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Fig. 1. Geometric and band structures of 1BL-Bi: (a) (b) Top and side views of the structure; (¢) band structure for the equilibri-

um lattice constant; (d) (e) band structures for a decreased and enlarged lattice constant, respectively. The black box in (a) repres-

ents the primitive cell. The dashed lines in (c)—(e) denote the Fermi level.
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Fig. 2. Geometric and band structures of Bi/Bi,Te; heterostructures: Left panel shows the geometric structures of four configura-
tions for Bi/1QL-Bi,Te;, which are denoted as C1, C2, C3, and C4, respectively. The geometric structure for Bi/3QL-BiyTe; are
similar to those for Bi/1QL-BiyTes. (a) For the free-standing 1QL-BiyTe; and (b) for Bi/1QL-BiyTes; (¢) and (d) show the layer-
projections of the band structure onto 1BL-Bi and 1QL-Bi;Tes, respectively; (e)—(h) corresponding plots for Bi/3QL-Bi,Tes.
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Fig. 3. Effects of insulating Al,O3 on the band structure of 1L-Bi: (a) The band structure of Bi/Al,05(0001); (b) layer-projection of

the band structure onto 1L-Bi.
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Fig. 4. Effects of electric field on the band structure of 1L-Bi: (a) Tight-binding fitting of the band structure of 1L-Bi; (b)—(d) band
structures of 1L-Bi under different electric fields derived from the tight-binding method.

H A Bi T IIFENIBE e L2252 X Ah iR
X 1BL-Bi il T —MEEHY E = A /A
Hor Ae B Az 43 AR SR g AN Bi R E
BIRERN 2 BARz 22, B 4(b) 5 T E= 0.1 V/A
B RE 2504, ATLAA H, 51 4(a) thIEsM I

# 1 1BL-Bi WERALE S e 0K o« PLIE
HTENLRE (on-site energy); Vg, Fl Vig, 7370
o il BELITETE K o A n S A BRIE S50 SOC it

BEXN1.23 eV
Table 1.

denotes the on-site energies of orbital a. Vg, and

Tight-binding parameters for 1BL-Bi. ¢,

(Vasr) denotes the hopping parameter for o(m) bond

between orbitals o« and 3.

On-site/eV
Es Epx Epy Epz
-9.477 -1.383 0.624 —0.154
Hopping/eV
Viso Veps Vops Vopr
15t NN —0.455 1.439 1.718 —0.646
27 NN 0.001 0.315 0.168 -0.013
34 NN 0.019 0.278 0.162 -0.123
4% NN -0.112 —-0.096 0.162 -0.067
5th NN —0.046 0.037 0.000 0.028
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Effects of Bi,Te;(111) and Al,05(0001) substrates on
electronic and topological properties of Bi(111) bilayer

Sun Hai-Ming |
(School of Physics and Electronics, Hunan Normal University, Changsha 410081, China)
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Abstract

The bilayer and thin films of Bi(111) have demonstrated novel topological properties. Here, we investigate
the electronic structures of Bi/BiyTe3(111) and Bi/Al,04(0001) by combining first-principles and tight-binding
approximation calculations. Our results show that the Bi(111) bilayer is a semiconductor with a gap of about
0.2 eV. Its electronic states are strongly disturbed by the interaction with BiyTe;(111) thin films, no matter
whether the substrate has a band gap or Dirac surface state. Moreover, it is hard to see Rashba-type band
splittings in such systems. In contrast, it demonstrates clean and giant Rashba-type splittings as strongly
hybridized with insulating Al,03(0001), which is due to the broken inversion symmetry induced by interfacing
and the strong atomic spin-orbit coupling in Bi. Our tight-binding approximation analyses further reveal that
the effect of substrate Al,03(0001) on the band structure of the Bi(111) bilayer is equivalent to the action of
external electric field in a range between 0.5 and 0.6 V/A. Moreover, we find that the strong hybridization
between Bi(111) bilayer and the electronic state of the substrate BiyTe;(111) can lead to a topological phase
transition, i.e. the change from a two-dimensional topological insulator into a mediocre insulator. Our study

thus provides an insight into the interface-engineering of electronic states of Bi(111) bilayer.
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