The influence of waveguide modes on stimulated emission from ZnO nanorods
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We analyze the photoluminescence of ZnO-nanorods grown by various techniques as a function of the rod geometry, pump parameters such as excitation fluence and sample temperature.

Time resolved spectroscopy carried out with a streak camera shows luminescence and transient stimulated emission in a degenerate electron-hole plasma (EHP) at the highest pump fluences and at low temperatures. At intermediate excitation densities the EHP emission coexists with inelastic exciton-exciton or more precisely polariton-polariton scattering (P-band) and possibly the M-band emission. This coexistence leads to a delicate temporal evolution with the P-band still growing in intensity while the EHP emission intensity decreases. For the various origins of the M-band apart from biexciton decay see e.g. [1].
We calculate the intensity distribution of low-order waveguide modes as well as their energy dependence for given nanorod geometries in order to discuss their relevance with respect to nanorod lasing and polariton propagation.

A detailed theoretical analysis of these wave-guide modes for polaritons in nanorods shows that depending on the thickness, length and presence or absence of reflective end coatings some processes may be enhanced but more importantly also be suppressed. Especially the inelastic polariton-polariton scattering is suppressed in the case of no guided mode falling into the spectral window of the photon-like polariton in the final state.
Furthermore we discuss the competition between the waveguide modes present here and whispering gallery modes treated in [2].
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