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Co and Co-based alloy thin films are widely employed in various
magnetic device applications. In order to investigate the basic magnetic
properties like magnetic anisotropy and Gilbert’s damping constant, it is
useful to employ well-defined single-crystal films. In the present study, Co
thin films were formed on single-crystal MgO substrates of (100), (110),
(111) planes heated at 300 °C by UHV-MBE to prepare epitaxial thin films
with different orientations. The film growth structure and the magnetic
properties were investigated.

Co epitaxial thin films were obtained on respective MgO substrates.
Figure 1 shows the RHEED patterns and the XRD spectra. The film crystal
structure varies depending on the substrate orientation. Co(110) epitaxial
bi-crystalline films with hep structure was obtained on MgO(100) substrates
with two types of domains whose orientations are rotated about the film
normal by 90 degrees each other. On MgO(110) substrates, Co(110)
single-crystal films with fcc structure were formed, whereas on MgO(111)
substrates Co(0001) single-crystal films with hep structure grew. Small
XRD peak shifts from the bulk Co values are recognized for these Co
epitaxial films, which can be related with the lattice mismatches existing at
the Co/MgO interfaces. The magnetic anisotropies of these epitaxial films
reflect the magnetocrystalline anisotropy of bulk hep-Co or fee-Co crystal
(Fig. 2). The Gilbert’s damping constants of these films are determined by
FMR measurements.

This work was supported in part by NEDO, Japan.

(@ Co/MgO(100)

Co(1120)ncp
MgO[001]azimuth L

(b) Co/MgO(110)
MgO[001]azimuth

Wi
78

() Co/MgO(111) Co(0004)ncp
Mgo[112Jazimutn el pr IS
) el |

' i ke
" v,

M S
98 99 100
26 (deg.)
Fig. 1. RHEED patterns and XRD spectra
of Co films grown on (a) MgO(100), (b)
MgO(110), and (c) MgO(111) substrates.

(b) ©
1500 Mgo[bg
= i M MgO[112]
E LY
§
3 i
g0 =S e Perp:
= _A:ﬁ j
-1500(= gOI170)
3 0 33 0 3
H (kOe)

Fig. 2. Magnetization curves of Co films
grown on (a) MgO(100), (b) MgO(110).
and (c) MgO(111) substrates.
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Ni-based multilayer films combined with noble metal layers have been widely investigated for magnetic device

applications. The multilayer films are mostly oriented
polycrystalline films. As single-crystal Ni or Ni-based multilayer
films are considered useful to investigate the basic magnetic
properties, Ni-based epitaxial thin films were prepared using
single-crystal substrates heated at 300°C by UHV-MBE. The effects
of substrate and underlayer material on the film growth structure
and the magnetic properties were investigated. Ni films were
formed directly on SrTiO;(100) and MgO(100) substrates and the
films were also formed on Au, Ag, and Cu underlayers
hetero-epitaxially grown on MgO(100) substrates.

High-quality Ni(100)g. single-crystal films were obtained on
SrTiO5(100) substrates. In-situ RHEED observation shows that the
in-plane lattice spacing of Ni film is very close to that of the bulk
Ni value from the beginning of film deposition, as shown in Fig. 1.
Ni epitaxial films were also obtained on MgO(100) substrates and
on Au(100), Ag(100), and Cu(100) underlayers grown on
MgO(100) substrates. In the early stage of Ni layer formation on
Ag(100) underlayer, the in-plane lattice spacing of Ni layer is larger
than that of the bulk Ni value and decreases to the bulk value
beyond 5-nm-thick deposition (Fig. 2). Ag atoms of the underlayer
segregate to coexist with the Ni atoms up to around 20-nm-thick Ni
deposition. In the case of Ni layer formation on Au(100) underlayer,
Ni(100).c and Ni(110),, were observed. Ni-Cu solid solution alloy
films were obtained on Cu(100) underlayers. The growth structure
and the magnetic properties vary delicately depending on the
substrate and the underlayer materials.

A part of this work was supported by NEDO, Japan.
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Fig. 1. (a) RHEED pattern of a 40-nm-thick Ni film
grown on SrTiO3(100) substrate and (b) in-plane lattice
spacing as a function of film thickness observed for a
Ni/SrTiO5(100) specimen.
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Fig. 2. (a) RHEED pattern of a 5nmrthick Ni layer
grown on Ag(100) underlayer and (b) inplane lattice

spacing as a function of film thickness observed for a
Ni/Ag/MgO(100) specimen.



