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Study on superradiance in semiconductor high-quality thin films
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This thesis focuses on exploring experimentally “superradiance” nature, in other words, exceptionally
ultrafast optical responses, of exci;ons and biexcitons confined in semiconductor high-quality thin films
and nanoparticles, respectively, by using various ultrafast optical spectroscopy methods.

In the first part of the thesis, by means of degenerate four—-wave mixing and photoluminescence
spectroscopy, superradiance of excitons confined in high-quality CuCl thin films with thicknesses of a few
hundred nanometers beyond the long-wavelength approximation is confirmed to be resulted from a remarkably
long coupling length between light and multinode-type excitons which, in turn, could be controlled
qualitatively just by changing the quality and thickness of CuCl thin films. Due to such kind of the coherent
light—-exciton coupling, photoluminescence signals from the excitonic states corresponding to not only odd
but also even quantum numbers, which are optically forhidden in the long-wavelength approximation, are clearly
observed. The full width at half maximum of the excitonic state deduced qualitatively from the corresponding
photoluminescence band shows almost the same dependence on the quantum number as the theoretical prediction

about the ultrafast nature of light-coupled excitons. This result indicates that high coherence of matter

systems is clearly reflected even in its incoherent photo—processes, which reveals unexploited potential of
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the PL spectroscopy and it also.provides a clear example showing that the straightforward control of the size
and quality of conventional materials can considerably enhance the degree of freedom enabling the development
of novel material functions.

In the second part of the thesis, by generating a macroscopic coherent coupling between biexcitons
confined in CuCl nanoparticles, superfluorescence emision, a particular case of superradiance, is observed
successfully. As one of essential features for further understandings about biexciton superfluorescence
emission from an ensemble of CuCl quantum dots observed recently, the radiative lifetime of biexcitons confined
in 3-nm quantum dots is estimated to be about 80 ps under a two—photon resonant excitation by means of
time-resolved Kerr gate spectroscopy. Different to the band-to-band excitation, the two-photon resonant
excitation is suggested to advoid efficiently the reabsorption process of biexciton luminescence from
coexisting excitons leading to a possibility to observe successfully the pure lifetime of confined biexcitons.
The obtained biexciton lifetime in nanoparticles is suggested to be suitable to support an occurrence of the

superfluorescence emission.
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