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Strong light-matter intercations can be realised in plasmonic nanostructures openning
up opportunities to control electromagnetic signals on subwavelength scales. In this talk
we will discuss various plasmonic and metamaterial-based approaches for achieving
active nanophotonic functionalities. All-optical and electro-optical effects as well
polarisation and dispersion management with plasmonic nanostructures and their
sensing applications will be overviewed.

Plasmonics makes use of coupling between electromagnetic waves and free-electron
excitations at the interface of good conductors. The electromagnetic field enhancement
effects associated with surface plasmons and specific to them field confinement result in
a strong sensitivity of plasmonic modes to dielectric surroundings, thus facilitating all-
optical and electronic control of their propagation [1,2]. These properties are especially
suitable for development of active integrated componnets which can be used within
purely plasmonic circuits or incorporated into photonic, e.g., Si-based, circuitry to achive
desired functionality which is difficult to achive by other means [3]. Going beyond
conventional plasmonic materials, such as Au and Ag, new material platfoms based on
CMOC compatible metals such as Al and Cu, highly doped semiconductors, transparent
conductive oxides and metamaterials have been developed. In particular, by controlling
arrangements of plasmonic nanostructures withing metamaterials, complete control
over surface plasmonic dispersion and field enhancement can be achieved [4-6].
Combining plasmonic nanostructures with electro-optical materials or using their free-
electron nonlinearities, various types modulators and switches can be demosntrted
operating at very low powers.

In this paper, we will overview active nanophotonic functionalities based plasmonic and
metamaterial waveguides and discuss integrated and free standing componets for signal
modulation, and polarisation and dispersion [7-13]. With a strong refctive index
sensetivity diue to the field confinement and enhancement, intgrated plasmonic and
meamaterial circuitry can also be used for high-performance sensing applications.
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