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Phase-coherent calroritronics

Energy management

-Thermal engines
-Heat diodes and valves

-Refrigerators
-Coherent heat splitters

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

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




Phase-coherent calroritronics

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




Phase-coherent calroritronics

Thermal transistors and thermal rectifiers
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Phase-coherent calroritronics

Photonic heat transistors
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Microwave Circulators
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3-terminal Josephson Junction

Ki4j : Thermal conductance from j to i




3-terminal Josephson Junction

Scattering Region
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Solve BdG equation

Scattering Approach

Wavefunction matching

v

Scattering matrix: §




Solve BdG equation Scattering Approach




Solve BdG equation Scattering Approach




Thermal Conductance

Scattering matrix: 5’
= Tr[éjj (W)8ij(W)] = [Zicjel” + |8ieinl® + [Binje|? + |5injn|”

Thermal conductance from j to i
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Onsager Symmetry

’fij : Thermal conductance from jto i

Rij (00, 01,02, 9) = Kji(—00, =01, —P2, —)




Onsager Symmetry

K/ij : Thermal conductance from jto i

Kij(Qo, 01,02, 9) = Kji(—00, —P1, =02, —)
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Onsager Symmetry

R4 4 : Thermal conductance from j to i
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Onsager Symmetry

fiij : Thermal conductance from j to i
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Rotation Asymmetry
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Rotation Asymmetry
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Rotation Asymmetry
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Rotation Asymmetry
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Flux-controlled heat circulator
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Phys. Rev. Applied 10, 044062 (2018).




Flux-controlled heat circulator
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Flux-controlled heat circulator
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Flux-controlled heat circulator
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Phase-controlled rectification
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Phase-controlled rectification
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Superconducting phase bias can also generate large
rectification even without magnetic field.




Disorder
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Only less than 15% efficiency drop with strong disorder
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e Heat circulator based on multi-terminal Josephson junctions
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Summary

* Heat circulator based on multi-terminal Josephson junctions
 Highly efficient with an almost ideal efficiency |R|~1

e Tunable by magnetic flux and superconducting phases

e Experimentally relevant

-robust with respect to the disorder
-magnetic field of the order of militesla

Hwang, Giazotto, and Sothmann, Phys. Rev. Applied 10, 044062 (2018).
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The Josephson heat interferometer
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Hall Effect Gyrators and Circulators
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The electronic circulator and its close relative the gyrator are invaluable tools for noise management and
‘signal routing in the current generation of low-temperature microwave systems for the implementation of

new quantum technologies. The current implementation of these devices using the Faraday effect is
‘ satisfactory but requires a bulky structure whose physical dimension is close to the microwave wavelength
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On-Chip Microwave Quantum Hall Circulator
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Circulators are nonreciprocal circuit elements that are integral to technologies including radar systems,
microwave communication transceivers, and the readout of quantum information devices. Their non-
reciprocity arises from the interference of microwaves over the centimeter scale of the signal wavelength, in

the presence of bulky magnetic media that breaks time-reversal symmetry. Here, we realize a completely
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If an electronic heat current (9) is made to flow from one metal to another across a thin insulating
barrier (for example, an oxide layer), there will appear a temperature drop 67 and an associated
surface thermal resistance (R=07/{Q), if the cross section of the metals is unity). In this Letter,
we report some preliminary calculations of this tunneling heat current. We find that R depends very
much on whether the metals are in the superconducting or normal phases. In addition there is an
oscillatory heat flux due to fluctuations in the quasiparticle tunneling between two superconductors.
We might also add that the change in chemical potential due to the temperature difference 67 can
give rise to the ac and dc Josephson supercurrents.!»? However, our calculations show that no en-
tropy is carried by these currents, which is in agreement with one’s physical expectations.
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Scattering Approach
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Solve BdG equation Scattering Approach

Scattering Matrix: SN




¢

/ 506,06
<\5:16:,06
§2€,O€

éOe,le
éle,le
<§2€,1e

506,26
516,26
§2€,2€

S0e.0h
S1e.0h
S2¢.0h

Scattering Matrix

S0e.1h
S1le.1h
S2e.1h

S0e.2h \
S1e.2h
S2¢.2h

S0h,0e

S1h,0e
\§2h,06

SOh,le
S1ih.le
Soh. le

S0h,2e
S1h,2e
S2h,2e

SOh.0h
S1h.0h
S2h.0h

SOh.1h
S1h.1h
Soh.1h

SOh.2h
S1h.2h
S2h,2h /




/ 506,06
<\5:16:,06
§2€,O€

éOe,le
éle,le
<§2€,1e

506,26
516,26
§2€,2€

S0e.0h
S1e.0h
S2¢.0h

Transmission Function

S0e.1h
S1le.1h
S2e.1h

S0e.2h \
S1e.2h
S2¢.2h

¢
|

S0h,0e
S1h,0e
\§2h,06

%j(w) — Tr[ézj(w)éij(w)] — ‘éie,je|2 + |§ie,jh|2 + |§ih,je‘2 + |§’ih,jh|2

SOh,le
S1ih.le
Soh. le

S0h,2e
S1h,2e
S2h,2e

SOh.0h
S1h.0h
S2h.0h

SOh.1h
S1h.1h
Soh.1h

SOh.2h
S1h.2h
S2h,2h /




	26 June. 2019, Espoo�
	             Phase-coherent calroritronics
	             Phase-coherent calroritronics
	             Phase-coherent calroritronics
	             Phase-coherent calroritronics
	Microwave Circulators
	             Phase-coherent Calroritronics
	3-terminal Josephson Junction
	3-terminal Josephson Junction
	Scattering Approach
	Scattering Approach
	Scattering Approach
	Thermal Conductance
	Onsager Symmetry
	Onsager Symmetry
	Onsager Symmetry
	Onsager Symmetry
	Rotation Asymmetry
	Rotation Asymmetry
	Rotation Asymmetry
	Rotation Asymmetry
	Flux-controlled heat circulator
	Flux-controlled heat circulator
	Flux-controlled heat circulator
	Flux-controlled heat circulator
	Phase-controlled rectification
	Phase-controlled rectification
	Disorder
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	             Phase-coherent Calroritronics
	Faraday rotators
	             Phase-coherent Calroritronics
	             Phase-coherent Calroritronics
	             Phase-coherent Calroritronics
	Figure of Merit
	Scattering Approach
	Scattering Approach
	Scattering Approach
	Scattering Approach
	Scattering Matrix
	Transmission Function

