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            Abstract
Periodicity in materials yields interesting and useful phenomena. Applied to the propagation of light, periodicity gives rise to photonic crystals1, which can be precisely engineered for such applications as guiding and dispersing optical beams2,3, tightly confining and trapping light resonantly4, and enhancing nonlinear optical interactions5. Photonic crystals can also be formed into planar lightwave circuits for the integration of optical and electrical microsystems6. In a photonic crystal, the periodicity of the host medium is used to manipulate the properties of light, whereas a phononic crystal uses periodicity to manipulate mechanical vibrations7,8,9,10,11,12,13. As has been demonstrated in studies of Raman-like scattering in epitaxially grown vertical cavity structures14 and photonic crystal fibres15, the simultaneous confinement of mechanical and optical modes in periodic structures can lead to greatly enhanced lightâ€“matter interactions. A logical next step is thus to create planar circuits that act as both photonic and phononic crystals16: optomechanical crystals. Here we describe the design, fabrication and characterization of a planar, silicon-chip-based optomechanical crystal capable of co-localizing and strongly coupling 200-terahertz photons and 2-gigahertz phonons. These planar optomechanical crystals bring the powerful techniques of optics and photonic crystals to bear on phononic crystals, providing exquisitely sensitive (near quantum-limited), optical measurements of mechanical vibrations, while simultaneously providing strong nonlinear interactions for optics in a large and technologically relevant range of frequencies.
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                    Figure 1: 
                        Optomechanical crystal design.
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Figure 2: 
                        Photonic and phononic crystal mode spectroscopy.
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Figure 3: 
                        Phononic mode tuning and transduction.
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        Editorial Summary
Optomechanical crystals: light and sound controlled
In a photonic crystal, periodic variations of the refractive index of the host medium are used to manipulate the properties of light, whereas in a phononic crystal it is the mechanical vibrations that are subject to such control. Now Eichenfield et al. have constructed a silicon-chip-based device incorporating an engineered material combining both properties. In the resulting 'optomechanical crystals', strong coupling between photons and phonons makes it possible to control both light and mechanical vibrations in a small space, resulting in an enhanced lightâ€“matter interaction. Possible applications for devices using optomechanical crystals include signal processing in photonics and electronics, or as sensitive detectors of tiny masses (such as biomolecules) with high spatial resolution.
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