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Diamagnetism of superconducting nanoparticles 







finite T impurities 

Bands of energy levels in solids 







Energy level quantization in nanoparticles 

Distance between energy levels:  𝑑 ~ 𝐸𝐹/𝑁 𝑁 ~
𝑉

λ𝐹
3  

𝑑 ~ 1/𝑉 



Superconductivity in nanoparticles 

P. W. Anderson (1959): when d > Δ no superconductivity ! 







Detection of the gap: tunnelling 



Superconductivity in pure Bi at ambient pressure 



Superconductivity in granular bismuth nanowires 

Tian et al., Nano Lett. 6, 2773 (2006) 



Interface Superconductivity 

1. Superconductivity occurs at or near the interface between two   

    different materials (metals, insulators, semiconductors) neither   

    of which is superconducting. 

 

2. Interface-enhanced superconductivity (Tc is significantly higher 

    than either constituents .) 

 

 Interface superconductivity can be considered as 2D if the 

      thickness of the layer where superconductivity occurs is 

      comparable to or smaller than the superconducting coherence 

      length ξ. 



Superconductivity at LaAlO3/SrTiO3 interface 

 The thickness of the superconducting sheet is estimated to be  ~ 4 nm. 

 Clear signature of the BKT transition was found in V-I curves. 



Gozar et al., Nature 455, 782 (2008) 



Theoretical concepts 

“Model for an Exciton Mechanism of -Superconductivity”   

D. Allender, J. Bray, and J. Bardeen, Phys. Rev. B 7, 1020 (1973). 

 

Proposed a thin metal layer on a semiconductor surface. 

They found an impressive Tc enhancement effect when the stringent conditions on the 

Interfaces are met. 

“On surface superconductivity”   

V. L. Ginzburg, Phys. Lett. 13 (1964) 101. 

 

two different situations:  

(i) the electrons in surface states fill partially the surface bands, and hence in an otherwise 

insulating material a near-surface layer can acquire metallic character and becomes 

superconducting 

(ii) attraction between carriers occurs only near the surface due to surface phonons, 

variation in screening, etc., while in the bulk the interaction is repulsive. 

 

Later he even envisioned that the electron interaction may be modified and controlled by 

depositing “dielectric or monomolecular layers on the surface” 

 

  



Single layer FeSe on STO 



FeSe on STO: Interface Effect (2)  

Lee et al., Nature 515, 782 (2014) 

 


