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Figure S1. Top and side views for the atomic structures of monolayer In2Se3 with the electric 

polarization along (a) upward (In2Se3↑) and (b) downward (In2Se3↓) direction. The black rhombi 

marks the unit cell. (c) First Brillouin zone of monolayer GdGe2 and In2Se3 marking with the high 

symmetric points. (d) Electronic band structure of monolayer In2Se3.
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Figure S2. Side views for the atomic structures of GdGe2/In2Se3 heterojunction with the Gd atomic 

layer of GdGe2 at the interface and electric polarization of In2Se3 along the direction pointing (a) 

toward (GdGe2-Gd/In2Se3↑) and (c) backward (GdGe2-Gd/In2Se3↓) the GdGe2 monolayer. 

Electronic band structures of (b) GdGe2-Gd/In2Se3↑ and (d) GdGe2-Gd/In2Se3↓ heterojunctions 

without considering the spin orbit coupling (SOC).

Figure S3. Electronic band structure of GdGe2-Ge/In2Se3↓ heterojunction calculated using the HSE 

method.

Figure S4. The evolution of the xy-plane-averaged electrostatic potential along z direction for 

monolayer (a) In2Se3 and (b) GdGe2. Evac represents the vacuum energy level, and EF represents the 

Fermi energy level.



Figure S5. Evolution of the interlayer magnetic exchange energy of bilayer GdGe2 with respect to 

the in-plane translation of the top GdGe2 monolayer along the [ ] direction starting from (a) the 11̅0

AA-0 and (b) the AB-0 stacking.

Figure S6. Electronic band structures of AA-2 stacking under the biaxial strain of -2 ~ 2% with 

considering the spin orbital coupling (SOC).



Figure S7. Electronic band structures of (a) GdGe2-Ge/In2Se3↑ with 0.15 electrons doping, (b) AA-

1 stacking bilayer GdGe2 with 0.1 electrons doping, (c) AA-2 stacking bilayer GdGe2 with 0.1 

electrons doping. Electronic band structures of (d) GdGe2-Ge/In2Se3↑, (e) AA-1 stacking bilayer 

GdGe2, and (f) AA-2 stacking bilayer GdGe2 with 0.1 holes doping.

Figure S8. (a) Electronic band structures of AB-1 stacking bilayer GdGe2 with considering the spin 

orbital coupling (SOC). (c) Berry curvatures of AB-1 stacking bilayer GdGe2 in the whole 2D 

Brillouin zone.


