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SmCos is a high Ku material of 1.1x10° erg/cm3 and has been investigated recently for applications as thin film magnets,
thin film recording media, etc. SmCos polycrystalline films with (0001) preferred texture have been prepared by employing
Cu underlayers on glass or SiOy substrates [1-3]. For such applications, high-quality epitaxial thin films grown on
single-crystal substrates are the strong candidates since the magnetic anisotropy and the uniformity are well controlled and can
be fabricated into nano-patterns. In our previous study, SmCos(0001) epitaxial films were prepared on Cu(111) single-crystal
underlayers [4]. The aim of this paper is to investigate the effects of substrate temperature and Cu underlayer thickness on the
formation of SmCos(0001) epitaxial thin films and to illustrate the growth structure of SmCos crystal on Cu(111) underlayer.

Figure 1 shows the substrate temperature dependence of
RHEED pattern observed for SmCos films grown on
10-nm-thick Cu underlayers. In-situ RHEED observation
has shown that SmCos(0001) epitaxial films are
successfully formed. A high-quality SmCos(0001) epitaxial
film was obtained at a substrate temperature of 500 °C.
However, for SmCos films formed at lower temperatures,
amorphous RHEED patterns are overlapped with the
ordered RHEED pattern with increasing SmCos layer
thickness, as shown in Figs. 1(a) and 1(b). The SmCos
layer has two types of domains whose orientations are
rotated around the film normal by 30 degrees each other.
Figure 2 shows the XRD spectrum of the SmCos film
deposited at 500 °C. The SmCos(0001) superlattice peak is
clearly observed in addition to the SmCos(0002)
fundamental peak. Parts of Cu atoms diffuse into the
SmCos layer from the underlayer and an Sm(Co,Cu)s alloy
layer is presumably formed. The formation of SmCos
ordered phase is also delicately influenced by the Cu
underlayer thickness. The Cu atom diffusion into the
SmCos layer is considered to play an important role in
assisting the formation of SmCos epitaxial thin film.
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Fig. 1. RHEED patterns obtained from SmCo5 layers grown on
10-nm-thick Cu underlayers at (a) 400 °C, (b) 450 °C, and (c) 500
°C, respectively.
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Fig. 2. XRD spectrum of SmCos film grown on 10-nm-thick Cu
underlayer at 500 °C.
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Ring-structured magnetic thin film has attracted much attention and become a promising candidate for the data storage
application [1]. It is also a good system for the study of dynamics of domain walls [2,3]. Most previous works [2,3] indicate
that in a magnetization reversal process the onion state transforms to flux closure state and finally to the reverse onion state.
So the hysteresis loop exhibits two obvious sharp steps, which correspond to the transitions from the onion state to flux
closure state and from the flux closure state to the reverse onion state. In this study, two different remanent magnetization
configurations in permalloy rings are verified experimentally and numerically to lead to different magnetization reversal
processes, which are caused by the helicities of the two small vortex domain walls in the two sides of the onion state. When
the two vortex domain walls are in the same helicity, the onion state will transform to flux closure state/vortex state with
increasing of the field, and then transform from the flux closure state/vortex state to the reverse onion state with further
increasing of the field. When the two vortex domain walls are in opposite helicities, however, with increasing of the field the
onion state will transform directly to the reverse onion state skipping the flux closure state/vortex state. Magnetoresistance
corresponding to the above two magnetization reversal processes is obtained by experimental and numerical approaches,
which are in good agreement.
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