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Manipulation of the spin degree of freedom of the conduction electron in an electron device, or
spintronics, has been extensively studied recently. Half-metallic ferromagnets (HMFs) feature an
energy gap for one spin direction (mostly the minority-spin band) at the Fermi level (Er), which
provides complete spin polarization at Er making HMFs one of the key materials for
ferromagnetic electrodes in spintronic devices. Co-based Heusler alloys (Co,YZ) are amongst
the most extensively studied potentially half-metallic electrode materials due to the half
metallicity theoretically predicted for several of these alloys and because of their high Curie
temperatures, which are well above room temperature. Our purpose in this study was to
investigate the spin—dependent tunneling characteristics of Co,MnGe/MgO/Co,MnGe magnetic
tunnel junctions (MTJs) fabricated as a function of Mn compositions o for Co,Mn,Ge and to
understand the origin of the observed dependence in terms of the effect of defects possibly
associated with non-stoichiometry in prepared Co,MnGe electrodes. We fabricated
Co,MnGe/MgO/Co,MnGe by co-sputtering from a Co,MnGe target and a Mn target for both the
lower and upper Co,MnGe electrodes. Through the use of co-sputtering, we were able to
precisely control the Mn composition o in the Co,Mn,Ge electrodes. The tunnel
magnetoresistance (TMR) ratios at both 4.2 K and room temperature increased systematically
with increasing o in the Co,Mn,Ge electrodes, which indicates the TMR ratio is explicitly
dependent on the Mn composition. The observed lower TMR ratio for MTJs with Mn-deficient
Co,MnGe electrodes is explained by the existence of Cowy, antisites, where a Mn site is replaced
by a Co atom. Copy, antisites result in the appearance of minority-spin gap states around Ep and
thereby leads to the increased tunnel conductance for the antiparallel (AP) state. On the other
hand, the observed higher TMR ratio for MTJs with Mn-rich Co,MnGe electrodes is explained
by the suppressed Cowmy, antisites, which results in the decreased density of minority-spin gap
states around Ep and thereby leads to the decreased tunnel conductance for AP. Our experimental
findings suggest that the density of minority-spin gap states can be reduced by appropriately
controlling the defects in Co,MnGe electrodes.
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