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Optical  properties  of  semiconductor  nanostructures  are  now  in  focus  of  research.   Effective 
interaction between photon modes and excitons  can be attained,  allowing to control light emission and 
to study quantum electrodynamics in the solid state system. This talk is focused on the nanostructures 
with several emitters, either quantum dots or  quantum wells. 

In  particular,   we  consider  one-dimensional  deterministic  nonperiodic  arrays  of  quantum wells, 
 proposed   recently  [1-2].   Example  of  such  object   is  Fibonacci  photonic  quasicrystal,  where  the 
spacings between  two adjacent wells are in order of light wavelength, take one of the two values, A or 
B, and are arranged in Fibonacci sequence ABAABABAABAAB...(see Fig.  1a). If the structure is 
tuned to Bragg diffraction condition, excitons in different wells are efficiently coupled by light  and 
collective  superradiant mode is  formed.  Optical spectra   also demonstrate the presence of subradiant 
modes,  contrary to the periodic case. Our general analytical theory of optical spectra is  supported by 
the results of experiments [2] and can be also extended to a two-dimensional Penrose quasicrystal of 
quantum dots [3].

We also address the nonlinear emission spectra of  several  quantum dots,  strongly coupled to the 
photonic  mode  of zero-dimensional  microcavity (see  Fig.  1b).  At  low  (incoherent)  pumping  the 
photoluminescence spectrum is determined by the competition of  collective  superradiant mode and 
disorder, while the increase of pumping leads to destruction of superradiant regime. In the case where 
the spread of resonance energies of quantum dots is  negligible,  the non-linear  emission spectra  at 
moderate  pumping rates  exhibit  either  a  single  or  a  double  peak structure  depending whether  the 
number of dots in a cavity is even or odd, respectively (see Fig 1c).
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Fig 1. (a) Fibonacci multiple quantum wells.
(b). Illustration of microcavity with several quantum dots. 
(c). Calculated emission spectra for cavity with 3 and 4  dots.
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