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Quantum transport in composite circuits
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Quantyrr Transport in composite circuits

CLASSICAL conductors
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Interconnect circuit node




Quantum transport in composite circuits

QUANTUM conductors
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Interconnect circuit node Quantum coherence




Quantum transport in composite circuits

QUANTUM conductors

o

Interconnect circuit node No Quantum coherence
but Coulomb-induced correlations

Single-electron transistor

® Charge quantization in the node ‘ (Coulomb blockade)



Single electron transistor, Coulomb blockade
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Single electron transistor, Coulomb blockade
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Single electron transistor, Coulomb blockade
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Quantum transport in composite circuits

QUANTUM and CLASSICAL conductors

o )

Interconnect circuit node Coulomb-induced
correlations

Single-electron transistor

Charge quantization in node (Coulomb blockade)

Today : @ No charge quantization in node ‘ Dynamical Coulomb blockade
But granularity of charge transfers in one conductor



Dynamical Coulomb Blockade (DCB)
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Shot-noise ‘ Excitation of the environment’s mode Aw

mm) Suppression of the electrical conductance at low energy



Microscopic picture of tunneling in
presence of Coulomb interactions




Microscopic picture of tunneling in
presence of Coulomb interactions

Tunnel event : charge e on C
= [ g
|

energy to relax




Dynamical Coulomb Blockade : tunnel regime

eV/=0

T, <<1

kgT

See Ingold & Nazarov in "Single Charge
Tunneling" (Ed. Grabert & Devoret, 1992)



Dynamical Coulomb Blockade : tunnel regime

eV/=0

T, <<1
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See Ingold & Nazarov in "Single Charge 0 1 0 1
Tunneling" (Ed. Grabert & Devoret, 1992)




Dynamical Coulomb Blockade : tunnel regime

eV/=0

T, <<1

ég(dl/dV) \
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See Ingold & Nazarov in "Single Charge
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Dynamical Coulomb Blockade : temperature bias
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Dynamical Coulomb Blockade : temperature bias

e\/=0
Tnode > 1
T, <<1 JE
s log(dl/dV)
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Electron-hole symmetry ‘ No thermoelectricity : AV=0evenif T -T#0

node

Beyond tunnel regime when 1, € ]0,1[ ? (V=0)




Test-bed circuit

\ QB Tl

| T [T=8mK

To € 10,1[ 1

i—e

Metallic node (AuGeNi)

C~2.5fF

E-=e?/2C~ky x 0.37 K
~ex32uVv

IAI- \CT

T ode € [T, ~100mK]

—]
5 4 A L) b
_ £ A
ol _ b PE - .
, 1 T
— / { 8 : /)
W \ o | el
! :
i by |‘
N < :
7 \.\
/ 1
/ b\ R
/. " :

2DEG Ga(Al)As
~100nm below surface




To € 10,1[ 1

L m
i

T = electronic temperature
= fridge temperature

Test-bed circuit
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Quantum point contacts

A model of guantum conductor + a calibrated resistor

Scattering approach description of a coherent conductor
(Landauer, Buttiker, Martin)

R — RK/Z
R,.=h/e? /

ng=2.5 1015 m2, p=102 m2V-is1 Vorc(V)
grown @ C2N by A. Cavanna and U. Gennser



Test-bed circuit
Heat knob & QB 1um

To € 10,1[ 1

node

T = electronic temperature T
= fridge temperature
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Test-bed circuit
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DCB in tunnel regime

Test-bed sample versus T ?
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DCB in tunnel regime

Test-bed sample versus T ?

T, <<1

: P(E) theory
{with C= 2.5 fF
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See Ingold & Nazarov in "Single Charge
Tunneling" (Ed. Grabert & Devoret, 1992)



DCB in tunnel regime
under a temperature bias
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DCB in tunnel regime
under a temperature bias
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DCB in tunnel regime
under a temperature bias

See Ingold & Nazarov in "Single Charge
Tunneling" (Ed. Grabert & Devoret, 1992)
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DCB in tunnel regime
under a temperature bias

T, <<1 T

node

Full P(E) theory with T, = (T,

node

+T)/2

See Ingold & Nazarov in "Single Charge
Tunneling" (Ed. Grabert & Devoret, 1992)
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Beyond tunnel regime when 1, € ]0,1[ ? (V=0)




Mapping between DCB and the impurity
problem in a Luttinger liquid

One-channel conductor in at low energy 1-D conductor of interacting
series with a resistance electrons with an impurity
e L node — K K

1
K =
1+ R/Ry

TI = f(TOO ) T

non universal

Universal conductor-insulator crossover : G = dI/dV =—»0 when T %\

V' N\

Th. : PRL 93, 126602 (2004) Exp. : Nat. Comm. 4, 1802 (2013)
PRB 85, 125421 (2012) PRX 8, 031075 (2018)



Conductor-insulator crossover

with T: G =dl/dV € [0,G, . =(R,+R)!]
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Conductor-insulator crossover

with T: G =dl/dV € [0,G, . =(R,+R)!]

max

T € 10,1]

node

1.0t To,
L > 0.842

Boulat ‘s pred.
S

/T,

G(t,=0.842, T=8 mK) / G, .,
T,(1,,=0.842) = 8 mK /0.83

=041




Conductor-insulator crossover

with T: G =dl/dV € [0,G, . =(R,+R)!]

max
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DCB in weak-backscattering regime :
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DCB in weak-backscattering regime :

. mapping
M
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DCB in weak-backscattering regime :

B duality with tunnel regime
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DCB in weak-backscattering regime :

T temperature bias
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DCB in weak-backscattering regime :
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DCB in weak-backscattering regime :
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DCB under a T bias
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DCB under a T bias
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DCB under a T bias : conclusions

T

I_l Tnode 06

|A| C PRR 3, 023122 (2021) E o

1 ° |
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00 EZ o o e i e i
0.001  0.01 0.1 1 10 100 1000
Tnode/TI
® Exp. : T .4 >> T = equilibrium prediction at a rescaled T, =T, _,.

® Thy : y values predictions only in tunnel and WBS regimes

I Y YN

Tunnel th 0.637 0.648 0.655
y Slight difference / with R

WBS thy 0.61 0.62 0.64

® Duality between tunnel and WBS regimes in a RC environment in power law and amplitude
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Single electron transistor Coulomb blockade

@ Guantized charge on a weakly coupled nod?
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Dynamical Coulomb Blockade : tunnel regime
kgT << eV

T, <<1

node

See Ingold & Nazarov in "Single Charge
Tunneling" (Ed. Grabert & Devoret, 1992)



Dynamical Coulomb Blockade : tunnel regime
kgT << eV

See Ingold & Nazarov in "Single Charge
Tunneling" (Ed. Grabert & Devoret, 1992)



Dynamical Coulomb Blockade : tunnel regime
kgT << eV

See Ingold & Nazarov in "Single Charge
Tunneling" (Ed. Grabert & Devoret, 1992)



DCB : One-channel quantum conductor
in series with a resistance

T, € ]0,1[ node
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DCB : One-channel quantum conductor

in series with a resistance
T, € ]0,1[

node
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DCB : One-channel quantum conductor
in series with a resistance

T € 10,1 hode

/ Effect of RC environment

granularity of charge transfers, 1, € ]0,1[

4

Shot-noise =)  Environment excitation
(0Q,,,4 + RC dynamics)

conductance at low energy

K ‘ Suppression of the electrical




DCB in tunnel regime

Test-bed sample versus V ?
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DCB in tunnel regime

T, <<1

<— Slope
| 2R/Ry

T h/RC log(eV)

Tt/ 7,

Test-bed sample versus V ?
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DCB in tunnel regime

Test-bed sample versus V ?

T, <<1
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DCB in tunnel regime

Test-bed sample versus V ?

T, <<1

T/ 7T,

e (V o Vnode) ( HeV)
See Ingold & Nazarov in "Single Charge P(E) theory ‘ C=25fF

Tunneling" (Ed. Grabert & Devoret, 1992)



Conductor-insulator crossover

with V : G =dl/dV € [0,G,_ =(R+R)"]
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Conductor-insulator crossover

with V : G =dl/dV € [0,G,_ =(R+R)"]
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Conductor-insulator crossover

with V : G =dl/dV € [0,G,_ =(R+R)"]
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Conductor-insulator crossover

with T: G =dl/dV € [0,G, . =(R+R)!]
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Exp:8mK<T<18 mK

PRX 8, 031075 (2018)
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DCB in tunnel regime
under a temperature bias

Different environment
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DCB in tunnel regime
under a temperature bias

Environment temperature ?
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DCB under a temperature bias :
Weak-backscattering regime

R=R,/4

GG (1/RK)

0.01 R=Ry/3




DCB under a temperature bias : R, /4
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DCB under a temperature bias : RK/Z
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Excess noise (10%° A%/Hz)
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Noise sources extraction
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Excess noise (10%° A%/Hz)
[ R O« O N N I S )

Noise sources extraction
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Excess noise (10%° A%/Hz)
[ R O« O N N I S )

Noise sources extraction
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Noise sources extraction

e Shot noise from the non-ballistic channel

z - | AR
‘ < A < 61,61 >: +
- D'O( v a C v < 81,81, > +
A A

e Thermal noise emitted in one ballistic channel

v =
‘ ' — ‘ E < 511511 >+
' —_“‘j b\\) | 4 _\_SIZ < 611512 > —
A A

=) Different impact of thermal and shot noise on auto- and cross-correlations

Rg: >3 electrical paths



