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Fig. 1. GNRFET structure diagram. The left side repres-
ents the source, while the right side is the drain. The chan-
nel region is composed of a graphene nanoribbon, character-
ized by the retarded Green’s function GRD. 75 and 79 de-
note the coupling terms between the source/drain and the
channel, respectively. The top and bottom oxide insulator
layers are utilized for gate control, with Ugae representing

the voltage applied to the gate electrode.
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Fig. 2. Schematic diagram of graphene nanoribbons, the
coupling matrix [B;] represents the coupling relationship
between adjacent supercell matrices [oy;], and the z direc-

tion represents the direction of current transmission.
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Fig. 3. Relationship between current Iys and gate voltage Ugae as well as the source-drain potential difference Ugs: (a) The cur-

rent as a function of gate voltage under different source-drain potential differences; (b) the current as a function of source-drain po-

tential difference under different gate voltages.
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Fig. 4. Transfer function graphs: (a) Transfer functions with different numbers of defects and no applied gate voltage and source-

drain voltage; (b) comparison of transfer functions with 0 and 10 defects and 0 and 0.4 V gate voltages when the source-drain po-

tential difference is 1 V.
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Fig. 5. GNRFET current variation curve and PLDOS distribution of graphene nanoribbons: (a) Current variation curves under dif-
ferent defect quantities; (b) PLDOS distribution when E =0 eV and 10 random defects.
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Fig. 7. PLDOS distribution of defect aggregation and the
corresponding current-voltage curves: (a), (b) The PLDOS
distribution of defect clusters distributed in the center and
edge of GNRFET, respectively (E = 0 eV); (c) the current-
voltage curves corresponding to different defect cluster dis-

tributions.
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Abstract

Graphene nanoribbons hold great promise for next-generation nanoscale semiconductor devices, yet their
performance in radiation environments is critically compromised by displacement damage induced by high-
energy particles. In this work, we employ the non-equilibrium Green’s function formalism combined with a
tight-binding model to systematically investigate how irradiation-induced monovacancy defects influence the
transport characteristics of armchair-edged graphene nanoribbon field-effect transistors (GNRFETs). We
compute current-voltage characteristics under varying gate and drain-source biases for devices containing 0, 2,
5, and 10 randomly distributed vacancies. Moreover, we further compare the effects of two distinct spatial
configurations at identical defect concentrations: one in which vacancies are randomly dispersed throughout the
ribbon and another in which they form aggregated clusters. Complementary analysis of the projected local
density of states (PLDOS) provides microscopic insight into the electronic origins of transport degradation. Our
results show that vacancy defects break the translational symmetry of the nanoribbon lattice, introduce
structural disorder, and trigger Anderson localization. As the number of defects increases, the ON-state current
drops sharply, the ON/OFF ratio deteriorates significantly, and switching functionality is severely suppressed.
PLDOS maps confirm the emergence of localized electronic states near the Fermi level, directly linking spatial
disorder to conductance collapse. Beyond a critical disorder threshold, the rate of performance degradation
slows markedly, indicating saturation of the localization effect. Most importantly, the aggregated defects cause
substantially less degradation than randomly distributed ones at the same concentration: PLDOS reveals that
clustered vacancies confine electronic perturbations to localized regions, preserving extended conducting
pathways elsewhere in the ribbon, whereas random vacancies induce pervasive state localization across the
entire channel. This study establishes that the spatial distribution of defects, rather than merely their number,

is a decisive factor governing radiation tolerance in GNRFETSs.
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