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PhD thesis project

Structural studies of
superconductor-semiconductor interfaces

General Scope:

This thesis project, conducted at the Institut Néel, aims to study InAs/Sn nanostructures—developed
for tunable Josephson junctions in quantum devices—using high-resolution transmission electron
microscopy (TEM). Currently, quantum processors suffer from short coherence times due to the quality
of the interfaces and materials, particularly the presence of an amorphous oxide in the junction. To
address this challenge, InAs nanostructures coated with Sn are being developed to fabricate tunable
Josephson junctions incorporated into transmon qubit, using the InAs semiconductor as the weak link.
InAs two-dimensional electron gases coated with tin are fabricated by molecular beam epitaxy. The
mechanisms governing the growth of Sn on InAs and other IlI-V semiconductors remain poorly
understood. Imaging Sn/InAs interfaces at atomic resolution using a transmission electron microscope
(TEM) gives crucial information on material quality, structure, and chemistry, in particular when coupled
with X-ray diffraction studies and low-temperature transport properties. Importantly, in situ TEM
measurement of electronic transport through metal/semiconductor junctions is a revolutionary approach
that will be used to correlate atomic-scale interface properties with macroscopic transport properties.

PhD Subject:

The objective of this thesis is to characterize the atomic and chemical structure of the aforementioned
interfaces and analyze the impact of surface preparation and growth conditions to improve the
performance of Josephson junctions. The methodology combines TEM, geometric phase analysis
(GPA), chemical analysis (EDX), and growth modeling. Experiments using 4D-STEM coupled with
electron ptychography will provide further insight into the distribution of chemical elements and 3D
strain around the interfaces in these structures. The expected results include a better understanding of
the growth mechanisms of Sn on 11I-V’s, the identification of optimal conditions for minimizing defects,
and the optimization of strain distribution, paving the way for more stable and high-performance
quantum devices. Structural properties will be investigated using state-of-the-art high-resolution TEM
at the Institut Néel to guide the optimization of growth conditions and the development of growth models.
As a powerful and complementary technique, X-ray diffraction experiments performed at PHELIQS wiill
provide complementary information on the structural properties. Finally, in collaboration with
international partners in the UK, electrical transport measurements will be performed to determine
carrier properties in the structures.

Required SKills:
¢ Semiconductor and solid-state physics
e Data analysis and problem solving
e English speaking and scientific writing
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Laboratory: NEEL and PHELIQS (PEPR TQ Quantin)

PhD Supervisors:
e Martien Den Hertog,
martien.den-hertog@neel.cnrs.fr
e Moira Hocevar,
moira.hocevar@neel.cnrs.fr
e Edith Bellet-Amalric Sn-InAs interface.
edith.bellet-amalric@cea.fr
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