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Abstract:  Antiferromagnetic spintronics has emerged as a subfield of spintronics, where the Néel vector is exploited to 
control spin-dependent transport properties. Due to being robust against magnetic perturbations, producing no stray fields, 
and exhibiting ultrafast dynamics, antiferromagnets can serve as promising functional materials for spintronic applications. 
Here, we predict the critical functionality of antiferromagnets, namely their ability to produce a strong electrical response to 
the state of the Néel vector, and, in addition, to generate sizable spin-transfer torques capable to switch the orientation of the 
Néel vector. These functionalities are achieved using antiferromagnets supporting a non-spin-degenerate Fermi surface in the 
absence of spin-orbit interaction. Due to their momentum-dependent spin polarization, such antiferromagnets can be used 
as electrodes in antiferromagnetic tunnel junctions (AFMTJs) to control spin-dependent tunneling. In the transport regime 
conserving electron’s spin and transverse momentum, AFMTJ conductance is largely determined by the spin matching of the 
conduction channels of the two electrodes. If their relative momentum-dependent spin polarization changes in response to the 
Néel vector direction, the net conductance of the AFMTJ alters, thus producing a tunneling magnetoresistance (TMR) effect.  
In addition, we predict the existence of the Néel spin currents, i.e., staggered spin currents flowing through different magnetic 
sublattices, which can effectively transfer current-carrying spins between two antiferromagnetic electrodes resulting in a 
spin-transfer torque (STT). The predicted TMR and STT effects are comparable to those in well-known magnetic tunnel 
junctions based on an MgO barrier layer, thus demonstrating the efficiency of AFMTJs to control and detect the Néel vector 
in antiferromagnets. 
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