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The original U-shaped patch antenna is properly modified in this work to provide a compact and broadband antenna configuration
with reduced cross-polar effects, well suitable for modern radar applications. The proposed antenna layout is applied to design,
realize, and test two different prototypes working at P-band and C-band, typically adopted for ground-penetrating radar. The
experimental results successfully demonstrate a large operating bandwidth between 15% and 20%, a significant reduction of size
(about half of the standard configuration), and a low cross-polarization level within the operating frequency range.

1. Introduction

The new generation radar systems require advanced compo-
nents and materials [1–4] in order to properly exhibit their
innovative features [5, 6]. For this motivation, in recent years,
most of the classical hardware radar architecture functions
have begun to be implemented via software, in order to
reduce the costs and the complexity of the entire system [7–
9]. Antennas often represent the most critical hardware com-
ponent in the radar system, and the design of the radiating
element needs to satisfy several constraints required by the
novel applications, especially in terms of bandwidth [10–14]
and quality of the radiation pattern, while guaranteeing, at
the same time, a compact configuration. Microstrip patch
antennas are largely employed in radar systems due to their
low costs and easy manufacturing, low profile, light weight,
and good strength, but the use of standard single-layer
microstrip patch is not suitable for most radar applications,
mainly due to its narrowband behavior. Additional resonant
elements, such as slots, may be included in the radiating
surface in order to enhance the bandwidth. The U-slot
configuration is typically adopted at this aim, as the multiple
resonances introduced by the slot allow it to produce a unique
wideband response. Various examples exist in the literature
for the standardU-slot patch antenna configuration. In [15], a
compact U-slotted microstrip patch, performing a wideband
behavior, has been presented, and in [16] an example of
multiband U-slot antenna has been proposed. Even if all

existing works show that U-slot configuration yields good
results in terms of bandwidth and compactness, the additive
resonances significantly disturb the main flow of the surface
current, thus increasing the cross-polarization level. As a con-
sequence of this, the useful radiation bandwidth of standard
U-slot configuration is significantly reduced with respect to
that achieved in terms of return loss behavior, thus preventing
its application in modern broadband radar systems.

Most of the existing works in the literature for the
standard U-slot antenna are focused on the achievement of
a tradeoff between bandwidth and size reduction but not
giving an effective procedure for reducing the cross-polar
component.

Starting from the study of U-slot antenna behavior pre-
sented in [17], the original configuration is properly modified
in this work to guarantee the wideband radiation feature,
while reducing, at the same time, the cross-polarization
effects due to the complex combination of the antenna and
the slot modes. In the modified U-slot layout, the current
path forced by the slot is properly constrained to provide
a low cross-polarization effect, while achieving a significant
reduction in the total size of the radiating element. To prove
the effectiveness of the proposed antenna configuration,
experimental validations on two different prototypes, useful
for P-band and C-band radar applications, are successfully
discussed. In particular, radiation bandwidths between 15%
and 20% are demonstrated with reduced cross-polar levels
and compact dimensions.
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Figure 1: Layout of modified U-slot antenna: (a) top layer and (b) enlarged view of right corner.

2. Antenna Configuration

The technique based on the application of slot cuts in the
radiating element is widely adopted in the literature to
improve the bandwidth and/or reduce the antenna size [18–
20]. In this paper, the basic U-slot shape is considered,
properly modifying the layout as in Figure 1, in order to
control the undesired current giving cross-polarization, but
guaranteeing at the same time a compact structure with
a large bandwidth behavior. Two main differences exist
between the standard configuration and the proposed design,
namely,

(i) asymmetrical strips introduced in the arms of the
vertical U-shaped slots;

(ii) a furthermodification to the horizontal armof the slot
in order to introduce more degrees of freedom in the
design, thus better controlling the current flow and
the antenna resonance frequencies.

In the example shown in Figure 1, the polarization is
vertical, so the layout is designed in order to avoid 𝑥-directed
modal propagation.

As in classical U-slot antenna, a low permittivity substrate
is used to reduce the antenna 𝑄 factor, thus increasing the
bandwidth. In the proposed configuration, a ring slot is
introduced around the central feeding point to compensate
the large probe inductance due to the presence of the low
permittivity substrate, which could worsen the impedance
matching after a certain value of thickness. As discussed
in [17], antenna and U-slot modes combinations, in the
classical design, give undesired 𝑥-directed currents; hence,
an unwanted increase of cross-polarization is produced. As
a consequence of this, a particular ratio between the vertical
and the horizontal arms needs to be considered to avoid
this problem, but bandwidth requirements cannot always be
satisfied according to this constraint.

The combination of the cuts in the proposed design
allows a good tradeoff between bandwidth improvement and
paths minimization of unwanted 𝑥-directed modes, avoiding
a limiting constraint in the arms dimensions.The asymmetry
in the vertical strip is necessary in order to achieve a better
impedance matching, a significant size reduction, and a
correct compensation of the 𝑥-directed currents. In the next
section, the proposed antenna layout is successfully applied
to design compact and wideband prototypes, with low cross-
polarization effects, useful for P-band and C-band radar
systems.

3. P-Band and C-Band Antenna Prototypes

Radar systems requiring a deep penetration into the mon-
itoring scenario usually work in the relatively low region
of the electromagnetic spectrum. For these applications, P-
band operating frequencies are largely adopted. On the other
hand, when high resolutions but lowerwaves penetrations are
required, such as in short-range weather observation, C-band
frequencies are usually considered.

In order to make the proposed antenna configuration
well suitable for typical radar applications, two prototypes,
respectively, working in P-band and C-band, are designed,
realized, and tested. A low permittivity dielectric (foam, 𝜀

𝑟
=

1.07) simulating an air filling is assumed as main substrate,
while an upper thin (0.762mm) standard layer of Arlon
DiClad870 (𝜀

𝑟
= 2.33) is uniquely employed for robustness

reasons, to better support the modified U-slot patch antenna.
A thickness approximately equal to 𝜆

𝑜
/11 is adopted in both

cases for the foam substrate. An optimization procedure,
based on the proper tuning of all geometrical parameters
illustrated in Figure 1, is applied to derive, after a few iteration
steps, the antennas dimensions, fully reported in Tables 1 and
2, respectively, for the P-band and the C-band prototypes.

The adopted design procedure assumes the study pre-
sented in [17] as a starting point, improving the configuration,
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Figure 2: Photograph of P-band prototype into the anechoic chamber of Microwave Laboratory at University of Calabria.
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Figure 3: Photograph of C-band prototype.

in terms of compactness and wideband features, by assuming
the following expressions for the patch width𝑊, given as

𝑊 =

𝑐

3.55𝑓
𝑜

√𝜀
𝑟 (1)

with 𝑐 being the free-space velocity.
The inner and outer radii𝑅

1
,𝑅
2
of the ring slot are chosen

on the basis of the design procedure outlined in [21].
Finally, the parameters𝐶

1
,𝐶
2
, relative to the modified U-

slot arms, are computed by the following expressions:

𝐶
1
= (

𝑐

4𝑓
𝑜√
𝜀
𝑟

−

𝐸

2

) ⋅ (1 +

𝐷𝑓
𝑜
𝛼

𝑐

) ,

𝐶
2
= (

𝑐

4𝑓
𝑜√
𝜀
𝑟

−

𝐸

2

) ⋅ (1 −

𝐷𝑓
𝑜

𝛼𝑐

) ,

(2)

where the term 𝛼, assuming values in the range between 0.88
and 0.93, is adopted as tuning parameter to optimize, after
a few iteration steps (typically two or three), the radiating
structure in terms of impedance matching, achieving a
bandwidth between 15% and 20%.

Both configurations reported in Tables 1 and 2 show
a reduction of about 50% in the patch surface area, thus
providing a significant compactness. As a matter of fact, a
standardU-slot patch antenna [17] presents at P-band awidth
equal to 492.6mm, while the proposed prototype in Table 1
(Figure 2) has a strongly reduced width equal to 231.1mm.
Similar features can be observed for the C-band prototype
(Figure 3).

Table 1: Geometrical parameters of P-band prototype (centre
frequency: 450MHz).

Parameter Dimension (mm) Parameter Dimension (mm)
𝐿 243.4 𝑅

1
22

𝑊 231.1 𝐹 18
𝐷 156 𝑊

𝑡
6

𝐸 18 𝐺 59.2
𝐶 218 𝑅

2
35

𝐶
1

181.5 𝑊
1

6
𝐻 6 𝐺

1
5

𝐶
2

231.1 𝐻
𝑡

5

Table 2: Geometrical parameters of C-band prototype (centre
frequency: 4.25GHz).

Parameter Dimension (mm) Parameter Dimension (mm)
𝐿 25.1 𝑅

1
3.4

𝑊 19.4 𝐹 1.9
𝐷 11.0 𝑊

𝑡
0.6

𝐸 1.9 𝐺 5.5
𝐶 21.5 𝑅

2
3.9

𝐶
1

18.0 𝑊
1

0.6
𝐻 0.6 𝐺

1
0.6

𝐶
2

13.0 𝐻
𝑡

0.6

Experimental validations of prototypes in Figures 2 and 3
are performed into the anechoic chamber of the Microwave
Laboratory at University of Calabria, equipped for both near-
field [22–24] and far-field measurements.

For the P-band prototype, a bandwidth of about 15%
is successfully demonstrated by the measured return loss
behavior reported in Figure 4.

The operation bandwidth is further confirmed in terms
of radiation features by the measured H-plane patterns
illustrated in Figure 5 at different frequencies. As a matter
of fact, it is straightforward to observe that the cross-
polar component properly remains below the copolar field
within the entire frequency band. This advantageous result
is achieved by accurately minimizing the 𝑥-directed currents
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Figure 4: Measured return loss of P-band antenna prototype.
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Figure 5: Measured radiation patterns of P-band antenna prototype at different frequencies.
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Figure 6: Simulated current distribution on the proposed P-band antenna prototype.

on the radiating elements, which aremainly dependent on the
geometrical parameters𝐷, 𝐶, 𝐺

1
, and 𝐺

2
(Figure 1).

To demonstrate the proper reduction of the horizontal
component of the current, a plot of the simulated current
distribution on the P-band prototype at the central operating
frequency of 450MHz is reported in Figure 6. A strongly

𝑦-directed current can be observed in the strips inside the
vertical arms of the U-slot, while no relevant 𝑥-directed
current can be identified in the region outside the slot.

For comparison purpose, the simulated current distribu-
tion on a standard U-slot antenna [17] working at the same
frequency is reported in Figure 7. In this case, a relevant
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Figure 7: Simulated current distribution on a standard P-band U-slot antenna.
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Figure 8: Measured return loss of C-band antenna prototype.
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Figure 9: Measured radiation patterns of C-band antenna prototype at different frequencies.

𝑥-directed current circulation can be observed, thus causing
a more relevant cross-polar level with respect to the configu-
ration proposed in this work.

Analogous experimental validations are performed on
the C-band prototype (Figure 3), for which the measured
return loss shows an operating bandwidth of about 20%

(Figure 8).This is again confirmed by themeasured radiation
patterns of Figure 9, where the cross-polar fields are properly
maintained below the copolar components when approach-
ing the bandwidth extremes, thus overcoming the main limi-
tation in terms of high cross-polarization effects, observed in
[17] for the standard U-slot patch configuration.
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4. Conclusion

An innovative U-shaped slot antenna has been discussed in
this work to significantly overcome the limitations in terms
of high cross-polar fields for the standard U-slot patch. The
proposed slot design technique is able to provide a compact
structure with a large operating bandwidth, without occur-
ring in undesired cross-polarization effects strongly affecting
the useful radiation frequency range. An effective broadband
bandwidth between 15% and 20% has been successfully
demonstrated by experimental validations on P-band and C-
band prototypes, useful to be adopted as radiating elements
into penetrating radar systems. As a matter of fact, the
achieved broadband behavior assumes a great relevance at
the radar system level, where wideband antennas are strongly
necessary to support more demanding modes of operation,
often condensing the received echo information into more
channels, so as to enhance the radar capabilities in terms of
target classification.
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