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Research Area Strategy (contd.) Significant Accomplishments

Nanostructured metal can help to boost the performance of many  Ropust design: T = argmax F(g(I')) — Bo(g(T)) B >0 » Robust design of individual patrticles (i.e., more robust)
plasmonic devices (e.g., Surface Enhanced Raman Scattering P , silver I aluminum
substrates, novel plasmonic nanosensors, etc.) by enhancing the > Global sensitivity analysis (identify “important” uncertain parameters) _ Y NG
near-filed quantifies such as local electric field and optimizing the far- R o - T o o
: : : : 151 | 0.15 | 15 : — = | B
field synthetic parameters such as the scattering, absorption or - silver gold aluminum o R
extinction efficiencies. Incident light S e £ o £ g o BESS T om A O Ay

_ . _ Raman scattering light s 3 3 B Co. . . . 0 x[nm]
Uncertainty gquantification ‘ s ¢ 2 008 s 3005 Compare to deterministic optimal designs
(UQ) tools and efficient SRR %7 . » e
optimization  algorithms Rastataste: < OO O @ 1 @ 4] ] R IR o M) o

. . s A P 2 3 T 0 1’ E 0 %
are applied to the design Ty . . . o] G / Sy
of metallic nanoparticles. » Generalized polynomial chaos expansion » "

- 1% 7 10 - 0 ythm NS 0
 Constructed over stochastic space of “important” parameters ftom) 0 " xinm) 0y D xiom)

Goals  Used to approximate true mean and standard deviation > Optimal designs of large-scale particles for absorption/scattering
25 30- (a)
o _ . . . . . . 20 \ 10-— ST “,\ 368.3071 nm
UQ_ gglde_d robust c_IeS|gn of Individual na_mopartlcles for the B \ ol & . ) oo 1ot //%\m)))
optimization of near-field property (e.g., local field enhancement). 3 £ ol G @ /f*@gj
' ' ' - 1 10. - ) tgs, @ ((QKK&?
 Design of large-scale nanoparticle (Vogel Spiral) arrays for the 5 . .| i O
optimization of far-field properties (e.g., absorption and scattering). g ol ] |
T80
80 Hg—— '/'\':'1:?8801!“1'“' 1000 10000
Current State and Challenges
?
Inverse design: Constraints Design of Vogel Spiral Arrays: | @)
T Design parameters: Outon 5 @ o | -
. : Imization algorithm i . 1.5F . A = 51441 nm c A = 226.752 nm
Dbjective function Searen space " settings. scaling factor electromagnetic SPHS, 145 @’ 'l
- — — | absorption efficienQabs T e e Qg0 To00 16000
dlvergence angle SO|V€I’ (CDA) Scattenn eﬂ;ICIenQ 145 — Qfaggt}tll' 000 16000 Number of Particles
wavelength 9 SC o " o eswstm
Stopping N ml;
Optimization criterion Results ) o _ _ _ _ o _ or 0.75% = 537.13 nm
met 7 » Optimization algorithm (cyclic coordinate optimization) 1
L. ‘. .....
l Call . . . . . = | o 0.5 ®- .. e
Algorithm 1. cyclic coordinate optimization Aluminum 7 @ﬁ;—\\
SOlVGI’ Of the direct . 6; 0.25F A = 527.6226 nm -ws &/w\
Ch al I en g es: electromagnetic problem Set the number of partlcles N _ A = 537.3609 nm\‘:-//)> |
. . . . . . Initialization of design variable X(©) s.t. d > 75 3000 qo00 160000 Q000 000 10000
 Direct inverse design may fall due to the uncertainty in the P 1 Fimbermihanicies Number of Particles
nanofabrication process. However, consideration of uncertainty in j1 ; :
design process could be computationally expensive. Compute objective function with initialized variables f/ Future Directions
 Design of large-scale nanoparticle arrays requires an efficient e + 10° . . L .

Y . . :  Devel techni t ntify uncertainty In ign pr .
optimization algorithm to deal with the large number of degrees whilee > e¢and 2 > ¢ do evelop UQ ec- qHes 1o qug _wl_J certainty desg P o?ess
of freedom. while: <2N +1do | | | « Apply UQ techniques and optimization tools to material designs of

x’g ¢ argmin, f (x’l, .., xﬁ_l,az, xg}, ...,le_vlﬂ) Interest to the Army.
Strategy i it1
UQ guided robust design: Computing design parameters variation within a cycle: V <« Publ|cat|0ns
xnew _ Xold

Uncertain inputs : I
shape parameters
(distributions)

Uncertain output : @
local field enhancement
(mean, variance)

electromagnetic
solver (3D SIE)
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