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Dielectric Mie Resonators

http://www.philiplaven.com/mieplot.htm
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THE ELECTRICAL CONSTANTS OF A MATERIAL LOADED WITH ;

magnetic activity (negative permeability) can be achieved:

First (Primary)
resonance is magneftic
for most materials;
Secondary is electric
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a is the radius of the sphere
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Metal vs Dielectric Resonators

Metallic Resonators Dielectric Resonators

Dielectric Resonators: Low loss displacement currents replace lossy conduction currents

Dielectric Resonators: More isotropic response can be achieved

Dielectric Resonators: no established processing techniques for high permittivity materials




Lowest Two Mie Resonances for Sphere & Cube
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Dielectric Resonator Materials for the Thermal IR

- PbTe and Te are best choices for
Thermal IR metamaterials (but Pb
is problematic) because of high n

* Measured n=5.1+i0.01 @ 10 ym

+ Selected BaF, as the substrate
due to its low permittivity and high
transparency from the visible o
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Fabrication of Cubic Dielectric Metamaterial

1. Deposition of Te on BaF,
2. Patterned using E-beam lithography

3. Etching \
Undercutting .4—

1. Spin photoresist (PMMA) on BaF,
2. E-beam lithography

3. Developer solution
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Multi-cycle Deposition-etch Process

BaF2
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Multi-cycle Deposition-etch Process

Reactive Ion Etch

polycrystalline grain structure morphology
with faceted grain surfaces

Dep-etch
cycles



Multi-cycle Deposition-etch Process

Dep-etch
cycles

1 time
deposition




"Won-cubic” shape resonator
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"Won-cubic” shape resonator—short cube

Dielectric Metamaterial with Same Volume

——1=1.45,H=1.45 pm/
——L=1.6, H=1.2 ym

—— 1 =1.7, H=1.05 um
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Transmission Spectra of Te metamaterial

No polarizer is needed

Tuning of electric and magnetic resonances

Overlap of electric and magnetic resonances (potentially for
achieving negative index material)

Transmission (a.u.)
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Summary

« Dielectric Mie resonator/metamaterial.
m
I _.-"'- ik, “
—

« Fabrication of Te cubic dielectric metamaterial
» Undercutting and pinch-off issues
> Multi-cycle of deposition-etching technique
> Non-cubic shape resonators

« Transmission spectra and potential applications
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