
Sandia National Laboratories is a 
multimission laboratory managed 

and operated by National Technology 
& Engineering Solutions of Sandia, 
LLC, a wholly owned subsidiary of 

Honeywell International Inc., for the 
U.S. Department of Energy’s National 
Nuclear Security Administration under 

contract DE-NA0003525.

Fabrication and Characterization of 
Large Area Plasmonic Metasurface 

Lenses

SAND2022-7216 C

Katherine M.  Musick and D.  Bruce Burckel

dbburck@sandia.gov

Frontiers in Optics 2022

Rochester, NY

October 17, 2022

SAND2022-14231CThis paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed in
the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, a wholly owned
subsidiary of Honeywell International Inc., for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-NA0003525.



Outline

2

1.Lenses

2.Membrane Projection Lithography

3.Genetic Algorithm Design

4.Metal-dependent Defects

5.Preliminary Lens Characterization



Lenses



Creating Lenses4
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Creating Lenses Using a Metasurface6



Membrane Projection 
Lithography

DB Burckel et. al., “Micrometer-scale cubic unit cell 3D metamaterials” 
Adv. Mater. 22 5053-5057 (2010).



Wall-First Membrane Projection Lithography 
Process Flow (2020)8
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Polymer-Based Membrane Projection Lithography (2009)9

DB Burckel et. al., “Micrometer-scale cubic unit cell 3D metamaterials” Adv. Mater. 22 5053-5057 (2010).



CMOS Compatible MPL (2015)10

DB Burckel et. al., “Micrometer-scale fabrication of complex 3D lattice + basis structures in silicon” 
Opt Mat.. Exp. 10 , 2231-2239 (2015).



3D micron-scale Metamaterials11

Any In-plane Lattice

DB Burckel et. al., “Micrometer-scale fabrication of complex 3D lattice + basis structures in silicon”
Opt Mat.. Exp. 10 , 2231-2239 (2015).



Sources of MPL Pattern Distortion

DB Burckel et. al., “Micrometer-scale cubic unit cell 3D metamaterials” Adv. Mater. 22 5053-5057 (2010).



Process Flow Snapshot SEMs
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DB Burckel et. al., “Coupling between plasmonic and photonic crystal modes in suspended three-dimensional meta-films” 
Opt. Exp. 28 (8), 10836-10846 (2020).



Decorated Unit Cells – 3D Metafilms
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DB Burckel et. al., “Coupling between plasmonic and photonic crystal modes in suspended three-dimensional meta-films” 
Opt. Exp. 28 (8), 10836-10846 (2020).



Genetic Algorithm Unit 
Cell Design
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Genetic Algorithm Design of Phase Structures

Optimization can be performed 
by pixelating the wall or the 
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Design of Asymmetric Transmission Metasurface17



Membrane patterns prior to evaporationPhase Elements from Penn State
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Metal-dependent Defects



Houston, we have a problem,…
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Metal Choice Affects Meta-atom Shape
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Pattern fidelity vs melting point
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Preliminary Characterization of 2-color 
MPL – Metasurface Lens
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Preliminary Characterization of 1-color MPL – Metasurface Lens
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Photonic Crystal Slab 
Modes

DB Burckel et. al., “Coupling between plasmonic and photonic crystal modes in suspended three-dimensional meta-films” 
Opt. Exp. 28 (8), 10836-10846 (2020).



Analyzing the Scattering Spectrum : Empty Boxes26
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DB Burckel et. al., “Coupling between plasmonic and photonic crystal modes in suspended three-dimensional meta-films” Opt. Exp. 28 (8), 10836-10846 
(2020).



Analyzing the Scattering Spectrum: Empty Boxes
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DB Burckel et. al., “Coupling between plasmonic and photonic crystal modes in suspended three-dimensional meta-films” Opt. Exp. 28 (8), 10836-10846 
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Coupling between Photonic 
Crystal Slab Modes and 

3D Plasmonic Meta-atoms

DB Burckel et. al., “Coupling between plasmonic and photonic crystal modes in suspended three-dimensional meta-films” Opt. Exp. 28 (8), 10836-10846 
(2020).



Decorating with plasmonic meta-atoms29
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DB Burckel et. al., “Coupling between plasmonic and photonic crystal modes in suspended three-dimensional meta-films” 
Opt. Exp. 28 (8), 10836-10846 (2020).



Polarization in 3D Metafilms
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Transparent Polarization

DB Burckel et. al., “Coupling between plasmonic and photonic crystal modes in suspended three-dimensional meta-films” 
Opt. Exp. 28 (8), 10836-10846 (2020).
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Ellipses on the Floor
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Opt. Exp. 28 (8), 10836-10846 (2020).



Resonant Polarization
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Conclusions34

1. Wall-first membrane projection lithography fabrication approach is a robust method 
for creation of infrared 3D metafilms

2. 3D metafilms can be used to create macroscopic lenses with unique characteristics 
due to their geometry.

3. 3D metafilms combine and couple photonic crystal slab modes and plasmonic particle 
modes

4. Planar ellipses on the floor respond to both incident polarizations

5. Vertical ellipses exhibit a resonant response to linear polarization with e-field in the 
plane of the ellipse, while being largely transparent to the orthogonal polarization

6. Retardation effects broaden the spectral width of resonances for vertically oriented 
ellipses.
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