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Accurate Control of c-Plane Orientation of FePt Alloy Thin Film with L1, Structure Parallel to the Surface
Mitsuru Ohtake, Akira Itabashi, Masaaki Futamoto, Fumiyoshi Kirino, and Nobuyuki Inaba
(Chuo Univ., "Tokyo Univ. Arts, ~ Yamagata Univ.)
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Fig. 1 (a-1, b-1) Out-of-plane and (a-2, b-2)
in-plane XRD patterns of 10-nm-thick FePt
films (a) without and (b) with cap layers after
annealing at 600 °C. The scattering vector of
in-plane XRD is parallel to MgO[200].
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Fig. 2 Magnetization curves measured for
10-nm-thick FePt films (a) without and (b)
with cap layers after annealing at 600 °C.
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Large grain size of Cr seed layer deposited on CrTi amorphous layer for
future high K, FePt-C granular medium

°Seong-Jae Jeon”, Shintaro Hinata™”, Shin Saito”, and Migaku Takahashi®
“Tohoku University, "JSPS Research Fellow (PD)

Introduction Hard disk drive industry has been evolved through the increase of the areal density before the
emergence of the trilemma. Thermally assisted magnetic recording has been introduced as one of the prospective
technologies for future recording media by using the L1, ordered FePt with high magnetocrystalline anisotropy (K,,) of
7x10" erg/cc”). In order to use the L1, ordered FePt as the recording media, it is necessary to fabricate the granular type
such as FePt-C medium whose magnetic grains are completely separated each other by the C boundaries. However, it is
reported that the reduction of the signal to noise ratio (SNR) arise from the magnetic anisotropy field variation, which is
caused by the angular distribution of the (002) sheet texture in the FePt medium?®. Generally, the sheet texture of the
crystalline film is known to be attributed to the epitaxial growth on crystalline underlayers. In this report, we proposed a
new concept of the layered structure for reducing the angular distribution of sheet texture in FePt-C medium.

Concept of the layered structure The concept is to realize a highly oriented sheet texture in seed layer by promoting
Frank-van der Merwe growth mode (layer by layer growth)®. According to the initial state of the sputtering process
when the sputtered atoms adhere to the surface of the crystalline film in liquid state, growth mechanism is determined
by the wettability of the atoms. If the wettability is large enough, the atoms maximize the contact surface on the film
that tremendously induces the epitaxial growth. Consequently, formation of the layer by layer fashion on the crystalline
film namely, large grain, leads to the highly oriented sheet texture. Figure 1 shows a schematic of the new concept of
the layered structure. The structure is consists of the magnetic layer (ML)/barrier layer (BL)/seed layer (SL)/texture
inducing layer (TIL). Main function of each layer is as follows: TIL as determining the grain size, SL as contributing the
highly oriented (002) sheet texture, BF as preventing the atomic diffusion between ML and SL by using MgO, and ML
as FePt-C magnetic recording medium with the highly (002) sheet texture. The main issue in here, is to find out suitable
materials for TIL and SL. M. Mikami reported that the grain size of the recording medium is controlled by Ni-based
amorphous layers under the oxygen process”, suggesting that the grain size of seed layer would be changed depending
on the amorphous material. Since the Cr alloy material has small lattice

ML (FePt-C)  Small crystal

misft, the material can be used as seed layer. Accordingly, both A=\ A\ A A/ Lo oo e s
amorphous and Cr-alloy can be applied as TIL and SL. To obtain (002) \Magyeticiayen®ity) \—) '
texture of SL, it is necessary to change its surface energy. In addition Cr | g, pier tayer (81) )
alloy material is widely used in FePt medium because of the small {ﬁsumuoy) ..
lattice misft with the MgO. To obtain (002) texture of SL, it is necessary [ S s texture

to change its surfgce energy. Here, We tried to 1nvest1g'f1te the various ( Taxturs Inducing layer (TIL) { ILGmorphous)
samples. We applied substrate heating process to fabricate the large Promoting (002) texture

grain seed layer by using above TIL and SL materials. Fig. 1 Concept of the layered structure for
Experimental results In order to fabricate the large grain seed layer, reducing the (002) texture distribution of FePt-C
one example structure, Cr (SL) and CrTi (TIL). Stacking structure is ~ medium.

following Cr(10) / CrTi(50) / Sub. Figure 2 shows the grain diameter
(GD) and integrated intensity of sheet texture for Cr seed layers (/o) as

a function of the substrate temperature (7y,,) represented as red circle 100 (5_’,;
and black square. Here, GD was evaluated from Scherrer equation with E 8 g
(110) diffraction appeared in-plane XRD. As shown in the graph GD 3 8
increases from 8 to 12 nm as increasing Ty, from 200 to 475 °C, and % ! 60 g,
then decreases 12 to 11.5 nm as further increasing Ty,. Similar tendency g l‘ ». 140 é.
was observed in Iy, graph. Increase of I, from 10 to 80 cps as © < "'i “i
increasing Ty, from 200 to 520 °C, and then decreases 80 to 25 cps as é P ................ u q20 §A
further increasing Ty,. These results suggested that the Iy, is affected by © ol v o oo v o000 00 L Ty §

200 300 400 500 600 <

the grain size of seed layer. In summary, we demonstrated increase of
the grain size of Cr seed layer deposited on CrTi amorphous layer under
the heat treatment. Fig. 2  Grain diameter (GD) and integrated
Reference 1) Mark. H. Kryder et al., Proceedings of the IEEE 96, 1810, (2008). 2)  intensity of sheet texture for Cr seed layers (/o02)
Hai Li et al., J. Appl. Phys. 115, 17B744 (2014). 3) Scifert W et al., Prog. Cryst. Growgh VU1 respect to the substrate temperature (Tiu).
Charact. 33 423 (1996). 4) M. Mikami et al., [EEE Trans. Magn. 39,2258 (2003).
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Microstructure control of FePt-C by poly crystalline MgO underlayer
T. Shiroyama, B. Varaprasad, Y.K. Takahashi and K. Hono
(National Institute for Materials Science)
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Effect of MgO seed layer misorientation on the texture and magnetic
property of FePt-C granular film

J. Wang', S. Hata?, B. S. D. Ch. S. Varaprasad®, Y. K. Takahashi', T. Shiroyama' and K. Hono"
! National Institute for Materials Science, 1-2-1, Sengen, Tsukuba 305-0047, Japan
2 Department of Electrical and Material Science, Kyushu University, Kasuga 816-8580, Japan

FePt-C based granular films with L1y-ordered FePt nanoparticles have been considered as the most promising candidate
for heat-assisted magnetic recording (HAMR) media for the recording density exceeding 1 Thit/in?. For the practical
application of L1y-FePt films as HAMR media, the thin-film structure has to be optimized with excellent alignment of
the c-axis normal to the film plane and small grain size of less than 6 nm with less than 10% size distribution. In our
previous work ¥, we demonstrated well-isolated uniform microstructure with high poH, in FePt-C granular film on
polycrystalline MgO underlayer. However, there are some remaining issues for the practical application, i.e. large
switching field distribution and large in-plane hysteresis in the magnetization curve which could be an origin of poor
SNR?. In this work, we investigated the origin of the large in-plane component in the magnetization curve by
comparing the FePt-C granular films deposited on a MgO single-crystalline substrate and a poly-crystalline seed layer.

10 nm thick FePt-28vol.% C were deposited by co-sputtering Fe, Pt and C at 600°C under 0.48Pa Ar on MgO (100)
substrate (Sample A) and glass/ NiTa(100nm)/ MgO(10nm) stacking (Sample B), respectively. MgO seed layer was RF
sputter deposited on the amorphous NiTa layer under an Ar pressure of 5.2 Pa at room temperature (RT) using a MgO
target. The orientation and phase mapping experiments were conducted on a FEI Tecnai F20 TEM with a field emission
gun and an accelerating voltage of 200 kV using the ASTAR™ (NanoMEGAS, Brussels, Belgium) system.

Figure 1 shows the in-plane and out-of-plane magnetization curves of Sample A and Sample B. poHc of Sample A and
Sample B are 4.3 and 3.7 T, respectively. Although both of the films show strong perpendicular anisotropy, compared
with Sample A, Sample B presents a loop with smaller coercivity, broaden of switching field distribution and in-plane
minor loop. By comparison of the orientation maps in Fig.2, one can see that the MgO seed layer introduces significant
misorientation of the (001) texture along the normal direction and it should mainly responsible to the decay of magnetic
properties in Sample B. With further ASTAR analysis, we found that about 23% of FePt grains in Sample B have 45° or
even 90° miorientation from the [001] direction. They are mainly originate from misorientated MgO seed layer grains,
MgO surface roughness and MgO grain boundaries which were confirmed by cross-sectional HRTEM observation.
Reference
1) A. Perumal, Y. K. Takahashi, and K. Hono, Appl. Phys. Express 1, (2008) 101301.

2) L. Zhang Y.K. Takahashi, A. Perumal, and K. Hono, J. Mag. Mag. Mater, 322 (2010) 2658.
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Mechanism of coercivity enhancement by Ag addition in FePt-C granular

media for heat assisted magnetic recording
B. Varaprasad®, Y.K. Takahashi®, J. Wang', T. Ina?, T. Nakamura?, W. Ueno?,
K. Nitta®, T. Uruga®, and K. Hono'
!National Institute for Materials Science, 1-2-1 Sengen, Tsukuba 305-0047, JAPAN
2Japan Synchrotron Radiation Research Institute (JASRI/SPring-8), 1-1-1 Kouto, Sayo, Hyogo 679-5198, Japan

FePt granular thin films are considered to be one of the suitable candidates for ultrahigh density
perpendicular recording media beyond 1 Thits/in? because of the high magnetocrystalline anisotropy of the L1,-FePt
phase (~7x10’ erg/cc). We previously reported highly Ll,-ordered FePtAg—C nanogranular film as a potential
high-density storage medium for heat assisted magnetic recording (HAMR) [1,2]. Although the addition of Ag is known
to increase the H,, the mechanism of H, enhancement is not clarified yet. In this paper we investigated the Ag
distribution in FePtAg-C granular films by aberration-corrected scanning transmission electron microscope-energy
dispersive X-ray spectroscopy (STEM-EDS) and X-ray absorption fine structure (XAFS).

(FePt)p.9Ago.1-28vol%C  (FePtAg-C)and FePt-28vol%C (FePt-C) granular films were deposited by
co-sputtering Fe, Pt, Ag and C targets on a pre-deposited glass/a-NiTa/MgO substrates at 600°C. In this work, we
employed a new alternating layer deposition technique to control the grain growth in the perpendicular direction
suppressing the growth of the randomly oriented spherical particles on the [001] textured FePt granular layer. The film
stack was glass/a-NiTa(60nm)/MgO(15nm)/[(FePt)qsAdo1-48vol%C or FePt- 48vol%C(0.25)/FePt(0.15)],5s deposited
on a heat resistant glass substrate [3]. Figure 1 shows the in-plane and out-of-plane magnetization curves of (a) FePt-C
and (b) FePtAg-C films. Both of the films show strong perpendicular anisotropy due to the strong c-axis texture.
Coercivity H, of FePt-C and FePtAg-C films are 3.0 and 3.9 T, respectively. TEM bright-field images (not shown here)
indicated that FePt-C and FePtAg-C show well-isolated uniform microstructure with average particle sizes are 10.5 nm
and 10.0 nm, respectively. The higher H. in the FePtAg-C film in spite of the similar microstructure is attributed to the
higher degree of L1, ordering. Figure 2 shows STEM-EDS elemental maps of (a) Fe, (b) Pt, (c) Ag and (d) a combined
map of Fe and Ag in the FePtAg-C film. The elemental mapping shows that FePt particles are enveloped by Ag-rich
shells. EXAFS results showed that Ag shells have fcc-like structure. From these details analysis, we can conclude that
Ag is rejected from the core of FePt grains during the deposition, forming Ag-enriched shell surrounding L1q-ordered
FePt grains. Since Ag has no solubility in both Fe and Pt, the rejection of Ag induces atomic diffusions thereby
enhancing the kinetics of the L1y-order in the FePt grains [3].

Reference

[1] L. Zhang, Y.K. Takahashi, K. Hono, B.C. Stipe, J.-Y. Juang, M. Grobis, JA P. 109, 07B703 (2011)

[2] L. Zhang, Y. K. Takahashi, K. Hono, B. C. Stipe, J. Y. Juang, M.Grobis, IEEE Trans. Magn. 47, 4062 (2011).

[3] B. Varaprasad, Y.K. Takahashi, J. Wang, T. Ina, T. Nakamura, W. Ueno, K. Nitta, T. Uruga, K. Hono, APL.104, 222403 (2014)

1.0} (a) FePt-C

4t (b) FePtag-C .

0.5F ]
2,
= 1

050 3

1.0 =30T ' HoH=39T 7

I e e e B
Applied field, tH (T) Applied field, goH (T)
Figurel. In-plane and out-of-plane magnetization curves of (a) Figure 2. EDS mappings of (a) Fe, (b) Pt, (c) Ag
FePt-C and (b) FePtAg-C granular films. and (d) Fe and Ag of FePtAg-C granular film.



2pA-6

H38lA  HAK D FINGREMELE (2014)

F I BRI T~ AT E LT R TIA T U T FREITLD
FEERAL FePt /7 K MNER O

BRI, A R AT RS 2
(M AARKRFZRFEBER TR, ° B AR T550)
Fabrication of perpendicular magnetized FePt nano-dot by dry etching with nano-silica particle mask.
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(*Graduate School of Nihon Univ, “College of Science and Technology, Nihon Univ.)
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Conference Series, 266, 012040 (2011).
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IBNNESLIRIZ X 5 Llo-FeCuPt ST - D RERFFME R D FFAM
H Rl AT 2 ik 2
(Y EARR LR ZFBE T2 9082 AR T AAE)
Improvement of Magnetic Properties of L1o-FeCuPt Isolated Grain by Additional Annealing
Jun Tsukioka!, Arata Tsukamoto?,Akiyoshi Itoh?
(!Graduate School of Nihon Univ. ,2College of Science and Technology, Nihon Univ.)

LIZU®IT EEEEMRGSIE IR AR & L. FelCulPt £ @ il % 2 5 £44L (Rapid Thermal
Annealing: RTA) 35 5 C, Ak 71k, Ll HAIE4 b, (00L)EER LA FRE TH HFE D, £7- RTA I
Iz, kiR OFEE 2 3 % 20E % AL (Rapid cooling process: RCP. LAT ., ZUHFA-FEIRBULIR)Z X 5

L1o-FeCuPt KL 1 OO fERL & BN ER I X 2 AR 1 HLAE A EIZ DWW T LT 5 2, R Tid k-
SO 7 0 2T URBERER IR 21TV . RIS BN EVLER B R T ORI - PR S RS Sk 2 X B BRI
DO I ONW TR EIT- 72,

2EBRFE DC ~v /% b 28y ZEic L v Emb Si i bic @ e
Fe/Cu/Pt DIEIZANE L7- (FEEIEIE 3.75 nm, FHAKE FessCuiPtis) o !
ISR I B 2 < 4.0x10° Pa, i ArH(H:3 vol%)/t 1.8x10
Pa Th D, AL, RIMET 7 EZFIZ CRIEEZZE< 8.0x10 Pa
DY L BHARRIRBLIR 21T o 7o, FIRBEIXRINRT 7B T ; e

HIB L 150 °Clsec & L7z, T EDREIREICE L%, Np 7 A 00 G . ol
% F v N — A LA EDEE =-90 °Clsec DAENHIAZ ATV, Fig.1 TEM image of single isolated grain. (A):

YR B AL 0D 2%, BLZ2r1|2 T 600 °C, 1 hour B MIZLEL A 4T »7-, RTA and RCP (pretreatment), (B): After
additional annealing at 600 °C for 1 hour?.

3%% %\ﬁﬁﬁé(ﬁﬁﬂ%ﬁﬁl ] ﬁz;@ L 7L: ?ﬂ&ﬁ?ﬂﬁ(*ﬁ% -o-pretreatment FePt grain L -+ After additional annealing L

+-pretreatment FeCuPt grain - After additional annealing /
72 b G INBMATE 5 L7 IS HOR 7123519 5 too e rutuenn £ S =
TEM &% Fig.1 |\ZRd, 2 2 CIBINBVAEIRTE O Q1000 | FeCuPttheony M) | o000 oo

TR A AR BRI L AR L3R STV D 2,
Fig. 1(A) 2= BN EVILER Al O A E ok - 12 B8 W T
Q) D (001)EESehLm Ll A& & BT, AL MH, £ L
THEIE DA BN TR WED A R fEE A, B INELELC
X 0 (001)EESehC ) L7z Lo s Sk & (B) 2 - 7=,

gnetization M [emu/cc
[l
(=
=

Ma
S s Ly
[—]
[—)

B INBLER T DA FURF OB LHRFIE % Fig.2 127”7, 800
i FE T MRS & 5 1IN L7256, BBV IS

BUNTIT, O BT 5 ICBIEE S D B REMERL Y & £2 <1400
T DL ECRafnd 2 B REVER Sy MFAE L. IREFS) He. B A eratic fold H I
o o . agnetic feild H [T]
PEEBAL M, BAFIBEALMS, (2D T, ZIVEAL HE=11 Fig o Magnetization curves of FePt / FeCuPt grains, Additional
T, Mr=275 emu/cc, Ms=465 emu/cc T& %, —J7iBANEY  annealing condition is 600 °C for 1 hour.
ALERTS TV BEMERR Sy 23125 L. He=2.6 T, Mr=903 emu/cc, Ms=915 emu/cc & 721 | 1B NEVILER T & b L
He, Ms & BTN L7z, & BICIRE NG MRS 2 FIN L7256 ORMERFETIZ, 22T UL FIZB W Th T
ML E A7 ) U ABR N5 5547 T THEMET&mOVEEBRRIETEOFELZ R LIz, DEORRIY
IBIMBVLEL 2 Jit Z 97501 K 0 @ W IR EREAUR TE2 A% Llo-FeCuPt AIVSZAORE 123 AL C & 7o F & fgal L 72,
X BT, [AfED RTA, RCP 7' A2 X 0 VERL U 7= FeseoPtass NI T- DBEKFFE & O LLEZN S, Cu BN
HEIZ LD He, M OB b7,

IBINEMLBIC K 2 R E B BER & LT, AR db i IEaTAl & 0 #ERE S T D30k 7 I IS E LT
AL HEE AR Y 9 2 SR SAR A 2 9 2 A b 25 . IBINEVALEI 100 (001) SERCIR) Lo b At 4 it dit i
Bz & UHSEa Lo B IcixsrEnm B L e B D,

ABRE ARGEO . FFEA 1 L DTSR R OSCH R R O e AR i X R
3% (S1311020) DBIRKIZ X W T -7,

5.2% Sk

1) Y. Itoh, T. Aoyagi, A. Tsukamoto, K. Nakagawa, A. Itoh and T. Katayama: Jpn. J. Appl. Phys., 43, 12, 8040(2004).
2) J.Tsukioka, T. Ubana, A. Tsukamoto, and A. Itoh: J. Magn. Soc. Jpn., 38, 143-146(2014).

3) T. Maeda, T. Kai, A. Kikitsu, T. Nagase and J. Akiyama: Appl. Phys. Lett., 80, 12, 2147(2002).
4) Dusti A. Gilbert, Liang-Wang, Timothy J. Klemmer, Jan-Ulrich Thiele: Appl. Phys. Lett., 102,132406 (2013).
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el - R BRI K FeCuPt ISZA0RL - D
Z BRI T AT K 2 RIS - R0 FE R O RREY
NIRRT, A, IIRELCSE %, A 2
(" BRI TF 208, 2 AR5 T24)

Increase of Surface Coverage and Areal Density of Isolated FeCuPt Grain

2pA-8

by Multistep particle formation with Rapid thermal Annealing and Rapid Cooling process
Aki Ogasawara', Jun Tsukioka', Makoto Katoz, and Arata Tsukamoto®
('Graduate School of Nihon Univ. *College of Science and Technology, Nihon Univ.)

[XLHIZ

B R EMKGEEADOER A BIE L TRV, ThvE THHAREWR L Si Bk B2 FeCuPt ZJ8EREE, &
A ZVLBE(RTA : Rapid Thermal Annealing)3s L OV HIZLEL(RCP : Rapid Thermal Annealing) %17 9 = &
THREE KT U e fih3 ERL A U7z L1-FeCuPtNIMRL - 2SR FTRE T 2 Z & A M L Cnd D2 LinL s
D3 B BRI 5 D 2 MR O R IHE RN 20 % LB TH L Z ENREThH o722, Kl TR
R O WIHIFEIBIE, KR FIADE I L 2 REPEER, KB EEROBRF 2177,
ERGE

DC v 7% b m v ARy ZIEIZ L 24k Si B 112 sub/Fe/Cu/Pt DIEIZAELA L FeasCuiaPtys D JENE A 1)
HIFEEE ¢, (1.25 nm, 2.5 nm, 3.75 nm) CTHRME L7z, BRERE, FROMIR T o 7E 22 )R 10 CRus A MR BV 21T >
o, BRI IEIIARIMR T » T OB IHIENC £ 0 I D 2.9~5.3 s TEEERE 460~600 CIlZiEL, HAZE
PEB| R, BHRBAC LV WG EEE -33~-68 C/s TRUMGBHEIZIT o 72, Akl - BVLER%, [F—Fk Bl
TR, BV 7 e 2 240 IR UKL BT D 2B R T TR 21T o 7.

=R

TABLE. I (Z&ffANE, #ULH 7 0o+ 2 CIERLL 72
WL JERE, BEAURFME, S AefIE 2 /7. Fig. 1 (IC& /RS
Flk o JiR ) T B 5 1) 0O M-H BRI 2 7R3, £4,=3.75 nm |
DOWTITHAESRED 728 600 C, 1 h OB IIEVILEE %
iT>7-. Fig.1 (a) 7> BRI xE U IEE RS T4
BT D He=2.6 T DRIMERI TG 5D 2 & AR T
X 5. —707, VRO, B B8 B R 3 iR
THY,t,#YV LELBEHE L. ,=25mm 1275
Z & TR, KLU RN ER T E, &
DITIBINEVILER 72 L C £,=3.75 nm I & [R1ZE O BE XU
MER L. L L Eid(a), )TV b F gl
TGN 20 %fhiL & IRV ME 2 7~ L7272 D Z B Mk 118
BRI K DB R AT, S EE LT, ETRT
DEBEEDTZD E BT ¢, 2D L ,=1.251m (2T
Wit TR L i 36 FEORL FAZTE R A AT © . & D%
RURTEIER DT- DR, B 7 1t X &40 K L
KRR &0 kL5808 B % R B OO RIFPE RN
40% Z B2 DRI DR ATRE & 72 > 72,
BEE

TABLE. I summary of particle form, crystal structure
and magnetic characteristic on various way of deposition

(a)formed particle with additional anneling(#,=3.75)

(b) formed particle(z,=2.5) (c) first time to formed particle

(¢,=1.25) (d) second time to formed particle(z,=1.25)

@1 ®]©]@
particle shape average grain diameter [nm] 53.4121.5[(7.79]10.4
particle number density [T particle/inch?] |0.07]0.35[ 3.4 | 3.2

surface coverage [%] 23 |20 |25 |43

crystal structure L 1o-FeCuPt(001), (002) diffractionpeak | O | O | - -
magnetic structure |coercive force Hc [T] 2.6 | 3.1 - 1.5
saturation magnetization Ms [emu/cc] 9151 740 [ - ] 260

—4—(a) formed particle with additional anneling (ts=3.75)
@-(b) formed particle(ts=2.5)
©—(c) second time to formed particle(ts=1.25)

1500

1000

500

0

-500

-1000

Magnetization [emu/cc]

-1500

-10 -5 0 5 10
Magnetic field [T]
Fig.1 M-H loops comparing the magnetic property
on various way of deposition

AWFIED —EIETFHA b L— D FEHEMERRAS, STEIRL 7248 RN 7 BRIE RORT 78 254 352 95 26(S0311020) D

BIEIZ X0 T o726 DTHS.
BE Xk

1) Y. Itoh, T. Aoyagi, A. Tsukamoto, K. Nakagawa, A. Itoh and T. Katayama: Jpn. J. Appl. Phys., 43, 12, 8040(2004).
2) A. Ttoh, A. Tsukamoto, S. Okame and K. Mizusawa: J. Magn. Soc. Jpn., 36, 62-65(2012).
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VR VERLE - BT g 2 % 2 HERE Co/Pt T DRGSR R

KL B, HERER, NEHBA

Magnetic properties of atomic layer stacking Co/Pt films sputter deposited at room temperature
N. Honda, T. Tsuchiya, H. Uchida

(Tohoku Inst. Tech.)

[TL&HIZ

YRR B 5 FRAR AR L 21T 1107 erg/em’ LA _E DK & 72l
ML 800 emu/cm’® FEELL E o @AM M, 2 FFo> 2 L b
VETH L. L1, CoPt BIAMEA &I 2 O D2 7= 7.
UL, EBEREFTEZSD7-0121F, 250 CLLETO/ER
DUETHD D, Fhxida ) A—% %z Co/Pt D5 &
FEE Ay AHEFRIZ L0, FIRERCE M, &ETERA H,
(M, =870 emu/cm’, Hy, = 15 kOe) D Tl B P 2457~ 2. = =
TIE, BB L Bl Co/Pt FEJEIEE & DE & i~ 7.
BEEOMER
SV IR ha ANy HAEE A D CRUBHE A ERL L 72,
EE 4mm, &3 10mm OAFHI U A —2 %=, AR
VB ArENTE D KRER M PSS 08Pa & LTz,

150 CTMALT A L &2 To7-1%, FIECTHRBELZ. Ta & Pt
XN 10 nm Tk L7z FHE B, Bk 2 —%
[AliiE X HC Co & Pt DREIKFA Ny X U 7z X 0 FEJEh %
RIL72. Co & Pt DB BAFEM T B 72 » LR A BT
2B XD =y MBI & RIS A R LT
Ak ok
Fig. 112 Co & Pt & 1 J&FfE ¥ offfE L TIER L 7o (=
30 nm) O IEE IS L RE N F RO M-H V—7 %777, M, 1% 1100
emu/cm’ & K& <, £z, HARFHL—F OEFIRR S RS
HHNDEE H b XN 2 & AT kOe & KRERMENE LI
7-. Fig.21X Co & Pt ZZNZEN 3 RF/ET >fEE L7I2ED
M-H v —7 %789 H 13 5 kOe F2 5 O MEE G ERTH 5 73,
MJIREIETFL, 13T Co DHMARIETH S . Fig. 3 1%
IHIZ, Co & Pt%x 13D E LTEGEORENO M-H
N—T%0T. Heb/NSL o TWBHR, MIERlT 0 Bfliay
REEICKTFLTWS., LER-T, BEFfEEE Tk,
M, & HBRFIZEONTWD Z L X0, L1, OB AL R
IR LN 2 H 00, HAIA &2 BEREHE & 7e o T D
LWz B,
BE X

0.8Pa,R.T.

Hk =8 kOe

5000 10000 15000 20

Ms=1100 [emu/cm?]

Magn. moment, M,V [emu]
o
S

uuuuuuu

Applied field, H, [Oe]

00

Fig. 1 Perpendicular and in-plane M-H
loops for a Co/Pt stacked film deposited with

1/1 atomic layer using a

collimator.

0.8Pa Co/Pt 3L/3L

-15000 -10000 -5000
-0.0002

/7

e—"

-0:0006

Hk =5 [kOe]

5000

Ms = 748 [emu/cm?]

10000 15000

Fig. 2 Perpendicular and in-plane M-H
loops for a Co/Pt stacked film deposited with

3/3 atomic layers.

0.8Pa Co/Pt 1/3

Hk = 4.5[kOe]
10000 15000

Ms = 429[emu/cm?]

Fig. 3 Perpendicular and in-plane M-H
loops for a Co/Pt stacked film deposited with

1/3 atomic layers.

1) H. Sato, T. Shimatsu, Y. Okazaki, H. Muraoka, H. Aoi, S. Okamoto, and O. Kitakami, J. Appl. Phys., vol. 103, pp.
07E114-07E114-3, 2008. 2) T. Tsuchiya, N. Honda, S. Saito, H. Uchida, and K. Yamakawa, Intermag 2014 Digest Book,
ES-14, pp. 1937-1938, Dresden, 2014. To appear in IEEE Trans. Magn. 3) Z. Zhang, P. E. Wigen, S. S. P. Parkin, J.

Appl. Phys., vol. 69, p. 5649, 1991.
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CoPt-WO; 7' F = = 7 R DR I OBGHIIFRAR ~ DR A F 7 =— /L DZhE

O Fn oy BECEKREADY, AR WY, ®iE 5
(HEF &R TERSH, VAR, O A R FITR BRI R)
Post-annealing effect on magnetic properties and microstructures of CoPt—WO; granular media
“Kim Kong Tham ¥, Shintaro Hinata ™, Shin Saito ”, and Migaku Takahashi ”
(Y TANAKA KIKINZOKU KOGYO K. K., ” Tohoku University, © JSPS research fellow)

ZLSHIZ FFE. ~A 7 a7 v A MERTEE MAMR) " 13— RF ¢ 227 3 LTV trilemma ARE %
I 2ok & LTHER SN TW5D, F—HA 0 MAMR BRI, BTV T =2 SRV S TWD
% CoPt &% E KAL L THWA Z EBMBEREN TN 2, —iIZ CoPt &4 D@ K AL FED—>o L LT, &
I Co & Pt OJFFIAEK 2R S8 5 BPUMBGLE 7 o 2086 TS Yy L LAaRL, o7
T A%V T = a TEREROBICERT 5 &, THUEORE M A EHEAE S 2855, IR AR BBk
DT =2 FHBBERENTLEY, a7 2RI EONARNWZ EB¥bhoT Y, 22 THA T, =i
THRIEESNTZ7 T = 2 TIIKRD 3 T DR % HERE L7228 & MRS Sk h o JR IRl 2 e S &5 5k L L
T, RA RN =— VIEICHER Lz, SRFEL1Z. RA N7 =— L ORENSEBIES D 7T = 2 T kK
1545 & X, Hx RBALMIMEIO CoPt—BE b 7T = 2 TIHKZ R A v 7 =—/L L. T OBEKEE MK O
HOHHAE 2 324 L 7= 0 THAET 5,

ERER 41X LTFig 11, AR M7= LRE(T): 500°CK V=D CoPt—WO0; 7' T = = T KD
AL BE 2R LT 2 ffA KNS S AR O o TEM 8 Ch 5 AR O g &R iX . Glass sub./ Ta (5 nm)/ Pt (6 nm)/
Ru (0.6 Pa, 10 nm)/ Ru (8 Pa, 10 nm)/ CogCra— 26 vol. % SiO, (2 nm)/ CogoPts—30 vol. % (ALOs, SiO,, TiO,, WO;)
(8 Pa, 16 nm) & L77, BVLPRSRIZBERIZZEE: 5X 10" Pa, FUE K& ORI 200°C/H R & L7, T, &5k
NE 500°CICHEESED &, RS (H) 1£7.1 75 10.8k0e (ZHI K L7z, Z DORRIC, RIMAZHGE S O E |2
BEGR T 2 BB S35 O B L AL 4nldMIdHNIE 1.6 BETH Y . = OBAR ORI AZHFE G MBS & 2RI LT
W5, Fig. 2(a) IZ1%, flix OfE{EY X (X: ALOs, SiO,, TiO,, WO3) ZIRIL7=% —4 v M &AW TER L7
CoPt-X 7T = = FHAKD H, O T EEZ R LT\ 5, X=ALOs, Si0,, TiOy, WO; THD /T = = T KD K
H XZENEH 23,5.7,8.6,10.8k0e Th o7z, AIfEE LIz {EMFEOH CTlk, WO; 2 HW235612 H 03 i
HEWEZ R Lz, T, OZA6ICHT 25 H, OBR ORI ZFH 5 72012, WOs 2 W TZBEHAD K2 % JlE L
7= (Fig. 2(b)), = 2TV J = = T HRP OREMERE RO K" 3 X OV ME 13, R 30 vol. %D b3
EENTVDEEDE L, B OERENARIEKD 710%THH L LTEM Lz, T, ZERE)S 500C % TH
D8 KET7.8X10°205 1.0X 107 erg/lem® £ THIM L7z, WIS T, % LRSS &0 K5 T 8.6X10°
erg/em® [ F L7z, 20 KEN O H OZICIFIERE L TWS, 2075 = o T KOBUE & Xtk
DFGHE yKEKT 2B L7- & ZAK200 Tho7=Z L0 s, AN TOEGE S X1 LI mEH TX
7 HE = 2K F M E G h ) ME N T, 2% LT 990 emuw/em® DIFIE—EH TH-7- 2 & & 2 fF
5L, HOMKIT HE" OBRICER TS Z ENRBEND, L EOKEEZRIET S L. CoPt—WO0; 7T
=2 TPERICRT DR A T == bid, fEERLO 3 T DRI 2 HERF L 722 0S SR O JF IR A R L. 107
erglem’® Z 2 5 KEN 2G5 - OICENRTFIETHDH EVZD,

$EXH® 1) ]. G Zhu et al., IEEE Tran. Magn., 44, 125 (2008), 2) K. Yamada et al., digest of The 24" Annual
Magnetic Recording Conference, E1 (2013), 3) e.g., Y. Yamada et al., J. Appl. Phys., 85, 5094 (1999), 4) Kim Kong
Tham et al., J. Appl. Phys., 115, 17B752 (2014).

a/ @Sat CoF;t—oxide

Rr
H, (kOe)

@ (p)?o

O 200 400 600 0 200 400 600
T, (°C) T.(°C)

Fig.1 M-H loops of CoPt-WOj; granular media at post annealing X grin .
temperature (7,) of 500 °C and room temperature. Insets show the Fig2 (2) Hc and (b) K,*"" dependence of CoPt-X (X: ALO;, SiO;,
in-plane TEM images for those granular media. TiO,, WO;) granular media on post annealing temperature (75).



2pA-11 38 AR R AIREEBELE (2014)

JARHEL B A A AN DA ENRFERIE ) Kerr 2 ’;”if(f‘iOD P&

FIAUIE S AR, HRATSFRE, &AL, BEcpria
(PERAME /A b= 25tk o #—)
Development of Kerr microscopy for the observation of magnetization dynamics in frequency domain
S. Tamaru, H. Kubota, K. Yakushiji, A. Fukushima, S. Yuasa
(AIST, Spintronics Research Center)

FLHIZ

WUNREEVER 2 W= B BT S A ADOWIE 21T H T, Bk OBRZEE) & IR kIZ Tz - T, &WZERSD
fERE CHIE T 2 FIIMMHO CTHETH S, ZDOHMIZIL, ZiLE T Micro Focus-Brillouin Light Scattering
(MF-BLS)[1]X° Time Resolved-Scanning Kerr Effect Microscopy (TR-SKEM)[2]23M# 1041 C & TV % 23, MF-BLS
IEASEOBPERGELD %, GHz & D ARWEREORIENKNEETH Y . £7- TR-SKEM 13% < DIREIE— %
—EIIFE L CLEIRE, ThZh—E—Ebdd, Trid, Bk, @20 MREE CRUMLERHE 2 1 E 5
%7=®, TR-SKEM %A F i X, BH— B~ 7 nj CHEH 5E— REZBRIHIE L, Zhic X
STHEUZAR VW% Kerr R % W T35, Spatially Resolved Ferromagnetic Resonance-Scanning Kerr
Effect Microscopy (SREMR-SKEM) &\ 5 FE%BA% Lz, [3.4]

EBRAERUER

B4 112 SRFMR-SKEM O 7 11 v 7 [ & 7”3, S8R L —HF— (3 10 MHz D EHE Y v 7 (2[R L TR 408 nm,
FAENER) 20 ps DSV ANEIAET D, o~ A 7 n iR b EE S vy 7 I AHFEH L72 8 GHz O~ A
7 alERAETDH, ZO~A 7 aICtE S BEEBIGSREEREIC NS, AR SRS, LA
HlE~A 7 B ORE ST HF A I 2 T CREMEREZ IS U, KARIEZ ORFRICB T 28 k& KB %
Kerr [Al#54 779, KEN V2L > T A 7 a@lid 180 FEMARET S, 7SIV ARDO AR & A 2 > 713
B AABIZEIV B2 6D, KoTT74 T4 7 7 X2 HAEEFREWREICFEH L Ca v 7 A VHEET 5
HIZLY  BBETAE U OBEEENG LN D, B2 Ay U LS ZOWEEBRVIRTFICLY
A ORISR A ET D ER KD,

X 2@ c @Bt ofEE 27, OB TIE, 100 nm JED /S —~ 1 A (Py)EAY 100 um MU J5 O IE 5 T IZHAM
T&E, ZO FIOFHRERECPW)BIED ZENTWD, 20O CPWIZ~A 7 ailniiil, Py BEHIZAE
KRRET D, Sig.| Lock Host
X 2(b)IZ 520 Oe D/ A 7 ARggd i CRbkL Z 7z A B % ORME & ArAH O 1 IR IT 'g—_J“Ra 28
oY AR, NS &L D ZOWRITH) 15 um TH D FRDN5, AR j\ 5 e [0
Py IEDBFIZIREEER L U HIRNO T, POAFT TR Shiz A e WS, i ; Mz
B LOO?E'%(F%%ZE’J:{BEE_L Py IO S I BT HEIZIEN 2V §5< 72 b, Q
%@%cmvﬁﬁﬁm%Mﬁiﬁtﬁﬁbxﬁ WL CORMITI & O T = |
WAL ZTWD, SEE T, ZOWEFEOFEME D), BGSOREEIRE L L sample V| Gen. Gen.

\ Mod.
% T ORI OWIERERIZ > Tl 5, 1| SREMR.SKEM Y & o

7
(a) REvUHR

\\»

E=D TN

1) A.A. Sergaetal., Appl. Phys. Lett. 89, 063506 (2006)
2)  W. K. Hiebert et al., Phys. Rev. Lett. 79, 1134 (1997)
3) S. Tamaru et al., J. Appl. Phys. 91, 8034 (2002) (b)

N
o
o
a

£ 3
4)  S. Tamaru et al., Phys. Rev. B 70, 104416 (2004) 3, 200 "s‘ \ / M / i3 I . %
o N AV AR '{ —
At g, ANTN Vi “V‘V\F:_n g
ABFFEIE, IST EIEH A 7 ~N—2 a VRIHHEE 7 v 75 50 95 0 25 50
A(S-A /) BRI GFLETA N L —T —F 7 7 ) Position [um] ‘
F ¥ DD OEHR ) OXIEIC L > TTbhi=, 2(a) FEFOREIE, (b) X 2(2) DR BT ST

AW OIRME(F#R) & A GRI O 1 RITs3A
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HE[EL (L L1o-FePd #EIZ B 1T DK 4 B0 7 EHK

Oft

V- BX =
IS,

K ERRSE*, KR, KAREE, EIRIRE, LR
CGRALRFR Bt Lt e R G L S, * AL R 755 7 BHR

T ST IEEAE)

Low magnetic damping in L1(-FePd thin films with a large perpendicular magnetic anisotropy
S. lihama, S. Mizukami*, H. Naganuma, M. Oogane, T. Miyazaki*, and Y. Ando
(Department of Applied Physics, Tohoku Univ., *WPI-AIMR, Tohoku Univ.)

[FL®HIC

RELBEMKEST 2 AT 288, KT T VX LT 7B A AT OFWEVZEMEE RS 5
7= DORNEERA R LTRETH D, i, AU IEABMURERIC R T D KEEEREE L, BERKRS
PEEBKSE XFNN— N T ER() T 5. LoT, MOEEMKETHEEEL S D/NE Rak
RTMBIORR N UHTH D, ZhE TR IX, BEERL FePt HIFEIZI1T DML T 24 A F I 7 ADIEHR
B 2170, PR & e afll (0.06) 2 L7= Y. Pd T PICHEATERWITHE TH S 7%, FePd D ald FePt
DZINHA NS IR EZ R T 2 & IR S D . ARBFIE TIL RO K & 7R TE R R M & /N &S 72 o 3f0H
L2 EDRHIFEE D L1g-FePd HEIC B W TR Y 24 A T 7 22 JEL, a2 fliT 2 2 2B E LT

ERAE
AEHTE
Ri)E & Uiz, SR, IR T, TR L 774,
WG FHVSM), 5 iaAEiE 2 X RREHT TR L, b 241 2
J AL T = 5 MOV A L= —F W 2R 7 e T e —
T X LTz,

SRR

M T, a2 \CEZ THERIL 72 & 2 A, T, 73 300°C UL EORIC
EEMKRESTEEZGT 2 BN GoNT. £2 T, 28500C LLED
LA RE FHMEN R <, M ORE REEBSEGMEZ RT3 BN
5517, Fig. 1)U T,=300C B L T, =500'C TIERL L 7= 3%t
WAL Z A F 7 AREREREZRT. SIS 20k0e & L, 15
R Oy Ak 2 ICE X T D, FERICEEEPE S HED/NS W F
FEEBBBI SN TN D ZNENOHICIREIREERESZ 7 «
T4 YT T DI L CH AR B IO 2R, b
DO ED ooy 27T L. OB oy = 12nfrD BB % V7=,
Fig. 1(b)IZ5272 5 T, TYERL U 72308 D qee OS5 JEE G IR AT 71
T Al E G I L TRELSEM LT D, ZAUT RS 2

=

=T

<7 CHELE Vo TE SRR e AR ORI L Db D LB R

5. T,=500C OFRBHI BT D aer DE/IMETE 0.006 TH B 7=
®. FePd BEMAVIED oL 0.006 LV L/ WAEEENRH D, ZD

3, EERH ST UM IR O P T O R /NS RED—D>TH 5.

(Eirza|

ARFFE D — IR (No. 24226001), HH &4:J&, NEDO # T4
%2277 ~(No. 11B07018d), FIRST 7’12 7' A, JSPS ¥R 78 B
LEENE (No. 26-4778)DIEBI D & LTI 7=,

S E 3R

1) S.Iihama et al. Jpn. J. Appl. Phys. 52, 073002 (2013),

~ 73 ha Ay ZIEIZ X0 ERL L 7 BEAE R I SITiO; (001) L & 54K/ FePd (20 nm)/Ta
IR T, TEZEFERVLER L7z, BEREE IR BN RUR
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FC®HIZ

R\ T- > T, FRBEAER (B3Rt M,
(2~ A 7 I OISEME

(Ferromagnetic Resonance: FMR) D#RIEA> 5 3l 415 379,
WRETIE, EREBLOTRE OREAIET]

El/ 220
'El/ %E.B

*JF'EJéC?@f‘k/\ %ﬁfb é ’&47’:_ C084Pt16Cr10—8m01(8102) 7 7 — T 7 ﬁ;
K22 T Q-band FMR ZHIE L, BEAKRDOEALIRIE L ar & DR
BIZOWTHRE LD THRET 5.

SRR RIS A ORI, BMERE O R WIS T o
sk [ OB A WAL Sz, TOBMAKR AR FEREE LTE
THUE ORI Ar HAJE PN 228 &4, Ru FHUE O MY
EEAESE. K1IC—flE LTERMMDOKE VD PyR=8Pa ®
Ru FTHI BIZ/ERI L 727 T = 2 FHHMRIZIS 1T 5 FMR [ 5 & fEi 4 O
ALIRIEIZ DWW TR T, &5 B OFExHE S ITEAR O/ MM, 12
KIS LTEY, Kk EBEB IR FTEOEFIXZENZENRALZ E
EB LW FMEICENSERETCORBIIHIGELTWD. £
HF L OHOERTRENT FMR IXZFNEIEERR Hy, DK
& 7 B &AL LTk, B X O Hy, D/ & 72 T & (b
L7 5D FMR IZHRHES LTV 5 3. E\ X B FMR 127
H9 2 &, BALBFLIRIE (M/M,=1) 2B\ T, AK 2.4k0e T
FRNE A Hp™ 7549 500 Oe @ FMR MBI Sz, £, Wbiiz
DT L & HIZHBEE TR L, 2> AHp™ 1T KL TWn<
e otz ¥ 2120F CoPtCr-Si0, 7' T = = T IHKIZ BT
(@) EmEis L0 (b) FrElcdb Lcfbabkilic X5 FMR g
A Hpc™ ORALIRBBIAFEE 2 TR 2 O PN I~ T. BN I L o=
AHpSxy RolZ X VB L= FEh 7 v v 7V ESET#EH L. |k
1] & B VAL R D e 1% Pa= 0.6 Pa DFEFTlX MM, =1 725 0.65
~OWAIZED 0.050 725 0.065 ~E DT NRERKTHoT-.
U7, PaM = 8.0 Pa ORREFCTIXFIRED MIM; DZEAY T ae 135K 0.025
M 0.115 ~ERE SR L. FH I U7k Sk o 4hg
OB, EFRO B & ICHAE USSR o g L R E A T
Holz. P UOKERu FHIEZ AW T =2 FHRICB W
T D MIM 5T 5 AEAKIFICEER L7ZH & LT, Pa
DEERIT & H 2RV DAL —MES BN L, ki A Haks & o 5
BN ECT- T EEZ TS

BEXER 1) Y. Nozaki et al., J. Appl. Phys., 112, 083912 (2012). 2)
K. Yamada et al., Digest of the 24th Magn. Rec. Coference. TMRC, 24,
64 (2013).3) S. Hinata et al., J. Appl. Phys., 111, 07B722 (2012). 4) S.
Hinata et al., [EEE Trans. Magn., 48, 3177 (2012)

38 AR R AIREEBELE (2014)
CoPtCr-SiO, SR D SRS X TE AR D FE8h 24 v o 7 TE S
O CRUREA MY, FREE Y, @A AFY, e BE
(A AR R IR ZE B (PD), PHAEKR)
Effective damping factor for CoPtCr—SiO, medium with partially switched magnetic domains

©Shintaro Hinata ®®, Shin Saito”, Migaku Takahashi”, and Masashi Sahashi”
(YJSPS Research Fellow (PD), Tohoku University)

TPEERR E)

FMR signal (a.u.)

~A 7 aET A MgRELER (Microwave Assisted Magnetic Recording: MAMR)
I A e it e L TIRE S h, ITFEEROBA~DT v 2 M LSRR HE S sz D

— R & LT CoPt &2 /T = 2 T BUROBEHABRF ST\ 5
— il AR SR
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LNLRds 6, A ToReEREIC
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BT CRAERTH I LD, o TRALIREBIIKFE L TR L EX DD, ABFETIX

IZ, trilemma FERE
FHA1E
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WAL RN E C DX 8 7T 7 7 F— o DRV, B3 B A L 7R T@%ﬁ%%iﬂtﬂ%

Frequency

Magnetic domain

changes

M

L
o
o

0
HDCEXt
Fig. 1

5
(kOe)

10

FMR linewidth for CoPtCr-SiO,

granular media deposited on Ru underlayer
with various Ar pressure Pa "

Frequency

!f\
m;
i
!
|
/

Hy,  Pafv(Pa):8.0
_

Q

AR
8.0
4.0

2.0

0

0

5

IMIM,|
Fig. 2 FMR linewidths for (a) upwardly- and (b)
downwardly magnetized grains for CoPtCr—SiO,
granular media deposited on Ru underlayer with
various Ar prewssure P,

1

0

BT D 8L

MM,




2pA - 14 sl PRGSO (2014)

CoPtCr—SiO, AR D SRk R oA I K IF 3
~A 7T A MRS DR

ORI EKEA MY, FHE Y, &S Y, R B
(B ARFRBLARERIFZE R (PD), b)Eﬁ:H:jt%)
Effect of microwave assisted switching on switching field distribution of CoPtCr—SiO, medium
©Shintaro Hinata ®®, Shin Saito”, Migaku Takahashi”, and Masashi Sahashi”
(YJSPS Research Fellow (PD), ®Tohoku University)

[FLHIZ ~A 7 uli7 X MERFEE: (Microwave Assisted Magnetic Recording: MAMR) [, trilemma #F#H
FIFIZEZTH Y, BIfTD CoPtCr &% AW/ T =2 TIRICHE 32 2 & CTH 7R 5 5eskE K m R
ENTWD D FEEIZ MAMR 23T D BRICIE, BEAARITEIAN y R 5 ORI % #1012 3% ) C s
T2 L Lanb R~ A 7 2T v A NGRSO FRBERGEIT, BRI & SRR 7 S Fn L
R T~A 7 a2 R » B E RO ERERS B ORERE AN TirtbhTng 2. SRk, B
DRGSR OENANA FE 2 B DRI L W BSIZEERRETH VD, 77 0% mm OFEBUZIE > THRENE—7R2~ A
7 alE R~ TED TFyv T 475 VICk~A 7 a7 v A MLIREEZ R A, O SRR 5y
Fiw il L= THET 5.

EBRER X127 VA MR EKEGELEREOT-OD~

A 7 P OEINFNEZ R, MFEIIANIRR Hye™ 2 Microwave M
EEE S EICHIN LB 7L —F 2 LT\ 5. EBTF
NEIZLA T D@y Tho. 1) Bibafafn S 570, SRR
Hpc™ Z W E T~ A (KBS £ CTEIN. 1) Hpe™ % A
N5 B (Hpc™ =0) £TR519 5. 1) Hpc™ OFIINAE %2 2
B L72t2, 7 A MREREART 72912 Q-band (£J 34 GHz) @
~A 7 aEEAINLRB S Hye™ %2 B O D ((EEOH VKL 7 e
B —Hy) ~E4R515 5. IV) HpcS™ OFIINA FE A i B~ R E be
L,DH E ~EBALIRIEZMERF L7 E F Hpc™ 2 f513 5.

V)Hpc™M ZENDHAETHREI L~ F—L—T%AL 5. V)

Ho DMEZZEHE L ERLD - V) 20 1KY, K&, D ' -

6 E ~ & RIRRS I IR T Q-band BRBAMEIFIB AT 1% L rnied sitect. Grey. sod Tine.shows the

Returning field

EL, TOLBERNS BEL 7= 9, typical full-loop of the granular media (6, =0deg).
¢ 2 ([ZI3fEx DO~ A 7 EIREE P IZIUNTRMIG L 72 Hpe™ 3 , —
FIMAE (a) 0 deg (M) # LY (b) 45 deg IZHIT D | 160 (@) |

Co74Pt;6Crip—8mol(Si0y) 7 7 = = T WK O K5 g L 45 4f 9 Microwave power

(Switching field distribution: SFD) %753, 4 SFD |4y fifl 63 0 MW

[0]
o
M 100%E 725 L HICHBIE SN TWS. (1) IKBWVWT P = &
0.002 mW (1ZIF7 A hMEL) TlE, SFD (34 3.8k0e il 2
BEL Lotk & o7, P 28INSE 526y, SFD OJEIR _
RPN A~BE L=, P=160 mW TIX 0.002 mW D 0
B & H L TR 200 Oe IR~ B L TR Y, HRAfEIE 3.6 3 , ‘ . |
kOe & 72 o7-. —747, (b) 2BV T P=0.002mW T® SFD i% (b)
2.5 kOe ZiMfE & Lizpfiz & 7. P 2#fNS¥7254E,

) .
SFD DIk & LCIES - 8 kOe Lh LD RS AFERICHE VT S 2 [ Microwave power -
’H(ﬁ”fﬁ 200 Oe 1&6%5?‘1&' “%%ﬁ L7z, na@ﬁt%i ) , %4'&))5‘ g 0.002 ’
FMOBRFIMCBNTh~A 7 0T ¥ 2 Mo LB MR 2 1) 8 :
DIRBENR DB DO LD Z Lol
& Xk 1) K. Yamada et al., Digest of the 24th Magn. Rec. Coference. I | . !
TMRC, 24, 64 (2013). 2) S. Okamoto et al., J. Appl. Phys., 109, 07B748 0 2 4 6 8 10
(2011).  3) Y. Nozaki et al., J. Appl. Phys., 112, 083912 (2012). 4) S. Hiet (kOe)
Hinata, et al., J. Magn. Soc. Jpn., 34, 214 (2010). 5) S. Hinata et al., [EEE Fig. 2 Switching field distribution at various
Trans. Magn., 47, 3951 (2011). microwave assisting power for incident angle of DC

external field @ is (a) 0 deg and (b) 45 deg.
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BT VA MERFLERIZ BT DR ORER ST

IREEM, BEMRFEST, /KIE, BRIEH E)
(—HEX)
Anisotropy constant required for Thermally Assisted Magnetic Recording
T. Akao, Y. Isowaki, T. Kobayashi, Y. Fujiwara
(Mie Univ.)

FL®HIZ

BT VA MESKGER(TAMRIC B W CHERBEROMK R T KnEa5 x5, £7, g8 Ialb—v 3
N EBXALBEZOBAROBHIERE 0 T/0 x #3H Uiz, W, HWRLEMEICER LTH 5Tkl
2=y a kB K ERH L, TAMR T Kok EbiIcx =2 UV —iRE T IR TET 2L ERH D
B, KX TeOBA#HTHL, £2Z2TCT, N7 D KT DD K Db KulKapul & WD /XT A —Z — 238 A
T 5, Kui/Kawux DA U THE Ka BB > TOTHIEOEREES EIXFR U THDHA, K/ Kwux & KE T
DOITEEL VY,

HEHER

PR A= — %, BRDOEE R , 1y STV T LA ¥ in, LA VA XOEHER~ oD |
HZIARIE Tw T, Table 11213 h # 2L S H /R &2 =T, BifA%Z TAMR & LCfli 5 729i2i%, LT 3
DO EHIZTHLERH S, (1) FHRO 10 FEFRFICLE R BROBRES THIE KuV/kT (330K) 1%, n
EopDDRFEDEGEL EIRE D K, L ) K& 2L Tde b, (FEHRFICE VT, REEMED 1 vy b
A, 1 7 v 7 BOERLEENS, EAENERTLIRIEOBHEEAT/IAx P RED, ZhiXoT/ox &
DIEL 2 TIEAR O RW, BB, BB I 2 L—3 g VTV EE LEEAROGBEEEIZLY Y v Ty s
JmersuaA NIy 7 HFRTEBEBLZEE LY, £L T, By hTAXY b FEEdbT56 2 & T, K
MWERTHHHAEE LK TR TELLTLIILENTEDLDT, ¥V bT v 7 HRATOREZ L, (3)F i
TOWHWRLEMEL D RS T CHUARE M2 (AR CE DIRRKDOBER Hagy NIRE D, TN B 2GR SRR
Hy U &L TE by, ZOHREEETIZ@BEEL 2> TV T, 2 XV RIKD Ku/Kopux 23 F
D, hA6nm M6 10nm IZEL b &, LAV

Table 1 Media specification of TAMR for 4Tbpsi

PELIFR BV ZAUT hOEINE L B0 T/0x h [nm] 6 g 10
MTERDHTHS, h=8nm IZBWT KuV/kT= n [grain/bit] 4 4 4
63 ORI H A 10 4ERIRTFCT& 523, TAMR & op [%] 10 10 10
LTS I B A+ Th Y K VIKT=97 3% T, [K] 500 500 500
FLish, bLATI0x% 6.9Knm 25 13.5Knm M, (300K) [emu/cm’] 675 655 643
ET RIS LN TENE K VIKT=65 0tk K, (300K) [Memu/cm’] 27.8 252 239
TAMR & LCffiH Z LN TE, Ku/Kwux % 0.87 7> H. (300K)=H,(300K) [kOe] 823 769 743
5055 ETCFFHZEMTES, LizoTuntze T [K] 544 532 524
Ko/ Kapuc 130 T'10 x \ K& AKIFT 5, K, VIkT(300K) 97 118 139
Kg=f(n,o b) 63 63 63

ARFZeD— T ERA b L— Uk SRO R (1) K JVEkT(330K) > K 81 97 115
Db LIATbhE Lz, ZZICHBEERLET, oT/ox [K/nm)] 772692 6.23
(Q)AT/Ax [K/nm] < 8T/dx | 772 692 623

BLAR H, [kOe] 10.8 105 103
1) T.Kobayashi et al.: J. Magn. Soc. Jpn., 36, pp. (3) H,; [kOe] > H,, 245 272 29.8
282-286, 2012. Ko/K sbuik 0.90 0.87 0.86
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