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Even in materials where the origin of superconductivity is known to be conventional, dimensional 

confinement, disorder, electron correlation, external magnetic field, and magnetic impurities often combine 

to induce novel electronic phases and quantum phase transitions, many of which remain poorly understood 

and controversial. We have carried out a detailed examination of the superconductivity and 

superconductor-insulator transitions in ultrathin amorphous Pb films as functions of disorder, magnetic 

field, and paramagnetic pair-breaking. The Pb films are grown via quench-condensation in a modified 

dilution refrigerator under ultrahigh vacuum at low temperature, and all the electrical measurements are 

performed in situ. Here I describe and discuss two intriguing observations from these experiments: i) A 

perpendicular magnetic field induces features suggestive of mesoscale phase separation near the critical 

field and an insulating state with localized superconductivity.1 ii) In the same films, a parallel magnetic 

field is found to enhance superconductivity, increasing the mean-field Tc by as much as 13% in field as 

high as 8 T. The Tc enhancement is progressively suppressed, eventually eliminated, by incremental 

deposition of magnetic impurity on the film.2 
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