 352 57 36(S1311020) D BIRRIZ L D AT > 7-.

2% ik

1) A.Tsukamoto, T.Sato, S. Toriumi, and A. Itoh ”Precessional switching by ultrashort pulse laser : Beyond
room temperature ferromagnetic resonance limit”, Journal of Applied Physics, vol. 109, 07D302 (2011).
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Ziteh Bl JERICEIT 5 A A

TIAMAT ' LR —BR 2, L0527 Brsih 2 (sEdis . RERER 4. OBfae
1 BRORBERAE T, 2. FURBET, 3. KIRiRPE L, 4. SRR T
Spin Conversion in polycrystalline Bi thin Films
H. Emoto ', Y. Ando %, G. Eguchi 2T Shinjo 2 E. Shikoh ®, Y. Fuseya 4 M. Shiraishi '
1. Osaka Univ., 2. Kyoto Univ., 3. Osaka City Univ., 4. Univ. Electro-communication

1. FC&HIZ

E' A~ A(Bi)l% Nernst-Ettingshausen %) [1], Shbnikov-de Haas #iZE)[2]. Seebeck ZhH[3]72 EkE 4 72 gh i fx
WNTH AL SNTEE L LT LIV, EOENRMMEITA S AFEF OBIEZ AL L TW\Wb, A hr=7 X
DOBUEND RS & BilIIEHSMILHE O TRARD A U #uEMH AEHSOL 1.8 eVADE A L, 72D
> RHEEDS L ASIZB T 583 KX+ » 7(10 meV)D Dirac BIFREI Y REEE[S]CTH D Z &6, B (R
E'Y) OEEBEIR SOLIZ L2 A Al - A AR Y TH D bRA RPMENRRBT 5 2 L RIS
o, THERERELEZED TV D, 2013 40 Rojas-Sanchez 512 X % Bi/Ag &2 31F 5 i Rashba-Edelstein %)
RAREE)DFE L6113 A & A8 — /LW R(ISHE)[7,8[ICIR < Bi R COFTZ /R A B EHAHR L LTI OREIC
W HERZED D oM Lo T2, Bi/Ag SHEIZIEAN S L7 A B U iitld NiFe O gk %Tf@xu
VRUE U TIZE DD TH oo, NiFe D HIEH) ISHE[9]72 £ @ spurious 72205 & DIV 531F 3+43 T
R, WO RN S T D, ABFETIEA B URICHERIETH DA~ b v A=8k=H—x v k
YIG)Z WD Z & TZ ORBEA LR L7 5 Bi lZBIT 5 A v Bt 2 k4 L7=[10],

2. EERHER

Bi (ZEHUINEEZ VT YIG RICRERE S 72, Bi BRI 10-60 nm & 28k w70, X BREHTFERI S Z 0
Bi I3ZAEEEZ A L TWD Z &b oT2, YIG DDA B U FRIEAD 7= DI 4 ESR & (JEOL,
FA-200, TE¢, ¥+ &7 1 —) HiZt > hL 9.12 GHz O &EEERSGZHIM LT, ARV e 7 ERIT=
BTIT-> 72,

IREE IX Bi & #:6WE & OREIZIS1T D Rashba 2R & DO RE T IND 2 RTEFRZBEIETH L7
W, AV I o THERR SN2 EIE Bi ORI LW A3, ISHE 1A B R fR OFRRER 7r—L
BT DA HELDNEIRO 720 Bl IEKFEZFFO L WO REREVRH 5, Bi X FeE, YIG 1Ltk
KT D7D ME DOFEICIT—EDOER CERWRIELGPFET D & MR S L2003, RS RITAERE TR
B3 Bi BRI L CHBEAMKTEE A2 A L TR Y A B ZEHuliE7Y IREE T72< ISHE Th 5 Z & Z iR < i
+ %, ¥£72ISHE %2+ 5 HEHA O A VU BMEITN 20 nm & S by,

T CIXEBREROFEMARN L7225 Bl O A B U AREMEE LSRR T 5.

BE B

A. V. Ettingshausen and W. Nernst, Annalen der Physik und Chemie 265, 343 (1886).
L. Schubnikov and W. J. de Haas, Comm. Phys. Lab. Leiden, 207d, 35 (1930).
T.J. Seebeck, Abh. Alad. Wiss. Berlin 289, 1820 (1822).

1

2

3

4. D. Shoenberg and M.Z. Uddin, Proc. R. Soc. London, Ser. A156, 687 (1936).

5. M. H. Cohen and E. L. Blount, Phil. Mag. 5, 115 (1960).

6. J.-C. Rojas-Sanchez et al., Nature Comm. 4, 3944 (2013).

7. D.Houetal., Appl. Phys. Lett. 101, 042403 (2012).

8. H. Emoto, Y. Ando, E. Shikoh, Y. Fuseya, T. Shinho and M. Shiraishi, J. Appl. Phys. 115, 17C507
(2014).

9. A. Tsukahara, Y. Ando, Y. Kitamura, H. Emoto, E. Shikoh, M.P. Delmo, T. Shinjo and M. Shiraishi,
Phys. Rev. B89, 235317 (2014).

10. H. Emoto, Y. Ando, G. Eguchi, E. Shikoh, Y. Fuseya, T. Shinho and M. Shiraishi, submitted.
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s d BB B2 H U - A Bk o

KEGF L RS 2 BT 2 AR Ih i IR A, A aE]
("BRRBEEAE L, 2 mRBE L, R IKIGE 70

Detection of the Spin Transport with Itinerant d-orbital Electrons
R. Ohshima', Y. Ando?, T. Shinjoz, K. Matsuzaki®, T. Susaki’, and M. Shiraishi
(lOsaka Univ., 2Kyoto Univ., *MSL, Tokyo Tech.)

[FLHIC

BIAE OB FEIREE 2N L CER SN CE 2, lEREL CTRMEEZH S dELEE 20
AV UVEESDOF ¥ VT L L TOFRGII/NESL, ZTOREIIRABE CH 5, ITFEER 24D T S
AR SIS 2 RTCE T RIXdHEE 723 UV 725 ZERMONTEY[1], ExHnizA
B UHE R E IR D s LUBE T A HWICER ERIRO R 2R N/GEOND 2 ENIIFRFTE 5, RBFSET
AR L% T D LaAlO; (LAO) & SrTiO; (STO) DRI & D 2 IRTTARICEIT D A B i
EOBLANZRE LT-DTHET 5,

EEBAE

Fig. 1 lZ" 4 X 912, LAO/STO Et EIZ A B U 4EAR & LT NiggFeyy (Py) . frHHEME LTHE (PY) %
B L7z, Py 22 BIEA I A B 73 LAO/STO i ZAntl L. PHIZIBWTAE ih BB~ & AT 2
T ETAREUEEZBINILZ, AV OEAFEITIZAE R B ZYE[2, 3], BIR~OEBIZ 1T A e
A=V R[4E EnENHW,

KERKER
Fig. 2 IZFBRHE R 27”9725, Py OSSN T2 5, Pt2sb OMBEREE D PBMITE /2, ZHux=x

EUIRENBEASIIZA Y OREMIZIIT 28, DFE D AV UEEDER A BT HERESE 2D,

W2 AR — VRN BT K B E T AR e — L Y R A TR AT 2 O TR &

HERIFRE 7 D 5 BEa ATV E D @k%é%ﬁﬂbtk’% WA R — VAR L HREBEIOKRE S %
047uV & RFES o7, £z, ZOMMETAE R — A ROMHGRHAE Y DIRDEENEZ R LI, —J, Xt
FREC T B RERIC A S 72 & 25 1.62 uV E MR AR TRE LS, AV VIR T 5% & ITE R 5%
HEEWRE O, #FHETIZLAO/STO RE TOA L VHEZE TIT A I LR AERGER L, FOEEITD
WTC ORI 2w T 5,

L ZD TN

1) M. Salluzzo et al., Phys. Rev. Lett. 102, 166804 (2009).

2) Y. Tserkovnyak et al., Phys. Rev. Lett. 88, 117601 (2002). El @ 0y=0
3) S. Mizukami et al., Phys. Rev. B 66, 104413 (2002). £ 200mw
4)  E. Saitoh e al., Appl. Phys. Lett. 88, 182509 (2006). T Fig. 2 (a) Ferromagnetic
5|, . V | resonance signal and (b)
‘ Magnetization — 11| voltage at this point (red
Microwave \  \aonetic field Current | ® @RT | circles are experimental
% B & ] data, black break line is
1 = i fitting curve and blue
Py Pt gﬁm N a % solid line is electromotive
LAO I pm A = L ! @ :Exp. | force of inverse spin Hall
2DEG  ~~° o\ > I 1.0 N’ - :Fit. | effect)
STO Channel o 8 T VISI:[E
Fig. 1 Measurement concept -20 0 20
H-H__ (mT)
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—BURFHB 2 i\ - FoPLFePd 2400 B — AR O BLAUIE IR 17
FLBH— %, /NHPEE -, A RREIE
(bR, * i E )

First-principles study on the dependence of anomalous Hall conductivity on degree of order in FePt and FePd alloys
K. Hyodo, Y. Kota*, and A. Sakuma
(Tohoku Univ., *Fukushima Nationa College of Technology)

IEL&HIC

L1o-FePd,FePt & < 3 ifiFE T4 - #fHE OB CHELOMBITH 2%, TORE R —IVZEE (o) DEFIZKE
CERBBEINTVD., EEICETHE D2 I2B\VWT, FePt ® oy 3B FOBMELZ BHE L U2\ N KA £ 82
HIRTH 2D, FePd D oy BEFEELPSEL DY A PV v TEDN R TH 5 L WS FERPEFS LTV
B, I DEATIHETIE, NRMEEIED o 2 RN LRESICE T 28 - FHEFEOME U, BHHELDREIED oy
2ZORREMHEERTHRONZELOEL L TRDTWS. ZOLIBFERIIFLT, FEIPSEBTHELEHZ R L 72
HFREDPS oy ZAlH L, BELOXRZFHRT DI LD, oy DHRZED DT DIZHETH 5.

PAEDE SN AR T, BEFHELOMRE 2 HEMOHAETREL, AR 2 uéd: FePtFePd 12817 % oy DI
WEEIZ B 2 IRIEMNE A T NRTz, D720, o EHET o IKDOWVWTHEEEITS 72

SR FIEL UTRHA Y VEEIELUCE D WBfE G~ 7 1« v 7 « Yiudikz v, Fe¥ 1 k& Pd(P) Y1 &
ZABHEAN S EERIIOVWTERLIBETOD oy 2aHH U7z, ARG ROE TIREIL coherent-potential L
MOFHR Uz, o KT ogy DFHEIZIE Kubo-Streda AR ¥ & Fermi-surface H % Fi\\ 7=

RS LUER

Fig. 1(a) 1% FePt,FePd &8I 5 13 3 o @, BUHIE (S) AP D5
RTHD. MED oxx 1FS DN ILITIHB L THFNMET L, B

DAL FABELORMNY LTRSS Z L MMz, %72, o D ol (2) |
fEIZDWTIX, £2TD S T FePd DJ5H FePt & » SA5FEE K & 72 fH & R

RoTW5, _% i

Fig. 1(b) =D DEED oy D S HKAFETH 5. FePL D 0y 12 S §2 FePd
DML S BEFEED BN U, oy & 00T BT RIS 5 655 %1- / ]
Yot E7, FPAIZOWTIES = 1 75 0.9 ICHRIEAME F L S %ﬂ

B, oy & ARERREEC B U, BOELICE D oo RS SBINL 7. X . . —u '

T, S=090 oy BEBRE Doy = 806(Q1em2) IIEIF—FL, AR 0 02 04, 06 08
DETHILEEET 52 L TERIEE L EHTES 2L H D hor. —_—
S=09H5 SHAESIMEFTBE, o KHBTSLTWA, & 1 L Fept (®);
FHIZ S=0TD o 1 S =1 LI T 2 (SR A X ARfHY 725 72, ER 1
fBL L LT FePtFePd 12 D\W\WT oy D S #iAEM % kg 5 &, FePd s o6 |
DA S = 09 EHTE — 2 & FHEOH, fiELs S=1h50MEFIC El 7 |
HU oy BEIINT 2 Z BB S DY o re, METIRE S, 2he ¥ reba
NOERIZBIT B 0y OHAERIIEDRFUIZI L, o OIEPE T 2 1
ROBUD 5 RS 5. 005 0.'4S 0.6 08 1.0

References
1) K. M. Seeman et al., Phys. Rev. Lett., 104, 076402 (2010) Fig. 1 calculated (8)oy and (D)o valuesin

2) P Heetal., Phys. Rev. Lett., 109, 066402 (2012)

3) P Stredaet al., J. Phys. C: Solid State Phys., 15, L 717 (1982) FePd, Fet dlloys as afunction of long-range

order parameter S
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B RV o A NNR O HIRIE g BHE A7

AKOVRHEE 20 RRJIEER ' BERTR |, EEES . K EmSE’, mAlilsk
(ALK AHF, 2IST-& X 2%F, kK WPI)
Material dependence of anomalous Nernst effect in ordered-alloy thin films
M. Mizuguchil, K. Hasegawal, Y. Sakuraba', T. Kubota®, S. Mizukami®, K. Takanashi'
(‘IMR-Tohoku Univ., 2JST-PRESTO, *WPI-Tohoku Univ. )

[ZC&HIZ

SRS A1, T OSERERENEN D, AV ba=7 2MELE LTIEAZED TS, LnLAaR
5, Bz hun=s 2A0MBERVEY (A ae) b= 2| oHHcE SHABEOREIC
BE U CIIRARIA R 3 2326\, Fox id, ZHUE T2 L1, B AIA 4 FePt #EIC >\ T, BWK 2R D—>T
oD EFEXN A NNROZRMA L PNEZIT > TET, EDORER. L1,/ FePt 23 HLEZHY R E 70 FE 1L X
FhRERTZ EEZ ALY BE 3 2 MR E AW EAER T OO AEEMEIC OV T, @i LEP,
KRR TIE, BAE U HENSEESNDEHRFRICOVWTE HICERLED HT-0 ., xR HAA SRR
BIFDRFEIN A NIROBEEAT T, KT, BRIGEOWKER ML B 1L 2 MIROBAKRIZD
T, REMZR R A 1T o 721

EEBRAE

BmEZEY TR I ANy 2 Y o 7K 0B 2 R U7z, R L 72 BRGS0 RN, L1, FePt, L1,
I FePd, L1, MnGa, D0x» ! MnGa TH 5, s EIOMEIL 30nm & L7z, ZMEEE LT, [Co (0.2 nm)/Ni
(0.4 nm)] 50 DZEIEFEL S 5 F IR B X X IAEIC K O ER U7, 1FER U 72 I OREKURFE O RN 2 B {m3E &
T FUWEE (SQUID) W TIiTo 7z, B/ A MhROREL, HIEmN 5 IR E AR 2 5 L7k
RET, WEfRERELEE (PPMS) (2 X 0 BRI E G ORG 2751 L, RN ClRE Akl & B 7 Mm%
AT DHEFE IV A NEIEE 4~300 K OEFEFHE CTRIE LT,

RERRER

B 112, B 2e BLAIA AR DV CHIIE L7z 300 K T RS T T T 4
By S RO L R R OMRE 7T, RRIED oo _—
HIMZPE, BE RV 2 MIRPERERIHENT 2 Z & Bnnn ¢
S, TR, BRELHRDBIALL R NEE~OBROBEICE S | LieFepd ]
WL AEVBEREEASE B LTV D L ERTRRETH X o Y eimce
B. i, TRENOMEHCOWT, BEFAL Y2 MARORIEK = | D0uMnca
FHEOWIE 24T > 7, BEOBINC & b2, HAGE TIExL 02r @ OcoNi 1
A NPT H—F . Co/Ni ZEETILIFIZH L A N DR 0ok 1 1 ; i 1 i
FHILBMBIRY MR LA R 5T 0 ¢ P w
MR STz, Fig. 1 Material dependence of absolute

AWFIEO—EBIE ., BHFFTE B i Bh 4 - A (S) (25220910)F L OV IST  value of anomalous term of transverse
XN IFHFTRD KA T T, Seebeck coefficient (|(Syy)) at 300 K as a

function of K,,.

L 2PN

[1] G. E. W. Bauer ef al., Phys. Rev. B, 81, 024427 (2010).

[2] M. Mizuguchi et al., Appl. Phys. Express, 5, 093002 (2012).

[3]Y. Sakuraba, M. Mizuguchi et al., Appl. Phys. Express, 6, 033003 (2013).
[4] K. Hasegawa, M. Mizuguchi ef al., Appl. Phys. Lett., in press.
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AL — Ry 7N A BV Ni-Zn 7 =5 A NEVE S L 3E 7- O iF9e

e .2, VIARTE, FRFE, SRS, SRR,

(iI=pN)

HIAE TS

Spin Seebeck effect in Ni-Zn ferrite thermoelectric conversion elements
T. Sachi, Y. Takemoto, T. Wakamatsu, H. Kurisu, K. Akai and S. Yamamoto

(' Yamaguchi Univ. )
FLCHIZ

TR —N— AT Tl L TAY /‘TZ~“\/%<JJ%%$U)13 U= BN ML AT AN B S g, !
B =Ry 7B RAR T AUTEEMEAG R A2 D TEVE R BN FTRE Th D, AWFIETIE, 7 =T A M A Si JEiR
ERVAIRP) T 40 LHM EITREEEL TAE /Jz—/\y7$%%1’lfﬁibx B L 72,

e WA

RF ~ 7 Rbhar A 235 % FAVN T, Si iR K& OV PL 7 /L A(Upilex—50S.

SEERELPERR . HEMEEE 290 °C) B2, YIG 7=FA ML Ni-Zn 7T Ak
A LB TR 100 nm THEREL . Z_LICEME L T Pt MEAIRE 6.7
nm (FE ML C, BVEL AR -2 Ek L=,

Si Hep E~D Nl—Zn7:*’7‘4%%5%@2/\"%&&%@\ SRIRE 200°C D Hekk
B CITo 10 S RAE B T DI KA T 1000°C TORARNT =—
IWALBEZAT 5T, Pl 74V AFEMROGE 21X, 7 =T A MNEREEIR TA Ry
FHEFEL 72D T, RANT =— )W T2 o7,

ERERLER

Fig.1 12, Si FAK EICEIR CANRYZ AL 72 Ni-Zn #EBEORAN =—
JVHIE TO M—H V—T% 737, IRANT =— L&A 79 L f b 2s Kig 2
BN, AN KEL 2T, Fig.2 (2, Si S5 BIZ=IE TR SO Z R L
72 YIG 7 =7 A NERE Ni-Zn 7 =7 A NEOEE IS HAKLE S Ey DY
KA MEZ R T, YIG 7:54%%%1%(“ TRENTEM 5T, YIG 7275
A MEEZFE S LI D722 1000°CFE)JE TORANT = — JLALBE R
"R TdHhDH, ¥ Ni-Zn 7:74’?\7@5%“( IEARART = — L ETOR BT
0.4[uV/KITho7I=iE SN RANT =— /L% OFREFCIE 0.5[uV/KIZH
MUz ZAUFIRARNT =— iz d > TRESPEM A _E L, fafime bbbtz
ZEILE D, BENTEAT I RAEHE AL B —_y V@RI LA E
ThHHEMERR LI,

FARIZ Pl 740 2% WG 121, Ni-Zn 7 =74 MR Z S 1 TR/ Sy
SRR D& IR B O RIS DRI E U7z, £2°C, THEELT
ZnO JENRAE A5 LTI LT, Fig.3 (2, Pl 74V EICREL 72
Ni~Zn 7 =7 A NEBEOEE T E,éHb@m%{zkﬁré%Ta“ 0.2[uV/KIDEE
TaBRILT,

E&_&b
Pt EBHR/Ni-Zn 7 =T A N/ ZnO T HifiRE &2 2 S 25T Pl 74V A
FAR EIZHERR L A B — o7 R LD E T 0.2[uV/KIE 15T,

2% 3k

) WHEE—, BERER, B FRERWERE A REIN,” Magnetics
Society of Japan, Vol.8, No.1, pp.18-20 (2013).

2) S. Yamamoto, et.al., “Post-annealing effect of YIG ferrite thin-films epitaxially

grown by reactive sputtering,” Physica Status Solidi, (a) 201, No.8, pp.1810-1814
(2004).
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Fig.1 M-H loops for Ni-Zn ferrite/Si-sub.
(sputtered at room temperature), (a) Post-
annealed at 1000 °C, (b) As-deposited.
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Fig.2 Magnetic field H dependence of the
electromotive force E;gy; in YIG/Si-sub. and
Ni-Zn ferrite/Si-sub. sputtered at room
temperature. (a) YIG ferrite: as-sputtered,
(b) Ni-Zn ferrite: as-deposited, and (c)
Ni-Zn ferrite: post-annealed at 1000°C.
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Fig.3 Magnetic field H dependence of the
electromotive force E;sqyr in Ni-Zn ferrite
thin films on the polyimide film substrate.
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P FE— A A, BES A A, WSS A, S B, At AC
LRBE A, ELRE 2ottt ©

Heating effect and thermal spin injection by the ferromagnetic resonance
K. Yamanoi®, Y. Yokotani®, G. Uematsu®, S. Yakata®, T. Kimura™ €
(“Dept. of Physics, Kyushu Univ., ®FIT,, “Research Center for Quantum Nano-spin Sciences.)

FLHIC
BRI FERE R R IS VAR EET D & . BMA L IEAEZN LT, AU AER x50, o
BRIE, BERORD YV ICAZFIH LA RAERTFIETH D HTZRAE T ZADRIEBHIF S D,
— 5T, BB W T, b XA F I 7 RAOX B X REBDNEL L Z RS TN
2O, Hrz | SREEMEEIE(FMR) O RBIZIL, FMR £ —F ¢V V2R LT T\ 5, ZOFEFHNS L
FMR%%t#ézkf\%@ﬁ%@ﬁ%%ﬁ%mm%ﬂ%&t@\ﬁ@ﬁ%%@ﬁ%%ﬁmﬁmf%w%
AFLINERRL S AV, @R LRBAE CEARHFF SN D, FMR X, v 7 0 82 HNTYU A ¥ L ATl
AMRETH Y, HIZ, FMR AL, WESCRIRR ETHIECE 5720, ~Af 7« B - A ofAIc X
LEETNA AOBIHAIFFCE D, ATk 4 1%, FMR BFOSBBMEROIRE FF 2@, H-oE a7
THFREERARE LD THRET S,

RRA %
FUBHL, R B R B E 2 FFD Cu MR & 2 DE FICHDAE L

ToBRBENERIRR N 72 5, Z OFUBHC @& JE I A B L7 B A I L.
BRI ORI AF M 2 TE L. ﬁ EVHRPT ORI AT & b a
$)(j‘é — k T\ /\H%H#OD{J]ILEJ:?"‘% E/‘j LP:I:{EEE L/f\_.o \:::)
R
EBRER
Fig. 1 |2, SREEVEMIAR & LT CoFeAl ZH:H L72BED Cu AR T ST
@M%f&ﬁfﬁi%mfﬂ Z 2T, HE I AU E M O JE AT H(@mT)
1@@&?&5JMRﬁmcu%ﬁwﬁﬁ%ﬁﬂﬁﬁbfpéwﬁ Figl #EREREIAIIED Cu Mk
MERB S du, BT, ZO|BE(LARC, 1T, BT 5~ 7 mjohRE BT DR R,
DR EILICKRELS 2D Z L 2R LTz, Z OEGZ & Bt or
®¥EW{Z§T‘$%%$§¢5 ZE T, ~A Y mEENREOIRE AL AT e 012
RAOICHM LT, Fig2 (ORT XD 1o, @R~ A7 g | e oo
%ﬁ_kwfi RO 10 FEHE< L7425 2 LR TE D, loos
IOREEHEIRICE L T bRBONBARSBMS e T g | . -
FBE AE B S o T, 5 . 1% 5
. S
o, BRERICNL T, AR ERA C AR~ LB, e {004
L. JEXI: VAR RE AN TAR AR RE M L2 & 2 'o. {002
AHUVRIBIZTHRO0L (VIim) BEOEREZARTE DI ENDhoTz, ol . oo
0 50 100 150 200
SEIH P (mW)
1) S.Hu, H. Itoh and T. Kimura. NPG Asia Mater. 6, ¢ 127 (2014) Fig.2 FMR |-t 5iEEZ (LD
2) F.L.Bakker, J. Flipse, A. Siachter, D. Wagenaar, and b. J. van Wees. AN~ A 7 2 iR AR M

Phys. Rev. Lett. 108, 167602 (2012)
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Current induced domain wall motion in TbFeCo alloys with various
magnetizations

M. Quinsat, S. Nakamura, T. Shimada, Y. Ootera, H. Morise and T. Kondo
Corporate R&D Center, Toshiba Corporation, Kawasaki 212-8582, Japan.

Reducing the threshold current J;, of domain wall (DW) motion induced by spin transfer torque in
perpendicularly magnetized nanowires is of technological importance, especially when only small current sources are
available to drive the DW devices. In Co/Ni multilayers in which J3~40 MA/cm?, it has been shown that Jy, is
determined solely by the intrinsic energy difference between Neel and Bloch DW configurations [1]. By using materials
having lower magnetization (Ms) than Co/Ni multilayers, e.g. amorphous TbFeCo ferrimagnetic alloy, smaller energy
difference is expected [2]. In Tb alloys, J;, of 5 MA/cm® has been reported [3], while the influence of extrinsic DW
pinning [4] has been shown [5].

In this report, we discuss the role of Ms on Ji;, in wires made of amorphous Tb alloys of various compositions,
in which Ms range between 35 and 150 emu/cm’. To avoid etching damages to the magnetic materials, we directly
deposited 9 nm thick Tb alloys wires on 2 pm wide Alumina bridges; we expect the properties of wire’s films unaltered
from the ones of plain films. We then measured DW velocities v—J (Fig.1), from which we extracted the current
corresponding to the onset of DW motion by current J (Fig.2).

With the same fabrication method for the Co/Ni and Tb alloys wires, we obtained current values similar to
literature (Fig.1). In Tb alloy wires, we obtained decrease of J; when decreasing the Ms (Fig.2). Independent
measurements of the DW pinning-strength ay from v—H dependence, suggest that decrease of ay may also contribute the
observed reduction of Jg,.

1.E+01
. 20 B
7 LE+0O ot
o 15
Ei1E01 £ Ny
> 1LE02 - e
%‘ - + Tb-alloys 53 emu/cc < 10
% 1E-03 = Th-alloys 73 emu/cc E L [ |
s 1.E-04 Jd * Th-alloys 146 emu/cc - 5 B
o 1.E-05 / . » Co/Ni 773 emu/cc I
1E-06 0 e i i
0 25 50 75 100 0 50 100 150 200
1 (MA/cm?) Ms (emu/cm3)
Fig.1: DW velocity vs. applied current J for Tb-alloys and Fig.2: Onset current J; obtained from
Co/Ni multilayers wires (trend lines to guide the eye only). v-J characteristics vs. Ms in Tb alloys.
Reference

1) T. Koyama, D. Chiba, K. Ueda, K. Kondou, H. Tanigawa, S. Fukami, T. Suzuki, N. Ohshima, N. Ishiwata, Y.
Nakatani, K. Kobayashi, and T. Ono, Nature Materials 10, 194 (2011).

2) G Tatara and H. Kohno, PRL 92, 086601 (2004).

3) D.-T. Ngo, K. Ikeda, and H. Awano. Appl. Phys. Express, 4, 093002 (2011).

4) S.-W. Jung, W. Kim, T.-D. Lee, K.-J. Lee, and H.-W. Lee., APL 92, 202508 (2008).

5) S.Li, H. Nakamura, T. Kanazawa, X. Liu, and A. Morisako. IEEE Trans. on Mag. 46, 6 (2010)
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Measurement of current-induced domain wall shift in Co/ Ni wire
K. Taura, T. Tanaka and K. Matsuyama
(Kyushu Univ.)

XU ®IZ
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HHSND., ZHEREFOH LT 4 =0 ZEHEL D 070 /NS RfETHY, HIMBRIZEY T 4 &
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WIREXSERL C & TV W SUTEDRBIE S E RS O R & REIC R > TV D EHEI SN D,

Kerr output [A.U.]
e
+

BN
1) S.S. P. Parkin, M. Hayashi, and L. Thomas, Science 320,190 (2008).
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Current-induced dynamics for magnetic bubble domains in perpendicularly magnetized wires
M. A. Tanaka, S. Sumitomo, N. Adachi, H. Kanazawa, S. Honda*, K. Mibu, H. Awano**
(Nagoya Institute of Technology, *Kansai University, **Toyota Technological Institute)
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P OAELR— AR EREE LTS EEL LN, Fig. 1 Kerr images of current-

induced dynamics of bubble domains
BE R in TbFeCo wires; (a) TM dominant.
1) D. Chibaetal., Appl. Phys. Express, 3, 073004 (2010). (b) RE dominant.

2) M. A Tanaka et al., Appl. Phys. Express, 8, 073002 (2015).
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Thermal artifacts in the current induced effective fields measurement.
M. Kawaguchi, T. Moriyama, H. Mizuno, K. Yamada, H. Kakizakai, T. Koyama*, D. Chiba*, T. Ono
(Kyoto Univ., *Univ. of Tokyo)
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W DR E OBV %REIET L Enbrotz (K1), X (nm)

:?ﬁ%ﬁ\%ﬁ%@ﬁ@@%?%i@%wfﬁm;é%%é 9 1. K 2o SR B 1 B B kL
EEBEERCBOBRSDERSH D Z LR LTS, 2 MR L BEE, AR

53 STk 2100 mT OHBAICEBIT D Vane & FH
IS X D EIE Var DL,

VAN E/ VEF

1) M. Kawaguchi et al., Appl. Phys. Express, 6, 113002 (2013).
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Spin torque dependence of the g-factor in Pt/Fe ultrathin films
H. Mizuno, T. Moriyama, M. Kawaguchi, M. Nagata,
K. Tanaka, T. Koyama*, D. Chiba*, and T. Ono
(ICR, Kyoto Univ., *The Univ. of Tokyo)
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2)  Justin M. Shaw, ef al., Phys. Rev. B 87 054416 (2013).
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Frequency tuning in spin torque oscillator for MAMR

&
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by using negative-K, material on field generation layer
S.Murakami', M.Shimizu®, N.Fujita®, K.Koi*, K.Yamada', A.Takeo®
(‘Corporate R&D Center, *Semiconductor & Storage Products Company, Toshiba Corporation)
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1)A.Takeo et al. Intemag 2014 Dresden, AD-02
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Self-synchronization on spin torque oscillator
S. Tsunegil, E. Grimaldi?, R. Lebrun?, H. Kubota', K. Yakushijil, A. Fukushima', V. Cros?, and S. Yuasa'
'National Institute of Advanced Industrial Science and Technology (AIST), Spintronics Research Center
*Unité Mixte de Physique CNRS/Thales and Université
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Fig.1 Schematic image of delayed feedback circuit Fig.2 A¢ dependence of normalized power po
and FWHM.
BE R
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Oscillation properties for a spin torque oscillator with a negative polarity material as a SIL interface layer
M. Shimizu, K. Koi, *S. Murakami, N. Fujita, *K. Yamada, and A. Takeo
(Toshiba Semiconductor and Storage Products Company, *Toshiba R&D center)
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O —J7 THRIEEWE (Fig.3) 1%, [F UEERESS 9 kOe T, T2 LA FeCr
DF7 DMK BT L TR O FEENCBE L7-, MR e & 2 B AR RN
MHELTELT, Zhid, FeCr TORAE UVEREMN AL Y FLZIIZHFNIC
BT izbtEZLND,

&R

1) K. Yamada et al.,, TMRC 2013, 2) L. Berger, J. Appl. Phys. 93, 7693 (2003)
3) M. AlHajDarwish et al., J. Appl. Phys. 95, 6771 (2004)
4) C. Vouille et al., Phys. Rev. B 60, 6710 (1999)
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Fig.1 Schematic illustration of

STO with dual SIL for MAMR.
186

I
. MR=17%

_-0.1x 108 Alcm?

J (108 A/cm)

I
MR=-0.6 %

0
0% M
01 F

-0.1x 108 Alem?

AR (@)

J (108 A/lcm)

Fig.2 dVv/dl vs. J. Inset: AR vs. H.

FeCo 15.6 GHz

M\NNN‘WM

J=-1.0 x 108 Alcm?
FeCr 14.6GHz
J=0.7 x 108 A/lcm?
5 10 15 20 25
Frequency (GHz)

Fig.3 Oscillation spectrum.
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Cox(Fe, Mm)Sith 4 A 7 —GHEBZ MO R VT v 2 ARIAE Y ML SEiRE T
A wmthl B8 W2, &AL AR
1 HAEREDE, 2.ISTE E 230
Vortex Spin Torque Oscillator using a Coz(Fe, Mn)Si Heusler Alloy
T. Yamamoto!, T. Seki!-2, K. Takanashi!
1. IMR, Tohoku Univ., 2. JST-PRESTO

il

A Y PV T FEIRFET-(STO) 3 SRRE A4 FERE M A R AR > SR S L % 7 A4 R DR
FTH5, STOZFEMANT 2 LTEEFELE 2->oT w300, RIRE OB KE X OFIRD R
D EThs, v4 A7 —E8D—FTH 5CoxFe, Mn)Si (CEMS)IZE\ A E ViR %
L. 205 ZSTOD MR & LCHW 2 2 EIZSTODEHIHMbD o a7 TFETH 512,
— KT, WRARNT v 7 ZADWALY A F 2 7 22 FHWZSTOICEWTIZ, H—DETITEWVWTHQ
fEE4000D IEF IS m W IR EFRIEE SR E ST\ 53, 2 2T, AFZETIZCFMSZ R—R L LTHIL
T v 7 ARISTOZ EH$ % 2 &L CEt I OEQE 2 MG ICEBIT 2 2 L2 HIE L 72,

Top CFMS (30 nm)

SRS

Fig, 1CfEBLL 7% F oSt % R, ACPMSIFIZ SR ICE L D
CRIEL 745, 2L 2 BT 2 72 9500 "CTHILIEFFlo.  Agscer s, \
B Y 75 7 4 — 5% TR P ~ B T % M L 7.

Ag/Au capping

A TIE, BEE30 nm & L 7z EEBCFMSIE % 168240 nm®D 74 A 3
TIGIRANEMT T 5 2 &ETHARRILVT v 7 ADEENZ K-> 7, N
TEBLL 7- 35 T OFARB AT 0 72 | 26 T O 70— 7% Q' 4
HAOTHEFAERERZHAML, AT P57 F 74 —%
WTEFMICAEC 2 mREENZME L, £/, vy 74 S _

Fig. 1: Schematic illustration of the

7 v 7 FHWTMRETEEE X CEFRERICN T 2 808P L microfabricated STO. The thickness and
the diameter of the top CFMS layer were

h,
o,
-k

OD{EIJ?IE' z ﬁ'i‘ > 7 o chosen to stabilize a magnetic vortex.
FFHNA MBS % 5] L o Nz MRIFRICIE, EEBCFMS o

HICB T BWEARNT v 7 227 O RE L CHIRICRF L R b h=1s00e 1

W BRSSO BUE S 1T, RV T o 7 ABTHET BTNBEY £ || mroma

DEHETICEBCTE, 2 mABREOEKRERZAIMT 2 2 £ T600 5 |

MHZER I IR E— 7 Bl s e, e <o Ccge 7|

VL FEIRFEEDSE RPN 7 b5 D ICHRIRDEENL . e
FERARIEH3200  kHzBLT O FIBBHIE D & FEIRDS & 17z, Fig. 2 r(GHo)

s s . . . Fig. 2: Power spectrum measured
WCTHINIESE150 Oe, TEIREETI3 mAICE W THE SN/ 87 —A7 b at150 Oe and 13 mA.
2R, ZOFEETICEWTIE, FERMIEI2 kHz, QfEi4787D %
ROz, IHICHIROEMZRENLT S22 EICX D, 103 aWDEH12>24000% 2 % 5
WQIEZTSF 2 Z LI L 7o, ARIFEIE, BV AE VY FHEZHT 2 F5 4 27 —G8E LKA
W7y 7 A0S 2 LT, B2 OEQEZ R TSTOZ EHHIKES 2 L 2RRLTw 5,
SE

[1] T. Seki et al., Appl. Phys. Lett. 105, 092406 (2014).
[2] T. Yamamoto et al., Appl. Phys. Lett. 106, 092406 (2015).
[3] V. S. Pribiag et al., Nat. Phys. 3, 498 (2007).
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A MV RIERFEELGEEERSE L TCHW 7 =2— X v
KoL —7" D BA¥E

HALE S, AP, HEESE, & BERE,. S
(EfM A hr=27 A58 &% —)
Development of phase locked loop using a spin torque oscillator as a voltage controlled oscillator
S. Tamaru, H. Kubota, K. Yakushiji, A. Fukushima, S. Yuasa
(AIST, Spintronics Research Center)

FLHIC

A MV FEHRFET-(Spin Torque Oscillator, STO)E, /N R BEMEAAFREE IR IC E R AR 2 EAT D3I K V%
SEEBAIE L, THERSETIIRIC L > T A 7 n 0B LIS 510 EH+ 5, ﬁOi%@#4ﬂﬁ
10~%3% 100 nm), JAWE AR o g, 8K T o R L DOAEMR L WERD~ A 7 a I RESRIC I 4
OFENR B L7, Wi~ 7 aiRAESRE LTHIRIN TS, L LR LEBUIRTY i%%&#?ﬁfﬁf
Al ) A ABRKREWTD, ERGIZIEE > THE LT, BIRZZET 28023 STO ERMLIIZMA L 72 5,
ZHVETIL STO ICm ARG F A EA LBIRZ RN =¥ 5 Z Lo v ZEfbd 5, FARW(Injection Locking,
IL)E W) FEREITHEINTETEY, BRIZW Db DRIIBIAHE STV 5H([1,2], 7228 IL Tl STO
ORBEWRE LR UNZER LY BOWEEEOGEEPRLER-O, ERAEHLEVMERH L EIXE 2R, —
F AW EBLZ B D FIE L UCTEM ERIA AV FEIZ, ALFE R E (Phase Locked Loop, PLL)AY & %,
IL & Hb_72B2D PLL O KOF]ATX, PLL TiX 10 MHz — 100 MHz & W5 727 o & KU FE T JE 3 5 2 BB T 1)
RS R % (Voltage Controlled Oscillator, VCO)YDNAHZ R &2 FTH 5, ZOFEN STO IZIH TE UL,
STO OEMRKIZE o TRERER LD, ZIVE CTHRIMIOHE TR Tz, £ 2 CTHRAIIAMEIZB
T, STO % VCO & L T/HWz PLL M Z 53 2T K V| STO FIRD L E( 2 kA 72,
EBRAERUER

112 STO Z#H\W= PLL ®7 v v 7 X% 7, STO IZTEEMCEIERE &, mNBILSREZ RO 7 —H8l
STO Th 5D, ZAUTHHT 7.344GHz FIZT D L 512 A T AWK ONA T AEEEZNTH, ZDO~A 7
713, Bias-Tee O A /S 2 20 V) | 2l OfRHEE FEIEZRH(LNAL2)IZ K - THE S, 1/48 43 #% T 153MHz

I END, ZOEFIE, 153MHz OIEHEZ 5 & 153MHz Ref. Voo Vi

. o i - ref. clock in |Phase PES Loo

ALAR PSS S 4L, F ONAHRRZEIZ BT D155 (Vees) 1T gre% ﬁltef firo=

P—F 7 AL HIC L - T‘?F*“/\ SRBICAA T yar ety & 7.344GH;

ZEBE L RSN, STO IREINS, Zhick D, e Fower 33| i
N - = - % 4 ] Sl Counter splitter : - A

Vs 7 ;%i:Hi/J 12725 K D 1T STO DFHRJE W H Az | LNAL Bias Tec Ny

EoilEo)] :aﬂan b, To S.A. STO

2127V —F R EAFERIMIREIC 31T 5 STO M
73097\«\7 MERT, 7V —F VRFD AT ML
1359 4 MHz DR C > % OI%E L NF R, o [REV =1
7.344GHz DOPTICHR THWE— 7 BBl S, Z 0

1,STO Z# W= PLL D7 1 v 7 X

-40

§
DRIBRWERAD | KU F 2 Aofe, SRUIEPLL 3 | e e R
2L D STO OREHRE(LS WL RS 5 45 [Foonmine | o e
R THD, WETIL, 20 PLL O X 0 FEl 7 %2‘; e e o AT e
kR0, AR 361 DR A RFORE 2 >
fER7e SleonTHE T 5, 40
?%I ﬁﬁ :‘5‘(5) Fopun = 50 MHz
[1] W. H. Rippard et al., PRL 95, 067203 (2005) 7319 T34 7.369

Frequency (GHz)

2]1B. G t al., PRL 101, 017201 (2008). _ o .
[2] B. Georges et a (2008) 2,7 1) — 5 LB & ARSI 0O STO J64E 222 kL
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AUV THEEZFIRALEZAY Y IR T77— MV Y OH

R, BBl R
(BERELT)

Detection of spin-transfer torque using spin-valve structures
M. Takahashi, Y. Nozaki
(Keio Univ.)
FLHIZ

A AEBEORNTH D AL T, EMOBNE DT Y 2 — VBB ELRVOT, HZRLX
—RT AN ZAEBRHF SN D, AV VIROAERFTIECIE, v — IV FERAE R, A
R TR EPRESNTND, BICAE VRO EV IR AT UREAER T& 5720, EREE
DTS, AEl DILDIUIA B 7L T HIFRO B REKIESRR A RET 5 2 L2k 0 | BbRsRS O
AN L TCAE VR UE ZTHED A E Uik 23 7,

EBRAE

BN Si FER Blo, BEEZAELE, Ay X bV fliEEE 2 O TER L 72, A B UL TR
OFRITNE 1 pm, £ X 100 pm, /& S 120 nm(NiFel0 nm/Cul0 nm/NiFel00 nm) & L7z, Z DA B L)L 7 #llfR
DIHLA BT 4 S FIEIC KV RE L, 567 ERBEKURSTRIR K 0 KWk g o Kisiss & RS o 72, A
EURVEV THEDAEURICEAAE L N TR T 7 — MY BT A7, FIFRO FICfERL L 7= =
T L—F A Ny T E O TSRS 2 HUIN U788 L EUIN L 22 WEEAIC W T SCHREEs o JE i Kk
FVEZRFART=, F12, MR TGS 227 M LiZ, X7 MV F% Yy U =2 T F 4 &2 HNTHIE LT,
REHER

Fig.11Z 10 GHz D A3 ik 2 FUIN L 7= 554 () EHUIN L 7205 444
A(F)DOERBESEIUHROPERE R EZ 7T, Figl L0, ik
570 L OBA . —30~—60 Oe DR IEIL TP TRALELE %
FELTWD, BRMEKESEEEZET 5 &, NiFel00 nm &
NiFel0 nm OPREESIIT, ENZE4I 600e & 300e THDHEEBZ D
%, F£72. NiFel0 nm O sk —30 Oe 12351 5 fli## > FMR
AT MVERIE LTz & Z A, NiFel00 nm @ FMR &% 9.6 4.0

-200 -100 0 100 200
GHz THDHZ ENbiroTz, Field (Oe)

WIZ, 2RSS 2 FIVIN U 72 23 & ERRBERIRHTh R 2 & L
NiFel0 nm O kY5 D JERR BUK A7 % i~ 7=, Fig.2 1%, NiFel0
nm D KRGS O BB GEECTH 5, BAIEE»S 4GHz LV b5
JAEAET DI DI TEREE I 23 R L. 10 GHz CRREEET) A3
INE TR o Tt BRBEDI NN ER Uiz, 2D X 9 Ze IR 2nfR

443

44.2

Resistance (Q)

44.1

Fig.1 Giant magneto-resistive effect in spin-valve

strip. Arrows show the direction of field sweep.

BHE L. <4 7 0T v A MEEREETE < RbRs, L * L e
72 L. NiFel0 nm ® FMR J&%1%4GHz L F TH VY, v~ 7/ 1 B

BT oA MR TITFATE 22, —F, BRI RNET2D e _fi ””””””””” ¥¥,
B #E. NiFel0 nm O KIB#ESHIZI51F 5 NiFel00 nm ¢ g E 2 Zi * { T }

W ITIF—F LTV 5, NiFel00 nm BILET 5L AR I
|

VEVTRHRICEIY CuBIZAEUERENAE U b Wi E o 200

A B DY NiFel0 nm IZ{EA SN D, L7223 T, Fig. 2 DERf% I J I | 1 I
. N . _ 4 6 8 10 12 14

jj'T&—Fci\ A to:/jf:/tof/y EE;ECDX Eo:/‘/}:lt“:i}:)x |V g ]\ 7 Frequency (GHz)

VAT 7= VI BRFEREEZBND,

Fig.2 Frequency dependence of coercive fields.
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A RSN L RCRBEMEAR RAE 5B DM

s, ZRILES, KHEED, KEEH, BRI &850 5>,
THEEM*, EFE —HE*, Gerrit E. W. Bauer* **, /|N¥f ) 5
(RURABHE, *BAL KRG, **F 7 N TRRKA 7Y - F 7 8F)

Spin current in synthetic antiferromagnet
K. Tanaka, T. Moriyama, M. Nagata, H. Mizuno, T. Seki*, K. Takanashi*,
T. Chiba*, S. Takahashi*, Gerrit E. W. Bauer*** and T. Ono
(Institute for Chemical Research, Kyoto University, *Institute for Materials Research, Tohoku University
**Kavli Institute of Nanoscience, Delft University of Technology)

1. [FC&HIC

SOBREMAMENT, MW ER B O-OICEmEEA Y he =7 Z2EHE L TiIff ST s, Fxld
BORREMERG AL A T2 7 A% A8 3 THIEITT <L BORBEMERE G L2kl A B i b 2 2 528 2 5
LTW5, FxlizhEcla, NI TH D Fe(2)/Co(1)/[Cu(1)/Co(1)]10/Pt(4) 2 JE I (FEAL nm) % F
WTAE Y ML BREGPESIRIC X D FEBRZITV, BEY & O g O 2 E B O ENEn o F8E— KL
NEFRZED 7 DHFE— RD 2 DOF— KON, NFE— FOIIGEREDNEREROHIINZ L > TRELE
(b7 22 25 LK) [1], Z O EEEZ b, ERERS PUBIZILD Z L2k > TAE U mn

NTROERMERICEAN S, EREEGRENZILTEZ & 15771717771
CERT 2L B2, ZOBXERIT D, EABR _ 14+% 3 §
R OMRBROIRER KA SV gL, R o : |
0) e o ¢ 83 00 o o o
2, %Eﬁﬁiﬁ&dfsé:zﬁﬁ*% > 12+ s .
— I, RIS R BRI R R R 7 £ DRARIC % 1k . |
T@Fﬁféﬁx}]ﬁ@iﬁﬁ%% k- TikE S, AlEl. BERERIC g

ko CRIMESAIE ) S L L E Lo te s @ 10T e gEE—F ]
Qv R T4 w7 Ialb—a kAR ERERER 2 or-L® EEE—F E‘
(R, AR, R % B RS B A B BURIREES (ST < BT T S O B
T ORI A TATITH 2 B T2 00 0 L BE A i) 25 L 7= [0 C 8-6-4-202 4638

DC current (mA)
MeWAN LAY
bD, EHEFEGIREDOEILIZ X > TR 1 0 X 5 1T HEmR)E K I O A

HAEACT D56, RRGIRE DL CRRBS mhmi,

233000 Oe DL EZ LT 5, LW fERMELNT(K 2), 15—= , :
L LAaA G, GMR MEORE, fafsiiemdng 17 ' .
L EoTIEE A EEL Lot chbofir, @ N 14 .
FABTC & > THREEN T B O IR B EE) Q 5l . ]
LTWAEORTHD LD ATREMEZRIE LTV 5, ) S

BT, FRIER LIS A0~/ 3749703 8 121 . -
AT KR B X TR R DR A = .
BT E > T DB SV TCHERT D, T N

SE R 10 . .
1) M, HAYELSS 2014 FAER KRS, 28aAF-12

-3
|J| x 10 (A/m)
2 JeFE— NOLIBER R OB R A TR R, 5
NI A i & i TS B TR 7> O BFORGSR I 25 #8 L7~ X,
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TbFe/GdFeCo —_JEFE D Gilbert % > &L 7 L D JE & ikl A7

AT, RIs, REREE, IR, & mIER, S
(HHEREE, *4 0 BEEREIET)
Gilbert damping constant of TbFe/GdFeCo bilayers with various layer stacks
T. Higashide, B. Dai, D. Oshima, T. Kato, S. Iwata, S Tsunashima*
(Nagoya Univ., *Nagoya Industrial Science Research Institute)

IEL®HI=

A B RS ERI IR AR DR IERME A £ Y TH D MRAM ORALEZTFELE LTRSS TWS . A
HEABACERIE TR AT A XD, Wb O RIS B2 72 IR B AN A 3 2 7o O s B EEARIC A 20 78
FETH DN, 10Gbit D MRAM FEBUTITE 722 5 @ FBHAL IR FIEDRBE N RO BN TS, THET
(T2 DWFFE 7 V— 71375 1 JH-1BR 4@ T 3 5 GdFeCo =° GdFeCo/TbFe & 5% A & U —J& & 4 2 TEAL
DA EABACEEFE T A ER L, BAL RS BT J B L O U L BERBRO & 5 ZJgEo 7 v
vV ERar AT E 2123, SHalFh 2 13 & 72 JERERK O TbFe/GdFeCo BN A ERL L, TDX B 7 E
oz VA L —H—% 7= pump-probe 152 & V0 G L 7=.

HEEE~ T RX e ANy 2 Y o JREEICEYD, B LRSS & Si
FEMR 1T substrate / Ta (5 nm) /CuAl (30 nm) / Ta(3 nm) / TbisFess (x nm) / (a) GdFeCo(10 nm)

Gd21(FeCo)79(10-x nm) / Ta (2 nm) &z ) @D J@ a2 AALES 2 7= substrate /
Ta (5 nm) /CuAl (30 nm) / Ta(3 nm)/ Gd21(FeCo)79(10-x nm) / TbisFess (x nm) /
Ta (2 nm) % %% L72. pump-probe JHll7E T S/N [ ESE 5720, ZOE L
IZRF 7% b Ao 228D SiN (40 nm) Z A L7z, 3Bt O Ri b &
AF 27 A%, POHEE 1050nm, 2L ABE 1 ps, M0 LJEE 100 kHz
D7 7 A N— L —HF—% 7z pump-probe {EIZ LV HIE Lz, HIERRC
(IR EERTT 182~ B 50 FEE T 7205 IS OB 2 fie K 12 kOe FIIN L 72
BRLER

Fig. 1 [Z/MEBRESR 5 kOe % N 2 C, GdFeCo(10 nm) )& 5 K (Y GdFeCo(9 nm)

/ TbFe(1 nm) &5, X WEIED #7325 TbFe(1 nm) / GdFeCo(9 nm) —J& (¢) TbFe(1 nm) / GdFeCo(9 nm)
JBE D 1 7538 &) % pump-probe 1EIC L D BIZE L7 R 2R LTV D (). B
(I DRR A E B 2 IR IEEI R e " sin ot (XD 7 4 v T 4 VT ERL, o

& ONEBEFARAFME D D & v B V7 iE ok K72, GdFeCo HEIKD o
1%0.046 ToH >722%, TbFe J&% 1 nm fi A L GdFeCo(9 nm) / TbFe(l nm)_—.

/ : (b) GdFeCo(9 nm) / TbFe(1 nm)

Kerr signal[a.u.]

JEEE L35 2 L Ta=0315L RIEICHIIN L7z, #@EIZHE L7z GdFeCo(9 ‘ \ 1
nm)/TbFe(1 nm) " J&@ffiz A€V —jg L+ 25 A //f]\yﬁ%f\(i, TbFe(1 nm 0 lgd 200 A0 400

. Delay time[ps]
B N7 N N
EFMAT O LICLS L O 2 FRETH ST, ZORRIE, 7 Figl. TRMOKE waveforms of (a) GdFeCo(10

v TERE JOF OB MR LB BIR TIERNWZ E 2R LTS, nm) single layer,(b) GdFeCo(9 nm) / ThFe(1
J&IE % 312 L 7= TbFe(1 nm) / GdFeCo(9 nm) " J&REIZ 3\ Clda=0.291 & \ ggy::ﬁ n(geraan:i1;;1?;)1/33565%1@5) (oo,
729, GdFeCo(9 nm)/TbFe(1 nm) &% Tl GdFeCo & U} TbFe D &AM &

YT EBICE A DB SV E NI RERERT

BEX

1) B. Dai et al., [EEE Transactions Magnetics, 49, issue7, pp.4359-4362(2013)

2) B. Dai et al., The 37th Annual Conference on MAGNETICS in Japan(2013)

3) T. Higashide et al., IEEE International Magnetics Conference 2015, Beijing, China HP-07 (2015).

— 273 —



10pE - 9 F39lE AARBASERTAITREE AR (2015)

Ta/CoFeB/MQO J#fFIZR 1T 2 L —V — bz & A X 7 A
e RIER T, BUEEGS L ZRRERR T K bplik 2

(M HAEKRBE T, 2 ALK WPI-AIMR)
Laser-induced spin precessiomal dynamics in Ta/CoFeB/MgO thin film
Y. Sasaki?, S. lihamal, Y. Ando!, and S. Mizukami?
!Dept. of Appl. Phys., Tohoku Univ., 2WPI-AIMR, Tohoku Univ.

EFLHIC
Ta /CoFeB/MgO #&1&EIZ 35\ T, CoFeB DIRIE 2 # < 5 &, FEMERE S MEIC K - TERERSKE FHEPMA)
Y. aIIR T - T a—TEE O TR S R KO 7 — S B(TRMOKE)IZ & ¥, Ta /CoFeB/MgO
BEDWALH A T I 7 RNZOWTHAE L. ZOREE, EE B L CoFeB A IGH FREERERNWS 0 7 E
BAEARTZLERE LY. L2AT, K7 Fu—7HEE L —F =0T L > CREVOBIR R 5% 5
D, BIEDOREEZFEL TNDHEBZXLNTND 2, L—F—Z2HWmEVE, 247 v X Mg bRz ~D
ISR STV D, L L s, FHRICxHT 28k Z A 7 20@E D720, & Z T, Ta/CoFeB /
MO I IZ B 1T AWML S A A T 2 7 A D L —F — R 2 A L 7=,
EBRHEELUBR
B Bl o ) 2 VER RICEEEZE~ 7% hr ANy ZiEE W
TR ERL U 7=, JEERE R 1T Ta(5.0) / CoFeB(1.0) / MgO(2.0) / Al(2.0) 1 |
(B HLAL nm) T 5. HULIESR 800 nm, ~</L Z1F 150 fs @ Ti-sapphire FP‘”‘WZ)
L—W—Z AW TEEEEIT o 72, 0K UERESIT 1 kHz TH Y,
R 7% 365 HZ I 253 L, MERFO R o 7 Hs# EE Fy % 0.3-3.8 md/cm? < 09y
DOFPHICEL ST, V4T ATV R 0EANEZ#H A TT R F o8l
— 7 YD —[alnf O ZHE LTz, BIERHTIXIMT RS % 20 kOe FHIN
L, @2%&Hﬁﬁﬁﬁjﬁr»ﬂwﬁ“ﬁfi%@téﬁt. FrlC, WG EE 0°
& LTgA, MBI X 2 REOID B XL O ORI ZE N HIE TE 5. ‘
koo — % BERE ST AN X =D 2 EE L, BbDZAL Delay time (ps)
ZRE D R B DO LR LLG FREX O I emiinic K s &, # Fig. 1 TRMOKE  results in
Lok & b a0 THAEY 7 F A ORBLERRE. s (flomezy oot
Fig. 1 |Cffix O Fy THIE L7-ir5 s 7T L2 B8R () L 44 lines show LLG calculation result.
HORT. R TSRS32 B AT ONEET) O A —[EHEf O T O & Hi
&b u‘: TSR A HHE R L T 5 &, mERIED F, SRR Fmiemd)
PEZIZITHILTE TV DD, 3.8 milem? IZ31T D IRIF O IOV T n0r
PR T TUOARN Fig. 2 ICHERGES 7 S VORI EERIFIEZ T Pl
BURER (AR, WRR, AR LAY TRT. Fy OBKICHE O B R gaok
AFMEDWAT, BT X DRER B EOBA KT 2 L Z2x b =
5. UL EORERN G, FIRIHE S B oA X0 k2285 KO
FERIE 2N 35 Z LR o T

ARFFEIE, BHRFE MBI T R B BB (No, 0 60 80
26103004)72 & TN HAETFZE S (No. 24226001) O34T biLT-. O )

Fig. 2 Magnetic field angle
dependence of precession frequency.

535 3k Solid, dashe(_:i and dot line shows
1) S. lihama, et al., Phys. Rev. B 89, 174416 (2014) LLG calculation results.

2) M. van Kampen, et al., J. Magn. Magn. Mater. 240 (2002) 291-293.
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Gd / FeCo #B#& IIZ 1T Db A T X 7 A L WS TTHEDFHES
VRS, 22, A 2, IR S, bkt R
(M BARKZREPE T2, 2 B AKZZEE T4, ° B AR KK EBe B T 22 22 R
Correlation between Magnetization Dynamics and Magnetic Anisotropy in Gd / FeCo Superlattice Film
Tetsuya Sato"?, Arata Tsukamoto?, Hiroki Yoshikawa®, Keizo Wakabayashi*, Akihiro Watanabe®
(*College of Industrial Technology, Nihon University, “College of Science and Technology, Nihon University,
*Graduate School of Science and Technology, Nihon University)
[ZCHIS
I, STT-RAM EDRFEA L L b u =27 AT 8 ZARAULDTZD | Wil &2 A T 2 7 2 O Pfig & filiEF1EH
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BE R

1) C.D. Stanciu, A. V. Kimel, F. Hansteen, A. Tsukamoto, A. Itoh, A. Kirilyuk, and Th. Rasing: Phys. Rev. B 73,
220402(R) (2006).

2) A. Tsukamoto, T. Sato, S. Toriumi, and A. Itoh: J. Appl. Phys. 109, 07D302 (2011).
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A Y VBRI X B backward volume wave D &S 7

AR 2 =, [ 1 e =

(" BERHL T, ~JST X EH%F)

Current-induced frequency shift of backward volume wave
N. Sato*, and K. Sekiguchi™**
(*Keio Univ., *JST-PRESTO)
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NTWa 1D, B & AR O S AR 2 RE SR ERORIZB T2 STT OMREFARDS 72012,
magnetostatic backward volume wave (MSBVW) Z il U, JEIJ D BB i 24 FE MRAFME 2 JIE U 72,

2. ERAE

Figure 1(a) 123K O E AR E BB G 2 R, SiHk L
WHEJE 190 nm, #%IE w = 2.0 um D Nig Feo MI#k % & 7
B IO Ar IV V27 2HWTHIILI U7, NiFe Ml EiR
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(10 nm)/Au (100 nm) TE# U 7z, @A 7 > 7 F 1% fig. 1(a)
WWRTEDBRAT VY REIZL, I NE AL VIFEDOEED
TELAK Z/NE KT EHREIE Uiz, @AY VT HITRZ7 by
3w T =27 F 4% — (VNA) 2k L. y SfIZ 1 kOe
DANERIES & FILIN L €, MSBVW Z it U 7z, NiFe fifgd iz
BERERZEHMLU, VNA ZHWTHEA > X7 & v AD Rk
AR MVERIE L, m#k L 72 MSBVW O 08 J& i #1% 5
7=,
3. ERERBLUER

Figure 1(b) {2 U 7z A AR bV —Hl% RS, &
REE j=+5%x 1010 A/m*> DFEDHEA > X2 RV A ALy,
BLO AL, OEEHZ R L, MSBVW DIEM % kyy A
5 ki (TR X E B L, LIS f(ky) = 7.56 GHz 5
f(ki2) = 7.19 GHz (224t L 7=, STT 12 & % MSBVW O &
B 7 b & Mgy = fkar) - fki) L EHT S &, EBIRE
BT B Afgpr OZALIE fig. 1(c) DL S 1ck b, K
V7 NBREBEIZHHILTOND I R0 h o7z, BIRBEE
j=+5%x10"0 A/m? & j=-5%x10" A/m?> DIFE DA
7 KR T B L, 800 MHz £ DE KA EES 7 SRS
Nz,

SE X
1) V. Vlaminck and M. Bailleul, Science 322, 410 (2008).
2) K. Sekiguchi et al., Phys. Rev. Lett. 108, 017203 (2012).
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Fig. 1 (a) Scanning electron microscope
image of the sample. The spin waves hav-
ing wavevector Ky; (Kj2) propagate in +y
(-Y) direction. (b) The spectra of the real
part of the mutual inductance. (¢) The cur-
rent density dependence of the frequency
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BMKIEEZ IS A LTkt b o RrVREMSEE Y

EAEEL, R, KT, 2R
(AR L)
Magnetic tunnel junction sensor applying magnetic vortex state
M. Endo, M. Oogane, H. Naganuma and Y. Ando
(Tohoku Univ.)

[Z LI

VAR, BREBEME o kRS (Magnetic Tunnel Junction, MTY) Z IS LBt o 903 EH 24D TN 5 D,
s, 7 4 A7 ROBENMERITFFED T AT b (ESPER) OFRMET T, b7 4 A7 2 LT
WES L) etz & A 2 ENMLITVWD, iR (Magnetic Vortex State, MVS) & FE[EH
TEY ., BALHBRO —EBICHRIE RSN BN D, MVS DR IE— R b iE 2 VW5 2 & T, MTIJBIRD
TRIZE Y &2 P RHEORIEECIRE O LA TE 5, RFIETIET « A 27 £& 100 um F2E D MVS & %
T2 MTI et o ofFf - SHliZ B & Lz,
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4 TEEAROAT I Y UL DT 0 A2 RIS L7z, MTI OEAIEZ421 10, 20, 30, 50, 70, 100 pm
& LT, F T ORI R E GRS 5 L 0 IT o 72,

EREER

Fig. 1127 4 A7 4RO MTI OREKIEH TR Z 777, MTI SaRURRE ) SRS 2 ) S8 5 & K= 74
A K DRI O Z b B Sz, £72. 100 pm L TFOF 4 A7 T MTI idt o PRI O A2 H
T2 Embnol, Fig 212 MTI OER L B aigintho MTI 5T v HEEOBGRZ RT, REZ—E
ELTESA . B OFBSGEA CEo T MTI S o OREITHMNT 2 2 L 03 fEGR T 7o, ZOfER
1.7 4 A7 EPEZITH L THDITRKRE WA MVS OHIFRERNT 4 A 7RI+ 25 2 & Exbin L
TW5, 5T MTIOBEHBIZBWT MVS BREFLL TRV, ZOMRERIET 4 A7 RICHEIT 5 L0 25,

AHFFED—ERI% IST HFFER SRR T2 THIEA A/ _— a2 VA 7 0 7T A(S-A /)], ROHIL
REEEREFREF O XEIC L VT,

L Z D&,

1) D. Kato et al., Appl. Phys. Express 6, 103004 (2013).
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Fig. 1 Magnetoresistance curves of Fig. 2 Sensitivity of disk-shaped MTJ in
disk-shaped MTJ. the vicinity of zero field.
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B0 b ORIV DR P RIsREE b o Rr RS D
V=T VT 41252555

HEPE ST, R, JOREE, *REFEOL, CHE—, KB, LRERR
GRAExR, * () 7V —)
Influence of stray field from pinned layer on linearity in magnetic tunnel junctions for magnetic sensor
T. Nakano, Y. Sano, M. Oogane, *T. Yano, *K. Ao, H. Naganuma, and Y. Ando
(Tohoku Univ., *DENSO CORP.)
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6% & 20, T720bEE7 =Y (SyF) #iEH o AT
TR AL RS DS ERALAR D % spin-flop BEG O R E S1ZI U o7
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1) T. Nakano, ef al., submitted to IEEE Trans. Magn.
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IBER{LALEE MgO XU 7 MTJ @ TMR i & i oo 2468

mH R, et ez, R, 2 B
(& Ldtklath)
Tunnel magnetoresistance properties and interface diffusion of MTJs with post-oxidized MgO barriers
Chikako Yoshida, Hideyuki Noshiro, Yuichi Yamazaki, Toshihiro Sugii
(Fujitsu Limited)
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(1) K. M. Bhutta, et al., J. Magn. Magn. Mater. 321 (2009) 3284.
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WG R % N2 STT-MTI DA A > F > 7 E it I
R, ISR, R
(" FORTER PR TR E B TP, 3O LRGN ) T2 ET)
Inverse-magnetostriction-induced switching current reduction for spin-transfer torque MTJs
Yota Takamura', Shigeki Nakagawa', and Satoshi Sugahara®
('Dept. of Physical Electronics, Tokyo Tech, “Imaging Science and Engineering Lab., Tokyo Tech)
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FIEE - =7 —L—FELEEL, Wmalr).

P 2B N
1) N. Saito, M. Yamada, and S. Nakagawa, J. Appl. Phys. 103,

07A706 (2008). .
2) J.Z. Sun, Phys. Rev. B 62, 570 (2000). 0 100 200
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RELEEERLI-REVEABIEREICHEITS
REBROBREBUKFIE

IS, FaRME
BERBEATE FHREIZHREH
Effect of the Gilbert damping constant on the switching current in the spin-transfer switching
with the thermal fluctuation interaction
Keisuke Yamada, and Yoshinobu Nakatani,
Graduate School of Informatics and Engineering, The University of Electro-Communications,
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Lo THBEZTLDRETHD “BLOBES TR “2BE LRI T Qo lz, AV VA
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[1]1J. Z. Sun, Phys. Rev. B., 62,570 (2000). [2] J. A. Katine, et al., Phys. Rev. Lett. 84, 3149 (2000). [3] J. Miltat, et al., J.
Appl. Phys., 89, 6982 (2001). [4] S. Mangin, et al., Nature Mater. 5, 210 (2006). [5] H. Tomita, et al., IEEE. Trans.
Magn., 47, 6, 1599-1602 (2011). [6] K. Yamada, et al., Appl. Phys. Lett. 106, 042402 (2015). [7] Y. Nakatani, et al., J.
Magn. Magn. Mater. 168, 347 (1996).
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Numerical study on microwave assisted spin transfer torque switching in a
multilayer with perpendicular aniosotropy

Hailun Yu', Xiaorui Ya', Terumitsu Tanaka', Kimihide Matsuyamal

Graduate School of Information Science and Electrical Engineering,
Kyushu University, Fukuoka, 819-0395, Japan

Current information devices will be confronted with a serious physical limit in the lateral downsizing in the future.
An alternative approach for continuous progress in the device performance is intensively demanded. An integration of
multi functionality, such as memory and logic components, is a promising solution for an increasing requirement in
various system applications1,2). In the present study, an exchange coupled multilayer stack, was proposed as a quarterly
state logic-in-memory structure, and fundamental device operations have been numerically demonstrated with
micromagnetic simulations.

Figure 1 shows a schematic of designed device structure, which consists of ferromagnetic tri-layers with different
perpendicular (layer M1, M3) and in-plane anisotropy (M2), embedded in the outside two fixed layers (F1, F2) used as
spin injectors. The following magnetic parameters and structural design (noted in the figure) were optimized with
preliminary simulations; Ms1=Ms3=770 emu/cm3, Ms2= 800 emu/cm3, Hk1=10 kOe (perpendicular), Hk2=4 Oe
(in-plane), Hk3=20 kOe (perpendicular), damping constant oo = 0.01. Spin diffusion length in the magnetic multilayer
was assumed to be 10 nm, considering the previously reported standard values for metallic ferromagnets.

Simulation results of data coding process are shown in Fig.1, that is, the perpendicular magnetization of the two
layers (M1, M3) was selectively reversed with cooperative applications of a pulsed spin injection current and an
alternative magnetic field, which frequency was adjusted as the individual resonance frequency of 22.5 GHz and 52.5
GHz, respectively. The magnetization direction of the M1 and M3 corresponds to the binary information. The coded
data can be read out utilizing the difference of resonance profiles for quarterly states, as presented in the figure. The
identical micromagnetic configurations for the data “10” and “01” (“00” and “11”’) enables a coincident logic, such as
an exclusive-or operation.

Fig. 2 compares the selective switching property for various values of Hk3. The results present the current density
margin for the selective switching of M1 and M3, performed with different rf frequencies of 22.5 GHz and 52.5 GHz,
respectively. The operation margin for the smaller Hk3 of 15 kOe was significantly reduced compared with that for Hk3
=20 kOe. While, the increase of Hk3 results in the increase of current density for both of the two layers.
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presented. M3.
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