Koc. J. Sci. Eng., 1(1): (2018) 11-14

KOcaeli JOurnal of Science and Engineering

Y http://dergipark.gov.tr/kojose

Kocaeli University

A Novel Reflectarray Antenna with Reduced RCS

Hande Bodur "*, Sibel Unald12, Sibel Cimen ' and Gonea Cakr!

! Electronics and Communications Engineering, Kocaeli University, Kocaeli, 41380, Turkey
2 Electrical and Electronics Engineering, Bilecik Seyh Edebali University, Bilecik, 11230, Turkey

Abstract

Article Info

Research paper

A novel frequency selective surface (FSS) configuration in the reflectarray antenna is proposed for the

reduction of radar cross section (RCS) level in this work. Double-layer FSS structure is located behind
the reflectarray antenna as a ground. A 9x9 elements FSS with variable size patches has same geometry

with the reflectarray antenna. The RCS reduction performance of reflectarray antenna for both ground
plane backed and FSS backed is compared. The results of simulation are obtained by using CST

Microwave Studio. The simulation results show that RCS level of FSS backed reflectarray antenna is
reduced both in-band (8-12 GHz) and out-of-band (2-7 GHz and 13-18 GHz). In the literature, RCS
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reduction of reflectarray antenna with FSS structure has only been achieved out-of-band. Furthermore,
the gain and radiation performance of the ground plane backed reflectarray antenna and FSS backed
reflectarray antenna are compatible with each other.

1. Introduction

High gain antennas are used in communication systems
and radar applications. In recent years, reflectarray antennas
have commonly been preferred instead of the conventional
parabolic reflectors when the high gain antennas are
required [1]. It has several advantages such as which are low
profile, low cost, light weight, no any feeding networks,
easy fabrication and electronically beam direction [2-4].

It is well known that the use of high gain antennas
increases the RCS level on military applications (aircraft,
ships and so on) and the platform detectability [5]. The
numbers of studies to reduce RCS in the reflectarray
antennas are limited in the literature. Especially, RCS reduc
tion of reflectarray antenna with FSS structure has only bee
n achieved out-of-band.

General methods for reducing RCS included in the
literature are radar absorbing material (RAM) coating [6],
passive or active cancellations [7], antenna forming [8] and
using FSS [9-11]. In particular, the studies on RCS reduction
of microstrip reflectarray antennas with FSS structure are
both very narrow and only out-of-band. In the following
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works, RCS cannot be reduced in the operating band of
reflectarray antenna [5], [11], [12]. In this study, it has been
selected a new type FSS structure for the RCS reduction of
reflectarray antenna. As compared with the previous works,
current method can strongly reduce the RCS both in-band
and out-of-band with same gain and radiation performance.

In this paper, 9X9 elements reflectarray antenna with
double-layer FSS, which are located behind the reflectarray
antenna, is designed and simulated. FSS structure has the
same size and arrangement with the reflectarray antenna.
We showed that RCS level of the reflectarray antenna has
been reduced in-band and out-of-band when ground plane is
replaced with FSS. The similar RCS reduction method with
[13] is used in this study. But using different geometry of
unit cell and FSS settlement, more RCS reduction is
achieved in the operating band as compared to [13]. RCS
level is reduced by 14.8 dB in-band at 9 GHz and by 17 dB
out of the operation band at 5 GHz. Gain and radiation
performance of the original reflectarray antenna is preserved
and so the results are nearly similar between FSS backed
and ground plane backed reflectarray antenna.
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2. Design Procedure of the Proposed Work
2.1. Reflectarray Antenna Structure

In this study, a reflectarray antenna that is previously
presented in reference [15] is used for reduction of RCS
level. This reflectarray antenna has 9 X 9 elements with the
length of 17 X 17 mm in xy-plane. The unit cell of the
reflectarray is composed of double rings and it is shown in
Fig. 1. Based on parametric study, the parameters of the unit
cell are chosen as follow: R; =variable (2 mm — 6.5 mm),
Ry=bXR;, Li=aXR;, L,=aXR,, a=1.4, b=0.6, air=5.5 mm
and length of unit cell D=17 mm. The substrate of unit cell
is chosen Arlon AR 600 (& =6.15) with thickness h=0.508
mm. The air gap of between substrate and ground plane is
5.5 mm. The phase range of reflectarray antennas is desired
generally more than 360° [14]. In this unit cell design, 410°
phase range is obtained by varying of patches size at the
center frequency f=10 GHz. Fig. 2 shows smooth and linear
reflection phase curve at 10 GHz by varying of R;, which

could help to extend the bandwidth.
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Figure 1. The view of reflectarray unit cell.
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Figure 2. Reflection phase curve of the unit cell.

Table 2. The list of parameters.

D=17 mm a=1.4

R:= variable b=0.6
Ro= bxR1 & =6.15
Li=axR: h=0.508 mm
Lo=axR; air=5.5 mm

2.2. FSS Backed Reflectarray Antenna

RCS reduction is achieved by using double-layer FSS
which are located behind the reflectarray antenna. The
identical reflectarray settlement is used as a FSS ground
plane. Between reflectarray surface and each layer has 5.5
mm air gap as shown in Fig. 3. Double-layer arrangement
behind the reflectarray is illuminated by pyramidal horn
antenna (Fig. 4). The pyramidal horn antenna is a horn
antenna with 61 mm x 45 mm aperture size and has 120 mm
tapering length. It is located at F=264 mm focal distance

between array surface and horn aperture. Also simulated
radiation patterns of horn antenna are given at 10 GHz for
E-plane and H-plane (Fig. 5). As seen from the Fig. 5 the

pyramidal horn antenna has 3-dB  beam-width
approximately 30°.
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Figure 3. Reflectarray structure and double-layer
settlement behind the reflectarray antenna used for FSS
layer.
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Figure 4. Reflectarray antenna with FSS backed.
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Figure 5. Simulated radiation patterns of horn antenna at 10
GHz for E-plane and H-plane.

3. Simulation Results

In order to reduce of RCS level, ground plane of
reflectarray antenna is replaced with FSS. In Fig. 6, it is been
demonstrated the comparison of the reflection coefficient of
reflectarray antenna with ground plane backed and FSS
backed. Reflection characteristics are not completely
different from the each other in each case. Simulation results
show the relationship between the monostatic RCS levels of
the ground plane backed reflectarray antenna and FSS
backed reflectarray antenna in Fig. 7. Double-layer FSS
backed on the reflectarray reduced the RCS level in-band
and out-of-band visibly. RCS reduction is obtained up to
14.8 dB in-band at 9 GHz and up to 17 dB out-of the
operation band at 5 GHz.
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Figure 6. S| parameter of reflectarray antenna with ground
plane backed and FSS backed.
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Figure 7. Relationship between the monostatic RCS levels
of the ground plane backed and FSS backed reflectarray
antennas.

Gain results between FSS backed and ground plane
backed reflectarray antennas can observed from Figure 8.
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Figure 8. Gain curves for the ground plane backed
reflectarray antenna and FSS backed reflectarray antenna.

A suitable FSS is integrated into the reflectarray antenna
as a ground for lowering the RCS level without any changes
of radiation performance. So the effects of the FSS backed
reflectarray design are investigated on performance of the
reflectarray. For this purpose, gain curve of ground plane
backed and FSS backed are compared to each other. Fig. 8
shows that the gain curves of the reflectarray antennas in
two cases are in a harmony with each other.

Fig. 9 shows the comparison of the radiation pattern of
the FSS backed and ground plane backed reflectarray
antenna at 11.5 GHz and 12 GHz respectively. As seen from
the figures, directivity of the FSS backed and ground plane
backed reflectarray antenna has been stable.
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Figure 9. Radiation patterns of FSS backed and ground
plane backed reflectarray antenna at 11.5 GHz and 12 GHz

(@=90°).
4. Conclusions

A novel double-layer FSS structure has been located
behind the reflectarray antenna as a ground for RCS
reduction. CST Microwave Studio is used for simulation of
the traditional reflectarray with ground plane backed and
new configuration of reflectarray. The simulation results
show that the FSS-ground has reduced the RCS level in-
band as well as out-of-band as compared to the only ground-
plane backing, while the gain and radiation performance of
the antenna is almost maintained the same for both
configurations.
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