
Microscopic theory of mesoscopic superconductivity 

Prof. I.V. Bobkova

Moscow Institute of Physics and Technology, Dolgoprudny, Russia
Head of the Laboratory of Spin Phenomena in Superconducting Nanostructures and Devices

National Research University Higher School of Economics, Moscow, Russia
Department of Physics, Professor, Academic Supervisor of Bachelor Educational Program “Physics”

International summer school at Beijing Institute of Technology, 16th – 26th July 2023



Outline of the 3d section – NIS interface

❖ Transmission through the barrier

❖ Current through the NIS junction
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❖ SIS junction



NIS interface. Transmission through the barrier.

A particle is incident from the normal region on the left. Its wave function in the normal part:



NIS interface. Transmission through the barrier.

In the N region:

In the S region:



NIS interface. Transmission through the barrier.

The BdG equation conserves the quasiparticle flow:

The quasiparticle flow on the left

The quasiparticle flow on the right

The conservation of the flow yields:

Note:

The flow implies the conservation of quasiparticle current probabilities:



NIS interface. Transmission and reflection probabilities.

where the barrier strength is



NIS interface. Transmission and reflection probabilities.

(1):

on the left:

on the right:

the boundary conditions yield:



NIS interface. Transmission and reflection probabilities.

Limiting cases:NIN interface No barrier



NIS interface. Transmission and reflection probabilities.

(2):

on the right:

on the left:

the boundary conditions yield:



NIS interface. Transmission and reflection probabilities.

The conservation of flow in the direct process (1) complies with
the flow in the reverse process (2):



NIS interface. Transmission and reflection probabilities.



NIS interface. Transmission and reflection probabilities.



NIS interface. Transmission and reflection probabilities.

The coefficients a,b,c,d are obtained 
by the replacement U and V with
෩𝑈 and ෨𝑉 in the previous expressions:



Current through the NIS junction.

Apply a voltage V across the interface, the current is:

The state (1) has particles coming from the normal region. For this reason, their
distribution function corresponds to that in the normal region 𝑓 = 𝑓𝜖(𝑁). 

The sum over all possible states (1) is calculated as 

State (1):

It is convenient to calculate the current at the normal state of the interface



Current through the NIS junction.

State (2):

The state (2) has particles coming from the superconducting region. For this reason, their
distribution function corresponds to that in the superconductor 𝑓 = 𝑓𝜖(𝑆). 

The sum over all possible states (2) is calculated as 



Current through the NIS junction.

State (1):

State (3):



Current through the NIS junction.

In the superconducting region



Current through the NIS junction.



Current through the NIS junction.

The current-voltage characteristics of SIN junction at low temperatures. 
The picture is taken from the work by G.E. Blonder, M. Tinkham and T.M. Klapwijk, Phys.Rev. B 25 4515 (1982)



Current through the NIS junction. Normal tunnel resistance.

At first, assume that the superconductor is in the normal state

Then and

Then the current through the NIS junction can be written as:

- Sharvin resistance



Current through the NIS junction. Landauer formula.

- Landauer formula

The Landauer formula shows that the conductance 𝐺 =
2𝑒2

ℎ
𝑁 of the point constriction is an integer number 

of the quantum conductance 

- quantum of resistance

For a constriction with a barrier: - Landauer-B ሷ𝐮ttiker formula

- the transmission coefficient for the mode n



Current through the NIS junction. Tunnel current.

Therefore, we obtain for the current:



Current through the NIS junction. Excess current.



Current through the NIS junction. NS Andreev current.

Consider zero barrier strength Z=0

This is due to the fact that the current through the interface
 is carried by both electrons and holes.



SIS junction. Wave functions and the energy of bound states.
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In the right superconductor:

In the left superconductor:



SIS junction. Wave functions and the energy of bound states.

Boundary conditions at x=0:

Excluding 𝑐1and 𝑑1 we obtain:



SIS junction. Wave functions and the energy of bound states.

Energy spectrum of SIS junction

Supercurrent



SIS junction. Supercurrent.

The final result for the supercurrent is:

The current can be also written as 

For a fully transparent junction                  we recover the expression for the point contact. For a tunnel junction
             the current becomes: 

- Ambegaokar and Baratoff result
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