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Time-resolved hard X-ray MCD measurement on magnetization dynamics of a Co/Pt multilayer dot
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PURFICRERBRE— AL FRABRINDIZERMONTWDL]. £, WiEEE PtE L REE2A
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Co/Pt multilayer dot as a function of dc

Hge = 2.2kOe
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Fig. 2 MCD signals of a Co/Pt multilayer
dot after application of rf field as a
function of delay time At under dc field
Hac = 2.2 and 2.3 kOe.
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Time-resolved magneto-optical Kerr effect of L1y-MnGa films irradiated with 30 keV Kr" ions
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Fr N ETITKS A A 2S5 Z L CMnGa RO EZ L1gH» S AL ARICHZ L S+, s@gtEn
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1) D. Oshima et al., IEEE Trans. Magn., 49, 3608 (2013).
2) H. Suhl. Phys. Rev., 97, 555 (1955).

3) S. Mizukami et al., Phys. Rev. Lett., 106, 117201 (2011).

Fig. 1 Kr' ion dose dependences of anisotropy field
H, and effective damping constant ¢ of irradiated
MnGa films.

— 151 —



6aE -3 H40[8]  H AWK PSR AL (2016)
Fe, Co, WIEIZ I 1T DHL X A T X 7 A D Co MLAKMKAFIE

R AS, REF W, B FE, BE K GRHERT)

Change in Magnetization Dynamics of Fe; Co, Thin films with Co Concentrations
Yasushi Endo, Shinya Oono, Takamichi Miyazaki, Yutaka Shimada (Tohoku Univ.)
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RIZARAMER N <, BER BT HECRR O T 2 /e EOMORER ST A —% & OFIBEBIR & ZBRAVIZ M 72 iat 2 L 7211
DN Fox DT —TTIE, ZIVE TOMFEIZIBN T NiFe,, EIED o &R OTH & OMHBEEGREZ PRI LT
723, AWFZETIE, BEVEMIE S U CHiZICE BRI L 2 AT 5 FerCol AR L, BRURS1% CPW-FMR JIIEEIC LY
Fe Co, HEEIZI 1T D a D Co Ak (x) HAEMEIZOWTHEI L=,

REAE Fe.Co, HEIZELTIX, DC~7 R brr ANy X EHWTER L. ZoBHERIE, (b Si Sk Lokl
B L 7= 3-10 nm JE D Fe,Co, (0.30<x<0.50) #ETHDH. CPWICEHLTIE, 74+ ) V7 F7 4, DCv7/ XA
Ny ZBIRY 7 A 7EZHOCTER L2 2 OBERIIY 7 AHMKR (S 550 um, HFERs : 7.0) EICEsSE
72 Cr (5 nm)/Cu (300 nm)/Cr (5 nm)fEJBIETH YV, TORRIT WA fKim I Nz 1 A— MR TH D, £72, CPW OiE
KR, FERIE, 777y MRIEBIOMERREZ T U RO X v » 781X 500, 50, 88 LN 12um & L7z,

YE#L U 7= Fe,. Co, WM DR S S fiFAT IO 1 2E R B BMSE (TEM) %, ZOMASHTIZIZT RV F—45808 X #5y
Stk (EDX) AWz, 7235, Co KD E72 2 Fe,Co, IO MMHEICBI L TIE, Co #MEIZEAMRA < (110) BmL
7= bec ZAERBETH D, 7o, BEEKEEICE L TIE, SEHEBVE IR (VSM) & BERREIE CPW-FMR JIlE Y% A
7.

#8210 nm B Fe, Co, WIEIZI 1T D aafufeit (dnM,) & fIFIREA (H) @ Co MG X 2 E{L& X 11289, fgfn
fAIE Co MR DB & b 2RI L, x> 0.45 THAT 5. ZOZEENI LY O Co fpkiz X A2 b LI L
TWa. F7o, fafEfiiE x <040 TIHZFE—ETH Y, x>0.40 TIIHEMT 5.

2 (LRGSR EIR CPW-FMR JIIEIZ L W k72 10 nm JED Fe,Co, HIEIZI 1T D a @ Co MK FETH 5. a X Co
FRRIIRIE LTV A, 372, x<0.40 ® Co ML TIE, a (XITIF—ETEN L OMEITB L% 0.012—0.015 TH 5. —77,
x > 0.40 O Co ML TIX, o IFKRIBITHMZICHEA L, £ 6OEIX0.035-0.038 THDH. ZOFEHIBRTF/LF—0
Co MARIZ X DL L FELL TV T, x=0.40 1D Co MR Z HElZ L CRHRFFHEAEA O E B LT 2 Z L IChRT 5
LEBEZLND.

BEE AUEIIRIE IARATZE B) (No. 26289082), fHEA N L — JHFFEHEEMEAE (SRC) D10 & & TiThihdz,

SEXE 1)S. E. Russek et al., J. Appl. Phys. 91, 8659 (2002)., 2) R. Bonin et al., J. Appl. Phys. 98, 123904 (2005)., 3) Y. Endo et
al., J. Appl. Phys. 109, 07D336 (2011)ft1., 4) ML, %5 39 0] i ABLR P AR EEEE, 124 (2015).
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Influence of the transition metal sublattice in,gEe;.,Co,);7 amorphous
alloys for the laser induced magnetization reversal

S. El Moussaouj H. Yoshikawd, T. Satd, A. Tsukamotd
(‘College of Science and Technology, Nihon Uri@raduate School of Science and Technology, Nihon
Univ., *College of Industrial Technology, Nihon Univ.)

For about two decades, several research projects have demonstrated that it is possible to tune the magnetic order in Rare
Earth-Transition Metal (RE-TM) amorphous alloys using a femtosecond laser radi&tidhis novelty has excited the

magnetic recording industry as it gives the possibility to write information at unprecedented speeds. Furthermore, the
RE-TM amorphous alloys are ferrimagnetic and exhibit an out-of-plane magnetic anisotropy and their magneto-optical
properties can be controlled during the fabrication process. However, if the obtainment of the magnetization reversal is
now well established, its fundamental mechanisms are still not clear.

In this paper, we will focus on the influence of the TM sublattice during the magnetization reversal process. In
particular we would like to address the importance of the exchange interaction in the GdFeCo amorphous alloys and
how it influences the magnetization dynamics within these materials.

In order to do that, Gd28§.,Ca,)7; thin films, where the composition x was varied, have been fabricated by magnetron
sputtering technique. Their magnetic properties have been investigated using SQUID-VSM, MOKE and pump probe
techniques. The measurements showed that, when changing the TM composition while keeping the Gd composition
fixed at 23 atomic percent, the properties of the sample are gradually modified. For instance, the variation of the
compensation point in function of the TM composition is a direct signature of the relative changes between the RE and
the TM magnetic moments therefrom the change of the exchange interaction between the two sublattices. As a
consequence, the laser induced demagnetization has revealed a different demagnetization dynamics between the thin
films (fig. 1) and a large difference of the oscillation frequency and the damping parameter during the recovery time as
represented in the graph of figure 2. These findings, which will be developed during the talk, are important towards the
understanding of the interaction between the two sublattices and the laser induced demagnetization in RE-TM alloys.

Reference
1) C.D. Stanciu et al., Phys. Rev. L&, 047601 (2007).
2) T.A. Ostler et al., Nature comr8, 666 (2012).
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Fig.1. Magnetization dynamics after an ultrashort lasEig.2 Gilbert damping parameter and oscillation frequency
radiation in various GdFeCo thin films measured at RT Gdxs(Fe Co,);7With the variation of x as deduced from
under an external applied magnetic field of 280 mT. RT pump-probe measurements.

AcknowledgementThis work is partially supported by MEXT-Supported Program for the Strategic Research
Foundation at Private Universities 2013-2017 and Grant-in-Aid for Scientific Research on Innovative Area, “Nano-Spin
Conversion Science” (Grant No. 26103004).

— 153 —



6aE - 5 H40[8]  H AWK PSR AL (2016)
PR T BEMEASORE T 1 R MR %ﬁ%@@%k@ﬁ

TINEEZE Y, ENIRE Y, BAR 2
(' B ARRFRFPE TR, 2 B AR RFBLTFHE)
Enhancement of magnetic relaxation in nano grain/continuous magnetic structure
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5. RBIGUIIHRD @Al 2 15 5 W ERRIBR S (RBEME LSRN FAET 5. & 2 CHIUE, A E B O
HAa T Gilbert BUREE a 23K E WEEMEMBIORB R MFT ST\ D, L L, BEREERIZESR S 5 W
X o 720 TIEERL, MBI ZZXTIC a2 RESEZXDZENEENS.
o NKEWVEL, MAEBOBENRKENI EE2ERL, AN XX —0ZMNRBERNRREN L%
TR, HEAR L e BRI LA IIRORBE SIS I L A ERUE R 2 X D, mEE, B Ku 7oK eiek
MEFE L THFES LTV D WD — Bl R F 2 8o 72 Lo — FePt TiX, 7/ R 112 TV MR 8 5k
WAL ZRBEATRE TH D . a=02 & V) RERMEAEFFOZ &G STV DN ARHE T, MOl 728250
A= X DKM K2 X0 | GdFeCo Mtz xR & L, M E R xFrEDRE < £
J TEMEORL 1 & D ASHAAE B % N T 858 /IEORL - 2 Bkl & B D Z G 5. W —dl R R 5 K 2 L,
SEHPRIEEAKD Snm, IS 5 A KK 10%0 5% B FeCuPt 7/ JISEREMORI+ %2 FHUE & L TRV, BHALRE
fﬂﬁ 23T Gilbert JHEEE o ORIRZREE KD HE 4TV D GdFeCo 7 = U W& e EEE DO IER 41T
, EDBKIIRFEIZ DWW TR 21T - 72
%Eﬁﬁﬁﬁ
EFEHT L, WL Si JER LI~ 2% hr o Zo% 0 With FeCuPt
v ZEIZ XV, Fe, Cu, Pt Z#RFEEIEIE = 1.25nm BE 20 t —— Without FeCuPt
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PR - B2, AL w7 % ha o A8y ZiE%
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YRR A D GdFeCo & [#iH: 3d Bk 4 B A1
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All — optical magnetization switching in GdFeCo on the different metallic layers
Hiroki Yoshikawa *, Souliman EI Moussaoui 2, Shinnosuke Terashita *, Ryohei Ueda *, Arata Tsukamoto 2
(*Graduate School of Science and Technology, Nihon Univ., 2 College of Science and Technology, Nihon Univ.,)

g 2t 7 = A NP OBE VA E 7 = U B ERI R 5 2 & TR L SR B S (ANl - Optical
magnetization Switching: AOS) Z #5 LT 5 Z L N TX 5, AOS IXFKEIE T DAY U XA F I 7 ADZERITEIR
AR L. PR OBIEERENC X 2B LIS & I X5E B S Be 0 | AMETRG & BT e A R X A v L
KL THOBRIETED Z EERME LTS Y, £, FREMEZA LR 5 b BHEEMER D572 2 506
WM ENRE D R 72 23BN T, BT« AV Y - BFORR - REIOIEWE) = L 3 — Bk 223 88
fﬂﬁ“é fs ~ $1+ ps OEFREIFEK COMKIEFINE R L VA0S (12 & 2B X FHIIC L 2 Bans . &8
BT D AOS 1Y 7 ps TOEFROBEEFAA~O TRV XF—HGENEETHLZ 2P NI LTz 2,
AFET iE CEFSROT R F— R E AOS DR AZMRFTT 272012, 3d BB &R RREEORR D
GdFeCo 7 = U fE M D RRHEE I 6k L, [FIRRICHBAE L 2 EIREHC X D IR X W A X D BR S S5 B AR 77
ZEH L. AOS & RN TOZEMA = R /X —HIZ BT 2 et 217 - 72,

SZBRJ5 1 Magnetron Sputtering J7 2012 X 0 7EHL L 72 SiN(60 s
nm) / Gdas Fegs.s Cog.4 (10 NmM) / { Gdzs Fess s Cog.a, AlggTi1o,

Cu} (5 nm) / SiN (5 nm) / glass sub. &I F.02 5 800 nm

2V AR 90 fsCEE MR DA 7 v 7 v b —W— K A 2
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H7 ps TOBFRIC L DMAIRFH TOTFLF—DIME  gomains sizes by AOS in the films SiN(60 nm)

L 2 ET 2 78 B IR AT OB FLLED K/ | Gdys Fegsg Coga (20 nm) / { Gdzs Fegs.s C0g.4,
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2) H. Yoshikawa, S. El. Moussaoui, S. Terashita, R.Ueda, and A. Tsukamoto: Jpn. J. Appl. Phys. (2016) accepted.

3) HAGEZAW “WiT 4 &7 —% 7 v 77, (FLEHR, Japan, 2004) p 17. [in Japanese]

{GdFeCo} {AITi} {Cu}
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AP T AL ZEHIZEIT T Mn BER A 2T — 54
T X X v VRO VERLES X OSSR EREAT

Ofs M=, K=z, LkRR
(AL KEET)
Fabrication and characterization of Mn-based Heusler epitaxial thin films for spin-wave devices
OK. Fukuda, M. Oogane, and Y. Ando
(Tohoku Univ.)

XL ®HIC

AP EF ¥ U TIZHOTEREAE 21T 5 AT A A, RIEBENEEOBLE ) HIEFEH %
LOTND., AV UYL T BN NS VM BN CRIEBHEI T 570, IRF VBT EBEAT D &
EZONDLRAAT—BEIIFALETHD. BITH 7 = VMR TH S Mn kA 25 —8481%, 0B
BHIHEARTREHEN K E 20, L0 RHEHRIEOAHIFEINS. LoL, Mn KA AT 580X v r
ERNI RN DTV, RIFFETIE, 7% ha 23y ZiEE AW CERBIEZ 635 MnVAI
T XX VR A ERL, RIS IS L ORGSR ME & B4 L 7.

5 WP

BEEZE~ 7% b Ay Z ) o ZYEIZ LD, MgO (001) sub. / Mn,VAI (50 nm), T, = 300-700°C / Ta (3 nm)
DS ORE 2 ERL L 72, fE RS, R, ¥ v v v 78 E, £ XRD, VSM, kgt 3ns (FMR)
Z FAV TR L 7=,
EREER

Fig. 1 12 Mn,VAI @ L2, JAIFE S\ & fEFIRE L Mg D TKAFE % 7”3, T =500-600°C T Sy > 0.5 D\ ELHI
J& & Mg > 200 emu/ce D i aFi b2 AT 2RER R ONZ. b OfElx, [ UHE - RS T 5%
{THFSE T DB Si1~0.45, M¢~150 emu/cc[1] & ¥ & <, fafifgbix /v 2 o 300 emu/ce (ZATVN 2 & 2> 6 &b
MR GEONTZ L2 MR LT, £, Fig. 2 iAW BV T ER aw® TARFMEEZRT. agld Ts=
500°C CThe/Mliz & 578, ZOfEITH 01 THY, FERED @ ~4X10°[2] L W iENICE WS D o7, Lk
MROMIGHERTEN ST Z &b, XU ZHROFIRIE, BEREFVES R & OWFEIRA ORGSR AR —
DEBNRKRENST2ZEREZLND.

1.0——F+——F————+—300 0bd+——F——T—T——
1O Sz r %
LA A 4250
0.80[4 M A _ 04l |
A 4200 8 |
5 > © 150 2 %02 ©
1 r @) - B‘D VA -
" o4 “hoo s i
I O] = 0
ool 0.1+ © 1
: 50
n o n | n | n | 1 n 1 n 1 n 1 n 1
0'03 0 400 500 600 700O 0300 400 500 600 700
Ts (°C) Ts (°C)

Fig. 1 L2, HIHIEE S & BRI Mo Tk et Fig. 2 BRNF U 0 VER oo D TARTFE
AREFFED 0%, FHAFRER M4 S (N0.24226011) K OHALKFE~ L FT 4 ALY a VBB T
U—F—F¥ 7077 LD EEZ T AT,

g 2 D8N
[1] T. Kubota et al., J. Magn. Soc. Jpn., 34, 100-106 (2010).
[2] J. Chico et al., arXiv : 1604.07552v1 (2016).
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A PN D T2 DR EH s R 77 X2 v

KO&RT 7
IR, A, A I
(RAK)

Long range surface plasmon and metalic antenna for spin wave excitation
Souta Yoshihara, Takuya Matsumoto Yoshito Ashizawa, and Katsuji Nakagawa
(Nihon University)

FUBHIT

IR, WHRETFT A ZADEHT 272D A EOFRMNEM L TV D, A L ITRERE — A
v b OIREEE DS LT 5 TH @ FHIZE > THE - B2 2 LRI TWD Y, L
2L, RICIEEHRA R S 5720, @ERBICHT CRITIRMALL FICEN T H 2 LNl Ewm 7/ 7 A€
R U b > (Surface Plasmon Polariton: SPP)IZ X Zo}EJF)TX VBN LETH D, £ Z CAEE TITEHEE S
Ral—varEAWT, £HlT T AT OREEBAMT — F(Long Range Surface Plasmon: LRSP)Jahit D Ff,
Je OMEHE U 7= SPPIZ & 2 #5 thiE DR at 247 - 72,
SPP O R MR HE — | O

F9, B O SPP i )7 £ TIEIT 5 72 OIBiEE 2
ALz, Y2 lb—y g rETV%E Fig 1R d, I
Finite-Difference Time-Domain 7% % HV 7=, @R I3, Ta.0s (1,000
nm) / Al,O3 (400 nm) / Au (tau nm) / Al,O3 (400 nm) & L 7=, JeilZ :
TapOs fEIIZ 1,500 nm P45 D K& S CEE L, #iE 1Vim, B2 12

0
Fig. 1 Simulation model.

BEfZ 780 nm O TM i & TapOs/ AlOs S iEIC CREHT 5 L5, ) AIZO} . . “mwm]
A5 60° TAS L, AlOs/Au Fi R HILC SPP Z fibikt L7z, ALOs
JE5% 400nm & L,  Au % ta,=20,30,40,50nm & LT S0 A
LRSP 2325 & < E:Tﬁﬁéﬂﬁlﬂ%éﬁ&to v—7fE Tl gos it
72 tau = 20,30 nm | FE S SRE SRAE DI 2 Fig. 2 To4
R, XIS ﬂfﬁ@ 2T RS) & IR TS, SPP 1T Au Tos
%ﬁ@ﬁﬁﬁc%tbfmé BRADAOFZRHA A TEHEL 8 ‘
AN &7556,AU %Hﬁ LRSP A3 bt L TW5B Z &ﬁ)ﬁﬁmufzg Do f 07'9 06 5 #50 70 9(; 110
1/62 ffﬁ% é ﬂé’fﬁ*ﬁxﬁ‘ * tay = 30 nm ﬁ)ﬁi‘j( 74?/7_‘ L/f:_ 75)\ EE%‘E ) Di_stance in x direction [|,|m]_
30 pum LA_E T tay = 20 nm 23 \VGRE &R LT, Fig. 2 Normalized power density as a
. function of distance on x direction, and
SPP #H b‘f:ﬂﬁ%ﬁ‘ﬁﬁﬁﬂ distance of z-component electric field.
ERTR L7z tan =20 nm 2 381F D459 % SPP ORI Bl & ,
L CRBEERR AT 5 7T ATLT oS 0T v F SRl e
WTHE L7, Y 2b—2arET /% Fig. 31T, & e elz-\ Tac0s 1000 nm
Al 1E Ta20s (1,000 nm) / AlO3 (400 nm) / Au (20 nm) / Al,O3 (140 ALRSP._AO>__ { 400nm
nm) / YsFesO1, (Y1G) (40 nm) / GdsGasO12 (500 nm) & L, YIG LoD G35e0,7 1 soom
ALOs NI =FJEARD AuT > 7 F &M LTz, 77 F DRF: R — —— o mﬁwﬁ%
FaDF S % Ih=50, 100, 150, 200, 300, 400 nm (2% & LA#HT & o] [ MO >
1Tolee 727 F el O E IR B DR O In A7 M %ﬂ"‘ T %_
& Fig. 41287, I =200 nm DR, Sl o R ML e KIS IX:i 3 Simulation moael
molz, 20 200nm 1%, 5fld % SPP D EAT 420 nm D=5 g ‘
BETHLIIOEZLLND,
e

AWFFE D —E01E, AR 25~29 4F FE SCHRRF 24 FANT K FHE IS 1Y
MR 2 AR T i S 52 55 3 (S1311020) D Bh Ak & 52 1T THT b 7.

Power Density [(V/m)?]
OR NMNWEULO

L 2 BGN

1) Takuya Satoh, Yuki Terui, Rai Moriya, Boris A.lvanov, Kazuya o 100 200 300 400
Ando, Eiji Saitoh, Tsutomu Shimura & Kazuo Kuroda, Nature Antenna longitudinal length, /[nm]
Photonics 6, 662-666 (2012). Fig. 4 Changes in power density with

respect to antenna length.
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A MU T LERT—F > bW
= A B AR TSR T O S e o ) E

GIBERR Y, BIEA— Y BAZEL PRI oX FrmTqod
75 )7 AF— T L= BORER >, e
CEREREAIR, ST &R, P~V Fa—ty Y TRK, *TAZ7 UK, *BEIEKR)
Development of magnetically stable spin-wave interferometer using yttrium iron garnet
N. Kanazawa', T. Goto"?, H. Takagi', Y. Nakamura', C. A. Ross®, A. B. Granovsky”, K. Sekiguchi®®, M. Inoue®

(*Toyohashi Univ. of Tech., 2JST PRESTO, *MIT, “Moscow State Univ., °Keio Univ.)

[FLHIC

AL, JRERRICIEE 2SI 5 2 & TR AT A — MV E THEMATRE T, 2R T
a0 Yy 7 RIENERAEL E 2 5N TERY, ZHETO CMOS 2 FAWIZHAZFDOT VA L IL—Llibh
ROFETORBPIIFFEN TN D, R, EBRHEOBLEDD, ENRFHEO/NSIWORTERREEE— RO A Y
VEEAVWOENEENTEY, Fhxld, KAERICE A RERLRZMET 5%, B BKIEHICRIUA L L
TEEHRBESELFELRERLEY. AT, ZhiEaTF A A ARFHIRMT 5%, TORREPERIFIEC
B L CREANCARIT L, BEGAMELHIZRB W CHD CREM L TR EHE T 2 THHREER L.

EBRAE

PR L LC, BX16mm, fE1mm, FEE18um DA v b Y v AT —F > b (YIG) EEFIHT 5. #
Wl 2 FlZ, RIMIZB 2T LT BRO 0 BBIR 28 U, Z ORISR E 2~ 7. £72,
AIRBEHZMITIC LY, BRERESEE BEL, WIKICHE L7-eEOMEZREE L. kS X,
ICHEW AT L, EEREEICRF~Z X ha vy ARy ZEEZAWTRIKR L 72 A8 S S 7=,
Z iR RITTEA S LT LRI R IR & L, 3035-3065 Oe O Jihiis

E MR ICEIN LT, (2 B4 kY Atk 4 GHz o ER(E S @ p ©) o2
%, Fig. 1 ® EX1 ¥+ & EX2 M AT L=, EXLIRFICADTH1E5

DORTFR%, PIFRZRZ L - T EX2 25 & O FAZENEFE (0°, ONIREE) 35 N i EX1 §
L ONHHE (180°, OFF 4RAE) L 72 % X 5 3% U, BEBKAEME 2 M L 7= 5
SRR R £ 5
AN DR R, WA O SIIEA 0 m £ T 2B L, B S °T %3
DF UL T ERICE BT, BEROKE R IMEET D EAHIB L. =
AIRBERMITIC LD, ZRERIUKE L CHMEICHERT 2 $T, k0 g
P (Fig.la) & e LT, BH R EOT 65 TR RIS A IE & iy - Ex2 s
U, ZE LTS b 5 F0R 0o 7o (Fig. 1b). T OFER A I,

FERICHNL LS % BT, (A T IR 21T > - 8, BB % o

FE L7 30 Oe LA LD EIREG O ELH T, 13dB LLEDE VY ON IREE
L OFFIREED AR CE 2 FEAEIELZ. Zhic kv, mNEHE
DOEWEHERIER 2 A W25E6 T, O TLE LoimBlkER KRB T

Fig. 1 Simulated spin wave
distribution in  three-port
interferometers (a) without

AN - . . .
S DFNIII T and (b) with Au coating at the
i edge. EX1 and EX2 ports
ABFGE DL, ISPS # FAF%E (A) No. 26706009, FREkAOFAZEIFSE No.  excite spin waves, and DT port
26600043, FHFE: FALFSE (S) No. 26220902 DBk % 52 1} TiTdodiz. detects the resulting spin
wave. Brighter region shows
BEXH

1) B Kl % 39 [ AR A SRS, 4R, 9pD- stronger excitation.
S y RFERFIEHE R, , 9pD-1 (2015)
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WG EBEABUIIRIT 5 A Y A A MMEGE O EAEA B IR RR:

FWeki, KREEF, HAEDE, lnds
(JUNREE: REFEBE S AT D REFEIT)
Standing spin wave resonant properties of spin-twist structure in exchange coupled composite films
X. Ya, S. Oyabu, T. Tanaka, and K. Matsuyama
(ISEE, Kyushu University)

[ZL&HIC

T4, hard / soft A HaAE A > exchange spring Zh R A2 FIH L7~ A 7 v KT 31 A O&ES ERALIZBE 9
HHENRRENTWD V. KT, BREIGPEDO/N S o Wil T E RS L 2Bl U 72 a3t &
BIFEFICEREND AT YA A MEEICER L, TOAE RISV TEHRE#EY I 21— a vk
1Tolz. REPEE ST ELZFAT 22 L CTHEEO X IR RNEEZ &ERIL L, S HICEDRE¥E
Hod RO EFE CHIEC & D IEAEE I L ORI OV TG LTz

HAEAE . Vo= ) M,
3 BHEORMMEES (EERCB/PMBETRLE 2 . O v L g B

MELFHRET VA Fig. 1 1087, EEICA E Ui >,

FER% 2 7% (Generator 1, 2) , & OMERRIZ A E 2 kH = /Nrddk softlayer > 2 g
Bottom lmdhur<|i 4 I

4 1.0

Detection area 'Iop hard layer

y

A /v (Detection area) Z B & L TV 5. AWFIE TIIREMEHIRR 2
W D KM OMKFES LOBEEZ £ 2 C, EEA
B (SSW) D 3EE E B ks K OAE M ) BIE 4 LLG 5% Fig. 1. Schematic of designed exchange-coupled
ROBEEIEIC L vk, TEEB L OHFFEOMEE  trilayer strips  consists of magnetic strip  with
{biZEiz M =1000 emu/cc & L, FEEJE O T E LR T I7 VERS perp./mid/perp. layers, SW generators and detector, and
FH.=20~30Kk0e & L7-. FTFOREEEORALE K FEITIC corresponding magnetization configuration.

E)Xmﬁi_’ L/y EPFHﬁEiE{%&:ﬁZE‘ZéméX ED\/“//I)X }‘*%55&:@1 20 ¥ IHU‘S‘;‘H“,\z‘u'icd :
BRI O OW T A e SR T 4 VAV I 2 b — woas - O Fhavaried ]
vavEIToT. S : T
HE#R Ly 7
2 ROBARHUZ WAL (Ag= 1) D~ A 7 1 AU e it 2 ) S
MU7354E, EREA DA Z KL T 2 RE— FOEEA e (e0e)

BN RIEROILEBEE— N2 5. 2 kE— NIEE ¥ Fig. 2. The dependence of the resonance frequency fies
DI R STVERER H (T B % Fig. 2 1R on the perp. layer H, in the case when Hy for both the
res 8 O R VERL T, J:Tﬁﬁ CEAL S B EA L TB hard layers variable and only bottom perp. layer

@%‘@%ﬁﬂjé’@‘t —oOEAIT ’Db\ftlﬁxbf_. Ix Varzli(i)ble.

F&UTF@E\:% i@!ﬁﬁ (Hkt: Hkb)é) t%j(é‘@:ﬁ_]ﬁm, _ Mi.d(ilczlg)ri]crlhiékncssI 20*Top:§2boéul)]rl‘;1]Iaie:Elggkgle];s

BEG & OB EN LTHE SN2 PHBOHREM SIS gm 415+ 10m 2

BRDPRKEL 72D fres NELl7eb. —F Hk,t:;& 20 kOe (Z[H %107 /.7(”‘7”;77: 4 ]OE i . : =

EL, Hp DHEELSBIRE, hHBOEDN SRS > =

MRER O ZEAITNE < SEBREEITIE L A LA L. 30 22 24 26 28 30 30 22 24 26 28 30
Fig. 3 (a), (b) 1% 2 KE— RIEBJEWEL foo O L TFEFESE Hy, (kOe) Hy (kOe)

DEIFHEREFN KT DR 2 EEE)E B KO HJEIE 4 Fig. 3. The dependence of the resonance frequency fie
INT R _§ ELTRLTWA. Fig. 3 (a)l ij:j?ﬁ‘g): DI on the perp. layer Hy as a parameter of (a) mid. layer
12 nm ICEEL, TRBELZ LS5 . thickness and (b) perp. layer thicknesses.
MEEREDE E f,es@ﬂﬁb AR 72 5. _zh EL D)=
JED MR L0 b O GA T 8 RIS A B AT e SR
DERRANIER L, ﬁﬁ@ iéﬁﬁi@ﬁ%k@w%ﬁﬁ% CENTRERTHD LRI D, Fig. 3 (b)
FFREEES 2 nm ICEEL, EFEEBEZZLSETHEAEZRL TS, [ 8nm LU T OfE Tk
TEEJFEDE < 72 DIATHE D T fres DI REFLPHDNA < 72 D253, 10 nm FREE LA b CIEBE IS RIC L 5 JEE A b o
BIRITFEERD B2V, ZHUTEEE W T, HEEENR & FRRE L. B E 2 bR 288l E, exchange
spring 2R & L7 8 O A & i R EE B R~ D FER DI ned L EZ b D.

B 3Rk
1) X.Ya,etal, IEEE Trans. Magn., 51 (2015)
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ATRIERE 2 T W T2 —~na A A TIREED~ A 7 a iyt

RER, FHERE AR, 49HMB* Jb HE* RS, MAEH, YA
(ZR BSehm KW, * AL K2 5eai)
Microwave spectroscopy of single permalloy chiral structure on coplanar waveguide
T. Kodama, Y. Kusanagi*, S. Okamoto*, N. Kikuchi*, O. Kitakami*, S. Tomita, N. Hosoito, H. Yanagi
(GSMS-NAIST., *IMRAM Tohoku Univ.)

XL &HIS

SR T A T UAETE CILRE SIS R & 22 BRI FRIE DS [RIRF I BRAL T a0 | R A 7V 2h R[] 23
FFCE DM, A TZ/UEETO ZIRITTAE T 7 AF ¥ [T 5 EHS  BEE, Fox 13, RtEe)R
DAY A ZXDOHA T EELFR L, v ET7 « 2 Wit g 2 RIS TE 722, &Y
FEAR 7R EEE R ST T, A TENIREME SR Th D 3 —~ 1 A (FeausNizss, Py) DA T WAEIE & FATIR SRR
FIThRE L, FEERSI T~ A 7 v ORI &~ T,

EBRAE
JEAFHEE & EIFIERIE VTR L= Py A T L (QMMMM
g% X1 @)D & D ITME TR & BRI 2 5 < XL o 1 ‘ , @_, t
Rl L. BLHRES) Hoa 10 7 WIS TEATICFI L, ~ ignal il
I MF ey NT—2 T F T AP % HNT, ~ A 7 2D GOl
B EEE 2 E LT, Ground line
EERIER Hoy=
R 2 B IS & TRV A f L 20x10™ | . . 0 KOe
L DEASHE R AB)ITRT s Hea=2.0 kOe 12351 T 12.9 15 (b) 2.0kOe
GHz & 15.8 GHz IZ L B % B — 7 [LE ik DR IZ > 3.0 kOe

AlSy|

NTEEESZ7 FLTWBZ ERm0Dd, T HITIEIZ, 107 4.0 kOe

MRS L OR BV TH D L BEX LD, £ 057 5.0kOe

W DR E SITHBERHMEE LT 4 v 713 7.8 0.0 .0 kOe

GHz ICHN T W5, KBS TORIEEIT -T2 L 2 A, M5B -0.5 _.\\f——~‘/\/
-1.0

DD EW T, Py 1A TGRS BRI S I

i3 0 Oe 75 40 Oe DT, ZOF 4 v FIZHB LA i
-15-(¢) T T T |

A E WL D ITEE L5 AL, SR e oW o 2 600 - - 0k0e
DB ST, 400 :0 kOe
LT ASo| & 1E S N FiE S E iz~ A 7 aiigo 200 -

HIEA[Sl & DIESTAISal-AlSrl DIVERBESH KA A 7R, g ] 3.0 koe
(b) T3 B AL 7= SRR S0 Hh Sk 0D 15 5 B2 0 2 FEARIK L WWMFO .
MRR BN, £7K 1 @0 FROBSE L 7 aage 2 0]

B A T REET D L (AN — AL -400 .0kOe
LTy AR S LTz, 15 BRI D BRI ~ 1% =600 0kOe
HHERNE DI A Z T 2R E L2 A3 R -800x10° 1 . | |
FBN R ote, FEMBEE LI Py U v ZikEE 10 20 30 40

Frequency (GHz)
(@) AT AR EICEE S L7z Py A T L
HiE, ()~ A 7 m BRI O SN R AT
PE. (OB FFED 7255 DS R FF 1

BE L7256 b, IR ootz D Z &
MH. MR SEUEICIA, —RITTETH 5 Z &2,
AR S TR ME DO BT EE R ERTH D &
S R/AYA

2 SCHR[1]S. Tomita, et al., Phys. Rev. Lett. 113, 235501 (2014).[2]T. Kodama, et al., Appl. Phys. A. 122, 1, 41 (2016).
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80NiFe EREIZI 1T 5 L — P —FhE X & U IRBE O X FHitk

O kB BEY fexoRK &K, MR BEZ KR OER?S KB opE?
(HAEK WPI-AIMR?,  #AE KB T %)
Propagating Symmetry on Pulse-Laser Induced Spin Wave in 80NiFe Thin Films
©A. Kamimaki?, Y. Sasaki’, S. lihama?, Y. Ando?, S. Mizukami*
WPI-AIMR, Tohoku Univ.}, Dept. of Appl. Phys, Tohoku Univ.?

e

In

~

EREIRIZEBIT DA U EOMEIEL, ZHETYA 7 alhE O FiEEFLIATORTE . £-Z20)h
RICBE LT, @EARERLVELS~ A 7 a0 EZ KB L CIMEMNICRD E Vo lERH S Y. =
AIUTHK L, L0 @EOEER - ZZ O fREEE A2 Tk L LTV A L——35 % H\ 72 pump-probe IE13 215 5
na 2 ZoFETE, S 2OBRMARMEAEZFH UBKE G2 B SE5 L TAE U E2FHR L
TWDD, ZOHMKMEEZEROICBA L5 X E TR, ZOMEA =X LEZHLNNITDHZ L
DI BN O EETH D, £ 2 CTARIFIETIL, 80NiFe(Py)i# % L pump-probe 5% A 7= A B U3
BIEOFM ATV, Z ORhECETEIZI T D ZE xR 2 F1~ 7.

ERAERUVHER

HEICHWZ Py #EIZ~ 7 R bR ANy X Y 7RI EDERIL, IREIZXd=20nm & L7z, £/, X
B AR DOWTE (T IXIFH - 2253 ffhs <O 5 7 — %0 - (Space-and-Time Resolved Magneto-Optical Kerr Effect;
STR-MOKE) % F\ /2. Z 0RO K %K 112739, Pump K OF probe Y& O£ 1% 110K 400, 800 nm ¢
bV, TOMEZZNZIT,IMW & L7z, SMBEIESSEORE SIT Ho=03T & L, W ED S ORESS M P
% 0y =10deg. & L7=. ZORIS L EAT S x dill T probe GO & 28 L S BB OBIERE R4 X 2 (27,
T —[Elsfy DAL ATV LD FHZRWMEE L, tx FHCTHHICEREL TWD. 2k, B
S 7= B3R 2 (Magneto-Static Surface Wave; MSSW) 2SRRI CTH Y, ~ A 7 vl O EBRTE L HIE
FIRKMAEZ WD LR d. ZOEBE AW A RGO & ZOEHEEEEZ Y HERT 5.

Py

Bt
AHFZEE, FHFEH AN tER [ A v 0 & #A ) (NO. 26103004), GP-Spin Program 72 & (NZ A B2 b o =27 R 24ff
R JEE ¥ v 4 — DX B EZ T 2.

2% ik

1) T. Schneider et al., Phys. Rev. B 77, 214411 (2008); K. Sekiguchi et al., Appl. Phys. Lett. 97, 022508 (2010).
2) S.lihamaetal., ArXiv: 1601. 0724 (2016).

30

£ | “’ -
- adimn, - -
1A 10 Y
-5 4
-20
-10
" s -30
0 500 1000
At (ps)
1 STR-MOKE #II%E5% DA K], SRS D 1) 2 A EAREEORERELR. Pump SRS probe
X % y-z EHEIZ & Y, probe YeiT Z AL & HEIN THEAS FEMPEICBIES S £ CORERMEZ 4 & L7z, *x
TEHEIICE ot FHICAF Y T 5, TN TR IR S 7T 40, BMEHEL TV 5.
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- FGOOH %Fﬁb\fﬁzﬁzbﬁ_ o’ F616N2 EﬁA I‘iﬂ*/*_l.%@ fﬁf

Ot BT, A R GRIERF)
Magnetic properties of a”’-FeisN2 magnetic nanoparticles
synthesized using various a-FeOOH as raw materials
Masahiro Tobise, Shin Saito (Tohoku University)

[FL®HIZ

BRFAEULEY o’-FeisN2 1359 226 emu/g OEIFIEALE 9.6x106 erg/em? LA or |
bR BT R — R T B, SRR LT
mﬂaﬁﬁﬂﬁﬁémm\é V. a’-FeieNs K FOAR I ELLT aFeOOH % AL T
a-Fe20slc U715, MIELTFe 2 EHIL, B X X2 (L3 57 B ANHBI TS,
~ﬁ&a:m§éﬁﬂ@wwzzzm 1 R BN IR R DTG BT B L
BRGNS, 0 @ FewNs B T-ATT LA BV THERBOBREFMIIZL T S |,
BatLiBlizel . ATl a-FeOOH OB IA B LS 508, BRIV e K
DEME RS R AT o FesNe B 7N ENADETL. £3° Fig.1
(AR T3 — B A VR O TN - IR WL BRI 5105 a-FeOOH D& R4 (9% % Figl Conditions for formation of

a-FeOOH reported by Koyama et al.¥)

ML T a-FeOOH HAHAS BRI DR (B T ORFRENZ R IE) 23K, OO T

Fe;0y
60 — +a-FeOOH

40

20 |- a-FeOOH !
+y-FeOOHY -

Oxidation temperature (°C)

TR EEZ TERILZ a-FeOOH % R FUEIE LT, 80 i

REHE © ok
5SRO R - ARSI T, BT FeSOu %, RIS 2 o ohOB

Bl DT AN NasCOs 2 Uz, Fig2 ICZOREERCITofE L R E & 4ol o€

BV AR U, AT 1, 2 BE0 3 75:1%0, MLIELEEIE 30, 50 BLO: r °

70 CEL7z. ARL7= a-FeOOH ZMMEAL T a-Fe203 £L7=1%, 300~380 CT2 £ 2017 O.arecon

R SR B AL A T o7, BIX6ER 185~170 CT 4 BT E=7 (. O N I et

l
EAAT ST, AERARDREIL X #REHTIC L7, HERL A EUR OB o 36 X ORI 05 1 2 3 5

J) He 12 VSM CHIELT-. 1MLy A— 22 LBEREE AT S AR Lo C R L —
Hwr=o(ANRIZ LS TROONDMEEEE AT YL R 0 L/RDRER) 2 E LT e sionions wor formtion of a-Fe001!
EBER A ‘B\’ N Chr e,
Fig. 2 128 % OGGRFICBIIAERMEZRLE. PO A BEBLOC a 2% BN
@%%ftrf a-FeOOH HAHMNE SN, TOMOEKETIZRMNAE L, f‘ ~Ay - ¥l
Fig.3 12,25 ® a-FeOOH % TEM CHIE L=/t R4 73, M{biRE . - 100 nm

7450 c, FVHDS 2 HBNE 8 DLXIIHHIEROTAARA EBVZZL, FAL  comaions ata 5ond ¢ in pigo
IS 40 C VD 3 O LZTERIRICIE VRO 7257, BR bIR D

10 CHR25L aFeOOH DJPRAREZALT H2 L2305, Table 11, Table 1. oand H, of o”-Fe,N, nanoparticles produced
ZNBD a-FeOOH > BAERIL 7= a”-Fe1sNe 7 /KL T4 AR DBiAL 0 & Hwim by reduction and nitrding from several a-FeOOH
BXOREE S H 2R LTZ. Hw=olZ A, B, C EBLREICERETHEN, o & He A B c
XA, BEC Tt o7=. ClTA, B LRI/ NIWT=D DB A% T (emulg) 186 187 135
7T o AME F LIS, I T-OISIHENRE 2D He 231 E LIS LT, :W:;g"e) 11711-2] 11618-;’ 210“;;
SR I AR Ths Fe KL Otk Bt 5 THiE 35, -

SZ&X#k 1 T. Ogawa et al., Appl. Phys. Express, 6, 073007 (2013). 2) K. Shibata et al., /. Magn. Soc.
Jpn., 30, 501 (2006). 3) M. Koyama et al., Bull. Chem.Soc.Jpn., 47,1646 (1974).
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CaH2 & T2 K % SiO2 #7& FeCo &4 7/ KA Rk

AL L, AT 2
(L PEZEEIR G IR, 2 BUHE RS
SiO,-coated FeCo alloy nanoparticles prepared by reduction with CaH;
S. Yamamoto! and M. Tsujimoto?
(*National Institute of Advanced Science and Technology, 2Kyoto University)

[FL®HIC

10T J5 (bee) i3 &2 95 FeCo &4 (FerxCox, X < 0.75)I & O THER Y 7 MEMM B TH V. R x=
0.35 ([ZB WV TZ ORIFBAE(M) T EWE TR E 725 Z E R H TV D (Ms ~ 240 emulg), 50> M & WD
R BT E O RO T/ MEHIRER > — L RO L & ) o T2 ERER D B BT DI RIS 2 T, S04,
AEFRIEVEWE OBER T BE, BRFHE YL, BRNA =Y — T ORI B (MR T B T 5 1
R EWoTeHe R bR LN TN D, —FH ., @BE)EMET VXV o7 b TLE D &
ZORERMMARDONTLE D DI, MHEEIEOA i3 EEERFRETH D, Si0 < ALO; % DR
KIECLZENL STz FeCo &4t /R -3 Y -7 EIC I D RS TV B 23, —fi%IZ 800°CREE D @i T
ER SN D720, Rk - TEROHIEITEE L D,

BT, Fxix, CaH 2 el & LTHWAD Z ik v Rk - AR E)— 72 SiO, #7848 8k (a-Fe) T/ i
TEERTDHZ LI LT 29, CaH, 218 TAl & L CTHW AR KOFLSIT, EBTREL2 XDOD TR TES
BICHY | SRS CTRIBE L 22 DR FHEE - BEREANIE L A S Z b=, FURHKL 7 DTk & RO L 7= kr
TEB/DZLENTE D, KIEETIL, SiO, THAE SN T- CoFe,0,7) / Kif-% CaH, TiEjc L, FeCo A4/
KT DB ERATAERIZOWVWTHET S 4,

e

JiUEHE 72 % CoFes0s ™ / KiF IZBEHUC i - CHRIL L 72 9, SiO 47 - CaHy ML IHBEBIC B - THT o7 2,
BT t ORUENTE . #8F1 NH.CICHsOH FH & U C AR G L 7o (o, U220 Lo, BEPERTATI 30
ZEHIRE ORELE D TIT o 72,

HRRUER

Fig.1 |Z CaH, 3&75(500 °C, 12hn) R4 12 331F % 3kl
A E T HMEE(TEM) R 2 /R, BTZIcBWThhL
TOUE - BEREIXIZFE AR o TR LT, BRIk 1
JEREMHERF SN TWD Z ERNbnd, HHIE. Gohiz
B O AR ER L ORIEEM IOV T HLHRET L5 TE
Th b,

Fig.1 (@i caids & O )&k Ok o TEM #4

2% 3R

1) fziX. A. Casu, et al., Phys. Chem. Chem. Phys., 2008, 10, 1043.
2) S. Yamamoto et al., Chem. Mater., 2011, 23, 1564.

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

4) S.Yamamoto et al., RSC Adv., 2015, 5, 100084.

5) S.Sunetal., J. Am. Chem. Soc., 2004, 126, 273.
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SRS 2 I Te 2 L8 REAAEIRER S IR DAL & & o Ja i s sk

OB NIEZ
CRAERBET)
Fabrication of a’’-Fe 4N, nanoparticles pillar aggregation by using external magnetic field and its high
frequency magnetic properties
©Y. Honnami, T. Ogawa
(Eng. Tohoku Univ.)
FL&HIS
Wtk 7 KL FHEA IR DB Z GHz s CHE S &5 —FiE L LT, T /R F &2 —H it~ Ea KT onN

ARz, v~ 7 v RBIRB A ET D 2 ENREISN TN D, 16k, 87 2 RiEafnmiit M:120
emu/g) % IV, SMEBRES R CEMET 5 2 & THEREAREER L C& 2", L, ZOFIETRT /KT0
FAHIEIS R+ T D72, S OITHRILEZRET 2 2 L TS O RDEBERICENTREIZR D LZ X b
Do ARFZETIEL, 8k & 0 AFIBEDN K & WEALEE (07 -FeoN,) 7/ R 7-(M:209 emu/g) % VY, AREBREA & UM
T2 2 & TORA OB CARRIC X DHERES RO AR AR L EEIRT ONEBA 2 Hi 2 5 2 L 2T,

Teflon tube Nanoparticles + Epoxy resin

ERA*
0”’-Fe N, 7/ R (2Tl B D = 7R 26 T #HIE & N 2 JR8H L | Fig.1 128973 N S
& 2 IV T 4.5 kOe DI S (Hiy) T C 100°C F THEA L TSR 4 (i
U 7=, SUEHRENVRRE J15H(VSM), S 73T A — & BRI igg =2 e 218 & VT
T R AERE S R OB iR L OMERBWRE AT MV EFHE LT, S Magnetic circuit
Fig.1 Experimental setup for
EEREE fabricating pillar aggregation.

TR U723t OB L HAR N & x y z B ZE N O F NSk 2 KSR KD 7 1 v b LTk R % Fig.2
T ZDORESFURBOIR D BT, x(Hey) 7T &z TR~ OHRRE SRR TR L T2 2R HIR A & 5
TR, y FROMRIBOMEKZ /BT 5, £12, f20E LR 4% Fig3 (IR, Hy AL TE
L 725UBHCIE, @A TOBBRGAR ORI 38D LT D, RS D 27% O R iT el
DOERDED b REVWED, HRESREICE s TAMEML TV D EEZXBNRD, FERE LT, /RO
F R T & W 5E T £, =111 GHz I[ZILET % £ =10 GHz % 5k L 7=,

AHFSEBIR AR O — 1%, METUNEDO ¥tk (1 BY B 1 0 R E — & — RGP BB 36 A R
— & — BEM EHE T IF AL S (MagHEM) | GERIBFSE) 12 TiThivE Lz,
BE R
1) T.Ogawa et al. ,Journal of Appplied Physics,115,17A512(2014).

.0 T T T

2 0s- Hrix ® 1

2? oa

Z u L :Q

S na- i

g 0s o, =

< 0a- I I ————— =

S 04 "j: 3

- 'y " e -1 m

S s N, I =

£~ a- ! 9 5

2 & . .

o 0z . N, S Packing factar = 82 % [w/a H-,}
§ O] weREe Packing factar = 6.6 % (w/ Hp,)

- . 1
1] 2 4 -] o 10 12

Packing factor of Fe1sNz NPs (vol.%) i o Frequenc;llﬂ—iz) 1o”
Fig.2 Packing factor dependence of the Fig.3 Imaginary part of complex magnetic
demagnetization coefficient Ny,Nyand N, permeability spectra of pillar aggregation
of the pillar aggregation. w/ Hpy, =4.5 kOe and w/o H,.
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AV IR—F A FHE 2R H L= FePt F 2 Ki+ DINSE A B D TE AL,

MR SEa
(BINKRFRFFE BLERATER 1G5
Formation of Isolation Dispersion FePt Nanoparticle for
Using Mesoporous Ground Layer
Norihisa Isoda, Tetsuji Haeiwa
(Faculty of Engineering, Graduate School of Science and Engineering, Shinshu University)

[FLHIC
IR, fFa b ORI, FRESREBAICHERKL TR, REIDEAWINLLTET ) A7 —/1L0D
BRI 28, BEBEMASCA Y Y hun=J AT ADEA#EL LTRObNTWD, FmmiEHtslo B
AL 2RI Uiz A VR —Z 2EdEE, HAIIZES U728 nm OMLZTER &, /A XoMT.o
T L—hE LTI TS, BADITNV—T1F, AVKR—F AU hEELY TH#EE LT, Cot/
b7 OECH A3 2, 10nm Fif4 D Co KiF-2SHIFLIC I - THLZELSI L, Co b T8 it 2 s = L 2 HiE L
TWD 1), AFFETIX, AV HR—F A THUEFIH LT, FePt /i T DI W il & A 7= D TS T 5,
RERAE

VU 3y e — R IS ETE A Pluronic F127 & v
T 100~200nm O R HiE 2 95 2), EISAETIX, #
BREARIC LD . AYR—F 2 ) O ENENT 57
O, IREREOHIE ATV, THIEROERIZ L=, FePt j#
X, DC~Z7 % bhr ARy 2 ) o 73EEAFH L, 550°C
7> 650°C DFPH THNEIEN FICEE 3nm & 725 X 9 1Tk
L7z, MEEOFHMIZIZ XRD, SEM % B EIZITFBHE
ARG A3 (VSM) & F V=,

EERER

Fig.1 I2() A VK —F A FHUE, (b)HEbaiiHE 550°C TR L
7 FePt %H%\ (C)%*}i{ﬁfg 650°C T FePt %Hg\@%ﬁ SEM [ Fig.1 SEM image of (a)mesoporous silica film,
e Rmd, FHUBIZIE. HIFLASHS 10nm. JEHIK 12nm. BEE (b)FePt(550°C) nanoparticles, and (c)FePt(650°C)
£ 3nm OMILABIE ST, 550COHE, AR 7- 3nm nanoparticles
THNLRLF DB L TREE & A o 7228 IR T HIUE O c\’

)

SFLOWI I - THBI LTV 5, 650°CTlE, FHPKIF 9nm 500003 (s
A Ly TR ORS00 - 7= A S e o 7, 50.0002p T
Fig.2 2 A ¥ =5 A T i BRI EE 650°C CRlE L 7= FePt To.000gft " R
F TS B OREAL AR % T, FePt o/ B 71X 3RRENE: % , A
77 U 12kOe CHEMRI LTV ARV 2 & L10 i~ BAINE S 10 ;fﬁ B o 10
AT B LD EEZ bV, L10 BRHLEED 5 7 oL A 00t
B RAEEEIC SV CORMIIE, Y AEET S TIETH S, i o P02

&W -0.0003L
B ECER Fig.2 Hysteresis loop of FePt(650°C) nanoparticles

1) Y.Saito, T.Haeiwa Magnetics Jpn. pp369,(2013)
2)  G.N.A. Hussen H.Shirakawa, W.D.Nix, and B.M.Clemens, J.Appl.Phys100, 114322 ,(2006).
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RIE et FIZ R L 72 ZrTi #8)0 FeCo-(CaFs)n
7T = a7 — R O g <R

T FTEGHE - R - IR —
(B RRZFREGEEE TSR
Soft magnetic properties of Zr and Ti added FeCo-(CaFs)n
granular thin films deposited on resin substrate
K.Asada, K.Kamishima, K.Kakizaki
(Graduate School of Science and Engineering, Saitama University)

1. #E

LA, RFID Hf O EEMEN & E > T 5, RFID TIC ¥ 7 & & BICHAATEG A, &R CIaiERc
KOZERECKTNRESND, &2 THERDOIEAELIGI L, ZIEREL M LS 2 BTN —
DFZEE BN E Lic, ST 2 8BEMAPEHZ 1T IR B L O AR TLE LD 2 Ffo 2 & R
INHZEND, BEMEEAT LI IVA R —RCEAGERE~Y N 7 AL LTEORICEmafibz o
(F665C035)100.(x+y)ZI’xTiy BT aEoHsdEiersr7=a27 »—T%;@ZL:% H L7, (F965C035)100.(x+y)ZI’xTiy-(C4F8)n 7T =a
T — N Z AT T A ¥ O EEAR BT AR L 7 BR ORGSR R 2 T 0 THE T 5,

2. REBFE @ ®
BRI 2 — 7y M f~ 7% ba o 2%y ZAEE 2
Wiz, X =7y MZIE Fe I EIZ Co, Zr BXONTi F v 7 %05
fFF7=bDEH L, # % (FeesCoss)eaZraTis iZ LTz, F v 23
W% 3.0Xx108Torr LA FIZHER L7z, CaFg WA, Ar HADJET
AL, 2FE% 10mTorr 725 K951 LTz, ZDOFE, CiFg W ASY

J£1% 0~5.0 X105 Torr O TLfL S W7z, &AETIL 4.4W/ecm? g

ELURED 300 nm & 725 K 9 ICATEN T A LT Kapton®FEAK  Fig.l SEM images for (a)(FesCoss)eaZraTis
A FRIBE U e SOOI = 3L 3 — S BOR X T i oY and ) (enCondute M (Cufion granular
WCER L7, BRI IFIREEVERRS DEHC L 0 HlE L, R
[ DA IE L= oy FRBE A AR TSI L D Bl LT, 1400
3. BHRBLUEER
11E0 7 b R B L 72 (a) (FeesCoss)osZraTis A48
ks L ONb) (FeesCoss)esZraTis-(CaFen 7T = o 7 — B D £ 1
SEM 4% 79, (CsFehn~ hU 7 ADEANIZL Y, FeCo A4 DkL
BT D2 ERHEFRTE D, Z U (CaFe)n EHAKIZ LV FeCo

[S—

100nm

® Quartz 10

1200 B Kapton® 120

100

1000 80

Coercivity [Oel

800 60

Magnetization [emu/em?]

K17 DR B RE B S I T 0 | R RO T £ o] ] v o

ICBR 5 2 LD RN OIE T I 5, B
QWA RTTABIRI T b EE BT L 7= o 0 10 20 30 40 5.00

(Fes5C035)93Zr4Tis-(CaFe)n 77 = o T — I Z 1T 2 BEKURFIE C,Fy partial pressure [x 10° Torr]

D C4Fs T AL ERAEME 2”4, BRI VAR CaFs H A4 E Fig.2 Dependence of magnetization and
DRI DT BB E T, TIUAIEREDCFITE  (FanComtion(Orho, el thim e
BARMNTERR S H. WP R O ERFE SRR L2 Th 5, deposited on kapton and quartz substrates
— 7. BREETIE CaFs A EDBIMZAEVME T L, 1.5X107 Torr THVMEE 725, ZHud, (CaFen
~ b U 27 ZZ & - T FeCo Rt DR 2SI S A, S T VEPMEI L 72720 TH 5, LU EDRER
£V CaFs H A53E 1.5 X105 Torr THUEE L 72aEHI I W T, A 7 b o 5t BTtk 1100 emu/cm3

AR L7273 5 16 Oe DIRLRIEN 235 DAL, WHRERRED B D ER S iz,
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CoFeAlSi-AlL,O; 77 = = 7 — D& & BT RH

ARFPECSL, PRORBEF-, IR %, IEKFISC
(KRR, * =&EK)
Structure and magnetoresistance effect of CoFeAlISi-Al,O; granular films
M.Hattori, M.Jimbo, Y .Fujiwara*, T.Shimizu
(Daido Univ. and *Mie Univ.)

1. FL®HIZ

MRS RR T2 BT/ 7 =a 7 —#EIIERNE S Th 50, AR S RIZHR L T
&<, F2, BRSO KR E RBRAELELE T2 LIS L TOMREIZH £V 2 ST,
Tz X, A AT —H4D CoFeAlSi? %, ALO, FIZHB LY T =a T — OSBRI EERFTL, 7
FTma Tl TEN—TAXNMERL, BERDT T =TIV RERLWREESEDZ EBHEDL
EEWE L, 4ENE, EREONRy 77y —BOMIEICLY, 7227 —HEOBKIEIIENED LS
BT 20 E RS LD T, TOREIZHOWTHET D,

2.EEBA%

AEHE, Mg0, A10 % —%4" > k& CoFeAlSi #—7% v b &AL HITHE S,
FOLEMT, EBRFNF —F RS CTREEZITS 2, BRITZATA BT
Z AT, WERERIE Substrate/ N 7 7 —J& (3nm) /CFAS (tepsnm) /AL0

(ta10nm) /CFAS (tegsnm) /AL0 (3nm) Td 5, CFAS DFFEE (X 2. Onm 7> 5 3. Onm,
AlO X 1.0 5 2. 0nm F T L S 7, BIEEEZEE L 2X 10 Torr LA F T,
TERIF D Ar JEIT 4nTorr TH D, /Ny 77 —JEITAL0 & MgO & L, fFRL
T BBHIEE 2 5 715, &5 \MT 4 871 TRIE TR b 2 HlE L=,
F7o, BRoOES X REIPTEEE & TEM, ARM & WV CREl L 7=,

3. REBR&ER

15%LL EORE 72 MR leam33BHE, 0L ZAREDATA NI F
A ETORUMERTEX 2, £2T, SENEIERELEE Q2D Ny 77—
JEORET 732 A% AFMICE VB LT, TO/RR%E Figl \oRd, 7
AFM E AIO TIXRIE T 7 F A0 0.70m & HFE VD EWRR20D, MgO Tl
03nm & K& LT L, FHAREIIR > THDONRG05, Fig2 iE, AlO
& MgO /8y 7 7 —J@ & L7=F0o MR tbD CFAS BEEKIEETH 5, Fif

Glass/M

g
&
3 S DUNES 72 MgO O F7 8 & 0 LN CFAS I TA & 72 MR HAVE 5T £8
BORSND, LirL, REOIEGEE BT 5 L, k&R MR A RT '
BHRITZEFLT, 1X10%, Qem FEETH -7~

O 3nm

—  ALO, m
- as deposited
4 /\ after
D annealed
= O\ a0 MgO
<3 O MgO
2 O O @ (o) @ 35 deposited
2 0 E o 0 O © . Fig.l AFM images of AlO
o (@] :n:;aled
S S| 8 e o and MgO buffer layer for
0 =/ = o § \0/ H = CoFeAlSi-AlO granular film.
20 22 24 \/ 26 28
CFAS[A]

Fig.2 Dependence of MR ratio on CFAS thickness.
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BEMERIRR IS 2 Ml X ER Y R 2 b — g

JIIRE S, BEYEM, EARE, 2 FR—
(NHK fRs Bt FEET)
Simulation for Rapid Formation of Magnetic Domains in Magnetic Nanowire
M. Kawana, M. Okuda, Y. Miyamoto, E. Miyashita
(NHK Science & Technology Research Labs.)

FL &I

NHK TlIffko7 1L v R E LT 8K A— 3— A BV 5 o (SHV) DBIRZ D TV 5, 7 /LG SHY
DIEEAEIAR ITHRE L — b 144 Gbps Z % 572, FLERIEE I RAE B RIS 2 THREER 72 Bk 28 Bk <
No, E, A RN T UAT 7RI X DBEOBRBEIBRNER SN TR Y, Bx T oB5%
FIH U o/ N Do il 22 FE A SHY GRS E O FEH A HIF L T\ b, 2 E TICBEFO HDD AR~ K
W TREMERIBR R OREXIE R Goék) - BREh - Xk (F4) % #O@ECTHEIEL =2, SR, v 17
Y737 4y ab—rarEHWTEICHEXIZRIZEH L TEBELOMRF 21T > 72O THET 5,
YIal—LavhEk

X RGRRRIZ, Ay MV EZBN L2 iiiE LLG HRERE v
AR EITo -, BRI, £ X 1.5 um, 18 60 nm, EJE 20 nm TR » ¥
2P A RF dnm —E & Ulo BEMERIBR OREURFIE L, faFnRE{E 200 emu/cc,
B VERGS 8.9 kOe & L7-, Fig. | IZREMERIRR & Ffidk~y ROET LV ERT,
TEMEHIRR — 208k~~~ FRIMRMEIEREX 10 nm & L, #fE 0 EICEE L= i
b~ R OB S T X TR TN D £ 5 . M s b Mgk o R y‘\T/,x
o~y RESHE L U CRLE Lz, MO i< kmE &L,
A VZEREFIINT 5 2 & TRAXMR 28 EIEGEAIC N T, K
HRBE X O FE B e & FHE L 72,
YSal—LasRREER ,

Fig. 2 IZHMERIFR O E EIZFigk~ v FEEE LI25E Uﬂy

(EFaE~ > OB S8 & ABIERORTR 0 ) gup e =
DX ROEREZ RS, ~y FEZFEIIN% 0.3 ns TESRE 0.01ns I
AR S, £ D%, EERX LR LZEIT 5 % 0.1ns
Tdns o7z, Fig. 312 L FOREk~y REMBRO+y 0.2ns TN . IR

- N . a A - . R T e R R
[, -y FECFRZR 30 0m F6H LEE (EF~y Ko 0.3ns

\ e 0.5nc EMIIIE ¢ ST
RO 5 58 L AR O T £ 56° ) ORKEIBERE 40 p——— —
\i

R, ZOWAIZIX 0.01 ns TRISHEX 2MEEEL S 41, 0.3 ns y —100nm

O CREE N ZENLT B2t Nbmot-, $£7-. +  Fig.2 Time-dependent change of magnetic
NEZNDLEEITIBVTREERS v FOBR 2553 LT

LA 0 OELEITIE z FRR DA T x y 7RI I3
R LR, 56" OBEICIE x, y HIAICb A~y B 2
BRBIAM L TODRERDBGEONT, TOZ LD, X0y yHaLkes —
F ORGSR Dz FI~DOB b sz 7 v A M52 & 0.01ns I TS

HIE S

Fig. 1 Simulation model

W&o T, MEICHRER TELEEZEZ LN, 0.1ns EENNRRPEREY . <\~ T SR
0.2ns EEESEENETE YT TN TR
& 03ns EEREEEEEE IT SR
0.5ns TR T e
1) S.S.P. Parkin et al. : Science, 320, 190, (2008) 4.0ns IS N | S

2)  BHEYEIED 5 38 B A AR R4,  Fig. 3 Time-dependent change of magnetic
domain formation at an angle between
9aC-11, p.130 (2015) recording head and nanowire of 56°
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Micromagnetic simulation of domain wall propagation along meandering
magnetic strip with spatially modulated material parameters

Zhaojie Zhang,

Terumitsu Tanaka, Kimihide

Matsuyama

(Department of electronics, ISEE, Kyushu Univ.)

Introduction

Well controlled two-dimensional propagation of domain
walls (DWs) enables sophisticated functional design in various
DW based devices, including the race truck memory. The local
modification of magnetic properties, fabricated with the ion
irradiation for example [1], is a possible way without geometric
constrictions to create pinning sites for DWs. In the present study
we propose a meandering propagation truck for DWs by using
magnetic strip with pinning sites (PSs) as above, and
demonstrate possibility of high density integration exceeding
100 Gbit/cm? by micromagnetic simulations.

Numerical model

A schematic of a magnetic strip with periodic pinning sites
(PS) is shown in Fig. 1. PSs were numerically modeled by the
gradual parabolic reduction of the saturation magnetization M.
and the related perpendicular anisotropy Ku ( o Mg?). The
modification coefficient r ( = (Ms-Msmin)/Ms ) was defined as a
measure of pinning intensity. The following structural
parameters were assumed in the simulation: thickness d = 5 nm,
width W = 40 nm. Length of PS (L) and the value of r were
preliminarily optimized as 20 nm and 0.3, respectively, so that
the energy barrier height AE for the pinned DW satisfy the
practical data stability requirement (> 60 kgT). Standard material
parameters for a Co/Ni multilayer were adopted: M= 600
emu/cm?®, K= 1.3x10% erg/cm’, 0=0.02. Magnetic strip was
discretized into 2-D dipole array and the LLG equation was
numerically integrated with a finite differential method.

Results and discussions

Snap shots of the propagating DW are shown in Fig. 2. The
observed significant DW bending can be associated with the
inhomogeneous current distribution and the geometrical local
pinning at the corner. Fig.3 demonstrates successful bit-by-bit
DW propagation along a meandering strip, where the DW is
driven by pulsed currents with 1.0 ns width and 3.0 ns interval.
The DW was stabilized inside the PS after the pulse end,
accompanied with subtle positional fluctuation caused by the
residual momentum dissipation. Typical error modes of
excessive and delaying propagation are also shown in the figure.
The current amplitude margin for the bit propagation along
straight part and around corner can be well matched by
optimizing the PS interval L, and the corner distance dL as 60
nm and 0 nm, respectively. The practical current amplitude
margin is J = 2.4x10% A/ecm? + 37.5 % for the whole bit-by-bit
propagation, as presented in Fig.4.

Reference

[1T A. Vogel et al., IEEE Trans. Mag., 46, 1708 (2010).
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Fig.1. Schematic of numerical model for a DW
propagation truck with pmning sites.
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(RREWMK., *WiiEE)
Micromagnetics simulation of ferromagnetic chiral structures
S. Tomita, T. Kodama, H. Yanagi, S. Kasai*, C. Mitsumata*
(NAIST, *NIMS)

[FL&HIZ

BRI R E R 7R & ERRERFENKTF L 2R, THOEHEARD A A S ILEENYHEYERICH L THEBK
EHENATWS, BICEHMEDORLEICIIERELNETARICIKEKE L CEBITESBRLEDIHMI DA TIILHE
NHFINTLD, BEHASLDRIE. MBI - TYYBZIAREGFRARI DY I IS—DFERENS
SRADBRDAELT, HIZE-TO THi5E] THAIAIMY —JIHEORBE VS ERAEDOIIENMSEH K
TEKZED, LALANOKAOYWETOMINA SILHRIT, REDOBIFEZE(IZL T 10 RBELEBH T/
=LK, ZOFHANCIEZRESE LLIXEEATFARTH 1z TITHRIIAIERE KA TILAIHTF)
TORBEZZAWVSZ LT, BERUBHIBICHLEHLL T YA Y DKEE TRITREN 10° 12 & M
RELBHEKAASIIVHBROBRAICE LIz[1]), BICSEKEICHMITTRABEESES LIFEFRAVER
HASILAZDFOHMLEED[2). S/ O H A XDE— A2 FDaEMERLE (FMR) 2R TUL3[3],
SEIEINALNDEBREBENICEDTELIAIAITRT 4 IV RAHEDHERICOVWTHRET 5,

HEAE

EEREFE L8 9um, EE 60nm DsaffiEADEmAY. BEtEY (CW) 3 LLIEREEEIY (CCW) 125
B&EWN-HA SIEEEZHERPTETIVIELE, DA SLBEDERILS0um TH21=. DA SILEYF
[X10pum T, BEX(E50um &4 %, EMZE3umx3um DA Y1 T >f=, ESAMIE1I A Y aT, 1
BlEs2Avyiabiid, AvyiaDdibBRE—*2 + (800emulce) #BE LT, h4A TILEN (z &)
ENBPERMIBEEDHTAZOE Lz, ERHEIGDESEOZELSELAL, BRE— 4 2 FNEDORIEME
BEARUIBFHREEREZERY AN, BERE—AY FOEFHARRXTHS LLG AKX ZEER V-, &8
ZHE & (L 10%erg/em, U E VS ERIL0.01 & Lz, 49 OROEREIE 9GHz &£ L. <4 & OKEHIS
MDiEIF0.50e THo1=, REFBRIBTETH 1=,

HEER
RICHETHEON-HBESZRY, BHMIERHMISORS, MEIx AROEIE—A Y FOBRETH
b, FREMNO=0E, FEMNO=15FIET S, FEETANCW,. BN CCW DFERICHIET %, ERlES
(FERMMEIEO@mAIZH LNV =0=0 EDHEE. 9500e fTiFE[Zi

BNRTENS, ChEHRE—AY FO—FREZEHT o0 oo 1 1
HEFVYTILE—FDFMR EEZBND, —H0=15ET ST isaeg - | 224 1
. ABHEE IS L CEHRMSAEVTO S, REE 8 o | T A o®Y -
1812 & - THIBHISAS 10000e [HEICEHB ST LT e sl 5“2 .
5. CRLOHERRL. RBHECIEEMNICERLT ¢ o £ -
3. 0=0 EDHBAIL. CW T CCW THHIBHIBIXE b b e, -
LTHotz, SRISHLTO=15 ETIE. COW DRIBHIS o T, TRy
[T CW &Y L EFEHIGICHZD.EEHETIEIFMR ESDH Magnetic field (Oe)

MBBBERUAA 5 Y T« ~AOKFEIOVTEBR [ Caloulated FMR signals,
ETBFETHE.

SEX#L [1] S. Tomita et al., Phys. Rev. Lett. 113, 235501 (2014). [2] T. Kodama et al., Appl. Phys. A 122,
41 (2016). [3] T. Kodama et al., submitted.
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Introducing transversal magnetic anisotropy in magnetic wires and its effect on the magnetic domain

configuration

Tomohiko Ikeda, Xiaoxi Liu

(Shinshu Univeristy)

L &HIC

KR EBEEHRA NL DL —RA KT v 7 AE YRR
VERBRSE T D4y B T BEMERIRR O REX A& L2 BE S 2 WFSE I TR
HDTEETHD, ZE TOBPEMBRICBET D T Tl

(ZREMERRR DR T 5 10 O TR 5 M & FI L 7= #kd:
TP E AR M OV BRI 2 R D BEMEAIRR 0 RIS /31T
Hivd, T ZCHEH AL, FRERA L2 VT BEMERRR O
FHINCRER RSB L, T ORRSE 2 5T 5,

R E

FEOCAETE K Ot ARy ZAEE 2 FIWT, 77 A5 LI
W2 um»25H20 pm, EX5nm 205 40 nm @ FeCo Rk
HHRR & TR LT, FeCo Db -4 A X} UMM ) 2Kk 3~
572812, CoNi FHhJE & v 7z, BeEMERIER o Fe AR 1 2
FHRD T DI, (IS CREMEEE A I L Z OREUFRE 2 IR
BhEURHRRS ) EHCHIE U7z, 7 —BAMEE, BEUI IS &% O
KEFEE VT, BEPERIRR ORI A M OV ORI IR
& DOBRIZ DWW TEBRZAT o 72, BaPERAR O R A% & % fEAT
T 5H72HIZ, OOMMF W TR EA I 2 b — a3 v
L7,

RERHER

Fig.1 lZxFm= R /X o & 358 % i U 72 FeCo R D RE{ b iHh
AR, ENICAES & K2R, RS TIE A
BT 1 Ofbih#rz m3—J7, R CcIX, R b
TR AL R 2 R S 7o, 25 5 il & TR i oD 28 ZE e U340
80 Oe & fils® & 7-, Fig.2 | FeCo DRI S D7 5 i
Ze TGRSR T 5 1) (2RO U 72 T PN — BEIMEE (a) K OV R X
k) DFER A2/~ T, mND—BMEECIX, HEoa> T
AN 2 fifess S AL, AR T AT 1%V&W#%ék%zEﬂé
M ARIIAAE TlE, HIRRAEE 7 18] 0 [ELRRIRBERE DS e S ATz,
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Fig. 1 Typical hysteresis loops of FeCo
films.

(b)

Fig. 2 magnetic domain

configuration of magnetic wires by
(a) Kerr microscope and (b) Bitter
pattern.
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Bidirectional shift register based on magnetic quantum cellular automata
Naomichi Yoshioka, Hikaru Nomura, Ryoichi Nakatani
(Osaka Univ.)

=

T, BEVER BT A4 — h~ % (Magnetic quantum cellular automata : MQCA)Y 2 (/X 3E S+ B i/ IMsEIR %
FIR LT A 20, (RIEBEBEIEROBLANOER SN TS, MQCA R Z KB 57012137 — hd
[Fl COIEMOARETT M OREN LI L 72 D ETe, BERHARE T MEZ YV B R TH L Z ENHEE L.
T THXITZED L D72 MQCA ITESS R T, BIFMT 7 MLV ALZHFZTFERETD.

ERAE

MQCA M 51> 7 h LY AZFEA L LT, Au(3nm)/Ni-20 at.%Fe(20 nm) D fEA# % 2 Ff S 0 INEEMEIR % 315

UV TTT7 4=k AF =LAy H Y 7MW, VT NAT7EE VT S R BICER L 72(K 1(a)).

R B EEREH X, DB o F L oX— (SI-DLA0) (A A B =LAy & U v 7 ¥E%E T Co-17

at.%Pt (80 nm)Z HfE L 7= & D& W=, AT rﬁ%‘c@J\ﬁ X, ARG e B NS, BERIREHC X DR

ﬁv* Val—yarzfniz. Flmos 7 Mok, —H2es e & 50 T ut( 1(b), (c)). 31 F
UVIEHROFAI DI, &S —EET— R IBEMEIEEZ Hu .

EERTER

ARF DY 7N TC, MFMICE#RE LEy h 7 R T2 E0fERENT. FHLIELLE Y
V7 N T DN TRE O A, KmE (K1), @) IR L. TV T NLUAXERWS D
LIZE ST, IBWVEEREHOBER S — 285 L2 MQCA RN EFES D EHIFF L T %,

(@) (b)

Stage3 Stage1
Forward propagation ><

) o Stage4 Stage2
/ B2 . - For forward propagation
0 : O 2%
\ 3(\‘“ 4”'?;' Y P2 (c)
,\5’[ o Stage2 Stage3

Stage4  Stagel

Backward propagation
For backward propagation

X1 @M1 7 22 OER E OIS, ()7 fE s e R DS RS EIN 1A

\\w

%5 SCHR

1) R.P.Cowburnand M. E. Welland, Science, 287, 1466 (2000).
2) H.Nomura and R. Nakatani, Applied Physics Express, 013004 (2011).
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Ta/NiFe/Pt — & i o> 5t 1t T [EL R 5 3% 7 ME O F-Aih
STTE: A Y 1 S T
CHB R, TS
Characterization of interface perpendicular magnetic anisotropy in Ta/NiFe/Pt trilayers
S. Hirayama*’**, S. Kasai**, S. Mitani™™"
("Univ. of Tsukuba, = NIMS)
HR

Pt O X 5 7o IEREMEEBJR & NiFe 20FEK & 775 3d i BRI, AR — AR X D& A
FIV2AEFHR c BMETE 520D, A b=/ 200 B THRETRAEZED TVWAHINT o HELZTH
o TREEPEILIE (FMR) 1Mt A 77 ADMEICBITHHRE 2 7 —RMEHMO—>TH Y, EEIC
wa%ﬁfﬁmﬁﬁ’ﬁﬁfkén]FMR@%ﬁfi@%iﬁﬁﬁﬁﬁfkéﬁ NiFe &F & D L
K[BEFHEOMZEIILT L+ Tide < [2,3]. S E AR 5O E &l 72 & OFEM e Mmat N nETh

HEEZLND, RFFETIL, Ta/NiFe/Pt —BROBLIBEEZFE LN, AEEEEAE SO ERILE
AT,
EER Ak

RE~Z7 3% b2y ZEHWT, B\fig{bs ) o Bl B2 Taz /Ny 77— & L7 Ta/NigFe,/Pt =&
fE ERL LU 7=, NiFe = ¢1X 1 nm 2>5 5 nm, Ta L OVPtIEEIL 5 nm Th D, B O FRE IR B R
Bt AW TR TRIE Lz, BEBEREFET RV —K, 1%, fafofiiit M, & R #bsh 5 m o fafnissy H
X0, K=MgeH/2 T L=,
ERER

55T RBOBALTIE O R . REHI 2 T LA R LTz
(K.<0), Fig. 112, Mgt & Kot OBEEFKIFVEART, Fig. 1(a)T
X, ERARETFEERBE LN TR, WbwbT v KLg F—Nn
OS> TWDHEIICRZ D, Ty LA Y —%2RELIESGE
FOREI 413058mm & AL O, ZOHE DO IHEEHMR 1001(dead)=0.58nm *
FHPEIE, 1=0.58 nm TO Koot [TH4 T3 &% % b, Fig 1(b) AR S
I REREMRSE T T R L F—K 1202 erglem® & 725, —J7 .
Ty R A Y —FT LOXfME LT, —kEBULERE LT-ET L 1.0
BT, B Hy ~ 4nM, OFER 15 DA, BABREE DR RIT K o5k
DIFEOHMERFHLIC X > T RWZ Ly o Tz, EiR2o
DET LD HLFEOMIR 7 — A T D72, EEEOREEEBR
BHEORE ST, 0 & 02erglem DECH D EEZBND,

400x10°

(a)

w
o
(=]

200

Ms-t (emu/cmz)

Ku-t (erg/cmz)
[ ]

27 3Tk -1.5-(b)
o 2 3 4 s
t (nm)

Fig. 1. (a) M and (b) K.t as a function
of ¢ for Ta/NiFe/Pt trilayers. From the

[1] K. Kondou, H. Sukegawa, S. Mitani, K. Tsukagoshi and S. Kasai,
Appl. Phys. Express 5 (2012) 073002.

[2] F. J. A. den Broeder, W. Hoving and P. J. H. Bloemen, J. Magn.
Magn. Mater. 93 (1991) 562.

[3] M. S. Gabor, C. Tiusan, T. Petrisor, Jr. and T. Petrisor, IEEE Trans.
Magn. 50 (2014) 2007404.

linear dependence in (a), the dead-layer
thickness was determined to be 0.58
nm. By assuming the 0.58 nm thick
dead-layer in (b), K is evaluated to be ~
0.2 erg/cm?.
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Underlayer-dependent perpendicular magnetic anisotropy of
CozFeo.4aMno ¢S1 Heuslar alloy ultra-thin films

OMingling Sun'?, Shigeki Takahashi®, Takahide Kubota®*, Arata Tsukamoto?,
Yoshiaki Sonobe?, and Koki Takanashi?
(. Grad. School of Eng., Tohoku Univ., 2 IMR, Tohoku Univ., * Samsung R&D Institute Japan,
4 CSRN, Tohoku Univ., 3 Dept. Electronic Eng., Nihon Univ.)

Introduction

Spin transfer torque magnetoresistive random access memory (STT-MRAM) is being developed as a candidate for
the next generation non-volatile memories. For the development of giga-bit-class STT-MRAM, perpendicularly
magnetized films with high spin polarization are required [1]. Some Co-based Heusler alloys, such as CoxFeAl,
Coz(Fe-Mn)Si, are known as half-metallic compounds and their ultra-thin films with perpendicular magnetic anisotropy
(PMA) have been investigated [2-4]. Our group has been studying PMA in CozFeo.sMnosSi (CFMS) ultra-thin films
with a Pd underlayer [3, 4], showing perpendicular magnetization. However, the underlayer dependence of PMA in
CFMS ultra-thin films is unclear. In this work, we have systematically investigated PMA in CFMS ultra-thin films with
different kinds of underlayers.
Experimental methods

The stacking structure of samples was as follows: MgO (100) substrate / underlayer(s) / CFMS (tcrms) / MgO (2 nm)
/ Ta (5 nm), in which the CFMS layer thickness, fcrms was changed in the range from 0.6 to 1.4 nm. Pd, Ru and Cr were
chosen as underlayers. For Pd and Ru underlayers, Cr was first deposited on the substrate as a buffer layer in order to
get a smooth surface. The metallic layers were deposited using an ultrahigh-vacuum sputtering system with a base
pressure less than 2 x 1077 Pa, and the MgO layer was deposited using electron beam evaporation system. In-situ
post-annealing process was done after the deposition of Cr buffer at 700°C for 1 hour. The deposition temperature for
the Pd layer was 350°C, and other layers were deposited at an ambient temperature. After the deposition of all layers,
the samples were annealed in a vacuum furnace. The annealing temperatures (7Zanneal) Were 200°C, 300°C, 400°C and
500°C. Hysteresis loops of all samples were measured by superconducting quantum interference device-vibrating
sample magnetometer (SQUID-VSM) at 300 K. The maximum applied magnetic field was 30 kOe.
Results

Perpendicularly magnetized films were achieved in the samples with fcmrs = 0.6 and 0.8 nm using the Pd underlayers
and Tanneal = 400°C. However, all films exhibited in-plane magnetization in the samples using the Ru and Cr underlayers,
regardless of the annealing temperatures. The maximum value of PMA energy (K.) were 1.7 x 107 (fcpms = 0.6 nm), 7.3
x 106 (fcpms = 1.0 nm) and 7.1 x 10° (fcems = 0.8 nm) erg/cm? for Pd, Ru and Cr underlayers, respectively. Tanncal for the
optimum condition was 400°C for all. The maximum value of interface anisotropy energy (Ks) were 1.2, 0.3 and 0.2
erg/cm? for the Pd, Ru and Cr underlayers, respectively at the optimum Tanncal. It is suggested that the differences in the
dead layer thickness and the amount of the interdiffusion possibly result the underlayer dependence of the PMA in
CFMS ultra-thin films.
Acknowledgment

This work was partially supported by MEXT-Supported Program for the Strategic Research Foundation at Private
Universities, 2013-2017.
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[2]1 Z. Wen et al., Adv. Mater. 26, 6483—-6490 (2014).
[3]1 T. Kamada et al., IEEE Trans. Magn. 50, 2600304 (2014).
[4] T. Kubota et al., Mater. Trans. 57, 773 (2016).
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Magnetic anisotropy of garnet films fabricated by metal organic decomposition method
H. Saito, Y. Ashizawa, and K. Nakagawa
(Nihon University)

FL®HIZ

Bt 7 = VMR CH AR —F v MIX L B T EEDN/ NS W=D, AU ERAME e LT
HENTWb, Fxidmtrelt - etz B L CHx O THE 2B LI-MET—% v b DOoM#%217-
T, —f%AIIC Liquid Phase Epitaxy (LPE): CTER L 7= D #E M IEN T 2 28, ZREDHIEL O 7 — %
v MEERNTIIR RN, & 2 T 1L, 8L < fLEk o 873 2 @E/EREE DS LB R 5 70 B RS 4 I8 o) iR
(MOD)IEIZ KX B 4 —F v MEMERLZITV, T REARLHEEZ KD, Z£DH% LPEEIC L ZRE~DRT v T 5%
277, MOD 1ETHERL U7=RBeMEH — 3 v I, ZOREMEDO R4 E 5 A U OBELSE O K S T8
S, ZORBZITICLTWERZY, KHETIE, 77 2K B, GdsGasO1, (GGG) Hiif it H:AR 12 MOD
B K DWNEN — % byl 2 VERL - G54 L7z,
REBRAE

FEHZIE, Y1sBitRosFesGai01 (R=Dy. Eu)% V7=, Y3FesOwn (YIG) &R A b —F v b & L., WRIEFE)
BENRREVWBI 2@ L, TR ELTENELD Dy, Eu @ Lz, a—=0 71N T 2Kk, GGG
(L) HAE R BRI ZE NI MOD IR E B, A a— L, BRI Z 283 ¢ 5 72912 100°C <€ 10 57
R, WS-, WRICAEMY 250 LIS S 572912 450°C T 10 M. REER 24T o7, A a— ki
OB E COTEE 1EYTH Z & THEEEIZOMBETHS 2, ZOTEL 4D IR L7272 OEE T 160
nmETH D, KEICREIZH M LS 572012 750 °C T 3 W], AR Z21T-7-. B ORIK 2 7
R[7 77T —hRIC X VFHE LT, BEOEAFERR BT RV —K IR L £ d 9,

3 Ef as -

K, le_vf 1-m o

T A FMIROBER BT, By vie FENTHEIROY 73R, KT Y b arn a3 e,
RO T TERL, or. os (ZZNEIHNL, FARDOBMZHRAREL, AT IIRRBE L RIBOETH D, £/, 7135
IS5 T % AR DG AR I LD BHOPRABETHY . ZOBRIEIT = 0 T FELETRESH, 4=
1 TIPSR AETRIES N D Z L 28K T 5,

REHER _

77 AL Y1sBirRosFesGaiOn (R =Dy, EuJMIEIL, XRD 7nb ZE2ET
Lt Ch o Z L e Lz, B MV EL D T AR -
Dy. Eu E#HEED Ky lZZ 241 3.92x10%erg/ce, 5.63x10%erg/icc T ypimnrrosnon
bolo, —F. L% RsFesO2 (R=Y. Dy. EU)DBERELEL VN

ag

+n(as — a)AT @

,'-,"’THF [a.u]

mPEHEEL, =1 TOKERXQLEHITHE, Dy, Eu@Ef 2 P
D Ky 1% 3.72x10%erg/ce, -7.40x10%erglcc & 72 W a5 by JllE <+ 3 2 1 2ff 1 2 3 4
FERE—H L2, Tk, BERREZE T CoERmITA+5 “ 1 H[kOe]
ThY, EHEREOEELMLERE EEZ NS, N

GGG HiffishHAk b Y1sBitRosFesGai01, (R = Dy, Eu)#EfE L XRD 10
MHITE XX v VRENHER SN, TNETNOKEHIT 12.45 -12

A, 1243A ThH o7z, GGG Fit LIZIER L7z Dy, Eu BEHUEEIOM Fig. 1 Magnetic Faraday loop of YisBii-
HIEDOWST 7 77— A7 U U 2% Fig. 1IZRd, ZHdE Y Eu RosFesGaiO12 (R = Dy, Eu) garnet films
BEHIENE OB ISR PN Dy EHEROGE LY KEWEE X on Gd3Gas012 substrates.

5D, BIRFERRICINENE Lz 2 2 VT, 1 E8ZE L2

REEDOTFEEB 2 D7D, n=1. 0D L XD GGG FEM LD K, . .

23R, Table 1 I, Hbit & O iEHGED b B Rl Ry Table 1 Magnetic anisotropy energy Ky
HEATHE SIS R THS 1=0 D LS. Dy Eu BREHO Ky (12 & GeofiestoSate @ = O )
nZNA, EEAR D, Fig.1 OfifE L. XRD Ok L pig Jme s on ieeate

L7z, i

I . Ky [erg/cc]
mﬁg%/©~%iszi: ik 25~29 ﬁfﬁi%ﬁﬁi%fgﬁjfiﬁ%é@ﬁ n=0 n=1
%%;%Ek%ﬁ$% (S1311020) DBk &% T TiT- 7=, Dy | -14.45%10° 2 21x10°
1) K. Matsuumi, “Magnetic bubbles”, edited by S. lida and H. Kobayashi Eu 2.57x10* -0.66x10*

(Maruzen, Japan, 1977), pp. 84-92. [in Japanese]
2)  T. Ishibashi, A. Mizusawa, N. Togashi, T. Mogi, M. Houchido, K. Sito: J. Crystal Growth, 275, e2427-e2431 (2005).
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Uniaxial magnetic anisotropy and orbital angular momentum of spinel-ferrite thin films
J. Inoue! 2, T. Tainosho?, M. Matsumoto?, H. Yanagihara?, and E. Kita®
(Inst. Appl. Phys., Univ. of Tsukuba!, Dept. Appl. Phys. Tohoku University?)

BT

CoFe204 B LU NiFe204 2 ED ARV T =T A MIL S MONTZBACIRNEILTH D, Flf ANy
AEEHNTIEA R VY VRESHTE IO DAY XL T =54 FEEICEBWT, BAFRERERE D
BT 5, R, MgOOODER LD =0 N7 = F A ME 10Merg/em3 LA o —#ili #0514 2 ~97[1],
X 512 MgAl04001) F#z F > CoFe204 3 L TN NiFesO4 THE & NG T2 b K& R B M
72,8l ZOXIRERBREFETIAC RN T =T A bOKFEHD(001) AT Kb A =
NHOET D LHESh, Bgimz AW TER LS T4, LoLans, ZOBSRmTIERY
P RN X — T ER c/a & DREGRBARPIREO EE & 7e>TWnD, & 2 TR TIXE FHmx VT,
WREAVEL cla & OBRZEH GNCT 5D, T, WihA 4 OWLEAEBEO c/a KIFMEE R D,
FBR L TS,
ET)

BatEA A L 2O OFBREREA A G T AX —I2, p-d Bk E A B UHIEHE/ER (SO
A ANT 1B EZRNT 5, EHIREOFRIZIZEAF O tight-binding #E4 M5, SOI &

L TR SOI 87 %, WAt i 2 2 b S8 72 & X OEEREO = R L X — LR R T ET
X —%RDD,
EERER

AERNT =T A M Fe2t, Co?t, Ni2tA AV OHE -« mHNBERREFET R X —0 cla iKIFMEEZZN
Zi Fig. 1 (a), (b), (QIZRT, kTR LIZERAEREICHIGT 5, SOl OfE% 0.01-0.02 eV/atom
LD EERERE LSHIHTE D, FRBEMOBRLTEL TW5,

0.006 - CL model B-site Fe 0.006 - o )
(a) P e [ CLmodel Bsite CO/ 0.0006 L model Bsite Ni
T S0Ol=002eV ¥
0.004 50120028V g 004 |..(b) / 00004 [-4C) /
E \ in-plane t / /
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§ 0.002p—— " 0.002 = Qo002 /
3 \ - —
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w |
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Fig.1 (a) Fe2, (b)Co2*, (c) Ni2HZRBIT D HIE « mNBERIEITTVED c/a (R1EME, FRPLmEk 7S EERE,
ZEZ3CHk : [1] T Niizeki et al., APL103, 162409(2013), [2] H#f5E S . H AR 42 8pB14 (2015).
[BIIAA S, HARA 2 8pB12 (2015), [4] J. Inoue et al., Matr. Res. Exp. 1, 046106 (2014).
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