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Two terminal thermoelectrics

Charge current:
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Heat current:
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Seebeck effect
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Peltier effect
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Onsager reciprocity relations
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Three terminal thermoelectrics

Heat source

Energy harvesting demands three terminal devices

Separation of heat and charge currents



Three terminal thermoelectrics
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(Classical) Hall effect
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Transverse resistance increases linearly with the magnetic field



Quantum Hall effect.
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Quantum Hall effect

62
I = F(VI - Vi)

1,3 are voltage probes
Vi=Vy
Vi3 =V,

Charge conservation:
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Propagation without backscattering along edge states
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Back to three terminals




Scattering theory. Linear regime. No magnetic field
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Assume T3(E) = 1.
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Scattering theory. Linear regime. No magnetic field

e2
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Terminal 3 is a probe: I§ = 0.
Assume T3(E) = 1.
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Energy harvesting: Energy harvesting if we break:

L5E = kgT?G(Sy — S1)

o Left-right symmetry

o Particle-hole symmetry



Scattering theory. Linear regime. No magnetic field
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Terminal 3 is a probe: I§ = 0.
Assume T3(E) = 1.
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Energy harvesting: No thermal rectification:

L5 = kgT?G(Sy — S)) £y =it



Edge states in the Quantum Hall regime
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Terminal 3 is a probe: I§ = 0.
Assume T3(E) = 1.
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Current in symmetric configurations!



Chiral (crossed) thermopower
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Topological insulator

S

Spin polarized current controlled by the gates



Quantum point contacts




Quantum point contacts. Onsager matrix
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Crossed thermoelectrics
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Crossed thermoelectrics

Extreme Seebeck to Peltier asymmetry!

$T(B) = ekgT?G151 LBy =c¢f(-B)=0

B)

= o0

] Ve

Crossed response for symmetric configurations: E‘f{ =eX)

0

0.1
0615, = 10kpT"
6 3 0 3 6 6 3 0 3 6
(Ey — Ey)/ksT (Ey — Er)/ksT

R. Sanchez, B. Sothmann, A.N. Jordan, Phys. Rev. Lett. 114, 146801 (2015)



Efficiency at maximum power: 7y,axp
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Heat rectification
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Thermal rectification. Turning heat around the bend
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Quantum Nernst engines

Inject only heat. Measure only charge.



Quantum Nernst engines
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Conclusions

(o)

Chirality detected by thermoelectric measurements

(o]

Three terminal junctions separate heat and charge flows
o Edge states permit the manipulation of heat currents

o Extreme asymmetries of Onsager matrix

(o)

Powerful and efficient energy harvesting in the crossed response

(o)

Ideal thermal diodes in the longitudinal terms
o Gate control of spin polarization in topological insulators

o Heat engine based on the (quantum Hall) Nernst effect outperforms its classical
version
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