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ABSTRACT A reconfigurable multifunctional metasurface is proposed to realize the switching between
broadband polarization conversion and perfect absorption by integrating the PIN diodes into the structure.
An appropriate feed plate is designed to provide the bias voltage that controls the state of the diodes. When
the diodes are in off-state, the metasurface will work in polarization conversion mode, which can convert the
co-polarization wave into its cross-polarization state with polarization conversion ratio (PCR) of over 90% in
the range from 2.97 to 6.03 GHz;While the diodes are in on-state, the metasurface exhibits perfect absorption
with absorptivity of over 90% from 2.56 to 7.62 GHz, and the relative absorption bandwidth (RAB) reaches
99.4%. In addition, the metasurface is fabricated and measured to confirm the multifunctional performance.
The proposed metasurface is expected to be applied in electromagnetic detection, stealth technology and
communication system.

INDEX TERMS Reconfigurable metasurface, multifunction, broadband, polarization conversion,
absorption.

I. INTRODUCTION
As 2-D version of artificial metamaterials, metasurfaces are
the favored candidate for flexible manipulation of electro-
magnetic (EM) waves through artificially elegant design.
They can be widely used in many applications, such as nega-
tive refraction [1], [2], lens [3], [4], light bending [5], polar-
ization conversion [6]–[15], perfect absorption [16]–[25].
So far, some linear-to-linear [7]–[11], linear-to-circular
[12], [13], and circular-to-circular [14], [15] polarization con-
verters have been proposed, and at the same time, single
band [16], [17], multi-band [18]–[21] and broadband perfect
absorbers [22]–[25] have been studied. However, for most of
these metasurfaces mentioned above, they only focused on
the single function of polarization conversion or fixed-band
absorption, which cannot meet the growing demands in com-
plex circumstance.
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Recently, many researchers are devoted to designing
switchable or reconfigurable metasurfaces. In the THz band,
some tunable materials such as graphene [26]–[28], pho-
tosensitive silicon [29], [30], and vanadium dioxide (VO2)
[31], [32], which can regulate the conductivity through chem-
ical potential, pump power, or temperature, are often used to
control the response of the metasurfaces to the EM waves.
While in the microwave band, the controllable performances
of the metasurfaces can be achieved by embedding fluid
metals [33], [34], MEMS switches [35] or diodes [36]–[39]
into the structures. Most recently, somemultifunctional meta-
surfaces have been proposed based on the switchable and
reconfigurable methods [40]–[44]. For example, Hong et al.
incorporated VO2 in the top-layer resonators and the bottom
plate of the structure they designed to achieve reconfigurable
transmission and reflection linear polarization conversion by
controlling the temperature of VO2 [40]; Liu et al. designed
a galinstan-based metasurface to realize the conversion of
linear polarization to cross polarization, circular polarization

VOLUME 8, 2020 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/ 105815

https://orcid.org/0000-0003-0112-1544
https://orcid.org/0000-0001-7311-6213
https://orcid.org/0000-0002-4257-7049
https://orcid.org/0000-0003-1658-7582
https://orcid.org/0000-0002-8718-111X


J. Wang et al.: Reconfigurable Multifunctional Metasurface

and elliptical polarization by using microfluidic channels
to control the working state of a L-shape resonator [41].
Cui et al. realized a multifunctional polarization converter
by embedding varactors into the metasurface, which can
convert incident linear polarization wave into different polar-
ization modes by controlling the bias voltage of the varac-
tors [42]. However, multifunctional metasurfaces with the
performances of both polarization conversion and perfect
absorption are rarely reported. In Ref. [43], Cao et al.
designed a multifunctional metasurface structure that can
realize polarization conversion and absorption in microwave
frequency band, however, the structure is not controllable and
its bandwidth of polarization conversion and absorption is
relatively narrow. Therefore, reconfigurable multifunctional
metasurfaces with broadband polarization conversion and
perfect absorption are well worth studying.

In this paper, we firstly design a polarization converter
and a perfect absorber, respectively. Then they are skillfully
combined into a metasurface structure via incorporating PIN
diodes in appropriate positions. By controlling the state
of the PIN diodes, the metasurface can realize arbitrary
switching between broadband polarization conversion and
perfect absorption. When the PIN diodes are in off-state,
the metasurface operates in polarization conversion mode
with polarization conversion ratio (PCR) of above 90% in the
range of 2.97 to 6.03 GHz; while the PIN diodes are in on-
state, its operating mode will be switched to perfect absorp-
tion with absorptivity of above 90% from 2.56 to 7.62 GHz.
Significantly, the operating bandwidth of the perfect absorp-
tion mode can completely cover the bandwidth of the polar-
ization conversion mode, which ensures that all the EM
energy in the target bandwidth cannot leak when the
metasurface is operating in the perfect absorption mode.
The proposed metasurface is distinctly different from
the traditional switchable/tunable polarization converters
[26], [29], [31], and it enriches the multifunctional metasur-
face family and has potential applications in EM detection,
stealth technology, communication system and so on.

II. DESIGN PROCESSES AND SIMULATION RESULTS
A. REFLECTIVE BROADBAND POLARIZATION
CONVERTER
Firstly, we design a reflective broadband linear polarization
converter based on a fishbone-like resonator (FLR), as shown
in Fig. 1(a). The unit cell of the converter is composed of a
four-layer structure: the top layer is the FLR etched on the
FR-4 dielectric substrate with a thickness of 1.6 mm, then
an air spacer layer with a thickness of 8.5 mm is introduced
between the FR-4 substrate and the metal ground plate, where
the introduction of the air spacer layer can greatly reduce
the usage of the dielectric substrate and lower the production
cost. Both the FLR and the metal ground are copper with a
thickness of 0.035 mm and the conductivity of 5.8×107S/m.
The permittivity and the loss tangent of the FR-4 are ε =
4.3 and tanδ = 0.02, respectively. In addition, the other

FIGURE 1. (a) Perspective view of the proposed metasurface. (b) Top view
of the unit cell.

optimized parameters shown in Fig. 1(b) are as follows:
P = 24 mm, G = 4.5 mm, L1 = 2.8 mm, L2 = 3.8 mm,
L3 = 5.8 mm, L4 = 23 mm andW = 1 mm.

To demonstrate the performance of the proposed converter
that can convert the incident co-polarization wave into a
cross-polarization wave, we adopt the EM simulation soft-
ware CST based on the finite integration technique (FIT) to
model and simulate the structure. In the simulation, the unit
cell boundary is set along the X-axis and the Y-axis, and an
open (add space) boundary is set along the Z-axis, in which
the electric field and magnetic field of the incident EM
wave are polarized along the Y-axis and the X-axis, respec-
tively, as shown in Fig. 1(a). The reflection coefficients of
co-polarization and cross-polarization waves are defined as
ryy =

∣∣Eyr ∣∣/∣∣Eyi∣∣ and rxy = |Exr |/∣∣Eyi∣∣ [8], [10], respectively,
where

∣∣Eyr ∣∣ and ∣∣Eyi∣∣ are the reflected and incident electric
field amplitudes along the Y-axis, respectively, so the polar-
ization conversion rate (PCR) can be determined by PCR =∣∣rxy∣∣2/(∣∣rxy∣∣2 + ∣∣ryy∣∣2) [6].

As reported in previous articles [26], [31], the incident
EM wave polarized along Y-axis can be decomposed into
the two eigenmodes with clockwise and counterclockwise
45◦ (u-axis and v-axis direction) from the Y-axis direction,
as shown in Fig. 2(a), they are the key factors to excite cross-
polarization conversion. Thus, when the incident electric field
is polarized along Y-axis direction, the incident and reflected
electric field can be decomposed into EEi = ûEiuejφ + v̂Eivejφ

and EEr = ûruEiuej(φ+φu) + v̂rvEivej(φ+φv), where Eiu and Eiv
are the electric field components of the incident electric field
along u-axis and v-axis, ru(rv) and φu (φv) are the reflected
amplitudes and phases, respectively. Due to the anisotropy
of the converter structure, there is a phase difference
1ϕ = ϕu − ϕv. When the conditions of ru ≈ rv and
1ϕ = 180◦ are satisfied simultaneously, one of Eru and
Erv will be reversed, then the total electric field of the
reflection wave will be converted to the X-direction, and
the conversion of co-polarization wave to cross-polarization
wave will be achieved. To confirm this, Fig. 2(b) shows the
reflected amplitudes ru and rv, and the phase difference 1φ
when the electric field of the incident EM wave is polarized
along the u-axis and the v-axis, respectively. It can be seen
from the Fig. 2(b) that ru and rv are approximately equal
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FIGURE 2. (a) Schematic illustration of the conversion from
co-polarization to cross-polarization. (b) The reflection coefficients and
the phase difference when the electric field is polarized along the u-axis
and v-axis; Simulated (c) reflection coefficients and (d) the PCR of the
polarization converter.

and the phase difference 1ϕ is about 180◦ in the range
from 2.85 to 6.01 GHz. This means that the converter has
good polarization conversion performance in a broadband
of about 3.16 GHz. Figs. 2(c) and (d) are the reflection
coefficients and the PCR extracted from the simulation under
normal incident. As can be seen from Figs. 2(c) and (d),
in the range from 2.85 to 6.01 GHz, the co-polarization
reflection coefficient is lower than 0.3, while the cross-
polarization reflection coefficient is higher than 0.9, and
the PCR reaches 90%. The relative conversion bandwidth is
WRCB = 2 (fmax − fmin)/(fmax + fmin) = 71.3%, where the
fmax and fmin are the maximum and minimum frequencies at
the PCR of lager than 90%, respectively.

It is noted in Fig. 2(c) that there are two obvious resonant
peaks at about 3.23 GHz and 4.82 GHz, where the PCR is
close to 100%. The physical mechanism of the converter can
be explained by the surface current distributions at these two
frequencies, which are shown in Figs. 3(a) and (b). It can
be clearly seen that at 3.23 GHz and 4.82 GHz, when the
EM wave with the electric field polarized along the Y-axis is
incident to the surface of the converter, a pair of anti-parallel
currents are generated on the front FLR and the back metal
ground, which will excite a dipolar oscillation m, then an
induced magnetic field H is excited. Since the component
Hy of the induced magnetic field H is parallel to the elec-
tric field component Ei of the incident EM wave, the cross
coupling will occur between Hy and Ei, which will achieve
the polarization conversion from co-polarization wave to
cross-polarization wave. As the componentHx of the induced
magnetic field H is parallel to the incident magnetic field
componentHi, it cannot generate cross-polarizationwave, but
can promote the polarization conversion by weakening theHi
with the opposite direction [9], [31].

FIGURE 3. Surface current distributions of the front FLR and back metal
ground at (a) 3.23 GHz and (b) 4.82 GHz, respectively.

B. ACTIVE SWITCHABLE BROADBAND ABSORBER
Further, we design an active switchable broadband absorber,
as shown in Fig. 4. The absorber structure is similar to the
polarization converter proposed in Part A except that the
ground plate in Part A is replaced by a double-sided copper
clad FR-4 substrate 2with a thickness of 0.8mm. The unit cell
dimension P, the thickness of the dielectric substrate 1 and
the air spacer as well as all the material parameters are the
same as those in the polarization converter, which ensures
that the absorber can operate in a similar bandwidth with the
above mentioned polarization converter. The absorber adopts
a diamond-cross resonator (DCR) which is embedded by
lumped resistors (marked by black squares) and PIN diodes
(marked by red triangles) to realize switchable broadband
absorption, as shown in Fig. 4(b). The lumped resistors are
ERJ-2RKF1800X produced by Panasonic [45], and its resis-
tance isRloaded = 180�; the PIN diodes are BA591 produced
by NXP [46], which is equivalent to a small resistance of
Ron = 0.36 � in series with an inductance of Ld = 2 nH
in on-state, or a large capacitance of Coff = 0.65 pF and a
resistance of Roff = 100 k� in series with the inductance
Ld in off-state. As shown in Fig. 4(a), the front side of the
substrate 2 serves as metal ground to prevent the transmission

FIGURE 4. Schematic illustration of the broadband absorber
(a) perspective view, (b) top view, (c) the bottom feed plate.
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of EM waves, while its back side is used for the feeding
plate to power the PIN diodes, as shown in Fig. 4(c). The
anodes (marked by green circles) and cathodes (marked by
blue circles) of the PIN diodes are respectively connected
to the bottom feedlines through via nails with the length
of 2.505 mm. In addition, the other structure parameters are
as follows: D = 0.6 mm, K1 = 0.8 mm, W = 1 mm,
L2 = 3.8 mm, L3 = 5.8 mm and L5 = 13 mm.
The proposed absorber is also modeled and simulated by

the EM simulation software CST in the same simulation
environment as in the Part A. The absorptivity can be defined
as A (ω) = 1 − R (ω) − T (ω), where the R (ω) and T (ω)
are the reflectivity and the transmissivity, respectively. The
simulated reflection coefficients, transmission coefficients
and the absorptivity are shown in Fig. 5. As the metal ground
prevents the transmission of EM waves, the transmissivity is
nearly zero, which is in agreement with the simulated results,
see the dark yellow and violet lines of tyy and txy in Figs. 5(a)
and (b). Thus, it is only necessary to consider the reflection
coefficients of co-polarization ryy and cross-polarization rxy,
and the absorptivity can be calculated as A (ω) = 1−

∣∣ryy∣∣2−∣∣rxy∣∣2. It can be seen clearly from Fig. 5(a) that when the
diodes are in on-state, the co-polarization reflection coeffi-
cient ryy less than 0.3 in the range from 2.97 to 7.37 GHz,
and the cross-polarization reflection coefficient rxy is near
zero, so the absorptivity is more than 90%, and the relative
absorption bandwidth WRAB = 85.1%. While the diodes are
in off-state, as shown in Fig. 5(b), the co-polarization EM
waves incident to the absorber will be almost completely
reflected, and the maximum absorptivity is only 10.2%.

FIGURE 5. Simulated reflection and transmission coefficients as well as
the absorptivity of the DCR when the PIN diodes are in (a) on-state and
(b) off-state.

The absorption mechanism of the absorber can be ana-
lyzed by the impedance match theory and the surface current
distributions. According to impedance match theory, when
the equivalent impedance of the absorber matches to the
impedance in free space, i. e. Z (ω) =

√
µ (ω)/ε (ω) ≈ Z0,

the EM wave will enter the absorber almost completely, and
then the EM energy will be dissipated by the ohmic loss
and dielectric loss inside the absorber. Fig. 6 presents the
normalized complex impedance of the absorber as a function
of frequency when the diodes are in on-state and off-state.
It can be seen from Fig. 6(a) that when the diodes are in on-
state, the imaginary part of the impedance is very small and

FIGURE 6. Normalized complex impedance of the DCR when the diodes
are in (a) on-state and (b) off-state, respectively.

the real part is close to 1 in the band from 2.97 to 7.37 GHz,
which indicates that the equivalent impedance of the absorber
can match to the impedance in the free space, thus the
proposed absorber exhibits a good absorption performance.
While the diodes are in off-state, as shown in Fig. 6(b),
the impedance matching condition is broken, so the absorp-
tion peak is turned off. Furthermore, Fig. 7 depicts the surface
current distributions at the resonant frequencies of 3.63 GHz
and 6.71 GHz. When the diodes are in on-state, the dia-
mond ring and cross are interconnected, and the DCR can
be considered as a whole to respond to the incident EM
wave, exhibiting a magnetic response. As shown in Fig. 7(a),
a pair of anti-parallel currents is formed on the DCR and
the back ground plate. However, when the diodes are in off-
state, the DCR is equivalently cut apart into several small
parts, the strong magnetic response between the DCR and
the back ground plate disappears, thus the surface currents
are very weak, as shown in Fig. 7(b), and the EM wave will
be almost completely reflected. Therefore, by changing the
state of the diodes, the controllable broadband absorption can
be realized.

Additionally, we investigate the absorption performance
of the DCR absorber at different polarization angles and
different incident angles. Since the DCR is quadruple rota-
tional symmetry, the absorber is insensitive to the polarization
angles. Fig. 8(a) is the absorptivity at different polarization
angles under normal incidence, from which can be seen
that the absorption performance is hardly affected by the
polarization angles. Figs. 8(b) and (c) are the absorptivity at
different incident angles for TE and TM polarization modes,
respectively. It is observed from Figs. 8(b) and (c) that when
the incident angle increases to 50◦, the absorber still has good
absorption performance for both TE and TM polarization
modes. It is noticed that in the range from 8 to 9 GHz,
an additional absorption peak appears with the increasing of
the incident angles, which might arise from the higher order
resonant modes [19], [20] and the mismatched impedance
under oblique incidence [23].

C. RECONFIGURABLE BROADBAND POLARIZATION
CONVERTER/ABSORBER
Although both the broadband polarization converter pre-
sented in Part A and the broadband switchable absorber
demonstrated in Part B have good performances, they can
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FIGURE 7. Surface current distributions on the DCR and the metal ground
at 3.63 GHz and 6.71 GHz when the diodes are in (a) on-state and
(b) off-state, respectively.

FIGURE 8. (a) Absorptivity of the DCR under different polarization angles
for normal incidence; absorptivity under different incident angles for
(b) TE and (c) TM polarized incident wave, respectively.

only operate in a single function mode. In order to achieve
a reconfigurable multifunctional broadband polarization con-
verter/absorber, we skillfully combine the FLR in Part A and

the DCR in Part B to form a FL-DCR through optimizing the
resonator structure, as shown in Fig. 9. Here the thickness
of the air spacer and the substrate, the lumped resistors,
the PIN diodes, and the material parameters are the same
as those in Part B. The additional structural parameters are
K2 = 6.1 mm and K3 = 1.5 mm, and the other parameters
are identical to those in Part A and Part B. When the diodes
are in on-state, the structure can be regarded as quadruple
rotational symmetry that can absorb EMwaves with arbitrary
polarization angles; while the diodes are in off-state, the
FL-DCR will behave as a diagonally symmetrical structure
which can realize the conversion from co-polarization wave
to cross-polarization wave [7], [8]. In order to realize the
switch between the polarization converter and the absorber,
the bottom feed plate is updated, as shown in Fig. 9(c),
and the corresponding structural parameters are as follow:
L6 = 174 mm, g1 = 2 mm, g2 = 1 mm, g3 = 45◦. The
anodes (marked by green circles) and cathodes (marked by
blue circles) of the PIN diodes and the bottom feedlines are
marked in Fig. 9(b) and (c).

FIGURE 9. Schematic illustration of the converter/absorber
(a) perspective view, (b) top view, (c) the bottom feed plate.

The multifunctional converter/absorber is simulated under
the same simulation environment as mentioned above, and
the results are shown in Fig. 10. It can be seen from Fig. 10(a)
that when the diodes are in off-state, it operates in polarization
conversion mode, the PCR is more than 90% in the range of
2.97 to 6.03 GHz, and WRCB = 68%; while the diodes are in
on-state, the FLR andDCR are electrically connected, the EM
waves can be absorbed almost entirely due to the high loss of
the lumped resistors, and the absorptivity is larger than 90%
from 2.56 to 7.62 GHz with WRAB = 99.4%, as shown in
Fig. 10(b).

FIGURE 10. (a) Polarization conversion performance when the diodes are
in off-state and (b) absorption performance when the diodes are in
on-state.

Figs. 11 and 12 depict the surface current distributions
and magnetic field distributions at the resonant frequencies
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FIGURE 11. Surface current distributions of the front FL-DCR and the
metal ground when (a) the diodes are in off-state at 3.47 GHz and
4.98 GHz and (b) the diodes are in on-state at 2.74 GHz, 5.04 GHz and
7.32 GHz, respectively.

when the diodes are in different states. It can be observed
from Figs. 11(a) and 12(a) that when the diodes are in off-
state, the surface currents and magnetic field are mainly
distributed on the FLR, which means that the FLR dominates
the polarization conversion function. Similar to the case in
Part A, the surface currents distributed on the FL-DCR and
the back metal ground are anti-parallel, which will excite the
magnetic dipole resonance. This will result in the conversion
of co-polarization wave to cross-polarization wave.When the
diodes are in on-state, the surface currents and magnetic field
are distributed on different positions of the FL-DCR at differ-
ent resonance frequencies, as shown in Figs. 11(b) and 12(b).
It is clear that the surface currents and magnetic field are
distributed on the middle cross part, the two diagonal parts of
the DCR, and the corners of the junctions of the FLR and the
DCR at 2.74 GHz, 5.04 GHz and 7.32 GHz, respectively. This
implies that the resonances at the three different frequencies

FIGURE 12. Magnetic field distributions of the FL-DCR for (a) the diodes
in off-state at 3.47 GHz and 4.98 GHz, (b) the diodes in on-state at
2.74 GHz, 5.04 GHz and 7.32 GHz, respectively.

FIGURE 13. (a) Absorptivity of the FL-DCR under different polarization
angles under normal incidence; (b), (c) absorptivity and (d), (e) PCR under
different incident angles for TE and TM polarized incident wave,
respectively.

and the high loss of the lumped resistors contribute to the
broadband absorption.

Furthermore, we discuss the polarization conversion and
absorption performance of the FL-DCR under different polar-
ization angles and incident angles of the incident EM waves.
Fig. 13(a) is the absorptivity at different polarization angles
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under normal incident when the diodes are in on-state. It can
be seen from Fig. 13(a) that when the polarization angle
changes from 0◦ to 45◦, the absorptivity is hardly affected
because the FL-DCR structure is approximately quadru-
ple rotational symmetric when the diodes are in on-state.
Figs. 13(b) and (c), 13(d) and (e) are the absorptivity and the
PCR under different incident angles, respectively. For both
TE and TM waves, the good absorptivity can be maintained
when the incident angle increases to 50◦, while the good
polarization conversion performance is remained when the
incident angle is less than 30◦. In addition, it is noted that
the absorptivity and PCR for TE wave decrease faster in
the middle of absorption band with the increasing of the
incident angle. It is because the magnetic field of the TE
wave cannot efficiently drive anti-parallel currents between
the front resonator and the back metal ground under oblique
incident angles [17]. Moreover, the deterioration of PCR is
also observed from Figs. 13(d)-(e) with the increasing of
incident angles. According to Formulas (1) and (2) in Ref. [8],
the propagation phase in the dielectric spacer for oblique inci-
dence can be denoted as 2β = 2

√
εk0t/cos θt which is greater

than 2
√
εk0t under normal incidence, where k0 is the wave

vector in free space, t is the thickness of the dielectric and
θt is the angle of refraction in the dielectric. The additional
propagation phase will destroy the interference condition at
the top surface of the absorber, and will further affect the
value of rxy. Especially, at higher frequency, the additional
propagation phase changes more drastically when the inci-
dent angle θ is increased, which will cause the deterioration
of PCR at higher frequency.

III. FABRICATION AND MEASURMENT
We fabricated a prototype of the FL-DCR broadband polar-
ization converter/absorber by using circuit board etching
technique, as shown in Figs. 14(a-c), where the geometrical
dimensions and the material parameters of the fabricated pro-
totype are the same as those in the simulation. Fig. 14(a) is the
top view of the prototype, 7× 7 unit cells of the FL-DCR are
etched on the front of the dielectric substrate 1, the PIN diodes
BA591 are welded at the junctions of the FLR and DCR, and
the lumped resistors ERJ-2RKF1800X are embedded at the
appropriate position of the DCR, the anodes and cathodes of
the PIN diodes are respectively connected to the feedline+
and feedline− on the back of the substrate 2 through via
nails, as shown in Fig. 14(b). In addition, the substrate 1 and
substrate 2 are fixed with plastic nuts at the four corners of the
prototype to form an air spacer with the thickness of 9 mm,
as shown in Fig. 14(c).

In experiment, we adopt an approximate NRL arch
method [21], [47] to measure the prototype in the free space,
as shown in Fig. 14(d). The transmitting and receiving horns
(H1 and H2) are connected to the vector network analyzer
(Agilent N5222A) through a low loss coaxial cable, respec-
tively, the distance between the horn antennas and the pro-
totype meets the far-field conditions of the NRL standard, a
DC stabilized power supply (SS2323) is applied to provide

FIGURE 14. Photos of fabricated prototype for (a) top view, (b) bottom
view and (c) side view, and (d) photo of measurement setup.

FIGURE 15. Measured results of the broadband polarization
converter/absorber. (a) polarization conversion performance for the
diodes in off-state, (b) absorption performance for the diodes in on-state.

bias voltage for the PIN diodes, the wedge foam materials
are placed behind the prototype to eliminate the interference
from scattering and unnecessary reflection.

Firstly, we measured the reflection coefficients in the
polarization conversion mode by applying the reverse bias
voltage 21 V on the prototype, i. e. the PIN diodes are in
off-state, H1 and H2 are horizontally placed to transmit and
receive the horizontally polarized waves, respectively, so the
co-polarized reflection wave is received. Then, we kept the
positions of H1 and H2 invariant, and rotated the H2 by
90◦ to receive the cross-polarized reflection wave. Before
each measurement, we calibrated the equipments by using
a metal plate with the same size as the prototype [42]. The
measured reflection coefficients of co-polarization and cross-
polarization waves and the PCR are shown in Fig. 15(a).
It can be seen that the PCR is more than 90% in the range
of 3.33 to 5.48 GHz. Similarly, we set the PIN diodes to
on-state by applying the forward bias voltage of 2.0 V, the co-
polarized and cross-polarized reflection coefficients in the
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absorption mode are measured by the same method, as shown
in Fig. 15(b). It can be seen from Fig. 15(b) that the absorp-
tivity is over 90% from 2.63 to 7.51 GHz. Compared with the
simulated results in Fig. 10, it can be found that the measured
results are in good agreement with the simulated ones except
that the bandwidth of the test results is slightly reduced, which
might arise frommanufacturing andmeasurement errors such
as the errors of two calibrations by mechanical rotation of
the H2.

IV. CONCLUSION
In this paper, we reported a reconfigurable multifunctional
metasurface that combines a FLR polarization converter and
a DCR absorber through the PIN diodes. The metasurface
can achieve the arbitrary switching between broadband polar-
ization conversion and perfect absorption. When the diodes
are in off-state, the proposed metasurface can convert the
incident co-polarizationwave to cross-polarizationwavewith
the PCR of above 90% in the range of 2.97 to 6.03 GHz;
while the diodes are in on-state, the incident wave will be
absorbed almost entirely with WRAB = 99.4% in the band
from 2.56 to 7.62 GHz. It is noteworthy that the operating
bandwidth in the perfect absorption mode can completely
cover the bandwidth in the polarization conversion mode,
which ensures the seal of EM energy in the target band. The
physical mechanism of the proposedmetasurface is explained
by the surface current and magnetic field distributions at the
resonance frequencies. In addition, the proposed structure has
almost polarization insensitivity in the absorption mode, and
it shows good insensitivity to the incident EM wave under
certain incident angles in the polarization conversion and
perfect absorption mode. Finally, we fabricated a prototype
of the multifunctional metasurface, and measured it in the
free space. The measured results and simulated results are
in good agreement. This research provides a simple and
effective method for realizing reconfigurable multifunctional
metasurface, which is expected to be applied in EM detection,
stealth technology, communication system and so on.
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