Cathodoluminescence spectrum imaging applied to studying resonant modes of plasmonic nanostructures
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Abstract

As the speed of electronic circuits rapidly approaches fundamental limits the potential of integrating electronic and optical components potentially offers significant advantages, with optical components providing very high bandwidths.  However, a simple down-scaling of conventional optics to nanometer scale is not possible to the restriction of the diffraction limit of light.  Notably however, surface plasmon polaritons (SPPs) - electromagnetic waves which propogate at a metal-dielectric interface - enable reduced wavelengths at optical frequencies allowing photonic manipulation below the diffraction limit.  
At small length scales, metal nanowires with finite length behave as plasmonic cavities with resonant eigenmodes.  Scanning near-field optical microscopy allows the study of individual nanowires, however the spatial resolution is limited by the tip to >50nm and furthermore, the tip proximity can have a very strong influence on the optical behavior of the sample.  This limitations van be overcome by using a focused electron beam (less than 5nm in diameter) to generate a broad spectrum of SPPs, which can subsequently generate optical radiation that can be detected - cathodoluminescence.  Here it will be shown how cathodoluminescence spectrum imaging can be used to investigate the plasmonic modes in individual gold nanowires and the propagation of SPPs.
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Upper:  SEM image of 725nm long Au wire.  Lower:  Resonant plasmonic eigenmode observed in cathodoluminescence image (592nm) extracted from a cathodoluminescence spectrum image.  
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