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Mesoscopic thermoelectric heat engine

Steady state heat to electrical work conversion in mesoscopic conductors

< I, Performance
= Power
P=1V

Electrical current /. flowing
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V=Vg—-—Ve>0

Cold
Hot = Efficiency
= I, = Ule;
Motivation bounded by Carnot 7)c .

= Proof-of-principle for nanoscale waste heat recovery.
= Role of coherence in heat engine performance.
= |nvestigate fundamentals of energy transport.



Optimal performance

Two-terminal heat engine, linear response

o Optimization
Transmission
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Double slit interferometer

Generic interferometer
Scattering amplitude
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Double slit interferometer

[A(w)]? o< T1 + Ty + 2/ T1 T cos|ar (w) — as(w) — ¢

Conditions for transmission step

= Symmetric interferometer, Ty =1Ts5.
= Sharpjumpm — 0 for a1 (w) — ae(w) — Ppatw = wy .

—

_ . Step function
T(w) B 9(&) wo) transmission

Q1: Can a purely interference based TE-heat engine be optimal?
Al: Yes

—

Q2: Is there a possible experimental realization of such optimal
engine?



Edge state Mach-Zehnder with capacitor

Extending Hofer, Sothmann, PRB 2015

Properties
= Quantum point contacts
TA, TB

o~ = Mesoscopic capacitor (MC)
T, A, wo Feve etal, Science 2007

= Contacts

TC: TH VC: VH
= |nterferometer
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Total transmission amplitude (equal arm lengths)
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Transmission properties

Semitransparent splitters 74 = Tp = 1/2 (symmetry condition),

~ [sin (%) — 7sin (g - 2rege)]”
N 1 — 24/7 cos (QWM_A“’O) + 7 .
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Effective phase shift

A¢ = max{a(w)} —minf{a(w)} == A¢=7 for T=1/2



Transmission properties
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= Phase dependent symmetries
Go = /2 T(w—wy)=1—-T(—|w—wo)
0o =0 T(w—wp) =T (—|w— wp))

= Filter analogy, 7 > 0.5, ¢g = 7/2
R=1/2— \/’T(l — 7) Ripple

A , 1 T
Aw = - arcsin \/—2—7_ 7 Transition width, roll-off




Thermoelectric scattering theory

Linear response theory (non-interacting), charge and heat currents

Butcher, 1990
-[6 L ’CeV ‘CeT FV )
]h ‘ChV ['hT FT

Thermodynamic forces
Fyv =eV/kgT Fr = AT/(kgT)*
where V =V — Vo, AT =Ty —Tc

Onsager matrix

( ﬁh‘; 2; ) = %/dw T(w)E(w) (z . )

where &(w) = (2 cosh g) -



Power and efficiency

Maximum power generated, with respect to voltage
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Close-to-optimal performance

Optimal, single mode performance (step function transmission)

T(w)=0(w—wy) =

(kpAT)?

Pmax = (.32 for Wo — 116kBT

Nmaxp = 0.397¢
Numerical optimization
Optimizing 7 (w)over 0 <7 < 1,0 < ¢ < m,wp, A
= Parameters 7T = 0.61, ¢g = 0.527,wo = 1.17kgT, A = 24.2kgT

= Values

(kgAT)?
h

90% <— ofoptimal —  83%

Prax = 0.285

NmaxP — 0.29?70
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Survives for moderate dephasing strength 0 < e <1
Zero for complete dephasing.
Not very sensitive to arm length asymmetry AL = Ly — Ly



Conclusions

" |nterference-only thermoelectrics potentially optimal
" Close-to-optimal performance in edge-state setup
= Not very sensitive to dephasing and asymmetry
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