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Structural coloration offers vibrant, non-fading coloration by manipulating light 
using sub-wavelength structures, offering a promising alternative to pigmentary 
coloration in some applications [1-3]. Precision and scalability of patterning and 
color printing are essential to realizing its promise [3]. In this context, we 
introduce a closed-loop design method incorporating simulation, image 
processing and data preparation to facilitate the printing of large scale, arbitrary 
color images with structural colors in various metasurface nanostructures, using 
metal-insulator-metal (MIM) configurations as a primary example. 
 
Our approach employs a finite-difference time-domain (FDTD) simulation 
process using ANSYS Lumerical to generate visible spectra from various MIM 
structures. Through a MATLAB script, the spectra are converted into an RGB 
color map, showing their visual appearance. This translation creates a detailed 
color reference for selecting appropriate MIM structures for specific colors in 
large-scale printing. Following this, the chosen structures are applied to an 
arbitrary color image through a sequence of image processing and data 
preparation steps using Python scripting. First, the image is segmented with a 
manageable number of colors using the k-means clustering algorithm, and then a 
series of processes are applied with GenISys Beamer to impose the previously 
simulated structures on the defined areas. The output of this workflow, a 
prepared data file, can be readily executed in EBL, coupled with several 
nanofabrication steps, to print the final color patterns. The successful fabrication 
of centimeter-scale color patterns with MIM metasurfaces demonstrates the 
capability of the proposed strategy in producing a broad range of structural 
colors across the visible spectrum and printing any color image on a relatively 
large scale in a fully programmatic and closed-loop process. 
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Figure 1: (a) SEM image of the 90 nm nanodot array; (b) Fabricated Al-Al2O3-
Al metasurfaces in three-by-four square nanodot arrays for color calibration, 
each array featuring a distinct nanodot diameter ranging from 90 nm to 200 nm 
with a fixed periodicity of 280 nm. 
 
  

 
Figure 2: (a) Ansys Lumerical simulated spectra of Al-Al2O3-Al metasurfaces 
with nanodot diameter ranging from 90 nm to 200 nm with a fixed periodicity of 
280 nm; (b) RGB colors translated from the simulated spectra; (c) Chromaticity 
diagram of the simulated colors. 

 


