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Figure S1. The top and side view of (a) MnI3 and (b) α-In2Se3 monolayers.

Table S1. The bond lengths and the height of MnI3/In2Se3 vdWHs in the P↑ and P↓ states.
	Modes
	PD
	dIn1-Se1

(Å)
	dIn1-Se2 (Å)
	dIn2-Se2 

(Å)
	dIn2-Se3 

(Å)
	dMn-I 

(Å)
	hMI3 

(Å)
	hIn2S3 (Å)

	HS1
	P↑
	2.66
	2.54
	2.88
	2.70
	2.78
	3.22
	6.86

	HS1
	P↓
	2.70
	2.88
	2.53
	2.66
	2.78
	3.22
	6.83

	HS2
	P↑
	2.66
	2.55
	2.89
	2.71
	2.77⁓2.78
	3.21
	6.84

	HS2
	P↓
	2.70
	2.89
	2.54
	2.67
	2.77⁓2.78
	3.20
	6.83

	HS3
	P↑
	2.66
	2.55
	2.88
	2.71
	2.77⁓2.78
	3.21
	6.85

	HS3
	P↓
	2.70
	2.88
	2.54
	2.67
	2.77⁓2.78
	3.21
	6.85

	In2Se3
	P↑
	2.68
	2.56
	2.91
	2.72
	/
	/
	6.82

	In2Se3
	P↓
	2.72
	2.91
	2.56
	2.68
	/
	/
	6.82

	MI3
	/
	/
	/
	/
	/
	2.77⁓2.78
	3.24
	/
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Figure S2. Projected band structures of HS1-, HS2- and HS3-MnI3/In2Se3 vdWHs with S↑-MnI3. Blue and red lines represent the contributions of In2Se3 and MnI3, respectively. P↑ and P↓ represent the upward and downward polarization of In2Se3 layer, respectively. S↑ represent the spin-up of MnI3. The orange circular shadow marks the location of the Dirac cone at the K point.
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Figure S3. Effect of electron doping on the magnetic moment of MnI3 monolayer.
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Figure S4. The simulated magnetic moment and susceptibility of (a) HS1-P↑, (b) HS1-P↓, (c) HS3-P↑ and (d) HS3-P↓ are shown as a function of temperature.
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Figure S5. The total energy per unit cell of (a) HS1-P↑, (b) HS1-P↓, (c) HS3-P↑ and (d) HS3-P↓ monolayer as a function of magnetic moment direction in in-plane direction. The lowest energy has been set to zero.
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Figure S6. Effects of interlayer distance on the dipole moment (P) of HS2-type In2Se3/MnI3 vdWH in the P↑ and P↓ states of In2Se3. P↑ and P↓ represent the upward and downward polarization of In2Se3 layer, respectively.
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Figure S7. The total energy per unit cell of MnI3 monolayer as a function of magnetic moment direction in in-plane direction. The lowest energy has been set to zero.

Based on the 2D Heisenberg Hamiltonian model,
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where 𝐽1, 𝐽2, 𝐽3 are the nearest-, next-nearest and third-nearest neighbor exchange coupling parameters, 𝐴𝑥 and 𝐴𝑦 refer to single-ion anisotropy parameters along x and y. Making use of the total energies of five magnetic configurations () and energies of different magnetic orientation (TableS2), the exchange coupling parameters and single-ion anisotropy parameters were got,
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The reason why the denominator 2 appears in equations (4) and (5) is due to the system has two magnetic atoms in a unit cell.

Table S2. Energies of different magnetic orientation (meV per unit cell), exchange coupling parameters J1, J2, J3 (meV), single-ion anisotropy energies parameters Ax, Ax (meV) and Curie temperature (K).
	
	PD
	E[001]
	E[010]
	E[100]
	J1
	J2
	J3
	Ax
	Ay
	Tc

	HS1
	P↑
	23.56
	0.01
	0.00
	5.08 
	0.54 
	0.28 
	-2.95 
	-2.94 
	95

	
	P↓
	27.61
	0.00
	0.05
	4.02 
	0.56 
	0.37 
	-3.45 
	-3.45 
	72

	HS2
	P↑
	19.35 
	0.00 
	0.01 
	5.62 
	0.41 
	0.24 
	-2.42 
	-2.42 
	113

	
	P↓
	21.31 
	0.00 
	0.14 
	4.92 
	0.52 
	0.24 
	-2.65 
	-2.66 
	88

	HS3
	P↑
	18.98
	0.03
	0.00
	5.94 
	0.46 
	0.16 
	-2.38 
	-2.37 
	98

	
	P↓
	20.16
	0.00
	0.04
	5.67 
	0.51 
	0.10 
	-2.51 
	-2.52 
	89


Table S3. For HS1 structure, the relationship between in-plane magnetic moment orientation and Atom-resolved relative energy. Set the energy of magnetic moment pointing to (100) direction as reference. 
	Degree (°)
	HS1-P↑
	HS1-P↓

	
	EMn
	EI
	EIn
	ESe
	EMn
	EI
	EIn
	ESe

	0
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	15
	0.01
	-0.16
	0.00
	0.00
	0.02
	-0.20
	0.00
	0.00

	30
	0.02
	-0.32
	0.00
	0.00
	0.03
	-0.43
	0.00
	0.00

	45
	0.01
	-0.15
	0.00
	0.00
	0.02
	-0.20
	0.00
	0.00

	60
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	75
	0.01
	-0.15
	0.00
	0.00
	0.02
	-0.20
	0.00
	0.00

	90
	0.02
	-0.32
	0.00
	0.00
	0.04
	-0.44
	0.00
	0.00

	105
	0.01
	-0.16
	0.00
	0.00
	0.02
	-0.20
	0.00
	0.00

	120
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	135
	0.01
	-0.16
	0.00
	0.00
	0.02
	-0.21
	0.00
	0.00

	150
	0.02
	-0.33
	0.00
	0.00
	0.04
	-0.44
	0.00
	0.00

	165
	0.01
	-0.16
	0.00
	0.00
	0.02
	-0.21
	0.00
	0.00


Table S4. For HS2 structure, the relationship between in-plane magnetic moment orientation and Atom-resolved relative energy. Set the energy of magnetic moment pointing to (100) direction as reference. 

	Degree (°)
	HS2-P↑
	HS2-P↓

	
	EMn
	EI
	EIn
	ESe
	EMn
	EI
	EIn
	ESe

	0
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	15
	0.01
	-0.15
	0.00
	0.00
	0.02
	-0.24
	0.00
	0.00

	30
	0.02
	-0.32
	0.00
	0.00
	0.04
	-0.49
	0.00
	0.00

	45
	0.01
	-0.15
	0.00
	0.00
	0.02
	-0.23
	0.00
	0.00

	60
	0.00
	0.01
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00

	75
	0.01
	-0.15
	0.00
	0.00
	0.02
	-0.23
	0.00
	0.00

	90
	0.02
	-0.32
	0.00
	0.00
	0.04
	-0.49
	0.00
	0.00

	105
	0.01
	-0.15
	0.00
	0.00
	0.02
	-0.24
	0.00
	0.00

	120
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	135
	0.01
	-0.16
	0.00
	0.00
	0.02
	-0.24
	0.00
	0.00

	150
	0.02
	-0.32
	0.00
	0.00
	0.04
	-0.50
	0.00
	0.00

	165
	0.01
	-0.16
	0.00
	0.00
	0.02
	-0.25
	0.00
	0.00


Table S5. For HS3 structure, the relationship between in-plane magnetic moment orientation and Atom-resolved relative energy. Set the energy of magnetic moment pointing to (100) direction as reference.
	Degree (°)
	HS3-P↑
	HS3-P↓

	
	EMn
	EI
	EIn
	ESe
	EMn
	EI
	EIn
	ESe

	0
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	15
	0.01
	-0.13
	0.00
	0.00
	0.01
	-0.18
	0.00
	0.00

	30
	0.02
	-0.27
	0.00
	-0.01
	0.03
	-0.38
	0.00
	0.00

	45
	0.01
	-0.13
	0.00
	0.00
	0.01
	-0.18
	0.00
	0.00

	60
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	75
	0.01
	-0.13
	0.00
	0.00
	0.01
	-0.18
	0.00
	0.00

	90
	0.02
	-0.28
	0.00
	-0.01
	0.03
	-0.38
	0.00
	0.00

	105
	0.01
	-0.13
	0.00
	-0.01
	0.01
	-0.18
	0.00
	0.00

	120
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	135
	0.01
	-0.13
	0.00
	-0.01
	0.01
	-0.19
	0.00
	0.00

	150
	0.02
	-0.27
	0.00
	-0.01
	0.03
	-0.39
	0.00
	0.00

	165
	0.01
	-0.13
	0.00
	-0.01
	0.01
	-0.19
	0.00
	0.00
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