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FMR measurements on Co2FeAlSii-x Heusler alloy thin films
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Introduction

Due to their half-metallicity and high Curie temperature, Co-based Heusler alloys are promising materials for
spintronic devices such as magnetic random-access memory (MRAM) and magnetic sensors. In such devices, low
magnetic anisotropy of Co-based Heusler alloys is an advantage to improve their performances. These days, we have
reported that magneto-crystalline anisotropy Ki of Co2FeAl:Sii.x thin films changed from positive to negative as x
increased and crossed K1 = 0 line at around x = 0.33." In this study, we performed in-plane and out-of-plane ferromagnetic
resonance (FMR) on Coz2FeAl:Siix thin films to investigate magnetic properties in more detail.

Experimental Procedure

50-nm thick Co2FeAl:Sii.. films were deposited on (001)-oriented MgO single crystalline substrate by co-sputtering
method with CozFeAl and CozFeSi targets, and then annealed at 500°C to improve their crystallinity. We have firstly
investigated their crystalline properties by X-ray diffraction. It was found that above 80% of B2 ordering was observed
in all the samples but L2 structure was detected only in the samples with x below 0.4, indicating that all the samples are
expected to show half-metallicity. Subsequently, in-plane and out-of-plane FMR was performed.
Results

Fig. 1 (a) shows the in-plane angular dependence of the resonance field for the Co2FeAl:Sii.x thin films. It is evident
that the magnetic easy axis has changed from [100] to [110] with increase of x. By fitting with the function suggested by
H. Suhl ?, the K1 has changed from small positive to negative value and crossed zero value at around x = 0.33. This
behavior of K agrees with that evaluated from magnetization curves measured by vibrating sample magnetometer. The
smallest K measured in this study was < 1,000 erg/cc, which is the smallest value reported for Co-based Heusler alloy
thin films.» Figure 1 (b) shows the out-of-plane angular dependence of the linewidth of the FMR spectrum for the sample
with x = 0.33. To evaluate intrinsic magnetic damping constant a, we fitted the linewidth by the sum of the intrinsic and
extrinsic terms. The minimum value of magnetic damping constant @ was less than 0.003 at x = 0.33, which indicates
good half-metallicity because the damping constant « is proportional to the density of states at the Fermi level. Such a
unique material with both good half-metallicity and small magneto-crystalline anisotropy is a good candidate for
enhancing the performance of spintronics devices like magnetic sensors. This work was supported by SIP-project, SCOPE

project, X-nics project, and CSIS, CIES and GP-spin program in Tohoku University.
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Figure 1 (a) In-plane angular dependence of resonance field for all the samples,

and (b) out-of-plane angular dependence of linewidth for the sample with x = 0.33.
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Fig. 1 (a)SEM image of ball-milled flaky particle,
(b) its consolidated pellet, and (c, d) inverse pole
figures of cross section of the consolidated flaky
powder achieved by ball-milling treatment with
and without lubricant, respectively (figures on left
apex of triangle are pole densities at 001).
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Design and evaluation of novel metal ferrimagnetic materials using the rare earth element Gd
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