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® 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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 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
iInsulators

- Hwang, Lopez, Lee, and Sanchez, Phys. Rev. B 90, 115301 (2014).
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Superconductor Thermoelectricity

REVIEWS OF MODERN PHYSICS, VOLUME 76, JULY 2004

Nobel Lecture: On superconductivity and superfluidity (what | have and

have not managed to do) as well as on the “physical minimum” at
‘the beginning of the XXI century™

Vitaly L. Ginzburg’

P.N. Lebedev Physics Institute, Russian Academy of Sciences, 119991 Moscow, Russian
Federation

(Published 2 December 2004)

ON THE THERMOELECTRIC PHENOMENA IN SUPERCONDUCTORS
By ¥. L. ““‘U“!

Lebedev  Physical Instilule, Academy of Sclences of the USSR
(Received November 23, 1943)

Thermoelectric properties of superconductors are discussed. A pormal curreal §* should
appear in superconductors having gradients; in i mpumnﬂu;m this

rmthwmmdb y a su ucting current §J* and ore cannot be observed.
I n supercond rystals, on the contrary, the densi ofthrmltiucurﬂmj-s.;.r

does not nnlsl and, generally speaking. their field should enmable ome to
the thermal current.



REVIEWS OF MODERN PHYSICS, VOLUME 76, JULY 2004

IV. THERMOELECTRIC PHENOMENA
IN THE SUPERCONDUCTING STATE

The first attempt to observe thermoelectric phenom-
ecna and, specifically, thermoelectric current or thermal
clectromotive force in a nonuniformly heated circuit of
two superconductors, to my knowledge, was made by
Meissner (1927). He arrived at the conclusion that the
thermoelectric effect i1s completely absent from super-
conductors. When 1 tOOK an interest 1 this problem .
1943, this viewpoint was generally accepted [see, for in-
stance, Burton et al. (1940) and especially the first and
later editions of the book Superconductivity by Shoen-
berg (1965)]. However, I have encountered this assertion
more recently as well. Nonetheless, this conclusion is
erroneous, as I pointed out (Ginsburg, 1944b) as far

back as 1944 (see Fig. 6). The point is that the superconducting state can carry,
apart from a superconducting current J,, a normal cur-
rent j, as well. This normal current is carried by “normal
electrons,” 1ie., electron- or hole-type quasiparticles
present in the metal in both the normal and supercon-
ducting states. In the superconducting state, the density
of such normal quasiparticles depends strongly on the
temperature and, generally, tends to zero as T—0.

Superconductor Thermoelectricity




Model Hamiltonian N-QD-SC Junctions
H=H;+Hrp+Hp+Hr
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Andreev and Quasiparticle Current
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Nonlinear transport coefficients G, , L, , M,
depend on the electrostatic potential U

Cross thermoelectric coupling M,
plays an important role in subgap
transport




Self-consistent Determination of U : Poisson’s Equation
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Charge Density Distribution
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Particle and Entropic Injectivities
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Lindhard Function : Screening Effect
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Voltage bias Thermal bias
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CapaciTance Model Sp = CsU Phys. Rev. B 65, 045321 (2002).
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(a) Quasiparticle Current (b) Total Current
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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



	April 2015, 2nd QTD Conference�
	Overview
	Thermoelectric Effects
	Thermoelectric Effects in Nanoscale
	Nonlinear Thermoelectric Transport
	Slide Number 6
	Superconductor Thermoelectricity
	Superconductor Thermoelectricity
	N-QD-SC Junctions
	Slide Number 10
	N-QD-SC Junctions
	Slide Number 12
	Nonlinear Expansion of Current
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Andreev Current
	Slide Number 19
	Thermovoltage Generation by Quasiparticle
	Seebeck Effect (Thermopower)
	Slide Number 22

