
P R E S E N T E D  B Y

Optimization and Prediction of 
Spectral Response of Metasurfaces 

Using Artificial Intelligence

  Sandia National Laboratories, Albuquerque, NM, 
USA

Abigai l  Pribisova, Raktim Sarma, Michael 
Goldf lam,  Emily Donahue, Sylvain Gennaro, 
Jeremy Wright, Igal Brener, Jayson Briscoe

This work was supported by the U.S. Department of Energy, Office of Basic Energy Sciences, Division of Materials Sciences and Engineering and performed,  in 
part, at the Center for Integrated Nanotechnologies, an Office of Science User Facility operated for the U.S. Department of Energy (DOE) Office of Science. Sandia 
National  Laboratories  is a multi-mission  laboratory managed and operated by National Technology and 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. This 
presentation  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. 

SAND2021-5698C



2

Metamaterials and Metasurfaces

Man-made “atoms” : Metamaterials

In metamaterials, optical properties are determined by the configuration and properties of the meta-atoms. 

Metasurfaces are planar (2D) equivalents of metamaterials. 
 

Metasurfaces

Ref. : Neshev & Aharonovich, Light : Science & Applications 7 
(58), 2018. 
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Optimization Using Genetic Algorithms

1.2 1.4 1.6 1.8

0.1

0.2

0.3

0.4

0.5

0.6

R
ef

le
ct

io
n

Wavelength (µm)



OUTPUT

Ab
so

rp
tio

n

Wavelength

INPUT

1 14

14

1

32

14
64

64
128

7
4

2
11

0 20 40 60 80
Number of Epochs

0.2

0.4

0.6

0.8

Tr
ai

ni
ng

 L
os

s

0 20 40 60 80
Number of Epochs

0.2

0.4

0.6

0.8

Va
lid

at
io

n 
Lo

ss

Prediction Using Convolutional Neural Networks



Index

Ab
so

rp
tio

n 
Sp

ec
tru

m

0 2 4 6 8 10

0.1
0.2

0.7

0.6

0.5

0.4

0.3

Actual
Predicted

Prediction Using Convolutional Neural Networks

CNNs could accurately predict the absorption spectrum of metasurfaces not included in training 
data set.



Summary 
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• We used genetic algorithms (GAs) to optimize the absorption spectra of 
plasmonic metasurfaces. 
• The experimental results agree well with the GA optimization.

• Using a CNN, we were able to predict the spectra of metasurfaces not included 
in the training data set. 

• The optimization of absorption using metasurfaces is our first step in designing 
high-efficiency hot electron detectors. 


