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Introduction 

A Finite Element Method (FEM)-based model of a graphene-based 3D metasurface was developed in Comsol 

Mutiphysics®, and the electromagnetic (EM) THz performance of the structure was simulated in terms of power 

transmission, reflection, and absorption of a normally incident EM wave in the frequency range 100 GHz – 1 

THz. 

 

1. FEM model of the graphene-based 3D metasurface 

1.1. The modelled graphene-based 3D metasurface 

The considered structure is a gold-plated grating patterned on a substrate made of fused silica, covered by a 

PMMA/graphene/PMMA multilayer [1,2] to enhance its absorption properties. The patterning consists of 

parallel straight grooves, with a depth h = 80 μm, pitch (centre-to-centre distance) p = 167 μm, and width 

w = ρ*p, with the filling factor ρ = 0.6. The substrate total thickness is 500 μm, and the top and bottom PMMA 

layers thicknesses are 150 μm and 500 μm, respectively.  

1.2 The FEM model developed in Comsol Multiphysics® 

The model consists of the representation of one spatial period of the metasurface, infinitely replicated in the 

lateral direction by symmetry boundary conditions, coupled to the propagating medium (air) at the top and 

bottom surface. The THz source is provided on top of the upper layer of air. The transmitted power is measured 

at the lower end of the bottom layer of air. Due to the extremely small thickness of the gold layer (d = 30 nm) 

and of the graphene layer (at most, a few atoms thick), these two materials were introduced in form of surface 

current density boundary conditions. Since the intraband transitions are dominant in the THz frequency range, 

the electrical conductivity of graphene was modelled by [3] 
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in which i is the imaginary unit, ω is the angular frequency, kB is the Boltzmann’s constant, T is the ambient 

temperature, e is the electron charge, μ is graphene’s chemical potential, and γ is graphene’s scattering rate. 

Concerning the gold layer conductivity, the defects caused by the roughness of the micromachined substrate 

and the gold deposition imperfections are taken into account by modelling the electrical conductivity of gold 

according to the Drude-Smith model [4-6] 
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in which ε0 is the vacuum permittivity, 

ωp is gold plasma frequency, τ is gold 

relaxation time, and ck is the parameter 

representing the backscattering of the 

impinging carriers due to the persistence 

of their initial velocity after the k-th 

scattering event. In the developed model, 

only the first scattering event was 

considered, so c1 = c. 

Fig. 1 shows the FEM model, with a 

magnification of the grooves’ zone to 

better show the smaller features. 

 

Fig. 1. FEM model of the graphene-based 3D metasurface developed in 

Comsol Multiphysics® 



2. Finite element analysis results 

2.1. The impact of the gold roughness 

The fabrication-related roughness of the patterned 

substrate impairs the quality of the gold layer deposition. 

The impact of the non-ideality of the gold reflector on the 

device THz performance was assessed, comparing the 

results obtained by considering the gold a perfect electric 

conductor (σAu = ∞) and a Drude-Smith metal with 

different values of the backscattering coefficient c, 

ranging from c = -1 (full backscattering condition) to 

c = 0 (isotropic scattering). The results show that the non-

ideality of gold observed in the fabricated sample can be 

accounted by tuning the Drude-Smith c parameter. Fig. 2 

shows the power absorption computed for the considered 

cases. 

2.2. The impact of the graphene layer 

The structure was simulated in the presence and absence of the PMMA/graphene/PMMA layer. The results 

show that the addition of graphene does not affect the reflection, which can be therefore entirely ascribed to the 

gold-plated grating, but greatly improves the absorption, whose average value in the 100 GHz – 1 THz 

frequency range increases from 0.129 to 0.344. 

2.3.  The impact of the grating geometry 

The impact of the height and width of the grooves on the THz performance of the considered 3D metasurface 

was assessed by simulating its EM behaviour in the case of a ±50% variation of h and ρ around their nominal 

value. It was observed that the THz response is affected more by the variation of the height than by that of the 

width of the gold-plated grating. The effect is especially visible in the shift of the transmission, reflection, and 

absorption relative minima and maxima frequency. Furthermore, the frequency shift as a response to the 

grating’s height variation occurs mainly in the higher range of the investigated frequency interval. 
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Fig. 2. Simulated absorption for different values of 

the c1 coefficient of the gold conductivity, compared 

to ideal the case of gold as perfect electric conductor. 


