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Magnetic tunnel junctions (MTJs) featuring perpendicular magnetic anisotropy rep-
resent a key building block actively pursued for spintronic device applications [1].
Current state-of-the-art MTJs incorporate ultrathin CoFeB ferromagnetic layers and
an MgO tunnel barrier, each nominally around 1.0 nm thick (corresponding to only a
few atomic monolayers) [1]. Such reduced dimensions enable accurate 1:1 atomic-scale
modeling through first-principles methods, which provide a full quantum-mechanical
treatment of the electronic structure. In this study, we employ density functional the-
ory (DFT) calculations using the FPLO code [2] to investigate CoFeB/MgO/CoFeB
trilayer systems. The magnetic CoFeB layers are modeled with a thickness of approx-
imately 0.8 nm (five atomic monolayers), while the non-magnetic MgO spacer thick-
ness is varied across about 0.8 nm, 0.5 nm, and 0.2 nm (five, three, and one atomic
monolayers, respectively). This work builds upon and extends our prior theoretical
analysis of the Fe/MgO interface [3]. These computations allow us to establish the
nature of the interlayer magnetic coupling (ferromagnetic/parallel versus antiferro-
magnetic/antiparallel) as a function of spacer thickness, as well as the preferred mag-
netization direction in the magnetic layers (in-plane versus perpendicular-to-plane),
thereby characterizing the overall magnetic anisotropy of the system. Additionally,
by evaluating the magnetic moments and charge distributions on individual atoms,
we gain detailed insight into the interfacial properties at the CoFeB/MgO boundary
and the CoFeB free surface. The findings enhance our fundamental understanding
of existing CoFeB/MgO-based magnetic tunnel junctions and support the rational
design of next-generation, higher-performance spintronic devices.
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