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Junming Zhao(GX#2 B])T, Ke Chen(F:7%)*, and Yijun Feng({%—%)

School of Electronic Science and Engineering, Nanjing University, Nanjing 210023, China
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Active metasurfaces with dynamically reconfigurable functionalities are highly demanded in various practical appli-
cations. Here, we propose a wideband low-scattering metasurface that can realize an in-band reconfigurable transparent
window by altering the operation states of the PIN diodes loaded on the structures. The metasurface is composed of a
band-pass frequency selective surface (FSS) sandwiched between two polarization conversion metasurfaces (PCMs). PIN
diodes are integrated into the FSS to switch the transparent window, while a checkerboard configuration is applied in PCMs
for the diffusive-reflective function. A sample with 20x20 elements is designed, fabricated, and experimentally verified.
Both simulated and measured results show that the in-band functions can be dynamically switched between beam-splitting
scattering and high transmission by controlling the biasing states of the diodes, while low backscattering can be attained
outside the passband. Furthermore, the resonant structures of FSS also play the role of feeding lines, thus significantly
eliminating extra interference compared with conventional feeding networks. We envision that the proposed metasurface
may provide new possibilities for the development of an intelligent stealth platform and its antenna applications.

Keywords: metasurface, reconfigurable transparent window, radar cross section (RCS) reduction

PACS: 41.20.Jb, 81.05.X]

1. Introduction

Radar cross section (RCS) is the primary indicator to as-
sess the scattering properties of a subject. With the growing
demands of stealth technologies, numerous methods, such as
shaping to adjust the direction of reflected waves!!! or load-
ing radar absorbing materials (RAM) to absorb the incident
electromagnetic energy,[*%! have been reported to achieve
RCS reduction. Recently, metamaterials and metasurfaces,
which are composed of subwavelength-scale structures, have
received considerable attention and offered a new platform for
engineering the target’s RCS, due to their low thickness, light
weight, and designable properties. By designing meta-atoms
with various shapes, rotation orientations, and spatial distribu-
tions, it is possible to tailor the amplitude, phase, polarization,
and other characteristics of electromagnetic (EM) waves.!’~1?!
Consequently, a series of novel electromagnetic functions
have been realized, such as metalens, 313 cloak, o191 holo-

[20-22] etc. To achieve RCS reduction, one

graphic imaging,
approach is to design a metamaterial absorber that dissipates
the electromagnetic energy of incidence and converts it into
ohmic loss.!?>7] For example, Ref. [27] proposes a double-
layer metasurface that consists of square patches loaded with
resistors to absorb the incident waves, demonstrating that at
least 10 dB RCS reduction of the antenna can be obtained from
6 GHz to 14.5 GHz. On the other hand, phase-only metasur-
faces can realize low-scattering properties based on the theory

of phase cancellation stemming from the specific spatial ar-
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rangement of meta-atoms. For instance, a wideband 10 dB
RCS reduction can be accomplished by arranging two basic
elements with 180° 4=37° phase difference into checkerboard
or aperiodic configurations. Such phase differences can be at-
tained by modifying the co-polarized reflection phase?83! or
employing the polarization conversion metasurfaces (PCMs)
that convert incidence into cross-polarized reflection.31=331 In
more recent attempts, absorption and diffusion have even been
integrated into a single metasurface to effectively expand the
bandwidth of RCS reduction. 34!

As one of the essential components of a radar system
that protects the antennas physically, the metasurface should
be transparent in the operation bands while absorbing or scat-
tering detected waves outside the passband, making it a key
component in RCS reduction. In order to design a meta-
surface and simultaneously ensure the radiation performance
of the antenna, one attempt is putting the low-scattering fre-
quency band outside the radiation band.!?’! Another approach,
known as frequency selective radome (FSR), is to include a
transmission window within the wide RCS reduction band.
When the bandpass frequency selective surface (FSS) layer is
combined with an absorption layer or diffusion layer, the inci-
dence can penetrate through FSR in the pass band while being
consumed 33301 or scattered 379 in the side bands, realizing
an out-of-band RCS reduction without compromising the in-
band transmission performance. Nevertheless, the existence

of a transmission window will allow the in-band detection sig-
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nals to easily pass through the FSR and subsequently detect
the antenna in practice.

Here, we propose a wideband low-scattering metasurface
with an in-band reconfigurable transparent window using elec-
trically driven PIN diodes. The operating state of the trans-
mission window can be switched to the low-scattering state
to reduce the in-band RCS by manipulating the external bias
voltages of the diodes. Both simulated and measured results
demonstrate that the proposed metasurface merits low profile,
polarization insensitivity, low insertion loss, and wide band-
width in both states. Additionally, since the low RCS property
is accomplished by diffusion rather than absorption, the pro-
posed metasurface does not require any resistive sheets, which
reduces the complexity of circuit design and the cost of pro-
cessing.

2. Design of the proposed metasurface

As schematically depicted in Fig. 1, the proposed meta-
surface achieves obviously minimal backscattering with an
in-band reconfigurable transparent window. The whole meta-
surface is composed of three dielectric layers separated by
two air spacers. The upper and bottom layers consist of a se-
ries of orthogonal PCM elements arranged in a checkerboard
pattern, while the middle layer is a switchable FSS loaded
with electrically driven PIN diodes. The reconfigurable in-
band wave functions can be dynamically switched between
beam-splitting scattering and in-band high transmission by
applying different biasing voltages to the diodes. When PIN
diodes work in the on state, the FSS will act as a metal ground
to block the transmission of in-band incidence. As a result,
the whole structure can be viewed as a checkerboard reflect-
ing screen and the reflected wave will be split into a four-beam

In-band wave Out-of-band wave

PIN ON/OFF /!
Diffusion /!

PIN ON
Diffusion

PIN OFF \\. Element 1
Transmission "7 7777TT7C

Fig. 1. Concept illustration of the low-scattering metasurface with an
in-band reconfigurable transparent window. When the PIN diodes are
switched to the on state, the metasurface operates as a checkerboard re-
flecting screen, and the reflected wave will form a four-beam scattering
pattern, leading to the in-band and out-of-band RCS reduction. When
the PIN diodes are switched to the off state, the in-band incident wave
will transmit through the metasurface, while the out-of-band wave will
scatter towards other directions, leading to the in-band transmission and
out-of-band RCS reduction. Right panels show the basic elements.

scattering pattern, of which the energy in the normal direc-
tion is canceled by the phase destructive interference, thus the
in-band backward monostatic RCS can be significantly sup-
pressed. On the contrary, when PIN diodes operate in the off
state, the middle layer works as a bandpass FSS and the in-
band incident wave can penetrate through the metasurface with
a negligible inset loss. For the out-of-band incident EM wave,
the FSS layer always acts as a metallic ground regardless of
the biasing state of the PIN diodes, so the incident energy is
scattered towards the directions of four split beams, leading to
the out-of-band RCS reduction.

The critical step in realizing the reconfigurable transmis-
sion window is to design a switchable FSS as the transmission-
reflection control layer, of which the unit cell has a multi-layer
configuration of two identical but orthotropic metallic patterns
separated by a lossy substrate Rogers RO4350B (& = 3.66,
tand = 0.0037) with a thickness of 0.5 mm. Figure 2(a) de-
picts the pattern of the metallic layer, which consists of a cru-
ciform patch and two parallel strips connected by two PIN
diodes in the same direction. It is worth noting that the par-
allel strips not only contribute to the resonance of bandpass
FSS, but also act as the positive and negative electrodes to
provide direct current (DC) bias voltages. We can switch the
two PIN diodes’ states on the same layer of the unit cell si-
multaneously by controlling the voltages of V; and V,. To
realize polarization insensitivity, a conventional method is to
adopt a single-layer metallic configuration with a patch and a
square ring, which would necessitate additional feeding lines
and introduce undesired distractions in response to the inci-
dent field. In our attempts, the bottom layer is in-plane ro-
tated by an angle of 90° twisted to the upper layer, not only
increasing the symmetry of the structure but also eliminating
the EM interference from additional feeding lines. Moreover,
the advantage of polarization-insensitive transmission charac-
teristics can be achieved, due to the same electromagnetic re-
sponses between the top (bottom) layer for the x-polarized in-
cidences and the bottom (top) layer for the y-polarized inci-
dences. Commercial PIN diodes (SMP1320-079LF) are se-
lected as the active components, which can be modeled as
a series circuit of Copr = 0.24 pF, Lopr = 0.5 nH in the off
state, and as a series circuit of Rony = 0.5 Q, Lon = 0.75 nH
in the on state. According to the equivalent parameters, when
the diodes operate in the off state, a low transmission can be
obtained between the two ports, which allows for the metal-
lic patterns of the FSS structure to be separated from each
other. On the contrary, when the diodes operate in the on state,
high transmission can be obtained, thus the metallic patterns
of FSS will be connected by the diodes, and act as a metallic
ground to reflect incident waves. The other optimized geomet-
ric parameters of the element are p = 16 mm, w; = 1.8 mm,
wy =2.3mm, [, = 11 mm, w3 =4 mm, and /3 = 7 mm. Full-
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wave simulations are performed with CST Microwave Studio,
where periodic boundary condition is used in both x- and y-
directions to mimic the infinite periodic structure while open
boundary condition is applied for z-direction. The simulated
results S-parameters with different biasing voltages are illus-
trated in Fig. 2(d). When the ports V; and V, are both unbiased,
the PIN diodes are switched off and an equivalent capacitance
will be introduced into the structure, producing a parallel LC
circuit resonance that allows for the majority of incident EM
energy to pass through the proposed FSS. As a result, a trans-

mission passband is observed at 4 GHz with an insertion loss
of about 0.2 dB. On the contrary, all diodes are switched on
when V] is biased to greater than twice the diode’s threshold
voltage and V» is set in an unbiased state. In this case, the
unit cell functions as a dual-polarized reflector with a reflec-
tion coefficient greater than —1 dB at most frequencies, thus
the transmission amplitude is suppressed to about —20 dB at
4 GHz. Therefore, under forward-biased voltage, the struc-
ture exhibits high reflection and low transmission within the
frequency band of a switchable transparent window.
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Fig. 2. Schematic of unit cells for (a) the switchable FSS, (b) the metasurface with single-layer PCM, and (c) the proposed metasurface with
double-layer PCM. (d) Simulated S-parameters of the switchable FSS in different states. Simulated transmission coefficients of the metasurface
with (e) single-layer PCM and (f) double-layer PCM with diodes switched off. Simulated S-parameters of the proposed metasurface with diodes
(g) switched off and (h) switched on. (i) Simulated cross-polarized reflection phase of the element O and element 1 and their phase difference

when the diodes switched to the on state.

As shown in Fig. 2(b), we then place a dual-arrow-shaped
PCM structure over the switchable FSS with an air gap to cre-
ate an element that can easily realize the 180° reflection phase
difference. The out-of-phase response of the cross-polarized
reflection can be achieved through in-plane rotation of the top
PCM structure by 90° about the z-axis, without altering the
bottom switchable FSS. The substrate of the PCM is selected
as F4B (g, = 2.2, tan§ = 0.002) with a thickness of 2 mm.
The optimized geometry parameters of the element are as fol-
lows: d =5 mm, wg = 2.3 mm, /4 = 16 mm, ws = 0.85 mm,
and /s =5 mm. The simulated transmission performance
without biasing voltages is illustrated in Fig. 2(e). Because

the PCM unit cell does not entirely transmit electromagnetic
waves around 4 GHz, the transmission performance of the
metasurface only realizes the lowest insertion loss larger than
2 dB for x-polarized incidence. Additionally, due to the asym-
metry of the structure, a slight difference is observed in the
EM responses for two polarizations of incidences.

To solve the aforementioned problem, as shown in
Fig. 2(c), we place two orthogonal PCM layers at the same
distance on both sides of the middle FSS layer, each with
opposite-side metallic pattern printing. The whole unit cell
functions as a Fabry—Perot-like resonance cavity, thus the
transmission characteristics can be significantly improved.
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When the incidence illuminates the metasurface, most of the
energy will first pass through the whole structure, whereas the
other left will be reflected constantly between two PCM layers
and finally transmit as well. When the resonator’s height or the
distance between the two layers of PCM, satisfies the resonant
condition, the transmitted wave can be in-phase superposed
thus improving the transmission efficiency,*!! as presented
in Fig. 2(f). The performances of the final unit cell are then
numerically calculated by employing CST Microwave Studio.
When the PIN diodes are switched off, as depicted in Fig. 2(g),
where the red and yellow backgrounds represent the transmis-
sion band and the polarization conversion band, respectively,
the operating band with co-reflection coefficient (S5, S7)) less
than —10 dB ranges from 2.9 GHz to 10.85 GHz. Here, the
first (second) superscript denotes the output (input) polariza-
tion and the first (second) subscript denotes the receive (trans-
mit) port, with 1 for reflection region and 2 for transmission re-
gion. The element works in transmission mode around 4 GHz,
which allows most of the incident EM waves to pass through
it, resulting in co-polarized transmission coefficients (57}, Sﬁyl)
higher than —1 dB (-3 dB) from 3.86 GHz to 4.32 GHz
(from 2.63 GHz to 4.45 GHz). At the same time, it works
as a polarization converter at the high-frequency band, with
the cross-reflection coefficients (S};, S7}) larger than —3 dB
from 4.5 GHz to 11 GHz. On the other hand, when the PIN
diodes are switched on, the element works in reflection mode
throughout the whole frequency band, and the simulated S-
parameters are shown in Fig. 2(h). As represented by the
yellow region, the wideband polarization conversion with Sﬁ
and S} larger than —3 dB can be observed from 3.39 GHz to
10.34 GHz, where the transmission coefficient is suppressed
below —10 dB at 4 GHz, indicating that incidence cannot pass
through the structure. Besides, in both Figs. 2(g) and 2(h), the
curves corresponding to the x- and y-polarized incidences co-
incide well with each other from 0 GHz to 12 GHz, proving
the polarization-insensitive property of the proposed element.
Moreover, Fig. 2(i) shows the simulated cross-polarized reflec-
tion phase of the proposed element and its mirror-structured el-
ement, which are defined as element 0 and element 1 in Fig. 1,
respectively. It is clear that equal reflection amplitude with
phase differences remaining at +180° is achieved. According
to this unique feature, the reflected waves can be effectively
canceled out by arranging the two elements in a checkerboard
pattern, allowing for an obvious reduction of the monostatic
RCS.[??]

To further reveal the operation mechanism of the pro-
posed element, surface current distributions on each layer
at three resonant frequencies of the polarization conversion
with different biasing states are presented in Fig. 3. When
the diodes are switched off, the middle layer structure func-
tions as a bandpass FSS at 4 GHz. It can be observed from

Fig. 3(a) that obvious surface currents are generated on the
bottom layer, which are as strong as those on the other layers,
indicating that the majority of incident energy can penetrate
through the element. On the contrary, when the diodes are
switched on, the middle layer acts as a metal ground, so the
incident energy is reflected and the currents distributed on the
bottom metal are significantly suppressed. Besides, it can be
seen from Figs. 3(b) and 3(c) that the directions of induced
currents on the top and bottom metallic layers are antiparal-
lel at 4 GHz and 6 GHz, providing a current loop which is
equivalent to a magnetic response. In contrast, the directions
of surface currents on the top and middle layers are the same at
10 GHz, providing an electric response along the diagonal, as
shown in Fig. 3(d). As a result, wideband performance of po-
larization conversion can be achieved by merging the multiple
resonances.

Middle layer Bottom layer

R e N T
; ¥

g <ON” e

f-6GHE®Y %

(d

Fig. 3. Surface current distributions on three layers of the proposed el-
ement (a) with diodes switched off at 4 GHz, and with diodes switched
on at (b) 4 GHz, (c) 6 GHz, and (d) 10 GHz.

As a proof of concept, a metasurface sample is then
constructed with 2 x 2 two supercells assembled in a typi-
cal checkboard-like arrangement, and each of the supercells
is composed of 10 x 10 identical basic elements. Normalized
to a same-sized metallic plate, the scattering performances of
the metasurface under a normal incidence are simulated and
the results are shown in Fig. 4. The backscattered field of
the metasurface is obviously suppressed at 4 GHz when the
PIN diodes are switched off within the frequency band of the
transparent window, as evidenced by the comparison between
Figs. 4(a) and 4(d). This suppression occurs due to the effi-
cient penetration of the incident energy through the metasur-
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face. Moreover, at other out-of-band frequencies, the metasur-
face shows similar backscattering performances regardless of
the working states of the PIN diodes. The backscattered en-

f=4 GHz

OFF state

(d)

f=6 GHz
A
paa

ergy is diffused into four oblique directions, thereby reducing
the reflected energy in the normal direction and the monostatic
RCS.

f=10 GHz
AAA

(f)

Fig. 4. The simulated 3D scattering patterns of the metasurface normalized to the same-sized metallic plate under a normal incidence with
diodes switched off at (a) 4 GHz, (b) 6 GHz, and (c) 10 GHz, and with didoes switched on at (d) 4 GHz, (e) 7 GHz and (f) 10 GHz.
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Fig. 5. Simulated backward RCS reduction spectra for two biasing
states under normal x- and y-polarized incidences.

Full-wave simulations based on the finite-difference time-
domain (FDTD) method are performed to calculate the back-
ward RCS reduction of the proposed metasurface, which is
compared with a same-sized metallic plate. Figure 5 shows
the RCS reduction spectra under the normal incident waves.
Polarization insensitivity can be observed since the metasur-
face can realize broadband efficient RCS reductions for both
When the PIN diodes are
switched on, the metasurface operates in the reflection mode,

x- and y-polarized incidences.

where a 180° phase difference between the reflected fields will
be generated by utilizing the checkerboard configuration and
the polarization conversion performance, enabling the wide-
band RCS reduction. Consequently, the bandwidth of back-
ward RCS reduction defined by 10 dB is from 3.8 GHz to
10.73 GHz (95.4% fractional bandwidth). On the contrary,
when the diodes are switched off, the metasurface exhibits
high-efficiency transmission at low frequencies and diffuse re-
flection at high frequencies, leading to a broader 10-dB RCS

reduction bandwidth, which is observed in the frequency range
from 3 GHz to 10.8 GHz (113%).

50 50
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Fig. 6. Simulated backward RCS reduction spectra under oblique in-
cidences of (a) TE polarization and (b) TM polarization with diodes
switched off, and (c) TE polarization and (d) TM polarization with
diodes switched on.

To investigate the angular stability of the proposed meta-
surface, the RCS reduction spectra of the proposed metasur-
face for two polarizations under oblique incidences propagat-
ing in the xoz plane is analyzed and provided in Fig. 6. Here,
TE mode is defined as that the incident electric field is perpen-
dicular to the incident plane. While for TM mode, the inci-
dent electric field is parallel to the incident plane. As the inci-
dent angle increases from 0° to 30°, the RCS reduction level
slightly reduces at some frequencies and the reduction band-
width decreases. However, compared to a same-sized metallic
plate, the wideband RCS reductions are still larger than 6 dB
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for TE- and TM-polarized incidences, regardless of the biasing
state of the PIN diodes.

3. Measurements and discussion

To validate the simulated results, a prototype of the meta-
surface with 20 x 20 elements has been fabricated using the
printed circuit board (PCB) technology, as shown in Fig. 7.
The three-layer structure is supported by a series of nylon
screws that are positioned at the four edges, assuring the stabil-
ity of the metasurface structure. Considering the space spared
for the feeding network, the metasurface sample has an overall
dimension of 350 mmx350 mmx14.5 mm.
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Fig. 7. Photograph of the fabricated metasurface prototype. (a) Top layer.
(b) Bottom layer. (c) Top and (d) bottom views of the middle layer.
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Transmitter ; Receiver

(b)
Fig. 8. Experiment setup to measure the characteristics of (a) RCS and
(b) transmission of the proposed metasurface.
Figure 8 shows the schematic of experimental setup to
measure the RCS reduction and transmission performances.

To minimize the reflections from surroundings, the character-
istics of backward RCS and transmissivity of the fabricated
prototype are measured in a microwave anechoic chamber.
By placing a pair of broadband linearly polarized horn anten-
nas symmetrically about the metasurface or its normal plane,
transmissivity or backward RCS can be recorded by a network
analyzer (Agilent E8363A). The biasing voltage is controlled
by a voltage source.

When measuring the scattering performance of the pro-
totype, two horn antennas (one for transmitter and one for re-
ceiver) are assembled on a mechanical arc rail with a radius of
3 m. The oblique incidence angle is defined as the angle be-
tween the direction of transmitter (or receiver) and the surface
normal of the MS sample, as shown in Fig. 8(a). The RCS of a
same-sized metallic plate is firstly measured as a benchmark to
normalize the RCS of the prototype. Due to the characteristic
of polarization insensitivity as shown in Fig. 5, measurements
are only performed for the case of a y-polarized incidence.
Moreover, considering that most of the reflected waves would
undergo polarization conversion, we also measure the cross-
polarized scattering patterns on the diagonal plane of the pro-
posed metasurface at 4 GHz and 7 GHz in the backward half-
space. In the experiment, the sample is placed in the center
of the arc track, making the diagonal plane of the metasurface
parallel to the arc rail. The receiving antenna is twisted by an
in-plane angle of 90° to measure the cross-polarized compo-
nent, which can freely move along the arc rail to capture the
scattered fields at different angles in the reflection space.

As illustrated in Figs. 9(a) and 9(b), normalized to the
same-sized metallic plate, both the simulation and measure-
ment results indicate that the reflected wave will be split
into four-beam with a maximum scattering power level below
—6 dB, due to the destructive interference and the checker-
board distribution of the two basic elements. Moreover, most
of the energy at 4 GHz can penetrate through the prototype
when the loaded PIN diodes operate in the off state, causing a
lower scattering power suppressed below —15 dB. The mea-
sured main beams are in good agreement with the simulation
results except for a slight difference in beam widths, which
may be caused by manufacturing and measurement errors. As
shown in Figs. 9(c) and 9(d), the measured 10-dB RCS re-
duction bandwidths are 3.9-9.7 GHz (85.3%) and 3-9.9 GHz
(107%) for the on and off states, respectively, which agree well
with the simulation results at the lower frequencies. However,
since the maximum operating frequency of SMP1320-079LF
PIN diodes is 10 GHz, the practical equivalent parameters are
no longer equal to the value mentioned in Section 2 with the
increase of frequency. In addition, limited by the insufficient
sensitivity of the measured equipment, and the tolerance of
fabrication, assembly, and experiments, there is a discrepancy
between simulation and measurement for some peaks. Conse-
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quently, slight difference of red shift from 11 GHz to 10 GHz
can be observed for the measured upper cut-off frequency of

10 dB RCS reduction.
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Fig. 9. Simulated and measured cross-polarized scattering patterns on di-
agonal plane at (a) 4 GHz and (b) 7 GHz. Simulated and measured RCS
reduction spectra with PIN diodes (c) switched on and (d) switched off.

Since the transparent window plays a pivotal role in meta-
surface design, we then measure the transmission performance
of the metasurface prototype impinged by linearly polarized
waves. As shown in Fig. 8(b), the two horn antennas are
placed symmetrically at the two sides of the prototype embed-
ded in an absorbing screen with a distance of 2 m. The unity
transmission is calibrated to the direct transmission between
the two horn antennas. As shown in Fig. 10(a), the measured
results coincide well with the simulated ones, showing a high-
efficiency transmission greater than —3 dB from 2.76 GHz to
4.58 GHz when the metasurface with PIN diodes switched off

is illuminated by a y-polarized incidence, and the maximum

efficiency reaches 93% within the wide bandwidth. Moreover,
the transmission coefficient is suppressed below —10 dB at
4 GHz when the diodes are switched on, which is very close
to the predicted one. The slight frequency shift is attributed
to the manufacturing tolerances, systematic errors in the mea-
surement process and the difference between the actual and
simulated diodes’ parameters. Furthermore, Fig. 10(b) shows
the measured transmission results of the proposed metasurface
under x- and y-polarized normal incidences, where the curves
of the two polarizations are mostly overlapped, demonstrating
the polarization insensitivity of the metasurface sample.
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Fig. 10. (a) Simulated and measured results of transmission perfor-
mances at different biasing states. (b) Measured results of transmission
performances for incidences with different linear polarizations.

Table 1. Comparison with other low-scattering metasurfaces with a transparent window.

Reference [39] [40] [42] [43] This work
Reconfiguration No No Yes Yes Yes
Frequency response“) D-T T-D T-A/A A-T-A/A T-D/D
Lumped com./unit cell®) None None 5 12 4
Transmission bandwidth (|7| > —3 dB) 33.3% 40% @2.85 GHz 50% 49.6%
Maximum efficiency ~ 100% 94% ~ 85% ~ 100% 93%

10-dB RCS reduction bandwidth 61% 54.5% 90% 150.8% Off: 107% On: 85.3%
Thickness (A;)®) 0.1 0.11 0.094 0.118 0.13
Polarization Dual Dual Dual Single Dual

)p= diffusion, T = transmission, and A = absorption.
%) Lumped com./unit cell = number of lumped components in each unit cell.
©) A = free space wavelength at the lowest operation frequency.

To clearly show the advantages of the proposed meta-
surface, we make comparison with some recent works on
low-scattering metasurfaces with a transparent window in Ta-
ble 1. Compared with the first two passive examples, our at-
tempt achieves obviously broader bandwidths simultaneously

with a switchable function for protecting the radiators in the

transmission window. Different from the listed reconfigurable
works employing absorption mechanism, the diffusion method
used here not only reduces the number of lumped components,
but also simplifies the design of the unit structure. Although a
wider RCS bandwidth is shown in Ref. [43], the dual-polarized

operation achieved in our work may find more application in
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practice. The proposed metasurface maybe used in stealth
radar systems. On one hand, it can protect the system from be-
ing detected by enemy radar outside the band, and on the other
hand, the working state between communication and stealth
can be dynamically switched by changing the biasing states of
positive components. In addition, the whole system may have
the merits of low profile, low cost, and broad bandwidth.

4. Conclusion

In this article, a wideband low-scattering metasurface
with an in-band reconfigurable transparent window is simu-
lated, fabricated, and experimentally demonstrated. The meta-
surface consists of two layers of PCMs with a checkerboard-
like configuration and a switchable FSS layer loaded with PIN
diodes. By controlling the external bias voltage applied on
the diodes, the metasurface can be flexibly switched between
two different operation modes of high-efficiency transmission
and low-scattering reflection within the tunable window. The
proposed reconfigurable low-scattering metasurface does not
require any extra biasing lines since the parallel strips in the
transmission-reflection control layer can function as electrodes
to provide DC bias voltages, successfully eliminating addi-
tional structural interference. In addition, our design has the
advantage of polarization insensitivity due to the symmetri-
cal structure. The experimental results are in good consis-
tence with the simulated prediction. With the merits of switch-
able characteristics and broad bandwidth, the proposed strat-
egy may promote the applications of metasurface in the devel-
opment of stealth platforms and reconfigurable antennas.
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