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The ability to localize photons into a photonic crystal semiconductor microcavity [1] having wavelength-scale volume 
and high quality factor enables us to study the cavity quantum electrodynamics in small semiconductor material systems. 
Photons trained by a high Q/V resonant mode could have a narrow spectral line and a well-defined quantum state. And 
photons out of a wavelength-scale resonator can be collected efficiently by controlling inner symmetries of the resonant 
cavity. Recent incorporation of quantum dot into PhC microcavity [2] reported meaningful, but limited success. These trials 
exposed two critical problems clearly. The first issue is that of the spatial and spectral overlaps of two relevant resonances, 
the cavity resonance and the quantum dot resonance. In order to answer this question, one needs to control the emission 
wavelength of a quantum dot on the order of nanometer or better. At the same time, this right quantum dot should be 
placed at the anti-node of the resonant mode with precision on the order of nanometers. The second issue is that of the 
efficient collection and delivery of valuable photons to customers. This nontrivial issue requires good understanding of 
photon coupling out of a resonant cavity.

The microfiber-coupled ‘reconfigurable’ resonator allows the repeatable formation of the cavity’s physical position 
until the quantum dot of ‘right’ emission spectrum is identified at the ‘right’ physical position. Efficient out-coupling 
into the tapered single mode optical fiber follows naturally and easily. In this scheme spatially reconfigurable 
Gaussian-shaped photonic well [3] is generated by contacting a curved tapered micro-fiber onto a photonic crystal 
waveguide. We confirm the photon trapping in this re-locatable well by observing lasing action slightly below the 
corresponding band edge. 

In addition, novel sub-nanometer spectral resonant tuning techniques [4] are demonstrated by employing 
electron-beam-induced nano-dots inside high-Q photonic crystal resonators. Feasibility of nano-printed photonic 
crystal resonators/lasers will also be discussed.
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     The ability to localize photons into a photonic crystal semiconductor microcavity 
[1] having wavelength-scale volume and high quality factor enables us to study the cavity 
quantum electrodynamics in small semiconductor material systems. Photons trained by a 
high Q/V resonant mode could have a narrow spectral line and a well-defined quantum state. 
And photons out of a wavelength-scale resonator can be collected efficiently by controlling 
inner symmetries of the resonant cavity. Recent incorporation of quantum dot into PhC 
microcavity [2] reported meaningful, but limited success. These trials exposed two critical 
problems clearly. The first issue is that of the spatial and spectral overlaps of two relevant 
resonances, the cavity resonance and the quantum dot resonance. In order to answer this 
question, one needs to control the emission wavelength of a quantum dot on the order of 
nanometer or better. At the same time, this right quantum dot should be placed at the anti-
node of the resonant mode with precision on the order of nanometers. The second issue is 
that of the efficient collection and delivery of valuable photons to customers. This nontrivial 
issue requires good understanding of photon coupling out of a resonant cavity. 

The microfiber-coupled ‘reconfigurable’ resonator allows the repeatable formation of 
the cavity’s physical position until the quantum dot of ‘right’ emission spectrum is identified 
at the ‘right’ physical position. Efficient out-coupling into the tapered single mode optical 
fiber follows naturally and easily. In this scheme spatially reconfigurable Gaussian-shaped 
photonic well [3] is generated by contacting a curved tapered micro-fiber onto a photonic 
crystal waveguide. We confirm the photon trapping in this re-locatable well by observing 
lasing action slightly below the corresponding band edge.  

In addition, novel sub-nanometer spectral resonant tuning techniques [4] are 
demonstrated by employing electron-beam-induced nano-dots inside high-Q photonic crystal 
resonators. Feasibility of nano-printed photonic crystal resonators/lasers will also be 
discussed. 
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