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Supplementary Figure 1. Experimental spectral analysis plots for elliptical pixels with varying 

Lx were measured using a UV-visible-NIR microspectrophotometer (CRAIC Technology Inc.).  

The plots show the reflection spectra for pixels illuminated under (a) y and (b) x-polarised light 

for Ly = 190 nm, 150 nm, 100 nm. For each plot,  Lx = 100 - 190 nm in 10 nm increment where 

arrows indicate increasing Lx. The minimal shift in reflection spectra, and hence, minute 

variations in colour (with some changes in tone) is evident in Supplementary Figure 1a for 

increasing Lx under y-polarised illumination. Tonal differences, rather than actual colour changes 

are observed for Ly variations under x-polarised illumination (Supplementary Figure 1b). These 

trends are confirmed in the corresponding optical images of the generated colours as shown 

beside each spectra plot. In addition, as anticipated, the respective spectra exhibit peaks and dips 

(resonances) that can be tuned across the visible spectrum by varying the physical dimensions of 

the ellipses. 
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Supplementary Figure 2. Electric field enhancement plots for elliptical (Ly = 190 nm, Lx = 100, 

130, 160, 190 nm) and coupled nanosquare (w = 95 nm, g = 25, 40, 65, 80 nm) pixels. The 

electric field enhancement (a – d) is calculated as electric field (E) normalised to the incident 

field (Einc). Plane wave illumination is incident from above in the z-direction. The electric field 

enhancement in the ellipses varies minimally in intensity with increasing Lx when light is 

polarised along the y-axis. This is manifested as subtle tonal changes of the respective pixels in 

the colour palette.  In contrast, when light is polarised along the x-axis, distinctly different 

colours are observed alongside changes in the electric field enhancement plots. Strong electric 

field enhancement at the periphery of the ellipses occurs for this polarisation where enhancement 

is stronger for the increasingly elliptical geometries rather than the symmetric geometries. The 

evolution of the electric field enhancement around the coupled nanosquares for w = 95 nm and 

gap widths ranging from g = 25 - 80 nm is shown in Supplementary Figure 2c and 2d. Coupling 

within the dimers increases for decreasing gap width sizes (i.e. towards g = 25 nm). At g = 80 

nm, the behaviour of the electric field around the dimers strongly corresponds to that of single, 

isolated square nanostructures that are independent to incident polarisation. The electric field 

around the dimers is invariant for the orthogonal polarisation, which is indicative of colour 

generation that is independent to gap width size variation.  
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Supplementary Figure 3. Tolerance of pixels to edge roughness and fabrication imperfections.  

Figure 3 shows optical microprints of a square and a cross printed onto the same area using 

elliptical pixels polarised along the x and y-axes to assess the tolerance of our colour pixels to 

fabrication errors introduced during the lithography step. One microprint (Supplementary Figure 

3a) was fabricated as per normal with smooth edges; a second microprint with identical design 

parameters (nanostructure dimensions, periodicity) was deliberately fabricated with rough edges 

around the periphery of the nanostructures (Supplementary Figure 3b). The edge roughness led 

to an undesirable colour change from the intended design colour, as well as an increased 

variability of colour as a result of nanostructure size fluctuations. In spite of these colour 

changes, we note that the polarisation properties in the pixels are still preserved where each 

image is only revealed under the designed polarisation. Scale bars: 20 µm (optical) and 200 nm 

(SEM). 
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Supplementary Figure 4. Optical micrographs for elliptical pixels with varying dimensions Lx 

and Ly under off-normal illuminations. Optical images of the right edge of the colour palette 

illuminated under y and x-polarised light at (a) normal incidence, and with the sample titled at (b) 

10°; (c) 15°; (d) 20°; (e) 25°. Each 8 µm × 8 µm pixel array was spaced 1 µm away from the 

neighbouring pixel and comprised a square lattice of 20 × 20 nanoposts with period d = 400 nm. 

(Ly = 190 nm, Lx = 100 nm). Each of the columns in the tilted palette was imaged individually 

and stitched together during postprocessing to achieve a sharp, focused image. The images reveal 

that no visible colour changes occur for tilt angles smaller than 20°, and changes in the generated 

colour can gradually be observed for tilt angles larger than 25°. This is expected given the large 

pitch (400 nm) of the pixels employed here. For pixels with smaller periodicities, i.e. smaller 

than 400 nm, angle-insensitive colours can be anticipated.  

 


