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ABSTRACT: A broadband artificial magnetic conductor (AMC) metasurface for radar cross section reduction is proposed. Modified
Jerusalem cross unit and quasi-circular unit can achieve effective reflection phase difference of 180◦(±37◦) within a wide frequency
range from 8.95 to 17.3GHz. The broadband metasurface consists of chessboard-arranged 3 × 3 block arrays, and each block array is
composed of 4× 4 AMC units. The proposed AMC metasurface is applied to a microstrip antenna for reducing RCS. The measurement
results show that the low RCS antenna can obtain 10 dB RCS reduction from 7.93 to 17.5GHz. The relative bandwidth is 75.2%, and the
maximum reduction value is 30.2 dB. Also, radiation performance of the antenna is well maintained.

1. INTRODUCTION

With the rapid development of radar detection technology,
the modern warfare landscape has become complex [1].

To meet the growing demand for stealth capabilities of aircraft,
ships, and other platforms, radar cross section (RCS) reduc-
tion of targets has attracted much attention of researchers [2].
Microstrip antennas with the characteristics of effective recep-
tion and radiation of electromagnetic wave energy play a cru-
cial role in RCS reduction [3]. The traditional RCS reduc-
tion methods are shape modification technique [4] and coat-
ing with absorbing materials on the target surface [5, 6]. The
former method usually leads to poorer stealth effect, and the
latter method causes deterioration in the antenna radiation per-
formance. Metasurface is a novel type of material. Metasurface
is widely applied to improve antenna performance and RCS re-
duction because it can flexibly control the amplitude, phase,
and polarization of incident waves [7]. Therefore, more effec-
tive RCS reduction without deteriorating its radiation perfor-
mance is still a tough challenge [8].
In recent years, a lot of metasurfaces for RCS reduction of

antennas have been proposed, such as coding metasurface [9],
polarization conversion metasurface [10, 11], and AMC meta-
surface [12–14]. In [9], a microstrip antenna loaded with a
novel coding metasurface is proposed. The 10 dB RCS reduc-
tion relative bandwidth is 17.3%. In [10], a polarization conver-
sion metasurface with curved square-ring elements is arranged
around a radiating patch. The relative bandwidth is 7.05%.
In [11], a polarization conversion metasurface is applied to a
multiple-input multiple-output (MIMO) slot antenna achieving
10 dB reduction with a 35.3% bandwidth. In [12–14], the RCS
of the proposed antenna is reduced by using a metasurface com-
posed of two different AMC units. The 10 dB RCS reduction
bandwidths can reach 57.1%, 65.2%, and 71.6%, respectively.
In the above mentioned antennas, the antennas with more than
* Corresponding author: Liping Han (hlp@sxu.edu.cn).

50% reduction bandwidth have higher profiles. The aim of this
paper is to design an antenna of lager RCS reduction bandwidth
with lower profile.
In this paper, two different AMC units are presented, which

can achieve effective reflection phase difference of 180◦(±37◦)
within a frequency range. A broadband metasurface is com-
posed of 3× 3 AMC block arrays. The metasurface is applied
in a microstrip antenna to RCS reduction. The proposed an-
tenna is verified, and the experiment indicates that the RCS re-
duction of 10 dB has been achieved across a wider frequency
range. Meanwhile, the radiation performances of the antenna
are good.

2. BROADBAND AMC METASURFACE
The RCS reduction principle of metasurface is that the scattered
fields of the two AMCs cancel each other. When a plane wave
is incident on a metasurface, the total reflection is

Etr = 2Ei0e
jφ1

[
1 + ej(φ2−φ1)

]
(1)

where Ei0 is the incident fields acting on the AMCs, and φi is
the reflection phase of AMCs. When the reflection phase dif-
ference is in the range from 143◦ to 217◦, the reflection energy
of the AMCs would cancel each other.

2.1. AMC Unit Cells
The initial AMC structure is a Jerusalem cross and four cir-
cular patches with same size, and a phase difference with
180◦(±37◦) is found in a narrow frequency region. A wide
phase difference range of AMC structure is needed in this work.
Figure 1 depicts the structure of the proposed AMC units. A
modified Jerusalem cross structure and a quasi-circular struc-
ture are named as AMC1 and AMC2, respectively. The di-
mension of AMC unit is 10mm × 10mm. FR4 materials
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FIGURE 1. Structure of AMC unit cells. (a) AMC1, (b) AMC2.

(a) (b)

FIGURE 2. Reflection characteristics of AMC1 and AMC2. (a) Reflection amplitude, (a) reflection phases and phase difference.

 

FIGURE 3. Configuration of AMC metasurface. FIGURE 4. Monostatic RCS and RCS reduction.

with relative permittivity of 4.3 and dielectric loss of 0.025 are
used as the substrate. The optimized parameters are as fol-
lows: l1 = 0.9mm, l2 = 6mm, l3 = 5mm, r1 = 0.8mm,
r2 = 1.1mm, r3 = 2.05mm, h = 2.4mm.
The reflection characteristics of AMCs are shown in Fig-

ure 2. The reflection amplitudes of AMCs are less than −1 dB
within a wideband as illustrated in Figure 2(a). It indicates that
the incident energy is nearly reflected away instead of being
absorbed. Figure 2(b) depicts the phase and phase difference
of the AMC units, and the gray area in the figure represents

the phase difference range from 143◦ to 217◦. It is observed
that AMC1 has 0◦ reflection phase at 8.5GHz and 17.4GHz
and a reflection phase inverse point at 11.1GHz. Also, AMC2
only exhibits a 0◦ reflection phase at 11.2GHz, which is close
to the reflection phase inverse point of AMC1. Therefore,
AMC1 and AMC2 units exhibit a reflection phase difference
of 180◦(±37◦) within the range of 8.95–17.3GHz. It indicates
that the broadband RCS reduction can be achieved within the
frequency range.
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FIGURE 5. Configuration of the proposed antenna. FIGURE 6. Simulated S11 of the antennas.

(a) (b)

FIGURE 7. Simulated radiation patterns of the antennas at 10GHz. (a) E-plane, (b)H-plane.

2.2. Broadband AMC Metasurface
The proposed metasurface structure consists of 3× 3 block ar-
rays, as shown in Figure 3. Each AMC block is composed of
4 × 4 AMC1 or AMC2, and the overall metasurface dimen-
sion is 120mm × 120mm. An ideal perfect electric conductor
(PEC) of equal size to the metasurface is utilized as a reference
structure. The monostatic RCS and RCS reduction results are
illustrated in Figure 4. The AMC metasurface can obtain RCS
reduction of 10 dB across the broad frequency range spanning
from 8.6 to 18GHz. The maximum RCS reduction is 27.6 dB.

3. LOW RCS ANTENNA BASED ON AMC METASUR-
FACE

3.1. Configuration of the Proposed Antenna
The proposed antenna structure is depicted in Figure 5. The
antenna configuration consists of the AMC metasurface and a
patch antenna. To avoid impacting the radiation characteris-
tics of the antenna, the center 4 × 4 AMC block of the meta-
surface is removed to place the radiating patch. The param-
eters of the AMC metasurface are the same as those of the
aforementioned metasurface, and the dimension of the radiat-
ing patch is 6.15mm× 6.15mm. The position of the feed point
is x = 1.4mm from the center of the AMC block. Besides, an

antenna without AMC metasurface is used as a reference an-
tenna.

3.2. Radiation Performance of the Antenna

Figure 6 provides the simulated S11 of the antennas. The simu-
lated bandwidth of the proposed antenna covers the frequency
from 9.18 to 10.67GHz. Compared with the reference antenna,
the operation bandwidth of the proposed antenna is well kept.
However, the resonant frequency of the proposed antenna is
slightly shifted to the lower frequency by 0.1GHz. The radia-
tion patterns of the proposed and reference antennas in the E-
and H-planes at 10GHz are presented in Figure 7. It is obvi-
ous that the main lobes of the antennas are all along the normal
direction. In conclusion, the antenna maintains excellent radi-
ation properties after incorporating metasurface.

3.3. Radar Cross Section Reduction of the Antenna

To further validate the broadband scattering properties of the
proposed antenna, Figure 8 shows the simulated monostatic
RCS results. It can be seen that the 10 dB RCS reduction can
reach a 69.4% bandwidth in a broad range of 8.65–17.85GHz.
The maximum RCS reduction is 23 dB. Figure 9 presents the
simulated bistatic RCS results. In comparison to the reference
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FIGURE 8. Monostatic RCS and RCS reduction. FIGURE 9. Bistatic RCS of the proposed and reference antennas.

 

FIGURE 10. Photographs of the fabricated and measured environment. (a) Proposed
antenna, (b) reference antenna.

FIGURE 11. Simulated andmeasuredS11 of the antennas.

TABLE 1. Comparative performance of the proposed and existing or reported antennas.

Refs. Size (λ3
0) Frequency (GHz) 10 dB RCSR BW (%) IBW (%) Max reduction (dB)

Ref. [9] 0.90× 0.90× 0.050 8.15–9.7 17.3 2.8 32
Ref. [10] 1.15× 1.15× 0.029 4.1–4.4 7.05 2.6 24
Ref. [11] 1.67× 1.67× 0.145 5.6–8 35.3 6.4 25
Ref. [12] 2.56× 2.56× 0.950 9.5–18 61.8 31.6 35
Ref. [13] 2.83× 2.83× 0.104 8.8–17.3 65.2 15.4 32
Ref. [14] 2.84× 2.84× 0.105 8.5–18 71.7 16.3 40

Proposed work 4.00× 4.00× 0.080 7.93–17.5 75.2 18.2 30.2

antenna, it can be seen that the RCS reduction of the proposed
antenna is realized from −15◦ to +15◦.

4. EXPERIMENTAL RESULTS
An Agilent N5221A vector network analyzer is used to mea-
sure the reflection coefficients, and an automatic antenna mea-
surement system is used to measure the radiation patterns of the
antennas. Photographs of the fabricated proposed and reference
antennas are presented in Figures 10(a) and (b), respectively.
The simulated and measured S11 of the proposed and refer-

ence antennas are presented in Figure 11. It can be obtained

that the measured results are roughly equal to the simulated
ones. The measured operation bandwidths of the proposed and
reference antennas are 8.84–10.46GHz and 8.84–10.6GHz, re-
spectively. The measured resonant frequency of the antennas is
shifted towards lower frequency, which is due to the deviation
of manufacturing process and the substrate dielectric constant.
The simulated and measured radiation patterns of the anten-

nas are illustrated in Figures 12(a)–(d). It is obvious that the
simulated radiation patterns agree well with the measured ones.
The main lobes of the antennas E- and H-planes are all along
normal direction. The E-plane cross polarizations of the an-
tennas are less than −21 dB and −18 dB, respectively. Also,
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FIGURE 12. Simulated and measured radiation patterns of the antennas. E-plane: (a) reference and (b) proposed. H-plane: (c) reference and (d)
proposed.

FIGURE 13. Schematic view of the RCS measurement setup. FIGURE 14. Simulated and measured RCS reduction of the antennas.

the H-plane cross polarizations of the antennas are less than
−21 dB and −18 dB, respectively.
To further verify the RCS reduction, schematic view of the

RCS measurement setup is shown in Figure 13. Two horn an-
tennas are connected to the Agilent N5221A network analyzer.
One horn antenna is used as transmitter, and the other horn an-
tenna is used to receive scattered signal generated by the testing
antenna.
Figure 14 presents the simulated and measured RCS reduc-

tion of the antennas. It can be seen that the measured and sim-
ulated results of RCS reduction are basically similar. The mea-

sured results show that the 10 dB RCS reduction bandwidth can
obtain from 7.93 to 17.5GHz (75.2%). The maximum reduc-
tion is 30.2 dB at 14.1GHz. Due to fabrication and measure-
ment tolerance, there are slight discrepancies between the mea-
sured and simulated results.
Table 1 lists the comparison of the proposed and reported an-

tennas. It can be seen that the proposed antenna possesses the
broadest 10 dB RCS reduction bandwidth, and the impedance
bandwidth is the largest except the antenna in [12]. The overall
dimension of the proposed antenna is reduced by 79.5% com-
pared with the antenna in [12]. Compared to the antennas with
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larger reduction bandwidth [13, 14], the profile of the antenna
in this work is reduced by 23.1% and 23.8%, respectively.

5. CONCLUSIONS
In this paper, the modified Jerusalem cross and quasi-circular
units with a reflection phase difference of 180◦(±37◦) in a wide
range are proposed. Nine block arrays composed of AMC units
are arranged to form the broadband AMCmetasurface. RCS re-
duction of microstrip antenna is obtained via loading the AMC
metasurface. The proposed antenna is validated with simula-
tion and measurement. The results indicate that the proposed
antenna can achieve 10 dB RCS reduction within the frequency
range of 7.93–17.5GHz (75.2%).
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