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MO Kerr effect sensing system for simultaneous detection of local magnetization components
along perpendicular/ in-plane to the film plane
Y. Odagiri, E. Yanagisawa, S. Meguro, S. Saito* (Neoark Corporation, **Tohoku University)

[FCOHIZ M /Ry b XU, BAER 2R O 51T D MRAMY oA ha =7 AFE 11T
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72bh | BIRE—ROZEMBIOab—L v —OK T %4 FEB 3 53 E R FHR e b NI & OIS L5
T R - TR T D HEE AR G TS O W TRENL L CE 28, N/ E ALK 0 & o BT DRl BT ic o
VEEWRLA TR o 7o, RGBT, BB L o X2 T Kerr 25344 H o 22
s o R L SR B AL L2 N L2 3B A O RS A SRR 22 B HE 1
e —Zh Rk — S FNEE T DI EEF AL RN O D% 4 BEL TR AT AE2 £
LB ARG E (uW—MOKE, ui—SMOKE) ZBRZEL7=D T#E 45,

BIERE  Fig. 1 IZAERFLIZRDEAS TR ORL o X EFEE Y O St dih DR
W& X% 7~ d, [Rl— A CIE - ¥ i F bl —V a2 AR S 256 IS IR
H AR E T 72— EBAC SRR T8 5 IELFE S5, L
TR CINLDOEFEMENRFE LI T 2281280, mE S ABIOMEN S50 Fig. 1 Scematics of
SRR 6 IR > 5 R FTRE L7 12, e oation - direction
EEBRER Fig. 2 [IAFETEHHILE GdFeCo MIEORIABRE A =T, TE

WAL R R 3 D5 T RS TV D — 7 Tl N LA D1 B3 S TRb 7, KRB BRI T
HHZEN DD, FeTaN #EO KB CIX (Fig. 3) HmWBALETEK T H(E 5O A3 M S TERY,
ZORENH N LIETH D LD 0D, ZNHITHIL Fig. 4 (253 FeCoTaZr M CIL, mPEE LAy DOMLIZ
FEEACA DR SIUTEY  AFUEHCIIANERE I AT D2 D H B 5 B T NSRBI Z &N RS,

B AUIEO EBITFRL 26 FEEAIES DO  pE 3 - Y —E Rl B &2 2T CHEfis T,
Z& 3R 1) T. Nagai et al., IEEE Trans. Magn., 39, (2003). 2) S. Meguro et al., Ann. Conf. Magn. Soc. Jpn., 7aF-10 (2010).
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AER AR ) R O 15 oy R REA KA S 7] U 7o R TP AL B
(& 2 RIS FeCoSiB SR FEAR'E V) 7 MiMERE D BA%E
FRA&H], K. Srinivasa Rao, {LJIDTAK, FHAMHE, 7EHEE
(FK K2
Development of high-sensitive amorphous FeCoSiB soft magnetic tip by magnetic field annealing
for high resolution alternating magnetic force microscopy
Y. Akaishi, K. Srinivasa Rao, G. Egawa, S. Yoshimura, H. Saito
(Akita Univ.)

[FLHIC i, MK DBEMSIICE O CITE % E MR GLaR IR O R IZ X 0 ZZRafEeD m B3 < K
HDOHNTWD., Bx T e EICA % & 7o 23R R I CORIGRN A ATREZ, REBR S BEME
(Alternating Magnetic Force Microscope; A-MFM) % BHJE L, BEAE, Bif7e Y 7 MEKFHE & @it 24
9% FeCoSiB A FE Y 7 MR O LHULEZ K B = & T, MEMEKGEHEA O BXB LIV T, 5nm LA
TONRRENRE L THELND Z EE2HE LD, = 2 CHESFOESULITIE, 5e8i7e SiiESHIM #[alis X &
RING, ANy B Y TER AV CTREMENR 2 GREFOARIE T M BRI 2 2 & AR T - 72. — 5, FeCoSiB
RFMEGEIL Co RIFMETE L ERY, MELHMTHEIZIV ErITTERVDOT, V7 MEKRFHER -
OEENSERY BUHENA EEZ DD, B ORIGEIINC X 0 758K R T YEO A 528 AT 6E
THDHDOT, BEHIIROBALIREEZ HIiH T X 2 R[EEMEN H D . AWFIETIL, FeCoSiB SRIEME &4 IZ O
TSP 21TV, B BVLEE O R A A-MFM BLZ21C L 0 it Lo R 2 s 5.

Bk FeCoSiBIEFE Y 7 MRS &, LA T 2 v NIIROD SiEEHT Z —4 » MK DS FessCo24Sii0Bio
DWW A FE 2 OFREE TRy Z Y o ZiEZ TR L 72 %12, B hEVLEE 2 i U CfER L 7. Bast
JEFEIE 150~250 CO#PHTEL SET-. BTt O v 2 v NRIREROEF HIm (BRE & RS ) Bk
Wy b L7z EICBAEICEE S BISRHS) ICHML, ZORKEIX 2k0e TH S, A-MFM (XD ERE
BT a— 7RSI (L-Tracell, HYNA T 7 A = 28T, /WIT7 =254 haT (RSN, PLL (&
WHIEHE) , vy 7 A T T RN THERR LTz, BIZEEEHTIX CoCrPt-SiO, TEE MK GEek A 2 V), B
SFEUBHE IEEE A 2~3 nm (2 U CEFRBMRBIZR 21T - 7o, REHCHIN U 72 A2 Fiids o A 3 89 Hz & L, 1RIE
1% 50~200 Oe DO#HiPH T STz,

R W EVLEE A L7 FeCoSiB FEANE YRS % H\ T
500 kfci DREKFLERE v b & A-MFM Bl28 L7-. = Z TR
FREVIVER ST, FUINRGSS 2 kOe, FRFFIREE 200°C, {RFEFIFR
2h THD. Fig] I[THEMEREEN 15, 25, 30 nm, kG IRIE
73 50,200 Oe D & X DEil G2 —FlE L TRT. ZhvE
THRIEL7Z Y 7 MRS (B eBE o —~ a1 HEFS
CoZrNb RIEELEREE) TILBEMENRE LA FifETs D EE I £
UME T IREE SN D D% LT, W m Al L7z FeCoSiB
FEARE RS CIIREMEBE N N3 5 L Fask ey b AN A
(2720 FHARE N LD Z Enbns. KTbEHI
JEPE D3 EOEPERRIE 15nm Ti, K@U R 25 X 51250 Oe
BOWTHitskt y MBI TETRY, BESICET D ik

G CE D 2 LN D. ZHLOEFHDFEKRE LT, S=F =

TREAE TR B 510 St 0D TG JBE D TG ALK B 73 e 35 H AL PR RO R4 22 20 Fig. 1 A-MFM images measured by magnetic
B AFERMIAFEOEETCEH L TWAEAI L EE L field annealed FeCoSiB tips with magnetic film
TVD. HECH, EMAREN EOTIEZED DI, 0000wty e !
S DITHEMEREIE O /N S 7o & 5 T, BES BV S8

e RS D IRE & 3 fRRB I R IE T B O EZ ®mET 5 &

E BT, REEMEREE CRHAERE 23 m | L RK A2 B 523 5.

BEIHER 1) K S. Rao fth, %539 [0 0 ARG AT EMESE, spD-3 (2015).
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Development of magnetic imaging for fractured surface of permanent magnets
by alternating magnetic force microscopy with superparamagnetic tip
Y. Cao, G. Egawa, S. Yoshimura, H. Saito
(Akita Univ.)

[FLHIC BIfE, BXBIEITE AW HRTOV DB BMEIOBIZ A5 Th DB EHZ DWW TIE, ek
DRIV BEMEEIEOMIS, T4, S 7 BN CH DK ABEAIZIBN T, HBEEE 2 i & 371 RLFY TR
ST (ETE) TOBKBIENRDLNTWD. ZOERL LT, fIEMAOBKBIEIZBNT, #
WA U 72T CUX, P ORE SRR & Hele U TR R 3 53\ M5 TRt 2 5 ookt LT, il CIamedb fUiis
MV TR E FAEOR TR Z 5 2 &3, S V7o BB XA MCD BEMETO@Ig ) 2 L v ik s
NTWDLZ LD D, AFERTIE, KARA OMMIEEORE MO R E 2N T DHIXBIE %2, WX
NBMBEIC LD EBT L2 HME LT, ax BT ZED TV D BEBAIEIREF 2 I 7o 8 1<) B
#i (Alternating Magnetic Force Microscopy; A-MFM) % FWC, 7 =7 A M O O BlEL 21T - 725 R
EWETD.
AL A-MFM |3 bR & B 7= REMEZESH R L T,
RVRESEIINT & 0 BEEHEAL 2 IR 2 bS5 2 & T
T D BREFRUBHH D 28BS 8 FE S 2 BREHIRE) O JA]
WBEMBG R LT, REHRENE 75 & B BREE %I
0y 7 A R L CRED S OEEGS A2 FHI 5.
A-MFM TTHEFEBEMERE 2 2 2 LT, FHUBS 5 %
AR ihsg S OFEVINIT A —E S - B OFHI 217 5 Z
EMTE D, A TIE A-MFM % TR D 7 v — 7 B

(HSEM7IHzy A8, Ltrace IT) OB R T — 2D FIZAI
A 2R E LR L, il 2 slBt A 7 — VIc |
FINZEHMLT, B EOBHBEMEDE (Gd0s-FeCo %% H o3
1E) Zhli L, St 7 =7 A NEGYEBERNA (R dbhies
) lum, 1R : 59 3.0 kOe) ORI % KA TP & <8l Fig.1 (a) topographic image, (b)

527 perpendicular magnetic field image, (c) polarity
e image of magnetic field for fractured surface of

#BR  Fig | ([CHBRIRRED ¢ 1 (B 71725 E IS TRE) Of sintered Sr ferrite magnet. (d) and (e) are the
W | 35\ TR R REMELESH 2 VN2 A-MFM IZ X W #8122 L line profile of (b) and (c), respectively.

7o, (a)REIRE, FHARES 5 1M 25 HK I T2 B 7] 0O (b) T

BRI XL O DI4/7 n77AV(d)], ()it X O D747 n7740(e)) &~ . K OMIMIEA) 1.5 pm
Th Y, W OBKI)BMEE CIIHX OB CTdH - 724, A-MFM CTIEEKE OFESRLO TR & KB L7
B 7o G XA 3 TR ELREG CBLEE S 4L, BRI CIIERLS O b &/ T & (REmROmM:) 238
BRI CTE D, T HDIs7 nI MDD K 9512, BEEMYSGORENE 2272 5 BERIGO LR &/ TR &
DESFT, (LFES 180°Z{k L TH Y, KREMMARZIVDIZHE1ND LT, MRMEENHERICBIZE TE 52
LD, TR TREIXBIZED TE 501X, BEBMREE DG OFHT M Th 2 HEEOE T b OEE
W% BT TWAHIO LR IND. T, B2 6 0BG OFEMICIN 2 T, EtoRi L
IS Ak C PR A 2 &P CRAET 2 AZFMR N AR LTz, BB S OZWRHS DA A —2 7
FERICOVWTH|MET 5. HEREHI A L& RBEDSE O TRt W72 & E Lz,

SHE Lk 1) PR, R ERL, AR, 5 39 [ B AR NGRS 10pA-1, 2015.
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Development of MO imaging plate for colour imaging.
Y. Nagakubo, Q. Liu, G. Lou, and T. Ishibashi
(Nagaoka Univ. of Tech.)

1. liUU)(:

[RMNFA AT T T — b2 O TR FA A=V 7L, BN Ai%E ) 7V 2 A LTt bl ke
f;@mmﬁz A A= THEMRTHD. L, BEOMITEOmENSmE L TEHIlENS 20, Wi R
T TSSO FNBLREDOREIZMDL I EIIRETH 2. T TARMETIE, BEHHEH T —T
ARV T THIEIIZEY, I X > TGO 28T 2 il 2 B Lz, RIERTIE, SRE Bi @&t
Wtk T —% v b AWTEBERIEHEA A —V 0 77— b ORI OFHE & BRI EHEA A —2 2 7 O/
DA T7—FRBLOZFOERIIOWTHET S.

2. EEBRAE 4

Bi E#: Nd RN — % v ML, A48 0 f#EMOD 35}
EYyeMOCTER L., #I72EKR BT FHELE LT 5 3p |64
Nd,BiiFe;Ga,O; (IF:90 nm) &/FH L, 20 LIZ NdBiFes0,, 2 29[ | 600

(FRJ:470 nm) ORI L7 2. NdBi,FesO,, HRIX ~ 2T (7o
THUE & RIS, B BB E Th 5 ER D R Lifle & O
A HERK (600-700°C, 3 hour) % 4T 5 7 1 & 2 % 3 [l 0 3% L 7. é:
RIS, RS UCERMEMR L T —x > MED BICHER S & o . . ) . .
oo BT—A A=V TIE, SW OHE/SY—LED &Rkt 400 450 \5/8:ve|::§m [::1‘; 650 700
TR LOB T (BRHEH:S342-D-550) # M\ iz, £7z, B o , .
" . o L am Fig. 1 Figure of merit of MO imaging plates
HFaBmil LIz D A~T bV ENEF KA (Ocean using NdBiFeO films annealed at 600-700°C.
Optics:USB2000+) Z W THllE L7z,
3. WBRLBER

Fig. 1 ICARBERIEE D72 2B OMREFR K Q = 0, -
T [deg.] #REICxLTFry L7V 7 7% Fig. 1 IR
T T, OlIEEE ST 2% o —aldin s, TIXER
RTHDH. REERIBEDN 640~660°CDHAIZ 600 nm {1UT
TEWVEREENE O N, BRA A=V T L —h e
F€ LED YRZ AW, HRD 7 = 7 4 MA O340
ZEH L7255 % Fig2 1077, & 6o Ui & Ao Btk
EARIE L TEWEA T —/3—(Fig. 2) & O I X 0 50
REESHLHATEDLZ EBDND,

-1 0 [kOe]
2PN L | [ B
1) BIFS, 4539 [ A ARG SRS, 08pB-2 Fig. 2 An MO i image Qfa ferrite magnet and colour

bar indicating magnetic field.
2) G.Louetal,J. Appl. Phys., 117, 17A749 (2015).
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XMCD micro-spectroscopy of a permanent magnet using a scanning transmission X-ray microscope
1’2’3, Al Hashimotoz, Yasuo Takeichiz, and Kanta Ono**
('NIMS, *KEK, *ESICMM)

Tetsuro Ueno

[FC®HIZ

KAREFR MBI OB, EBREIICB VTR E— A v MR HEA 4 v oflifZs EOEFIREOFBHRIZE
BECThHHEEZLND, LU, KABAMEHE NdFe B B D X D ICFEMAMEE LIS MIAT
bHZ L, Flm SmFepN; DX ITHERELEONINE WS ZERnH D, TO7DHEEESREE A
T RGBT IRIERHI EBRN RNEE T 5, AU TIL, BRI TiEIC X 2 B ekl ofi & | Sk Lok
FHE X B E W TRA 2 XA RVRSAIE ATRE7R 3 E T h 2 B AE R X MBS (STXM) % #i2
HhE T, ERKARAMEIOEIREFMZ1T - 72,

EER A&

FEHIIZTHIR D 1-5 20~ U 7 Ao )0 Mgf & v T2, (BT SmgsProsGdyCos T&H - 72, 1000°C T
EERE LTk, WURA A2 B — SN TR EIC L 2 B0 TI2 X » THSREFEIZ 80 H L7-, XMCD S5
SRR R = L X — N AR JE RS - O YR AR SE R (PF) BL-13A (2% E S 7o A ALE W X ARBEIK
H5(STXM) [1]1% WV TTF 572, Sm. Pr. Gd % Mys WL, Co Loy WILHIZH N T X T R L F—% 2%
YL E STXM B EZES L, XMRRILART FLEB KO XMCD A7 Rl a1z,

EERFER

Fig. 1 \ZHRYE X # % AT Co Ly WU CHIE L7= STXM
Bard, RKBRBEXR a2 R T2 M LTEHNLD Z ERb2»
Do

Fig.2 IZ STXM D X R F /L F— 2 X ¥ IV REL -
Sm Mys XAS KON XMCD A7 V&R, 4 XAS A7 b
Vo (ued p) X STXM g CHfim & 12k L TnWbdb B L TO
REA T RN —mICHERT 52 L TH, ZNH0ESND
XMCD A7 bV (pi-p) #1572, XMCD A~ M UIZEESOL
FRAFHI A A L CHUERRE— AV b L & AE VKT — A
Y SOlERDIZEZALS~2 LD, 7 FMHIDBENN
% 34H Sm A A2 S’ OWIE « A LS =2 EIRIE—FHT
DT EDBbNroT,

P PEN

Optical density

[17Y. Takeichi et al.: Rev. Sci. Instrum., 87, 013704 (2016).
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Fig. 2. Sm M,s XAS (p+ and p.) and
XMCD (p+-p.) spectra.
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Surface segregation of Pt in L1y-FePt nano-grains
H. Sepehri-Amin', H. Iwama®, T. Shima®, and K. Hono'
"National Institute for Materials Science, Tsukuba 305-0047, Japan
F aculty of Engineering, Tohoku Gakuin University, Tagajo 985-8537, Japan

Heat assisted magnetic recording (HAMR) is the most promising candidate for the next
generation high-density hard disk drives (HDDs). To increase the areal density to higher than 2 Tbit/in?,
L1o-FePt granular media with a grain size of 4-6 nm is needed. However, the reduction of FePt grain
size results in the reduction of the degree of L1y order [1], which causes the distribution of K, in the
FePt-C granular media with 4-6 nm grain size. This has been attributed to the existence of surface
segregation of Pt, which deviates the stoichiometry composition of core region of L1o-FePt grains [2,3].
A question raises here whether or not the chemical compositions of films can influence the surface
segregation of L1y-FePt grains. In this work, we have studied the influence of Fe concentration of
L1,-FePt grains to the surface segregation and the degree of L1, order.

FePt films with thickness of 8 nm was DC magnetron sputtered on single-crystalline MgO (001)
substrate at the substrate temperature of 725°C. The input power for Pt target was kept constant at 16 W
while the input powder of Fe target was varied from 30 W to 32 W to fabricate samples with Fe-lean,
stoichiometric, and Fe-rich compositions. The magnetic properties of the samples were measured using
a SQUID-VSM and the microstructures were characterized using an aberration corrected TEM (Titan
G2 80-200)).

The Fe-lean sample showed a coercivity
of 5.9 T while the Fe-rich sample showed
slightly lower coercivity of 5.6 T. Figure 1 (a)
and (b) show high resolution STEM-HAADF
images obtained from the L1o-FePt grains of the

Fe-lean Fe-rich

films with Fe-lean and Fe-rich compositions. In
the STEM-HAADF images, the atomic columns
with a brighter contrast correspond to Pt rich
columns. Figure 1 (c¢) and (d) show STEM-EDS
maps of Fe (green) and Pt (red) obtained from

1nm

|
o fpous

0.0 0‘5 10 1.5 ZTO 2'5 0.0 05 1.0 15 20 25 30 35
Distance (nm) Distance (nm)

Fig. 1. (a) and (b) STEM-HAADF image, (c) and (d)
. STEM-EDS maps of Fe (green) and Pt (red), (e) and (f)
Pt to the surface region is to reduce the surface EDS line profile calculated from selected lines shown in
energy of the grains. How to suppress the (c) and (d) obtained from the L1,-FePt grains with Fe-lean
and Fe-rich comp

the surface of FePt grains for the Fe-rich and o)

Fe-lean samples. The composition profiles f

[

obtained from line scans from the surface to the .

center of the grains are shown in Fig. 1 (e) and
(f). STEM-EDS results show that Pt atoms
enriches at the surface of L1,-FePt grains which

Composition (at. %)
8 ] 3 38
Composition (at. %)
8 & 3 38

is due to surface segregation of Pt regardless of
the composition of the film. The segregation of

surface segregation of Pt will be addressed.
[17Y. K. Takahashi et al. J. Appl. Phys. 95 (2004) 2690.
[2] B. Yang et al. Scripta Mater. 53 (2005) 417. [3] T. Seki et al. Appl. Phys. Letters 82 (2003) 2461.
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F R T B~ DO EBE Llo-FePt IISL RGO 1 BEZ K
\ZBTF D T U IR R A
LY, PREEY, BARD
HARZREGEE TZRER D, AARR S T 2
Silica particle diameter deviation dependency of high density
isolated L1o-FePt grains on nano structured under layer

Tetsuya Makino?, Toshimitsu Hiraga, Arata Tsukamoto?
Graduate School of Science and Technology Nihon Univ.V, College of Science and Technology, Nihon Univ.?)

1. [FEBHIZ
= B FE R G R A~ OIS 208 U, Fox 13BERL Si JEM B~ L 7= Pt/ Fe I~ R AP IR
BULERC X HH0NE L1o-FePt 7/ WaMEMoh FRED TR VA E L T\ 5. E7z, FePt R FEUEE DM -, ¥y
R DPRA D JiEE LT Y IR1-(CESRIEA) 18 nm)d B CAEREBI S 2RI U/ERLL 7= /7 W™ AR
(Self-Assembled Silica Particle: SASP) % I\ % FiE AZ R L T 5. B mEELZ BN E L, KELFEE
BN L0 VERL S U7 SERRIARA 10 nm D BAL) 2 U TR0 B 72 B SASP FEARCRI I 3\ TR Sy ik A A
L 7= A5 5 2.4 nm & BEIAO R & < FePt K 1T AGHEFE ~ D BN A Sz, AW ik SASP i1 D AR ¥ —
PEICIER Ly U MRS BZ B MENIZE Z UL LTz FePthi +-REDFHE 2> & > U B kiR S0 H 5 2 HiEt L.
2. ;ﬁw@ Fet FEPI‘H)!HJ Sub. Fet FcPT(HI) Fet Fc?t (002)
SASP HARITKIAE 10 nm > U R (KIER 5y BR 2.4 nm)D 7= ‘ ‘
EM(1)E, U BRIBRSBIC L DT 552 BFT 5 72 DR 10 nm >~
U BZRiPE 4.5 nm o U IR ARG (E & 101, FERA S H0 4.1
nm)SE7ZER(N)ET v 7 a—MECIVERLE chbo
SASP JEM E~DC~ 7R hr ARy Z U U 7EIZ R Y, Pts(0.83

Intensity [a.u.]

nm) / Fess(1.05 nm) /sub. |2 CHAEE L 72, S ORI L, SRE o w
49 20 “Clsec, FEEFIFEIRE 600 ‘COBMLILZ T\, Z DRy e

NI X BEHMAINEITo 7=, VR L 7= FePt R T OIBINEIZ 1o B A A Fig.1 XRD profiles for FePt grains
W% %5 (Scanning Electron Microscope: SEM), i it i AT 12 X #j with (1), (I1). and Flat SIO«

1500

[B]$7%E # (X-Ray Diffraction: XRD), &R EREAM B8 &1 TR o | (D 19k0e
U F(Superconducting Quantum Interference Device Vibrating w0 " mko;ﬁ . ‘
Sample Magnetometer: SQUID VSM) % fiv 7=, Hpk(1), (), W o f*"’éﬁ;—?r'-
HEARAL Si Fob 90 FePthi #2357 5 XRD 7' 7 7 A /L % Fig.1 500 mm;ﬂ&mma "

V2, M S T OB LR R X OMREE I (He) % Fig.2 12, ki 150

Magnetic moment [emuw/cc]

Jleyesteasisersetreres ettt
-1000

=-Flat SiQ,» : 42 kOe

&F(NP)’ IIzi‘/}j*iz‘?%(Da)’ *ﬁ?%,fﬁ%(StD)% Table 1 L:’ ZT—\‘—g* Flg 1 J: D ( I ) 71500—8() -60  -40 -20 0 20 40 60 80

DI 24 AHED LlokiE RO v — 7 285 L, Fig2 K v, (1), )  Magnetc Field [kOc] _
NI . e Fig.2 Magnetization curves FePt grains

(I ILIZPRIE 123 20 k0e TH H 7=, =& L CRmrBEIFEEZHT 5 with (T), (IT), and Flat SiOx,

FePt ki FRED TR 2 TR L7-. Table 1 £ v #\iefl Si kI % LT measured by SQUID VSM

SASP HEHI(1), (1) E T4 Nl |, Dab & HR L, ()i at room-temperature.

TN Ay N S Aol N E N — Table 1 Average FePt grain diameter (Da),

R L ) RSO DI (1) TR Np [A].E, Dol &Rt L7z, & areal density of grains (Np),

T, SASP EMRIZHWW D > U R FR AR #3252 & TRkl 1 standard deviation of Da (StD)

HUE 7D B S O LLo-FePt BEMERORL 7 BED A I T X 2. on (1), (1), and Flat SiOx.

3, Bt T N, (T bpsi) | D, (nm) | StD (nm)

RGO IR A b L — DRFIRHEER R O SO R Rk )

SIS ORI S AR Tk S 2 1 36(S1311020) D BRI X W 4T 7= (1) | O : :

5 E TR Flat Si0» |  0.22 18.4 3.0

1 Y. Itoh, T. Aoyagi, A. Tsukamoto, K. Nakagawa, A. Itoh and T. Katayama: Jpn. J. Appl. Phys. 43, 12, 8040 (2004)
2 A. Itoh, A. Tsukamoto, J. Magn. Soc. Jpn., 33, 507 (2009)
3 M. Imazato, A. Ogasawara, A. Tsukamoto, “Book of Abstract -20" ICM.”, p. 1493(2015)
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7 7 INE S FeCuPt Btk FIE R IZ 31T % Si ZaAk D INEVE 5-

HR IR Y, BAH 2
AARKRFZRFHEE TR D, AR T 2
The role of heating of Si substrate in rapid fabrication FeCuPt nano grains by lamp annealing
Masahiro Tanaka® ,Arata Tsukamoto?
Graduate School of Science and Technology Nihon University, Japan®
College of Science and Technology, Nihon University, Japan?
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Cooling Process :RTA) D # 2 K BT/ Bk 1 DIBRKIC - 5 L T & 7= V2. YIHFE B O (1~4nm)
2LV, PRI FEIXFTRETH 22V TR & RTA S ORBENR K E S ET 2 Z ERETH o 7. ki1
BICHF G T DB L L CeRERA & O MEE X OBER(L Si FERO R L 2B RN E 2 5D,
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Si FEMRICRT L, B O 7 428 2 T FeCuPt KL FREZAIC IS 1T D RTA 7 m & AKAFMEDIRET 21T o 7.
ERGE

DC~ 7% bva v A3y ZE% AWT, 14 mll )7 OEERAL Si Fk
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12 Cu(0.41nm) , Fe(0.67nm), Pt0.87 nm)DNECHiltE% T »7-. (@) Mﬂmmwr(bﬁﬁfﬁaﬁjf
BT ¢ VA= THEN LB S Y T TS LD, 500CEL SiOx Sisub.
1% T 120°Csec |2 THIR L, H%EFEAC TAEKAEZIT- Sisub. SiOx

To. BE OB AT Si EAIT U, MR Z 1T, =4 Metal layer
Fig. 1 {29 X 9 1) E AN RTA, (b)) E 2> S RTA % it W Thermocouple
L72[BA%, S:f(a),(b) & 5] 1ESLL 7= FeCuPt fihi - DBIZRICIX Fig..1 RTA conditions.

A=A 7R EE - W 8% (Scanning Electron Microscope : SEM) % FV 7=, &
AR AT 12 X R [A]1 4724 (X-Ray diffraction : XRD) % 7=,
R

Fig. 2(a)~(b-1,2){C TRk L 7=k 7- 0 % 1 SEM %273, W ih
DEILIRGAEIZ I T b FeCuPt ok -HED TR A RS L 7= [Fig. 2
(@), (b-1)]. Zeft:(b) 00 FEMCIEHER & V) K9 2 nmODBEI TRI T- 204 L
T2 REAR B RS L7=[Fig. 2 (b-2)]. Table 112 SEM % X 05574
B RATE S 381 2 TERCRL - 0D SRR (Da), TR 2505 FE(N,),
KIS EU(SD) &~ d . (), (0) DFEMUIZTIB N TS, FHIRIE 20nm LA o
FOMNL LT/ okt FREDI 4 HERS L. Fig. 31 XRD 77 Table 1 Average grain diameter(D,)
7 A AR, WTROBLIEICH T b L FePt(Lll) E— 7 25 Sandard deviation of diameter(S,D),areal
B S, FEORE L D Si RO IR £ 2 BT s density of grains(N,) for isolated FeCuPt

Fig..2 SEM planer view of FeCuPt
grains on SiOx/Si substrate.

7% () MEAZAEC b (a) 4 & AR 7o 7-BE OIS & ORI o ,
BRESTETHS 2 & ARL TS, £, FHEF O TR Da | S0\ MefT particle
BIE X 0 @, OHEEREOMET 0T 7 A L Tlhole, NSy _ (nm)|(nm)| _/inch’)
7 2 7 W O BULERIZ 50 C, AR FIR (1.88 nm (Condition (a) 119524 | 0.38

) T, Si EHRO NI B BN FANEER Tdh 5 = b % (Condition (b) [13.1] 1.9 0.66

Eﬁ E) n & I_/7L: u:‘,i H 6;*4%)%'5%}?%235% LT ﬁ*%@igﬁ 7&???/3 f:%% NLlO—FePI!OOl) L10-FePt(111)  |L10-FePt{001)

D HAT .

HEE
ARBFFED—EILIF A b L — DHFFEHEERAR O BRI L OS2 \\\J

Intensity[a.u.]

FhFA FUNE R FHWS FF 7 HAR S 3 (S1311020) DBHARIC L YD F v

To12bDTHS. {a)

i%jcﬁ ) P bdens,

1) Y. Itoh, T. Aoyagi, A. Tsukamoto, K. Nakagawa, A. Itoh and T. Katayama: A
Jpn. J. Appl. Phys., 43, 8040-8043 (2004). 20 25 30 35 J0rdeg 0 a5 50 55

2) J. Tsukioka, T. Ubana, A. Tsukamoto, and A. ltoh: J. Magn. Soc. Jpn., 38, Fig..3 XRD Profile for isolated FeCuPt
143-146 (2014). grains with condition (a) and (b).
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BRI IR L= FePt B RIS I KT % v v T O S

HARRER Y - A SRR L KT P TRIERS T - MBSO R D - FRgE(E R
ek, PTERER, PHUREEKR, ILIEK)
Influence of Cap-Layer on the Structure of FePt Alloy Thin Films Formed on Single-Crystal Substrates
Masahiro Nakamura®, Ryoma Ochiai®, Mitsuru Ohtake?, Masaaki Futamoto®,
Fumiyoshi Kirino®, and Nobuyuki Inaba*
(*Chuo Univ., 2Kogakuin Univ., *Tokyo Univ. Arts, “Yamagata Univ.)

[ELOHIZ L1, iAo FePt HAIG41T 6.6x107 wi/o cap-layer w/ cap-layer

erg/cm3 D K, B, = OB IR SR Out-of-plane In-planeAA Out-of-plane In-plage
< MRAM 72 PSR THIES LTV, - 8§88 g 88 ¢ gl g
WU IR LA ST 5 ¢ A B e | € gEs S 5% 87 &
T 5 RER DS, FPURE D REathriete (& ZJEBllg F[J8 ]
FFO(001) bl & DI T AIEAIZ LV AT DN | |E g s oo
BOBREHEZMAT S Z ENENTHL EEL E g M. Sg¢ N
HERTS . CRET, Foxld MgOQO)IERE € S gag o |£§
DT RERIC L DIEINTNZ, MO ¥ » 7TE% > ) 8 =)
AL CRE CRAET DIEN A BB SET FePt 1 2 Ao/ | 1) i\l
OFEREARIEZ RS TE 2 I, AL, KT S| g &

RO T 72 HATHIRO HAS A AT FePt i JF s £

B L, MgO ¥ v @O AN L1-FePt ARG 5 7

pafc & BRI TS A T /\CD 2 ;

EEBRAE BIEARICIE, BEEZERF v/ hoy 20730 40 50 20 30 40 50 20 30 40 50 20 30 40 50
A8y B v TEERE . HRE LT, MgO, 20 (deg)) 20y (deg) 20 (deg)) 20y (deg)

. NV . N Fig. 1 (a-1)-(f-1) Out-of-plane and (a-2)—(f-2) in-plane XRD
MgAIL0,, SrTiO;(001) v dn & 72 SRR patterns of FePt films (a)—(c) without and (d)-(f) with MgO

200°C "¢ 10nm EO‘D\EEH H%%t%%;éﬁ’ AR cap-layers deposited on [(a), (d)] MgO, [(b), ()] MgAl,O,, and [(c),
(A1) @ FePtOOL)HURSAIRATZRL LIZ. ZDEE, (] SrTiO, substrates.
BHMIEA1T6T D AL-FePt001) D RIEATE, Eh

TI, -98%, 55%, -20%& 7%, ALFePtB LI 0% o ®) weao] s

JEHGRE 200 °C T2 nmJED MgO ¥ v Fga~ 100 MgO SN TN g OB <
THRIEXFU IR SYE, £0%, Ll fi~D 0.983'/ — 506 N'
ﬁ%ﬂlﬁlﬁfﬁ:@@f:&b, 600°C Ta)?ﬂ&&ﬁ%%‘/ﬁﬁ L. % s 0.966— 2 “Bulk Li,-FePt g 0.4 ::\“\:
72, [RERIITET, % v TR LORBGIERL BRI W
7-. HEVEFHMICIX RHEED, XRD, AFM, Rixusr: — °%) 02

FHIEZIE VSM Z Flu . 092 % % 4 =2 o % % % 4 =2 o

%ﬁﬁ% Mgo’ MgA|ZO4’ SrT|03%$}jJ:(:ﬂ‘25jz L . Lattice mlsm'atch (/o.) Lattice mismatch (%)
7% v » FE VI FePIED i/ L ONEXRD < Fig. 2 Eff_ects of Ia_lrtlce mismatch on (a) c/a and (b) order degree of
5 — 2 FFig. QO WO LT, FePt film with and without MgO cap-layer.

SR — 2 ClE, FePEEN D OFARKFHINN Z, FePt(00L)BE - MR SN TR Y, LIgfH~HAKEL T\ 5
ZENGND. FT, NS —ATBWT G, IR CIId 5 23FePtO0L) S TSR A BIAL TR Y, I Zclilind
TEIIZ AL V2L 16(100)35 L TUN010) /3 ) 77 o R AMEDNTIRIE L TV D Z L3 hd. Fig. 1(d)~(e)i2 ¥ v » 7 lEfi b O
BIOXRD/ R — 2 %R, A AHEA DR R OMIOFAR DA, HNFePt(001) SO MEEZR S TR B3, cfifi e
2 A2 LL(00) A DA 72 D X 95 7Bl FEE ST D, £72, MgALOE L USITIOHEM DG, N
FePtOOL) S MBI TN DAY, F v v 7T L OFEHI A, SENREEME T L TR Y, mN/ Y 72 b ORFEF
LA L TCND Z E0V5mnD. Fig. 22k EStclaks L OYHRIES O ARSI 213, RIS OMEHE
OEAIMZFED, EFEROcanBAEmIC2 Y, FHAMEBRES TS Z 005D, £z, v v 7TEDOEAIC
£V, REGOMENLVBEFETRS>TND I ENGDD.

SE R

1) K. F. Dong, H. H. Li, and J. S. Chen: J. Appl. Phys., 113, 233904 (2013).

2) A. Hotta, T. Ono, M. Hatayama, K. Tsumura, N. Kikuchi, S. Okamoto, O. Kitakami, and T. Shimatsu: J. Appl. Phys., 115, 17B712 (2014).
3) M. Ohtake, A. Itabashi, M. Futamoto, F. kirino, and N. Inaba: J. Magn. Soc. Jpn., 39, 167 (2015).
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FePd S GIRORIE I Z RIF T et & ORI G DR

CRPFE I ORI  RREFCR - FRBEIA S ¢
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Influence of Lattice Mismatch with Substrate on the Structure of FePd Alloy Thin Film
Masahiro Nakamura®, Ryoma Ochiai®, Mitsuru Ohtake?, Masaaki Futamoto®,
Fumiyoshi Kirino®, and Nobuyuki Inaba*

(*Chuo Univ., 2Kogakuin Univ., *Tokyo Univ. Arts, “Yamagata Univ.)
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i (L) HdEE &0, L& REET 107 erglom® 4 —
X —D Ky ZRT . DT80, e IR b2 S ([001]
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fr(001) FARI TR~ 2 L1g(00D)EDHE T AREEE (R A~ v
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FHFFOMN Bl & o v VIR ET S &, BT
VRN NS RIS 0MB X, ZORER, K123
BEL, IESIEDER S0 T < 725 2 LS S L.
BT, MgO, MgALLO, SITiOs(001)Ftk A VN5 Z &2
L0, BT REEA D FePt IO SPGB E T 5
BN ShooH 5 . AR TIE, fix DO
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S TS B DV

KEAE FRICITEREEZE RF v 7 % ha A%y
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NOFMUTHT 2 L1-FePd(001)k&+ D 2 2~ v F i,
—9.1%, —4.9%, -1.4%, —04%, +1.6% TdH 5. Htk ki
RT~600 °C D FHiEFE T 10 nm [ FePd &4 AL L 7-.
REEZEMIC1Z RHEED, XRD, AFM, WESURRMERHmICIX
VSM % FHu Tz,

SRR Fig 1ic—HO MR FI2600 °CTEA LT-
FePdEDRHEED/ X% — %7~ d . 2 TORMRT, A MV
— 7 RDEW RS — U DPMBIEL SN TER Y, FePdfE =
A X VR LCWND Z ENynD. HIMKRD A —
1T % FePd(001) B #& 7 & FePd(002) oA S b D 5

(a) MgO (b) MgALLO,

(c) SITiO, (d) (LaAIO,), 5(ST,AITa0,), ,

(e) LaAlO,

Fig. 1 RHEED patterns observed for FePd films deposited on (a)
MgO, (b) MgA|204, (C) SrTiO3, (d) (LaA|O3)0'3(Sr2A|TaO3)0'7, and
(e) LaAlO; substrates at 600 °C.
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Fig. 2 Lattice mismatch dependence of order degree of FePd film.

e BB U7 R & ¥ T A OBIR ZFig. 21079 M7 AIEA DR 2 1E EFePdiED BRI DS K3 2
MRdH5. ADI Ay TOENPRHRKE72MI0 (-9.1%) THEAIE0S3 L 72> THY, fafifEmbiddbins. L
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1) K. F. Dong, H. H. Li, and J. S. Chen: J. Appl. Phys., 113, 233904 (2013).
2) A. Hotta, T. Ono, M. Hatayama, K. Tsumura, N. Kikuchi, S. Okamoto, O. Kitakami, and T. Shimatsu: J. Appl. Phys., 115, 17B712 (2014).
3) M. Nakamura, R. Ochiai, M. Ohtake, M. Futamoto, F. Kirino, and N. Inaba: 8th Joint European Magnetics Symposia (JEMS 2016).
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Effect of CrB insertion on the (001) texture of MgO seed layer
and magnetic properties of FePt-C HAMR media

J. Wang', Y.K. Takahashi', K. Yakushij i2, H. Sepehri-Amin', H. Kubota?, K. Hono'

"'National Institute for Materials Science, 1-2-1, Sengen, Tsukuba, Ibaraki 305-0047, Japan
? National Institute of Advanced Industrial Science and Technology, Tsukuba, Ibaraki 305-8568, Japan

Lly-ordered FePt-C granular films are considered to be the most promising candidates for heat-assisted
magnetic recording (HAMR) media for the recording density higher than 1.5 Tbit/in®. For practical
applications as HAMR media, the FePt-C granular structure has to be optimized with excellent alignment of
the c-axis normal to the film plane on polycrystalline MgO seed layer. Therefore it is essential to have a
strong (001)-texture in the MgO seed layer with a smooth surface. In our previous work"”, we demonstrated
well-isolated FePt-C granular films with high zH. on polycrystalline MgO underlayers. However, poor
(001)-textures of polycrystalline MgO seed layers result in serious mis-orientations of FePt grains, causing
large in-plane components in the magnetization curve, which will lead poor SNR”. Here, we show that with
the insertion of a 2-nm-thick CrB layer between a heat sink and a MgO seed layer, the texture and the surface
roughness of the MgO seed layer are significantly improved, thereby reducing the in-plane component in a
subsequently deposited FePt-C granular layer.

6-nm-thick FePt-28vol.% C films were deposited by DC co-sputtering using FePt and C targets at 600°C
under 0.48Pa Ar on a MgO (100) substrate (Sample A), glass/ NiTa (100 nm)/ MgO (10 nm) seed layer
(Sample B), and glass/ NiTa (100 nm)/ CrB (2 nm)/MgO (10 nm) seed layer with a CrB insertion (Sample C).
The MgO seed layers were RF sputter deposited under an Ar pressure of 5.2 Pa at room temperature (RT)
using a MgO target.

Figure 1 shows the MgO (002) rocking curves of sample B and C. The insertion of a CrB layer obviously
improved the (001)-texture of the MgO layer, which is indicated by the smaller FWHM value of the
MgO (002) rocking curve (5.6° to 3.9°). The insertion of a CrB layer improves the roughness of the MgO
seed layer from R, value of 0.28 to 0.14 nm. The MH curves of the FePt-C layers grown on these two kinds
of seed layers are shown in Fig. 2. Without the CrB layer (Fig. 2 a), the loops show small kink at zero field,
and an open in-plane loop, indicating large in-plane components. In our previous work®, such large in-plane
components were due to significant mis-orientation of FePt grains originated from mis-aligned MgO grains
in a seed layer. With much improved (001)-texture and surface roughness of the MgO seed layer by the
insertion of the CrB layer, sample C (Fig. 2 b) presents loops without kink, narrowed in-plane loop and
reduced remanence ratio (Mr,/ Mr,) which are critical for signal-to-noise ratio of magnetic recording. In
summary, the insertion of a thin CrB buffer layer on amorphous NiTa heat sink layer improves the
(001)-texture and roughness of the MgO seed layer, which lead to the reduction in the in-plane component of
the FePt-C recording layer.

Reference
1) A. Perumal, Y. K. Takahashi, and K. Hono, Appl. Phys. Express 1, (2008) 101301.
2) J. Wang, S. Hata, Y.K. Takahashi, H. Sepehri-Amin, B. Varaprasad, , T. Schrefl, K. Hono, Acta Mat., 91 (2015) 41
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Fig. 1 MgO (002) rocking curves of films Fig. 2 M-H curves of sample B without 2 nm CrB (a) and
with (B) and without (C) CrB insertion layer. sample C with 2 nm CrB insertion layer (b).

— 196 —


http://www.sciencedirect.com/science/article/pii/S0304885316303079

7pB - 1 FA40[E] A ARBEASERTAITREE AR (2016)

A Y bV T RERSE A L AR IEA O SRR AR
TSNS & TRt LT E
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(REHHERSEE > 7 —)
Resonant interaction between spin-torque oscillator and recording media:
Micromagnetic study of readout method using magnetic resonance
T. Kanao, H. Suto, K. Kudo, T. Nagasawa, M. Yamagishi, K. Mizushima, and R. Sato
(Corporate Research & Development Center, Toshiba Corporation)
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(B LIRBN S e S D, DL T STO ORIRNE(LT 5 Z & AFIH L CRLekE Ok J7 1 % Hi A H
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Magnetization Excitation and Switching of a Perpendicularly Magnetized ECC Nanodot
in a Microwave Magnetic Field: Analysis Using Diode Effect
H. Suto, T. Nagasawa, K. Kudo, T. Kanao, K. Mizushima, and R. Sato
(Corporate Research & Development Center, Toshiba Corp.)
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FHAIZ D kR DMBLEE S 4L7 [Fig. 2(c)].
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Fig. 2. (a) © WLy — 12,70 unz. ) conespunding simulation results. Broken

lines are eye- guldes showing the shift of the peak positions. (¢) H, dependence of the PL cone angle for fy = 8.95
GHz. The abrupt decrease at H, = 1600 Oe reflects magnetization switching of PL.

ZECHR [1]1.-G. Zhy, et al., IEEE Trans. Magn. 44, 125 (2008). [2] S. Okamoto, et al., Phys. Rev. Lett. 109, 237209
(2012). [3] H. Suto, et al., Phys. Rev. Applied 5, 014003 (2016). [4] A. A. Tulpurkar, et al., Nature 438, 339 (2005).
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Magnetization switching of a ferrimagnetic amorphous Gd-Fe-Co single dot
under an assistance of rf field

Y. M. Lu, S. Okamoto, N. Kikuchi, B. Lao, Y. Kusanagi, and O. Kitakami
Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, Sendai 980-8577, Japan

Microwave assisted magnetic recording (MAMR) [1], which consists of microwave assisted magnetization
switching (MAS) and an rf field generator of spin torque oscillator (STO), is one of the prospective
ultra-high density recording technologies. Based on MAMR technology, a multilevel recording scheme and
an antiferromagnetically coupled (AFC) media has been proposed to further enhance the recording density
[2-4]. For these technologies, it is very important to control the dipole interaction between adjacent bits and
the interlayer antiferromagnetic coupling. A ferrimagnetic alloy such as amorphous Gd-Fe-Co is a possible
candidate material due to its very low saturation magnetization and very good controllability of magnetic
properties by changing the composition of Gd and (Fe-Co). Moreover, AFC media is easily obtained by
simply stacking Gd-rich and (Fe-Co)-rich layers. But so far, there has been no report on MAS experiment
using a ferrimagnetic material. In this work, we have examined the MAS behaviors of a Gd-Fe-Co single dot
with the diameter down to sub-micro scale. The sample structure is MgO sub./Pt(25 nm)/Ta(l
nm)/Gd-Fe-Co(10 nm)/Ta(3 nm). The Pt/Ta underlayer is used as an electrode for anomalous Hall effect
(AHE) measurement. Gd-Fe-Co layer is patterned into a dot, and Au stripline is fabricated just above the dot
with an insertion of an insulating layer.

Figure 1 shows representative AHE curves of the Gd-Fe-Co dot with the diameter of 1 um. The AHE curve
exhibits that the switching field Hswin the absence of the rf field is around 310 Oe, which is much smaller
than the effective anisotropy field of 1 kOe. Under the assistance of rf fields with the amplitude of 130 Oe,
Hsw significantly decreases without changing the shape of AHE curve. Figure 2 shows the frequency
dependence of Hsw. Hsw monotonically decreases with the rf frequency f and takes a minimum of 110 Oe at f
= 3.5 GHz, indicating 61% of switching field reduction.

Reference

[1] J-G. Zhu et al., IEEE Trans. Magn. 44, 125 (2008). [2] S. Okamoto et al., J. Phys. D: Appl. Phys. 48,
353001 (2015). [3] T. Yang et al., J. Appl. Phys. 114, 213901 (2013). [4] H. Suto et al., Phys. Rev. Appl. 5,
014003 (2016).
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MAMR H SIL-FGL-SIL 3 J&t#i& STO O~ A 7 1~ 7 fiffr

I, HERL E WAL Simon J. Greaves®, FfRI#AH] 2
B LRR, T LEpER, 2 HAEK)
Micromagnetic analysis of tri-layered STO comprising SIL-FGL-SIL for MAMR
Y. Kanai, R. Itagaki, K. Yoshida', S. J. Greaves®, H. Muraoka’
(Niigata Inst. of Tech.,'Kogakuin Univ.,”Tohoku Univ.)
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ZE LTRIR & BMOFIRE A DIZ T, BIREFHE T D Rl R IEAEBIRE L o) DMENZ & bRD B D,
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1) J.-G. Zhu, X. Zhu, and Y. Tang: [EEE  Trans. Magn., vol. 44,
no. 1, pp. 125- 131 (2008).

2) J.-G. Zhu: MMM-Intermag Joint Conf., AB-11(2016).

3) J.-G. Zhu: MMM Conf., AC-13(2014).

Fig. 2 Oscillation state of tri-layered STO. (Top) FGL, (middle)
SIL1, and (bottom) SIL2. J = 1.0x10% A/cm?.
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