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WHAT IS A QUANTUM DOT?

“Quantum dots (QDs) are semiconductor
particles a few nanometres in size, having
optical and electronic properties that differ from
larger particles due to quantum mechanics.”

From Wikipedia definition of “Quantum Dot”
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MODELING A QD

We must solve the Schrodinger equation for a QD potential V(r):
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The infinite quantum box

When can a region of space be
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1) & ground state energy is larger than the ,thermal energy”. The

system behaves differently from a , bulk” box
temperature T.
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2) implies that all dimensions are ,,small enough®. If a particle is
put in the ground state, it will stay there with high probability
(the thermal energy is barely sufficient to promote it to the first

excited state)
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The infinite quantum box

When can a region of space be
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If we would be able to confine an electron in vacuum, the box
should be smaller than about 5 nm. In a semiconductor we can
approximate electrons and holes as free carriers with an effective
mass m, which is usually smaller than m, (®<1).

% The QD must have sizes of some nanometer! Nanostructures are
required to ,see” quantum effects (at least at room temperature).



ARTIFICIAL ATOMS

e Quantum dots feature discrete states (as atoms) ¥& “artificial
atoms”
* They don’t move around (solid state) ¥ easier to study and
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e AN\ e

Semiconductor
Quantum dots H atoms

* Discrete energy levels ¥ single photons emission (Pauli
exclusion principle)



HOW CAN WE FABRICATE “QUANTUM BOXES"?



SEMICONDUCTORS

* Semiconductors are crystalline

solids with a band gap (=eV), st Conduction band}
between conduction and valence sF Q
band g | - e\\? |
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SEMICONDUCTORS

Alignment of band gaps between different semiconductors
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QUANTUM WELLS

Es. A=GaAs
B=InGraAs

We have thus realized a

B = ———

CBM |/ ™\ Electron “quantum well” that can confine
«—=Exciton, X electrons and holes in one
__WVBM &7 Hole dimension (confinement along z).

------

ybrid band diagram (band edges vs. positon)
lid under “effective-mass approximation”

Excitons: Bound state between electron and hole.
Quantum confinement become visible when thickness is of the
order of the exciton Bohr radius (roughly 10 nm for IlI-V

semiconductors).

... BUT HOW DO WE MAKE A QUANTUM BOX ?



DROPLET ETCHING / EPITAXY QUANTUM DOTS

One example to create quantum
boxes is the so called droplet
etching technique.

Using two materials that have a
very similar lattice constant
(GaAs/AlGaAs) one can create
stress-free heterostructures:
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Substrate: single crystal with clean surface
Eg\r/)ironment: for MBE ultra-high vacuum (p~10-13



Atomic Force Microscopy Cross-sectional Transmission
(AFM) Electron Microscopy (TEM) of
Of InGaAs/Ga QDs on
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Es.: A=Gahs
P=ncar Electrons and holes are
.. confined in all spatial
CBM [/~ | Electron directions
_VBM 07 Hole QD: A solid-state
> quantum box
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SHINING LIGHT ON QUANTUM DOTS



PHOTOLUMINESCENCE SPECTROSCOPY
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FEW PARTICLE STATES
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PHOTON ANTIBUNCHING

50:50 Beam splitter

Detactor B

Sl S P
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Detector A

y the X is selected to perform the HBT experiment
Filtering is important!

First observation of photon antibunching with QDs
P. Michler et al. Science 290, 2282 (2000)
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ENTANGLED PHOTONS GENERATION

44—
A e

Biexciton XX:
* 2 e excited to CB leave 2 h* in VB.

* 2 photon cascade from radiative
recombination

O. Benson et al., Phys. Rev. Lett. 84, 2513 (2000)
N. Akopian et al., Phys. Rev. Lett.
96, 130501 (2006)

XX
L R s
X = e (’
0 v v

XXExX€itoh caatexde
2 radiative decay paths possible

: 2 st
First , thenspacﬁgﬁzed photon

or vice versa

If paths are indistinguishable

The state is entangled
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EXPERIMENTAL SETUP

QD OBJECTIVE
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EXPERIMENTS WITH QDS
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