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Figure S1. The RHEED patterns of MgsSb: films grown on Al203 (000!) substrates with and without passivation treatment.

The RHEED patterns of Mg3Sb2 grown on different substrates
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Figure S2. The RHEED patterns of MgsSb2 grown on different substrates: (a) cleaved HOPG, (b) BaF: (111), (c) Ge (111), and (d) Al20s (0001)
substrates. The MgsSb2 grown on Al20s shows the highest crystallinity.
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Figure S3. (a) Schematic illustration of the RHEED measurement. (b-d) RHHED patterns of hexagonal lattice with and without twin

domains.
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Figure S4. STM surface morphology and structure evolution of MgsSb: films grown at 773 K: (a), as-grown; (b), annealed for 3 mins; (c),
annealed for 10 mins; (d), annealed for 20 mins. Twin domains are marked by blue triangles in (a) and blue arrows in (b). Annealing at 773 K

significantly promotes the crystallinity of films, which is evident from the prominent layer structure and increased grain size.
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Figure S5. Layer structure of the MgsSb: film grown at 773 K and annealed at 773 K for 20 mins: (a) STM surface morphology, (b) The height

profile along the white dashed line in (a). The thickness of a single layer is ~ 0.7 nm, in agreement with the spacing of a single lattice layer.





