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ABSTRACT This paper reports a dual-polarized graphene-basedmulti-functional device which could switch
between rasorber and absorber flexibly. The only difference between rasorber and absorber is that rasorber
has a transmission window with low loss. Therefore, a wideband absorber is proposed at the first step.
Then, four split-ring resonators (SRRs) are introduced to the absorber, which makes the electromagnetic
(EM) energy could be reflected at the certain frequency band. The state (on/off) of SRRs and absorber can
be controlled by the chemical potential of graphene. To find a new pathway for this part of the reflected
energy, metal ground of the absorber is replaced by a reconfigurable graphene-based frequency selective
surface (FSS). The proposed FSS could be switched between FSS andmetal plate by controlling the chemical
potential of graphene ring embedded in the bottom metal layer. Therefore, the proposed multi-functional
device could be obtained by combing the absorber with SRRs and reconfigurable FSS. When the proposed
device serves as a rasorber, it has an absorption-transmission-absorption response with superior selectivity.
When it performs as an absorber, it has wideband performance with high absorptive rate. It is an attractive
candidate for stealth applications.

INDEX TERMS Absorber, graphene, multi-functional, rasorber, switchable.

I. INTRODUCTION
Frequency selective surface (FSS) radome allows EM waves
to transmit in the transmission band and reflect the EM
waves out-of-band [1]–[3]. FSS can reduce mono-static
radar cross section (RCS) greatly. Nevertheless, the reflected
wave by FSS increases scattering in other directions, which
could be detected by bistatic/multistatic radar [4]. Nowadays,
frequency-selective rasorber has been studied since rasorber
can pass EM waves in the passband and absorb EM waves
outside the passband. By this way, both mono-static and
bistatic out-of-band RCS can be reduced. Therefore, rasorber
has superior performance over conventionally used FSS in
reducing RCS.

There are two classes of rasorbers, including
three-dimensional [5], [6] and two-dimensional rasorbers
[7]–[9] respectively. Three-dimensional rasorber could read-
ily achieve high selectivity and angular-stable performance.
Nevertheless, they are difficult to fabricate and assemble,
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especially in terahertz band. Thus, two-dimensional rasorber,
usually consisting of a resistive sheet and a band-
pass FSS, is designed in this paper. A dual-polarized
band-absorption rasorber is presented in [10], achieving a
high-frequency absorption and low-frequency bandpass per-
formance. In [11], a miniaturized frequency-selective rasor-
ber is designed with a wide absorption band below the trans-
mission band. The above designs only have one absorption
band near the passband. It would be more ideal if the rasorber
has two absorption bands on the both sides of the passband.
A dual-polarization frequency selective rasorber is proposed
in [12] by combining split ring resonators and Jerusalem
crosses. A broadband and high-selectivity rasorber based
on notch structure is designed in [13]. These designs can
realize a passband and two absorption bands. Nevertheless,
the operating performance will be fixed once the device is
fabricated.

With the development of wireless communication, it is
becoming attractive to studymulti-functional devices. In [14],
a reconfigurable rasorber is presented. It could offer trans-
mission or reflection band along with an absorption band
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FIGURE 1. Configuration of the proposed wideband absorber based on
graphene.

by changing the DC voltage applied in the bias net-
work. In [15], a varactor-based rasorber is designed which
could provide a tunable transmission window within the
absorption band. Aforementioned designs are all in the
microwave band. A graphene-based polarization insensi-
tive rasorber is presented with tuneable passband at tera-
hertz, achieving a switchable broadband frequency-selective
rasorber/absorber [16]. In [17], a switchable rasorber/
absorber based on slot arrays is investigated with a single
polarization. When no bias voltage is applied on the diodes
(off), the structure can operate as a rasorber. When a small
voltage is applied on the diode (on), the transmission window
would be moved to higher frequencies and even out of the
absorption band. The rasorber then becomes an absorber
accordingly. We hope that the passband can only exist or dis-
appear, not just frequency shift. Meanwhile, the proposed
device has dual-polarized performance. Detail design method
and steps are provided in the following section.

II. METHODS
Step 1: Design of wideband graphene-based absorber:

Graphene could be modeled as an infinitesimally thin
surface [18], [19], which is characterized by a surface com-
plex conductivity σ . The conductivity consists of intra and
inter parts defined by Kubo’s formulas. While only the
intra-band contribution is considered in this paper since the
proposed device works below 10 THz [20].

A wideband absorber based on graphene is designed in
the first step, which is illustrated in Fig. 1. The absorber is
constructed on a stacked two-layer substrate with an air gap.
The distance between two substrates is nearly 1/4 wavelength
of absorption frequency. The adopted substrate SiO2 with a
dielectric of 3.8 and a thickness of 8 µm. The black section
represents graphene. Eight graphene strips (with chemical
potential of µc1 = 1 eV, relaxation time of τ1 = 0.02 ps)
are embedded in the metallic strips of the absorber to provide
the desired absorption at certain frequencies. The correspond-
ing reflection coefficient is shown in Fig. 2(b). The simu-
lated 10-dB impedance bandwidth is 107.3% from 0.285 to
0.945 THz. Note that the proposed design in this paper is
simulated with the full-wave simulation tool, Ansoft HFSS.
Step 2: Design of wideband absorber with graphene-based

SRRs:

FIGURE 2. (a) Configuration of the proposed absorber with SRRs based
on graphene, (b) reflection coefficients of the proposed absorber
with or without SRRs, and (c) electric field distribution on the resistive
surface at 0.63 THz.

Rasorber is a combination of radome and absorber, since it
could function as an absorber at the stop-band, and be trans-
parent at the transmission band.Means that a new path should
be designed based on the pre-designed absorber within the
absorption band. The energy of this selected frequency band
should not be absorbed but be reflected since the existence
of metal plate at the bottom. Hence, four SRRs connected
with four metal-graphene hybrid strips are introduced to the
absorber. The detailed structure of absorber with SRRs is dis-
played in Fig. 2(a). It should be mentioned that four graphene
strips (with chemical potential of µc2 = 1 eV or 0 eV,
relaxation time of τ2 = 1 ps) can be seen as switches,
which could control on/off of SRRs by changing the chemical
potential.

The reflection coefficients of the absorber with SRRs are
shown in Fig. 2(b). When the chemical potential µc2 is
set to 0 eV, the reflection coefficients have two resonant
points, forming the wideband performance. That is to say,
the absorber with SRRs acts as a wideband absorber, just
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FIGURE 3. Configuration of the proposed graphene-based FSS with
corresponding scattering parameters.

like the pre-designed absorber. When the chemical potential
µc2 is set to 1 eV, it is clear that a peak is occurred since
the impedance is mismatched at 0.63 THz. From 0.56 to
0.695 THz, EM waves are mostly reflected rather than
absorbed. The reason for reflection is due to the presence of
metal plate in the second layer.

In order to further clarify the operation principle of the
SRRs, electric field distribution of the upper surface, namely,
resistive surface, are provided in Fig. 2(c). It can be observed
that there is strong electric field distribution on SRRs at
0.63 THz when the chemical potential µc2 is 1 eV. This
indicates that the state of SRRs is ‘‘on’’ at this time. Thus,
SRRs is the reason that makes reflection coefficient mismatch
at 0.63 THz. While the chemical potential µc2 is changed
to 0 eV, only a few electric fields are distributed on the
SRRs. That means that the state of SRRs is ‘‘off’’ at this
moment. The SRRs have less impact on the performance of
the absorber.
Step 3: Design of graphene-based FSS:
It is known that absorber only has absorption feature in

the operating frequency band. To make the proposed rasorber
have absorption-transmission-absorption response, a lossless
path should be designed to bypass the lossy path. Reconfig-
urable FSS based on graphene is designed in this section.
By replacing the metal sheet of absorber with SRRs to FSS,
EM waves which be reflected in the above section could pass
through the proposed design, forming the passband of the
rasorber. In other words, the resistive sheet and bandpass FSS
is nearly transparent to the incident EM waves. Note that
the mismatched frequency band of the absorber with SRRs
must coincide with the operating frequency of bandpass FSS.
In the absorption band, the bandpass FSS should be nearly
total-reflected and serve as a ground plane for the resistive
sheet to absorb the incident waves.

The structure of the proposed FSS is plotted in Fig. 3 with
corresponding scattering parameters. A graphene ring is
embedded in the metal plate (with chemical potential of
µc3 = 0 eV or 1 eV, relaxation time of τ3 = 1 ps).
When the chemical potential µc3 is set to 0 eV, the res-
onant frequency is at 0.63 THz with low insertion loss.
Therefore, the proposed graphene-based FSS performs as

TABLE 1. Geometrical parameters (µm).

FIGURE 4. The equivalent circuit of the proposed switchable
rasorber/absorber (Circuit parameters: L0 = 0.031 nH, R = 300 Ohm,
C0 = 0.0022 pF, C1 = 0.0029 pF, L1 = 0.2 nH, C2 = 0.0064 pF,
L2 = 0.0071 nH, C3 = 0.0038 pF, L3 = 0.017 nH).

an excellent bandpass FSS in this situation. Graphene has
quasi-metal characteristic when the chemical potential µc3
is changed to 1 eV. Therefore, the proposed graphene-based
FSS functions as a metal plate in this case.
Step 4: Design of switchable graphene-based

rasorber/absorber :
Combing the absorber with SRRs presented in step 2 and

reconfigurable FSS proposed in step 3, we could achieve the
final multi-functional design which could be seen in Fig. 4.
By properly setting the value of the chemical potentials of
graphene, the proposed device could be switched between
the rasorber and absorber easily. The final geometrical
parameters are listed in Table 1.
To further explain the operating mechanism of the

proposed switchable rasorber/absorber, equivalent circuit is
studied and depicted in Fig. 4. The hollow cross and graphene
(act as resistors) with chemical potential of µc1 in the center
of the upper layer are modeled as a series RLC circuit.
The circular ring resonator is equivalent to parallel circuit
(L1, C1). SRR is also modeled as a parallel circuit (L2, C2).
Graphene with chemical potential of µc2 inserted in SRRs
could control the SRRs work or be invalid. A graphene cir-
cular ring with chemical potential of µc3 is embedded in the
metal plate in the second layer, achieving a reconfigurable
FSS which can be modelled as a parallel circuit (L3, C3). The
reconfigurable FSS can function as FSS or metal plate by
changing the chemical potential µc3. The distance between
two substrates D is nearly 1/4 wavelength of absorption
frequency of 0.63 THz.
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FIGURE 5. Scattering parameter of the proposed absorber with SRRs and
rasorber simulated by ADS.

The equivalent circuit of the proposed switchable
rasorber/absorber is simulated in Advanced Design System
(ADS). It is found that the lower resonance of absorber
is caused by the resistor R, inductance L0, and the value
of D. While the higher resonance of absorber is intro-
duced by resistor R, inductances (L0, L1), and capacitances
(C0, C1). Parallel circuit (L2, C2) is the reason that impedance
mismatch at 0.63 THz. The reflection coefficient is shown in
Fig. 5. The parallel circuit of L3, C3 is changed to short circuit
when we simulate the absorber with SRRs using ADS. The
scattering parameters of rasorber are illustrated in Fig. 5 as
well. A new resonant point appears in the middle of the
reflection coefficients due to the simultaneous resonance of
L2, C2 and L3, C3.

III. RESULTS
The final scattering parameters and the corresponding
absorption rate of the proposed rasorber/absorber simulated
by HFSS are displayed in Figs. 6(a-b) under TE polarization.
Table 2 provides the configuration of chemical potentials.

From the Fig. 6(a), it is observed that a transmission
window is achieved at 0.63 THz with the absorption rate
of 0.1 when the chemical potentials µc2 and µc3 are
1 and 0 eV, respectively. Meanwhile, the simulated 10-dB
impedance bandwidth is 110.2% from 0.275 to 0.95 THz,
meaning that EM waves could pass through or be absorbed
within this frequency band. |S21| above −3dB means that
these part of EM waves could pass through the pro-
posed design with low insertion loss. The characteristic of
absorption-transmission-absorption is obtained. Therefore,
the proposed design is called rasorber at this time.

From the Fig. 6(b), it is found that there is no transmission
window when the chemical potentials µc2 and µc3 are 0 and
1 eV, respectively. The simulated 10-dB impedance band-
width is 103.3% from 0.29 to 0.91 THz, meaning that EM
waves could be absorbed within this frequency band. From
the data of absorption rate, the proposed design has excellent
absorptive ability. Therefore, the proposed design is called
absorber at this time.

It is observed that the simulated results obtained by
ADS and HFSS are highly consistent. Hence, the theoretical
feasibility of the proposed design is further determined.

FIGURE 6. The configuration of the proposed graphene-based switchable
rasorber/absorber with the corresponding scattering parameters and
absorptive rate when the proposed design acted as a (a) rasorber or
(b) absorber.

TABLE 2. Switchable rasorber/absorber with configuration of chemical
potentials.

Rasorber and absorber could be switched easily by
adjusting the values of chemical potentials, demonstrating
that proposed device is multi-functional. Specific setting
of graphene chemical potentials can be found in Table 2.
In addition, the proposed rasorber and absorber are both
insensitive to the polarization states of the incident EMwaves
at normal incidence due to the structural symmetry. The
performance of the rasorber/absorber could be stable as the
incident angle increases from 0◦ to 40◦, which are not shown
here for brevity.

To highlight the advantages of our proposed switchable
rasorber/absorber, the performance comparison is tabulated
in Table 3. It can be seen that our design has the merits of
dual-polarization, wide band and multi-function.

In addition, graphene chemical potential can be tuned by
applying a transverse electric field via a DC biased structure,
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TABLE 3. The performance comparison.

and the experiment is demonstrated in [21], [22]. Therefore,
the research results in the paper have theoretical and practical
feasibility, simultaneously.

IV. CONCLUSION
A double-polarization switchable rasorber/absorber is
proposed in this paper. Detailed design guidelines and equiv-
alent circuit are provided to explain the operating principle.
When the proposed design acts as a rasorber, it has a transmis-
sionwindowwith low insertion loss and two absorption bands
at both sides of the passband.When the proposed design func-
tions as an absorber, it has excellent absorption performance
within a wide frequency band. Therefore, the device proposed
in this paper has multi-functional characteristic. And it is
quite suitable for stealth applications.
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