
 

 

  
Abstract— We numerically presented and analyzed a new 

perfect frequency selective surface (FSS) metamaterial absorber 
(MA) based on resonator with dielectric configuration for terahertz 
frequency ranges. Proposed FSS MA has features of simple 
configuration and easy fabrication. Also, it introduces flexibility to 
adjust its FSS metamaterial (MTM) properties and easily re-scale the 
model for various other frequencies. Moreover, numerical 
simulations verify that the FSS MAs could achieve very high 
absorption at wide different all polarization angles. The proposed 
FSS MAs and its variations enable myriad potential application areas 
in defend systems, communication, stealth technologies, and so on. 
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I. INTRODUCTION 

TMs are artificially created electromagnetic (EM) 
materials have gained great attention of science 

community. Since, MTMs show specific EM features not 
ordinarily encountered in nature such as negative refractive 
index [20, 12, 31, 5, 6]. Also, MTMs are manmade and have 
many potential application areas for example cloaking [3], 
absorber [8], super lens [10], sensing [26], antenna [22], and 
so on [9, 21, 25, 29, 1, 19, 14, 4].  

Nowadays, the concept of MA studies has gained attention 
by the scientists who study on MTMs. There are many MA 
studies in literature. These studies are commonly realized on 
microwave regime. However, researchers studied on also 
ranges of THz and infrared frequency in last few years. Some 
of these are broadband terahertz absorber [13], multi-band 
THz MA [11], polarization-independent plasmonic absorber 
[7], broadband MA [24].   
We considered and analyzed on the MA studies in literature. 
Unlike the others, we presented perfect FSS MA that operates 
in terahertz frequency ranges and has easy fabrication 
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techniques. Also, we are investigated with respect to 
dependency on polarization angles of the suggested model. 
Moreover, the proposed FSS MA model has comfortable 
configuration and can easily be re-scaled for other 
frequencies. The proposed FSS MA and its variations enable 
numberless potential applications in medical technologies, 
sensors, wireless communication, and so on. 

II. THEORETICAL APPROACH 

The frequency response of absorption is defined as A(ω)=1-
R(ω)-T(ω), where A(ω), R(ω) and T(ω) are the absorption, 
reflectance and transmittance, respectively. A(ω) comes from 
minimizing either reflectivity R(ω)=|S11 |2 and transmission 
T(ω)=|S21 |

2 at an specified frequency range. 
Reflectivity can be reduced (near-zero) when the effective 

permittivity )(~ ωε and permeability )(~ ωµ  have the same 

value. It is possible to absorb both the incident electric and 
magnetic field t (ω) and 

)(~ ωµ . They can be manipulated to create high absorption. 

Absorbers minimize the reflection and transmission 
coefficients of incident waves at a certain frequency range due 
to the impedance matching [8]. In the resonance condition, the 
effective impedance ( )21)(~/)(~)( izzZ +== ωεωµω  have 

to match with the free space impedance Z(ω)=Z0(ω) and 
therefore, the reflection is minimized [16, 5, 23, 24, 18, 9]. 

III. NUMERICAL STUDY, RESULTS, AND DISCUSSION 

Proposed FSS MA design is based on square and 
rectangular-shaped inclusions. The models consist of a 
resonator, metallic layer and dielectric substrate. Resonator 
and metallic layer are modelled as silver sheet with electrical 
conductivity of 6.3x107 S/m and thickness of 1 um. Silver is 
soft, white, lustrous transition metal and also possesses the 
highest electrical conductivity inside of metals. Also, it has 
extremely low resistivity. Resonator and metallic plate are 
separated by the Quartz (Fused)-dielectric substrate and 
placed parallel to each other. The thickness, loss tangent, 
relative permittivity and permeability of the Quartz (Fused) 
are 100 um, 0.0004, 3.75 and 1, respectively. Fig. 1 shows the 
structure designs with their dimensions. 
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Fig. 1 Dimensions of the suggested FSS MA for terahertz frequency 
range-a1= 360 um, a2=300 um, a3=80 um, a4=200 um, a5=40 um, 
a6=160 um 
 

We performed a commercial full-wave EM solver based on 
the finite integration technique for numerical studies of the 
periodic structure. So, we used the periodic boundary 
conditions with floquet port. Then, we numerically analyzed 
and compared results to obtain characteristics of the others 
FSS MA. The FSS MA shows perfect single band around 0.99 
THz in the reflection spectrum thus perfect single maxima in 
the absorption as shown in Fig. 2(a). The resonance is about 
99.98 %  in the simulation. As seen, the amplitude of the 
reflection is 0.01 at the resonance frequency in this case. 

In the next exploration, the effects of the polarization angle 
on the performance of the FSS MA are observed. Fig. 2(b) 
shows the frequency response of the absorption value for the 
stated process. To notice the shifts of the resonance frequency 
with respect to the polarization angle, wider frequency range 
is taken into consider as shown in Fig. 2(b). It can be seen that 
the proposed FSS MA provides very well absorption for 00, 
1200, 1500 and 900 with the absorptions of 88.11 %, 98.07 %, 
87.22 % and 99.98 %, respectively. The lowest absorption 
value is occurred around 1.05 THz as 46.95 % for 600 and the 
highest absorption is occurred around 0.99 THz as 99.98 % 
for 900. Although the suggested MA does not provide good 
polarization angle independency, it has good resonance with 
small shifts for all incident angles except for 600. 
 

 

 
Fig. 2 Proposed THz FSS MA, a) Simulated reflection and absorption 
for the proposed terahertz absorber, (b) Simulated results of the 
absorbing performance under different polarization angles for the 
case of normal incidence. 

 
 

IV. CONCLUSION 

In conclusion, THz FSS MA is presented. This proposed 
model shows perfect absorption and also it can be tuned easily 
re-scale the structure for other frequencies. According to the 
results, the investigated FSS MA provides perfect absorption 
at resonance frequencies independent from the polarization 
angles. At some cases of the polarization angles, the 
absorption value can be enhanced. Moreover, it can be a good 
candidate for the applications of stealth, sensor, and so on. 
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