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Fig. 1. Effect of annealing temperature on effective permeability,
saturation magnetization (B;) and coercivity (H.) of Fe-Hf-N
thin films annealed in N, gas.
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Fig. 2. SEM microstructures of surfaces and cross-sections of as-deposited and annealed Fe-Hf-N thin films. (a), (b) as-
deposited, (c), (d) annealed at 400 °C in N, gas, (e), (f) annealed at 550 °C in N, gas.
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Fig. 3. AES depth profiles of Fe-Hf-N thin films annealed at
400 °C (a) and 550 °C (b) in N, gas.
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Fig. 4. XRD diffraction patterns of Fe-Hf-N thin films
annealed at various temperatures in N, gas. (a) as-deposited,
(b) 400 °C, (c) 450 °C, (d) 550 °C.
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Fig. 5. SEM micrograph overlapped with AES depth profile
of Fe-Hf-N thin film annealed at 550 °C in N, gas.
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Fig. 6. XRD diffraction patterns of as-deposited Fe-Hf-N thin
film (a) and Fe-Hf-O-N layer (b).
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Fig. 7. Thickness increase of Fe-Hf-N thin films after annealing
in N, gas.
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Fig. 8. Effect of annealing temperature on soft magnetic
properties of Fe-Hf-N thin films annealed in N, gas.

—@— : Calculated with thickness after annealing.

««+[J-++ : Calculated with thickness before annealing.
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The purpose of this study is to investigate the effect of annealing conditions on physical and magnetic properties of Fe-Hf-
N thin films. When the thin films were annealed in N, gas, a surface oxide layer, comprised of Fe,0O; and Fe;Q,, was formed
at the surface of the thin films and a Fe-Hf-O-N layer was also formed under this surface oxide layer. It was found that the
thicknesses of the surface oxide layer and the Fe-Hf-O-N layer increased, as the annealing temperature increased. It was also
found that if the thickness of the surface oxide layer was excluded in the property calculation, the soft magnetic properties of
the annealed thin films were not much different from those of the as-deposited thin films. Therefore, it was suggested that
the Fe-Hf-O-N layer formed under the surface oxide layer did not lose significantly the soft magnetic properties of the Fe-
Hf-N films and the Fe-Hf-N films annealed in N, gas showed the soft magnetic properties of the Fe-Hf-N and Fe-Hf-O-N

multi-layers.



