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Abstract: Due to the quantum confinement effect, self-assembled semiconductor single quantum dots exhibit atom-
like discrete energy levels enabling highly indistinguishable, high brightness and high purity single photon emission,
where multiple exciton states in quantum dots can generate photons with different polarizations. The optical micro-na-
no structure is an effective means to modulate the luminescent properties of single quantum dots. When a single quan-
tum dot is weakly coupled to an optical micro-cavity, the Purcell effect will greatly improve the performances of the
quantum dot as a single photon source or entangled photon-pair source. Meanwhile, the strongly coupled system of
quantum dots and optical micro-cavities can be used as quantum nodes in the quantum photonic network or to study
the nonlinear optics at the single photon level. Utilizing the coupling of quantum dots and optical waveguides can re-
alize coherent conversion between solid-state quantum bits and flying photonic bits along with efficient information
processing and transmission for building a reliable on-chip photonic network. In addition, a single quantum dot has
manipulable spin states, which can work as carriers for quantum bits. Considering the convenience of combining the
fabrication process of quantum dot devices with mature semiconductor technology, device designs with quantum dots

allow good scalability and integration potential.
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Fig.l (a)Atomic force microscope image of self-assembled InAs/GaAs QDs"*. (b) Scanning tunneling microscopy image of a

single QD" (¢)Schematic diagram of the energy band structure of a single QD. (d)Bandgaps of different semiconductor

materials with different lattice constants"’.
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(a)Schematic diagram of multiple exciton states in the s-shell of a single QD including neutral exciton state, charged ex-

citon state and biexciton state’™. (b)Photoluminescence spectrum of different excitons in a single QD" (¢)Energy tun-

ing of different exciton luminescence by a static electric field”". (d)Energy tuning of neutral exciton and biexciton by an

external magnetic field”. All the experimental spectra above are obtained at 4.2 K for a single QD.
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Fig.3 Properties of microcavity-QD strongly coupled systems. (a)Spectra of anti-crossing in strong coupling region*. (b) Rabi

oscillations in strong coupling region'*".
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(a) Micropillar cavity (b) 2D photonic crystal cavity
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(a) Micropillar cavity based on distributed Bragg reflector™*. (b) Photonic crystal slab cavity”™. (¢) Whispering gallery

mode cavity™'. (d) Photonic crystal nanobeam cavity’™. Below: statistics for comparison of the corresponding coupling

strength g, cavity mode linewidth k, QD photoluminescence linewidthy, and cavity quality factor Q and mode vol-

ume V using microcavities in (a)—(d) coupled with a single QD.
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