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Recently, sp?- and sp3-hybridized silicene, so
called silicane, has been shown to exhibit a band
gap [2], [3], [4] with the sp3-hybridization in
low-buckled silicane structure being more stable
and favorable [5], [3]. In this study, the elec-
tronic properties of arm-chair and zigzag edge sp>-
hybridized silicane nanoribbons (aSiNRs and zS-
iNRs, respectively) are calculated using nonlocal
empirical pseudopotentials (EP) [1] benchmarked
to the results from density function theory (DFT),
as implemented in the Vienna ab-initio simula-
tion package (VASP) [7] with a plane wave basis
expansion and the energy cutoff of 450 eV. The
electron-ion core interaction is represented by the
projector augmented wave (PAW) method and we
have employed the Perdew-Burke-Ernzerhof (PBE)
exchange correlation functional in generalized gra-
dient approximation (GGA).

Figure 1 shows the atomic configuration of an
aSiNR (a) and of a zSiNR (b); all Si dangling
bonds, including those at the top and bottom of
the monolayer surfaces, are passivated by hydrogen,
thus causing the sp3-hybridized bonding. The width
of the SiNR is characterized by the number of Si-
Si dimer lines or zigzag chains along the ribbon
for the aSiNR or zSiNR, respectively, as done for
graphene nanoribbons (GNRs) [8]. Note that we
have used the unrelaxed atomic con figuration when
employing EPs while we have allowed relaxation
to occur when using DTF. These two atomic con-
figurations are shown in Fig.2. The geometrical
relaxation is performed using the conjugate gradient
(CQG) algorithm in which the force-tolerance is set
to 0.02 eV/A. The calculated band structure for a
4-zSiNR is shown in Fig.3 using (a) EPs and (b)
DFT with unrelaxed and relaxed geometry where
the relaxed geometry for EPs is obtained from DFT.
Both results exhibit a direct band gap at I', but the
gap obtained using DFT is ~1 eV smaller. As it

‘band-gap problem’ of DFT, since even using an
unrelaxed atomic configuration the DFT band gap
remains smaller than the EPs-gap.

The dependence of the band gap on the ribbon
width are investigated using EPs. As shown in
Fig. 4 the band gap of both aSiNRs and zSiNRs
decreases nonlinearly with increasing width due
to confinement effects. However, the well-known
dependence of the band gap of aGNRs [8] and of
edge-only hybridized aSiNR [10] on their chirality
is not observed in the case of both aSiNRs and
zSiNRs. This is the result of the sp® bonding which
ensures 4-fold coordination for all Si atoms and
therefore is not affected by the Clar resonances
which control the edge structure in the sp? bonding
of aGNRs, as shown in inset from Ref. [9]. Also
note that both aSiNRs and zSiNRs exhibit a wide
band-gap with the band gap of aSiNRs being larger
than that of zSiNRs of similar width. In addition,
for all widths we have considered aSiNRs exhibit an
indirect gap, while the gap of zSiNRs is direct. The
1D ballistic conductance and the density of states
(DOS) calculated using EPs — shown in Fig. 5 —
indicates that zSiNRs enjoy better electron transport
properties, although their DOS is smaller than that
of aSiNRs.

In conclusion, we have studied the electronic
properties of sp3-hybridized aSiNRs and zSiNRs
using EPs benchmarked to DFT calculations. Both
types of ribbons exhibit band-gaps su ficiently large
for nanoelectronics application. In addition, the
smooth dependence of the band-gap with width,
unlike aGNRs, renders them less sensitive to line-
edge roughness in such applications.
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Fig. 1. Atomic configurations of (a) an 11-aSiNR and (b) an
8-zSiNR. All the Si (gold balls) dangling bonds are passivated
by H (white balls). Note the H atoms passivate the dangling

bonds in alternating pairs at the top and bottom sides of the
monolayer.
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Fig. 2. Atomic configuration of an unrelaxed (a) and relaxed
(b) 4-zSiNR for EPs and DFT calculations, respectivesl .
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Fig. 3. Electronic band-structure of a 4-zSiNR using (a) EPs
and (b) DFT with an unrelaxed and fully relaxed geometry.
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Fig. 4. Energy band gap of an aSiNR (black solid circles)

and a zSiNR (red solid circles) as a function of ribbon width
calculated using EPs with an unrelaxed geometry. The inset
shows the band gap variation with width of aGNR (3p) and
zGNR from Ref. [9] using GW self-energy correction.
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Fig. 5. 1D ballistic conductance (red solid lines) and density

of states (blue dotted lines) of (a) a 4-zSiNR and (b) a 7-aSiNR
calculated using EPs with an unrelaxed geometry.
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