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Intralayer strain tuned interlayer magnetism in bilayer CrSBr
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Interlayer magnetism was tuned by many interlayer means, e.g., stacking, distance, and external fields in
two-dimensional (2D) magnets. As an exception, the interlayer magnetism of CrSBr few layers was, however,
experimentally changed by applied intralayer strains [Nat. Nanotechnol. 17, 256 (2022)], the mechanism of
which is yet to be unveiled. Here, we uncovered its mechanism by investigating in-plane strained bilayer
CrSBr using density functional theory calculations. Under in-plane tensile strain, wavefunction overlaps are
strengthened for Br p electrons within each CrSBr layer, which delocalizes intralayer electrons and, as a
consequence, promotes interlayer electron hopping. A negative interlayer Poisson’s ratio also enlarges interlayer
spacing for bilayer CrSBr, which reduces the interlayer Pauli repulsion. This joint effect, further verified by
examining interlayer sliding and interfacial element substitution, leads to an interlayer antiferromagnetic to
ferromagnetic transition, consistent with the previous experimental observation. This mechanism enables a route
to tune interlayer magnetism by modifying intralayer electron localization in 2D magnets.

DOI: 10.1103/PhysRevB.109.214422

I. INTRODUCTION

Two-dimensional (2D) van der Waals (vdW) materials
host strongly anisotropic interatomic interactions that covalent
bonding governs their in-plane interactions but noncovalent
bonding dominates out-of-plane ones. Unlike the r−6 relation
revealed in gas phase molecules, the enhanced dispersion
attraction among 2D layers [1] results in substantial wave-
function overlaps between out-of-plane electron orbitals of
two adjacent layers [2]. Breakdown of the overlaps usually
requires hundreds of meV [3], which is an order of magni-
tude smaller than that of typical covalent bonds. Such small
energy cost enables many feasible strategies for interlayer
tuning [4,5] of wavefunction overlaps that significantly affect
interlayer electronic [6], optical [7], and recently magnetic
[8,9] properties of 2D materials. After the first exfoliation
of ferromagnetic (FM) monolayer (ML) [10,11], interlayer
magnetism of 2D magnetic materials was demonstrated to be
tunable by interlayer (out-of-plane) means, such as distance
[12], stacking [13,14], electrical field [15,16], proximity ef-
fects from substrates [17], charge doping [18], intercalation
[19], or among the others [20,21]. All these tuning strate-
gies were applied, primarily, in the out-of-plane direction.
Intralayer [22–24] and interlayer [25] strains were used to
modulate the intralayer magnetism of 2D magnets, however,
an exceptional case lies in tuning the interlayer magnetism
using in-plane strain in a CrSBr thin film [26].

Bulk CrSBr is a vdW material exhibiting the A-type an-
tiferromagnetism (AFM) below its Néel temperature (TN).

*Contact author: wji@ruc.edu.cn

Each layer of it is in an FM order, but couples to adjacent
layers in the AFM configuration. The critical temperature
(TN ∼ 132 K) is preserved down to the CrSBr bilayer (BL)
[27]. A reversible interlayer AFM-to-FM phase transition was
experimentally evidenced under an applied in-plane uniaxial
strain (ε) along the shorter edge [the x direction; see Fig. 1(a)]
of a CrSBr thin film [26]. This transition is exceptional and
the reasoning is still unclear so far as to why such inter-
layer magnetism could be reversibly changed by in-plane
strains although the theoretical calculations jointly reported
in Ref. [26] indicated that the in-plane strain does modify the
interlayer magnetic exchange energies.

In this work, we explored the roles of uniaxial in-plane
strain along the shorter edge (the x direction) in tuning the
interlayer magnetic coupling of bilayer CrSBr using density
functional theory (DFT) calculations. We first reproduced the
experimentally observed interlayer AFM to FM transition,
which is theoretically predicted to be under an in-plane uni-
axial x strain of 3.2% or larger in the bilayer CrSBr model.
Such a transition originates from tension induced delocaliza-
tion of interlayer shared valence electrons, the mechanism of
which was unveiled by comparing the strength of interlayer
electronic hybridization and kinetic energy, and by examining
the spin density, spin-resolved differential charge density and
squares of wavefunction norms. Finally, we also discussed the
roles of vertical and lateral sliding, or element substitution to
verify the mechanism.

II. COMPUTATIONAL DETAILS

Our DFT calculations were performed using the general-
ized gradient approximation parametrized by Perdew, Burke,

2469-9950/2024/109(21)/214422(8) 214422-1 ©2024 American Physical Society

https://orcid.org/0000-0002-0834-9106
https://orcid.org/0000-0002-8578-366X
https://orcid.org/0000-0001-5249-6624
https://ror.org/041pakw92
https://ror.org/041pakw92
https://ror.org/05vp4an32
https://ror.org/04qr3zq92
https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevB.109.214422&domain=pdf&date_stamp=2024-06-17
https://doi.org/10.1038/s41565-021-01052-6
https://doi.org/10.1103/PhysRevB.109.214422


LIU, WANG, ZHANG, PANG, CHENG, ZHANG, AND JI PHYSICAL REVIEW B 109, 214422 (2024)

J4
J5

x

z

d

x

y

y

zJ1

J2

J3

(a)                                     (b)                                 (c) 

a

b

Cr
S
Br

FIG. 1. Atomic and magnetic structures of bilayer CrSBr. (a),
(b) Top and side views of bilayer CrSBr. Blue, yellow, and green
balls represent Cr, S, and Br atoms, respectively. Red, black, and
blue arrows in (a) denote three intralayer spin-exchange parameters
J1, J2, and J3 between Cr sites. Pink and purple arrows in (b) are
two interlayer spin-exchange parameters J4 and J5. The black dashed
lines are the lattice of CrSBr. (c) Magnetic moments of Cr atoms in
bilayer CrSBr. Red and blue arrows represent the magnetic moments
of Cr atoms along the +y and −y directions, respectively. Interlayer
spacing is denoted by d .

and Ernzerhof (GGA-PBE) for the exchange-correlation
potential [28], the projected augmented wave (PAW) method
[29], and a plane-wave basis set as implemented in the Vi-
enna ab initio simulation package (VASP). The kinetic energy
cutoff for the plane waves was set to 700 eV for geometric
optimization and 600 eV for electronic structure calculations.
A DFT+U method was used in all calculations, where U =
2.0 eV and J = 1.0 eV. This choice of U and J accurately
reproduces the interlayer AFM ground state for the strain-
free CrSBr bilayer (Fig. S1 of the Supplemental Material
[30]), and comparable values have been used in the literature
for modeling bulk CrSBr [31]. A uniform Monkhorst-Pack
k-mesh of 19×15× 1 was adopted for sampling the first Bril-
louin zone. A vacuum layer of 20 Å was included to eliminate
interactions among image slabs. The dispersion correction
was applied at the van der Waals density functional (vdW-DF)
level, with the optB86b functional for the exchange potential,
which has been shown to accurately describe structure-related
properties of many layered materials [6,32,33]. For energy
comparisons, we used the PBE functional and considered
spin-orbit coupling (SOC) based on the atomic structures
revealed by vdW-DF. All atoms and lattice parameters were
allowed to relax until the residual force per atom was less
than 0.01 eV/Å. Uniaxial strains along the x direction were
applied by varying the lattice constant in the x direction to
given values while allowing the other direction to relax. The
volumes and shapes of unstrained bilayer CrSBr and those
under uniaxial strains along the x or y directions were opti-
mized, while the volumes and shapes for bilayer CrSBr under
biaxial and epitaxial strains were kept constant. We sliced
the interlayer differential charge densities (DCDs) parallel to
the x-z plane, crossing the middle of lattice b [Fig. 1(a)], to
display the 2D maps. The intralayer portion was omitted for
clarity. Spatial variations of interlayer DCDs across the vdW
gap (the Cr atoms) were obtained by extracting line profiles
of averaged charge densities in the middle x-y plane and the
vdW gap (in the plane containing the Cr atoms). A linear

interpolation of discrete epitaxial strains was used to provide a
more complete view of the magnetic phase boundary. Detailed
computational methods can be found in the Supplemental
Material (SM) [30].

III. RESULTS AND DISCUSSIONS

The fully optimized lattice parameters of bilayer CrSBr
are a = 3.52 Å and b = 4.74 Å. Bilayer CrSBr shows an
intralayer FM and interlayer AFM ground state, with the
intralayer first, second, and third nearest-neighbor exchange
parameters J1 = 1.57 meV, J2 = 2.29 meV and J3 = 2.78
meV [Fig. 1(a); positive values represent the FM cou-
pling], and interlayer J4 = −0.01 meV and J5 = −0.20 meV
[Fig. 1(b)]. The magnetic moments of Cr atoms are parallel
to the b (y) direction in each layer [Fig. 1(c)] exhibiting a
magnetic anisotropic energy (MAE) of 0.10 meV/Cr, consis-
tent with the experimentally observed [26] and theoretically
predicted [34,35] direction of magnetic moments.

In order to theoretically reproduce the experimentally ob-
served AFM-to-FM transition, we applied a uniaxial strain on
the CrSBr bilayer along the x direction (the shorter edge in
the experiment [26]). Figure 2(a) shows that lattice constant
b (in red) decreases from 4.75 to 4.72 Å and the interlayer
spacing (d , in blue) increases from 2.34 to 2.43 Å when
the in-plane x strain εx changes from −2.0% to 4.2%. Here,
we define an interlayer Poisson’s ratio vinter = −�d/d

εx
where

�d/d is the change of interlayer spacing d under an in-
plane strain εx [22], which was derived to be −0.79 for the
CrSBr bilayer, exhibiting an abnormal negative value. An
abrupt shrink of d was found at εx = 3.0% [blue solid dot
in Fig. 2(a)], followed by a crossover of interlayer AFM to
FM at εx = 3.2% [Fig. 2(b)]. A similar transition occurs under
in-plane epitaxial tensile strains along the x and y directions
[red region in Fig. 2(c)], as well as a biaxial tensile strain
larger than 2.5% (Fig. S3f of the SM [30]). However, the
interlayer AFM state remains robust under uniaxial y strains
(Fig. S3c).

Given the experimental observation reproduced, we next
plotted the spin densities of the bilayers for the interlayer FM
states under εx = 4.2% [Fig. 2(d)] and 0.0% [Fig. 2(e)] in
side views, which are two representative bilayers favoring the
interlayer FM and AFM states, respectively. The spin densities
around the interlayer Br atoms [marked by blue dashed boxes
in Fig. 2(e)] of the εx = 4.2% case [Fig. 2(d)] are slightly
smaller than those for εx = 0.0% [Fig. 2(e)]. The decreased
spin density at the vdW gap for εx = 4.2% is further reflected
by its variations [orange line in Fig. 2(f)] across the two
interfacial Br atoms [Br1 and Br2 in Fig. 2(d)]. A likely reason
for this downsized contour lies in delocalization of electron
around the Br atoms under εx = 4.2%, which was supported
by the plotted interlayer DCDs. Figures 2(g)–2(j) show slabs,
parallel to the x-z plane, of the DCDs for the majority spin
channel under εx varying from −2.0 [Fig. 2(g)] to 4.2%
[Fig. 2(j)]. For compressed [Fig. 2(g)] or strain-free [Fig. 2(h)]
CrSBr bilayers, accumulated charge densities (red regions) are
localized between the interlayer Br atoms, while they gradu-
ally become more delocalized under larger tensile strains, e.g.,
εx = 3.2% [Fig. 2(i)], and ultimately form a one-dimensional
(1D) continuous distribution in the vdW gap of the bilayer for
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FIG. 2. Structural and interlayer magnetic properties of bilayer CrSBr under a uniaxial strain along the x direction (εx), including (a) lattice
parameter b (red squares) and interlayer spacing d (blue dots). Inter- and intralayer Poisson ratios are labeled by νinter and νintra; (b) energy
difference between the interlayer AFM (EAFM) and FM (EFM) states as a function of εx . (c) Energy difference between interlayer AFM and FM
couplings under epitaxial strains. The black dashed line labels the interlayer AFM and FM boundary. Spin densities for (d) εx = 4.2% and (e)
εx = 0.0% with interlayer FM coupling. The majority and minority spin channels were presented by red and green isosurfaces, respectively,
with a value of 3×10−4 e/Bohr3. The interlayer coupling region is outlined by a blue dashed box. (f) Spin density variations along the black
dashed line between the two Br atoms [Br1 and Br2 in panel (d)] with interlayer FM coupling. The spin densities around the interlayer Br
atoms of εx = 4.2% are slightly smaller than those for εx = 0.0%. (g)–(j) 2D maps, parallel to the x-z plane crossing the middle of lattice b
[Fig. 1(a)], of interlayer differential charge densities for bilayer CrSBr with εx = −2.0%, 0.0%, 3.2%, and 4.2%, respectively. The red and
blue contours are electron accumulation and depletion, respectively. (k) Spatial variation of averaged charge densities in the x-y plane along
the black dashed line in (g) for different strains. The interlayer AFM to FM transition strain of εx = 3.2% is labeled by a dashed line.

εx = 4.2% [Fig. 2(j)]. This trend is quantitatively illustrated in
line profiles [Fig. 2(k)] of the averaged charge densities in the
x-y plane across the middle of the vdW gap [black dashed line
denoted in Fig. 2(g)], in which the larger the tensile strain,
the smoother the averaged charge density. While there are
some charge accumulations (Fig. S4) around the Cr atoms
[labeled by the blue dashed line in Fig. 2(i)], these charges are
localized and, most likely, have a minor impact on the inter-
layer magnetic coupling. Such strain induced delocalization
was also supported by plotting a line profile of the electron
localization function (ELF) across two nearest-neighboring Br
atoms in the same plane (see the white dashed line in Fig.
S5a) where the ELF for εx = 4.2% is always smaller than that
for εx = 0.0% in the interatomic region (Fig. S5c). In short,
uniaxial tensile x strains lead to more delocalized interlayer

sharing electrons, which could lower the kinetic energy for
these electrons exchanging across the vdW gap and is, most
likely, relevant to the interlayer AFM to FM transition.

The real-space visualized electron delocalization is also
reflected in the energy and/or k space. Figures 3(a) and
3(b) show electronic band structures of the strain-free CrSBr
mono- and bilayers. There are two bands [labeled V1 (red)
and V2 (blue) in Fig. 3(a)] near the VBM of the monolayer,
exhibiting a significant anisotropy along the G-X and G-Y
directions. The V1 and V2 bands are comprised of Br py and
Cr dyz orbitals, as illustrated in Figs. 3(c) and 3(d), consistent
with our previous calculation results [36] and the literature
[35]. In bilayer CrSBr, the two V1 bands from both layers hy-
bridize into a pair of interlayer antibonding [V1-AB, violet in
Fig. 3(b)] and bonding [V1-B, red in Fig. 3(b)] bands through
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FIG. 3. Electronic band structures of strain-free monolayer (a) and bilayer (b) CrSBr. The two valence bands around the Fermi level in
monolayer are labeled by V1 (red) and V2 (blue) in (a). For bilayer CrSBr, the interlayer bonding (V1-B) and antibonding (V1-AB) states of
the V1 band marked in (a) were labeled by red and magenta lines, respectively, in (b). (c)–(f) Visualized squares of wavefunction norms for the
labeled states in mono- and bilayer CrSBr with an isosurface value of 3×10−4 e/Bohr3. The interlayer antibonding and bonding regions were
framed by blue dashed boxes. (g) Strain-dependent energy splitting between V1-B and V1-AB (�), bandwidths of V1 (wV1) and V2 (wV2)
states in monolayer, and bonding (wV1-B) and antibonding (wV1-AB) states in bilayer along the G-X direction.

the Br py components at the interlayer region [highlighted
by blue dashed boxes in Figs. 3(e) and 3(f)]. The hybridiza-
tion leads to an energy splitting (�) over 0.40 eV at the G
point between the two original V1 states [Fig. 3(b)]. These
two hybridized states are better illustrated using their wave
functions [Fig. S6b (V1-AB) and S6c (V1-B)] and squares
of wavefunction norms depicted in Fig. 3(e) (V1-AB) and
Fig. 3(f) (V1-B).

The splitting energy � reflects the strength of interlayer
electronic hybridization and thus the degree of interlayer wave
function overlapping. Under in-plane tensile strains along the
x direction, the negative Poisson’s ratio of the bilayer leads to
enlarged interlayer spacing d [blue curve in Fig. 2(a)], which
reduces the interlayer wave function overlapping and thus
weakens the electronic hybridization. As a result, the energy
splitting � reduces from 0.45 eV at εx = −2.0% to 0.33 eV
at εx = 4.2% [Fig. 3(g)]. The mechanism can also be obtained
by density of states (DOS) analyses (Figs. S7a–S7d).

Although the x direction is stretched, the bandwidths are
all enlarged in path G-X for the original V1 band (wV1) of

the ML and the V1-B (wV1-B) and V1-AB (wV1-AB) bands of
the BL [Fig. 3(g)]. The enlarged wV1 in the ML, without any
interlayer interactions, indicates that the intralayer interaction,
most likely, plays the primary role in bandwidth broadening.
By comparison of the strained monolayers, we found that
the stretched x lattice thins the monolayer (red squares in
Fig. S8), promoting direct wavefunction overlaps of the V1
state along the x direction (see Fig. S9 for details). The pro-
moted overlapping, resulting in increased wV1, suggests that
the x stretching gains additional kinetic energies to electrons
moving within the layer, which is also validated in the strained
bilayers. Both enlarged wV1-B and wV1-AB under x strain delo-
calize the interlayer sharing electrons along the x direction,
consistent with the more delocalized interlayer DCDs plotted
in Figs. 2(g)–2(j).

We next discuss the reasoning of the interlayer
AFM-to-FM transition. The interlayer magnetism of layered
magnets is usually determined by the competition between
the interlayer Pauli repulsion energy and interlayer kinetic
energy gain; the dominant term between the two energies
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FIG. 4. Vertical and lateral sliding dependent-interlayer magnetic coupling. Energy difference between EAFM and EFM as functions of (a) d
and (d) sliding along the x direction (�x) for εx = 0.0% and 4.2%. The region within the vertical dashed lines in (a) represents interlayer FM
coupling region. (b) A tentative phase diagram of the energy difference versus � and wV1-B. The black dashed box frames the interlayer FM
region, where wV1-B exceeds 0.43 eV and � is less than 0.34 eV. (c) � (circles) and wV1-B (triangles) as a function of �x for εx = 0.0% and
4.2%, respectively.

varies as a function of the interlayer spacing [8]. A model
Hamiltonian [8] H = −∑

i, j,σ=↓,↑ ti j (C+
iσCjσ + H.c.) +

∑
i Uini↑ni↓ + ∑

σ=↓,↑ Pσ ρor,σ describes the interlayer
interactions, in which the first and second terms are hopping
and on-site Coulomb contributions across the vdW gap of
the bilayer. The third term represents the Pauli repulsion
at the overlapping region (OR) where ρor,σ denotes the
electron density of the same spin component at the OR.
It should be nearly zero if the bilayer is in the interlayer
AFM configuration, but a positive value for the interlayer
FM configuration. In the strong interlayer coupling regime,
the Pauli repulsion is positively relevant to the overlapping
and thus the energy splitting �, while the kinetic energy is
represented by bandwidth w. Thus, the larger (smaller) the �

(w) value, the more favored the interlayer AFM configuration.
However, the FM state could be largely promoted if this
positive Pauli repulsion is sufficiently compensated by kinetic
energy gains, namely smaller � and larger w.

For εx = 0.0%, the V1, V1-B, and V1-AB states are lesser
delocalized [smaller w, Fig. 3(g)] such that the Pauli repul-
sion is dominated over the whole d range considered, i.e.,
1.57–7.17 Å, which prefers the interlayer AFM configura-
tion [green curve in Fig. 4(a)]. Under εx = 4.2%, the further
delocalization of these states [larger w, Fig. 3(g)] provides
additional kinetic energy gains to transcend the Pauli repul-
sion. Thus, the interlayer FM state becomes more preferred
[blue curve in Fig. 4(a)] for d values ranging 1.79–3.58 Å
[within the two vertical dashed lines in Fig. 4(a)], where the

Bethe-Slater-curvelike behavior [8] was reproduced. We also
plotted a tentative phase diagram [Fig. 4(b)] for quantitatively
describing the competitions as functions of wV1-B and �,
which suggests that the interlayer FM state is, most likely, pre-
ferred when wV1-B exceeds 0.43 eV and � is less than 0.34 eV
[black dashed box in Fig. 4(b)]. Therefore, the interlayer
AFM state could transform to the FM state when decreasing
hybridization splitting � and broadening bandwidth wV1-B,
which could be achieved by increasing interlayer spacing and
reducing layer thickness. We argue that interlayer sliding or
element substitution also changes � and/or wV1-B in bilayer
CrSBr, which may have a chance to induce this AFM-to-FM
transition.

We used interlayer sliding to verify our model. Sliding
along the x direction (�x) always enlarges either � [circles in
Fig. 4(c)] or wV1-B [triangles in Fig. 4(c)]. Their relative val-
ues (wV1-B/�), however, highly depend on the in-plane strain
applied. At εx = 0.0%, bandwidth wV1-B is always smaller
than hybridization splitting � at any considered sliding dis-
tance [orange triangles versus orange circles in Fig. 4(c)]. In
other words, the wV1-B/� ratio is always smaller than 1.0
(0.86 in the present case). Thus, the dominant Pauli repulsion
overwhelmingly favors the interlayer AFM coupling in the
whole sliding range considered [green line in Fig. 4(d)]. The
relative energies of wV1-B and � reverses (wV1-B = 0.448 eV
and � = 0.329 eV) and the wV1-B/� ratio increases to 1.36
for εx = 4.2%. This larger wV1-B and smaller � set favors the
FM configuration at �x = 0.0%. As each layer of the bilayer
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slides (�x enlarges) to each other, the ratio, however, gradu-
ally drops to 1.32 (wV1-B = 0.456 eV and � = 0.346 eV) at
�x = 10.9%, leading to an interlayer FM-to-AFM coupling
transition [blue curve in Fig. 4(d)].

Substitution of interfacial Br with Cl atoms also modifies
interlayer magnetism [37], ascribed to their different orbital
radii and thus wavefunction overlaps. To isolate the effects
of different orbital radii, we simply replaced Br atoms with
Cl or I atoms, without further structural relaxations, in the
strain-free CrSBr bilayer. As shown in Fig. S10, hybridiza-
tion splitting � (wave function overlapping) of the V1 states
becomes more pronounced gradually from Cl (� = 0.22 eV)
to I (� = 0.84 eV), ascribed to the largest orbital radius
of I among Cl, Br, and I atoms. Moreover, the bandwidth
of the V1-B state is 0.14 eV (0.47 eV) for CrSI (CrSCl),
smaller (larger) than that for CrSBr (0.41 eV), which were
also verified by plotting their interlayer DCDs in the real space
(Fig. S11). As the atomic radius gradually increases from Cl
to I, the overlapping among the py orbitals of the chalco-
gen atom strengthens and the bandwidth of the V1-B state
narrows. These results further support our model that inter-
layer magnetism is tuned by intralayer electron delocalization
and interlayer wavefunction overlapping in bilayer CrSX
(X = Cl/Br/I).

IV. CONCLUSIONS

In summary, we uncovered the mechanism of modulating
interlayer magnetism using in-plane strains in CrSBr bilayer
and few layers, in which the in-plane delocalization of elec-
trons within a strained monolayer and the negative interlayer
Poisson’s ratio play paramount roles. We found that an in-
plane tensile strain shrinks the layer thickness and pushes two
Cr-S sublayers and two Br sublayers moving towards each
other, which results in the enhanced overlapping of Cr d , S
p, and Br p wavefunctions. As a result, the bandwidth of the
highest valence band, reflecting in-plane electron delocaliza-
tion, is enlarged 0.55–0.58 eV in the monolayer (0.37–0.45 eV
for the bilayer) under an in-plane tensile strain of 4.2%. An-
other effect of the in-plane tensile strain lies in the resulting
larger vdW gaps through a negative interlayer Poisson’s ratio
of −0.79, which reduces the interlayer wavefunction overlap

and thus the band splitting from 0.41 to 0.33 eV, significantly
lowering the interlayer Pauli repulsion. The in-plane electron
delocalization, together with the interlayer reduction of Pauli
repulsion, causes the interlayer AFM-to-FM transition in the
bilayer at 3.2% tensile x strain. This value is slightly larger
than that reported in the experiment (1.4%) for CrSBr few lay-
ers [26], which is, at least partially, because of a thicker layer
measured in the experiment. The thicker layer usually has a
larger cross-layer kinetic energy than the bilayer [32], result-
ing in the transition occurring at a smaller strain value (Fig.
S12a). In addition, the transition is accompanied by a piezo-
magnetic effect where piezomagnetic coefficient d12 under the
3.2% strain was theoretically derived to be 1.29 eμ/g/kbar.
This value is comparable to those of other piezomagnetic
materials, such as 1.92 eμ/g/kbar of Mn3Ga0.95N0.94 [38]
and 4.27 eμ/g/kbar for Mn0.87Fe0.13NiGe [39]. An alternative
way to tune the interlayer AFM-FM transition of CrSBr is
to apply magnetic fields, which induce the nucleation and
subsequent propagation of an AFM-FM phase wall [40] and
anisotropic optical reflectivity [41]. The feasible in-plane
strain tuned interlayer AFM-FM transition provides a unique
category of methods to manipulate interlayer magnetism,
differently from those known ones by applying interlayer
modulations like out-of-plane strain [8], sliding [13,14], dop-
ing [18], and changing number of layers [11].
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