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Overview

 Thermoelectric Effects
- Nanoscale thermoelectricity
- Nonlinear thermoelectric transport

 Superconducting Material
- Fundamental and practical interests
- Thermoelectric effects in superconductors

 Normal – Quantum Dot – Superconductor Hybrid Junctions
Hwang, Lopez, and Sanchez, Phys. Rev. B 91, 104518 (2015).
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Thermoelectric Effects

Thermoelectric Effect

Seebeck Effect

Peltier Effect
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Thermoelectric Effects in Nanoscale

Quantum
System

Heat-to-Electricity Conversion : Seebeck Coefficient

Control the circuit 
heat generation

High-efficiency 
heat engine

Transformative 
energy conversion 
technology
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Nonlinear Thermoelectric Transport

• Breakdown of reciprocity relations
- Matthews, Battista, Sanchez, Samuelsson, and Linke, Phys. Rev. B 90, 165428 (2014).
- Hwang, Sanchez, Lee, and Lopez, New J. Phys. 15, 105012 (2013).

• Rectification, Departures from Wiedemann-Franz Law, 
Nonlinear Seebeck and Peltier effects
- D. Sanchez and R. Lopez, Phys. Rev. Lett. 110, 026804 (2013).
- R. Lopez and D. Sanchez, Phys. Rev. B 88, 045129 (2013).

• Spin-polarized charge and heat currents in topological 
insulators
- Hwang, Lopez, Lee, and Sanchez, Phys. Rev. B 90, 115301 (2014).
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Superconductor Thermoelectricity
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Superconductor Thermoelectricity
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N-QD-SC JunctionsModel Hamiltonian

Current
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N-QD-SC Junctions

Andreev and Quasiparticle Current

Andreev and Quasiparticle Transmission

Nambu Space Green’s Functions Transmission functions depend on U



http://ifisc.uib-csic.es 



http://ifisc.uib-csic.es 

Nonlinear Expansion of Current

Nonlinear transport coefficients G1 , L1 , M1
depend on the electrostatic potential U

Cross thermoelectric coupling M1 
plays an important role in subgap 
transport 



http://ifisc.uib-csic.es 

Characteristic Potentials

Self-consistent Determination of U : Poisson’s Equation

Charge Density Distribution
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Lindhard Function : Screening Effect

Particle and Entropic Injectivities

Charge Density Distribution



http://ifisc.uib-csic.es 

Particle Injectivity Entropic Injectivity
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Capacitance Model Phys. Rev. B 65, 045321 (2002).
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Andreev Current

Hwang, Lopez, and Sanchez, Phys. Rev. B 91, 104518 (2015).
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Thermovoltage Generation by Quasiparticle

Hwang, Lopez, and Sanchez, Phys. Rev. B 91, 104518 (2015).
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Seebeck Effect (Thermopower)

Hwang, Lopez, and Sanchez, Phys. Rev. B 91, 104518 (2015).
Inset of (b)
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Conclusion
• NS hybrid junctions are poor thermoelectric devices at low 
bias due to particle-hole symmetry

• Andreev processes cancel linear Seebeck effects and a 
nonlinear treatment of thermopower is called for

• Electric current through N-QD-S can be manipulated with a 
thermal bias using a unique cross coupling that arises only in 
the nonlinear regime of transport 

• High thermovoltages can be created due to quasiparticle 
tunneling for moderate thermal gradient

• Observed thermoelectric effect can appear with all relevant 
energy scales well below the superconducting gap
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