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All-dielectric metamaterials consisting of arrays of high-index, subwavelength-size Mie resonators have 

attracted much attention recently due to their much lower loss at optical frequencies compared with their 

metallic counterparts. Moreover, these Mie resonators interact strongly with both electric and magnetic 

fields and therefore enable manipulation of the electromagnetic permittivity and permeability. Great success 

has been achieved in using these metamaterials for nonlinear optical processes, ultrathin optical components 

and advanced wavefront engineering. However, most of the work has been done using silicon, which lacks 

second-order optical nonlinearities and is not an efficient light emitter. 

Recently, our group demonstrated a new class of 

dielectric metamaterials based upon III–V 

semiconductors that exhibit strong intrinsic optical 

nonlinearities and allow for full integration with 

optoelectronic functionality.  

Here, we will present novel linear and nonlinear 

optical properties that are enabled by our III-V 

semiconductor based dielectric metamaterials. First, 

our top-down fabrication process enables more 

complicated architectures, such as multilayer 

dielectric metamaterials. This, in turn, enables new 

degrees of freedom in device engineering. Figure 1 

(a) & (b) show that the multilayer metamaterials act 

as broadband mirrors with nearly 100 percent 

reflectivity, outperforming even gold mirrors [1]. 

Second, we experimentally demonstrate independent 

tuning of magnetic dipole resonances using split 

dielectric resonators (figure 1 (c) & (d)) [2]. 

Third, we observed strong resonantly enhanced 

second-harmonic generation with conversion 

efficiencies exceeding 10–5, several orders of 

magnitude higher than with metallic metasurfaces [3]. 

Finally, we experimentally realized an ultrafast 

tunable metasurface consisting of subwavelength 

GaAs dielectric resonators. Using transient 

reflectance spectroscopy, we demonstrated a 

picosecond-scale absolute reflectance modulation of 

up to 0.35 at the magnetic dipole resonance of the metasurfaces and a spectral shift of the resonance by 30 

nm [4]. 
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Figure 1. Examples of novel linear and nonlinear 

optical properties enabled by GaAs dielectric 

resonators. 


