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Fig. 1. Top and side views of the bilayer VTe, with two dif-
ferent configurations: (a) Ps; (b) Py. P+ and P| denote
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polarization up and polarization down, respectively. Orange

and white spheres represent Te and V atoms.
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Fig. 2. The charge density difference along the z direction (left panels) and plane-averaged charge density difference (right panels)

for the bilayer VTe, structure with (a) polarization P; and (b) polarization P|. Purple and blue colors represent electron depletion
and accumulation, respectively. The isosurface value is set to 0.00024¢/A3.
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Fig. 3. Structural diagrams of Fe;GaTe, (a) and Fe3GeTe, (b). (c) and (d) show the corresponding band structures for (a) and (b),

with spin up and spin down represented by red and blue lines, respectively. Orange, pink, green, and yellow spheres correspond to

Fe, Ga, Ge, and Te atoms, respectively.
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Fig. 4. (a), (b) Three high alignments of the intermediate ferroelectric layer (VTe,) and the left and right ferromagnetic layers
(FesGaTe,, FesGeTe,) are considered (left V-Te, V-Fe, and V-Ga; right, V-Te, V-Fe, and V-Ge) and the calculated total energy for

the corresponding different alignments. The dotted line represents the atomic alignment, and only one of the three alignments con-

sidered is given here as an example. (c) Schematic diagram of the most stable device stacked, the direction of red arrow P denotes

polarization of VTe,. Magnetization M is defined as magnetic moment vector, with right (+2z) and left (-z) orientations shown by

black/blue arrows. Electrodes extend to infinity, device is periodic in zy-plane, and current flows along zdirection.
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Fig. 5. (a) and (b) The electron transmission spectrum for the MFTJs in the P_, state with M1 1 and M4 |, respectively. Black and

red lines represent spin-up and spin-down, respectively.

#F1
T =Tr + T
Table 1.

Fe;GaTe,/VTe, 32N /FesGeTe, 1 HBEAHCHR T B Ty, Tl Ty « HHETIERZE n% . TMR Fl TER. X H

The spin-dependent electron transmission parameters of the Fe;GaTe,/VTe, bilayer/Fe;GeTe, system include

T+, T, Tiot (where Tiot = T+ + T ), spin filtering efficiency n% , TMR, and TER.

My 4 My
TMR/%
Ty T, Thot n/% Ty T, Thot n/%
P 0.058 0 0.058 100 8.05x10° 0 8.05x10° 100 7.27x10°
P, 0.065 0 0.065 100 6.51x10° 0 6.51x10° 100 1.01x106
TER 12.07% 23.66%
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Fig. 6. (a) and (b) are the spin-dependent projected local density of states of MFTJs in the P, states of My + and My |, respec-

tively. The green dotted line represents the Fermi level.
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Abstract

Multiferroic tunnel junctions (MFTJs), characterized by a ferroelectric barrier encapsulated between two
ferromagnetic electrodes, represent a highly promising platform for next-generation nonvolatile memory
applications. The recent discovery of intrinsic ferromagnetism and ferroelectricity in van der Waals (vdW)
materials further provides a compelling material foundation for constructing multifunctional MFTJs based on
vdW heterostructures. In this paper, aiming at high-performance and multifunctional van der Waals
multiferroic tunnel junctions (vdW-MFTJs) devices, we investigate the spin-dependent transport properties of
vdW-MFTJs with a bilayer VTe, sliding ferroelectric barrier and Fe;GaTe,/Fe;GeTe, magnetic electrodes by
using first-principles calculations based on density functional theory (DFT). Our results reveal that multiple
non-volatile resistance states can be achieved by controlling the polarization direction of the ferroelectric barrier
and the magnetization configuration of the ferromagnetic electrodes in the Fe;GaTe,/bilayer VTe,/FesGeTe,
MFTJs. Specifically, when the double-layer ferroelectric material VTe, undergoes relative interlayer slippage,
the polarization of the ferroelectric barrier switches from a left-oriented state (P.) to a right-oriented state
(P-,). Consequently, the tunneling magnetoresistance (TMR) ratio at the Fermi level increases from 7.27x10°%
to 1.01x10%%. Moreover, switching the magnetization configuration of the ferromagnetic electrodes from parallel
alignment (M+ ;) to antiparallel alignment (M; ) leads to an almost twofold increase in the tunneling
electroresistance (TER) ratio. Furthermore, nearly 100% spin filtering efficiency is observed in all four non-
volatile resistance states of the MFTJs. These findings demonstrate that the engineered Fe;GaTe,/bilayer
VTe,/Fe;GeTe, MFTJs hold promising potential applications in multi-state non-volatile memory and spin

filters, providing a versatile platform for developing multifunctional electronic devices.
Keywords: multi-ferroiron tunnel junctions, quantum transport, spin filtration, non-volatile resistors
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