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ABSTRACT: This article presents the results of bandwidth enhancement method analysis for a stacked microstrip antenna. Based on the
analysis results, a new design of a wideband, compact, high-strength antenna is proposed. The antenna operates in a wide frequency
band of 4660 to 6048MHz (∼ 26%) with an impedance bandwidth matching of 15 dB; throughout its whole operating frequency range,
the antenna gain is from 11 to 13.4 dBi. The antenna allows it to form a specific shape of radiation pattern with coverage predominantly
in the upper (lower) hemisphere and a fixed main lobe deflection angle about 4 degrees in the elevation plane. The antenna consists of
a wideband E-shaped active exciter and four passive rectangular exciters placed above the conductive plane (screen). All elements are
made of sheet metal (e.g., stainless steel). The antenna size is 1.4λmax × 1.4λmax (1.6λ0 × 1.6λ0). The analysis of the characteristics of
the designed antenna was performed using simulation in the ANSYS EM Suite. A prototype was made, and its properties were measured.
The proposed antenna may be designed with a different frequency band with a matching band about 25% and can be used as a wireless
communication system repeater or small cell antenna, as a ground station antenna in unmanned aircraft systems, or for other wideband
applications with high gain.

1. INTRODUCTION

In the field of mobile communications, the use of wideband
and multi-band antennas has advanced significantly over the

past two decades. These antennas, designed for the use in mo-
bile devices, repeaters, and base stations, exhibit a wide range
of shapes and sizes adapted for specific radiation pattern (RP)
requirements. Throughout this period, numerous research stud-
ies have been conducted, and a great number of noteworthy
studies, articles, and books have been spread within this field.
Various methods have been proposed to expand the operating
frequency band of antennas, for example [1–46]. Nonetheless,
as robotic systems grow at a rapid pace, there is a renewed in-
terest in antenna research.
The development of diverse robotic systems, most notably

unmanned aerial systems (UASs), represents an exceptional
and rapidly advancing technological frontier. A conventional
UAS is made up of a ground control station (GCS) and several
unmanned aerial vehicles (UAVs). The standard wireless prop-
agation channel of a UAS can be separated into two categories:

• payload communications, which can be narrowband or
wideband (application-dependent);

• control and non-payload communications (CNPC) for
telemetric control of UAVs.

The payload communication channel is often referred to as
the Intelligence Surveillance and Reconnaissance Data Link.
A Command-and-Control Data Link (C2DL) is essentially the
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same as CNPC. Typically, the function of C2DL is to provide a
command-and-control uplink and a telemetry downlink for sin-
gle or multiple UAVs, a limited narrow band sensor downlink
for UAV sensors, voice communication, and a network-enabled
capability to support multi-node communication. UAS con-
ducts wireless communication in both civilian andmilitary con-
texts by using sufficiently wide frequency bands. When wire-
less communication is organized between a GCS and a UAV, a
major challenge is to provide radio communication at a certain
distance, while the GCS antenna must ensure radio coverage in
a certain fixed area [5, 47].
The article presents the design of an antenna operating in the

wide frequency band of 4660 to 6048MHz (∼ 26%). The an-
tenna gain is 11–13.4 dBi. Meanwhile, unlike an antenna ar-
ray, it is small in size (1.4λmax × 1.4λmax or 1.6λ0 × 1.6λ0)
and does not require a complex feeding network. The proposed
antenna can be used as a wireless communication system re-
peater or small cell antenna as a ground station antenna in un-
manned aircraft systems or other wideband applications with
high gain. The analysis of techniques for expanding the antenna
frequency band, initially mentioned in [44], provides the basis
of the newly proposed wideband high-gain antenna design.

2. THE MICROSTRIP ANTENNAS OPERATING FRE-
QUENCY BAND EXPANDING METHODS

An antenna is considered wideband if its matching band (band-
width) is as follows for a specific level of voltage standing wave
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ratio or reflection coefficient (Sii magnitude) [5]:

BW =
fu − fl

fc
· 100% = 2 · fu − fl

fu + fl
· 100% ≥ 10%, (1)

where fu is the upper frequency of the operating range, fl the
lower frequency of the operating range, and fc the central fre-
quency of the operating range.
Some options to increase the operating frequency band of

patch antennas were considered in [1–46]. A means to en-
hance the matching bandwidth of a patch antenna is to use a
passive element rather than an active one, resulting in an elec-
tromagnetically coupled patch antenna (ECPA). There are sev-
eral research papers that explore this technique, including [1–
5]. Through the implementation of this approach, the antenna
matching band can be expanded to approximately 15–20%.
These antennas typically exhibit gains ranging from 5 to 7 dBi.
It is possible to increase the matching bandwidth of antennas by
more than 20% by using different feed methods, as shown, for
example, in [5], where a bandwidth about 33% was achieved
with uniform characteristics in the operating frequency band.
Through the precision cutting of slits in a defined shape in the

radiating patch, one can effectively broaden the working band
of a microstrip antenna [6–13]. The most popular of these an-
tennas are the so-called U-shaped and E-shaped microstrip an-
tennas, extensively documented in [14] and [15]. By using an
air substrate in such antennas, it is possible to achieve a match-
ing bandwidth up to 30% and more with a maximum gain of
7–7.5 dBi.
In addition to the methods discussed above, there are various

forms of microstrip antennas that make it possible to obtain a
wide or ultra-wide matching band, for example [16–25]. As we
can see from [1–25], the gain of a single antenna is, as a rule,
quite low and does not exceed 7–8 dBi; it can be increased by
combining wideband elements into an antenna array, which re-
quires the use of a broadband feed network. However, it should
be remembered that a wideband feed network can be quite com-
plex in terms of design and implementation [1, 22–31]. There-
fore, it is necessary to consider the possibilities of increasing
the gain of wideband antennas without combining them into an
antenna array.
The designs of antennas where the authors were able to

achieve high gain in the wide frequency range without a com-
plex feed network can be found in [32–46]. For example,
in [32–35] it was possible to increase the gain of wideband an-
tennas due to the design of the exciter itself and its optimal
location above the conducting screen. The disadvantages of
these methods are the complexity of the design and low level
of matching, and the gain is not higher than 10–11 dBi, although
in [35] it was possible to achieve a peak gain of 12.2 dBi with
an antenna matching bandwidth of 25% with |S11| ≤ −15 dB.
In [36] and [37], to increase the gain, individual exciters are

located one after another in a special way, creating something
like a linear array. Using this method, the authors managed to
achieve gains of 12.5 and 14.5 dBi. The main drawback of the
proposed technique is the large linear size of the antenna, which
in the first case is 4.8λ0 and in the second one is 6.8λ0.

Adding passive (parasitic) elements to the substrate in the
same plane next to the active exciter allows the antenna’s oper-
ating band to be expanded [38, 39]. Alternatively, the passive
elements may be connected to the active elements via transmis-
sion lines. This technique enables an antenna matching band-
width up to 15% and a gain up to 10 dBi. To improve the char-
acteristics of such an antenna, alternative options with different
forms of both active and passive elements are proposed [40–
43]. For example, using an octagon parasitic patch, the authors
were able to achieve an antenna matching band of 16% [40],
and in [42], due to the shape of the exciters, the authors ob-
tained a circular polarization field.
A method for achieving a high gain (up to 12–13 dBi) while

expanding the antenna matching band was presented in [44],
which involved adding four passive elements at the corners
of the active rectangular element at a greater height above the
screen. This technique enables an antenna matching bandwidth
of no more than 10–12%. In [45] and [46], modifications of
this method were proposed, where the authors increased the
efficiency of the antenna in frequency ranges above 60GHz.
Thus, in the design from [46], it was possible to achieve an an-
tenna matching bandwidth of 27.3% (|S11| ≤ −10 dB) with a
maximum gain of 10.5 dBi.
As can be observed, the field of study of wideband high-

gain antennas is quite extensive; nevertheless, the methods dis-
cussed have their disadvantages, which indicates the need for
further research on this topic.

3. ANTENNAWITH FOURPASSIVE ELEMENTSANAL-
YSIS
The methods under study for obtaining high gain from a
microstrip antenna in a wide frequency range are based on
the design proposed in [44]. In this particular methodology,
against [44], the antenna elements are made on a sheet metal
basis without the use of a dielectric substrate and attached to
the screen through metal racks (Figure 1) positioned at points
of zero potential thereby ensuring that the characteristics of its
radiation remain largely unaltered. This approach improves
the directivity of microstrip antennas of round or rectangular
shape and obtains a more durable structure than antennas based
on a dielectric substrate [48].
The studied high-gain antenna dimensions can be calculated

based on well-known expressions [49, 50]:
1. The non-resonant side length of the active rectangular ex-

citer is calculated:

b =
λ0

2
√
ε
, (2)

where λ0 is the free-space wavelength at the center frequency
of the operating range; ε is the substrate relative permeability.
2. The resonant side length of the active rectangular exciter

is calculated:
a = b− 2∆, (3)
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FIGURE 1. The antenna with a rectangular active exciter and four rect-
angular passive elements.

FIGURE 2. The simulation reflection coefficient magnitude of the an-
tenna with a rectangular active exciter and four rectangular passive el-
ements.

FIGURE 3. The simulation directivity of the antenna with a rectangular active exciter and four rectangular passive elements.

where

∆ = 0.412 · h ·

∣∣∣∣∣∣∣
εeff + 0.3 · b

h
+ 0.262

εeff − 0.258 · b
h
+ 0.813

∣∣∣∣∣∣∣ , (4)

where h is the height of the active rectangular exciter above
the screen (substrate thickness); εeff is the effective dielectric
constant of a microstrip transmission line with the same width
as the non-resonant side length of the exciter:

εeff =
ε+ 1

2
+

ε− 1

2
·
(
1 +

10 · h
b

)−1/2

. (5)

3. The location of the feed point is determined as the distance
from the center of the resonator:

x =
a

π
sin−1

√
Ri

Re
, (6)

where Ri is the required input resistance (50Ohm), and Re is
the input resistance at the edge of the resonator:

Re =
1

2Ge
, (7)

where Ge is the radiation conductance of resonator:

Ge =
π

377
· a

λ0
. (8)

4. The sizes of passive elements are calculated similarly,
only with a frequency 5–10% higher than the central one.
5. After the calculations, the main dimensions of the antenna

are optimized to obtain the required properties in the simulation
software. It is important to correctly position the passive ele-
ments, select the height of their installation above the screen,
and determine the distance from the active one. Passive ele-
ments affect the active one and its input impedance, while in-
creasing the distance allows one to restrict the radiation pat-
tern’s beam and obtain a higher gain.
As an example, consider the antenna calculated for a central

frequency of 5500MHz. The antenna simulation was carried
out in the ANSYS EM Suite (HFSS Design). The compromise
between the matching bandwidth and achievable gain can be
found by modeling and selecting the optimal dimensions of the
antenna design. The simulation results obtained for the antenna
presented in Figure 1 are shown in Figures 2 and 3. As we
can see, the antenna has a stable directivity of 10–13 dBi in the
wide frequency band (more than 5–6GHz, or 18%). However,
the antenna has a very narrow impedance bandwidth matching,
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FIGURE 4. The antenna with a U-shaped active exciter and four rectangular passive
elements.

FIGURE 5. The simulation reflection coefficient magnitude
of the antenna with a U-shaped active exciter and four rect-
angular passive elements.

FIGURE 6. The simulation directivity of the antenna with a U-shaped active exciter and four rectangular passive elements.

FIGURE 7. The antenna with an E-shaped active exciter and four rect-
angular passive elements.

which is about 7% with |S11| ≤ −10 dB and less than 4% with
|S11| ≤ −15 dB.

In other words, the antenna provides a higher directivity over
a wider frequency band than it is possible with matching. As-
sumption: It is possible to ensure the operation of the antenna
with a high gain in a wider frequency band than the original
design from [31], on the basis of which the model in Figure 1
is created, by increasing the matching bandwidth of the active
resonator without altering the design of the passive ones or the
antenna’s principle of operation. Next, let us consider the two
simplest methods of expanding the studied antenna frequency
band.

4. ANTENNA BASED ON A U-SHAPED ACTIVE EX-
CITER
An uncomplicated method to expand the operating frequency
band of a microstrip rectangular antenna involves the inclusion
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FIGURE 8. The simulated gain patterns of the antenna with an E-shaped active exciter and four rectangular passive elements.

FIGURE 9. The simulated reflection coefficient magnitude of the an-
tenna with an E-shaped active exciter and four rectangular passive ele-
ments.

FIGURE 10. The prototype of the proposed wideband antenna based on
an E-shaped active exciter.

FIGURE 11. The measured reflection coefficient magnitude of the proposed wideband antenna.
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FIGURE 12. The radiation patterns of the proposed wideband antenna.

FIGURE 13. The influence of the diameter of the active exciter metal
rack on antenna matching.

of a U-shaped slot within the resonator’s plane, known as the
U-shaped patch [15] and [16]. In order to expand the operating
frequency band of this antenna under investigation, it is sug-
gested that the active exciter be substituted with a wideband
U-shaped patch. The external appearance of this antenna can
be observed in Figure 4, while detailed simulation results are
depicted in Figures 5 and 6.
According to the results collected from the simulation, it

is revealed that the suggested antenna with a U-shaped ac-

tive exciter and four rectangular passive elements possesses
specific parameters of note: the antenna’s directivity spans a
range of approximately 9.5 to 13 dBi across a wide frequency
band extending from over 4700 to 6200MHz; in addition,
its impedance bandwidth matching is estimated at 22% with
|S11| ≤ −10 dB and 14% with |S11| ≤ −15 dB; remarkably,
the cross-polar discrimination (XPD) exceeds more than 50 dB.

5. ANTENNA BASED ON AN E-SHAPED ACTIVE EX-
CITER

5.1. Antenna Simulation Results
Another way to extend the operating frequency band of the
studied high-gain antenna is to use an E-shaped patch as an
active exciter (Figure 7). The simulation results of such an
antenna are shown in Figures 8–9. The antenna displays ex-
ceptional performance: the operating bandwidth is around 35%
(4539–6438MHz) with |S11| ≤ −10 dB and 24% (4834–
6153MHz) with |S11 ≤ −15 dB; the gain is 10 to 13 dBi
in the wide frequency band 4767–6069MHz (24%) with an
impedance bandwidth matching of 10 to 15 dB; the RP of the
antenna has a specific shape, with coverage predominantly in
the upper hemisphere, a fixed main lobe about 4◦ in the eleva-
tion plane, and a symmetrical shape in the azimuth plane. The
XPD exceeds 50 dB when being directed towards its maximum
radiation.

5.2. Antenna Measurements Results
An image of the manufactured wideband antenna prototype is
shown in Figure 10.
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FIGURE 14. The E-field distribution and the current distribution over the antenna elements surfaces.

FIGURE 15. The E-field distribution and the current distribution over the optimized antenna elements surfaces.

A 1mm stainless steel sheet was used as the material for the
antenna elements. All antenna elements (screen, active, and
passive exciters) are manufactured using laser cutting with an
accuracy of not less than 0.1mm. The exciters are connected to
the ground plane via brass racks for printed circuit boards with
diameter of 2.5mm, which, depending on the model, provide
the distance to the screen. The SMA-Female connector is sol-
dered to the active E-shaped patch with a central conductor, and
the connector is soldered to the screen with the outer conductor.
The measurement results are shown in Figures 11 and 12.
According to the obtained data, the shapes of the radiation

patterns are similar to those obtained in the simulation. The
measured reflection coefficient curve is close to those obtained
in the simulation, but shifted upward in frequency. These dif-
ferences may be caused by inaccuracy in the manufacture of the
antenna elements. The measured impedance matching band-

width is 25% (from 5082 to 6556MHz) with |S11| ≤ −15 dB
and about 39% (from 4683 to 6938MHz) with |S11| ≤ −10 dB.

5.3. Proposed High-Gain Antenna Optimization

Unlike the design shown in Figure 1, the metal rack for mount-
ing the active E-shaped exciter is not located at the point of zero
potential, and its diameter and location affect the antenna char-
acteristics. Figure 13 shows the effect of rack diameter on the
antenna input impedance. As can be seen from the Figure, in-
creasing the diameter of the rack shifts the frequency range of
the antenna to the right and narrows it.
Figure 14 depicts the distribution of Efields and currents over

the surfaces of the antenna exciters, derived from simulation
results. The uniform distribution of the field over the surface
of all antenna elements is impacted by the metal racks in the
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(a) (b)

FIGURE 16. (a) The slots length and (b) the distance between the slots influence on the input characteristics of the studied antenna.

FIGURE 17. The simulated gain patterns of the optimized antenna with an E-shaped active exciter and four rectangular passive elements.

center of the active E-shaped exciter, as shown in Figure 14,
which causes a change in the antenna’s phase center. This ef-
fect can be useful where the use of a fixed electrical beam angle
is appropriate, for example, when using the antenna as a base
station antenna with preferential radio coverage in the lower
hemisphere or as an antenna for a UAS GCS with preferential
radio coverage in the upper hemisphere. However, some sys-

tems require an antenna without pattern deviation, that is, with
a more stable phase center.
In order to mitigate the impact beam displacement, it is sug-

gested that the metal stand in the model be substituted with a
dielectric one. Figure 15 depict the distribution of currents and
E-fields over the surfaces of the antenna exciters, derived from
simulation results. We see a more uniform field distribution
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TABLE 1. Comparison between the proposed design and the previous studies in high-gain patch antennas.

Source
Bandwidth (%)
S11 ≤ −10 dB

Bandwidth (%)
S11 ≤ −15 dB

Peak
gain
(dBi)

Average
gain
(dBi)

Overall size
(λ0)

Aperture
efficiency

(%)

Antenna Type

[5] ∼ 33.0 ∼ 25.0 9.2 ∼ 8.5 1.2× 1.2× 0.2 ∼ 46
Modified ECPA on a
suspended substrate

[31] ∼ 15.9 – 12.5 ∼ 11.5 1.5× 1.5× 0.03 ∼ 63

4-element circularly
polarized antenna array
with parasitic patches

[32] ∼ 87.0 – 9.5 ∼ 7.5 0.8× 0.3× 0.3 –
Crescent moon-shape
patch-pair antenna

[33]
Dual-Band

∼ 81.6

∼ 30.4
–

8.1
12.5

∼ 7.5

∼ 11.0

0.4× 0.4× 0.3

1.1× 1.1× 0.7
–

Bowtie antenna loaded
with a square loop

[34] ∼ 22.0 – 11.9 ∼ 10.5 1.3× 1.3× 0.1 ∼ 73

Pin-loaded patch antenna
fed with a dual-mode

SIW resonator

[35] ∼ 44.6 ∼ 25.0 12.2 ∼ 10.0 1.4× 1.5× 0.4 ∼ 63
Microstrip antenna with
folded ground walls

[36] ∼ 19.4 ∼ 10.8 12.5 ∼ 11.2 4.8× 1.3× 0.1 ∼ 23

Double-walled SIW
fractal slot and

hexagonal ring slot
linear antenna array

[37] ∼ 57.1 ∼ 40.8 14.5 ∼ 12.5 6.8× 0.75× 0.1 ∼ 44 SIW leaky-wave antenna

[40] ∼ 16.2 – 10.2 ∼ 9.4 1.5× 1.5× 0.1 ∼ 37
Antenna with 4 octagonal

parasitic patches

[43] ∼ 2.0 – 8.2 ∼ 8.0 1.0× 1.0× 0.1 ∼ 53

Patch antenna with one
active and four parasitic

circular elements

[45] ∼ 6.9 – 8.2 ∼ 8.0 1.0× 1.0× 0.1 ∼ 53
LTCC microstrip

parasitic patch antenna

[46] ∼ 27.3 – 10.5 ∼ 9.0 2.0× 1.6× 0.1 ∼ 28

LTCC microstrip patch
antenna array with
parasitic surrounding

stacked patches

Proposed

∼ 7.0 ∼ 4.0 13.2 ∼ 12.5 1.7× 1.7× 0.1 ∼ 58

Rectangular active exciter
and four rectangular
passive elements

∼ 22.0 ∼ 14.0 13.1 ∼ 11.5 1.7× 1.7× 0.1 ∼ 58

U-shaped active exciter
and four rectangular
passive elements

∼ 33.0 ∼ 26.0 13.4 ∼ 12.2 1.6× 1.6× 0.1 ∼ 68

E-shaped active exciter
and four rectangular
passive elements
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FIGURE 18. The simulated reflection coefficient magnitude of the opti-
mized antenna with an E-shaped active exciter and four rectangular pas-
sive elements.

FIGURE 19. The simulated gain plot of the optimized antenna with an
E-shaped active exciter and four rectangular passive elements.

FIGURE 20. The measured reflection coefficient magnitude of the proposed wideband antenna with dielectric mounting rack under the active exciter.

across the antenna elements throughout the entire frequency
range under consideration, from 4700 to 6200MHz. In addi-
tion, the current vectors on the surfaces of the elements indicate
a more stable phase center.
The antenna’s input impedance varies along with changes in

the characteristics of the rack used to place the active radiator.
It is possible to adjust the antenna matching using slots in the
active emitter by changing their lengths and the distance be-
tween them, Figure 16 shows the nature of these changes in the
input characteristics of the antenna.
After adjusting the passive elements (dimensions, installa-

tion height, and distances between elements) in order to obtain
the desired RP, it is possible to adjust the dimensions of the
slots and match the antenna in the desired range at the required
level.

5.4. Optimized High-Gain Antenna Based on the E-Shaped Ac-
tive Exciter Simulation Results

The simulation results of the optimized high-gain antenna based
on the E-shaped active exciter with four rectangular passive el-

ements and a dielectric mounting rack under the active exciter
are shown in Figures 17–19.
The optimized high-gain antenna shows the following simu-

lation results: the gain is 11–13 dBi in the wide frequency band
4707–6050MHz (25%) with an impedance bandwidth match-
ing of 15 dB; the working bandwidth is about 4537–6182MHz
(31%) with |S11| ≤ −10 dB and with the gain more than
9.5 dBi. The XPD exceeds 50 dB when being directed towards
its maximum radiation in the whole frequency range of 4537–
6182MHz.

5.5. Optimized High-Gain Antenna Based on the E-Shaped Ac-
tive Exciter Measurement Results

The measurement results of the optimized high-gain antenna
based on the E-shaped active exciter with four rectangular pas-
sive elements and a dielectric mounting rack under the active
exciter are shown in Figures 20 and 21.
Based on the data collected, the radiation patterns closely

resemble those generated in the simulation; the measured
impedance matching bandwidth is about 26% (4660–
6048MHz) with |S11| ≤ −15 dB and 33% (4510–6302MHz)
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FIGURE 21. The radiation patterns of the proposed wideband antenna with dielectric mounting rack under the active exciter.

(a) (b)

FIGURE 22. The proposed wideband antenna with (a) metal and (b) dielectric mounting rack under the active exciter.

with |S11| ≤ −10 dB; the measured maximum gain is 13.4 dBi
at the 5500MHz; the measured average gain is 12.2 dBi at the
4700–6200MHz frequency band; the measured XPD exceeds
50 dB. The results of the measurements indicated strong
antenna performance that aligned well with the simulation
results.
Table 1 illustrates a comparison between the proposed an-

tenna’s characteristics and those of previously published devel-
opments. It is evident that the design, utilizing an E-shaped
active exciter and four rectangular passive elements, demon-
strates competitive features and the highest gain in small sizes.

6. CONCLUSION

The article presents an analysis of the possibilities of expanding
the operating frequency band of an antenna based on an active
rectangular exciter with the addition of four passive rectangular
elements above the first one. Firstly, in contrast to the classical
antenna from [44], it was proposed to place all the elements on
racks without using a dielectric substrate, and secondly, based
on the results of the analysis of the given design, it was sug-
gested to expand the operating band of the antenna by replacing
the active exciter with the following more wideband patches:
the U-shaped and E-shaped patches.
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Based on the analysis performed, a new wideband high-gain
antenna design with linear polarization was proposed, whose
performancewas assessed based onmodeling results in the AN-
SYS EM Suite (HFSS Design); subsequently, an antenna pro-
totype was made, and its characteristics were measured. The
presented antenna shows good performance in the wide fre-
quency range: the measured impedance matching bandwidth is
26% (4660–6048MHz) with |S11| ≤ −15 dB and 33% (4510–
6302MHz) with |S11| ≤ −10 dB; the measured maximum
gain is 13.4 dBi at the 5500MHz; the measured average gain is
12.2 dBi at the 4700–6200MHz frequency band; and the mea-
sured XPD exceeds 50 dB. The antenna is small in size, about
1.6λ0 × 1.6λ0 × 0.1λ0, and its measured efficiency is about
68%. The design is quite simple to manufacture and stands out
for its high strength, small size, and low cost. The proposed
antenna may be designed with a different frequency band with
a matching band of about 25% and can be used as a wireless
communication system repeater or small cell antenna, as a GCS
antenna in UAS, or for other wideband applications with high
gain.
It is imperative to underscore the necessity for continued

study of the proposed technique aimed at extending the operat-
ing frequency band of an antenna. For example, it is planned
to consider the possibility of a greater expansion of the oper-
ating frequency band of the antenna while maintaining other
characteristics, such as the possibility of obtaining dual-linear
or circular polarization.
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APPENDIX A. PROPOSED ANTENNAS APPEARANCE
WITH ITS DIMENSIONS
The appendix contains figure (Figure 22) showing the appear-
ance of the antenna under study with dimensions in millimeters.
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