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Fig. 1. (color online) Geometric structure of the
ZGNR with an extended topological defect. The

dashed rectangle indicates the unit cell.
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Fig. 2. Band structures and transmission spectra of ZGNRs with and without a line defect at the nonmagnetic
state: (a) Band structures; (b) transmission spectra. M2, M3, M4, M5 indicate that the line defect is located
at the positions n = 2, 3, 4, 5, respectively. Z indicates the perfect ZGNR.
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Fig. 3. (color online) Bloch states of ZGNR at the
nonmagnetic state: (a) and (b) Bloch states of the
perfect ZGNR at the intersection point (k = 0.22) of
subband C1 and V1 with the Fermi level, respectively;
(c) and (d) Bloch state of M2 at the intersection point
(k = 0.12) of subband C1 with the Fermi level and the
maximum energy point (k = 0.12) of subband Va, re-

spectively. The color scale bar is set above the figure.
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Fig. 4. (color online) Isosurface plots of spin polarization charge density (Ap = pa — pg) of ZGNRs

with and without a line defect at the antiferromagnetic state: (a)—(e) Isosurface plots of M2-M5 and

the perfect ZGNR, respectively. Red and blue represent up- and down-spin states, respectively. The

isosurface value is 0.005 e/A3.
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Fig. 5. (color online) Band structures and transmission spectra of the ZGNR with and without a

line defect at the antiferromagnetic state: (a) Band structures; (b) transmission spectra.
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Fig. 6. (color online) Isosurface plots of spin polarization charge density of ZGNRs with and without

a line defect at the ferromagnetic state.
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Fig. 7. (color online) Band structures and transmission spectra of the ZGNR with and without a

line defect at the ferromagnetic state: (a) Band structures; (b) transmission spectra.
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difference between NM and AFM states.
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Fig. 9. (color online) (a) Geometric structure and

(b) band structure of M5 at the antiferromagnetic
state. The bule arrow indicates the direction of a

transverse electric field in the GNR plane.
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Abstract

In this paper, electromagnetic properties of the zigzag graphene nanoribbon (ZGNR) with a single-row line defect
are studied by using the first-principles method based on the density functional theory. The energy band structures,
transmission spectra, spin polarization charge densities, total energies, and Bloch states of the ZGNR are calculated when
the line defect is located at different positions inside a ZGNR. It is shown that ZGNRs with and without a line defect at
nonmagnetic and ferromagnetic states are metals, but the reasons for it to become different metals are different. At the
antiferromagnetic state, the closer to the edge of ZGNR the line defect, the more obvious the influence on electromagnetic
properties of ZGNR is. In the process of the defect moving from the symmetrical axis of ZGNR to the edge, the ZGNR
has a phase transition from a semiconductor to a half metal, and then to a metal gradually. Although the ZGNR with
a line defect close to the central line is a semiconductor, its band gap is smaller than the band gap of perfect ZGNR,
owing to the new band introduced by the defects. When the line defect is located nearest to the boundary, the ZGNR
is stablest. When the line defect is located next nearest to the boundary, the ZGNR is unstablest. When the line defect
is located nearest or next nearest to boundary, the ground state of the ZGNR is a ferromagnetic state. However, if the
line defect is located at the symmetric axis of ZGNR (M5) or nearest to the symmetric axis, the ground state would be
an antiferromagnetic state. At the antiferromagnetic state, the phase transition of M5 from a semiconductor to a half
metal can be achieved by applying an appropriate transverse electric field. Without a transverse electric field, M5 is
a semiconductor, and the band structures of up- and down-spin states are both degenerate. With a transverse electric
field, band structures of up- and down-spin states near the Fermi level are both split. When the electric field intensity
is 2 V/nm, M5 is a half metal. These obtained results are of significance for developing electronic nanodevices based on

graphene.

Keywords: graphene nanoribbon, line defect, spin polarization

PACS: 61.48.Gh, 73.22.Pr, 68.55.Ln, 75.70.Ak DOI: 10.7498/aps.65.016101

* Project supported by the National Natural Science Foundation of China (Grant No. 11374002), the Aid Program for
the Science and Technology Innovation Team in Colleges and Universities of Hunan Province, China, and the Construct
Program of the Key Discipline in Hunan Province, China.

1 Corresponding author. E-mail: zhanghualin0703@126.com

016101-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.016101

	1引 言
	2计算模型与方法
	Fig 1

	3计算结果与讨论
	3.1 NM态
	Fig 2
	Fig 3

	3.2 AFM态
	Fig 4
	Fig 5

	3.3 FM态
	Fig 6
	Fig 7

	3.4 稳定性分析
	Fig 8

	3.5 横向电场对能带结构的影响
	Fig 9


	4结 论
	References
	Abstract

