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Two-dimensional van der Waals 

heterostructures provide a powerful platform 

for tailoring magnetic interactions beyond 

the limits of pristine monolayers. In this work, 

we demonstrate that interfacing 

ferromagnetic MnSeX (X = Se, Te) 

monolayers with a nonmagnetic SnC layer 

leads to a pronounced enhancement of 

the interfacial Dzyaloshinskii–Moriya 

interaction (DMI), driven by inversion 

symmetry breaking and strong spin–orbit 

coupling [1]. Using first-principles density 

functional theory combined with atomistic 

spin simulations, we systematically 

investigate the electronic structure, 

magnetic anisotropy, finite-temperature 

magnetism, and chiral spin textures of 

SnC/MnSeX heterobilayers. 

 

Our results reveal that the SnC/MnSe₂ 
heterostructure exhibits half-metallic 

behavior with a substantially enhanced 

Curie temperature compared to the 

isolated MnSe₂ monolayer, while Janus-

based SnC/MnSeTe and SnC/MnTeSe 

heterostructures display metallic character 

and tunable magnetic anisotropy. 

Remarkably large interfacial DMI values, 

comparable to those of prototypical 

skyrmion-hosting systems such as Co/Pt [2] 

and Fe/Ir [3], are obtained, enabling the 

stabilization of Néel-type skyrmions. Phase 

diagrams constructed as a function of 

temperature and external magnetic field 

reveal multiple topological regimes, 

including spin spirals, skyrmion lattices, 

isolated skyrmions, and uniform 

ferromagnetic states. 

 

Furthermore, we show that external electric 

fields provide an additional degree of 

control over exchange interactions, 

magnetic anisotropy, and skyrmion stability 

without significantly altering skyrmion size. 

These findings highlight interface 

engineering in SnC/MnSeX heterostructures 

as an effective route toward electrically 

tunable chiral magnetism, offering promising 

prospects for next-generation two-

dimensional spintronic and topological 

memory devices. 
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I . I N T R OD U C T I ON

.......

I I . M ET H OD A N D COM P U TAT I ON A L
D ETA I L S

We performed first -principles calculat ions using den-
sity funct ional theory (DFT) with the projector aug-
mented wave (PAW) method [1, 2], as implemented in
the Vienna Ab initio Simulat ion Package (vasp) [3, 4].
The exchange-correlat ion funct ional was t reated within
the generalized gradient approximat ion using the PBE
formulat ion [5]. To accurately account for the st rongly
correlated 3d elect rons of Mn atoms, we employed the
DFT+ U method [6, 7]. The e↵ect ive Hubbard parame-
ter is set to U = 2 eV for Mn, as reported in the previ-
ous works [8–13]. The cuto↵ energy for the plane wave
basis set was set to 800 eV. For Brillouin zone integra-
t ion, a 32 ⇥ 32 ⇥ 1 k-point mesh was ut ilized, following
the Γ-centered Monkhorst–Pack scheme [14]. A vacuum
thickness of 20 Å was int roduced along the z-direct ion to
prevent interact ions between periodic cell images. Lat -
t ice constants and atomic posit ions were fully relaxed
using the conjugate gradient method unt il the forces on
each atom were below 0.001 eV ·̊A− 1, with an energy con-
vergence criterion of 10− 10 eV for successive elect ronic
steps. Dynamical stability of the st ructures was con-
firmed by calculat ing phonon dispersions using a 3⇥ 3⇥
1 supercell within density-funct ional perturbat ion theory,
employing the phonopy code [15]. The DMI strengths
were obtained using a chirality-dependent energy di↵er-
ence approach [16] with a Γ-centered 8 ⇥ 32 ⇥ 1 k-point
mesh.

Atomist ic spin simulat ions were conducted using the
Spirit code [17], which solves the Landau-Lifshitz-Gilbert
(LLG) equat ion. The simulat ions aimed to invest igate
the stability and dynamics of skyrmions.

I I I . R ESU LT S A N D D I SCU SSI ON

The monolayer SnC is a semiconductor with a lat -
t ice parameter of 3.60 Å . The lat t ice parameter of SnC
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FIG. 1. Side views of the (a) SnC/ MnSe2 , (b) SnC/ MnSeTe,
and (c) SnC/ MnTeSe heterobilayers. The unit cell is repre-

sented by the gray lines.

is compat ible with the results in Ref. 18. By consid-
ering the lat t ice compat ibility of the monolayer MnSe2

(MnSeTe) and SnC, the lat t ice mismatch between mono-
layers is found to be 0.6 %( 2.1 %). This small lat -
t ice mismatch suggests that SnC may be a suitable sub-
st rate for ferromagnet ic MnSe2 and MnSeTe monolay-
ers. Accordingly, the next step was to determine the
possible stacks of MnSe2 and MnSeTe with SnC. Tak-
ing into account the Janus st ructure of the monolayer
MnSeTe, all st ructures in which both the Se atom and
the Te atom interface were considered. An illust rat ion of
all these configurat ions is presented in Fig. S1. As can
be seen from Fig. S1, the possible stackings are consid-
ered as three heterobilayers, SnC/ MnSe2, SnC/ MnSeTe,
and SnC/ MnTeSe. Among these possible heterobilay-
ers, only the lowest energy ones were considered and all
further calculat ions were performed for these structures
presented in Fig. 1. Although these heterobilayers are
the lowest -energy configurat ions, thephonon spect ra pre-
sented in Fig. S2 were calculated to test the dynamic
stability of the st ructures. As can be seen from Fig. S2,
all st ructures are dynamically stable as they have real
phonon frequencies.

The main characterist ics of stable heterobilayers are
summarized in Table I. Due to the small lat t ice mis-
match, the monolayer SnC exhibits negligible buckling.
Of the three bilayers, SnC/ MnTeSe has the highest inter-
layer distance, which is also evident from the relat ively
lower binding energy.

 
 

Figure 1: Side views of the (a) SnC/MnSe2, (b) 

SnC/MnSeTe, and (c) SnC/MnTeSe 

heterobilayers. 
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