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Magnetic properties of H,O bridged one-dimensional metal complexes
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(Saitama Univ., *AHMF, Osaka Univ.)
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Magnetic Quantum phase transition of a superconducting layered compound, Sr,VFeAsO; s
Y. Tojo, M. Nakanishi, Y. Kamihara
(Keio Univ.)
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T2 L BIER STV D, 2009 FIZ 8GR R AR
KD—> & LTl STz S VFeAsOs s 1, <7
A 1A B S, VO3 58 & PO % FeAs J& 73 A\ M I fEE
L72IRE T =4 Y ERIEE ¥ (Mixed anion layered
compounds: MALC) T 5. SroVFeAsO, s DREPEIE, B
PG T HICRER A A % 2 TG o7, HHETH .
SrVFeAsOz ;D K 9 72 MALC DRMEE ORERENMEAFIR  Fig. 1 The left shows a supercell structure of
Wi, BFERRRIC L A R— F A TH S, A Sr2VFeAsOss. The right shows AE versus
BRI AT TIRIE L, ERCR b TR Several site of oxygen deficiency.
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Projected Augmented Wave (PAW)#% 87 |2 X % fE K BEFH 4L == — K Vienna Ab-initio Simulation Package (VASP) %
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AT S L& LTy AL AL (Super cell) &2 RABRES: & L7z, KIBDAE U DMER YA L, &R
BITNER = R VX — 2/ ME(AE =0) & 72 HHEE L L CEFR LT
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2. EBRIE 20 (deg) CuKo,

Eﬂ'éﬁ LT BaCOs3, a-Fe,0s3, TiOz, Zn0 H L < 1% CoO # H
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PR RAFAEZ RS, HUAHRURHT 12.5 emuly O fafmifbs © Sintering tempereture (°C)
J OV 30~50 Oe DERfEE S &7~ Lz, Z OEITSCHRE 2 & —
T, HERGIEEE 1400°C CRURIBHEAS KX <M L7, i 2 BaaFezsTiisOss D fUFNREL &
IZFEAE & L CRIRIR L O R E VD BaM AR L7272 72 & % PR O BERCIR AR A7
Z b5,
312 Ts=1300°C CERL L 7= B E x D/ A Zn BEHLA ® Bake,Tij;0g O BaM
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LTz, BARE LCARLEWEICIE 2 eRAEEns 3 | 25
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Magnetoelectric effect on CoFe>O4 / Pb[Zr, Ti]O3 multi-layered thin films

S. Nakao, K. Kamishima, K. Kakizaki

(Graduate School of Science and Engineering, Saitama University)
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~AF T zuA y I HEOPIZIIHEK—ERJME IR EEIT L0850, BAICHIEITND D,

ZOBREIGH LT N A L LT%%‘% Y —, EREC—RENBRINTND 2. ARIFETHE, B
B U DMK & LT CoFe,04(CFO) %, T F TR L LT PH[ZTi|Os(PZT) B L, N % of A%y
HZIFIC K VBRI E T4 28T, 20O MEZBEICOWTIHRAT-OTHRET 5.

EEBRAE
AREHT of ANy FIRICE > TIERLL 7=, #—% > MTIE T, VoM Cokeo,
Pt, CFO 35X 08 PZT MIHi(% 76 mm®) & L7, F % o /8 —W oA Y mmemos -
% 8.0X 107 Torr LL FIZHER#2, Ar A& AL T 10 mTorr & 7,=700°C foo 1
U, BEHMBILTDT, BRAH T A KM LIS, Ti 6 20nm 55 ggslﬁ =
LOUPLE 100 nm & FECHRIE LT, 2 0%, POlHic~ %7 % _,»,mw‘og - e
B0 A1, B, Fv 2 3—KN% 8.0X 107 Torr UL FICHER#, Ar ) v \WLW P
H A% 10 mTorr & L, CFO Jg§#% 50 nm #EF5 L7, KK+ £
800°CC 5 FEMIEMVLEE %47 »7-. = CFO J§ Licaikogitc  §| ° ' \
PZT J& % 200 nm, CFO J&% 50 nm ¥ TR L, izl = lh y
B2 R 600 36 T8 700°C T 5 [T - 72 Wy 00 o) ‘ ‘
5 T IO R HEREIE X BRIBIHTIE(XRD)IC & 0 AfAT L ooy W
2. £72, MEZIROWEIL, S z1T- f:?ﬁ*}%ﬂﬂb\ A . .
iR S JZU&C{/ILM%%H%@ X LEEICEML, FEELEE 2 » "y 201(()1eg.| 50 Cu-l?:z
I AT LTI OHEIE LT .
HE B L URE Ho-d CF)élﬁFE)ZPrig?:rg)sn?EIttri]?layered films
Fig. 113, 600 35 08 700°C TEWLEE L 7= CFO,/PZT,/ CFO annealed at 600 and 700°C in air.
JEREED X BRIEPTX %2~ T. WaEHI 3BT CoFe04 FHES LY 800

Pb[Zr, Ti]Os fH 5 & D EIFT#E N BN TH Y, HAY & 95 PZT & CFO
OFERBIEAF Lz, £, WThoORED, CoFe04 fHD {1 1
D AR NICEL A L7 e 70D, Zhud, TEVEMO Pt JEic
SLTCFO BRI EZ XL v LI E LT Th 5. —7,
Pb[Zr, Ti]Os FHO(1 1 D OEIFTHRIE, PtFE(1 1 D OREIHTH#R & &
o TEBVHEERTERWA, (10 HBLVA 1 0)EoEFHI D
THTROHEND Z LD Ph[ZnTilOs iR L CTRY, *
O 1 DHEAEERNICEM LTS SIS,

Fig. 2 1%, 15Ok ME (RE O B iR % R~
B R ME £248%1%, 600 3 LT 700°C TEVILEE L 7=3UkEHZ B W C %
NZEN 328 BELV697mV/iem * Oe TH 7=, F7z, 700°C TEAL
PR 7Z30BFTIE, 600°C CEVLER L 73 UBHT b ~MERISE 25 ME  Fig. 2
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DC magnetic field dependence of

o7 - PO \ ME coefficients for the

1RE i%jf LIEH 5. 2k, REoREN L viEHE & R /& CFOIPZT/CFO multi-layered films
EBHANBLDRT L o127 TH D, annealed at 600 and 700°C in air.
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1) N.A. Spaldin, M. Fiebing : Mater. Sci., 309 (2005) 391.
2) J.Zhou, H. He, Z. Shi, C. Nan : Appl. Phys. Lett., 88 (2006) 013111.
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Fabrication of highly qualified (Bii.xLax)(Fe,Co)Os multiferroic thin films by using
a pulsed DC reactive sputtering method and its magnetic and dielectric properties
M. Kuppan', D. Yamamoto', and S. Yoshimura'*

(‘Akita Univ., 2JST PRESTO)

(L OHIC smpett - mFEEMENE, BHENC X 2RO JT S, B H)IC X 2 ER 0 MP) D J7 mH
BIAFREE ST WD Z LD, FFHIRKIERE T EEE L THFERTERIL L TE T\ 5. EEKEIR O
BERT A ACAM B 2 AT 254, @SR E OB, EmWEFI L (M), mERER E 0@
S DEEMBKETE (H), REOBREENARDLND. LLARRS, ZhE TRa &N TE i
M- EFEMEIOZ 1, WEEMEHIME TEE FN—T7725 2 &L T2 BB ST Ga0n £ <,
F 72 B A B 2 MR T D BLE NS T D F—T B AMH L CE 2R, K& MBI UMM He, &
HIDHDHMEHIITE E A EREINTWARWL., FEENINE THEHB LT 72(BiixBa)FeO; M - s EM EHT
DN, LB OO, @mEARE L - @R - 7 — 7 E O, (SRR 7 RS v
ADC ARy Z Y THED W CHBERE LR, RF~Z7 R har 28y 2 ) U ZETHIEL T2
NETOHEBRL D & EMAL72ERASE O, ZNETHOLNTWED L5 FREDOK X7 My (90 emu/cm?)
DELNT?Y . L, TOMEBEOBALES HFTERENTH Y, TOREEIIIT2-3k0e FBRE L, MKT
ANA ZEHNTITIE LT ieho 7o ARBFFETIE, (BiBay)FeOs ISMT & 5RIEENE « MFEEMENHGRE SN TV D
BEF  (Bi,A)(Fe,Co)Os; (A=La», Nd¥, Gd») D)5 (Bi,La)(Fe,Co)Os 1235 H L, SV A2 DC A%y # 1)
YIEERWT, EOEMAEROERZITV, B L OSBRI 2T,
ik (BiixLay)(Fep75C00.25)03(x=0.44~0.69)(BLECO) (B 300 nm) %, Sttt/ LA DC ARy & U 7
EERAWT, BT & Si FEH EIZ Ta(s nm)/Pt(100 nm) D FHE 2 Bl L 7%, BEREE L CERL-.
FEIEEIE, Ta 2=, Pt % 300°C, BLFCO % 600°C, DOFAEE CHRIE L7z, ARy XU T X2 —7y [T
I%, La-Fe-O FiR, Fe iR, Co MyRKZBEfRs S & C/ERL7E8E MY —5 > MTBIi v — M EELTL D%
W72, KIGPE/SV A DC ARy X ) o TIEITBIT D20V 258 L LT, BE$%E 50~250 kHz O#iH &
&, |EHEX 150 W, T =—7 4 — (ON:OFF) tix 2:1 O—Efl & L7z, {ERL L =IO ST I
XARFEHTREEXRDIC LV, BRMAEL, REFCEPR I FHVSMIZ LV, FFEMNEIX, BLFCO fEfERE D K
KIZ Pt Ky MIREMR(G100 pm) 2 BRI L 721212, SRFBRFFERT S 2T A X 0 iTo 7.
R Figl o, G VA DC ARy & U > 7% -V CYERL L 72 BLFCO IR O fafnfié b s X OMREE 7]
D, Bi k7% La BEHEKFMELZ RS, REBEICE LTI, MmN G m & TE T MO 7 O %77 LT
WD KD My DME S D HEED La [EHLE(60 %IRRT, # 100 — . . —5.0
N T8 X OEE S RO TRERRENDPELI, o B Out-of-plane
FEE S IRV TR K E 2 IRBE 3G B 7. VSM IlEIC R
N EINRE SR 5 180 & SRS PN 5 80 208 > TR B 5 1) & T2 b S8 O
LR 2 HE L7255 5%, BLFCO %H%@Wbﬁ%ﬁﬁ IR T
FHhThotz. £, MHFIZRT X 912, A BLFCO #EEIZ BT,
JFASFEDS RS R e 2T U v 22445 P-E A oh
TR, BOgrM@ErfRFELEoN TS, ZhETHREINT
W5 La R—7 BiFeOs I TIXEEEL S L2 h o T B - SR
DELNIZERIE, SOV RLX—2 0T D Ay ZRi7 HBER q
(L R) HRCHEERRICENET D 2 & T, R DI T oYL N T e .
PMEEL, MEREORWEBREIMG LN LItk bEBELBND. 04 05 06 07
BEY@ 1) D. Pelleymounter et al., 2014 Soc. Vac. Coat., 57th x [La/(Bi+La)]
Annual Technical Confe;rAenf:e Proceedings, Chicago, USA. 2) &AT 2 I(j(l)%cehtr]z?t?ggndg? C?B?]f_xmi)&fcy)bfnﬂﬁﬁ
41 [A] H AR SR 2 4E, 19pA-15. 3) K. G. Yang et al., J.  films fabricated by pulsed DC  reactive
Appl. Phys., 107, 124109 (2010). 4) F. Huang et al., Appl. Phys. Lett., 89, Sputtering method. ~ P-E - curves  of

> (Bio41Lao.s9)(Fe,Co)O3 thin film is also
242914 (2006). 5) P. Suresh et. Al., Mater. Sci. Eng., 73, 012082 (2015). shown in this figure.
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Condition of surface plasmon resonance in near-infrared region for magnetic multilayer film
S. Saito, K. Ooki, K. Akahane and H. Uchida* (Tohoku Univ. *Toyohashi Univ. Tech.)

1. [XL®IZ

MRt I EMOMAORE IRLFRERMT LT A A TH D, FrEOERET T TRV H K
ERMERTAT I v 7 VUV ERERT DO, xRN R EZ N EIRIE L 327 310 ANRREIN,
FERLEN TS, T taETe—TL Lotz licca, B2 JwH, 50387 7
ANRNEHNTRZEMP COBAOE L TRAREL 7 D20 H SN TW5D, BEREFERIZLD BT
ERERLT D720, Wb TR RDOBEEIEZHND Z ENERTH Y | Fx ITRBENEFERLNEZ
B2 (GMR ZJg) °F/ 7 = o2 7 —EIZBND~ 73 N 7777 0 7% % (MRE) (23 EH LC\W5, MRE
DOIATHFIEIE, BEEFRHAIX 1995 LI D, EBRHE I 2002 LI 2 O A IND, L Lann, £
FOE/BIEAHELIRYIE 7O MR ##ROFEBAGHHNZ H o> 72729, MRE 58I OV TORMEL - Jgfakiz D
WTORRFHI TR SN TR, FE DI, FY TOROATELY | fEF2IC BT & % Co/Ru BiMEZ% )3
5> MRE Z et L 39, AT 0.3%fE D MRE MG ohn b Z L2 WELE S, AEERE Y7 X3t
i (SPR) Z i+ 2 Z & T MRE #{i &5l 7o, AGH TILE T /R4ME TD SPR RAFIZHOW TR T 5.

2. EERER

F9 Au EEOITRIMETO SPR & FHRE L=, Fig. 1 IZITFEE 20 nm O Au EEIZOWT, 7Ly T <Rl
EORED P RIS RO NS A Z R 250 nm 72°5 1750 nm £ TEHEL Ty 7RISR U, FAKILE
£ 1550 nm (BT D RO AFAIEITFIETHY, ~ > 7 WO T 5, AFHAERIFHICEDERNETD

SPR WAUIC Lb A5 BOHBRDMA (FAv7) AL SICE e 109
BENDHZENDND, AuDIEEICZHOWTHRRFLIZEZA, 1550 1500
nm TIFMIE 20 nm B TTF 4o 7 DRIHIEARD WRNELRDIE E
ET 4y T NRSIL DR NI D Z LB fERBS Uz, ZHITRBIN. g g 50
COEMI T OWHEKARA L SPR BB LASHR TS, 5 o
G5V T SPREFIED 725D AuJB & RS & ORIBHES 2 2
Ui, Fig 2 () |CH, Fig. 205) DBHRORE - £ o7 127 = g
(2B, BE 1550 nm O P {REE AS L75HE0 SPREWAT 0

DT 4 T OERE 100-Rmin Z A D Au JFIRE x, z 123 L CTEHA ° mMmﬁ%m9Mw)%

L7z Rz R Uz, By D@k % Co(4 nm)/ Ru(0.7 nm)/ Fig. 1 P-pol. reflectivity map of a Au(20 nm)
Co(dnm)& L7286 (N=1). x<10, z=0 THEWT 4 v 7NN iizgiizzﬁﬁizgﬁﬁTmu%md
HIERDND, TOT 4y TOERSIT, LB '

D NEEZRELTHIFEEERLS R VRERMA~LE > .

7 bL7z, DL EOHBE ORI S 1550 nm T SPR Au (X nm)
Z RN 95 7o I iE, WAL & AT RE R V) < [Co/Ruly /Co
L. ZEXMANZ 10 nm BL F O Au B & 5% 1T 5 @t Au (Znm)

o /N\
AN TH D ERBED bt sw. /]

100
80
V. V4 Nab. |
obse d 60
‘ 0 10 20 30
SEXHK 1) 1. C. Jacquet et al., MRS, 384, 477 (1995). )

Top layer thickness, x (nm
2) V. G Kravets et al., PRB, 65, 054415 (2002). 3) H. Sato Fig. 2 (Left) Kretschmann configuration and stacking structure
et al., IEEJ Trans. on Fund. and Mater., 136, 174 (2016). for reflectivity calculation. (Right) dip depth plotted against Au
4) K. Ooki et al., 41th Ann. Conf. Magn. Soc. Jpn., 19Pa-02. thicknesses, x and z for Au(x nm)/ Co(4 nm)/ Ru(0.7 nm)/ Co(4
5) S. Saito et al., 41th Ann. Conf. Magn. Soc. Jpn., 19Pa-01. nm)/ Au(z nm)/ ITO(2 nm)/ glass sub.

w
o

Bottom layer
thickness, z (nm)
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Enhancement of NIR magneto-refractive effect for Co/Ru multilayer film by surface plasmon resonance
S. Saito, K. Ooki, K. Akahane and H. Uchida* (Tohoku Univ. *Toyohashi Univ. Tech.)

1. [XCoIz  5REVE/FEREZ B (GMR 2 @) TSN HMELE BT D~ RN 7T 7T 47
ZhH (MRE) 13, 88 ORALECHNZ 3 It U C RO Y 2l 28 1I:75>@%ﬂét&be—:ﬁéhﬂ\éo LA
DOMESIN TSR 1550 nm T 0.3 % FREE/NSS, ERRICT 7V —Ta AR 5720121
MRE O EHS L OV RO M2 SHIZIRD DML D, —RITHNEZ @BIFIZ 31T 5 MRE 1358 %E 10
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Accurate measurement of Faraday effect of CeF; single crystal in the direction perpendicular to its optic axis
Toru Asahi, *Kenta Nakagawa, Kun Zhang
(Waseda Univ., *KISTEC)
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Preparation and characterization of RosBiz25Fes012 (R=Eu, Sm, Pr) thin films.

M. Nishikawal, H. Aibal, R. Urakawal, Y. Kimural, T. Fujiedal, T. Yamamoto?, G. Loul,
M. Kawahara?, T. Ishibashi!

(1Nagaoka Univ. of Tech., 2Kojundo Chem. Lab.)
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Evaluation of magneto-optical properties of (Bii.xLay)(Fe,Co)Os3 thin films
for the measurement of electromagnetic effect of multiferroic thin films
S. Yoshimura'*

(‘Akita Univ., 2JST PRESTO)
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Application of MEMS Magnetic Sensors for MedTech Innovation

Jian LU*,  Ryutaro MAEDA
National Institute of Advanced Industrial Science and Technology (AIST),
Namiki 1-2-1, Tsukuba, Ikaraki, 305-8564, Japan
(*Corresponding Author email: jian-lu@aist.go.jp; Tel: 029-849-1180)

In recent days, the advances of MEMS technology enble mass production and commerciallization of ultra-small and
low-power MEMS magnetic sensor with ultra-high sensitivity of a few uT. Besides explosive growth in smart phone
applications, those ultra-sensitive MEMS magnetic sensors are believed extrodenery important for medical technology
innovations due to inherent characteristics of the magnetic field to human body.

Towards real time imaging of human organs during medical surgeries for organ excision or tumor care, i.e.
laparoscopic hepatectomy, we have been engaed in developing a high-resolution location tracking system by using
artificial magnetic field and 3D MEMS magnetic sensor nodes for years. In this talk, fundamental principle of the
system will be prsented and demonstrated. Our preliminary results indicated that location reolution of a few mm can be
achived when multi-pairs of electrical magnetics were applied to create a unique magnetic field, in which both DC and
AC signals were combined for noise cancellation as well as for rotation recognition. Our experimental results also
suggested that mapping of the whole magnetic filed, as an extension of simulation, may greatly improve positioning
accuracy. Besides stability and repeatibility, many other specifications of the system were investigated and discussed in
details.

In addition, a few other examples of using MEMS magnetic sensors will be given and discussed herein. Related
works on integration and assembly of ultra-compact wireless implantable sensor nodes for animal monitoring as well as
its wireless power supply system will be introduced too for better understanding technical issues for practical
application of above technologies in MedTech Innovations.
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Development of high-sensitive and wide-range linear magnetic field sensor

M. Masuda™?, Y. Moriyasu?, Y. Ando*
Tohoku University, 6-6-05 Aoba-yama, Sendai Miyagi 980-8579, Japan
R&D center, Asahi Kasei Microdevices Corp., 3050 Okata, Atsugi Kanagawa 243-0021, Japan

Recently, there are increasing interests in high sensitive magnetic sensors from a view point of application to
biomagnetic sensing and non-destructive analysis. For example, pT level or smaller value of magnetic detectivity is
required for the detection of electrical activities in brain and heart.  Spin-valve TMR sensor is one of the candidates to
realize such high performance at room temperature without complicated equipment. High sensitive spin-valve TMR
with bottom free layer structure has been reported™ % Nevertheless, in general, there are technical tradeoff between the
magnetic sensitivity and the input range of the magnetic field.

In our study, an improved magnetic sensor structure with highly enhanced magnetic sensitivity has been developed
by incorporating an optimally designed magnetic flux concentrators (MFC) with bottom free structured TMR. Also
excellent linearity with wide input range has been successfully obtained by using magnetically balanced closed-loop
system.

Figure 1 shows transfer functions of the magnetic sensor with MFC and that without MFC. The magnetic
sensitivity is enhanced over 87 times larger than that without MFC. In order to make such high sensitivity compatible
with wide input range, we utilized magnetically balanced closed loop system. The linearity of the closed loop sensor is
better than £0.1 % F.S. (Fig.2) in the range as much as +£100 uT, which is larger than the earth magnetic field. Figure 3
shows a sensor output signal spectrum in which an input sine wave signal of 354 pT rms at 10 Hz is detected with
sufficient SNR.

This sensor device structure explained above is envisioned to become a key technology in realizing the magnetic
sensing of pT level.

1) K. Fujiwara et al, Journal of Applied Physics, 111 (2012) 07C710

2) K. Fujiwara et al, Japanese Journal of Applied Physics, 52 (2013) 04CMO07
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Magnetic Sensors for Automobile

Takamoto Furuichi®, Masahiro Yoshimura®, Ryuichiro Abe’, Michihiro Makita?,
Mikihiko Oogane®, Takafumi Nakano®, Takahiro Ogasawara®, Masakiyo Tsunoda®, and Yasuo Ando®
(DENSO CORP. Sensor & Semiconductor Process R&D Div.}, Semiconductor Sensor Engineering Div.?,
Tohoku Univ. Department of Applied Physics®, Tohoku Univ. Department of Electronic Engineering®)

Magnetic Sensors for Automobile

In order to address the enhancement of emission regulations, “Electronicization of cars” including electronic control
of engines has progressed rapidly and many semiconductor sensor devices have been adopted in automobile. Magnetic
sensors, for detecting the rotation angle of Cam and Crank, the position of accelerator pedal, the speed of vehicle /
wheel, and the current of battery etc., are mounted about 10 or more pieces in a car, and the quantity of them are
increasing. In the future, electric vehicles such as PHEV/EV will increase due to global fuel efficiency regulations and
EV strategy of European automobile manufacturers, and the amount of current sensors for inverters and/or EV batteries
are expected to grow drastically.

The needs for these current sensors are

1) Miniaturize ; To correspond the space reduction due to increasing the number of battery cells

2) High precision ; To use up batteries for extending the EV cruising distance

3) High current detection : To drive the motor with high current.
In general, Hall sensor is used as magnetic detecting devices for automotive current. It has a magnetic yoke to improve
sensitivity and noise tolerance®. Others, shunt resistance device and a flux gate device are used as more accurate
detection applications. However, these devices have a disadvantage that the size is large.

Current Sensor using MTJ Element?

Therefore, we aimed to productionize the small (yokeless) and high precision current sensors, we developed the new
type current sensors which detect the magnetic field without yoke using with the high sensitive magnetic tunnel junction
(MTJ) element. To realize the high accuracy, we need to reduce the nonlinearity to 0.1% FS or less. In addition, currents
to be monitored may be as large as 1,000A, it is estimated that the magnetic sensors should have a dynamic range as
wide as the order of 1,0000e.

For these reasons, we adopted a structure which have in-plane magnetized free layer and perpendicularly magnetized
reference layer, compared to the conventional MTJ sensors which have in-plane magnetized free and reference layer of
CoFeB / MgO / CoFeB MTJ. In reference layer, we applied the synthetic antiferromagnetic (SAF) structure due to the
high exchange bias, the wide dynamic range of +/-2,5000e. In free layer, in order to optimize the anisotropic magnetic
field, we investigated the thickness dependence of it. When the thickness is 1.8 nm or more, it becomes in-plane
magnetization, and when the film thickness becomes thick, the slope of minor G — H curve decreases, it is equivalent to
the decreasing the sensor sensitivity. This is consistent with the minor G - H curve calculated by the Slonczewski
model®. As the result, we achieved the nonlinearity <0.1% FS within + 1,000 Oe.

Reference

1) M. Kato, nikei BP Car Electoronics p127 (2014)

2) T.Nakano, et al., Appl. Phys. Lett. 110, 012401 (2017)
3) J. C. Slonczewski, Phys. Rev. B 39, 6995 (1989)
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A multi-channel SQUID system for biomagnetic measurements

'"Yoshiaki Adachi, *Shigenori Kawabata
(1. Applied Electronics Laboratory, Kanazawa Institute of Technology;
2. Department of Advanced Technology in Medicine, Tokyo Medical and Dental University)

Biomagnetic measurement is a promising tool to investigate electrical activities in a living body noninvasively. A
weak magnetic field induced from nerves or muscles is detected by highly sensitive magnetic flux sensors, and
magnetic source analysis reconstructs the electrophysiological current distribution.

Superconducting quantum interference devices (SQUIDs) are typically applied to the detection of the biomagnetic
signals whose intensity is on the order of 10"°-10"% T. The structure of the SQUID is a superconductor ring with a
single or two Josephson junctions, consisting of two superconductors sandwiching a thin insulating or normal
conducting layer to form a weak link. When a bias current larger than the critical current is applied to the ring, the
SQUID induces a voltage (V). The voltage is modulated periodically depending on a magnetic flux (@) applied to the
SQUID ring. The period is exactly equal to the magnetic flux quantum. This gives a large differential coefficient
(dV/d®) that contributes to highly sensitive magnetic flux detection. The SQUID is connected to a flux-locked loop
(FLL) [1] to linearize its output and improve its dynamic range. The flux quanta counting [2], thanks to the periodic
characteristics of the ®-V curve of the SQUID, also broadens the dynamic range. The SQUID sensors are usually
equipped with a superconducting gradiometric pickup coil to cancel external magnetic flux disturbances. These make it
possible to detect cardiac biomagnetic fields outside of a magnetically shielded room [3].

We developed a SQUID biomagnetic measurement system intended for the spinal cord, peripheral nerves, and
muscles [4]. The system had two main characteristic features. The first one was the sensor array equipped with 44
vector-type gradiometric magnetometers arranged in an area of 110 mm X 160 mm. The vector-type gradiometric
magnetometer was composed of one axial-type and two planar-type gradiometric pickup coils combined into a single
bobbin. Each pickup coil was coupled with three individual SQUIDs and oriented perpendicular to each other so that
three independent components of magnetic fields, not only the radial component but also the components tangential to
the body surface, could be detected simultaneously. This is effective to extract the magnetic field information
maximally from the narrow observation area, such as a neck or wrist. The second characteristic feature was the uniquely
shaped cryostat to keep the SQUID sensors in their superconducting state. The cryostat had a cylindrical main body to
reserve liquid helium (LHe) and a protrusion from its side surface. The sensor array was installed along the upper side
in the protrusion so that the magnetic field could be detected from the bottom of the target pillowed on the protrusion.
The cool-to-warm separation at the sensor array was approximately 10 mm.

Our SQUID system was equipped with closed-cycle helium recondensation using a pulse tube cryocooler [4]. In the
past, high operational cost because of the LHe consumption to keep the superconducting state of the sensors prevented
conventional SQUID systems from becoming widespread. However, the closed-cycle helium recondensation allowed us
to recycle almost 100% of the LHe, so our SQUID system continued to be in operation for more than nine months
without refilling the LHe, and the operational cost of the system was drastically reduced.

Using the SQUID system, we had already corrected spinal cords’ or peripheral nerves’ biomagnetic data from more
than one hundred subjects. Neural current distributions were reconstructed from the obtained biomagnetic data using
spatial filter analysis. Propagation of the neural signals along spinal cords or peripheral nerves was clearly visualized as
a transition of the reconstructed current distribution. It was indicated that clinically significant information can be
obtained by our SQUID system [5].

References

1) D. Drung, R. Cantor, M. Peters, H.J. Scheer, and H. Koch: Appl. Phys. Lett., 57, 406 (1990).

2) D. Drung: Supercond. Sci. Tech., 16, 1320 (2003).
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Recent developments on magnetoimpedance sensor

Tsuyoshi Uchiyama
Graduate school of engineering, Nagoya University, Nagoya 464-8603, Nagoya, Japan

Sensitive micro magnetic sensors referred to as MI sensors® are based on magnetoimpedance (M) effect in amorphous
wires and CMOS IC electronic circuits providing a sharp-pulse excitation. Micro sized mass production Ml IC chips
for electronic compasses have been supplied since 2002 for mobile phones and since 2010 for smart phones. Making
use of ultra-low intrinsic magnetic noise in amorphous wires, pico-Tesla (10® Oe) resolution had been realized for
developed MI sensor, in which several hundred turns pick-up coil was used for signal detection.

For measuring extremely weak magnetic field such as a bio-magnetic field, it is necessary for canceling the
background uniform noises such as geomagnetic field. We have developed a gradiometer based on the MI sensor. The
gradiometer is composed of a pair of MI elements: a sensing element and a reference element with distance between
elements of 3 cm. The gradiometer has a good linearity and a high sensitivity of 1.2x10° V/T even for no amplification
(Fig.1). The sensitivity difference in two heads is within 1%. As shown in Fig. 2, the noise level of the gradiometer is
approximately 2 pT/HzY? at 1Hz. We have also demonstrated bio-magnetic field measurement using the high
performance MI gradiometer?™.

Three principal advantageous features of the amorphous wire MI sensor in summarized are follows.

1)  Sub-millimeter size sensor head is realized with a high sensitivity of several nT resolution. Utilizing this advantage,
3-axis electronic compass chips having 10 um diameter amorphous wire heads are in producing; those are
compatible with the advanced integrated circuitry for smart phones.

2) Ultra high sensitivity with a resolution of 1 pT without any magnetic shielding in a portable type MI sensor
operating at room temperature have been realized.

3) Ultra quick response for magnetic field signal detection will be useful for micro size wireless receiver application.
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Measurement of Magnetoencephalography and Magnetocardiography
using Tunnel Magneto-Resistance Sensor

K. Fujiwara', M. Oogane’, A. Kanno?, M. Imada®, J. Jono®, T. Terauchi®, T. Okuno®, Y. Aritomi®,
K. Hashimoto®, M. Morikawa®, M. Tsuchida®, N. Nakasato*, and Y. Ando*

(* Department of Applied Physics, Graduate School of Engineering, Tohoku University, Sendai 980-8579,
Japan; “Department of Electromagnetic Neurophysiology, Tohoku University School of Medicine, Sendai
980-8575, Japan; *Konicaminolta, Inc., Hachioji, Tokyo 192-8505, Japan; ‘Department of Epileptology,
Tohoku University School of Medicine, Sendai 980-8575, Japan)

The electrical activity of the tissue of the human body creates magnetic field. Measurement of biomagnetic fields
such as magnetoencephalography (MEG) and magnetocardiography (MCG) is useful for elucidation of biological
functions and diagnosis of diseases from its non-invasiveness and high spatial resolution. However, such measurements
requires the use of SQUIDs with high equipment and running costs, especially the price of liquid helium. We have been
studying to measure these biomagnetic fields using tunnel magneto-resistance (TMR) sensor which is a room
temperature operating device. In this study, we performed MCG and MEG measurement using low noise, high
sensitivity TMR sensor and circuit system.

The Magnetic Tunnel Junction (MTJ) multilayer film constituting the TMR sensor was deposited on a thermally
oxidized Si substrate. MTJs were micro-fabricated by photolithography and Ar ion milling. To reduce the 1/f noise,
MTJs were connected in 870 series and 2 parallel”; the size of the integrated TMR sensors was 7.1 x 7.1 mm>.

Fig. 1 shows the MCG signals using TMR sensor. The R peak of MCG was observed without averaging. This is the
first demonstration of real-time MCG measurement using the TMR sensors. In addition, the Q and S peaks were clearly
observed with 64 times averaging. Fig. 2 shows the MEG signal acquired by the TMR sensor. The signal was averaged
10,000 times with alpha wave as a trigger. Although there was a phase shift, the same 10 Hz signal as the brain wave
was obtained in the MEG. The amplitude of the magnetic field was approximately 2 pTp-p, which is consistent with the
reported value?; the correlation coefficient of the MEG with the EEG was as high as 0.7 or more.

This work was supported by the S-Innovation program, Japan Science and Technology Agency (JST) and Center for
Spintronics Research Network, Tohoku University.
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Optically Pumped Atomic Magnetometers: Perspectives for New Optical
Biomagnetic Imaging Systems

Tetsuo Kobayashi
Graduate School of Engineering, Kyoto University, Kyoto 615-8510, Japan

In recent years, optically pumped atomic magnetometers (OPMs)
operating under spin-exchange relaxation-free (SERF) conditions Magnetic field B
have reached sensitivities comparable to and even surpassing those of 4

superconducting quantum interference devices (SQUIDs) [1-3]. OPMs Pump beam _-

are based on the detection of electron spin precession in alkali-metal
atoms contained in glass cells. In the pump-probe arrangement as

shown in the right figure, a circularly polarized pump laser beam and a

linearly polarized probe laser beam crossed orthogonally in the center

of the glass cell including vaporized alkali-metal atoms. At present, the Spin polarization §

most sensitive OPM has sensitivity of 160 fT/Hz'"

arrangement with a measurement volume of 0.45 cm’ at the frequency range lower than 100 Hz. In addition, OPMs

. . Probe beam
in a gradiometer

have the intrinsic advantage of not requiring cryogenic cooling. Therefore, OPMs are currently expected to overtake
SQUIDs and the possibilities for using OPMs for biomagnetic field measurements and MRI have been demonstrated.
We have been developing OPMs with pump-probe arrangement since 2006 [3-6] and started to fabricate compact and
portable potassium OPM modules in 2012 [7]. The figure at the bottom illustrates one of our OPM module reported in
2015 [8]. The sensitivity of the OPM module reached 21 T /Hz"? at 10 Hz, so that we carried out measurements of

human magnetoencephalograms with it. Compared with the results obtained with SQUID-based magnetometers, we

could successfully observe distinct features of event-related desynchronization in the 8-13 Hz (alpha) band associated
with eyes open [8].

Meanwhile, we have also been challenging to detect NMR signals and MRI with OPMs [9] at ultra-low field (ULF)
below several hundred uT. Since sensitivity of OPMs does not depend on frequency, OPMs are suitable to be used as
receiving sensors for ULF-MRI systems. In 2017, for the first time, we have shown that MRI and NMR signals could be
acquired with the same OPAM module described above operating at a Larmor frequency of 5 kHz without the use of
any cryogenics [10].

We believe that the applicability of new ultra-sensitive optical biomagnetic imaging systems might provide important

advancements in neuroscience and also improve the clinical diagnosis of neurological and psychiatric disorders.

Acknowledgement
This work was supported by Grant-in-Aid for Researches (15H01813), MEXT, Japan as well as Grant Program through

The Nakatani Foundation for Advancement of Measuring Technologies in Biomedical Engineering, Japan.

References - ] L I JE
1) D. Budker and M. Romalis, Nature Physics, 3 (2007) 227-234. E | | =
2) LK. Kominis ef al, Nature, 422 (2003) 596-599. 2 s
3) T. Kobayashi, Magnetics Japan, 13(3) (2018) 135-143. ae_

4) Y. Ito et al, AIP advances, 2 (2012) 032127. s
5) K. Kamada et al, JJAP, 54 (2015) 026601. §
6) K. Nishi et al, Optic Express, 26(2) (2018) 1988-1996. =
7) K. Okano, et al, Proc. of IEEE Sensors 2012 (2012) 239-243.

8) K. Kamada et al, Optics Express, 23(5) (2015) 6976 -6987.

9) T. Oida et al, J. of Magnetic Resonance, 217 (2012) 100-108. e

10) 1. Hilschenz et al, J. of Magnetic Resonance, 274 (2017) 89-94. Potassium cell 83 mm 95 mm

— 140 —



13pA-38 A2 | AR EEAE (2018)

Possibilities of Diamond Quantum Sensors

Mutsuko Hatano and  Takayuki lwasaki
( Department of Electrical Engineering, Tokyo Institute of Technology).
Ookayama, Meguro, Tokyo 152-8552, Japan

Phone: +81-03-3726-3999 E-mail: hatano.m.ab@m.titech.ac.jp

Nitrogen-vacancy (NV) centers in diamond have superior physical properties at room temperature for quantum
sensing of magnetic field, electronic field, temperature, and pressure with scalable applications from atomic-scale to
macroscopic range. We would like to introduce highly sensitive diamond sensors by applying advanced nano-device
technologies, quantum sensing protocols and module system. For application, we will show the biological imaging,
nano-scale NMR, and the device sensing. Advanced technologies for spintronics and electronics are needed for higher
performance.
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Half-metallic properties in Co,MnSi thin film grown by molecular beam epitaxy
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Analysis of microstructure and transport properties in Mn2CoAl Heusler alloy

Z.Chen, X.Xu, Y.Sakuraba, W. Zhou, J. Wang, T. Nakatani, K.Hono
(Research Center of Magnetic and Spintronic Materials, NIMS)

1. Introduction

A spin gapless semiconductor (SGS) is a new type of material in spintronics which is predicted to have a band gap in one
of the spin channels and a zero band gap in the other, allowing novel spin transport functionalities such as carrier spin-
polarization tunability by electric field [1]. Recently, various SGS materials have been reported in the group of Heusler
compounds. Mn,CoAl is most widely studied SGS material, which was reported to exhibit SGS-like behavior in a bulk
sample [2]. However, such SGS-like properties have not been reproduced in thin films [3][4]. We have already noticed
that the phase separation often happens in Mn,CoAl thin films made by a sputtering method, therefore, we could not
observe the transport properties arising from SGS such as low carrier density and positive MR ratio at low temperature.
Since no one has ever investigated how the composition, atomic ordering and microstructure affect the transport properties
in Mn,CoAl, in this study we fabricated bulk Mn,CoAl with different composition to carry out systematic investigation
and find out what the critical factor to determine SGS properties is.

2. Experiment

Mn,CoAl bulk alloy was prepared by arc melting Mn, Co, and Al high purity metals. The initial ratio of materials was
Mn:Co:Al=50:25:25. The alloy buttens were annealed at 1100°C for 72h, then quenched in ice water. According to the
result of ICP, the composition of the bulk was determined to be Mn.71Co27Als9 (at%), the Mn is less than stoichiometry.
XRD is used to detect the structure. Conventional Van der Pauw method was used to measure temperature dependence of
electric resistance, Hall effect and MR ratio in bulk MCA by PPMS. Microstructure of the samples was carefully
investigated by SEM, TEM, 3D atom probe and EDS.

3. Results and Discussion

XRD result shows a diffraction pattern arising from single phase MCA and clear (111) super lattice peak, suggesting the
presence of either L2, D03 or XA ordering. Curie temperature was 827K, which did not change by annealing. Temperature
dependence of resistivity shows semiconducting behavior. The carrier density as 2.17 x 10%2cm™3 at 10K, and 2.73 X
10%2¢m™=3 at 300K, are much higher than reported for a bulk (10%7) and a thin film (102°). The result of MR ratio has
the similar trend as the reported for the bulk [4], positive at low temperature. However, the MR ratio was only 0.12% at
10K, which is much lower than the reported previously, 5% at 40K. According to the 3D atom probe map and TEM
analysis, the annealed sample contained nanoscale Mn-rich second phase, while the matrix is Mn2CoAl having inverse
Heusler structure. Therefore, the observed transport property cannot be attributed to the single phase SGS.
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Fig.1 3D atom probe map of the samples before and after annealing. Fig.2 MR ratio measured at different temperature
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Large MR ratio in epitaxial CosyFes/Cu/CosgFesg
current-in-plane giant magnetoresistive devices

K.B. Fathoni'? Y. Sakuraba®, T. Sasaki', T. Nakatani', K. Hono*
'National Institute of Materials Science, Tsukuba 305-0047, Japan
University of Tsukuba, Tsukuba 305-8577, Japan

Current in-plane giant magnetoresistance (CIP-GMR) is a classical magnetoresistive effect, which had been utilized as
read heads for HDD. After tunnel magnetoresistance (TMR) became major interest in spintronics, the research on
CIP-GMR has become obsolete. However, CIP-GMR is worth to be revisited for a highly sensitive magnetic field
sensor because of its advantages such as small low frequency noise and small bias voltage dependence of MR ratio
unlike TMR devices. A serious drawback of CIP-GMR is low MR ratio compared to TMR devices, at most 29% in the
trilayer device by using the specular reflection technique [1]; thus the enhancement of MR ratio will expand the
possibility of CIP-GMR for various sensor applications. Although the spin-dependent scattering at the ferromagnetic
layer/non-magnetic spacer interface is essential in CIP-GMR, the relationship between magnetotransport properties and
interfacial microstructure in epitaxially grown CIP-GMR have not been systematically studied so far. Therefore, in this
study, we fabricated epitaxial and poly-crystalline CIP-GMR devices having different crystalline orientation and
interfacial lattice matching to investigate their transport property and microstructure systematically.

A multilayer stack of CosgFeso(6)/Ag(t) or Cu(t)/CosgFesq(6)/IrMn(8)/Ta(3) (thickness in nm) was deposited onto
MgO(001) single-crystalline substrate using ultrahigh magnetron sputtering system and then annealed at 250 °C under 3
kOe constant magnetic field to obtain the exchange bias by IrMn. The thicknesses (t) of the Cu and Ag spacers were
varied from t = 0 — 5 nm. Figure 1 shows t dependence of MR ratio. As t decreases, MR ratio increases until two
CosgFesg layers are coupled ferromagnetically. Interestingly, the device with Cu spacer having a large lattice mismatch
with CoggFes, (lattice misfit ~ 10%) shows larger MR ratios up to 25% at room temperature compared to those with a
Ag spacer with a smaller lattice mismatch with CosgFesq (lattice misfit ~ 2%). Figure 2 shows temperature dependences
of MR ratio and 4R of the CIP-GMR devices with Cu and Ag spacers. As temperature decreases, the MR ratio of both
samples increases. On the other hand, 4R increases with decreasing temperature in the device with a Cu spacer while
AR decreases in the sample with a Ag spacer. If we assume the same spin-dependent bulk scattering in CosgFesg between
two samples, this result suggests a spin-dependent scattering at the CosgFeso/Cu interface enlarges with decreasing
temperature.
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T, AL EFGRARASE TR A L ORERRE W ERHLNTR > T e, AEH T, ¥R
AR R 2 R A SR U, KR S 472 CoFeVSI O IR EICR T L2720, £ b ORéMER X O
RABEHEMEIZ OW TR~ 5,

MBE 7:% AV T, MgO(100)5#k L1Z Co, Fe, V. Si & 1:1:x:1 DR (x=1.13, 1.26, 1.39) T[FIKK%
L C CFVS WA TRk L 7= (FEHE £ 400 °C), HIRE R O RHEED 4226, WD x IZBWTH =X F
VANV ERIZEE LTV D T L Z iR L7  EDX AT OFERD B X DAL - TR O V ELERAEANL |
Xx=126 TCo:Fe:V:Si=1:1:1:1ICHIEISNTNDZ EHI L, K112 x=1.26 DRELHI#RZ 7=,
50 K 28T 2 fafifi bidf 1.7 pe/fu. T, HFRME(~2 pe/fu)?izit
SEAMMN RSN, BE EFRICHEOBMEIZRA L, ¥=2 U —i&
EIX=EEMETHD Z ENRBINTZ,

{ESL L 7= CFVS J#EIEOBSIEPIMR) L DR ERFEE A X 2 (R
T, RIR THEBEZ R TICHLBED ST, BEICK L CTIEORER
72 MR OZEALDBI ST\ 5D, ZAuE, SGS FrtE i E 41T
WD 317 MnaCoAl 72 & CRUHI S AL 72 FHEA 72 e R An B R E 9 &
FERDIED TN TH D, 7o, A—/Lh B E OIREERAFEN S | ;
IR TIC > T v U T RELPLET I L TOL TR eﬁ_;_;é i ; é
B3, 7 =L I HERLDY SGS R DNy REEE OMIE 111 & s H (T)
EAEORMBEICFET D Z L2 RB LTS, ZH ORI,
VERL L 7= CFVS MBI 35U T SGS SR I HF I 72 TS N EHL L

M (u/fu)

1:CFVS EiE(x=1.26) DL R R,

Dol % T L EFE LTS, T CFVS M0 V BARK P oy
BRI D 5 % 5 BIC S\ TR B, 0.4
AWFFED—FBIL, B AT ZE(A)(No. 16H02333) D 3k % 5% S
7. z 02
= 250 K
PN 0 =300 K
1) X.L.Wang, Phys. Rev. Lett. 100, 156404 (2008).
2) Z.Renetal., J. Supercond. Nov. Magn. 29(12), 3181 (2016). -0.2-8 | _l; I (I) | !1 | ]
3) S.OQuardi etal., Phys. Rev. Lett. 110, 100401 (2013). H(T)
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Bulk and near-interface magnetic properties of Co2Fe(GagsGeos)
Heusler alloy explored by magnetic circular dichroism in hard x-ray

photoelectron spectroscopy
J. W. Jung', Y. Sakuraba®, T. T. Sasaki', Y. Miura®, A. Yasui?, L. S. R. Kumara?, T. Nakatani®, and
K. Hono!
! National Institute for Materials Science, Tsukuba 305-004, Japan
2 Japan Synchrotron Radiation Research Institute, Sayo 679-5198, Japan

Co-based Heusler alloys have attracted attention W)
for the applications as ferromagnetic (FM) electrodes ™ 7o i) 5 g B = 8
in  spintronic  devices. In particular, large = | s° 0.5 SN s
magnetoresistance (MR) ratios over 50% at room ’5;0-6' o cora 221
temperature have been demonstrated in the current- T = 04l o e = 2
perpendicular-to-plane giant magnetoresistance (CPP- TOA (deg.)
GMR) devices using Co-based Heusler alloys with the
L2; structureV, which are one order of magnitude b oy R i B R
larger than those using conventional FMs such as - ‘ f“-“-
CoFe. In general, however, the MR ratio in the CPP- _——_i Eor

=

GMR devices using Heusler alloys largely decreases gy e a0 T
with increasing temperature compared to the CoFe- )
based CPP-GMR, whose origin has not been :jlg. 1 Sketch of s_ample struct_ure of CoFe qnd CFGG
. - .. ilms. The normalized magnetic moments with Co and
understood sufficiently. One possibility for the origin o slements in the case of a) CoFe and b) CFGG films
of the large MR degradation at elevated temperature is
the weak magnetic exchange stiffness at the interface between Heusler alloy and non-magnetic spacer, which
is considered to lead to a large thermal fluctuation of the magnetization near the interface. In order to
understand the mechanisms of such large temperature dependence of CPP-GMR, we performed in-situ hard
x-ray photoelectron spectroscopy (HAXPES)-magnetic circular dichroism (MCD) experiment at beamline
BL0O9XU of SPring-8. The HAXPES-MCD is a powerful method for investigating the element-specific
magnetic properties in thin magnetic films and buried layers of multilayers.? By varying the take-off angle
(TOA) of photoelectron by using a rotatable sample stage, it is possible to control the probing depth of
circularly polarized x-rays from near-interface (lower TOA) to bulk (higher TOA) region. We performed
HAXPES-MCD measurements for two kinds of samples: CoFe(50 nm) and CFGG(50 nm) thin films, which
were grown epitaxially on a MgO (001) single-crystal substrate buffered by Cr (10 nm)/Ag (100 nm). Thin
Ag (2 nm)/Ta (2.5 nm) were deposited on top of films to prevent surface oxidation. Before the measurement,
we confirmed atomically flat interface between CFGG and Ag by STEM/HAADF. The HAXPES-MCD
experiments with an excitation energy of 8003.58eV by circularly polarized x-ray were performed. Fig. 1
shows the normalized magnetic moments resulting from the normalized peak intensities at each Fe and Co
2psp2 states for the CoFe and CFGG samples, as TOA is varied from 20°-70° form sample normal, which
corresponds to an effective probing depth variation of 8-22 nm. The normalized intensities were calculated
from different MCD intensities of opposite helicity divided by their sum of total intensities after subtracting
a Shirley-type background. In the case of CFGG sample, the normalized intensities reduce with decreasing
TOA, indicating large thermal fluctuation with smaller magnetic moment compared to that of bulk CFGG.
On the other hand, for the CoFe case, the magnetic moment did not exhibit marked changes by changing
TOA. Consequently, this result suggests that an improvement of exchange stiffness at near interface is the
key to reduce temperature dependence of MR ratio in Heusler alloy-based CPP-GMR.

Reference
1) JW. Jung et al., Appl. Phys. Lett. 108, 102408 (2016).
2) X. Kozina et al., Phys. Rev. B 84, 054449 (2011).
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AgInZnO A RX—H—@E% H\\ /= A AT —54 CPP-GMR % T

s K, Ex R Tk, BEBEE RS, B ORI
(W& - MBI TERERE)
CPP-GMR devices using Heusler alloy and AgInZnO spacer layer
Tomoya Nakatani, Taisuke Sasaki, Yuya Sakuraba, Kazuhiro Hono
(National Institute for Materials Science)

[TL&HIZ

™A AT — B4 R O - E B E KBS ET (CPP-GMR) #1713, K& - IPi 2 i K
T RWKHRET (MR) D720, S ENN— N7 4 A7 RIA TOFAE~y FEUH0, BEERS T

Y AOISHANPRE S NS, FEEMEAL—Y —FIC AgInZnO 72 &8 LRI OREEIEEZ WS Z & T,
MR EDOHE KN E SN TEBO[1]. & 5725 MREHDOUED I-DIZ A= —JgDOMEBRNEETH D,
AHFFETIE AgInZnO % A~2—H—J|Z IV 7= CPP-GMR 1 & /ER U SR PURAE & oA s 2 54 L 7=,

EBRA &
Y ITR IR ARy B LD SRERBRAE NV T EAER L, MG IX Cu B
/Ta(2)/Ru(2)/CoFe(0.5)/CoFeBTa(1.5)/CMFG(5)/CoFe(0.4)/AgInZnO(1.2)/CoFe(0.4)/CMFG(5)/CoFeBTa(1.5)/Ru(8)
(1 nm) TH Y, FRIE%IZ 280°C T3h DML A F5 2 72 572, CMFG (X Cox(MnoFeo4)Ge hA AT —
A4&THY, AgInZnO 1% Ag & InZnO (In,03 10 wt. %—ZnO 90 wt. %DIRAM)DRIK A /Sy & U o 702 K 0 ik
BEL7=, AgInZnO "D Ag DAFREEIL 20-36at. % TH 5, D72 AgooSnio(3.5 nm) A ~X—H—_ Ag(0.4
nm)/InZnO(1.3-1.75 nm) A ~<—H—% ]\ /= CPP-GMR % 1 & EfL L 7=,

ERER
1 12 CPP-GMR 1D EIRITI T % # PR (RA) & 70 L . '
5 Thit/in Ag 25% l___jﬂg 20%
MRt (AR/R)% 7T, AgInZnO A~S—H—%& f\ 7= HE+ Tl 60 o TR
AGINZAO 10> Ag BIEDHNE & H12 ARR & RA 7D L. ol a4 il

AgInZnO . m E
AgoSto A —Z I 28R CPP-GMR £ 7 0ff (R4 = g | Ag 33"{? szTuinz. v
0.03 Q pm?, AR/R = 18%) \ZHiid %, RA>02Qum? DFEINT o Ag 36% i - L9
ARIR~60%. RA=0.08Q um? 12550\ C ARIR~50% & 1> ) U MR 5 izﬂ v 4

/

. - . - e o %
EBSREREBE O TRASN D, TREHEEEEL S 20 @ oy Mamons 14 16 175]
Thit/in? (CEER &5 RA & AR/R DIE[2]Zi e LCTH Y, kil 10l Agsn spacer .

all-metal GMR

ROB\BE~Y PR ELTHETH D, —J7. AgInZnO2 J& . L .
AR —H—% AW 25ATIE, MR 2R K T 35%& AgInZnO 0.01 0.1 , 1

Rt | AR M L YE B AL, RA (2 um’)

2\ ZAEEBEE TS CO T 3L — 088 X BOHTE
\Z &%, CPP-GMR JERNDILHE /A Z7” 3, 02k Mn 13 CMFG
BIZLNTFEELRZWET TH DA, A= —NIZHEE
FED Mn & O RGNz, EFEITHIEN D Z VA
HED MnO THD Z ERbrolz, —J7, InO; IXiE T
S, Agln % TER L T\ 5, Agln [ LI R
CMFG ] Z 27 SNAZER L TR Y . W HA2 LT
MNDTZOICKE72 MR BB EONDDOTHDL EEZD
o, Ag Joam

1 CPP-GMR #7® RA & MR th D4y
Atio FAEA~ » NELRAEEFSCRR[2] & 0 518,

2% CHR [1] Nakatani et al. IEEE Trans. Magn. 54, 3300211 2 AglnZnO A ~—H%—Z% 7o CPP-GMR
(2018). [2] Takagishi et al. IEEE Trans. Magn. 46, 2086 (2010). ~ B{FIZ351F % Mn, O, Ag % K OF In DA,
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CPP-GMR devices using Clp-type half Heusler alloys

Zhenchao Wen'?, Takahide Kubota?, and Koki Takanashi'?
YInstitute for Materials Research, Tohoku University, Sendai 980-8577, Japan
2Center for Spintronics Research Network, Tohoku University, Sendai 980-8577, Japan

Current-perpendicular-to-plane giant magnetoresistance (CPP-GMR) devices are promising as read heads for hard
disk drives (HDDs) for achieving ultrahigh density magnetic recording of more than 5 Thit/inch?. Half-metallic Heusler
alloys have shown great potential for enhancing CPP-GMR effect due to their high spin polarization. Half-metallic
Heusler alloys are classified into full- and half-Heusler compounds with the chemical formula of X2YZ in the L2;
structure and XYZ in the Clp structure (X and Y: transition metals; Z: non-magnetic element). For half-Heusler alloys,
the bandgap of minority spin originates from d-band hybridization of elements X and Y, which can form a larger
bandgap compared to that in full-Heusler alloys. From the origin of the bandgap, half-Heusler alloys are beneficial for
the development of high-performance CPP-GMR devices owing to the suppression of thermal activations on the
bandgap. In this work, we fabricated half-Heusler alloy films (NiMnSb,? PtMnSb, and NiMnSh with doping Ti) and
investigated the CPP-GMR effect in the nanojunctions using the half-Heusler alloys.

Half-Heusler NiMnSb and PtMnSb alloy films were optimized with varying deposition temperatures on
Cr/Ag-buffered MgO(001) substrates by investigating structural and magnetic properties. Fully (001)-oriented NiMnSb
epitaxial films with flat surface and high magnetization were achieved at the substrate temperature of 300 <C. In the
case of PtMnSb films, epitaxial growth was achieved at 200 <T while high magnetization was observed at 500 °C.
Further, anisotropic magnetoresistance (AMR) effect was measured in the half-Heusler alloy films since negative AMR
effect was reported to be a fingerprint for half-metallic band structure.® A modest AMR value with negative sign was
found in the NiMnSb films while a remarkably negative AMR effect was observed in the PtMnSb films. Epitaxial
CPP-GMR devices using both the NiMnSb and the PtMnSb films were fabricated, and room-temperature (RT)
CPP-GMR ratios for the half-Heusler alloys were determined for the first time. A CPP-GMR ratio of 8% (21%) at RT
(4.2 K) was observed in the fully epitaxial NiMnSb/Ag/NiMnSb structures and a very low CPP-GMR ratio of 0.7% was
shown in PtMnSb/Ag/PtMnSb nanojunctions at RT. In addition, TEM observation was carried out in order to examine
the degree of C1, order in the NiMnSb film. It is found that L2, like structure is dominant in the NiMnSb alloy film
while C1,, order is rarely observed. This indicates a poor half metallicity for the NiMnSb film, which is consistent with
the results of AMR and CPP-GMR. Nevertheless, the inconsistency between CPP-GMR and AMR effects was found in
the PtMnSb material system, which could be due to high spin-orbit interaction in the PtMnSb films owing to Pt.
Furthermore, in order to improve the C1, order in half-Heusler alloys, the element of Ti was doped into NiMnSb films.
The epitaxial structure of the NiMn(Ti)Sb films was achieved at a post annealing temperature of 500 <C on
Cr/Ag-buffered MgO(001) substrates. However, the NiMn(Ti)Sh based multilayers showed much weaker AMR effect
and reduced CPP-GMR ratios compared to pure NiMnSb based samples. The result reveals the ordering structure was
degraded by doping Ti at the current deposition condition. Table 1 summarizes the values of both AMR and CPP-GMR
in half-Heusler based multilayers with NiMnSb, PtMnSb, and NiMn(Ti)Sb at RT. Reference data® for Cox(MnosFeo.4)Si
were also shown. This study indicates that it is still challenging to improve the C1, ordering structure in half Heusler
alloys for CPP-GMR applications at the current stage.

This work was partially supported by JSPS, ASRC, and CRDAM-IMR, Tohoku University. The authors also thank
Mr. 1. Narita of CRDAM, Tohoku University for his technical support.

Reference.

1) Z.Wenetal., Sci. Rep., 5 (2015) 18387.

2) Z.Wenetal., Appl. Phys. Lett., 108 (2016) 232406.

3) F.J.Yangetal., Phys. Rev. B (R) 86 (2012) 020409.

4) Y. Sakuraba et al., J. Magn. Soc. Jpn., 38 (2014) 45.

Table 1, AMR and CPP-GMR in half-Heusler based multilayers with NiMnSb, PtMnSb, and NiMn(Ti)Sb at RT.

NiMnSb PtMnSb | NiMn(Ti)Sb | Ref.: Coo(MnosFeoa)Si
AMR —0.1% -0.17% ~0.07% ~0.2%
CPP-GMR 8% 0.7% 1.5% 55%
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KA AT —4E4 CPP-GMR FE I BT 25 Fmd Ash 5

EH S=FE VR IREY SR 9L
(" HAL RSB EFZERT, 2 HILKRFZA Y Y o =7 RA2fidEfEHE v 4 —)
Interface layer effects for Heusler alloy based CPP-GMR junctions
T. Kubota'?, Z. Wen'?, and K. Takanashi'*
( ! Institute for Materials Research, Tohoku Univ., > Center for Spintronics Research Network, Tohoku Univ.)

FC®HIZ

INTT RPN A AT — G4 O I EERER E R SEEPT (CPP-GMR) F# 7%, (KikpraEik (m
FEEHUE, RA < 0.1 Q um®) 1IN THERAY R & 2P LR (MR ) BMEFON 5 M THEE SR TN 5,
Fex D7 N—7 TIIFIT CooFegMng¢Si (CFMS) 7RA 2T —&4 & L1, AgsMe A& & E 2B b
B5HZET, RIRT60%EHZD MR ez ld L= D SHOBLUS I B0 E 2 50 EXNEEN S,
Mn & &iehA AT —H41T, REICBTHZMAT 4 7 F ADET 2R Mn JeHEOILH e ERNE 2 5 8
MR ALDO =D E LT SN TEY . ZORSERE LTHRA AT —548R & HRE & O R~k
FAEOEANERIN TS Y, # Z TANZE Tl CFMS/AgsMg/CFMS #1131 5 Fiif ADZh iz
WCRREF L Y,

EEBRAE

FEIERGEHIE S H 2~ 7 ) b a2 A%y ZEEE 2 T MgO(100) G b Fe i EIC/ERL L 72, Mkl
MgO A%/Cr 20 nm/Ag 40 nm/CFMS 20 nm/ i ¢ /AgsMg 5 nm/ 5 ifiJ& ¢ /CFMS 7 nm/Ag 2 nm/Au 5 nm C&
5. FHEIL Fe I Mg # 0, WINHIEE () 2E8r25 0.6 nm £ TOHPHCTEL W72, FEEFT
WA VT T 74— AF IV EICL Y BT =2 L L7z, CPP-GMR IXET 4 S FIECTHIE L., K
NAT A (BB, J~10°Alem?) ([ZINZ T, A T AMEEMEIC L D HDBIE V) OFHlIZRIE TIT- 72,
FTo, EBAA T RIZEIT D MR HEORIERERFMEZ 10 - 300 K OFEFH CREAM L 7=,

ERERER

IR, KA T AERB BT, Fe, Mg WTHOFFAREOSE S MR T AJBEIE O#E I
KT Lz, —Ji, A T AMEEEOFHEORE R, @A 7 A (J>10'A/em?) FEIRIZE T 5 AV (TR B
IARAFET 4 mV BEOMAE STz, M T, AV PR KEEZRTSA 7 AEBREEN, FHABEZEANT D
ZETHIMTAZ L AR LT, ZOMRIL, FHAEOEAIZL YV ALY VT AT 7y — LI IZ K DAL
DFEENDINHI S, B3A T AER TR E M IBIEEHERF LT ool B2 b b, MIEREK
TFPEICB W TIE, Fe i ADFEFTIL MR H28 50 ~250 K O#FiPH T KfEZ 7R L, MR D3RR & 72 BIRE N
FEANBEEIRIFT 5 2 & 2R Lz, —J7. MgfADHE T TiE, FABNIEWE T & FERICHERE DK
T MR BRI U7, S8 T, AR EHIRTE U7 ER AR T OO O RIFIZ OV Tk
HTETHD,

I

AAFFE O —EIE B AR PRI B A e B B (GHRAFYE S, 25220910) . 1H# A b L — URFSeHEMEREAE
(ASRC) DOXfEAE=ZTT=,
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2) Y. Sakuraba et al., Appl. Phys. Lett. 101, 252408 (2012).
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4) J. W. Jung, et al., IEEE Trans. Magn. 52, 4400404 (2016).
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CoFex04/Pt/CoFe Qs =B D A v° 1 78 — U KT R

AR D B A MR BHEE 2 ORIEKER?
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Spin Hall Magnetoresistance effect in CoFe;O4/Pt/CoFe,O4 trilayers
T. Yamamoto, S. Nodo, T. Yanase, T. Shimada, and T. Nagahama
(Hokkaido Univ.)

[XL&MHIC

ST AV IR /A TON T Y . 1 CHL AU HLEMAEERZFIH Lz A & U iA kI3 28758
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SEER
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Co,MnSi i 2 F W - FEiL I E A B SV TR ASBIT D
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BARERE Y, RIRFE 2, BRI F R Y, PEpz? WARES Y kA ht
(* JE#EE K72, *TDK #RA4h)
Origin of bi-quadratic interlayer exchange coupling in Co,MnSi-based
current-perpendicular-to-plane spin valves
Tessei Tanimoto®, Kazuumi Inubushi?, Daiki Mouri', Masaki Inoue’,
Katsuyuki Nakada®, Masafumi Yamamoto', and Tetsuya Uemura®
(*Hokkaido University, “TDK Corporation)

1. [FC®HIZ

Co AR A AT —Ha% AW Eiim B B KBRS (CPP-GMR)F#E 11X, "A AT —HHD/N—T A X)L
PEICER T2 @ OBESIRFIIMR) LB SN D Z L, ZRETHAICHIZER RSN TWA Y K, s
1% Co,MnSi(CMS) % v 7= CPP-GMR #1128\ T, Z® MR S Mn filpk & & Icm+ 2 2 &2 /L,
SRBMERSE KA A (MTY) AR, Mn-rich CMS OAHMEZ GMR ZFICBWTHEIELEZ Y. LaLARns, MR
HEDIREARAFIEIZ B W TRE RIRDEOA R 54, Mn MO Sh, (RIRIZIEIT S MR OB 2208
DIRE BTz, [FRROIKIRIZIS T D MR HLOJAIZELRTIZ & CMS & 5V MiE Coy(Mn,Fe)Si % 72 GMR £+
L THE SN TEY 29, ZoRFEOMAIL Co EhA 2T —AEDENT-/N—T A X NME 7GR
5 ECEERETHD. ZNET, KIRICHBIT 2 MR EOED DAL VBT L7 (STDICL VEMSIND
ZEMAHESNTEY, 2oz s, mEEER O bi-quadratic interlayer exchange coupling(90° coupling) d 5
AR SN TWAD Y. E72, ZdD 90° coupling D3 & MR IC K E < KAFET S Z L 2> loose spin model ¥ &
DOBERFER STV, ZOFEMARBEREICE L TIEH L 1Ic o> T, RIF%ED BJIEL, CMS %
GMR FEFI2H1T 5 90° coupling D ELJF & loose spin model & DRFHE A ST H 2L THD.
2. EBRAEE

MgO(001) B fh Fobl b (2 (T EBMMI A~ 5)CosoFeso(CoFe)/AgiCoFe T i % /- L C, CMS/AgICMS — @ik %

9 B8R 757 CPP pseudo spin valve(PSV) 35 F(series-A) D JEAEE &, CMS & Ag ORI IZE X 1.8 nm D
% CoFe J& Z i A\ L 7= CPP-PSV 3% 1-(series-B)?» 2 i@V D gt #ER L 7=, £V —X|ZBW T, CMS Eii
(C0,Mn,Sig g) EARD Mn #LA% o 2 Mn deficient @ a = 0.62 725 Mn rich 72 a = 1.40 £ TRMAN AL S 7=,
CMS EROFE R Eoi=w, B CMS A SR IC THERE., in-situ T550°CHT =— L &1T-o7-. kil
DJEEEICX LT, MM TIZ LY CPP-PSV E T &#/ERL, Zh b
O MR FefEds JOY STT Rtk & ELTRE 4 S 15IC K D IE L7z, (¢ 107 Afem?)
3. HBRBLUEE sl 1 0 1 2 3

112 series-A @ CPP-PSV #ET D, HIRICHBITH MR KL STT @ = 1.40 (Co;Mn1 4oSioz2)

| 290K

FRED Ml & R, RERE1IC X 2 ROEAT(AP) IR BEDHEHT Rap™A9C
e STT 12 k% AP RREDHEHT RS VAKX < 220, RS Tl
SEA7R AP JREENTERR SN TWARWEEZ BbNE. ZDZ & XD 90°
coupling DFFIEN /R E4L, ZOFREEOREIE, (Mn fHEHEME &b
TR 2B T &, (2)CMS & Ag A~S—H DR EIZ CoFe J8 &A% 4T85 0 s 1
SLTH RSB E, QERCHEICHMATS L, Babot. b Magnetic feld (k0e)
L ORERIE, CMS E D Ag A—HJEIZHEH L 72 Mn J51-23 loose
spin & LCIEEE S LW OB CRliH T& 5.

(MAG)
AP

Resistance (Q)

Fig. 1.Comparison between an MR curve and

an STT curve at 290 K for a series-A PSV

L 2B o iy
1) Y. Sakuraba et al., J. Phys. D: Appl. Phys. 44, 064009 (2011). (w/o CoFe insertion) with a Mn composition
2) M. Inoue et al., Appl. Phys. Lett. 111, 082403 (2017). of a = 1.40 (C0,Mny4Sice;). The red and

3) H. S. Goripati et al., J. Appl. Phys. 110, 123914 (2011).
4) J.C. Slonczewski, J. Appl. Phys. 73, 5957 (1993).

black curves indicate the MR curve and STT
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&= = U —iRE CoPd/Pd SR Z &l & v 7o
MRAM FHAZHARE G NA 7 v RAE V&
BERR, A, BEEMN, KEIER, DS, EEZi* )17 RIgs & HEk
(HHERKRZ, VLA AARWFZER)
Exchange coupled hybrid memory layer with low Curie temperature CoPd/Pd multilayer for high-density
magnetic random-access memory cells
W. Zhao, T. Kimura, X. Dong, D. Oshima, T. Kato, Y. Sonobe*, Y. Kawato*, S. Iwata
(Nagoya Univ., *Samsung R&D Institute Japan)

1. (FL®IC

MRAM (25T D BAEREAICIEL, A B EABAEEESFIH STV 523, 10 Gbit kD KA ED MRAM %
FHT HI2IE, EOBZEMA & RO SRR R E Jo & W3 S8 5 @R B FEOBRE RO S
TWb, KEREMRAM #EHTHAEVEE LT, BAedxo ) —REORIREZ ZHES LA 70 »
RAEYBARESN T[], TNETICFHELIT, Ex= ) —EE (Tc) © Co/Pd £ (ML) &K Tc
@ CoPd/Pd ML O &Mtk G & NA 7 U v RAEVEZER L, CoPd/PAML @ Tc L ETH 2 170CH 5
HEI %8 T CoPd/Pd ML ORAL SRS, ZZHAREAIZ LV & Tc Co/Pd ML OBAL TN KELS D Z & %
WA L72[2], AlalFx i, (5 Te Co/Pd ML)/ Tc CoPd/Pd ML) /(7 Te Co/Pt MLYD ZJ@ A 7'V v KD
bR A ME T 5 & & HiT, (K Tc CoPd/Pd A€V Jg D A B R AL KERIZ DWW THRE T 5,

2. RBATTL

Kerr Rotation &u(deg)

BRLIEAT ST BIo~ 7% h ey ARy ZHEIZ XY | Sisub. /Ta (10 02 e
nm)]; ML/ [Pd (1.2 nm) / Co (0.4 nm)]s ML/ SiN (5nm) (4 > 7 v A) Z{EHR
L7, H /g CoPd/Pd ML 1 130 °C FREE DR Te 2 FFo, F/2, ZDIK
ERLL ., Z OB FE % g LT, e : P
3. RERER

nm) / Pt (5nm) / [Pt (1.2 nm) / Co (0.4 nm)]¢ ML/ [Pd (1.2 nm) / CossPds2 (0.3
i \
(b)172°C
Tc CoPd/Pd ML % FERGMED Pd (4.5 nm) ICE XX 7LD (V2 7V B) b
Applied field H(Oe)
Fig. 1 Kerr hysteresis loops of sample A,

K EEEE O 172°CIlZBT 5 = A7V R 70 A) D Kerr  [Co/Pd] / [CoPd/Pd] / [Co/Pe], measured at
N—T% Rk L TW5, & Tc ® Co/Pd ML 3 £ O Co/Pt ML MK Tc CoPd/Pd  ()26°C and (b)172°C.
ML R %2 L CRIFEA T 5720, ZEAFRBFHICKE L Tnd, — 7,
172°C TlX. =2 Te ML 23MNLIZKHE L, Kerr b—7" 3 B ORI/
STHED ., & Tc® Co/Pd I LT Co/Pt DEERELS) HATZFNZEH, 0.42kOe,
1.8kOe TH D, BUIRIN TRV, FiE%E Pd@.5nm)& Lz~
VB OFEIRIZBIT S Kerr L—7 3% > 7V A D 172°C TD Kerr b—"7" &
kR, BN —T127e o> T0WD, B2, 7L A D(a) Kerr [R5
& (OYRBES) DI EEMRAFNE 2 R LT 5, Kerr [RIFEAITIEE E5H & & 6120 2
VI B, K2 O, T A RRIRDD 130°C £ THMEEZ I L2
AL ZBRIFFC L TV A 28, 130°C 225 &, Co/PdML &
Co/Pt ML MSTIZKHET B L 927 b IRE EF & L blc, BN Eh
ERE WINT 5L ER LTS, T LY, CoPd/Pd g% L7242
BEAMREICL VI TE D 2 LR35, sl TiE, (X Tc © CoPd / Pd

o
)

g)

o

Kerr rotation & x(de

(b) Co/Pt

Co/Pd

Coercivity Hc(KOe)

0 T -
0 50 100 150 200

ML O A ¥ ‘/{f)\@'ft’iﬁﬁ@%% %) ﬂ:/\ é ° Temperature 7('C)

4 BEI Fig. 2 Temperature dependence of Kerr
rotation and coercivities of Pt/Co and

[1] Machida et al., IEEE Trans. Magn., 53, 2002205 (2017). Pd/Co MLs in the sample A.

[2] W. Zhao et al., IEEE Trans. Magn., DOI: 10.1109/TMAG.2018.2828138

(2018).
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Co/Pd & JE D A ° L 1F AFed I:)ia%ﬁﬁﬁ%iﬁ@%@ttﬁk@ﬁ

SRR, AR, KRERBE, RIS, FEEZE* )P R &0k
(HR, *P A HARMSERT)
Dependence of critical current of spin transfer torque magnetization switching on the layer thickness ratio of Co/Pd
multilayers
W. Zhao, T. Kimura, D. Oshima, T. Kato, Y. Sonobe*, Y. Kawato*, S. Iwata
(Nagoya Univ., *Samsung R&D Institute Japan)

L. [ZLC®»IC

A AR, KA E MRAM 2 EBT 5 HTE U CHENRED LN TWAHAY, 10 Gbit Z#H 2 2 FEDE
BUTIE, MW EVZE M & AR RS IR A W3 S B D @R R R FIEOBR A RD LD, Fx IT@mh=R 7wl
REEZFEBRTDHAETVEE LT, BWF =V —iRE (To) DK T8 & & ToJd % A2t & S SR mE i A €
UBIZIER LTWA[1], 1K TcJg & LT CoPd/Pd ZJEEE, & Tcfé & LT Co/Pd @iz W@ O iR %
ML, K T ORALERD . & TeJ8DOBb M & OZZMEGIZ L VI TE 2 2 L 2R L TE 2] AREIEE
TcJ@TdH D Co/Pd ZIEIE~D A AEABALKIR AT L, £ O ARSI O J8JE AR &2 J 72 D TR
HT 5D,
2. ERAE

BRI IEAT ST BIZ~ 7 ) br o o8y ZEEIZ KD | Sisub. / Ta (10) / CuzeTaso (150) / Pt (5) / [Pt (1.0) / Co (0.6)]s /
Cu (2.5)/[Co (tco) / Pd (tpa)]3 / Cu (5) / Ta (2) (BEDEALIE nm) Z/ER L7z, FBAoMmIcE, 7+ NV V757
4, ECRVIA~ At A A2y Ty, BEOEFE—LY V7T 7 0 2H, B 140 -200 nmoDFESEHT 5
CPP-GMR % - & {EHL U7z, WEKHRPURFEIXIENE 4 S IEIC L VI L, A B U ABME S ERIE OV A 0E 10 psec~10
msec D7V A2 FHNE, 100 pA OFeAH UEG CHEEGEIZHIET 5 2 & TRl L 7.

3. EBR#ER

Fig. 1 1% Co (0.3 nm) / Pd (1.2 nm)J@ ~®D A &° > 1 AR D i A EE BE D SV AR KA CTH 5, FTHE

140 nmoTH Y, Fig. 1 ITIZSOEATIRIE(AP) > B A TIRIEP) ~ D BB L (Jap-p), P 0D AP ~DE i (hm)&@
FNEDOFEERBESE Joe R L TCWND, BEFREIREE L L ANE DRI L DD LTW5R, 25 =1 nsec
DETBEIE Joo, BLEMHREA=KV | kT % BB Y o 72, Fig. 2 13k & 2 FBTHED Co/Pd D Jy D73V ZNERAFNE
X0 RIEL o7 Joo EADREIELE tog | teo IFPETH Do toa/ teo <2 TIX, Jool tha/ teo DHININE & HITHIML T D,
Co /Pd ZJBIETIX tra/ tco DYIRIZ L W XL BV TS D Z ENDH[3], IO TD Jo DI Co/Pd
DaDHMZ KWL TWD AN B D, —H, tral tce WS HIZHNINT D & Joo MM DB A 54, Co/Pd D
Jo DN aDEALDOHTIFIHTE B NS, —F, Fig 2 MHAD tog/ teo RTFMEIT/NS W EEZZ BND,

4.2 3CHk

[1] Machida et al., IEEE Trans. Magn., 53, 2002205 (2017).

[2] W. Zhao et al., IEEE Trans. Magn., DOI: 10.1109/TMAG.2018.2828138 (2018).
[3] T. Kato et al., IEEE Trans. Magn., 48, 3288 (2012).

i_ 300
“e [Co(tco)/Pd(tea)]s
> 150 <
£ < 200 |
Z | dve  Uo=81MA/om?, A =05 = 8 8 g
(% =
& srsseraes S g :
- B e =
g E Jap-p o =68 MA/om? , A =92 128 L
3 g or 8 U
o < 24
c - < 60 [-
% o JA-AP = evzeag
4~ = B 5 B 0 ! ]
s o= 94 MA/cmz, A =97
m 1 50 Sl L LUe L L L e L L L e 0 2 4
108 10 104 102 100 Thickness ratio tea/tco

Pulse width 7 (sec) Fig. 2 Dependence of Jeo@v) and A on the thickness ratio #pg

Fig. 1 Pulse width dependence of the STT switching current  / fc, of the [Co (tco) / Pd (tpa)]3 ML. The data taken from
densities of the Co / Pd multilayer with a pillar diameter of =~ the CPP-GMR nano-pillars with various pillar diameters
140 nm¢. are plotted.
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B Co BRI IT HAEHRT A b AV R — VAL R

Bl fndk, A B ORE ORME, gE WS, CEE R
GhEBRRT)

Electric-field-assisted spin Hall magnetization switching in perpendicularly magnetized Co ultra-thin films
K.Kunishima, X.Zhou, D.Oshima, T.Kato, S.lwata
(Nagoya University)

XL I

W7 X L7 78 AAEY (MRAM)IZ, AR, ®EOT X L7 78 A, RO ZMES W
STREEZRDL, KO AEY L LTEBEINTWD, BATO MRAM IZTHEE IR RKENE VI RERH
L7120, BB bREBEOFEE LT, AR — AR AW ERERARF IS TWAE D, Ll
ZOFETHMA Y A AERT 572012, BESREIC 108~10" Acm?* BREO KX REBERBEZMLE LT 5,
WA, BEMERICERZFMNT 5 LIk 0 REBESHFEEZFIE L, AR — AR RO KR TS B %K
WTExHZ EnHESNTND I, ZZTlik, BEBKEGMEZ7RT Co BERIZIWT, BRI X DRKAF
PEDHIE & BRT o A B A v R — BV G & F1 <77,
ERGBE

EEZE~ 7 % ha v Ay Z ) 2 73 E & VT MgO (10 nm) / Co (0.4 nm) / Pt (3 nm)/SiN (5nm)/ (A
FRlblaft & Si Ftk) AR L7z, EIMEBEREEE Ard Aoy F U 7 EBEEZ G, BE R — VR RNE
FADOHE 3umX6 um O+FoF — AL LTz, 0%, BEEZHMLTCHEEZITH> 72D, 74+ NI V7T
T4 L ARy B ) X kg 2 — 2 HFO, (100 nm) & B2 — 2 Al (100 nm)Z/ERL L7~ (Fig. 1),
B AR — VR OREIL, BN I ER 30 uA 29 LIIE Lz, A B2 R — VE{EKEEORIE L, B
LOPAT I AN AN A 200 Oe HIN L. /L A 1fig 0.01 msec ~ 1 msec O3V A EHE A EIIN L7-E % DR —L
BWEZHET D& T2, THHORERNZIZ, Al EBRRIC/S — FEBE Ve=-20V~+20V ZHNL, &
SRR R 2 5~ 7=,
ERER

Fig. 2127 — M&EE Ve =-20V, +20V ZHIM L7258 ORER—NNV—TTh D, RiEIIIZ Ve =+20V O
& % 33606, Vg =-20V DL X 291 0e & . 0.3 %/\V P DB AL MR S l-, Fig. 31X A B L R— L%
LIHRIZ BT B, EREBMEE Js OB/ SV AR c IIFEHEE R L TW5, NERERBEIL. B ULV RMEN
RELBRDIZONTEA LTS, 2, IED V6 HUNT A, AD Ve TIN5 2 L1k, S
DELEIELTEY , Ve=+20V nH-20V ~2{tT 5 Z & T I 7 0.5 MAICm?* B EZ D2 2 & il &
niz,
2E Bk
1) L.Liuetal, Phys. Rev. Lett., 109, 096602 (2012).

2) T.Inokuchi et al., Appl. Phys. Lett., 110, 252404 (2017).
1 30

-= +20V

Hall resistance R{ohm)
o

Critical current density Js(MA/cni)

| — +20V .o
.‘I | — _opv - =20V
-1 20 |
-1 0 1 0.01 0.1 1
Applied field H(kOe) Current pulse width T (msec)
Fig. 1 Optical microscope Fig.2 Hall loops of Fig.3 Pulse width dependence
image of the microfabricated MgO / Co / Pt of critical current density of
micro-fabricated Co measured under Vo =+20V. spin Hall switching of MgO /
ultrathin film. Co /Pt under VG =0, +20 V.
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T B Z & v /L CoFe/n-Ge/Fe;Si fit A& o (FHL

HEJREE ' hoR—BR L R —I N JRIEZ L WA 2 R 12
(I RKRIERT 2BRRERT A bo=7 Ak & —)
Fabrication of all-epitaxial CoFe/n-Ge/FesSi vertical structures
T. Shiihara!, S. Oki!, S. Sakai', M. Ikawa!, S. Yamada'?, and K. Hamaya'*?
(Graduate School of Engineering Science, Osaka Univ., *Center for Spintronics Research Network, Osaka

Univ.)

HEL&IZ]

Fxlx, Mo ¥ X —MBE)EEBEMEEEGSPEEEZFH T LT, =X F T v L
CoFe/p-Ge/Fe;Si A% 2 IR TRk L[1]. % OMEREE 2 H VT p M Ge 241 L72EIR A B AR E OB
WREFI L T&ET[2), LU, p-Ge DA B ARHRIIIERFIT/NS K [2], AUV EFITRED LA L & bIcaH
T 5, —F7. n-Ge DAL UHLHEIL. p-Ge DAL UILHE LV HEET 1 HIRKE W3], TD7=H,
FesSi J& 11T n-Ge J& % il &£ TE UL, CoFe/Ge/FesSi Mttt D A B MG 5O KA MFEIND,

ARIFFETIL, FesSi g LT Sb Z[RAKE L7z Ge JE & iR L. CoFe/n-Ge/FesSi Mt & DERL 23 A 5,
[EER7AE]

MBE £ % T Ge(111)#E4R 12 FesSi J8(50 nm) & Bz L7

%, mFHEA S EE L[4, TOE EICHERSE Ge B2 nm) % (a) (9 Sb-doped Ge
FIRHERE L. 125°CT 30 49D 7 =— /LALEE % Jifi L 7= (SPE-Ge)[1]. FesSi Fe;Si

Z D%, BE % 175°CIC P T, SPE-Ge J& I Sb Z RIS (&
JUIRE:280°C) L 7= Ge (18 nm)% MBE & L7z, #%I2. FER
B %=l E CTCTFIF7=%. CoFe (10 nm)% MBE ikE L.
CoFe/Sb-doped Ge/Fe;Si fitfiltiE & L7,

[EERFER]

Fig. 1 ({2458 Z % £ L 721 ® RHEED /$% — > %Z:¢, Fig. 1(b)
NH . ShEFRIFFAELTH Ge @It XXy LR LTEY,
RIRARIZ L - T Sb ORERFT Z K TE TWD Z &bnd,
F 72, Fig. 1T~ T L 212, =% T8 RHEED 13 A R U —
JRE—UHHMEFLTCWSE, 2F), T XX ¥ Fig.1 RHEED patterns of (a) Si—terminated

CoFe/Sb-doped Ge/FesSi Mt 15 DAERUZ A} Eh L 7=, FesSi, (b) Sb—doped Ge and (c) CoFe layers.
Fig. 2 12 300 K CHIE L 7= bl 2~ 9, B X7 v
A MRS S Fu, CoFe, FesSi 23 Ge 2/ L CREKUMINC /3BT L C 1000
WhH I ENRME I DS, i TIlL. Au-Ti/Sb-doped
Ge/FesSifp-Ge/Al HETLT /<A ADELIEHAFIC STk~ E g %
L7 Ge g2 n MUREZ /T Z LICOVWTHERT 5, 2 0
AL, B FAR B S8 (A)(16H02333) - FLAF 2 JL A% AfF 7 §
(S)(17HO6120) DB % 5% 1 7=, 500
2EXMH 00 40 20 0 20 40 60
H (Oe)
1) S. Sakai et al., Semicond. Sci. Technol. 32, 094005 (2017).
2) M. Kawano et al., Phys. Rev. Mater. 1, 034604 (2017). Fig. 2 M-H curve of a CoFe/n-Ge/FesSi
3) M. Yamada et al., Appl. Phys. Express 10, 093001 (2017). trilayer at 300 K.

4) S.Yamada et al., Cryst. Growth Des. 12, 4703 (2012).
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RETHILEEN R LEELGT NI I LERAEV/NILTRF
[CETHERBFMAEARE

PhoR—RE AR L L R RORRS . R
(1 BRRIERE T, 2 IRK B LA B b= A& 27—, 3 JAHHiR)
Nonlocal spin signals in Ge-based lateral spin valves with unstable anti-parallel magnetic configuration
S. Okil, M. Yamadal, S. Yamadal’z, K. Sawano3, K. Hamayal’2
('Osaka Univ, * Center for Spintronics Research Network, Osaka Univ., * Tokyo City Univ.)

[IZL&HIZ]

— NS, PEERADOAE U EAZEIET HRHCHOVON DB A B LT R T, BV DB AR
OVEIZ X o> TROFATRMLBLE 2 1ED Z EMNES TRV b 0L H D, Bxr DN E TOHFI T, FesSi &9
2 TR A AT —BEE AL VEANBHEMRE U THW BB A B LT EA T, TR AL E
EEDZENHELL, AV MREOFMNEE Lo 72[1]. AR TIE, TR A DA EAREREZ ] S H
WZL72 Ge T v F/UMEEE LT, Z0 FesSi ZIEABME LM AL L NV T HA DAY ARG 1T

.

[(REBEAEBSLUHR]
n-Ge(n~1x10" e¢m>)/Si(111)_1Z MBE #: THEE 10 nm @ Fe;Si #iH[2] &2 /ER L, EFRlE & ArrI V2
% VT Fig.l ORI A 70 )L 7 F A~ E T L72[3]. Fig.1 (b)iZ 8 K THIE L7-FE RS E 5%
R GER ERBRIS, RO LA o E BB ENTZ[1]. ZOEFFRED EH L & HITHEE
L, ~I50K T4 L7=. Fig.l ()i, FATRALELE 231 5 IERPT Hanle (8 5 (B2~ d. EATRLEL &
BEBT D70, y BT R (H) % 300 Oe FIINL, H, % ¥ 2|2 L72#IZ Hanle 155 % & L7551 T
B 5. ZOFATELE D Hanle [E B OfENT 5, n-Ge D A B U AEFIIERTIZ~021ns & REEDL B, 2 E ToOFK~
DHEBIE —FHLTWDZ 0D, BHISNTHDHIES
AV UGS THD LHrENnD. BlllEi7- Hanle (5 (@ #-Ge(140 nm)
BORKEEE, OIRENTEZAE UV ETFORE S LIFIE
MUTHHZEND, D) THREENTWVAIEERET,
FREATRHALRCE 2 FEB L T ARVIREETHE L TV 5
AEMEETHD LHBEND. I, H 2 ELSET
Hanle 5 52 HIE L7z & 2 A, 15 550K RN
RO, ZhiE, FesSi A B iEANEMR & 4 H B MR o ' - ———
DORALELEA, L) HPEENDMY, BRMITHALH Y Pl & 11100c]
BEIICEL LTV B 72w, REERT ORMEIRIETHE £ - I BE H,
TWHERO Hanle G 52 IETETNDHZ L 2R LT
5. FEREDZENT, Si ANV T ROERTHERIZH
HEEINTWD4]. !
ARHFFENL, BHIFE EARAFIE(A)(16H02333) - BHIF £ Sz - &

Fe;Si(10 nm)

A )‘ +.
il o

HT-Ge(70 nm)

AV/I (mQ)
AV/I (mQ)

WFZE(S)(17THO6120) DB % 52 1) 7= el sl P 8K
‘ -200 -100 0 100 200 -800 -400 O 400 800
BN H (Oe) H (Oe)
[1] Y. Ando et al, App. Phys. Lett. 94, 182105 (2009); Appl.
Phys. Express 3, 093001 (2010) Fig.1 (a) Illustration of the fabricated lateral spin—valve
[2] K. Hamaya e al, Phys. Rev. B 83, 144411 (2011). device. (b) Nonlocal spin signal and (c) nonlocal Hanle
[3] M. Yamada ef al., Phys. Rev. B 95, 161304(R) (2017) signals, at /= -1 mA, 8K. The black solid curve shows the
[4] O. M. J. van 't Erve er al., Appl. Phys. Lett. 91, 212109 fitting curve using one—dimensional spin—drift diffusion
(2007). model.
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AlGaAs/GaAs & mBENE 2 IRTTFE LR ~D A B EA RO

WL MEE Y, Mahmoud Rasly®, AT !
(Ht{ﬁ:ﬁk%jﬁ%ﬁmrﬁi&ﬂﬂﬁ )
Electrical spin injection and detection in an AlGaAs/GaAs-based
high-mobility two-dimensional electron system
Da Pan, Zhichao Lin, Rasly Mahmoud, and Tetsuya Uemura
(*Graduate School of Information Science and Technology, Hokkaido University )

1. [FCHIZ

WRD N T U AKBEREICINZ, AV OMENEEZETHAE Y N T UV AXOFEBUCMT, EEME
RN 5 EARIC A B DR T2 B 2 EAT D8R ZA B U EADHENEAIITONL TS, ZET
GaAs [1]5° Si[2], Ge[3]72 LTl x D /3L 7 YA A~D A B U EANRR THIAESNL TS, —F5, AlGaAs/GaAs
2IRITLE T H AQRDEGEE I WETBENELFTLHZ LD, BETBEE N7 VUV AXHEMT)Z X LD
LT AEET N ZANDISHADBGEENTWE. 72, AU U IPRZDOF ¥ L E L THLHEATHS.

L L2, ZHE T AlGaAs/GaAs 2DEG F ¢ /L ~D A B L EADSREFNT A 72 <, saierE ik
D GaMnAs Z AR E L THWERF TEREINTWVWAEDOLTHDH[4]. EHIZ, GaMnAs D iEf R IR
FETNEEIR L VRN, AV UHEADEIED 50K L FIZER O TWA. A, A TonNERLY 5
= CoFe (Te > 1000 K) 2 A B JRICHVY, AlGaAs/GaAs 2DEG T % RAV~D A U EA % 138 K £ THEFEL
=D THET 5.
2. EBRAZE

izt GaAs(001)EiAk 12, ud-GaAs (400 nm)/ud-Alg 3GagzAs (100 nm)/n -Aly3Gag-As (Si = 3 x 10" cm 2,
100 nm)/ud-Alg 3Gag +As (15 nm)/ud-GaAs (50 nm)/n -GaAs (Si = 7 x 10*° cm ™2, 100 nm)/n*-GaAs (Si =5 x 10 cm 3,
30 nm)7 572 5 HEMT f§i& %, 0 Pl = B4 ¥ —1E(MBE)NC X W I L 7=, &IZ, JE&E 5nm @ CoFe &
AR ANy Z Y RO RBTHRE L., 20%, B VY777 0—L Ar /rzL/ NV
X0 RIS FHE LN T Lz, A OEANEBRHAOEMDY A X1 XZNEH 05 x5um® & 1.0 x
S5um’ TV, MWHOMEIL05um THb.
3. BERBLUERE

R—VRNRIEIC LY, BYEL7Z 2DEG B D TTKIZBIT B — b+ U TIRE R OBEIEIZZNFN 6.9 X

10" em? ™ 8.5 X 10" em? & 24200 ~ 43700 cm?/V-s 720, BWBEIEEZHT LI N7, ZDZ
L, RBifie AlGaAs/GaAs ~TERENER S, £72, Fv U TIEH2DEC@EGEE L TNDZ EERL T
%. Fig. 1(@IZ TTKIZBIT IR AE NV TEELRT. I RT X 91T, FEAEME B EMREOHE
SHEALELE ORI & é@%ﬂﬁiﬁx B VT EE B S, GaMnAs &AW TR 411, KA
VR CTAE U EAZEIE L. [ (D) 121F, AV EFEAOREIOFELEL LT, ERFrELEOEILE L E
ANBROLTEFSINTZ] A Y/ 1L, OIRERFRNEE RS, CoFe Z AV VJRE L THWS Z & T, ERFTE
B 138K £ TR S4L7z. 7L GaAs TIEA B UME B DR E SIHRE D E5 & LITHFITHA T2 DIkt
L, 2DEG F ¥ R/LTIL 80 KA THRAK L 2 o7z, Gl TIXZ OBMERIEEKREIEIC O W T hEmT 5.

T T T T 0.5

B2 SCHk - (a) "y (b) thiswork |
= 2F ol fmge ™ Pod ] 4k . |
[1] T. Uemura et al., Appl. Phys. Lett. 99, 082108 (2011). = | 4/ Wbl | 04 .
w 1}k =} o .
[2] T. Suzuki et al., APEX 4, 023003 (2011). 7 — 03jPe, L
= 2 &
[3] M. Yamada et al., APEX 10, 093001 (2017). B AV <0,
1] ~ 2= . .
[4] M. Oltscher et al., Phys. Rev. Lett. 113, 236602 (2014). & -1 < a bulk [1]
é-a- ; 01t Loata ]
- bias = -
d|= 05 }ilm 1 T ?7I K 1
-40 =20 0 20 40 0 40 80 120 160
In-plane magnetic field [mT] Temperature [K]

Fig. 1(2). 77 KIC BT 2 2L v 715 5 (D) HREHE B ORE KM
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NRU—xT L7 va =7 A0 d DT €L 7 7 A 0iE

B THA, Provfatd, peRpor
(B TER)

Trial Manufacturing of Amorphous Material for Power Electronics Excitation

Takumi Hamashima, Tsunehiro Takeuchi, Keisuke Fujisaki
(Toyota Technological Institute)
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22,

L Z DN

1) R TRU—x Ly b u= s TR S D BEMEREL 5 41 [ A ARBAUERTHINRES S22,V AR YU A, AU —z LY
v =2 A THE SN DRER - BEMEATEIORFSE D LB, R 29 42 9 H 22 H, JLJR.

2) RO T2 7 AR ERES BT I & 2 R BB B O TR L RS BRFRY IR T A v I A V=T FIA7 -
AAMKFER G R ESEE, MAG-14-208, LD-14-100, 2014.12.

3) T Takeuchi et al., Local atomic arrangements and electronic

structure of the Zr-Ni-Al bulk metallic glass -Analysis by use of 1500 I I I I I I
the relevant crystals — Mat. Sci. Engng. A, 449-451 pp.559-604
(2007).
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Fabrication of 1-um-thick CoFeB steel strips for power electronics excitation
Y. Takamura*, Y. Ogawa*, W. Koganoki*, S. Nakagawa*, K. Fujisaki**
Dept. of Electric and Electronic Eng., Tokyo Inst. of Tech., **Toyota Technological Inst.
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FAERRE SR, um JEAHFRE LU O OKUFFE DR R D LT D V. fER O EREAT T
i, EELICIRARN S 72, —FOEMT L7 b= 2 THWV LD BEZEREE T, %+ moEso
IR E SR &350, um A —F —OBEITIEE A CREN T oo, ARRFFETIE, B2 FERET
D—DThHHANy ZEEZHNT, lum Bl ORIEICKI LI-D THRET 5.

e AE

P IRt 2 — 2y RRA R ZIRIC KO T AEKR BICER L. 3, T2 EmETE N X
J = W TENZ 10 5 [ E R el & 10 73 AT - 7o Bt 2 B22F v o 3 — (2 A%, £ 1.5x107
PalZiEL/-EZAT, Ar HAZEAL, AryE01PadF, 1K 30 5B Ay XA 4T - 7=, ElFh#
Fix12nmi5 Tho7-. X—4 v ME, mol b TFe:Co=7:3 DAL LICBF v 72 R/ET-bDOEEH L=,

HER

ESLL 7= FeCoB #lil#i1E, ) lumE WO BRI LD S ' ' ' ‘ ‘
T, R D OHEECRIIMER SN o 72, (1A '
HE)ZDOZ L, S57%5EB L% EHELAS ATRET 2
HAZELETBLTNA. £, ERmAEL TN 2D,
FH AR AT D EEZ BN, BEHN 1ium T
HDHZ 0, B EEEE ORI T h T =TT
BEO AT =B DB E A R L, HERL TV 5.

1 ICRBHEBVUE N FCHIE L2 B RS 4 5
B-H Mt 2 Rd. SRIRGRE T L IR 1L, Tn e
i, 23T L 07T o7~
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X BREHTIZ K 2 5 S EMRENT 225, CoFeB #l#r23(110)
Al L7z (RO RS T AR L T D 2 L il L7z 4% - : 5 , 5
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£72, O, (FeorCoos)ossBoor T D Z & HikE
AT T R RIS (ICP-OES) k% FIUTHYT L.
AWORERL, FH2EKBEZ VT Tum O#ilH 23 E
ARETH LI LER LTS, HHIE, LRSI T 5
RVERITE DRSS b B DFREATH.

L Z DN

Fig. 1. DC magnetic hysteresis loops for a 1-um-thick
CoFeB steep strip on a glass substrate. The inset is the

photograph of the steep strip.

1) GEEEA TNU—x L7 bu=2 A THBES N ABERE 55 41 B A AR FNGRRES S22, VRV UL, RU—T LY
b o= A THEE SN A BEE « BEMEM B ORFSE DM ENE, SERR 29 4E 9 A 22 H, Jul K.
2) WISt TRIG A ARy 2RI AR U TR U 7o @ BT HERR 28 35 FeCoB I H AR5 E <13, 7, 26, (2011).
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Soft magnetic metal flake composite suitable for high frequency, low profile power supply.
S. Mikoshiba, H. Shima, K. Chatani
(TOKIN Corporation)

[FL®HIC

MPU > GPU 72 E'@tRE 7 1 & o O MERE R RIZ O G ER OEMNITE L <,DC-DC 2 "—Znb
1ty P A~ORBERE CRET LY 2 — VKON FE L 72> T o, HEAHOFEE LT, etk
VP DOE TRy 7 —PI2DC-DC 2 =X Z Rk L, MERKE ST 2 2 &I Xk 2B E ST
biLdh., ZZTFa—2 aA I DC-DC 2 L "—F ZHRT DO TREREEL GO L7280, Irt
v OEITICEE T D 72D, A OO/ - ERULITIMETH D V. AL v F o TR EE MHz @
& UCTHERRER L 2/ VB - L9 5 Z LM EZONDD, T =T A FRMERCIEED &R RIER A i —
WA HENEZ R 72, Bl EoREZ A UBALICRAR S 5.

T ZCARHAE T, RO A EBLT A 72010, RERSTEE DR S 2R ORI AR Z @ Fe ek L7z
D ORI DWW THET 5.

EBRAE

HAT b~A RIETER Lzt v # A R (Fe-Si-Al) &2, R—/L 2 Wi CTiE LR IR REHE L.
FREMROBRMAIIZ N 2 —7 L— REEZRHAL, REMRE Y a—r oy, BEAL BEREZIRE LT
iz AT ) —% > — MRICEKIE L2, oz — MOMERA & BB A 1 L, /TR Z — R IChLm S
Wb a ERL U 72, SIS A9 2 B0 O HEIT/AME 26 mm X N 16 mmXJE X 0.5 mm & L7z, flidGhkER
FA P E—=F AT T A4, BRIFAHE B-H 77 A, Wbk
(XEHE B-H 7 T 7 A P CRIE L, EoMEBRICIERE T NS I G T
(SEM)Z HV Tz, e - =

EERFER

Fig. 1 |2 ERE 40 pm, R S 1.5 pm (2855E U 72 RAER R %
WCERL U 72850 oW M &2 3. R R O FEIEERIL 70 vol. %% 7=
L, i EmRO—ERIRBLM D HER S 472, ET2R PR DL BAITFE A
EHip oG EHE T 5700, MWEFAICRRPERLIZSWEE XD = o —
na. TR BT ISkt CtE 2~ U, AREL O L 72 f§iE C Fig. 1 Cross section of flake composite
o LEERIND. core. The average length of flake is 40 um,

Fig. 2 |C EROR O DERBRER 1, ) %~ 9. 1 13 280 Dz 4 MHz  thickness is 1.5 pm.
BETHHER L TRV, BFEOSRREMBLL KLV S BN 78RR

400 T TTTTmT LA T TTTIT

Pz LT 5, AU MHz ORI CHE SN RGESRE & ' ' i
DIEE RO K%, BROF AR L—HRIZEm S B2 &I < 300 I .
£% 5 TEROMSI &, FHE 70 vl wOF B E AR TR E | |
W ELLBND. 2

ARG O, RTHROE S LEHROBIRICOW TS AFERic 5 100p 7T
%&%‘é—é * &) 0 --—:Lt—:a'-lu-uu— —-—l“l/Jl/uul Lo

109 109 107 108

B Ik Frequency (Hz)

1) F. C. Leeetal., IEEE Trans. Power Electron., 28, 4127-4136 (2013). Fig. 2 The relative permeability of flake

composite core in Fig. 1.
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Development of low height inductor for high current
H.Shima, S.Mikoshiba, K.Chatani
(TOKIN Co.)
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L. A&7 ZOMREfREL

L X Isat /DCR

TE#ELT. 1
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1) Qiang Li, Fred C. Lee, “High Inductance Density Low- 100 | 25%—~ T~ \\
Profile Inductor Structure for Integrated Point-of-Load .
Converter”, 2009 IEEE Applied Power Electronics
Conference and Exposition (APEC), Washington, 0
District of Columbia, Feb. 15 — 19, 2009, pp. 1011 — 0 10 20 30 40

Idc(A)

1017.
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Strobe method magnetic domain observation of
oriented electrical steel sheet in condition of excitation using LED light source
Y. Odagiri, E. Yanagisawa, S. Meguro, S. Saito* (Neoark Corporation, *Tohoku University)
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10 A A OFREFEIE L 5. 60 Hz OEREIZHB W Fig.1 Block diagram of new developed

equipment with stroboscopic irradiation by LED.
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Fig 2 \Z 7 VR BRI OB AE R AT, JEEL 50 Hz,
YHRNE 800 Oe (2 CREH A Jibie L. BE3523ZEIE 00e & 705
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Fig. 2 Magnetlc domam of electrlcal steel with

1) S. Meguro et al.: 28" Ann. Conf. Magn. Soc. Jpn., 24aF-9 (2004).
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Single crystal growth by self-flux method of hexagonal ferrites
T. Saho, K. Kakizaki, K. Kamishima
(Saitama Univ.)
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2)  TAIRME b, BN KT 2 HIAEIE  (1975) 636~644.
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Magnetostriction Behaviors of Fejo_,Co, Alloy Epitaxial Thin Films under Rotating Magnetic Fields
Kana Serizawa?, Tetsuroh Kawai', Mitsuru Ohtake®, Masaaki Futamoto?, Fumiyoshi Kirino®, and Nobuyuki Inaba*
(“Yokohama Nat. Univ., 2Chuo Univ., *Tokyo Univ. Arts, “Yamagata Univ.)

[ZCHIZ Fe B LU Fe-Co BT ERIRIBEMAMEITH Y, b T v Al EOBRT R NF —EHdlamn bt
P =72 EOWRT ™A AL TIRIES BT A, ZHDOISHTIE, AT MRS 78 £ O AR FFE
WA, BEERFEDORIE D LIFUIEER &N 5. Fox i, 2N E T, faR AL 7 5 MgO BisahF 12 FeyCogy
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B A, bcc(211)m*aﬁa, bec(110)E AT B4 & ¥ v VIEDSERR S iz, F 72, BRI 2 JE U755, Fe, FeroCos,
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bee[100]4 LY bcc[llO]jiﬁ Ixt U CBIRZAT S TeEE DO TR A 3. WThOBIEEFICB T, KBS
éﬁfﬁﬂi, RER B IFIET L 0 Bl & [EHERER T 1878 —E L T2 2, Fig. 1(a-1) Tl 32 & 7R, Fig. 1(a-2)

FEAROBENBN TN D, BERSRE ORI LD, B EBERITMA—B L, ELEIZIT-S < 235
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bec(L10)/E AN DREE LT IO T HHRET 5.
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Fig. 1 Output waveforms of magnetostriction for bcc(001) single-crystal (a) Fe, (b) Fe;Cozg, and (c) FesoCos, films measured
parallel to (a-1)—(c-1) bcc[100] and (a-2)—(c-2) bce[110] under different rotating magnetic fields.

L 2PN

1) FEEHIER, JIHEERR, RIS, —AERE, fiEF SO R, FidEEaE 55 41 (0] B AR P i S, p.166 (2017).
2) T.Kawai, T. Aida, M. Ohtake, and M. Futamoto: J. Magn. Soc. Jpn., 39, 181 (2015).

3) ARG FEREEIROYEE, p.122 (1963).
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Thickness and growth temperature dependence of soft magnetic
properties of (FeCo)-Si alloy thin films

K. Abe'? Shuang Wu'?, Y. Ariake'?, I. Kanada'?, T. Mewes"®, G. Mankey™*, Y. Tanaka?,
C. Mewes'?, and T. Suzuki**®
'Center for Materials for Information Technology, The University of Alabama, Tuscaloosa, AL 35487 USA
2Materials Development Center, TDK Corporation, Narita 286-0805, Japan
*Department of Physics and Astronomy, The University of Alabama, Tuscaloosa, AL 35487 USA
*Department of Metallurgical and Materials Engineering, The University of Alabama, Tuscaloosa, AL 35487 USA
*Department of Electrical and Computer Engineering, The University of Alabama, Tuscaloosa, AL 35487 USA

Iron-based crystalline alloys with low effective damping parameter have potential applications for future
high-frequency devices. Recent work on Fe-Co-Al alloy thin films report an effective damping parameter as low as
about 0.0004 for a composition of Fe;3Co,sAl, measured by FMR over a frequency range from 12 to 66 GHz.*>?
Although (FeCo)-Si alloy thin films have been extensively studied,*® very little information can be found in literature
about the relation between effective damping parameter and structural properties. In this paper, the thickness and
growth temperature dependences of soft magnetic properties of (Fe;sC0,5)95Sis alloy thin films are presented.

Multilayers of [Fe(0.35 nm)/FegsC034(1.1 nm)/Si(0.14 nm)] x N were sputter-deposited onto MgO (100) single crystal
substrates using DC magnetron sputtering, where N is the number of repetitions. Deposition was carried out in Ar
atmosphere of 4 mTorr. The substrate-deposition temperature T was varied from ambient to approximately 300 °C. An
in-plane field of 50 Oe was applied during deposition to
induce a uniaxial magnetic anisotropy. A 5 nm thick Ru

2000 .
T=Ambient

I i
layer was over-coated to prevent oxidation. Structural g 15001?? 3 5 g !
analyses were performed by XRD and TEM. Measurements g 1000 \ ' TZQ 00°C
of magnetic properties were carried out by VSM and 5.’: T.=300°C ’

longitudinal MOKE. The magnetization dynamics was = 500 (a)
evaluated by ferromagnetic resonance (FMR) at room 0
temperature over a frequency range from 12 to 66 GHz. 200 (b) = T.=300°C

Figure 1 shows the dependence of (a) saturation —_ .

magnetization M, (b) coercivity H,, and (c) effective é 150 ™

damping parameter o On film-thickness d at different Ts. - 100 T.=Ambient

It is seen that M tends to decrease slightly with d from 50 u e .
about 1,700 to 1,500 emu/cm?. while H, initially increases L o T*TJZOOOC
with d, and then decreases. The ae; rapidly decreases with d,
and then slightly increases for both the deposition 0.020 E (c)

temperatures. - 0.015
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Fig.1 The field-cool M-T curve of ZnFe204 film
under the magnetic field of 1000 Oe
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L
o

Fig.2. The H-H curves at 4 K of ZnFeO4 films
annealed at 600 °C.
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Improvement in soft magnetic properties of Fe-Ni films prepared in DES-based plating baths with additives
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Basic investigation on silica coating iron-based metal particles
Y. Inagaki, K. Sugimura, N. Yabu, T. Sato, M. Sonehara

(Shinshu University)
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Fig.2 Silica coating on three kinds of Fe-AMO
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Room temperature weak ferromagnetism of the natural superlattice (LaO)ZnAs
K. Takase, T. Shimomura, Y. Takano
(College of Science and Technology, Nihon Univ.)
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Issues with Micromagnetic Numerical Simulations of Magnetic Structures of
Soft Magnetic Materials for Electric Vehicles

F. Akagi!
'Dept. of Applied Physics, Kogakuin Univ., Shinjuku 163-8677, Japan

1. Introduction

Ferromagnetic materials are used in the drive motors of electric vehicles. NdFeB magnets are used on the rotating
part (or “rotor”) of drive motors and electrical steel is used on the stationary part (or “stator”). In terms of magnetic
properties, NdFeB magnets are classified as hard magnetic material and electrical steel as soft magnetic material.
Electrical steel has two magnetic characteristics. One is that iron loss (sum of hysteresis and eddy current losses) is low
during transformation between electrical and magnetic energies. The other is that high magnetic flux densities are
obtained even if low magnetic fields are applied to the soft magnetic materials. We previously reported that we
performed micromagnetic numerical simulations of magnetic domain structures in electrical steel V. Calculation models
were assumed to be grain-oriented electrical steel (GOES) for transformer cores with an anisotropy field at 20 kA/m.
Magnetization reversal in the GOES occurred by applying a DC magnetic field of 8 kA/m. This DC magnetic field was
less than half of the anisotropy field but experimentally equals zero, which corresponds to the coercivity (H.) of the
GOES. Therefore, the DC magnetic field used for the micromagnetic numerical simulations was larger than expected.
In this report, we describe issues with using electrical steel in simulation models, and we compare MH-loops between
soft and hard magnetic materials to clarify what the issues with the micromagnetic numerical simulations for soft

magnetic materials are.

2. Micromagnetic numerical simulation

In this simulation, a dynamic magnetic reversal process was calculated using the Landau—Lifshitz—Gilbert equation

as follows:
da o dM
W:—]/(MXHSIC[ )+E(MXWJ, (1)

where, M is magnetization and M is saturation magnetization 2. Hey is an effective field, which is the sum of an
external, static, anisotropy, and exchange fields. y is the gyromagnetic ratio and a is the damping factor.

In our calculations of MH-loops, a model of magnetic material contained 16X 16X 16 cubic cells that were 3 nm
long. The M, was 1.0 T, the intercell exchange stiffness constant was assumed to be 1.0 X 11"!' J/m, and the damping
constant was 0.02. The cells have uniaxial magnetic anisotropy, which aligned in one direction. The anisotropy field
(Hx) was changed from 10-300 kA/m. The external field was defined by a cosine function, of which the frequency was
25 MHz.

3. Results and discussions
Table 1 compares the magnetic characteristics of soft and hard magnetic materials. Magnetic domain wall width (o)

and exchange length (p) are given as

A A
/ , _/ , 2
o= ] Yol ) (2)

where 4 is the exchange stiffness constant and X, is the anisotropy constant. The soft magnetic materials are referred to
as GOES and non-GEOS; the hard magnetic materials are referred to as NdFeB for motors and CoCr alloy for hard disk
drives. The cell sizes of simulation models are defined by exchange length; the cell sizes must be equal to or less than

the exchange length for the NdFeB and CoCr alloy. We must consider the cell size and magnetic domain width for
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GOES or non-GEOS. The exchange length cannot be calculated and the cell size cannot be determined because the
magnetic domain wall width and the exchange stiffness constant are unknown. If the magnetic domain wall width is on
the order of 10 nm—which equals 100-150 atoms—the intercell exchange stiffness constant is 2 X 10713 J/m and the
exchange length is about 4.5 nm. Therefore, the cell size should be smaller than 4.5 nm. However, the number of the
cell is needed more than 20,000 in the direction of magnetic domain width, because the magnetic domain width is over
100 pm for GEOS. Therefore, simulations of GEOS are very difficult because they are time-consuming and require a lot
of memory. As the cell increases in size, simulations of the motions of the magnetic moments in the magnetic domain
wall are not precise.

Next, we compared MH-loops between soft and hard magnetic materials to clarify what the issues with the
micromagnetic numerical simulations of the soft magnetic materials are. The magnetic materials were assumed to be
small, as mentioned in Chapter 2. Figure 1 shows the relationship between Hy and H., calculated from MH-loops. The
graph in Fig. 1 shows that when the H; was higher than or equal to 100 kA/m, the H. was proportional to the Hx. When
the H; was lower than 100 kA/m, the H. was about 30—40 kA/m. In particular, when the H; was lower than 20 kA/m, the
H,. was larger than H;. This might be due to the equilibrium between the exchange and static magnetic fields.

We have to solve the above issues in order to simulate soft magnetic materials using a micromagnetic numerical
simulation.

Table 1 Comparison of magnetic characteristics of soft and hard magnetic materials.

- . . Magnetic Exchange -
M. M 1
agn e.t'f Grain size ag"e“;i"ma‘" domain | M, (T)| K, (ym’) | Hy (KA/m) | stiffness IE"iEa"ge Cellsize
materia widt wall width (nm) constant (J/m) ength (nm) (nm)
Soft GOES I—2cm > 100 pm unknown 2 2 x 10* 20 unknown - -
Non-GOES|  (~10 um) >10 um
Hard Nd-Fe-B | 200— 1000 (nm) - 4.4 1.6 5 x 10° 6000 1 x 10" 1.4 2
ar
CoCr alloy < 10 (nm) - 10.0 <10 |>1 x 109 2000 1 x 10 3.2 1—10
300
250
E)
i 200
2150
B
3)
7 100
<
&
50
0

0 50 100 150 200 250 300
Anisotropy field (kA/m)

Fig. 1 Anisotropy field dependence of coercivity.
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Polycrystalline Magnetic Field Analysis of Electrical Steel

for Magnetic Multi-Scale

Keisuke Fujisaki
(Toyota Technological Institute)

Electrical steel is mainly used for electrical motor core or transformer due to high magnetic performance and mass
production technology. It is polycrystalline material where each crystal has some magnetic domain with saturated
magnetization. So it is said to be an important role between magnetic domain and electrical motor in magnetic
multi-scale problem. Usually its calculation model of magnetic analysis should be carried out by magnetic domain
model such as LLG or so. However, since electrical steel of polycrystalline has a lot of magnetic domains, when all the
magnetic domains are considered for numerical calculation, mesh explosion problem will occur. So the polycrystalline
of electrical steel should be modeled to avoid it. Here, static magnetic field analysis in finite element method is used for
it in some assumptions that equivalent magnetic material constants are used in homogenized method and coordinate
transform of magnetic flux density is used*,

Figure 1 shows total coordinates in polycrystalline and local coordinates in each crystal. Magnetic anisotropy of each
crystal is expressed in local coordinate and continuity of magnetic flux density is expressed in total coordinate®. So the
coordinate transform between them is carried out. GO (grain oriented steel) material with 56 crystal grains in 80 mm?
square are used for calculation in comparison with the measured magnetic property. Crystal orientations as a, B, y
angles defined in Fig. 1 are well organized and they are centralized within several degrees in average.

Figure 2 shows comparison of magnetic flux density distribution between 3D polycrystalline magnetic field analysis
and distributed magnetic measurement®. Fig. 2 (a) is measured magnetic flux density by needle method with some
square and Fig. 2 (b) is calculation one where magnetic flux density distribution as Fig. 3 (c) is averaged in some square
of the needle method. The calculation result well expresses the measured one.

Figure 3 shows comparison of inclination angle of magnetic flux density vector B between 3D polycrystalline
magnetic field analysis and distributed magnetic measurement®. Fig. 3 is the calculated inclination angle which is an
angle between the easy magnetization direction of the polycrystalline and the magnetic flux density vector, and Fig. 3
(b) is o angle of each crystal grain. Magnetic flux density is expected to flow in polycrystalline in order to follow each
crystal orientation. So angle distribution of Fig. 3 (a) and (b) are in good agreement.

Y (Axis of hard magnetization of polycrystal steel)

Z (Axis of normal direction of polycrystal steel)
a angle
X (Axis of easy magnetization of polycrystal steel)

Bangle 7 angle
[Global Coordinates]

o\l“daw Rolling Direction

crys ®

No.1 crystal

No.2 crystal .
[Local Coordinates]

Fig.1. Total coordinates and local coordinates for polycrystalline magnetic field analysis.
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Fig.3. Comparison of inclination angle of magnetic flux density vector B between 3D polycrystalline
magnetic field analysis and distributed magnetic measurement in 56 crystal grains GO specimen.
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Harmonic Iron Loss Analysis of Rotating Machines:
Practical Macro Modeling for Stress and Hysteresis

Katumi Yamazaki
(Chiba Institute of Technology)

In this symposium, I present harmonic iron loss analysis of rotating machines that considers effects of multi-axial
mechanical stress and hysteresis phenomenon by introducing practical macro modeling.
First, the effect of the multi-axial stress on the loss is investigated by material experiments. An approximated

modeling, which requires only the measured loss with uniaxial stress, is also introduced. Fig. 1 shows the experimental
system ", in which arbitrary 2-axial stress can be imposed on the specimen of an electrical steel sheet by the actuators
noted 1 and 2. The magnetic field is applied along the direction of the force produced by actuator 1. The specimen is an
electrical steel sheet with 3% silicon.

The hysteresis loss and the eddy current loss including

Actuator 2

the excess loss are separated from the measured total
core losses at 50 Hz and 200 Hz. Fig. 2 shows the results.
It is revealed that both the eddy current and hysteresis
losses are affected by multi-axial stress. These losses
become maximum when the compressive (minus) o; and
tensile (plus) o, are imposed.

This experiment cannot be always carried out for

| electrical
steel sheet

Fig. 1. Experimental system for effect of multi-axial stress’.

practical design procedure of rotating machines.
Approximated modeling is strongly desired. To obtain

the approximated multi-axial stress effects, the single

+150% +120% +90% +60% +30% 0% -30% -60% -90%
axial equivalent stress o, has been proposed. E O |
. . . 100 100
Following expression was derived under the /
assumption that a same magneto-elastic energy leads to a 50 4 50
same characteristics of the magnetic materials g | &
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> o N ¥
O, = Eh.s.h ) 50 ol 50
7
-100 — 100
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where 4 is the unit vector along the magnetic field a1 (MPa) a1 (MPa)

(a) Eddy current loss (b) Hysteresis loss

direction, s is the deviatoric part of the stress tensor Fig. 2 . Measured variation in losses with multi-axial stress.

expressed by oj and . It is assumed that the variation in

core loss with single o, along the magnetic field +150% +120% +90% +60%  +30% 0% -30%__-60% _-90%
T . . HE B @B O O O
direction is identical to that with multi-axial o7 and o. 100 100
Therefore, the effect of the multi-axial stress can be
50 50
estimated only by (1) and the experiment, in which a ~ =
uniaxial stress is simply imposed along the flux 0 0o &
direction. S 5
. o -50 -50
Fig. 3 shows the calculated variation in the losses only
from the measured loss #(oy,0) by single axial oy and -100 -100
. . -100  -50 0 50 100 -100  -50 0 50 100
the equivalent stresses. It is confirmed that the calculated o1 (MPa) o (MPa)

result well express the measured eddy current and
hysteresis losses in Fig. 2.

(a) Eddy current loss
Fig. 3. Calculated losses by W(i,0) and o, by (1)

(b) Hysteresis loss
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Next, a practical hysteresis modeling including
minor loops is proposed *'. Fig. 4 shows the concept of
this model. The minor loops are approximately
determined form the several curves of major loops. Fig.
5 shows the experimental verification of this model by

600

a single sheet test of an electrical steel sheet. The

accuracy of the model is confirmed. Magnetic field H (A/m)

Finally, the proposed material modeling is applied . 121
to the loss calculation of a 100 kW class interior 05T

permanent magnet synchronous motor driven by a
PWM inverter (5 kHz carrier). The 2D finite element
analysis is carried out due to following equation.

VX(IVxAj:VxH
7

+VxH 2)

eddy ,ave hys,ave

where uis the permeability, A is the magnetic vector

. . ~1400 T 700 1400
potential, H,y .. and Hyy .. are the reation field Magnetic field £ (A/m)
caused by the eddy currents and hysteresis

phenomenon in the core, which are averaged alongthe S A  ------ Calculated

thickness of electrical steel sheets. Heupae Iis Experiment

determined by coupling 1D nonlinear time stepping L

analysis along the thickness of the electrical steel sheet Fig. 5. Experimental verification of hysteresis modeling.

—— Neglecting hysteresis
Considering hysteresis

in the core. Hjy .. is determined by the presented
hysteresis model by considering the effect of the stress
due to (1).

Fig. 6 shows the calculated flux density

waveform at the top of a stator tooth of the motor. The

waveform includes high-frequency carrier harmonics.
Fig. 7 shows the calculated hysteresis loops, which Fig. 6. Calculated flux density waveform (2500 r/min, 88A)
includes a considerable number of minor loops. It is
observed that the differential permeability of the minor
loops is considerably smaller than that of the B-H

-200 200

Y
. . . . =
curve used in the conventional analysis. Fig. 8 shows g .
X
w

the experimental and calculated iron losses. The Magnet field F7(A/m)

accuracy is improved by the proposed method due to Neglecting hysteresis

. . . Considering hysteresis
the correct estimation of skin effect.

Fig. 7. Calculated hysteresis loop (2500 r/min, 88A).
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Homogenization Techniques for Laminated Core and Soft Magnetic
Composites in Magnetic Field Analysis

Kazuhiro Muramatsu
Department of Electrical and Electronic Engineering, Saga University, Saga 840-8502, Japan

1. Introduction r--main-analysis ------------=---- \

In electrical machines, laminated cores and soft magnetic

composites (SMCs) are often used in order to reduce the

=0

eddy current losses. In the magnetic field analysis of such

machines, the cores are usually modeled by solid ones in

order to save computation cost. To take account of the

cal.of B,

nonlinearity and the eddy currents in steel plates or particles,
and the gaps between them in the solid core model,

homogenization techniques ' ? are applied. In this paper, =
1

the homogenization techniques for laminated core and
SMCs are described.
2. Homogenization Technique

The flowchart of the homogenization technique for

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
L

Ne;: number of elements in core in main-analysis
Fig. 1 Flowchart of homogenization technique.

node jn_; )
£ TA :Ahuum], .\'uh(/”)
ey

laminated core or SMCs is shown in Fig. 1. The
sub-analysis with the cell model of a steel plate or particle is

=
carried out for each element ie in the core at each nonlinear air E“ BT BTl H o 0
iteration in the 3D nonlinear eddy current analysis with the main-analysis v
solid core model (“main-analysis”). In the sub-analysis, the steel | 5 ﬁ? i;
flux densities obtained from the main analysis are given and plate | b ¥
the effective permeability used in the main analysis is i clement je
calculated taking account of the nonlinearity, the eddy 0 4=0

currents, and the gaps. Fig. 2 1D cell model of a steel plate in laminated core.

3. Laminated Core

In the sub-analysis of the homogenization technique for
the laminated core, one sheet of steel plate with the gap is
chosen as the cell model, shown in Fig. 2, and the 1D
nonlinear eddy current analysis is carried out.

The homogenization technique is applied to a simple

reactor model 3 shown in Fig. 3. The cores with gaps are

0

constructed by laminated steel plates (35A270) in the Fig 3 Analyzedsingle phase model of reactor.
z-direction, and the space factor F is 0.95. =IT ZT core plate\

RS . : —y /

The flux distributions in the leg in the y-z plane obtained T : / L Lll e
: : A
from the ordinary method, neglecting the eddy currents in F= = = 4 = = ‘:i?&-;"‘ =
the steel plates and gaps between the steel plates, and the 1 - ) - “ —
C=-C=- C=- o= = fotoefomo e, e
proposed method mentioned above are shown in Fig. 4. The
flux distribution obtained from the ordinary method is e - 7 =
. . e (a) without laminated structure

almost uniform in the core, whereas the flux densities in the R _ _ _ _
upper layers of the core are larger than those in the other o —_— : ; e S

. L. O [ [ it [
lower layers in the proposed method. This is because the g T T o= =
flux concentrates at the corners of cores due to the gaps == = - = =
between cores and the larger flux in the upper layers S — e —
remains due to the gaps between the steel plates. Therefore, (b) with laminated structure
the proposed method should be used for the accurate Fig 4 Flux distributions in the leg

— 177 —



analysis of the laminated core. - unit:pum
4. Soft Magnetic Composites (SMCs) A x Go/2 Ay G2 622
To establish the homogenization technique for SMC, the t Bz |12 | * th
ac.:curate cell model of a particle with gap is investigated®.  son ey — G2
Fig. 5 shows a 3D cell model for an actual SMC (MBS-R3, B o v < >—¢
DIAMET CORPORATION). In this model, the particles are o S iron §
assumed to be square shape and be formed regularly and particle > particle v >
infinitely. Two configurations of particles with uniform and 0 (a) uniform gap 5y 0 (b) non-uniform gap X,y
un-uniform gaps are examined as shown in Fig. 5 (a) and (b), Fig. 5 3D Cell model of a particlein SMC.
respectively. In the model with the uniform gap, two gap 20—
lengths Gos are selected. One is Gos = 1.37 um determined | .-
by volume filling rate. The other is set to be Go = 0.35 um :1~5 >
so that the calculated magnetic field H. coincides with o
measured one at B. = 1T. In the non-uniform gap model, G, 10 A g";l)gz Hm gri)form
G», and L in Fig 1 (b) are optimized to be 0.15, 1.0, and 35 05 o ;n%n_ﬁnifij)l;lngap
um so that the calculated BH curve coincides with the —— - measurement
measured one as possible. o 2|O 4'0 6|0 8|0
Fig. 6 shows the calculated and measured effective initial H[kA/m]
BH curves in the low frequency in which the eddy current Fig. 6 Calculatedand measuredinitial BH curves.
can be neglected. In the model with uniform gap Go = 1.37 104 01 05 10 15T
pm, the calculated effective permeability is much smaller = g;?:s_;_ _E_ —z_ <>1<:|>
than the measured one because the gap length determined by § 3= L
the filling ratio is larger than most of those in the actual § 102
SMC due to its complex shape of particles. The model with é 10
the smaller uniform gap Go = 0.35 um cannot represent the %
measured BH curve completely, too. The BH curve obtained g !
by the optimized model with non-uniform gap is good = 101
agreement with the measured one. It can be concluded that 102, 0, Lo 1 0 0
the cell model with non-uniform gap should be used for the frequency f [kHz]
homogenization technique of SMC. (a) hysteresis loss
Fig. 7 shows the comparison of the calculated iron losses _ e 01 05 10 15T
obtained by using the cell model shown in Fig. 5 (a) with g 104 ICI;??S__;_ _;_ __;_ 0
the measred ones. The calculated hysteresis losses are in = 10° ..-'D
good agreement with the measured ones because the applied g 132
flux density coincides with each other. However, the eddy ‘é .
current losses are different from measured ones because the z 10-
insulation between particles are not completed in an actual § 102
SMCs. This problem will be investigated in future. 103
102 10 1 10 102
References Frequency f [kHz]
1) K. Muramatsu, et al., IEEE Trans. Magn., vol. 40, no. 2, (b) eddy current loss

Fig. 7 Iron losses.

pp. 896-899, 2004.
2) Y. Sato, et al., IEEE Trans. Magn., vol. 53, no. 6, Art. no. 7402204, 2017.
3) Y. Gao, et al., IEEE Trans. Magn., vol. 45, no. 3, pp. 1044-1047, 2009.
4)Y. Gao, et al., IEEE Trans. Magn., vol. 54, no. 3, Art. no. 7401504, 2018.
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Magnetic Material Modeling and Simulation Technology for Loss
Calculation

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

Soft magnetic materials such as an electrical steel, ferrite core, and dust core are widely used in an inductor and
transformer. To achieve high efficiency and downsizing, a simulation technology for accurate core loss is highly
demanded in the industry. However, core loss is strongly related to complex magnetization dynamics, and magnetic
material modeling is one of the recent fields in which progress is being made. In this presentation, we introduce a
magnetic material modeling technique based on micromagnetics for electrical steel, and microstructure for ferrite core.

For electrical steel, hysteresis loss accounts for a large portion of core loss of motors. In addition, vector property due
to grain structure is observed in B-H loop measurement. To model this property, we adopted a grain magnetics (GM)
model®. Fig. 1 shows the conceptual diagram of the GM model. The magnetization of one grain is approximated by
one magnetization vector. This formulation cannot treat a domain-wall and its related dynamics, and therefore, artificial
magnetization change such as magnetization flip is introduced. Fig. 2 shows the simulation results for grain-oriented
electrical steel. Anisotropic B-H loops are well-reproduced by considering the effect of domain-wall motion and crystal
anisotropy.

For high frequency applications, soft ferrite cores are an important material, but these core losses are strongly related
to eddy-current, dimensional resonance, and excess loss due to the magnetization dynamics. To evaluate core loss of
Mn-Zn ferrite, we studied the magnetic field simulation with the effective permittivity that comes from the
microstructure of Mn-Zn ferrite®. Fig. 3 shows the simulation result of core-size dependence of complex permeability.
The core sample with diameter size 12.7 mm has a clear peak in its real part due to the dimensional resonance. In this
presentation, we will discuss the comparison of core loss with experimental measurement and loss mechanism.

W' (2R=12.7mm)
H"(2R=12.7mm)
—&— ' (2R=3.9mm)
-=0==n" (2R=3.9mm)
g |’ (2R=1.55mm)

P - w -
ettt it eeeetnpyy 1" (2R=1.55mm)

100 1000 10000

Fig. 2: B-H loops of grain-oriented electrical steel Fig. 3: Complex permeability of Mn-Zn core
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Magnetic properties and variational calculus

Fumiaki lkeda
Photon Co., Ltd.

The finite element method is currently the mainstream method in the field of low frequency electromagnetic field analysis.
In this method, Maxwell's equation, which is a fundamental equation, is formulated using a weighted residual method such
as the Galerkin method. This is because the magnetization characteristics of magnetic materials are generally not linear
with constant magnetic permeability, but have a nonlinear dependence on magnetic flux density.

In the case of a linear magnetic material, the fundamental equation can be expressed as follows using the variational calculus.
. 1 = o
5| [ (rotA)? —J-AldV =0 (1)
v 2u '

Here p is permeability and has a constant value. A is vector potential, and J is current density. Taking variations, the
left-hand side becomes as follows.

/ [lmlr)‘A ‘TtotA — A - J|dV
v H

. (2)
= [ dA - [rot lmlA — J]dV + (Surface integral)
Jv M '

However, since the transformation of the last formula was performed using Gauss' theorem, a surface integral has appeared.
Since this surface integral normally disappears through boundary conditions, it is required that the integral of the first term
be zero, and it is possible to solve the electromagnetic field equation by the variational calculus.

However, in general magnetic materials, the magnetic permeability is not constant, and so such variational calculus cannot
be used. Therefore, when dealing with these kinds of magnetic materials using the finite element method, we utilize the
vector weighting function W to produce the following equation.

l .
/ W . [rot—rotA — J|dV =0 (3)
% H

If the left-hand side can be transformed using Gauss' theorem and the surface integral eliminated through boundary
conditions, the formula becomes as follows.

" :
/ |—rotW -rotA — W - J|dV =0 (4)
JV

In this study, we show that the variational calculus can be used even for general magnetic materials by considering the
thermodynamics of the magnetic material, and demonstrate that, in electromagnetic field analysis also, the finite element
method can be formulated naturally.

Considering the free energy F of the magnetic material as a function of temperature T and magnetic flux density B, this
differential can be expressed as follows.

dF(T,B) = —SdT + H - dB (5)

Here, S is the entropy of the magnetic material per unit volume, T is temperature, and H is magnetic field. From this, the
thermodynamic variables can be expressed as follows.

S —U}"."B
. a7 (1T.8)

(7
HZEI-[I,BJ

Here we introduce the following thermodynamic potential by transforming variables.

(6)
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GIT.H)=F(T.B)-H-B (7

Calculating this derivative, the following is obtained from Eq. (5).
dG(T,H) = —-SdT — B -dH (8)

In electromagnetic field analysis, the magnetic field is often obtained by inputting a current, which corresponds to the
problem of finding the magnetic flux density for a magnetic field H generated by an electric current. According to
thermodynamics, for fixed temperature and magnetic field, this temperature thermodynamic potential is at its minimum at
equilibrium. Therefore, the variation of the following integral must be zero if temperature is constant.

n'/ G(T, H)dV =0 (9)
y

Since temperature and magnetic field are here assumed to be fixed, this variation is taken on magnetic flux density, which
is the other state quantity. The variation on the left-hand side of this equation is calculated as follows.

s
/__)“B F(T.B)-6B — H-§BldV
vl .
. (10)
N o '
— [ avéB .- F(T.B) — H|dV
/ L (T, B) - H]:

When the variations are represented by vector potentials,
0B = drotA =rotd A (11)

The above left-hand side can be further transformed as follows through partial integration using Gauss' integral theorem.
L s B N

/ AV1otd A - [—— F(T, B) — H]d\
Jv B (12)
. . -
= / dV3IA - rot _( F(T,B) — H|dV + (Surface integral)

Vv ' E_)B )

Since the terms of the surface integral can be eliminated by appropriate boundary conditions, the above equation becomes
as follows.

/1 dViA . [1'()[%}'(1"}3] —rotH|dV (13)

Although the distribution of the magnetic field cannot be determined, the magnetic field within this integral is subject to a
rotation operator, and can be converted into current density as follows.

rotH = J “-1]

Therefore, the equation obtained from the variational calculus for the thermodynamic potential, which is required from
thermodynamics, is as follows.

- ) :
[ dVoA - [r“rf.:BP{II B)—J|dV =0 (15)
From equation (6), we can see that this formula is equivalent to the electromagnetic field analysis equation.

Here, by examining the magnetic material thermodynamically, we have shown that magnetization characteristics can be
expressed by thermodynamic potentials such as free energy, and that the variational calculus can be used in the finite element
method for the electromagnetic field.
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Issues of Material Modeling in Electromechanical Simulations

Takashi Yamada®, Katsuyuki Narita', Hiroyuki Sano*
("YJMAG division, JSOL Corp.)

Many electrical devices are re-designed today in the electrification. Since the electrification is mainly for
energy saving or the global warming countermeasures, high energy efficiency is primary requirement of the
re-design. A typical example is electric motors of electric vehicles which have to have high energy efficiency
as well as high power density with which the conventional internal combustion engines must be able to be
replaced.

On the other hand, the further improvement is challenging since such electric machines have long history of
over 100 years and countless efforts have been already made in the history. In order to make a breakthrough,
advanced simulation technologies such as finite element analysis (FEA) has been introduced and recognized
as an indispensable tool in the machine developments. Major advantages of FEA are, firstly, virtual
prototyping where any design ideas can be concretely implemented and evaluated and, secondly, detail
phenomena in a machine are visualized and investigated. Those advantages give us deep insights in a
complex system and substantial improvements which are difficult with conventional design approaches
consisting of empirical equations and real prototyping.

However, to enjoy the advantages, the simulation has to have enough accuracy. Since main error source of
today’s FEA is material data, accuracy of the material modeling determines performance of the simulation.
Hereafter, we focus on losses of lamination steel which is used for core of the electric machines and its
property largely affects the performance of the machines. More importantly, the property of the lamination
steel is complex and difficult to be modeled so that we have many remaining issues there.

The losses of the lamination steel consist of hysteresis loss, eddy current loss and excess loss. The hysteresis
loss is a loss defined by loops of static BH characteristic, i.g. it is frequency independent. The eddy current
loss is caused by the classical eddy current circulating in a cross section which is perpendicular to main
linkage flux direction. The excess loss is defined as a difference between total losses and summation of the
hysteresis loss and eddy current loss.

Most common modeling approaches for loss evaluation today employ an empirical formula such as
Steinmetz’s equation in which coefficients and parameters are determined with measurements. The
measurements are usually done with a pure sinusoidal waveform of magnetic flux density. Advantages of the
conventional approach are, firstly, it is accurate if the actual operating condition is the same as the condition
of measurements determining the coefficients of the formula and, secondly, it is simple to use since the total
loss is calculated with a single formula which includes all losses in the above.

Disadvantage of the conventional approach is the fact that accuracy is never be guaranteed if the
measurement condition does not match to the actual operating condition. Those undesirable situations are not
rare in actual machines, especially, in advanced machines such as a traction motor of EVs. Those advanced
machines are fed with higher current than of the conventional machines to achieve high power density so that
the lamination steel is magnetically highly saturated and this does not satisfy the measurement condition.
Also, those advanced machines are controlled with inverter(s) employing Pulse Width Modulation (PWM)
technique which generates high frequency minor loops on a fundamental major loop. The measurement
condition does not include the minor loops and the resulting losses cannot represent the minor loop losses.
The minor loops are generated not only by PWM but also by slot harmonics in a Permanent Magnet
Synchronous Machine (PMSM) which is the main stream in EVs. Moreover, the measurement has limitation
in frequency which actual frequency in a machine goes above the limitation. The disadvantage was not a
significant problem because classical machines are designed to be operated with the low frequency
sinusoidal waveforms of magnetic flux density.
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To overcome the disadvantage, new models have been introduced for the hysteresis loss and the eddy current
loss. The hysteresis loss is represented with Play-Hysteron model® which is a semi-physical model and can
reproduce a minor loop at an arbitrary operation point employing multiple static major loops. The eddy
current loss is modeled by 1D-FEM® in which eddy current distribution in thickness direction is solved with
a conductivity of the steel sheet by one-dimensional FEM at each element of the main 2D/3D FEM. Note
that since only conductivity is required, this method is valid for any frequency without limitation. Those two
models give us significant improvements in accuracy for the advanced machines®. A significant difference
from the conventional approach is the fact that the new approach does not depend on measured losses and
has wider applicability than the conventional approach.

However, the new approach misses the excess loss is inaccurate in case the excess loss is not ignorable.
Although the best way to incorporate the excess loss is having a physical model, the phenomena are too
complex to capture the mechanism. Currently, we are developing an expandable empirical based model as a
second best. The new model shows reasonable performance for wide range even outside of the
measurements. The detail will be explained in the presentation.
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Equivalent circuit for Eddy Current Field in Cauer Form
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Recently, an exact and efficient modeling method for the eddy current field is found.” This method expands the eddy
current field to an equivalent circuit called Cauer Ladder Network (CLN). The procedure for obtaining this network and
the benefits of this method are introduced here.

Consider a magnetic sheet shown in Fig. 1, where d denotes the width of the sheet, p and o denote the magnetic
permeability and electric conductivity of the material respectively. It is supposed that exciting field H, is applied
externally. The equation for the eddy current field is given by (1) as an one-dimensional problem.

&*H(x)
ox?
Solving this equation under the boundary condition H(d/2)=H, gives the magnetic field (2) and the equivalent

magnetic permeability as (3).

— joouH(x)=0 . (1)

. cos(kx)

H(x)=———Z_H 2
) cos(kd/2) @
D2 kd A C2u, (kd),:

H= dHO —ﬂ@tan[7j, QD_-[—d/ZﬂH (X)dX—Ttan(7j HO' (3)

Here the complex variable k is defined by k =,/—jway and @& denotes the total flux in the magnetic sheet. The
trigonometric function divided by its argument can be expanded by the following two forms, a partial fraction
expansion (4) and a continued fraction (5).

1 < 1
—tanz=-2 (4)
z nz_;‘z ~[(2n-1)7/2]

2 2 2 2
1tanz=1 Z_ Z_ Z_ Z_ (5)
z 1-3-5-7-9 -

By setting R, =8/0d? L, = and L, =2L./(n-1/2)*z*, the effective complex permeability can be respectively

expanded as

R N [/ B S

Ja)ﬂ_nz::‘—Rﬁijm (6)
1 1 1 1

Vjol, +3(R.12) +5/ joL, + 7(R.12) +++

The former corresponds to the Fourier | expansion and the latter corresponds to the Cauer | expansion. The equivalent

circuits for these expansions can be realized by the equivalent circuits shown in Fig. 2, Foster realization and Cauer

realization respectively. These equivalent circuits can be employed for modeling of actual electric machines such as a

reactor as shown in Fig. 3. In fact, the reactance of this reactor is expressed by jwlL = jwiaSN /1, where S, N and |

()

jop=

Lec1 Le2 Lcs Leca
MV\TM\TM— ----- cross section of the core
—— w
E,j o 7
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Fig. 1. Magnetic sheet Fig. 2. Equivalent circuits Fig. 3 Reactor
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Fig. 4. Bode plots of Foster and Cauer expansions. (L= ;)

denote the cross section of the laminated core, the coil turns
and the effective core length respectively. The examples of
Bode plots with finite truncations of these networks are shown

in Fig 4, where n denotes the number of the inductors. It is V

obvious that Cauer expansion is much effective than Foster

expansion. V

Recently, it was found that this Cauer realization can be

expanded to arbitrary three-dimensional eddy current field as Fig. 5. Eddy current field
illustrated in Fig. 5.” For preparation, define

E= n;.‘,en E2n: H= ;thﬂHZnﬂ ” (C)) _|>h_i 7870’7 hi;i hz:_ e?n:

1Ry, = _[Qaézn ) EZHdV, Loni = Igﬂ |:|2n+l : H2n+1dv NC))
Then the method is presented by the following steps.

Step 0: Assume that the voltage v is applied externally. Solve
VxE,=0 under given voltage boundary condition. Set Fig. 6. Ladder network

E,=E,/v and calculate Ry using (9). Set H, =0 andn=1.

Step 1: Solve VxH,, ,=R,, ,0E,, , under magnetic boundary conditions. Set H,, , = H,, ,+H,, ; and calculate
Lon.1 by using (9).

Step 2: Solve VxE,, =—(1/L,, ,)uH,, ,.Set E,, =E,, +E,, , and calculate R, by using (9).

Step 3: If the finite sum of (8) converge sufficiently, then stop the calculation. Otherwise set n = n+1 and go to Step 1.
This method provides the network constants in Fig. 6, and simultaneously provides the spatial distribution functions
E,, and H,,,,. The circuit variables e,, and h,,,; can be obtained by real-time simulation of the ladder network. The
magnetic field and the current distribution can be synthesized using (8). Furthermore, the total magnetic energy W,, and
the power consumption Wr in the entire domain Q are presented in lumped forms as

2
1 00 0 0
W, = E Z L2n+1h22n+l’ We = Z Ron (Z h2n+1j . (10)
n=0 n=0 m=n

In the actual electric machine designs, the nonlinearity and hysteresis property, as well as the anomaly eddy current loss,
frequently become important issues. ¥ The authors hope that the proposed method can be applied to estimate the
anomaly eddy current loss. However, it may not be so easy because of the moving of domain walls due to the
fluctuation of the magnetic field.
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Large perpendicular magnetic anisotropy in Fe/MgAl>O4 heterostructures

Qingyi Xiang'?, Ruma Mandal®, Hiroaki Sukegawa’, Yukiko K. Takahashi” and Seiji Mitani'*
'Graduate School of Pure and Applied Sciences, University of Tsukuba, Tsukuba 305-8577, Japan
’National Institute for Materials Science, Tsukuba 305-0047, Japan

MgAl,Oy is considered a promising alternative barrier material to MgO for magnetic tunnel junctions (MTJs)
due to its tunable lattice constant). The interface-induced perpendicular magnetic anisotropy (PMA) at an MgAl,O4
interface is a crucial property for applications of perpendicularly magnetized MTJs (p-MTJs). Based on a recent
theoretical calculation,? the areal PMA energy density of ~1.3 mJ/m? was predicted at an Fe/MgAl,O4(001) interface,
which is nearly comparable to that at an Fe/MgO(001) interface (~1.5-1.7 mJ/m?). However, a much smaller PMA
energy density ~0.4 MJ/m?? comparing with ~1.4 MJ/m?® in Fe/MgO,Y has been experimentally reported in
Fe/MgAl,04(001) where the MgAl,O4 layers were prepared by post-oxidization of an Mg-Al metallic layer. Therefore,
further improvement in the PMA energy of ultrathin-Fe/MgAl,04(001) interfaces is expected if a sharp interface is
obtained by suppressing atomic intermixing and over-oxidation through process optimization. In this study, we report
achievement of large PMA at an Fe/MgAl,O4 by introducing electron-beam deposition of MgA1,0s4.>

Stacks of Cr bufter(30)/Fe(0.7)/MgAl>O4(tmao= 2 or 3 nm) (unit in nm) multilayers were epitaxially grown
on an monocrystalline MgO(001) substrate by electron-beam

evaporation. The Cr and Fe were post-annealed at 800°C and 250°C, 1
@400°C

%

respectively. The MgALlLO4, were post-annealed at various
temperatures between 350°C and 500°C to modify the interface
conditions. Magnetic properties were investigated using a vibrating

1

=,

sample magnetometer(VSM) and VSM incorporated with (o=
superconducting quantum interference device (SQUID). The

ultrafast magnetization dynamics property was measured by the
time-resolved magneto-optical Kerr effect (TR-MOKE) method.
Figure 1 shows the M-H curve of an optimized Fe (0.7 -

5.

tyao=2nm

nm)/MgALO4(tmao = 2 or 3 nm) interface with a large PMA energy
up to ~1.0 MJ/m3, comparable to the reported value for an Fe (0.7
nm)/MgO? (~1.4 MJ/m?). We also found that the PMA energy and
saturation magnetization (M) were not very sensitive to

..F'ﬁ,'. tie %

== |n-plane
=== QOut-plane

measurement temperature, where from 100K to 300K, K; drops from
~2.0 mJ/m? to ~1.7 mJ/m?. The effective damping constant was also
evaluated to be ~0.02 by TR-MOKE under high magnetic fields.
This study demonstrated robust interface @~ PMA in
ultrathin-Fe/MgAl1,04, which is useful for p-MTJ applications. 1

This study was partly supported by the InPACT program ! ! !

tyao=3nm

of the Council for Science, Technology and Innovation (Cabinet
Office, Government of Japan) and JSPS KAKENHI Grant Number
16H06332.

Figure 1 M-H curves for samples annealed at 400°C
with fmao =2 and 3 nm.
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Fe/MgAlLO, Rl DEEMKEFEPMA) E W HEAIZ X 5 PMA B RIZEE3 5 BT

FEFREAT, = Bk
(Wbt HAE)

Theoretical study on perpendicular magnetic anisotropy at Fe/MgAl,O, interface
Keisuke Masuda and Yoshio Miura
(NIMS)

W b xRS (MT)) 2R 7 X L7 78AAEY (MRAM) ([ZISHT 2B, @OBESEREUE (MR
L) WMz, BRIl O BAVZEE M ORELR IS B & 70 2 72, B 0D 5 1 B 7 1A SR L9 D TR ELRE SRR
DUBERAR ETeo TS, ZNETIZ VLY & L TRE b EBEBS RS2 A 5 2 588 (D022
Mn3Ga, D02 Mn3Ge, L1y MnGa, L1o FePt %) 28 MTJ OEMiA B & U CTRFF S CT& 7223, R TlX CoFeB
> bee Fe Z# 2 5 iV MR L2353 53TV 720y, —, CoFeB/MgO [1] <° Fe/MgO [2] T, FEkED%HE 5
IZ8 Y 1.5~2.0 mIm? B2 D LAY K & 72 B RE KR T ER S LN TN D, 20 K9 ZefkifEd biRiEMER
LB DO IEIZ I T D SR RER SRR SN TR 2B TE T,

ALY T MgALO, % V7= FelMgALLOuFe MTJ [3] 1R TORFIEAEMENRRKRER W E W) K&
Rl zH L, BEIC=IE T300%REDKE 72 MR [4] &5 TV 5. FelMgO OI4A & [FEE, Fe/MgAlLO, D
FERREITTEICOW TEEOFERBITOILTEY [5,6], Fe/MgO L 0 & T/hE W O O EE RS 7%
DFOLIND Z ERME SN TVD. Fe/MgO O HEE R T HEIZ B L CIIER O BRI T, £ OB
72 BRAE DS HE A CUN D — 7, FeIMgALO4 125 U CIEARMFZE LRI BRI JE M T oL Tl b7, REM KA
PO, BL U Fe/MgO & DEIZOWTOEMER R+ THDEEZLND.

AR TUE, 5B FEEE % ) FelMgALOs D S BERSE J7 HEIZ DWW T ELER B 72 7 AT 21TV, Fe/MgO D
R LA Uiz, Fox 3 % fl{l L 7= Fe/MgAlLO, 38 X O Fe/MgO D EA& 12 L CE EEPLEI %5 &
force theorem % i F 9% Z & CHIEBR R S HARE Ki 2 B 1 L7, Fe/MgO {22\ T NS 7 B4 a lZ ik
HIRE RGN D D T2, FelZHDETME (a=ar) & MO IZHDETME (a=amgoly 2) D218 Y TitHE %
1o, 2D DOFEOFEE, FelMgALO, ® Ki (K=l.2 miim?) 1% 2 fid Fe/MgO @ K; (Kizl.4~1.7 mJ/m?) LV
HLHET/hINWZ ERbnrolc, ZORPBITEBROERBEREFET 2D THD. MKEFHET XL F—D 2
ARENEAT, 3 L ORI O RFTIKIEREE (LDOS) f#T 21T > 1245 5%, 2D &L 5 72 FelMgALOs D KilL B < %1 b
M7= Bruno HI CHIBARIRE TH 5 = & b o7z [7]. £72 FelMgO IZ b~V S 72 Ki Mg BV B I2 DWW T,
Fermi #¥ENZAHT CTO A B U KESHELOF G0/ SWZ ERFKR TH DL EEZBND. Fx LS5
Fe/MgALO, DIEE IR G MEZ M ESW 5 HiEE L TRE~O W B AZ R L. FHEORE, 3~5
JEDWHFAIZ L > TKiOED 2~3 51T RT 22 L2 /L [7]
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Fe/CulnixGaxSe: (281} 5 FHEEMIE T EOHER TR

WA FTEAT, ik, =i Rk
(i)

Theoretical prediction of perpendicular magnetic anisotropy at Fe/Culn;xGaxSe; interface
Keisuke Masuda, Shinya Kasai, and Yoshio Miura
(NIMS)

A b Z S (MT) ZEBEEEN—RT A A7 RTA TOFELRD ~y RROMRT VX LT 71 A
AE VU (MRAM) ~EAT DB, @OBAIRPIEE (MR ) 12N%, 1 Qum? 2 DR W EAEERET (RA) MHMET
5. ZOLOSRHEMOL &, EFEEED [1] 1ZHEAY 7T RBICEAE IR Culny,GadSe: (CIGS) A L
7=MTIZBR% L, MW MR IEEWRANFRFICHEOND Z &R LTz, £72, 2O CIGSMTIIZEIT HEW
MR I, A BN BIS D A B ARSFE S U RNARBIZ LD D TH L Z ERH LIS [2,3].

FEIZ CIGS MTJ @ MRAM ~DISH %% 2 DB, & b7 D852 5 OIFRMEIEEMOMKIEATETH 5.
MTJ 7 /34 ADBHMEITEE 5 BV EMEDOREROBLEN S, B ERIIRERKE T EE > TS Z R
PE LU, EHRIS, A B UTEABYEEE MRAM (STT-MRAM) (2B U ikl i din oo g S i & R & &
%72 [4], EE V27 MRAM (Voltage-torque MRAM) (2B L CixEEIAAT T —F % FiF 5 [6] HWT,
RERBEEMKBETIEEZATHMERMLEEL SRTWAS, L LRSS CIGS MTJ DA SR 7 M B9
% JEBRAY, PRERAIRREHIARBFELARTIZ I T C 2 e o 7.

AL I — B R A WV, Fe & kkx 288K ) 7 O JL T O ERTYEIC OW TR 21T > 7.
PR SY T L LTCHE, BRLCIGS 21X LW, TOMOD I N a3, T A FRMNEEKR £ 7= PIH a2 Ff o
ZnSe, GaAs 72 & D YR G EEIZ AT, K RITHOWTE FEINLRIHIE & force theorem % FHV T AL I RGS R S
PERER Ki 2 BT 25 2 & CHRIEMS R T2 L7z, FHEORE, SBFHRZIZIEETORTED K 235
b, ZNHDORNPFAEEBLRETHEERFSOZ ERNbhoTz. £ KOE & RaERRET—A > FOR
Tk bl LR R, 2D OEEBKEGENS R M S Bruno Il CRREARTRE TH D Z L b - 72 [6].
FFIZ Fe/CulnSex(001) (2B W CTIEARIBE L2 RO T b K& 72 K (Ki=2.3 miim?) A& 5. Z OfElE,
[AIZfCRHH L7z Fe/MgO TOfE (Ki=1.4 miim?) OF) L6 f5IZFH ST 5. Z D X 9 72 Fe/CulnSe; 1D K X 72 T H
R BRI MEORIAZH ST 5720, Bx ZRHEAIT TORPLIRESEE (LDOS) Offfi 21T-7-. £ Ok
R, ZOROFEFFELE S EERERE T EO#EEIE > T D 2 E 03B 6 NI e - 7. FelCulnSex(001) 123
WL Fe O EJ71Z Se DMEE T 5 RmEE N — R VX —pICLE L 72D, ZOMHEIT Fe DE _EIZ O DML
&9 % Fe/MgO(001) DA MmMEE & 1IXBR25LDOTHY, ZHIZEY Se @ p, HliE & Fe @ d il ORI 72 R
R UK E REBEMERETENMEONT-EE 261D [6].

ARFFE DO —ERIT B FAR S (16H06332), J4Aix B (16H03852), HirAIMFFERRSEHEME 7 1 277 2 (IMPACT)
DOEEZ T Thn-bDThHD.
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F6304 / Cr %EH%Q j‘ }Z) ﬁ @%‘R \jﬁ“l\i

KRB, AL, &R
(& HEX)
Large perpendicular magnetic anisotropy in Fe;O,/Cr multilayer films
D. Oshima, T. Kato, S. Iwata
(Nagoya Univ.)

FLHIZ

72 T4 MIEFRICLRET, “IMTH L0, KABGHER 2 7B E L TR EH SR TV D,
AE TR GLEIEIR, A hua=27 2k, AERBESMEE L TORHELEEICHER Th T\ 5
Fe;O04 IR E R AL U HMBREZFOMEITHY D, A b= ZMEE LTHLAELTH 508, BRI
RRLATY ~DIEHEEZD L BEBKREGEEZHTSHZENEE L. 4nl, MgO Hifksh MR ISR L
72 Fes04 & Cr O L JEFEEE I W THREMKETENSE ONO THET 5.

REBRAE

[Fe;0,4 (tnm) / Cr 2 nm)]yiZDCB I URF~ 7 F b 500, M (emu/ce) 500.. M (emulco)
Ay ZIRI X0 R TERL L, FEARICIE MgO (100) (@) (b) L
WS IEHE 2. Ar U ABBAH T FesO4 4 — 4 N=30" ;:” N-to ”
v M RHWTHME L7z, B, 350 °C T30 min 7 = | P

—IVEAT o T2 B TV O R R E XA A " MQQM H@%
AEURE D) F %, A RS RRAT I 1 X AR & . 4;

-500-+ -500

REREER 500.-M (emulcc)

Fig. 1 (Z/ER L 724 > 7L O kR X O N 717 @ omm | L

DA #R % 7~ 3. BEL OfEIE FesO4 IR THIMS L L T N=9 /7

W5 . il O 2 g O fafnfg i 50 emu/cc LL R ThH s s

57 (ZZTHRELTOARY) 23, T=—cks-<T H (kGe)
200 emu/cc LA DTS S, Epmmﬁﬁr

BT ERbinoT. FRIRHY, TR R o007

FesO4 JBDIE X ¢ RE L 72 51 SHHD L’Cb‘%ﬁ%?’”& Fig. 1 Out-of-plane and in-plane M-H curves of
Roniz. 2O &5, FaO4 BT =— iz LY # [Fes04 (1) / Cr 2)]y: (@) =3, N=30, (b) £=35, N
BAL L CREMEZ R & 5 120, 2 OfEEEE Cr BT = 18,and () 1= 10, N =9.
TNEZALZE)TRVWEZATHRRSTWS LT
Sho. 7z, Cr &L DR EERK R HEOFHEY
WZHEELTWD EBEZBND. Fig.2l2t=3, N=30D
Yo T CEBT DEER T MO X MREHT 7T e 7 7 A v
Z k9. MgO MR & Cr200 ©— 27 ORI @I sk &
BEZoNBAAL L E—INRREROND. EOBKIZITYT
T4 ME—ZBALN, FINLRBELLNDEZEK
JEHNIRGEHE E BB L2 —H L TWnDH Z &b, 350 °C
DT =— NV %EbEEEEEZR> TN EEILND.

2 Ik 0

X-ray intensity (a.u.)

1) H.T.Jeng et. al., Phys. Rev. B, vol. 65, 094429 (2002)
Fig. 2 Out-of-plane profile of [Fe;04 (3) / Cr (2)]30.
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Pt/Co/Au/Cr20s/Pt fEEFEIZ BT A BERMKAGHNIC L 5
TEEAHL A T A i

Ab !, SRR, ORATEE S, thase—!
PRBRCR R B T geR:, *TDK #iiatt
Reversal process of perpendicular exchange bias by magnetoelectric field cooling for Pt/Co/Au/Cr,O3/Pt
stacked film
Yu Shiratsuchi', Shunsuke Watanabe', Shogo Yonemura?, Ryoichi Nakatani'
'Graduate School of Engineering, Osaka University, “TDK cooporation

WBE AT RT, RREIERE BN R E TORZBESIC L B RETH Y . AL UL TR
[N ANBEEICBIT 2R BEOBLEEICHNLN TS, (RO AT 213, TP HHENCE - T
MEEZRESNTHE, TN AP TS EDLZERREE S, ZORDAXT 4> 7 BRAFIZE ST
i, ZO—RIF, KBEEA Y U ET S AR THIICHET S Z EARETH L Z LIk D, TFED
FEEVERLEEAT, A BRI ORZEIZ LV | CnOs 213 U & T 2 BXBIENFAM EHERE O /ERL IR 72

TErOIRME S & O T2 OB A & 2 O R 72 I 23 FTREIS 72 o T 5, Sl Cr0; e R e R X
0.4 mJ/m? LA EDOTEE ML NS A T A BERBEEGNRAZIE S S WAL T ARKESNFRER R TH D, ZDORICE
VBN A T ADSNLHENIMERESEREICTE ) S CE D, RBIBROFEMZR BRI IX, S, T ADT;
NG RV F — | B2 2 LN T 5 2 E RN TH D, ABFSETIE, RGBS T,
RN H (Magnetoelectric field cooling: MEFC) IBFR:IZ 35T 2 AHL /N A 7 A SRR T DV THET L 72,

EBRAEK RENL. clEY 7 7 A 7 ER EICER L 72 PY(3.0)/Co(0.7)/Au(1.0)/Cr03(150)/Pr(20)FE & 5 2
770 &8 OFEINAN OEAFE L, nm BN TORRE 2 K3, BEHERIZIX

DC~ 2% kv 28y X Y VR RO, REHERTIE, A8 &’zi:;*w"dle_
OFEEELFMEIZ O TIE, WEOHREEZSZRI NIV D, /ERLL 7=

Bz, 7+ K~V /7774*\ ArAF IV 7, V7 A 7E PYCo/Au/Cra0,/Pt _
FAWTC, BHAUNTREZR~ A 7 1 Ky b (B2 200 pm) (BN L Observation [T
L7z ERIL7=~A 78 Ry MMIx LT, BSOS Kerr 20 R BEMEE area
IZ & > TREME 2 BIE2 LT, 1R L7273 2 D R B & & _
A A (X 1127, BRI gL, #B% 297 K 225 280K £ T 0
MEFC YEIC & » T HI L7244, +1 kOe ORESHEIHN T o 72, A Bottomelecirode L
A T AHR7= 8 O MEFC §:4:1%. & HIBF OENINEY 2 +15 kOe CTlEE M1 RLE~v 2a Ry b
L. HINE SR 2 0kV/iem 7705 600 kV/iem DOFEPH TELSED Z & T8 Spseiimesta L e R ORI,
L L7z,

EERER L EE MEFC HOES N 413 kViem BLF TS AL 7 ZORMEITA & 72 0 B OB PR H
& —%42%, MEFC FDEL 420kViem L7250 L, IEOKHAAL 7T ANBH SN D, ZUuE, @I
BRI RR AR BRI IS 38 1) 2 T ASHARE A & BRI RIZ L D =XV F — DG L > T TX 5, ¢
KAWOLNTEZET NN, ERADZWNA T A RBLT DX O HA D, WX 0= 3L ¥ — 2125t
ST RN ARSI T A EEFUEL TR, ZOZ LIXFEADORE NSA T AEFEBL L TV DX
DNEREE DB RN L 2 UE L TWD, LvLAR2 S, MEFC % OREEEBZE 2 L 10, &K L
THIE L2 R L AR C BV Tk, AT -8 o E5- 2B OBILENBRHI Sh D, 202 L1
WERTET IV LI D | MEFC il FE TR S 2 BEXKAEIE A SO O St & N TR 5 2 L 2R L
TW5,

£ 3CHik 1) Y. Shiratsuchi et al., J. Appl. Phys. 121, 073902 (2017). 2) M. Al-Mahwadi et al., Phys. Rev. B 95, 144423,
(2017).
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JEREME A8 TIN RIC/ERL U - ER L2 L 7 =T A MED
ko R IAREREE

HRER Y, BPRFSEih Y, BREPIE 2 RZJEIR S, NEPEEDS 2, RARRY
(4 LRI, 2RKRAEDE, PRI RT 27 LHLT)
Tunneling conductivity in perpendicularly magnetized cobalt ferrite films prepared on metallic TiN layers
Masaaki Tanaka®', Kousuke Nomura®, Takaya Okuno? Syuta Honda?® Teruo Ono? and Ko Mibu?!
(*Nagoya Inst. Tech., 2ICR, Kyoto Univ., *Kansai Univ.)

[ZL®IZ

SRR AR A 2 R R RS T, hU AN TORENRETDOAL ALY Bipb7-9,
F o RNVBEFDAEANRGFE LT BRROENED, AV REBLZEREER T ZENTES. Z0H
BT DU RABIRAE T ¢ o H SRR LM, BEESE AR WET LA E L IEARE L THIR T
LY, —J, BREEMERERIRD 2L N7 = T A b CoFe04 D (001)EC B L, M PNICHE ks 235 ] & i &
nse, REBFEEMBRETEZTRTZENAON TS, oV —BERGVI IV ET7 2T FOIE
B EIRZARBEN O H D THIE O LICkE SE5 2 n i, EANAREREMRERO b xR e
VTN —FEE L THRTE S, a7 2T 4 MY, Cod Fe DEEREEZ D & TEORBKEFEE
TALEED ZENTE DI, AWFZETIZIEMIMESE TIN Bl Co & Fe DHRALEZZa L 72 TA M
BRALIEOIER AT 72, £z, BEMICEZFFO TV N7 2T 4 MNEORAE V7 4 )V E =3O AT
STz,
RERFE

YAG 2 f5 L ——Z 7= UL A L —H —HEFE(PLD) % T, MgO(001) Fat k12 FERLME 428 TINGK 15 nm)
JEAEBIPEEL, D I Co & Fe D% % 7= CoxFesx0a(0<x<1)7# (20 nm) % 6 Pa DEEEFZFHA, 300°CD
FEMOREE TrERL U 72, X #RIEIT & & O i & 88 T E A Ol 217V, SQUID BERETZ W TRAMEEIE
FOEEMKBIEOFMEZIT 72, I BICA AT T =3 HREIC L BT Ot 21T~ 7-. 7
+ NIV TTT 40— A A A T EHOTERDIE 1 m O CoFesO4/MgO/CoFe #i&E DR kv L
BEAMTHFETFZ2ERL, Mo anNY TR KA Y 7 L X =R OF il % 3 7 7z
RERHEER

TiN(001)/& | TiZ CoxFesxOs HEEIL(001) HIFIZ = B X F ¥ ¥ ViR LCE Y, Co DEIG NI 5 & B
FROFEBP/NESL 2D T ERbhoTz. BALRIE D TiN & 10D CoxFesxOs il L HEERE KR 1%
Ffo Tk, BALHifE» S BAE Y - 72 CodFesxOs KD B LR M= 1L ¥ —|% 0.3<x<0.9 DK TIT 4
=108 erglcm* FRECTH D Z ENboT2. AANRTT =AY b, Co DEIEIEY L7z CokFesxOq 14
Tl Co?* A A 2 X Fe? A A N EBETIC RS A A T OEZIZES D> TND I EnbhoTz
Z DT LD CoFesxOq IRIT Co DEIG B T2 & RBENMERER D~ 7 3 X A b Fes04 TIE 72 < SRELEHE
BIED~ T~ Ak y-Fe03 IZIESWT WD Z ERbio Tz,

MTJ & T OEFEERIE TlX b RUHEE 2R3 = IREHR S DA, CodFes O WX R AT 72 b o R VR
AT ENbhoT.

LTI T OT A& BEMKE G L OBBREOMTIFEFOAE L BEIZONT hiEmT 5.

B E R

1) J. S. Moodera et al, Phys. Rev. Lett. 61, 637 (1988).
2) H.Yanagiharaetal., J. Appl. Phys. 109, 07D122 (2011).
3) T. Niizeki et al., Appl. Phys. Lett. 103, 162407 (2013).
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FeNIiN w572~ 6 D ZE T K 5 Llo-FeNi iR DAL

PR R Y ARHERGLA L K PR T, SRARSE 2, MRSE N 2, Ml !
CHAERT: @R EHIFZERT, 2 5L T WP T 0)
Formation of L1o-ordered FeNi films by nitrogen extraction from FeNiN films
K. Ito?, M. Hayashida?, M. Mizuguchi®, T. Suemasu?, H. Yanagihara?, K. Takanashi*
(MIMR, Tohoku Univ. 2Inst. of Appl. Phys., Univ. of Tsukuba)

E)
]

in

i THESCESRZE E R VERNEE 2 tRE TR SN BV — iR R T 3L ¥ —(K) &2 H T 5 5
WA RL D R D BTV D, Frxid Ll-FeNi HAIA IR U CHAEMEROER L | HAES LU K,
O IR A TE D, —HFTIK KT, IEJ4 FeNIN OZ 5 RIS 5. KFEH R FHEF T AL
HIZ X AMERIEICL Y, BRI E WA (0.71) 2 FF o &bl Llo-FeNi RO AN EBL S 7z 2, ARIF7E
T, BLEERIEIC X0 SR RS Llo-FeNi MR A /ERL L. XV EfEIC K SO Z T 5729
2. DR X %2 —(MBE)EIC L 5 Hiftsh FeNiN MEOERLE | Zh 5 ICk 4 2 IEHNE 21T - 72,
EER

Fe. Ni, & & (RF)N, O [RIFFHEFGIZ £ 5 MBE 512 X D 9, SrTiOs(STO)(001), MgAl,04(MAO)(001), MgO(001)
FEAR 12 FeNiN (20 nm)D = & % % o v LR &5 A7z, IR E 2 300 °C. Npifi# % 1.0 sccm, RF A
J1% 240 W, Fe & Ni D&% L— MIZFHFH 0.040 Als 38 £ 10 0.038 A/s THEE L7z, 1ERLL 7238BH L.
IR 300 °C, FFfH 4 h, Hofiid 1 L/min TORERBWIL 21T 572, 3B OREE % Out-of-plane(w-26) 3 L O}
In-plane(p-20x)X #[EIHT(XRD) TRl L. =i CTOBML i #R 2 R B 5 CHllE LT,

HE o [@ — T
XRD HIEDFERMN S, WTHORELS a #hfdm FeNiN #ik § L | —— sTO(001)
DITE SR VREICHRS L, BEMICERE ¢ Bods § ost Ty -
H\ iz 900872 s, 2 FEOANY Ty F BBk ST ALFeN |l
{FeNIN[00L](100) || HE4R[100](001)35 L X FeNiN[010J(100) || 2 & °°f | 7
HR[100](001)}, BLZHHD XRD X% — %, FREOTEBFEE 8 oo i .
o7 F FERSPT T FeNi DR ENHEOH— & g 11 substratel100]
FJE UTa o 7o, Fig. 1@)6 L0 1(b)ic. MERHOREOBE S 10 = .
NI L ONE MM 3 2 FUIN U 7= BR o i bl 2 7~ 4, &M 3000 2000 1000 0 1000 2000 3000
& LT, B AS AL-FeNi B OB L l#RE & 7~ L7=, Fig. 1(a) TlX External magnetic field [Oe]
i 28 275 CHERL L 7= FeNi dED )58 Al-FeNi #E L 0 & £ 6% S I R
HBKE < RBBALAVN SV, Fig. 10) Tl BERECHER ¢ | sro0n | _
L 7= FeNi HIED F REIFBSE N KR E WV, 2SO ENS, — § 0s | :mgg((ggll)) / i
SR T PE ST N O 2 S0 ¢ TS ATH G St a filifidi @ ! Al-FeNi | ]
L1o-FeNi SISO s 750 S L7, Fig. 1(b) DRG{L A Hhze § 00 oo 1
HHEOBERD K, 13 9.9x10° erglom® B2 2 LB L S, SUEEE g [ /) ]
0.1 FREE LM SND 9 AHIL, FeNIN IROFRAMEOBE & | / HI substratefo01] |
SEAMFRSR IR A BB L L, BLREE & Ko B & BT, 5 ol ]
ﬁﬁ . § —30000.—20I000.—10I000. CI) . 1O(I)00 . 20(IJOO . 30000
ABFFEIE ISPS BHF# (No. 17K14651), SCEIARH A HEE Y = ¥ External magnetic field [Oe]
=7 LR RENERT S (ESICMM) O 3R % % 1 72, Fig. 1 Magnetization curves of FeNi films.
BE X H Ms = 1100 emu/cm3.

1)K. Takanashi et al., J. Phys. D: Appl. Phys. 50, 483002 (2017). 2)S. Goto et al., Scientific Reports 7, 13216 (2017).
3)F. Takata et al., Jpn. J. Appl. Phys. 57, 058004 (2018). 4)T. Kojima et al., Jpn. J. Appl. Phys. 51, 010204 (2012).
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MgO % Fic () il 48 T HlsE (2 BV 7= FePd JisE o> T [RS8 7 M

B OB, MR SR MR
(B ERE R BELEARSER
Perpendicular magnetic anisotropy of the FePd thin films on MgO seed layers

H. Miyajima, K. Kamishima, and K. Kakizaki
(Graduate School of Science and Engineering, Saitama University)

FLBHIC

Llo HAIA@ICERET 5 2 & TRV EmERE T2 R T FePd G40 55 ERKGLEREA L L TIFgE S
nTW5b, Ll FePd &40 Llo BAMKIZIZEE 500°CLL LITMEN L 72 EAR ~ D EIRHEFE RN LETH D |
Llo BAFERAR L7z & LT HZ 0 ¢ i N s J O EL5 ICIRIET DM A3 2 U, AWFSE TIZ T H
fit & LT (200)EC M MgO iz fivy, FePd MEICK L T X vy VIRERF OIS FEEZMA D Z L2 X
0. Lo BHAMEDOEEZ XD & & b2, BbESETH D c WA BmE S IR m S5 2 &2 A& L,

@ fct-FePd Vfcc-FePd @ MgO

Si02/MgO(annealed)
J \A /Fes0.6Pd49.4

Si02/MgO(as-depo.)

EEBRAE

RIEIZIE of ~ 27 % by ARy XIEBE W, X—F
M2 MgO BEREAR RIS KON Fe MR _EIC Pd F v 7 & 050 fF
b OERFEHA L, Fr o X—N%E 8.5X107 Torr LA TFICHE

(200)
@ (200)
@ (002)

< (001)
[ ]

Intensity [a.u.]

®
(111

S Ar HAZEAL 12.5mTorr & L7-, AL SIL 2.2 Wiem? e W [Fess i

E L, AT T AHM BIZIHFEEAK 130nm & 725 X 51 MgO ' ,‘V

TFHUBZ BRI L. K& 800°CT 5 RfAVAFE L7z, 2O FHL |4 v SiOz/FesscPdics

B I FePA A A 70m & 725 KO WCRE LI B, 0 oy m—

JUE Tk DA T, 800°C T 1 FRRIEVILEE L7-#% . Ak L=, 26[deg] CuKa

VRS U 7= 3R ORI T = ) L 3 — 50 B X #40 Hr 45 8 (EDX) 1 8 H T AN I L MgO FHufE

ICE 0 ERE L, RS X BETEXRD)IC L VAT L. K (ZPRIBE L 72 FePd IO X HRIEIHTX

SEFEITIEE B D FHOVSM)IC L D IlE L 7=, 1400 4

71200 F Af Hey

BR5 L UREH 2 w00 (7] |“”C' 1273
B 1A T ASER L, MgO FHIBE B35 X OB g w0 f E

MgO FHIBE b2 ZHUpk i L 800°C TEVAEL L7~ FePd i § 50 f §

O X ARIEGTEERT, AH T AR LI BRI L 7= FePd § * | &

T fec OARBIHIMTH Y | ZORBEFRIE CTHHA1I)ES = 2

WS P R ERLIAT S B, R LT MgO FHEME EICRE L7= FePd  ° o, MgO(as-depo.) MgO(annealed)
FEIBECIT Lo BAFIC 3T 5 (001)Ei 2> B O EHT A iR T [FessoPdiss  /FesssPdior  [FesaPduos
XHZEMD, MgO FHIBEOBEIC Lo THAMEZMEE S B2 A5RT T ZEMRE L0 MO T Hifi
B LR B, E7-. BULERE D MO FHIE R FIV 73k =R L 7 FePd WIROBLSFE
T, Llo-FePd A ORGEPEN T BT 278, 20 o B E 70125220 Bm L LT,

X 2 13 2N 6 OREOBHALIES L O % R, 2T OREHIB W TRALIEIC K X 25T R Sz,
—J7, MgO TFHuEE FIZHERE L7z FePd D IR N (Hey) s K OB (He ) 7 AICHIE U7 R /113 FePd Hifg
BT R TRE <, HANkIC ié%&ﬁ@ﬁii%;f%&%o_hi MgO TFHE LIS L 7= FePd fist

DREFHENME < HANER TRV &, B TH D - DICHBENE U2 LR ERER EE X bR 5,

L Z DN

1) M. Futamoto et al. ; AIP ADVANCES, 6 (2016) 085302.
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Mn;_ Fe,Ga #H 2 5/ I D /R R & Be e

R, R, iR . EIRIESY
CRAEFBER )

Preparation of composition modulated Mn;_Fe,Ga thin films and their magnetic properties
K. Sato, S. Katayama, T. Shima and M. Doi
(Tohoku Gakuin University)

FLC&HIC

MnGa A 4 I LA TR (~ 200-600 emu/em?®)), &l S R T 1 (~ 10-20 Merg/em®)), 1 A B2 43R
(~ 88%) %R L, HERCH HHELE LS ERVHHKARGHERC ALY T LY bR =27 2F 31 20K
HAMEE LTSI 2 > T %, £7-. MnGa #EITHERDZEIC X 0 EBeEN S 7 = U Btk %
R, T a—F TNl & EfE KB E BT 5 2 ERHE SN TS, MnGa &4 RIXHE
BEANTHFFE DT O T WA RS, #KETEE - MnGa B &R 1O T Lo Y, £7-, MaGa I
Fe Z M L7- MnFeGa #HEIZB W THEREZEDL Z & RRKDOOENTNWD, ZTDOIZOARFIETIL, BEEZEE
B — AR AEEEE & T Mg, Fe,Ga fHARZE I 2 /ERL L, BRI HER L OGBS RHE O BILR 2 B 5 7
Wb ERBRE LT,
EREBRAE

B —4 sy SEPBHTIZ T — 27 TR CTHERL L 7= M Ga o2& 2 L, B o /R L 8.9x107 Pa AT
DBEEZEE T B — LA EEEUHV-EB)CITo 72, £z, BFERERIZ MgO(100) A BRI Ny 7 7@ e L
T Cr% 5nm. WMEE LT MnyFe,Ga # 20nm. ¥+ v 7/EE LT CrZ 10nm & L7-, fbdakEdsid X fRE
P& (XRD). i di i R RFAMG 22 S5 0 3 B - (A1 47 25 & (RHEED) | o XURFIE I T AR A8 &1 RGR (SQUID),
F N RV 7T D BRI BE(AFM), FHAR AT 13 = R L B — 25 88 X #R53HT(EDX) & F VN CREA L 72,
ERER

Fig. 1 {Z Mn,sFe,sGa DO RAL R Z ~T, (a)

FEALERE LTV R 0EER, ()i 400°C T 1 BER] pgol @wo amneaing -]
HULERE LIERECH B, (ORETIE, @03 g [T ) T
BEE bl LA L RER BN E L, K =64 S Vi '
Merg/em® BTz, L LAad s, fafiif: § ° ED ]

BULBELIZ - TIET L. M, =168 emu/em’® T -7, g-wo- T " |

XRD DORFERFD HIL, BULELIZ K 2 1S O et (il S "*,"j;: sestemuer)|
BRI N Te b DD, ¢ il DA D3R 60 40 20 0 20 40 60 -60 40 20 0 20 40 60
-, G TIE, Mns,Fe,Ga MURZEFMIEICH T 5 Hc (kOe)

BRI T T3S L OV BESURFIE & S A I O BIERIC Fig. 1 Magnetization curves of MnsxFexGa thin films.
DNTHET 5,

2% STk

1) S. Mizukami, T. Kubota, F. Wu, X. Zhang, T. Miyazaki, H. Naganuma, M. Oogane, A. Sakuma, and Y. Ando,
Phys. Rev. B 85, 014416 (2012).

2) B.Balke, G. H. Fecher, J. Winterlik, and C. Felser, Appl. Phys. Lett. 90, 152504 (2007).
3) Y. Takahashi, H. Makuta, T. Shima and M. Doi, T. Magn. Soc. Jan. 1, 30-33 (2017)
4) K. Sato, Y. Takahashi, H. Makuta, T. Shima and M. Doi, JMSJ, submitted.
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L10-MnGa/ Cr/ D02:-MnGa 3 BN T & BER et

SR, RN, WL, LIFIES
(RALFBER )

Microfabrication and magnetic properties of L1o-MnGa/ Cr/ D022-MnGa tri-layer thin films
Y .Kikuchi,H.Makuta,T.Shima,M.Doi
(Tohoku Gakuin Univ.)

IXLBIC

TEHAL T A 2 AR S D EHEITHIIN LRCa Ao S B EREE T2, I HDD (36 b
IZR Y ZORFELZ BTN SETWD A, ZAUTPED BEA L L TEW b ENRZET b, B2 200/
bzt LTk B s —dliaaR 8 S Ko ld 10Merg/cm® TH 5 @G S Tnb, £72, BMEE%E
RN W 5 2 & THEDOEREFLET 5 2 L 3T 5 ZEEIER D BUIE DR E DR %
REL[IE LT D AREMEZ MO TN D & L THIFF SN TV D, Fex OBFFEEE Tl L1o-FePt & H 72 FePt/
MgO/ FePt ZEME Ky M ERLT-, TOMKEHEZBIE LN TE L BEORBEIZET Ry A
A(DY&/NEL T HIEDNTHAD L, D=03um OFf, RESIZOHERDPHER SN, AR END
ENZ L DR IARA A AAEH O EBCHRESTENRFE CTH D Z EN DI LEOREIINITEILTL
FOZLENHEREEZHND, MnGa &4a%, MEEMRIZ LY LIoEER D DOntEZ /R L, £NZEN
70 D — Wi SR T MEES. F 72 FePt IZHA~MERW IR 2 F 9 5, & 2 TARMFZE TIESERLER AR~
OIRIZET 72, MnGa ZJgER K O R MBI OKFFEOMEA Z BN L Lz,

EBRF1E

EHIEEmEZE L I ANy &2 ) U 7 EEZ AW TER Lz, Bk~ 7 320 AHFEREER Bl Ny 7
7JEE L TCr% 5nm L7, 400 °C T30 57 =—/v L7, FEMIREE 300 °C T L1p-MnGa J& %
RHEMEECL OB L, RA T ==V 22713400 °C T60 i1~ 7-, AEtEz=BIHEL, %
¥ v T EEITAS—F =@ L LT Cr(te,=0~40nm) % 5 U=, ZEEFEOS A, FOREHEE % 300
°C £ THEAL D0»-MnGa JEZ X HFEBIEIZ LIV LAA NT ==V 7 &2 7o, ZTDOHREIRIZKE
L¥y v 7 EIC i(k%%wtoH%Fy%ﬁﬂi0=zwmuTT¢%LtoVVXﬁkLT
TGMR3.6¢cp(Negative type)ZBAi L, EB U Y 7T 7 1 — B LTz, TO% Ar AV 71T
KON L 24T > 72, fhaniiEiL XRD, M/MmtiMM\mﬂ%¢ismmoitiMmmfﬁu
E LT,

EBRER

YRR U 7= 2 J@ 0> XRD BFIERE R LV | 1eo=1~40nm O L1o-MnGa % 7213 D0x»-MnGa J& D £ — 2
MENZRBE ST, 72 SQUID JITERI L U t6r="5~40 nm ORHERE AT & 5 AT » 7 AR &
iz, BHNLE O 1 > 3O MOKE WEFER L V. D ORI MERE OB 15 e
7zo te=5nm TIL D=0.2 um TREEZOTERDPHER ST, L L) b2 HMAMEIC XV B
BFMEOZER O BORBE N ZDBIND Z LRl s 5,
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o-(Fe, Co)OOH % i FE Rk LT- iR T2 b 7 e AT LD
I N—K a”-(Fe, Co)1eNo 7 7 Ki - 1ERLDFA 7
oSt IR, FAE R CGRAEKRT)

Challenge to the synthesis of semi-hard a”-(Fe, Co)1sN2 nanoparticles obtained
by hydrogen reduction and subsequent nitrogenation starting from a-(Fe, Co)OOH
Masahiro Tobise, Shin Saito (Tohoku University)

[FLHIC ZHEAFRULAEY o”-FesN2 13226 emu/g OEaFNfL{L.E 9.6 x10° erg/em® o> — il i fd 5 8 5 =
ANF—ZHTHZENELEIN—REHMEIE L TOISHREIRFIN TS Y. 35 A DITKER ek LORR b8k
ZiE Ll CTIR7C Fe K72 % bl o”-FewN Ki 72 BT 27 0B AICRH W T, IR T m e 2541 & a”-FesN2
R T REL DAH B IS LUK TR RE DML U IE IC ME T BT DWW T — DR A AT > T2 2. A [al 35— L
FHRIC Ko TRE SRR G PEO RS TRISH TV D H DO CTITTERASEEL L o”-(Fe, Co)16N2 FH 3 (2O T
B F COEBZ BT, Fe % Co TEMLIZIIEFUEINODIE
TLECA AR,

ERAZE EPESEKERO TR REREICEY, M
JEE72% a-(Fe, CO)OOH - 7R Ak Liz. JFEEL T FeSOs &
CoSOs Z IV, BIRET DA MM E % a-(Fer«Cox)OOH LK LIZG A
P x 320.02 BEV0.05 LARBDISBE LI, FHRTLIHOT LAY Fig. 1 TEM images of nanoparticles as starting
121 NaCOs & UV 2. IRICH FE RS 300~500 °CC 4 BEfi] /K3 materials synthesized by neutralizing and oxidation
HIRIEL, 5&Hi& 150~170 °C TS5 ] 7 =T HZE{LETTo 7.

xX=0 0.02 0.05

K7 TEHEIT TEM, BRI X #REIT, BEAEET VSM CRMIL7-. %0 A Reduction temp.
EEREER  Fig. 1 IZABLIHFEE 210 TEM 847577, x ts‘\t 400 °C
=0 BEW 0.02 OEFAIFAE U RVEIRORF BRSNS, 0.05 ’E‘ 40

TIXERIZ RN S RS-, Bl x = 0 BEL OV 0.02 »  ~

%3812 o-(Fe, CO)OOH HitH Tah-o7274%, 0.05 Tl a-(Fe, CO)OOH L o- & | 210 °C
(Fe, C0)205 DIRFH T -T2, LIZA>TAREID A RS TIEAE VR 20 Reduction time: 4h
JVIGIRKL A5 (Fe, Co)OOH, ERIKKLT-2% a-(Fe, C0)203 THY Co & 0 002 004 006
RO KIZED a-(Fe, Co) 0z FHATEREN 0T ARD T EAVRIBSHL Co content x

N = N N e Fig. 2 The change of crystallite diameter D of
2. ff}é’“’l’ ‘T%ﬁ’lﬁbf:@ﬁ7 H?X@*ﬁaﬁ‘(“bj, WD Co Yﬁ}ﬁ@ﬁi** reduced o-(Fe, Co) as a function of Co content

% 340 °CLA L T#EILEI, o-(Fe, Co) HAHKL 723 ERRSIDI LA feqy.  forstarting materials.
L7=. Fig. 2 IZIE &N 7= a-(Fe, Co) F kiDL F£5 D @ Co & 1200
{RIFMEART. Co A BOENMICELZ DI Lz, SHITEDS
ATB TR ISR L TR 2 DS CELILE A T 57225, Co &
AFRETIE a7-(Fe, Co)ieNa DHEFRFABHIFLN T, RE(LD o FHDS 5
FEMELT-. Fig. 31Cfli 4 D&M TR TE( LT R FES RO HD 2 Reduction temp. : 400 °C
Co BKTFMEATT . —HILLCRITIREE 340 °C, Z{LIE 155°CO & 4 iding femp. - +170°¢
LAICE BT (@), x=0 TiE o7-FewsNo i - DTS NVE A (KD 400

Reduction temp. : 340 °C
Nitriding temp. : 155 °C

Hc X 1050 Oe Z7RL7=AY, x OHIMZEL 72V He IR L TWA. 2 i Reduction temp. : 400 °C
FUIEFTVED /NSO ARZEAL o-(Fe, COMRNFEIFL TNDIEEXFIGLT Nitriding temp. : 155 °C
WD, BT TCIRRITTHEO a FBO o’-(Fe, Co)isNo FHDE K H A1\ 0 U ——

0 0.02 0.04 0.06

EEELDD BRIV TSR E T 5. Co content x

SZX#EL 1) R. Skomski, J. M. D. Coey, Scripta Materialia., 112, 3 (2016). 2) M. Fig. 3 H. of nanoparticles obtained by
Tobise, T. Ogawa, and S. Saito, J. Magn. Soc. Jpn., 41, 58 (2017) . 3) X. Zhao, C.  hydrogen reduced a-(Fe, Co) nanoparticles and
Wang, Y. Yao, and K. Ho, Phys. Rev., B94, 224424 (2016). subsequent nitrogenation.
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R AR M B O TERL & £ DR

NN Z W23 IRER 134 o BT
CHIERBE L., 2HAE K RaMGI., *FR 24 Future Materialz, *JREF K iCeMS, °Univ. Ruhuna)

Fabrication of ferromagnetic iron-nitride nanocomposite and its magnetic properties
©T. Ogawa'?3, N. Kobayashi,'**, and R. Gallage®

(‘Eng., Tohoku Univ., 2RaMGI, Tohoku Univ., *Future Materialz Co. Ltd., “iCeMS, Kyoto Univ. >Univ. Ruhuna)

FRREE AL 8R(0 - Fe1sNo) I ok & Zefiafifiifb(234emu/g) & b a8 )7 ME(1 x 107 erg/em3) A L D, 472
yarY A R~F )W A ORI THEB L OFNS O L 7 KIS EE ) « EhRE— 2 <0mE
TSN A BHERRMHEM 7e EICE T DM T SRR B 20 Ok D & LTIER STV D, Ll
RN D, BREGHEPBEAT O TR K ABAMEHZ AN ENZ En | ISHEEEZX D B TRt
DI LR DGEND D,

AFEF ClE, o’ FesNe By KO S FIBH{L ORI ZIE D LoD FersNe FHO E BT AL 2 EH T 5 2 L 2 &
L. BEFO# THEAMEIO—#l L LT Sm-FerNHIZEH L, TN O6BMKROBEEILEITH T & T, L
(M) 77 (He) %5 DR URF M O M L2 B3 2 FERE R A2 1T o T,

R A2 H 95 Sm-Fe-N BiA AR (HIi b T¥EMR) Lo -FeisNa MR A FTED L TIRA L,
B CRIIEEZ A v X —E LTSGR L I U A — R X0V 7 REEHEERL LU 7=, fERO—F &
LT, E U723 B oL iR 2 Fig. 1 (R d, FERICHEBRGEO O, S8 REER (RRT AR S50
1% Sm-Fe-N My R B (AR SEHR) & 137 Db & 72 0 | F OHPRRERSE LN TV D RICH D,
FEIZ, FeNa & Sm-Fe-N DRGNS —FEIZ 70 o THIEIGITIBRE L, BREEITELE C©—F IS b End 2 26 @) )
BHI S TWD, ZhE FergNo 3K & Sm-Fe-N ¥R M TRV VEKIIME AIER G AAERZ &) BFEEL
TWAHZEZRELTWS, £7-, Fig2 IR T X 912, M, BEO H. OBERENEDMEHE I 138 B oLt
FEEINDHDOO, LRI UREINCBEAEFENRZL LTV D Z 23500 . a”-FegN, - Sm-Fe-N &
MEHZ B W THBIME R < MRUREZHIE T 2 2 L AR s Lz,

KEFFEOHEREZ 372 0 . Sm-Fe-N BEly % THREL =72 % F L7z B b2 TS, 2o 0N, B
BRI 2> B agim\ O 272 & F L RIS A E B2 S L T £, RFE0 —Hix, Baarse i)
& HAERFFEB)(— %) (18HO1466) . AL A =28 U] Bl G kM Pk 29 4R 2 [RIRFZE B R B a4
DIEEZ T TR LD TH 5,

e DN
1) T. Ogawa et al., Appl. Phys. Exp. 6 (7), 073007 (2013).
2) /NEZ, £<4 12,No. 3, 115 (2017).

180 1 1 1
FaN-SmFeN
108 naﬁoaonr?pc?site N
(izotropic)
[ 1 E [F]
g 5
£ ° S
| i
S—
- T=300K u
—— FeN-SmFeN ]:
— SmFeN
Aeal- — Snre
150 | 1 1 0 1 1 1 | 1 50
S0 - -0 ] 2% 4 W 0 20 40 60 80 100
i’ oe FeN content (wt.%
(0" oe} SmFeN (wt.%) Fe,sN,
Fig.l Magnetization curves for bulk o’ Fig.2 M, and H. v.s. Fe;sN> content for bulk
o’-FeisN2, Sm-Fe-N and FeisN2-Sm-Fe-N Fe16N2-Sm-Fe-N nanocomposite.
nanocomposite.
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Fe-Ni-epoxy & D LbL iE7 2 A MEA D - 12 Xk D 1ER

I Ak, BB UEITT, U (EEE, BRM Ew (REEHE, "EBEEIR)
Fabrication of Magnetic Fe-Ni-epoxy Composite Film
by the LbL Assisted Composite Plating Method
M. Takeuchi, H. Muto”, Y.Watanabe, N. Fujita
(National Institute of technology, Nara College, *Toyohashi University of Technology)

XL I

AFFRETIEY = v b7 mt R K D BRI B OFERZ B LT\ 5. ABFFETIE,  LbL (Layer by
Layer) 5 CHEAMZ B0 S B2 WtE & Bk (Fe-Ni #cki+) ZBEXIKEN T & 0 FEMIC 5] & 717 Mokl
(epoxy) ELIEHrEE 2 Z & THEPIZIMVIALHIEZSZEL, ik LLIET A MEGH - ik L4
J7z. LbL Ik E TR+ 2R Y BF A L RIERE RV 7 =4V RIFRIC R BiR{E S, b R E BN &5
THEMTHY, ZNEMESBMAHICEATIVIREEMNELEMIEDL 2 N T, R L BRI
D& Bk B OBIMAEIETX 5.
ERGE

Fe-Ni #ihi-(= 7 24E8d, SEH¥IRiIE 60nm)& R U 7 =4 RIEHE (PSS : 1wt.%, NaCl:0.5mM) (Zi=iE#,
RY B F AR (PDDA : 1wt.%, NaCl:0.5mM) [ZiR{E S ER B MmO 217 ->7-. 0.25~3.0g/L D
Fe-Ni ¥R~ & 40ml/L DIKEEPET R % S (HARNA o MENL2) & A A 2 ZZHKIZIRIM LT & O & BOSHK & LTz,
1ecm? @ Cu M & [&fiz, TilPt A& BEiiZ L CEMEE-4mAlcm? T 5min DS TEN 21772, EF D Fe-Ni
EHRIE, B EORE S LEEENOHEB L
ERER

LbL fLER % fiid~ = & 12 L 0 IAHRF O Fe-Ni Oy gt m B4 25 2 LIz K1 XY, i H O Fe-Ni
BENEREIC/R DI EEP O - EA LN Em< 72508, LbL MEAE Y OBAEOITN, FEERHSHEINT
D728, BWIEFHRLFEEENE LD Z ERF LR T, 2 @ LbL ALEREE L DGA OO Wi 5
BT, RrABERICEEL THFEEL TS 2o, BIEERBHERE O E CREERL 723 BEE L 72 2 & 23 RIA
WX DWrE oM MBI SN, —J5, X 3O LbL AFEH Y OLAIE, SONETPISHRI 723 — ITFE L T
WAHTD, R THEENEZ 5 T8 —REAENE Oz, 72, LbL LB L DA ITH 35um ThH o
T-BEIE S, LbL ALEEA D OBE13K 80um & 2 5L EIT72 > Tz, LbL ALBREE L D3EA 1T, Fe-Ni BEEAN
THRFVOREEZMET D20, BENNSLSRottEZ TS, UEoZ &b, LbL 7 A MEA
Wo&xmWATH I ET, B—TLVIEW Fe-Ni-epoxy HATRENEGHND Z L N7z,

25
)
% with LbL
S 20
<+
s |
4
“
h@- 10 +
N without LbLL
£ <l
ﬁ o
4o
0 05 1.0 15 2.0 25 3.0

BRSO Fe-Nifle 5 [o/1]
X 1K Fe-NiBE L Fe-Ni 8% 2 LbL ALERAE | o M 44 3 LbL ALEA Y O EWTE &

— 198 —



13pD - 4 F42 I8 HARRESE R AN AR (2018)

BtET 2R F ORBAIEESIRIBE OO DAY R—F AU I BILERE

AFfER SEEH—
fEMRE T
Structure of mesoporous silica thin films for ordered magnetic nanoparticles
Takatoshi Kimura , Tetsuji Haeiwa
(Factulty of Engineering, Shinshu University)

XL ®IZ

S IEERIO B S EEFIH L7 A Y R —F AU Bk, BEEK 10nm O/ RF>Z &
5. MALOMIFLEE R R L 7=BaE T 2 U A Y R OV R OBCSIHIE O mTREME 25 LT 5,
—BEAE, Foa 13O B AR L (EISA) 5 TERL L 72 i M4 F127 2 L7z 2 VR —
T A R I ANy ZYET FePt F 2 R FIERE AT o 72 & 2 A FePt F 2 R -1 AFLEE ICEd
4252 Enbhhoiz 1), AWFFETIL, EISAIEIZEDICED A VY R—T ALV RO L EEE
(MPTIZ BT 2 Rt EDOE(LZ -, T /B FEFNE L 7= RSO "l REME A2 G L 7= O TH
H9 5,

EBI7E
RHEHL U = >0 = — AR B T A

PluronicF127 % £ A L | /& 100~ 200nm D A 7R —
T AL R AVERRT D 2), 1B - EEOHIEE |
AT\, BEIRIERE] 6 BRI © 12 FER O fiPH A 1E |
WL, ZORMEEENETHRT, AVFKR—F 2> B
U EIZ, DC 7R hry ANy XY 7k @
12 & 0 . EEBUREE 300°CT O FePt /) KITERA L

Frlz, FEHEEIL SEMIZ XV EIELT, Fig.1 SEM image of mesoporous silica film,
ERER (a)Dry for 6 hour, (b)Dry for 12 hour
Fig.1 |2 i 12 BB T CARRF (a)6 . (b)12 s T s

R D A VAR —F AV J il 3R i SEM [ %

T, AERIO@TIX, A BB N AT ERR

I 72 BEDSERE S AL, & OEENSSATIZES L T 5,

BE S 135 5nm. [E1lE 14nm Th o7-, SRR OHEAT

(b) TlE. A VLB DEENTER S i a) THZE S

72 BE DATECA IR T < 72 o 72, (a). (b)FHfL

BERCHEBAGFIEL, & OICHEZ: 2V LI g ta .

BE S ﬁf;ﬁ\ 73’;0;’_0 " " P Fig.2 SEM image of FePt(300°C) on mesoporous
Fig.2 |2 & B RFfE] ()6 FRFfE]. (b)12 FFfE] MPT LIz .

Wnk L7- FePt F / Ki7-00 SEM i % it &b silica film,(a)Dry for 6 hour, (b)Dry for 12 hour

5 b R85 2nm @ FePt 7/ hif-2MElgt S -,

FePt 7 / Ri FIEAIFLEE 7207 T7e< | BER W LICH RS LTV D, Ziud, MfLEEE 20

] O & B 72 <. MR IR SN bDEEEZEZBND, 5k, AV FR—F ALY

77 R CIIHE AN - SURZEDOUEZ 1TV, K% 5nm F2EE D FePt KAk & L10 LA &k 4

BEt L., YHIMET D2 TPETHD,

L BN

1) N.Isoda, T.Haeiwa, Magnetics Jpn, 6pE-4,(2016)

2) G.N.A. Hussen, H.SHirakawa, W.D.Nix, and B.M.Clemens, J.Appl.Phys100,114322,(2006)

— 199 —



13pD - 5 Fa2 | BRI (2018)

Co FIEIZH L7-N i A VA — T AEEEE A L O}

VEftER | ST
(BN TE)
Stracture of hexagonal mesoporous silica thin films with Co nano-particls
T.Satou , T.Haeiwa
(Faculty of Engineering, Shinshu University)

FLHIZ
FEVEMER O B CHRE T 2WE AR Lz, A Y R—F 23U A i@ (MP 3850 38 BB S L 725 nm
DAVLEEEEEZ S D A VALNICHIESBZ FTIET 5 2 &L TS NIZHNMET 2 VA 7 LA TS E
MR OMEL L 725 LIRS LD, MP EIREIRE Ch 5 ZA%FHIE B CARLIEEISAE)I T, A V4L
EEBRI AT I NSRS T D 23 & 0 | HARICTEERL R Lc MP RSB RE 2T —~Th D, AUF5E
%, EEALR MP SRR Z B & LT, FmiE Al 2 Pluronic P104 & 3% MP {4 EISA 15 TR L |
FFEHEICRAD D MEIC L 2 R EE 2T LD TEOREZ T 5,

=EBAHE
FERIIHEIES S Y a v = =2 iz, wiRO : EtOH(— % / —/1), IMHCI, TEOS. H,0 & . I#R® :
Pluronic P104, EtOH #{E& L., EtOH #Mx a2 —7 4 > 7k & T 5, ZOWREERIZT 4 v 73— L,
FEERE T TRl Y 735, 20O%, BEZEGEREL, AYR—F ALY WEREZIER LT, A V1L
P"?/\@ Co FHEIL, B/ LA X v FIZLVITo72, HFENO P104 1%, 485N 30 /3RS ThrE L, Co A
W, Uy MEEEZ T To T2, 3B, SEM TfT o7z,

EBER

Fig L lC= A ¥ > Z IR DR 3 (2)92% D
7, (b) 87% MP DK O SEM Hifg  me
TR, TN Q2D A VHLIZT &
LBLHI T o o T2, W 87%DIRE, NARIZ
HAIELS L= 2 VI3 BlEi S iz, P104
VRO R EERPH T~ I g & e
DT ENBREDONRMBLTNIET, AV FLDA~
XY IS SRR, RIS EERL N L
TWDHEEZBND, IR 87% TOZEIIHE
FERRERAICEL TS EEZBND,

TR O AT HEME &2 5 729012 A Y FLIN~D Co FetE Z k7=, Fig2
\ZFEVRAE ImA TR v X %217 > 1255 0%l SEM {6 2 /19, ISR EIZ
KE7R CokiFRBIE S NT=, 2D CokifI%, BIRME 1ImA DL EDOFE WS
NHBIZEEINHN, ImA XV KER CIIBIZE SN2V T, @B TIX MP
S IE O RFTEEN A U D B2 b D, 5tk A Y Lo TEE B O
HED . ImA DL T OERE Chei A v F5MEZ2 Rt L, S22 Y BHET 5
TETHD,

BE IR

Fig 1 SEM image of mesoporous silica film,
(@ The humidity is 92%, (b) The humidity is 87%

1)  Synthesis of Surfactant-Templated Silica Films with Orthogonally . ] . L
Fig 2 Surface of mesoporous silica thin
Hexagonal Mesophase (J.phys. Chem. B 2005,109,3279-3283) filmat 1 mA
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/e AT ARmEZES A=< a1 FEREOMLX A F I 7
AL, SRR —, M | KBS ", 2 IR *, NIAIEAT, Ak
(RBSEHR, * 4R K)

Magnetization dynamics of permalloy thin films with silver/bismuth interfaces
S. Tomita, S. Seno, T. Kato*, D. Oshima®, S. Iwata®*, N. Hosoito, and H. Yanagi
(NAIST, *Nagoya Univ.)

1 EL®IC

B 2 38R (Ag) /LAY R (Bi) R LIZER SNz =<1 (Py) HEEOHE Kerr s1RAY, ERIMESRCHERI NS Z
CEWE LD, Ag/Bi HHiTIEK E 7 Rashba B A C VHUEMHEIER (SOD 2 iffE b, ZLUTPyETOAL YRV EY S
IZ& > THEKREINIZAY ViED, Ag/Bi 5 TD Rashba B SOI 12 & - TEMFIZEH X N5 Edelstein R B ME XN TWVWD
2, Z®& > 7 Rashba B SOI AEIET 52 TD Py DRHMLE A F I 27 ZIFHKIFEW D A%, EBRIIZIEH E O HARS L TVR,
% 2 TH R~ R E D RS EF Kerr 873 (TRMOKE) 7% A\ T, Py/Ag/Bi ZERTOMALDO XA F I 7 X %2F|HRD, FiZ
FAUN=bX VY (a) O BilHEREEICERT 2,

2 ERAE

%L ANy R v 7R AWT Si(100) 2K EICZEEEFERT 5, Bi 2 xnm EEL7-0O5H, Ag 2 Snm, Py % 30 nm OJH
IZHE S 5, x 1 0-40nm OHFIFHTE(LIE D, RBICHRERE LTEMIY a0 %2 40 nm HRET 5, HEBRDO7ZDI1Z, Ag 2K
72 Py/Bi @S e 5, K> 7 - 70— 742 & % TRMOKE JIE 21, HUbE 1064 nm, ##:05E UJEEEK 100 kHz, /L
AME500fs D7 7 A NV —H %KY FHRBIZHANWS, 7To— 700 203 B SH#: k2T 5, SMNIERRS ZRREED S
40° 17 T, BAT 14 kOe % FHIfNY 5,

TRMOKE JlE Tld R v 77OV A & 2 & BAb 28R & & £ 120 LT R 2 MR ool T & 5, R
o % B IRE) exp(—t/T)sin2nft T7 4 v T4 Y7 UT, WaBHOREE f LIRERM © 21585, IS OMRE (Hy) 22X
T, BR5 f COMEEHNZ2TARNSE, TUT Hy (IZHT2 fOTOY b5 gflidBoNnD, 512 FIINTE /rD7Tay b
o, BAESBE o 2ERNCAEE 2 Z 0 TE S,

3 BRELUEER

Fig. 112 o O Bi MSEMAEIE% 53, /R IUfA A Py/Ag/Bi T O f5HE
B HAAHIEER O PyBi TOMEE KT, Py/Bi TH. Bi % .
Onm 725 40nm £ CE< F5 &, o MfRx BT 5, ZNidsi4 Bi 2510 e % ' ]

BT SOL AEL, BiAAY Y Y2 LTl D v B2 5 Y S icla il

ZUTHS, THDLEHEY THIZE>T Py CHES hillbom?: 8 % E
EBI LD, ACUEAERS N, ZhH B ICRVAE NG L F 8 | sa02L

AHNEE, —J, KA TRT XS IC Ag@EMAT S, ol Bi é }

B 20nm THIAZ K, ZOBRBEACETS, Ag BHIVEE 8 1.0x10%f § % .
IZHEAT, Py30nm/Ag5nm/Bi30nm TIFHHESFD @ LRy, Zhid . | | | |
EHOAC YRV E Y FORTEHIATE R\, 25 g L BAilEs 0 10 20 30 40
B, Ag DEV/BLUICEDLS TR LI RIRZEHVWETHZ 20 Bi thickness (nm)

Mo TW5, YHIX Ag HMEA X 17z Py/Ag/Bi =K TD o DZAL _
DA =R MCONTERT B, ABED S ILRE (16K04881) Fig. 1 Gilbert damping « is plotted as a function of Bi-

WO, R AL M T, PE O %% 23 Tiibhi- layer thickness. Blue circles and red squares correspond
to Py/Bi and Py/Ag/Bi samples, respectively.
References

1) P. Riego, S. Tomita, K. Murakami, T. Kodama, N. Hosoito, H. Yanagi and
A. Berger, J. Phys. D: Appl. Phys. 50, 19LT01 (2017).

2) J. C. Rojas Sanchez, L. Vila, G. Desfonds, S. Gambarelli, J. P. Attané, J. M.
De Teresa, C. Magén and A. Fert, Nature Commun. 4, 2944 (2013).

3) M. B. Jungfleisch, W. Zhang, J. Sklenar, W. Jiang, J. E. Pearson, J. B. Ket-
terson and A. Hoffmann, Phys. Rev. B. 93, 224419 (2016).

4) D.Hou, Z. Qiu, K. Harii, Y. Kajiwara, K. Uchida, Y. Fujikawa, H. Nakayama,
T. Yoshino, T. An, K. Ando, X. Jin and E. Saitoh, Appl. Phys. Lett. 101
042403 (2012).
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AL A 7 ZEFHAEICL S
WM C BT A X v TER & R O 22 D EFAf

wWEE AR R ES KREEL NE R BHE E2
( HACK, 2 (BR) HOER 2 3)
Estimation of Damping Constant and Saturation Magnetostriction in Magnetic Thin Films
Using New Magnetization Dynamics Measurement Method
Yasushi Endo *, Osamu Mori?, Shin Yabukami !, Ryoichi Utsumi?, Yutaka Shimada 2
(* Tohoku Univ., 2 Toei Scientific Industrial Co.,Ltd)

[ZL&HIZ

MRAM R~ v R7e EOBERT A A% BT L TN BT, 735 AT D BMEERORME X A )2
I AT D ENEETHD. ZOBLEA T 7 AT —RICEAL D25 b v o LHIE (Foe )
M7 6700, HB) VT BRD DX BT ER (o) 1TBEA A T I 7 ADEHERNRTA—=ZDUED
Thd. FxlLZE TIT Ni-Fe 5ER° Ni-Fe-M B2 (M : IRINTE) 128105 a EREROT A & OFHBEBR %
Al LC& Y. E51C, Zhb03T 4 —2 OMBBEMR 2 MR 572012, a EBEOT 2% [
WCEHIT & DHERALZ A F 2 7 ZFHANEZBRSE Uiz, ABFZE ik, AREHVEE HWT, Fe-M (M=Ni, Si, Ga)
D o EROTHEFHE LT, £70, BROT A U COIREROFHNE & it L7z,

EREREE

Fe-M (M=Ni, Si, Ga) #EiE, 015 mm & L<IZ05mmEDT T AR EICDC~ 7R b 2y X &
WCIERL U7, fEIL L 7GR D o LR ONT B, BTl b 2 A F X 7 ZAGHIREZ W TR L 7=, =
OFMFREILLTO®EY Th 5. FEmHA7Ta—7 23/ v E—F v AEEEZZ B LT- 2 A— M~
sa A MY 7HREE (Microstripe Line : MSL) 71— 7% iz, 1ERL U 7= el 278 ih L 7235 1o/
EHLCHl 2RV IS &AM GT 5 L&, EEREINEHORGTENELT D, Z OIS AN S R I
MSL 7'v— 7 Z T Hfd i U Compett g A 5L (f,) ZFHA3 5. IS 1A & A RN T OEREREL D fre
DENDD, TORMKOTARERD L. £i2, AR fo & ZFOEEZ AW T o 253G+ 5.
BRBLUER

X 1135 AR O T O 10 nm JE D FegySiy EIZ 35 1T 5 skt ' T ' | '
HISEH I (o, fro) OIMBBER (Hy) L HE{LTHD. Hh Us
FPLTK 0.088 m L L7-. IS HAREARICED LT, f i
BED fio I Hex DEEINZ & B A2 WEm W R E ~ BB L 7.
FT, HARED fTW0T D Hy \ZBWT D fo L0 HRW
JE R A~BE) L, ZDFEIX Hy DHINE & $12-115 MHz 2>
5-80 MHz L72~7-. 2o DB kL, IR S Eh5 6~ -
BRI LV RAET IFEBEKESHICEI2b0THS. Zhb T ¢ | . |
D7 AW THRARROTAEZFE N T 5 &, -4.46 ppm TH Y, 0 200 400 600
HT RIS K 0 FE L7 (-11.8 ppm) DEETUEL e otn. £ Magnetic Field, He [Oe]

72, alZBALCIX, JS/1HEA ML 255 Oe LI Eos e ¢ Fig. 1 Dependence of FMR frequencies on
HIHE—E L AR oTo. ZOfEIE 0022 ThD. HH, o Fexp e magnetic field for 10.nm thick FegSix
i film with and without tensile stress.
ORI OV THRE T 5.

HEE

AIFFRO—EIL, HAKFAE Y b o =7 ZAndfE A E o % —, R RFEBERMT=L 7 tr=2
ABFEE X —DOXEOLO LT, £, AFEO—EIE, BFEIEEHZE (B) (No. 17H03226), £
W AR ZE B4 (No. 17F17070) DfiBhd & & Tirbhr-.

L Z- DN
1) Y. Endo et al., J. Appl. Phys., 109, 07D336 (2011), IEEE Trans. Magn., 47, 3324 (2011), IEEE Trans. Magn., 48, 3390 (2012).

) frO )
(without tensile stress

FMR Frequency [GHz]

fro. )
(with tensile stress}
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BORIEME A2 RS G B 36 1T 2 SLuR Rt O FAB gt

WEIERL, PSR, BOLERZS, HUPHEDE, AT
JUN KRB > 2T DG WERT)
Numerical analysis on magnetic resonance property in a multilayer nanodot

with antiferromagnetic interlayer coupling
M. Fukuzono, X. Ya, R. Akimitsu, T. Tanaka, K. Matsuyama
(Graduate School of Information Science and Electrical Engineering, Kyushu University)

[ZL®HIS

VA, ROBBEMERY G 2 A D BRSOV TR T8 S STV B 1P RORBEIERE A HRIZ 5
W, D F A T 7 ALHIBREZ R L TV S EITCH EEETH S, £ 2 TAIZETIE, Rk
PER 22 MRS & 2 AT 5 2 @G O\ER(L T/ By MBI 2, Bbo XA F I 7 AR %2 ~

A~ T RTF 4T Ialb— g0k THRIFLE.

HEAE

HETT L LT, KEBEEMICEASLTWD 10 nm A
DOFERAL 2 JEBREE T 7 By 2T L. &8 ORE ¢ 3
2,3,4nm 2DV, &8O RGBS He & B DA HLE S
Ay ZELSIE TR E 2T U o AR & Rt L (FMR)
D LIS R £ & ko 7. FHRIX LLG HREAUC K 2 HdfE!
BAZ X > TITV, EBRREERR % BV C FMR Z il L7-.
Z OB RT A —2 1%, fafakilt. % 1000 emu/ cm?, % >
VU EEE 001 L, A 2R E T D 2 & CTRIRBENER
niEAEET ML LT,

HERER

i Ll U CHREL S WSS A 7 ARG Hy 247 5| L7 B
DR e AT U > AMBRO—fFl% Fig. 1 lZR3. MERT
A —& 1% t=3 nm, Hy = 32 kOe, Aine = -0.15 perg / cm T

5. Aim & Hot OLAHBEDEIZE ST, FTAL T ABICH
J& DAL ] Z D3FAT A MRRE & BOEAT 7R BE D 2 TS Ok
RENEBLITX 5. H, OFIINEREIZ X o THALORREIT R 72
O, BWEMERE DBACIN AT INCEAT NS & o T fr DA A
AELDEVIERE Fig2 IRLTWD. (lifEOBALD
N K o CTARHEMBE RO SR N AT DT DAL B AL
TWn5.

Fig.3 I% ¢t =2 nm, Hi =30 kOe DIFAITOWT, Ain &-0.105
~-0.120 perg / cm OFIPHT, F7z, BHERAOEEEZ 70
~87 GHz £ CA L&, BHAbORAEEBNIRIEZ 5 R Lok
RTHD. ETIETHALI AT OHEITIE dine DIEIZHAF
B9 £=726GHz & 7272, BOFATOEAITIE A DK
& SUTKAF U 7 B 72 JEnS ) e B DO HE R D R S LT

2% Wk
[1] K. Yakushiji et al., Appl. Phys. Express 6, 113006 (2013).
[2] T. Vemulkar et al., Appl. Phys. Letters 107, 012403 (2105).
[3] W. Alayo et al., J. Appl. Phys. 106, 113903 (2009).
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Fig.1. Magnetization configurations and normalized
hysteresis curves for anti-ferromagnetic coupling
layers.

100 ————————

o
(=]

o]
(=)
T

~J
f=]
T

-1 0 1 2
Bias field, Hy (kOe)

Fig.2. Bias field dependence of the resonance
frequency for the top layer.

Top layer FMR, /; (GHz)
o

1 A, (perg/ em)
t -0.105
I | ——0110
-0.115

0.003% AT 1

P -0.120

S 0.001 - /

M, e | M,
l"/
%;1

07Oll“75ll 80 85,
Frequency (GHz)

Fig.3. Magnetization precession amplitudes as a

function of microwave frequency for bilayer with

different magnetization configurations.
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CoFeB WifiZd61T % 4 [RITFRE IR T & A B L R SRR R
MOCRZS, Fhehm, MR, Mo, e
(JUNREE: REFEBE S AT D REFEIT)
Experimental study on four-fold anisotropy and spin wave resonance property of CoFeB thin films
R. Akimitsu, X. Ya, M. Fukuzono, T. Tanaka, and K. Matsuyama
(ISEE, Kyushu University)

LB

A AR XD RERT 5720121, ¥ BV T ERD NS ORI B LB D, £, H
W 4 B FRRER IR PEDE A KV EN 2 FRBSRMEZEREB L 7R 5720, A sRED ON - OFF e
R, FBIRETOBHER EXFEEE 2D, AT, ¥ B TEBD/NSTE CogFenBy HEIZHEH L,
4 PRGSO R BRI 2T~ D LIk, RS — o 2R L7 a 7 L — RS Ic L v A
WALBEE R T L2, S D~ A 7 u~T 2T 4 7 AV a2 b— 3 I X AERROBAEMNT 217 -
7z.

ERFIE

RF~Z7 3% a2y X ) 7250, MgO(100) A% -
{2 200°C, 300°C, 400°C O k5 (Ts) T CoFeB i (E 40
nm)Z VERL U 7= pRAESRIEIR, Ar 7 A JE£:5 mTorr, # A% /):85
WS L — 1:0.17 Alsec & L7-. et RO A3
> 71T XY CoFeB i 2 MIFRIR(IE L, = 18 Tm, #lfEL,=1
mm)IZHGIIN T L, 80 nm @ Si0, A_X—HJga L Ta /L
—HEEREETER L2, V7T AP 2R — I NED~ A MM,
yarz AL L, A7 MATF T4 I K EiERsEA  Fig. 1. Angular dependence of remanent magnetization
FM L 7= (Fig.2@). ~A 7 B~ 3T 4 7 AL I 2 b—3 5 ratio measured for CoFeB films fabricated with
X, REPERRRRIE AR BB L, LLG SREs4a Ay  different sputtering temperature.
RRZE0E TEAERIC AR Z &Ik viTo 72,

ERER

14 %

Fig. 113 VSM IZ X ¥ I L 7= PR B AL L O BESFIN £ 4 T 12 ]
MR R LTS, FIKT 0 i, MgO JEAzo[100])7 5 1o ]
M7 LT 5. Fig. 1 £ 0, T,=300°C Tld, MgO<100>(100) e <y o experimenl

. o Ist mode (similation)
75— 3rd mode (similation

FEREGITmET HEN 4 BRI R GERFE S
TS ZENpnD. XRD ENTHRER I HIE, 300CLL LD 0 300 600 900 1200
PRI 35T, it il L 72 CoFe DRV R S TR Y, H10e]

I 4 BIRFEREGEORBAER EEZ B, T = Fig. 2. (3)The schematic of designed measurement
200°C DIG4E . MgO[100] 5 M & &5 Him & 5 —Hililgx 5 system. (b) The dependence of resonance frequency
MERE LTS, 24U, T,=300C TOMRMIT, kb fesOnbiasfield H.

B 725 RIS TR ST Y, 4y 7 b B TP 1336

IR TRV EHEEL TV, 0.2

Fig. 20013~ 7 BUGHBI I OWILT « v 7 BFFEL 00 I et
7o LIS EL DS A T AREFUEFEZ R LT 5. FEBR & [F ~ 001 ]
—DFEARE KV CoFeB KD EHE RE R 2 K E L TIT 0.0 ————u
STy Ialb—va UfERO—4F% Fig.3 12~ FIXIZH Position x [um)]

ﬁ'v;?rbﬁjﬂ'ﬁ]\&:?’;}o TR L DREEBIRIEO AL Z R L TR Y, Fig. 3. The magnetization configuration of 1st and 3rd

A EEATIE CTIRE— R E3RE— FOEMEAE I standing spin wave modes

DR SND Z ENpnd. Fig2()idlx, £E— NOEXE

AV PR A ERE R LB L ORLTWS, Y2 al—v a3 ilBiFb 1 kE—RE 3KRE—F

DI REEED N SN T2 (fres ara | Fres 1 = 1.03~1.13 ) [ EBRAERIZB T DL€ — FORFEIXRETH 5

D3, FEIBJEE O O DA T AEFARFHEIC OV TIE S 2 b—Y a3 URER & B E & 13— L T 5.
2B

1) X.Ya, etal, IEEE Trans. Magn., 51 (2015)
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EEBALRRR 30T 2 BEBIERhE A v 23 o I ek

%ﬁ%,ﬁ@ﬁﬂ,ﬂ%%ﬁ,m¢ﬁ%,mm&%
UM R KRBT AT A HEFE)
\oltage-induced SW resonance properties in perpendicular nanowires
X. Ya, M. Fukuzono, R. Akimitsu, T. Tanaka, and K. Matsuyama
(ISEE, Kyushu University)

[ZL&HIC
T4, CoFeB % DRI & E R ETEZHIM L, MEEREO A mERRE I EE LR T 5 2 &TXI:
AT DGR N STV A VY EBIEIC K B EITMERIE (VOMA) T, ﬂ‘/*ﬁ‘/}’X@E’FﬁEﬂZ
FHAEEORENFIETH Y, 1&(%%*73“(7”:/&T/\/fXO)/J\F”fK HiE L CW\WD . AREFZETIL,
MEMKRETEERT DT /A Y xS E L, VOMAIZ LD A HORAE &, Z0 A e it ﬂ%frfrli
IZOWTEIEMT 21T o 7. F72, 7/ VA YO A XGRS, BIFMRROZTIRE & A B2 o hikd i
B & DRURIC DOV T,

HEAE Hy ygir =

CoFeB/Mg0 Rz 331) 2 MELRER B AT L, BEFMC 03500 ——2000¢

L BRGHERERE L, v e S RT 4 I AL a , - e

L= a v E o T, MBRER E FFHEEM Fo Lo ic i W jﬂc-gomz

SRE LTz BRI L Ms = 1600 emu/cm®, FE e ST 4011_ i é

Ky = 1.58X 10" erg/em’, ¥ &> 7 EHa = 0.01, VA £l V« —417 itz
z

Y& Ly = 400 nm, rIJELyZZOnm,H%Et:OBnm.‘ﬁ“/U Cé 7__‘5 3 3?5 4 45 0i23456
A ¥ O VOMA HIEHH & U ClE Lg = 20 nm O 7 — & Jexe (GHz) Frequency (GHz)

REE L, R TEICIT DRI T TR O ERLIER  Fig. 1. (2) VCMA resonance property when Hy = 0 Oe
LD (He= 2 Ky / Ms + AHg sin(nfexct) ), 7 v Edili  and 200 Oe. (b) The resonance spectra of the

FENARTET D A 2 L. micromagnetically calculated magnetization precession
HERR under the gate region.
Fig. 1(a) Tk iEBIHRNE O ik 5L (foe) K FME 7R ——H,— 00e f,,—4.26 GHz

TS T ABER (Hy) ZEIIN L2V A, foe =4. 26 Gz R0 oe i G

TRERENR KRS, ZDEEDAE ORI, 03 —————

R DM AT L T3 1 KE— FETEE Th o ol

To. E 7o, EEE) A UL E B D 1/2 (=2.13 GHz) >

Thy, "TAM) vy I E 72 >TWS. Hpy = 200 Oe 0-IF

U A YRS I L 7255120, fae = 2.09 GHz, 0 .

2.60 Gllz, 3.4 GHz D&EWHTIE, FHEEMS & i%aE 2”Qﬁmm 500

BEREIT— L TH Y FIERE), %41 &, 3 &, 5  Fig. 2. The dependence of the precession amplitude on
W DELEAE it u%ﬁ: ﬁmh g;]qj: jj fexc 4 17 GHZ the excitation amplitude.

2.09 GHz T 7= 0.4f s o N

Fig. 2 1%, WESSEIHERR OZETIIRIR (AH) & BB ol -t it
MEEBNRIE & ORISR A RT. SRR (Hy = 200 0e @ 02 P+ R SC A
f=2. 09 GHz) [T BN TiZ, AH DEIAN ALY, ﬁ#ﬂ%d@rﬁ& 01p b =04 1
BRI R T 228, XT A MY v 7 EEOHE (Hp=00e Y 5.5 O-f6 200 300 400

L, (nm)

@ f=4.26 GHz, Hp= 200 Oe @ 4.17 GHz) IZ L:L AHy 7234
BEEB25E, BACIBENEMICEE KT 2 L B0 0n5 Fig. 3. The resonance properties of nanowires with
Fig. 3 T A B L IEIBAEME D LK 2 5. L D)y Various wire length Lx.
IZHEVY, Sy BafR A ROk U 7 JEISJE G S0 B &, b iE
DB IMUIZ X DIk EIRIBOME KA AT END.
2E R
[1] Yoichi Shiota, Takayuki Nozaki, Frédéric Bonell, Shinichi Murakami, Teruya Shinjo and
Yoshishige Suzuki, Nat. Mater., 11, 39-43 (2011).
[2] Roman Verba, Vasil Tiberkevich, Ilya Krivorotov, and Andrei Slavin, Phys. Rev. Applied, 1,
044006 (2014)
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A2 MU T LT —F v b OEARES N KIFT
A R IRRA A~ D R

EARER Y BEER— 2, BRSNS, R NEBAL
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CEBERIR, 2IST &N, 3w Fa—ky Y TR
Effect of lattice mismatch of yttrium iron garnet films on spin wave propagation properties
Takuya Yoshimoto?, Taichi Goto'?, Bungo Iwamoto?, Yuichi Nakamura?,
Hironaga Uchida?, Caroline A. Ross®, Mitsuteru Inouge!
(* Toyohashi Univ. of Tech., 2 JST PRESTO, *MIT)

MEER

WAt Ok A BB AR ZEZ o TRl 2 A B U (SW) 1, RBEEeE#F v V7 & LTHEREZED T
WAHEL GEE, Ay MU DA —3 v N (YIG) HEEWT DRl AFE (FV) SW O T% v inBiss 1
S I 7223 SW O BEIRITIEEAR T AR D, BMEROBRERE T SR O SW 32T
B CE D72, SW BRI OEBRIZHT T, HESEEKEHOZETORENEEN TS, LiL,
TP A % A3 2 & B E T W O SCBER 23580 L 720, FV SW ORNEICHERBER N RKE S b2, H£T
BIRO/PNRULRREE L 70D AR TIE, BRI FEREFD 3 >OH —> > MEK EIZ, YIGC #HEETE
L, BT AREASICERT 28 MKELGEEZFA LT, FV SW I LB 7R RS ORI A 3 2 72

ERAE

2V A L —PHEREVE (PLD) Z HHWC, W R =0 A H U U A H—% > ~(GGG), A HHEE A GGG (SGGG),
FATT LTI LT —F v b (NGG) Ft iz, BEEHK 100 nm @ YIG HIEZ T L. FV SW OIHkFF
AT 5720, (ERL7- YIG M EICE F#dm 2 HvC, SBMmEERE 64 um O =27 L —J 8k

(CPW) Xt & TER L, ~4 7 a7 a—T7% N Txy NTU—2 T F 7AW L8k L C, ZRfE2HE L.

EERIER

SW EHl 227 F L ORERE B4 Fig. 11279, HUBER OIS T
T, JAEEN T M5 FVSW OESPHERTE 2. FVSW D5 &4
O S FV SW OhEIC LB K OB 2R L TEY, NGG/YIG,
SGGG/YIG, GGG/YIG DIEIZEN K E < Zeoitz. KIEROK - EHIT
NGG/YIG, SGGG/YIG, GGG/YIG DIEIZ/NEL, YIG NADEEH &
FFoZ &b, NGG EDYIG M b K& EAH, ZOFMBEEAN ST
[EFEICEL T, HEFMIIBELLT S holzbE2bND. Fi-,
Figl TIcA LU VEOERTELE, MKEHEELEE LR FV SW O " repleateaton) |
SR O EEFIL, GGG/YIG, SGGGIYIG D A v UGt & B
—EHLTWe BLEDRER KLY, ISR EGEDEIC L - T, FV SW
DIHEE I B 7 e S 2 AR C & 72

i

AEFFED—HBI%, ISPS BHfF# 26220902, 15H02240, 16H04329, 17K19029, JST & & 7%F, HEMMIEER 2N
Y LIS EER e v b U — I T 0 7T A, RIGRFAEAHRBEC S M OBk & % 1T T Thh .
25 3CHk

1) A.V.Chumak et al., Nat. Phys. 11, 453-461 (2015).
2) N. Kanazawa et al., Sci. Rep. 6, 30268 (2016).
3) N. Kanazawa et al., Sci. Rep. 7, 7898 (2017).
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Frequency (GHz)
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Fig.1 Spin wave propagation prop-
erties of YIG films on three garnet
substrates.

— 206 —

Transmission (dB)



13pD - 12 H42 | AR ANREAEEE (2018)

AR R L2 O TR U 7o A B AR ARG 77— > B
WL 3 0T D BN Sy R IRE IR DG dR i~ O 2R

shrpRhnk, AL, IS
(HAKRT)

Effect of decomposition time on crystallization of garnet films for spin wave devices fabricated by metal
organic decomposition method
Yuya Hironaka , Yoshito Ashizawa, and Katsuji Nakagawa
(Nihon University)

FLHIC
BT A ZADOERNBHITELHBICB N TEOERBE/MUIIKRE RBETH Y, ZNEd I8 DM EHF
NEETHD. BT = UBMERTH DBMET —F > MIHRIATH Y, BT 5 A OB/
ENWZ EDLERMEEBNT AL A~OISABNHFHE SN TS, Fer 3wty —x v b OE#EE, mttEls
HIEL, MAROE TN ERES 2 AR (MOD) iE2 W T IREZRIEL TW5. JEITaF5E I,
ARe® R L% AV T GdsGasO12 (GGG) Bk i HAR T Rl U 72 ARG T — % » M EBEZ IV TORER
I OBPNCKZ L7 Y. S 512, BROTHDORRDRMET —F v MERIZBWT, HERT—F% > hOk
PRI P L= 2 & b LTV D 2. I DICHEED D IRV A E U IRERRICIANT T, L0 RESRMED XV BT
—% v NEB L OICAE B EO AR O RREE A EINT 5 Z I XV SO UEN KT DT

W 5.
RBRTE

BHZIE YisBitRosFesGaiOrz (R = Dy, Gd, Eu) Z# M\ -, YIG 2K A A —F v b L, Y O—#EREE
FNRORENWBI T, IHICHRAOTAEREZT 57292, Dy, Gd, Eu TZENETER L. F7,
Fe D—EBERALDO R E S ZHI#EI9 572012 Ga TE#L L7z, FERIZIE GGG (111) Hifk b IR & V-, FEiC
MOD ik & A &' a— FCT®AT L, AMEHZ 783 T 572912 100 CT 10 iz Uiz, IRICAEEY %55
fift, IS D721 450 CT 10 43 d 5% 30 bk 21T > TH L7z, A 23— M) BARBERL E
TOTEZ LETH A0 OFEEZSELNY, ZnbE 4EHEVIKL, £ 160 nm OFEZER L 72, 30k %
FE b9 DARBER ST 750 C, 3 BRI CT—® & L7z, BBt ORESE ORI X AR AL Z2 7z
RS & U%Q‘ ) ) 0.7 | Y15Bi1RosFesGai012 (444) plane

Fig. 1 ITHREMEN — % > ME (444) DO T v X2 T h—T D4 05
W 2 AR BERRFE RS /T L CRd. [Fl— 0 fE b4tk o h CIRBERRFFf 2 ®os
HEIET T LIk 0, BRSNS < 20 R B AR o7e T B Ay 3 08

B E SRR 5 RA 55 = L b A —5 > bt 207 \
DRG0 5 L HER SN D, ZAURBERIR 2 IEITT - LItk vl o, oy

B4 O 53RN+ 53 AT oL, Kb DBEE & 72 5 G LTz Z 0

& 7):21 [ %2— LbND. ’ I;:composifign time [ri?n] ®
MR AUIEO I, Tk 25~29 FE ST A RSSO S AL Fig. 1 Full width at half maximum
iR (S1311020) DB & 52 i T bodu Tz (FWHM) of rocking curves of

BEH (YBiR)a(FeGE-i)E,Olz (R = Dy,
Gd, and Eu) films
1) T. Akazawa, H. Saito, Y. Hironaka, Y. Ashizawa, and K. Nakagawa: Absts.
Int. Conf, Asian Uni. Magn. Soc. (ICAUMS) 2018, G4-1771 (2018).
2) Y. Hironaka, H. Saito, Y. Ashizawa, and K. Nakagawa: Absts. Int. Conf, Asian Uni. Magn. Soc. (ICAUMS) 2018,
G5-1775(2018).
3)  T.Ishibashi, A. Mizusawa, N. Togashi, T. Mogi, M. Houchido, and K. Sato: J. Cryst. Growth, 275, €2427-e2431 (2005).
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Ay bV ULBT—Fy FOBMLS AT 7 ApiEIZE T %
e JE AR ISR BT ARAKAF M D B

MR, EEA L A
CKERafEm e, "Bk R, 2 HAEK)
High frequency transmission line design dependence of magnetization dynamics in yttrium iron garnet
T. Koda, S. Murogal, Y. Endo®
(National Inst. of Technology, Oshima College, 'Akita Univ., “Tohoku Univ.)

FC&HIZ

FA IR CEET 2 mEREMKE L vV ORBERGE LT, mEAEREERE D EKENZ AT
HTETA Yy MU T AT —F v MNYIG)D i@ ILARIT 5 O Z50F T CTHERRAEACITLE 5 FERIE 2Rl &
A 77 A E A ETOMABEAE)» S EIEE IR 2 5 2 & 2RA T[], ZOMmFOT T, #iby AT
2 ANEEE AR EREE ORI, BIO, BRICKESEEBEZ T Z LR LI, 22T, 2HEMNICE
AR AR BRI 2 B L S RE 2 B2 B L. 2o @mB S &l 2 i Lo T4 5,
ERAE

AEHZIZAIDH R A BV T A H—F% v b (GGG) HAEMREKR FICEMeZ X v VIETHRE S
JEE 10 pm @ Bi-YIG(111D) S Z H 2, 3B BIc@E R EEREE LT, 7+ NI V7T 7 4 —IET
IRHILD a7 L —F 0 o —TRERKE, BELO, Any MaEREE2 K L7z, 0dBm O&EKEZ 2
DIEIEFREEIZ LV YIG LI AL, KEEIEEOINBBAE G E Ry NI —27 T F T4 TiMili L7z,
ERER

B IFIE AR 2 7 L —F 0 = — 7RIS N T, ZOESHREEIEZ 100 um, 77 v > RERESHEZ 170
um & L, REEMREZZE s Ba0RERREZ T, AJIEEEIL6.5GHz TH D, 2 TOREHZE N
T 1000 Oe 33 L TN 1100 Oe (FUTIZ UL ' — 27 D3RR S 40 5 D32 OWIN L 3R BEIB R FRIC L » TR & <&Mk
Liz, BEOEC—7 NHEET H ARt LT, B E 7T Uy R CORRZEITER 3 2 R s it
ZEN K o TSN B b Z LN N5, T2 T, BEBINI I Uy FREIEOS L2 1
v MEERREE 2 ER L CRBROFHE 21T o 72, K 2 IZIEHER RO —fFl & LT, #REIEIL 20 um, AJJES
DOEW$%E 72 GHz & L2 DOREREZRT, A0 v MeSREOHAIC LA 2 > ORI E — 27 2881,
W B — 7 OREFITARBSIERIRE 6 L CH LT 5 2 3D, 25 OREHE RS | BERIE LM
%Lﬁ%%ﬁ’tl?éﬁﬁﬁ%ﬁ&Ymﬁ®@m54%i7xm%@%5zé:&%%%tfwéﬁﬁﬁ

AR EIERR OB OWTELZ LR bHET 5,

O T T T T T T T 0 T T T T

-10F N~ - 10k ]
,20 - .
20k ]
& -30r 1 £
o L 30k— Gap 5um i
40 Gan 5 B © 30 —— Gap 15um:
5oL ap SUm — —— Gap 25um N\ /
—— Gap 15um 40 Gap 35um ]
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Fig. 1 Magnetic field dependence of reflected wave Fig.2 Magnetic field dependence of reflected wave power
power with various gap length of asymmetrical-coplanar with various gap length of slot-waveguides.
waveguides.

WEE ARICHZY, AT 7 7 T I ERBOEM HE2TEE E L, KO —51E, JSPS Bit#E
No.18K 14114 DBk & % F T i
SEH 1) 5 41 [ B AR R ST A (2017)
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BIE-7 AR T ) T T =2 T —IKOBERT 7 T T =Rk

/AN EE, B E], Bo Gu*, @i —RR**, HEAIEx* fij) x>
(ﬁ&@F“#Iﬂ%%d@?*ﬁﬁkkéﬁf“ﬂ%tk#ﬁﬂ%%*“ﬂﬁﬁ)
Giant Faraday effect of metal-fluoride nanogranular films
N. Kobayashi, K.lkeda, B. Gu*, H. Masumoto**, S. Takahashi***, and S. Maekawa****
(DENJIKEN, *UCAS, **FRIS Tohoku Univ., ***IMR Tohoku Univ.,****RIKEN)

BFLOIC: 77 57— BA2HTHMENE. T4 YV L—2—IZHWB, KBERL EORSFHET &
L CHREFRESICRPERW D Lo TS, Fx L, MBEeREE 7 vk ols ) 77 ==
T L., SeER A A L HoM(7 = v )& RIRFCAA 2 A B2 AL L7z 9, eicxt LTl 7e
BHERTHDLZ D, £D7 7 77 —%hRICHERN L, EFICRKREWT 7 757 —[AliEA %23 F 5
ko7, KA TIE, FeCo-(ALY)-FF /7T =aF7—BzB L, ke 77 75— RO,
BLOEKT77 75RO A D =X LNZHOWTHE LR 2 ®E T 5,

SSERAE ¢ WEENT, mE Ay FEEE AV, X T AEICE > TERIL 7, #—4 v b T FeCo &
& HRT5MmM ¢ ) &, AlFs 1 X O YR By R BERS PR (75mm ¢ ) %2 F N =, BEHELAR 1. I = 23 B8 45 Y 45 5 (WDS)
ZRWTHON L, ST, ®oMFeEE iR E T BEMBEHRTEM)IZ L - TiT o 72, IOREEFEIL, 77—
TN HIEFTIR)Z W CTHIE Lz, F£72, Wby, IREEEHE G (VSM)Z W CTIEL., 7 7
ZF—[AlfinfAlL, 6 WECIR 7 7 77— Bl E 2L (NEOARK BH-600LD2M) % IV CTREA L 7=, 1. 4l
EILEIR TIT - 72,

$ER - Fig.1 1213, FexnCouYauFar, FexsYasFsy 35 1 T8 FersCowAlnFss 7/ 7T =25 —HD 7 7 55 —[Aliiifg
DWRARFNEZ RS, 2O DD 7 7 75 —[ElEfA Off

18 { Visible I on I —e—
. OFRD BIRYIG Ik LTHERIT AR < | 4RHC 1%me%f%mr;;?$¥“a
3 e
Fe21CO14Y 24F 1 I 0D Y6 3015 #5155 D % & (1550nm) T D 7 7 7 141 4;—> _Angiw

. . 12 10 V22" 55

7 — [l 413, Bi-YIG D) 40 fif b DK & 72 2713, Table ol \ — Bi-YIG
S — — N S — = L I I [ i
1LIZiX, 7/ 77 =27 MEIIB TS 7=a— 1t~ \% 8 .j Optical communication band

s — N ' N
Y v AOREEHEE L, 77:1%/»%%52%3%@ 2 %o e
(HEORETEH (F)DRIRE — A > b &, H—FBFE ~ 2| kﬂg\ N -

: - of -
%Ofkbfuﬁ%f%éoﬁﬁ{f}@ Fe‘@@bﬁ% A f\ e ) == .!
MRELRoTHY, ZOZENF ) VT =aF—HDH 4F Ng_o ]

. . } N o_—
K77 FF—ROBRE 2o TNDEEZBND, Y T e .
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i . Fig.1 Relationship between the wavelength of incident
1) N. Kobayashi, K. Ikeda, Bo Gu, S. Takahashi, H. light and the Faraday rotation angle of Fe21C014Y24Fui,
Masumoto, and S. Maekawa, 8, 4978 (2018) FexsYasFs; and FeisCoioAlxFss films. The films were

deposited on substrates of 600°C, 550°C and 680°C. At

2)  N. Kobayashi, H. Masumoto, S. Takahashi, and S. these temperatures. The value of Bi-YIG, is also

Maekawa, Scientific Reports, 6, 34227, (2016) indicated.
Systems Occupation 4 Spin 57 (ug) Orbit I7 (ug)
Fe-bee bulk 5.96 227 0.041
Fe (001) surface 5.95 296 0.091
Fe-2ML (monolayer) 6.02 293 0.076
Fe/AlF; interface 6.07 2.12 0.142
Fe/YF; interface 5.53 3.22 0.065

Table 1. For 3d orbitals of the Fe atom, density functional theory calculation results of occupation
number nd, spin moment S %, and orbital moment L? in Fe-bcc bulk, Fe(001) surface, Fe-2ML with
ML being the monolayer, and Fe/insulator interfaces with insulators being AlF; and YFs.
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Fabrication of (Th,Bi)3(Fe,Ga)sO1. films for integrated Q-switched laser
R. Morimoto*, Taichi Goto***, Y. Nakamura*, P. B. Lim*, H. Uchida*, M. Inoue*
(*Toyohashi Univ. of Tech., **JST PRESTO)

[TLC&MHIC
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PRAE LT,
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A LB —% v MEEREREO L O % AWz, FEHIZIE 5 mmX5 mmXx0.5 mm @ 1at.%Nd:YAG & AV, A%
fFIFE ) 2.6 Pa DEEHE RIS T T, FEAUNBVEEE X 650 75 950°C £ TZ{L L7=, Ak L7z BiGaTIG &Iz
WT, XOBREITIC K 2 bR L OWER - B - EROLFRME DR 217 - 72,

ERER - ER

7 7 77 —alEA OPEIIXEESSESE FIEE AW, FRCRERT7 7 77 —lisf 2 R Lz, FERINEGE
JE£ 675, 700, 725°C T S 72 BiGaTIG IZ2W\W T, K 1064 nm (231 DRGSR % Fig. 112”7,
FEMOMBMREE 700°C 1238\ T, WALffIRED 7 7 7 7 — a5 (35K T 0.9 deg/um Zor L7z, Z OfEILHARE
i DB TIG /L7 ISR 2 REVEZ R LTS, ZOKERT7 7 75 —[EiafA1E, B BERICED
LOTHHEEZOND, £, X BEFOHERER LY,

BiGa:TIG 7} Nd:YAG Jitf iz =X v ¥ LR LT D 2 010 | 700°C
EDMERTE /o ZORRICLY, B F QAL vy F &L —
Y—iddn LICEER L, 8 Q Af vy FEMWY A7 nT 0.05

v == HBT L LR HFTE D,

1725°C %
0.00 1 —

Faraday rotation 6. (deg/um)

s n
i N 7 675 °C
ARBFZE D —EB 1%, ISPS FBHAFE No. 26220902, 17J05958,
26706009, JST & 7343 No. JPMIPR1524, I FL AR ELED -0.05 1 ’
M OB & 52 T Th vz, ]
o0
22 ik -10 -05 00 0.5 1.0
1) T.Goto, et al., Opt. Express, 24, 17635 (2016). Applied field (kOe)

2) R. Morimoto, et al., Sci. Rep., 6, 38679 (2016).
3) R. Morimoto, et al., Sci. Rep., 7, 15398 (2017).
4) R. Morimoto, et al., Jpn. J. Appl. Phys., 57, 061101 (2018).

Fig. 1 Faraday rotation loops of BiGa:TIG
films with different substrate temperature at
the wavelength of 1064 nm..
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