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ABSTRACT In this paper, a novel wideband Low-Radar Cross Section (RCS) reflector is proposed.
It consists of metallic hexagonal patches on the top layer of dielectric substrate and a metallic film on the
bottom. The patches are consists of different sizes of hexagonal patch arrays. They are corresponding to
different resonance frequencies, respectively. And the wideband polarization rotation is achieved. A 180◦-
phase difference is created by the Polarization Rotation Surfaces (PRS) using chessboard-like geometry,
which introduced 90◦ and−90◦ phase-shift, respectively. The scattering energy is redirected into off-normal
directions by the PRS, which enables the effective RCS reduction. In order to obtain more RCS reduction,
the arrangement of the PRS reflector has been optimized. The results show that, more RCS reduction can
be achieved by the improved arrangement. The monostatic RCS of the reflector can be reduced more than
20 dB by this method.

INDEX TERMS Polarization rotation surfaces (PRS), radar cross section (RCS) reduction, hexagonal.

I. INTRODUCTION
Radar cross section (RCS) is defined as 4 pi times the ratio
of the power per unit solid angle scattered in a specified
direction of the power unit area in a plane wave incident on
the scatter from a specified direction. Meanwhile, with the
detection and stealth technology developing rapidly, the radar
cross section (RCS) reduction has been a serious problem
in military applications, and has attracted significant atten-
tions recently [1]–[4]. Coating with radar absorbing materials
(RAM), forming and using passive and active cancellation
technology are normally methods in RCS reduction. And
many new metamaterials are designed for RCS reduction.
Such as electromagnetic band gap (EBG), Metamaterials
absorber (MA), frequency selective surface (FSS) and so
on [5]–[8]. However, most methods and metamaterials are
limited to the narrowband RCS reduction.

Recently, some researchers have proposed the use of meta-
materials in the design of Low-RCS reflectors and antennas.
In [2], a broadband MA based on resistive high-impedance
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patch is used, and this structure is used in the microstrip
slot antenna RCS reduction. The monostatic RCS is reduced
in the wideband of 2-18 GHz. But no prototype is fabri-
cated in this paper. In addition, FSS is usually used for
out-band RCS reduction. Classical band-pass FSS radome
or band-stop FSS reflector can meet the requirement of the
transmissivity, beamwidth, and Low-RCS reflector [9], [10].
In recent years, the polarization rotation surfaces (PRS) has
extensive applications in polarization control devices, circu-
larly polarized antennas and RCS reduction. Literature [11]
comprehensively considered the polarization conversion and
polarization selection characteristics. A 90◦ transmission
type polarization rotator in the THz band is designed. In [12],
an ultra-thin 90◦ polarization rotator based on the optical rota-
tion of chiral metamaterials is proposed. The highlight of this
design is that the polarization rotation band can be changed
within a certain range. A circularly polarized antenna is
designed by PRS in [13]. It converts a linearly polarized
wave into a circularly polarized wave. And the impedance
bandwidth and gain characteristics of the antenna are greatly
improved. However, these papers do not cover the issue of
RCS reduction. Meanwhile, the narrowband PRS structure is

VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ 131527

https://orcid.org/0000-0003-4885-2600
https://orcid.org/0000-0003-3050-7366


Z.-H. Deng et al.: Novel Wideband Low-RCS Reflector by Hexagon PRS

FIGURE 1. The configuration of the HPRS.

presented in the existing literature, which can only achieve
narrowband RCS reduction [14]–[15].

Based on this, a wideband Hexagon Polarization Rotation
Surfaces (HPRS) is introduced to achieve the wideband Low-
RCS reflector. A 180◦-phase difference is created by the
PRS using chessboard-like geometry, which introduced 90◦

and −90◦ phase-shift, respectively. The scattering energy is
redirected into off-normal directions by the HPRS, which
enables the effective RCS reduction. The HPRS reflector can
be used as a low-RCS reflector. Furthermore, the arrangement
of the HPRS reflector has been changed.More RCS reduction
is obtained by the improved arrangement [16]. The measured
and simulated results show that the monostatic RCS of the
HPRS has been considerably reduced. The monostatic RCS
of the reflector can be reduced more than 20 dB by this
method.

II. DESIGN OF THE HEXAGON POLARIZATION
ROTATION SURFACES
The Hexagon Polarization Rotation Surfaces (HPRS) is com-
posed of different sizes of hexagonal patch arrays, metal
ground planes and dielectric substrate. The basic structure
and parameters are shown in Figure 1. Copper conductors
are used for both the patch and the ground plane with
a thickness of 0.018 mm, and the electrical conductivity
σ = 5.8 × 107 S/m. The dielectric substrate is FR-4 with
a relative dielectric constant of 4.4 and the loss tanδ of 0.02.
In addition, the patch 1 and 3 are identical in size, and the size
of the patch 2 and 4 are also the same, thereby corresponding
to different resonance frequencies.

In order to broaden the bandwidth, a multi-point resonance
method is used in this paper. The HPRS structure is combined
with two sets of hexagonal patches of different sizes. The
final parameters of the HPRS are: w=12 mm, p1=7.05 mm,
p2=6.8 mm, d1=2.55 mm, d2=2.44 mm, h=1.6 mm. The
simulated reflectance is shown in the Figure 2, and the PCR
and the ER are shown in Figure 3. The PCR and the ER are
defined as:

PCR =

∣∣0yx ∣∣2∣∣0yx ∣∣2 + |0xx |2 (1)

FIGURE 2. The simulated reflectance of the HPRS.

FIGURE 3. The simulated PCR and the ER of the HPRS.

FIGURE 4. The simulated PCR of the HPRS for the case of different p1.

ER =
∣∣0yx ∣∣2 + |0xx |2 (2)

In order to investigate how the parameters affect the reflec-
tion rotation characteristics of the HPRS, a series of param-
eter analysis are proposed. In Figure 4, p1 is increased from
6.8mm to 7.2mm with the other parameters fixed. It can be
seen from Figure 4 that with the increase of p1, the resonant
frequency of the peak 1 shifts to a lower frequency, while the
remaining peaks are substantially unaffected. The parameter
d1 has been investigated in Figure 5. As d1 increases, the res-
onant frequency of the peak 3 shifts to a higher frequency.
And the d1 has little effect on other peaks.
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FIGURE 5. The simulated PCR of the HPRS for the case of different d1.

FIGURE 6. The simulated PCR of the HPRS for the case of different p2.

FIGURE 7. The simulated PCR of the HPRS for the case of different d2.

It can also be observed that the p1, d1 of the patches 1
and 3 can be used to regulate the resonant frequency of
the peak 1 and 3. Similarly, it can be analyzed the p2 and
d2 in Figure 6 and Figure 7. Figure 8 shows the effect of
the thickness h of the dielectric substrate on PCR. When
h is increased from 1.4 mm to 1.8 mm, peaks 3 and 4 are
significantly shifted to a lower frequency.

Finally, the stability of the PRS under the oblique incident
waves has been investigated. The effects of different incident

FIGURE 8. The simulated PCR of the HPRS for the case of different h.

FIGURE 9. The simulated PCR of the HPRS under different incident angles.

FIGURE 10. The simulated PCR of the HPRS under different polarization
angles.

angles θ and polarization angles ϕ are also analyzed. It can
be seen from Figure 9, as the incident angle θ increases, the
polarization conversion rate of theHPRS gradually decreases.
However, the polarization conversion ratio is more than 60%
in the frequency band of 8.48 GHz to 11.1 GHz when the
incident angle increases to 50◦ It indicates that the proposed
structure has a wide incident angle characteristic.

As shown in Figure 10, the PCR characteristic deterio-
rates sharply as the polarization angle ϕ changes. When the
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FIGURE 11. The Unit of the Low-RCS reflector.

FIGURE 12. The simulated reflection coefficient of the HPRS.
(a) amplitude, (b) phase, (c) PCR.

polarization angle increases, the polarization direction of the
incident wave is changed. It is no longer a simple x-polarized
wave or a y-polarized wave. Therefore, it no longer satisfies
the conditions of polarization conversion.

FIGURE 13. The comparison of the simulated monostatic RCS of the metal
reflector, the A1 arrangement reflector and the A2 arrangement reflector.

FIGURE 14. The comparison of the simulated RCS under different incident
angles (9GHz). (a) xoz-plane, (b) yoz-plane.

III. LOW-RCS REFLECTOR BY THE HEXAGON
POLARIZATION ROTATION SURFACES
Asmentioned earlier, the RCS reduction is themost important
technical approaches to implementing the stealth technology.
It is well known that the metal plane has a strong scatter-
ing. In order to control the scattered waves, the destructive
interference principle can be used to minimize the scattered
field. In this paper, the destructive interference is enhanced by
reasonably combining the unit ‘‘0’’ and ‘‘1’’. The scattering
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FIGURE 15. The comparison of the simulated RCS under different incident
angles (10.2GHz). (a) xoz-plane, (b) yoz-plane.

field distribution is effected, and the RCS of the reflector is
reduced.

The HPRS unit can convert a linearly polarized wave into a
reflected wave with 90◦ phase-shift in a wide band. In order
to achieve a low-RCS reflector, the previous HPRS unit is
known as unit ‘‘0’’; then the HPRS unit is rotated by 90◦ and
known as unit ‘‘1’’. The low-RCS reflector designed in this
section is composed of ‘‘0’’ and ‘‘1’’ unit. Figure 11 shows
the basic structure of the unit.

Assuming that x-polarized incident wave is illuminated,
the reflection characteristics of each unit are simulated.
Figure 12(a) and (b) show the amplitude and phase of the
reflection coefficient of the unit ‘‘0’’ and ‘‘1’’, respectively.
Figure 12 (c) shows the polarization conversion rate. The sim-
ulated results show that both forms of the units can achieve
the 90◦ phase-shift, and the polarization conversion rate is
greater than 90%.

However, A 180◦-phase difference is created by the HPRS
using different units, which introduced 90◦ and −90◦ phase-
shift, respectively. The reflected waves are suppressed in
some directions, and the low-RCS characteristic is achieved.
Therefore, the above unit can be combined into a reflector
by specific arrangement. In this paper, two arrangements
are used. One is a uniform arrangement. The other is
an optimized arrangement. The optimized matrix of [16]

FIGURE 16. The photograph of the two reflectors. (a) A1, (b)A2,
(c) measuring photo.

is used in this paper. The uniform arrangement is called
A1 arrangement:

1 0 1 0 1 0 1 0
0 1 0 1 0 1 0 1
1 0 1 0 1 0 1 0
0 1 0 1 0 1 0 1
1 0 1 0 1 0 1 0
0 1 0 1 0 1 0 1

 (3)

The optimized arrangement is called A2 arrangement:
1 0 1 0 1 1 1 0
0 1 0 1 0 1 0 1
0 1 0 1 1 0 1 0
1 0 0 1 0 0 0 1
0 1 0 0 1 1 0 1
1 1 1 1 0 0 0 0

 (4)

The monostatic RCS of the metal reflector, the A1 arrange-
ment reflector and the A2 arrangement reflector are eval-
uated. The incident wave is perpendicular to the reflector.
Figure 13 shows the analysis of the monostatic RCS of
these three reflectors. The incident wave is ϕ-polarization.
As shown in Figure 13, there is RCS reduction of the reflector
using HPRS during 8GHz -13GHz, and the largest reduction
is more than 20 dB at 9GHz and 10.2 GHz. At the same time,
it can be seen that the RCS reduction of the A2 arrangement
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FIGURE 17. The comparison of the measured reflection coefficient.

reflector ismore than theA1 arrangement reflector, especially
at 9GHz and 10.2GHz. In order to compare the RCS reduction
at 9GHz and 10.2GHz between A1 and A2 obviously, the
comparison of the monostatic RCS under various angles of
incident wave is analyzed.

The comparison of the monostatic RCS under various
angles of incident wave is shown in Figure 14 and Figure 15,
and the incident wave is ϕ-polarization. The frequency of
the incident wave is 9GHz in Figure 14. Both the xoz-plane
and the yoz-plane, RCS reduction of the two reflectors are
achieved within the angles from −35◦ to +35◦. The monos-
tatic RCS of the A2 arrangement reflector is slightly lower
than A1. The frequency of the incident wave is 10.2GHz
in Figure 15. Similar to previous results, the RCS reduction of
the two reflectors are achieved within the angles from −20◦

to +20◦. The A2 arrangement reflector is also slightly better
for RCS reduction.

Finally, the HPRS with A1 arrangement reflector and the
A2 arrangement reflector are fabricated. In order to show
the effect of this structure clearly. The previous A1 and
A2 arrangement reflector are used as the array element of
a 2×3 array. The photographs of the two reflectors are
shown in Figure 16. The measured reflection coefficients
(xx- polarization) of the two reflectors are obtained, as shown
in Figure 17. It can be seen that the reflection coefficient of
the two reflectors is significantly reduced in a wide band.
The reflection coefficient of the A2 arrangement reflector is
slightly lower than A1.

IV. CONCLUSION
Awideband Hexagon Polarization Rotation Surfaces (HPRS)
is introduced to design a wideband Low-RCS reflector. The
scattering energy is redirected into off-normal directions
by the HPRS, which enables the effective RCS reduction.
A uniform arrangement and an optimized arrangement are
used in this paper. More RCS reduction is obtained by the
optimized arrangement. The results show that the RCS of
the HPRS has been considerably reduced. The monostatic
RCS of the reflector can be reduced more than 20 dB by this
method.
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