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Surface plasmon polaritons (SPPs) are electromagnetic surface waves formed through strong interaction between electromagnetic field and free electron oscillations at a metal-dielectric interface. The SPPs are highly confined near the interface; also, their wavelength can be shorter than the wavelength of light in surrounding media. These properties suggest potential applications in subwavelength electromagnetic wave-guiding, label-free biochemical sensing at functionalized surfaces, and in-plane microscopy, perhaps delivering sub-wavelength resolution. 
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Fig. 1. (a) Schematic diagram of SPP FZP geometry and design parameters; (b) SEM micrographs of SPP FZP fabricated by deposition of amorphous Si on Al/air interface; also seen are the integrated arrays of nanoholes in the Al film for SPP field excitation (left) and detection (right).

To realize the promise of SPP technologies, a comprehensive arsenal of optical elements for launching, detecting, guiding, imaging, focusing, and otherwise transforming SPP waves must be readily available. Once the basic optical manipulation of SPP has become routine, it will pave the way for more sophisticated devices, possibly including confocal microscopes with sub-diffraction limited resolution obtained by focusing of SPP fields.

Fig. 1 represents our adaptation of a free-space optical component known as Fresnel Zone Plate (FZP) for focusing SPP waves [1]. Unlike previously demonstrated SPP focusing structures, the device in Fig. 1 utilizes diffractive rather than refractive phenomena. The series of concentric opaque rings that comprise a conventional free-space FZP are replaced here with an array of 5·µm wide, 400·nm tall blocks of amorphous silicon deposited over a 100·nm thick aluminum film. In a separate fabrication step, two rectangular nanohole arrays, visible in Fig. 1(b) to the left and to the right of the FZP structure, are etched into the aluminum film. The nanohole arrays serve to couple far-field optical radiation into SPP, and to couple SPP into far-field for detection. The effectiveness of the device is limited somewhat by the fact that the deposited silicon blocks are not entirely opaque to the SPP wave; this is due to the technical difficulty of fabricating silicon blocks taller than several microns using the lift-off method. Even so, we were able to observe focusing at the expected location along the optical axis, with approximately 3-fold intensity enhancement relative to an unfocused SPP wave. 

The successful adaptation of free-space Fresnel Zone Plate for operation on SPP waves demonstrates that analogues of Fourier diffractive components can be developed for SPP optics. As in free-space, the basic SPP optical components are the necessary enablers for more sophisticated future devices.
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