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Fig. 1. Geometric structure of the narrow zigzag
graphene nanoribbon (ZGNR) with the width of 8
atoms. Periodic translational direction is along the
z-axis. The shadow cube denotes the primitive cell,
in which the integers 1-8 denote the site indices of
C-atoms. The red vertical arrow denotes the applied
electric field.
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Fig. 2. The band structures of four edge bands and the occupied probabilities at spacial sites of electrons in the edge states

under the corresponding electric fields £0.05 V/nm: (a) Band structure under Vg = —0.5 V/nm; (b) band structure under

Ve = 0.5 V/nm; (al) occupied probabilities at spacial sites of electrons for the edge band N = 7 under Vg = —0.5 V/nm;

(a2) occupied probabilities at spacial sites of electrons for the edge band N = 8 under Vg = —0.5 V/nm; (a3) occupied

probabilities at spacial sites of electrons for the edge band N = 9 under Vg = —0.5 V/nm; (a4) occupied probabilities at

spacial sites of electrons for the edge band N = 10 under Vg = —0.5 V/nm; (bl) occupied probabilities at spacial sites of

electrons for the edge band N = 7 under Vg = 0.5 V/nm; (b2) occupied probabilities at spacial sites of electrons for the edge

band N = 8 under Vg = 0.5 V/nm; (b3) occupied probabilities at spacial sites of electrons for the edge band N = 9 under
Ve = 0.5 V/nm; (b4) occupied probabilities at spacial sites of electrons for the edge band N = 10 under Vg = 0.5 V/nm.

The integers denote the band indices and the gray vertical arrows denote the spin directions of bands.
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Fig. 3. The band structures of four edge bands in the narrow ZGNR under the different strength of the applied electric
field: (a) Vg = 0.80 V/nm; (b) Vg = 1.00 V/nm; (c) Vg = 1.17 V/nm; (d) Vg = 2.00 V/nm. The integers express the band

indices, the gray vertical arrows denote the spin directions of bands.
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Electrically controlled quantum spin Hall in narrow
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Abstract

Using the tight binding Kane-Mele model including the self-consistent on-site Coulomb interactions (O-ClIs), we
study the influence of transverse electric field in the narrow zigzag graphene nanoribbon (ZGNR) plane on the edge
band structure in order to investigate the way to control the type of quantum spin Hall (QSH) system in the ZGNR.
The theoretical results show that when applying weak electric field intensity, the direction of electric field can adjust
these two spin-down edge bands moving along the different directions in one-dimensional ¢ space, which leads to the
two different types of degenerative breakdown of two pure spin-down edge states at ¢ = 0.5. When applying positive
electric field the energy of spin-down edge band at edge site 1 is higher than that at edge site 8. On the contrary, when
applying negative electric field the energy of spin-down edge band at edge site 8 is higher than that at edge site 1. It
shows that we can use the direction of electric field to control the two spin-down edge currents occurring at two different
energies. Further, when the electric field intensity increases above 0.69 V/nm, the increased large band gap between
the two spin-down edge bands leads to the inversion of these two spin-down edge bands. That is to say, there is a
spin-down band gap, however, there is not a band gap for spin-up edge band in the region of spin-down band gap. Thus
the system becomes half-metallic, and the QSH does not belong in the type B any longer. Specially, when the electric
field intensity reaches 1.17 V/nm in the region of spin-down band gap, the pure spin-up edge state appears at ¢ = 0.5,
which shows that the strong pure spin-up edge current along the edge site 8 can occur. With increasing the intensity of
electric field, the QSH system undergoes three processes from the type B to the type C. When the electric field intensity
is more than 1.42 V/nm, the two spin-up edge bands also present band inversion and turn into the conduction band
and the valence band, respectively. Thus the system becomes semiconducting and the QSH system does not belong in
the type C, ordinary quantum Hall system. Finally, according to the results discussed above, we can expect that using
the direction and the intensity of the transverse electric field in plane we can adjust the properties of edge current, and

control the type of QSH system varying from the type B to the type C.

Keywords: narrow zigzag graphene nanoribbon, band structure, edge band, quantum spin Hall effect
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