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  The recent development of metasurfaces has provided new routes for the manipulation of 
the wavefront, polarization, and momentum of light. While static metasurfaces can have 
applications in areas such as imaging and beam forming, many more applications would be opened 
if such metasurfaces were made to have dynamic properties. This would allow for active beam 
steering, holography, and modulators for free-space communications. Many approaches are being 
considered for gaining active control over metasurfaces and include carrier injection, mechanical 
deformation, phase change media, and liquid crystal actuation. However, there is often a tradeoff 
between modulation depth and the energy required for modulation. 

In this talk, I will discuss our recent efforts to reduce the energy required for metasurface 
modulation while still preserving large modulation depth. I will first discuss dynamic infrared 
metasurfaces based on optically generated carriers in zinc oxide thin films1. These films, which 
are embedded in a metasurface architecture, have a long carrier lifetime allowing for modulation 
of the metasurface’s optical properties using low power light emitting diodes. This use of low 
fluence pumping opens the door to large area spatiotemporal modulation. In the second half of the 
talk I will discuss the use of heat generation in phase change materials, specifically vanadium 
dioxide (VO2), to dynamically control the properties of metasurfaces2. In this approach, we take 
advantage of the field concentration within the metasurface to utilize nanoscale patches of VO2. 
The small patch size and thermal mass of the VO2, compared to past demonstrations using thin 
films, allows us to decrease both the switching time and power consumption of the device by 
roughly 2 orders of magnitude. 
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Figure 1. (a) Schematic of ZnO-based dynamic infrared metasurface. (b) Apparent temperature as a 
result of spatiotemporal absorption / emissivity modulation. (c) Schematic of VO2-based metasurface 
in which a bowtie plasmonic resonator is used to concentrate light in a small patch of VO2. (d) 
Absorption modulation due to current applied across the metamaterial and subsequent Joule heating. 


