
Lecture 4.
Homogeneously disordered  SC 

films  and  S-N arrays 

Plan of the Lecture
1) Suppression of Tc by disorder-enhanced Coulomb

2) Mesoscopic fluctuations of Tc near the QPT

3) Quantum S-M transition: SC islands on top of a poor 
metal film

4) Experimental realization:  graphen

5) Open field: Coulomb effects at T << Tc



1) Suppression of  Tc in amorphous thin films 
by disorder-enhanced Coulomb interaction

Theory Experiment

Review:

Generalization to quasi-1D stripes:

Phys. Rev. Lett. 83, 191 (1999) 

Yu. Oreg and A. M. Finkel'stein

Similar approach for 3D poor conductor
near Anderson transition:

P. W. Anderson, K. A. Muttalib, and
T. V. Ramakrishnan,
Phys. Rev. B 28, 117 (1983)



Amorphous v/s Granular films



Suppression of  Tc in amorphous thin films: 
experimental data and fits to theory

J.Graybeal and M.Beasley

Pb
films



Suppression of  Tc in amorphous thin films: 
qualitative picture

• Disorder increases Coulomb interaction and thus 
decreases the pairing interaction (sum of Coulomb and 
phonon attraction). In perturbation theory:
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 Roughly, But in fact BCS-type problem with
energy-dependent coupling must be solved

Return probability in 2D

The origin of the correction term:  ???????



Coulomb + disorder in 2D superconducting films



Coulomb suppression of Tc

clean dirty

(wrong sign)

At   ln(1/Tc0τ) > 5
gc  > 4    i.e. Rc < RQ

Conclusion:
Superconductor – Metal
Quantum phase transition



Fluctuations near Tc

2)  Mesoscopic fluctuations of Tc near the 
Finkelstein’s Quantum Phase Transition



Thermal fluctuations: disorder and dimensionality



Fluctuations due to disorder



The goal:

To study mesoscopic fluctuation 
near the Coulomb-suppressed Tc

Way to go:

1) Derive the Ginzburg-Landau expansion
2) Include mesoscopic fluctuations of K(r,r’)
3) Droplets of superconductive phase above Tc



Ginzburg-Landau expansion: step 1



Ginzburg-Landau expansion: step 2



Ginzburg-Landau expansion: result



Mesoscopic fluctuations of the kernel K(r,r’): step 1



Mesoscopic fluctuations of the kernel K(r,r’): step 2



Superconductor with fluctuating Tc

Sov.Phys.JETP
54, 378 (1981)



Mesoscopic vs. thermal fluctuations



Conclusion of the part  2):



3) Quantum S-M transition:  SC islands on 
the  top of a poor metal film

• M. V. Feigel’man and A. I. Larkin

Chem.  Phys. Lett. 235, 107 (1998)

• B. Spivak, A. Zyuzin, and M. Hruska

Phys. Rev. B 64, 132502 (2001)

• M. V. Feigel’man, A. I. Larkin and M.A.Skvortsov

Phys. Rev. Lett. 86, 1869 (2001) 





4) Experimental realization:  graphen

Suggested in  M. Feigel’man, M.  Skvortsov and K. Tikhonov
JETP Letters  88(11), 747-751 (2008); arXiv:0810.0109] 

First experiment: B.M. Kessler, C.O. Girit, A. Zettl, V. Bouchiat
arxiv: 0907.3661

http://arxiv.org/abs/arXiv:0810.0109
http://arxiv.org/find/cond-mat/1/au:+Kessler_B/0/1/0/all/0/1
http://arxiv.org/find/cond-mat/1/au:+Girit_C/0/1/0/all/0/1
http://arxiv.org/find/cond-mat/1/au:+Zettl_A/0/1/0/all/0/1
http://arxiv.org/find/cond-mat/1/au:+Bouchiat_V/0/1/0/all/0/1


Graphene + superconducting islands



Josephson coupling via disordered graphene



Thermal phase transition

Tc = γ EJ(Tc)

for triangular lattice γ = 1.5   (Shih and Stroud 1985)



Superfluid density below Tc



Spectral gap



Spectral gap in an irregular system



Two-energy-scale superconductivity

Tc ~ 4 Eth



Magnetic field effect (low T, low H)



Magnetic field effect (low T, high H)



Phase diagram



Conclusions for the theory in part 4)

1. Graphene can be made superconductive at Kelvins with 
very small part of area  covered by superconductive islands

2. Spectral gap  expected due to proximity effect should
be measurable by low-temperature STM  (and destroyed 
easily by magnetic field)

3. Transformation from  continous disordered 
superconductor to  weakly coupled junction’s array 
is predicted with growth of either  T or B

4. Approaching the neutrality point will lead to island’s
decoupling and T=0  quantum phase transition to metal



1st Experiment

New experiments are on the way:
Bilayer  graphen,  STM probe,
Low-fraction covering



5)  Open problems

DoS smearing at 
low temperatures

Mesoscopic fluctuations
of Hc2     at g near gc

[ δHc2 / Hc2 ~ 1/g at  g >> gc ]


