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Fig. 1. (a) Schematic of Chern insulator and the edge state.

(b) Topological insulator

The grey region represents the vacuum, the blue region rep-
resents the Chern insulator, and the red arrow shows the
edge state. (b) The edge state can be viewed as a bound
state located at the interface of topological trivial state and
non-trivial state. The vacuum can be viewed as normal in-

sulator with infinite energy gap.
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Fig. 2. (a) Bulk energy band diagram®); (b) Chern number in clean sample (solid line) and disordered sample (dashed line)");

(c) schematic of the sample with electrical potential ladder. The voltage potential is under the control of external gate voltagel?’);

(d), (e) the conductances and the distribution of corresponding fluctuations versus Fermi energy for different sample sizes and dis-

order strengthes!2.
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Fig. 3. (a) The two-terminal conductance versus Fermi energy. The inset shows two topological interfaces caused by the voltage po-

tential in real space®). (b) Schematic plots of Chern number distribution. We consider three interfaces, with the corresponding

Chern number C; marked in the figure. Here, i =1,2,3---

. We define 8C = C; — C;41 . Colored regions represent the non-trivi-

al transport energy regions’?”. (c), (d) Correspond the local current density marked by red or blue arrow in panel (a)®.
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Fig. 4. (a) Conductance versus Fermi energy under linear voltage potential V = Uy /Ny , and the size of sample Ny = Ny = N 2

(b), (c) distribution of local current, which are labeled by arrows with the same color in panel (a)?.
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Fig. 6. Logical gates based on interface states in Chern insulator!2.
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Fig. 7. (a) Schematic of topological insulator and the band
of its surface state; (b) schematic plot of the sample and
their surface states. White arrow represents the interface

states.
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Fig. 8. (a) Schematic of a layer filterl®); (b) conductance G versus chemical potential u and disorder W [®]; (c) layer polarization P

versus potential x4 and disorder W 69,
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Fig. 9. (a) Schematic of a layer valvel®; (b), (c) transmission current J versus the chemical potential of top layer filter and bottom
layer filter®l; (d) transmission current versus the chemical potential of top layer filter for different disorder®”; (e) transmission cur-

rent versus the chemical potential of top layer filter for different distance (D in panel (a)).
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Fig. 10. (a), (b) Schematic of layer reversers, the arrows show the direction of transmission, while different colors represents oppos-
ite model®); (c), (d) distributions of local current in panels (a) and (b)[%); (e) conductance between terminals 1 and 2 versus chemic-

al potential in two kinds of reversersl®; (f) local resistances of the top-bottom reverse versus chemical potentiall®.
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SPECIAL TOPIC—Quantum transport in topological materials and devices
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Abstract

With the development of the topological theory, it is believed that topological states originate from
topologically protected interfaces in condensed matter systems. Significantly, by adjusting the topological
interfaces, one can manipulate the transport properties of a sample, thereby possessing distinct features. This
paper briefly reviews recent progresses about topological interfaces and their potential applications in quantum
devices. In the first part, we expound the fundamental ideas about topological interfaces in disordered Chern
insulators. Based on their transport properties, the designs of programmable circuits and logical gates are also
clarified. These designs significantly improve the utilization of sample compared with topological surface
devices. The second part focuses on the topological interfaces in three-dimensional systems, which exhibits the
layertronics of the interfaces. We present axion insulator MnBi,Te, as a typical example, and the realization of
the basic layertronics devices is proposed. Finally, this work summarizes the advantages of topological interface

devices and proposes some potential breakthroughs to be achieved in this field.

Keywords: topological insulator, quantum anomalous Hall effect, disorder effect, axion insulator
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