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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 §
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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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FePt-C ORI EICH ST 52 L2 HICAH LD T, ZOMRFMHNFIZONWTHET S,
ERGE
P IBEEZE~ 7 ha U ARy ZIEE W T To7, £9. 7 ZAEMK EIZ NiTa(100nm) % S5 L |
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AEOMEE L, XBREPTIZ T, i & OWrim i & e G m R & o R AR FE T AR I L v B L 7=, 7=,
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Ar 39mTorr T3 10nm & KiEIZ/hE L 2o T
52 EDVHEIBA L7z, Ar39mTorr Z5PHSAL TR L
72 MgO ECliE, Mgo DRIF N LY 2L FET D

~ » . e A Fig.1 The in-plane and cross sectional TEM bright
Z & T, FePUALT-OHEINITFI~DRREKLT O F field image of FePt-C(12nm) on MgO deposited at Ar

KELOVIHL TS LD LEEZTNAD, 5mTorr(a) and 39mTorr(b)

A TIE, FePt O & 570 2/ NRIBEIRETRC, TEELT 1A~ FePt KL OELFPEIZ SV T b T 5.
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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
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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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Fig.1 In-plane and out-of-plane magnetization curves of Fig.2 In plane orientation mapping (a, ¢ and €) and virtual
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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
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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].
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Figurel. In-plane and out-of-plane magnetization curves of (a) Figure 2. EDS mappings of (a) Fe, (b) Pt, (c) Ag
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