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In 1873, Ernst Abbe discovered the fundamental resolution limit for an optical device, known as the “diffraction limit” that is typically half a wavelength. This has remained a formidable barrier for basic physics, as well as the rapidly developing on-chip miniaturization of large stationary platforms. To create a so-called lab on a chip, it is necessary to develop an approach that can overcome the “diffraction limit” and manipulate light on a deep subwavelength scale.
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Deep-subwavelength optical field localization (on the order of 25 nm) by the resonant nano-focusing antenna

Yeshaiahu Fainman and colleagues at the University of California, San Diego have developed a novel plasmonic geometry that can overcome the conventional diffraction limit and strongly localize the optical field on a nanometer scale. This new structure, called a resonant nano-focusing antenna applies three different resonance and field localization mechanisms simultaneously for efficient nano-focusing and field localization: localized plasmons resonance, high effective index plasmonic edge localization, and TEM split antenna field localization.  This combination makes an ultra-high field confinement possible, while simultaneously increasing the overall efficiency of the localized fields due to the resonant nature of localized plasmons and their associated large stored near-field energy. 
In an Optics Express paper [1], Dr. Fainman and colleagues reported the integration of this resonant nano-focusing antenna with on-chip Si waveguides. A gold, resonant nano-focusing antenna to be embedded inside a Si waveguide is designed and fabricated to efficiently convert the propagating waveguide mode to a localized plasmon mode, thus allowing for deep-subwavelength optical field localization in the nano capacitor-like gap of the antenna. This deep subwavelength field localization has been experimentally confirmed in their near field optical measurement with a focusing spot of about 75 nm at the telecom wavelength of 1550 nm.
This on-chip, deep subwavelength optical field localization beyond the diffraction limit is anticipated to impact multiple applications including the construction of novel on-chip optical devices for bio-medical imaging, bio-sensing, nano-lithography, heat-assisted magnetic recording, and plasmonic nanocircuits operating at optical frequencies. 
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