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Superconductivity confined in a single atomic plane 
Scientific project: This internship project consists in the study of superconductivity confined 

to a single atomic layer by scanning tunneling microscopy/spectroscopy (STM / STS) at very 

low temperature (300 mK) and high field (10 T). This experimental device, that took eight 

years to build, is unique in France and there are only few others in the world. It recently 

allowed us to study the strong influence of spatial confinement on setting up a small finite 

number of vortices in superconducting islands whose size is comparable to few 

superconducting coherence lengths [1] (which is a few tens nanometers in these systems). On 

the other hand we were able to highlight the new features of the propagation of 

superconducting correlations to a disordered two-dimensional metal layer [2]. A major 

advantage of our microscope is to be coupled to a growth chamber in situ in an ultrahigh 

vacuum environment, which allows us to build, with a large degree of freedom, the systems 

we want to study. The in situ nanofabricated systems are very pure, ensuring probing the 

intrinsic electronic properties of these systems using the scanning tunneling spectroscopy. We 

are now studying ultimate systems consisting of a metal atomic layer deposited on a 

semiconductor substrate. Our recent results show that a Pb monolayer grown on Si (111) is a 

superconductor with a critical temperature Tc = 1.5 K. Our measurements show a dramatic 

effect of non-magnetic defects on the behavior of superconducting properties of monolayers 

[3], and monatomic steps on superconductivity of such a system, as opposed to recent results 

on a very similar system [4]. Thus, we propose a project that may be pursued as a PhD thesis, 

focusing on the study of new fundamental properties of superconductivity ultimately confined 

to two dimensions within a single plane of atoms grown on a support substrate. 
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