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Fig. 1. Resonance absorption data of NiFe/IrMn thin film (dot) and
the integrated curve (solid line). The measurement was performed at
$;=0°. The inserted graph indicates the angle between the external
field and sample.
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Fig. 2. (a) Angular dependence of resonance field of NiFe/IrMn and
IrMn/NiFe/IrMn thin films. Data of an unbiased single NiFe thin film
was inserted to comparison. (b) indicates the re-plotted result by polar
coordination.
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Table I. The average resoance field H,o, unidirectional exchange
anisotropy field H,,, the uniaxial anisotropy field H;, and the mean
peak-to-peak linewidth AH which were obtained from eq. (1).

Sample Hy (0c) He (Oe) Hy; (Oe) AH (Oe)
NiFe 980 - 4.1 409
NiFe/IrMn 955 301.0 175 139.5
ItMr/NiFe/ItMn 842 218.0 254 238.0
NiFe/Cu 0.8/ItMn 992 7.7 43 482
NiFe/Cu 1.8/ItMn 999 0.7 3.8 465
NiFe/ItMn/CoFe H,, 572 11 26.1 935

H, 961 284 17.1 1315
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Fig. 3. Angular dependence of resonance field of NiFe/IrMn/CoFe
thin film. The inserted figure indicate the resonance absorption data at

o=0.
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Fig. 4. Angular dependence of resonance field of NiFe/Cu(t)/IrMn
(r=0.8, 1.8 nm) thin films. Data of an unbiased single NiFe thin film
was inserted to comparison.
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Exchange bias effect of a various layered thin films were studied by FMR measurment. In plane angular dependence of a resonance
field distribution which measured by FMR was analysed as a combined effect of an unidirectional anisotropy and an uniaxial
anisotropy. Exchange biased NiFe/IrMn, IrMn/NiFe/IrtMn, and NiFe/ItMn/CoFe thin films showed larger unidirectional anisotropy
field and uniaxial anisotropy field with compared to that of an unbiased NiFe single thin film. In case of NiFe/Cw/IrMn, the film with
thick Cu layer exhibited a similar trend to the unbiased NiFe thin film. NiFe/IrMn/CoFe thin film showed two resonance field
distribution due to different ferromagnetic layers. In additon to the resonance field, the line width was also analysed with related to
exchange bias effect.

Key words : exchange bias, ferromagnetic resonance, unidirectional anisotropy field and uniaxial anisotropy



