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A Metasurface for RCS Reduction in X Band
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Abstract— In this paper, we will introduce an ultrathin metasurface, which is based on de-
structive interference between the incident and reflected waves and therefore leads to dramatic
decrease of backward RCS. The main lobe and some of the side lobes of the scattering pattern
of the targets could be suppressed significantly. When the phase shifts of metallic patches of
the metasurface are randomly distributed, the reflected energy from the random metasurface will
be scattered in various directions, resulting in the RCS reduction. By comparing the scattering
pattern of the designed metasurface and a pure metallic plate with the same dimensions, the
backward RCS can be reduced by more than 10 dB within the whole X band.

1. INTRODUCTION

With many novel detection systems and precision-guided weapons developed, stealth technologies
based on metamaterials [1–15] have attracted much attention in the military field. As radar is
the mainstream technology for target detection, RCS reduction [16–19] plays an important role for
military targets to survive.

In this paper, we have proposed an ultrathin metasurface [20] based on destructive interference
between the incident and reflected waves to reduce the RCS of targets. By tuning the structural
parameters of the composing elements, a phase range of 0◦–360◦ can be realized. Through partic-
ular arrangement of these basic elements, the whole metasurface can reflect the incident waves in
different directions, resulting in RCS reduction. Simulation results have shown that the backward
RCS of this metasurface is reduced by over 10 dB in comparison to a pure metallic plate.

2. DESIGN AND SIMULATION

In our design, a single-layer metasurface, which is more compact in size, is designed to realize the
backward RCS reduction instead of multilayer structures. And a multi-resonance structure has
been chosen as the basic unit as shown in Fig. 1, which is composed by an inner quadrate ring
and an outer ring with several branches on a grounded substrate. This structure can create two
adjacent resonant frequency bands so as to broaden the frequency band of the basic unit, which
can also be used as the unit of reflect-array antennas. In addition, the two-ring combination can
also increase the total phase shift range by introducing a second resonant band.

F4B (ε = 2.65) is chosen as the substrate of the metasurface, and the thickness is 4mm. The
line width d is 0.35 mm, and the gap width g is 0.3 mm. The unit period b is 10 mm. The reflected
phase varies with the change of the branch length. We have plotted the reflected phase curves with
the branch length changing from 0.2 mm to 2.4mm at 8 GHz, 9 GHz, 10 GHz, 11 GHz and 12 GHz
in Fig. 2. The linearity of the reflected phase curves can meet the final design requirements as in
Fig. 2.

Figure 1: The front view of the basic unit. Figure 2: Reflected phase curves versus length of
different frequencies.
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Figure 3: The final design of the metasurface for backward RCS reduction.
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Figure 4: Comparison between the backward RCS of the metasurface and that of the pure metallic plate at
(a) 8 GHz, (b) 9 GHz, (c) 10GHz, (d) 11 GHz, (e) 12 GHz under normal incident waves.
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The final metasurface is a 20 ∗ 20 array as shown in Fig. 3. For waves incident normally, the
reflected energy from the single layer metasurface will be scattered in various directions since the
phase shifts of metallic patches are designed to be randomly distributed. And it can be concluded
that the phase has a linear relationship with the length l from Fig. 2. In our design, we have ran-
domly produced a 20∗20 phase matrix ranging from 0 to 360 degrees first. Then the corresponding
dimensions for the phases can be obtained from Fig. 2. With all these parameters confirmed, we
construct the model through the electromagnetic simulation tool CST and compare the RCS of the
metasurface and that of a pure metallic plate in X band, as shown in Fig. 4.

Also we have plotted the backward RCS reduction in Fig. 5 based on the simulation results.
From Fig. 5, we can conclude that when covered by the designed metasurface, the RCS of targets
can be reduced by at least 10 dB in the whole X band. And it can even reach above 20 dB at some
frequencies, which proves the correctness of our design.

Figure 5: Backward RCS reduction in X band under normal incident waves.
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