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PROBLEM
• Fabricated plasmonic nanostructures exhibit
roughness which can lead to deviations in its
colors and performance compared to those
predicted from simulations [1].
• Roughness occurring at nanometer size scales
can perturb surface plasmon resonances and
affect both the far- and near-field
electromagnetic field patterns associated with
the plasmonic structure.
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Visualize the effects of nano-scale
roughness sensitive on plasmonic
structural coloration using multi-scale
electrodynamic simulation and physically
based rendering.
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:surface height at position r
:sampling resolution of surface
:average root mean square (RMS)
:correlation length of roughness
in plane of film (x,y)
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• Capture the far-field bidirectional scattering
distribution (BSDF) of plasmonic nanostructures
(silver nanohole array) due to nano-scale roughness
using finite-difference time domain (FDTD)
simulations.
• Create physically based material model (.mdl) based
on the far-field BSDF and render the appearance
using modern PBR system.
• Analyze the color difference between smooth and
rough silver nanohole array by Delta E,
.

RELATED WORK
• Iridescence of Morpho butterfly wings [2], Elaphe
snake skin[3] and soap bubbles [4] had been model
and rendered using wave-optical physically based
rendering.
• Current PBR cannot capture structural color from
plasmonic nanostructures, as their color is governed
by electromagnetic interactions occurring at 10s
nanometers.
• New scattering model required a multi-scale
computational
model
that
incorporating
electrodynamic simulations and PBR to physically
describe the effect of nano-scale roughness on
structural coloration arising from plasmonic
nanostructures at life-scale.
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Normal-incidence reflectance and transmittance spectra of smooth and rough
(5 surface profile with identical vertical RMS = 2nm and correlation length =15nm)
silver nanohole array.

• Roughness decreases the reflectance of array cross
the visible spectrum by about 10% and increases
transmittance above 520nm by about 15%.
• These observations are consistent with previous
reports of enhanced surface plasmon coupling into
plasmons and associated transmission enhancement[6].
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