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The exploration of spin-orbit torque (SOT), which correlates the momentum of the electron with its spin, has given rise to a new field known as spin orbitronics. This field focuses on the manipulation of nonequilibrium material properties via spin-orbit interaction (SOI) [1,2]. Spin orbitronics has garnered particular attention in metallic and semiconducting systems due to its role in the reciprocal conversion of spin and charge currents. SOI arises from both extrinsic and intrinsic sources. Extrinsic contributions stem from spin-orbit-coupled impurities and interfaces, while intrinsic effects result from spin-orbit interactions in the material’s band structure. In low-dimensional multilayered structures, the intrinsic effect, referred to as Rashba SOT, emerges from the breaking of structural inversion symmetry.
In the framework of the quasiclassical Green's function formalism and the nearly free electron approximation, we study the spin-orbit torque induced by the Rashba effect and the tunneling anisotropic magnetoresistance (TAMR) in magnetic tunnel junctions (MTJs) with a single barrier. Our research focuses on a heterostructure with one insulator and ferromagnetic metals: ferromagnetic metal (FM)/insulator (I)/ferromagnetic metal (FM). This heterostructure includes an asymmetric Rashba interface spin-orbit interaction.
The work intends to show that the angular dependence of the tunnel anisotropic magnetoresistance is significantly enhanced by almost an order of magnitude when the Rashba spin-orbit torque is taken into account. This enhancement is retained even at moderate exchange splittings of the spin subbands, which indicates that such MTJs are promising for highly efficient spintronic applications.
Our objective is to develop spin orbitronics: to derive analytical expressions and numerical calculations that cover the key characteristics of the phenomena caused by the Rashba SOI, in particular, the spin-orbit torques (SOT) and TAMR under conditions of applied voltage. For this purpose, the work uses the formalism of quasiclassical Green's functions and the quantum-mechanical derivation of the transmission coefficients of conduction electrons through the MTJ [3]. These methods allow a self-consistent treatment of interfacial SOT, bias voltage effects in realistic electronic band structures.
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