1. Open Dot Experiments
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3. Few Electron Dots

4. Double Quantum Dots
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Few Electron Quantum Dots: Vertical

( ) ~0.5 um
d ) >

-

Source

n-GaAs
Dot

—n-GaAs

AlGaAs
InGaAs
AlGaAs

Kouwenhoven, Austing and Tarucha, RPP 64, 701 (2001)



Few Electron Quantum Dots: Lateral
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Rotation Symmetry and Angular Momentum

circular symmetry: 2D shell filling

20

D=0.54M

Current (pA)

(a)

~%[ /| ®D=05um (-5 dBa |
2 [ %] oo=04uum = [P0 |
> ’, |
st _ i
AR gl
F L]
é - 'i (' I."'I:;k- {"I v-GnAs o8 *
i o G\ [/ - ot
§ ‘ ’i'"f ‘r? h‘l"\ ?; -
- e LS = R
- i > -
{h) i i L i ]
00 5 10 15 20
Electron number

Tarucha et al., PRL77, 3613 (1996)

Peak Position

circular symmetry broken
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Quantum Harmonic Oscillator

harmonic oscillator Hamiltonian
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p
H = 2%* | %m*uﬂxz - 55 %m*w2y2
Isotropic, circular symmetry:  w, = w, ‘

anisotropic, no rotation symmetry: wy 7 wy -

energy levels:
Epq = (p+3) hws + (a4 3) hwy

In magnetic field
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2D Periodic Table of Elements
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Excitation Spectra of Circular, Few Electron Dots

Gate voltage (V)

Gate Voltage (arb. units)

-2.1 Bias Voltage (arb. units)
-10 0 10

Source-drain voltage (mV)




Fock-Darwin States: Single Particle Levels
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Magnetic Field Transitions
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“atomic physics” like experiments not accessible in real atoms!!



Two Electron States
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Zero to One Electron Transition
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Higher Transitions
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