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ABSTRACT   

The surface plasmon polaritons (SPPs) is an electromagnetic wave that can be stimulated and then propagates over the 

surface of the preshaped metallic nanostructures or the interface between the surface of the metallic nanostructures and 

the substrate media due to a strong  coupling of incident light and the surface free-electrons moving on the metallic 

nanostructure surface with a featured micrometer scale. As shown, through SPPs, incident light energy can be localized 

effectively in a sub-wavelength region or space, and thus so-called light diffraction limit can be break through easily. 

Therefore, it has demonstrated a good prospects for developing advanced functioned materials or devices such as light 

absorbing materials, optical antennas, and optical information storage modules. In this paper, we propose a special 

metallic nanostructures, which can be used to absorb a certain band of incident light by converting them into a kind of 

local free-electron oscillation, which means that SPPs can be generated and processed efficiently. As shown, the metallic 

nanostructures will present a lower reflectivity in the wavelength range, and through adjusting several key parameters 

such as the period of the metallic nanostructures, we can achieve an effective control of reflectivity because a valley of 

the reflectivity curve can be formed, which means a low reflectance at a specific wavelength band has been obtained. 
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1. INTRODUCTION  

The surface plasmon polaritons (SPPs), which collectively resonate as dielectrics and metallic nanostructures surface 

electrons, couple with electromagnetic waves to form a polarized wave that is spread locally in the metallic 

nanostructures and medium interfaces, and its intensity decays exponentially with distance from the interface[1].And the 

development of plasmonics and metamaterials[2-4] in recent years has driven the birth of a series of new functional 

devices such as subwavelength waveguides[4,5], optical nano-antennas[6,7], hyper-lenses[8], hyperbolic lenses[9], optical 

concentrators[10], etc., have wide application prospects in many fields such as communication technology, biochemical 

detection, medical imaging, military stealthy design, nano-lasers, and solar cells. 

2. METALLIC NANOSTRUCTURES DESIGN 

The required metallic nanostructure shown in Figure 1 has been designed by us: the star-shaped. 



 

 
 

 

 

 

 

Figure 1. Periodic metal pattern 

3. SIMULATION AND ANALYSIS 

Our selected electromagnetic simulation software CST Microwave Studio (MWS). Simulation design of the metal micro-

nano structure parameters shown in Figure 2. 

 

Figure 2. Metallic nanostructures parameters 

When we fix D=400 nm, d=50 nm, and incident light angle θ=45°, When the metal film thickness h changes, the 

reflectance of the metal micro-nano structure changes as shown in Figure 3. 
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Angle of incidence θ: 35-55° 

Frequency: 0.1-100 THz 

Metal film thickness h: 60-100 nm 
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Figure 3. Reflectance curve at different metal film thickness 

From the simulation results, it can be seen that when the thickness of the metal film is continuously reduced, the 

frequency corresponding to the reflectance trough has a red-shift, and the corresponding reflectance of the trough also 

decreases continuously. Decrease from the corresponding 0.478 at 100 nm to the corresponding 0.162 at 60 nm 

From the simulation results above, we can see that when the thickness h is 60 nm, the result is better, so the thickness of 

the fixed metal film h is 60 nm. When we change ‘d’, the reflectance of the metal micro-nano structure changes as shown 

in Figure 4. 

 

Figure 4. Reflectance curve at different margin conditions 

From the above figure, we can see that when the margin is continuously decreasing, the frequency corresponding to the 

reflectance trough is red-shifted, but the minimum reflectivity decreases first and then increases. Decrease from 0.105 at 

10 nm to 0.006 at 20 nm, then to 0.162 at 50 nm. This parameter may be related to the duty cycle of the graph. 

From the above simulation results, it can be seen that when d=20 nm, the result is better, so the fixed d=20 nm. When the 

angle of incident light is changed, the reflectance curve of the metal micro-nano structure changes as shown in the figure 

5. 



 

 
 

 

 

 

 

Figure 5. Reflectance curves at different incident angles 

From the simulation results, it can be seen that when the incident angle decreases, the effect of changing the margin is 

the same, the frequency corresponding to the reflectance trough has a red shift, but the minimum reflectivity decreases 

first and then increases. Decrease from 0.106 at 55 degrees to 0.006 at 45 degrees and 0.08 at 35 degrees. It can be seen 

that changes in the incident angle range have little effect on reflectivity. 
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