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Different Regimes: Diffusive/Elastic
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Different Regimes: Hot Electrons
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Different Regimes: Macroscopic
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Cooling Processes in Metals
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Cooling Processes in Metals
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Cooling Processes in Metals
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The Experimental Concept
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The Experimental Concept

Voltage fluctuations and Temperature:
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The Experimental Concept

Voltage fluctuations and Temperature:

Periodic Joule Heating:



GDRNoise Thermal Impedance11

The Experimental Concept

Voltage fluctuations and Temperature:

Periodic Joule Heating:

Thermal Impedance:
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NTI for a 50 micrometers Long Wire
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Lorentzian fit:
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Measured Relaxation Rates
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Measured Relaxation Rates

Plateau at low temperature:
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Measured Relaxation Rates

Plateau at low temperature:

Power law at high temperature :
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Measured Relaxation Rates

Plateau at low temperature:

Power law at high temperature :

Total relaxation rate given by the 
sum of the two processes:
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Measured Relaxation Rates

Plateau at low temperature:

Power law at high temperature :

Total relaxation rate given by the 
sum of the two processes:
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Wiedemann-Franz and Diffusion law
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Diffusion Law:

Einstein Relation:
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Noise at Zero Frequency
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Thermal Noise in presence 
of joule heating:
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Noise at Zero Frequency
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Thermal Noise in presence 
of joule heating:

Equilibrium Temperature:
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Noise at Zero Frequency
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Thermal Noise in presence 
of joule heating:

Thermal conductance:

Equilibrium Temperature:
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Specific Heat

We can compute the specific heat.

From electron-phonon regime:
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Specific Heat

We can compute the specific heat.

From electron-phonon regime:
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Specific Heat

We can compute the specific heat.

From electron-phonon regime:

Or from diffusive regime:
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Specific Heat

We can compute the specific heat.

From electron-phonon regime:

Or from diffusive regime:
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Effective Mass

Specific heat in a free electron gas:
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Effective Mass

Effective mass and density of states:

Specific heat in a free electron gas:
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Effective Mass

Effective mass and density of states:

Specific heat in a free electron gas:

A. Tari, The specific Heat of Matter at low Temperatures, Imperial College Press
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Effective Mass

Effective mass and density of states:

Specific heat in a free electron gas:

A. Tari, The specific Heat of Matter at low Temperatures, Imperial College Press
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Band structure of Palladium

A. Ostlin et al. PRB 93, 155152
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Band structure of Palladium

A. Ostlin et al. PRB 93, 155152
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NTI on Palladium



GDRNoise Thermal Impedance33

Effective Mass

Specific heat mesured in our Palladium 
sample:
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Effective Mass

Which gives an effective mass:

Specific heat mesured in our Palladium 
sample:
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Effective Mass

Which gives an effective mass:

Specific heat mesured in our Palladium 
sample:
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Conclusion

We have developed a technique to mesure 
directly relaxation times such as:

-Electron-phonon time.

-Diffusion time.

-By combining with resistivity, we were able to 
check the validity of the Wiedemann-Franz law

-By combining with noise measurements, we 
were able to extract the specific heat of our 
samples.
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