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Significant Accomplishments
Nanostructured metal can help to boost the performance of many
plasmonic devices (e.g., Surface Enhanced Raman Scattering
substrates, novel plasmonic nanosensors, etc.) by enhancing the
near-filed quantifies such as local electric field and optimizing the far-
field synthetic parameters such as the scattering, absorption or
extinction efficiencies.

• UQ-guided robust design of individual nanoparticles for the
optimization of near-field property (e.g., local field enhancement).

• Design of large-scale nanoparticle (Vogel Spiral) arrays for the
optimization of far-field properties (e.g., absorption and scattering).

• Direct inverse design may fail due to the uncertainty in the
nanofabrication process. However, consideration of uncertainty in
design process could be computationally expensive.

• Design of large-scale nanoparticle arrays requires an efficient
optimization algorithm to deal with the large number of degrees
of freedom.

UQ guided robust design:

Design of Vogel Spiral Arrays:Inverse design:

Challenges:

Uncertainty quantification
(UQ) tools and efficient
optimization algorithms
are applied to the design
of metallic nanoparticles.

Uncertain inputs   : 
shape parameters
(distributions)

electromagnetic 
solver (3D SIE)

Uncertain output   :
local field enhancement
(mean, variance)

Robust design:

Strategy (contd.)

Generalized polynomial chaos expansion

Global sensitivity analysis (identify “important” uncertain parameters) 

• Constructed over stochastic space of “important” parameters
• Used to approximate true mean and standard deviation

silver gold aluminum

 Robust design of individual particles (i.e., more robust)
silver gold aluminum

Compare to deterministic optimal designs 

Optimal designs of large-scale particles for absorption/scattering

silver

gold

aluminum

Design parameters: 
scaling factor

divergence angle
wavelength

electromagnetic 
solver (CDA)

Outputs:
absorption efficiency
scattering efficiency

Optimization algorithm (cyclic coordinate optimization)

• Develop UQ techniques to quantify uncertainty in design process.
• Apply UQ techniques and optimization tools to material designs of

interest to the Army.
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