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Fig. 1. (a) Mnlr layer thickness dependence of unidirectional
anisotropy J; in CoFe(50 nm)/Mnlr films annealed at 300 °C. (b)
CoFe layer thickness dependence of J; in CoFe/Mnlr (20 nm) films
annealed at 340 °C. The insert shows the corresponding exchange bias
fields (H.,). The solid lines are guides to the eye.
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Fig. 2. Measured (circular) and calculated (solid lines) real p’ and
imaginary " permeability spectra for CoFe(100 nm)/Mnir(10 nm)
films annealed at 200 °C. The ferromagnetic resonance is indicated at
the peak frequency of ("
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Fig. 3. Measured real p’ and imaginary p" permeability spectra for CoFe(x nm)/Mnlr(10 nm) bilayers with x = 40, 50, 60, 80, 100 and 150 nm

annealed at 340 °C.
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Fig. 4. CoFe thickness dependence of resonance frequency fr for
CoFe(x nm)/Mnlr(20 nm) bilayers with x =40, 50, 60, 80, 100 and
150 nm and for [CoFe 20 nm/Mnlr 10 nm], multilayers. The solid
line is calculated using Eq. (5).
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Fig. 6. CoFe thickness dependence of exchange bias field H,, for
CoFe/Mnlr bilayers and multilayers. The maximum H,, field of about
2 kOe was observed at CoFe thickness of 1.5 nm. The solid lines are
guides to the eye.
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Exchange Coupling Effect on Microwave Permeability in CoFe/Mnlr Bilayers
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We measured the microwave permeability in the frequency range of 100 MHz~9 GHz in the exchange biased CoFe/Mnlr films. The
results were analyzed based on the Landau-Lifshitz-Gilbert theory. The initial permeability and ferromagnetic resonance frequency
was tuned by controlling the CoFe thickness and unidirectional anisotropy. The tunable range of ferromagnetic resonance frequency
was up to 20 GHz in the thin CoFe layer of 1.5 nm. The CoFe/Mnlr films showed the high permeability and low loss properties in the
microwave frequency range. Thus, this material could be applied to the microwave devices.

Key words : exchange bias, ferromagnetic resonance, permeability, and unidirectional anisotropy



