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� Tunnel junction under injection are used for measurements 
of electron-phonon relaxation time and energy relaxation

� Quasi-equilibrium is usually assumed
� Is it really so?
� What if it is not the case?

Outline

Review: Giazotto et al., Rev Mod Phys. (2006);
Recent: Karvonen & Maasilta, PRL (2007);

Timofeev et al., PRL (2009)



Timofeev et al., PRL  (2009)

The data suggests electronic quasi-equilibrium

Al tunnel junctions under injection

Probe IV curves



Measurements: Electronic temperature vs injected power

Goal: E-ph energy transfer as a function of electronic temperature

?
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Thermal behavior at low energies
matches with the non-equilibrium correction Thermal behavior does not exist
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Nevertheless:

Conditions for quasi-equilibrium

Normal junction



Kaplan et al., PRB (1976)

In Al at ~1 K: Shinozaki, Rinderer (1988)

In other materials         can be considerably smaller.

Electron-phonon relaxation data
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Odd and even components

Even component is zero due to symmetry

Distribution function

Assumption: No spatial dependence in the island, bulk sample



Kinetic equation for the odd component of the distribution function

1. Tunnel “collision” integral

Tunneling rate

In the leads

Zero temperature phonon bath



2. Electron-phonon collision integral

Clean limit

Linear part



3. Electron-electron collision integral

Clean limit

Linear part

Energy 
conservation



Full kinetic equation

Integral kinetic equation can be transformed into 
differential eq. by triple differentiation over dε



Only e-e interaction,

Only e-ph interaction,

Volkov & Zaitsev (1975)



� The main term in both cases is

� Crossover from e-e to e-ph dominated relaxation at

� The latter is the condition of quasi-equilibrium:



Energy transfer to the phonon bath

Rate of the energy transfer



Contribution from thermal electrons

Wellstood, Urbina & Clarke, PRB (1994)



Contribution from non-equilibrium electrons

� Low voltages,

� High voltages,
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Conclusions

� Crossover at

E-e interaction dominates:
Power is absorbed by
thermal electrons

E-ph interaction dominates:
Power is absorbed by
high-energy electrons

� For Al samples

Quasi-equilibrium conditions are satisfied



� For other materials

In other materials         can be considerably smaller.
The crossover can thus be observed.

Injected power is NOT the power 
absorbed by thermal electrons !


