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Abstract
Surface plasmon polaritons (SPPs) are elementary electromagnetic (EM) excitations bounded at metal/dielectric interfaces, and attracted considerable attention recently. For a natural material, its plasmon frequency (
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) is fixed by the electron density, so that many SPP-based applications only work at a single frequency. Recently, people showed that Bragg scatterings can modulate the SPPs significantly, and found high optical transmissions in a silver film drilled with periodic holes [1]. However, the Bragg mechanism can not change the
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of a material. In 2004, Pendry et al. demonstrated that a metallic plate with periodic square holes can mimic a plasmonic metamaterial in terms of SPP properties. However, to make the idea work, one has to fill the holes with high-index materials [2], which is not easy to realize in practice, particularly at higher frequencies. Very recently, Shin et al. [3] showed that high-index insertion is not necessary if the square holes are replaced by closely packed narrow rectangle holes with cross sections. However, the generated SPPs on such structures only have transverse-magnetic (TM) polarization traveling along one direction. 
We show that a metallic plate with fractal-shaped slits can be homogenitized as a plasmonic metamaterial with plasmon frequency dictated by the fractal geometry. Owing to the all-dimensional subwavelength nature of the fractal pattern, our system supports both transverse-electric and TM surface plasmons. As a result, this structure can be employed to focus light sources with all-dimensional subwavelength resolutions and enhanced field strengths. Microwave experiments reveal that the best achievable resolution is only
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, and FDTD simulations demonstrate that similar effects can be realized at infrared frequencies with appropriate designs.
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