The d.c. Josephson  effect - Josephson Supercurrent
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[image: image2..pict]K – represents the coupling across the junction 

IS = IC sin  ,    
where IC is critical current determined by the shape and structure of the Josephson junction   IC = 2K /h
[image: image3..pict] is related to voltage V by the fundamental low

-the so-called Josephson phase-voltage relation.

I. Basic properties of the Josephson supercurrent
1. Superconducting state
Relations for the Josephson supercurrent are very unusual from the viewpoint of classical electrodynamics:





IS = IC sin 










2. Energy storage

Due to the zero voltage drop, no energy is dissipated inside the Josephson junction in the S-state.

Some energy is, however, stored in the junction.

The external system does the following  work on the supercurrent  to change phase from  to  :               



After substitution         IS = IC sin and   


one finds that  WS depends only on the initial () and final (  ) values of phase


This suggests  the “potential“ energy  of the supercurrent 


and the work on the supercurrent


  

3. Nonlinear inductance
Energy storage in the Josephson junction suggests that it can be considered as a nonlinear reactance
To clarify the caracter of such a reactance, let’s consider a small variation of :

´

IS   IS + IS´

V   V + V´
Inserting these formulas into  IS = IC sin and   


and expanding 

 sin(´)= sin()cos(´)+cos()sin(´)≈ sin()+ cos()´

one obtains the following relations  between variations of voltage and supercurrent:

IS´ = LS-1() ∫ V´dt,                 LS ()  = (h/2eIC) / cos


The supercurrent is equivalent to an inductance LS  for a weak signal


Nonlinear inductance

LS ()  = LC / cos

LC =h/2eIC 

IS = IC sin and   




4. Josephson oscillations


From   
  one finds that the phase  grows linearly in time:

J t + const,

and IS = IC sin shows that the supercurrent oscillates with a frequency


J 2e/h) V    
- the famous Josephson oscillations.



 II. The normal (quasiparticle) current IN
In a superconductor, the nonvanishing thermal energy kBT  breaks some of the Cooper pairs and creates  single “normal “ electrons
(the presence of a superconducting condensate makes the properties  of these electrons somewhat different from those of normal-metal electrones; thus they usually called  quasiparticles)

In the S state (V = 0) the quasiparticles do not contribute to the current.

In the R state (resistive state, V≠ 0) the normal current IN appears.

The basic equation of the Josephson junction
I = ISIN(V) + ID (V) 

IS = IC sin 


ID = C dV/dt  - displacement current, C - junction  capacitance








Tunneling I-V curve showing both Josephson

tunneling and single-electron (quasiparticle) tunneling
reserve:
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