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Experimental setup          

Cryostat : inverted dilution 

T = 50 mK 

 Combined transport & spectroscopy measurements 
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Very-low temperature Scanning Tunneling Microscope 
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( )SN  :  density of states of the sample 

:  superconducting gap ( )T

( )Tf  :  Fermi-Dirac distribution 

Scanning Tunneling Spectroscopy     

Tunneling spectroscopy 
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Measurement of the Density-Of-States (DOS)  
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Scanning Tunneling Spectroscopy     

Resolution ≈ 80 µeV 

Tunneling spectroscopy 

 













V

eVf
Nd

dV

dI
VG T

S

)(
)()(




Measurement of the Density-Of-States (DOS)  
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Superconductivity and Coulomb interaction     

Coulomb interaction : 
  

 Aronov-Altshuler anomaly at EF 

 Continuous decrease of Tc and  with disorder 

 Keeps  /Tc ratio constant 
 Spectra are often associated with a Dynes parameter 
 Spatial mesoscopic fluctuations of Tc and subgap states 
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kF l >> 1kF l << 1

Superconducting 

Insulating 
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Increasing disorder Sacépé et al., PRL 101, 157006 (2008) 

TIN Superconductor-Insulator transition 
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TIN Superconductor-Insulator transition 
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TIN Superconductor-Insulator transition 
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InO#1 

InO#2 InO#1 

InO#3 
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Spectra measured at different locations (T=50mK) 
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Gaussian distribution 

Map of the spectral gap InOx 

InOx Superconductor-Insulator transition    
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Spectra measured at different locations (T=50mK) 
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Map of the coherence peak height InOx 

InOx Superconductor-Insulator transition    
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Map of the coherence peak height InOx 

InOx Superconductor-Insulator transition    
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More disordered film InOx 

InOx Superconductor-Insulator transition    



resistivity × 2 

InO#3 

Tc ~ 1.7 K 

InO#1 

Tc ~ 1.2 K 

 Proliferation of spectra without coherence peaks 

Role of disorder 
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InOx Superconductor-Insulator transition    

High disorder 

Low disorder 
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λ 

« Insulating » gap Egap 

 Localized Cooper pairs 

Superconducting gap Δ  

 delocalized Cooper pairs 
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InOx Superconductor-Insulator transition    
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Thermal dependence of the Density of States    

Pseudogap above Tc 
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Thermal dependence of the Density of States    

TiN Pseudogap above Tc 
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Thermal dependence of the Density of States    

TiN Pseudogap above Tc 
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Thermal dependence of the Density of States    

Pseudogap above Tc 



Thermal dependence of the Density of States    

Pseudogap above Tc InOx 
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Thermal dependence of the Density of States    



Superconductivity , Coulomb interaction and localization 

Localization : 
  

 Tc decreases faster than   with disorder : huge  /Tc ratio 

 Hard gap : no states at the Fermi level, no need of a Dynes parameter 
 Strong spatial fluctuations of  
 Localized Cooper pairs characterized by spectra without coherence peaks 
 Pseudogap abobe Tc due to preformed Cooper pairs 

 

Coulomb interaction : 
  

 Aronov-Altshuler anomaly at EF 

 Continuous decrease of Tc and  with disorder 

 Keeps  /Tc ratio constant 
 Spectra are often associated with a Dynes parameter 
 Spatial mesoscopic fluctuations of Tc and subgap states 

 



Fractal superconductivity near the mobility edge    

Egap = Δp + ΔBCS •∆p “parity gap”: pairing of 2 electrons in localized wave functions 

 

•∆BCS “BCS gap”: long-range SC order between localized pairs 

M. Feigel’man et al., Phys. Rev. Lett. 98, 027001, (2007) 

M. Feigel’man et al., Ann. Phys. 325, 1390 (2010) 

 



Fractal superconductivity near the mobility edge    

Egap = Δp + ΔBCS •∆p “parity gap”: pairing of 2 electrons in localized wave functions 

 

•∆BCS “BCS gap”: long-range SC order between localized pairs 

•Tunneling spectroscopy 
(single-particle DOS) 

Tunnel barrier 

Egap = Δp + ΔBCS 

•Point-contact spectroscopy 
  (Andreev reflection = transfer of pairs) 

Transparent interface 

Egap = Δp + ΔBCS 

T = 300 mK 

Z value 

Sample 

Tip 

Sample 

Tip 
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Tunnel regime 

Contact regime 
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Tip 
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Normal  
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Barrier : parameter Z 

Transmission : T = 1 / (1+ Z2) 
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Point-Contact Andreev Spectroscopy     

InOx film far from the Superconductor-Insulator Transition : Tc = 3.5K 
InOx 



Point-Contact Andreev Spectroscopy     

From tunnel to contact in disordered InOx film Tc = 1.2 K 

Tunnel  

regime 

Contact  

regime 

Egap 

∆BCS  

Egap = Δp + ΔBCS 

InOx 



Andreev signal : evolution with T     

Egap(T) = Δp + ΔBCS(T) 

. ∆BCS evolves between 0 and ~ Tc 

. Egap evolves between 0 and ~ 3-4 Tc 

T-evolution of Andreev signal 

d2G/ dV2 

InOx 
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Magnetic field studies through the SIT    
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Magnetic field studies through the SIT    



M.V. Feigelman and M.A. Skvortsov, Phys. Rev. Lett. 109, 147002 (2012) 

Photon detectors    

TiN 
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Photon detectors    

TiN 

DRIESSEN           et al., Phys. Rev. B 88, 180505(R), (2013) 



STM on an nanowire     

10 MΩ 

Vdc + Vac 

100 MΩ 

to feedback electronics 

and lockin 

• Device fabrication in Kavli Nanolab 

• Nanowire: 5nm x 200 nm x 4 µm 

• Tc = 1.5 K, Rs = 1.5 kΩ 

•   = 300 mV, / Tc = 2.5 

TiN 
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Inhomogeneous superconducting state 

DOS (EF) Topography 

TiN 



Critical current microscopy 

25% variation in the local critical current! 

It = 1 nA, Vb = 2 mV 

10 MΩ 

Vdc + Vac 

100 MΩ 

to feedback electronics 

and lockin 



Critical current microscopy 

Local non-equilibrium! 

It = 1nA 



Quasiparticles close to the gap 

Critical current microscopy 

It = 1nA 

It = 2nA 

It = 500pA 

It = 200pA 



Conclusion          

• Pseudogap : Preformed Cooper-Pairs above Tc 
 

• Localized Cooper pairs below Tc 

•    SIT occurs through the localization of Cooper-pairs in InOx 

•    Distinct energy scales for pairing and coherence 

• Coulomb interaction and localization play different roles in the SIT 

• Inhomogeneous superconducting state 

•    Local critical current microscopy 
 


