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Subgap transport
Andreev reflection, E < Δ
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Electron cooling by NIS: milestones

M. Nahum, T.M. Eiles, J.M. Martinis, APL 65, 3123 (1994)

NIS thermometer (electron T)
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NIS thermometer (electron T)

M.M. Leivo, J. P. Pekola, D.V. Averin, APL 68, 1996 (1996)
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Electron cooling by NIS: applications

A.M. Clark et al, APL 86, 173508 (2005)

On-chip cooling of micro and nano-

sized systems:

-Sensors (bolometers)

-Quantum devices (qubits, etc.)

Reduction of electronic temperature

from 300 mK to about 100 mK;

Reduction of phonon temperature

(320 mK to 240 mK – A.M. Clark);

Only the small electronic sensor is

cooled



Electron cooling by NIS: limitations

J.P. Pekola, D.V. Anghel, T.I. Suppula, J.K. Suoknuuti, A.J. Manninen, and M. Manninen, APL 76, 

2782 (2000)
Nonequilibrium quasiparticles (qp) injected into S

electrode accumulate near the tunnel interface.

• overheating of the S electrode

• backtunneling of hot qp to the N

• qp recombination into the Cooper pairs

This problem can be solved by imposing a local

thermal equilibrium in the S electrode.
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QP (proximity) trap Magnetic field

J.T. Peltonen, J.T. Muhonen, M. Meschke, N.B. Kopnin, and J.P. Pekola, PRB 84, 220502 (2011)



Electron cooling by NIS: Andreev Joule heating

S. Rajauria, P. Gandit, T. Fournier, F.W.J. Hekking, B. Pannetier, H. Courtois, PRL 100, 207002 

(2008)



How to reduce the Andreev current?

F. Giazotto, F. Taddei, R. Fazio, and F. Beltram, APL 80, 3784 (2002)



S/F proximity effect
Buzdin & Kupriyanov, JETP 53, 321 (1991)

Demler et al., PRB 55, 15174 (1997)
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S/F proximity effect
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Subgap conductance in FIS junctions

Ozaeta, Vasenko, Hekking, Bergeret, PRB 85, 174518 (2012); PRB 86, 060509(R) (2012)



2Eex

Spin-up electron lowers its Epot by Eex, increases Ekin

Spin-down electron raises its Epot by Eex, decreases Ekin

Kinetic energy:

Shift of the ZBA peak



EF+eV

eV<Eex

Kinetic energy:

Shift of the ZBA peak

Spin-up electron lowers its Epot by Eex, increases Ekin

Spin-down electron raises its Epot by Eex, decreases Ekin
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Kinetic energy:

EF+eV

eV=Eex

Shift of the ZBA peak

Spin-up electron lowers its Epot by Eex, increases Ekin

Spin-down electron raises its Epot by Eex, decreases Ekin

2Eex



Spin-filter based cooler

Spin filtering efficiency

0(Insulator) < P < 1(perfect SF)

SN

Spin filter

SF

N-SF-S cooler

Kawabata, Ozaeta, Vasenko, Hekking, Bergeret, APL 103, 032602 (2013)



Initial

Final

N-I-S (Optimum) N-SF-S (Realistic)

100mK

50mK

Cooling from 300mK to 50mK is possible!

Example: Dirty Cu-EuSe-Al cooler

Spin-filter based cooler


