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All of the optimal parameters were investigated by using FDTD method 

with the software CST studio suite 2020, including the grating radius, grating 

width, and metal film thickness. The refractive index of aluminum film was set 

as 0.385+4.30i. The simulation results were shown in Figure S1-S3. 

 



 

 

Figure S1. Simulation results of electric field intensity of bowtie aperture at 15 nm for 
different Al metal film thicknesses. 

 
Figure S2. Simulation results of electric field intensity of bowtie aperture at 15 nm for 

different grating radius. 

 
Figure S3. Simulation results of electric field intensity of bowtie aperture at 15 nm for 

different grating widths. 



 

 

 
Figure S4. Designs of plasmonic lens (PL) structures and simulation results. Two 

cases of PL designs are shown here for comparison, including: (a) 40-nm diameter 
circular aperture with ring grating and an additional outer ring reflector; (b) FDTD 

simulation results of (a); (c) bowtie-shaped aperture with ring grating and an 
additional outer ring reflector, the optimal parameters of bowtie aperture are a = 160 
nm, b = 120 nm, c = 20 nm, w = 20 nm; (d) FDTD simulation results of (c); both scale 

bars are 500 nm. 

 
Figure S5. Designs of plasmonic lens (PL) structures and simulation results. Two 

cases of PL designs are shown here for comparison, including: (a) 40-nm diameter 
circular aperture with semicircular asymmetrical gratings; (b) simulated 2D 

electromagnetic field distribution of (a); (c) bowtie-shaped aperture with semicircular 
asymmetrical gratings, the optimal parameters of bowtie aperture are a = 160 nm, b = 



 

 

120 nm, c = 20 nm, w = 20 nm; (d) simulated 2D electromagnetic field distribution of 
(c); both scale bars are 500 nm. 

 


