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Fig. 1. Side views (a), (d), differential charge density maps along the zdirection (b), (e), and plane-averaged charge density differ-
ences (c), (f) of bilayer VSi,P, with AB (a)—(c) and BA (d)-(f) stackings. The silver, red, and blue spheres represent P, V, and Si

atoms, respectively. The black arrows indicate the ferroelectric polarization direction. The yellow and cyan regions denote electron

accumulation and depletion regions, respectively, with an isosurface value of 0.0001 e/ As.
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R, VBM Ay F K Higs T K, 7= 4E
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T K5, $E13.6 meV B F WAL, 5L,
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Jii7R, VBM 5 CBM A ARG SHTEFHR. (8
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BF, 125 T 2R 7 R 180°, BeY 45t hE
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Fig. 2. Plane-averaged electrostatic potential profiles of bilayer VSi,P, with AA stacking (a), AB stacking (b), and BA stacking (c)

along the zdirection; ferroelectric switching paths I (d) and II (e) for bilayer VSi,P, in AB and BA stackings, along with the inter-

layer sliding energy barrier for path I (f).
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BJZ VSipP, 1 4 FlOA [6] 8k HL /I Bk W4 (FE/AFM) 1 #1
(d) PTM T | A2, 210 B0 57 Sk 2 AR SR 4k vl AR AL 1) A A TR AL 7 )
Fig. 3. Four different FE/AFM configurations of bilayer VSiyP;: (a) PI ML T; (b)) PIMT |5 () PTM] T; () PTMT |. Red

(@ PIMI THAL b)) PIMT | 3 () PTM] 1T R,

and black arrows represent FE polarization and spin polarization directions, respectively.
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Fig. 4. Band structures without SOC (a), (e) and with SOC (b)—(d), (f)~(h). Panel (a), (b) represent the P/ M| T and PTM T |
configurations, respectively, while (e), (f) represent the PL M T | and P | M1 | configurations, respectively. Panel (c), (d) are en-

larged views of the band structures in (b), and (g), (h) are enlarged views of the band structures in (f).

V3x V3, KIEF K 2.61%; X T TiSey VSiyP
TiSe, #fF, HLAR AIH A2 2 1% fre/ NC BRI R Ky
V3 x VBRIV x V3, RELEN 1.81%. HT K, T
B X PP MEFT Js A [A] 5 1 Ak 1 f FE HE S 4
AL X PR MFTJs oG A S B gh Stm e A, |

3.2 ZHRBESHNEIZRIE

3.1 WIS HE T W2 VSi,P, bR B A 24k
P, BAVET LA R T ARME 28RS 2, 42
T ORAFFEAS [ HLARONT e 2 R A R ek

T WA FR AR : Bk 4 @ il (Au) Al vdW
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Fig. 5. Stacking configurations of the Au-VSi,P, interface (a) and the TiSe,-VSi,P, interface (b); schematic device structures of the
Au-VSi,P,-Au junction (c) and the TiSe,-VSiyP,-TiSe, junction (d); the left and right electrodes extend to 4+, these devices are
arranged periodically in the zy-plane, with current flowing along the zdirection.
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Fig. 6. PDOS for the Au-VSi,P-Au device (a) and the TiSe,-VSi,P,-TiSe, device (b) at equilibrium. The white dashed line marks

the Fermi level.
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Fig. 7. Transmission spectra in the two-dimensional Brillouin zone for (a) the Au-VSi,P-Au device and (b) the TiSe,-VSi,P,-TiSe,

device.
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Fig. 8. Distribution of incoming wave functions in A-space for the Au electrode (a) and the TiSe, electrode (b); the lowest decay rate

in k-space for MoTe, (c) and monolayer VSi,P, (d), (e).
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B9 4FPKR R MFTJs #5448 O #8058 X009 25 2 i fof 25 3

(a) Au-VSipP,-Au; (b) Au-MoTe,-VSiyP,-MoTes-Au; (¢) TiSes-

VSi,P,-TiSey; (d) TiSe,-MoTe,-VSi,P4-MoTe,-TiSe,; # (5 Fl 47 {0 [X 3 43 1) 2 7 o i AL 5 FE R X 45k

Fig. 9. Differential charge density of the central scattering region for four different MFTJs devices: (a) Au-VSi,P,-Au MFTJ;
(b) Au-MoTe,-VSi,P-MoTeyrAu MFTJ; (c) TiSey-VSiyP,-TiSe, MFTJ; (d) TiSey,-MoTe,-VSi,P4-MoTe,-TiSe, METJ. The yellow
and green regions represent charge accumulation and depletion regions, respectively.
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Fig. 10. Comparison of the total interface energy for three different interfaces under different stacking orders: (a) VSiyP,-MoTes;

(b) Au-MoTey; (c) TiSer-MoTe,.
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Fig. 11. Schematic diagrams of the (a) Au-MoTe,-VSi,P-MoTe,-Au device, (b) TiSe,-MoTe,-VSiyP,-MoTe,-TiSe, device, and

(¢) Au-MoTe,-VSiyP,-MoTe,-TiSe, device.
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Fig. 12. PDOS along the transport direction (z-axis) in the central region of the (a) Au-MoTey-VSi,P,-MoTey-Au device, (b) TiSey-
MoTey-VSi,P,-MoTey-TiSe, device, and (c) Au-MoTe,-VSiyP,-MoTe,-TiSe, device.
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Fig. 13. Transmission spectra in the two-dimensional Brillouin zone for (a) the Au-MoTe,-VSi,P-MoTey-Au device, (b) the TiSe,-
MoTe,-VSi,P-MoTe,-TiSe, device, and (c) the Au-MoTe,-VSi,P-MoTe,-TiSe, device.
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Fig. 14. (a)—(e) Average electrostatic potentials and voltage drops for (a) Au-VSi,P-Au, (b) TiSe,-VSi,P-TiSe,, (¢) Au-MoTe,-
VSi,P-MoTey-Au, (d) TiSe,-MoTe,-VSi,P-MoTe,-TiSe, and (e) Au-MoTey-VSiy,P,-MoTe,-TiSey; (f) the spin down electronic eigen-
states of hot spots for Au-MoTe,-VSiyP,~-MoTe,-TiSe, under AB and BA stacking configurations with PC and APC.
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Abstract

The novel two-dimensional MA,Z, family has attracted significant attention due to its diverse structures
and material properties. Among these, the bilayer VSi,P, exhibits simultaneous out-of-plane ferroelectric
polarization and interlayer antiferromagnetic coupling in both AB and BA stacking configurations, offering
promising prospects for various applications. In this work, based on density functional theory combined with
non-equilibrium Green’s functions, we investigate the spin transport properties of van der Waals multiferroic
devices based on bilayer VSi,P,, considering different electrodes, interfacial coupling, and structural asymmetry.
The results show that the spin-filtering effect of bilayer VSi,P, leads to relatively large tunneling
magnetoresistance in both Au-VSi,P,-Au and TiSe,-VSi,P,-TiSe, devices, while the interfacial coupling between
electrodes and the barrier layer results in relatively small tunneling electroresistance. By introducing a MoTe,
interlayer, the tunneling electroresistance of the Au-MoTey,-VSisP,-MoTey-Au device reaches 17.35% and
17.90%, and that of the TiSey-MoTeyr-VSisP, -MoTe,-TiSe, device reaches 46.25% and 49.30%. In the Au-
MoTey-VSiyP,-MoTey-TiSe, device with asymmetric electrodes, the tunneling electroresistance is further
enhanced to 95.3% and 94.0%, while the tunneling magnetoresistance remains relatively large. These findings
are expected to advance the development of two-dimensional intrinsic multiferroic tunnel junctions and related
in-memory computing devices.

Keywords: first-principles calculations, two-dimensional ferromagnetism, multiferroics, tunnel junctions
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