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A novel low radar cross-section (RCS) design method is proposed, and its application on Vivaldi antenna that covers the entire X
band is investigated. According to the difference of the current distribution on the radiator when the antenna radiates or scatters,
the shape of the metal radiator is modified, so that maximally 19.2 dBsm RCS reduction is achieved which satisfied radiation
performance. Simulated and measured results about gain, S11, and RCS are presented. As a result, the effectiveness of the presented
low RCS design method is validated.

1. Introduction

The nose cone of an aircraft is the most threating area for
radar detection, but the electromagnetic scattering of anten-
na array belongs to the fire control system in this area is usu-
ally very strong, which result in the importance of stealth
design of antenna. Vivaldi antennas [1–3] are widely used in
fire control system due to broad bandwidth and small phys-
ical dimension. Therefore, the stealth design of Vivaldi
antenna is highly desirable in many prospective airborne
applications.

Many methods [4–11] have been proposed to reduce the
radar cross-section (RCS) of microstrip antennas. Usually,
RCS reduction will increase the complexity of the antenna
system or degrade the radiation performance of the
antenna. Typical performance-degradation effects include
gain decreasing, resonant frequency shifting, and bandwidth
narrowing. Li and Liu [4, 5] proposed a stealth method with
maximally 27 dBsm RCS reduction at a specific frequency
with two short-circuit pins loaded on each microstrip unit
and two H-shaped slots cut. However, the RCS reduction
occurred only at a relatively narrow frequency band and
angle range. Another effective method, investigated by Jang
et al. [6, 7], uses the electromagnetic band gap (EBG) struc-
ture and achieves a 10 dBsm RCS reduction out of the work-
ing band while keeping the RCS within the operating band
almost unchanged. The same effect can also be acquired with

frequency-selective surface (FSS) on radomes. Other meth-
ods [8–10] such as Fractal slots, defected ground structures
(DGSs), or holly-leaf-shaped designs, also can reduce RCS in
angle scope vertical to the antenna in the operating band, but
all the methods are hard to be applied to Vivaldi antenna for
its threating direction is almost parallel to the antenna.

Several RCS reduction schemes have also been developed
for Vivaldi antennas. Zhang et al. [11] introduced a phase-
switched screen (PSS) boundary, which enables the dynamic
control of RCS. Jiang fu et al. [12] investigated RCS a
dual-index Vivaldi antenna which achieves a maximally of
25 dBsm RCS reduction, but the dispersion of the measured
gain is decreased.

In this paper, we propose a novel low RCS design method
that specifically applies to the X-band Vivaldi antenna. The
design is based on the analysis of the antenna current dis-
tribution in the radiating and scattering status, respectively.
Then we modify the configuration of the metal patch to
achieve maximally 19.2 dBsm RCS reduction. Simulation
and measurement results are provided to demonstrate the
excellent radiation and stealth performance that are achieved
with this design.

2. Stealth Design Scheme

A typical Vivaldi antenna [13–15] without any low RCS
design is shown in Figure 1. The antenna is printed on the
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Figure 1: Structure of original Vivaldi antenna.

two sides of a TF-2 (εr = 10.2) substrate with a thickness of
0.635 mm. On one side of the substrate is the metal patch
consisting of a tapered slot line and a transmission line as
illustrated by the solid lines of in Figure 1(a). On the other
side, there is a feeding structure as illustrated by the solid
lines of in Figure 1(b). For better illustration, dotted lines
are employed in both views to indicate the position of the
structures on the opposite side. The parameters marked in
the figure are optimized with HFSS to match the feeding port
to 50Ω. The photograph of the fabricated original antenna is
shown in Figure 1(c). The measured and Generally speaking,
the scattering of an antenna can be divided into two parts
[16, 17]. One part is the so-called structural mode scattering
that excludes the effect of the antenna’s receiving channel.

This part of scattering is almost the same as the scattering of
a common scatterer. The other part is the mode scattering
that is caused by the reradiation of the reflected power from
the receiving channel due to the impedance mismatching.
Nevertheless, the mode scattering of a well-matched antenna
is usually much smaller than the structural mode scattering.
Take the Vivaldi antenna in Figure 1 as an example, the total
RCS is about −33 dBsm at 10 GHz as simulated with HFSS
while the mode scattering RCS is estimated to be about
−75 dBsm [18] which is negligibly small. Therefore, in this
paper, we mainly focus on the structural mode stealth design
of the Vivaldi antenna.

The purpose of a stealth design is to decrease RCS
of an antenna while maintaining the antenna’s radiation
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Figure 2: Current distribution of metal patch.

performance, which is usually conflict and should be bal-
anced between scattering model and radiation model. In
our stealth design method, the balance is well achieved by
utilizing the difference between the current distributions
of the antenna in the two modes. At 10 GHz, the induced
current distribution due to scattering and radiation are
shown in Figures 2(a) and 2(b), respectively. It can be seen
from Figure 2(a) that the current distributes throughout the
entire metal patch when the antenna is incident by a plane
wave from θi = 0◦ and φi = 0◦. On the other hand, when
the antenna is in the radiating mode, the current is mainly
along the feeding structure and transmission line as is seen in
Figure 2(b). Consequently, it can be found that there are large
areas of the metal patch have no contribution to the radiation
but play an important role in the scattering. The main idea of
the stealth design is to, therefore, remove these metal areas in
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Figure 3: Structure of stealth design.

a way that decreases the RCS without sacrificing the radiation
characteristics.

Based on the aforementioned idea, two ellipses are
symmetrically cut out from the metal patch to ensure the
maximum metal reduction to reduce RCS. However the
large area cutdown on the metal patch will unavoidably
result in slight current distribution changing in the radiation
model, which will lead to high side lobe and dispersive
gain in a wide frequency range. To prevent the lateral
radiation, a rectangle strip is placed within the area of the
two cut ellipses and connected to the remaining part of the
metal patch. The rectangle strip’s length is 7.8 mm and its
resonant frequency is nearly 3 GHz, and then we can have
two higher harmonics at 9 GHz and 12 GHz. Through HFSS
simulation and optimization, we arrive at a final design of the
stealth antenna as shown in Figure 3. The stealth antenna is
fabricated and shown in Figure 4.

3. Result and Discussion

To validate the stealth design method presented in the
previous section, we first evaluate the radiation performance
of our stealth antenna compared with the original one.
Figure 5 shows the measured and simulated return loss of
the stealth antenna. The associated date of original Vivaldi
antenna are also presented. The measured and simulated
results of the stealth antenna coincide with each other from
6 to 18 GHz and for comparison are below −10 dB over the
entire X-band from 8 GHz to 12 GHz. The return loss of the
stealth antenna in X-band is only slightly larger than that of
the original one, which is due to the impedance mismatch
and can be further improved. In this paper, we will not
focus on the feed matching design as long as the measured
and simulated S11 are acceptable. There are two resonant
frequency points at nearly 9 GHz and 12 GHz which coincide
the previous design.
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Figure 4: View of the fabricated stealth antenna.
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By using the outdoor measurement method in [19], the
gain and return loss of the stealth design is obtained with
the transmitting and receiving antennas separated by 50 cm.
The measured and simulated antenna gains over the X-band
are given in Figure 6. About 4 dBi gain is achieved in both
designs. From Figure 6 we can also observe that our stealth
design method has flatter gain versus frequency as compared
to the original one, which leads to a better dispersion and
group delay performance.

The previous results show that our stealth design main-
tains good radiation performance. In the following, we will
show the low observation characteristics of the stealth design.
As the antenna RCSs are too low to be accurately measured in
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Figure 6: Gain of the antenna.

an ordinary chamber with common background noise, only
simulation results are provided.

Consider a plane wave incident from the direction θi = 0
and φi = 0. As the polarization of the antenna is along
the Y axis, the X-polarized RCS is very small in both
antenna designs as shown in Figure 7(a). However, for
the copolarization in Figure 7(b), a much higher RCS is
observed. As is seen in the figure, the RCS is significantly
reduced by using our stealth design. Within the X band, the
maximum RCS reduction is about 19.2 dBsm at 11.3 GHz,
and the minimum reduction is about 4.6 dBsm at 10.1 GHz.
According to the radar range equation [20], a 19.2 dB
reduction in RCS decreases the radar detection range by 68%,
whereas a 4.6 dB reduction in RCS also can decrease the
detection range by 24%, which is very important in stealth
design of associate platform. Meanwhile, after stealth design,
the mode scattering RCS is also improved and is estimated
to be about −90 dBsm. So our stealth design method is very
effective.

Figure 8 shows the bistatic RCS patterns versus scattering
angle θ for 10.1 GHz and 11.3 GHz, respectively. In both
figures, the incident angle is fixed to be θi = 0 and φi = 0. It
can be seen that our stealth antenna maintains much lower
RCS in a wide scattering range from 0◦ to 60◦ and from
300◦ to 360◦ which are most threatening scope for stealth
design. Similar RCS reduction effects are also observed at
other frequencies. Compared to the scattering of dual-index
Vivaldi antenna studied by Jiang fu et al. [12], our method
achieves a more stable gain and wider-angle range RCS
reduction.

4. Conclusion

In this paper, we proposed a novel low RCS design method
and applied it to Vivaldi antennas. An excellent stealth
performance in the entire X-band and wide angle range
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Figure 7: RCS with the change of frequency.
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Figure 8: RCS with the change of angle.

is achieved. With the proposed design method, the RCS
is reduced up to 19.2 dBsm with satisfactory radiation
characteristic maintained, which shows that the proposed
design is effective and potential for other microstrip antenna
stealth design.
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