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Fig. 1. Schematic diagram of oblique sputtering for prepar-

ing magnetic films (HA, hard axis).
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Fig. 2. The MFM images of (a) 105 nm, (b) 210 nm and (c) 262 nm-thick NiggCuy, films before heat treatment; (d) in-plane normal-

ized hysteresis loop of NigsCuyy; (€) remanence ratio vs. film thickness.
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Fig. 3. (a) XRD pattern of 105 nm-thick NiggCuyy film be-
fore and after heat treatment; the SEM surface morphology
of 105 nm-thick NiggCuyy films (b) before heat treatment,
(c) after 300 °C heat treatment, and (d) after 400 °C heat

treatment.
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Fig. 4. (a) In-plane normalized hysteresis loop of 105 nm-thick NiggCuy, film before and after heat treatment; The MFM images of
105 nm-thick NiggCuy, films (b) before heat treatment, (c) after 300 °C heat treatment, and (d) after 400 °C heat treatment.
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Abstract

In this paper, NiggCuyy thin films are prepared on Si substrates by radio-frequency magnetron co-sputtering.
The effects of film thickness and heat treatment on domain structure and magnetic properties are studied. The
NiggCuyy films with thickness less than 210 nm show weak in-plane anisotropy. After the vacuum magnetic field
heat treatment, the crystal grains of all films grow, and the in-plane anisotropy extents of NigsCuyy films with
thickness less than 210 nm become weaker. The films have different morphological characteristics at different
heat treatment temperatures. The surface of the film is very dense before heat treatment. After heat treatment
at 300 °C, it forms island shape due to the solid solution between the grains. Compared with the grains on the
surface of the heat-treated film at 300 °C, the grains grow further after being heat-treated at 400 °C. Grown
grains cover the gaps between the grains, which makes the film surface flat. The results of in-plane normalized
hysteresis loop of the films show that the critical thickness of the stripe domains decreases after heat treatment.
The stripe domain structure appears in the 210-nm-thick films without being heat-treated. For the film with the
heat treatment, its remanence ratio M,/ M, decreases, and the saturation field H; increases, and thus leading the
perpendicular anisotropy constant K|, to increase. Therefore, the thickness of the stripe domain in the film after
being heat-treated decreases. Compared with the films after being heat-treated, the 105-nm-thick as-prepared
NiggCuyy film has a maximum natural resonance frequency of 2.1 GHz, which is attributed to the uniaxial
anisotropy of the as-prepared NiggCuj, film. The saturation magnetization of the 300 °C-treated 105-nm-thick
film decreases to 3.01 x 105 A/m. However, the saturation magnetization decreases to 5.9 x 10° A/m after heat
treatment at 400 °C. Moreover, the ferromagnetic resonance peak of the film narrows after being treated at 300 °C,

and the resonance frequency decreases to 1.95 GHz.
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