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Fig. S1 The Kinetic pathway of polarization reversal process and ionic displacement (Az) from P1 to P| for Ga,O;

monolayer.
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Fig. S2 (a) FM configuration, and the three AFM configurations: (b) Néel-AFM (nAFM), (c) stripe-AFM (sAFM),
(d) zigzag-AFM (zAFM) states considered for Cr-ClsSs monolayer.
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Fig. S3 Phonon dispersion for the Cr-ClsSs/Ga-0s heterostructure.
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Fig. S4 Fluctuation of total energy and the final structure of CrCl3Ss/Ga-Os heterostructure after 6000 fs at 300 K

from AIMD simulations.
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Fig. S5 Band structures of the four heterostructures (a) HS1-Cr2CL:Ss(S)/P1-Ga20s, (b) HS1-Cr2ClsS3(Cl)/P1-Gaz0s,
(c) HS1-Cr2ClsS5(S)/P|-Ga:0s and (d) HS1-Cr2ClsSs(Cl)/P | -Ga20s, respectively. Red and green dots denote the
spin-up and spin-down contributions of Cr:ClsSs, respectively, while blue dots represent the spin-degenerate

projected bands of Ga:0s.



Fig. S6 Band structures of the four heterostructures (a) HS2-Cr2CL:Ss(S)/P1-Ga20s, (b) HS2-Cr2Cl:S3(Cl)/P1-Gaz0s,
(c) HS2-Cr>ClL:Ss(S)/P |-Ga20s and (d) HS2-CrCL:Ss(Cl)/P | -Ga20s, respectively. Red and green dots denote the

spin-up and spin-down contributions of Cr.ClsSs, respectively, while blue dots represent the spin-degenerate

projected bands of Gaz0s.
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Fig. S7 Band structures of the four heterostructures with SOC effect: (a) HS3-Cr2ClsSs(S)/P1-Gaz0s, (b) HS3-
Cr2CL:Ss(Cl)/P1-Ga20s, (¢) HS3-Cr2ClsS5(S)/P | -Gaz20s, and (d) HS3-Cr2CL:Ss(Cl)/P | -Ga20s, respectively.
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Table SI Work functions (®: and @2), spin-up and spin-down conduction band offset (AE CB0), and valence band
/L
offsets (AEVBO) of the four HS3-Cr.Cl5S3/Ga20s heterostructures

. Py P, AEL‘;O AEV;O AEcéo AEV;O
Configuration
(eV) (eV) (eV) (eV) (eV) (eV)
HS3-Cr2Cl:S5(S)/P1-Ga203 8.43 7.33 -1.49 -0.29 1.4 -0.28
HS3-Cr2Cl:S5(S)/P | -Ga203 421 7.41 0.80 1.83 3.40 1.78
HS3-Cr2Cl:S3(Cl)/P1-Ga20s 8.69 6.20 -1.77 -0.55 1.14 -0.47
HS3-Cr2Cl:S3(Cl)/P | -Ga20s 4.89 6.49 -0.10 1.08 2.88 1.10

The work functions P1and q)Z, corresponding to the Ga:0s side and the Cr.ClsSs side,
respectively.

The spin-resolved conduction-band and valence-band offsets are defined as:

AEcTzé't) = Ec%zlw(c”za353) - Ec%lw(GazOQ#(l)

AE]/T/?%) = EVTtéi/z(C7”2a353) - E%L(Gaz%)#(z)

Where 1 and | indicate the spin-up and spin-down channels, respectively, and are distinguished
from the symbols P1 and P|, which represent the ferroelectric polarization direction of the Ga.Os

E CTAL(CQC%S 3) E I/Tzé/lw(crzc%s 3)

layer. and represent the spin-up/spin-down conduction band

minimum (CBM) and valence band maximum (VBM) of the Cr.ClsS; layer in the heterostructure,

/1 /1
respectively, while Ecpu(Ga03) and Evém (Gay03) correspond to those of the Ga-Os layer, using

the Fermi level as a common reference.



HS3-Cr,CL,S,(Cl)/P1-Ga,0, HS3-Cr,Cl,S,(Cl)/P |-Ga,0,

(a) 42 (b) 42
= 21 21
g Ay |-1.4 1.1 -0.1 0.1 dy (1.6 -1.2 0.1
s
= 4z -14.3 -0.1 0 0
Q
=
d = E =
g vz | 0.1 14.3 -1.1 -1.4 - -
dyy 0.1 -1.4.
-42 —42
dyy dyy  dpz dy de g

(d) 24 24
£ 12 12
o
]
o
= 0 0
3]
]
pra -12 -12
=

-24 -24

Py Pz Px Py Pz Px

Fig. S8 The orbital-resolved MAE of Cr-d orbital for (a) HS3-CrCl:Ss(Cl1)/P1-Ga:0s, (b) HS3-Cr2ClsSs(Cl)/P -
Ga:0s, the orbital-resolved MAE of S-p orbital for () HS3-Cr2ClsSs(Cl)/P1-Ga:0s, (d) HS3-Cr2CLSs(Cl)/P|-GazOs.



