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N-N tunneling S-N tunneling 

Giaever Tunneling 



S-N tunneling 

 
At T = 0, I is finite  

when E > ,  

At T > 0, I is > 0 

even for E <                         

N (E) = E/ (E2-∆2)1/2 

Semiconductor Energy Model 
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S-I-S 

S-N-S 





For the real part 

For the imaginary 

part 

The Phase difference is time  

Independent ! 

J   dN/dt 



Josephson Current 







Follow Eq. 41 

Under a dc voltage V 



The phase  is depending 

on time.  



S1 S2 

Junction a 

Junction b 



Double slit diffraction pattern for two tunnel junctions 



Single slit diffraction for single tunnel junction 



Two separate Pairs, Pair A and Pair B of tunnel junctions 



The Discovery of 

Superconductivity 

A-15 

 B1 
HTSC 

• Early 90’s -- elemental SP metals like  

   Hg, Pb, Al, Sn, Ga, etc. 

• Middle 90’s -- transitional metals, alloys, and  

  compounds like Nb, NbN, Nb3Sn, etc. 

• Late 90’s -- in perovskite oxides 



Superconductivity tunneling into  

the A-15 compounds 



A-15 compound  A3B,   with Tc = 15-23 K 

With three perpendicular linear chains of A atoms on the cubic face, and 

B atoms are at body centered cubic site 

1973 Nb3Ge, 23K ! 

A 

B 



Low temperature Superconductors 

 

-- Mediated by Electron phonon coupling  

   :  electron phonon coupling constant 

 * :  Coulomb repulsion of electrons 

 

    N(0) < I2 >/ 2 

 --  McMillian formula for Tc 

Are electrons or phonons more important? 



Superconductivity tunneling into the A-15 compounds 

Native Oxide of Nb,  no good! 

 

 

Use of a thin amorphous  

Si oxide 15A thick, excellent ! 

 

 

 



Tunneling as a materials diagnosis 



Self-Epitaxial Growth 



The use of tunneling to probe the highest Tc layer via self-epitaxial growth 



Electron –phonon coupling strength vs composition 

Nb3Sn 
Nb3Al 

Nb3Ge 



states.  



• Reduced tunneling density of states 

R() 

 

    R() = Nexp() / NBCS() -1 

 

• Use R() and    to deduce  to 2F() 
 

     by the MR inversion program to get  

       and *  

 

• by the MMR inversion program to 

include a nornal proximity layer   



promiximity layer, respectively. 
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 = N(0)<I2> / M <2>  



Cel = 1/3 2N(0)KB
2 T 

(1) 

 or 

(2)  





Nb3Sn Nb3Ge 


