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Time-resolved hard X-ray MCD measurement on magnetization dynamics of a Co/Pt multilayer dot
N. Kikuchi?, T. Yomogita?, D. Kanahara?, S. Okamoto?!, O. Kitakami?, T. Shimatsu?, H. Osawa?, M. Suzuki?
(*Tohoku Univ., 2JASRI/Spring-8)
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& E TH D Co LIEMMEESRE TH S Pt 2B L RmICB T, KRELRMKEFHENEET L X0
PURFICRERBRE— AL FRABRINDIZERMONTWDL]. £, WiEEE PtE L REE2A
THEEICBNTUIX B I REFELHERT 5708, Bt o b 82 KT 2 LdESh
TWD. 2D OBLIROBRIL, W2 OB 5T 7 3 ZADEHEEE WO BLANDL DEHEETHD,
SR U7z PR OBERCIRRE - BB OWENEE L 72 5. AT W TIe R BEIWE L £ X #RiE KM
—faf (X-ray Magnetic Circular Dichroism : XMCD) % W C, rf 8512 L 0 b S 417- ColPt Z gl N~ |
O3 LTz PURTDOZEENZ DWW T T B CORF MO MFRE 21T > T DO THET 5.
KERAE - HBR

MgO(100) ZEAR =12 rf B EIIN A OME Sum D =2 7' L — F BRI EHRES 2 J& S 100nm @ Au JE %z IV CTERLL 7=,
JE X 100nm @ SiOy #fafxfE & B L 7= &, ColPt %)@ % Ta(0.5)/Pt(1)/Ru(24)/Pt(0.5)/[Co(1.3)/Pt(0.5)]+/Ru(2)
DL TCDC v 7 R b U ARy Z Y 72KV EIE LTz, 5348 OFEE CHALIZ nm TH 5. ColPt %
@A B TR VT T T 4— At A Ay F 7 K0 EE Sum ‘
DF 4 AZRITINT L, T HUE % 55 Hall 20 RAHE)R A o+ Lo ]
TVERRIC AN T U7z, AGRSEEE 2 AV C GHZ 4500 5 R I s % %6 4 & [
5 &, IR W TRIIb O ESERNFRE SN D Z & a
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WLV RITE S, 7235, XMCD DORIEIL SPring-8 DB — AT A
BL39XU (2T L, Pt LaWilina Az, F72, X BRI HEE 0o ‘

734 300 nm FREE D A v RRIZ L7z, Fig. 112 =3 GHz ot * Hikoe) )
O rf g3 % FIINEE L 72 B> XMCD O de it Hae \ 262 2 b & 7R, Fig. 1 Pt-Ls edge XMCD signal of a single
Hoc=2.2kOe {3/ % fii/)s & 3 2 SR IE IS I E R 2 7« » 7 03B
SA, AHE OfER & b= L. IERFOT 1 v TIARITKIRIE D field measured under application rf fields
% ZEENC L B foldover ZVRIC K Db DO TH S, WIC, &EMERIS % (=3 GH2).
5 100 ns, #EMENZ D BN D RERIR 3 ns, # 0 I UJE % 208kHz @<
VAR E L, rf S OMNBALAIZX 32 X Uv A (iF 80ps) A
DOBBIERF At 2B SH D Z & T, BboRMELEME L. 72
B, XBMOBEFALEIZR Y bbb Tpm MUE L7z, Fig. 212
Hoc=2.2 3 £ O 2.3k0e DIGE DR ORI FAMEZ R~ WTiLh
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Co/Pt multilayer dot as a function of dc

Hge = 2.2kOe

MCD

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
H. Kano, T. Kato, D. Oshima, S. Takahashi, Y. Sonobe, S. Iwata
(Nagoya Univ., *Samsung R&D Institute Japan)

FC&HIZ

Fr N ETITKS A A 2S5 Z L CMnGa RO EZ L1gH» S AL ARICHZ L S+, s@gtEn
HIEREMEICER TEX D2 &, BLUORAIMICA AV BT 5 Z & CHRE M E2 2L S &I 72 &S
B— BB TEDLZ L2 WMELTE Y. SENEA A2 BN L v BEED & IR ER T 5RO
MnGa DR b% 7518 2 HE R 0 RS OE % Kerr 205 (TRMOKE) 12 X W SR 7-D THGT+ 5.

EE A&

~ 7 F hu Ay ZPFEIZE Y, SiN (40 nm) / MnGa (50 nm) / Cr (10 nm) / MgO(001)Z {E#L L 7=. MnGa &
I MngGagy & MnyGagy ¥ — 7~ N & [RREA Sy X925 2 & TER L2, REREIX2000C TH Y, ik
400°C, 30 min OEULHZ T 25 Z LT, LIgHANEEIT 72, A A EAEEIZL Y, 30keV IR L7- Kr'
A A% 0.5~2.0 x 10" jons/em® D#IPH THEST L7-. TRMOKE %/ /L A1 500 fsec D@/ 3T —7 7 A /83— L
—P—ZHWR - =T HERICEVEE L. 1R 1040 nm R 7 EH T EmdHE (520 nm) D
Ta—T7NEY TV EICENT D Z LT TRMOKE JIEZ1T-72. 7238, WIEFICHIIN L7 KBLGIT 14
kOe TH 5.

EBRBERBLUBE
MnGa & TRMOKE 15 5 (2 I3 BA b D5 2B Sk K 9~ 2 ISR AN B S vz, SMTRER % 8 ~ 14 kOe &
ZAL S HI-BEOMEIRB %2 Btk e /T sinwt T7 4 v T 4 795 2 & THEN o0& SRRt FINEE K
% RS > 72, oD FURTFEZ SR )OI TT7 4 v T 0 7 L, BEMWHAR H & g RBEE T L
7o, E£72, - oEMOBEE NS Gilbert ¥ ¥ T ER ok BAES o7z, RS o7 Hy, a®A A IR
FPE% Fig. 1 1R T. 8B, 22 Tgfludg=2.0~21L722o7. A 4 BERETO MnGa 135 5 PR H =
21kOe &£72Y, L1;-MnGa OBALEFR L D BAES o 72 B —H L T 5. X v 7 ERKaE, a=0.011
L7, ERDMBEICHANE T RERMEE ST, 44

LS LT MnGa THE, HK BT RIZ X 59 20 kOe f 20e—
EDfEL otz —F, XU B T EEIE05 x 107 <
ions/cm” O Rt Tar=0.06 FELE E THIINL, HIZA A % 10 i
HEEBMLTHIRE -EDOMEEeoTe. FxldA A Nl | MnGa (50 nm)/Cr (10 nm)/ MgO(001)
WA L 7= MnGa B BRRENE: O L1 & FEREMEOD AL FR7S3E N P S
FFLIMIE L o> TVD EEZXTEY, Z0 &) 223l i
MEDARE PRI LY, A A HEHED MnGa DX & 0.05 | ————=o .
VUEBBHEM LI E B Z TN D. o

AMF5E1E Samsung Global MRAM Innovation Program @
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2%E (IR . 13 ; 2
30 keV Kr™ ion dose (x 10'2 ions / cm®)
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.
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Change in Magnetization Dynamics of Fe; Co, Thin films with Co Concentrations
Yasushi Endo, Shinya Oono, Takamichi Miyazaki, Yutaka Shimada (Tohoku Univ.)

[ZC®HIZ WHEREICR T 28O BERBERIGE By AT I 7 R) 3O ZEETDZ & b7 5 Bk sEE %
L, BKWMEND A a7 AT NA A S E CIBAWGBFIZB WD TERAICIFE SN TS, ZOby 17
AHRBRTDH LT, TOXUEVTER (o) BEERRTA—ZOOEDTHD. LLERD, a OWEIZONTIE
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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FIG.1. Change in 4nM; and H, of 10-nm thick Fe,Co, thin FIG.2. Dependence of a and effective magnetic energy of 10-nm
film with Co concentration (x). thick Fe;,Coy thin film as a function of Co concentration (x).
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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.
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Enhancement of magnetic relaxation in nano grain/continuous magnetic structure
Yasuhiro Futakawa!, Hiroki Yoshikawa!, Arata Tsukamoto?
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BT
IR CRA AL S Dok 22E B & 1 5 B LRI, A8 THF S M2 ATRe e KGiek 2 A7~ 2 B8l g ©
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
e, RURFIRBMLEE 21T MESRL L 72 FeCuPt F / N7 Hs
PR - B2, AL w7 % ha o A8y ZiE%
T GdFeCo R& 5 A Bl L 72 SiN(60nm) /
GdFeCo(20nm) / FeCuPt F~ ./ AINSZ RGP 1~ / SiOx / Si
sub. & 7. BBHI R L, RUBHEENR R 15T 2 v
THB 2o b2 H1E, BREGTHEOFMAIT - 7. -30

o e -10000 -5000 0 5000 10000
F 7, KT Kerr 2% VT, Fe Ju3 OfLIRAE o
Magnetic field (Oe)

DPEEAT ST Fig.1 Magnetic hysteresis loop measured by
EEHRER MOKE

Fig.1 |2 + 1T ORGEI AR OO F A it 2 |
Fig.2 |\ B E ), WEimEAKESF M~ + 7T OS5 %
FIA] L 7= BRome b iR 273 Fig.l X0, BEEREICE
WTHATEDO BWTEBEBXEFEE A3 2523, FeCuPt
THIZEAT D Z L CHNBERIREICE DS Z &R
453035, Fig2 XV, FeCuPt Tfmﬂﬁﬁ“éﬂ% IRT D
B o 1 K OVt AL RFPE O P o & . AT LD By
[ NREALIRE & 72 5 TN D 2 & D3RR ézmto GdFeCo , , , ,
HE I B W TRV &R &I 35 ) T 2200 -100 0 100 200

b, ZDLH fiﬁ?\]ﬁiﬂlﬁ%ﬁbiﬁ%%nfﬁ SAC RN ey Magnetic field (Oe)

SREERED 10%EEICH L ST T ki +8E & Fig.2 Magnetic hysteresis loop measured
DREERAIC L O RRIEA 2 5 2 L NAETH D by VSM

i;ﬂ%r LCWa, HHIE, BRI N THHET 5,

ABFFED —FBIT AL 25~29 4F FE SCEIRFFAE FANL R SIS O AR T A% 97 3(S1311020), AL 26~30 % X*K*Jr%‘é‘ﬂ?ﬁ%
ig%iﬁf%ﬁ?ﬁfﬁﬁﬁﬁ%(ﬁﬁ%ﬁﬁ@?%%@h7‘/ AV UEEBVE, WA L — DR O BRI K VT o 7.
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YRR A D GdFeCo & [#iH: 3d Bk 4 B A1

#H )KL, Souliman ElI Moussaoui 2, <5 N2 1, HEHE L, HARH 2
(tH Zﬁﬁ%ﬁ%ﬁmfii%ﬁ B, 2H ﬁk%ﬁﬁi”‘jﬁ)
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 5t 7 = A NP OBE VA E 7 = U BEEERI 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 & 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
LY RS2 Z LIC kD BBICTHILEEEZFE LB
RS X % R e BRI EE D BE RO F BRI TBIER T 5

EBRAER: Fig.1 (2 EFREEH — ULV 26 2 250 R ) 1
G LIER S B B YA X (M mifd) & 4 B 658 E 45

100pum

Total Irradiated Power [mW]
[

(MERN I RT, WT OB TEH A0S R X VA X% 8 8
WURDEIREE I — T xtii LU, BE#EJE 23 GdFeCo, AlTi, Cu @ R I
B S din e L X — 5 R 2NN S < 72 D, B O Rk 06 © ?
FTCTHY 3dEBEETRTHD Fe DETHEL 5 mI/ mol 0s

K Co 1% 4.7, Al (% 1.35, Ti (X 3.5, Cu £ 0.688 T& % ¥, AOS
\//Af \\1/¢_ \\DD:E f < S‘ .

A ﬁ&@ﬁfia tﬁhéfﬁ“%\f%é? ' Fig. 1 The layer dependence of created

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,

kit 5. BB NS WA R CU) TR A X \Waglc  AleoTiw, Cu} (5 nm)/ SiN (5 nm) / glass sub.

H RIS 5 DICHRT 5 ERAK AV S0, Thabb, BHILRIC S L ONETRLE—1K

L RDHZLITR D, LLEXY | ACSIZ LV & REN TEFHAICHET 2872V 7 ps & ) R O

RIZK D= FNF =530 - HORD IR S LTz,
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