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1 Wannier functions

The convergence of the Wannier functions was checked both from their imagi-
nary parts and from plotting the bandstructure. Figure 1 shows a comparison
of the bandstructure in a portion of the reciprocal space from Wannier and
DFT results. Higher in the conduction band, the highly entangled eigenstates
reproduce poorly, however, for transport simulations, we are mainly interested
in the states around the bandgap. Even in this case, where most of the orbitals
acquire a less localized sp nature, the system was efficiently simulated.
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Figure 1: Comparison between the band structure results from Wannier func-
tions and DFT calculations with PBE exchange correlation functional.

2 Band structure from Tight Binding model

The band structure was checked for its correctness in the Kwant code [1]. A 1x1
system with three nearest neighbours was used in Kwant with 3D translational
symmetry, where the dispersion relations were derived for the high symmetry
points in the Brillouin zone (fig. 2).
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Figure 2: Dispersion relations in Kwant (black lines) and band structure from
DFT code with PBE functional (red lines).
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3 Quantum conductance

The accuracy of quantum transport simulation increases with the order of the
nearest neighbor (nn) hoppings. Conductance calculation results with different
nn hoppings are shown in Figure 3 with 0 being nearest neighbour, 1 next-
nearest neighbour and so on. The conductance is calculated from [1]

Gab =
2e2

h
MT =

2e2

h

∑
n∈a,m∈b

|Snm|2 (1)

We observe differences in the conductance of the medium when allowing
hoppings to more distant neighbours which is attributed to the differences in
the scattering probability that occurs due to the changes in the eigenenergies
of the Hamiltonian in the leads. Increasing the width of the wire amounts to
an increase in the magnitude of its conductance in discrete steps, according to
the Landauer formula, while with a sufficient increase in the number of atoms
in the system, the Ohmic behaviour is restored,

Gab = σ
W

L
(2)

where σ is the conductivity of the material, W is the width and L is the
length of the semiconductor region.

For calculating current-voltage characteristics of the wire, summing over all
propagating modes close to the fermi level would be needed. In this case, finite
temperature effects and any non-linearities will properly need to be addressed.
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Figure 3: Conductance results for a scattering region of 1x8 and 4x8 W/L and
nearest neighbour hoppings of order (nn) as indicated - 1 being next nearest
neighbours. The energy step is 0.1 eV. The length extends in the kx direction.
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