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Abstract:  Structural colors are generated from nanoscale features of various materials due either to interference 
or optical resonance effects. The ability to achieve a wide range of colors by simply tuning geometric properties 
opens fascinating opportunities to the nanoengineer or nanoscientist to design colors using material properties, 
and nanostructure geometry as input parameters. This physical approach contrasts with the chemical approach for 
synthesizing pigments and dyes, where colors arise due to optical absorption. Using semiconductor fabrication 
methods, 2D structures based on metals and high index dielectrics have been realized, e.g. nanodisks, ellipses, 
etc. defined with electron-beam lithography and vacuum deposition methods.  

Recently, we extended the generation of structural colors from 3D nanostructures created using two-photon 
polymerization lithography (TPL). The use of TPL, an additive manufacturing process with sub-micron print 
resolutions, to produce structures for optical effect is a relatively new endeavor. We have previously shown the 
fabrication of nanopillars, gratings, mesh-like, and wood-pile photonic crystal structures that appear colorful 
under white-light illumination.  

We now demonstrate the integration of these structural colors with other micro-optical elements, such as 
microlenses and spiral phase plates. Equipped with TPL as a nanoscale 3D printer, structural color geometries are 
conveniently integrated in a single print run with other user-defined optics. Doing so enables one to produce 
structured light from incoherent light sources, holographic color prints, and control of the light-field for 3D 
representation. We will discuss the use of structural colors combined with micro-optics for enhanced information 
content and optical security. 
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