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Three-dimensional photonic crystals have been of interest for quite some time. However, simple photonic crystals, such as formed through colloidal crystallization of polymer or silica microspheres have generally limited application. Most photonic applications, including solar energy harvesting, lasers, waveguides, and chemical sensors require the structures to be formed of optically active materials, often high refractive index or metallic materials, and may also require the incorporation of aperiodic defect structures within the periodic structure of the photonic crystal. We have made significant strides in both expanding the materials available for forming photonic crystal through various templating schemes, and in the addition of functional defect structures within photonic crystals [1]. Through electrochemical routes, metal inverse opals were formed which may provide the functional element for a new class of solar cells [2]. We found that simple electrochemical infilling of a colloidal crystal followed by removal of the colloidal template was not sufficient to form an optically interesting structure. It was only after the filling fraction of the metal was reduced by a subsequent electropolishing step that optical properties became three-dimensional in nature. High refractive index photonic band gap crystals containing embedded three-dimensional waveguides were formed through a combination of multiphoton polymerization, atomic layer deposition, and chemical vapour deposition. The optical transmission through these waveguides was measured in the near-IR [1]. Both pH and glucose responsive photonic crystal based sensors were generated through photopolymerization of a chemical responsive hydrogel within a colloidal crystal [3]. In all systems discussed, complete optically and structural characterisation was performed. Alternative (non-colloidal) routes to photonic crystals, including ink-based direct writing and holographic routes will also be discussed. Along with being interesting means to form photonic crystals, these techniques are also proving powerful to synthesize non-spherical colloids which may assemble into unique structures.
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