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Supplementary Figure 1. The global energy-minimum configurations of In:Ses-Cr.Gez2Tes
heterostructures for both Pup- and Pdn-1n2Ses. The top views show how the interfacial Te
atoms of CroGexTes contact In2Ses: Te atoms are on top of the hollow sites of In>Ses, for both Py,
and Pgn cases.
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Supplementary Figure 2. Cr spin-resolved d-orbital DOS of Cr.Ge2Tes/INn2Ses with the
ferroelectric dipole moment of In2Ses directed upward (solid) and downward (dashed).
Upward and downward directions are defined in Fig. 1 in main text. (a) and (b) correspond to the
hollow and top stacking configurations, respectively. The green circle highlights the reduced Cr
d-orbital DOS by the reversal of In,Sez electric polarization from up to down. As explained in
main text, such DOS reduction changes the sign of Cr magnetocrystalline anisotropy energy
(MAE) from negative (easy plane) to positive (easy axis), and happens in the d m;=1 conduction
band for the hollow configuration, but in the d m,=1 valence band for the top configuration.
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Supplementary Figure 3. U effect of spin-resolved Cr d-orbital decomposed band
structures for Pup heterostructure. With increased U values, the majority spin (red circles)
bands shift down, while the minority spin (blue circles) bands shift up, which suppresses the
negative value of MAE as discussed in Fig. 2(a) so that the calculated Cr MAE varies from -0.10
meV for U=0.5eV t0 0.20 meV for U =2.0eV.
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Supplementary Figure 4. The spin-resolved band structures of the In2Ses-Cr2GezTes
heterostructures for both Pup- and Pan-1n2Ses, calculated by PBE and HSEQ6. The bands of
majority spin are projected by red circles, while the bands of minority spin are projected by blue
circles. In the HSEQG6 calculations (b), the key band alignment feature remains the same as PBE
calculation results (a): while the electric polarization of In;Ses reverses from up to down, the
In2Ses conduction band moves down, causing a significant hybridization with the Cr.Ge,Tes
conduction band. As seen in (b), from Py, to Pan, the In2Ses conduction band moves down and
hybridizes with Cr.Ge2Tes (as evident by the discontinuous red-dot curve in the range of 1.5~1.8
eV above Fermi level for the Py, case in (b)). As discussed in the main text, this feature means
from Pyp- to Pan-1n2Ses there is a suppression of negative contribution to MAE, leading to a more
positive MAE and out-of-plane anisotropy.
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Supplementary Figure 5. Interlayer spacing dependent spin-resolved orbital-decomposed
Cr d-orbital band structures for top configuration. The circle size of conduction (valence)
bands denotes m;=1 (m,=0 and 2) contribution. The blue or red dashed line guides a decrease of
the direct energy gap with spin-flip (J4s,|=1) near the K point, whose transitions together with
|Am,|=1 enhances the positive value of MAE as shown in Fig. 3(b). Note that the top valence
bands near K are mainly of |m;| = 0 and 2, different from conduction band edge.

-! ; ; . 0 . : . .
10 PBE+D2 = PBE+D2 —&—
optPBE-vdW —6— optPBE-vdW —@—
optPBE-vdW+U —4 optPBE-vdW+U —4&—
—_ -0.2 E
E
=]
2
=10
Z
g
[*]
=
S
i
£ 107
a
[}
%5}
10~ ; . : ; -1 , . . .
2.5 3 3.5 4 45 2.5 3 35 4 45
Interlayer distance (A) Interlayer distance (A)

Supplementary Figure 6. Interlayer spacing dependent Se spin moment (left) and
interfacial binding energy (right), for different van der Waals density functionals.



0.4

03r

0.1

MAE (meV/Cr)

0.1 F

H
=1
n
L
(S}

U (eV)

Supplementary Figure 7. The effects of U and J values on the calculated MAE in In2Ses-
Cr2GezTes heterostructures. The increased U value enhances the out-of-plane anisotropy,
while the increased J value enhances the in-plane anisotropy. The out-of-plane anisotropy is
enhanced by ~0.15 meV/Cr when the In2Sez dipole is inverted from up to down, for any tested
set of U and J. Therefore, even if our adopted values of U and J (U = 0.5 eV, J =0.0 eV) slightly
deviate from the exact description of the real heterostructure samples because of the complex
experimental conditions as described in the main text, the reversal of the In,Ses polarization from
up to down always strengthens the 2D ferromagnetic order in CroGe2Tes. This leads to a general
implication: in practice, one can always set a temperature so that 2D ferromagnetism could be
found in Pgn-1n2Ses-CraGeoTeg but disappear from Pyp-1n2Ses-CroGeoTes, leading to the practical
switching experiments at finite temperatures.



