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Supplementary Note 1: Comparison of color coverages between dual- and triple-nanofin 

metasurfaces  

Color coverages of dual- and the triple-nanofin metasurfaces are compared by plotting the 

resultant colors in the CIE colorspace (Fig. S1). The dual-nanofin metasurfaces cover about 

13.2% of the sRGB area (Fig. S1A). The triple-nanofin metasurfaces cover about 34.7% of the 

sRGB area (Fig. S1B), providing 2.63 times broader coverage than the dual-nanofins. Adding a 

nanofin provides one more degree of freedom to the unit cell parameters.  

 

 
Fig. S1: Color coverages depending on the number of nanofins. (A) The triple-nanofin 

metasurfaces cover almost one-third coverage of the sRGB area. (B) The dual-nanofin 

metasurfaces cover an area approximately 2.63 times smaller than the triple-ones. Each black dot 

represents the corresponding color when the lengths of nano fins are varied from 30 nm to 270 

nm. Incident light is x-linearly polarized. 
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Supplementary Note 2: Effect of geometrical parameters on the resonant wavelengths  

Reflectance spectra are affected by the geometrical parameters of the triple-nanofin structures. 

As w increases at l1 = l2 = l3 = 270 nm, the resonant wavelengths are red-shifted at both θ = 0° 

and θ = 90° (Fig. S2A). The resonant wavelengths are proportional to w. The reflection at θ = 

90° is near-zero when w is smaller than 50 nm. In similar ways, the resonant wavelengths are 

related to l under the condition of w = 50 nm (Fig. S2B). The resonant wavelength is red-shifted 

as the l increases at θ = 0°. In other words, the variation of l could support full-colors coverage 

including red, green, and blue; these triple-nanofin structures make a near-zero reflection at θ = 

90° in the entire space of l. 

 

 

Fig. S2: Effect of geometrical parameters on resonant frequencies. (A) Reflectance spectra for 

varying w of triple-nanofin metasurfaces with l1 = l2 = l3 = 270 nm (i) at θ = 0° and (ii) at θ = 

90°. (B) Reflectance spectra for varying l of triple-nanofin metasurfaces with w = 50 nm (i) at θ 

= 0° and (ii) at θ = 90°. 

 



 

4 

Supplementary Note 3: Discrepancy between simulations and experiments  

Discrepancy between simulations and experiments is due to fabrication defects. When the 

electron-beams from the electron-gun expose the photoresists, secondary and back-scattered 

electrons also expose them, resulting in enlarged, rounded profiles of the developed patterns. 

This is called the proximity effect. In the triple-nanofin structures, the exposed areas for each 

structure are affected by the adjacent nanofin lengths. Although the widths of each nanofin were 

designed to be the same, SEM images of the fabricated metasurfaces show that the center 

nanofin is enlarged (Fig. S3).  

 

Fig. S3: Scanning electron microscope images of the fabricated triple-nanofin metasurfaces. Top 

view of fabricated triple nanofins with (A) l1 = 30 nm, l2 = 270 nm, and l3 = 30 nm; and (B) l1 = 

210 nm, l2 = 270 nm, and l3 = 30 nm. w of each nanofin are designed to be the same (w = 50 nm), 

but the center nanofins are the larger. 

Additionally, our in-house measurement set-up may cause different structural colors with the 

simulation results. Tilted incident light from an object lens excites complex mode distribution in 

the triple-nanofins, broadening the peaks, and more light is scattered outside of the collecting 

cone from the imperfect shape of the triple-nanofins. 

 



 

5 

 Supplementary Note 4: Reflectance spectra under oblique incidence  

The triple-nanofin metasurfaces exhibit angular tolerance of resonances when the incident angle 

is from 0° to 10°. Reflectance spectra under the TE and TM polarization are calculated to obtain 

the angle dependency of the triple-nanofin metasurface with l1 = l2 = l3 = 270 nm (Fig. S4). A 

peak under TE illumination appears at 725 nm and becomes broader as the incident angle 

increases over 10° (Fig. S4A). In the case of TM illumination, the resonant wavelength is shifted 

or diminished as the incident angle is larger (Fig. S4B).  

 

Fig. S4: Reflectance spectra of the triple-nanofin metasurface with l1 = l2 = l3 = 270 nm under 

oblique incidence. (A) 2D reflectance colormap of the metasurface under the TE oblique 

incidence. (B) 2D reflectance colormap of triple-nanofin metasurface under the TM oblique 

incidence. 

 

 


