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Nanophotonics is a rapidly developing field that studies the behavior of light at the nanoscale and light-

matter interaction with subwavelength objects. In this talk, we will summarize our recent results on all-

dielectric nanoscale elements supporting Mie resonances at optical frequencies. Resonant behavior 

enhances the light-matter interactions allowing to realize many important functionalities in extremely 

small volumes of space. We will discuss our resent progress on linear ultra-thin Si metasurfaces, and 

also nonlinear nanoantennas made of III-V semiconductors. 

Metasurfaces are ultra-thin patterned structures that emerged recently as planar metadevices 

capable of reshaping and controlling incident light. This makes them a promising novel platform for flat 

optical elements, such as waveplates, q-plates, lenses, and holograms. Holograms showcase a potential 

of the metasurface platform, as they rely on complex wavefront engineering. In Figure 1 we 

demonstrate transparent meta-holograms based on silicon metasurfaces that allow high-resolution 

grayscale images to be encoded. They are less that a wavelength thin and are fabricated in a single 

lithography step. The holograms feature the highest diffraction and transmission efficiencies, and they 

operate over a broad spectral range.  

Nanoantennas are developed as a platform for nanoscale light sources with designer radiation 

patterns and polarizations. Here, we demonstrate dielectric AlGaAs nanoantennas for efficient second 

harmonic generation -- a nonlinear processes, where the frequency of an incident light beam is doubled 

inside a nonlinear medium. While usually SHG relies on bulk nonlinear crystals such as lithium niobate, 

KTP or BBO, we demonstrate SHG in a single nanodisk of AlGaAs with record-high efficiency [see 

Fig. 2]. This is enabled by the development of a novel fabrication procedure of AlGaAs-in-insulator, 

containing epitaxial growth in conjunction with a bonding procedure to a glass substrate. 

 

Figure 1. Meta-holograms. (a,b) Electron and visible 

microscope images of the sample. (c,d) Theoretical and 

experimental images of the reconstructed holograms. 

The metaholograms transmit over 90% of light with a 

diffraction efficiency over 99% at a 1600 nm 

wavelength, with the operation spectral bandwidth of 

375 nm [L. Wang et al., Optica December 2016] 

 

Figure 2. Second harmonic generation in AlGaAs 

nanodisks. (a) Schematic of a single-disk experiment. 

(b) Experimentally measured SHG efficiencies from 

nanodisks of different diameters for a pump 

wavelength of 1556 nm. (c, d) Measured radiation 

patterns in forward and backward directions (arrows 

visualize the polarization states) [R. Camacho-Morales 

et al., Nano Letters 16, 7191, 2016].

 


