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Characterization of the anomalous Nernst effect in FesxNixN films

W. Yint, K. Ito?, Y. Tsubowa?, M. Tsujikawa?, M. Shirai?, K. Takanashi®?
(IMR, Tohoku Univ.}, RIEC, Tohoku Univ.2, ASRC, JAEA?3)
[ Introduction]

Thermoelectric power generation devices have a promising prospect because they can directly convert thermal energy
to electric energy without pollution and noise. As one of the thermoelectric effects, the anomalous Nernst effect (ANE)
generates an electric field (Eane) orthogonal to both magnetization and temperature gradient (VT) in ferromagnetic
materials. FesN is a promising ferromagnetic material with relatively large anomalous Nernst coefficient (Sane) of 2.2
wV/K [1]. In this study, FesxNixN films were fabricated and their ANEs were characterized. The Fermi level of FesN
was tuned by adding Ni atoms and Sane was modulated.

[Experiments]

The FeaxNixN films were epitaxially grown on MgAl,0.(MAQO)(001) substrates at 450 °C by molecular beam epitaxy.
Fe and Ni were supplied by electron beam gun and N was simultaneously supplied by radio-frequency plasma gun. The
structures of the samples were characterized by x-ray diffraction. The Ni/Fe ratio, X, in FesxNixN films was
characterized by electron probe micro analyzer, and x was changed in the range of 0 < x < 2.8. The samples were
microfabricated into a Hall bar shape, and ANE, the Seebeck effect, and the anomalous Hall effect (AHE) were
characterized [2]. The external magnetic field dependence of Eane Was measured at different VT for all the samples and
Sane was estimated. The transverse conductivity (oxy) and the transverse thermoelectric conductivity of FesNiN was
calculated by the first-principles calculation [3].

[Results])

The FesxNixN films were epitaxially grown on the MAO(001) substrates at 450 °C, but the uniform FesxNixN phase
was hard to form with the increase of x and started to decompose into FeNi at about x = 2.3. As for the result of ANE,
the Sane decreased from 1.7 to 0.6 pV/K with the increase of x from 0 to 2.8. The addition of Ni did not improve the
ANE in FesxNixN. The Seebeck coefficient (Ssg) increased from -2.3 to 1.2 uV/K with the increase of x from 0 to 2.8.
By using the experimental data of Sane, Sse, and the anomalous Hall angle, axy was calculated. The result showed that
axy decreased with the increase of x and the change of axy dominated the change of Sane. In order to enhance ANE in
FesN, another third element, which increases ayy of FesN, needs to be found. In the presentation, the obtained oy, and
axy Values of the sample with x = 1.2 will be compared with the calculation results.
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