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Metamaterials provide the ability to design materials properties to meet the unique needs of applications 

beyond what is possible with conventional materials. From spatially tailored dielectrics to tunable, dynamic 
material properties and unique nonlinear behavior, these systems offer tremendous flexibility to application 
engineers. In this presentation, we focus on studying the nonlinear properties of plasmonic and metamaterial 
systems where the careful balance of multipolar components allows for control of linear and nonlinear 
scattering cross sections and directionality, and on characterizing the nonlinearities of component materials. 
Nonlinearity in the component materials can enable controllable nonlinear excitation of multipoles leading to 
enhancement, suppression, directional control of nonlinear generation (as diagramed to the left), and 

nonreciprocal response. The overall system response is dictated by the 
design of the plasmonic dimer, i.e. the thicknesses and size of metallic and 
spacer components, and the design process is enabled by tools we have 
developed to retrieve dimer polarizabilities. These effects arise due to the 
nonlinear response of the component materials and we are actively pursuing 
novel materials systems and growth procedures to produce structures with 
controlled response. A significant part of this work focuses on the 
characterization of time resolved nonlinear response in plasmonic and 
dielectric materials. We employ the beam deflection method to measure the 

nonlinear refraction and absorption of thin films. Beam deflection is a pump probe technique which offers 
extreme sensitivity to nonlinear response in materials. This allows us to measure the response of films at the 
dimensions relevant to our dimer designs deposited using the same techniques and reveal thickness and process 
dependent changes in the properties of nonlinear materials.  

 
Graphene is a challenging 
material to measure and is 
among the materials of interest 
due to its unique properties such 
as high thermal conductivity, 
damage threshold, optical 
nonlinearity, and broadband 
saturable absorption. These 
characteristics are useful in designing nonlinear response from structured materials. The understanding of the 
time dynamics of the mechanisms is relevant to the design process and of interest to the community. In this 
work we present nonlinear refraction, 𝑛𝑛𝑛𝑛2, and nonlinear absorption, 𝛼𝛼𝛼𝛼2, measurements taken by the Beam 
Deflection (BD) technique of several plasmonic and dielectric materials, including Graphene shown above, in 
order to determine the response mechanisms and their associated parameters and the impact on their potential 
use in nonlinear plasmonics. 


