Pis’ma v ZhETF, vol. 104, iss. 12, pp. 860 – 861 © 2016 December 25

Effect of edge vacancies on localized states in semi-infinite zigzag graphene sheet

A. A. Glebov^{+∗1)}, V. L. Katkov^+, V. A. Osipov^+

+Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research, 141980 Dubna, Russia

∗Moscow Institute of Physics and Technology, 141700 Dolgoprudny, Russia

Submitted 16 August 2016 Resubmitted 26 October 2016

DOI: 10.7868/S0370274X1624005X

Localized zero-energy edge electronic states were theoretically predicted in graphene ribbons and semiinfinite sheets with a crystallographically clean zigzagtype termination [1–4]. These states are characterized by a high electronic density (DOS) at the Fermi level and robustness to weak external perturbations. Edge states are expected to play a notable role in graphene nanoelectronic applications providing a specific tunneling current in graphene-based tunnel junctions [5, 6]. Vacancies are appeared during the synthesis of graphene [7] and being located on the edge atoms of graphene sheet can affect the stability of edge states. This influence will change the main characteristics of nanoelectronic devices operating on the basis of tunnel current through these states. In this work, we study the influence of both the concentration and different location of edge vacancy defects on the stability of edge states in zigzag-type semi-infinite graphene sheet. Three types of distributions have been considered: normal, uniform, and periodic. The calculations are performed by using the Green’s function method and the tight-binding approximation. Defects are positioned in graphene sheet by making use of a random number generator. Each atomic position is assigned a weighting factor in accordance with either normal or uniform distribution. In the case of periodic distribution, single vacancies are located with the period of one and two atoms. We have specified the number of atoms between edge vacancies (r). When vacancies are located at a distance of one or two atoms, their mutual influence leads to the appearance of subpeaks in the LDOS (Fig. 1a). In this case, LDOS becomes redistributed between subpeaks and the edge state: the peak near the Fermi level decreases while subpeaks increases. Such behavior does not occur in the case of vacancies without interference (three and more atoms between vacancies). The edge state turns out to be destroyed most effectively when vacancies are located

1)e-mail: glebov.atth@gmail.com

Fig. 1. (Color online) (a) – LDOS of edge atoms located between two single vacancies for different r (the number of atoms between vacancies). Subpeaks are associated with the presence of defects. (b) – An illustrative picture of the LDOS at edge atoms for different vacancy distributions. The edge state disappears when LDOS is distorted at all atoms (for two bottom chains)

at a distance not exceeding the characteristic range of mutual influence (Fig. 1b). The more vacancies influence each other, the lower concentration of defects needed to destroy the edge state. The results of our study may be summarized as follows: (i) when vacancies are located according to the normal distribution, the edge state is degraded at high concentration of defects (more than

860 Письма в ЖЭТФ том 104 вып. 11 – 12 2016

Effect of edge vacancies on localized states in semi-infinite zigzag graphene sheet. . . 861

70 %); (ii) for the uniform distribution, the edge state is found to disappear at smaller but nevertheless quite large concentrations exceeding 50 %; (iii) the edge state disappears for single vacancies distributed with the period of one and two atoms. This corresponds to a 30 % vacancy concentration and higher. The stability of edge states depends critically on the position of defects and can only be ensured in the case of 30 % and lower vacancy concentration. However, it should be taken into account that arising subpeaks may affect the performance of molecular devices.

Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364016240024

1. D. J. Klein, Chem. Phys. Lett. 217, 261 (1994). 2. K. Nakada, M. Fujita, G. Dresselhaus, and M. S. Dresselhaus, Phys. Rev. B 54(24), 17954 (1996).

3. M. Fujita, K. Wakabayashi, K. Nakada, and K. Kusakabe, J. Phys. Soc. Jpn. 65, 1920 (1996).

4. P. Deplace, D. Ullmo, and G. Montambaux, Phys. Rev.

B 84, 195452 (2011).

5. V. L. Katkov and V. A. Osipov, JETP Lett. 98(11), 689 (2014).

6. V. L. Katkov and V. A. Osipov, Appl. Phys. Lett. 104(5), 053102 (2014).

7. Y. Kobayashi, K. I. Fukui, T. Enoki, and K. Kusakabe, Phys. Rev. B 73(12), 125415 (2006).

Письма в ЖЭТФ том 104 вып. 11 – 12 2016