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Quantum dots (QDs) are semiconductor artificial atoms.  They are nanoscale structures that trap 
single electrons and holes, and their quantized energy level structure results in atomic-like 
transitions and single photon emission.  These QDs act as a solid-state interface that is useful for 
quantum information applications, and for the past decade, semiconductor physicists have been 
attempting to replicate atomic cavity quantum electrodynamics in a practical semiconductor 
form.  One can embed QDs into micron-sized photonic structures to control the light emission, in 
order to use the single photon emission in quantum networks. 

The key goals for QDs in a quantum network are (i) an ability to output reliable, identical, single 
photons, (ii) an ability to switch a photon between two orthogonal states, such as two 
polarizations, or paths, dependent on the state of the QD (for example carrier spin up or down),  
(iii) an ability to generate entanglement between the QD state and the photon, and finally (iv) 
the ability to store photonic information in states such as the spin.  Because QDs can realise all 
these, these spin-photon interfaces may form a fully-fledged quantum “network”. 

The two “show-stoppers” that will prevent the realisation of the QD-based network are firstly 
losses (less than 10% even with very generous protocols), and secondly high fidelity (i.e. with 
coherent spin states, and indistinguishable photon outputs).  I will discuss the breakthroughs that 
show that with the correct choice of photonic structure around the QD, one may achieve both 
efficiency and high fidelity switching.  In Fig 1 we show theoretically that unusual but useful 
polarization effects in a photonic crystal manifest that allow spin-path entanglement.  In Fig 2 we 
show a spin-dependent switching of the phase of a photon by 120degrees, enough to 
demonstrate that orthogonal photon state switching may be achieved as long as we can design 
absolutely efficient input/output channels.  I will finish by discussing the next steps required to 
achieving a QD-based quantum network.  

 

Figure 2.(black) Histogram of the number of photons scattered into 
cross-polarized channel in 100ms bins: high counts indicate that the 
QD is on resonance. (red) Phase shift determined as a function of 

count rate, reaching >0.5. 

Figure 1. Finite-difference time-domain 
simulation of circular dipole emission at a 
polarization singularity. showing 
unidirectional emission whose direction 
depends on dipole helicity. 


