Advances in Condensed Matter Physics BERAMH R, 2022, 11(3), 57-64 Hans Xl
Published Online August 2022 in Hans. http://www.hanspub.org/journal/cmp
https://doi.org/10.12677/cmp.2022.113007

5t

a4
\

B3 iEIE T AEE/N-BNRREREET
MEFHEE

RBAaE, kK OF
WAL SR, i GEAF

Weks HiH: 202247 H1H; SR HEM: 20224F8H1H; KA HM: 2022/F8H5H

HE

KABRRATETR T RBHRET ARG/ ATENMR RSN T EMRETHE. SRR, £4%
EAREEANEHRIERSEEN, ARKBELTETHRERSTATEMMELTALZS, KX
ARIERRBE, RACNETHRERSZIFIES. WHNTEWHEE RS T R R &4
FRERRILEE, NTERAH A RBENET BRRE/RSZREENAR FEKZESE RS E
THRERS,

XK ia
ARM/h-BNRF S, NEEHRIERS, RE%H, ETEHRERS

Band Structure and Quantum Phase
Transition of Graphene/h-BN
Heterojunction under Local Potential
Control

Tingting Tang, Jun Zhang"

School of Physical Science and Technology, Xinjiang University, Urumqi Xinjiang

Received: Jul. 1%, 2022; accepted: Aug. 1%, 2022; published: Aug. 5", 2022

Abstract

The band structure and quantum phase transition of graphene/hexagonal boron nitride hetero-
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junction (h-BN) under local potentials are studied by the tight-binding method. The result shows
that the graphene layer is in the quantum spin Hall state and the h-BN layer is in the insulating
state when the intrinsic spin-orbit coupling strength of the graphene layer is given. As the local
potential of the graphene layer increases, the system will change from a quantum spin Hall state to
a semiconductor state. New gapless edge states can be generated by tuning the local potential of
the h-BN layer, so that the quantum spin Hall state of the graphene layer becomes the quantum
spin Hall state composed of the edge states within and between layers.
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AR, ERIE O 2 REBOTOCHRR AR, FredT A SR B B0 E B, /e A
SR JECF AN A TR, IR AT Sk 2 18] B s R AR PR T FT LAFT T BR[3] [4] [5]. WU B3 D& it B it
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Figure 1. (a) Schematic diagram of Bernal stacking zigzag-edged GBNNR. The bottom layer is h-BN layer and the top layer
is graphene layer. y is the periodic direction and the x direction contains N = 80 sites. Green, yellow and blue solid circles
represent N, B and C atoms, respectively; (b) Schematic diagram of graphene/h-BN heterojunction under local potentials.V,
and V, are applied in the upper and lower half regions of the graphene layer respectively, and V5 and V, are applied in the
upper and lower half regions of the h-BN layer respectively
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Table 1. Tight-binding parameters of graphene/h-BN heterojunctions calculated by density functional theory [28] (Unit of

Energy: eV)
# 1 BEZRESHEENAERN-BN RREZRESH[28] REERNL: eV)

tl tz tl EB EN
2.64 2.79 0.43 3.34 -1.40
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Figure 2. (a) Band structure of GBNNR with zero local potential and ISOC; (b) Band gap of GBNNR A¢ as a
function of V;
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Figure 3. Left column is the band structure of GBNNR. The red and black curves represent the spin-up
and spin-down energy bands respectively. The parameters are: 1 = 0.02t;, (@) V, =0¢eV; (¢) V. =0.2 eV;
(e) V, = 1.2 eV. (b) The blue curve is the bandgap of the heterojunction under periodic boundary condi-
tions, i.e. the bulk gap; the red curve is the GBNNR bandgap. (d) and (f) are the schematic diagrams of the
probability distributions of edge states and the edge state propagation in (c), respectively
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Figure 4. (a) Band structure of GBNNR with 4 = 0.02 t;, V, = —3.665 eV. The red and black curves represent the
spin-up and spin-down energy bands respectively. (b) and (c) are schematic diagrams of the probability distribu-
tions of edge states and the edge state propagation in (a), respectively
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