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Supplementary Figure 1 | OM images of PVD-synthesized 2D SnSe nanosheets on different substrates (e.g., Au foil, soda-lime glass, SiO2/Si, and sapphire).
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Supplementary Figure 2 | XRD characterization of transferred 2D SnSe nanosheets on SiO2/Si, revealing its orthorhombic phase and high crystal quality.
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Supplementary Figure 3 | Raman intensity (B2 3g) mapping image of a tetragonal SnSe nanosheet, showing its high thickness uniformity.
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Supplementary Figure 4 | AFM images and corresponding height profiles analysis of as-grown 2D SnSe nanosheets with different thicknesses.
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Supplementary Figure 5 | FFT pattern of a transferred tetragonal SnSe nanosheet, showing its single crystalline feature.


[image: ]
Supplementary Figure 6 | Corresponding STEM intensity line profiles capture from Fig. 2g.


[image: ]
Supplementary Figure 7 | Thickness-depedent conductivity of PVD-synthesized 2D p-doped metallic SnSe with the electrode direction along zigzag orientation.
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Supplementary Figure 8 | Valence band photoemission spectrum of PVD-synthesized 2D SnSe on mica, indicating its metallic feature.
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Supplementary Figure 9 | XPS spectrum of transferred 2D p-doped SnSe2 nanosheets on SiO2/Si.


[image: ]
Supplementary Figure 10 | Raman characterizations of transfer flipped SnSe nanosheets, revealing the presence of SnSe2 microdomains.
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Supplementary Figure 11 | Temperature-dependent magnetoresistance of PVD-synthesized 2D metallic p-doped SnSe nanosheet (thickness of ~46 nm) with a parallel magnetic field, a sharp dip around zero magnetic field suggestes the appearance of weak antilocalization (WAL) effect.
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Supplementary Figure 12 | ZFC derivative curves of PVD-synthesized 2D metallic p-doped SnSe, showing the Curie temperature of ~337 K. The magnetic field (100 Oe) is vertical and parallel to c-axis, respectively.
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Supplementary Figure 13 | OM image of transferred 2D metallic p-doped SnSe nanosheets with top Au electrodes.
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Supplementary Figure 14 | AFM images and corresponding height profiles analysis of transferred tetragonal SnSe nanosheets with top Au electrodes.
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Supplementary Figure 15 | The single-well potential of SnSe/SnSe2 interface. A and B represent the nonpolar and polar phase, respectively.
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[bookmark: _GoBack]Supplementary Figure 16 | Schematic diagram of the distorted degenerate polar structure (B) and high symmetry nonpolar phase (A).
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