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Magnetic tunnel junctions (MTJs) with a large tunneling magnetoresistance (TMR) ratio (>1000%) are required for
device applications in spintronics. Rocksalt-type crystalline MgO is generally used as the barrier material, which offers
predominant transmission of tunneling electrons with A; symmetry and responsible for a large TMR ratios for
Fe/MgO/Fe and related MTJs at low temperature [1, 2]. However, the long-standing challenge is that the TMR ratio
decreases rapidly with increasing temperature, mainly because of thermal fluctuation of interfacial magnetic moments
[3]. For stabilization of the magnetic moments against thermal excitations, ferromagnetic electrode materials with large
magnetic anisotropy energy (MAE) are desirable. Under tetragonal distortion, bcc Co is known to show large
perpendicular magnetic anisotropy (PMA) [4]. Metastable bcc phase of Co could be stabilized by doping of Fe. A recent
experimental study reports bcc CoFeMn/MgO/bcc CoFeMn MTJs to show a reasonably high TMR ratios at low
temperature (1002%) and at room temperature (350%) as well [5].

In this study we investigate the electronic structure, MAE and Curie temperatures of bcc CoFeMn alloys by using
first-principles calculations. We used coherent potential approximation to account for chemical disorder. MAE was
evaluated using magnetic torque method [6].

Figure 1 shows MAE as a function of tetragonal distortion c/a and Fe composition y in bce (CoggMng.2)1-yFey alloys.
A positive value of MAE indicates PMA, and a negative in-plane magnetic anisotropy (IMA). The PMA is highest for y
= 0 and decreases gradually with increasing Fe composition in the region c/a < 1.0. It is to be noted that bcc Fe under
tetragonal distortion shows IMA [4]. In this study we discuss the role of the band filling and hybridization between local
orbitals near the Fermi level on the MAE. We also present the results of magnetic moment, Gilbert damping, Curie
temperature and electronic structures of the CoFeMn alloys.

The authors thank S. Mizukami for fruitful discussion. This work was partially funded by supported by CREST
(Grant No. JPMJCR17J5) from JST and X-NICS (Grant No. JPJ011438) from MEXT.
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Figure 1: Magnetic anisotropy energy (MAE) as a function of tetragonal distortion c/a and Fe composition in bcc CoFeMn alloys.
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