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Noise-induced currents in quantum dots

Sanchez, Lopez, Sanchez, Biittiker, PRL 2010
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Double quantum dot with four contacts
Coulomb blockade regime
Energy-dependent, asymmetric tunneling rates: I'T'; # ' T

Nonequilibrium noise of driven dot induces current through undriven

dot: Coulomb drag/Photo-induced current )
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Noise-induced currents in quantum dots
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o Double quantum dot with four contacts
o Coulomb blockade regime
» Energy-dependent, asymmetric tunneling rates: T'7 T, # I'; 'S

o Nonequilibrium noise of driven dot induces current through undriven
dot: Coulomb drag/Photo-induced current UNIVERSITE

OPOWER DE GENEVE



Noise-induced currents in quantum dots

Sanchez, Bittiker, PRB 2011

e Three-terminal setup
o Thermal fluctuations of gate dot occupancy
o Optimal heat to charge conversion

o One energy quantum of the bath transfers one charge quantum )
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Noise-induced currents in quantum dots

Sanchez, Bittiker, PRB 2011
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o Three-terminal setup
o Thermal fluctuations of gate dot occupancy
o Optimal heat to charge conversion

o One energy quantum of the bath transfers one charge quantum
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Motivation

Consider transport through open quantum dots!

Very small currents in Coulomb-blockade system
Not optimal for applications

How do effects scale with the system size?
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Model & Technique
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Model
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Cavity coupled to 2 leads via quantum point contacts
Chaotic cavity subject to potential fluctuations U

Energy-dependent transmissions T, = T — eT’.6U

Large channel number N = €hamneLwidih . Semiclassical approach
ermi
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Theoretical description

Kinetic equation for cavity distribution function f =) %—;fr +of

df
dt

EVE—

—€V|:—U ZT f) + dix

Write charge in cavity via f and via C;, V;, U

= Relation between fluctuations ¢ f and 60U

/dE(sze(CE + X >5U+1T—/(5U)

C, €°vp vg TO

3 TITO-T!TO
where y = e’ ¢ L

=(Ve = V)
Eliminate ¢ f from kinetic equation
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Theoretical description

Nonlinear Langevin equation determining the potential fluctuations 6U

: e? &> X e’ Cyx
Sp— T SUN? + 61
CECSU h E(CM—I_BzVF)(SU—I_ h ECM( U) + 01y,

Diffusion coefficients (§1,.(¢t)d1.(t")) = D,0(t — t') depend on 6U!

Noise term has to be interpreted according to Klimontovich
prescription kimontovich, Phys. A, 1990

Convert Langevin equation into Fokker-Planck equation
Determine fluctuations (§U), ((6U)?)

Calculate current I, = ¢ [ dET,(f, — f) + 01,
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Results
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Single cavity

Expand current in powers of applied voltage V,. — V5

() = (1) D + (1) 4

2 070 10 1770
o_ e[0T, Cs, TITO — TIT" 2 (1)

First term: Standard current through cavity

Second term: Single-channel interaction correction over
many-channel background, due to energy-dependent transmissions
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Single cavity

Expand current in powers of applied voltage V,. — V5

(I) = (LYD 4 (1,)2) 4 ...

es TOT!
h T2

(1) = (U DV, = Vi) = = 22 (T — e (60)2) )

Energy-dependent transmissions and fluctuating potential yield
guadratic terms

Potentially useful for rectification effects

UNIVERSITE
| DE GENEVE



Current induced by hot resistor
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Couple resistor R capacitively to the cavity

Resistor at temperature Tr # T

Capacitance C'r across resistor for regularization in limit C — 0
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Current induced by hot resistor

Current through cavity:

For G/ = %T,,{ < G, = %TS

1 G,G; — GFG,
I.) = - ~kg(T — T
()= G- =T "ke(T = Th)

Effective capacitance describes coupling of cavity and resistor
Second term captures left-right and particle-hole symmetry

Current linear in temperature difference
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Current induced by hot resistor: Efficiency

Heat current from resistor into cavity

1
<JE> — C—GEkB(T — TR)
eff

Maximal extracted power

Pmax:

1 G,G; (G; G

2
— T T —Tr))?
4031:1: GE Gr Gf) (kB( R))

Efficiency at maximum power

Tmax =TTy~ 4Cex G

Pmax ]. G?”GF (G; G{F

2
G G_r> ke(T —Tg)

Maximal power scales as 1/N, efficiency scales as 1/N?
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Double cavity

o Two capacitively coupled cavities
o Hot gate reservoir

¢ Investigate heat to current conversion
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Double cavity: Current

Symmetric setup Cx. = Caox; = Cx, V1 = Vo = VF
Limit G/ < G,

1 GinGas GuG. — GG

1) =
(Ir) Cett G1x + Gayx (G1x)?

Effective capacitance describes coupling of cavities

Second term: Maximal for cavities with identical transmissions

Third term: Asymmetries

Current linear in temperature difference
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Double cavity: Efficiency

Heat current between cavities

1  GixGaxs

T —
\JE) Cefi G1x + Gax

ke(1; — T5)

Maximal extracted power

1 ( G1xGox )2 Gix

P —
e 1C%. \ Gix + Gox ) G1,Gi7

(Airr)? (kp(Ty — T2))?

Efficiency at maximum power

Pmax 1 GlEGQE Glz 2
= — A’I;’I"’F k T - T
Tmax = 175)  4Ce Gix + Gay GGy i) “Ra (T = 1)

Maximal power scales as 1/N, efficiency scales as 1/N?
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Summary
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Summary & Conclusions

I-V characteristics of a single cavity
Heat-driven current by hot resistor or in a double cavity
Heat to charge conversion needs symmetry breaking

Maximal efficiency at maximum power, but P « 1/N and n oc 1/N?

Parallel setup of single-channel systems preferrable over
many-channel system

Energy-dependence of transmissions crucial for large efficiency
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