
 

Tiny particles with varied shapes scatter light
in useful and unusual ways
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The strength and direction of light scattering can be controlled by carefully
selecting a nanostructure’s shape and refractive index. Credit: A*STAR Data
Storage Institute

A study into the way nanoparticles scatter light could lead to simpler and
smaller optical nanoantennas with improved directivity and
efficiency—crucial components for the next generation of advanced
photonic devices.

Boris Luk'yanchuk and co-workers from the A*STAR Data Storage
Institute together with a collaborator in St. Petersburg University,
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Russia, undertook a detailed numerical investigation of the light
scattering characteristics of dielectric nanoparticles of different shapes
with high refractive indexes (larger than 2). They focused particularly on
nanoscale spheres and spheroids. 

By carefully selecting the nanoparticle's shape and refractive index, the
team discovered they could use the interference between the particle's
electric and magnetic dipole resonances to control and optimize the
strength and direction of its light scattering. 

For example, they found that for a spheroid particle with a refractive
index of 3.5, scattering in the forward direction can be maximized if the
spheroid's major axis is just over twice the length of its minor axis. 

Steering the flow of light by manipulating the nanoparticle's aspect ratio
is potentially useful in many applications, for example to maximize the
light captured by a solar cell or to make artificially-engineered
metasurfaces that can cause light to flow in interesting and unusual
ways. 

"Dielectric particles with optimized shapes which behave as very
efficient directional antennas can be used in sensing devices,
transmission lines, metasurfaces with numerous uses and in many other
devices such as negative refractive index lenses, optical cloaking devices
or nanolasers," explained Luk'yanchuk, the lead researcher in the study. 

"The fascinating properties of dielectric materials with high refractive
indexes are related to their ability to have both electric and magnetic
dipoles. It makes it possible to produce different interference
phenomena in their scattering, like Fano resonances for example. We are
trying to use these effects to produce different types of nanoscale
devices and metasurfaces." 
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According to Luk'yanchuk, the physics of this scattering is valid and
scalable across the electromagnetic spectrum and thus their approach
could be applied not only at optical and infrared frequencies, but at
microwave frequencies as well, provided that suitable transparent
particles with a sufficiently high refractive index are used. 

"At optical frequencies, for example, there are many suitable materials
like titanium dioxide, silicon, germanium, gallium arsenide and other
group IV and III-V semiconductors," commented Luk'yanchuk. "The
possible limitation would be frequencies higher than the visible range,
like the ultraviolet, where no high-index transparent dielectrics are
readily available."

  More information: Boris S. Luk'yanchuk et al. Optimum Forward
Light Scattering by Spherical and Spheroidal Dielectric Nanoparticles
with High Refractive Index, ACS Photonics (2015). DOI:
10.1021/acsphotonics.5b00261
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