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We theoretically and numerically demonstrate a tunable and wide-angle terahertz ab-

sorber, which is composed of multilayer graphene-dielectric grating and bottom metal

substrate. Numerical simulation shows that the proposed absorber has the advantage of
dynamically tunable range from 1.015 THz to 1.165 THz when the chemical potential

of graphene increases from 10 meV to 150 meV. The absorption efficiency can reach a

high value of 99%. To show the working mechanism of absorption, the near field distri-
butions of magnetic components are presented at the absorption wavelength. We also

demonstrate that the tunable range of absorption can be engineered by designing the

geometry parameters. In addition, it is shown that the designed absorber can maintain
the good performance of absorption over a wide incident angle from 0◦ to 60◦ under

TM-polarization.

Keywords: Tunable absorber; terahertz; graphene.

1. Introduction

Terahertz generally refers to electromagnetic waves with a frequency in 0.1–10

terahertz band, which is in the transition region from macro-classical theory to

micro-quantum theory and from electronics to photonics. Many functions such as

imaging, radar, and communication are being extensively studied in the terahertz

region.1,2 Recently, there are a series of works to achieve perfect absorption in

terahertz range with subwavelength scale units,3 which are widely used in the var-

ious fields, such as biomedical and molecular detection owing to their advantages

†Corresponding author.
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of small size and easy integration. A popular construction of perfect absorbers

(PAs) is based on metal-insulator-metal (MIM) plasmonic structures. By optimally

adjusting the geometrical parameters and composite materials, impedance matching

between free space and MIM structure can be achieved, forming perfect absorption

spectrum.4–6 Lee et al. designed an one-dimensional sandwiched absorber structure

which employs a Fabry–Pérot resonance cavity to obtain sharp absorption peak.7

With the development of plasmonic PAs, researchers began to be dissatisfied with

the single absorbing band since the resonance frequency is fixed after the designing

of PAs. Therefore, researches moved to study the multiple bands8 and wide band

absorbers,9,10 by combing several electromagnetic resonances,11,12 and tunable ter-

ahertz absorbers by utilizing active materials.13

Among all these active materials, graphene is regarded as a promising candidate

for plasmonic material due to its excellent properties, especially the dynamical tun-

able conductivity and the atomical thickness.13 Consequently, tremendous research

interests have been paid to introduce graphene to PAs to achieve tunable absorption

performance.14–16 For instance, Chen et al. designed a broadband optical absorption

structure to obtain broadband and reconfigurable absorption in terahertz through

coupling between monolayer-graphene and periodic metal structure.17 In 2018,

Rahmanzadeh et al. systematically designed a terahertz absorber based on multi-

layer graphene-based metasurfaces by using an equivalent circuit method, providing

an extremely broad absorption bandwidth and polarization-independent property

for TE- and TM-polarizations due to its symmetrical structure.18 Akhavan et al.

investigated PAs by employing guided mode resonance to realize highly efficient

absorption of light in the graphene sheet.19 Wang et al. proposed graphene-based

terahertz absorbers with tunable and multiband absorption peaks.20–22 It is also

important for the absorbers to have applicability of large incident angle, which will

be practical for the application of the devices. The above-mentioned works have

achieved great performance of absorption by utilizing graphene layers.15–17,20–24

In this paper, we designed a graphene-dielectric grating-based plasmonic

absorber in terahertz region. The absorption frequency can be tuned from 1.015 THz

to 1.165 THz by changing the chemical potential of graphene from 10 meV to

150 meV. The absorption efficiency can reach a high value of 99%. To investigate

the physical nature of absorption, the near field distributions of magnetic compo-

nents are studied at the absorption wavelength. It is also shown that the tunable

range of absorption can be engineered by designing the geometry parameters. In

addition, the designed absorber can maintain the good performance of the absorp-

tion over a wide incident angle from 0◦ to 60◦ under TM-polarization.

2. Results and Discussion

Figure 1 presents the schematic of the designed absorber, which is composed of

periodic graphene-dielectric grating along x-axis and a metal ground plane. The

period is p = 140 µm and the graphene width is w = p × f = 63 µm, in which
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an equivalent circuit method, providing an extremely broad absorption bandwidth and 

polarization-independent property for TE- and TM-polarizations due to its symmetrical structure.18 

Akhavan et al. investigated PAs by employing guided mode resonance to realize highly efficient 

absorption of light in the graphene sheet.19 Wang et al. proposed graphene based terahertz absorbers 

with tunable and multi-band absorption peaks.20-22 It is also important for the absorbers to have 

applicability of large incident angle, which will be practical for the application of the devices. The 

above-mentioned works have achieved great performance of absorption by utilizing graphene 

layers.15,1617, 20-24  

In this paper, we designed a graphene-dielectric grating based plasmonic absorber in terahertz region. 

The absorption frequency can be tuned from 1.015THz to 1.165THz by changing the chemical 

potential of graphene from 10meV to 150meV. The absorption efficiency can reach a high value of 99%. 

To investigate the physical nature of absorption, the near field distributions of magnetic components are 

studied at the absorption wavelength. It is also shown that the tunable range of absorption can be 

engineered by designing the geometry parameters. In addition, the designed absorber can maintain the 

good performance of absorption over a wide incident angle from 0° to 60° under TM-polarization.  

2.   Results and Discussion 

Figure 1 presents the schematic of the designed absorber, which is composed of periodic 

graphene-dielectric grating along x-axis and a metal ground plane. The period is p=140μm and the 

graphene width is w=p×f=63μm, in which f=0.45 is the duty cycle for the periodic grating. Along the 

y-axis, the device is regarded as infinite. The grating consists of two layers of graphene/Si dielectric 

stacking. The material of the metal ground plane is silver, which is thick enough to prevent transmitted 

light.  

Two-dimensional simulations have been performed by using a home-built program based on 

finite-element method. The incident light is TM-polarized in infrared region with the incident angle of

θ . The thickness of each graphene layer is chosen as h=3.4nm, which is ten times of monolayer 

graphene.255,266 It is to enhance coupling between the graphene layers and the incident light, thereby 

increasing the absorption effect of the graphene layers. The top and bottom Si layers are d=60μm and 

t=40μm, respectively. Considering the skin depth of the silver, we set s=60μm as the thickness of 

substrate.  

The relative permittivity of silver (Ag) is described by a Drude model as following:277  

( )

2

Ag
=1-

-

p

i

ω
ε

ω ω γω
. (1)

where 
16

p = 1.37036 10 rad s×ω  and 
16= 1.71732 10 rad s×γ  are the plasma frequency and damping 

frequency of silver, respectively. The permittivity of dielectric Si is set as a constant of Si = 11.7ε  

since the dispersion of Si in terahertz region is relatively negligible in comparison to silver and 

graphene. 

 

Fig.1 (a) Schematic of the proposed grating absorber based on periodic graphene-Si bilayers on Ag substrate. The structural 

parameters are p = 140μm, w = 63μm, h = 0.0034μm, d = 60μm, and t = 40μm.  
Fig. 1. Schematic of the proposed grating absorber based on periodic graphene-Si bilayers on Ag

substrate. The structural parameters are p = 140 µm, w = 63 µm, h = 0.0034 µm, d = 60 µm
and t = 40 µm.

f = 0.45 is the duty cycle for the periodic grating. Along the y-axis, the device

is regarded as infinite. The grating consists of two layers of graphene/Si dielectric

stacking. The material of the metal ground plane is silver, which is thick enough to

prevent transmitted light.

Two-dimensional simulations have been performed by using a home-built pro-

gram based on finite-element method. The incident light is TM-polarized in infrared

region with the incident angle of θ. The thickness of each graphene layer is cho-

sen as h = 3.4 nm, which is 10 times of monolayer graphene.25,26 It is to enhance

the coupling between the graphene layers and the incident light, thereby, increas-

ing the absorption effect of the graphene layers. The top and bottom Si layers are

d = 60 µm and t = 40 µm, respectively. Considering the skin depth of the silver,

we set s = 60 µm as the thickness of substrate.

The relative permittivity of silver (Ag) is described by a Drude model as

follows27:

εAg = 1
ω2
p

ω(ω − iγω)
, (1)

where ωp = 1.37036×1016 rad
s and γ = 1.71732×1016 rad

s are the plasma frequency

and damping frequency of silver, respectively. The permittivity of dielectric Si is set

as a constant of εSi = 11.7 since the dispersion of Si in terahertz region is relatively

negligible in comparison to silver and graphene.

The optical property of graphene layer is described by the conductivity σG which

could be calculated according to the Kubo model.28,29 At finite temperatures, the

conductivity can be divided into intra- and inter-band conductivity30,31:

σG = σintra
G + σinter

G , (2)

σintra
G =

ie2

8π~

{
16kBT

~(ω + iΓ)
ln

[
2 cosh

(
µc

2kBT

)]}
, (3)
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σinter
G =

e2

4~

{
1

2
+

1

π
arctan

(
~ω − 2µc

2kBT

)
− i

2π
ln

[
(~ω + 2µc)

2

(~ω − 2µc)2 + (2kBT )2

]}
. (4)

In Eqs. (3) and (4), e is the elementary charge, ~ and kB are the reduced

Planck’s constant and Boltzmann constant, respectively. ω is the angular frequency.

T denotes the temperature and Γ indicates the scattering rate of charge carriers,

which are chosen as 300 K and 2π · 0.1 meV/~, respectively. The chemical poten-

tial µc could be regulated by electrostatic fields through adding electric potential

difference between graphene and silver grid.

µc = ~vf

√
π
εSiε0Vb
eh′

, (5)

where the Fermi speed is set as vf = 106 m/s, Vb is the applied electric potential,

value of h′ is d + t and t when the electric potential is applied at the upper and

bottom graphene layers, respectively. In the way, the chemical potential µc and

optical properties of graphene layers could be adjusted by varying external voltage.

To ensure the same properties of two graphene layers, the ratio of external voltage

applied at the upper graphene to that at the lower graphene is (d+ t)/t.

To demonstrate the tunable performance of the designed absorber, Fig. 2(a)

depicts the absorption spectrum as a function of chemical potential µc. There is an

absorption peak at frequency of 1.015 THz for TM-polarization when µc = 10 meV.

When the chemical potential µc increases from 10 meV to 150 meV, the frequency of

absorption peak blue shifts from 1.015 THz to 1.165 THz. In addition, the efficiency

of absorption peaks reaches more than 95% during the range of chemical potential

µc from 10 meV to 150 meV. The full width at half maximum (FWHM) of the

peaks could maintains at a high level from 0.025 THz to 0.010 THz as µc increases

from 10 meV to 150 meV, except for the frequencies around 60 meV. To investigate

this effect, we extract the absorption spectra at chemical potential of 10, 60, 80

and 100 meV (marked with white dotted lines) and plot them in Fig. 2(b). Besides

the main absorption peaks, minor absorption peaks can be observed at frequency

around 1.1 THz and 1.2 THz for the cases of µc = 10 meV and µc = 80 meV,

respectively.

The magnetic fields corresponding to absorption peaks with the serial number

are depicted in Figs. 3(a)–3(f). The red arrows represent the current density. The

results in Figs. 3(a)–3(d) have similar features that magnetic resonance can be

induced by the circular distributed currents in either the upper or lower Si layer. It

can be seen that the resonance in upper medium is caused by anti-parallel currents

between the upper and lower graphene layers. In contrast, the resonance in lower

medium is resulted from anti-parallel currents between the lower graphene layer

and metal ground. For Figs. 3(e) and 3(f), besides of magnetic fields located in

the medium above the metal plane, we can observe magnetic resonance localized

at the upper and the bottom graphene layers, respectively. The spectral splitting

in Fig. 2(a) around 60 meV is due to overlapping between the modes occurred in

Fig. 3(f) and main mode represented by Fig. 3(d).
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The optical property of graphene layer is described by the conductivity 
G

σ  which could be 

calculated according to the Kubo model.288,299 At finite temperatures, the conductivity can be divided 

into intra-and inter-band conductivity:30,31  

intra inter

G G G= +σ σ σ . (2)

( )

2
intra cB

G

B

16
ln 2cosh

8π 2

k Tie

i k T

    
=    

+ Γ      h h

µ
σ

ω
. (3)

( )

( ) ( )

22
cinter c

G 2 2

B c B

221 1
arctan ln

4 2 π 2 2π 2 2

e i

k T k T

  + − 
= + −    

− +     

hh

h h

ω µω µ
σ

ω µ
. (4)

In Eqs. (3) and (4), e  is the elementary charge, h  and 
B

k  are the reduced Planck’s constant and 

Boltzmann constant, respectively. ω  is the angular frequency. T  denotes the temperature and Γ  

indicates the scattering rate of charge carriers, which are chosen as 300 K  and 2π 0.1 meV⋅  h , 

respectively. The chemical potential μc could be regulated by electrostatic fields through adding electric 

potential difference between graphene and silver grid. 

Si 0 b

c f '
= π

V
v

eh
h

ε ε
µ . (5)

where the Fermi speed is set as 
f

v =106 m/s, b
V  is the applied electric potential, value of h′  is d+t 

and t when the electric potential is applied at the upper and bottom graphene layers, respectively. In the 

way, the chemical potential μc and optical properties of graphene layers could be adjusted by varying 

external voltage. To ensure same properties of two graphene layers, the ratio of external voltage applied 

at the upper graphene to that at the lower graphene is (d+t)/t. 

To demonstrate the tunable performance of the designed absorber, Fig. 2(a) depicts the absorption 

spectrum as a function of chemical potential μc. There is an absorption peak at frequency of 1.015THz 

for TM-polarization when μc=10meV. When the chemical potential μc increases from 10meV to 

150meV, the frequency of absorption peak blue shifts from 1.015 THz to 1.165 THz. In addition, the 

efficiency of absorption peaks reaches more than 95% during the range of chemical potential μc from 

10meV to 150meV. The full width at half maximum (FWHM) of the peaks could maintains at a high 

level from 0.025THz to 0.010THz as μc increases from 10meV to 150meV, except for the frequencies 

around 60meV. To investigate this effect, we extract the absorption spectra at chemical potential of 

10meV, 60meV, 80meV and 100meV (marked with white dotted lines) and plot them in Fig. 2(b). 

Besides the main absorption peaks, minor absorption peaks can be observed at frequency around 

1.1THz and 1.2THz for the cases of μc=10meV and μc=80meV, respectively.  

 

Fig.2 (a) The calculated absorption spectrum as a function of chemical potential μc of the proposed absorber for TM polarization 

at normal incidence. (b) Absorption spectra taken from the white dotted line in (a). 
Fig. 2. (Color online) (a) The calculated absorption spectrum as a function of chemical potential

µc of the proposed absorber for TM polarization at normal incidence and (b) absorption spectra
taken from the white dotted line in (a).

 

 

The magnetic fields corresponding to absorption peaks with the serial number are depicted in Figs. 

3(a)-(f). The red arrows represent the current density. The results in Fig. 3(a)-(d) have similar features 

that magnetic resonance can be induced by the circular distributed currents in either the upper or lower 

Si layer. It can be seen that the resonance in upper medium is caused by anti-parallel currents between 

the upper and lower graphene layers. In contrast, the resonance in lower medium is resulted from 

anti-parallel currents between the lower graphene layer and metal ground. For Fig. 3(e) and (f), besides 

of magnetic fields located in the medium above the metal plane, we can observe magnetic resonance 

localized at the upper and the bottom graphene layers, respectively. The spectral splitting in Fig. 2(a) 

around 60meV is due to overlapping between the modes occurred in Fig. 3(f) and main mode 

represented by Fig. 3(d).  

 

 

Fig. 3 (a)-(f) Ccalculated magnetic fields at the absorption peaks marked with serial number 1 to 6 in Fig. 2(b). The red arrows 

represent the current density.  

As well known, the working frequency of plasmonic structure is highly dependent on its geometry 

parameters. Therefore, we may have different tunable range of the proposed absorber by changing the 

geometry parameters. To investigate, the absorption spectrum is simulated as functions d, p, t and f, as 

shown in Fig. 4. In these cases, the chemical potential is fixed at μc=10meV. It can be observed that the 

main absorption peaks move to lower frequency with the increasing of d, p, t and f, which can be 

explained by the equivalent circuit model.322-377 In this model, the plasmonic and dielectric composites 

can be treated as inductor and capacitor, respectively, and the eigen-frequency of the proposed absorber 

is 0 1f LC= . With the increasing of d, p and t, f, the value of inductance L and capacitance C will 

be increased, resulting in red shifts of the absorption peak. In addition, the simulation results show that 

bandwidths of absorption gradually reduce when d and t increase, or p and f decrease. The absorption 

intensities are almost above 85% and the absorption peak can move from 0.950THz to 1.165 THz, 

which could be further tuned by applying external voltage. Besides, the minor absorption peak, shown 

in Fig. 3(e), overlaps with the main peaks, causing the bandwidths increasing in part regions, as can be 

seen Fig. 4.  

Fig. 3. (Color online) (a)–(f) Calculated magnetic fields at the absorption peaks marked with
serial number 1 to 6 in Fig. 2(b). The red arrows represent the current density.

As well known, the working frequency of plasmonic structure is highly dependent

on its geometry parameters. Therefore, we may have different tunable range of

the proposed absorber by changing the geometry parameters. To investigate, the

absorption spectrum is simulated as functions d, p, t and f , as shown in Fig. 4. In

these cases, the chemical potential is fixed at µc = 10 meV. It can be observed that
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Fig.4 Absorption spectrum as a function of frequency and thickness of the top dielectric layer Si, thickness of the bottom 

dielectric layer Si, and grating period for TM polarization when μc is set as 10meV. The structural parameters are: θ = 0° , p = 

140μm, f = 0.45, w = p×f = 63μm, h = 0.0034μm, d = 60μm and t = 40μm. In (a) d is varied from 40 to 70μm, in (b) t is varied 

from 20 to 50μm, in (c) p is varied from 120 to 180μm, and in (d) f is varied from 0.40 to 0.60.  

A unique feature of absorber is insensitive to incident conditions. Therefore, the absorption spectrum 

is simulated as a function of angle of incidence θ , as shown in Fig.5. When incident angle increases 

from 0°  to 60° , the resonance peak slightly red shifts to the lower frequency, meanwhile, the 

bandwidth of absorption peak increases from 0.025THz to 0.035THz. At the same time, the value of 

absorption efficiency keeps at a high level over 75%. This can be understood from the physical nature 

of the absorption peak, which originates from magnetic resonances with high symmetry. Therefore, the 

absorption peak is almost independent on incident angle.  

 

Fig.5 Absorption spectrum under the illumination of TM-polarized wave as a function of the incident angle θ  range from 0°  

to 60° . The geometric parameters remain unchanged.  

To show the performance of the proposed absorber, we calculated the near field distributions of the 

magnetic component and electric current at frequency of 1.015THz under incident angle of 5°, 10°, 15°, 

20°, 40°, and 60°, as plotted in Fig. 6. It can be seen that the field distributions possess the unique 

features of magnetic resonance. In addition, the field intensity maintains at a similar level. These results 

demonstrate further that the proposed absorber has a good angle adaptability which arises from the 

magnetic resonance. Overall, the designed absorber has excellent angular adaptability that the 

frequency and efficiency of absorption spectra remains stable for incident angles from 0°  to 60° , 

indicating the great performance of our proposed terahertz absorber.  

Fig. 4. (Color online) Absorption spectrum as a function of frequency and thickness of the

top dielectric layer Si, thickness of the bottom dielectric layer Si, and grating period for TM

polarization when µc is set as 10 meV. The structural parameters are: θ = 0◦, p = 140 µm,
f = 0.45, w = p× f = 63 µm, h = 0.0034 µm, d = 60 µm and t = 40 µm. In (a) d is varied from

40 µm to 70 µm, in (b) t is varied from 20 µm to 50 µm, in (c) p is varied from 120 µm to 180 µm,

and in (d) f is varied from 0.40 to 0.60.

the main absorption peaks move to lower frequency with the increasing of d, p, t

and f , which can be explained by the equivalent circuit model.5,32–36 In this model,

the plasmonic and dielectric composites can be treated as inductor and capacitor,

respectively, and the eigen-frequency of the proposed absorber is f0 = 1√
LC

. With

the increasing of d, p and t, f , the value of inductance L and capacitance C will be

increased, resulting in red shifts of the absorption peak. In addition, the simulation

results show that bandwidths of absorption gradually reduce when d and t increase,

or p and f decrease. The absorption intensities are almost above 85% and the

absorption peak can move from 0.950 THz to 1.165 THz, which could be further

tuned by applying external voltage. Besides, the minor absorption peak, shown in

Fig. 3(e), overlaps with the main peaks, causing the bandwidths increasing in part

regions, as can be seen Fig. 4.

A unique feature of absorber is insensitive to incident conditions. Therefore, the

absorption spectrum is simulated as a function of angle of incidence θ, as shown in

Fig. 5. When incident angle increases from 0◦ to 60◦, the resonance peak slightly

red shifts to the lower frequency, meanwhile, the bandwidth of absorption peak

increases from 0.025 THz to 0.035 THz. At the same time, the value of absorption

efficiency keeps at a high level over 75%. This can be understood from the physical
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Fig.4 Absorption spectrum as a function of frequency and thickness of the top dielectric layer Si, thickness of the bottom 

dielectric layer Si, and grating period for TM polarization when μc is set as 10meV. The structural parameters are: θ = 0° , p = 

140μm, f = 0.45, w = p×f = 63μm, h = 0.0034μm, d = 60μm and t = 40μm. In (a) d is varied from 40 to 70μm, in (b) t is varied 

from 20 to 50μm, in (c) p is varied from 120 to 180μm, and in (d) f is varied from 0.40 to 0.60.  

A unique feature of absorber is insensitive to incident conditions. Therefore, the absorption spectrum 

is simulated as a function of angle of incidence θ , as shown in Fig.5. When incident angle increases 

from 0°  to 60° , the resonance peak slightly red shifts to the lower frequency, meanwhile, the 

bandwidth of absorption peak increases from 0.025THz to 0.035THz. At the same time, the value of 

absorption efficiency keeps at a high level over 75%. This can be understood from the physical nature 

of the absorption peak, which originates from magnetic resonances with high symmetry. Therefore, the 

absorption peak is almost independent on incident angle.  

 

Fig.5 Absorption spectrum under the illumination of TM-polarized wave as a function of the incident angle θ  range from 0°  

to 60° . The geometric parameters remain unchanged.  

To show the performance of the proposed absorber, we calculated the near field distributions of the 

magnetic component and electric current at frequency of 1.015THz under incident angle of 5°, 10°, 15°, 

20°, 40°, and 60°, as plotted in Fig. 6. It can be seen that the field distributions possess the unique 

features of magnetic resonance. In addition, the field intensity maintains at a similar level. These results 

demonstrate further that the proposed absorber has a good angle adaptability which arises from the 

magnetic resonance. Overall, the designed absorber has excellent angular adaptability that the 

frequency and efficiency of absorption spectra remains stable for incident angles from 0°  to 60° , 

indicating the great performance of our proposed terahertz absorber.  

Fig. 5. (Color online) Absorption spectrum under the illumination of TM-polarized wave as a
function of the incident angle θ range from 0◦ to 60◦. The geometric parameters remain unchanged.

 

 

 

Fig. 6 (a)-(f) Calculated magnetic fields at frequency of 1.015THz under incident angle of 5°, 10°, 15°, 20°, 40°, and 60°, 

respectively. The red arrows represent the current density.  

3.   Conclusions 

In summary, we designed a graphene-dielectric grating absorber in terahertz region, gaining properties 

of the tunability by dynamically adjusting external voltage and excellent absorption efficiency. The 

physical mechanism of the absorption is studied through magnetic components, which depicts the 

relations between different resonance peaks. The influence of structural parameters on absorption 

provides a way to optimize the tunable range of absorption. Finally, we prove the good wide-angle 

adaptability of absorption from 0° to 60° under TM-polarization. The designed absorber could be 

further designed to achieve multi-band absorption and be applied in medical measure and terahertz 

stealth fields.  
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nature of the absorption peak, which originates from magnetic resonances with high

symmetry. Therefore, the absorption peak is almost independent on incident angle.

To show the performance of the proposed absorber, we calculated the near

field distributions of the magnetic component and electric current at frequency of

1.015 THz under incident angle of 5◦, 10◦, 15◦, 20◦, 40◦ and 60◦, as plotted in Fig. 6.
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It can be seen that the field distributions possess the unique features of magnetic

resonance. In addition, the field intensity maintains at a similar level. These results

demonstrate further that the proposed absorber has a good angle adaptability which

arises from the magnetic resonance. Overall, the designed absorber has excellent

angular adaptability that the frequency and efficiency of absorption spectra remains

stable for incident angles from 0◦ to 60◦, indicating the great performance of our

proposed terahertz absorber.

3. Conclusions

In summary, we designed a graphene-dielectric grating absorber in terahertz region,

gaining properties of the tunability by dynamically adjusting external voltage and

excellent absorption efficiency. The physical mechanism of the absorption is stud-

ied through magnetic components, which depicts the relations between different

resonance peaks. The influence of structural parameters on absorption provides

a way to optimize the tunable range of absorption. Finally, we prove the good

wide-angle adaptability of absorption from 0◦ to 60◦ under TM-polarization. The

designed absorber could be further designed to achieve multi-band absorption and

be applied in medical measure and terahertz stealth fields.
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