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Gate-tunable junctions are key elements in quantum devices
based on hybrid semiconductor superconductor materials. They serve
multiple purposes ranging from tunnel spectroscopy probes to voltage-
controlled qubit operations in gatemon and topological qubits. Common to all
is that junction transparency plays a critical role. In this study, we grow single-
crystalline InAs, InSb, and InAs; ,Sh, semiconductor nanowires with epitaxial
Al, Sn, and Pb superconductors and in situ shadowed junctions in a single-step
molecular beam epitaxy process. We investigate correlations between
fabrication parameters, junction morphologies, and electronic transport
properties of the junctions and show that the examined in situ shadowed
junctions are of signi cantly higher quality than the etched junctions. By
varying the edge sharpness of the shadow junctions, we show that the sharpest
edges yield the highest junction transparency for all three examined
semiconductors. Further, critical supercurrent measurements reveal an
extraordinarily high IcRy, close to the KO-2 limit. This study demonstrates a promising engineering path toward reliable
gate-tunable superconducting qubits.

semiconductor superconductor nanowires, shadow junctions, ballistic transport, quantum computing,
Majorana bound states, topological materials

osephson junctions (JJs) are critical circuit elements for

superconducting quantum computing. Gate-tunable junc-

tions based on proximitized semiconducting segments in
hybrid semiconductor (SE) superconductor (SU) materials
are an interesting class of junctions with potential as JJ
elements in transmons qubits™* as well as critical operators in
topological qubits.® Similar to all semiconducting circuit
elements, they are highly susceptible to disorder and require
dedicated optimization for development toward high- delity
gate operations. In the case of topological quantum computing,
achieving disorder-free junctions is desirable on several levels.
Coupling a one-dimensional semiconductor with strong spin
orbit interaction and large Lande g factor to a conventional s-
wave superconductor has the fundamental ingredients to

generate topologically protected Majorana bound states April 8, 2020
(MBS).* ® If the material ful lls the set of requirements, May 12, 2020
MBS are expected to tolerate local perturbations and therefore May 12, 2020

making it a promising candidate for scalable quantum
computing.®>**° In recent years, there has been signi cant
progress in the development of epitaxially grown SE SU

© 2020 American Chemical Society

7 ACS Publications

14605

hybrid materials to ful Il these requirements.** *> Even though
electronic tunnel spectroscopy has yielded results that have
been interpreted as signatures of MBS,*® ** direct evidence for
topologically protected MBS is still missing. Complications in
the process of verifying the MBS with tunnel spectroscopy
relate not only to the hybrid SE  SU nanowire (NW) segments
but also to the tunnel junctions, which may contain random
disorders that may give rise to local Andreev bound states that
mimic the zero-bias conductance peaks expected from
MBS.?® 2" Avoiding such misinterpretations is certainly
desirable and a crucial reason to aim for disorder-free
junctions. Junctions in spectroscopy devices have been
demonstrated with a top-down etching process,”?%*° whereas

https://dx.doi.org/10.1021/acsnano.0c02979
ACS Nano 2020, 14, 14605 14615

































