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[bookmark: _GoBack]S1. The anisotropy of c-Si epitaxy and nanotwin on (100), (011), (111) plane.
Considering the surface dangling bonds and atomic arrangement of low-index crystal plane, 3-atom nucleation is needed for further epitaxial growth on (111) plane, and 2-atom or 1-atom nucleation is needed on the (011) or (100) plane, respectively.1 The number of atoms needed for nucleation has a strong influence on the epitaxy rate, therefore, the orientation dependent c-Si epitaxy rates are . Considering high epitaxy rate of (100) and (011) plane, the lateral spread of epitaxy will produce (111) steps, which leads to formation rough surface. In addition, the growth of (111) facets easily introduce stacking faults, because 3-atom nucleation on (111) facets can assume a twin configuration with coherent Σ3 (111) twin boundary. Coherent boundary is a boundary where there is complete continuity of atoms across it, i.e. there is one to one correspondence of atoms at the boundary/interface. Therefore, the coherent Σ3 (111) twin boundary usually forms after nucleation in the (111) plane, rather than high-energy non-coherent twin boundary.2
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Figure S1 | a-d Four HRTEM images of nanotwin distribution at hybrid (111)0.9/(100)0.1 planes. The yellow dashed line represents the (111) facet, the green dashed line represents the (100) facet, white dashed line represents c-Si surface and the orange rectangle represents nanotwin. The hybrid plane is composed of (111) and (100) facets. The nanotwins grown on the (111) facet and close to the (100) facet. 
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Figure S2 | a-c The atomic models of c-Si/a-Si interface. The atomic models of pure (111) (a), hybrid (111)0.9/(100)0.1 (b) and hybrid (111)0.9/(011)0.1 (c) planes. The c-Si and a-Si atoms in the models are marked in blue and gray, respectively. The black dashed line represents the (111) facet, the green dashed line represents the (100) facet and the red dashed line represents the (011) facet.
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Figure S3 | a-c, Interfacial morphological on pure (111)1.0 plane at 0 μs (a), 0.15 μs (b) and 0.9 μs (c). The c-Si, a-Si and twin-Si atoms are marked in blue, gray and orange, respectively. The black dashed line represents the (111) plane, the green dashed rectangle represents epitaxial c-Si, the orange dashed rectangle represents nanotwin and the red oval represents embedded nanotwin.
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Figure S4 | The average energy per atom at c-Si/a-Si interface. The energy is proportional to the driving force for the conversion of a-Si atoms to c-Si atoms. Compared with pure (111)1.0 plane, the hybrid (111)0.9/(011)0.1 plane has lower driving force for the conversion of a-Si atoms to c-Si atoms, but increasing the (011) component (x) of the hybrid plane to hybrid (111)0.8/(011)0.2 results in enhanced driving force. The difference in energy at the same time indicates the number of a-Si atoms converted to c-Si atoms. Large driving forces lead to fast conversion of a-Si atoms to c-Si atoms, resulting in enhanced epitaxy.
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[bookmark: _Hlk99487831]Figure S5 | a,b The transition states of twin-Si atoms converted to c-Si atoms on (100) (a) and (111) (b) planes. Structure containing twin-Si atoms are about 2 eV higher in energy than that of c-Si atoms, indicating that the formation of epitaxial c-Si is more stable than the nanotwin. The transition of twin-Si converted to c-Si on the (011) plane requires a potential barrier of 0.1 eV to be overcome, while energy barrier on (111) surface is 0.3 eV. The potential barrier of the (011) plane is significantly smaller than that of the (111) plane, which indicates that the twin-Si on the (011) plane is unstable compared to that on the (111) plane, and nanotwin is easier to convert to c-Si epitaxy under temperature of 500 K.
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Figure S6 | a,b Nanotwin distribution at interface for hybrid (111)0.9/(011)0.1 (a) and (111)0.8/(011)0.2 (b) plane. The side view (top panel) of c-Si/a-Si interface of initial hybrid plane, and top view of c-Si/a-Si interface of hybrid plane, following 0.4 μs (middle panel) and 0.9 μs (bottom panel) low-temperature (500 K) molecular dynamic simulations. The red rectangle represents (011) facet. The yellow rectangle represents the disappearance of nanotwins. The nanotwin disappear mainly on or close to the (011) plane. Since the twin-Si disappearance rate is proportional to the (011) component (x), therefore, the twin-Si disappearance rate of hybrid (111)0.8/(011)0.2 plane is faster than that of (111)0.9/(011)0.1 plane.
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Figure S7 | The influence of the component and breadth of (011) plane on the atomic step distribution. When the breadth of (011) facet is kept consistent, increasing the (011) component leads to an increase in step density. Keeping the (011) component, increasing the breadth of (011) plane leads to a decrease in step density.
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Figure S8 | a,b Nanotwin distribution on interface for (111)0.9/(011)0.1 plane with two (a) and three (b) times breadth of (011) facet. The side view (top panel) of c-Si/a-Si interface of initial hybrid plane, top view (bottom panel) of c-Si/a-Si interface of hybrid plane after heating at 500 K for 1.5 μs. The red rectangle represents (011) facet.
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