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ABSTRACT A method for designing a wideband low radar cross section (RCS) antenna is proposed based
on hybrid absorptive and diffusive frequency selective reflector (AD-FSR) in this paper. The low RCS
antenna exhibits manifold frequency responses in three artificial bands, which are created by its different
components. A simple U-slot patch antenna is borrowed, which is integrated with the diffusion metasurface,
and placed under the absorptive sheet with about quarter wavelength. Then, the out-of-band incident wave is
captured by the absorber in the lower frequency band, and diffused by the metasurface in the upper frequency
band achieving the RCS reduction. The design strategies are explained and verified with the aid of the
corresponding equivalent circuit model and current distributions. To illustrate the efficacy of the proposed
approach, the low RCS antenna using the proposed hybrid AD-FSR structure is fabricated and tested, and the
results demonstrate that the proposed structure is an attractive candidate for designing wideband low RCS
antennas.

INDEX TERMS Absorber, diffusion metasurface, frequency selective surface, patch antenna, radar cross

section (RCS).

I. INTRODUCTION

Low-observable designs play an important role in modern
radar systems, while communication and radar antennas are
often the culprits that contribute significantly to the radar
signature of the target. Usually, antennas and antenna arrays
are placed on a large metallic ground plate such as the
vehicle-mounted and carrier-borne platforms, where the radar
cross section (RCS) of the overall platform is mainly caused
by the large ground plate. Hence, reducing the RCS of the
large ground plate becomes a priority issue when designing
these systems. At the same time, an eletromagnetci win-
dow should be open for various antennas or antenna arrays
on the platform to transmit/receive electromagnetic wave.
Traditional RCS reduction methods including integrated with
metasurfaces or frequency selective surfaces (FSSs) based
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on the principle of phase cancellation [1]-[3], using wide-
band microwave absorber [4]-[6], or combining absorptive
and diffusive structures [7], [8]. However, these techniques
typically affect the performance of the antenna in an adverse
way by reducing its gain and/or by distorting its radiation
pattern in an undesirable manner. This has prompted the need
to develop techniques for RCS reduction without degrading
the performance of the antenna, and to do so over a wide
frequency band.

Recently, a number of techniques have been proposed
for reducing the RCS of an antenna without sacrificing its
performance. Examples include replacing the ground plane
of the antenna by an absorptive frequency selective service
reflector (AFSR) [9]-[12]. The reflection band of the AFSR
is designed to overlap with the operating band of antenna to
maintain its performance, while absorbing the out-of-band
waves impinging upon the antenna. Yet another method is
to cover the antenna with an absorptive frequency selective
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transmitter (AFST), which can be viewed as an absorptive
radome [13]-[19]. The electromagnetic (EM) wave can pass
through the AFST relatively unaffected in the passband,
which works as the transmission window for the low RCS
antenna, while the out-of-band incident wave is absorbed by
the AFST. Unfortunately, most of these structures have only
been applied to narrow band antennas or by bulking absorb-
ing material. Furthermore, their RCS reduction bandwidth
is relatively narrow, which is undesirable for many practical
applications.

In order to extend the bandwidth of the RCS reduction
band, structures with absorption and diffusion properties are
hybridized and then integrated with the antenna [20]-[22].
The novel frequency-selective rasorbers are presented in [20],
[21], which provide a high-efficiency transmission band with
wide absorption and diffusion bands located at two sidebands.
In addition, a slot array antenna is integrated with a hybrid
metasurface for wideband monostatic and bistatic RCS reduc-
tion, which consists of an anisotropic frequency-selective
absorber and a polarization rotation reflective surface [22].

In this paper, we present a methodology of designing
low-RCS wideband antennas based on a proposed hybrid
absorptive-diffusive frequency selective reflector (AD-FSR).
The whole low RCS antenna we consider herein is a sim-
ple wideband U-slot patch antenna as an example, which is
surrounded by a diffusion metasurface with an absorptive
sheet placed above them. The diffusion metasurface shares
the same ground plane of the patch antenna, and it scatters the
field antiphase to the incident wave to reduce the RCS in the
upper frequency band of the antenna. In addition, the metasur-
face works as a normal ground plate for the absorber without
antiphase reflection in the lower frequency band, and then the
absorptive sheet performs wideband absorptive characteristic
together with the ground generated by the metasurface in the
lower frequency band.

On the other hand, the absorptive sheet is penetrable in the
working band of the antenna and the diffusion metasurface.
Then, a window with a wide frequency band transparent to
EM wave is realized in the middle operating band of the
U-slot antenna, and two wide low RCS bands are achieved in
both sides of the antenna’s operating band. The design strat-
egy is explained as well as verified with the aid of equivalent
circuit model and the current distributions on the antenna.
Finally, the studied antenna is fabricated and measured, and
the measured results are in good agreement with the sim-
ulated ones which demonstrate the validation of the design
procedure.

Il. OPERATING PRINCIPLE

The key step involved in the design process of the wide-
band low RCS antenna is to construct two RCS reduction
bands in the lower and upper sides of the antenna’s operat-
ing band while maintaining a wide transparent window in
the mid-band. In order to realize wideband RCS reduction
performance, a wideband absorber working in the lower fre-
quency band and a wideband diffusion metasurface designed

77864

to reduce the RCS in the upper frequency band are integrated
together as shown in Fig. 1. Then, the whole structure consists
of two layers separated by an air cavity, where the antenna is
placed in the bottom layer and is surrounded by the diffusive
metasurface while the absorber is placed above. It should
be pointed out that a transparent window to EM wave with
bandwidth controllable easily can be obtained painlessly just
by tuning the two relative separate structures, and then the
window can be used for various planar antennas, such as a
wideband U-slot antenna used herein.

Diffusion
Metasurface

FIGURE 1. Configuration of the proposed low RCS antenna based on the
hybrid AD-FSR.

The obtained low RCS antenna exhibits manifold fre-
quency responses in different frequency bands, and the func-
tionalities of its different components are also various, which
is described in Fig. 2. Then, it requires that each component
of the integrated structure works completely in cooperation
with each other and creates three artificial bands with entirely
different frequency responses.

As shown in Fig. 2, the upper layer of the proposed low
RCS antenna is an absorptive sheet, and it works as a wide-
band absorber together with the ground plane created by the
underneath diffusion metasurface layer. The absorber with
the generated ground plane absorbs the incident wave in
the lower frequency band around f;, as shown in Fig. 2(a),
while the upper absorptive sheet must be able to transmit the
incident wave losslessly and then the wave be manipulated by
the antenna or diffusion metasurface in the operating bands
around fy and fy, as shown in Fig. 2(b) and (c). Hence,
the absorber has two functionalities including absorptive fre-
quency responses in the lower frequency band and transmit-
ted frequency responses in the middle and upper frequency
bands.

On the other hand, the diffusion metasurface surround-
ing the U-slot patch antenna should also have two func-
tionalities, that it scatters the incident wave in the upper
frequency band around fy, as shown in Fig. 2(c), and it
works as a normal ground plate without antiphase reflection
response in the lower and middle frequency bands, as shown
in Fig. 2(a) and (b). Finally, A transparent window is real-
ized in the mid-frequency band around fjs, ensuring that the
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FIGURE 2. The different features of the proposed low-RCS antenna in (a) the lower frequency band f;, (b) the middle frequency band fy; and (c) the

upper frequency band fy;.

inserted antenna performance is not compromised either in
the receive or the transmit mode, as shown in Fig. 2(b).

Ill. DESIGN OF HYBRID AD-FSR

A. WIDEBAND ABSORBER

The first step is to build the aforementioned absorber with
wide RCS reduction band, and with transparent property in
the higher frequency band when its ground plane is taken
away. Fig. 3 illustrates the configuration of the designed
wideband absorber and its geometries. The absorber is
comprised of two miniaturized cross-strips embedded with
chip-resistors in the center that are printed on the both sides
of a thin substrate, whose thickness and relative permittivity
are 1, and &, of 2.2, respectively. The period of the unit
cell is p,, and the lossy layer is placed at a distance of
h, above the conducting plate, which is approximately a
quarter-wavelength at the center frequency of the absorption
band. The cross-strips are miniaturized by using a meander
line to improve the angular stability of the proposed absorber,
as shown in Fig. 3(b).

~ Chip-Resistors
>:>:¢§>i?£;1}4etallic Strip J

!
I

1

@ (b)

FIGURE 3. Configuration and geometries of the wideband absorber.

(a) Perspective view. (b) Top view. (Physical dimensions: pq = 20, hg = 15,
ta =0.5,wqg =0.5 15 =2,1g3 =1, lg3 =2, Ig4 = 3.5. All dimensions are
in millimeter).
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Fig. 4 shows the simulated reflection and transmission
characteristics of the proposed absorber derived by using the
commercial solver HFSS. Master and Slave boundary condi-
tions are used to represent the periodic boundary conditions
of the unit cell and Floquet ports are used as the excitation
ports. We observe from Fig. 4(a) that there are two resonances
fa1 and f;» within the absorber’s operating frequency band at
3.41 GHz and 6.78 GHz, respectively, with the help of the
ground plate, and the fractional bandwidth with reflectivity
less than —10 dB is 96.2%. While an excellent transmission
characteristic is realized from 8 to 20 GHz for the absorptive
sheet only without the ground plate, as shown in Fig. 4(b),
which can be utilized as the operating band for the antenna
and diffusion metasurface as we predicted.

In order to gain insight into the existence of these two reso-
nances and explain the absorption mechanism, an equivalent
circuit model (ECM) of the absorber is established as the inset
figure shown in Fig. 4(a). The miniaturized metallic strips
printed on the substrate can be equivalently represented by
a series LC circuit [23], and the absorber can be represented
by an RLC circuit with a short-circuited transmission line of
length h,, which represents the conductor-backed air spacer.
Then, the input surface admittance Y, of the absorber is the
sum of the admittance of the absorptive sheet Y, and the air
space Y5, which can be expressed as

1
R+j (ol + )
Ysup = —jYo cot Bhy = jBsub, (2)

where G, and By, are the conductance and susceptance com-
ponents. They can be written as

Y, =

= G +jBL, (1)

w?RC?
GL = 5 , ©)
(I — w?LC?)" + 0?R2C?
wC — &’LC?
B, = > : )
(I — w?LC?)” + 0?R2C?
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FIGURE 4. Desired S-parameters of absorber (a) with and (b) without the
ground plate.

Then, we can obtain the reflection coefficient I" as follows by
using this equivalent circuit model [24]

_ Yo—Yin  (Yo—Gr)—jBL+ Bauw)
Yo+ Yin (Yo + GL) +j(BL + Bsub)’

where Y; stands for the characteristic admittance of free
space.

It is well known that the resonances can be produced when
the imaginary part of the input admittance equals to zero [25],
that is

&)

B + Bsup = 0. (6)

From 6, it is evident that there are two situations which
can lead to resonance. The first of these occur when
Br = By = 0, i.e., when both susceptance values are zero,
which corresponding to the first resonance at frequency f,,
while the second residence occurs when By, = —Bg,, # 0,
i.e., when the susceptance of the strip exactly cancels the
susceptance of the short-circuited transmission line, which
corresponding to the second resonance at frequency f».
While for the absorptive sheet only without the ground plane,
the equivalent circuit model is given in the inset figure of
Fig. 4(b). At this case, the input surface admittance Yj,
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equals to Y7, and the absorber only has one resonance at
frequency f,;; when By, = 0.

The equivalent inductances and capacitances for the metal-
lic strip under the normal incidence can be evaluated by using
the formulas given in [26]-[28], and the value of chip-resistor
is determined for optimal frequency response. Then, the cir-
cuit model is conducted by using the following values:
R =250 Q,L = 179 nH, C = 0.056 pF. The calculated
frequency responses of the proposed absorber derived by
using the circuit model are also shown in Fig. 4, which have
seemed to be in good agreement with simulated results.

B. WIDEBAND POLARIZATION ROTATOR

Next, a wideband polarization rotator by using a two-
dimensional periodic array of truncated square patches is
designed, which can be utilized to construct the diffusion
metasurface to reduce the antenna’s RCS in the upper fre-
quency band. Fig. 5 illustrates the configuration of the unit
cell, and a truncated square patch is printed on the same
dielectric substrate with the absorptive layer whereas its
thickness is #.. The topology follows the same period p,
along both the x- and y-directions, which is a quarter of the
absorber’s period. In addition, the dimensions of the long and
short axes of the truncated square patch are [,; and [, respec-
tively. The simulated cross- and co-reflection coefficients
of the proposed rotator are shown in Fig. 6(a), which are
represented by S{; and S77, respectively. We see that a good
polarization rotation performance is realized from 14.19 to
19.39 GHz, and the relative bandwidth is 31%. We also note
that two resonances f;-1 and f;-» are generated in the operating
band at 15.25 GHz and 17.71 GHz, respectively.

Al
Substrate

\
(a) * Metallic Plate (b)

FIGURE 5. Configuration of the proposed wideband polarization rotator.
(a) Perspective view. (b) Top view. (Physical dimensions: pr =5, =1,
Iy = 3.25, I, = 1.75. All dimensions are in millimeter).

In order to analyze the structural anisotropy and the under-
lying polarization mechanism, the incident wave along the x-
axis is decomposed into two orthogonal components along
the u- and v-axes, as shown in Fig. 5(b), which can be
re-expressed as

V2
2
where ¢, and e, are the unit vector along the u- and
v-axes, respectively, and |Ey| is the magnitude of the incident
electric field. Then, we turn to the wave E, reflected from the

E;i = ~=|Eol(éy + &), ©)
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polarization rotating surface, and it can also be represented as
a sum of two orthogonal components

V2

Er= 5 |Eol@ulrule + &1 1), ®

where |r,| and ¢, as well as |r,| and ¢, are the correspond-
ing magnitudes and shifted phases along the u- and v-axes,
respectively. It should be mentioned that both the reflection
magnitudes are unity (|r,| = |ry| = 1) owing to the presence
of the PEC ground plane at the bottom.

Because the x-polarized wave has both the components
along the u- and v-axes, the resonances along the long and
short axes of the truncated square patch will be excited
simultaneously under a x-polarized incidence. The phase
difference of the u-oriented and v-oriented reflected waves
(A = ¢, —¢,) is plotted in Fig. 6(b), and we observe that the
phase difference is different in and out of the operating band.
The in-band phase difference Ay is approximately 180° with
a tolerance less than 30°, which results in a good polarization
rotation performance according to (7) and (8) [29]. On the
other hand, the phase difference is almost zero in the out-of-
band, which means that the rotator can be viewed as a normal
ground plane at the outer band frequencies.

Magnitude (dB)
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180 e 1
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FIGURE 6. Simulated results of the proposed polarization rotator. (a) The
magnitude of reflection coefficients. (b) The phase of reflection
coefficients for u- and v-polarized reflected waves.
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In order to further explain the physical mechanism of the
proposed polarization rotator, the simulated current distri-
butions on the top truncated square patch and the bottom
ground plate at the resonant frequencies f;-1 and f; are shown
in Fig. 7. The lower resonance at f;| is excited along the long
axis of the truncated square patch, while the upper resonance
at f;» is excited along the short axis. In addition, the currents
flowing through the metallic patch are anti-parallel to those
on the ground plate for both two resonances. Hence the
current loops are formed in the intermediate dielectric layer,
and this resonance is known as magnetic resonance [30].
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FIGURE 7. Simulated current distributions on the top truncated square
patch and bottom ground plate at resonant frequencies
(a) frq and (b) fr,.

C. HYBRID ABSORPTIVE-DIFFUSIVE FREQUENCY
SELECTIVE REFLECTOR

The absorber and polarization rotator are integrated together
realizing the proposed hybrid AD-FSR to obtain two wide
RCS reduction bands on both above and below the operating
mid-band frequency, while maintaining a transparent window
in the mid-band. Fig. 8(a) shows the configuration of the unit
cell of the obtained hybrid AD-FSR, while the absorptive
sheet is placed above a 4 x 4 array of the polarization rotator
and they share the same ground plate.

()

FIGURE 8. (a) Configuration of the proposed hybrid AD-FSR and (b) the
element distributions of the diffusion metasurface.
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Fig. 9 displays the simulated reflection coefficients of the
hybrid AD-FSR arrayed in periodic pattern, and it is seen
that a lower absorption band ranging from 2.59 to 7.67 GHz
with two resonances at f;, (3.2 GHz) and f/, (7.1 GHz).
Additionally, good polarization rotation performance is also
achieved with two resonances at f; (15.12 GHz) and f/,
(17.58 GHz) in the upper frequency band ranging from
13.73 to 18.23 GHz, which is employed to reduce the RCS of
the antenna by configuring it as the checkerboard metasurface
or the diffusive metasurface. Compared with the independent
absorber and polarization rotator, the widths of the lower and
upper frequency bands are both slightly wider, which can be
attributed to the mutual coupling between them.

Magnitude (dB)

; I
2 4 o6 8 10 12 14 16 18 20
Frequency (GHz)

FIGURE 9. Simulated reflection coefficients of the combination of the
absorber and the polarization rotator.

According to the array theory [31]-[33], when the incident
wave illuminates on a metasurface with an array of M x N,
the scattering field can be described as

M,N
SP(9 (,0) — cosf e_j(zTﬂ sin 0)(cos ¢-mP+sin ¢-nP)+@mn
s E ,
n=1,m=1

C))

where 6 and ¢ are the elevation and azimuth angles, respec-
tively, (m, n) is the position of the element, and ¢, is the scat-
tering phase of each element. In order to meet the requirement
of the phase cancellation principle, the metasurface consists
of the proposed polarization rotator (Bit 0) and its antiphase
counterpart (Bit 1), whose cross-polarized reflected waves
share the same amplitude but opposite phases.

It should be pointed out that the ‘0’ element is defined
as the square block which includes 8 x 8 ‘Bit 0’ unit cells
with a 0 phase response, and the ‘1’ element is defined
as the square block comprising of 8 x 8 ‘Bit 1’ unit cells
with a w phase response, which is a trade-off between RCS
reduction performance and processing costs. Then, a 10-dB
RCS reduction can be realized according to

A + Are?
> I

where A; and Aj, @1 and ¢, are the corresponding reflection

amplitudes and phases of ‘Bit 0’ and ‘Bit 1, respectively.

RCSeduction = 101g| (10)
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For the sake of obtaining a good RCS reduction perfor-
mance, the scattering pattern is manipulated by using the
ergodic algorithm. The peak value of the scattering field can
be expressed as the fitness function

fitness = max(SP(0, ¢)). an

Then, the ergodic algorithm is employed in MATLAB to find
a minimum value of fitness function at the direction of the
normal incidence, and a good sequence of the diffusive meta-
surface contains 8 x 8 equal-sized square blocks is obtained,
as shown in Fig. 8(b).

IV. DESIGN OF LOW-RCS ANTENNA

A simple U-slot patch antenna is borrowed here to demon-
strate the proposed concept of the wideband low RCS antenna
design based on the designed hybrid AD-FSR, whose geome-
tries are shown in Fig. 10. Then, the simple U-slot patch
antenna is integrated with the proposed hybrid AD-FSR
structure to realize a low-RCS wideband antenna, as shown
in Fig. 1. The designed U-slot antenna is inserted in the
obtained diffusion metasurface above by replacing several
truncated square patches, while the wideband absorptive
sheet keeps unchanged as the same as the above design one.

Coaxial Probe
Feed

AN

<
B

Ly

FIGURE 10. Configuration of conventional U-slot patch antenna. (Physical
dimensions: Iy = 12, ly =9, Isx =3.4, Isy =4.7w =0.4,d, =25,d, =2,
D = 0.92. All dimensions are in millimeter.)

The antenna operates in the frequency band ranging from
9.03 to 11 GHz, as shown in Fig. 11(a), which is simulated
by using the HFSS simulations with radiation boundary con-
dition. Compared with the U-slot patch antenna with same
dimensions, the operating bandwidth of the present design
of the low-RCS antenna is slightly wider, which is mainly
attributable to the lower quality factor which is reduced by the
introduction of the added absorber and diffusion metasurface.
Fig. 11(b) and (c) show the simulated radiation patterns of
the proposed and conventional antenna in xoz and yoz planes,
respectively. It is seen that the simulated broadside gain of
the designed low RCS antenna is approximately 7.40 dBi at
10 GHz, which is 0.66 dBi less than the conventional antenna
without integrated with hybrid AD-FSR structure. It should
be noted that the gain loss is mainly caused by the dielectric
substrate of absorptive sheet. In addition, the antenna effi-
ciency at 10 GHz is about 70.8%.

Next, to verify and validate the designed antenna with
the low RCS characteristic, we compare its performance
with that of the conventional U-slot patch antenna with PEC
ground plane. Fig. 12(a) presents the monostatic RCS of the
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FIGURE 11. Simulated results of conventional and low-RCS U-slot patch
antenna in radiation mode. (a) Reflection coefficients. Radiation pattern
in (b) E-plane and (c) H-plane at 10 GHz.

Monostatic RCS (dBsm)
O

OF — — Conventional Antenna
Low-RCS Antenna

2 4 6 8 10 12 14 16 18 20
Frequency (GHz)
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30

180 180
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FIGURE 12. Simulated results of conventional and low-RCS U-slot patch
antenna in scattering mode. (a) Monostatic RCS. (b) Bistatic scattering
pattern at (b) 4 GHz in the absorption band and (c) 15 GHz in the
diffusion band.

two antennas, and it confirms that RCS reduction is achieved
over two wide frequency bands, both in the lower and upper
frequency regimes, and without compromising the perfor-
mance of the antenna in the mid-frequency range. In the lower
frequency band, the incident wave from the +z-direction is
absorbed as shown in Fig. 12(b), and on the other hand,
it is diffused by the metasurface when the frequency of

VOLUME 9, 2021

the incident wave is in the upper frequency band as shown
in Fig. 12(c).

V. FABRICATION AND MEASUREMENT

To validate the radiation and RCS reduction performance of
the proposed integrated hybrid AD-FSR U-slot patch antenna
by measurements, we have fabricated a prototype of the
designed antenna whose dimensions is 320 mm x 320 mm as
shown in Fig. 13. We note that 16 nylon screws whose lengths
are 15 mm were used to attach the absorptive sheet to the
metasurface layer. The upper layer shown in Fig. 13(a) is the
absorptive sheet, and the two chip resistors with 0402 package
(250 2) are soldered on the top and bottom sides of each
unit cell. Fig. 13(b) shows the upper surface of the bot-
tom substrate, containing the U-slot patch and the diffusion
metasurface. The U-slot patch antenna is fed by a coaxial
SMA connector. The absorber, as well as the patch antenna
and diffusion metasurface are printed on a Rogers RT/duroid
5880 dielectric slab (g, = 2.2, tand = 0.0009) using the
PCB technology, with the thicknesses of 1 mm and 0.5 mm,
respectively.

Upper Layer Bottom Layer
(a) (b)

FIGURE 13. Photographs of the fabricated low-RCS antenna.

The test system for measuring the prototype is shown
in Fig. 14, and two different types of systems are used to
measure the RCS reduction and radiation performance of
the designed antenna. When measuring the radiation pattern,
the antenna is placed in a chamber and fed by the coax-
ial probe, as shown in Fig. 14(a). The measured reflection
coefficient and radiation patterns of the fabricated antenna
are shown in Fig. 15. The measured results show that the
designed antenna works from 8.91 to 11.1 GHz, which is a
little wider than the simulation results, and we conjecture it

Transmitting/Receiving
Antenna

FIGURE 14. Test system for measurement of (a) radiation performance
and (b) reflectivity in the chamber.
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TABLE 1. Comparison With State-of-the-art Designs in the Literature.

Reference | Antenna type Low RCS Antenna bandwidth (%) Center frequency Upper RCS
reduction bandwidth (%) fo (GHz) reduction bandwidth (%)
91 Dipole 26 11.5 8.7 16.7
[10] Dipole 64.7 14.5 5.5 424
[13] Patch 439 4 8.9 26.08
[14] Patch 60.3 3 10 20.4
[34] Patch 20.2 1 10 452
This work Patch 90 21.9 10 27.6
is attributable to the fabrication tolerance and material loss. 30 — i i i i i i i i
Fig. 15(b) and (c) show that the measured gain is only 0.3 dB —
lower than the simulated result because of losses in the SMA 25t IS\'/}I;:SO 7

connector and the coaxial line, which is reasonable. Addi-
tionally, the cross-polarization of the antenna is low enough
to indicate a good linear polarization radiation performance.

0 ) ) T -
7
N /
~ 1 0 v
g * f
@
=20+
— Simulated
— — -Measured
230 . . .
8 9 10 11 12
Frequency (GHz)

(2)

Gain (dBi)
15

180

——Sim. Co.  —-="- Meas. Co.
(b) [—=—Sim. Cross. —— Meas. Cross

FIGURE 15. Simulated and measured results of the proposed antenna in
radiation mode. (a) Reflection coefficients. Radiation pattern in
(b) E-plane and (c) H-plane at 10 GHz.

The simulated and measured monostatic RCS reduction of
the proposed antenna is shown in Fig. 16 for the normally and
obliquely impinging plane waves. The measurement setup is
shown in Fig. 14(b), and the measured results are seemed to
agree well with the simulated ones. We note that the RCS
reduction is obtained in the lower frequency band from 2.9 to
7.65 GHz, as well as in the upper frequency band from
13.6 to 17.95 GHz, with the fractional bandwidth of 90%
and 27.6%, respectively, while it is almost negligible in the
mid-frequency band, which is the operating band of the U-slot
antenna. Additionally, we can observe that the RCS reduction
performance in the lower frequency band is relatively stable
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FIGURE 16. Simulated and measured monostatic RCS reduction of the
proposed antenna under (a) TE-polarization and (b) TM-polarization for
different incident angles.

with oblique incident wave, although the bandwidth in the
upper frequency band becomes narrower when the incident
angle increases to 40°.

In order to better understand the advantages of the designed
low-RCS antenna, we have carried out a comparative study
off the present antenna with other low-RCS antennas con-
taining AFST and AFSR that have been reported elsewhere,
and the results of the study are presented in Table 1. The
table shows that in addition to realizing the wide operated
band, the present antenna indeed realizes a lower RCS in
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both the lower and upper bands shouldering the operating
frequency band of the antenna, with little compromise the
gain of the antenna in its operating band. The compari-
son presented in the above table clearly demonstrates that
the hybrid AD-FSR is effective for wideband RCS reduc-
tion of large metallic platform while providing electromag-
netic windows for various antennas or antenna arrays on the
platform.

VI. CONCLUSION

In this paper, we have presented the design of a
low-RCS wide-band antenna which incorporates a hybrid
absorptive-diffusive frequency selective reflector with the
antenna to reduce its RCS without compromising its radia-
tion performance. The topology of the structure consisting
well cooperative absorptive sheet, diffusion metasurface and
antenna was discussed at first. Then, the absorptive structure
is adopted by comprising miniaturized metallic cross-strips
loaded with chip-resistors, and the diffusion metasurface is
formed by a polarization rotator constructed by combining
truncated square patches and their antiphase counterparts.
An example of the designed antenna has been fabricated
and measured, and the measured results demonstrate that
the antenna achieves a wide operating band. Moreover,
a wideband out-of-band RCS reduction is achieved for
dual-polarized incidences.
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