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Metamaterials

4

From Greek fieta-" - "beyond”

Materials with the characteristics beyond that of common
materials.

The term Is applied to materials with very unusual properties.
For example, to materials with negative refraction index.

They are called also “negative materials” or “left-handed
materials” (LHM).




Metamaterials
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AJIERTPO,IMHAMUHKA BEIECTB C OAHOBPEMEHHO
OTPUIIATE IbHBIMI 3HAYEHNAMHU € 11 [
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Jwanenrtpuyeckas TPOHNIAEMOCTh & I MAaCHUTHAsS NPOHHIIAGMOCTH [
SABJIAIOTCS OCHOBHAIMH XaPAaKTEPHCTHKAMH, KOTOPHIE ONPEIENAT pacupocTpa-
HEeHIe AJIeKTPOMATHHTHBIX ROJH B BEIIeCTRE. JTO CBA3AHO € TeM, YTO OHHU
SIBJAIOTCA eTUHCTBEHHBNMI IapaMeTpPaMu BemecTBa, BXOJAMIIMH B AuCIep-
CUOHHOEe ypaBHeHne
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Refractive index ISREI"
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Energy flux
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Refraction and Snell’s law
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Practical realization in microwave frequency range

LI

Figure 1. Metamaterials can be designed to create negative
refraction. (a) In this example of a metamaterial used in
microwave experiments, unit cells consist of a split-ring

resonator and a wire spanning the cell, just visible on the
reverse of the supporting sheets. (b) Schematic variation of
e (green) and u (blue) with frequency. The shaded green
and blue bands denote negative regions for £ and u, re-
spectively. (c) The transmitted power spectra'® for a meta-
material of cut wires (green), a metamaterial of split ring
resonators (blue), and a metamaterial combining wires and
split-ring resonators (red). The yellow band, corresponding
to the red curve’s transmission window, indicates the region
of negative refractive index.
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Theory of operation
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But instead ofe =-1 and u =-1 we
can write e=exp(it) and p =exp(ir)

Then
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Experimental
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Simulation

Simulation of negative
refraction in a photonic
crystal: The incident beam
s refracted to the "wrong”
side inside the slab.
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Microscopic image and schematic of measurement




Results of measurements

Frequency (THz)
2050 235 220 205 190

Index of refraction

1,400 1,600
Wavelength (hm)
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Fig. 1. Negative refraction in bulk metamaterial at visible frequencies. (A) (Left
Schematic of negative refraction from air into the silver nanowire metamaterials.




