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Ultra-wideband (UWB) antennas have recently gained prominence in communication, radar technology, and electronic warfare
domains. Te quick development of these antennas is due to the wide bandwidth requirements of pulse radar, ground penetrating
radar, electromagnetic compatibility, spaceborne communication systems, stealth target detection, and more. Aiming to address
the defects of existing UWB antennas, which often have narrow bandwidth and low gain, a planar ultra-widebandmicrostrip array
antenna was designed to achieve good ultra-wideband characteristics and efectively improve the gain of the antenna. Te initial
bandwidth of the rectangular monopole antenna was 10GHz–20GHz. After loading multiple steps on the monopole patch, the
bandwidth was increased to between 10 and 38GHz. Using the new ultra-wideband array method that combines series feed and
angle feed and the defective ground structure (DGS), the array maintains the ultrawide bandwidth span of 10–38GHz of the array
element, and the maximum gain of the antenna in the bandwidth was increased from 5.18 dBi to 9.55 dBi. Te challenge of
impedance matching of antenna units in ultra-wideband is resolved by the novel array technique, which also increases the
antenna’s gain within the bandwidth. Te antenna simulation is consistent with the measurement results. With its extensive
operating frequency band, high gain, compactness, and favorable radiation attributes, this newly designed antenna holds sig-
nifcant promise for application in UWB radar systems.

1. Introduction

UWB antennas are integral to UWB radar equipment and
are essential microwave devices in UWB wireless systems.
Te rapid development of ultra-wideband antennas is driven
by the wide bandwidth demands of systems such as pulse
radar, ground penetrating radar, electromagnetic compati-
bility, spaceborne communication systems, stealth target
detection, and more. As electronics and information tech-
nology have advanced, there is a growing trend in the
continuous evolution of ultra-wideband antennas towards
both miniaturization and broader bandwidth. Tis area has
become a focal point of research in recent years. Due to low
manufacturing cost, low profle, compact structure, and
wide impedance bandwidth, planar antennas are widely used
in the feld of ultra-wideband. However, in the antenna
design process, in addition to conventional performance
indicators such as VSWR and gain, it is also necessary to

consider the stability of the antenna pattern, radiation ef-
fciency, and antenna volume, which brings difculties to the
design of ultra-wideband antennas.

Microstrip antennas are favored for their compact di-
mensions, low profle, and ease of integration. Tey are
widely used in planar antenna arrays. Because the bandwidth
of the traditional microstrip antenna is narrow, many
scholars have done a lot of research on how to improve the
bandwidth of the microstrip antenna, for example, changing
the shape of the patch, grounding or slotting the patch, and
using a defective structure. In the studies [1–4], U-shaped
slot patches, E-shaped patches, air-hole support patches, and
stacked patches, respectively, are used to increase patch
bandwidth. Majidzadeh et al. [5] designed a quasisquare
radiating patch with steps and inserted a rectangular slot and
three steps on the ground plane to obtain new resonances
and wider bandwidths. Antenna bandwidth is from
2.78GHz to 19.38GHz, but the gain in the frequency band
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does not exceed 3 dBi. In the study [6], a broadband printed
monopole antenna containing a pot radiator fed by coplanar
waveguide (CPW) technology is designed. Troughout the
whole UWB spectrum, which spans the range of
3GHz–11GHz, the planned UWB antenna operates at
maximum gain (peak gain 4.1 dBi). To enable the antenna to
operate in the 3.1GHz–10.6GHz frequency range, the au-
thors in [7] employ a rectangular microstrip patch antenna
with truncated corners and arcs. In the frequency band, the
antenna’s maximum gain is 3.3 dBi. Te fve-level stepped
antenna designed in [8] has a bandwidth ranging from
2.3GHz to 12.8 GHz, but the gain is only about 3 dBi.

However, monopole microstrip antennas frequently
exhibit low gain throughout bandwidth. Te array com-
bining of the microstrip antenna elements is also necessary
to increase the gain of the UWB antenna. Te overall
bandwidth of the microstrip antenna array generated by
connecting each unit with the microstrip line will be im-
pacted since the microstrip line’s own bandwidth is con-
strained. As a result, it is worthwhile to research how to use
a microstrip antenna array to increase gain without sig-
nifcantly decreasing antenna bandwidth.

Series feed structures [9], parallel feed structures [10–19],
fractional and Fibonacci arrays [20, 21], and MIMO arrays
[22–24] are the most common array architectures used in the
current research for planar UWB arrays. Te series feed itself
possesses limited bandwidth characteristics. To assure the ar-
ray’s bandwidth when using it in the ultra-wideband feld, we
must extend the feed point into the patch and modify the
distance between the feeder and the patch. Tree series log-
periodic antenna was created in this paper [9]. Te 1× 9 array
among them achieves a total bandwidth of 12.2GHz between
12.2GHz and 21.71GHz, with a bandwidth increase of up to
12.0 dBi. Publications [13] employed a uniplanar compact
electromagnetic band gap (UC-EBG) structure and a wideband
monopole antenna array. In the working frequency range of
4.5GHz– 6.5GHz, the suggested wearable antenna array using
parallel feedingmay reach a high gain of 11.8 dBi– 13.6 dBi. An
8× 8 microstrip array was designed using parallel feeding in
this paper [19].Te antenna achieves an impedance bandwidth
of 22GHz–46.3GHz, obtains the maximum gain of 23.4 dBi in
the bandwidth, and excites the antenna elements using
microstrip and an H-shaped coupling groove. Te fractal and
Fibonacci technique is used in this paper [20] to extend the
ultra-wideband metamaterial microstrip unit. Te antenna
bandwidth is increased from 3.37–9.2GHz to 3.55–10.34GHz
after three iterations. Te study in [22] designed a triple band-
stop MIMO/diversity ultra-wideband antenna using notched
mushroom and electromagnetic bandgap structure technology.
Te antenna can work in three frequency bands of
3.3–3.6GHz, 5-6GHz, and 7.1–7.9GHz. Te zigzag patch
makes the perimeter of the patch larger, the impedance
matching of the array elements is enhanced, and the coupling
between the array elements is improved. Te decoupling strip
and ground slot structure provide good isolation between the
two antennas.

Te design described in this paper employs a novel
combination of horizontal corner feed and vertical series
feed to create an ultra-wideband array antenna. To increase

the antenna bandwidth, every element of the array contains
several current excitation points that can simultaneously
match several diferent frequency bands. In addition, the
performance of the antenna is guaranteed by the fact that the
feld distribution inside the antenna unit in various fre-
quency bands is unafected by one another. Moreover, the
feed network barely takes up any additional space, making
the array efcient and small. In addition, compared to other
designs in the aforementioned papers, the ultra-wideband
array created in this paper has a wider bandwidth span and
a satisfactory gain.

In this paper, an ultra-wideband high-gain array antenna
is designed using a stepped ultra-wideband microstrip an-
tenna unit and a new ultra-wideband microstrip array ap-
proach. Te antenna is compact, has a straightforward
design, and ofers greater stability and dependability. Te
impedance bandwidth is realized between 10GHz and
38GHz, with a maximum gain of 9.55 dBi. Te creation of
a brand-new planar ultra-wideband array antenna is dis-
cussed in this paper. Te antenna’s gain and bandwidth are
both guaranteed at the same time. Te measurement out-
comes attest to the intended antenna’s good performance.

2. Ultra-Wideband Antenna Unit

Te ultra-wideband antenna designed in this paper operates
in the band between 10GHz and 38GHz, and the ultra-
wideband design of the microstrip antenna unit is achieved
by loading multiple steps on the rectangular unit. Te
multilevel stepped structure at the edge of the microstrip
patch is a more efective way to expand the bandwidth and
reduce the size, and it is also an efective way to achieve ultra-
wideband. Since the strong current of the patch is primarily
distributed at the edge, processing at the edge of the patch
will have a greater impact on the current distribution of the
antenna, thus widening its working bandwidth.

Figure 1(a) shows the simulation structure of a rectan-
gular radiation unit. Considering the ultrawide bandwidth of
10GHz–38GHz and the radiation efciency of the antenna,
this paper selects the dielectric substrate of the Rogers 5880
model with εr � 2.2, tan δ = 0.0009, and thickness
h � 0.254mm. After parameter optimization, the radiation
unit size is determined asw � 7mm and l � 6.5mm.Te gap
distance between the patch and the foor greatly infuences
the impedance matching. After optimization, the feed line
length l1 � 5mm, the feed line width w1 � 0.5mm, and the
ground plane height gl � 4.7mm are determined.

Te antenna current distribution will be signifcantly
afected by processing the patch’s edge, increasing the
bandwidth. To increase the antenna bandwidth, this paper
uses the loading of 4 steps onto the patch’s edge. Figure 1(b)
shows the simulation structure of the radiation unit loaded
with 4 steps. Te antenna step width is optimized, and the
optimized antenna dimensions are as follows: the width of
the rectangular patch part w � 7mm, the length l � 6.5mm,
the feed line length l1 � 5mm, the feed line width
w1 � 0.5mm, the ground plate width gl � 4.7mm, the di-
mensions of all steps are the same, and the side length is
0.5mm. Te overall dimensions of the antenna unit are
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16.5mm× 14mm. Figure 2 shows the S-parameter simu-
lation results for loading a 4-level stepped antenna. Te
antenna has 5 resonance points, respectively, at 10.8 GHz,
17.7GHz, 20.1GHz, 28.6 GHz, and 36GHz. And the an-
tenna bandwidth range is 10GHz– 20GHz. Te frequencies
of the 5 resonance points correspond to each step size of the
antenna. Te 4-level stepped antenna’s current distribution
for each frequency point is shown in Figure 3. As can be
observed, the patch’s edge and the feeder are where the
current is most evenly spread. Because the current distri-
bution and working model alters signifcantly as the fre-
quency changes, the antenna’s pattern and impedance also
varies proportionally, which brings challenges to the im-
pedance matching of ultra-wideband antenna elements.

Figure 4 shows the slices of the gain at diferent fre-
quency points on the E-plane (yoz plane) and H-plane (xoz
plane) of the 4-level stepped antenna unit. Te maximum
gain of the radiation unit at each frequency point is shown in
Table 1. Te maximum gain of the antenna within the
operating band at each frequency point is above 3 dBi, with
good overall performance.

3. Ultra-Wideband Antenna Array

Te average gain of a monopole antenna is only 3–5 dBi,
while it can provide basic transmission and reception, it
usually falls short of the requirements of a radio system. To
increase the gain and enhance its directivity, forming an
array is often necessary. As mentioned above, due to the
large frequency band span of the UWB unit designed in this
paper, the internal feld distribution and working model
change signifcantly with frequency, and the port impedance
will fuctuate to a certain extent, which brings challenges for
the composition of ultra-wideband arrays. In order to solve
this problem, a new composition method of UWB array is
proposed. Using a feeder with a fxed width at a single feed
point will limit its bandwidth, so the author chose a com-
bination of series feed and corner feed, so that the array
element has multiple feed points for feeding. Furthermore,
the length, width, and impedance of the feeder at the ladder’s
top and the patch’s corner vary. Tis variation is designed to

match the patch’s impedance at diferent ports across
multiple frequency bands, thereby guaranteeing the array’s
bandwidth. Te impedance matching between the array
element and the feeder is realized by adjusting the distance
between the feeder elements and the width of the feeder. Te
proposed ultra-wideband array improves the gain of the
antenna and solves the problem of low gain of the existing
wideband antenna. Figure 5 displays the model for the
antenna simulation.

A radiation patch loaded with four steps was used as the
radiation unit. In the longitudinal direction, the feeding
method of series feeding is adopted, and the patches are
connected by a microstrip line with a length of l6 and a width
of w6. Te longitudinal spacing of the patches is one-half of
the wavelength of the medium corresponding to the center
frequency of the antenna. Te corner feeding mode is
adopted in the transverse direction. Te patches are con-
nected with a feeder line of width w7. Te initial value of
patch lateral spacing l7 is half of the wavelength of the
medium corresponding to the center frequency of the
antenna.
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Figure 1: Simulation model: (a) rectangular radiation patch antenna (b) 4-level ladder radiation patch antenna.
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Figure 2: S-parameters of rectangular radiation unit and 4-level
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Figure 3: Current distribution of 4-level stepped antenna: (a) 10GHz, (b) 17GHz, (c) 24GHz, (d) 31GHz, and (e) 38GHz.
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Figure 4: Continued.
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Model and simulate the antenna as shown in Figure 5.
Te simulation analysis of the patch transverse spacing l7 is
carried out. To study the impact of corner-fedmicrostrip line
on the antenna resonant frequency and pattern, change the
transverse spacing l7 from 9 to 13mm in steps of 1mm.

Figure 6 shows the change of resonant frequency and S-
parameters of the antenna with the transverse spacing of the
patch l7. With the increase of the spacing l7, each resonant
point gradually shifts to the low frequency direction. Among
which, the frst and second resonant points tend to fuse. Te
S-parameter value of the third resonant point gradually
decreases. Te return loss of the fourth resonant point is
between −20 dB and −30 dB. After extensive analysis, it was
determined that the transverse spacing l7 should be 11mm
because, when l7 is small, the antenna does not resonate in
the frequency range of 10GHz–20GHz and the impedance
is not matched, and when l7 is large, the pattern is poor.

Te width of the corner-fed microstrip line w7 was
determined to be 1mm, the length of the series-fed

microstrip line l6 to be 5mm, and the width of the feed
line w6 to be 0.3mm using the same method that was used to
simulate the transverse spacing l7.

4. The Effect of DGS on Antenna Performance

Te gap distance between the patch and the foor is crucial
for impedance matching. However, as the number of ra-
diating parts increases, simply changing the ground plate’s
size to alter the distance between the patch and the ground
will not be sufcient to modify the impedance matching of
the entire antenna. Terefore, this paper improves the
grounding plate. A rectangular slit with width wn and length
ln is opened for the ground plate, and the current distri-
bution near the ground plate is changed by using the de-
fective ground structure to improve the matching of the
antenna.TeDGS of the antenna is marked with an ellipse in
Figure 5. Te diagram below displays the results of the
simulation analysis.
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Figure 4: Gain of 4-level stepped antenna: (a) 10GHz, (b) 17GHz, (c) 24GHz, (d) 31GHz, and (e) 38GHz.

Table 1: Te maximum gain of the radiation unit loaded with four steps at each frequency point.

Frequency (GHz) 10 17 24 31 38
Maximum gain (dBi) 3.33 4.8 4.68 5.18 4.59

w6
l6

w7

l7

z

y

x

(a)

wn
ln

(b)

Figure 5: Simulation model of 2× 3 UWB array antenna: (a) front side and (b) back side.
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Figure 7 shows that the efect of changing the ground
plane width gl on the impedance matching in the frequency
range of 17GHz–23GHz is relatively minimal when no slot
is created. After carving a tiny rectangular groove on the
ground plate, the distributed capacitance and distributed
inductance are modifed to provide the band-pass charac-
teristic in the aforementioned frequency range. Figure 8
clearly shows that the S11 value after slotting is lower than
that without slotting in the 17GHz–23GHz frequency band.
Te matching impact of this frequency band improves as the
length of the slot ln increases, but it also causes the matching
of higher frequency bands to deteriorate. Trough simula-
tion, it was found that the length of the rectangular slot
should be 0.3mm.

Te antenna’sQ value will be slightly lower after slotting,
and the antenna’s impedance matching needs to be reop-
timized. After making the necessary adjustments to place
size and impedance matching, the following antenna sim-
ulation results are attained.

Te size of the optimized array antenna is
36mm × 30mm. Figure 9 displays the UWB array an-
tenna’s S11 simulation results. Te antenna resonates at
the following four frequencies: 11.3, 15.7, 24.1, and
31.2 GHz. Compared with the radiating element, the
resonant frequency of the array antenna changes. Tis is
due to the antenna’s current distribution being altered
when the ground plate is cut and the radiating units are
connected using the series feeder and corner feeder, which
changes where the strong current is located on the ladder
and shifts the resonance frequency. Te impedance
bandwidth of the antenna, which still covers
10 GHz–38 GHz, remains unaltered after the array is
created.

Te comparison of the maximum gain of the UWB
antenna unit and array at each frequency is shown in
Figure 10. As shown in Table 2, the maximum gain of the

UWB array antenna at 10 GHz, 17 GHz, 24 GHz, 31 GHz,
and 38 GHz is signifcantly higher than that of the radi-
ation unit. Te antenna achieves the efects of increasing
gain and enhancing directivity. Meanwhile, in the design
of the array, there are two ways to feed the array elements.
Te radiating elements are directly connected by the series
feeder and the corner feeder, which reduces the antenna
size and realizes the antenna’s miniaturization design. Te
array antenna E-plane (yoz plane) and H-plane (xoz
plane) gain slices at diferent frequency points are shown
in Figure 11. Figure 12 shows the radiation efciency of
the antenna unit and the array, both of which are in the
range of 0.8-0.9.
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5. Measurement and Analysis of UWB
Array Antenna

Te designed array antenna is manufactured. Te substrate
of the antenna is made of Rogers 5880 plate with a thickness
of 0.254mm, which is consistent with the simulation model.
A suitable microwave coaxial connector is then soldered at

the antenna feed point. Figure 13(a) shows the physical
appearance of the 36× 30mm2 UWB array antenna for the
frequency range of 10GHz–38GHz. Figure 9 presents the
measurement results. According to the measurement results,
the antenna exhibits 5 resonance points between 10GHz and
38GHz. Te simulation results correspond to the frst res-
onance point (11GHz), second resonance point (15.7GHz),
and ffth resonance point (31.2GHz), while the third and
fourth resonance points emerge from the third resonance
point (24.1GHz) in the simulation results. In actuality, the
radiating unit loaded with four steps should potentially
create fve resonance points, according to the design prin-
ciple. But after the grounding plate is slit and each radiating
unit is connected by a series feeder and a corner feeder, the
antenna’s current distribution is altered, and the position of
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Figure 9: Simulation and measurement results of the 2× 3 UWB array antenna’s S-parameter.
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Table 2: Measured and simulated results of the gain at each fre-
quency point of the 2× 3 UWB array antenna.

Frequency (GHz) 10 17 24 31 38
Simulated maximum gain (dBi) 4.45 7.3 9.55 8.07 6.26
Measured maximum gain (dBi) 4.33 6.95 9 7.76 5.4
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Figure 11: Gain of UWB array antenna: (a) 10GHz, (b) 17GHz, (c) 24GHz, (d) 31GHz, and (e) 38GHz.
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the strong current shifts, resulting in the combination of the
third and fourth resonance points into a single point during
simulation.

Te antenna gain is measured using the comparison
method. Maintain the same receiving antenna location,
transmitting antenna power, and transmitting antenna
position. Both the measurement antenna and the standard
antenna with known gain are employed as receiving an-
tennas, and the power they receive is measured. Te gain of
the measurement antenna can be calculated based on the
principle that the power density close to the receiving an-
tenna stays constant. Te gain on the E- or H-plane can then
be determined by rotating the antenna along its E- or H-
plane. Measure the gain of the antenna at fve frequency
points of 10GHz, 17GHz, 24GHz, 31GHz, and 38GHz,
respectively. Table 2 shows the simulation and measurement
comparison of the peak gain. Figure 13(b) is a photo of the
ultra-wideband array during gain measurement in a mi-
crowave anechoic chamber. Figure 11 compares the E-plane
(yoz plane) and H-plane (xoz plane) gain slices of the array
antenna measured and simulated at various frequencies.
Tere is a lot of noise at 38GHz since the equipment being
used is getting close to its maximummeasurement frequency
limit, making themeasured gain curves appear unsmooth. In
addition, the actual gain is slightly less than the simulation
because of the testing loss, but the overall trend is consistent
with the simulation results.

6. Conclusions

Tis paper describes the design process of planar UWB
antenna arrays. Te UWB antenna unit is designed frst. Te
antenna unit’s bandwidth is increased from 10–20GHz to
10–38GHz by loading multilevel steps on a conventional
rectangular microstrip patch and altering the current dis-
tribution at the patch’s edge. Te UWB elements are then
assembled into arrays. Te array uses a series feed mode
longitudinally and the corner feed method transversely. Te
longitudinal and transverse array element spacing and feeder
width are adapted, and the defective ground structure is used
to adjust and optimize the performance of the array. As
a result, the maximum gain of the ultra-wideband antenna
array at 10GHz, 17GHz, 24GHz, 31GHz, and 38GHz
reaches 4.45 dBi, 7.30 dBi, 9.55 dBi, 8.07 dBi, and 6.26 dBi,

respectively, which is a signifcant improvement compared
to ultra-wideband units. Finally, the designed antenna is
processed and measured, and the empirical results validate
the correctness of the design method, and the antenna ex-
hibits good performance.
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