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Development of a Low Radar Cross Section
Antenna with Band-Notched Absorber

Peng Mei, Student member, IEEE, Xian Qi Lin®, Senior member, IEEE, Jia Wei Yu, Abdelheq Boukarkar,
Student member, IEEE, Peng Cheng Zhang, and Zi Qiang Yang”

Abstract—A low radar cross section (RCS) antenna designed
with  band-notched absorber is described. Firstly, a
dual-polarization absorber with relative bandwidth more than
80% is designed using loaded-resistors. Pairs of circular slot
resonators and metal strip array resonators are introduced in the
absorber to realize a notch band with full reflectance in the
vertical polarization while a wide absorption band in the
horizontal polarization is maintained. The proposed band-
notched absorber is thus realized. Within the notch band, the
absorber can be served as a metal ground for antenna; while a
great RCS reduction is obtained out of the notch band and in the
horizontal polarization band. Then, a dipole antenna rigorously
designed is mounted above the band-notched absorber, whose
operating frequency is exactly in accordance with that of the
notch band. The proposed low RCS antenna is established based
on assembling the dipole antenna and the band-notched absorber
together. The measured results demonstrate that the proposed
antenna has fairly good radiation patterns. Added to that, more
than 10dB RCS reduction in two polarizations is realized
simultaneously compared with that one of a conventional dipole
antenna.

Index Terms—Band-notched absorber, radar cross section
reduction, notch-band, low RCS antenna.

I. INTRODUCTION

WITH the rapid development of the stealth and detection
technology, radar cross section (RCS) reduction of a
target is urgently needed. As a necessary device for the
communication on the platform, the antenna does not only
radiate electromagnetic wave effectively, but also contribute to
the main radar cross section of the aircrafts or other bulky
platforms. There are some methods to reduce the antenna RCS,
such as shaping [1]-[4], using radar absorber materials (RAMS)
[5]-[11], polarization conversion metasurfaces [12]-[14], and
artificial magnetic conductor surfaces [15] , [16]. The
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conventional RAMs method to reduce RCS has some negative
impacts on the radiation performances of the antenna, such as
low radiation gain and poor radiation patterns. As a result, it is
challenging to reduce the RCS without degrading the antenna’s
radiation performances. Moreover, it is much preferable to
realize the RCS reduction in a much wider frequency band.

Tracing back to the antenna RCS reduction using RAMs, it
is found that the RAMs and antenna are usually designed
individually, they are then arranged together on the same plane
to reduce the RCS of the extra metal ground. In order not to
distort the radiation patterns of the antenna, the RAMs are
usually assigned away from the radiation patch or radiation slot
to ensure the effective radiation area not to be disturbed [5], [6].
In [5], the authors presented a perfect absorber with fractal
techniques, and then they assigned these absorber structures
around a patch antenna to realize the RCS reduction. Likewise,
the authors in [6] also designed an absorber and waveguide slot
antenna operating at the same frequency, they rigorously
arranged the absorbers around the slot antenna to realize the
RCS reduction. Due to the extremely finite absorption
bandwidth of these kinds of resonant structured absorbers, the
antenna can only realize low RCS in a narrow bandwidth.
Using polarization conversion metasurfaces or artificial
magnetic conductors can just decrease the antenna’s RCS in a
specific angle (6=0°) by using the out of phase cancellation of
these metasurfaces’s reflection phases. Based on the energy
conservation, the decreased energy in the definite angle is
scattered to other angles, which is not applicable for bistatic
radar detection in practice. Moreover, this method just realizes
RCS reduction in a narrow band as well.

In this paper, we propose a different method to realize a low
RCS antenna compared with the previously reported
conventional RAMs method [5], [6]. Firstly, a
dual-polarization, and wide bandwidth absorber is designed
with resistor-loaded. Pairs of circular slot resonators and metal
strips resonators are introduced to generate a notch band in the
vertical polarization, while the wide absorption performance in
the orthogonal polarization is still maintained. Then, a
single-polarization dipole antenna as a sample is rigorously
designed, whose operating frequency is exactly in accordance
with that of the notch band. The reflection phases of the notch
band are also noticed to determine the definite location of the
dipole antenna to obtain good radiation patterns and radiation
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gains. Within the notch band, the band-notched absorber can
be served as a metal ground for antenna, the antenna works
well, radiation patterns of the antenna are fairly good. Out of
the notch band, the band-notched absorber is indeed regarded
as an absorber, the electromagnetic wave absorption is realized
simultaneously, thus, a significant RCS reduction is obtained.
The measured results validate the effectiveness of our proposed
design, which can be considered as a good reference when
designing low RCS antennas.

The paper is organized as follows: In Section II, the
dual-polarization, the band-notched absorber, and the dipole
antenna are rigorously designed. In section [IlI, the
band-notched absorber and dipole antenna are assembled
together to realize low RCS. Then, the proposed low RCS
antenna with optimal dimensions is fabricated, measured, and
discussed in section IV. At last, concluding remarks are drawn
in section V.
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Fig.1. Geometries of the dual-polarization and wide absorption band absorber. (a)
Perspective view. (b) Front view. (c) Side view.

Il. THE BAND-NOTCHED ABSORBER DESIGN PROCEDURE

A. Dual-polarization, wide absorption bandwidth absorber

The geometries of dual-polarization and wide absorption
bandwidth absorber unit cell is presented in Fig. 1. It consists of
an orthogonal dipole-shaped metal strip printing on two sides
of the supporting substrate, two lumped resistors, F4B
dielectric substrate, an air spacer, and a metal ground. At the
vertical polarization, the electric field is in the direction of the
y-axis, while the electric field in the direction of the x-direction
is horizontal polarization. The F4B dielectric substrate is used
with a thickness of 1mm, a relative permittivity of &, = 2.65,
and a dielectric loss tangent of tan5=0.002 . The lumped
resistors are used to realize wide impedance match between the
structured absorber and the free space further to obtain wide
absorption. The absorption characteristics of the proposed

dual-polarization absorber are simulated and analyzed using
commercial High Frequency Structure Simulator (HFSS)
software. The metal portions in this paper are all modeled as
lossy copper with a conductivity o =5.8x10" S/m.

The impacts of different arrangement statuses of these
orthogonal dipole-shaped metal strips on its whole absorption
performances are examined. The reflection coefficient of the
dual-polarization absorber is checked under three different
cases, namely, non-overlap (1=3.7mm), critical condition
( 1=3.4mm), and overlap (I =3.2mm) with other parameters
fixed. The values of the lumped resistors in front and back
surfaces of the supporting F4B dielectric substrate are
dominated for realizing wide absorption band as studied in [17],
[18]. For brevity, we directly assign the front and back resistors
with their optimal values 100ohms and 82ohms, respectively.
From Fig. 2, two conclusions are obtained: 1). the absorption
bandwidth is narrowing when the dipole-shaped metal strips
on front and back of the substrate is overlapped; 2). the
reflection coefficients in the two polarizations are almost
identical. The slight discrepancies are due to the fact that these
orthogonal dipole-shaped metal strips are separated by the
supporting dielectric substrate. Thus, a non-overlap condition
[as shown in Fig. 1(b)] is adopted in our study to achieve wide
absorption bandwidth performances.
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Fig.2. Reflection coefficient under different values of I. (a) horizontal polarization.
(b) vertical polarization. (a=12.6mm, r=2.4mm, [;=1.0mm, [,=0.8mm,
w;=0.8mm, w,=1.3mm, ws=0.6mm, w,=1.2mm, h;=1mm, h=4mm).
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B. Constructing a notch band in the vertical polarization and
a wide absorption band in the horizontal polarization

In order to introduce a full reflectance band in the vertical
polarization, notch band and FSSs techniques are adopted as
described in our previous work [18], The proposed absorber is
improved based on Fig. 1 and its geometries is demonstrated in
Fig. 3. In the horizontal polarization, the dipole-shaped metal
strips in the upper layer and the metal ground in the lower layer
together can realize wide absorption performances; while the
circular slot resonators in the upper layer and metal strips array
in the lower layer generate two independent magnetic
resonance and electric resonance, respectively. These magnetic
and electric resonances form the notch band in the vertical
horizontal polarization.
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Fig.3. Geometries of the proposed absorber with a notch band in the vertical
polarization and a wide absorption band in the horizontal polarization. (a)
Perspective view (b) Front view (c) Side view.
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Fig.4. Reflection coefficient under different values of g in two polarizations.
(a=12.6mm, r=2.4mm, r;=2.0mm, r,=2.1mm, gs=0.8mm, 1=3.7mm, I;=1.0mm,
1,=0.8mm, |= 11.0mm, ws= 1.0mm, w;=0.8mm, w,=1.3mm, w;=0.6mm,
w,=1.2mm, hy=1mm, h=4mm).

The notch band with full reflectance will be served as a metal
ground for a dipole antenna. As a result, the reflection phase of
the notch band is significant to determine the definite location
of a dipole antenna to ensure good radiation patterns and
radiation gains. In order to accurately obtain the reflection
phase of the notch band, a circular slot resonator is etched in
the top surface of the F4B substrate as shown in Fig. 3(a).

For an absorber, a low profile is usually preferred. Thus,
his tuned to check its impact on the reflection coefficient in
two polarizations as well as the reflection phase of the notch

band. The amplitude of reflection coefficient of the proposed
absorber can be predicted from ref. [18]. A conclusion that the
reflection coefficient performances of the proposed absorber is
given directly: a smaller h will deteriorate the performances of
the wide absorption in the horizontal polarization; while a
larger h will damage the performance of the notch band in the
vertical polarization. Here, only the reflection phases of the
notch band under different values of h are presented as shown
in Fig. 5. According to the reflection coefficients and reflection
phases of the notch band, a value of h=4mm is thus adopted
in our design.
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Fig.5. Reflection phase of the notch band with different values of h in the vertical
polarization. (a=12.6mm, r=2.4mm, r;=2.0mm, r;=2.1mm, @g=0.3mm,
9s=0.8mm, I=3.7mm, 1;=1.0mm, 1,=0.8mm, I;= 11.0mm, ws= 1.0mm, w;=0.8mm,
w,=1.3mm, ws=0.6mm, w,=1.2mm, h;=1mm).

I1l. ALow RADAR CROSS SECTION ANTENNA DESIGNED WITH
BAND-NOTCHED ABSORBER

A. the implementation of low radar cross section antenna

with band-notched absorber

In this section, the proposed low RCS antenna that a dipole
antenna backed with a band-notched absorber is described.
Firstly, the plane absorber with an array of 10 times 10 units as
discussed in the previous subsection Il. B, is adopted. The
dipole antenna rigorously designed is mounted above the array
to realize the low RCS antenna. For brevity, only partial
geometries of the proposed low RCS antenna are presented in
Fig. 6. In order to feed the dipole antenna, a simple balun
transition structure is used as shown in Fig. 6(b)-(d). Here, a
quadratic function of the envelop of the balun transition is
adopted. The design goal of the balun transition is to maintain
the characteristic impedance of input port 50ohms and the
reflection coefficient at the input port fairly good (at least below
-10dB in a certain frequency band). After lots of experimental
simulations, we obtained the optimal curve as shown in Fig.
7(b). ws, Is and lg are decided simultaneously, and equal to
2.3mm, 15.0mm, and 10.5mm, respectively. We can describe
the optimized curve as x = a- z* +b- z +c, where coefficients a,
b, and ¢ are unknown and to be determined. If we choose the
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central position of the dipole antenna as the origin of the
coordinate axis as shown in Fig. 7(b). The coordinates of points
A, B, and C are (0,1.25), (-5,2), and (-14,5.35), respectively,
according to the coordinate axis. After substituting the
coordinates into the foregoing function, the coefficients thus
are obtained that a=0.01587, b=-0.07063, c=1.25. The specific
dimension descriptions of the dipole antenna are depicted in
Fig. 6(c)-(d). The arcs in the radiation edge are engraved to
improve the reflection coefficient of the antenna.
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Fig. 6. Geometry of the proposed low RCS antenna. (a) Perspective view. (b) Front
view. (c) Front view of dipole antenna. (d) Back view of dipole antenna.

For a dipole antenna backed with a “metal ground”, it is
widely acknowledged that the separation between the radiation
edge of dipole antenna and the so-called metal ground is
important to ensure the dipole antenna good radiation patterns
and radiation gains. In our case, the distance between the
radiation edges of the dipole antenna and the top surface of the
band-notched absorber [as shown in Fig. 7(b)] is determined by
following equation:

2xf

_ZIP X + P pvsorver = 2n7Z', n= 0! il, iz, i3, (1)

where c is the velocity of free space, f is the interested frequency,
@absorber 1S the reflection phase of the notch band. Here, the
central frequency of the notch band 8.5GHz is selected as the
interested frequency. @ansorber IS Obtained according to the
simulated reflection phase of the notch band as shown in Fig. 6.
Then, substituting these known values into Eq. (1), the value of
I, is deduced and it equals to 7.5mm. Moreover, once the
interested frequency is determined, the length of radiation edge
of the dipole antenna is also calculated as follows:
2(l, +r,+w, - ° 2

(str )= &)
where ¢ is the relative permittivity of the supporting dielectric
substrate.

Additionally, the practical measured reflection phase of the
notch band usually has some discrepancies with simulated
results due to the fabrication tolerance. According to Eq. (1), I,
is closely related to @ansorver, thus, the impacts of different I, on
the proposed low RCS antenna’s reflection coefficient is
studied with other parameters fixed. Fig. 7 presents the
reflection coefficient versus different I,. It is observed that the
impedance bandwidth of the proposed low RCS antenna is
stable with different Ip, which means that one still could obtain
good radiation pattern and gain at 8.5GHz by simply adjusting
the value of I, even if the reflection phase of the notch band has
discrepancy with that of simulated results.
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Fig.7. Simulated reflection coefficient of the proposed low RCS antenna versus
different I,. (15=4.0mm, 1,=5.5mm, 1s=15.0mm, [¢=10.5mm, rz=2.5mm,
r;=4.2mm, ws=2.3mm)

B. Summarized process for the proposed low radar cross

section antenna

Based on the above analysis, the design procedures for the
proposed low radar cross section antenna can be summed up as
the following steps:

1). Specify the shape of the dual-polarization, wide absorption
bandwidth absorber; and determine the relative location of the
two orthogonal metal strips structure as shown in Fig. 1;

2). According to the interested frequency band, specify the
dimension of circular slot resonator etched on top surface of the
structure that determined in step (1) and dimension of the metal
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strips array in the lower layer as shown in Fig. 3, thus, the
band-notched absorber is realized;

3). Specify a dipole antenna mounting above the
band-notched absorber designed in step (2) based on the
frequencies and reflection phase of the notch band to determine
the value of I, as shown in Fig. 7, where a good reflection
coefficient will be obtained.

Tab. I. The optimal dimensions of the proposed low RCS antenna unit (unit: mm)

a r ry ra rs Iy Wy
12.6 2.4 2.0 2.1 25 4.2 0.8
W2 W3 W4 Ws Ws Is h
1.3 0.6 1.2 2.3 1.0 11.0 4.0
hy 9 Os Iy I, I3 Iy
1.0 0.3 0.8 1.0 0.8 4.0 55
Is ls Riront Rback
15.0 10.5 1000hms 820hms

IV. FABRICATION, MEASUREMENT, AND DISCUSSIONS

A. Fabrication of the proposed low RCS antenna

In this section, the proposed low RCS antenna is fabricated
and measured with optimal dimensions as listed in Tab. I. Fig.8
shows the photographs of the proposed low RCS antenna. The
metallic patterns of each layer are all etched on F4B substrate.
The two layers are attached to each other by the use of four
plastic screws placed in the four corners of the dielectric
substrates and four at the central part of each side. Plastic
screws are also used to keep the two layers parallel at definite
distances above each other as shown in Fig. 8. The reflection
coefficient of the proposed low RCS antenna is measured by
using Agilent vector network analyzer (N5244A), and
presented in Fig. 9, where we note that the simulated and
measured results are in good agreement.
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Fig. 8. Photographs of the proposed low RCS antenna. (a). Perspective view. (b).
Front view of the upper layer. (c). Back view of the upper layer. (d). Front view of
the lower layer.
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Fig.9. Simulated and measured reflection coefficient of the proposed low RCS
antenna.

B. Simulation and measurement of reflection coefficient and
radiation patterns

The normalized radiation patterns of the proposed low RCS
antenna are also measured to verify its good and stable
performances. All the measurements are carried out in our
anechoic chamber. Figs. 10 compares the simulated and
measured normalized radiation patterns in E- and H-plane at
8.0GHz, and 8.5GHz, respectively. It is observed that the
proposed antenna presents stable radiation patterns at these two
frequencies, with the main beam pointing toward 6=0< In the
boresight direction, the co-polarization fields of H-plane
(yoz-plane) and E-plane (xoz-plane) are both stronger than
their cross-polarization counterparts by about 20dB. The
discrepancies of simulated and measured cro-polarization are
attributed to misalignment between transmitting antenna and
under-test antenna.
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= Mea.cro-pol 04 30
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Fig.10. Simulated and measured normalized radiation patterns of the proposed low
RCS antenna. (a) E plane (¢ =0°) at 8.0GHz. (b) H plane (¢ =90°) at 8.0GHz.

(c) E plane (¢ =0°) at 8.5GHz. (d) H plane (¢ =90° ) at 8.5GHz.
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Fig.11. Simulated and measured boresight gains of the proposed low RCS antenna.

Moreover, the boresight gains of the proposed low RCS in a
wide band from 5.85GHz to 12.4GHz are also measured. It can
be predicted that the gain of the proposed antenna within the
notch band is much higher than the gain out of the notch band.
As shown in Fig. 11, the boresight gain in the notch band is not
stable. This is due to the fact that the reflection phase of the
notch band is sharply decreasing when the frequency is
increasing, unlike the near 180deg reflection phase of an
authentic metal ground in a wide band [19]-[21]. From Fig.11,
it is observed that the simulated and measured results have
great agreement.

C. Monostatic radar cross section measurement

In order to verify the low RCS performance of the proposed
antenna, the monostatic RCS at 6=0° of the antenna is
measured in two orthogonal polarizations (e.g., horizontal
polarization and vertical polarization), where the monostatic
RCS of a conventional dipole antenna with identical dimension
is also measured for comparison. The measurement setup of
monostatic RCS is depicted in Fig. 12. The parabolic antenna is
used to convert the spherical wave from transmitting horn
antenna to plane wave which directly impinges into the device
under test (DUT), the reflective wave from DUT is then
propagating into the parabolic antenna and then is received by
receiving horn antenna. The vector network analyzer (VNA)
processes the transmission and receiving signals to obtain the
desired monostatic RCS. In our anechoic chamber, the wide
measurement frequency band from 5.85GHz to 12.4GHz is
divided into two segments, e.g., from 5.85GHz to 8.17GHz and
8.17GHz to 12.4GHz. This is why there exists a small
fluctuation in the measured results at 8.17GHz.

Fig. 13 gives the comparative monostatic RCS results at
6=0° in the horizontal polarization. It is found that a more than
10dB RCS reduction, compared with that one of a conventional

dipole antenna working from 5.85GHz to 12.4GHz, is obtained.

This can be easily explained from Fig. 4 that the band-notched
absorber is exactly served as a wide absorption band absorber in
the horizontal polarization in which the antenna does not work.
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v
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Receiving Pyramid Antenna
Absorber

Fig. 12. Measurement setup of monostatic RCS.
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Fig.13. Comparison between the monostatic RCS at 6=0° of a conventional dipole
antenna and the proposed low RCS antenna in the horizontal polarization. (These
two types of antennas have identical dimensions.)
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Fig.14. Comparison between the monostatic RCS at #=0° of a conventional dipole
antenna and the proposed low RCS antenna in the vertical polarization (These two
types of antennas have identical dimensions.)

In addition, the comparative monostatic RCS results at 6=0°
in the vertical polarization are shown in Fig. 14. It is observed
that the proposed low RCS antenna and conventional dipole
antenna have similar RCS over a definite frequency band
(approximately from 8.2GHz to 9.2GHz), which is exactly the
operating band of the proposed antenna, while there still exists
great RCS reduction out of the notch band. This can also be
explained from Fig. 4. In the vertical polarization, the antenna
intends to work, and the band-notched absorber is served as an
authentic metal ground for the antenna within the notch band,
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while it is still regarded as an absorber out of the antenna
operating band. As a result, there still exists about 10dB RCS
reduction out of the operating band.

V. CONCLUSION

In conclusion, a low RCS antenna designed with
band-notched absorber is described and investigated in detail.
A notch band is established by introducing a pair of circular
slot resonators and metal strip arrays in the vertical
polarization of the dual-polarization wide absorption band
absorber unit cell. The frequencies of the notch band can be
adjusted by simply tuning the dimensions of the circular slot
resonator or metal strip arrays. A dipole antenna is then
mounted above the band-notched absorber, whose operating
frequency is accordance with that of the notch band. Within the
notch band, the antenna works well in the operating
polarization, and there still exists a good absorption out of the
notch band, while a wide absorption band in the orthogonal
polarization is obtained simultaneously. Hence, significant
RCS reductions are realized. The proposed low RCS antenna is
fabricated and measured. The measured results of reflection
coefficient and radiation patterns are in good agreement with
simulated results. In addition, the monostatic RCS at 6=0° is
also measured. It is shown that more than 10dB RCS reduction
is obtained in two orthogonal polarizations.
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