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The L1, ordered FePt is one of the most promising candidates for heat assisted magnetic recording (HAMR) media
due to its high bulk magnetocrystalline anisotropy energy constant K, of ~7 x 10" ergs/cc. For HAMR media, L1,
FePt-X(segregant) thin films must have high coercivity and small, uniform and columnar shape FePt grains. Various
segregants, such as C, TiO,, SiO, and etc. *® have been doped to FePt film to obtain desired properties. By doping
amorphous SiO, and TiO, can fabricate the (001) textured FePt films with columnar grains. However, these FePt films
exhibited poor perpendicular anisotropy because their phase separation tendency is too weak to isolate FePt grains in
the lateral direction”. FePt-C granular films realize high K, and well-isolated FePt grains with small grains. But the
doped C easily diffused to the surface at the relatively higher fabrication temperature of FePt films. This resulted in
second nucleation and the formation of double layer structure with increased media thickness®. In this work, we
successfully fabricated columnar structured FePt film with large coercivity by using FePt-C/FePt-SiO, bilayer structure.
Granular nanostructures and magnetic properties of FePt-C, FePt-SiO, and FePt-C/FePt-SiO, films have been
investigated.

Fig. 1(a) shows an XRD pattern of the FePt-C30vol%(4 nm)/FePt-SiO, 45vol%(4 nm) film. The wide background
peak between 17<and 35<corresponds to the amorphous glass substrate. The (001) and (002) peaks of the L1, FePt
structure are clearly observed with a missing (111) peak, indicating the FePt grains are strongly (001) textured. The high
degree of chemical ordering of L1, FePt manifests itself as a large integrated peak intensity ratio
A(FePtgo;)/A(FePto)=2.2. Fig. 1(b) shows the magnetization curves of the film. Coercivity of the out-of-plane direction
is about 28.5 kOe. Fig. 1(c) and (d) show the cross-sectional TEM bright field images of the film. It is evident that only
one layer of well-isolated columnar FePt grains which are about 10 nm in diameter and 13 nm in height is epitaxially
grown on the MgO intermediate layer. It can be seen that the FePt-SiO; layer is successfully grown on the FePt-C layer
without forming the second layer. Note that the 8 nm thickness of FePt-C/FePt-SiO, is thicker than the critical thickness
of FePt-C single-layer formation (4 nm). It means that the FePt-SiO, layer suppress the phase separation between FePt
and C.
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Fig. 1. (a) XRD pattern, (b) magnetization curves and (c), (d) cross sectional TEM images of FePt-C30vol%(4

nm)/FePt-SiO, 45vol%(4 nm) film.
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Heat Assisted Magnetic Recording (HAMR) media demands L1, FePt-X(segregant) thin films should have
small and columnar FePt grains with high coercivity. In this work, the influence factors to form the columnar
FePt grains were studied by using 3D phase field model based on Koyama’s model.”

Fig. 1 shows the 3D microstructure of the FePt-X thin films with increasing the film thickness (L1, FePt:
yellow, Al FePt: red, X: cyan). The simulated volume is 50x50x(t=2-10) nm® and using isotropic atomic
mobilities. The interfacial energy is 1.82 J/m?. Fig. 1(a) shows the morphology of the FePt-X thin films when t
is 2 nm, and the columnar FePt grains can be seen clearly. Fig. 1(b) shows the FePt-X microstructure when t is 5
nm. The bilayer FePt grains start to form and the interconnected FePt grains increase. Fig. 1 (c-d) shows that the
FePt grains are layer by layer or semi-spherical shape when the FePt-X thickness varies from 8 nm to 10 nm.

Fig. 2 shows the variations of 3D microstructure of the FePt-X thin films with the different mobility M,
values and the same mobility M,=M,,=1.0. The volume is 50x50x10 nm?. Fig. 2 (a)-(b) shows the number of
bilayers of FePt grains reduces when M, is decreased from 0.5 to 0.1. When M, continues to decrease to 0.01
and 0.001, the microstructure of the FePt-X thin films almost fully become the columnar shape as shown in Fig.
2(c) and Fig. 2(d). These results clearly demonstrate that selecting the materials with the anisotropic mobility of
atom diffusion as a segregant is vital to prepare the columnar microstructure of the FePt-X thin films.
References
1) T. Koyama, and H. Onodera, Mater. Trans, 44(8) 1523-1528, (2003).

()
Fig. 1 The variations of the FePt-X thin films Fig. 2 The FePt-X thin films microstructure with

microstructure with different film thicknesses: (a) 2  decreasing M, at t = 10 nm: (a) 0.5; (b) 0.1; (¢)
nm; (b) 5 nm; (c) 8 nm; (d) 10 nm. 0.01; (d) 0.001.
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Introduction Heat-assisted magnetic recording media has attracted much attention for future hard disk drive owing to
the high magnetocrystalline anisotropy of L1, ordered FePt(K,~ 7x10” erg/cm®)". In order to improve signal to noise
ratio, it is necessary to fabricate the medium in which the grains are magnetically isolated such as FePt-C based
granular film. For large perpendicular anisotropy, controlling the c-axis (002) orientation of the FePt, corresponding to
the magnetic easy axis, toward normal to the film is required. In general, the preferred crystal orientation of the FePt
can be adjusted by means of hetero-epitaxial growth from (002) textured MgO underlayer. However, it is reported that
the misalignment of the (002) grains normal to the film is caused by angular distribution of the MgO (002) orientation*
% Origin of the angular distribution is regarded due to the absence of the epitaxy growth of the MgO underlayer, which
is directly deposited on an amorphous film. In this study, method to suppress the angular distribution is proposed by
introducing a new concept of layered structure.

Concept of layered structure The proposed structure consists of the magnetic layer (ML)/under layer (UL)/seed layer
(SL)/ texture-inducing layer with amorphous structure (a-TIL) as shown in Fig.1. Developing the SL with having the
highly (002) texture-crystalline film, key idea of the concept, can be described when satisfying the high wettability of
SL on a-TIL. The liquid phase of sputtered atoms of the SL tends to spread out on the a-TIL before solidification. Since
the crystal terrace, evolved during solidification from liquid phase, possesses the largest surface area on the top surface
compared to the other surfaces, the main contribution to the sheet texture evolution results from the top surface. And
consequently, the large grain size with highly textured SL can be realized.
Typically, the condition of high wettability is defined as Young relation

written below ys. > ¥ty where ygp is surface energy of SL, yy, is W@W'\;ﬁ
interfacial energy, and y,.r_is surface energy of a-TIL. Since there is still | e |
I |

lack of information on y;,, expectation for high wettability by using the mz

interfacial energy is difficult. However, it can be rationalized by taking

into account the quantitative value between yg and .. Accordingly, Seed! S0 i

condition favorable for the high wettability can be a high value of ¥, e Z

and a lower value yg;. Thus, we have investigated to enlarge the grain size AR R R ;

of SL by changing the quantitative value of 7, ..  Texture inducing layer (TIL).
Experimental results CrMn and Cr-Ti were introduced as the SL and Fig. 1 Concept of layered structure for suppressing
a-TIL, respectively5 ). In order to enlarge the grain size of SL, two methods the (002) texture distribution of FePt-C medium.
were presented. (1) High wettability; changing the compositions of Cr-Ti 159 N1
a-TIL owing to the higher yz (2.570 J/m®) than y¢ (2.056 J/m%) . (2) I ]
Promoting the adatomic mobility of the SL; elevating the substrate S ° i
temperature. The film structure used in this study consists of CrMn L 10t ¢ i
(30)/Cry90xTix (20)/NigoTayp(2)/glass substrate. Substrate temperature was ; ® 1
elevated before CrMn deposition. The temperature varied from RT to 600 58 I '. °
°C. Ti composition (x) in the Cr ¢ Tiy a-TIL varied from 0 to 100 at.%. = 51 o'
Figure 2 shows the dependence of the full width of half maximum at § i ‘.~ ® |
CrMn (002) diffraction (FWHM o) on the grain diameter (GD) of the w
CrMn SL with various fabrication conditions of Cr-Ti TIL. The FWHM ¢,

I [ 1

degree of the angular distribution, was evaluated by rocking curve profile
(not shown in this abstract). The GD was estimated by Scherrer equation
using CrMn (110) diffraction measured by in-plane XRD. As shown in the ]

figure, the FWHM , decreases from 10.5 deg to 3.4 deg with increase of :ﬁg'grzaifzggﬁirﬁgi rMMr:V?f}de;i};eésdfﬁiTg;ﬁE
the GD from 11.4 nm to 15 nm. The result indicated that the remarkable  conditions of Cr-Ti TIL.

progress in reducing the one-third value of the angular distribution was

accomplished by increase of 3 nm of GD. It is expected that the epitaxy from CrMn, MgO to FePt-C can be improved

by introducing Cr-Ti a-TIL.

Reference 1) M. H. Kryder et al., Proceedings of the IEEE, 96, 1810 (2008). 2) S. Wicht et al., J. Appl. Phys., 114, 063906 (2013). 3) J. Wang
et al., Acta Mater., 91,41 (2015). 4)S.J. Jeon et al., J. Appl. Phys., 117, 17A924 (2015). 5) L. Z. Mezzy et al., Jpn. J. Appl. Phys., 21, 1596
(1982).
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Since the grain size of the recording media has to be reduced, a magnetic material with high K, must be applied for the
concern of thermal stability. However, high K, media require high writing field in order to write the information onto
the media. Due to the physical limitation where the maximum attainable head field is about 1.7 T ?, the writability of
such media becomes a challenge. In this work, by increasing FePt soft layer thickness in FePt-C/FePt exchange coupled
granular/continuous (CGC) perpendicular media, we successfully reduced the coercivity field from 4.9 to 1.4 T without
sacrificing thermal stability. Meanwhile, the switching field distribution (SFD) of the bilayer media also got significant
improved. Both of these advantages make FePt-C/FePt CGC media here a potential candidate for extremely high areal
density recording media which is writable meanwhile thermal stable.

FePt-C 10 nm/FePt X nm exchange coupled granular/continuous perpendicular bilayer films were DC magnetron
sputtered on single-crystalline MgO (001) substrates. Bottom hard layer was deposited by the co-sputtering using Fe, Pt
and C targets at a substrate temperature of 600°C under 0.48 Pa Ar while the top relative soft FePt layer was sequenced
co-sputtered at a lower substrate temperature of 400°C. The soft FePt layer thickness was varied from 2 to 15nm.

Figure 1 shows the in plane and cross-sectional TEM images of MgO(001)/FePt-C 10nm/FePt Xnm CGC
perpendicular bilayer films with different soft FePt capping layer thickness. Fig.1 (a) & (b) illustrate the TEM images of
single FePt-C 10nm layer without soft capping layer. One can see that the single FePt-C layer gives a well-isolated nano
granular structure with average grain size around 10.2 + 1.5 nm (Inset of Fig. 1a). For bilayer film with 5 nm capping
soft FePt layer, due to the inter-diffusion at FePt-C/ FePt interface, FePt grains grow larger with average grain size
around 12 nm and the capping soft FePt growth epitaxially on the top of each individual hard FePt grains forming
identical grains. Further increase the layer thickness to 10 or 15nm, one can detect soft FePt gains island on the top of
bottom FePt grains, finally forming continuous soft FePt layer which is typically CGC structure. On the other hand,
magnetization curves (Fig. 2) of the exchange coupled bilayer with various soft FePt layer thicknesses indicate that the
introduced capping soft FePt layer also holds perpendicular magnetic anisotropy (PMA) and can effectively reduce the
covercivity field Hc (4.9 to 1.4T) though direct exchange coupling at the FePt-C/ FePt interface. Furthermore, SFD
analysis with AH (M, AM) method ? shows that the direct exchange coupling at the interface can significantly narrow
the SFD (33% to 6%) by increasing soft FePt layer thickness. However, decline of SFD with 15nm capping soft FePt
layer can be attributed to the degradation of PMA.

Reference
1) Koji Matsumoto, Akhihiro Inomata, and Shin-ya Hasigawa, Fujitsu Scientific & Technical Journal 42, 158 (2006).
2) A. Berger, B. Lengsfield and Y. Ikeda, J. Appl. Phys., 99, 08E705. ( 2006).
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Fig. 1 In plane and cross-sectional TEM images of FePt-C10nm/FePt Fig.2  Switching field distribution and
Xnm exchange coupled media (Inset: FePt grain size distribution) corresponding out-of-plane magnetization curves of
FePt-C 10 nm/FePt X nm exchange coupled media.
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L1, ordered FePt nanogranular thin films are considered as one of the leading candidates for heat assisted
magnetic recording media [1] with areal density beyond 1 Tbits/in®. Considering the feature of its high
magnetocrystalline anisotropy, it is possible to fabricate thermally stable FePt particles with size down to 4 nm [2].
Hence, enormous efforts are being made to produce FePt grains with minimum size, high coercivity and columnar
growth with the aspect ratio of more than 1.5. However, to realize the nanogranular structure in FePt films, various
spacer materials such as C, SiO,, Al,O;, ZrO,, TiO,, Cr,0;, etc must be used. Although the spacer materials help to
reduce the grain size below 7 nm with narrow size distribution, the magnetic properties degrade due to reduction in
degree of L1, ordering and enhancement of misaligned FePt grains.

Therefore, in this study, we present FePt-C granular films deposited as graded layer structure with different C
volume fraction by co-sputtering FePt alloy and C targets on single crystalline (001) MgO substrate as a model system.
The graded structure was implied to suppress growth of randomly oriented grains on top of FePt granular layer [3] and
thickness of FePt-C film was optimized for obtaining a single layered structure with columnar growth. Crystal structure
and degree of L1, ordering were analyzed using X-ray diffraction (XRD) with Cu-K,, radiation (A = 1.54056 A).
Microstructure was characterized by using transmission electron microscope (TEM, FEI Technai F20 and F30). The
room temperature magnetic properties were measured by superconducting quantum interference device vibrating
sample magnetometer (SQUID-VSM) with an applied magnetic field up to £ 70 kOe.

The present investigation reveals that the average FePt grain size as shown in Fig.1 decreases with increasing
C volume fraction. The cross sectional TEM analysis confirmed the column growth of FePt grains without the
formation of second layer of FePt grain. A minimum grain size of around 6.5 nm and the pitch distance of 7.6 nm is
achieved with perpendicular coercivity of 4.4 Tesla (see inset of Fig.1). A systematic investigation on the effect of C
volume fraction and graded structure on the degree of ordering, microstructure refinement with columnar growth and
the resulting magnetic properties will be discussed in detail.

This work was supported by the Advanced Storage Technology Consortium (ASTC).
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Fig.1: Plane view TEM images of FePt-C thin films with different carbon volume fraction in graded structure. Room temperature M-H loops are

plotted in the inset.
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4) S. Jeong, T. Ohkubo, A. G. Roy, D. E. Laughlin, and M. E. McHenry: J. Appl. Phys., 91, 6863 (2002).
5) M. Ohtake, A. Itabashi, M. Futamoto, F. Kirino, and N. Inaba: IEEE Trans. Magn., 50, 2104204 (2014).
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Fig. 1 In-plane XRD patterns of (a) FePt(40—x nm)
/FePd(x nm) and (b) FePt(10-y nm)/FePd(y nm) bilayer
films deposited on MgO(001) substrates.
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Fig. 2 Lattice parameters, a and c, of (a) FePt(40—x nm)
/FePd(x nm) and (b) FePd(10~y nm)/Pd(y nm) bilayer films.
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Improvement of texture for MgO/FePt-C by Cr seed layer
T. Shiroyama, B. Varaprasad, J. Wang, A. Felicia, Y.K. Takahashi and K. Hono
(National Institute for Materials Science)
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HREL A L2 DU T MgO(001) HiAE dl JEii b & 7T A LM BRI U 7= 24k &k MgO(001) F Hi_E 1235\ C LL ik fig
Wr 24T\ ZEdh MgO DOFLFIPER E 25 FePt-C 7/ ki F-ORLAMER BICKRE S B L TWH Z L aR LY,
FE72. Cr(002)fix MgO & DI FHEEGYEN B < BEE D7 =— /W2 X0 ffdatE & RimEiEENSE SN D
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@ Cr/MgO T Hii_EiZ FePt-C(10nm)fEi % . 3.6mTorr Ar 5 A 55 IWT FHAR
&% 550°C. Fe, Pt, C @ 3 JL[RIRER /X Z (2 Lo TR L 7=, BURE O E 1T

X AREPTIZ T, o K OV i A & T R 1 Lo im 1 ) J0 iR RE 7B - BRI ERIZ L v
P U 72, F 7o RS IR S & T TR ERURLRE J1EHS TIT o T2, 5 20 95 30
ELTIEES Omega (deg)
1 1Z Glass/NiTa/Cr/MgO @ MgO(002) &t v &> 73— 7 %7~ 3, Cr Eﬁf@ Fig.1 MgO(002) rocking curve of
WEE, MgO DRELmMEIEM L 525, Cr20nm TH Cr M EWNEE LIFIER Glass/NiTa/Cr/MgO.
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Helicity-dependent all-optical switching in FePt media
Y.K. Takahashi', R. Medapaliz, K. Ishioka', J. Wangl, S. Kasai', K. Hono' and E.E. Fullerton’
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kOe Th 5, (b)& VD FHEHIC L HBALZAIZT 2R DOBALIZH L TR 13% Th 5, MiEEERFNTLZ Lk
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I RS U 72 #2127 U7 AHE BB BRI ATCHE L2 b O LR L CTh o 7o 72 S I X 221k
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2B SR
1) C-H. Lambert et al., Science345, 1337 (2014).
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FePt-C granular film.

Time of laser irradiation

Fig. 2 (a) AHE curve and (b) Resistance after the laser
irradiation in Hall cross of FePt-C granular film.
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WOk TR OB FEIC 31T % Fe « Cu « Pt - Fo b AU E R A7
ANARBR L, AHELZ Y NERERS L, BRASHT 2
(P AARZER G TR, 2 BARSEB T5EE)
Fe, Cu, Pt Interfacial Effect Dependency in the Fabrication Process of
Isolated FeCuPt Nano Particles and Induced Magnetic and Shape Propaties
Ren Kobayashi!, Masayuki Imazato!, Aki Ogasawara!, Arata Tsukamoto?
(*Graduate School of Science and Technology, Nihon Univ., 2College of Science and Technology, Nihon Univ.)

LIFLOIT HEEBEHAT 2 N EERSGLEEASE~DIEH & LT, Fox 38R Si Rk B2 Pt/ Fe %
e TR A R L Aok R BVLFE (Rapid Thermal Annealing: RTA) % fii9~Z & 12 & 5 Lo — FePt ASZREME R+
DR V&5 Lz, RTA ORI EROE SITER ETOEBIR ORI X5+ Ek 2Thy, &5
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2.EBGE T D EMBITEWRL Si R L, =%~k 7,21.88 nm
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Fig.1 Layer design of FeCuPt thin films.

( Scanning Electron Microscope: SEM ), BAHHHE DFFIINC 118 T B e
{8 -3 7RG AR H( Superconducting Quantum Interface
Device Vibrating Sample Magnetometer : SQUID VSM )% Mz, (A)

3FER  Fig2 IC &R TYERL L 72k 1~ D & i SEM 1435 &
ONPHIRIPE( Da), KIFECEEFE(Np )OHIERE R, Fig.3 (i &
B 5 T ~ESFEIIN 21TV VSM &1 U 7= Béf b iR 2 797, Fig.2
L0 NIl FIB2% Fe, Cu, Pt DIEIC KX\ & & flEsR L 7= (B)
TR LR SCBN OBLE G, Bl Si R E AT 5K
@ D4 & & ORIV E T AR T SRR L R
LB Z L aBRBELTWA. ZZTHEARS N, DEEMAZK Y, (€)
EfR{b Si FAIZx L Si-0, O-0 DBzt sZ L
DTEDHIXUHBP LTSN, TOFEIT/NIINWI &
NHERTE S, —HFig3 LV =%~ ko kA HEmFmE
ZITH5 Z & T Fe, Cu 23 gD 7 AT\ TIEREE )

Fig.2 Sequence of SEM images in (A) (B) (C) for
different irradiation conditions.
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1) A.Itoh, Y. Itoh, A. Tsukamoto, K. Nakagawa, “IEICE technical report.
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2) H. Zeng, M. L. Yan, N. Powers, and D. J. “Sellmyer: Appl Phys.Lett.” 80, 2350, (2002).
3) A. Itoh, A. Tsukamoto, S. Okame and K. Mizusawa, “J. Magn. Soc. Jpn.”, 36, 62-65(2012).
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Compositional dependency of Isolated FePt grains fabricated by RTA
Masayuki Imazato®, Aki Ogasawara”, Arata Tsukamoto?
Graduate School of Science and Technology Nihon University, Japan®
College of Science and Technology, Nihon University, Japan®
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Figure 1 SEM planer view of isolated Fe,Ptigox

(Z & VTR LTz Fe, Pl « AINZHORL T DT kL

Fees 7Plass

grains in various compositions.

Table 1 Average grain diameter(D,), Standard
deviation of diameter (S;D), areal density of grains
(Np) for isolated Fe.Ptipo.x gQrains in various
compositions.

Intensity[a.u.]

Composition D, S.D N, (T particle
Fe,Ptioox (hm) | (nm) / inch?)
Fes,Ptsg 22.4 5.13 0.24
FessPi,s 19.6 2.86 0.24
Fes,Pt,; 14.3 2.25 0.76

Fegs 7Pta7 4 17.4 3.00 0.27
L10-Fe1=t(001)3) Disordered, 10 pept(111)  L1o-FePt(002)
|
\ P X =63.7

X =57
rbpmbeprrns|

X =55

X =50
20 25 30 35 40 45 50 55
26 [deg]

Figure 2 XRD profiles for isolated Fe,Ptigo.x grains
in various compositions.
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SMR IZBITHE Y MEFHE~OBREE v FORE

PRRRER, FAGFSL, PRRFZREA, JQRGE, @FF6E*, FRaH# B **
(BRI LRERS, AL REE)
Influence of adjacent bits to bit reliability in SMR
R. Suzuto, Y. Okamoto, Y. Nakamura, H. Osawa, Y. Kanai* and H. Muraoka**
(Ehime University, *Niigata Institute of Technology, **Tohoku University)

[FC®HIZ
N—RT 4 A7 4{EMHDD : hard disk drive)DFegk & L TERH STV 2 LK FLEK(SMR : shingled
magnetic recording) 23T, K E v hORERIRIEIXZ OB v FORBERE S ZTDH. AT, Bk
Voronoi K25 7T =2 FHUAET L Z W2 SMR V2 2 b— g Ui ko T, iRiI g —r =%
Ity MEBEZRH L, BEEE Y FORBIZ OV THRETT 5.
Ev MEEEOREH
Bl Voronoi MICHE3< 7T = 2 ZHHAET L ITKt LT, 530 = ATF O £ A Fi ok~ K V% M
WCSMRT 5. 22T, By bEL=73nm, b7 v 7 v F 1, =22.1nm &5%7E L 7= 4 Thit/inch® O i e ék
EaEET 5D, £, iLERIIZIE 40950 £~ k@ PRBS(pseudo-random bit sequence) V5. ¥KRIZ, HRAK}
GRT7 v 7IBWT, RN EE L WL SN TV DR T 2T 2 27 BV EER T HHIFANTH
VML L, TOHMEERT LAy PO 2 By FEmMMBEEN T v 7D 5 EY FT, BRI E
vy hETH B REAKICESHWTE Yy MafE~ Yy 72EMT 2. £72, By MeHHE~ vy T&2 /4 —
BTEHLDoL, AT Ly FNOEEHEZES L, Ny
Xrp CHAETLHZLTHEAY Yy FOBHEZRENT 2. 1272 3315

4000 =
L, NylZ 1 By MEAERET 527 YV, rp lIRENERL £ gggg i
TOREERTHD. = 2500 5
BEEY FORE 2 1105 %288 _?,g
Fig. |2, SRS <4 —L (HEHE Y FEZomfilory £ 1000 E
k DFEERIND “1017 OBEDE v MEHEE~ v &R~ T. § Los (5)00 é
BUFS\WC, fiEfE 7 v A b Z v 2 i, Sl s Y b T 5
v/ ik FREREL, BATHE Y hOTLERALE L 5

TW5., £z, BT7—R_—F, I LY B EEE -33.15
LTW5. Figl ZR5 &, By b ERIBSAICENTREES R, &ﬁimd;mJﬁg

FEETHE Y MAICHTIOE Y hOFRSTLE S TBA T

%2 L RNbinDd. Fig2 |2, iEkRA/3 %2 — 2 73¢000”, “100”, Fig.1 Bit reliability map for recording sequence
“001”, “101”DFEO Ly MEFHEZZNEhord . X5, pattern “1017.

HEHT 28y hOWANKERDN 720 000” D 35A OfF FHFE 23

&b <, MANCKEEDO H 5<101" DA N K HIRWZ &3 1.0
M5, Fiz, BNCKERD B 51007 & % A2 KERD 3 5 <0017

0.8

DYE T 5L, By kb Eil~OH Yy hOBAROD 2
“U00”DHAMBHAEMEL 725 = Lk, fio ey hogmn & 00
KE725Z ERbhD. 204

M
L Z-D;N 0.2
1) R.Wood et al., IEEE Trans. Magn., 45, 917 (2009). 0.0 000
2) M. Yamashita et al., IEEE Trans. Magn., E96-C, 1504 (2013). Recordmg sequence pattern
3) Y. Kanai et al., IEEE Trans. Magn., 46, 715 (2010). Fig.2 Bit reliability for recording sequence
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DWDD %z R /e BERrsmctt LT TEORRES
ARHEEE, LT, (heefh
(FEAUEERT)
A study of shingled write recording reading method using the DWDD
Hiroki Hayashida, Keisuke Yamada, and Yoshinobu Nakatani
(Graduate school of Informatics and Engineering, The University of Electro-Communications)

IXLHIZ

N RT o A DRI LA S8 D kcdttRosis il E LT, HE=(SWR : Shingled Write
Recording) 23 S Q5 [1], BEFSR X CIImE Rk bD7-DI, 7—4 b T v 7 - EiaCiogk L,
PN b 7 ZREFEERT D, LL, b7y ZEORNZE YT —4% 8T v 7 NOBIXHVINE < 720 ek Uik
SEREEIME T 5720, FEGEFOGA LBREEHC /25, &2 T, N eX O R E RS CHiA 31
& U O&EEER TR SN - REERE BN H(OWDD : Domain Wall Displacement Detection) /7204 )i
T2HERE 2 H5[2], DWDD TiIEidiiRL, Bikg, A1 »F o U8, fdRED 3 @ Timlksns,
Z TR v F U TTRFENT Ko TRERHRAME A SRV P O T 2 (Fig. 1), Fe/AH LOBRITIE, 3t
A LTS Z R ORtENE DA ESIZEVE 5.2 5 2 & CTAA » F U 7O 2 g L, BEhigo
X 2R 2 (Fig. 10)), ZDOFREREGER T 5 2 & CURERKIERIZ &> TIRFURIREE S 5L,
FLEREOIEROTAN L ARG TELZ ENIRFESND, £Z T, AETIET I 2 b—a 2,
FLERTRR SRR 2330 T, DWDD 20 VY TRERAER LT85 OISR DR AT > 7=, WKL
KOFIZ X~ C, BUROTRIUBETSRE & H2E(E 5 SNR(Signal-to-Noise Ratio) DL & #i~2% = & T,
AER ORI EDU TR L T2,
SEETL - FF

R ADET L E LT Fig. 1ITRT X 91T 3 @O
JE%44% 10 nm X 10 nm X 12 nm OREHERF-H3 2 RITHY
(ZHCE ST D fElA Ve, GRS Y1 13 130
nmXx130nm X 12nm & L, ZOFHIZ 10 nm X 10 nm
XTI iR SN Qs & Lz, #EBEMT 1
nmX1nmX1nm & UCHEEIT o7, BRIERIZ L D
RSRE EAOPRA DL, BEEORAMIALE 1600 & 1 . Simdation model of @ without, ) with domain
emucm?, AA v F g L ECERE O kA2 1000  expansion.
emu/cm? & L. B~y FOMEIIEA S5 4 nm b
75 & U TR B DR k7=,

Il

Tl

0.003

'w/o e);p. .
W exp.

3
5
FEER 3 0.0025
REFSREOHE L L CRRBREROREX D% 2§ 00p]
A WA O 21T o 72, Fig. 2 [HERX O, %
7 d LRESEROBIRE 7T, BIKIRE(T) 2 bk & 00019
CREFEAE R LGS, d=30 nm CTheK 2.5 512725 2 S oo001F 00T T T TN T
ERDInols, INLORELY, Bk oce § |
BREEANA B35 Z &3 on o T, GlE TR SNR O 0 20 40 60 80 100 120
FERIZOWTHIET S TETH D, d (nm)
sism L e e

[1]S.Greaves et, al., IEEE Trans.Magn., 45, 3823-3829 (2009).
[2]T:Shiratori, et, al, J Magn. Soc. Jpn 22 pp.47-50 (1998).
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RETFE L1, FeMnPt Ry r/S\—2 DS LREAL B8

RANE, ELRXREFGRE), IMNFEEFEHE), T. Thomsonk, GEEZ
(FUE KT &, *University of Manchester)
Magnetization process of L1, FeMnPt dot pattern
Takashi Hasegawa, Kaori Sasaki, Ryo Ono, Thomas Thomson*, Shunji Ishio
(Akita Univ., *Univ. of Manchester)

FLCHIC

By hRXZ—U RAT 4 7B 2R PIEEORFFITEEREEDO —DTH D, A 4 2 HBEH LR E
HID Z L7 WSRO H A B S H 2 LN TE D, ZILE TIZF A 1L Lo FePt ® Fe %14 4 Mn TiE&
$i9 52 & T, Lo - Al FSEAEEZSHEICFE O Ml — FREAMEMZE (L A5 T, SO C~2 27 Z0fH L
TeAFUBEICE VT 7 Ky hXZ = OERIZ{T 572 D, RIFFETIL, Lly FeMnPt /3% — > ORgXEILE &
WAt SRR D F FEARAEME ORI 24T - 72
EBRAE

<7 b ANy B ) YA LY MgO MR T Fe, Mn, Pt % S2iE TR AR L | 20EEVILEE (300 K/s,
973K, 20 min) Z1T-o7, IRWTHHIIN L~ A7 Z0fH Lo A A B4 (Mn®, 4keV, 3.0 x 10" ions/cm?)
ZAT o T, BERRFMEREANL T, BEKIBAMEE (MFM) 12 X DREXBIZE & | Pt-L3 WU 61T 2 X #risgsi M
it (XMCD) OZ e AT U v AHIEERIRTIT- 7,
ERER

Fig.1(a)l%, A A > BBEHE% D Llg FeMnPt /3% — > O MEEFLEBACIREEO MEM B Th 5, Z ZIZII/RL T
W2V AFM B X D 5 5 - ZEMMIT R K T 1.2 nm Tho72, MM XY Ky MR 100 nm & &
L DI, A=V U THEBITIERMETH D Z LD, Fig 1(b)lX, 120 um 4D/ — U FEIKIC K 1T 5~
7 173 XMCD 5t 27 U & AR CTd 25, WALZE S il & RS O WAL B AR O @B M~ D SMF bRk 7=
WA EE (Ku) 13 7.6 x 106 emu/em® ToH D | 1RO Ku & [FIFRE OMED3E S 417z, Fig.1(c)lX, XMCD
s e A7 U v A B B LN KRR (Hr) OAERFE TS 5, @RI 1/cosd IZUTVWBEE T~ o«
v RENADITK L, Ry k%% —2 Tl Stoner—Wohlfarth (SW) EF/VICHEPT AN H 5, 2LV
WAL AR 1L, R CIIEERR BN, Ky X2 — 0 TlE—FBIMLRERIC X 2 KX D=2 —27 ) =—
2 UNXEITH D Z PR IND, (BF3CHK : UT. Hasegawa et al., Abstracts of 58th MMM (2013),
p.p-287-288 (CT-06). Ht%EE : AAFZEIL NEDO £ T2 7 R(11B0700d) DB % % 52 Cirbiviz, F7I=ARMFZED
— BB IR R i R% SPring-8(BL39XU)(REEEE 5 2014B1826) TiTHoi7=,)

E- % N 3.5
30 | o0 Continuous film
' m Pattern (D=100nm)
25 - 1/cosB
i ; —S-W model
0.010 20 |
-=perpendicular _» 0
. ] $ m]
0005 | inplane N 1.5 5

u.)
L |
| |

-
o

S 0.000 | ="

MCD (a
<
k4
o
<
>
o
o
[3,]

-0.005 ¢ m? mm

[T II . ‘b

08 -04 0 04 08
Magnetic Field, H (T)

Fig. 1. (a) MFM image and (b) XMCD hysteresis curves of the dot pattern with 100 nm in diameter. (c) Angular

Normalized Switching Field, H,(8)/H(0)
o
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dependence of normalized switching fields.
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B L O A U RHNIZ X D CrPt IR O d ] OEAE il

fEH &S, KB, MERAGE, 5, e
(Bt RREE, 40 REEER T IERT)
Control of structure and magnetic properties of CrPt; films by heat treatment or ion irradiation
K. Fukuta, D. Oshima, T. Kato, S. Iwata, S. Tsunashima*
(Nagoya Univ, *NISRI)

FL&HIS

JIFTRINC A A2 B RET 2 2 & TRERMIZ 38 — U S BT 2 ik, EEBIRICITE A EBE 5
27N, YRl v F Lo 07 at A LR TR I A R TE Y hoXF — U IEHR(BPM) Z VERLT 2 i
ELTHIFHESNTWD, BAIIINETIOTIETIER L BPMICBT 2 WA E21ToC&n Y, 4]
e K B FEREMEALIZR N T, ED X 5 EE A LA & TH A DI OV TOEmII A+ Tholz. £ 2T,
BVLBIRE 2 28 2 TR L7z CrPg I & o A2 BB STz CrP HUHITG SO fE R R 35 L ONE il % ik
THIET, A A VBENC X » TAEL HEEBLIC OV Cigim L7z,
ERAEE
A B ZE AR5 1A % -V C 20nm D CrP A R U 7=, BHIE O B S 23558120%, B s LC001)id [ =+
LT MgO(00 ) G b IEM A R L7z, — 7, BERKSL L A D 2546100, BEBEEAE 6N
LA T AT E W2, BEEETF v SN —HNTERZ 600CIZHED, CrPt % 20nm I L7721, BloHE
28F ¢ L R—Z L, LI, HHAWEAZHED 72 700~850°C T 15 Sy MBVLEEZ U7-. fEdaiadE i X Mm%
SRR XA T R A BORE 5 & O CREM L 72,
ERER
Fig. 1 IZEVLBE L & 001, 002 & — 27 OFEHRE R L ORI LOBIREZ R LTV D, bbb ko1
*ﬁmfiﬁmﬁmiﬂ WV 001 B — 7, 002 B — 27 OFEREENIEIN TV 523, 001 B —2 & 002 B — 70)%/\
EITIZE—E L 2ol 2L AL ONLIHAIE BIZE—ET, ZOHIEK 08 Thote. —H,
ﬁ@%uths VEBVLEREE O ERACEEWEFHICEIM L TV A Z ERNbavs . RIC Fig2 ICA#H T A5 ki
BB L 7= CrPt BE D BAFIRAE & b L7 thifias &Rk T2 K, OBR &2 7R3, —RICTRBIE Tl K oc Ms™ DO RIR
NHDHN?, T 2T KCMATWMABE NG SN TWD. A A VBN A LA b RBEOBGREZ 7T 2 &2
WS TRy Y, BULEIREIC X AREZE(L & A U BENT X DS IRl 8 2R 2 L 3o
72. Fig.l B XL Fig2 76, CrPi I, MHRANZIZmBENED L, BIHIAR & FEGE O X 5 e IEREVE ORI 4Bl
L& L 7o TRBY, ZOEBOEIEDENDN, MB LK, DE(IZ RN > TWATAREENH 5.

BE R

1) D. Oshima et al., IEEE Trans., Magn., vol. 49, 3608 (2013)
2) W.IJ. Carr, Jr., Phys., Rev., vol, 109, p.1971 (1958)
3) T.Katoetal,J. Appl. Phys., 106, 053908 (2009)

200 300 3 600
M Integrated intensity of 001 d |
— | O Integrated intensity of 002(x10) d
&, - @M
Q i
< 200
5 100 E Ed 300 £
R= L § L
el 4 < 4
3 , 100 = N S
E" ]
0 — 0 —_— 10
700 750 800 850 700 750 800 850
Annealing temperature(°C) Annealing temperature(°C)
Fig. 1 Annealing temperature dependences of 001 Fig. 2 Annealing temperature dependences of
and 002 peak intensities and M, of CrPt; K, and M, of CrPt; films fabricated on
films fabricated on MgO(001) sub. SiO, sub.
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L1,-MnGa (001) EC[AEA~DIKT R )L — 1 4 BREHT X 2 FERGTED

FAOKFERE, ARORHE, RE I, NNERAIGE, 5 mIE, L
(G BRT, Al BEEREATZEA)

Control of magnetism of L1, -MnGa(001) films by low energy ion irradiation

T. Matsunaga, T. Negoro, D. Oshima, T. Kato, S. Iwata, S. Tsunashima

(Nagoya Univ., Nagoya Industrial Science Research Institute)

FC®HIZ

A F U BREHNC L o TERERCEE A RFTHIIERE L S5 2
ETE Yy MRE— U RZ R 2 FEIC LY, REFHENRR
<, BWVRSREBEOBAR Ko 2 N CERSTLZ LR TED D
DOEHRFEIND., T ETHRAII LA TR E 2RmEM(LE
FF> MnGa 52 30keV O Kr' A A % FRSH 5 Z & CIERNEAL T
XL EERTEELIL, TNERHALEEEEE Yy hXZ—2
EOERIZRE L&D . LvL, BR5EBEELDO-DITIT,
A F 2 DR F L F—(E L MnGa RO #EFEILA LB TH 5.
AT TlE, MnGa [EE % 150m 725 5 nm (ZHEFE(L L, MnGa @
fafnmit, RiE7), BEREGEEZRFTTD L b, Kogxrx
—A F L TOIMELEIT T2,
ERAE

RE~Z7 % b A8y &) o Z4EEIZ LY Cr(2 nm) / MnGa(5
~ 15 nm) / Cr(20 nm) / MgO(001) Z#LLFD X STk L7z, £7,
MgO HEMUZ Ar A A= F 2 7 &4TV, 600017T 10 45, B2
HCEVLEEA1T > 7. Dk, 4000 F THRA LT, Cr(20 nm)%
Ay ARSI U=, B 6000 T 60 A3 INEVILER L, 20000 % T
%it%, MnGa & A% R L 7=, MnGa J8® L1y HAED 7=
40001T 30 3 DESLIRAAT o T2, BRI T A 10000 LN FICRE L
T, CriRilEz ANy 2R LT,
EERHER

Fig. 11X, MgO AR EIZfERL L7= MnGa i (5,10, 15 nm) D fi
ATEE ST A OBALBR TH D, R TORTHEEL | OEEFBK
Lo TWDH A, AIFIBLLIZEIE 10 nm & Tl 400 emu/cc F2E T
DD L, 5nm Tl 300 emu/ce FEE~FD LTW5. JHED
W S SRR L O X, MnGa O 8 OREAL AL
TR TNE W=D EEZHND.

Fig. 2 1%, BEEDHE 722 MnGa 52 10 keV O Kr' A A > & S L
2B OB O WBE BARIFIEEZ R LTV D, 7238, AL O IX REH

500 ~ Tomm
e e aase]
C?“ e =
! Snm
3 15nm
i
£ 0
Z
=
| e owm—n-l:,ﬂ:’xjh-.:"')
4
=500
-15 0 15
H (kOe)

Fig. 1 Hysteresis loops of MnGa films
with thicknesses of 5, 10, and 15 nm. The
loops were taken applying a field along
the film normal direction.

1
< 15nm
% 10nm
g 0.5
Snm
0 1 L
1012 1083 10 1013

Ion dose (ions/cm?)

Fig. 2 lon dose dependence of
magnetization of MnGa films with
thicknesses of 5,10, and 15 nm
irradiated by 10 keV Kr"ions.

Oz 1 ELTHIBE L7, TRETHREL TE7230keV OA A H LR, 10keV D Kr' A A2 %
MnGa(15 nm)IZFRET L 72354, 1 x 10" jon/em® TH B RICIEHMEAL TE 2V Z B2 5. — 77, IHE % 10 nm,
5nm & L7254, M s b 3x 10" jon/em® THRABIZIEMIELTE D Z NS5, T7bh, MnGa lED
BALIZ LD, RO A A=k X —CIERME LN AIRE L 72 D Z LB o Tz,

L ZDEN

1) D. Oshima et al., IEEE Trans.Magn., 49, pp. 3608-3611 (2013)
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RN M 2 AR WA A S (ECC) R v s Offb i

A% EHE, I ES*

RAETZERZE, * KRR EEES AN > & —)

Magnetization reversal of 2-layer exchange coupled composite (ECC) dots with inclined anisotropy

Naoki Honda, Kiyoshi Yamakawa*
(Tohoku Institute of Technology, *Akita Industrial Technology Center)

FLHIC
REFEEHEE Ky NECC dot) |l IEMER L TENE & R 72708 D sk
IR R AR T & 5 Y. Fea THMR A ETLE2HANT
4 JEREYE £ CREAT L, 3 BAEIE DS SRR YRS SR & R SR
NS S FE AR PRI s h & L 2, Befk L7z 3 J8 ECC
Ry hDOEy hR% — YR TIE 4 Tdot/in®> DY > 7 VEEERTH
+oy7pEtEky 7 b=V ERT I AV I 2 b — g TR
L2 ZZCIMERIEGEEZEAT LT, 2@EETYH 3
JEREE OB SRR E NS DI D ATREME 2 #5975
BHETIL
ECC Ky N ORISR % Fig. 1 FIZRT X 9 e AV T LT
FrL7?. N—FREGE 1L Y7 MNEGE 2 B)DRFIAL M,
BIVERES Hy, RS V R OVE B =X —J 20— NE
DT A =B THEL L THW . RS ITE) Li- Bh e
R F—ITHRIET D SWRLT- O SRR R THIMSL L 7o h* &2 koD 7.
ARG UL D T RV B — R A TR SRS DRGSR & LTk
O,
HRE REMR
Fig. 11Z/— FEOBRFHEAEZ 0" (FEE)NDH20° £ TEXYE
B OB LHEERE T h* D g G SR F e 2 T M & VI
MECHRUC & Lz, RO EME IV K 0 /S 7k
FERBE R 2R~ 2 & 33735, ECC R b O SRR FURIERh 513
WALEARNZ L 2720, BEEOMRTEL Y RERENE LN
EEZEZBND. WIZ, Fig 2 ICRGHAEREEL 10° OIS
W CHRBAL BRI h* DV 7 b 8 O JRk AL S5 PERE R A e %
AT WMIERNE GO AT/ NE WA, VT NEORIGTERUR
ERELTDHEIVRELEETEDZLEZRL TS, YT b
BIZE GRS DAY, BFEOEENT X0 FINRRIC L D/
LRI A RIEL D EExLND. B EL Y7 MEOR
iz O EZ B TE DRI WIFHFTE S, Fig.2 TRAITARLT
R MMZx LT, Fig 3 (2 h*OEINEE A BT % T8 717 T
OIETHEML L Tt HRIRFHEEZH WD Z & T, 90° 1A T
OAERFES /NS0, filfk U7z 3 8 ECC IZUT VR &
7pot=?, 2 JBIK ECC TH EE LD mTREME NI SN 5.
&E 3
1) R. H. Victora, X. Shen, IEEE Trans. Magn., vol. 41, pp. 537-542, 2005.
pp. 126-131, 2013
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Effect of inclination angle alpha

N

—+—h*(@=0d)
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n —— —a—h*(@=20d)

A
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2

0° (Perp.)
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20°

field
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}_f ‘

o

Norfnalized switchin

o

T T
2 3 4
Normalized interlayer exchange coupling, Jn

o

Fig. 1 |Interlayer exchange coupling
dependence of normalized switching field, h*,
for 2-layer ECC dots with various inclined
anisotropy angles.
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= | 0.050.1

15 k=1 02
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£ | 0, 10d .

= ’ N h*(perp)
-02 -0.1 0 0.1 02 03

Normalized Hk2, k2

Fig. 2 Normalized soft layer anisotropy field,
H,,, dependence of normalized switching
field for ECC dots with perpendicular and
inclined anisotropy.

Applied field angle dependence
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Fig. 3 Applied field angle dependence of
normalized switching field for ECC dots
with perpendicular and inclined anisotropy.

2) N. Honda, J. Magn. Soc. Jpn., vol. 37,
50, p. 3002504, 2014.
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BT A MERGLERICBIT A 7T X = 78R
IEE L HHEI O 7= b O E ST

B,
(HAK)

BRI, AN, REME—E, $IE

Study of plasmonic waveguide structure to suppress head temperature rise
for heat assisted magnetic recording
Yoshihiko Hayashi, Kyosuke Tamura, Yoshito Ashizawa, Shinichiro Ohnuki, and Katsuji Nakagawa

(Nihon University)
FC®HIZ

$4 Thit/inch? D i WOBEKGLER B E 2 FEB T 5 Tk & LT L2 W8T o 2 MR GEENTER &h
TW5b, Fxld, BRERR 77 A€ o2k L, Eimidl~IUORT 2 77 XE= v 7 5K (PW: Plasmonic
Waveguide) (25 ¥ FESEAZE 10X 10 nm”> OFEBHICENETEX AL Z2HEL WD Y, 2oL ERH T X
F UMUK T D EIE Tld, RV X —B N @ D SRR A SRR LB U 2B IS~ v ROEdn
iR E 72D ZENMEE o TV D, AR TIE, ~y RORE EF A3 5 it i >V TR L7,

E2alL—YavETIL

TR AT I IR R S 01k 2 . BB (IS B IR E R k%
Wiz, Bt PW ZfHA G ot 7oA iE % Fig. 1 1C7”7, Fig. 1 F1
& e v I Fig. 2@~ /A (B Snm, FJE 20 nm) @
TIRERT T ERSTEY, LmicmroTS5 HNTWD,
LIl A MRS O E B2 I35 729, Fig. 202~ 7 &
NI E T 7 T OFE h % 9 nm (FEKI1L 35nm) & L7z, &
BRER KO 7 Z v FHIZ, a7 h5X v v 7 190nm % H 1 TES
100 nm D4 @R %Z, PW & L CHRE L TW\5, EZ8HE 780 nm,
EHRORE 1L Vm D pRIEDONE T T v KE a7 OB CAFf 60°
TAH L7,

PWIZHEET L= RIC K VS L7=REm 7 7 X' 03, 7 v 7 5
BRI U R 2 SRR IV B B D~ ROIEE E5-
DFRNT 24T > 72,

SREEAHIEE EREQARBEEKRENG

LB DT T AL T T T OEE h =35 nm BLN9
nm DB O T DIREE /341X % Figs. 3(a). (OIZENEIRT,
FLERLAR 2 SRR (150°C) WAL 7288 . A=350m CTix7 77
SEURER N 3N CE CTIRE FAET DI L, h=9nm TX7 77
SEIIREE BN 210°CICI A TWAD, T U T T OEm S h BMEWIRE
BEOEIBIZRDET T IO, MET 577 Xty 78
W BB~ CBRE TE 5 2 LN, 7T o7 T Ol E
ERMEIORREZEEEZ BN D,

TEH
BT VA MERGLEIC T T Aoy 7 KA ICHT DB, doi

HORE EFIIERCWE e EOREE 72 b, ARl ~v R

DT T TEE h &L, SEROBE RN LT VG LT 5

Zlicky, BELEFELZ 2100CICHHEIAECH D Z AR LT,

I APFERO—HIT, B HEAFF(C) No. 23560413, Fak 25~29 4
SCERRS228 FANL KRR IS O 90 BRI il X R ¥ (S1311020), B &
OMEHA b L— UHFeHEERE O Bl % = 0 TiTbhr,

BEXH

—248 —

z
Clad
(ALOy) x<—éy

Bl i 1 3000nm 1
of PWG ~u )
(Au) Metal part
of PWG (Au)

Core

Fig. 1 A model of magnetic head
with a plasmonic waveguide.

Fig. 2 Antenna structure of the
plasmonic waveguide. The antenna
heights are 35 nm (a) and 9 nm (b),
respectively.

Temperature distribution
around the tip of the plasmonic
waveguide. The antenna heights are
35 nm (a) and 9 nm (b), respectively.

Fig. 3

1) K. Tamura, Y. Ashizawa, S. Ohnuki, and K. Nakagawa, J. Magn. Soc. Jpn., 38, 131-134 (2014).
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BT A N RESGGEER AR D B 5 R BB b D R

G, REEN, BWRES, IMRIE, BRFERE
(ZEX)
Study on anisotropy constant ratio for Heat Assisted Magnetic Recording media
Y. Yuasa, T. Akao, Y. Isowaki, T. Kobayashi, Y. Fujiwara
(Mie Univ.)

FLBIC

BT A SRR LS HAMR) SR TR ESR K, & & bicF 2 U —iRE T2 RET 2 HERH D2,
KX T.OBAKTHB, T2 T/NILY D Fe-Pt O KIIKTBED K, OGN 2t, BGHEEKL K/K,,., &
WAL D K /Ky DR U THIUE KSR > THBAOEREES FEIXFR U Th D2, K/Ky 2 KEL
THZEITE LW, 22 TE/ Ky /NS < T 5 HAR OFFEE R D,
ks R

AW TIIE RO L ENEE ZE L CHERE 21T o 72, EREMLE LT EHROEINZENE
K(T)V./(kT)ZTSF, &, () FBEIEOEREZEMAT/Ax(N =0T/ 0x(NEEXD. T X NTA T DO&KE
EERETHY, T,=330K & L7z, TSE, FHFMICHEHINTBRERLIBIECTH D, AT/ Ax(y) 13BEHR
NERTHEEARLTHY, 0T/ 0 x(y) FPYRE T I 2L —vailloTEONEREAR TH D,
HAMR D RE Xz $cA 104 E] “258 107 [BICE 2 7.

Table 1 ICHER AR IELENRT A —F —E VD THE L2 K/K,,, 120.72 Thovz. Q) 2EMT
EBENRTA—F =T EEIARIBE T, L TEENEE h, 7 LA RISHEER o, ORI Y Th 0, F(2) 25
TELNRTRA—HF— iyyﬁ/vm/fﬁaﬁz(SMR) & HAMR 2 2& 87~ SHAMR ORI & T, Th 5. T, A 4%
INT A—=H—fHD 500 K 725 550 KIZEL T2 & K/Ky (30,6312 F2Ro7=. LU hEELILEY, o
FRIALTY, ﬁﬁj#xﬁﬁ(m@t&b%h%n 0.71 £ 0.69 & K/K, ... PERICHE VRN 8070,
SHAMR OFI X AT/ Ax(y) % FIFHNDDTK/K, 1L 0.64 IS FRo7. T,OEFITE(T) 2 KEL TE
HIETTRSIT/ Ix(0) b RELTED. EBIT, ¢, & SHAWR ZRFICHIAT S L, T2 EHFEE2<TH
K/Ky 0 120.58 ETTIFoh, h%

5 ¢ LCRIFC SHAMR %I fl L C Table I Media design guidelines

b, 0.57 ETEBMTE 5. &R Standard K /K, = |0.72
< TEBHHE1T1E, SHAMR &fE A4

BPELI LI LT, KK () K.(T)V, K psre T,: S00K = 550K |0.63
ZEIBIZ0.51 ETTIFHND. kT,

h: 8§nm — 10nm

HAMR D BEARERFE TIE AR S
B2 Qe X5 ENE

e o 1.0
WChs. T LT, WEAELE n ._’—L‘
FITX 55 A s — 2T 5 [0.57]

TEPMETHD.

relaxing parameter

) AT _ T HAMR —> SHAMR [0.64 Esﬂ
ARWFFED—HITERA N L — VB Ax(y)  ax(y)
HEXERERE (SRC) DAL b &icqTH relaxing parameter T, : 500K — 550K [gg3
NELE., ZZICHEBEE2RLET. w o ]
&R

1) T. Kobayashi et al.: J. Magn. Soc. Jpn., 39, 8 (2015)
2) T. Kobayashi et al.: to be published in J. Magn. Soc. Jpn.
3) Y. Isowaki et al.: J. Magn. Soc. Jpn., 38, 1 (2014)
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RO e F = U —{RENE S AT A DOBE%E
RPN W, ek R, FE M R

Development of the Curie temperature measurement system using infrared light
K. Akahane, H. Sato,and S. Saito  (Tohoku Univ.)

1. [XCHIC 27 v = baodhRiE, BEBEKGEER N — T 4 A7 OFLEREEHEK 2 284 5 kiR G sk
FROFERGEMTHD. AT A2 M TIIHEE—A v " REBESEL-0ICBBNEHSNnNs -0, 7
T =2 7R OFERE & L THW IS S B IR B OB DR ERFIEZ R T 5 2 E N UEHE 7
L. FThXa ) —BE (7o) LZONBITEZALRIIKIEMX ZERT 5 ECEHEERYETH D, Fx
%, IO OREOR R ORI EFE L LT, PEREICEN D REE T O A B ARG RELBISICE
HLTWD. —RIC&BRBNEROEPLOEERENMEICIE, BHREENCHE > IO RERFEMEICES L TR
TR TE— A N OBFIRFICARAT LI IRLOREZ L NBIN D Z LN LN TER Y, BXMER R TE
AENZENBEND Z ENMBN TS, 7T = o TER TR & L TR ZEOMRIE N VS D
ZEMBH DI, Fex IO BN COREEFOBEBRGE O ZR AT, EIT 400CU E~D AR
TCTHEFMHR TR T ROME L B ORILOMHI Th 5. A TIX, (ZEEFONFISE N AT
X0 HBFICHN D FRISEE Y, BEZEENICEE L3R D O RS ROMR ERAE A2 W E T 5 2 %
BAFE L, SEEEMEER: S ONCEAT v A MNERKGREA 7T = = 7 HEO To O E R AR e ®E T 5.

2. BERHEER  Fig. 11T BIBHTE L7258 0 e R N OB ZE AT & //\%%/TT Fu—7 Wi =
V%yftﬁ%ﬁMIéﬂt%ﬁﬁfw_;é%%%%ﬁﬁ%mw, SOEF TR ZE I ETY InSh FREM:
Hasz Hn 7z, P ROBMEERITHE L% 2-6 um Th 5. lEF=ITEZE m%T%&%LtL D ASTH
AR—h& 600CETHIRMRERE I I v 7 e —F—2RITT-. PPREEBIINTAR L T Z—RR T L%
MApAbE, BIEEZEE 10°PaGa2EHRHLE. Tu—7
HeDP R & mIE S OWH 2T 2 FBE LT
TRAVEIR 2 133 Hz O IESZI RN CHRE L LT 223 &
WD eI, iSOt hEr vy 7 A T 7 THE %
L7z, L RAREITIE ZnSe M &Y CaF #F & VY, 2T ¢ \\Condenser Collihator ,# i
e Wibaor "~ S8 1507
Fig. 2 1TiE—fil & LT, AH £ 45 D D MnSb i ' >
WD S R OWRERFEZ R Lo, (@) 13RS L7y
RTEAULCERFERTHD. Ay ZEROHEEZR
(2K DNFRIED LA DB A PBRT 572, 2 [BIFE
AV IK L% 3, 4 IR DFRFEOT —F 2R LT | 3
V5. (b) 1EBIRE T O RHE RO EE O FE R A S Fig. 1 The setup of IR reflection measurement
7 MADSIEIFET ALY FL—FEHE 7 4 v T 4 system with vacuum heating chamber. White
LU UTHE 5 um TORMEEFE L, HEICR LT broken arrows correspond to an optical path.
7"1: v F LE Lf:%%,%%w{a (a) 12 &% & 3200CH) '(a‘) Vieasred A ) Caloutated
TR DR E B Em S B2 > TR Y, CHRIC &
% & ZOWEED MnSh D Te &xtlsT 25 Z L B3bho

1
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>
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Output, (a.u.)

4.20- 31 heating

Reflectance, R (%)

7o TORERITFIRMAERLE B I —HE LTS, T L neating
i, INENER S & DR 2 BT 5 72D O FSR O TR, er
AEHBLBS I D T2 D DB ZEMET v o N —DREEIZ DN R 1é0 ;3250 ‘gf{%)‘ 200 8% 1T60 200 36(00‘) 400
emperature, emperature, T (°
T3 5 L3RI, 87 v 2 MEYRIZHW S5 FePt-C Fig. 2 (a) measured and (b) calculated reflectance
75 =25 — A NE LRIV T L HET S, as a function of temperature for a MnSb film.
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Optically induced demagnetization in Gd,;Fe;7.,Coy

Souliman El Moussaoui', Hiroki Yoshikawa?, Tetsuya Sato"*, Arata Tsukamoto'
(‘College of Science and Technology, Nihon Univ., 2Graduate School of Science and Technology, Nihon
Univ., *College of Industrial Technology, Nihon Univ.)

The manipulation of the magnetic order in a ferrimagnet by the use of an ultrafast laser radiation has seen growing interest
since the work published by Beaurepaire et al. . In GdFeCo rare earth (RE)-transition metal (TM) amorphous alloys, it
has been demonstrated that all optical switching (AOS) can occur in these materials and the magnetization reversal can be
triggered in a sub-picosecond timescale . The magnetization reversal within this material is found to be achieved via a
transient FM-like state where the RE and TM moments are parallely aligned *. Such reversal can be triggered every time
when the two sub-lattices are brought out of their equilibrium state by a heat pulse alone *. In terms of applications, this
mechanism could revolutionize the industry of magnetic recording and information technologies. Therefore, in sight of
the large interest that has been paid to the study of this reversal mechanism, an important aspect is to determine the
parameters that could boost this reversal process.

In order to achieve such a goal, we have investigated the optically induced demagnetization dynamics in GdFeCo RE-TM
amorphous alloy when changing the Fe/Co constituent ratio. For that purpose, Gd,;Fe;7.<Coy thin films were fabricated
with magnetron sputtering technique, where the Co composition x was varied from 0 to 15 atomic percent while keeping
the Gd composition fixed. The obtained samples exhibit strong out-of-plane anisotropy and equivalent coercive fields.
The ultrafast demagnetization dynamics of the thin films is measured with the Faraday effect in a stroboscopic
pump-probe experiment. Fig.1 displays the normalized Faraday signal obtained in Gd,;Fe;; and Gdy;Feq,Coyg as a
function of the elapsed time after exposing the sample to an ultrashort laser radiation. As it can be deduced from the graph,
the difference in demagnetization dynamics for Gd,;Fe;; and Gd,;Feq;Coy is of significant importance when considering
the AOS phenomena. Our primary findings, which will be presented during this talk, could lead to important indications
for the engineering of new magnetic media.

Reference

1) E. Beaurepaire et al., Phys. Rev. Lett.76, 4250 (1996)
2) C.D. Stanciu et al., Phys. Rev. Lett. 99, 047601 (2007)
3) 1. Raduet al., Nature 472, 205 (2011)

4) T.A. Ostler et al., Nature comm. 3, 666 (2012)
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Fig.1 Demagnetization dynamics of Gd23Fe77 and
Gd23Fe67Co010 amorphous alloys measured with Faraday
pump-probe set-up in the time range [0, 1ps]. The solid
lines are fits obtained from double exponential function.
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FEATHEBEA T AGdFeCo_BEIZBIT 3 2N AL K EsH R

PRz, EIIKRE, s>, EA >
(AARRZFPRFEEE TN, * A ARTAZPE T, ** H AR B T AE0)
All —optical magnetization switching in the GdFeCo double layer films with dielectric intermediate layers
Shinnosuke Terashita, Hiroki Yoshikawa, Tetsuya Sato* ** Arata Tsukamoto*
(Graduate School of Science and Technology, Nihon Univ., *College of Industrial Technology, Nihon Univ.,
**College of Science and Technology, Nihon Univ.)
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[1]C.D.Stanciu, F.Hansteen, A. V.Kimel, A.Kirilyuk, A.Tsukamoto, A.Itoh, and 1A J

Th.Rasing: Phys.Rev.Lett. 99, 047601 (2007). : WWW : =Lxel:D
[2]S.Kogure, A.Tsukamoto, A.ltoh: MAG-13-67 (2013). 15050| 7‘0 9‘0 l‘w 0 1;0 o

[3]T.A. Ostler, et.al: Nature Comm 1666, 3:666 (2012) Distance [jm]

[4]H.Yoshikawa, S.Kogure, A.Tsukamoto, A.ltoh: J.Magn.Soc.Jpn.5pA-1 (2013). Figure.2 The line profile of magneto-optical

images in Fig.1 (b)
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The magnetic layer thickness dependency of all — optical magnetization switching
Hiroki Yoshikawa', Shinnosuke Terashita', Ryohei Ueda', Souliman El Moussaoui’, Tetsuya Sato>*, Arata Tsukamoto®
(' Graduate School of Science and Technology, Nihon Univ., * College of Science and Technology, Nihon Univ.,
3 College of Industrial Technology, Nihon Univ.)
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Bt 7 = 5 MORREOBE VA2 7 = ) IR RN 5 2 & Tet ML KRB 5 (all - optical
magnetization switching: AOS) & UNEVEE ST 2 e X il Bl 42 (thermo-magnetic nucleation: TMN)Z #5492 Z &
WTE D, AOS (THEGHREIRI D TMN &L FFEFBE 22V | KRMKFOA Y 2 A I 7 ZAOZERITER %
AL, WS 2 BT OF OB XSS IS L TCORETE D 2 L2/ E LTWnd Y, /-, [
MEZALRNL, EF « AV - KT OFFR - REOIFWER = L F — BB AT 27 = A b
~H A+ a B ORI FEI COMKOLTISE DN 72 2 ERERGUEHEE 2 W T BEL IV 2SN LV B S
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1) T.A. Ostler, J. Barker, R. F. L. Evans, R. W. Chantrell, U. Atxitia, O. Chubykalo-Feseko, S. El. Moussaoui, L. Le
Guyader, E. Mengotti, L. J. Heyderman, F. Nolting, A. Tsukamoto, A. Itoh, D. Afanasiev, B.A. Ivanov,
A .M Kalashinikova, K. Vahaplar, A. Kirilyuk, Th. Rasing and A. V. Kimel: Nature Comm 1666, 3:666 (2012).

2)  HIKE, T, EAH, IR 38 [l B AR E R FEHIHS TR, 3aA-8 (2014).
3) H. Yoshikawa, S. Kogure, T. Toriumi, T. Sato, A. Tsukamoto, and A. Itoh: J. Magn. Soc. Jpn. 38, 139 (2014).
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Thickness Dependence of Static and Dynamic Magnetic Properties in Rare-earth Transition Metal
Ferrimagnetic GdFeCo Thin Films
R. Ueda’, H. Yoshikawa’, A. Tsukamoto?
(* Graduate School of Science and Technology, Nihon Univ., 2 College of Science and Technology, Nihon Univ.)
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1) A.Tsukamoto, T.Sato, S. Toriumi, and A. Itoh ”Precessional switching by ultrashort pulse laser : Beyond
room temperature ferromagnetic resonance limit”, Journal of Applied Physics, vol. 109, 07D302 (2011).
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