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Abstract—Switchable metamaterial absorbers/reflectors
(MAs/MRs) are important bifunctional electromagnetic devices
and have been the subject of numerous scientific studies. However,
there is a lack of bifunctional devices that operate in the terahertz
band. Here, we theoretically propose a broadband switchable MA
with many excellent properties, such as good thermal stability,
high insensitivity to inferior film quality of the graphene, excitation
polarization and wide incident angles, and outstanding structural
parameter tolerance. The bandwidth of the proposed broadband
MA is 3.4 THz with an absorptivity over 90% in the frequency
band of 1.6-5 THz. The proposed absorber can switch to a reflector
with a reflectivity over 93% by tuning the chemical potential
of the graphene and reducing the temperature. Therefore, the
switching intensity of the proposed MA exceeds 83%. The physical
mechanisms of the broadband absorption of the proposed structure
are investigated using the impedance matching theory and the
multiple reflection interference theory. The reflection mechanism
of the proposed broadband reflector is discussed by analyzing the
effective parameters. The absorption and switching mechanism
are theoretically investigated by performing detailed numerical
calculations to analyze the surface loss intensity, electric field, and
magnetic field. These findings can accelerate the development of
terahertz broadband switchable devices.

Index Terms—Terahertz bifunctional device, broadband
metamaterial absorber/reflector, switching intensity, electric
dipole, magnetic dipole.

I. INTRODUCTION

NARROWBAND and broadband metamaterial absorbers
(MAs) have been widely investigated due to their unique

application requirements, such as carrier-wave modulation [1],
imaging [2], sensing [3], and so forth. Research on broadband
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MAs is a hot topic because many practical applications have
specific bandwidth requirements, such as high-performance
structural color applications [4], broadband thin-film thermal
emitters [5], and optoelectronic devices [6]. Various methods
have been adopted to achieve broadband absorption, including
stacking multi-layer resonators of different sizes [7], [8], em-
bedding graphene sheets in a conventional MA structure [9],
[10], combining multiple resonators of different sizes into one
unit [11], [12], and using discrete patterns of graphene sheets
[13]–[16]. The latter method is preferred due to the ultrathin
structure and convenient tunability. In this paper, the latter two
methods are combined to design a structure with improved
broadband absorption performance.

Terahertz (THz) wave, lying between 0.1 to 10 THz, is of
significant interest to researchers, having potential applications
in detecting systems [3], biological imaging [17], and THz radi-
ation [18]. Being situated between the infrared and microwave
bands, THz wave exhibits unusual microwave and optical prop-
erties. Therefore, broadband metamaterial absorber in THz band
has wider range of application potentials than that in microwave
band. Moreover, THz technology has recently become a widely
concerned topic, which play roles of significant importance
in astronomy, biomedicine, communications, and defense [1].
Although terahertz technology has witnessed increasingly rapid
advances in the past decades, there is still a dire need for efficient
THz switchable devices.

Various electro-optical materials have been appealed exten-
sively in THz switchable devices as switching components,
such as liquid crystals [19], semiconductors [20], [21], and
graphene [1], [22], [23]–[25]. Among these electro-optical ma-
terials, graphene represents a particularly interesting switching
method. The performance of graphene-based metamaterial de-
vices, such as frequency tunability and amplitude switching,
depends on the graphene conductivity, which can be controlled
by the bias voltage, an electromagnetic field, and chemical
doping. Hence, graphene has become a preferred material for
designing THz switchable metamaterial devices. For example,
some graphene-gold hybrid structures were designed in [1],
[22]–[24] to function as switchable THz MAs/metamaterial
reflectors (MRs), where the graphene was used as an active load
with tunable conductivity. Qi et al. proposed a switchable MA
that used nonstructured graphene loaded with simple dielectric
resonators to achieve broadband and dual-band absorption [25].
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Fig. 1. (a) Schematic of the metamaterial structure consisting of several
symmetrically arranged graphene sheets separated from the metallic ground
plate by a dielectric spacer. (b) The top view of the metamaterial structure.

In [14], a broadband switchable MA was proposed based on
patterned graphene resonators. The bandwidth of the designed
absorber reached 2.76 THz, and the switching intensity (SI) is
over 79%. Although switchable MAs/MRs were demonstrated in
these studies, the absorption bandwidth and SI remain limited.
Furthermore, in comparison with THz switchable MAs, some
microwave or infrared MAs require diodes [26], [27] and a
micro-electro-mechanical system (MEMS) [28] to achieve ac-
tive tuning, complicating the fabrication process.

Therefore, considering the ease of the fabrication process and
the broad applications of the broadband THz MA, we propose a
graphene metasurface composed of discrete graphene sheets of
different sizes capable of enhancing the bandwidth and SI. The
bandwidth of the proposed absorber is 3.4 THz with an absorp-
tivity over 90% in the frequency range of 1.6-5 THz, which is
higher than most MAs reported in the literature. By changing the
chemical potential of the graphene and cooling the temperature,
the proposed absorber can be switched to a broadband reflector
with a reflectivity over 93%. The physical mechanism under-
lying the absorption principle and the switching mechanism
are investigated theoretically and numerically. The proposed
broadband MA also exhibits several advantages, including high
thermal stability, excellent performance inertia to film quality
of graphene, structural parameter insensitivity, polarization in-
dependence, and constant results at large incident angles.

II. DESIGN AND ANALYSIS

The unit cell of the designed metamaterial structure is shown
in Fig. 1, which consists of three layers. The bottom metallic
plate blocks the transmission of the incident terahertz waves to
ensure that the transmission of the structure is zero. To obtain
optimal structure performance, we select the polymer material
as the middle dielectric spacer layer, which has been proven
compatible with graphene transfer [29], [30]. The permittivity
of the polymer is 2.25, and the low loss factor is 0.002. The top
layer consists of several patterned graphene sheets. We place a
square graphene sheet with a length of l1 in the center of the
unit cell (defined as lap l1) and add four symmetrically arranged
square graphene sheets at a distance of S1 from the first lap
(defined as lap l2). Subsequently, four symmetrically distributed
graphene sheets are added at a distance of S2 from the second
lap (defined as lap l3), forming a metamaterial resonant layer
with three laps of graphene sheets, as shown in Fig. 1(a). The

absorbing/reflecting element in this structure is the graphene
pattern consisting of laps of graphene sheets with different sizes
and positions.

A silicon (ε = 11.9) wafer is used as the substrate to support
the structure [3]. The optimized structural parameters in Fig. 1
are t = 15 μm, h = 200 nm, P = 53 μm, l1 = 11.1 μm, l2 =
14.3 μm, l3 = 16.5 μm, S1 = 2.6 μm, and S2 = 2.8 μm. The Au
used in the metallic plate is regarded as a dispersive medium
and is characterized by the Drude model:

ε (ω) = ε∞− ωp
2

ω2 + iωγ
(1)

where the values of ε�, ωp, and γ are 1.0, 1.38×1016 rad/s, and
1.23×1013 Hz, respectively, as described in [31]. The unusual
properties of the 2D graphene material can be characterized
by its dynamic conductivity (σg), including the intraband
conductivity (σintra) and the interband conductivity (σinter).
The dynamic conductivity (σg) can be calculated by using the
well-known Kubo formula [32]:

σg (f, μc, τ, T ) = σinter (f, μc, τ, T ) + σintra (f, μc, τ, T )

=
je2

(
2πf − jτ−1

)
�

π�2

[
1

(2πf − jτ−1)2∫ ∞

0

ε

(
∂fd (ε)

∂ε
− ∂fd (−ε)

∂ε

)
dε

−
∫ ∞

0

fd (−ε)− fd (ε)

(2πf − jτ−1)2 − 4(ε/-h)2
dε

]

(2)

where fd(ε) = [exp (ε-µc / KBT) + 1]-1 is the Fermi-Dirac
distribution, ƒ is the operating frequency, T is the temperature,
e is the electron charge, τ is the carrier relaxation time of the
graphene, μc is the chemical potential of the graphene, � is the
reduced Planck’s constant, and KB is the Boltzmann constant.
For the ungated case of μc = 0, the dynamic conductivity of
graphene can be derived by the above-mentioned Kubo formula.
For μc >> KBT, the interband contribution of the conductivity
can be neglected according to the Pauli exclusion principle,
i.e., the conductivity of graphene consists only of the intraband
conductivity. The dynamic conductivity of graphene in the THz
band can be simplified into the Drude-like form [33]:

σg =
e2μc

π�2
j

(2πf + jτ−1)
(3)

Here the carrier relaxation time of the graphene (τ ) is defined
as [34]:

τ = μμc/evF
2 (4)

Equation (4) indicates that the value of τ is related to the
carrier mobility μ, the chemical potential μc, the electron charge
e, and the Fermi velocity vF. The e and vF are constants, and a
value of 1.1 × 106 m/s is typically used for vF. In this paper,
we set the initial values of μc and μ to 1.2 eV and 564.7
cm2/V·s, respectively, i.e., τ = 0.056 ps. The processing of
high-quality graphene films has become more straightforward
due to advancements in laboratory processing technology (the
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Fig. 2. The (a) real and (b) imaginary parts of the surface impedance of the
graphene film at different chemical potentials and temperatures. The relaxation
time is fixed at 0.056 ps.

Fig. 3. The schematic (a) and side view (b) of an ion-gel top gating device
used in the proposed structure. G, gate; D, drain; S, source. (c) The chemical
potential (µc) of graphene as a function of the gate voltage (Vg).

theoretical limit of the room-temperature carrier mobility is
2.5 × 105 cm2/V·s) [35]. The value of μ in this paper is much
lower than the theoretical limit value; therefore, our proposed
graphene device can be easily obtained. In our numerical simula-
tions, as the graphene is in fact a one-atom-thick 2D material, the
graphene sheet is effectively modeled as 2D impedance surface
with zero thickness in CST Microwave Studio [36]. The surface
impedance of graphene can be expressed as [37]:

Zg =
1

σg
(5)

Based on the above analysis, the surface impedance of
graphene is related to the chemical potential of graphene for
a given carrier mobility. Therefore, by tuning the chemical
potential of graphene, we can obtain graphene with different
surface impedances so that it exhibits tunable characteristics.
The real and imaginary parts of the surface impedance of
graphene as a function of the operating frequency for different
chemical potentials and temperatures are shown in Fig. 2. There
is significant change in the surface impedance of the graphene
for different values of μc and T, which further discloses the
bifunctional phenomenon of the proposed structure.

The chemical potential of the graphene sheets is controlled
using the ion-gel top gate method, which provides a large doping
range through electrostatic gating [38]. The schematic and side
views of the ion-gel top gating device are shown in Figs. 3(a) and
(b). The relationship between μc and Vg can be approximated
as [39], [40]:

μc = �vF

√
π

(
C |Vg|

e
−n0

)
(6)

where C and n0 are the effective capacitance per unit area and
the intrinsic carrier concentration of graphene, respectively. The
effective capacitance of ion-gel gating is C∼20 mF/m2 [40]. The
intrinsic carrier concentration (n0) of graphene and the chemical
potential (μc) of graphene have the following relationship [41]:

n0 = (μc/�vF )
2/π (7)

Therefore, graphene is favored by many researchers as a
tunable/switchable material. The calculated chemical potential
as a function of the gate voltage is plotted in Fig. 3(c).

III. PERFORMANCE AND MECHANISM OF THE SWITCHABLE

METAMATERIAL STRUCTURE

The excitation source is a terahertz plane wave incident nor-
mally on the surface of the structure. The unit cell boundary
condition is set in the x- and y-directions and the Floquet ports
are assigned in the z-direction. All simulations are performed
based on finite element method by the commercial microwave
software CST Microwave Studio. In the high frequency regime,
the period of the structure is much closer to the wavelength,
and the periodical structure can be considered as grating arrays.
Therefore, the 1-order diffraction mode can be achieved in
the high frequency regime [42]. A simulating of the 1-order
diffraction efficiency of the proposed structure indicates that it
only occurs at high frequencies, and the maximum diffraction
efficiency is 4.3% and 0.27% in the frequency band of 4.5-5 THz
for the transverse electric (TE) and transverse magnetic (TM)
polarizations, respectively (the result is not shown). Although
the 1-order diffraction occurs in the high frequency regime, its
impact on the broadband performance of the proposed structure
is negligible. Therefore, the absorption A(f) of the proposed
structure can be obtained by A(f) = 1 – R(f) – T(f), where
R(f) = │S11(f)│2 is the reflectivity, and T(f) = │S21(f)│2 is
the transmission. The S parameters can be obtained in the CST
simulation. Here, the bottom metallic plane completely blocks
the transmission of the incident terahertz wave so that T(f) is
equal to 0. The relationship between absorption and reflection
is simplified as A(f) = 1 – R(f).

Fig. 4(a) shows the switching ability of the proposed structure
for different graphene chemical potentials and temperatures. The
proposed structure can switch flexibly between an absorber and
reflector by tuning the applied bias voltage. When μc = 1.2 eV
and T = 300 K, absorptivity over 90% is obtained from 1.6 THz
to 5 THz, i.e., the bandwidth is 3.4 THz. The real and imaginary
parts of the effective impedance of the proposed structure in the
on-state are shown in Fig. 4(b). Excellent impedance matching
is obtained in the broadband absorption band; Re(Z) is approx-
imately 1 and Im(Z) is approximately 0. When the structure is
biased at zero voltage (μc= 0 eV), the absorber is in the off-state.
The reflectivity of the proposed structure is more than 87.3% at
a temperature of 300K, and a high SI (>77.3%) is obtained. By
reducing the temperature (T = 100 K), the proposed structure
is switched to an excellent reflector with reflectivity over 93%.
Most importantly, the intensity modulation depth (i.e., the on/off
ratio) exceeds 83%. We also calculated the effective parameters
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Fig. 4. (a) Absorption spectra for different graphene chemical potentials and
temperatures under TE and TM polarization. The proposed structure is in the
on-state when µc = 1.2 eV and in the off-state when µc = 0 eV. The switching
intensity is improved by cooling the proposed structure. (b)-(f) The effective
material constants (Re (Zeff), Im (Zeff)), and (Re (Zeff), Im (neff)) are calculated
using the S-parameter inversion method with different µc and T values.

of the proposed structure in the off-state, i.e., for the reflector. As
shown in Fig. 4(c) and (d), the excellent impedance matching
is destroyed when it acts as a reflector, and the absorption is
noticeably reduced. However, as shown in Fig. 4(e) and (f), the
high reflectivity band matches the region of Im (neff) >> 0
when Re (Zeff) = 0, which is consistent with the results in [43],
[44], i.e., the effective parameters (Re (Zeff), Im (neff)) condition
is satisfied for high reflectivity. The absorption curves for TE
and TM polarization in Fig. 4(a) overlap perfectly, indicating
that the proposed absorber/reflector is polarization-insensitive.
The symmetry of the structure is the inherent reason for the
polarization independence.

We further investigated the reason for the high SI and ex-
cellent absorption. Figs 5- 7 show the surface loss density, the
z-component of the electric field, and the z-component of the
magnetic field of the patterned graphene sheets for two states
(on and off) for TE polarization. The two chosen frequencies
f1 (1.82 THz) and f2 (4.5 THz) are the two absorption peaks of
the proposed structure. In comparison, the surface loss intensity
in Fig. 5 is significantly different for the two different chemical
potentials (μc = 1.2 eV and μc = 0 eV). In the on-state, i.e., in
case of high absorption, the surface loss intensity in the patterned
graphene sheets is relatively high and contributes primarily to the
high absorption of the incident energy. In contrast, the surface
loss intensity in the patterned graphene sheets is noticeably lower

Fig. 5. (a) The surface loss density of the proposed structure at (a1) f1 (1.82
THz) and (a2) f2 (4.5 THz) for µc = 1.2 eV. (b) The surface loss density of
the proposed structure at (b1) f1 (1.82 THz) and (b2) f2 (4.5 THz) for µc = 0
eV. The value of the surface loss density is normalized to 1 × 108 W/m2. The
temperature (T) is fixed at 300 K.

Fig. 6. The z-component distributions of the electric field of the graphene
sheets with different µc at two absorption peaks. The temperature (T) is fixed
at 300 K.

in the off (reflector) state. As a consequence, the absorber is
switched to a reflector.

We calculated the z-component of the E- and H-field in the
x-y plane of the graphene sheets at two absorption peaks (f1
and f2) with different chemical potentials μc to visualize the
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Fig. 7. The z-component distributions of the magnetic field of the graphene
sheets with different µc at two absorption peaks. The temperature (T) is fixed
at 300 K.

absorption/switching mechanism (Figs. 6 and 7). Fig. 6(a) shows
strong fields with opposite charges on the two edges of the
graphene sheets, which can be interpreted as the dipolar field
distribution [45]. Since there is the fact that the magnetic field
is π/2 out of phase with the electric field, the z-component
distribution of the H-field is illustrated in Fig. 7 with a π/2
phase difference compared to the E-field. The H-field intensity
is much weaker than the E-field intensity. We observed that the
graphene sheets exhibit a magnetic dipole distribution mode
[46], [47]. In addition, the graphene sheets of lap l3 are coupled
with the graphene sheets of lap l2 in horizontal direction; thus,
out-of-phase magnetic dipole modes are obtained. As shown
in Fig. 6(b) and Fig. 7(b), the intensity of the z-component
of the E- and H-field is significantly damped by at least one
order of magnitude for μc = 0 eV. The damping of the electric
and magnetic dipole distribution causes the performance of the
proposed structure to switch from absorption (ON) to reflection
(OFF).

IV. FURTHER DISCUSSION

A. Multiple Reflection Interference Theory

We use the multiple reflection interference theory to further
confirm the absorption performance of the proposed structure.
Following the lines hinted by the literature [48]–[50], the pro-
posed absorber can be decoupled into two interfaces, i.e., the
top graphene sheets and the bottom metallic plane located on
both sides of the dielectric spacer, as shown in Fig. 8(a). In the
interference model, the incident plane wave propagates along

Fig. 8. (a) Multiple reflection interference model of the proposed absorber. (b)
Amplitude and (c) phase of the reflection and transmission coefficients obtained
from the proposed absorber without a metallic plane. (d) Comparison of the
theoretical and simulated absorption spectra of the proposed absorber.

two paths, i.e., one part is reflected into the air with the reflection
coefficient R12 = r12eiφ

12 and the other part is transmitted into
the spacer with the transmission coefficient T12 = t12eiθ

12.
When the transmission wave reaches the metallic plane, it is
reflected with the reflection coefficient R23 = -1. Subsequently,
the reflected wave continues to be reflected and transmitted at
the air-spacer interface with coefficients R21 = r21eiφ

21 and T21

= t21eiθ
21. The total reflection is the superposition of multiple

reflections:

r = R12 − T12e
i2βT21

1 +R21ei2β
(8)

β =
√
εdk0t (9)

where β is the complex propagation phase, εd is the permittivity
of the dielectric spacer, t is the thickness of the dielectric spacer,
and k0 is the free-space wavenumber, respectively. As shown in
Figs. 8(b) and (c), the reflection and transmission coefficients
and the phase are obtained by simulating the proposed absorber
unit cell with a dielectric spacer but without metallic plane. In
Fig. 8(d), we compare the theoretical calculation results with the
simulation results. It is observed that the theoretical and CST
simulation results are in good agreement in the range of the
absorption band. The small discrepancy between the theoretical
and simulation data may be caused by the approximation of the
complex propagation phase, but the qualitative agreement of the
curves is obvious.

B. Thermal Stability and Film Quality Independency of the
Graphene

We use an initial temperature of 300 K to investigate the
absorption performance of the proposed structure. Since the
temperature will fluctuate during measurements, a device with
high thermal stability is desirable. Fig. 9(a) shows the effect
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Fig. 9. Absorption evolution mapping of the proposed absorber under different (a) temperatures, (b) relaxation times of the graphene, and (c) chemical potentials
of the graphene.

Fig. 10. Performance stability of the proposed absorber for different structural parameters of the graphene resonator under normal incident conditions and a fixed
graphene chemical potential of 1.2 eV.

Fig. 11. The dependence of the absorption spectra on the thickness of the
dielectric spacer.

of the temperature on the absorption performance of the pro-
posed structure. The structure maintains excellent absorption
performance in the temperature range of 100 K to 500 K,

Fig. 12. Contour plots of the proposed absorber as a function of the incident
angle and the frequency for (a) TE polarization and (b) TM polarization.

indicating an outstanding thermal stability. The relaxation time
τ of the graphene sheets is investigated because it characterizes
the film quality of the graphene. Fig. 9(b) depicts the absorption
performance of the proposed structure with the deviation of the
‘τ ’ ranging from -10% to 10% with respect to the original design,
from which we can observed that the absorption performance
is highly stable. Fig. 9(c) further shows the absorption perfor-
mance of the proposed absorber under different values of μc.
It is observed that the effect on bandwidth and absorptivity is
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TABLE 1
COMPARISON OF THE PROPOSED ABSORBER WITH OTHER ABSORBERS

negligible while varying μc from -10% to +10% with respect to
1.2 eV. These results show that graphene exhibits an outstanding
fabrication tolerance.

C. Fabrication Tolerance

We further investigate the effect of the structural parameters
of the graphene resonator on the absorption performance. As
mentioned in Section 2, we use an initial period (P) of 53
μm. As shown in Fig. 10(a), we assessed the influence of this
parameter (P) fluctuations on the structural performance. When
P< 53μm, the absorption intensity at low frequencies is slightly
damped (as shown by the blue dotted frame in Fig. 10(a)), and
the absorption bandwidth shifts to high frequencies. When P >
53 μm, the influence of the period on the proposed absorber
is negligible. Figs 10(b)-(f) shows the influence of the distance
between the graphene sheets and their length on the absorption
performance of the proposed absorber. The absorber exhibits ex-
cellent absorption results within a certain range of the parameter
values (near the initial value). Therefore, the proposed absorber
is highly insensitive to these parameters, ensuring excellent
performance within the fabrication tolerance.

The thickness of the dielectric spacer plays an important role
in the proposed structure. As shown in Fig. 11, we investigate the
influence of the spacer thickness on the absorption spectra. It can
be observed that the absorption spectra of the proposed structure
shifts to the lower frequency (redshift) with different spacer
thickness ranging from 14 μm to 16 μm in an incremental step
of 0.25μm. Despite of the frequency shift induced by the change
in the spacer thickness, the shape of the resonance maintained
well with only slight amplitude and bandwidth variations. That
is to say, the absorption performance of the proposed structure
has a very high tolerance to the spacer thickness.

D. Sensitivity to the Incident Angle

MAs that are highly insensitive to the incident angle are
favored by researchers due to their specific applications. Fig. 12
shows the incident angle tolerance of the proposed absorber for
TE and TM polarizations. When the incident angle is less than
35°, the absorption bandwidth of the proposed absorber with
an absorptivity over 80% is 4.05 THz for TE polarization. As
the incident angle increases, the absorption spectra with high
absorptivity shift to a higher frequency. This property can be
exploited to tune the broadband MA for specific application
requirements. The amplitude of the absorption decreases with
the incident angle at angles exceeding 35° in the low-frequency

band. Under TE-polarized incidence, the magnetic component
of the incident THz wave that interacts with the magnetic dipole
moment in the proposed absorber decreases with an increase in
the incident angle, attenuating the coupling effect between the
incident THz wave and the graphene resonator. Therefore, the
absorption amplitude and the absorption bandwidth decrease
as the incident angle increases. For a TM-polarized incident
wave, the electric component of the incident wave parallel to
the absorber plane gradually weakens as the incident angle
increases, but a weak electrical component has a negligible effect
on the absorption performance of the proposed absorber. As
shown in Fig. 12(b), the proposed absorber maintains excellent
broadband absorption performance at incident angles of up to
60°. These results demonstrate that the proposed absorber has
excellent incident angle tolerance.

E. Comparison With Other MAs

Several studies investigated terahertz switchable MAs/MRs,
including narrowband MAs, broadband MAs, and dual broad-
band MAs. We compared our results with those from other
studies; the results are listed in Table 1. The bandwidth of
the proposed absorber is much broader than those of other
broadband MAs [14], [24], [25]. The SI of the proposed absorber
exceeds 83%, outperforming other broadband MAs. Although
the absorption and SI of the proposed absorber are lower than that
in Ref. [51], our device presents such a broadband absorption
bandwidth that can extend the scope of practical applications.
Also, the processing difficulty is relatively low due to the simple
three-layer structure of our proposed MA.

V. CONCLUSION

In summary, a broadband switchable MA with multi-laps
graphene sheets operating in the terahertz band is designed. The
state of the proposed absorber can be switched from absorption
(>90%) to reflection (>93%) over a broadband range by using
the ion-gel top gate method. The bandwidth of broad absorption
peak is 3.4 THz, exceeding those of most reported MAs. Anal-
ysis of the electric and magnetic fields distributions indicate
that electromagnetic resonance of the graphene sheets caused
broadband absorption. The multiple reflection interference the-
ory and the impedance matching theory are used to investigate
the broadband absorption mechanisms. The effective impedance
and effective refractive index of the proposed structure are
calculated to explain the mechanism of broadband reflection.
Analysis of the surface loss intensity on the graphene sheets
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reveals the switching mechanism of the proposed structure. The
performance of the proposed absorber remains unchanged at
different temperatures, demonstrating excellent thermal stabil-
ity. Numerical analysis reveals other excellent properties of the
proposed absorber, such as the high film quality of the graphene,
polarization and incident angle insensitivity, and structural pa-
rameter insensitivity. The proposed design has significant po-
tential as a switchable device for various applications such as
amplitude modulation, imaging, and sensing.
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