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Proposal of network-shaped upheaval structure
using grain boundary diffusion in underlayer
for L1o FePt-based granular media with columnar nanostructure
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In this study, we analyzed the surface morphology for the samples with thermal insulation layer (fcc(002)-MgO) /
orientation control layer (bcc(002)-CrMn) / orientation inducing layer (amorphous CoW, NiTa, CrTi), especially
focusing on atomic diffusion during the high-temperature process used to create the samples. Furthermore, we
proposed a new design to realize a granular medium with the columnar nanostructure. Observation of the surface
morphology of the MgO layer revealed that only when CrMn was used, a topological surface structure like a network
(inverse opal structure) with a period of 10 - 20 nm and a height of about 2 nm was formed. Regarding this structure,
1) a CrMn grain boundary existed below where an upheaval structure was formed on the surface, 2) the elements
constituting the amorphous layer exist in the grain boundary of the CrMn layer. These results suggest that the
network-shaped upheaval structure on the surface of the MgO layer is brought by boundary diffusion of the elements
constituting the amorphous layer from the amorphous layer into grain boundaries of the CrMn layer. Based on the
above results, we have newly proposed a schematic model of HAMR media. First, to form isolated nuclei, a pure-FePt
island-like layer with Lo ordered structure is deposited on the network-shaped upheaval structure of the MgO layer.
Next, to realize a columnar nanostructure, a two-phase precipitated FePt-oxide layer is sputtered.
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Fig. 1 Process flow of MgO/CrMn/TIL films.
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Tig. 2 (a) Out-of-plane and (b) in—plane XRD profiles for
MgO/CrMn/CoW film. Upper profiles show powder
diffraction patterns of fecc-MgO and bee-Cr,
respectively.
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Fig.3 AFM topography image of MgO/CrMn/CoW film at
Tea®M0 of 305 °C.
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Fig.4 AFM topography images of MgO/CrMn/CoW film
at TinC™Mn (C) of (a) 350, (b) 305, (c) 200,
and (d) 25, respectively.
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Fig.5 Cross-sectional TEM images of
MgO/CrMn/CoW film.
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Fig. 6 (a) Cross sectional STEM-HAADF image and
(b), (©), (d STEM-EDX images by mapping of
characteristic X-ray intensity of Mn K line, Co K
line, and W L line.
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Fig. 7 AFM topography images of (a) MgO/CrMn/CoW film,
(b) MgO/CrMn/NiTa film, and (¢) MgO/CrMn/CrTi
film.
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Fig. 8 Enlarged AFM topography images of
(a) MgO/CrMn/CoW film, (b) MgO/CrMn/NiTa film,
and (c) MgO/CrMn/CrTi film.
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Fig. 9 Cross-sectional TEM images of
(a) MgO/CrMn/CoW film, (b) MgO/CrMn/NiTa film,
and (c) MgO/CrMn/CrTi film.

TIL: CoW NiTa

CrTi

(c)

Fig. 10 Cross-sectional STEM-EDX images by mapping of
characteristic X-ray intensity of (upper) Mn K line,
(lower) W L line, Ta L line, and Ti K line for
MgO/CrMn/TIL [(a) CoW, (b) NiTa, (c) CrTi] films,
respectively.

Fig.12 (a) STEM-HAADF image and (b) STEM-EDX map of

O of CrMn/CrTi film.
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Fig. 18 Schematic of grain boundary diffusion of
amorphous elements and network-shaped
upheaval structure.
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Fig. 14 Schematic of proposed structure of HAMR media
for L.1o FePt-based granular media with columnar
nanostructure using network-shaped upheaval
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