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Fig. 1. Schematic diagrams of ZGNR and three types of disordered ZGNRs: (a) ZGNR; (b), (c), (d) the two-terminal system con-
structed by the type I, II and III disordered ZGNRs coupled to left and right semi-infinite ZGNRs, respectively.
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Fig. 2. Electronic structures and transport properties of per-
fect ZGNR and three types of disordered ZGNRs: (a) Dens-
ity of states as a function of E for perfect ZGNR and three
types of disordered ZGNRs; (b) averaged conductance (G)
as a function of F for perfect ZGNR (right axis) and three
types of disordered ZGNRs (left axis). Here, N= 10 and M =
10000 for all ZGNRs.
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Fig. 3. (G) as a function of E for three types of disordered
ZGNRs for different probabilities P. (a), (b) and (c) corres-
pond to three types of disordered ZGNRs, respectively.
Here, N = 10 and M = 10000 for all disordered ZGNRs.
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Fig. 4. (G) as a function of E for three types of disordered
ZGNRs for different widths N: (a), (b), (c) correspond to
three types of disordered ZGNRs, respectively. Here, the in-
sets denote the renormalized conductance which is defined
as the ratio of (G) to N. P = 0.5 and M = 10000 for all
disordered ZGNRs.
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three type of disordered ZGNRs. Here, P = 0.5 and M =
10000 for all ZGNRs.
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Abstract

Bandgap engineering in graphene has been a hot topic in condensed matter physics. Although several line
defects have been experimentally reported in graphene, the relationship between the bandgap engineering and
the line defects has not yet been discussed. In this work, by combining the Green’s function method with the
Landauer-Biittiker formula, we study theoretically the electron transport along disordered ZGNRs through
taking into account three types of line defects which arise from random distribution of 4-8 rings. Our results
show that although there exist electronic states around the Fermi energy of the disordered ZGNRs with
randomly distributed line defects, all these electronic states are localized and a transmission gap appears around
the Fermi energy. This localization phenomenon originates from the structural disorder induced by the
randomly distributed line defects. To demonstrate the robustness of transmission gaps, we further calculate the
conductance values of disordered ZGNR with different insertion probabilities and widths, finding that the size of
transmission gap strongly depends upon the types of disorder, disorder degree, and width. When the disorder
degree of line defects is low or the width of the nanoribbon is narrow, there is a notable difference in the size of
the transmission gaps among the three types of disordered ZGNRs. As the width or disorder degree increases,
the transmission gap size tends to be consistent. Like armchair ZGNRs, the transmission gap size decreases with
the increase of width or disorder of ZGNR. Nonetheless, the openings of the transmission gaps in three types of
disordered ZGNRs remain robust, regardless of variations in degree of disorder or width. These results are

helpful in designing line-defect based nanodevices.
Keywords: graphene nanoribbons, quantum transport, line defects, Green’s function
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