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Abstract 
We propose a terahertz broadband absorber composed by silicon strips with 

continuous graphene on top of a metal mirror. The simulation results show that under 
the combined effect of the Fabry-Perot resonance and the dipole mode oscillation 
excited in the silicon strip array interacting with graphene, this structure can achieve an 
ultra-wide absorption band from 0.73 to 1.95 THz with absorbance of 90%. By 
changing the size of the silicon strips or the Fermi level of graphene, the working band 
of the absorber can be tuned. 

1. Introduction 
Terahertz (THz) wave has many applications for biomedical security check, 

sensing and wireless communication[1-5]. With the rapid development of THz science 
and technology, more functional devices composed of different materials and structures 
are required to meet more efficient and convenient demands. In recent years, graphene, 
a monolayer of carbon atom, has found an important position in the fields of electronics, 
optoelectronics, thermals and mechanics because of its unique physical properties[6-9]. 
Graphene supports surface plasmon polarization in THz range. The surface 
conductivity of graphene depends on its chemical potential which can be controlled by 
gate voltage, magnetic field, electrostatic doping as well as optical excitation[10-12]. As 
a result, graphene can be used for designing THz functional devices such as filters[13], 
reflectors[14], modulators[15], absorbers[16-29] and polarizers[30]. Focusing on THz 
absorbers, there are also various reported types including dual-frequency[16,17], multi-
frequency[18], broadband[19-21] or tunable absorption[22,23]. Arya Fallahi et al. first 
proposed several graphene metasurfaces that can be used to dynamically control the 
absorption, reflection or polarization of electromagnetic wave[19]. Andryieuski et al. 
achieved both narrowband and broadband dynamic tunable absorption in the THz band 
by graphene metamaterials[20]. Yin Zhang et al. use a two-layer graphene grid and a 
cross-metal subwavelength structure to obtain narrow-band THz absorber with dynamic 
tunable absorption and polarization independence[21]. More publications by Xiong et 
al.[22], Rahmanzadeh et al.[23,24], Zou et al.[25], Xu et al.[26], Fu et al.[27], Fardoost et al.[28], 
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Torabi et al.[29] reported a number of absorbers based on graphene metamaterials. Most 
of these reported designs use multiple layers of patterned graphene and different 
graphene layer may have different absorption resonance. When multiple layers are 
stacked, each absorption resonance is superimposed on the absorption spectrum thus 
broadening the absorption band. With graphene metasurfaces the structure becomes 
relatively complicated and less easy for fabrication. 

In this paper, a THz absorber consisting of silicon strip array, unpatterned graphene 
layer, polymer layer and metal plate is proposed. Its working bandwidth and absorbance 
was numerically studied. The dipole mode oscillation in the silicon strip array broadens 
the original absorption peak of graphene layer. The performance was optimized by 
adjusting the size of the silicon strip and the Fermi level of graphene. Simulation shows 
although this absorber has no complicated structure such as patterned graphene, it still 
provides broadband absorption in THz band. 

2. Theoretical model 
The schematic of the proposed absorber is shown in Fig.1(a). The structure has 

two-dimensional periodicity in x-y plane with the period p. From top to bottom, each 
unit cell consists of four silicon strips, multilayer graphene, a TOPAS polymer substrate 
and a bottom metal plate mirror. The length and width of each silicon strip are l and w 
satisfying l+2w = p. The thickness of silicon strip is hs while that of polymer layer is d. 
The surface conductivity of graphene depends on its Fermi level. The interband 
conductivity of graphene is much lower than the intraband one in THz range. Thus, the 
conductivity of monolayer graphene can be approximated by the Drude model[31]: 

𝜎𝜎(𝜔𝜔) =
e2𝐸𝐸f
πℏ2

i
𝜔𝜔 + i𝜏𝜏−1

 

where ℏ is the reduced Planck’s constant, e is the elementary charge, 𝜔𝜔 is the angular 
frequency, 𝐸𝐸f is the energy of Fermi level and 𝜏𝜏 is the carrier relaxation lifetime. The 
conductivity has a minimum value of 𝜎𝜎min = e2/4ℏ with zero Fermi level.  

 
Fig. 1. (a) The schematic of the proposed structure; (b) Schematic diagram of the original structure 
(I), a reduced structure (II) with only silicon strips on a mirror separated by lossless polymer layer, 
another reduced structure (III) with only graphene on a mirror separated by lossless polymer; (c) 
The absorbance spectra of the structure (I) (black line), (II) (blue line) and (III) (red line).  

Numerical simulation is conducted by using finite-difference time-domain(FDTD) 
software package (Lumerical FDTD solutions). As shown in Fig.1(a), THz wave is 
normally incident into the device along z-axis with its electric field in x-y plane. Periodic 



boundary conditions are used in the x and y directions, and perfectly matched layer 
(PML) boundary conditions are used in the z directions. The power absorbance is 
expressed as A=1–R–T under the condition of normal incidence, where R is the 
reflectance and T is the transmittance. Since the skin depth of THz wave on the metal 
sheet is in the order of nanometers, the transmittance is very close to zero. So the 
absorbance can be simplified as A = 1–R. 

3. Results and Discussion 
The parameters of our designed structure are chosen as follows: p=32μm, l =24μm, 

w=4μm, d=35μm, hs=1μm. The refractive indices of high resistance silicon and TOPAS 
polymer are ns=3.45 and nt=1.53 respectively while their material loss and dispersion 
are neglected. Here, two layers of continuous graphene with the Fermi energy 
𝐸𝐸f=0.3eV and carrier relaxation lifetime τ =1.25 ps are used between the silicon array 
and the polymer substrate. The purpose of using two layers here is to get sufficient 
conductivity under a small Fermi energy, since multilayer graphene means multiplying 
effective surface conductivity. In practice, this can be realized by transferring 
monolayer graphene onto polymer substrate twice. The transferred graphene is usually 
hole-doped with a Fermi level of approximately -0.3 eV [32], which is enough for the 
design in this paper so that we do not need to electrostatically tune the Fermi level of 
graphene.  

The black curve in Fig. 1(c) illustrates the absorbance spectrum from 0.1 THz to 
2.8 THz of the original designed absorber structure (illustrated as (I) in Fig.1(b)), which 
shows structure (I) can achieve an absorption bandwidth of 1.22 THz from 0.73 THz to 
1.95 THz with absorbance larger than 90%. The dashed line at absorbance=0.9 presents 
the threshold of the absorption working band. To study the mechanism of the absorber, 
we calculated the absorption spectrum of a reduced structure with only silicon strips on 
a mirror separated by polymer layer (illustrated as (II) in Fig.1 (b)). Its absorbance in 
blue line of Fig. 1(c) shows that structure (II) cannot absorb THz waves because they 
are just totally reflected by the bottom metal mirror. Moreover, we calculated the 
absorption spectrum of another reduced structure with only graphene on a mirror 
separated by polymer (shown as (III) in Fig.1(b)). There is a relatively narrow 
absorption peak around 1.9 THz in the absorbance spectrum of structure (III) in red line 
of Fig. 1(c). Thus structure (III) only achieves a narrow absorption band from 1.71 THz 
to 2.14 THz. When the two reduced structures are combined into the original one (I), 
the absorption band is much broadened. The reason can be explained from the electric 
field distribution of the structure in x-y plane and y-z plane in Fig.2. We choose three 
frequency points of 0.4 THz, 0.9 THz and 1.9 THz while the first one is out of the 
absorption band (with absorbance > 90%), the second locates among lower frequencies 
inside the absorption band and the third locates among higher frequencies inside the 
band. Fig.2(a) and (d) shows the structure can confine part of the incident wave at 0.4 
THz out of working band, thus the absorbance is moderate. However, around 0.9 THz 
the wave localization is more obvious at the interface between silicon and graphene as 
shown in Fig.2(b) and (e). This is due to the free-space electromagnetic wave couples 
to the dipole mode in the silicon strip array and the oscillation is enhanced interacting 
with graphene. From Fig.2(c) and (f), the major part of the electromagnetic energy is 
localized between the graphene and the metal mirror near 1.9 THz. Graphene 
multilayer, polymer layer and metal plate form the Fabry-Perot (FP) resonator. The 
multiple reflection happens in the FP resonator and the reflected waves coherently 
cancel out each other, leading to enhanced absorption in the cavity. As a result, both the 



dipole mode in the silicon strip array and the FP resonant enhancement in graphene-
based multilayer leads to the broad absorption band of structure (I).  

 
Fig. 2. The electric field distribution in x-y plane(z=0) at (a) 0.4 THz, (b) 0.9 THz, (c) 1.9 THz and 
the electric field distribution in y-z plane(x=0) at (d) 0.4 THz, (e) 0.9 THz, (f) 1.9 THz.  

  
Fig. 3. (a) The absorbance spectra of the structure with one, two, three and four layers graphene 
when 𝐸𝐸f=0.3eV; (b)The absorbance spectra under different Fermi level 𝐸𝐸f of two-layer graphene. 

For the discussion above, we considered two-layer graphene in the structure. 
Fig.3(a) showing the spectra of the absorber with different layers of graphene when 
𝐸𝐸f=0.3eV. If we use one, three or four layers, the absorption band is narrowed. This can 
be explained by a compensate problem if using an equivalent circuit model[20]. The 
proposed multilayer structure can be equivalent to a transmission line circuit and 
graphene multilayer can be equivalent to the conductivities in the circuit. The 
absorption of the circuit highly depends on the value of the conductivities and do not 
follows the higher conductivity, the larger absorption. Since multilayer graphene means 
multiplying effective surface conductivity, only a suitable conductivity in match with 
the circuit condition will lead a perfect absorption. The absorption spectra under 
different graphene Fermi level 𝐸𝐸f  shown in Fig. 3(b) can also be understood with 
similar explanation. When 𝐸𝐸f is lower than 0.1 eV, the maximum absorbance reduces 
to 88.2%. Due to the high value of real conductivity, the absorbance is only 52.3% at 
1.25 THz when the Fermi level is 0 eV. The absorbance is decreasing when the Fermi 
level increases to 0.5 eV also because of the change of the conductivity. When 𝐸𝐸f is 
about 0.3 eV, the conductivity of two-layer graphene is best suitable for the equivalent 
circuit to get maximum absorbance thus the absorber obtains optimum performance. 
The maximum absorbance reaches 97.7%. In addition, two-layer graphene in this 



design can be substituted with monolayer graphene. However, to keep the absorption 
performance, we need to increase 𝐸𝐸f to more than twice the original value. Under this 
situation, the graphene layer need to be electrostatically tuned in practical use. 

To confirm the advantage of the designed absorber, it is necessary to compare our 
results with previously reported graphene-based THz absorbers (see Table 1). 

Fractional bandwidth (BW) is defined as α = ∆𝑓𝑓
𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

, where ∆𝑓𝑓 is the bandwidth and 

𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 is the center frequency of the absorption working band. The absorber in this 
paper, which is based on continuous graphene, achieves an absorption BW of 1.22 THz 
from 0.73 THz to 1.95 THz and the fractional BW is 91%. The comparison shows 
although our fractional BW is not broadest, the absorber in this paper can still be 
considered as broadband under the condition that the structure is relatively simple with 
continues graphene. The fabrication may thus be easier for practical THz applications. 
Also the mechanism is not the same as those designs using multiple layers of patterned 
graphene, in which the absorption resonance of each layer is superimposed on the 
absorption spectrum to broaden the absorption band. The absorption band in this paper 
results from the original absorption peak of graphene layer broadened by the dipole 
mode oscillation in the silicon strip array. 

Table 1. Comparison of the absorber in this paper with published graphene-based THz absorbers  
Reference Absorption 

Band (THz) 
Fractional 

BW (%) 
Graphene type 

[24] 0.55-3.12 140 Multiple graphene layers with circle, cross and 
square shape 

[26] 3-7.8 88.9 Multiple graphene ribbon layers with different 
widths 

[27] 5.5-7.1 25.3 Multiple graphene layers including graphene ring 
and two ‘‘T’’ shaped graphene bands 

[28] 1.65–4.35 90 Multiple graphene layers with fishnet graphene 
unit cell 

[29] 2-4 66.7 Irregular patterned graphene frequency selective 
surface 

   
Fig.4. The absorbance spectra under (a) different strip length l when d=35μm, hs=1μm; (b) different 
strip height hs when d=32μm, l=24μm; (c) different polymer thickness d when l=24μm, hs=1μm. 

At last, for optimization purpose, we tuned the working band of the absorber by 
changing the length l, height hs of silicon strips and thickness d of the polymer substrate 



when fixing the graphene 𝐸𝐸f=0.3eV and periodicity p=32μm. Fig.4 (a) shows that with 
the length l increasing, the absorption bandwidth is expanded, but the absorbance falls 
inside the band. The design is relatively better when l=0.75p and l=0.80p with the 
bandwidth of 1.22 THz and 1.25 THz. From Fig.4 (b), with the increasing of hs, the 
absorbance decreases at high frequencies in the working band. In Fig.4 (c) with the 
thickness d of polymer becomes larger, the absorption band moves to lower frequencies 
and its bandwidth becomes narrower also due to the absorbance decrease at high 
frequencies when the FP cavity is changed. The absorption bandwidth of d=25μm, 
30μm, 35μm is 1.31THz, 1.31THz and 1.22THz respectively. To catch the better 
performance of the absorber, we further compared d =25μm with d =30μm by judging 
the band with absorbance higher than 95%. The results show the bandwidth are 0.60 
THz and 1.01 THz for d =25μm and d =30μm respectively. Therefore, a design with d 
=30μm is better. 

4. Conclusion 
In summary, we have designed and numerically studied a broadband absorber 

based on multilayer graphene and silicon strips array. The simulation results indicate 
that with the combined effect of the FP resonance and the dipole mode oscillation in 
the silicon strip array interacting with graphene, the structure provides a broadband 
absorption (0.73 THz-1.95 THz) with absorbance higher than 90%. It is found that the 
absorption frequency bandwidth of the absorber can be dynamically tuned by changing 
the Fermi level of graphene. The length, width and height of the silicon strip also exert 
an influence on the absorption performance. Because of relatively simple structure with 
no patterned graphene, the proposed absorber may have potential applications such as 
band-rejection filters and broadband anti-radiation in THz range.  
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