
 
 

 

   
 

 
 

PhD thesis project 

Development	of	epitaxial	tunnel	barriers		
for	superconducting-semiconducting		

quantum	applications 
_______________________________________________________	
General	Scope:	

Topological superconductivity is a promising route toward quantum bits with enhanced protection 
against decoherence. It can be realized by coupling a superconductor to a one-dimensional 
semiconductor with strong spin–orbit coupling, such as InAs or InSb, in the form of a superconducting 
shell on a nanowire. While strong interface transparency enhances the proximity effect, the high density 
of states of the superconductor can drive the nanowire into an unfavorable multi-subband regime. 

Introducing a thin tunnel barrier between the semiconductor and the superconductor allows control 
over both the induced superconducting gap and the carrier density. This barrier can be formed by a 
wider band-gap semiconductor with small lattice mismatch, such as ZnTe for InAs or CdTe for InSb. 
Our group has demonstrated epitaxial growth of ZnTe on InAs down to 3–5 nm, but theory suggests 
that optimal barriers should be only 1–2 nm thick. Achieving and characterizing such thicknesses 
requires advanced techniques such as high-resolution transmission electron microscopy (TEM) and in-
situ sandwiching the tunnel barrier between the semiconductor and the superconducting contacts. 
 
PhD	Subject:	

The aim of this PhD is to develop ultrathin epitaxial tunnel barriers between InAs nanowires and a 
superconducting shell. ZnTe will be the primary barrier material, with CdSe as a possible alternative. 
Nanowires will be grown by molecular beam epitaxy (MBE) using gold nanoparticles patterned by e-
beam lithography to ensure high reproducibility and material quality. The complete structure will be 
fabricated fully in situ in a unique MBE cluster comprising three growth chambers for each material 
family, connected under vacuum to prevent oxidation and contamination. 

Structural properties will be investigated by state-of-the-art high-resolution TEM at Néel to guide the 
optimization of nanowire morphology and the development of growth models. Finally, together with 
international partners in the US and the UK, electrical transport and THz spectroscopy experiments will 
determine carrier properties in the nanowires 
 
Required	Skills:		

• Semiconductor and solid-state physics 
• Data analysis and problem solving 
• English speaking and scientific writing 

Laboratory:		NEEL and PHELIQS	

PhD	Supervisors:		
• Moïra Hocevar, 

moira.hocevar@neel.cnrs.fr  
• Edith Bellet-Amalric 

edith.bellet-amalric@cea.fr Left: False colored EDS map of the nanowire cross section: InAs 
core with ZnTe Shell. Top right: Epitaxial ZnTe/InAs interface. 
Bottom right: Cross section HAADF-STEM image of the 
InAs/ZnTe nanowire 


