Influence of vacancy defects on electronic structure of graphene nanoribbons
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Graphene emerges as a promising novel material for post-silicon electronic devices due to its excellent transport properties, such as ballistic conduction at room temperature and high carrier mobility [1]. The basic prerequisite for applications in field effect transistors is the existence of the bang gap that enables a device to be switched between the off and on states. However, this criterion is not fulfilled for large single-layer graphene. Yet, it can be circumvented by patterning large graphene sheets into narrow-width nanoribbons [2]. As experimentally verified a common type of intrinsic defect in this graphene is vacancy [3] whose presence largely affects the nanoribbons electronic and magnetic properties [4]. A vacancy can take place at an arbitrary position in the crystal and arise due to high-energy electrons or ions [5]. It paves the way for engineering the electronic properties, such as the band-gap.

We theoretically investigate the electronic and transport properties of graphene nanoribbons with periodic defects. Modeling of the electron states was performed by using a single-particle tight-binding model. The limitations of the adopted model restrict our calculations to the case when the bonds due to atom removal are dangling. Hence, we do not consider bond reconstruction, which is an effect discovered in a recent experimental work [6]. Furthermore, the state-of-the-art nanoribbons manufacturing indicate that the vacancies positions can be efficiently controlled [5]. Therefore, we assume that vacancies are distributed periodically along a nanoribbon. 

We found that the electronic structure is dependent on size, lateral position, and periodicity of vacancies. It in turn brings about the in-gap states, regardless of the type of edges. The local density of states in narrow-width zig-zag nanoribbons show that there is a strong coupling between the edge and defect states. Moreover, we show that the electronic and transport properties can be efficiently controlled by means of an applied in-plane electric field.
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