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We present a vertical spin-filter tunnel field-effect transistor (Spin-TFET) built from the air-
stable van der Waals antiferrommagnet CrSBr in a graphite/hBN/graphene/CrSBr/graphene
heterostructure. A gate field directly tunes the spin-filter tunnelling magnetoresistance (MR)
from ~100% to ~800%. Strikingly, source—drain bias can enhance, not degrade, spin filtering:
increasing Vos (V) boosts MR to ~2500% at an optimal bias and sharpens discrete MR
plateaus, opposite to conventional magnetic tunnel junctions. Combining magneto-
transport with density-functional-theory calculations, spin-circuit modelling, and a bias-
dependent tunnelling analysis, we separate interfacial and interlayer transport
contributions [1]. We show that a gate-tunable tunnelling resistance at the proximized
graphene/CrSBr injection interface is the primary electrical control that rescales spin-
dependent transmission. Our modelling captures the MR(Vps) evolution by accounting for
bias-induced changes in the effective spin-dependent barrier profile [2]. These results
position vdW antiferromagnetic Spin-TFETs for electrically programmable, multilevel spin
logic and spin-selective readout.
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Figure 1: Magnetoresistance ratio as a function of Magnetic field at 2K. The Red and Blue arrow
denote the field sweep direction forward and backward respectively.
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