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In this paper, a wideband slot antenna element and its array with stereoscopic differentially fed structures are proposed for the
radar system. Firstly, a series of slots and a stereoscopic differentially fed structure are designed for the antenna element, which
makes it possess a wide bandwidth, stable radiation characteristics, and rather high gain. Moreover, the stereoscopic feeding
structure can firmly support the antenna’s radiation structure and reduce the influence of feeding connectors on radiating
performance. Secondly, a 4× 4 array is designed using the proposed antenna element. And a hierarchical feeding network is
designed for the array on the basis of the stereoscopic differentially fed structure. For validation, the antenna element and 4× 4
array are both fabricated and measured: (1) the measured − 10 dB impedance bandwidth of the antenna element is 62%
(6.8–12.9GHz) and the gain within the entire band is 5–9.7 dBi and (2) the measured − 10 dB impedance bandwidth of the array is
approximately 50% (7 to 12GHz) with its gain being 14–19.75 dBi within the entire band. Notably, measured results agree well
with simulations and show great advantages over other similar antennas on bandwidth and gain.

1. Introduction

In recent years, radar systems have received widespread
attention for their ability to detect, identify, and monitor a
variety of targets. Many of their most recent advances in-
clude system miniaturization, a reduction in overall weight,
and an increase in performance rate. In particular, the
development of high-performance antennas with wider
bandwidths, higher gain, and stable radiation patterns is
promising for vital applications in radar systems. Microstrip
slot antennas have been widely studied and applied to many
radar systems because of many advantages like their light-
weight, low profile, low cost, and ease of integration [1, 2].
However, the bandwidth of traditional microstrip slot an-
tennas is rather narrow. -erefore, there is great interest in
the design of microstrip slot antennas with high gain and
wide bandwidth for the side-fire antenna array that are
optimized for radar systems [3–5]. Apart from traditional
microstrip slot antennas, tapered slot antennas [6, 7] have a

wide operating bandwidth, but they are end-fire antennas
and have a large longitudinal dimension. -erefore, it is
difficult to be used for side-fire antenna arrays.

To expand the bandwidth of slot antennas, various
techniques have been employed. A direct method is using
multiple narrow slots with different lengths [8]. -e radi-
ating slots are designed with three unequal arms in length
fed by coplanar waveguides, as in [8], to produce three
distinct resonances. And a wide impedance bandwidth can
be realized by combining different resonance sources.
Modifying the form or structure of the radiating slot is
another way to expand the bandwidth. -is process mainly
includes adding shorting vias, loading parasitic patches, or
increasing coupling slots [9–13]. In [9], with the shorting
vias loading, the lowest mode in the substrate integrated
waveguide (SIW) cavity is shifted upward and coupled with
two higher order modes. -erefore, a wide bandwidth that
includes three resonances is realized. Another similar
wideband stacked patch antenna is designed in [14], and the
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antenna enhances the coupling between an excited dipole and
an unexcited dipole by introducing four fan-shaped parasitic
patches. By changing the antenna’s resonant mode, this
method can extend the bandwidth to 51%. However, the
configurations of these antennas mentioned above are in-
tricate, which increases the difficulty of designing feeding
structures to achieve good impedance matching. Acting as a
simple radiation structure, wide slots are widely used to
design wideband antennas. Cavity-backed slot antennas
(CBSAs) have the advantages of large bandwidth and high
gain. In [15], a rectangular wide slot is applied, along with a
metal cavity, to design a CBSA, which achieves a wide im-
pedance bandwidth of 40% and high gain of 8 dBi. However,
its array has only the impedance bandwidth of 30%. Similar
work can also be found in papers [16–18]. But it should be
noted that the reported CBSAs do not exceed a 40% im-
pedance bandwidth. In addition, these antenna structures are
costly and have a complicated fabrication process. To extend
the antenna’s bandwidth, increasing the width of the slots is a
good way. However, on the contrary, wider bandwidth may
cause schismatic or asymmetric radiation patterns [19].

-e differentially fed structures can excite the antenna
through differential signals with equal amplitude and op-
posite phase. -erefore, this method of applying differential
signals to excite antennas is an effective way to stabilize
antenna patterns by suppressing cross-polarization levels
while maintaining the broadband characteristic of the an-
tenna. Moreover, the feeding structure can be directly
connected to the differential circuits without an additional
balun and is easy to realize full integration. By adopting
differential feeding, via two coplanar ports, a wideband ring
slot antenna is designed in [20], which achieves a 51%
bandwidth with a stable radiation pattern within the op-
erational bandwidth. However, the coplanar differentially
fed structure increases the size of the antenna and cannot be
used to integrate a differentially fed antenna array. In [21],
the coupled dipole array with wideband differential feeding
has a wide operating bandwidth. But its differential feeding
structure is complex, and a feeding network cannot be
designed for antenna array integration.

To satisfy the high-gain requirements of radar systems, a
4× 4 planar array needs to be further investigated in this
paper. However, the 4× 4 differentially fed arrays are rarely
proposed because of the difficulty of designing differential
feeding networks.-erefore, it is a key challenge to design an
appropriate feeding network for the differentially fed array.

In this paper, a wideband differentially fed planar circular
slot antenna element and a 4× 4 antenna array are designed
based on the stereoscopic feeding structures. -e proposed
antenna has triple resonance in its operation bands. -e
triple-resonance antenna is analyzed with its field distribu-
tions and surface current distribution. With two rectangular
slots loading, a lowest mode is created and coupled with two
higher order modes. -erefore, a wide bandwidth with triple
resonance is realized. To achieve a stable wideband radiation
pattern, a stereoscopic differentially fed structure is in-
troduced, and it can also avoid the influence of the joint and
exciting components on the antenna’s performance and plays
an important role in supporting the antenna structure. And

based on the stereoscopic feeding structures, a hierarchical
feeding network is designed to solve the problem of designing
wideband differentially fed antenna arrays. Finally, to further
validate the capability of the proposed antenna, an antenna
element and a 4× 4 antenna array are designed, fabricated,
and tested.

2. Antenna Configuration

Figure 1 shows the configuration of the proposed wideband
differentially fed slot antenna. -e proposed antenna con-
sists of three components: the radiating part, the feeding
part, and the ground plane. An exploded view of the pro-
posed circular slot antenna is illustrated in Figure 2. -e
radiating part consists of a two-layer F4BM substrate with a
relative permittivity εr of 2.2 and a loss tangent of 0.0007.
-e thickness of the single-layer F4BM substrate is 1mm.
Multiple radiating slots are etched on the top and bottom
layers of the double substrate. -e circular slot is the main
radiating structure, and two rectangular slots printed on the
bottom layer of the substrate are used to expand antenna
bandwidth and connect the feeding structures.-e two-layer
grounded substrate with a central conductor strip forms
a strip line, which is used to feed the radiating slots. -e
feeding part consists of a pair of stereoscopic feeding
structures formed by strip lines. To realize the differential
feeding, two differential ports (designated as port 1(+) and
port 2(− )) shown in Figure 1(b) are connected with the
differential circuit via two 50Ω SMA connectors, which use
two equal-amplitude and reverse-phase signals to excite the
antenna.-e vertical strip lines and the horizontal strip lines
are connected by using two rectangular holes dug in the
lower substrate of the radiating part and two bumps added
on the outer substrates of the feeding part, as shown by the
dotted line in Figure 2. -e thickness of the coating metal is
0.035mm.-emetal vias with a diameter dv of 0.25mm and
a pitch df of 0.45mm are arranged in rows at the end of the
feeding lines, which serve as an extension of the metal
ground to ameliorate the grounding discontinuity, which
improves the impedance characteristics. To obtain a uni-
directional radiation pattern, the proposed antenna is fixed
above a square-shaped reflecting plane. Both the feeding
network and the antenna part are designed with strip line
components to reduce the transmission loss and mutual
coupling between the complex feeding networks. Finally,
two differential ports are adopted to excite the slots through
the stereoscopic feeding structures. -e dimensions of the
proposed antenna are optimized with CST Microwave
Studio 2018.

3. Antenna Design and Analysis

3.1. Design Process. -e evolution of the proposed antenna is
shown in Figure 3, and the corresponding reflection co-
efficients, gains, and radiation patterns are displayed in
Figures 4 and 5. In general, the impedance bandwidth of these
conventional slot antennas is very narrow because of the
limitations of the structure. However, former research
demonstrates that the adoption of wide slots in antenna
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design is a simple and effective approach to achieve wide
bandwidth. -us, to achieve a wide impedance bandwidth, a
circular slot is introduced. First, we design the antenna, which
is marked as Ant. 1 and shown in Figure 3(a). Ant. 1 can
develop two resonant frequencies which aremarked asf1 and
f2, but the impedance bandwidth is limited. In addition, an
obvious beam deflection in the E-plane and beam splitting in
the H-plane occur at the higher frequency band because of the
asymmetry of the feeding structure, as shown in Figure 5. To
obtain a stable wideband radiation pattern, another feedline is
introduced in Ant. 2. -e differential feeding is achieved with
two feedlines. -e benefit can also be seen in Figure 4(a) after
differential feeding is introduced. -erefore, both the reso-
nant frequencies f1 and f2 move towards lower frequencies

because of the influence of the feeding phase between the two
differential feedlines. Meanwhile, two resonance points move
closer to each other, and the impedance matching is im-
proved. From Figure 5, it also can be found that the radiation
patterns in Ant. 2 have been greatly improved and significant
beam deflection and splitting disappeared. But there is still a
slight deflection in the E-plane. To expand the bandwidth of
the proposed antenna and further stabilize the antenna’s
patterns, a stereoscopic feeding structure and two rectangle
slots are introduced in Ant. 3. Two rectangle slots are etched
onto the bottom of the double substrate to expand the
bandwidth of Ant. 3, which excites an additional resonant
mode at lower frequencies. By combining multiple resonant
modes, a wide impedance bandwidth is obtained. Furthermore,
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Figure 1: Configuration of the proposed circular slot antenna (unit: mm; ww � 25, my � 21, sr � 10.2, lx � 0.4, dw � 1.3, ly � 8, hc � 8,
cw � 16, h � 1, dv � 0.25, df � 0.45, kw � 1, kl � 1). (a) Top view. (b) Front view. (c) Left view. (d) Lower-layer slot and feed slot.
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Figure 2: Exploded view of the proposed circular slot antenna.
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as shown in Figure 4(b), the gain of the proposed antenna with
a stereoscopic feeding structure is significantly improved
within the bandwidth of 9–12GHz. -e electrical field dis-
tribution, between the radiation slot and metal reflective
surface, is more concentrated because of the stereoscopic
feeding structure.

3.2. Character Analysis of the Proposed Antenna. To better
understand the working mechanism of differential feeding of
Ant. 3, the E-field distribution of a circular slot aperture with
single feeding and differential feeding is shown in Figures 6(a)
and 6(b), respectively. As shown in Figure 6(a), the cross-
polarized components in the H-plane are generated because
of the asymmetrical structure of the single-fed slot antenna.
When another feedline is added, the antenna is excited by
differential signals, and the E-field distributions in the circular
slot become symmetric, as shown in Figure 6(b); this leads
to two equal-amplitude and reverse-phase cross-polarized
components in the H-plane. -e cross-polarized radiations
can be effectively cancelled out. -us, the radiation patterns
are improved. In conclusion, the differential feeding reduces

the cross-polarization. And simultaneously, stable radiation
patterns and high gain are obtained in the main radiation
direction.

To better explain the wideband working mechanism and
radiation characteristics of the proposed Ant. 3, the current and
E-field distributions of the proposed antenna at three different
resonant points (7.68GHz, 8.86GHz, and 11.26GHz) are
shown in Figures 7(a)–7(f). -e resonant frequency is
mainly determined by the electrical length of the slots. As
shown in Figure 7(a), the current distribution of the first
mode (at 7.68GHz) mainly concentrates on the edges of two
rectangular slots and circular slot etched on the bottom of
the substrate. -e introduction of the two rectangular slots
increases the length of the current path and causes the
proposed antenna to generate a new resonant mode at
7.68GHz. Figures 7(b) and 7(e) depict the current and E-field
distributions of the second resonant mode at 8.86GHz. -e
current distribution is mainly concentrated on the edges of
the circular slot. We can observe that the circular slots are
excited with the differential signal with the same amplitude
and opposite phase, which produces the TE11 mode at the
circular aperture. Figures 7(c) and 7(f) represent the current

Ant. 1 Ant. 2 Ant. 3

Figure 3: Evolution of the proposed antenna (Ant. 1: single feeding antenna; Ant. 2: differentially fed antenna; Ant. 3: stereoscopic
differentially fed antenna).
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Figure 5: Simulated radiation patterns in the evolution of the antennas at different frequencies. (a) E-plane at 8GHz. (b) H-plane at 8GHz.
(c) E-plane at 10GHz. (d) H-plane at 10GHz. (e) E-plane at 12GHz. (f ) H-plane at 12GHz.
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and the E-field distributions of the third resonant mode at
11.26GHz. -is shows that the resonant mode is also pro-
duced by the circular slot. When the circular slot is excited
with differential signals, the high-order resonant mode of
TE21 is generated at 11.26GHz. -us, the impedance
bandwidth is broadened by combining the three modes of the
proposed antenna.

To better explain the gain variation of the Ant. 3, the near
E-field distribution of the antenna without stereoscopic
feeding structures (Ant. 2) and with stereoscopic feeding
structures (Ant. 3) is shown in Figure 8. -e antenna without
stereoscopic feeding structures could support the entire
electric field distribution on the top of the reflective plane, as
shown in Figure 8(a).When the stereoscopic feeding structure

(a) (b)

Figure 6: E-field distribution at 10GHz of (a) a single-fed antenna and (b) a differentially fed antenna.

(a) (b) (c)

(d) (e) (f )

Figure 7: E-field distribution and surface current distribution of the proposed antenna at (a, d) 7.68GHz, (b, e) 8.86GHz, and (c, f )
11.26GHz.
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is adopted, an equivalent semiclosed cavity is formed together
with the metal reflective plane. -e stereoscopic feeding
structures limit the electrical field into the semiclosed cavity,
and the near E-field distribution on the top of the reflective
plane is enhanced, as shown in Figure 8(b). -e enhanced
electric field distribution significantly enhances the aperture
efficiency of the proposed antenna. -erefore, the beamwidth
of the antenna becomes narrow and the gain is increased
within the bandwidth of 9–12GHz. However, the stereoscopic
feeding structures can only work within a narrow bandwidth.
On the radiation aperture surface, a part of the electric field
reflected from stereoscopic feeding structures is offset at
8GHz because of the opposite direction of the electric field.
-erefore, the radiation efficiency of the proposed antenna is
reduced, and the gain is decreased. Simultaneously, the in-
troduction of the stereoscopic feeding structure reduces the
equivalent radiation aperture of the antenna at lower fre-
quencies in the E-plane, which increases the beamwidth of the
patterns and decreases the gain of the proposed antenna.
Despite this, the gain of the proposed antenna is high at the
X-band, and the 3 dB gain bandwidth of the proposed an-
tenna is 52%. More importantly, the stereoscopic feeding
structures can improve the antenna bandwidth and are
beneficial to the design of the antenna array.

3.3. Parametric Study of Antenna Elements. In order to in-
vestigate the effects of the design parameters on the im-
pedance bandwidth of Ant. 3, some key parameters are
evaluated, as shown in Figures 9–12. Only one parameter is
studied at a time, while the other parameters are fixed.

Figure 9 shows the frequency behavior of |S11| of the
proposed antenna for different values of parameter Sr.
According to Figure 9, when Sr increases from 9.7 to
11.2mm, the resonant frequency of the second and third
resonance points moves to lower frequencies and impedance
matching is improved, but the impedance bandwidth de-
creases at higher frequencies. -is means that the parameter
Sr plays an important role in controlling the second and
third resonant frequency points, the impedance matching,
and the bandwidth of the proposed antenna. To obtain a
wide impedance bandwidth and good impedance matching,
the value of the parameter Sr is chosen to be 10.2mm.

To observe the effect of two extra parasitic slots on the
antenna impedance bandwidth of Ant. 3, the length cw is

evaluated. As shown in Figure 10, the lower resonant
frequency moves toward the higher frequency as the length
cw of the rectangular slots decreases. When the length cw is
reduced to 10mm, the first resonant point disappears,
whereas the second resonant frequency changes slightly
and the third resonant point remains unchanged, as is
shown in Figure 8. -erefore, this means that cw plays a
crucial role in controlling the first resonant frequency. It
can be explained that the introduction of two extra par-
asitic slots increases the current path length of the radi-
ation aperture and causes the proposed antenna to
generate a new resonant mode at lower frequencies. To
obtain a wide operating bandwidth, cw � 16 is selected.

-e dimension of the feedline is studied in Ant. 3, as
shown in Figure 11. It is observed that when the feedline
length ly increases, the curve of |S11| goes up in the lower
frequency bands and goes down in the higher frequency
bands; this suggests that the feedline length ly has a great
effect on impedance matching. To obtain a good impedance
match, the optimal feedline length ly is set to 8mm.

In the process of designing an antenna element with a
metal reflector, the dimension of the metal reflecting surface

(a) (b)

Figure 8: Near E-field distribution of the antenna in the E-plane at 10GHz (a) without stereoscopic feeding structures and (b) with
stereoscopic feeding structures.
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has less influence on the performance of the antenna array,
so it is not optimized. But the distance hc between the slot
antenna and the reflector has to be studied in Ant. 3. -e
frequency behavior of |S11| of the proposed antenna for
different values of the distance hc is shown in Figure 12. We
can observe that when the distance hc increases, both the
lower and higher resonant frequencies shift to the lower
frequency bands. -is means that distance hc has a great
impact on the antenna’s operating frequencies. -erefore, to
obtain an appropriate operating bandwidth, the distance hc

is chosen to be 8mm.

3.4. Simulated and Measured Results of Antenna Elements.
-e fabricated prototype of the proposed antenna element
is shown in Figure 13. -e full-wave simulated and

measured results of return loss and gains of the antenna
element are shown in Figures 14(a) and 14(b), which re-
veals that the measured impedance bandwidth reaches 62%
(6.8–12.9 GHz) for S11< − 10 dB and the simulated maxi-
mum gain is 9.7 dBi at 11 GHz. -e measured results are
consistent with the simulated results. But because of the
fabrication accuracy and test errors, the measured reso-
nance frequencies were slightly changed. -e measured
gain is about 0.5 dB lower than the simulated results at
10 GHz.-emain reason for this difference is mostly due to
a combination of fabrication accuracy and material loss.
-e impedance matching deteriorates at 10 GHz, which
results in a decline in antenna radiation efficiency.
-erefore, the antenna gain attenuates at 10 GHz. -e
radiation patterns in both the E-plane and H-plane at
7.5 GHz, 10 GHz, and 12.5 GHz are shown in Figures 15(a)
and 15(b). Good unidirectional radiation characteristics
and a stable radiation pattern are obtained within the entire
band. Above all, in comparison with the similar previously
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proposed antennas [10–20], the impedance bandwidth is
visibly wider.

4. Differentially Fed Antenna Array Design

To satisfy the requirements of high gain in radar systems, it
is an effective way to design an antenna array. However, the
feeding network using the traditional planar microstrip
feedline layout is not satisfied for designing a 4× 4 dif-
ferentially fed antenna array. -erefore, to obtain a com-
pact wideband slot antenna array for radar systems, a
hierarchical feeding network based on the stereoscopic
feeding structure is proposed. To obtain a higher gain and
reduce the mutual coupling between antenna elements,

elements are arrayed with a constant spacing of 23mm in
both x- and y-directions.

Figure 16 shows the configuration of the proposed
wideband differentially fed slot antenna array. Figures 16(a)
and 16(b) show the top view and front view of the antenna
array, respectively. -e metal vias are arranged in rows
between the radiation elements that are used to reduce the
mutual coupling and improve the impedance bandwidth of
the antenna array. -e feeding network of the proposed
antenna array is shown in Figures 16(c) and 16(d), and it
consists of two parts: a 1-to-4 stereoscopic feeding power
divider and a 1-to-4 planar feeding power divider. -e
feeding network designed by using strip lines is printed on
the F4BM substrate with a relative permittivity εr of 2.2 and a
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Figure 15: Simulated and measured co- and cross-polarization radiation patterns of the proposed antenna element at 7.5GHz, 10GHz, and
12.5GHz. (a) E-plane. (b) H-plane.
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thickness h of 1mm.-emetal vias at the end of the feedline
are used to ameliorate the ground discontinuity. In order to
observe the array structure more clearly, an exploded view of
the proposed antenna array is illustrated in Figure 17(a).

-e evolution steps of the 4× 4 antenna array can be
divided into three steps: First, a 1× 4 element line array is
designed with the proposed antenna element, and the 1-to-4
power divider is designed in the two stereoscopic feeding

(a) (b)

(c) (d)

Figure 16: Configuration of the proposed antenna array. (a) Top view. (b) Front view. (c) Planar feeding power divider. (d) Stereoscopic
feeding power divider.
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network 
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network

SMA
connector

SMA
connector

(b)

(c)

Figure 17: (a) Exploded view of the proposed antenna array. (b) Hierarchical feeding configuration of the proposed antenna array.
(c) Hierarchical feeding network of the proposed antenna array.
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structures. -en, the proposed 1× 4 antenna element sub-
array is expanded to a 4× 4 antenna array. Two planar power
dividers are printed in the ground reflective plane to excite
four differential ports with differential signals, respectively.
Finally, the stereoscopic feeding network and the planar
feeding network are integrated. To make it easier to un-
derstand the feeding structure of the 4× 4 array, the hier-
archical feeding configuration and the hierarchical feeding
network of the proposed antenna array are shown in
Figures 17(b) and 17(c). -e optimal impedance match is
achieved by optimizing the dimensions and structure of the
proposed array.

5. Experimental Results

To further validate the capability of the design, a prototype of
the proposed 4× 4 wideband slot antenna array was fabricated
and tested, as shown in Figure 18. -e simulated and mea-
sured reflection coefficients are illustrated in Figure 19(a). A
good agreement between simulated and measured results is
obtained. -e measured fractional impedance bandwidth for

S11< − 10 dB is wider than 50% over a 7 to 12GHz frequency
range. Although we can observe that the measured reflection
coefficient of the proposed antenna array deteriorates at
8.5GHz and 10.5GHz from Figure 19(a), it is still less than
− 10 dB. -e main reason for the difference may be the in-
fluence of fabrication accuracy, especially the welding joint at
the corner of the feeding network which is not standardized.
-e simulated and measured gain results are depicted in
Figure 19(b) and show that the measured gain range is 14–
19.75 dBi. -e simulated and measured gain results share
similar trends, but the measured gain is about 1.0 dB lower
than the simulated gain.-emain reason for this difference is
fabrication error and material loss. Moreover, in the process
of measurement, the differential circuit components, used for
measuring the radiation characteristics of the purposed an-
tenna, may also exhibit a negative effect.-erefore, we should
pay attention to the effect of the external differential circuit
components on the antenna gain during the measurement
process.

-e simulated and measured normalized radiation
patterns in both the E-plane and H-plane at 8GHz, 9.5GHz,

Figure 18: Photograph of the fabricated antenna element and antenna array.
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Figure 19: Simulated and measured |S11| (a) and boresight gains (b) of the antenna array.
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Figure 20: Simulated andmeasured co- and cross-polarization radiation patterns of the proposed antenna array at different frequencies. (a) E-plane
at 8GHz. (b) H-plane at 8GHz. (c) E-plane at 9.5GHz. (d) H-plane at 9.5GHz. (e) E-plane at 11GHz. (f) H-plane at 11GHz.
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and 11GHz are shown in Figure 20. -e measured results
are consistent with the simulation results. Moreover, the
antenna has a stable, unidirectional radiation pattern within
the operational frequency band and shows a cross-polari-
zation level less than − 20 dB at boresight. However, because
of the impact of the test environment and fabrication ac-
curacy, there is a deviation between the measured and
simulated results about the side lobes and the cross-polar-
ization levels. In the demand of radar systems, the cross-
polarization levels of the antenna have negligible effect on
the performance of the radar systems. -us, the proposed
antenna fully meets the requirements of the indicator.

Table 1 shows the comparison between the proposed
antenna and the previously reported antennas. Observations
of Table 1 show that the proposed antenna has a wider im-
pedance bandwidth compared to the reported antennas.
Moreover, the proposed antenna has a higher gain compared
to the reference antennas in [5, 12–14]. -e gain of the cavity-
backed slot antenna array in [15] is higher than the gain of the
proposed antenna, but the cavity-backed slot antenna is heavy
and costly and has a complicated fabrication process. Al-
though the reflection surface of the proposed antenna element
and the array takes a relatively large dimension, the size of the
reflection surface has little effect on the performance of the
antenna because of the introduction of the semiclosed cavity
formed by the stereoscopic feeding structures. -erefore,
compared to the antennas referred above, the proposed
antenna has a wider impedance bandwidth, high gain,
lightweight, and a more compact structure. Although the
cross-polarization level of the proposed antenna is around
− 20 dB, which is average compared with that of other dif-
ferential antennas, it has already met the application re-
quirements of radar systems.

6. Conclusion

In this paper, a wideband differentially fed slot antenna
element and a 4× 4 antenna array are proposed and fab-
ricated. Two rectangular slots are introduced to extend the
impedance bandwidth by creating a new resonance point. A
series of benefits are brought by using the stereoscopic
feeding structure. Firstly, it can improve the beam offset and
splitting of the radiation patterns by reducing the cross-
polarization. Secondly, it can reduce the influence of the

exciting structure and plays an important role in supporting
the antenna structure. -irdly, based on the stereoscopic
feeding structures, a hierarchical feeding network is pro-
posed to design a 4× 4 differentially fed antenna array. -is
method maintains the wide impedance bandwidth and
stabilizes the antenna’s radiation pattern. -e antenna ele-
ment and 4× 4 array prototype are fabricated and tested,
which verifies the theory proposed in this paper and
characteristics of wideband and high gain. All in all, the
proposed antenna array is a valuable candidate for modern
wideband radar systems.
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