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Electric Field-Induced Ferromagnetic Resonance
Laboratory for Nanoelectronics and Spintronics, RIEC, Tohoku Univ.,
IBM TJ Watson Research Center?, CSIS, Tohoku Univ.®, WPI-AIMR, Tohoku Univ.*
Os. Kanai'®*, M. Gajek?, D.C. Worledge?, F. Matsukura™**, and H. Ohno***
*E-mail: sct273@riec.tohoku.ac.jp

By applying an electric field, the magnetic anisotropy in CoFeB/MgO can be modulated, and thus
magnetization dynamics can be induced [1]. Here, we investigate the dc bias dependence of the magnetic
anisotropy in a CoFeB free layer in a magnetic tunnel junction (MTJ) by ferromagnetic resonance (FMR)
measurements, where the FMR is induced by the application of rf electric field.

The stack structure, Ta /Ru /Ta /Cog,FeqsBo2 (0.9 nm) /MgO (1.4 nm) /Cog2FepeBo2 (1.8 nm) /Ta /Ru, is
deposited by rf magnetron sputtering, and is processed into a 40-nm-diameter MTJ device sandwiched
between coplanar waveguides by electron beam lithography and Ar ion milling. Both of the CoFeB layers
have perpendicular magnetic easy axis, and the top CoFeB layer is a free layer. We apply the rf voltage to
the MTJ to induce the FMR through the rf modulation of the magnetic anisotropy by the electric-field
effect. We obtain the homodyne-detected FMR spectra by measuring reflected dc voltage as functions of dc
bias voltage Vyiss and an in-plane magnetic field Hi, [2].

We determine the first- and second-order perpendicular anisotropy fields, Hg; and Hg, in the free layer
from the in-plane magnetic field dependence of the resonant frequency by considering the resonant
condition and the magnetostatic energy equilibrium condition. Figure shows the bias voltage Vyis
dependence of Hy; and Hy,, where Hy; depends almost linearly on Vs With a slope of 64 mT/V while Hy,
is constant. The dependence is consistent with that obtained previously by dc transport and X-band FMR
measurements [3,4].
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