Topologically protected spin and valley currents
via mass inversion in Dirac materials
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Outline of the talk

¢ Introduction
¢ (General 1dea: Dirac materials with mass gap

¢ Examples: Silicene and MoS2

¢ Conclusion
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Valleytronics:

Spintronics:
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Introduction

A key ingredient for

‘valleytronics’ would be a

controllable way

of occupying a single valley in
graphene, thereby producing a

valley polarization.
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Nat, Phys; 3, 172 (2007)

Topological insulator surface states
are described by, 2ID Dirac equation:
with: strong coupling between electron:
spin and momentum die: to, spin-orbit coupling

Nat. Mat, 11, 409 (2012)



General idea

Dirac Hamiltonian with a mass gap
H = h“l)(/%xTx -+ ]%yTy) + AT,
Chern number (integral of the Berry curvature over the Brillouin zone)

1 Ao q -
C(A) = y ( / d°k + / d%) " d, 0k, d, O, dx
0 k| >A

=CU(AA) +CH(AN) .

contributions;from ’
wave vectors
near to the contributions. from the rest of the Brillouin zone
gapless point where we assume there are no, further gap closings
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Change in Chern number

6C = CH(A) = C(=A)

Inthelmit A —0 and A > A/(hwv)

1 A 2h 02 A
Am /o (h2v2|E\2+A2)3/2

6C d’k =1

Therefore, since there is a change in the Chern number when the sign of A is
reversed, the boundary between regions of a system with A > 0 and A < 0
hosts a topologically protected interface state.
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Silicene

(a) Silicene

PRL 108, 155501 (2012)
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Low energy Dirac theory
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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.2s50

E.=iso/t =1TmeVA ™"

-Ee Ec

Figure 2. The band gap A as a function of the electric field E.. The gap is
open for E. # £+ E., where silicene is an insulator. It can be shown that it is a
topological insulator for |E.| < E. and a band insulator for |E.| > E..
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Inhomogeneous electric field ===p F. = 2&/R

A <0 when [E,.(x) < —¢s), otherwise A > (

For £s =1, twointerface modesnear = = —\R/(&0)

For ¢s = —1, two interface modes near = = AR/ (&)
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Spectral asymmetry
2 >C —y2H?
Ns = ﬁTr He P.dy ,
0
2 oo
e = =T fo He ¥ ' P.dy

nNK = ZSgn(ky)

Nk = —2sgn(ky)

This index indicates; that there is a
fundamental asymmetry, in the valley
distribution of the interface modes in silicene;
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(a) Silicene
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Dispersion of the interface modes

Sl = —¢hvk,
Spin and Valley current
Vgt = Vx| = —hy =) [eft moving
VK = VK| = hv Rightmoving

1 [F
> __ _ Sil

_kc

Js = JK+ T Ik — JK| — JK'|; js =0
Je = Jrt K| — JK't — IR je = —2hv
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[nhomogeneous mass term ms==p A (1)
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Dispersion of the interface modes

52@0” = Ehvk, + EsA /2

Valley current

35%2’0

Spin current
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Conclusions

+ Pseudo-spin polarized currents by topologically protected
modes created by mass inversion

+ Silicene: interface modes carry valley current

+ MoS2: exhibit both spin and valley currents at interfaces

+ Short range scatterers can introduce inter valley scattering
which can destroy such interface modes
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