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Nanoparticle Approach to the Formation of Sm(Fe,,Co,),Ti Particles

J. Kim", T. T. Trinh*, R. Sato" and T. Teranishi*
! Institute for Chemical Research, Kyoto University, Uji, Japan.

Recently, thin films of Sm(Fe;_Coy)1> compounds (0 < x < 0.3) have been successfully synthesized [1] and they showed
the excellent intrinsic hard magnetic properties, i.e.,, Mg of 1.78 T, Ha of 12 T, and T¢ of 859 K. On the other hand, to
obtain the isolated particles of RFe;, compounds, we need a nonmagnetic stabilizer, i.e., R(Fe, M), (M: Ti, V, Cr, Mn,
Mo, W, Al, or Si), for maintaining the ThMny, structure due to the thermodynamic instability. However, these stabilizers
lead the decrease of a saturation magnetization by substituting with Fe sites. Element Ti can stabilize the ThMny, structure
with the smallest amount among the above stabilizers [2]. On the other hand, a reduction diffusion (RD) process was
found to be an effective synthesis method for Sm,Fe ;N3 particles [3,4] because this process can produce the equiaxed-
shape particles with the lower temperature than metal melting method. In this study, we focus on the synthesis of asingle-
phase Sm(Fe,.«Coy) 11 Ti (0<x <0.3) particles and the investigation on the magnetic properties depending on the RD times.
First, the mixture of Sm acetate, Fe acetate, Co acetate, and Ti isopropoxide was chemically reacted in organic solvents
to obtain the metal-oxides nanoparticles (NPs). Then, these NPs were calcined to remove organic ligands and the H,
reduction and RD process with Ca metal were conducted to reduce the metal ions. Finally, the products were washed with
N,-purged mQH,0 to remove CaO and the remaining Ca metal.

Figure 1 shows the XRD patterns of Sm(Fe;.,Co,).1Ti particles with different RD times at 1223 K. Nearly single-phase
Sm(FeCo,)11 Ti with <1wt% impurities ((Fe-Co),Ti and/or Fe-Co) was produced by the RD process for 1/6-1 h. On the
other hands, the RD process for 2 h gave a larger amount of impurity assigned at around 44.8 ° due to the evaporation of
Sm, asseenin Fig.1. Figure 2 shows the SEM images and the coercivities of Sm(Fe;.Coy)1.Ti particles depending on the
RD times. The H, increased with decreasing the RD time because both growth and fusion of particles were suppressed to
maintain the equiaxed-shape of particle, as seen in SEM images of Fig. 2 (SEM images).

Reference

1) Y.Hirayamaet al., Scripta Materialia, 138 (2017) 62—65

2) K H JBuschow, Report on Progressin Physics, 54 (1991) 1123
3) S.Okadaetal., AIPADVANCES7 (2017) 056219

4) J. Kimetal., Chemistry Letters, in press.
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Fig. 1 XRD patterns of Sm(FeyxCoy)11Ti particles Fig. 2 SEM images (upper) and coercivities (down) of
depending on RD times (1/6, 1/2, 1, and 2 h) at Sm(Fe;.«Coy)11Ti particles depending on RD times at
1233 K. 1233 K.
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Attempt for epitaxially grown particulate Sm(Fe, Ti)» films with high coercivity
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Magnetic properties of SmFe1, magnets
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(Chiba Institute of Technology)
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T3 RS B BRI AREIC L U ERL L 72 SoFe . &4 KON SmFey A4 D Fe O—H % Ti, V 72 & CiE
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Detection of elemental magnetization reversal events in a micropatterned hot-deformed Nd-Fe-B magnet
T. Yomogita!, N. Kikuchi!, S. Okamoto'-2, O. Kitakami', H. Sepehri-Amin?,
T. Ohkubo?, K. Hono?, K. Hioki?®, and A. Hattori*
(Tohoku Univ., 2ESICMM, NIMS, 3 Daido Steel Co. Ltd., * Daido Electronics Co. Ltd.)
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1) P. Gaunt, J. Appl. Phys. 59 (1986) 4129 curves of micropatterned hot-deformed Nd-Fe-B
2) J. Liuetal.,, Acta Mater. 61 (2013) 5387 magnet.
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Change in Magnetic Domain Structure for Nd-Fe-B Sintered Magnets by Compressive Stress and Elevated

Temperatures
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Synthesis and magnetic properties of core/shell-type CuFe,04/Coo sFe> 204 nanoparticles
S.Yamada, M. Kishimoto, E. Kita, and H. Yanagihara
(Univ. of Tsukuba)
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Fig. 2 Magnetic hysteresis loops for
[1] Q. Song, Z.J. Zhang, J. Am. Chem. Soc. 134, 10182-10190 (2012) core and core/shell nanopareticles
[2] A.A. Sattar et al., J. Magn. Magn. Mater. 395, 89-96 (2015)
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Enhancement of magnetic anisotropy for FeCoN films by Al addition
Yusuke Takemasa, Chihiro Shirai, Takashi Hasegawa
(Akita University)
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P WURE < o TG, 72, cdaMEFERLEoH AT, 2701 =

FeCOAIN 1 J7 75 FeCoN & U &1 U C i\ Ky 2 TR AR b ¥ 1

Do A EORER LD [ IE N iA§ G A AT D FeCoN ~d AR, | ®
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1) Y KotaandA. Sakuma, Appl. Phys. Express, 5, 113002 (2012).
2) HRE ., EA)Zetal, £ <1R,12 21-25 (2017).

3) T.Hasegawa et al., Scientific Reports, 9, 5248 (2019).
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Phase diagram of crystal structure and magnetic properties of N added Fe, Co and their alloy films
Chihiro Shirai, Takashi Hasegawa (Akita University)
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BEL 7z, NIRIIRIE, A/Sy 4 HAThD Ar & N Ol (3) °° g comidsition viase " %
BHTHEI L7, Ar & NoOBEHEIIE 03 PaTH Y, 10
REBRTO Ny DHIE (NI(Ar + Ny)) 13 0~18 % (0~0.054 £ ,
Pa) TZL &7z, FeCo DMEATICIXETMT n—7 X7 M, femucrm]
~A /BT FIAF (EPMA), N MEOHHIIE X B S : | §§§31§§§g
JETH (XPS) &z, 728, N KD XPS 7347 gg ¢ 1400-1600
I (FeosC005) 100Ny THOHITH TRV, Co MKEZ(LE  § 2
WIREHI OV T, RO N SECERLga S0
1% (FeosC005)100xNx & [FIERD N AL 72 D EARE L7z, K6 () 000 020 040 060 080 100
T a e O ¢ OFHIZIE4 % In-plane XRD. Out-of-plane 10
XRD (CuKa) %MV 7z, BALH# o BE T RER ¢ 2
HISCEREE (VSM) & FV 2, &, g fo 1 o]
RERER 56 ©.05-03
Figure 1(a)i%. Co#ilpk (y) & NVRME (x) <MLz £ Moy
(FesyCoy)100Nx DA T % , bee HARDG B L5 AR D g; 20305
11X y = 0.40-0.50 @ FeCo #1i THiKZ/RLTW5, T =z ©05-06
bl Fe k0 b FeCo DM bee MEEIF L ThH o O ot e o e

(c) Co composition, y (at.%)

CERIBEIND, TSV Z S L. NSNS 7=t
Fe O fec 1% 1%, Co 2N % & R E{k L T bee #ik
ICRDMEMDB DD E L ERD, ElfiFelZIEET A &
N RINEDOHEKIZ - T (Fhb bt Fmic s &),

Fig. 1. Phase diagrams of (Ft—zl_yCoy)mo_xNX with

(a) crystal structure, (b) M-value, and (c) K -value.

bce HLFHAD beetfee D 2 FHZ R T fee HUFH E 72D . Z OB TFON beetfee O 2 RS HN TV D, THLLIFFED
F=H T EFENR, N BINEE S SIZEKTHIE bee BFAFHOEK SN D AL Z 2 b, 2T
Fe O &M 72 10 — AR O FEHRRAEX L LT\ 5 K H I Bbiu b, Wi, Figure 1(@DFHXK LI, Ms & K, D
ExERTTry FL7bD%E% % Figure 1(b), (c)lZ-~x7, Figure 1(b) & ¥V . M i bee FH O FEIE C @V ME 35
LA AR TEND, —J5 T, Figure1(c) L V. Kyl beec #1 & fee A0S 2 ARA7EBfE3 2 55 AT TV M %
AT ARTEND, UEED | M & KIZZDREHA D =X LN/ > TEY . Msid bee FHOHIE &1
B H U | Kyld bee #H & fec FHOFIEE R CEA SN D IESFHEA (bt ) OEIG LRSS L EEZBND,
[1] T. Hasegawa et al. Scientific Reports, 9, 5248 (2019).  #&FE : AWF5E 13 NEDO DX iR % 21T 7=,
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MgO F:8k & Si0, FaAk I AlEE L 72 FeCoVN @ bet A8
BB A (BEE), KIDEWEEE), B L), AHTFaEeE), ER)ISE FKHKET)

bet structure of FeCoVN films deposited on MgO substrate and SiO; substrate
Y. Seki, M. Oikawa, Y. Takemasa, C. Shirai, T. Hasegawa (Akita Univ.)
I EHIT
TR TG AT RO GLER AR DB RE ] LD 72113, BRI (M) & A SR SR T ME(K) O i W RPE D B 36 708 4 BE
Tho, ABFFEETIE, MgO FEMK EIZ Rh TﬂE%X/\‘/?EJZH%L\ FOEIZV EN ZREFHZEM L2086
FeCo HiliA — X ¥ U v VR ESH D 2 & T, #likk c/a = 1.2 O bet HIENFEBRIICHEOND Z & 72 107
erg/em’ A —X—D@E\ K, W EHND 2 L %‘f?&ﬂ:b“(b\é[l]o LMWL S ZZTO bet T%iﬁ&f%b\ K. &
(T, Rh FHLEICEE 22 v ViR L7235AIC RN TR Y | fRRNR T2 BIETI2IE, 250 bet
g & M KufE % 70 5~ filiF 1k th#?fﬁ% EBEEL TR D, & T TARMIETIE, MgO FERRRC Si0,
B b~ D E AR . B 2 M S e AR 2 AT LT,
ERGE
AUEHT, BIERZEE ~10°Pa £7213 ~107Pa DRI F T R br Ay XU v 7k VTR L7,
PR RRIZIR DB Y TH 5 - MgO (100) or SiO; substrate/ (Feo sC00.5)90-0.9xV 10-0. 1XN (0 <x <30 at.%, t=20 or 100 nm)/
SiO, or Ta (# = 5 nm), ARSI HTICIE EPMA & v, VEREE 10
at.%|Z[EE L7z, N NI, XAy?ﬁXT%éAm&M
RA W CHIE L, FEIT XPS THOMF Lz, b Efiiric
XRD (CuKa) % V>, in-plane XRD & out-of-plane XRD 7> 61‘%
FEB a KO e DR EIT -7z, K OHEIIZIT VSM & vz,
ES TIPS
Figure 1 (a)l%, N AL (x) 22 b ST MO FEMK EICE#2RL
f5 L 7= FeCoVN B (f = 20 nm [#E &) in-plane XRD & TH i Vs isal B (MgO sub)
Be RWEFIT/R LT FeCo =7 1%, x = 0 at.% Tl bee (T 60 65 0 & 80

Q
o
o,
>
=

(a)

~Focc-FeCo (200)
Tee-F4Co (220)

X =9.6 at.%

x=22at%

x =0 at.%

Log(Intensity) (a.u.)

128D . x=9.8at% CH foc IFVWEBICH Y | ZOHETHS 20 det:
X =22 at% Cld bee B — 7 [l & fee &'— 2 {7 fE o> L) g g
SNB, TRbL alilltx OEKIEEA TS = b (D) s 8
%. Figure 1 (b)iE. (a)& A L0 out-of-plane XRD # £ Th S\ 5
%, JRRFEITCH L= FeCo B — 2 1%, (a) & [AEIC, x DI P = ] X=98.2L%
Vs bee fEBA B foo (T E CEIEL TS, Thbb, clilikx 2 x=22a%
DRRICHEOIOT D E5bhs, WICIRLOBTER B
|

MO cla ZEHT DL, x =22 at%TiE ¢a = 1.07 DMED

Uy KolZ 5.78x10° erg/em® (M = 1423.1 emu/cm? )23 5 HAL72,
ZAZIEEETWARW Y, 2.2<x<5.2at.% Tl bet #1E ., x<5.2 20 deg.

at.% ClE fec WEEZ RTZ ENbroTz, LEXD,

FeCoVN T, FHiZ HW T2 MgO MR _E I E A

L72GEThH, fdiEEIx x OHEKIZHES T bee 125

bet % T fec ~E 2 LT 52 L nbroT,

[1] T. Hasegawa et al, Scientific Reports, 9,

Article number: 5248 (2019).

HEE . = ORFSEIE NEDO O KIE %213 -, indicate the experimental peak positions.

B.G. (MgO sub)

Figure 1. (a) In-plane XRD and (b) out-of-plane XRD
patterns of the FeCoVN films. The black vertical line
shows the B.G. peak position. The red vertical lines
show the peak positions calculated for the bcc
structure and the fcc structure. The red arrows
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NEETZ =T 14 b Ba(FeixScy) 12010 D EFE TR & BEK B

H ARk, Ll —. PIVEEE
ANV TE SRS S NE I NE S )
Single crystal growth and magnetic properties of hexagonal ferrite Ba(Fe«Scy)12019
S. Tanaka, K. Maruyama, S. Utsumi
(Suwa Univ. of Sci.)

XUz

N7 =T A b BaFenOpo 13, WhfgeoE—4% —, A=W —%CEL DS TV D b — KA 72 B
MELDO—2>ToH %, BaFe2019 IZFERENM:A A2 Sc3 % I L 7= Ba(Fe1.Sc) 12010 TIXRERE — A > b A3 FEELS
L7z~ U VBB 5, LinL, m@w&mmm@@bmﬁE%AUﬁw@ﬁ@%ﬁ%%kEﬁﬁk
A EB BT ENTWRW, R TIX, 77 v 7 AEE W T—E#O Sc % x % F£52 B HE 72 Ba(Fe1.Scy) 12019
B A Bl L, HAEEREHI OV TRUERIE 217V, BRPMEEZI SN L,
ERGE

Ba(Fe14Sc) 12010 B ik BHI 7 5 v 7 2B L W BR L=, H 100 H/l c-plane
x = 0.0585
FIFEFE LTHARD BaCOs, Fe 03, Sc0s, NaxCOsz & iz, 7= x=0
80
7L NaxO & Fex0s D375 v 7 2L LTI, 3% 1 mg //

DOFEETHEL, BXIFOFTI693K THEL, FEE2 77 v
N LIAATE, fedbkzal %, IEEZHIPH 50-100 K, 1R
M 0.5 K/ OFMFTHESE S Z B LTz, 2 IEEE THEWH L72 B
FERIZ OV TR =33 X AR5 ﬁ&@m&kiUﬁFm
Bk X #EHr (XRD) 1 & VRl L7z, KRB HLRE Sk &

(o2}
o
T

o(emu/g)

S
//"'% x =0.130

N B
o o
T

I mm BREO MR 280 H L, SUBHREVRL I (VSM) o 5 y (i‘(’)e) 15 20

Z W TRAEINE 21T > 72,

ERER Fig.1 Magnetization curves of
EDS & XRD DO 726 BE 72 Ba(Fer.Scy) 12010 Bk i AVE 5 4L Ba(Fe1:Sci1201 at 77 K (Hic-plane).

Tl EMRENT, Sc IRE x DR D LT IER a, ¢ 1T 60 : : H /I c-axis

L, SciffE x=0.18 frCafiziE L, ol ‘ ‘ |
Fig.1 12 77 K IZ351F % Ba(Fe1.Scy) 12010 HLf fh B OB dh i & — x=0.130

T, Sc MR x =0 5 CITRHUEIE 16 kOe THEIFANTIE L 72 » or
to&%ﬁxmﬁm¢ét&%:£ﬁéwﬁiﬁwb Sc B x
=0.130 F5fETlX H=3.7kOe THIFNIZE L 72, ScIEFE x=0.130 T

o(emu/g)
w
[=)
T

20 -
ARG BN TR D 7272 & 237 BRDNE Sdv, ~U I VieE
DFBP T S NI, 101 ]
Fig2 |C S /% x = 0.130 &S OBL o DIEAAL &R T o HfE % 2('JO 460 600 800
TOEREEHITHALIZ— RN L, 200 K {7350 TR 2 B> 72 Temperature (K)
BT L, Néel ST 0 Eiente. WAEZEDDIE, ~UHL Fig.2 Temperature dependence o for the
GPEDND 7 = U R EA~RES ISR LT L £ 2 55, x = 0.130 crystal.
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CoBEBHMAEI 7 254 MZBIFTS Co DY MEHM::
PCo-NMR (Z & %155
R, TFSAD, RIS, FS 2, C. Mény®
(BUKT, *IPCMS)

Site-selective Co substitution in Co substituted M-type ferrite: >Co-NMR study
H. Nakamura, H. Nishida, T. Waki, Y. Tabata, C. Mény*
(Kyoto Univ., *IPCMS)

1 Loic

T4 MEARMO MBI T =51 MTIEEERARICELRS 5 20O Fe V1 2% 5. BMEECOBRMM I =51 b (Blx
1¥ Sr-La-Co 2% Ca-La-Co &) DR TIE, —f&IZ Co DEMEN X 212Y, —HHRGMENB AT S D, Co 1ZEHD Fe ¥ 1 b
EHETRIEBHIONTWSD, —HERGHEIZEF ST 2 OEUEAREA D 4f) 31 FD Co DAT, ENUHNDY A - D Co I%fi#
SRS > TOWRVWATRENER H 2 2. 2D72od, RSN/ Co R THMARM 28T 211F, 4f T b 28K B
THZENLEEND, Bk, BEANTEEZIY bE—L L THA%Z Co D Sr-La-Co 751 hE2&ML D, £ ¥Co-NMR
FEBREToHE IS, CoflEMNREL LB EMHIZ, CoDaf, 1 NERUEDMETSZZZ2RAHLED. ThbbshDss
SA—Z%3>ha—)LL Co DY+ MNEREZFIHMTENGD, LOMRMII—HBRLELZBRIEL LT THS. Fx
13 ZNF TEIZ Sr-La-Co RD PCo-NMR DfEH 29 2#4E L7zhY, Co DY A MEFMED LK F 2SI T 5720, Eike
Ba-La-Co 2 & Ca-La-Co RIZIEEE L 72D TZ DFERZRET 5.

2 ERAE
B2z Co BB X F 0.2 D 2 RRID PCo-NMR EEi%Z 7o/, 75 v 7 AETHEML ZBERE2 A7 X —1Z L THW .
—7J31% Bags9LagsoFe 1 80C0020012, H 9 —J5l& CagssLagssFei;74Co0.17012 (CLHR 3 D #3) TH 5. Fki WDX oK T H
%. Co-NMR FEi%, Strasbourg ® IPCMS O LB E 2 HWTIT», ¥ ulE, 2K Tfio7z.

3 BRELUER

FE 2 B D PCo-NMR ZARZ7 MLAERIZRT. ZHS5DARY MVIZTRED Co DEBDHIZHIGT 3 LS IZHiELTdH
%. Ba-La-Co iARlD AR b JLIZ Sr-La-Co ZDK Co DT —& 2 & LT WB. 90 MHz fHED(EE (S1) AP iAR
KD 4f, A D Co DIFE, ®JEP D 300 MHz (S2) & U400 MHz (S3) {FED(E 5 IZ/NHEAARALD 2a £ 721 12k ¥ 1
FD Col7HA1rEN3 D, §T7xbb Ba-La-Co ZilEHIA L ED Co A/\HARALD 2a /21X 12a 1 b2 59 5. —7,
Ca-La-Co il Bl OB S IXE M OESHBENE UK T TS, RS2 DESRIFLACEME RV, T742bb Co d 4 ¥
FEIMENEE o TWE I b5,

Sr-La-Co % & 0 Ca-La-Co RD AMXMRENEH VDT, U EDHREX

—HHER AT ET 2004 Y1 bD CoDATHB LT bii%Exk 1
F95. $7bb, CoDY A MEFIENREIC X THRED, This L s ]
|
BSHE C EC B L TV 5. RICIEEFBIO Co 0 4f; 1 M ER T
#%, [FAFED Co #4 Sr-La-Co RikBI Ol L 125 T, ThY i ﬂq \
LEGEY 1 2 Bao St Ca L ALTHDIMY, CoDdf, ¥4 T [ "\ ‘\ y
NEPRDIA L B R R T a2 | \ S2 ]
s t h \“ S3 ]
System Co content c¢/a  4f) occupation ratio ‘% i ‘\ W )‘WVJWM
Ba-La-Co 020 3.9282 0.72 £t Ba-La-Co C00.20 1
Sr-La-Co 0.15 3.9122 0.75% I S ]
Sr-La-Co 0.28  3.9098 0.83% S3
Ca-La-Co 0.17 3.8918 0.94 -
. . Ca-Lla-Co C|00.17 1
0 100 200 300 400 500 600
References

Frequency (MHz)
1) T. Waki et al., Mater. Res. Bull. 104, 87 (2018).
2) H. Nakamura et al., J. Phys. Mater. 2, 015007 (2019).
3) T. Waki et al., J. Solid State Chem. 270, 366 (2019).
4) H. Nakamura et al., J. Phys.: Condens. Matter, 28, 346002 (2016).
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<A a7 oA MERKEEICRT 5 FGL & SIL ORE L RiER S HRE ORBI%

SR, JRICCT
(THBERFRFRE LYRER « B 558
Examination of FGL film thickness and spin torque magnetic field condition in microwave assisted
magnetic recording
Kurita Keisuke, and Fumiko Akagi
(Graduate School of Electrical Engineering and Electronics, Kogakuin University)

FABX

AR, R T 4 A7 %E (Hard Disk Drive:HDD)i%, 77 &'y MEROFEEFEELNEREIN TS, LrL, TO7k
DITITBEAMEE, 2D X, ik~ y FOBSBERRE WS M LY~ 2 fRT HMERD S, THEMRRT 5 HikE
LTC~A 7 a7 v A MR iEk(Microwave Assisted Magnetic RecordingiMAMR)ﬁfﬁiT%%éﬂ“(b‘ %[1]. MAMR (%
e~y RICEERE L TR YV L7 BRFEF(SpinTorque Oscilator:STO) & 7% 17, FL#kFIZ STO 75 & AR 34 &
5. ZOEERBEN D SRR SRR A o, f&ﬁ?ﬁﬁ“ﬁ%?ﬂﬁ%ﬁ)“(% M LU~ ZfRTDHZENTES.
STO 7> HFAET D & JE L 100 KA/m PA EOBESFIRER LI L SO TWD. BT T, K 130 kKA/m OFEIRRE
FIREETE SNR %R L TW5 [2]. 72, STO OAFA)E (Field Generation Layer @ FGL)DEE A BN S 5
&, BERGREABMCTE S Z L bl LT A8l LavL, STO HBEAR~y ROERMREE > —/L ROMIZET 272017,
STO %% T 2% FGL OFEEA RS EHITIFRANDH D, F£iz, FGLIZAE Y MR Z 5 %225 STO OBIOREKRE
FTh DA 1EANE(Spin Injection Layer: SILDOEE LBMEL TL 5. > T, AFIETIE, ~» K, BK, KO STO
EEBLIE~A 70~ RT A7 AV I alb—arilkoC, FGL, KO SIL O & IR EE & ORRZ R
%ﬁ;g:{_f AR OB Table.1 Magnetic characteristics of head, medium and STO

ARFFE TR ZEBE R X 2 L— 213 4D A T m | o | SR ikijm
. . . . N U =
ANCE Landau'Llfshltz_:Gllbert(LLG)’CE?)E) [2]. ~oF Zox 103 | 25 0.05 | 1.0x 10 &
1+ az)‘fi_l‘z = vl x (H.py — afiy) %g% 5.0x10° | 0.8 0.05 | 1.0x 107
=M (M x (aHers + Hyt)) @ WM | 12x10° |08 | 005 | 1.0x10 1
MIZRHEAZ bV, yld ¥y A nREESR, a3y | L3R ; —
v OER, MR, H, X ERRAN Y F L Th X 10, o S Lox 10
%. Hyld STO ~Efi% i+ % C FGL %7213 SIL |2 o ?g: 135 = o5 ;g: ig_n
MENDRBAE ANCL DALY VTR THD. - : : -
o= @ FGL/SIL
2eMgd” P —8— 10.5nm/7 nm —®—12.25 nm/5.25 nm
h 3747 785, JIHENGREL, e XEAHRE, —e—14nm/3.5nm —e—15.75nm/1.75 nm
nRAC SRR, AT, M3 OHaDHRs kv 35
T&)é LR~y RIFHEBR~y K& L, AA VR—LDfE E
FEIE 98 nm, F v 2081 56nm & Lis. eIk T o 3 ¥ \
A Tnm, B 5nm ORBEERE & BRI K > THERR S o
5 ECC(exchange coupled composite) ik & L, #picdka 4 20
FEIE 1814 kfci (1.65 Thit/in?) & Liz. ~v K EHHRD A ~— B 15 \
YU /iE Bnm, ~v K- SRR ORI 20 mis & L. 2 10 )
STO X b7 v Z7IF 28 nm, &S 28 nm, BE 21nm & L, ® 75 195 175

RO TEEEZ 8.5nm & L7z, £/, AWZETIE~> F, Rl:/lﬂl/?%??! kAfm
STO;‘ &U}IK%FHEJ@%M% ES*EE{/E@i%E‘ LT, 7272 Fig. 1 Dependence of AC-magnetic field on spin torque
L, AIEIOFRERND, FEIRER & R LEICSEDEEDD  fiold with different thicknesses of FGLand SIL.
STO ~HIIN &3 5 e IR CTEE Z1T - 72[2]. Table.1
WZHEARTS L OV STO OREREFFMEZRT.
BHERER

Fig.11Z FGL & SIL OREEZ £t S B2 56 OFERNBE D A M7 BESUREME 2 77T, SBIRRSSREIL Y 7 2
N v 7S CEERROBR E L. MLV, FGL ORELXEL 35 ERIRRIHMD T2 2 Lxbhroiz. Tk
FGL OBEOEINC & b 720 SIL OBENEA L, SIL OBMLR—F iz mnt, fnzimiEz 34506 Thd. £7-,
AV MRS D &, BIRBAREN BT O/ERE o7,
¥
FGL O 28Kk X+ SIL OIRE 2 &% & SIL WAL EREZZEF 21T 9 120, FIERFSEE N T 5.
aig ;ﬁiﬁ%@*%ﬁ , JSPS BHiF £ 16K06313, K OMEH A b L — UHFZeHEdERES (ASRC) D Bk 2 32 1) TIT - 7=,
BE
[11Y. Tang, andJ. G. Zhu, [EEE Trans. Magn. 44, pp.3376-3379,2008.
RIZREEMS, FSCF, SR, 2019 F5#K, C-7-2, 2019.
B & Es, RIS, EHHF, E5HE 114(327), pp. 1-5, 2014.
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STO ZMEWEVINE I E CLEICHIRT D720 D—5 %2
MRIERR, 455, Simon J. Greaves'
Hrg TARR, PAEKR)
Effect of magnetostatic interaction with MAMR head on STO oscillation
R. Itagaki, Y. Kanai, S. J. Greaves'
(Niigata Inst. of Tech., 'Tohoku Univ.)

[TL&MHIC

EE T & A MEEKGEEER(MAMR) G 2L, @ RS IRFE 7 (STO) 2 b I AT 2 i A b 5 & EREAR(MP) 2~ &
DFFRFICEE L, SR GEMAE~ORERE FTREICT 5 Y, B i3EBO X b2 2FH L7 STO &
FLEk~y REMA G DY~ 70~ TR T 4 v VRWTICL DETVEHEZITWV, MP & ML —U 7o —
L R(TS)MIEFATOX v » 7 HIZ STO ZHiAT D & STO DRIENLET HZ a2, 72721, MP &
TS WIEVAT & 22 o EIL, BUTORE T o 2AOBIENLEE L2V, £ T, MP, TSR L USTO
1T BARENC 6 U T 72 BT L O R 24TV F OfE X 28 10°7> 5 20°D#ilH T STO D22 E L= IR S
BB EERARZI, UL, STOIMEE NRKEWIE L FGL ORI L, BIERA LD T4, 21
F T, BxIXMEREZ RO~y ROax 7 4 v T 4 7HRFE LTHRW, KRE2RE(@=02)%52T
X7z, —Ji, STO L~y ROFEKMHAEMERZIEL BV 9 I3 a lZITBIEOM(a=0.005 - 0.02) % 5 % %
VERD D, AHETIE. MP, TS B X ONSTO AR E 26 L THITZ2WET LA ZE L, STO D MP
BLOTS Da D STO DRIRIZH 2 5 EHBE2 RS LI-0O THRET 5,

BFAETNEYVI DT X
Fig. 1104 £ 9 1o, FGL & A ¥ L AB(SIL 672 5 e_i
STO #% x5, STO Difit# Table. 1 IZ/r7, Z ZTik, #&X 20 nm z v
Wtk SIL EFBRDO A Y MV BARE LTz, ~A 7 a~7
T A v 7 FRATICITE L@ o EXAMAG V2.1 % Fiv iz, »
E‘l‘ﬁﬁ% Main pole -Zr?iltlellrlig
Fig. 212, ~v FOa % 0.2, STO D a % 0.02, 0.005
L L7oBRo> FGL ORIR v e 4755, fiEliliE FOL Bl =i =
WY & FGL R T L Bt TR L L CRaR L7z, Fig. 1 Schematic of STO inserted into Head gap.
MIM;=1 D & &, FGL DL NEEIZIHAN CTHEERL TW\WDH Z Table.1 Major parameters of STO.
LT, AREY . STOMEHEO G 0,02, 00058 D& EE 77 poye =
FGL DRIBENEEL TWN5H (@“N:ODTEFIJE DR E < FBIEE M H  in perpendicular 31.4 Oe 31.4 Oe
ME). ZAUE, STOMTEFD a7 0,02, 0.005 D& Xidai g y5 0% stom 195 10 ergom
0.02 DI &t~y F& STO OFERA EAEH 359 728 Thickness 10 nm 2nm
LEZLND, OED .~y KOa RS NE X STO Lap o WAnTiean 20y sonm (e, erayer=2m

[ B E D~y ROBALNEIE LS <, STO B3~y Rinb %
;L ‘é#ﬁﬁﬁf?ﬂdx ; b\:D oLk x ;?jzﬂ%'-é?ﬁi;:(f)ﬁu = 3/.o><1o8 B §”0 NWM{&M/J(\\/& [M /ﬁ\/\(/\(\m
Alcm?)iE 2 E TOFE = 6.0x10° Alem?) & FE T 431270 WMW\WWW M \\J MW

&<, EMICh-2ZFOEEEOE» S bEFITH S, s 2 N 000kt Tmepd 6
ABFIED —FRILIFHRA b L— DR FEHEEREAR (ASRC) D Al Fig. 2 In-plane component of volume-averaged
Pl Lot T ZITREL TR 2, FGL oscillation vs. time. = 0°, Head o= 0.2
SE 3 (STO vicinity: 0.005, 0.02, 0.2), J = 3.0x10° Alcm?,
1) J.-G Zhu, X. Zhu, and Y. Tang: IEEE Trans. on Magn., 44(1), MMF = 1 GHz, coil current = 0.2 AT,
125, 2008.

2) ME, &%, S. Greaves, Fffi: 35244 MR2018-5, 2018.
3)  MddE, 43, S. Greaves: & F&ME MR2019-4, 2019.

— 258 —



27pC -3

F43 Bl HAMKF TR (2019)

MAMR (ZEB W T~y RN SR E T DAL DR 2
FE AT 44
HAL TEERFEREF LFR ALG iR A XUR LT 35-1

Impact of Transmitted Spin from Head Pole in MAMR

Ikuya Tagawa
Electrical and Electronic Engineering, Tohoku Institute of Technology, Sendai, Japan

1. ELC®IiC

~A 7T v AMER L (MAMR) IZB W T, Ak
V3R (STO) P HIRVREN L R 2155 Z LI IREL T
A THD[1], STO FEEB IO B, ~v gt STO
DD K728 BAERIZE T it 372 &g 2],
THUTH U CHe & 1T, fEfE STO DRIZERT DAL DE
IOV EIT o Te, TTIRO~ A7~ 2T 47 AV
2l —% (& 123 Examag V2.1.1) V>, MR E T O
IAFE AT OF B 5 nm) IZBWTBIIIENS~ 12
i 7 AMESR (MA field) ZVEREFE B LTz,

2. ~YRBBAE DRE

11T, ZEH 441D MAMR ~yRET VEBRFEH R~
RIZI T DREE DEWE R T, YYIOT A TIXTEEL -
TEHEAS STO W EBEEG S DT, ~v R EifR (MP) 35 &
W=V 72— LR (TS) LA 28 STO IZiitivAZE
10, —J7 . ERHT AL T MP BLO TS 23EMmE
L TERSNDTO , ~y R CRIGRL 72 A 53 STO ~
PRAL, R R AT,

2(a)lt, MP/TS HAE L NRIRN Y HIET LICE
5, ~yRETHR (Hx) . b7y 7@ )5 1w (Hy) | BEOE
187710 (Hz) D FeEE R ORERIIE A Th D, He 1TTRVE
BEoRL, BE O~y REEERE I/ /il AN EEL
TW5, — 7. MP/TS 7O AE L AL H B E T L D[]
X (b) TIEIRENA b2, kD, MP 2D DFH AL
RV EMEIIALNHTHD, AE U PLECE RSB
B EWE - EOIERME4R) [3]1% MP & SIL OFIE M
ERHD, BIOTATTELT, MP AE AR IET 5800
2, BB AE Y O E RS EHZ LB A THD, ADA
E AR RO BN B L2 5 [4],

3T, AT ANMES (MA field) DN (J)
KAFEMA TR T, MA field 13RS EE DT —) ATV
MHRDTZ, MP/TS MHAE U BENDE G (a) . MA field 13
FEU TRV, MP/TS B AE U BRI NS () L TEA
RO BENNIE T T MA field BSEINT 25, MP AL % 50%
WZHIBRL7=355 5012 % (0) | 7RV KX 72 MA field 73 %57z,
TS BNADREA L, B ITIE (TS 225 MP) (Zi
N5HEE (o) FEABEIRISE 5D BIF ThoT,

3. ¥£&®

T O EO AL AL E X Z IUEE LR T2~y
RBEARND DT AL DA L CX 3 STO Dfgik
R ZPRETHIERERD, 22T, EVWE ROV EHZ
W28 YT BEIO, ADOEEHE Tz~
RNRSH DA A R~ LT,

[CHR]
[1] 1. Tagawa, et al., IEEE Trans. Magn., Vol.52, No.9, (2016).
[2] Y. Kanai, et al., IEEE Trans. Magn., Vol.53, No.2 (2017)
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(no MP/TS spin) (Al spins)
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Figure 1. Structure design difference between (a) original idea and
(b) practical design of MAMR head.
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Figure 2. Time response waveforms of write field and
magnetization distribution in pole tip area, when there are
(a) no spin and (b) all spins from MP and TS.
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Figure 3. Injection current dependences of MA field amplitude.

[3] J.Bassand W. Pratt Jr., J. Phys. Cond-Mat. 19 (2007) 183201
[4] M. Tsunoda, et al., Appl. Phys. Express 2 (2009) 083001
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CoGa /N> 7 7 g & v 7= Si Ak MnGa (001)#d ) s oo /E SR

"W fERT, KB OEE, R WS, S5m0 R
CAEINED)

Fabrication of (001) oriented MnGa film on Si substrate using CoGa buffer layer
Y. Miwa, D. Oshima, T. Kato, S. lwata
(Nagoya Univ.)

LI

ST 72 A A U BREHE, REPRITIZ LA EREE X TR Y — G2 ER X 5 FIETHY, K
A NTEREERE Yy hRZ—VIERBPM)OERIZICHTE 2 Z 2 65, FxlX, ZoAF R E > K
R — RIS DR E L TR E R mEMA R G EEZ AT 5 Lle-MnGa HLHIA iﬂﬁ ICHERL, By b —r
Pz fER L CE 7/ D A OMETTIE, MnGa B3 MgO(001) Hiik i Ak LIS /ER L Tz s, IR _BidsefliZe
T AT PRS2 0EN B 5720, BallE, BBEIEST & Si i 12 (001)ELM S 72 Llo-MnGa D ffi &
ZITH-o T 5 2. Alal, MnGa(001)BL DT RIZ R TH D CoGa /Ny 7 7 @ dDEMLBLLFOMRF 21T 5 Z

LT, ﬁﬁﬂlﬁﬂ%ﬁ% Si FitR BT mEBLm D Ll-MnGa (001)% 2 Bl L 72 O T 375
ERGE

JERE %1 Cr (2 nm) / MnGa (5 nm) / CoGa (30 nm) / Cr (20 nm) / MgO (20 nm) / CrB (5 nm) / NiTa (25 nm) / Si sub. &
L7-. MO JBOAHBEEZEARBZICLIVRIEL, ZOMOEIE, ~7 b ARy X ) o 7HEICTIT>72. Mgo
J&§ LD Cr Ny 77 J@E TORTORBITEIRTHRIEL, £D1% 800 CT 60 77, BEF TAWMMAIT72. Fiz,
CoGa EDMMIREAZ Ts & L, IREE Ta T 30 40, HAEF CHIILAIT 572, MnGa iEi% 200 °C THUE L, Rkt
L1 AL D728 400 “CT 60 7], BEZEF T AT 572, FIOIZ Ts 2 200 CTH 6 500 CE TE{L S Th
WEAZRE L7c#, Ta &2 500 CH5 800 CHOMTE(L I 7. EOMKEEIXRZFER AR /) FH(AGM) TRE
fili L7=.
ERER

F9, Ta=500°C & LT TARGFMEEZTARTZE Z A, Te 23400 ChH & X2 MnGa FEO S b3 e K & e > 72D
T, WIZ Ts% 400 °C & LT TAKIEMEIZ DWW THHRT=. Fig. 112(a) Ta= 600 °C, (b) Ta= 700 “C T Si HibR iz fE#Y
L72 MnGa €D M-H /v— 7 %74, F£7-, Fig. 1 (c)iZ , MgO(001)EHx EIZ/ERL L 72 MnGa I M-H /L — 7 %7~
9. Si FEAR B MnGa EIZ W37 40§ R & e R E ﬂﬂi‘%ﬁ@%ﬂ* L, Ta= 700 CizBW\Tafnmgafbid 290 emu/ce &
7poln. ZOfEIE MgO M Ed MnGa i (Fig. 1 (c)) SIEEALRIUTHS. EHIZ, Ta=700 ‘CH MnGa =T
%, Ta=600 C&Lbik L <, BEmBEETMONL—TDEENEITR> TS, 2L, MnGalEDBE 23 m L,
A b— RIRERER BN DTN TV LT ThDH EEZXLND. LLEX D, CoGa Ny 7 7 J& OB St 2 it
HZLICRY, BIRERHEEZ AT 5 MnGa(00L) Al A iK% Si F FIC/ERIS 2 Z L ICEI LT 52 5.
&3
1) D. Oshima et.al., IEEE Trans. Magn., vol.49, p.3608 (2013)
2) T. Ishikawa et. al, IEEE Trans. Magn., vol. 55, 3200104 (2019).
3) A. Ono et. al., Appl. Phys. Exp., vol. 10, 023005 (2017).

400 : 400 400 © o sub
a) Ta= 600 °C b) T.=700 °C ¢) on MgO sub.
(@) Ta | | (b) Ta= | g 1D ot
g | ) g
E. ok E 5 0k ’P’W,/
= = S //
-400 : ‘ : -400 R ‘ -400 " ‘
15 0 15 215 0 15 -15 0 15
H [kOe] H [kOe] H [kOe]

Fig. 1 M-H loops of MnGa films grown on SiO,/Si substrates using CoGa buffer layers annealed at T, = (a) 600 and (b) 700
°C. M-H curves of the film grown on MgO (001) substrate are also shown in Fig. (c) as a reference.
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MgO/bee-CrMn &8 T HUE HIZHUE L7- FePt 77 = = 7 IR OREEURFE

O, K L, AEE M GRAERT)
Magnetic properties of FePt granular media on MgO/bcc-CrMn stacked underlayer
©Takashi Saito, Akihiro Shimizu, and Shin Saito (Tohoku Univ.)

[FILHIC KA EIX 2022 4% TIZ 4 Toitin2 b D EBELARD N TEY . ZhdEH
FTHRMAROFEST K E UTET v R MggKREEk (Heat Assisted Magnetic Recording, HAMR) 735£ H 41T
5o MAEEBFOHNEME L, D55 /MEE 2y m < BB ELYE A A7 5 @ik £ HAMR RO FZHLIC
I, ZIR T 2X107 erglem® LA E O @ —diliil i e S 85 M= %V — & A3 D EMERS SR 2 B SIS AN A b
L, 2O T2 T ARICRE ST 7 =2 THMEZ FEBT OLERNHD D, L LR bBUREb FEH
ERFIREA TV A LK E 2 H 35 MgO FHiE % U 7= Ll FePt-C BEA Tl FePt BalfE dbhr 3 BRIk IC
MELTLEW, MWL T MREERRIN D725 7T = 2 THBEMNEBLTE T, AIFZETIE, B
twE (MgO JB) fbdbmhBlmtiiHE (beec-Cr A@&fE) BMFERE (7ENLT7 7 AB)OREIZIEA S HHEH
RIEEAEE 2 LICARERE U7 BME RS O BKAFFE 2 3R ISR L. £ O R & JUITHERBIIZINNE LT 2 T 2RI
M7 7 =a 7% R HERREHEH 2R ET 5,

SRR B O EHERIE FeP(5 nm) MgO(5 nm)/ a—CooWao(80 nm) (CEH T H#i) & FePt(5 nm)/MgO(5
nm)/CrMn(20 nm)/ a—CogoW4o(60 nm) (8 EIRFEEL FHh) & U7z, BRIl o=, 7E/ 7 7 A8 Ok 620
OC ~DMEE 20 T2 7 2 a2 THY OB RFE i Uiz, F-prtEORAEDZ MgO 8D fE%Iz, it
BHZ 630 °C ~DIMEAEIT - 72, FEHERL I Out-of-plane XRD H|EIZ XL Y CrMn J&, MgO &+ L O\ FePt &
HENZ ¢ HEA L TWA Z & 2R L7z, Fig. 112 FePt & % il THll B2l U750k & /8 B IR T i
I EE U723 O ki &2 7R3, PRI H X2 Z I DFRENT 10kOe & 25k0e ThHh o7z, ZDZ LiX
T HuE OHE B R LA IS SRR SR ORI R RS B AR S ETWAH Z L 2R L TW5, ZOHEE S
LTI RBIISEAL Zh B D TE B d Al & 5 7o, HH Tl b & BRFEAS Tl B plisE L 7= FePt #ECx LT 9
T OHIIRER O T THIE Lz by diggns B U7z —dilifs e B e 2 VX —K,. BTV 3%
NZH Ku=1.23%x107 (emu/em®), Hi=39.3 (kOe), 725 NT K, =1.42X 107 (emu/cm®), Hi=42.2 (kOe) Td »7-,
Fig. 2 I~ A F—/—7 DBl L7258 M, & FIIRER Hapy OBIRZ R T, M 23 0 & 72 DFRE IR
He I3 FHUA FHO 72308 I 13.0 kOe, M8 BARFER T HEZ W 2308 Tl 27.7 kOe TH D Z LoD o
7o ZORRES LI Ho/H 85I T 5 &, SFH FHEZ V3BT 033, M B REEE Tz v 7230k
TIX0.66 TH Y, B IRFER T OB INIAL ~DF it 2 Mgl Lz,
HERBREEEZFTRALETRIEEDIRE U Lo E4 B E 2 T, Ll FePt #8502 FR LI 7 5
=2 THMRICRE S %% HAMR BHAIEAE A2 52335, Fig 3 IZB5 % L7z HAMR BEAROFERE K O]
%o, FEIERERLI FePt-iR{b¥ 7 7 = = 7 J&/ FePt/ MgO/ bee-Cr B 48/ 7TENT7 7 A TH D, T7bb,
MgO JE DO#E B IRFE L E EICHE FePt J& 2 piils U, Bt i 23 RS SobL O W EZ R L o Bzt A PR L 72 5
REEMBOE R EIE T, 20 & X RETRERBIE VY ER ool (A 3— i) L7eb, SbicE
D I FePt-F{b¥)E % 2 BT S H 5 Z & T, FePtffidnhicd 2 7 LARAE S8 727 7 = 2 BN FEBL S
HEWRFIND,

SEX# 1) Roadmap of Advanced storage technology consortium (2016).  2) A. Shimizu et al., 7. Magn. Soc. Jpn.,
3,7-11 (2019)

(= D £
| N
Flat M, (a.u.) Recrr ing layeT \ f R\
Network underlayer Columnar Iayen‘l | FeP:t‘-Oxlide
underayler J' ) 5
i Bum\7( layer ) pure-FePt
o ie) Hcr (kOe)f Thermal insulation layer MgO
' % + 27{' T_ ; { ! 3'=Oh Seed |ayer for she}et texture CrMn
40 30 20 /40 0 aTexture inducinglayer  CoW
Happ (KO€) ' Sub,
Fig. 1 M-H loops for a FePt film on Fig. 2 M; - Hyyp plots for a FePt film on Fig. 3 Schematic of proposed structure
network underlayer and flat underlayer. network underlayer and flat underlayer. for FePt granular media.
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T2 DR D Z —757 > b & O TER L 72 Nd-Fe-B IR OIS & ik R

O+H Mz, w5 M, #k K, i B, EE EE GUeRs)
Nanostructure and magnetic properties of the Nd-Fe-B thin film fabricated by various targets with different
compositions
(OTakayuki Tsuchida, Jun Fukushima, Yamato Hayashi, Shin Saito and Hirotsugu Takizawa
(Tohoku Univ.)

[ZLHIZ HFRLE ORI > THRKGEEIEAOmEELOTEREmE->TE Y, 5 Thit/in? Z# i
2 DA E RO ERIIEOBEEERICETON TS V. ZOBEEZERT L, BT V2 Mg
KAtk (HAMR) 23ER STV 5. HAMR BEARZ FZHLT 2 72 0121E, S|IE TaWO s A R 1 e
(Ky) & 300-500 °CCHREEEDF = U —iREE (Te) AT HMEDNLETH Y, BIfE L1 FePt (K, = 6.6 MI/m?,
Tc = 477 °C) ° Nd-Fe-B (Ky = 4.6 MJ/m3, Tc = 312 °C) NZDEME L TRFI SN TWD. Z09HhH
Nd-Fe-B #EIZB LTIk, HAMR KL U CHZED, c filifidifl, Riesmiifl, =7 2Rk % A
ICERBL TODHEN LS TZ 5220, ZIUT O WD TER X IR X 0 EE IR S 2 B o
KL OIS L O OFE## Y Nd-Fe-B 3% Nd/Fe Ji1-kb, 72 5 NS B IBEEICIKIE L CTRZR D 2 LIZFRA
HDHOTIEIR N EE 2T, 2 2 TRIFZE T, Fx O =Jcflkd % —7% » b % T Nd-Fe-B #f %
ERLL, O & REXURRE 2 5Fm L 7.

RBRAE WRERIZIEDC v 7R brr ARy 2 Y o EE T EEORTE R Mo (5 nm)
/ Nd-Fe-B (10 nm) / Mo (50 nm) / Ta (5 nm) / glass sub. & L7=. #MEEH % —~7 > b & LTI, ~TiE% 1644
& L (A) NdisFez1Bis, (B) Nda1sFe724Bs4, (C) NdigsFere9Bss

&V D 3 ODMAE HENR L7 (Fig. 1). BEMERE O RBSRIFI, mNG.Fe,B.A)
RCHETEEE 600 °C, AETIS500W THDH. B ol 40,0 :Hgizigzzg:g
DWW T XRD (2 X DHEE, AFM IZ X 5 REFEDEIL, AN, Fey,B

VSM |2 L D RFFE DT 21T 7=. AyA Y (at%)
NAN
VAV

Nd (aty
EBRBER Fig 2lcfix 0¥ —5 >y FTERL 72 Nd-Fe-B 1 A
B LC T T 5 1L B85 A FIL L C 15 1 2 Bl &
SIS N OB MR (2 TR et s N AVAVAVAVAW
I 078 2R LTWADITH L, #—4 v b (A) £721% 100 PR 60
(B) % FIVVCERL L 7= J I > T, A28 0.9 BLE & Fe (at%)
BTN <, BEA LA B 73 5 i 2 15 1)L = B ) Fig.1 Target compositions of Nd-Fe-B
LTCWDZEIREEEND. In-Plane XRD 7' 12 7 7 A LTI,

NdoFeB FEgatH D (410)F 2> & O [E PR AS BRI B S h

TH Y, Fig. 2 DFER &5 2 05 & NdFewB FH23 ¢ il = Al 1000
MLTWDZEAREBENDS. AFM (2 X 5 RETEREOBI22

ZiTol2L 2 A, (B) ORI W TITRIAESS 200 nm UL _E P
EHRTHST=DIZXL, (A) & (C) OFERIZHOWTITRL
B2 50-100 nm FRETH 7=, LA EOFERNS, &ELH D
OHI7R Nd-Fe-B #5415 2 72 0121%, A RIOME O #H )
blX, & B kD& —7y NEHWLZERATHD &
Eizohb.

A it 2y

o
T

M (emu/em®)

&
1<}
3

: /
,ﬁ,..agmpf'rml“ﬂ”\p'd"‘.’
00l ——— L.

-5 -10 -5 0 5 10 15
BEXBR 1) BEHEET )y MERGUEREM O (F Hies
LAY 1 EELS Gk 5
teaFAm) 25 11815y P26 5-3 Fig.2 M-H loop of the Nd-Fe-B films
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FePt-Cr,0; 7" 7 = = 7 — I O BGIRELRR 221 & B URF M

$iAK—>, H. Sepehri-Amin, m=iEA T, EEFIfHE
(WE - PRI ERSAE)
Microstructure evolution and magnetic properties of FePt-Cr,Os granular thin films
I. Suzuki, H. Sepehri-Amin, YK. Takahashi, and K. Hono

(NIMS)
[T L&MHIZ:

L1p-FePt 7' 7 = 2 7 — 5% FH =8 T o 2 MG T A 2 S v, FREEE 4 Thit/in? F2EIZ ) )
ZOBRBNENNTND, TD LD 72 BERLEREE 2 KT 5121, & E 2 H 7 5 FePt ki -2
TS SRRIER(D) & K1 [ FEBE(PD) DRI AR RI R T U KL% £ (GD)3.8 X 10'%/em? LA _E 2 <
NIV 7 =a 7 — B RKBETH LD, FePt-Cr0s 1%, D: 5nm LU T ORGMIZRRL 723 EH CTE 5 —F, bt
P A RZHEARPD NKRE L GD /S WESR, BRENPMETLTLEY ZENMETHH-7?, 22T
ABFFETlE, FePt-CroOs DRI FHBEDOSZEEZ HIIE L, S22 2 TER L 2R B ok T8 E 0B b %
PRSI AN To, FEo, BEREEESCOER Z LR IEBOBARNOIE L O TINERET D,
EBRAE:

~ 7% bu ANy HiERHAWT, B2 APEE O FePt-Cr05 Z IR L OV CrnOs (AfEH 228 2 TERIL
7o FARITIX T HUE OB Z BRI 5 72D MgO(001) BLfE fh A2 L 7=, Me&URFHIE SQUID-VSM, i
FHARE S OVt 04113 TEM 38 K OVEDS & W TN EHET L 7=,

ERIER:

TP EMGRE 400 °C CTIERL L 72 FePt-Cr05 (2331 2 THOAH AR O IEIEAR T 2 0~ 7=, Fig.1 (IZIEE 4.5
nm OFREOYEH TEM B 4779, ZDOHH 5 D: 3.9 nm, PD: 5.1 nm, GD: 3.9X10'%cm? N NEhE b
Too ZAUD OEILFEEEE 4 Thit/in? O EHUZTR S5 GD &= L TW5, E-BE%E 8.5 nm (2
MEHTH D:3.8nm, PD: 5.1 nm, GD: 3.9X10'%/cm? & Z N6 DEITIE E A EBEM A LN -7z
(Fig.1= (b)), Z DOFERIL, FePt-C DIGH & B0 | BT O KO KR(ES GD DX T2 & TV
IRNZ EERIBEL TS, L LG, WTIL) FePt-CraOs & DIRIEIIHIFE & A ETHEA L Tz,
Wz, B2 D IRE CTERLL 72 8.5 nm @ FePt-Cr03 OFGHIFRKE 2 38~7-, FEHIEE % 400 °C 75 R &
5L, 450 °C LA FClE GD O LIZbT N TH DA, S5 EFSE5 L, D, PD DM AALIZHEN
GD k& <K F L 500 °C TiX PD: 6.6 nm, GD: 2.8 X 10'%/cm? & 72 > 7=, Mz T, R It A A
fEfEL Di: 2.1 nm, Dy 6.2nm O — 7 BT, R Tl CrOs OFRFELSCIRE, FRHKAT A 2%
ZCTHERL U 72 30BHT D W T SIS K OB 2 AT RIS WD T H R THAE LU, BERE S
{EDER % EDS OfERE R 2 Cikamd D TETH D,

SEXH

1) D. Weller et. al., IEEE. Trans. Magn. 50,
3100108 (2014).

2) T. Shiroyama et. al., IEEE. Trans. Magn. 50,
3202404 (2014).

F1g 1 Plan-view TEM images of (a) 4.5-nm-thick and (b)
8.5-nm-thick FePt-Cr,O3 grown at 400 °C
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CoCrPt 7' J = = F R BT DR At & o
<A 7 YT A AL SR~ D 22

VepRisRk b, g Amil 22 A Bat2 dr b fEr? EEalfs 23
(AL KZ IMRAM, 2 bR CSRN, *HIL K FRIS, *H ALK RIEC)
Effects of intergrain exchange coupling on microwave assisted magnetization switching on CoCrPt granular
thin film.
K. Sato?, N. Kikuchi'?, S. Okamoto®?, O. Kitakami®?, and T. Shimatsu®3*
({IMRAM, Tohoku Univ., 2CSRN, Tohoku Univ., °FRIS, Tohoku Univ., “RIEC, Tohoku Univ.)

XL&HIZ

~A 7T v A SMELER(MAS: Microwave Assisted magnetization Switching) 1V T o i % FE RS RE Bk
HiffE LTEASNTWS., VI =a BB TE, v B AT ML 28HmST / Ry R TO
KBREWB LT, ~A 70T VA RMIRDNENZ &R0, ZOREEEIRGEESESNTH D &\ 5 R
FRICLVESNTND D, _ODJ"EFI& LClE, 77 =a ZRTORBROMK IR ED A FE - 58 D4 HE,
MR- D BB« ZHAA AAERIC X D2 ERET o Tn5 2. £ 2T, ARWFIETIE, CoCrPt-SiO, 7 7
== 7 D B A HE A E b LT CoCrPt Hift/g #fiE 35 Z & C, 77 = a ZHhi 1RO HE B EH
DRE I ZBMANCHIF L, ~A 7 a7 ¥ A ME KR~ DB 2GR~

ERFERVER

J v R—=7® Si vz — EIZHE 1 pum O & RS HINA Au #RE &2 X 100 nm F2 5 Ok % i,
THuE - RESE L & 1T CoCrPt-SiOx(15 - t)/CoCrP(t) i ERE M 2 Al L 7=, t1Z CoCrPt /& DIRIE T, t=
0,1,2nm L Z&{bEH7. Au ﬁ‘%ﬁ%t@@ﬁﬁﬂ%%ﬁ¥ﬁ VI T T 4—=KORAr A A=y T 725D 06 x
3.0 um2 DRI T L=, =0k, FHiEZ R e Hall 215F (AHE) HIERAOBBIBIRITIT L=, & &K
siE, 2% Hall )JJ%EHH#?@{E' EF, m R A Ee & LT AUBRBRICIE T & TR L 7=, FEBRICfE
U7 BEPERE I O B VERES Hild, t=0, 1, 2nm TZ 4L

%1 18.9,19.3,19.0k0e TH 5. Fig.1iZ, t=0,2nm Ok H o (1=0) hs= 470 Oe
BHEDWC, BRI he = 470 Oe OB 10 [,
RS Ho, 1) o, BRIRESS Hy 00 SRR A1 2 Hoalim2) o oo C
Ho (2RO 10973 AT 2 RE85, Hs 13 90%73 [Riis S % B I ° 000000
%kﬁ%bt.mﬁ&mk% KRB TR O® T, anaiaatasast
’%ofﬁ&L/%E@H&ﬁTY/xﬁw%ﬂﬁwb S 6 | e

CERL D RERBBONS. REHOMERT DL, *00g00e. He o
%®ﬁM%&Uﬂ&ﬁ IR D %W L b ITHGHIR O A 2, M “%ﬁﬁ oﬂﬂgi.
CEDBORROAAR. EO—HT, MEMOMHIZE . “gReee
0 RASBMARES COT > A ML L 0 E R E TH B Mo e
(272D DIZxE L, BaFIREE TOT v A MARIT X 0 AKSE K 2 o0 o0 haas,
BITHEL TV, SR b0/, KT HOHE A S| “oagoe . aaitt
MAS I2 5.7 2 BB, ZOREEIRIE & 0 K < 2L o Lai=2mm 2279000000958 ]
LT LERRTHLDTHS. 0 10 20 30

tf frequency f; (GHz)

B £ Fig.1 Microwave field frequency

dependences of nucleation field H,, coercive
1) N. Kikuchi et al., J. J. App| PhyS. 57, 09TEOQ2 (2018). field H., and saturation field Hs (¢t=0 and 2,
2) S.Okamoto et al., Appl. Phys. Express 10, 023004 (2017). 4.~ 470 Qe).
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T ARG RO B DRI S — 28T D A B O SRR R
FWehn, BOGRZE, HPHEDE, lnds
UMK RFEBE S AT DG REFT)
Spin wave resonance properties of magnetic dots with different aspect ratios
X. Ya, M. R. Akimitsu, T. Tanaka, and K. Matsuyama
(ISEE, Kyushu University)

[T &I
MR R Z — o D EAh 5 mIZ MSSW B — RO A U 267 2 23k 2 i mic Z b St 5 V3
NI B[] —F CHEHNBACIB IR R F M L0 B e 7 2B Z B A 2@+ 5. Btk 2 —
N 4 BRI 2 A1 5 C & TR KIZ R iR X O oW T CLET B2, T a3 7 AT MSSW £
— RORAE VFRIRAATRETH D, S HIHMTIBIC X v bz Edh 5 % 2 & T MSBVW £— Rizy])
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Interferometric properties of standing spin waves for CogoFe;o and the application to a logic device
R. Akimitsu, X. Ya, T. Tanaka, and K. Matsuyama
(ISEE, Kyushu University)
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Simulations of the racetrack memory using a field pulse
Riki Yamaguchi and Yoshinobu Nakatani
(Graduate School of Informatics and Engineering, University of Electro-Communications)
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Simulation of STT-MRAM with skyrmion structure
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Control of a Skyrmion motion by an angelfish racetrack
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Fig.3 Conditions of a Skyrmion motion.

Fig.2 Time resolved Skyrmion motion by the
opposite field.
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