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Outline

e Transport through Single Quantum Dots:

— effect of corretations

— competing channels

e Transport through Double Quantum Dots:

— electrostatics
— double-dot eigenstates

— molecular transport resonances
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total energy (meV)
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Transport in_Single Quantum Dots

Vyu1mV

AV (u8)

simplification:

1
E(N,a) = %N%? — AgeNVy+ > ¢
k

conductance resonances at:

2
4= E(N+1,d/)—E(N,a) = 235(2N+1)—Agevg+ekF

Coulomb Blockade Oscillations
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Magnetic Field Dependence
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Spin-Auswahlregein
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Kein Ubergang zwischen Spin-Singulett- und

Spin-Quadruplett- Zusténden

Verallgemeinerung auf beliebige Spins:

Weinmann et al., Europhys. Lett., 26, 467 (1994
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Vergleich: Experiment - Spektrum (Lithium)

0

3 Resonanzen 13 Niveaus

Y el e Nt

erheblich weniger Resonanzen als erwartet
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Sequential Tunneling - Current

Fermi-Distribution of
electrons in left reservoir

fLo=frp(tn . 1o o - ul)

I = —ez Zl ./“.' [Pa’frfa’ — Pa(1 - fia’)]

N aao'

probability for
dotstate |N. a)
— kinetic equations

A
! ‘ ‘ (\thl(t‘\ - 1.(}’)

o Uil e et S
limit: linear response (pul ~ )
dI e2 rLrR

dVps hTL4TR
only ground states thermally occupied
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Tunneling Probability

@

energy conservation: €E+E=E;

tunneling through barrier: I’

overlap matrix element: (2 ]c|3)

uncorrelated
system:

2
2 (21l 3)] -

e
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Orbital Overiap

b bt stroingly correlated
states

§§1 _ §E1
0 1 2 3 4 0 1 2 3 4
azimuthal quantum number azimuthal quantum number

from Palacios et al., Superiattices..., 15, 91,(1994)
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overlap

Overlap

B=0T

-

center-of-mass replica

14

A E (meV)

transition:

2-particte lowest triplet to 3-particle state

quasi-selection rules due to correlations
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Tunneling spectrum of a

uantum Dot
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Anomabous Temperature Dependence

single transition: 1/T-behavior

Qp=13meV,B=0T, Vg =0.1mV
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competition between:

e Non-spin polarized transition with small tun-
neling rate

e spin-polarized transition with farge tunnei-
ing rate
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Doppelquantenpunkte

Gate-Struktur

Quantenpunkig
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Charging Diagramm

electrostatic energy:

| C
E¢ ~ - 24 T (Noe)2 422 (N
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Vge (V)

ing Diagram of the Double Quantum Dot:
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Hamilton Operator

H= He! electrostat. energy
4+ HL 4 gL left reservoir 4+ tunneling L « 1
+ H1e? interdot tunneling
4+ H2<I" 4 HR tunneling 2 < R <+ right reservoir

coherent interdot tunneling: Hpp = H® + H!?

artificial molecule
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Interdot Tunneting

weak coupling between both dots

Double Dot Eigenstates:
|IN) = A1|Ny, No) + Ap|Ny — 1, Np + 1)

valence electron shared between both dots

Coefficients depend on:
e interdot barrier transparency ¢

e AE = E(N1,N3) — E(Ny —1,Ny + 1)

at triple point;
AE =0, A = % = A
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Coupling to Reservoirs

modified tunneling rates:

rf;,a, = rL(N,alcf|IN - 1,d")?

FR , = rR|(N,a|c}|N - 1,d")}?

aa’ —
intrinsic asymmetry of outer barriers

for single product state:

(N1, a; No, BleT INy, a; N, B) o SNy, N, +19N,,N)

(N]., a, N2$ ﬂ|c-2‘-|N'1’ (s 3 Néa ﬂ) x 5N1,N16N2,N5+1
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Differential Conductance of
M

artificial molecules
m

for energetically isolated transitions between
ground states:

2 : fa o
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energy conservation
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modified tunneling rates

for coherent interdot tunneling:
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Lorentzian Peakform
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Charging Diagram:




Lorentzian-Lineshape
Theory and Experiment
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From Double Dot to Single Dot
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Resonances from Anti-Bonding States
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Charging Diagram at Finite Bias
M
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Theory VS Experiment
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Fig. 4, Blick et al.
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Summary

Single Quantum Dots:
sequential tunneling

Coulomb interaction:
correlations — selection rules

excitation spectroscopy:
dominated by collective response

linear transport in Double Quantum Dots
coupled in series
— Coherent interdot tunneling

 spectroscopy of artificial molecular states

resonance shows Lorentzian form
for electrostatic detuning
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