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Abstract—Automotive radar sensors for driver assistance sys-
tems are usually installed behind the bumper of the car. Multiple
reflections between radar and bumper can occur and may lead
to a wrong estimation of the direction of arrival (DoA) of the
signal reflected by the target. This paper presents an effective
solution to improve the hidden integration of radars in a vehicle.
In particular, this work proposes the design of a low-RCS (radar
cross-section) mm-wave antenna array to reduce the reflections
towards the car fascia. The design exploits the properties of
artificial magnetic conductors (AMC) to cancel out the wave
backscattered by the antenna array. The integration of the AMC
with the antenna array is analyzed in detail. The experimental
results prove that the array with low RCS can mitigate the
multiple reflections. Moreover, the measurement results show that
the proposed antenna has 20 dB RCS reduction at 76 GHz.

Index Terms—radar cross-section, microstrip antenna arrays,
metamaterials, millimeter wave radar.

I. INTRODUCTION

RADAR sensors are nowadays commonly employed in
driver assistance systems to measure constantly the sur-

rounding environment helping the driver to control the vehicle
and to avoid collisions. The frequency range assigned in many
countries to automotive radars is between 76 GHz and 81 GHz.
The radar sensors can accurately measure the distance and
the velocity of the targets, and they are robust against harsh
weather conditions compared to other sensor technologies [1].
The small wavelength allows to realize compact sensors that
can be easily integrated in the vehicle, typically behind the
front and rear bumper.

In general, the bumpers are complex multilayer structures
composed of low-cost plastic materials. Usually a polypropy-
lene slab is followed by the primer and the coating [2].
The various layers can show significant different values of
permittivity, ranging from 2 to 8 [2]. The coating contains in
most cases metal particles, that make non-trivial the placement
of the radar sensor behind the bumper. Moreover, since the
usual thickness of the bumper is in the range of a few
millimeters, at mm-wave frequencies the bumper thickness is
not electrically thin [3]. The bumper can thus strongly reflect
back the wave emitted by the radar sensor.

As an example, let consider the scenario shown in Fig. 1.
The radar sensor illuminates a target on the street. The wave
reflected back by the target will impinge on the metal housing
and on the printed circuit board (PCB) of the sensor. The
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PCB and the metal housing will reflect again the impinging
wave towards the bumper, which in turn will reflect again a
part of the impinging wave. The antennas of the radar will
receive the signal of interest from the target superimposed on
the multiple reflections between radar and bumper, and both
signals will be detected in the same range cell. Therefore, the
problem of multiple reflections can potentially lead to a wrong
estimation of the position of the target or angular ambiguities
[4], causing for example a wrong braking intervention.

The angular errors caused by multiple reflections are parti-
cularly critical for radar sensors with a high angular resolution,
i.e. with a focused field of view (FoV), that are normally used
for collision avoidance and adaptive cruise control (ACC).
On the other hand, radars with a wide FoV, for instance
the sensors for blind spot detection, are more robust against
angular errors due to their low angular resolution. This paper
focuses thus on the former examples of mm-wave radar
sensors. The investigation of proper techniques to mitigate the
multiple reflections between radar and car fascia is thus of
great practical interest, and a possible solution to address this
problem is presented in this paper.

Some previous researches already investigated the problem
of reducing the reflections from the bumper. For example, in
[4] and [5] the authors propose to compensate the reflections
of the coating with inductive strips or frequency selective
surfaces (FSS). In particular in [4], the proposed solution
consists in clamping an FSS layer on the back of the bumper
to compensate it. Although this solution has been proved to
be effective, it seems too complex in most practical cases.
The bumper design must follow indeed specific safety requi-
rements, and it is a crucial element of the aesthetic guidelines
of car manufacturers.

Another practical approach to solve the problem of the
multiple reflections could be tilting the orientation of the radar
sensor with respect to the bumper. Indeed, if the PCB and
the bumper are not parallel, no multiple reflection is possible,
since the wave impinging on the sensor is oblique. This is
however not an acceptable solution, because the radiation pat-
tern of the sensor might be significantly affected by the tilting,
and this can degrade the performance of object detection [2].
Hence, a totally different approach is proposed and analyzed
in this work. In particular, this paper presents for the first time
a solution independent of the specific bumper design and that
can effectively reduce the multiple reflections between sensor
and fascia.

Minimizing the reflections between the radar sensor and
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Fig. 1. Multiple reflections between the radar sensor and the bumper of
the car. The dotted lines represent the unwanted contributions due to the
backscattering from the radar sensor. A low-RCS radar sensor can mitigate
these paths.

the bumper means in the end to design a sensor with a low
RCS, since the RCS is the parameter that describes the back-
scattered power when a target is illuminated by an incident
plane wave [6]. Many techniques to reduce the RCS have
been proposed, and they are widely employed in particular
for military applications. However, in the specific case of
automotive radar sensors, it is important that the reduction of
the RCS is fully compatible with the PCB fabrication process
to keep the design of the radar sensor front-end simple and
the costs as low as possible.

The design of the low-RCS mm-wave antenna described
in this work is based on a low-RCS surface, that has been
deeply investigated for example in [7] and [8]. The authors
exploit a chessboard-like periodic displacement of two basic
elements: an AMC and a perfect electric conductor (PEC).
This surface can achieve a significant RCS reduction compared
to an equal-size metal plate. More recently, the effectiveness
of this solution has been verified at mm-wave frequencies,
too [9]. The basic principle of the low-RCS chessboard surface
is the mutual phase compensation of the wave reflected by
the AMC and the PEC, that permits to achieve destructive
interference, and therefore a reduction of the backscattered
wave in a specific direction and at a given frequency. In
a similar manner, this design procedure can be retained to
develop a novel low-RCS antenna, when the phase of the wave
reflected by the AMC is able to compensate the wave reflected
by the antenna.

This paper is organized as follows. Section II describes first
of all the principle of operation of the low-RCS antenna and
explains the effect of the input impedance matching on the
backscattering from the array. The details of the design of
the proposed antenna are drawn in Section III. Section IV
deals with the experimental characterization of the fabricated
prototypes, and the main measurement results are discussed.
The main outcomes of this work are summarized in Section V.

PECAMC

Fig. 2. Unit cell of the chessboard-like low-RCS surface according to [9].

II. PRINCIPLE OF OPERATION

To fully understand the basic principle of the proposed
design it is convenient to briefly describe the chessboard-
like low-RCS surface, which is the starting point for the
development of the low-RCS antenna. For a full description
of the low-RCS surfaces we suggest to refer to [7]–[9].

The unit cell of the chessboard like configuration is repre-
sented in Fig. 2. The basic building blocks are a periodic
displacement of AMC cells and PEC patches. An AMC
behaves like a magnetic conductor at the resonance frequency
[10], and it can then perfectly compensate the reflection phase
of the PEC. That is to say, since the reflection coefficient of
an AMC at the resonance frequency is +1 and that one of a
PEC is −1, destructive interference takes place. The incident
wave will not be backscattered in the boresight direction, but
redirected in different directions [8].Unlike other applications
of AMC surfaces, such as [11], no absorption of the impinging
wave is involved in this case to reduce the RCS of the surface.

The same basic principle can also be applied to the design
of a low-RCS antenna. Let us consider a planar antenna,
for example a microstrip antenna, and let us surround the
array with a set of AMC square patches. In this paper we
will focus only on microstrip antenna arrays, since they are
commonly employed in commercial automotive radars [1],
[12]; the design method can be however easily generalized
also to other planar PCB technologies. If the phase of the
wave reflected by the antenna in a specific direction is known,
then it is possible to design a proper AMC so that destructive
interference can be achieved. More formally, by using the
same notation of [8], the approximated amplitude of the RCS
reduction is given by

r = 10 log
∣∣∣AAMCe jϕAMC +Aante jϕant

2

∣∣∣
2

dB , (1)

where AAMC and Aant are the amplitudes of the reflection
coefficients of the AMC and the antenna array, and ϕAMC and
ϕant are the respective phases. The RCS reduction predicted
by (1) is basically an average of the contribution of the
antenna array and the AMC. The assumption is that the two
components occupy the same area on the PCB. If this is not
the case, (1) must be modified into a weighted average, where
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the weights depend on the area occupation of the AMC and
the antenna array.

The prerequisite for the design of the low-RCS antenna
array is the knowledge of the backscattering from the antenna
array in terms of amplitude and phase. Before going into the
details of the design, it is thus necessary to investigate the
properties of microstrip arrays as receiving antennas, and in
particular the dependency of the backscattered wave on the
antenna impedance matching. This is a fundamental point for
the proposed design: if the backscattered wave depends on the
actual load, then the compensation technique that we introduce
in this work to reduce the RCS of the array would be fruitless
in all practical cases.

A. Effect of the Load on the Scattering from the Array
The scattering properties are often neglected during the

design of antenna arrays. Except for some military or RFID
(radio frequency identification) applications, where the RCS
signature is of particular interest [13], most of the antenna
designers are focused on other important antenna parameters,
such as radiation pattern and gain.

As can be intuitively understood, the scattering from an
antenna depends on the matching at its input port. A non-ideal
matching causes indeed a re-radiation of the wave traveling
towards the feed terminals. More in detail, the RCS of an
antenna can be described by two terms: a structural mode
and an antenna mode. The structural mode can be measured
when the antenna is conjugate matched, and it depends only
on the structural characteristic of the antenna, like geometry,
materials, and so on. On the other hand, the antenna mode is
directly affected by the impedance mismatch due to the non-
ideal load [13]. Since a more formal description of structural
and antenna mode falls outside the purpose of this paper, we
suggest the reader to refer to [14] for further details.

By changing the load connected to the input port of an
antenna, it is possible to investigate the impact of the matching
on the structural and the antenna mode. If the antenna is con-
nected to a short circuit the antenna mode can be maximized,
while with a conjugate matching it can be minimized. This
investigation has been carried out by means of the measure-
ment setup described in Fig. 3. In this setup the antenna under
test (AUT) is connected to a variable attenuator which is in
turn connected to a variable phase shifter with a short circuit
at its second port. By changing the settings of attenuator and
phase shifter it is possible to modify the impedance matching,
both amplitude and phase, of the array. The backscattering
has been measured with a 25-dBi-standard gain horn antenna
placed 2 m apart from the array. The measurement setup is
similar to that one described in [9], and for brevity it is here
omitted.

The AUT is a 10-element series-fed microstrip patch array
designed to operate in the frequency range assigned to automo-
tive radars. The prototype can be seen in Fig. 4. An amplitude
tapering is applied to reduce the sidelobe level. The array has
been integrated with a microstrip-to-waveguide transition for
measurement purposes. As it can be seen, a microstrip probe is
inserted inside the rectangular waveguide, which can be then
connected perpendicularly to the PCB from the back.

AUT

α ϕ

Incident
plane wave

Total
scattered field

E-band to
V-band transition

Fig. 3. Measurement setup for the evaluation of the impact of the load on the
backscattering of the antenna. The setup is composed of the AUT, a variable
attenuator (α), an E- to V-band waveguide transition, a waveguide variable
phase shifter (ϕ), and a short circuit.

Fig. 4. Fabricated series-fed microstrip patch array on RO3003 substrate from
Rogers Corporation [19] with 127 µm thickness.

To collect only the signal of interest, time gating has been
applied. The measurement results are plotted in Fig. 5. As it
can be seen, the amplitude of the measured backscattering is
not affected by the change in the impedance matching. Similar
results have been obtained by keeping constant the attenuation
at 0 dB from the variable attenuator and changing the phase
contribution of the phase shifter only, but they are here omitted
for the sake of conciseness. Since the total scattered field is the
superposition of the structural and the antenna mode, from this
result it can be concluded that the antenna mode is negligible
compared to the structural mode for a microstrip patch array.
This conclusion is consistent with previous numerical and
experimental results presented in the literature only at much
lower frequencies, like [15] and [16].

For designing a mm-wave low-RCS patch array suitable for
this application it is thus sufficient to take into account only
the structural mode of the AUT.

III. DESIGN OF LOW-RCS ANTENNA ARRAYS

A. Simulation Setup

The first step towards the design of a microstrip patch array
with low RCS is the estimation of the backscattering from the
array. If the antenna array is illuminated by an incident plane
wave, it is possible to define a reference plane at the antenna
position and to calculate finally the amplitude and the phase
of the reflection coefficient.

In this work the backscattering from the array has been
evaluated by means of 3D full-wave simulations with an elec-
tromagnetic field solver software. The model of the antenna
is depicted in Fig. 6.

A typical way to define a plane wave in full-wave simulati-
ons is to set PEC and PMC (perfect magnetic conductor) walls
[17] or to set unit cell boundaries as boundary conditions. The
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Fig. 5. Measured reflection coefficient by changing the attenuation of the
variable attenuator connected to the array.

Fig. 6. Model of the series-fed microstrip array used in the 3D full-wave
simulation. The dashed lines highlight the position of the reference plane for
the calculation of the reflection coefficient. The yellow area describes the
waveguide port to let a plane wave impinge on the array.

excitation is then usually fixed by a waveguide port placed
above the AUT where a perfectly matched layer (PML) is set.

The application of interest that we investigate in this paper
poses specific challenges with respect to the simulation setup.
As explained before, the AUT is a microstrip patch array,
whose substrate and ground plane normally extend for many
wavelengths in width and height. The waveguide port defined
above the AUT has the same dimensions as the array substrate,
as can be easily understood from Fig. 6. Hence, due to the
large dimensions of the waveguide port, a great number of
modes must be taken into account. Moreover, the significant
dimensions of the structure set a quite large number of mesh
cells to proper discretize the model.

In the simulation setup used in this work unit cell boun-
dary conditions have been employed, since in the simulation
software this configuration allows a larger number of higher
order modes that can be correctly taken into account. However,
the structure that has been investigated is by its nature not
periodic. This means, that the coupling between adjacent unit
cells must be carefully reduced to avoid simulation artifacts.
Moreover, the edges of the array do not contribute to the
simulation results since an infinite extent of the structure is
assumed.
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Fig. 7. Full-wave simulation results of the series-fed patch array illuminated
by an incident plane wave. Amplitude and phase of the reflection coefficient
are depicted in the plot.

lAMC

lgap

Unit cell

Patch

Fig. 8. Top view of the square patch used as AMC unit cell. The dimensions
are lAMC=0.88 mm and lgap=0.13 mm.

B. Antenna Structure

With the simulation setup described in the previous section
the backscattering from a series-fed microstrip patch array has
been calculated in terms of amplitude and phase. The same
array of Fig. 6 has been used. The metalization of the array
has been defined as PEC and the substrate RO3003 is modeled
as lossless to reduce the complexity of the simulation.

The simulation results are plotted in Fig. 7. As it can
be seen, the amplitude of the reflection coefficient is less
than 0 dB close to the resonance frequency (77 GHz) of the
patch antenna array, while the phase is confined between 141◦

and 151◦ in the frequency range of interest. In particular, at
77 GHz the reflection phase is 144◦. It means that an AMC
with a reflection phase of −36◦ would be able to almost
perfectly cancel out the wave backscattered by the antenna
array assuming identical amplitudes for the array and the
AMC.

To achieve the RCS reduction, a square patch can be used
as AMC and integrated on the same substrate of the antenna
array. The top view of the unit cell can be seen in Fig. 8.

The dimensions of the square patch has been optimized to
compensate the phase of the array at 77 GHz. As can be seen
from the simulation results depicted in Fig. 9, when the gap
between adjacent unit cells is set to 0.13 mm and the edge of
the patch has a length of 0.88 mm, it is possible to achieve
−33◦ for the reflection phase at 77 GHz, which is close to the
ideal required phase value.

The next step is the integration of the AMC with the
microstrip array. The placement of the AMC around the
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Fig. 9. Full-wave simulation results of the square patch used as AMC
illuminated by an incident plane wave. Amplitude and phase of the reflection
coefficient are depicted in the plot.

d

Fig. 10. Model of the series-fed microstrip array integrated with the AMC
cells. The distance d between the array and the AMC cells is equal to 3.94 mm
(approx. λ0 at 77 GHz).

array must not affect the main antenna parameters, like the
impedance matching or the radiation pattern. The 3D model
of the integrated structure is depicted in Fig. 10.

For example, let the area occupied by the AMC and the
antenna array be identical. Then, it is possible to estimate
the RCS reduction according to (1). The amplitude is plotted
in Fig. 11. As can be seen, the reflection coefficient is
significantly reduced around the frequencies where the phase
difference between the AMC and the array is 180◦. The
RCS reduction is better than −10 dB in an almost 5 GHz
bandwidth. The use of (1) for the evaluation of the RCS
reduction is reasonable under the assumption that there is no
strong coupling between the array and the AMC cells. Finally,
by changing the area occupied by the square patches of the
AMC it is possible to control the RCS reduction.

Ideally, the RCS reduction can also be calculated by means
of full-wave simulations. However, due to the limitations of
the simulation setup already described in the previous section,
the complexity of the model makes the simulation unfeasible
in many practical cases.

C. Limitations of the Design Procedure

As already explained, the full-wave simulation setup used
in this work is not able to take into account large antenna
arrays. The prototypes that has been fabricated and tested in
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Fig. 11. RCS reduction using (1) after the integration of the AMC around
the patch array.
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Fig. 12. Effect of a phase error in (1) for the design procedure of the low-
RCS antenna shown in a complex coordinate system. The amplitudes of the
vectors are assumed equal.

this work and that will be presented in the following parts of
this paper, have larger dimensions compared to the simulated
one. Moreover, a waveguide-to-microstrip transition has been
connected to the feed of the array for measurement purposes,
and it has not been taken into account during the evaluation of
the backscattering from the array. Thus, a discrepancy between
the simulation and measurement results is highly likely.

It is then interesting to understand how significant is a phase
or amplitude error for the design of a low-RCS array.

Let assume, without loss of generality, that the array and
the AMC occupy the same amount of area on the PCB and
that therefore (1) holds true. From Fig. 12 it can be easily
understood that, if the error on the phase of the antenna,
namely ϕant, is in the range ±20◦ of the nominal value it
is still possible to achieve at least 9 dB RCS reduction.

Similar considerations can be done for errors on the esti-
mated amplitude from the antenna array. Uncertainties on the
antenna amplitude up to 5 dB can still lead to at least 7 dB
RCS reduction.

In all the practical cases there will be at the same time errors
on the amplitude and the phase of the reflection coefficient.
This will of course deteriorate the achievable RCS reduction.
However, small errors on the knowledge of the phase or the
amplitude can still be tolerated in the design procedure.
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Fig. 13. Fabricated prototype of the low-RCS antenna. The dashed area
represents the part of the array illuminated by the horn antenna during the
measurement. The outer part of the array has been covered by absorbing
material.

IV. MEASUREMENT RESULTS

A prototype of a low-RCS antenna array has been fabricated
by means of standard photo-etching process, and it can be
seen in Fig. 13. The visual inspection showed roughly 15 µm
etching tolerances. The same substrate as the prototype of
Fig. 4 has been used.

In this fabricated model, the area occupied by the AMC
corresponds to the 56% of the PCB surface taken into account
during the measurements and highlighted by the dashed line
in Fig. 13.

A. Effect of the AMC on the Array Performance

First of all, the fabricated prototype has been tested to
verify if the integration of the AMC has any impact on
the performance of the patch array in terms of impedance
matching and shape of the radiation pattern.

The measured input reflection coefficient can be seen in
Fig. 14. The results show that the use of the AMC does not
affect significantly the impedance matching of the array in the
frequency range of interest. The frequency band where the
amplitude of the reflection coefficient is lower than −10 dB
seems slightly shifted towards higher frequencies for the array
with the AMC cells. However, since the two prototypes have
been fabricated during different etching processes, it is not
possible to draw any conclusion about the impact of the
AMC, since this frequency shift is fully compatible also with
fabrication inaccuracies or shifts from the nominal value of
substrate permittivity, which is likely at mm-wave frequencies.

Figures 15 and 16 show the radiation pattern at 77 GHz
in the H- and E-plane, respectively, measured in an anechoic
chamber. The AMC does not affect the shape of the radiation
pattern. The sidelobe level and the 3-dB beamwidth of the low-
RCS antenna are similar to that one of the standard series-fed
patch array. Similar results are obtained at the other frequency
points, too.

B. Characterization of the RCS Reduction

The following step was the evaluation of the RCS reduction.
The measurement setup exploits a monostatic configuration
similar to that one described in Fig. 3. A standard-gain horn
antenna with 25-dBi gain illuminates the AUT, which is placed
approximately at a distance of 1.3 m, which satisfies the far-
field condition. The AUT is fixed to a plastic mount connected
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Fig. 14. Measured input reflection coefficient of the arrays with and without
the AMC fed by the waveguide-to-microstrip transition.
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Fig. 15. Measured radiation pattern at 77 GHz in the H-plane.
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Fig. 16. Measured radiation pattern at 77 GHz in the E-plane.

to a stepped motor, which allows to control accurately its
positioning.

To collect only the signal of interest backscattered by
the AUT, the time gating has been applied with a 30 GHz
frequency span. For a detailed description of the measurement
setup settings, we suggest to refer to [9].

To easily evaluate the RCS reduction, the backscattering
from a reference metal plate with the same dimensions of the
AUT has also been measured.

The measurement results at mm-wave frequencies are sen-
sitive to misalignment and positioning errors. For this reason,
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Fig. 17. Measured backscattering from the array with and without AMC for
boresight direction. The results are normalized to a measured equal-size metal
plate.

a set of 25 measurements has been collected with 3.75 mm
steps in horizontal and vertical direction. The final results is
then calculated as average of the 25 different contributions and
shown in Fig. 17. In particular, the plot shows the comparison
of the backscattered amplitude for the antenna arrays with
and without AMC. The integration of the AMC permits to
successfully reduce the RCS of the array by approximately
20 dB at 75.7 GHz. Moreover, the RCS reduction is larger than
10 dB in a more than 6 GHz bandwidth.

It is important to verify the properties of the low-RCS
antenna in a more realistic scenario, that is to say, behind
a typical bumper of a vehicle. In particular, it is interesting
to understand what is the impact of using the proposed low-
RCS array for instance in the scenario of Fig. 1. However, to
evaluate the multiple reflections in such a configuration it is not
possible to measure them directly with the AUT, i.e. the radar
sensor, since the limited bandwidth does not allow to spatially
resolve them. Thus for characterizing the multiple reflections,
the measurement setup represented in Fig. 18a has been used.
As it can be seen, in this monostatic setup the horn antenna
illuminates the AUT, and between them a sample of a standard
bumper is placed. The signal transmitted by the horn antenna
basically mimics that signal that would be reflected back by the
target in the scenario of Fig. 1. This setup is hence suited for
investigating the multiple reflections between the AUT and the
bumper. The thickness of the bumper sample is 2.8 mm, and it
is metallic silver painted. The distance between the sample and
the AUT is 13 cm, which is the minimum distance that can be
used in the available measurement setup; this is however not
a limitation since in a real scenario the radar sensor is usually
mounted a few centimeters away from the bumper [18]. The
distance between the horn antenna and the AUT is 28 cm, and
thus the measurements have been taken in this case in the near
field of the AUT. The reflection coefficient measured by the
horn antenna is depicted in Fig. 18b. Figure 18c shows a zoom
into the multiple reflections between the AUT and the bumper
sample. Both figures present the measurement results in the
time domain to easily and intuitively visualize the problem of
the multiple reflections.

As it can be seen in Figs. 18b and 18c, when the low-
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(a) Schematic of the measurement setup.
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(b) Time domain plot of the measured backscattering.
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(c) Zoom into the time domain plot of (b). The purple vertical lines around the
position of the first multiple reflection describes the span of the time-gating
window that has been used for the results of Fig. 19.

Fig. 18. Testing the low-RCS antenna array behind a sample of a car bumper.
In the time domain plots (b) and (c) it is possible to recognize the multiple
reflections. The distance on the abscissa refers to the distance from the
reference plane of the one-port calibration, i.e. the rectangular waveguide
at the input of the horn antenna.

RCS array is employed, the amplitude of the backscattered
signal is reduced and, consequently, also the amplitude of the
multiple reflections. For example, in the measurement results
it can be recognized the peak that corresponds to the first
multiple reflection at the distance of approximately 0.48 m.
With the use of the low-RCS array the amplitude of this peak
can be reduced by 5 dB compared to the case of the standard
patch array. In the time domain results there is however no
explicit information about the frequency content of the signal.
To further evaluate the reduction of the first multiple reflection,
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Fig. 19. Plot in the frequency domain of the gated response of the first
multiple reflection. The results are normalized to a measured equal-size metal
plate.

Fig. 20. Fabricated prototype of the low-RCS antenna with an increased area
occupied by the AMC.

the time gating has been applied around its peak, using the
frequency span highlighted in Fig. 18c. After filtering out
the unwanted part of the signal, the backscattering has been
transformed again in the frequency domain and plotted in
Fig. 19. As it can be noticed, at 76 GHz the amplitude of
the backscattering from the array integrated with the AMC is
more than 10 dB smaller than that one from the standard patch
array.

C. Varying the area occupied by the AMC

To further understand the principle of operation of the
low-RCS antenna, it is important to investigate the effect of
changing the area occupied by the AMC on the achievable
RCS reduction. For this reason a second prototype has been
fabricated and tested, shown in Fig. 20.

In this second version, the area occupied by the AMC cells
is significantly larger than in the prototype of Fig. 13. Indeed,
in this case 76% of the available surface has been occupied
with the AMC.

The measurement results are depicted in Fig. 21. As it can
be noticed, the increased amount of AMC does not improve
the RCS reduction, rather it causes an over-compensation of
the backscattering from the antenna array and, hence, the RCS
reduction is smaller than in the previous case.

V. CONCLUSION

In this paper, a mm-wave antenna design to improve the
integration of an automotive radar sensor behind the car fascia
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Fig. 21. Comparison of the measured backscattering from the array without
AMC and the arrays of Figs. 13 and 20 for incident direction. The results are
normalized to a measured equal-size metal plate.

has been presented. In particular, this work proposes a novel
method to reduce multiple reflections between the radar and
the bumper of the car.

The method is based on the integration of a set of square
patches acting as an AMC around a planar antenna array. The
purpose of the use of an AMC is to achieve a destructive
interference between the wave backscattered by the array and
by the AMC for a specific direction and in a narrow-band
frequency range. The measurement results showed that with
this approach it is possible to successfully reduce the RCS
of the antenna array by 20 dB at 76 GHz. Moreover, it has
been demonstrated that the placement of the AMC around
the antenna does not significantly affect the main antenna
parameters, like input impedance and radiation pattern.

The solution proposed in this work does not increase the
complexity and the cost of the fabrication process of the radar
sensor front-end, since it is fully compatible with standard
PCB photo-etching technology, and it is independent from the
shape or material composition of the actual bumper.
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