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Altermagnets exhibit unique nonrelativistic spin splitting and zero net magnetization, but achieving active electrical
control over their magnetic states remains a primary challenge for spintronic applications. In this work, using first-principles
calculations, we demonstrate that interlayer sliding in CrSiTes-based van der Waals structures provides an effective route
to engineer type-III multiferroicity driven by the intrinsic coupling of altermagnetism with sliding ferroelectricity. In a
CrSiTe3/SnS, heterostructure, breaking the inversion symmetry that connects the magnetic sublattices drives a transition
from a conventional antiferromagnetic state to an altermagnetic state, accompanied by the emergence of out-of-plane po-
larization and nonrelativistic spin splitting. However, the absence of an inversion symmetry restoration pathway prevents
reversible control of both polarization and spin orientation. To overcome this limitation, we design a SnS,/CrSiTes/SnS;
sandwich structure, where interlayer sliding enables switching between inversion-symmetric and inversion-broken states.
This process simultaneously reverses electric polarization and spin orientation, realizing spin-polarization locking in an al-
termagnetic system. Furthermore, type-III multiferroicity is achieved in bilayer CrSiTes without external substrates. These
results establish a general strategy for integrating altermagnetism with sliding ferroelectricity and provide a viable route
toward electrically controllable altermagnetic spintronic applications.

Keywords: altermagnetism, sliding ferroelectricity, antiferromagnetism, type-III multiferroics
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1. Introduction

Altermagnets (AM), revealed as the third class of
collinear magnets following ferromagnets and antiferromag-
nets (AFM), have emerged as a frontier in contemporary con-
densed matter physics and spintronics.!'#! Unlike those in
conventional AFMs, the antiparallel spin sublattices in AM
are connected via rotational or mirror symmetry operations
(M), rather than by translational or inversion symmetry (P)

s.5-7 This unique crystallographic symmetry pro-

operation
tection endows AMs with the dual characteristics of a zero
net macroscopic magnetization and an alternating distribu-
tion of nonrelativistic spin polarization in momentum space.
Consequently, AM combines the advantages of ferromagnets
(e.g., spin-polarized bands, readable signals) and AFM (e.g.,
high intrinsic frequencies, weak response to external fields),
making them ideal candidates for ultrafast, high-density in-
formation storage.!®1%1 Nevertheless, achieving rational de-
sign and active control of the AM state, particularly electric-
field-controlled spin modulation, remains a major challenge
for practical applications.

TThese authors contributed equally to this work.
fCorresponding author. E-mail: Imtang @semi.ac.cn

CSTR: 32038.14.CPB.ae74bb

To realize electrical control of altermagnetic (AM) states,
multiferroic systems have attracted extensive attention due to
their ability to establish coupling between electric polarization
and magnetic order. However, conventional type-I multifer-
roics usually exhibit weak magnetoelectric coupling, whereas
type-II multiferroics, despite possessing stronger coupling, are
often accompanied by relatively small polarization and low
Curie temperatures.!!'=13! To overcome these limitations, the
concept of “type-III multiferroicity” has recently been pro-
posed, aiming to establish deterministic coupling among sym-
metry, electronic, spin, and lattice degrees of freedom through
intrinsic correlations. At present, three representative frame-
works have been developed to describe the physical nature
of type-III multiferroicity. The first is the “causal-driven”
framework, exemplified by Jiang et al. in Cu-Inl3, where
ferroelectric distortions induce magnetism through modula-

[16] The second is the “homologous-

tion of orbital overlap.
entanglement” framework, as demonstrated by Wang et al. in
TiCdOy4, where ferroelectric and magnetic orders originate si-

multaneously from competing electronic occupations.!!”] The
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third is the “symmetry-locking” framework, whose essential
feature lies not in a causal or common-origin relationship
between ferroelectricity and magnetism, but in a one-to-one
correspondence enforced by crystal symmetry.[!'®] Within the
symmetry-locking framework, ferroelectric switching is math-
ematically equivalent to an effective time-reversal operation
acting on the electronic band structure, thereby enabling syn-
chronous reversal of spin polarization and electric polariza-
tion. For example, Sun ef al. demonstrated in bilayer MnPSe3
that interlayer-sliding-induced polarization reversal is accom-
panied by a 180° reversal of altermagnetic spin polariza-
tion, establishing a deterministic “spin—polarization locking”
relationship. ('8! Since the nonrelativistic spin splitting in AM
strongly depends on crystal and magnetic symmetries, such a
symmetry-locking mechanism provides an ideal platform for
achieving reversible electrical control of AM states.

Since the spin degeneracy in many AFM systems is pro-
tected by inversion-related symmetries, an applied electric
field, owing to its intrinsic polarity, can reduce the crystal
symmetry and break spatial inversion symmetry. This sym-
metry reduction can lift the protected spin degeneracy and
thereby enable transitions from conventional AFM states to
AM states when the remaining symmetries satisfy the al-
termagnetic condition.!”-'°!1 Sliding ferroelectricity, aris-
ing from relative interlayer displacements in van der Waals
(vdW) structures, provides an intrinsic mechanism to gener-
ate out-of-plane polarization and modulate P symmetry with-
out significantly altering the electronic structure of individ-
ual layers.!?>~2%1 The coupling of AM, which hosts symmetry-
protected spin splitting, and sliding ferroelectricity, which en-
ables dynamic control of P symmetry, fundamentally consti-
tutes a novel platform for type-III multiferroicity.
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Fig. 1. Schematic illustrations of the Néel-type magnetic order and cor-
responding band structures for monolayer CrSiTes (a) and its vdW het-
erostructure (b). Monolayer CrSiTes exhibits D3; symmetry, where the
antiparallel magnetic sublattices are related by mirror symmetry (M),
rotoinversion symmetry (Se), and inversion symmetry (7). Protected
by the combined P77 symmetry, the system exhibits a spin-degenerate
antiferromagnetic state. Upon introducing an asymmetric substrate, the
inversion symmetry 7P connecting the antiparallel magnetic sublattices
is broken, thereby lifting the PP -protected spin degeneracy and driv-
ing the transition from a conventional antiferromagnetic state to an al-
termagnetic state with momentum-dependent spin splitting.

Recent studies have demonstrated this concept in systems
such as bilayer MnPSe3!!® and sandwich heterostructures
including SnS,/MnPSes/SnS, "1 and GaSe/VPSes/GaSe. >8]
However, these systems generally exhibit relatively small
spin-splitting energies, and the general applicability of such
symmetry-driven mechanisms across different material plat-
forms remains to be established.
Monolayer CrSiTe; exhibits

tunable electronic and magnetic

exceptional structural
stability and highly
properties,?3%! serving as an ideal platform for symmetry-
engineered spintronic functionalities. Monolayer CrSiTes be-
longs to the D3, point group, which preserves both P and
time-reversal (7)) symmetries. This symmetry results in spin-
degenerate states in the AFM configuration, as detailed in
Fig. 1(a).
type-III multiferroicity in CrSiTes-based systems, while the

Breaking P symmetry is crucial for realizing

[C2||M] symmetry connecting antiparallel spin sublattices
stabilizes the altermagnetic (AM) state.

Consequently, SnS,, which exhibits room-temperature
sliding ferroelectricity (space group P3ml, point group
D34),!%! is introduced as a substrate for the construction of
a vdW heterostructure. As a nonmagnetic semiconductor, the
low-energy region of the electronic structure in SnS; primarily
originates from Sn-5s and S-3p orbitals. Therefore, additional
magnetic ordering is not introduced upon heterostructure for-
mation, ensuring the stability of the AFM configuration within
the CrSiTes layer. The inequivalence of atomic environments
at the heterointerface breaks the inversion symmetry P con-
necting the antiparallel magnetic sublattices, which lifts spin
degeneracy and drives the transition to an AM state, while M
symmetry between the antiparallel spin sublattices remains in-
tact (Fig. 1(b)).

In this work, first-principles calculations are employed to
systematically investigate the realization of type-III multifer-
roicity in vdW structures based on the two-dimensional AFM
semiconductor CrSiTes. Our results show that, although the
CrSiTes/SnS; heterostructure can successfully induce an AM
transition, neither the polarization nor the spin orientation can
be reversed. To overcome this limitation, we further construct
a SnS,/CrSiTes/SnS, sandwich structure, in which interlayer
sliding enables the coupled manipulation of polarization mag-
nitude and spin orientation, thereby realizing a type-IIl mul-
tiferroic state. Furthermore, we demonstrate the feasibility of
achieving type-III multiferroicity in bilayer CrSiTes.

2. Results and discussion

We begin our investigation with the CrSiTe;/SnS; bi-
layer heterostructures. According to the symmetry analy-
sis described above, monolayer CrSiTes is protected by the
combined PT symmetry, exhibiting a strictly spin-degenerate

AFM state. Although the zigzag-AFM state is slightly lower in
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energy under the present computational conditions, the Néel-
AFM configuration remains energetically competitive and can
be stabilized through strain, interlayer coupling, or interface

g.130-321 Accordingly, we introduce SnS,, which

engineerin
possesses room-temperature sliding ferroelectricity,> as a
substrate to construct the v/3 x v/3 SnS» /1 x 1 CrSiTes vdW
heterostructure. Due to the small lattice mismatch of only
3.6%, the system effectively breaks P symmetry through in-
terfacial interactions while maintaining structural stability.
Two representative high-symmetry stacking configura-
tions, namely AB and BA stackings, are considered (Fig. 2).
In the AB stacking, the Si—Si bonds within the CrSiTes layer
align along the out-of-plane (z) direction with the proximal S
(or Te) atoms in the adjacent layer. In contrast, for the BA
stacking, this collinear alignment occurs with the distal S (or
Te) atoms of the neighboring layer. By applying an in-plane
sliding to the bottom layer of AB stacking along the lattice
vector direction (r = 1/3a), the interfacial atomic registry is
modified, thereby transforming the system into the BA stack-
ing configuration. At the heterointerface, the inequivalence
of atomic environments at the interface breaks P symmetry,
reducing the point-group symmetry from D3, (of monolayer
CrSiTes) to C3,. This symmetry reduction provides the nec-
essary condition for the emergence of an AM state within the

" R

CrSiTes-based system.

(a) O © @0 0 o
Sn Te Cr Si S
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b a
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Fig. 2. Schematic illustrations of CrSiTe3-based vdW structures.

(a) AB-stacked CrSiTes/CrSiTes bilayer homostructure. (b) ABA-
stacking SnS,/CrSiTes/SnS; sandwich heterostructure, in which the up-
per interface corresponds to BA stacking, while the lower interface cor-
responds to AB stacking.

Band structure calculations confirm that the BA-stacking
CrSiTe3/SnS; vdW heterostructure exhibits pronounced spin
splitting along the K—K' path, even in the absence of spin-
orbit coupling (see Fig. 3(a)). The corresponding high-
symmetry points (Fig. S1) and computational details of the
first-principles calculations are provided in Section 1 of the
supplemental material®3! (see also Refs. [31,34—39] therein).
Notably, modification of the interfacial atomic registry via in-
terlayer sliding (r = 1/3a) allows for a significant enhance-
ment of the spin-splitting energy near the Fermi level, increas-
ing from approximately 0.5 meV in the BA stacking to 14 meV
in the AB stacking (Fig. 3(c)).

To elucidate the physical origin of this variation, we
analyze the charge density difference, defined as Ap =

PCiSiTe; /SnS, — PCrSiTe; — Psns,- The results indicate that in-
terfacial charge transfer occurs upon heterostructure forma-
tion, accompanied by a pronounced redistribution of charge
density at the interface. This process leads to charge deple-
tion around the less electronegative Te atoms and accumula-
tion near the more electronegative S atoms, as illustrated in
Figs. 3(b) and 3(d). This interlayer charge redistribution gen-
erates a net out-of-plane polarization pointing from the SnS;
layer toward the CrSiTes layer. Moreover, the charge density
difference indicates more pronounced spatial charge redistri-
bution (interfacial polarization) in the AB stacking, as evi-
denced by stronger and more extended charge accumulation
at the interface. Furthermore, upon applying a vertical elec-
tric field of E, = 0.20 V/A, the spin-splitting energy changes
only slightly (~ 2 meV), indicating that it is weakly affected
by external perturbations.

(&) 1F ﬁﬂ( (b) BA stacking

—~ /\M/\ \§) C €
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Fig. 3. Electronic band structures and charge density differences of the
CrSiTes/SnS; heterostructure. (a) and (c) Spin-polarized band structures
for the BA and AB stacking configurations, respectively, where blue (red)
curves represent spin-up (spin-down) states. (b) and (d) Corresponding
charge density difference distributions, in which yellow and blue regions de-
note charge accumulation and depletion, respectively. The isosurface value
for the charge density difference is set to 4 x 107* ¢/A3.

Although the CrSiTe3/SnS; heterojunction successfully
hosts coexisting electric polarization and spin splitting, the
absence of an inversion center in the bilayer heterojunction
means that the directions of electric polarization and spin po-
larization cannot be fully reversed or switched off through sim-
ple interlayer sliding. This limitation implies that bilayer het-
erostructures alone are insufficient to achieve a fully switch-
able type-III multiferroic state with complete electrical con-
trol.

To overcome this limitation, a SnS,/CrSiTes/SnS, sand-
wich structure is constructed by introducing symmetric SnS;
layers on both sides of the CrSiTe; monolayer. In this system,
P symmetry is determined by the relative interlayer stacking
configuration, providing a tunable symmetry basis for mag-
netoelectric coupling. Considering that the interfacial electric
dipoles at the CrSiTes/SnS; interfaces consistently point from
SnS, toward CrSiTes, together with the atomic registry at the

097501-3
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interfaces, four representative high-symmetry configurations
(ABA, ABA’, By, and B») are identified. In the ABA con-
figuration, the upper and lower interfaces correspond to BA
and AB stackings (Fig. 2(b)), respectively, whereas the ABA’
configuration exhibits the opposite arrangement, as illustrated
in Fig. 4(a). Simultaneous sliding of both the top and bottom
SnS, layers by » = —1/3a transforms the system from ABA
into the ABA' stacking configuration. In the By configuration,
both interfaces adopt BA stacking, while in the B, configura-
tion, both interfaces correspond to AB stacking.

The polarization mechanism in this sandwich structure is
consistent with that of the bilayer system and originates from
interfacial charge redistribution. However, due to the coupling
between the top and bottom interfaces, the polarization ex-
hibits a characteristic behavior of either constructive addition
or mutual cancellation. Specifically, the ABA and ABA’ con-
figurations exhibit net out-of-plane polarization along the +z
and —z directions, respectively. In contrast, in the B; and B,
configurations, interfacial dipoles cancel each other, resulting
in zero net polarization.

Figure 4(a) shows two nonequivalent sliding pathways
connecting the ABA and ABA’ configurations: path 1
(ABA—B|—ABA’) and path 2 (ABA—B,—ABA’), corre-
sponding to sequential sliding of the bottom and top layers,

and vice versa. The corresponding energy profiles (Fig. 4(b))
along the two sliding pathways reveal distinct intermedi-
ate states (B; and Bj) with different energetic characteris-
tics. Along path 1, By is a local minimum with an en-
ergy higher than those of the two stable states, ABA and
ABA’, whereas along path 2, B, corresponds to the global
minimum of the entire sliding process. The corresponding
switching barriers, defined as the highest energy barriers that
must be overcome during ferroelectric switching, are 69 meV
and 66 meV for paths 1 and 2, respectively. These values
are higher than those reported for the type-III multiferroic
SnS,/MnPSe3/SnS, system,?’! suggesting enhanced stabil-
ity of the ferroelectric states. Nevertheless, the barriers re-
main within the tens-of-meV range, implying that ferroelectric
switching via interlayer sliding is still experimentally accessi-
ble under external electric fields.

Further symmetry analysis reveals that the ABA and
ABA’ configurations break P symmetry due to the asymme-
try between the top and bottom interfaces, reducing the point-
group symmetry from D3, to C3,. In this non-centrosymmetric
environment, the antiparallel spin sublattices are related only
by [C2||M] symmetry, satisfying the symmetry requirements
for AM.

(a) e e.0 ¢ (®) 7500,
Slide-B o Y Y v b Slide-T path1
[- 8
Path 1 f r Path 1 _
l o chzo . 50r AE:Z?meV AEN=69 meV]
AR AR R P Yy’ R/ R R A~ [ /T
T (4P | RS o % % % 25 B
B, g
XA a, " N
o)ffd!r %f 5 AE =23\meV
° B, J ) @ of A ABA
QA R A P Q. & & & o —P y 'Y e B
SRAK SR }7:0,;3,:0: é ABA AE =66 meV
ABA e {:KJ’) ABA’ —25
p. No &
LAAA =50 i
Slide-T A AN Slide-B 0 4 3 12
Transition path (A)
ABA stacking B, stacking ABA'’ stacking
)
(c) _ T 7 (d) T (e) T p
0.4} Y ,'/ | |/ N ) /;
_02p § ~ Fi 1 R 7 —,
> \ N f S~ /'
=L\ | T
\ \ / N\
R
—0.2} {1k |
—0.4¢t i F E
] 1 ]
r Ji|J2 r r Ji|J2 r r Ji|J2 r

Fig. 4. Sliding-induced phase transition pathways and electronic structure evolution in the SnS,/CrSiTes/SnS, sandwich heterostructure.
(a) Schematic illustration of two nonequivalent sliding pathways and (b) the corresponding energy profiles. Path 1 (ABA — B; — ABA/)
involves sequential sliding of the bottom layer (slide-B) followed by the top layer (slide-T), whereas path 2 (ABA—B,—ABA’) proceeds in
the opposite order. (c)—(e) Spin-resolved band structures (without spin—orbit coupling) of the ABA, B, and ABA’ stacking configurations
along path 1, respectively. The high-symmetry points J; and J, denote the midpoints between K and M. Further details are provided in the
supplemental material. 33! Solid (dashed) lines represent spin-up (spin-down) states. Red and blue colors indicate contributions from the two
Cr magnetic sublattices corresponding to spin-up and spin-down orientations, respectively.
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Band structure calculations confirm that pronounced non-
relativistic spin splitting emerges in both ABA and ABA'
configurations, with a maximum splitting of 59 meV near
the Fermi level (Figs. 4(c) and 4(e)).
sents an enhancement of approximately 40 meV compared

This value repre-

to MnPSe3-based systems.!'®27] During the sliding transition
from ABA to ABA’, a 180° reversal of the polarization di-
rection occurs simultaneously with the reversal of spin ori-
entation, thereby forming a type-III multiferroic system char-
acterized by deterministic spin-polarization locking. Interest-
ingly, while the CrSiTe3/SnS; bilayer heterostructure remains
semiconducting, the SnS,/CrSiTes/SnS; sandwich structure
becomes metallic. This insulator-to-metal transition is pri-
marily driven by the constructive superposition of interfacial
dipoles, which gives rise to a substantially enhanced built-in
electric field and induces a pronounced layer-dependent band
realignment. The resulting field-driven band overlap leads to
the emergence of metallicity in the heterostructure. A detailed
analysis of this mechanism, including validation via layer-
decoupling calculations (see Fig. S,), is provided in Section 2
of the supplemental material.[*3] In contrast, the B; and B,
configurations, which preserve the D3, point-group symmetry,
exhibit fully spin-degenerate band structures; the band struc-
ture of the B configuration is shown in Fig. 4(d).

Furthermore, when the interlayer distance is reduced
from its equilibrium value of 3.3 A to 3.0 A and 2.8 A, the
enhanced interlayer coupling elevates the spin-splitting energy
from 59 meV to 78 meV and 89 meV, respectively. This modu-
lation is an order of magnitude larger than the effect achieved
by an external electric field in CrSiTes/SnS, heterostructure
(E, = 0.20 V/A), which induces a change of only ~ 2 meV.
Such a significant enhancement underscores the superior ef-
ficacy of utilizing interlayer coupling — rather than external
perturbation — to regulate the spin-splitting energy.

Compared to bilayer heterostructures, the fundamental
advantage of the sandwich structure lies in the reversible reg-
ulation of its symmetry. Interlayer sliding enables flexible
switching between the presence and absence of P symmetry,
thereby inducing reversible phase transitions between AFM
and AM states, and further realizing the switching and reversal
of both electric polarization and spin polarization.

The preceding analyses of the CrSiTes/SnS; heterostruc-
ture and the SnS,/CrSiTe3/SnS; sandwich structure establish
that the realization of spin-polarization locking type-III multi-
ferroicity fundamentally originates from the dynamic control
of P symmetry via interlayer sliding, rather than from specific
chemical compositions. Although an external nonmagnetic
substrate (e.g., SnS,) facilitates symmetry breaking, it is not
a prerequisite for achieving type-III multiferroicity.[18-40-41]

To verify the generality of this mechanism and eliminate
lattice mismatch effects, a homostructural CrSiTes/CrSiTes
bilayer system is investigated. Similar to the heterostruc-

tures discussed above, two high-symmetry stacking configu-
rations, namely AB [Fig. 2(a)] and BA, are considered for the
CrSiTe3/CrSiTes bilayer. The AB stacking can be transformed
into the BA stacking by applying an in-plane sliding of the bot-
tom CrSiTes layer by r = —1/3a.

Symmetry analysis shows that for both AB and BA stack-
ings, the point-group symmetry is significantly reduced from
D3, (monolayer) to Cy, resulting in the complete removal of P
symmetry. The band structures shown in Figs. 5(a) and 5(b)
further confirm this behavior: both AB and BA configurations
exhibit pronounced spin splitting, with the splitting at the con-
duction band edge reaching up to 59 meV, which is compara-
ble to the values observed in the sandwich structure.

(a) 1 /L (b) 1
—~ ﬁ —~
[5 0-\\ AB stacking / l’.r‘f Ok
I
R \,\ \f// R
= 1% \ =7
e A -1
r M, M2 r
(© P (d)40
+ ~
Y4 %
)
> b= 4 = .
D> - D Z 201 AE= 39 me
I Y4 - Yy z
-] -] =
= r "
I TN\ \/8! : OAB ) BA

0 3 6

AB stacking Transition path (A)

Fig. 5. Band structures and sliding-induced evolution of energy in the
CrSiTes3/CrSiTes bilayer system. (a) and (b) Band structures of the AB and
BA stacking configurations, respectively. (c) Charge density difference for
the AB stacking configuration, with an isosurface value of 1.0 x 107* ¢/A3.
(d) Energy evolution along the sliding pathway from AB to BA.

In the homostructure, the polarization arises from the rel-
ative displacement between interlayer Si—Te atomic pairs. The
charge density difference (Ap = PcrsiTes / CrSiTey —-p CrSiTe;—up —
PCrsiTe;—down) reveals that, for both AB and BA stacking con-
figurations, the local environments of interfacial Te and Si
atoms are inequivalent, leading to asymmetric charge redis-
At the
upper interface, all Te atoms exhibit charge depletion. At the

tribution along the out-of-plane direction [Fig. 5(c)].

lower interface, Te atoms collinear with the Si—Si bonds along
the z-direction show pronounced charge accumulation, while
those collinear with Cr atoms exhibit charge depletion. This
charge redistribution gives rise to an out-of-plane interfacial
electric dipole oriented along the +z direction. Therefore, the
CrSiTes bilayer also exhibits sliding ferroelectric behavior.
The band structure results of the CrSiTes homostructure
align perfectly with the symmetry analysis, exhibiting a si-
multaneous 180° reversal of both electric and spin polariza-
tions during the AB to BA sliding transition. The calculated
switching barrier for the sliding-induced switching process is
39 meV (~ 458 K) (Fig. 5(d)), which is higher than that re-
ported for the MnPSe;/MnPSes bilayer system (31 meV).!8!
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Nevertheless, the switching process can still be efficiently
driven by relatively low external electric fields. In addition, the
energy profile shows that the intermediate state corresponds
to a local maximum, while both the initial and final states
are located at potential-energy minima, ensuring robust non-
volatile stability of the ferroelectric and AM phases. These
results demonstrate that reversible switching between AFM
and AM states can be realized in bilayer CrSiTes through in-
terlayer sliding. This is consistent with earlier findings for
MnPSe;, 827 where the sliding process between AB and BA
stackings is governed by the combined symmetry operation
PCo, M~ which acts as an effective time-reversal operation
when applied to the electronic bands. These findings estab-
lish that the engineering of type-III multiferroic states does not
strictly necessitate an external substrate. Instead, a symmetry-
compliant homostructural bilayer offers a versatile platform
for realizing robust and switchable AM through purely intrin-
sic structural degrees of freedom.

3. Summary

We have demonstrated that CrSiTes-based van der Waals
structures provide a versatile platform for realizing type-III
multiferroicity, where AM is intrinsically coupled with slid-
ing ferroelectricity. Interlayer sliding enables reversible con-
trol of P symmetry that connects the magnetic sublattices,
thereby inducing transitions between conventional AFM and
AM states.
this sublattice-connecting P symmetry enables nonrelativis-

In the CrSiTes/SnS; heterostructure, breaking

tic spin splitting, but the absence of a P symmetry restoration
pathway prevents full control of polarization and spin orienta-
tion. In contrast, the introduction of interlayer sliding degrees
of freedom in the SnS,/CrSiTe3;/SnS, sandwich structure en-
ables switching between inversion-symmetric and inversion-
broken states, which establishes a polarization-spin locking
mechanism and allows for electrically controlled 180° rever-
sal of spin polarization. Furthermore, investigations of the
CrSiTes3/CrSiTe; homostructure confirm the generality of this
symmetry-driven mechanism. These findings reveal a general
mechanism for coupling AM with sliding ferroelectricity and
significantly broaden the application landscape of AM toward
electrically controllable spintronic functionalities.
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