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Introduction to Silicene

Appl. Phys, Lett. 97, 223109 (2010)
1=0.02nm

Figure 1. Illustration of the buckled honycomb lattice of silicene. A honeycomb
lattice 1s distorted due to a large 1onic radius of a silicon atom and forms
a buckled structure. The A and B sites form two sublattices separated by
a perpendicular distance 2f. The structure generates a staggered sublattice
potential in the electric field E., which leads to various intriguing pheneomena.
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Model Hamiltonian
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Low energy Dirac theory

2
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Figure 3. Band structure of silicene at the critical electric field E.. (a) A bird’s-
eye view. Dirac cones are found at six corners of the hexagonal Brillouin zone.
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For k=0
A(E;)=2|LE; —ns;As0

E.=iso/t =1TmeVA ™"

(b)

=L

Figure 2. The band gap A as a function of the electric field E.. The gap 1s
open for E; = £ E., where silicene is an insulator. It can be shown that it 1s a
topological insulator for |E.| <= E. and a band insulator for |E.| = E..

57-08%5013 New J. Phys. 14, 033003 (2012)



Silicene nanoribbon
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Figure 4. 1D energy bands for a silicene nanoribbon. (a) The bands crossing the
gap are edge states, demonstrating that it is a topological insulator. There are two

edge states since a nanoribbon has two edges (red and blue lines for the left and
right edges). (b) All states are gapped. demonstrating that it is a band insulator.

New J. Phys. 14, 033003 (2012)
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Proximity effect in Silicene
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Low enetgy Spectrum
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FIG. 2: (Color online) (a)-(e): Normal (dashed lines) and Andreev
reflection (full lines) probabilities for an N|S junction withn = o =
+1, Asn/Ap = 5.0, and [E- /Ag ranging from 5.0 to 5.8 from (a) to
(e). In (f), the conductance /Gy (averaged over spin and valleys)
15 plotted vs. bias voltage for the same choices of [E; /Ap.
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FIG. 3: (Color onling) Top row: Contour-plot of the CAR probability
for a bias voltage ¢V /Ay = 0.9 vs. angle of incidence 8 and junction
length L. Bottom row: Probabilities for the different scattering events
_ . for a fixed junction length L/ = 2.1 for normal incidence. In col-
(CL) mrpy = 07 mper # 0 umn (a), we consider scenario (i) as described in the main text (non-
capped/superconductor/gapped) whereas in (b) we consider scenario
(i1} as described in the main text (gapped/superconductor/gapped).
We have considered in all cases a strongly doped superconducting
(b) myr 7 0;mp £ 0 region with ug /Ag — 20 and set my /Ag — O and myg/Ag — 5 in (a)
whereas my, /Ag = mg /Ag = 5 in (b). The coefficients (R, Ry, T}) are
the probabilities for normal, Andreev, and crossed Andreev reflec-
tion, respectively.
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Conductance
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FIG. 4: (Color online) Non-local conductance for (a) gapless and (b)
gapped silicene on the left side [corresponding to scenarios (i) and
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SNS Junction
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(a) Tunable supercurrent by Ez
(b) Supercurrent also spin: valley polarized

arXiv:1308.0017 [cond-mat.mes-hall]
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Conclusions

+ Tunable nonlocal current and supercurrent by electric field unlike graphene

+ Interesting to study transport through other junctions
with silicene like NIS, NMS etc
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