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Fig. 1. Structure of a two-terminal bilayer borophene nanor-
ibbon. Schematics of the (a) top and (b) down layers. The
boron atoms denoted by the red balls connect to their
nearest neighbor ones at the other layer. Here, the size of
the central scattering region contains two cells in length
and one cell in width.
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Fig. 2. (a) Dispersion relation of the bilayer borophene nan-
oribbon around the Fermi energy and (b) the correspond-
ing transmission spectrum. Here, the left and right elec-
trodes are the semi-infinite bilayer borophene nanoribbons
and the interlayer hopping integral is set to t. = 0.2t .
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Fig. 3. Energy-dependent conductance G of the bilayer
borophene nanoribbon connected to two semi-infinite bilay-
er ones by considering different interlayer hopping integrals:
(a) tc=0; (b) te=0.1t; (c) tc=0.2t; (d) tc =0.3t;
(e) te =0.9¢.
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Fig. 4. Current-voltage characteristics of the bilayer
borophene nanoribbon connected to two semi-infinite bilay-
er ones by taking into account various interlayer hopping

integrals.
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Fig. 5. Energy-dependent conductance G of the bilayer borophene nanoribbon by considering different contact and interlay hop-

ping integrals: (al)—(a5) Correspond to scheme 2 where the left electrode is the semi-infinite down layer in Fig. 2(b) and the right

electrode is the semi-infinite up layer in Fig. 2(a); (b1)—(b5) refer to scheme 3 where both electrodes are the semi-infinite down lay-
er in Fig. 2(b). (al) (bl) tc =0; (a2) (b2) tc = 0.1¢; (a3) (b3) tc = 0.2t ; (ad) (b4) tc = 0.3t; (ab) (b5) tc = 0.9¢.
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Fig. 6. Current-voltage characteristics of the bilayer borophene nanoribbon by considering different contact and interlay hopping in-
tegrals: (a) Scheme 2; (b) scheme 3; (c) scheme 4; (d) scheme 5. Here, scheme 4 corresponds to the case where both electrodes are
the semi-infinite up layer, and scheme 5 to the case where the left electrode is the semi-infinite up layer and the right electrode is

the semi-infinite down layer. Different curves in each panel denote various interlayer hopping integrals.
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Abstract

Since British scientists Geim et al. (Novoselov K S, Geim A K, Morozov S V, Jiang D, Zhang Y, Dubonos
S V, Grigorieva I V, Firsov A A 2004 Science 306 666) successfully peeded off single-layer graphene from
multilayer graphite for the first time in 2004, two-dimensional materials have quickly caught the attention of
scientists. Owing to its honeycomb structure, graphene exhibits many novel mechanical, thermal, electrical, and
magnetic properties, which have attracted great attention and have broad application prospects in electronic
devices and other fields. With the further development of research, more and more two-dimensional materials
have been discovered successively, including silicene, germanene, and borylene. These two-dimensional materials
have various excellent properties like graphene. Boron is one of the nearest-neighbor elements of carbon, it has
proved to be able to form borophene, which has a lot of novel properties, including superconductivity and Dirac
fermions. Several polymorphs of monolayer borophene have been synthesized on different metal surfaces, such as
Au, Cu, Ag, Ir and Al Using the nonequilibrium Green's function, we investigate the electronic transport
properties of bilayer borophene which was synthesized recently. We first calculate the transmission spectra of
different interlayer transition strengths when the electrode has two layers, then we calculate the currents of
bilayer borophene under different voltages when the electrode has two layers, which both show bilayer
borophene is metallic. With the enhancement of the interlayer transition strength, its conductivity first
increases and then decays. We try to change the layer number of electrode. In scheme two, the left electrode is
the lower half of the bilayer borophene while the right electrode is the upper half of the bilayer borophene. In
scheme three both electrodes are the lower half of the bilayer borophene. In scheme four, both electrodes are the
upper half of the bilayer borophene. In scheme five, the left electrode is the upper half of the bilayer borophene
while the right electrode is the lower half of the bilayer borophene. We discover that the current decays greatly
when the electrode is just one layer. For scheme three and scheme four, both left electrode and right electrode
are the lower half of the bilayer borophene or the upper half of the bilayer borophene, the current will rise or
decline in volatility. For scheme two or scheme five, the electrode is unsymmetrical, we find that the current
will reach a maximum when interlayer transition increases. The reason for the above phenomenon is that the
electrical conductivity of the upper half of the bilayer borophene is higher than that of the lower half, which
causes the electrons of the lower half of the bilayer borophene to tunnel to the upper half so that the
conductivity of bilayer borophene is enhanced when the interlayer transition strength is weak. However, when
the interlayer transition strength is great, the frequent interlayer transition of electrons results in large
scattering, thus causing its conductivity to decay. Finally, we consider the influence of the on-site disorder on
the transport properties of the bilayer borophene, finding that its transport capability will be declined by
increasing the disorder strength.

Keywords: borophene nanoribbon, quantum transport, Green's function, current-voltage curve
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