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Wideband Radar Cross Section Reduction of
Slot Antennas Arrays
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Abstract—A comprehensive analysis aimed at reducing the
radar cross section (RCS) of array antennas, preserving at the
same time their radiating performance, is presented. A microstrip
slot array is considered as a test case to illustrate the proposed
strategy for radar cross section reduction (RCSR). It is shown
that a remarkable reduction of the radar signature can be ac-
complished over a frequency band as wide as two octaves by
employing an array of periodic resistive elements in front of
the radiating apertures. The monostatic and bistatic RCS of the
proposed structures are investigated both for normal and oblique
incidence. Different arrangements and geometries of the periodic
resistive pattern are thoroughly analyzed showing the benefits and
the drawbacks in terms of antenna gain and level of the scattered
fields. Furthermore, the use of metallic parasitic elements for
enhancing the antenna gain is considered, and the scattering
phenomena caused by their presence are addressed, taking into
account the appearance of grating lobes. The antenna designs are
also analyzed by resorting to a bidimensional color plot presenting
the variation of the reradiated field both in frequency and spatial
domain. The guidelines illustrated by the proposed examples can
be easily applied to other antenna architectures.

Index Terms—Frequency selective surface (FSS), periodic resis-
tive surface (PRS), radar absorbingmaterials (RAMs), radar cross
section reduction (RCSR), slot antennas array.

I. INTRODUCTION

T HE level of the field backscattered from an object when
hit by an electromagnetic wave is an important parameter

in a wide range of applications. For example, in the context of
radio-frequency identification (RFID), the modulated backscat-
tering operated by the chip is of utmost importance in recov-
ering the information provided by the tag placed in the inter-
rogated item [1] and the level of reradiated energy is such a
desirable feature that a great effort is devoted towards its en-
hancement. However, in other situations, the electromagnetic
echo is an undesired side effect which has fostered during re-
cent decades a research aimed to consistently reduce it [2], [3].
This last scenario may refer to a radar target, such as an un-
manned combat aerial vehicle (UCAV) or a warship, for which
low observability is an imperative feature. In this framework,
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the radar cross section (RCS) provides a meaningful descrip-
tion of the energy backscattered by the object.
A well-known technique adopted for decreasing the RCS of

aircrafts or other bulky platforms consists of shaping the ob-
ject surfaces in order to reflect the scattered energy away from
the detecting receiver. However, one of the main obstacles in
achieving the radar cross section reduction (RCSR) is deter-
mined by the presence of an antenna on the target [4]. Some-
times an antenna can be tilted or have its shape modified to de-
flect the probing wave, so causing the strongest reflection at di-
rections where the RCS is less significant than at others, typi-
cally out of the broadside [5]–[7]. A similar objective can also
be accomplished by employing a bandpass frequency-selective
surfaces (FSS) radome that, being totally reflecting, deviates
elsewhere the interrogating waves outside the antenna operating
band [8]. Moreover, FSSs can be employed as a frequency-se-
lective ground plane to reduce the RCS of a reflectarray [9], an
array of monopoles [10], or even printed microstrip patch ar-
rays [11]. The FSS role in the latter group of FSS designs is to
provide a perfect electric ground plane within the working band-
width of the radiating device while exhibiting pass-band char-
acteristics at other frequency bands, thus being transparent to
the impinging wave. In the aforementioned cases, the purpose
is to forbid the energy from coming back to the detecting de-
vice, thus achieving a monostatic RCS reduction and avoiding
the target localization.
However, it may happen in some cases that the antenna struc-

ture cannot be easily altered without resorting to a complete
redesign. Moreover, shaping is not so effective in the case of
bistatic radars [12], [13]. In this case, a different approach can
be followed for pursuing the reduction of the scattered energy
by absorbing the impinging wave. It relies on the use of radar
absorbing materials (RAMs) [14], [15], which transform the
radio frequency energy into heat. Recently, printed resistive pe-
riodic structures have been successfully explored to dissipate
the energy impinging on an antenna array [16], [17] or radome
[18], whereas other implementations involved tapered resistive
sheets [19], [20]. Nevertheless, to the best of our knowledge,
most of the proposed configurations provide the RCS reduction
in a limited frequency bandwidth. Up to now, very few papers
exploiting RAM to performwideband RCS reduction of antenna
arrays have been published, and a comprehensive study of this
approach is not available.
The aim of this work is to provide a study to illustrate the ben-

efits and drawbacks of employing a suitable superstrate based
on periodic resistive surfaces (PRS) for obtaining a wideband
RCSR of a microstrip array of slot antennas. The attention is
focused on this case-study array, and the effects of different pe-
riodic surface designs on the performance of the radiating struc-
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Fig. 1. Original 4 4 microstrip slot antenna array: (a) exploded view of the
array with metallized borders removed and (b) array integrated into a PEC ob-
ject.

ture are addressed. In particular, the reduction of the radar signa-
ture for normal and oblique plane wave incidence is considered,
as well as the effect on the antenna gain.
The paper is organized as follows. A radiating device com-

prising a 4 4 periodic arrangement of microstrip slot antennas
is described in Section II. In Section III, the frequency response
of the wideband periodic resistive surface is characterized, and
a physical interpretation of the interaction between a normal
impinging electromagnetic wave and the planar radar absorbing
material is provided by resorting to a transmission line model.
Section IV addresses the reduction of RCS exhibited by the
proposed superstrates and the degradation of the radiating per-
formance obtained by employing the different configurations
of the periodic resistive surface in the case of normal incidence.
Further considerations useful to understand the effects of the
proposed superstrates on the RCSR behavior are provided in
Section V by using a comprehensive map of the total scattered
power. Since the RCS is a strongly angular-dependent property
of the target, additional elements useful to the designer for
finding the most suitable tradeoff are provided in Section VI
where the RCSRs exhibited by some of the proposed designs
are analyzed also for oblique incidence for both monostatic
and bistatic case. Finally, concluding remarks are drawn in
Section VI.

II. MICROSTRIP SLOT ANTENNA ARRAY

The reference array of 4 4 slots is shown in Fig. 1(a). It
operates within the frequency bandwidth 2.43–2.53 GHz. Each
slot is etched on the top conductive surface of a FR4 dielectric
slab ( 4.4, 0.025) with thickness 1.6 mm. A
possible operative scenario is illustrated in Fig. 1(b), where the
array is installed inside a metallic object.
The bottom surface hosts the corporate feed network, which

excites every single aperture. The feeding network is enclosed
within a metallized cavity in order to prevent undesired back
radiation, and the thickness of the Rohacell substrate is 1.5 cm.

Fig. 2. Radiation pattern of the 4 4 microstrip slot antenna on 0 plane
and 90 plane at 2.5 GHz.

The periodicity of the slot distribution along is equal to
6.4 cm, whereas on the -axis, it is 6.4 cm. The slot width
and height are equal to 2.9 and 0.3 cm, respectively. The

overall dimension of the antenna in the plane is 28 cm 26
cm. The gain on the principal planes is reported in Fig. 2 at 2.5
GHz. The antenna exhibits a maximum gain of 11.9 dB (11.4 dB
higher than the peak side lobe level), and an HPBW of 28 . It
is worth emphasizing that the maximum gain may be higher if a
low-loss substrate would be employed for the feeding network.
From a scattering point of view, it is important to notice that,

as in the case of a single antenna, the RCS of an array can be
considered composed by an antenna component and by a struc-
tural term [21]–[24]:

where is the total RCS of the target, is related to
the field scattered by the short-circuited antenna, repre-
sents the field scattered by the antenna which involves the value
of the port impedance, is the antenna reflection coefficient,
and is the relative phase between the two terms. Our goal con-
sists of reducing the structural term of an antenna
array, and it will be studied under the short circuit condition of
the feeding port.
The monostatic RCS due to an orthogonal impinging plane

wave with a direction of propagation along axis is shown
in Fig. 3. The RCS has a monotonically increasing behavior
as expected, always higher than 10 dB after 4.0 GHz. The re-
sult is confirmed by physical optics and it is apparent that the
impinging wave is coupled to the slots only for TM polariza-
tion. All the simulations have been performed by using CST
Microwave Studio [25].
Finally, to address the effect of the antenna component, we

have evaluated again the monostatic RCS but with a 50- load
at the feeding port (Fig. 4). The only relevant RCS variation is
observed around the fundamental working frequency of the an-
tenna; therefore, we can consider the antenna component a neg-
ligible high-order RCS perturbation out of the working band-
width.
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Fig. 3. Monostatic RCS of the 4 4 microstrip slot antenna array for a nor-
mally impinging plane wave with and polarization. Physical optics
result is also shown.

Fig. 4. Comparison between the monostatic RCS of the original slot antenna in
the case the source is closed on a short circuit and on a 50- load. Themagnitude
of the difference is shown as well.

III. LOW RADAR CROSS SECTION ARRAY BY EMPLOYING A
PERIODIC RESISTIVE SURFACE

Differently from previous works aimed to a narrow-band ab-
sorption of the impinging wave by exploiting periodic lossy sur-
faces [12], [16], we focus our attention on a wideband RCSR.
The analysis we propose has a twofold objective: it is our in-
terest to obtain a robust RCSR in the widest possible bandwidth,
but, at the same time, we also intend to maximize achievable
gain. For this reason, we investigate six different configurations
with the aim to select the best tradeoff between RCS reduction
and antenna performance.
First of all, we observe that the metallic surface hosting

the slots completely reflects a normally impinging plane wave
within the bandwidth 4.0–18.0 GHz (Fig. 6). This means that
the slotted surface acts like a continuous metallic plane for
both TE and TM polarization, and thus it can be exploited in
this bandwidth as a ground plane for designing an absorber by
using a suitable periodic resistive surface in front of it. In our
test case, the periodic resistive surface is printed, for manufac-
turing purposes, on a thin FR4 dielectric substrate (thickness

0.02 cm), and it is placed at a proper distance from the
slotted surface acting as a solid ground plane. A periodic surface
can be advantageously described by an equivalent transmission
line model [26]–[28] where the uniform PRS can be modeled
as a series comprising the resistance , an inductance , and a
capacitance , the FR4 and Rohacell substrates as transmission
lines and the ground plane as a short circuit (Fig. 5). The input
impedance includes the effect of both the dielectric

Fig. 5. Equivalent transmission line model of the considered uniform PRS.

Fig. 6. Frequency response of an infinite array of slots is shown for an im-
pinging plane wave (RTE) as well as for a one (RTM). Absorption
of the infinite PRS printed on a fully grounded dielectric slab is also illustrated.
The unit cell of the uniform PRS is shown in the inset.

substrate and the Rohacell spacer with propagation constant
and , respectively. The impedance depends on

the shape and periodicity of the patterned surface, the employed
resistive materials, and dielectric substrates [29]. In order to
synthesize a perfect absorber, the input impedance has
to match the free space one (377 ) even if nearby values can
guarantee an acceptable level of radar absorption as well.
On the basis of our former studies [26], [29], we have se-

lected the square loop element reported in the inset of Fig. 6 as
a promising PRS candidate. The frequency response of the ab-
sorptive surface depends on the unit cell periodicity , pattern
shape (ring side , and ring width ), and the resistance of the
ring surface . In order to make the design feasible, we have im-
posed the unit cell periodicity and the slot periodicity to be com-
mensurable. Our purpose is to achieve a low-radar observability
within the band (4.0–8.0 GHz), band (8.0–12.0 GHz), and
Ku band (12.0–18.0 GHz) that are widely used by many acqui-
sition systems. The absorption coefficient of the optimized uni-
form PRS is shown in Fig. 6 for the following values of the
FSS parameters: 1.1 cm, 1.28 cm, 0.24 cm,

0.5 cm, and 75 sq.
The initial and most intuitive low-RCS design of the mi-

crostrip slot antenna array employs a finite uniform PRS com-
prising 20 20 unit cells. The overall structure with the super-
strate hosting the optimized uniform PRS is shown in Fig. 7. The

parameter of the antenna array is shifted upward as a con-
sequence of the resistive superstrate (Fig. 8), but a good match
is preserved for both configurations at 2.5 GHz, which will be
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Fig. 7. Exploded view of the original 4 4 microstrip slot antenna array with
the superstrate hosting the uniform PRS placed at distance from the slotted
conductive plane (metallized borders removed).

Fig. 8. parameter of the original 4 4 microstrip slot antenna and with the
uniform PRS superstrate.

Fig. 9. Radiation pattern of the 4 4 microstrip slot antenna with the uniform
PRS superstrate on 0 plane and 90 plane at 2.5 GHz.

considered as a reference frequency for all the following com-
parisons involving the antenna gain. Fig. 9 reports the radiation
patterns of the array on and planes at 2.5 GHz. By com-
paring the variation of the gain level with respect to the previous

Fig. 10. Monostatic RCS of the 4 4 microstrip slot antenna array with the
uniform PRS superstrate for a normally impinging plane wave with polar-
ization and polarization.

Fig. 11. Superstrates placed in front of the original microstrip slot array an-
tenna. The four represented configurations are (a) Conf#3, with some unit cells
removed in correspondence of the underneath slots, (b) Conf#4, with more unit
cells removed, (c) Conf#5, with a layer with only parasitic patches, and (d)
Conf#6, with the PRS around parasitic patches.

results, it is apparent that maximum gain diminishes to 9.9 dB,
that is, 2.0 dB less than the original one. On the other hand, the
absorbing structure allows a noticeable RCSR between 4 and
18 GHz, as observed in Fig. 10, where the monostatic RCS is
shown.

IV. BEST TRADE-OFF BETWEEN RADAR CROSS SECTION
REDUCTION AND RADIATION PERFORMANCE

The RCSR of an array is a compromise between the achieved
level of radar invisibility and the increased system complexity
or the degradation of radiating performance. Both these aspects
have been taken into account in order to find the best tradeoff
array configuration. To this aim, four additional configurations
of the superstrate have been investigated and their performance
compared (Fig. 11).



GENOVESI et al.: WIDEBAND RADAR CROSS SECTION REDUCTION OF SLOT ANTENNAS ARRAYS 167

Fig. 12. Comparison among the parameters of each array.

Fig. 13. Comparison among the gain pattern on plane.

The first modified design (Conf#3) is characterized by the
removal of three lossy unit cells for each underneath slot
(Fig. 11(a)) to achieve a lower gain degradation than the uni-
form PRS. In order to further reduce the impact of the lossy
surface on the antenna gain, an additional setup (Conf#4) with
a lower number of resistive unit cells centered in front of the
radiating slots has been considered (Fig. 11(b)). In addition, we
have considered an alternative configuration, including a para-
sitic patch accommodated upon the slots in order to improve the
antenna radiation properties. The latter is reported in Fig. 11(c)
(Conf#5) besides its corresponding low-RCS design (Conf#6),
where the parasitic patches are surrounded by the PRS. All the
modified antennas work around 2.5 GHz, as shown in Fig. 12.
The comparison among the gain achieved on the plane

0 is reported in Fig. 13. The level of RCSR offered by each
configuration with respect to the original slot array is illustrated
in Figs. 14 and 15 both for TE and TM polarization. As ex-
pected, the highest gain is reached by Conf#5 configuration (15
dB) because of the presence of parasitic patches. The low-RCS

Fig. 14. Monostatic RCS of the investigated arrays for a normally impinging
plane wave with polarization.

Fig. 15. Monostatic RCS of the investigated arrays for a normally impinging
plane wave with polarization.

design comprising resistive unit cells around the parasitic patch
(Conf#6) shows a gain of 13.2 dB, which is higher than the ini-
tial configuration (11.9 dB) reported in Section II.
Let us now consider the antenna configuration without par-

asitic patches. In this case, the removal of some of the resis-
tive rings, i.e., Conf#3 (10.6 dB) and Conf#4 (10.5 dB), miti-
gates the gain reduction with respect to the uniform PRS con-
figuration (9.9 dB) and as a consequence the efficiency is im-
proved ( 2.8 dB, 2.9 dB, whereas

3.5 dB).
By inspecting the RCSR for both and polarization

shown in Fig. 14, it is apparent that all the analyzed configura-
tions exhibit a lower radar signature than the original microstrip
slot array (up to 20 dB of RCSR forConf#3 andConf#4). A sum-
mary of the superstrates performance for a normally impinging
plane wave is reported in Table I in terms of the maximum
gain at 2.5 GHz and the average (arithmetic mean) monostatic
RCS over the two-octave bandwidth 4.0–18 GHz. In order to
provide a more comprehensive analysis of the proposed RCSR
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TABLE I
SUMMARY OF THE DIFFERENT SUPERSTRATES PERFORMANCE

Fig. 16. Comparison among the scattered field on 0 plane for
(a) Conf#5 and Conf#6 configurations at 13 GHz and (b) uniform PRS and
Conf#3 configurations at 14 GHz.

strategy, the performances of the superstrates are also studied
for an oblique incidence plane wave and the bistatic case.

V. EFFECT OF GRATING LOBES ON THE RCSR

We now examine some meaningful phenomena observed in
the RCS curves shown in Figs. 14 and 15. Let us observe the
RCS curves obtained for Conf#5 design, which has no resistive
surface in the superstrate. It is evident that it exhibits a level of
RCS lower than Conf#6 around 13 GHz for both polarizations.
A similar phenomenon is observed at 14 GHz, where the orig-
inal slot array with the uniform PRS superstrate determines a
higher radar signature than Conf#3 or Conf#4, which have their
periodicity altered by the removal of some resistive unit cells
located in front of the radiating slots. In order to get a better
understanding of the involved phenomena, the scattered fields
of Conf#5 and Conf#6 configurations at 13.0 GHz (Fig. 16(a))
and the scattered field of uniform PRS and Conf#3 at 14 GHz
(Fig. 16(b)) are compared on the plane for .

Fig. 17. Normalized scattered field for an impinging plane wave (
0 ) in the case of (a) theConf#5 configuration and (b) theConf#6 configuration.
Grating lobe for 1, 2, 3 are plotted with continuous, dashed, and dotted
lines, respectively. Front view of each superstrate is shown in the inset. Each
plot is normalized to its maximum value: (a) 18 dBsm and (b) 14.5 dBsm.

It is apparent that only close to the monostatic direction (
0 ), the scattered field of Conf#6 and uniform PRS is slightly
higher than Conf#5 and Conf#3, respectively. Out of the solid
angle (approximately 32 ), the RCS of Conf#6 and uniform
PRS is substantially reduced because of the presence of the ab-
sorbing materials. In order to visualize both the frequency and
the angle behavior of the RCS in the same chart, we adopted a
plot reporting the normalized scattered field variations both in
frequency and angle for an impinging plane wave orthogonal to
the array ( 0 ).
The bidimensional plots concerning the four analyzed cases

(uniform PRS, Conf#3, Conf#5, Conf #6) are shown in Figs. 17
and 18. Each plot is normalized with respect to the maximum
value of the scattered field within the considered frequency
and angular intervals. It is clear from the color plot reported
in Fig. 17(a) for the Conf #5 that a strong scattering starts
around 4.7 GHz at angles grazing the array surfaces and then
converges toward the orthogonal direction without reaching it.
Other strong contributions come into play at around 9.4 and
13.75 GHz. This is due to the onset of grating lobes related to
the periodicity of the parasitic patches. In fact, if we consider
the periodicity of the parasitic patches in the superstrate and
the slots engraved on the ground plane and we use

(1)
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Fig. 18. Normalized scattered field for an impinging plane wave (
0 ) in the case of (a) the uniform PRS case and (b) the Conf#3 configuration.
Grating lobe for 1, 2, 3 are plotted with continuous, dashed, and dotted
lines, respectively. Front view of each superstrate is shown in the inset. Each
plot is normalized to its maximum value: (a) 12.5 dBsm and (b) 13.7 dBsm.

with being the speed of light and is the lowest frequency
where the grating lobe of order appears for a plane wave in-
cident from an angle [8], we find a good agreement with the
three aforementioned frequencies ( 4.68 GHz,
9.375 GHz, 14.04 GHz). Similar considerations can be
drawn by inspecting the plot in Fig. 17(b) for the Conf#6 su-
perstrate, which exhibits the same off-normal spreading of the
reradiated energy. By observing Fig. 17(a) and (b), wemay infer
that the Conf#5 configuration has a lower monostatic RCS than
the Conf#6 at 13 GHz because it redirects more energy toward
grating lobes directions.
The connection between and the grating lobes occurrence

becomes more meaningful if the plots of uniform PRS and
Conf#3 displayed in Fig. 18 are considered.
In the former case (Fig. 18(a)), all the superstrate is composed

by resistive unit cells, and the grating lobes are absent since their
periodicity avoids the onset of grating lobes in this frequency
range for normal incidence. On the contrary, in the Conf#3 case
(Fig. 18(b)), the unit cell periodicity of the periodic resistive
surface is broken by the removed rings and the grating lobes
that depend on the array periodicity appear again. Therefore,
the effect of parasitic elements in the superstrate has to be taken
into account to predict directions of higher bistatic RCS, which
are absent in the uniform periodic surface.
As already pointed out, all the previous plots have been nor-

malized to their own RCS maximum value to provide a clear

Fig. 19. Comparison between the total RCS in the case of Conf#5 and Conf#6
configurations for an impinging plane wave ( 0 ).

description of the reradiated energy spreading (the same color
does not represent the same absolute value). This normaliza-
tion may affect the comparison between two configurations.
One may question, for example, if Conf#5 is more effective
thanConf#6 in diminishing the electromagnetic echo at 13 GHz.
Similar questions may be raised for the other examples. In order
to synthesize the performance of the low-RCS antennas over all
angles, we have evaluated the total RCS defined as [30]

(2)

evaluated toward the interrogating source ( 90 90 and
90 90 and considering an impinging plane wave with

electric field amplitude equal to 1 V/m to undoubtedly verify
the usefulness of the presented configurations in reducing the
radar signature. In Fig. 19, the comparison between the total
RCS by the antenna array with parasitic patches in the presence
and absence of the surrounding resistive elements is reported.
It is apparent that Conf#6 always scatters less power than its
corresponding structure without resistive rings (Conf#5).
A similar consideration can be drawn looking at Fig. 20where

the absorption of uniform PRS and Conf#3 are both better than
the one of the original slot array.

VI. RCSR AT OBLIQUE INCIDENCE

To examine the effectiveness of using a RAM in diminishing
the electromagnetic echo of the array antenna, we consider the
case of an oblique-impinging plane wave. In particular,
a comparison between the original slot array and the Conf#6
is done in terms of the bistatic RCS (specular) as well as the
overall scattered energy. Moreover, the case of monostatic RCS
at oblique incidence is evaluated in more detail for the following
configurations: original slot array, uniform PRS case, Conf#5,
and Conf#6.

A. Bistatic Radar Cross Section and Scattered Energy

The bistatic RCS and the scattered energy from two different
directions, namely Oblique#1 ( 30 , 0 ) and Oblique
#2 ( , ), are addressed for Conf#6 since it is a good
tradeoff between RCSR and radiating performance. The results
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Fig. 20. Comparison between the total RCS in the case of uniform PRS and
Conf#3 configurations for an impinging plane wave ( 0 ).

Fig. 21. Comparison between the bistatic RCS of the investigated arrays for
an oblique impinging plane wave with polarization ( 30 or ,

180 ).

are compared with the original slot array. First of all, the bistatic
RCSs have been evaluated for an observer along the specular
direction ( 60 or 30 , 180 ), and they are shown
in Fig. 21.
Next, the normalized scattered fields for case Oblique#1 are

illustrated for the original slot antenna as well as for Conf#6 in
Figs. 22 and 23, respectively. For the Conf#6 structure, grating
lobes related to the slot/patch periodicity start to appear
around 3.15, 6.29, 9.44, 12.6, and 15.74 GHz. This angle of inci-
dence determines also the onset of grating lobes due to the peri-
odicity of the periodic resistive surface which emerge around
15.6 GHz (Fig. 23).
For the case Oblique#2, the comparison between the scat-

tered energy for the aforementioned structures is summarized
in Figs. 24 and 25, where it can be seen that the grating lobes
determined by the slot/patch periodicity emerge around 2.35,
5, 7.6, 10.1, and 12.65 GHz, whereas the one due to the period-
icity start around 12.56 GHz.
As reported for the case of normal incidence, in order to check

the RCSR performance of the low-RCS antennas over all inci-
dence angles, we have evaluated the energy scattered toward all

Fig. 22. Normalized scattered field for an impinging plane wave (
30 ) for the original slot array. Grating lobes for 1, 2, 3, 4, 5 are plotted
with continuous, dashed and dotted lines. Plot is normalized to its maximum
value (22.1 dBsm).

Fig. 23. Normalized scattered field for an impinging plane wave (
30 ) for Conf#6. Grating lobes for 1, 2, 3, 4, 5 are plotted with continuous,
dashed, and dotted lines. Dark gray continuous line is the grating lobe ( )
related to the periodicity of the resistive unit cell. Plot is normalized to its
maximum value (10.6 dBsm).

Fig. 24. Normalized scattered field for an impinging plane wave (
60 ) for the original slot array. Grating lobes for 1, 2, 3, 4, 5 are plotted
with continuous, dashed, and dotted lines. Plot is normalized to its maximum
value (17.2 dBsm).

directions. The result shown in Fig. 26 assesses the good ab-
sorption rate of the structure also for off-normal probing.

B. Monostatic Radar Cross Section

A further aspect that needs to be taken into account consists
of looking at monostatic RCS for oblique incidence. Since we
have investigated the monostatic RCS of a finite structure, the
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Fig. 25. Normalized scattered field for an impinging plane wave (
60 ) for Conf#6. Grating lobes for 1, 2, 3, 4, 5 are plotted with continuous,
dashed, and dotted lines. Dark gray continuous line is the grating lobe ( )
related to the periodicity of the resistive unit cell. Plot is normalized to its
maximum value (6.5 dBsm).

Fig. 26. Comparison between the total RCS in the case of original slot array
and Conf#6 configurations for an impinging plane wave ( 30 or

, 180 ).

scattered fields due to edge diffractions is clearly present [31].
This contribution depends on the dimension of the considered
antenna and it can be mitigated by using resistive cards [32].
The effect of the slot/antenna periodicity and of the resis-

tive pattern is more general, and it is interesting to evaluate
its impact on the RCS of the proposed arrays.
Therefore, we have considered four different directions for

a TM impinging wave ( 15 , 30 , 45 , and
60 ) for providing an estimate of the RCSR that a super-

strate can achieve under this plane wave illumination. The re-
sults are shown in Figs. 27–30. The uniform PRS superstrate
guarantees a monostatic RCS lower than the original slot array
almost in all cases with the exception at higher frequencies for

45 and 60 where PRS grating lobes come into
visible range. More in detail, for 60 , the uniform PRS
configuration exhibits a peak in the monostatic RCS due to the
onset of the grating lobes at 13.8 GHz (Fig. 24), whereasConf#6
also suffers the emerging of the grating lobe due to the resis-
tive unit cell periodicity (Fig. 25). TheConf#5 superstrate seems
the most critical case since it does not offer a lower monostatic
RCS than the original array. This is due to the parasitic metallic
elements which enhance the backscattering without absorbing

Fig. 27. Comparison among the monostatic RCS of different configurations for
an oblique impinging plane wave with polarization ( 15 ).

Fig. 28. Comparison among the monostatic RCS of different configurations for
an oblique impinging plane wave with polarization ( 30 ).

Fig. 29. Comparison among the monostatic RCS of different configurations for
an oblique impinging plane wave with polarization ( 45 ).

the energy of the incoming wave. The Conf#6 exhibits an in-
teresting tradeoff since for 15 and 30 , it provides
a radar signature lower than the original array starting from 9
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Fig. 30. Comparison among the monostatic RCS of different configurations for
an oblique impinging plane wave with polarization ( 60 ).

up to 18 GHz. For greater incidence angles, the rise of grating
lobes affects the RCS at the frequencies stated by (1). It is clear
that absorbing materials are effective in reducing grating lobes
generated by the slot/patch periodicity (see also Fig. 16(a)). The
only drawback introduced by the presence of the superstrate is
the grating lobe due to the periodicity of the resistive ring,
which is located around 17 GHz at 45 and around 14 GHz at
60 incidence.

VII. CONCLUSION

A microstrip slot array has been presented as a test case to
illustrate a strategy for enhancing the performance of the ra-
diating device in terms of RCSR and gain. It has been shown
that it is possible to achieve a wideband reduction of the radar
signature of an antenna array by properly designing a periodic
resistive surface placed as a superstrate to the original array. It
has been highlighted that the use of parasitic elements, or the
removal of some resistive elements, determines a gain enhance-
ment but also causes some fluctuations in the monostatic RCS
due to the onset of grating lobes. A color plot reporting the vari-
ation of the scattered field for different angles and frequencies
has been introduced with the aim to provide a clear visualiza-
tion of the energy spread and the grating lobes.
Some of the described solutions guarantee a monostatic

RCSR over a two octaves frequency band for normal incidence
for both polarizations. Similar performances are exhibited for
the bistatic case up to 60 , whereas satisfying results have also
been found also for the monostatic RCS for oblique incidence
even if in a smaller angular range.
All the presented results and considerations can be useful for

designing low-RCS antenna arrays even if different dielectric
stackups and periodicities are employed.
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