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Strain Induced Topological Phase Transition in Si;Bi, : First-Principles Study
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We studied the electronic structure of SioBiz through a first-principles calculation based on the
density functional theory. SizBiz, a van der Waals layered structure, which possesses an in-plane
C3 rotational and time-reversal symmetries as well as inversion, exhibits metallic characteristics
in equilibrium. Intriguingly, its electronic band structure reveals Dirac cones existing near
the Fermi level. In addition, we observed that Si2Biz could undergo a phase transition from
metallic to topological insulating phases due to in-plane compressive strains, either uniaxial or
biaxial. In particular, its band structure evolution under the uniaxial compressive strain along
the zigzag direction revealed that a band inversion had occurred. Our hybrid Wannier charge
center calculation confirmed that this material, indeed, becomes a topological insulator. Finally,
we constructed its topological phase diagram in the parameter space of the in-plane strain fields,
which revealed how to control the in-plane strain to realize the topologically different phases of
SiQBiQ.
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Fig. 1. (Color online) Equilibrium structure of SizBis

shown in side (a) and top (b) views. Si and Bi atoms
are represented with blue and purple spheres. (c) Layer
dependence of the band gap of SizBis
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Fig. 2. (Color online) (a) Electronic band structure and
(b) Brillouin zone of SizBis. In (b), irreducible Brillouin
zone is marked by red and blue shades. The k-point
paths for drawing the band structure are taken from the
red zone. (c) Energy band dispersion zoomed in just
below the Fermi level along A-T" line. The four-fold de-
generate Dirac point is topologically protected by the Cs
rotational symmetry.
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Fig. 3. (Color online) Electronic band structure of SizBis
under 1.5% bi-axial in-plane tensile strain.
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Fig. 4. (Color online) (a) Evolution of the band gap of
SisBis as a function of bi-axial strain. ag and a indi-
cate respectively the pristine and strained in-plane lat-
tice constants. (b) Electronic band structure along the
A-T-A direction at (a — ag)/ap = —1.497 %. (c) Energy
differences between the Dirac point Ep and Fermi level
Er as a function of strain. (d) Electronic band structure
along the A-T-A direction at (a — ag)/ap = —1.296 %.
For strain of (a — ag)/ag > —1.296 %, SizBis becomes a
trivial conductor.
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Fig. 5. (Color online) Electronic band structures of
SioBis along the A-T'-A direction under the z-direction
uniaxial compressive strains of —2.63 % (a) and —2.75 %
(b), respectively.
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Fig. 7. (Color online) Topological phase diagram of
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