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Abstract: As the post-Moore era evolves, the introduction of novel two-dimensional materials has boosted the
development of spintronics. Recently experimentally synthesized hexagonal boron carbon nitrogen (h-BCN) monolayers
exhibit intriguing electronic properties, which have greatly attracted the interest of researchers. In this paper, the
electronic structure and electrical transport properties of two-dimensional h-BCN nanosheets and one-dimensional
h-BCN nanoribbons are investigated using first-principles-based density-functional theory combined with
nonequilibrium Green's function calculations. The 2D h-BCN monolayers not only have the same hexagonal structure as
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graphene and boron nitride (h-BCN), but also exhibit semiconducting properties from the energy band structure with a
band gap value of 1.17 eV. In addition, the bandgap variation of the sawtooth-type (Z-type) h-BCN nanoribbons is
correlated with the bandwidth, while that of the armchair-type (A-type) h-BCN nanoribbons is independent of the
bandwidth. On this basis, the device model based on Z-type h-BCN nanoribbons is further constructed. The transport
properties of the Z-type h-BCN nanoribbon devices with different bandwidths are related to the spin direction, and
exhibit perfect negative differential resistance (NDR) effect from the voltammetric characteristic curves. Finally, the
internal mechanism of quantum transport is deeply understood by analyzing the local density of states. The results show
that the two-dimensional h-BCN nanosheets have direct semiconductor behavior, and the spin-dependent transport
properties and NDR effect of the Z-type h-BCN nanodevices are of great significance in the design of multifunctional

spin nanodevices.
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