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Fig. 1. (a) In-plane and side view of the InSh(111) surface, stanene and bismuthene atomic structures; their lattice constants re-
ferred to the calculation works are 4.58 AR7, 4.67 A1) and 4.58-4.64 Al'520] respectively; the 2D topological insulator stanene and
bismuthene are bulked with a height of 0.84 AP for stanene and ~1.6 Al for bismuthene; (b) schematic of the lattice alignments

of epitaxial growth of stanene and bismuthene on InSb(111) substrate.
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Fig. 2. (a) STM morphology of InSb(111) substrate that has been processed with 500 ¢V Ar ion bombardment following with an-
nealing at 380 °C; the inset shows the LEED pattern acquired at 56.4 eV, which presents the diffraction points (red circles) of the
3 x 3 surface reconstruction, green circles reveal the lattice of InSb(111) surface; (b) atomic-resolved STM image of the InSh(111)
where the surface reconstruction can be directly observed; (¢) STM image of the InSb(111) surface after Sn atoms being deposited
(930 °C, 5 min), Sn islands can be observed; (d) up panel: STM image of a single Sn island; down panel: height profile of the island,;
(e) STM morphology of the surface with monolayer Sn atoms deposited, there is no clear atom structure, and the LEED pattern in-
set shows the surface reconstruction disappears; (f) STM morphology presents the surface evolution after 230 °C annealing in the
vacuum; (g) left: high-resolution STM image shows the noncontinuous domains and defects in the Sn-wetting layer; right: LEED
patterns of the annealed sample. STM parameters: T = 77 K, sample bias = 600 mV, setpoint current = 200 pA.
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Fig. 3. (a) STM images of the annealed sample after about
90% Sn atoms being deposited on the Sn wetting layer, the
high-resolution STM image in the right panel shows the ad-
atoms and defects; (b) STM images of the sample with
100% Sn atoms deposited on the wetting layer shows the
continuous film with some triangle defects, the high-resolu-
tion image in the right panel shows the film is composed by
many small domains (4—6 nm) with defects on the domain
walls; (¢) STM images shows the third layer Sn-film is
formed when the sample is annealed with enough Sn atoms
being deposited; the film is obviously formed by many small
domains, and the lattice structure of the domains fit the
lattice of stanene very well. STM parameters: Temperature =
4.2 K, sample bias = 1.5 V, setpoint current = 1.5 nA.
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Fig. 4. (a), (b) LEED and STM image of sample with mono-
layer Bi atoms are deposited on InSb(111) substrate; LEED
pattern shows the 3 x 3 surface reconstruction disappears
after deposition of Bi atoms; (c), (d) the same sample as
that in panel (a) and (b) but after being annealed at 350 °C
for 30 min; 2 x 2 surface reconstruction can be distin-
guished in the LEED pattern; and the region with black
dashed squares show the tetragonal lattice; (¢) STM mor-
phology of the sample with both post-annealing and heat-
ing of substrate at 300 °C during deposition of Bi atoms,
which shows uniform Bi film; (f) up panel: high-resolution
STM image of the first Bi layer on InSh(111); down panel:
the profile along the white dashed line in the up panel show
the lattice constant is about 9.2 A. STM parameters: Tem-
perature = 77 K, sample bias = 1 V, setpoint current =
500 pA.
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Fig. 5. (a) STM image captured on a region containing wetting layer, the first bismuthene layer (2-Bi) and the second bismuthene
layer (3-Bi); the bismuthene domain has very sharp edges; (b) line profile across 2-Bi and the wetting layer shows the thickness of
bismuthene monolayer is about 550 pm; (c) left: atomic-resolved STM image on 3-Bi film shows the vacancies, and in the right pan-
el comparison between the lattice of 3-Bi and the lattice model of bismuthene shows good consistency; (d) profile along the white
dashed line in panel (c) shows the lattice constant of bismuthene is about 4.5 A; (e), (f) the tunneling spectra which reveal the sur-
face density of states acquired on the wetting layer and the 3-Bi layer; it shows the gapless edge state at the edge of the 3-Bi layer
compared with that on the bulk. STM parameters: Temperature = 77 K, sample bias = 1 V, setpoint current = 500 pA. STS: lock-

in frequency = 707 Hz, modulation voltage = 8 mV.
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SPECIAL TOPIC—Novel properties of low-dimensional materials

Comparative study on epitaxial growth of stanene and
bismuthene on InSb(111) substrate”
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Abstract

Two-dimensional topological insulator (2DTT) with a large bandgap is prerequisite for potentially observing
quantum spin Hall and other quantum phenomena at room-temperature. At present, the synthesis of such
materials possesses formidable challenge. In this work, we report our experimental results on synthesis of large-
gap 2DTI stanene and bismuthene on B-faced InSb(111) substrate by using molecular beam epitaxy technology.
We find that both the stanene and bismuthene can be synthesized by following the forming of a wetting layer
on InSb(111) substrate, but with different prospects. On the one hand, it is found that the binding energy
between Sn and the substrate is not strong enough to compete the binding force between Sn atoms during the
post annealing, thus resulting in a wetting layer composed of many small domains. It significantly restricts the
quality of the stanene epilayers. On the other hand, the Bi atoms on InSb(111) are found more stable than the
Sn atoms on InSb(111), resulting in a uniform wetting layer which can be optimized by adjusting substrate
temperature and post-annealing conditions. Large size and single crystal bismuthene domains have been

observed under the STM measurement, which also indicates a bulk gap of ~0.15 eV and metallic edge states.

Keywords: low-dimensional topological insulator, stanene, bismuthene, molecular beam epitaxy
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