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Table 1. Thermal properties of Fe-Hf alloy, CaTiO;, and bonding
glass

Thermal expansion coefficient Giass transition

(OrT.7) (X1077°C) temperature

300 °C 350 °C (Ty) °C)
Fe-Hf alloy 86 87 -
CaTiOs 110 8! -
Bonding Glass 87 89 402
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Fig. 1. Effect of annealing temperature on effective permeability,
saturation magnetization (47M,) and coercivity (H,) of Fe-Hf-N/SiO,
films reacted with bonding glass.
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Fig. 2. Optical and SEM microstructures of Fe-Hf-N/SiO> films reacted with bonding glass at various temperatures. (a) and (b) 550 °C, (c) and (d)
600 °C, (e) and (f) 650 °C.
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Fig. 3. Lines traced by characteristic X-ray of Fe, Si, Pb and O of Fe-Hf-N/SiO, films reacted with bonding glass at various temperatures. (a) 550

°C, (b) 575 °C, (¢) 600 °C, (d) 625 °C, (e) 650 °C.
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Fig. 4. Effect of annealing temperature on effective permeability,

saturation magnetization (47M,) and coercivity (H,) of Fe-Hf-N/Cr/

SiO; films reacted with bonding glass.
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Fig. 5. Optical and SEM microstructures of Fe-Hf-N/Cr/SiO, films reacted with bonding glass at various temperatures. (a)&(b) 550 °C, (c)&(d)

600 °C, (e)&(f) 650 °C.
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Fig. 6. Lines traced by characteristic X-ray of Fe, Si, Pb and O of Fe-Hf-N/Cr/SiO, films reacted with bonding glass at various temperatures. (a)
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Fig. 7. XRD diffraction patterns of Fe-Hf-N/Cr/SiO, (a) and Fe-Hf-N/
Cr/SiO, films (b) reacted with bonding glass at 600 °C.
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Fig. 8. AES depth profiles of Fe-Hf-N/SiO; (a) and Fe-Hf-N/Cr/SiO;
films (b) reacted with bonding glass at 600 °C.
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Soft Magnetic Properties of Fe-Hf-N Films Reacted with Bonding Glass
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The purpose of this study is to investigate the effect of chemical reaction with a bonding glass on physical and magnetic properties
of Fe-Hf-N/SiO, and Fe-Hf-N/Cr/SiO, thin films. When the Fe-Hf-N/SiO, films were reacted with the bonding glass, the soft
magnetic properties of them were extremely degraded. At 600 °C, the saturation magnetization of the reacted film decreased to 1 kG,
and its coercivity increased to 27 Oe, and its effective permeability decreased to 70. It was found that the degradation of soft magnetic
properties of the Fe-Hf-N/SiO; films reacted with the bonding glass were attributed to the oxidation of the Fe-Hf-N layers to HfO, and
Fe;0,. The soft magnetic properties of the Fe-Hf-N/Cr/SiO, films reacted with the bonding glass were degraded less than those of Fe-
Hf-N/SiO; films. At 600 °C, the saturation magnetization of the reacted film decreased to 13.5 kG, and its coercivity increased to 4 Oe,
and its effective permeability decreased to 700. It was found that the Cr layer suppressed the oxidation of the Fe-Hf-N layers during
the chemical reaction between the Fe-Hf-N layer and bonding glass.

Key words : Fe-Hf-N film, bonding glass, chemical reaction, Cr layer



