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S1. Band Structure (with SOC) and Work Function of Pristine Hexagonal VSe, Monolayer
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Fig. S1: Band structure and work function of monolayer hexagonal VSe,. (a) Band structure (with SOC) of monolayer hexagonal
VSe,. The dotted lines indicate valley splitting, and the color map indicates expectation values of the spin operator on the spinor
wave-functions, ranging from -0.50 (blue) to 40.50 (red). (b) Work function plot showing vacuum and Fermi level of monolayer
hexagonal VSe,.

Figs. S1(a) and (b) illustrate the spin—orbit coupling (SOC) induced band structure and work function of monolayer VSe,.
A valence band valley splitting of 79.2 meV was observed at the K and K’ points, along with an indirect band gap of 0.29 eV
obtained using the PBE functional. The conduction band minimum and valence band maximum were found at the M and K’
points, respectively. These results are in excellent agreement with previously reported values of 78 meV for valley splitting
and 0.28 eV for the band gap [1]. The calculated work function also aligns closely with the value of 5.51 eV reported in a
previous study [2].

S2. Band Structure(with SOC) and Work Function of Pristine Hexagonal VN Monolayer
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Fig. S2: Band structure and work function of monolayer hexagonal VN. (a) Band structure (with SOC) of monolayer hexagonal
VN. The color map indicates expectation values of the spin operator on the spinor wave-functions ranging from -0.50 (blue) to
+0.50 (red). (b) Work function plot showing vacuum and Fermi level of monolayer hexagonal VN.

Figs. S2(a) and (b) present the SOC induced band structure and work function of monolayer hexagonal VN. The metallic
character observed in the band structure is consistent with previously reported results [3]. Additionally, the calculated work
function shows good agreement with the previously reported value of 3.776 eV [4].
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S3. Effect of Strain in Spin Density Diagram in VSe,/VN Heterostructure
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Fig. S3: Spin density, Ap,(r) of VSe,/VN for (a) —2%, (b) —1%, (c) 0%, (d) +1%, (e) +2%, strain. Cyan and yellow represent
negative spin density and positive spin density respectively.

In Figs. S3(a-e), the spin density, (Apy(r) = p;(r) — p,(r)) of the VSe,/VN heterostructure evolves systematically with
biaxial strain (—2% — +2%). Here, we denoted the orange spheres as Se atoms, while V atoms were marked embedded in the
positive spin density. Under compressive strain (—2% and —1%), the negative spin density around Se was weak; at zero strain,
nearly symmetric cyan shells localized on Se, indicating stronger magnetic polarization. With tensile strain (+1% and +2%),
these cyan regions intensified and remained constant around Se. Overall, tensile strain enhanced and localized the negative
spin density, whereas compressive strain suppressed and reduced localization.

S4. Orbital Projected Density of States (without SOC) of Spin-up and Spin-down Channels of
VSe,/VN Heterostructure

From the orbital projected density of states (PDOS) as depicted in Figs. S4(a-d), the metallic spin-up channel shows
a clear finite density near Ex dominated by V1:d and V2:d states with the largest weight from V2:d,> and considerable
contributions from d,,, and Se: p states (p, and p,) contributed appreciably and N was negligible. For the semiconducting
spin-down channel, the valence band maximum was primarily V1:d and Se: p derived (notably d,2, d,>_,» of V1 with p, and
p, of Se), whereas the conduction band minimum (just above Eg) was mainly V1:d like (led by d,» with some d,, and d,,),
with little contribution of Se: p states (p,. and p,) and no N contribution at either edge.
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Fig. S4: Orbital PDOS of (a) V1 (V atom of VSe, of VSe,/VN), (b) V2 (V atom of VN of VSe,/VN), (c) Se, (d) N. Blue arrow
represents spin-down channel and red arrow represents spin-up channel.
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Fig. S5: Spin-polarized DOS at (a) 0% and (b) +4% strain. Blue arrow represents spin-down channel and red arrow represents
spin-up channel.

SS. Effect of Tensile Strain in Spin-polarized Density of States of VSe,/VN Heterostructure

Figs. S5(a) and (b) compare the spin-resolved DOS of VSe,/VN at 0% and +4% strain where the horizontal dashed line
marks the Fermi level Eg, blue arrow denotes the spin-down channel and red arrow denotes the spin-up channel. Within a
narrow window around Ep (window A — 0), the spin-down DOS remained vanishing at both strains, indicating a clean gap
at Ep, for the spin-down channel. This directly explains the integrals in Eq. (S3): n| = /EEFF_ A 8(E)dE = 0 at 0K for both
strain states.

By contrast, the spin-up DOS near Ep was considerable at 0% but strongly enhanced under +4% strain, with significant
spectral weight appearing right at (and just below) Eg. Consistent with Eq. (S3), this produced a much larger spin-up
occupation within the window: n(TO%) = 1.878455 x 10~! increased to n(T4%) = 1.574465. Using the enhancement measure
defined in Eq. (54), & = n(T4%) /n(TO%) = 1.574465/0.1878455 ~ 8.38; nearly a tenfold increment. Throughout, the system

remained fully polarized in this energy window (n; = 0). So, the strain primarily redistributed spin-up spectral weight towards
Ep, reinforcing strain-tunable spin-filtering efficiency while preserving 100% polarization in the chosen window.

S6. Spin-up Concentration Enhancement of VSe,/VN Heterostructure

The spin-resolved carrier concentrations were obtained from the spin-dependent DOS. For an energy window of half-
width A centered at the Fermi energy Ep:

Ep+A Ep+A

n = / () f(B)dE,  n| = / 2,(B) f(E)dE (S1)
Ep-A Ep—-A

where n; and n| are the spin-up and spin-down electron concentrations, g,(E) and g, (E) are the corresponding spin-resolved

DOS, and f(E) is the Fermi—Dirac distribution. Throughout this work, DOS were evaluated at 0 K, so we used f(E) as a step

function:

1, E<Eg
E) = OEx—-E) = S2
f(E) (Er —E) { 0, E>E, (82
With Eq. (S52), only states below Eg contribute, and Eq. (S1) simplifies to
Ep Ep
ny = / g1(E) dE, ng = / g (E)dE (S3)
Ep-A Ep—-A
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From the DOS integrations within [Egp — A,Er + A] where A — 0, we obtained for the unstrained case (0% strain)
n"™ = 1878455 x 10~ and n" = 0. Under 4% tensile strain, we found " = 1.574465 and n'**’ = 0. Thus, in this
energy window at 0K the system remained fully spin-polarized (n; = 0), while the magnitude of the occupied spin-up states
increased markedly with strain.

If enhancement, € is defined as the ratio of concentration at different strain levels of a particular spin,

(4%)
"
E= R0 (S4)
T
this quantity is undefined for the spin-down channel as n(lO%/ 0 = 0. Hence, we calculated enhancement for the spin-up
channel,
4%
£ = t_ _1.574465 ~ 838

h ”(10%) 0.1878455

Hence, the occupied spin-up density near Ex showed an ~ 8.4 times increase; close to an order of magnitude.

S7. k-mesh Comparison for Sensitivity Check of Anomalous Hall Conductivity (AHC)
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Fig. S6: Calculated anomalous Hall conductivity (o,,) as a function of energy for different k-meshes. The red solid line represents
the (100x 100X 1) k-mesh, the blue dashed line corresponds to the (200200 1) k-mesh, and the green dotted line corresponds
to the (300 x 300 x 1) k-mesh.

Fig. S6 illustrates the sensitivity test for AHC variation for different k-mesh including (100 x 100 x 1), (200 x 200 x 1),
and (300 x 300 x 1). The results are consistent across all k-mesh densities, indicating convergence of the calculation.
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S8. Spin-polarized HSE06 Band Structure With SOC
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Fig. S7: Spin-polarized HSE06 band structure of unit cell with SOC, where spin-down channel (blue) shows semiconducting
behavior and spin-up channel (red) shows metallic behavior. The color bar indicates expectation values of the spin operator on
the spinor wave-functions ranging from -0.50 (blue) to +0.50 (red).

Fig. S7 depicts the half-metallic nature of VSe,/VN heterostructure after considering HSE06 with SOC. Here, the spin-
down channel (blue) clearly demonstrated a semiconducting nature, whereas the spin-up channel (red) showed a metallic
nature.

S9. Zoomed Version of Spin-polarized Band Structure for Showing Valley Splittings
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Fig. S8: CB valley splitting at K and K’, ACgys of (a) spin-up and (b) spin-down channels. VB valley splitting at K and K/,
AV of (¢) spin-up and (d) spin-down channels. The horizontal black lines indicate the valley splitting energy range.

Figs. S8(a-d) indicate the valley splittings (2x 2 X 1) supercell at CB and VB at K and K’. For the unstrained case, ACg;
of spin-up and spin-down channels are 22.9 meV and 61.3 meV, respectively. AV, of spin-up and spin-down channels are
2.9 meV and 73.4 meV, respectively, for the same case.
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