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� Excitons in Quantum Dots

� Optical Spin Injection

In This Lecture:

� Optical Spin Injection

� Application: Biexciton cascade
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Coulomb Blockade [through tunnel barriers]

Blockade

No-blockade
(Resonant tunneling)

Increase gate bias 

(shift the levels)

∆E=e2/2C

Level spacing 

(Charging energy)

Ref: Wikipedia

Ref: Ralph Group, Cornell U.
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Coulomb Blockade vs Excitons in QDs

Ref: Warburton, Nature Materials 2014
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A zoo of  excitons in a single QD

Single InAs/GaAs QD

Ref: Kleemens, Nature Physics 2010
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How to control spin with light?

Using the conservation of  angular momentum (selection rules)

First, consider the single-particle states [in electron picture]:

[Assume a small [Assume a small 

magnetic field that splits 

spin degeneracies]
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How to control spin with light?

Using the conservation of  angular momentum (selection rules)

Next, consider allowed transitions for circularly-polarized light: σ+ / σ-

Carries ang. mom. 

+ħ / -ħ along the 

quantization axis  
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How to control spin with light?
In summary, for HH-CB resonant illumination we know what electron 

spin orientation will be injected to the CB of  the QD
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Basic exciton family in QDs

For InAs QDs:

EX ∼∼∼∼ 20-30 meV,

EXX ∼∼∼∼ 4 meV



C. Bulutay Lecture 13Topics on Semiconductor Physics

An application: Biexciton Cascade
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 Entangled Photon pairs:
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Need for Entangled Photon Pairs

Ref: physics.aps.org

• Quantum repeaters for long distance quantum communications (say, QKD)

• Several quantum computations protocols

• Entanglement swapping / quantum teleportation

• High degree of  entanglement is required

• Frequency splitting between two arms should be smaller than radiative decay rate
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Entangled Photon Pair Production in QDs
Biexciton cascade has its own technical difficulties:

• QD elongation and strain cause in-plane asymmetry of  the exciton wave function

• Hybridizes and splits the bright exciton spin states via the exchange interaction

• Two photons become collinearly polarized (either H or V)

• Their “colors” are fully correlated with their polarizations

• From the colors “which-way” information leaks out

• Destroys the entanglement between the two now-distinguishable decay paths

• Spectral filtering can erase “which-way” information, restoring entanglement• Spectral filtering can erase “which-way” information, restoring entanglement

D. Gershoni, Nat. Photon. 4, 271 (2010)


