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Figure. S1. The band structures of (a) Mn doped, (b) Mn-Cl co-doped, and (c) Mn-Br co-doped GeSe

Monolayers with different U values.
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Table. S1. The band gaps of Mn doped, Mn-Cl, and Mn-Br co-doped GeSe Monolayers with different U

values. I represents indirect band gap.

Dopant U value (eV) Spin Bandgap (eV) Change
Mn 3.0 up 0.9526(1) 0%
down 1.0752(1) 0%

4.0 up 0.9542(1) 0.17%

down 1.0735(I) -0.16%

5.0 up 0.9546(1) 0.21%

down 1.0723() -0.27%

6.0 up 0.9513(1) -0.14%

down 1.0675(I) -0.72%
Mn-Cl 3.0 up 0.5779(I) 0%
down 1.0709(1) 0%

4.0 up 0.5890(I) 1.92%

down 1.0797(I) 0.82%

5.0 up 0.5918(I) 2.41%

down 1.0864(I) 1.45%

6.0 up 0.5930(I) 2.61%

down 1.0913(I) 1.91%
Mn-Br 3.0 up 0.5694(I) 0%
down 1.0771(1) 0%

4.0 up 0.5750(I) 0.98%

down 1.0856(I) 0.79%

5.0 up 0.5851(I) 2.76%

down 1.0961(I) 1.76%

6.0 up 0.5858(I) 2.88%

down 1.0987(T) 2.01%
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Figure S2. In 2x2 and 3x3 supercell, the band structures of (a) undoped, (b) Mn-doped, (¢) Mn-CI co-doped

and (d) Mn-Br co-doped GeSe Monolayers.

Table S2. In 2x2 and 3x3 supercell, the band gaps of undoped and doped GeSe Monolayers, where D and I

show direct and indirect band gaps.

Dopant Spin  Bandgap(eV) (2x2) Bandgap(eV) (3%3) Change
None up 1.13(D) 1.14(D) 0.9%
down 1.13(D) 1.14(D) 0.9%
Mn up 0.95(1) 1.10(1) 15.8%
down 1.08(1) 1.20(1) 11.1%
Mn-Cl up 0.58(1) 0.50(1) 13.8%
down 1.07(1) 0.98(1) 8.4%
Mn-Br up 0.57(1) 0.48(1) 15.8%

down 1.08(I) 0.96(1) 11.1%
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Figure S3. In 2x2 and 3x%3 supercell, PDOS of (a) undoped, (b) Mn-doped, (¢) Mn-Cl co-doped and (d) Mn-
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Figure S4. Spin charge density of (a) Mn-doped, (b) Mn-Cl co-doped, (c) Mn-Br co-doped GeSe Monolayers
in 2x2 supercell. Spin charge density of (d) Mn-doped, (¢) Mn-Cl co-doped and (f) Mn-Br co-doped GeSe
Monolayers in 3%3 supercell. The yellow and blue represent the spin-up and spin-down electrons distribution,
and the isosurface value is set at 0.001 eV/A.

Table S3. The magnetic moments of doped GeSe Monolayers.

Dopant  Supercell Magnetic Moments(uB)
Mn 2x2 5
3x3 5
Mn-Cl 2x2 4
3x3 4
Mn-Br 2x2 4

3x3 4
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Figure S5. In 2x2 and 3x3 supercell, light absorption of undoped, Mn-doped and Mn-X co-doped GeSe
Monolayers along (a) the a direction, (b) the b direction and (c) the ¢ direction. Light reflectivity of undoped,
Mn-doped and Mn-X co-doped GeSe Monolayers along (d) the a direction, (e) the b direction and (f) the ¢

direction.



