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Abstract One of the biggest challenges to the reliability of quantum computers is decoherence caused by the
interaction between local environment and quantum bits. Among the major approaches being pursued for realizing
quantum bits, the Majorana-based platform has attracted increasing interest in recent years since it stores quantum
information in a topologically-protected manner. The quantum information is protected by its nonlocal storage in
localized and well-separated Majorana zero modes, which is expected to solve the problem of quantum decoherence.
Semiconductor-superconductor hybrid nanowires are promising platforms for studying Majorana zero modes and
topological quantum computation. This article reviews the recent progress of the in-situ molecular-beam epitaxial
growth and low-temperature quantum transport properties of the high-quality semiconductor-superconductor
nanowires. The prospects of the topological quantum computing based on semiconductor-superconductor nanowires
are also prospected finally.
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FIFH MBE A, SR H A HZUE K K & @0 K1 InAs 9K ER 4588 (SEM) B 5T iR 85 (TEM) %, (a) A
LUVE KM InAs 912K SEM EE™. (b) Au fEfE/E K1Y InAs 49K 21 SEM MG, 4 P Ry £8 i 1 Jm 3 iR 7
() FI(d) 735 H A K I Au AR AE KA InAs KLY TEM R, (e)-(h) R H Ag FEMEALHI, 1 4353 <11-
20>, <011>, <103><-2-11>) InAs KL M =35 TEM R G)RI Ag MEMALH], Si IS 2R K A4 InAs 44
KR SEM FEUR™; () HE4H InAs QKR I 539 TEM IR
Transmission electron microscopy (TEM) and scanning electron microscope (SEM) images of the InAs nanowires grown by
molecular-beam epitaxy with a self-assisted growth manner and using metal as catalysts. (a) SEM image of the InAs nanowires
grown with a self-assisted growth manner ™", (b) SEM image of the InAs nanowires grown using Au as catalysts"". The inset

is an enlarge view of the sample. (c) and (d) High-resolution TEM images of the InAs nanowires grown with a self-assisted
[36] [38]

growth manner ™ and using Au as catalysts ", respectively. (e)-(h) High resolution TEM images of the InAs nanowires grown

using Ag as catalysts along the <11-20>, <011>, <103>, and <-2-11> directions, respectively"'". (i) and (j) SEM and high-reso-

lution TEM images of the ultrathin InAs nanowires grown on Si substrates using Ag as catalysts, respectively
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Fig.2 Quantum devices and transport properties of the high-quality pure phase InAs nanowires. (a) Magnetoconductance measured at

a temperature of 100 mK and at different applied back gate voltages ™. (b) Gate voltage dependencies of L,and Ly, at 100 mK o,

(c) Differential conductance measured against V, and V,,, clearly show the chessboard pattern of Fabry-Pérot oscillations e,

(d) and (e) Highly tunable multiple quantum dots in InAs nanowires™”*. (f) Spin relaxation in the InAs nanowire quantum dots”.
False-color SEM image of the InAs nanowire double quantum dot integrated with a charge sensor ™. (h) A schematic for
g g q g 4

the InAs nanowire double quantum dot integrated with a charge sensor and Coulomb oscillations (in blue color) of quantum dot

along with transport current (in red color) through charge sensor-quantum do
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Fig. 3

Morphology, microstructure and transport properties of the pure phase ultrathin InAs-Al nanowires ", (a)-(g) Magnified SEM

images of the ultrathin InAs-Al nanowires. (h) Schematic illustration of in situ epitaxy of Al half shell on an ultra-thin InAs

nanowire. (i)-(k) High-angle annular dark-feld scanning TEM image, false-color overlay EDS elemental maps of In (yellow),

As (green) and Al (red), and high-resolution TEM images of the ultrathin InAs-Al nanowires. (1)-(m) The hard superconduct-

ing gap and the zero bias conductance peak induced by the Andreev bound state were observed in the InAs-Al nanowire tunnel-

ing quantum device, respectively. (n) The 2e-periodic Coulomb blockade and 2e-1e transition of an InAs-Al nanowire island

device
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Fig. 4 Large zero bias peaks on the order of 2¢’/4 and a mag-

netic-field-driven transition between a zero bias peak
and a zero bias dip while the zero-bias conductance
sticks close to 2¢’/h were observed in a pure phase thin
InAs-Al hybrid nanowire device, using a four-terminal
device design. (a) False-color SEM image of the InAs-
Al device; (b) The d//dV line-cuts from 0.48 T to 1.06 T,
resolving a transition from zero bias dip (blue) to zero

bias peak near 2¢’/4
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