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Fig. 1. Geometric and band structures of the V,Se,O monolayer, and the relationship among valley polarization, net magnetic mo-
ment, and uniaxial strain along the a-axis direction: (a) Crystal structure of monolayer V,Se,O, where the gray planes in the vertic-
al direction represent the mirror symmetry planes My of different sublattices along the diagonal direction; (b) top view of the
monolayer V,Se,O, where the black dashed box indicates the unit cell, and the gray dashed lines represent the mirror planes Mg
along the diagonal direction; (c) local octahedral structure of two V atoms, where zyz represent the local octahedral coordinates of
one V atom; (d) spin-polarized band structure calculated by PBE + U (U = 4 V), where the inset shows the high-symmetry points
and paths in the first Brillouin zone; (e) schematic illustration of uniaxial strain along the e-axis; (f) valley polarization of UVB and
the net magnetic moment AM (Vi — V2) between V atoms as a function of e-axis strain, where the inset shows the variation of

valley polarization with AM (Vi — Va).
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Fig. 2. Stability analysis and schematic electronic configuration of the monolayer VCrSe,O: (a) Different substitution configura-

tions in a 2x2 supercell of the VCrSe,O monolayer, where V and Cr atoms are located at different sites with a 1:1 ratio, only V

and Cr atoms are labeled; (b) relative energies of the different substitution configurations, where P1-P6 correspond to the six struc-

tures in panel (a), with the energy of the P1 structure taken as the reference; (c) top and side views of the P1 structure of monolay-

er VCrSe,O, where the gray dashed lines represent the vertical mirror planes Mg of different sublattices along the diagonal direc-

tion, here the mirror symmetry is broken; (d) phonon spectrum of the monolayer VCrSe,0O; (e) AIMD simulation of the monolayer

VCrSe,0 at 300 K; (f) distribution of energy levels and electrons of the magnetic atoms V and Cr in the local distorted octahedra.
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Fig. 3. Electronic structure and orbital distribution of the VCrSe,O monolayer: (a) Top view and (b) side view of spin density of

monolayer VCrSe,O, where the isosurface is set to 0.05 e/A3; (c) spin-resolved band structure and (d) SOC-perturbated band struc-

ture, where the magnetization M is parallel to c-axis and the value of valley polarization of the UVB is marked in yellow; (e) contri-

butions of V and Cr atoms on band structure, where the size of the circles indicates the weight; (f) contributions of Se atoms on

band structure.
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Fig. 4. Valley polarization, net magnetic moment and band structure of VCrSe,O monolayer under uniaxial strain along e-axis and
b-axis directions: (a), (d) Variation of valley polarization of the UVB and AM (V — Cr) with uniaxial strain along the e-axis and
b-axis, respectively, for the monolayer VCrSe,O; (b), (e) the spin-resolved band structures under -5% compressive strain along the
a-axis and b-axis, respectively; (c), (f) the spin-resolved band structures under 5% tensile strain along the a-axis and b-axis, respect-

ively. On the band structures, the values of valley polarization corresponding to the relevant uniaxial strains are marked in yellow.
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Fig. 5. Three stacked configurations of V,Se,0/SnO heterojunctions: (a) and (d), (b) and (e), (c¢) and (f) correspond to the top and
side views of three stacked structures of the V,Se,0/SnO heterojunction, respectively, where the dashed circles indicate the upper

Sn atoms in the a-SnO layer and the interlayer distances of the heterojunctions under different stacked models are marked in yellow.

—1

(a) 2 Y/ Y/ (b) 2 () 2 \/ Y/ \/
1H 1H 1H

> > >
o Q <
< lvsml < [vsm2 < [vsH3
o0 0 a0 0 a0 0
5 5 s v
s ] 2
= m m

1 1 1t

-2 -2 -2

r M X I Y M r r M X I Y M r r M X I Y M r
@ 2 (&) 2 ) 2 1
1 1r 1K

> > >
< a-SnO < a-SnO < V1Se,O
%5 o0 5 o % of 0
) 5} 5}
= ] 2
€3] ca) €3] X

1t 1t 1t

LN N7 N LN N7 . ES&&?gg'g

r

r ™M X I Y M I’ M X I'' Y M I’ r M X I 'Y M I’

Bl 6 VySe,0/Sn0 54 =S Ir T BRI RE R 454 (a)—(c) V,Se0/SnO 5By = Ak 773U A BE 4> i 14 e 45
Fy, Hoh # P ARIE T VSH3 545 LCB WA WAL (B ()—(f) X5 = Fh e 05 30 )2 40 00 e 4500, b (i 7 26 7 M I
A BER L (L) M ABER T () 09 FAERE L BUEAE

Fig. 6. Layer-resolved band structures of V,Se,0/SnO heterojunctions corresponding to three stacked configurations: (a)-(c) The
spin-resolved band structures of the V,Se,0/SnO heterojunction under three different stacked structures, respectively, where the
values of valley polarization of the LCB in the VSH3 are marked in yellow; (d)—(f) correspond to the layer-resolved band structures
for the three stacked structures, respectively, where the chromatic bands represent the weights of projected spin-up (red) and spin-

down (blue) electrons on the bands in the relevant layers.
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Fig. 7. Valley polarization and net magnetic moment versus interlayer distance, and layer-resolved band structures in VSH3:
(a) Variation of the valley polarization of the LCB and AM (Vi — V2) with interlayer distance in VSH3; (b), (c) the spin-re-

solved band structures under interlayer compression of 0.3 and 0.5 A, respectively, where the values of valley polarization of the

LCB are marked in yellow; (d) contribution of band from the V,Se,O layer under interlayer compression of 0.5 A, where the chro-

matic bands represent the weights of projected spin-up (red) and spin-down (blue) electrons on the bands.
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SPECIAL TOPIC—2D materials and future information devices

Realizing giant valley polarization effect
based on monolayer altermagnets”
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Abstract

Stable and remarkable valley polarization effect is the key to utilizing valley degree of freedom in
valleytronic devices. Recently, a novel collinear magnetic material known as altermagnet, which is different from
ferromagnets and antiferromagnets, has attracted widespread attention. Theoretical studies have revealed that
the monolayer altermagnet V,Se,O exhibits spin-valley locking induced by crystal symmetry rather than
traditional time-reversal symmetry. Uniaxial strain can break the corresponding crystal symmetry, leading to a
remarkable non-relativistic valley polarization effect. Therefore, beyond uniaxial strain, are there alternative
strategies to break the crystal symmetry in altermagnets and achieve remarkable valley polarization? According
to first-principles calculations and symmetry analysis, we reveal that valley polarization effect in monolayer
V,Se,0 altermagnet is correlated with the net magnetic moment between magnetic V atoms under uniaxial
strain, thereby proposing two strategies for achieving giant valley polarization effect. Firstly, substituting one V
atom in V,Se,0 with Cr to construct a ferrimagnetic monolayer VCrSe,O enhances the net magnetic moment
between magnetic atoms, thereby realizing a giant valley polarization effect. Applying uniaxial strain along
either the a-axis or b-axis significantly increases the value of valley polarization, which exhibits a nearly linear
relationship with the net magnetic moments between the magnetic atoms. Secondly, constructing a van der
Woaals heterostructure composed of V,Se,0 and a-SnO monolayers breaks mirror symmetry, thereby inducing a
net magnetic moment, which in turn causes a remarkable valley polarization effect. Compressing the interlayer
distance of the heterostructure can increase the net magnetic moment between V atoms, thereby enhancing the
value of valley polarization to nearly 400 meV. This work reveals that valley polarization in monolayer
altermagnet is correlated with the net magnetic moment between magnetic atoms. Finally, we propose two
strategies to achieve giant valley polarization based on monolayer altermagnets, providing theoretical guidance
for the potential applications of ferrimagnetic monolayers and altermagnet-based heterostructures in
valleytronics.

Keywords: valley degree of freedom, monolayer altermagnets, valley polarization, ferrimagnetic, van der

Waals heterostructure
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