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New material gives visible light an infinite
wavelength

October 13 2013
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Effective permittivity of a layered Ag/SiN-metamaterial for a variety of layer

thicknesses, plotted against wavelength. Credit: Fundamental Research on Matter
(FOM)

Researchers from the FOM Institute AMOLF and the University of
Pennsylvania have fabricated a material which gives visible light a nearly
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infinite wavelength. The new metamaterial is made by stacking silver
and silicon nitride nanolayers. It may find applications in novel optical
components or circuits and the design of more efficient leds. The work
will appear on October 13th in Nature Photonics.

The phase velocity and group velocity of light dictate how light
propagates in a material. The phase velocity determines how the peaks
and valleys of the wave move in the material, whereas the group velocity
describes the transport of energy. According to Einstein's laws, the
transport of energy of light can never be faster than the speed of light.
Therefore the group velocity is limited. There are however no physical
limitations to the phase velocity. When the phase velocity becomes zero,
there is no movement of the peaks and valleys of the wave; when it is
infinite the wavelength diverges to very large values. In nature however,
no materials with such special properties exist.

Metamaterials

The research team now presents a metamaterial composed of a unit cell
structure much smaller than the wavelength of light. By stacking
nanoscale layers of silver and silicon nitride a new material is fabricated
in which light 'feels' the optical properties of both layers.

The way light travels through matter is dependent on the material
permittivity: the resistance of a material against the electric fields of
light waves. Because the permittivity of silver is negative and that of
silicon nitride is positive, the combined material has a permittivity which
is effectively equal to zero. Therefore, it seems that the light experiences
zero resistance, and propagates with an infinite phase velocity. The
wavelength of the light is nearly infinite.
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https://phys.org/tags/group+velocity/
https://phys.org/tags/light/
https://phys.org/tags/materials/
https://phys.org/tags/silicon+nitride/
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An electron microscope image of the top side of the fabricated metamaterial.
The silver and silicon nitride layers are clearly visible as bright and dark bands
respectively. The top surface of the metamaterial is polished using an ion beam
to remove excess silver. Credit: Fundamental Research on Matter (FOM)

The researchers fabricated this material using focused ion beam milling,
a technique that allows control over the structure of a material on the
nanoscale. With a specially built interferometer it was shown that light
indeed propagates through the metamaterial with no significant change
of phase, corresponding to an almost infinite wavelength. This new
material may find applications in novel optical components or circuits
and the design of more efficient leds.

More information: Experimental realization of an epsilon-near-zero
metamaterial at visible wavelengths, DOL:
10.1038/NPHOTON.2013.256
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https://phys.org/tags/wavelength/
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http://dx.doi.org/10.1038/NPHOTON.2013.256
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