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Abstract 

This paper presents a dual-band graphene based 

metasurface absorber in terahertz region with tunable 

characteristics. The proposed structure comprises three 

layers consisting of a top graphene layer with slotted square 

ring pattern grown over a thick silicon dioxide (SiO2) layer 

backed by a bottom gold layer. The proposed structure 

offers absorptivity greater than 90% over two distinct 

frequency bands, offering bandwidth of 1.1 THz ranging 

from 3.98 THz to 5.08 THz with peak absorptivity at 4.42 

THz and 4.02 THz ranging from 6.55 THz to 10.57 THz 

respectively. The second absorption band contains two 

absorption peaks at 7.34 THz and 10.22 THz. The proposed 

structure is polarization-independent due to its four-fold 

symmetric design.  The proposed structure works up to 50⁰ 

oblique incidences for both TE and TM-polarized 

electromagnetic waves. The structure offers periodicity of 

~λ/13 with reference to the lowermost frequency of 

absorption and the thickness of the structure is ~λ/11, 

satisfying the condition of effective homogeneity for the 

metasurface. The structure offers its applications towards 

sensing, spectroscopy and futuristic 6G communications 

etc. 
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1. Introduction 

Metasurfaces (MS) are the 2D versions of metamaterials 

(MTMs) having the capabilities to enhance the response of 

electromagnetic (EM) wave encountered on its surface 

[1],[2],[3]. MS-based structures have gained the interest in 

recent years due to the exotic electromagnetic properties in 

various domains including, radio astronomy, holography, 

sensing, mobile communication, spectroscopy and other 

biomedical applications [4], [5], [6], [7], [8], [9]. Absorbers 

are the specifically designed structures to reduce the 

transmission and reflection coefficient of the incident EM 

wave [3]. MS absorbers with single band, multi band and 

broad band characteristics have been reported to operate in 

microwave, millimeter wave and terahertz regions [10]. 

The conventional MS absorbers reported are multi layered, 

thick or bulky making them unsuitable and difficult to 

realize; thereby demanding the requirement of thin 

structure with a simple design [10], [11], [12]. The 

structures reported tin litratures have complex unit cell 

geometry making them unsuitable for realization and 

fabrication. Hence a simple unit cell geometry is always 

desired. 

 

In this article, a three-layered graphene-based MS absorber 

is proposed. The unit cell consists of a layer of amorphous 

silicon dioxide (SiO2) sandwiched between the top layer of 

patterned graphene meta-structure and the bottom gold 

layer. The structure offers absorptivity more than 90% over 

the frequency ranges 3.98 to 5.08 THz and 6.55 to 10.57 

THz; thereby exhibiting dual band operation with 

absorption windows of 1.1 THz and 4.02 THz respectively. 

The proposed structure is polarization insensitive over the 

entire operating range due to the fourfold symmetry of 

design. The structure works well up to 50⁰ oblique incident 

angles for both TE and TM polarizations. The structure can 

have application towards antenna test range detections, 6G 

communications, sensing etc. 

 

2. Design of the structure 

The geometrical design for the meta-structure is shown in 

Figure 1. The unit cell is a three-layer structure with 

periodicity of 6 μm × 6 μm. The top graphene patch with 

thickness 0.01 μm and chemical potential 0.8 eV has square 

shape geometry of 5 μm × 5 μm with rectangular slots.  

Amorphous SiO2 has been used as substrate with thickness 

7 μm. The structure has bottom gold layer of thickness 0.1 

μm. The top and side views of unit cell are illustrated in 

Figures 1(a) and 1(b) respectively. The complex 

conductivity of top graphene layer is modelled using 

Kubo’s equations [13]. The dielectric properties for SiO2 

substrate layer modelled as per the data available in [14]. 

The bottom gold layer is modelled having metallic 

properties as mentioned in [15].  

 
Figure 1. (a) Top and (b) side views of the unit cell of the 

proposed graphene-based metasurface absorber structure. 



 

The absorption mechanism for EM wave encountered on 

top graphene layers can be explained by [3], [11]. The 

transmission coefficient for the incident EM wave is 

completely eliminated by the bottom gold layer visualizing 

absorption completely dependent on reflected wave [1], 

[3]. The top graphene layer deposited along the xy-plane 

acts as the matching circuit with impedance similar to free 

space impedance. The EM wave is allowed to incident on 

the top graphene meta-structure through an open, space-

added boundary along the z-direction. The structure is 

simulated using CST Microwave Studio with the periodic 

boundary conditions [16]. The bottom layer placed at a 

distance ~λ/4 apart from the top graphene layer to 

encounter scattering and reflections enables the whole 

structure to act as a Fabry-Perot cavity [3], [10]. The 

structure possesses the perfectly matched boundary 

conditions to eliminate the non-specular radiations from 

edges of the structure and enhancing absorption 

phenomena. The simultaneous minimization of 

transmission and reflection coefficient for the proposed 

structure leads to maximized absorptivity. 

 

3. Simulations and Results 

The co and cross polarized reflection coefficients for the 

designed MS absorber structure are depicted in Figure 2(a) 

and 2(b) respectively. It is clear from Figure 2(a) that three 

distinct co-polarised reflection coefficient minima are 

present at 4.42 THz, 7.34 THz and 10.22 THz while cross 

polarized reflection coefficient is below -55 dB over the 

entire range of operation. The absorptivity response for 

proposed structure is accordingly computed and illustrated 

in Figure 2(c). The structure exhibits absorptivity greater 

than 90% over two frequency bands ranging 3.98 THz to 

5.08 THz and 6.55 THz to 10.57 THz offering respective 

bandwidths of 1.1 THz and 4.02 THz.  

 
Figure 2. (a) Co-polarized and (b) cross-polarized 

reflection coefficient responses of the proposed structure 

along with (c) absorptivity response (d) comparison with 

gold-based metasurface at the top layer. 

 

The proposed structure was initially simulated using CST 

microwave studio by modelling top layer with gold meta-

atom structure with identical geometrical dimensions of 

that of the graphene layer, having metallic properties as 

mentioned in [15]. It was observed that structure offers 

hardly any absorption in such cases, as visualized in Figure 

2(d). The absorption performance has been improved 

significantly with the incorporation of graphene patches in 

the top layer meta-atom design. 

 

The field analyses have been carried out at the frequencies 

of interest to describe the absorption characteristics of the 

MS absorber. A strong confinement of electric field 

distribution has been observed at the peak absorption 

frequencies viz., 4.22 THz, 7.34 THz and 10.22 THz. 

 
Figure 3. Electric field distributions in the unit cell at 4.41 

THz, 7.34 THz and 10.22 THz 

 
Refereeing to Figure 3, a dense and strong confinement of 

the electric field variation is observed along the horizontal 

slotted edge of the graphene patch at 4.41 THz. However, 

due to the mutual coupling among all the faces of the 

slotted Rectangular sections, the electric field is highly 

concentrated, expressing self-coupled resonant behaviour 

at 7.34 THz. Resonating behaviour of structure due to 

vertical rectangular slots offers confinement of electric 

field at 10.22 THz as illustrated in Figure 3. 

 
The behaviour of the proposed MS absorber is also verified 

with the analyses of surface current distributions. The 

distributions of surface current for top graphene layer at 

4.41 THz, 7.34 THz and 10.22 THz are illustrated in Figure 

4(a) while the same for bottom gold layer is depicted in 

Figure 4(b). Observing both the figures simultaneously, it 
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could be concluded that surface currents for top and bottom 

layers at 4.41 THz and 7.34 THz are antiparallel to each 

other yielding magnetic excitation. On the contrary, at 

10.22 THz surface currents at top graphene layer and 

bottom gold layer are parallel to each other offering 

induced electrical excitation.  

 
Figure 4. Surface current distributions at (a) top graphene 

layer and (b) bottom metallic layer of the proposed 

structure at 4.41 THz, 7.34 THz, and 10.22 THz 

respectively. 

 

The complex conductivity of graphene depends on its 

chemical potential (μc). Thus the variation in the numeric 

values of μc offers controlled tunability in the EM 

absorption responses over its range of operation as depicted 

in Figure 5. 

 

Figure 5. Absorptivity responses of the structure under the 

variation of chemical potential of graphene. 

4. Response under polarization angle 

variation and oblique incidents 

The proposed structure is simulated for various 

polarization angle variations and the behaviour of 

absorptivity response for ϕ=0⁰ to ϕ=45⁰ is depicted in 

Figure 6. It is clearly observed that due to fourfold 

symmetry of the structure, the proposed design is 

polarization insensitive in nature. 

 
Figure 6. Absorptivity responses of the proposed structure 

under variation of polarization angles. 

 

The simulated EM responses for absorptivity of the 

proposed structure are depicted in Figure 7(a) and 7(b) for 

both TE and TM polarizations on oblique incidences. The 

proposed structure behaves as absorber up θ=50⁰ as noticed 

from Figure 7. 

 

Figure 7. Absorptivity responses of the proposed structure 

under (a) TE polarization and (b) TM polarization of the 

incident wave. 

 

Table I. Comparison with similar graphene based MS 

Absorber structures. 

Absorber 

structure 

Frequency 

range (THz) 

Bandwidth 

(Total) 

A≥90% 

Unit 

cell 

Period 

Thickness 

Dual Band 

[17] 

4.15-4.40 

5.85-6.15 

0.25 THz 

0.30 THz 
~λ/14 ~λ/8 

Dual Band 

[18] 

0.93-2.03 

4.16-5.30 

1.70 THz 

1.14 THz 
~λ/22 ~λ/10 

Single 

Band [19] 
4.7-6.7 THz 2 THz ~λ/10 ~λ/2 

Dual Band 

[20] 

1.1-1.2 THz 

1.4-1.6 THz 

0.1 THz 

0.2 THz 
~λ/18 ~λ/9 

This work 
3.98-5.08 

6.55-10.57 

1.10 THz 

4.02 THz 
~λ/13 ~λ/11 

2 4 6 8 10 12
0

20

40

60

80

100

A
b

so
rp

ti
v

it
y

 (
%

)

Frequency (THz)

 µc=1 eV  µc=0.8 eV

 µc=0.6 eV  µc=0.4 eV

 µc=0.2 eV

2 4 6 8 10 12
0

20

40

60

80

100

A
b

so
rp

ti
v

it
y

 (
%

)
Frequency (THz)

 φ = 0°

 φ = 15°

 φ = 30°

 φ = 45°

2 4 6 8 10 12
0

20

40

60

80

100

A
b

so
rp

ti
v

it
y

 (
%

)

Frequency (THz)

 θ =0°     θ =10°

 θ =20°   θ =30°

 θ =40°   θ =50°

TE

(a)

2 4 6 8 10 12
0

20

40

60

80

100
A

b
so

r
p

ti
v

it
y

 (
%

)

Frequency (THz)

 θ = 0°      θ = 10°

 θ = 20°    θ = 30°

 θ = 40°    θ = 50°

TM

(b)



The proposed dual-band graphene-based MS absorber has 

been compared with state-of-the-art designs, as shown in 

Table I. It is evident that the proposed structure features an 

ultrathin geometry and exhibits enhanced performance of 

absorption compared to those reported in the literature. 

 

5. Conclusion 

A unique, polarization insensitive graphene based MS 

absorber with tunable features has been presented in this 

article. The proposed structure offers absorptivity greater 

than 90% over two distinct frequency bands of 1.1 THz and 

4.02 THz. It shows near unity absorptions at 4.41 THz, 7.34 

THz and 10.22 THz. The designed structure works well up 

to 50⁰ incident angles for both TE and TM polarizations of 

the incident EM wave. The structure is ultrathin in nature 

having thickness ~λ/11 and periodicity of ~λ/13 with 

respect to lowermost frequency of absorption. The 

structure can be very promising towards sensing, 

spectroscopy and 6G Communications, and beyond for 

terahertz applications. 
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