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Fig. 1. Topological devices based on the hybrid superconductor-semiconductor nanowire structures: (a) Electronic dispersion of an

one-dimensional quantum wire with strong spin-orbit coupling under applied magnetic field®), the presence of spin-orbit coupling

results in the lifting of spin degeneracy; (b) the phase diagram for a proximitized semiconducting nanowire device as a function of

the magnetic field and chemical potential, the interplay of spin-orbit coupling, Zeeman fields can drive a quantum phase transition

into a topological superconductivity*2.
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Fig. 2. The realization of the nanowire quantum dot-superconducting quantum interference devicel'!l: (a) SEM image of a typical

device, showing that individual InSb nanowire is in contact with superconducting electrodes; (b) differential conductance dI/dV

map for the odd charge state as function of voltage bias Viq and backgate voltage Vj , indicating an Andreev bound state formed;

(c) differential conductance dI/dV plot as a function of Vi and Vg at 10 mK and zero magnetic field, demonstrating a realiza-

tion of continuous gate-tunable Andreev bound states with both 0-type levels and n-type levels.
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Fig. 3. Construction and detection of topological solid-state quantum devices: (a) The conductance of a quantum point contact
placed between superconductor and semiconducting wire with spin-orbit coupling!™; (b) three-terminal setup for probing Andreev
and Majorana bound states with nonlocal measurement of conductancel™); (c) top panel: false color SEM microscopy of a fabricated
nanowire device showing the realization of the Kitaev chain with coupled quantum dots through superconductor®?. Illustration of
the realization of the Kitaev chain with coupled quantum dots through superconductor, in which the coupling strength of crossed

Andreev reflection and elastic co-tunnelling can be gate-tunablel®!.
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Fig. 4. Tunability of electronic band structure in single-wall carbon nanotubes: (a) Band structures of metallic and semiconducting
carbon nanotubes determined by the chiral vector®); (b) in situ controllable PN junction structure based on split gates of carbon
nanotubes®); (c) the magnetoconductance peaks move towards lower magnetic fields with increasing built-in electric fields in a car-
bon nanotube, demonstrating the control of the band structure of carbon nanotubes by electric and magnetic fields; inset: temperat-

ure dependence of nonmonotonic magnetoconductance, suggesting the mechanism of the magnetic responsels7.
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Fig. 5. Topological state scheme based on semiconducting carbon nanotubes-superconducting films heterojunction'%:: (a) Schematic

diagram of a semiconducting carbon nanotube-superconductor heterojunction device, where Majorana bound states can be induced

by in-plane transverse magnetic field; (b) Majorana bound states spectrum and wave function as a function of magnetic field,

demonstrating the Majorana bound states in the ends of carbon nanotube induced by magnetic field.
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Fig. 6. Topological state scheme based on semiconducting carbon nanotubes-TMD superconductors heterojunction: (a) Schematic
diagram of a carbon nanotube-TMD superconductor heterojunction device, where Majorana bound states can be arised by axial
magnetic field and transverse electric field''?); (b) semi-metallic carbon nanotubes induced by spin-orbit coupling, magnetic flux ef-
fect, transverse electric field and Ising proximity effect!''”; (c) topological phase diagram of magnetic flux and chemical potential,

where —1 denotes topological phasel'"”); (d) topological phase diagram induced by electron-electron interaction without magnetic field**%)

(e) supercurrent and phase slip in a carbon nanotube with thin NbSe, proximity!1%%. )
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Fig. 7. Topological state scheme based on carbon nanotubes-superconductors heterojunction with electric field: (a) Schematic dia-

gram of a carbon nanotube-superconductor heterojunction device, where Majorana bound states can be induced by strong trans-
verse electric field; (b) one branch is in the p-wave phase at low electric field; (c) both branches are in the p-wave phase at high

electric field('22,
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Abstract

The hybrid system of low-dimensional electronic materials and superconducting materials has always been
an attractive structure for studying mesoscopic transport and low-dimensional superconducting properties. Low-
dimensional structures with strong spin-orbit coupling exhibit rich quantum phenomena combined with
superconducting macroscopic quantum states. Therefore it has become an important platform for exploring
novel physical properties and developing new topological quantum devices. The construction of hybrid
superconducting devices based on high-quality one-dimensional electronic materials and the exploration of
interfacial quantum transport phenomena have become the research frontiers. It is crucial to understand the
characteristic scattering mechanisms and quantum transport processes in these hybrid systems on a nanoscale.
The study of the coupling mechanism between the charge state and the topological localized state, and the
experimental probe of the intrinsic transport properties of the topological states are the key issues, which enable
the development of the new principles and methods for novel superconducting nano electronic devices and
topological quantum devices. Due to the competition of multiple energy scales and complex bound states in
these hybrid structures, the device physics and measurement schemes are facing unprecedented challenges. This
paper reviews recent research progress of hybrid superconducting devices based on one-dimensional electronic
systems, focusing on the material systems based on semiconducting nanowires and carbon nanotubes.
Semiconducting nanowires with strong spin-orbit coupling and large Landau g-factor are expected to support
Majorana bound states, and further improvements are needed in the material quality, interface between
superconductors and nanowires, understanding of the transport mechanism, and detection scheme. The
construction strategies of extending topological phase space, including broken symmetry, helical modes,
semiconducting characteristics, and attenuation of the external magnetic field, are proposed and discussed in
hybrid superconducting devices based on carbon nanotubes. The main phenomena and experimental challenges,
ranging from material to device physics, are introduced briefly. Finally, this paper summarizes and prospects
the development and transport studies of topological quantum devices based on one-dimensional systems.

Keywords: one-dimensional electronics, quantum transport, topological device, hybrid superconducting device
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