Exciton luminescence of ZnO fine particles
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Zinc oxide (ZnO) is an attractive semiconductor which has a band gap of 3.4 eV and an exciton binding energy of 60 meV. At room temperature, it exhibits ultraviolet luminescence arising from the radiative recombination of excitons, leading to its application to light-emitting diodes and laser diodes using the ultraviolet luminescence. Researches have been made on the radiative recombination of excitons in ZnO particles comparable to the exciton Bohr radius (1.4 nm). Gil and Kavokin have recently shown that, when the radius of the particle is ~15 nm, the radiative decay time of excitons reaches a minimum value, taking into account the giant oscillator strength effect and the retardation effect [1]. 
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In the present study, luminescence and time-resolved luminescence spectra of ZnO particles with the size of 10-60 nm, annealed at 300-900°C, have been investigated at 12 K. In the lumines-cence spectra of unannealed raw ZnO particles, there appear luminescence bands attributed to the free-exciton recombination accompanied by LO phonon emission (3.31 eV and 3.25 eV), including the radiative recombination of bound excitons (3.35 eV). For annealed particles, as shown in Fig. 1, the bandwidths of these exciton luminescence lines become narrower, and the intensities of the LO phonon replica lines become weaker than that of bound exciton lines. The time-resolved lumines-cence spectra have revealed that the decay times of bound and free excitons become longer at particles annealed at high temperatures. The exciton states and the annealing effect on the exciton lumines-cence are discussed in terms of the interior defects and surface states in ZnO fine particles.
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Figure 1: Luminescence spectra of raw and annealed ZnO particles (~ 20 nm) measured at 12 K.








