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            Abstract
The phenomenon of extraordinary light transmission through metallic films perforated by nanohole arrays at optical frequencies was first observed a decade ago1 and initiated important further experimental and theoretical work. In view of potential applications of such structuresâ€”for example, subwavelength optics2,3, optoelectronics devices4,5, and chemical sensing6â€”it is important to understand the underlying physical processes in detail. Here we derive a microscopic theory of the transmission through subwavelength hole arrays, by considering the elementary processes associated with scattering of surface-plasmon-polariton (SPP) modes by individual one-dimensional chains of subwavelength holes. Using a SPP coupled-mode model that coherently gathers these elementary processes, we derive analytical expressions for all the transmission spectrum characteristicsâ€”such as the resonance wavelength, the peak transmission and the anti-resonance. Further comparisons of the model predictions with fully vectorial computational results allow us quantitatively to check the model accuracy and to discuss the respective impacts of SPP modes and of other electromagnetic fields on producing the extraordinary transmission of light. The model greatly expands our understanding of the phenomenon and may affect further engineering of nanoplasmonic devices.
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                    Figure 1: 
                        Elementary processes involved in the EOT.
                      [image: ]


Figure 2: 
                        Comparison between the SPP model predictions and fully vectorial (RCWA) computation data obtained for the EOT of a gold hole-array membrane in air.
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Figure 3: 
                        Surface waves generated on a gold surface by a single hole chain, illuminated by a normally incident plane wave polarized along the 
                        x
                         axis with a unitary magnetic field at the gold surface.
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        Editorial Summary
Extraordinary light
'Extraordinary optical transmission' â€” named from the title of the 1998 Nature paper that introduced the phenomenon â€” occurs when light passes through a metal film peppered with holes smaller than the wavelength of the light. At certain wavelengths, the amount of light transmitted is much larger than expected for such small openings. The search for an explanation has centred on so-called surface plasmons, electronic excitations in a metal film thought to promote light transmission, but the physical mechanisms involved are hotly debated. Haitao Liu and Philippe Lalanne have now developed a theory that reconciles various different views by taking account of surface plasmon modes as well as other electromagnetic fields. The new model accurately predicts various features in the transmission spectra and may be used as a basis for the design of nano-optics devices.
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