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outline

• introduction and motivation

• Bi1-xSbx(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)

J. Wells et al., PRL 101, 096802 (2009).
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relation of Bi and Bi1-xSbx 
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Bi1-xSbx(111)
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(picture from Bianchi et al. Nat. Comm.  1, 128 (2010)
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Bi2Se3-class
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Bi2Se3-class
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(picture from Bianchi et al. Nat. Comm.  1, 128 (2010)
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Oshima et al.  Z. Phys. D 40 534 ( 1997)

What about non-(111) surfaces?

Bismuth nano-crystal

• smooth connectivity of 
states? 

• topological predictions 
confirmed?

• use surface crystal 
lattice to tailor surface 
band structure.



Bi2Se3-class (110)
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Bi1-xSbx(110)
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topology of non-(111) surfaces
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some possible modifications for Bi1-xSbx

Jeffrey C. Y. Teo and Liang Fu and C. L. Kane, Phys. Rev. B 78 045426 (2008)
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• one dangling bond per unit cell

• only one mirror plane

geometric structure of Bi(110)

     side view
perpendicular to m

  side view
parallel to m

m
top view

4.53 Å

4.75 Å

1st layer

2nd layer

3rd layer

4th layer



symmetry
Ekin=102 eV

Ekin=139 eV
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Bi(110) surface states
 and topology

Fermi surface: experiment
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forbidden backscattering
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• Bi1-xSbx(110): experiment 

• tight-binding calculations



preparing non-(111) surfaces

• cleaving?

• cutting / polishing / in situ sputtering?

• epitaxial growth

✘

(✔)
(✘)



Epitaxial Bi1-xSbx(111) on Si(111)

bulk BiSb(111): D. Hsieh et al., 
Nature 460, 1101 (2009)

epitaxial BiSb(111): T. Hirahara et al., 
Phys. Rev. B 81, 165422 (2010)
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Epitaxial Bi1-xSbx(110)

Bi(110)
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lattice mismatch
a = 0.45469 – 0.02398x  for 
x=0.1 this is 0.5%
c = 1.186294 – 0.058632 [1 
+ 1.26 (x−1 – 1)]−1 for x=0.1 
this is 0.4%

x ≈ 0.14
lattice mismatch ≈ 0.5%
thickness ≈ 25 bilayers



Electronic structure overview 
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comparison to  Bi1-xSbx(111)
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• introduction and motivation

• Bi1-xSbx(110): experiment 

• tight-binding calculations
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TB calculation method: 
Liu, Allan, Phys. Rev. B 52, 1566 (1995)

Teo, Fu, Kane, Phys. Rev. B 78 045426 (2008)
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TB calculation Bi1-xSbx(110) 
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• one dangling bond per unit cell

• only one mirror plane

geometric structure of Bi(110)
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Bi1-xSbx(111)’ 

Jeffrey C. Y. Teo and Liang Fu and C. L. Kane,    Phys. Rev. B 78 045426 (2008)
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Bi1-xSbx(111)’ 
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• Using epitaxial growth, it is possible to tailor the TI 
surface state topology via the surface orientation.

• Bi1-xSbx(110) is an example of a TI 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.

conclusions




