Tailoring the electronic structure of a
topological insulator via the surface structure
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® ntroduction and motivation
® Bi1xSbx(110): experiment

® tight-binding calculations
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a highly one-dimensional surface: Bi(114)
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electronic structure of Bi(114)
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Eg (arbitrary units)

relation of Bi and Bi1-xSby
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Bi2Ses(111)-class Bi1-xShx(111)
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Bi-Ses-class Bi1-xSby
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Bi-Ses-class
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What about non-(111) surfaces?

Bismuth nano-crystal

® smooth connectivity of
states?

® topological predictions
confirmed?

® use surface crystal
lattice to tailor surface
band structure.
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topology of non-(111) surfaces
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some possible modifications for Bi1-xSbx
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geometric structure of Bi(110)
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Bi(110) surface states
and topology

Fermi surface: experiment
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forbidden backscattering

J. I. Pascual et al. , Physical Review Letters 93, 196802 (2004)
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preparing non-(111) surfaces

e cleaving? X
e cutting / polishing / in situ sputtering? (X)
e epitaxial growth (/)




Epitaxial Bi1xSbx(111) on Si(111)

- M('A-l) ' ' epitaxial BiSb(111): T. Hirahara et al.,
e . Phys. Rev. B 81, 165422 (2010)

bulk BiSb(111): D. Hsieh et al.,
Nature 460, 1101 (2009)
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Electronic structure overview
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TB calculation Bi1-xSbx(110)

(A\8) ABiaua Buipuiq




geometric structure of Bi(110)
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conclusions

Using epitaxial growth, it is possible to tailor the Tl
surface state topology via the surface orientation.

Bi1xSbx(110) is an example of a Tl surface with odd
number of Dirac points.

Experimental surface electronic structure fits with
topological predictions.

Tight-binding calculations: topology guarantees
overall metallic surface states but not any specific
state.

Topologically protected surface states can also exists
on topologically trivial semimetals.






