Thin layers of phase change materials for optical control of metamaterials in the infrared
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Phase change materials (PCMs) have been widely applied to tune the nanophotonic components: thin layers which switch between stable phases upon heat stimuli can drastically change amplitude or phase of the optical wave at the nanoscale. If a specific application requires two states which are non-volatile, reversible, and stable at the room temperature, the best choice are chalcogenide PCMs such as Ge2Sb2Te5 (GST) and GeTe, which possess at least two different stable phases (crystalline and amorphous) that dramatically differ in optical and electric properties. For example, in [1,2] we showed that these PCMs can be combined with Si-based all-dielectric metamaterials to switch the sharp transmission peaks at 1.55 µm, providing high modulation depth and contrast ratio. More recently, we experimentally showed that GeTe-Si-based metamaterial, conventionally produced in Silicon-on-Insulator technology, provides high reflection contrast at 1.55 µm between the crystalline and the amorphous GeTe state [3].
Another promising PCM is surely vanadium dioxide (VO2), which undergoes semiconductor-to-metal phase transition at about 68°C [4,5]. We recently investigated emission control of Er3+ ions sandwiched between a thin VO2 and an upper metamaterial structure [6], for tunable emission at 1.54 µm. Metamaterial dimensions can be adjusted to provide the almost unitary absorption in the desired spectral range, which can be switched to zero absorption by changing the VO2 phase. In this work we focus on the infrared spectrum, where the VO2 layer lies between the ground Au layer, and the upper metamaterial made of Au nanoresonators. When VO2 is cold, hence semiconductor, the whole structure provides metal-insulator-metal resonance that leads to high absorption (thus infrared emission). Heating of the VO2 to the transition temperature makes the whole surface metallic, with high reflection and low absorption. We further propose the optical switching of a large number of unitary cells by means of a visible laser. For given wavelength and power of the laser, one can adjust the spot-size to ensure the metamaterial response of the surface. Moreover, higher order nanoresonator resonances can be used to increase the laser absorption and decrease the power needed for the phase transition. We believe that this approach can lead to optically controlled high contrast absorption tuning in the infrared range.
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