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Fig. 1. (Color online) M-H loops in 300 °C annealed CoFe(50 nm)/
Mnlr(tag) with ta== (@ O, (b) 3, and (c) 10 nm.
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Fig. 2. (Color onling) H.e with in-plane angle in 300°C annealed
CoFe(50 nm)/Mnlr(tas) with ta-=0 and 3 nm. The lines are caculated

by Eq. (2).
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Analysis of Exchange Coupling Energy by Ferromagnetic Resonance Method
in CoFe/Mnir Bilayers

Dong Young Kim*
Department of Physics, Andong National University, Andong 760-749, Korea

(Received 25 November 2012, Received in final form 10 December 2012, Accepted 10 December 2012)

We measure the ferromagnetic resonance signals in order to anadyze the exchange coupling energy due to the uncompensated
antiferromagnetic spins in exchange coupled CoFe/Mnlir bilayers. The exchange bias fields (He,) and rotatable anisotropy fidds (H;,)
are obtained from the ferromagnetic resonance fields measured with in-plane angle in therma annealed samples with ta==0, 3, and
10 nm. The sum of the He and H,, do not depend on the Mnir thickness, which means that al the uncompensated AF spins are
aligned to one direction in 300 °C annedled samples. Therefore, the uncompensated AF spins are divided into two different parts. One
parts are fixed at the interface between CoFe/Mnlr bilayers and induces the He,, other parts are rotatable with magnetic field and
induces the H,,. Findly, the exchange coupling energy can be expressed by the sum of the exchange bias energy and rotatable
anisotropy energy.

Keywords: exchange bias field, rotatable anisotropy field, exchange coupling energy, ferromagnetic resonance
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