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Phase-coherent calroritronics

A. Fornieri and F. Giazotto,  Nat. Nanotech. 12, 944 (2017).

Energy management
-Thermal engines
-Heat diodes and valves
-Refrigerators
-Coherent heat splitters

Thermal logic
-Josephson tunnel circuits
-Heat interferometers
-Thermal transistors
-Solid state memories
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Microwave Circulators

Images from Wikipedia

 Isolator
 Duplexer -> Radar
 Reflection amplifier
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Phase-coherent Calroritronics
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3-terminal Josephson Junction

:  Thermal conductance from j to i
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3-terminal Josephson Junction

Scattering Region
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Scattering Approach
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Solve BdG equation

Wavefunction matching

Scattering matrix: 
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Thermal Conductance

Thermal conductance from j to i

Scattering matrix: 
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Onsager Symmetry

:  Thermal conductance from j to i
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Onsager Symmetry
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Onsager Symmetry

:  Thermal conductance from j to i
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Rotation Asymmetry
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Rotation Asymmetry
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Perfect counterclockwise circulation
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Flux-controlled heat circulator

Magnetic field of the order of mT

Phys. Rev. Applied 10, 044062 (2018).
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Flux-controlled heat circulator

Phys. Rev. Applied 10, 044062 (2018).
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Flux-controlled heat circulator

Phys. Rev. Applied 10, 044062 (2018).
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Flux-controlled heat circulator

1 2

Phys. Rev. Applied 10, 044062 (2018).
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Phase-controlled rectification
Phys. Rev. Applied 10, 044062 (2018).
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Phase-controlled rectification

Superconducting phase bias can also generate large 
rectification even without magnetic field.

Phys. Rev. Applied 10, 044062 (2018).
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Disorder

Only less than 15% efficiency drop with strong disorder
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Summary

• Heat circulator based on multi-terminal Josephson junctions
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Hwang, Giazotto, and Sothmann, Phys. Rev. Applied 10, 044062 (2018).
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Phase-coherent Calroritronics
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Faraday rotators

Image from Wikipedia

Faraday Effect
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Phase-coherent Calroritronics
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Figure of Merit
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Scattering Region
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Scattering Approach
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Scattering Approach
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Scattering Approach

S S N

Solve BdG equation

Scattering Matrix:
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Scattering Matrix
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Transmission Function
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