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1.3D Metafilm Fabrication via membrane 
projection lithography (MPL)

2.Periodically modulated dielectric matrix – 
photonic crystal slab modes

3.Coupling between plasmonic resonances 
and photonic crystal slab modes
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Lithography
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Polymer-Based Membrane Projection Lithography 
(2009)
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Sources of MPL Pattern Distortion
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CMOS Compatible MPL (2015)6
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3D micron-scale Metamaterials7
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Wall-First Membrane Projection Lithography 
Process Flow (2020)8
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Process Flow Snapshot 
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Decorated Unit Cells – 3D Metafilms
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Photonic Crystal Slab 
Modes
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Analyzing the Scattering Spectrum : Empty 
Boxes
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Analyzing the Scattering Spectrum: Empty Boxes
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Coupling between Photonic 
Crystal Slab Modes and 

3D Plasmonic Meta-atoms
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Decorating with plasmonic meta-atoms15
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Polarization in 3D Metafilms
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Transparent Polarization
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Ellipses on the Floor
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Resonant Polarization
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1. Wall-first membrane projection lithography fabrication approach is a 
robust method for creation of infrared 3D metafilms

2. 3D metafilms combine and couple photonic crystal slab modes and 
plasmonic particle modes

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

4. 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

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