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How to Make a Lens
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Outline

1. Generalized law of reflection and refraction — planar meta-surfaces

2. 3D Metamaterial Atoms — unique coupling and scattering response

3. MPL Fabrication — 3D meta-films

4. Unique behaviors for 3D meta-atoms
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Planar V-Antennas
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Comparing Coupling Mechanisms

in Planar and Vertical Structures
Stacked
Planar
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Unique Coupling Mechanisms in

Vertical Structures

Horizontally Oriented Magnetic Dipole
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Membrane Projection Lithography

(MPL)

3D Micron-scale Fabrication

Approach
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Membrane Projection Lithography
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D. Bruce Burckel, Paul J. Resnick, Patrick S. Finnegan, Michael B. Sinclair and Paul S. Davids "Micrometer-scale
fabrication of complex three dimensional lattice+basis structures in silicon," Optical Materials Express, 5, 2231-2239,
(2015).
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2-D Lattice + Basis
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Vertical Back-To-Back

Wire Grid Polarizers
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Planar and Vertical Wire Grid

Polarizer Geometries
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Vertical Split Ring Resonators
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Cubic Unit Cells with 1-SRR

and 2-SRR Bases
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D. Bruce Burckel, Salvatore Campione, Paul S. Davids, and Michael B. Sinclair, "Three dimensional
metafilms with dual channel unit cells," Applied Physics Letters, 110, 143107, (2017).
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Comparing Planar CWPs to

Vertically Oriented CWPs
E
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Truly 3D Meta-atoms -

Chevrons
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IL 3D Chevrons
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Improved Removal from Wall
Tops — Ge zipper layer
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Summary

1. Membrane projection lithography is a versatile fabrication
approach capable of fabricating a wide range of 3D metamaterial
structures in CMOS compatible material systems.

2 Vertically oriented inclusions demonstrate coupling behaviors
which cannot be duplicated by planar structures.

3 Even though CWP and SRRs have been studied for more than
10 Years, there are still subtleties to their scattering behavior
which will impact how they perform in next-generation 3D
metamaterial components.
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