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Collaboration with N.B. Kopnin

By the time when we met with N. B. Kopnin
for the first time in Dec 2012 we had been
coauthors for 3 years and have 2 common
papers.

Then | had a great opportunity to work with
him personally for a half of a year being his
PostDoc. It was a great collaboration. The

Ideas discussed at that time actuate till now.

The main idea of this talk came up after the

discussions with N.B. Kopnin.
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Single electron transistor (SET)
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Single electron transistors as a
turnstile

Cyclic operation (frequency f) of gates, q, = C,;V/e,
transports charge through the system

H. Pothier et al., EPL 17, 249 (1992)



Single electron sources
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SET. Principle of electron pumping

Normal state SET
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Master equation
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Master equation
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SET. Principle of electron pumping

Tunnelling rate (/)
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SINIS turnstile. Experimental results
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Outline:

« Parity effect and its suppression by vortex
penetration.
* New principle of electron pumping in SET

Parity effect tuning
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SINIS or NISIN SET

<N>

DHII\)DOFP

n

g

N |~

3 > !
2 2 2

M.T. Tuominen et al PRL, 69, 1997(1992); Averin,

T>A/InN .
g 0:4 l
i —O‘SVoltage (m\;)).5 1
al / dVA n g= Yz
>eV
AT A
di/dV n,=0
~Ec| Eg SV
-A-E. A+E.

Nazarov Physica B 203, 310 (1994)



NISIN SET. Parity effect
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Parity effect suppression
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Master equation with parity effect

M.T. Tuominen et al PRL, 69, 1997(1992) Lead
Averin, Nazarov Physica B 203, 310 (1994)
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Master equation with parity effect

V. Maisi et al PRL 111, 147001 (2013)
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Master equation with parity effect

V. Maisi et al PRL 111, 147001 (2013)
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Outline:

« Possible realization

Time-varying magnetic field



Possible realization.

Superconducting granule with vortex
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Master equation for iInnomogeneous

granule
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Tunneling rates in NISIN with vortex
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Magnetic field protocol in NISIN
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Resulting e-pumping effect
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Summary

A new principle of electron pumping based on
supression of parity effect in NISIN single electron
transistor is considered.

The time-variating magnetic field is considered as a
possible realization of this principle.

Using the rate equation approach the pumping current
IS calculated as a function of period of the magnetic
field cycling.



