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(a) Traditional trilayer MTJ (b) Altermagnetic bilayer MTJ
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Fig. 1. Schematic diagrams of traditional three-layer tunnel junction and simplified tunnel junction with altermagnetic material.
(a) Both electrodes are ferromagnetic, with an oxide barrier in between. The thermal stability energy barrier of the free layer is F),
which is equal to the perpendicular magnetic anisotropy energy FEpya. (b) The upper electrode is ferromagnetic, while the lower
electrode only needs to be a conductive metal electrode (e.g., Au). The barrier layer is made of a altermagnetic material. The
thermal stability energy barrier of the free layer is Ey = Fpya+ Egp, where Fgp is the exchange bias at the ferromagnetic/altermag-
netic interface. Under the same ferromagnetic material size E, > Ej, indicating that the simplified altermagnetic tunnel junction has
higher thermal stability, thus enhancing information storage stability.
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Fig. 2. Material electronic structure. Top and side views of the crystal structure of (a) V,Se,0, (b) Fe,B, and (¢) V,Se;0/Fe,B he-
terostructure. (d), (e) Spin-polarized band structures of V,Se,O and Fe,B, where blue represents spin-up and red represents spin-
down. (f) Schematic diagram of the simplified altermagnetic tunnel junction (SAMTJ) device structure: The ferromagnetic layer
serves as both the electrode and the free layer, with the altermagnetic material functioning as both the barrier and pinning layer,
and the other end as a non-magnetic conductive electrode.
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Fig. 3. (a) Atomic stacking diagram of the SAMTJ device,
where Fe,B acts as an infinite half-electrode, Au as the oth-
er infinite half-electrode, and the Fe,B/V,Se;O/Au struc-
ture serves as the central tunneling region; (b) schematic il-
lustration of the TMR mechanism based on momentum-
space spin splitting in the altermagnetic. The colorbar
shows the spin polarization of the material’s density of
states: blue denotes majority-spin states, red denotes minori-
ty-spin states, and gray indicates no spin polarization.
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Fig. 4. Transport properties of the simplified altermagnetic tunnel junction: (a) Transmission spectra of spin-up and spin-down un-
der parallel and antiparallel magnetization configurations; (b) spin-polarization spectra under parallel and antiparallel magnetiza-

tion configurations; (¢) TMR spectra, where the dark-blue region denotes the energy range with TMR > 150%; (d) two-dimension-

al Brillouin-zone-resolved density of states for spin-up and spin-down in Fe,B and V,Se,O at the Fermi level.
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SPECIAL TOPIC— Semiconductor physics and devices

Tunneling magnetoresistance in a simplified bilayer tunnel
junction based on altermagnetic spin splitting”
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1) (State Key Laboratory of Spintronics, Hangzhou International Innovation Institute, Beihang University, Hangzhou 311115, China)
2) (Fert Beijing Institute, School of Integrated Circuit Science and Engineering, Beihang University, Beijing 100191, China)

( Received 2 December 2025; revised manuscript received 20 January 2026 )

Abstract

Altermagnetic materials have recently broken through the spin degeneracy limitation of conventional
antiferromagnetic tunnel junctions, offering new opportunities for developing novel spintronic devices. However,
maintaining high thermal stability and significant tunneling magnetoresistance (TMR) while utilizing
altermagnetic semiconductors to simplify device architecture remains a key challenge for achieving high-density
storage devices. This work presents a tunnel junction based on a V,Se,0/Fe,B van der Waals heterostructure.
By exploiting the spin-splitting effect in the momentum space of altermagnetic materials, this structure
overcomes the inability to achieve TMR in conventional antiferromagnetic tunnel junctions due to spin
degeneracy. Simultaneously, the exchange bias effect at the ferromagnetic/altermagnetic interface effectively
enhances the thermal stability of the ferromagnetic layer, replacing the conventional synthetic antiferromagnetic
pinning layer and significantly simplifying the device architecture. First-principles calculations based on density
functional theory combined with non-equilibrium Green’s function demonstrate that the V,Se,O/Fe,B
heterostructure achieves a TMR of 283% at room temperature, with further optimization potential through
material doping or electrostatic gating. This study demonstrates the feasibility and application prospect of
altermagnetic materials in next-generation spintronic memory devices, while substantially reducing structural

complexity and enhancing thermal stability.
Keywords: altermagnetic tunnel junction, altermagnetic semiconductor, tunneling magnetoresistance
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