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Silicon is not a magnetic material. However, due to both, the huge refractive index value, and the small particle size, 

spherical shaped silicon micro- and nano- cavities show strong magnetic resonances at optical frequencies. The 

electromagnetic field distribution of a silicon spherical nanocavity at its fundamental mode is similar to that of a metallic 

split ring resonator, but without losses in the near infrared domain [1-3]. Therefore silicon colloids can be considered as 

lossless building blocks for metamaterials in this range. 

 

We have developed spherical shaped polydisperse [4, 5] and monodisperse [3] silicon colloids, with particle size ranging 

from 300 nm to 3000 nm. Spherical nanoparticles can be made of amorphous, porous, or polycrystalline silicon. 

Polydisperse particles were processed by decomposition of disilane by Chemical Vapor Deposition. Monodisperse 

particles were synthesized by decomposition of trisilane in supercritical n-hexane followed by a sintering process to 

increase their refractive index.  

 

The achievement of monodisperse silicon nanocavities opens the possibility of developing macroscopic systems with 

magnetic response. We developed and studied two systems: a colloidal suspension of nanocavities in toluene and a two-

dimensional photonic crystal slab, that was built by typical self-assembly methods. The colloidal suspension showed a 

very pronounced attenuation of the infrared radiation even at low concentrations, and keeping the optical properties of the 

particles as single scatterers, i.e. the Mie modes of the particles could be observed in the suspension.  The photonic 

crystal slab showed interesting optical features, such as an almost full transmittance and reflectance for all the incident 

angles for certain wavelength ranges due to the multiple scattering of the nanocavities [3]. 

 

Furthermore, based on those "optical magnetism" silicon micro- and nano- cavities, strong magnetic interaction between 

silicon cavities and optical waveguide or metallic film are also reported [6, 7, 8]. The magnetic field component of light 

in dielectric materials generally plays a negligible role in light-matter interaction. However, it is a key component of 

metamaterials with optical magnetism. Here, the analytical method, as well as the finite difference time domain (FDTD) 

simulation, shows a three dimensional (3D) magnetic trapping [6] and magnetic-type optical levitation [7] effects when 

the magnetic like Mie resonances of the silicon nanocavities are excited. 
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