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Fig. 1. Square-octagon lattice: (a) Structure sketch; (b) the first Brillouin zone.
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Fig. 2. Energy band of square-octagon lattice along the line between high symmetric points in the first
Brillouin zone: (a) A\ = 0; (b) A\; = 0.1; (¢) Ay = 0.6; (d) A\; = 0.6, \g = 0.05,g = 0.1.
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Fig. 3. Square-octagon lattice for A\ = 0.6, Ag = 0.05, and g = 0.1: (a) Energy spectrum;
(b) edge states at 1/2 filling.
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Fig. 4. Probability density of the edge-state wavefunction |¢|? of an ribbon and the spin polarizations of the
edge states: (a) Edge state A; (b) edge state B; (c) edge state C; (d) edge state D; (e) edge state E; (f) edge

state F; (g) edge state G; (h) edge state H.
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5 AFZ#HIY T square-octagon g A ARG UL 1/4 AR FTFMMHE  (a) A1 = 0.6, \r = 0.05,9 = 0.8;
(b) A1 = 0.6, AR = 0.05,9 = 1.8; (c) A1 = 0.6, HH QSH L/~ T AW E R444, QAH Fong T R E/RELIE,
B R IR

Fig. 5. Edge state spectrum with different values of exchange field and phase diagram of the square-octagon lattice
at 1/4 filling: (a) A\; = 0.6, A\g = 0.05,g = 0.8; (b) A1 = 0.6, \g = 0.05,9 = 1.8; (c) A\ = 0.6. Here, QSH denotes
the quantum spin Hall insulator, QAH denotes the quantum anomalous Hall insulator and the black color denotes

a metal phase.
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Fig. 6. Probability density of the edge-state wavefunction |¢|2 of an ribbon and the spin polarizations of the edge
states: (a) Edge state A; (b) edge state B; (c) edge state C; (d) edge state D; (e) edge state E; (f) edge state F.
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Fig. 7. Spin spectrum of quantum spin Hall edge state:
(a) Gapped edge state; (b) gapless edge state.
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Abstract

Motivated by the square-octagon lattice which supports topological phases over a wide range of parameters and a
number of interesting quantum phase transitions in the phase diagram when considering the intrinsic spin-orbit coupling,
we investigate the topological phase transitions in the isotropic square-octagon lattice combining the effects of both
spin-orbit couplings and exchange field. The inversion symmetry and time-reversal symmetry are broken when both
Rashba spin-orbit coupling and exchange field are present. The Z> index is not applicable for quantum spin Hall systems
without time-reversal symmetry, but the spin Chern number remains valid even in the absence of time-reversal symmetry.
Therefore, we use the Chern number and spin Chern number to describe the topological properties of the system. We
explore that a variety of topologically nontrivial states appear with changing the exchange field, including time-reversal-
symmetry-broken quantum spin Hall states and quantum anomalous Hall states. The phase transition between these
topological phases is accompanied by the closing of band gaps. Interestingly, the quantum spin Hall effect described
by nonzero spin Chern number is found to remain intact when the time-reversal symmetry is broken. Furthermore, the
variation of the amplitude of the exchange field and filling factor drive interesting topological phase transitions from the
time-reversal-symmetry-broken quantum spin Hall phase to spin-filtered quantum anomalous Hall phase. A spin-filtered
quantum anomalous Hall phase is characterized by the presence of edge states with only one spin component, which
provides an interesting route towards quantum spin manipulation. We also present the band structures, edge state wave
functions, and spin polarizations of the different topological phases in the system. It is demonstrated that the energy
spectra of edge states are in good agreement with the topological characterization based on the Chern number and
spin Chern number. In particular, we observe that gapless edge states can appear in a time-reversal-symmetry-broken
quantum spin Hall system, but the corresponding spin spectrum gap remains open on the edges. Recently, an important
functional material ZnO with quasi square-octagon lattice has been found experimentally. Consequently, the results
found in our work are helpful for understanding the property of square-octagon lattice and studying the real materials

with square-octagon structure.

Keywords: quantum spin Hall effect, spin-orbit coupling, topological phase transition

PACS: 71.70.Ej, 73.20.At, 73.43.—f DOI: 10.7498 /aps.67.20180624

* Project supported by the National Natural Science Foundation of China (Grant No. 11647145), the National Laboratory
of Solid State Microstructures of China (Grant No. M31024), and the Natural Science Foundation of the Jiangsu Higher
Education Institutions of China (Grant No. 16KJB430012).

t Corresponding author. E-mail: yuanyangnju@126.com

237101-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20180624

	1引    言
	2模型和方法
	2.1 紧束缚模型
	Fig 1

	2.2 自旋陈数和边缘态

	3数值结果与分析
	3.1 时间反演对称破缺的量子自旋霍尔 效应
	Fig 2
	Fig 3
	Fig 4

	3.2 自旋过滤的量子反常霍尔效应
	Fig 5
	Fig 6
	Fig 7


	4结    论
	References
	Abstract

