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Abstract
A broadband ±45∘ dual-polarized base-station antenna based on crossed-dipoles with para-
sitic elements has been presented in this study. This antenna consists of printed dipoles fed
by integrated baluns, parasitic elements, and a ground plane below them. As a result of using
parasitic elements on the dipoles and creating a suitable coupling between them, the antenna’s
impedance bandwidth has been improved, and its dimensions have been reduced.The experi-
mental results show that the proposed antenna can cover the frequency band of 1.58–2.73 GHz
with |S11| < −15 dB and isolation better than 17 dB. The measured peak gain for the pro-
posed antenna in the frequency band is reported as 7.8 dB. Also, the antenna’s half-power
beamwidth equals 62.15∘ ± 1.45∘. The proposed antenna is fabricated with overall dimensions
of 0.67λ0 × 0.67λ0 × 0.17λ0 and has been measured in the antenna laboratory.

Introduction

As cellular communication has developed in recent years, several communication standards,
such as 2G, 3G, and 4G, should be included and designed into a base station to mini-
mize the installation space and reduce cost. A printed antenna with optimal performance
and wide beamwidth that can support multiple frequency bands and standards, includ-
ing Digital Communication System (DCS)/Personal Communication System (PCS)/Universal
Mobile Telecommunications System (UMTS)/Long-Term Evolution (LTE), at the same time
is in demand and considered a suitable choice for system designers. Printed dipole antennas
with integrated balun (balanced-to-unbalanced) feeding can create a wide impedance band-
width (IBW) with excellent radiation characteristics while having small dimensions and low
weight [1]. In recent years, printed dipole antennas with balun feeding have found many
applications in Global System for Mobile communication (GSM) systems [2], broadcasting
systems [3], Industrial, Scientific, and Medical (ISM) systems [4], and Wireless Local Area
Network (WLAN) communications [5]. There are several advantages to using a dipole with
balun feeding as a base transceiver station antenna.With balun feeding, dipole antennas provide
excellent broadband performance. Their versatility and suitability for applications involving
multiple bands make them appropriate for use over various frequencies.The balun transformer
ensures that the dipole antenna is fed balanced. As a result of this balanced configuration,
common-mode currents, and radiation are reduced, thereby improving antenna efficiency and
reducing electromagnetic interference. Furthermore, a dipole antenna exhibits a symmetrical
radiation pattern in the horizontal plane, making it ideal for applications requiring uniform
coverage. In addition to providing consistent radio coverage over a specific area, this char-
acteristic is advantageous for Base Transceiver Station (BTS) antennas. On the other hand,
by supplying a balanced signal to the antenna, the balun minimizes interference and com-
mon mode noise, which is essential for BTS antennas since it maintains a high signal-to-noise
ratio and ensures reliable communication in the event of external interference. From a prac-
tical perspective, this type of antenna can easily be mounted on various structures, including
poles, towers, or rooftops. Consequently, it suits different deployment scenarios, allowing opti-
mal coverage and signal propagation. In recent years, the use of balun-fed printed dipole
antennas has flourished in BTS systems’ configuration. In reference [6], a broadband dual-
polarized BTS antenna is introduced, which consists of a crossed-dipole, balun, and ground
plane. This design achieves the 1.68–2.74 GHz frequency band with |S11| or |S22| < −15 dB
criterion and isolation higher than 22 dB. The peak gain of this antenna is 2.8 dB with an
overall dimension of 0.84λ0 × 0.84λ0 × 0.18λ0. In reference [7], a filtering antenna Dual-
Polarized Filtering Antenna (DPFA) for BTS applications is proposed, capable of overcoming
high-order harmonics. This antenna has an IBW of 0.690–1.070 GHz and an isolation of over
35 dB. Furthermore, the antenna has an overall dimension of 0.82λ0 × 0.82λ0 × 0.19λ0 and is
reported to have a peak gain of 8.7 dB. Crossed-dipole antennas with coaxial feeds are used
in the designs presented in references [8–10]. The BTS antenna, introduced in reference [8],
consists of two crossed bow-tie dipoles capable of covering a frequency range of 1.7–2.7 GHz
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with isolation of over 30 dB. This antenna has a peak gain of
almost 10 dB and occupies a space of 1.47λ0 × 1.47λ0 × 0.26λ0.
Antenna performance is improved by parasitic elements in the
designs presented in references [9] and [10]. It is possible to have
a constructive effect in these designs by taking advantage of the
coupling created between the dipole arms and the parasitic ele-
ments. The parasitic elements in reference [9] consist of a circu-
lar patch cooperating with dipole arms to enhance the radiation
properties at high frequencies. On the other hand, the parasitic ele-
ments employed in reference [10] shift the first resonance mode
to a lower frequency without increasing the antenna size. Other
designs have been presented for BTS antennas that use different
structures, such as the one introduced in reference [11]. It is a
broadband differential patch antenna suitable for a 5G base station.
Quasi-trapezoidal patches are the radiating elements, capacitively
driven by two trapezoidal feeding structures. It is worth mention-
ing that the design and optimization of parasitic elements near the
dipole arms with magnetic coupling can be challenging. It is nec-
essary to carefully consider coupling effects, element size, spacing,
and electrical properties to achieve bandwidth enhancement, size
reduction, and other improvements.

In recent years, several dual-polarized dual-band antennas with
new techniques have been introduced [12–21]. These antennas
can be classified into three groups according to the separation
of their frequency bands. The first category operates at sub-
6G and millimeter-wave frequencies through metasurfaces and
specific antenna arrangement schemes. The second category of
these antennas operates at two widely separated frequency bands
within the standard BTS systems frequency ranges, specifically
0.69–0.96 GHz, 1.7–2.7 GHz, and 3.3–5 GHz. The third group
comprises antennas operating in adjacent frequency bands, intro-
ducing a more complex design challenge.

This study utilized arrow-shaped parasitic elements to enhance
the IBW and reduce the antenna’s overall dimension. The pro-
posed broadband ±45∘ dual-polarized base-station antenna com-
prises printed slotted diamond-shaped crossed-dipole, parasitic
elements, and a square ground plane. Integrated baluns feed the
dipoles, and two coaxial cables transmit the signal to the baluns.
According to the measurements, the proposed antenna has a wide
IBW of 53.26% with |S11| or |S22|< −15 dB and a 3-dB beamwidth
of 62.15∘ ± 1.45∘.

Antenna configuration

In the design presented in this work, the configuration of printed
dipole antennas with integrated balun feeding is used.These anten-
nas have wide bandwidth and stable and acceptable radiation
behavior [22–25]. The antenna configuration proposed in this
study is demonstrated in Fig. 1.

Slotted diamond-shaped dipole arms and arrow-shaped para-
sitic elements are used in this design. This figure shows an FR4
substrate with a relative permittivity of 4.4, a loss tangent of 0.02,
and a thickness of 1 mm with dipole arms and parasitic elements
printed on the bottom and top layers, respectively. This substrate
is located at the top of the antenna. It is possible to achieve the
cross-shaped arrangement of the baluns related to the dipoles by
creating slots above and below the two FR4 substrates with a thick-
ness of 0.8 mm in the middle part of the antenna. Baluns are
soldered to the dipole arms from the top and the ground plane
from the bottom. Also, an FR4 substrate with a thickness of 0.8mm
is located in the lower portion of the antenna, which supports
other parts mechanically and establishes the ground plane on both
sides.The input signals are transmitted to the antenna through two

coaxial cables soldered from the bottom of the lower substrate to
the antenna.Thus, the external conductors of the coaxial cables are
soldered to the ground plane of the substrate, and the internal con-
ductors are soldered to the Γ-shaped feeding of the baluns after
passing through two holes in the substrate.The baluns proposed in
this paper consist of a Γ-shaped feed on one side of the substrate,
and also, there are two shorted patches that serve as a slot line on
the other side of the substrate.The input signal to theΓ-feed is cou-
pled from the horizontal part to the slot line, where it reaches the
dipole arms. Consequently, dipoles-1 and -2 are placed orthogo-
nally on each other, and because dipoles are linearly polarized, they
produce horizontal and vertical linear polarization. On the other
hand, by rotating the antennas by 45∘, the ±45∘ slant polarizations
are formed.

Designing a printed dipole antenna with integrated balun for
BTS applications in the 1.7–2.7 GHz frequency range involves sev-
eral equations and calculations. The dimensions of the antenna
segments are critical to ensure proper operation within the spec-
ified frequency range. In the first step, the center frequency of the
design should be determined. The proposed antenna in this work
should cover the frequency range 1.7–2.7 GHz for BTS applica-
tions.The central frequency (f 0) can be taken as the average of this
range:

f0 =
fl + fh
2 = 1.7 + 2.7

2 = 2.2GHz (1)

So, the wavelength (λ) corresponding to the central frequency
(f 0) is equal:

𝜆 = c
f0

= 3 × 108

2.2 × 109
≈ 136mm (2)

where c is the speed of light. Consequently, for a half-wave dipole,
each arm length is approximately:

L = 𝜆
4 = 136

4 = 34mm (3)

However, due to the effects of the dielectric substrate and
the actual operational environment, the effective length might
be slightly shorter. Typically, corrections are made for the sub-
strate’s effective dielectric constant (εr). In the presented design,
the diamond-shaped dipole arms are connected from the middle
to the short-circuited patches of the balloon, so their length is pro-
portional to the provided equations. However, parametric studies
have also been conducted to obtain the optimal parameters.

In the second step, the dimension of the balun should be cal-
culated. The balun is designed to convert the unbalanced coaxial
feed line to a balanced antenna. The balun can be integrated with
the dipole on the same substrate. Commonly used substrates for
printed antennas include FR4, Rogers, and other materials with
known dielectric constants (εr). The choice of substrate affects
the dimensions due to the effective wavelength in the substrate.
For microstrip lines, the effective dielectric constant influences the
effective wavelength (λeff). Assuming a dielectric substrate with
εr = 4.4 (for example FR4):

𝜆eff = 𝜆
√𝜀eff

(4)

where:

𝜀eff = 𝜀r + 1
2 = 4.4 + 1

2 = 2.7 (5)

Therefore:

𝜆eff = 136
√
2.7

= 83mm (6)
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Figure 1. (a) 3D view of the proposed antenna, (b) dipole
arms, (c) parasitic elements, and (d) balun structures.
(All dimensions are in millimeters).
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Figure 2. (a) Two configurations for dipole arms
(#1 and #2) and (b) S-parameters of the antenna for
configurations of #1 and #2 for dipole arms.

Consequently, the effective length of the dipole arms should be
equal to:

Leff =
𝜆eff

4 = 83
4 = 21mm (7)

These calculations provide a starting point. The optimal dimen-
sions should be reconsidered through simulation and parametric
studies to account for additional factors, such as nearby structures
(parasitic elements in this work), precise substrate characteristics,
and feed structure (including balun and connector).

Antenna without parasitic elements

At first, the aim was to design a crossed-dipole antenna capable of
producing dual polarization. The dipole arms were initially con-
figured in a diamond-shaped formation, as shown in Fig. 2(a). As
a result of the parametric analysis, it has been decided to modify
this shape into a slotted diamond-shape. According to the inves-
tigation, the modifications made to the dipole arms have enabled
a suitable bandwidth for the antenna. This results in a frequency
bandwidth of 1.48–3.93 GHz and 1.57–4.24 GHz, respectively, for
the crossed-dipole antennas in ports -1 and -2. Figure 2(b) illus-
trates the results of the simulations performed on the antenna with
both structures introduced for the dipole arms.

Additionally, it is crucial to investigate the configuration of the
Γ-feed. A detailed analysis of this issue can be found in Fig. 3.

Based on this figure, two modes of the Γ-feeding can be con-
sidered, the uniform mode and the modified mode (proposed).

Simulated results demonstrate the superiority of the modified
mode over the uniform mode, and the IBW is obtained as before.
The bandwidth has a criterion of |S11| or |S22| < −10 dB, which
does not meet the requirements of BTS systems. As a result, a
further step needs to be taken in antenna design to increase the
IBW sufficiently. According to Figs. 1(d) and 3, the dimensions
of two Γ-feeds have been chosen differently in order to prevent
a connection between them and the possibility of them pass-
ing over one another, but the difference in sizes has been taken
into account in such a way that impedance matching and opera-
tional bandwidth to the results obtained in each antenna port are
similar.

Theoretical foundations and physics of antenna design

An antenna’s IBW is defined as the frequency range over which
the reflection coefficient |S11| is less than a certain threshold, com-
monly −10 dB. However, the threshold is more stringent at −15 dB
in this case. Generally, the reflection coefficient |S11| is related to
the input impedance Zin of the antenna as follows:

|S11| = ∣Zin − Z0
Zin + Z0

∣ (8)

In this case, Z0 represents the characteristic impedance of the feed
line, which is usually 50 Ω. Zin must remain close to Z0 over a
wide frequency range, minimizing |S11| and thus enhancing IBW.
The parasitic elements are passive structures not directly fed from
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Figure 3. Two configurations for Γ-feed (#uniform Γ-feed and #proposed Γ-feed), in (a) dipole-1, (b) dipole-2, and (c) S-parameters of the antenna for two configurations
for Γ-feed. (All dimensions are in millimeters).

the antenna’s feed line but are in contact with the driven elements
(the dipoles) via mutual coupling. Their effects can significantly
impact the antenna’s input impedance and radiation characteris-
tics. The resonant frequency f r of a dipole antenna is determined
by its length L and the effective wavelength λeff:

fr ≈ c
2L√𝜀eff

(9)

where c is the speed of light in free space, and εeff is the effective
dielectric constant of the substrate. The presence of parasitic ele-
ments near dipoles leads to additional resonances due to their own
geometry and couplingwith the dipoles. Depending on their place-
ment and dimensions, these parasitic elements can either enhance
or suppress specific resonant modes.Themutual coupling between
a driven dipole and a parasitic element can be analyzed using the
mutual impedance Z12:

Z12 = ∫
V1

∫
V2

J1⋅E2 dV1 dV2 (10)

where J1 is the current density on the driven element, and E2 is
the electric field produced by the parasitic element. The formula
provided for mutual impedance is a general expression used to
describe the interaction between two antennas (or antenna ele-
ments), such as a driven dipole and a parasitic element (in this
case). In the context of this formula, V1 denotes the volume over
which the current density J1 is distributed on the driven element

(the dipole arms in this case). The volume V1 covers the region
occupied by the driven dipole, including any significant portions
of the near-field where the electromagnetic fields generated by the
dipole are strong. Similarly, V2 represents the volume over which
the parasitic element’s electric field E2 is considered. This volume
encompasses the region occupied by the parasitic element, includ-
ing the areas characterized by electromagnetic fields. Furthermore,
J1 represents the current density on the driven element (dipole).
It is a vector quantity describing the distribution and magnitude
of the current flowing on the surface of the driven element, and
E2 refers to the electric field generated by the parasitic element.
This field is a result of the currents induced in the parasitic element
by the electromagnetic fields originating from the driven element
(dipole). Furthermore, dV1 and dV2 represent differential volume
elements within the volumes V1 and V2. The integrals sum up the
contributions of themutual coupling over the entire volumeswhere
the fields and currents are present.

On the other hand, the mutual impedance Z12 quantifies the
interaction between the two elements (driven and parasitic ele-
ments) by integrating the product of the current density on the
driven element and the electric field generated by the parasitic ele-
ment over the volumes V1 and V2. As a result of this interaction,
the overall impedance of the driven dipole is affected, which in turn
affects the performance of the antenna, such as its IBW and radia-
tion pattern. It is essential to understand and calculate the mutual
impedance Z12 in this design. It enables the determination of how
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parasitic elements affect the input impedance of the driven dipole,
and by extension, the antenna’s operating characteristics. The total
input impedance Zin of the antenna becomes:

Zin = Zd + Z12 (11)

where Zd is the self-impedance of the driven dipole. The parasitic
elements, when optimally designed andpositioned, canmake addi-
tional resonant paths and increase the total adequate bandwidth
of the antenna. This is because they allow the antenna system to
support multiple resonant modes at slightly different frequencies,
which combine to achieve a broader overall resonance. Based on
the derivative of the impedance concerning frequency, it is possible
to estimate the total IBW:

IBW ∝ (d |Zin|
df )

−1

(12)

Zin is smoothed out over a wider frequency range by the introduc-
tion of parasitic elements, thereby reducing the sharp variations
that would otherwise limit its bandwidth. Parasitic elements can
also be used to reduce the physical size of an antenna without
compromising its performance. As a result of carefully choos-
ing the shape and location of parasitic elements (in this case,
arrow-shaped), the effective electrical length of the dipoles can be
increased, allowing the antenna to resonate at a lower frequency
than a simple dipole of the same physical dimensions.This ismath-
ematically represented by an effective length Leff of the dipole,
which is extended by the parasitic elements:

Leff = L + ΔLp (13)

where ΔLp is the contribution from the parasitic elements.
Consequently, the antenna can maintain its resonant frequency at
a given size or achieve the same frequency with a reduced size:

fr ∝ 1
Leff

(14)

Parasitic elements also affect the radiation pattern and gain. The
parasitic elements can create constructive and destructive inter-
ference patterns, which can affect the total radiated power Prad
and the directivity D of the antenna. An antenna’s gain G can be
calculated as follows:

G = D × 𝜂 (15)

where η represents the antenna’s efficiency. Parasitic elements can
modify the current distribution on dipoles, increasing directivity
and thus increasing gain in certain directions. Simulations (e.g.,
using High-Frequency Structure Simulator (HFSS) or Computer
Simulation Technology (CST)) and experimental measurements
are often used to validate the effects of parasitic elements on

impedance and bandwidth. Typically, the design process involves
iterating the geometry and placement of parasitic elements in
order to achieve the desired IBW, gain, and overall performance.
By introducing additional resonant modes and smoothing the
impedance variation over frequency, parasitic elements increase
the IBW. As a result, the antenna’s physical dimensions can be
reduced by increasing the electrical length of the dipoles. Parasitic
elements can enhance the gain and shape the radiation pattern by
altering the current distribution and mutual coupling effects.

Proposed antenna, results, and discussion

Examining the concept of magnetic coupling between the dipole
arms and the parasitic elements is necessary to understand how
the parasitic elements work. In this section, the performance of
the proposed antenna is investigated by employing parasitic ele-
ments. Magnetic coupling in a dipole antenna can improve its
bandwidth and reduce its dimensions. This technique is known
as “mutual coupling” or “inductive coupling.” The magnetic field
generated by the current flowing through the dipole induces cur-
rents in parasitic elements when placed near the dipole arms. If
certain conditions arise, the induced currents will interact with the
currents in the dipole arms constructively, resulting in a broader
frequency response, expanding the IBW of the antenna and allow-
ing it to operate over a more comprehensive range of frequencies.
Consequently, the antenna’s effective length can be increased by
employing parasitic elements without physically extending the
dipole arms. Therefore, it allows for a more compact antenna
design while maintaining resonant characteristics. It is concluded
that the interaction between the parasitic elements and dipole
arms effectively extends the antenna’s electrical length, reducing
the dipole’s physical dimensions and making the antenna more
compact. Figure 4 compares the antenna’s IBW with and without
parasitic elements.

Concerning the figure, it is clear that the presence of parasitic
elements next to the dipole arms significantly increases the IBW of
the antennawith the criterion of |S11| or |S22|<−15dB.Meanwhile,
parasitic elements are necessary for the proposed antenna to satisfy
this criterion regarding IBW. Based on the simulation results, it can
be found that utilizing parasitic elements in the proposed antenna
structure makes the antenna can cover the frequency ranges of
1.53–3.03 GHz and 1.55–2.93 GHz for ports -1 and -2, respec-
tively, with a criterion of |S11| or |S22|< −15 dB. It is also essential
in antenna theory to study the distribution of surface currents on
dipole arms and parasitic elements. This analysis is necessary to
understand an antenna system’s behavior and performance. The
surface current distribution on the proposed antenna with and
without parasitic elements is depicted in Fig. 5. It can be seen in

Figure 4. S-parameters of the proposed antenna with/without parasitic
elements.
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Figure 5. Current distribution on the (a) proposed antenna without parasitic
elements and (b) with parasitic elements.

the figure that the accumulation of surface currents on the dipoles
in which parasitic elements are not present is more accumulated in
the slot sections. In addition, when parasitic elements are added to
an antenna structure, some of the surface currents are also gener-
ated on the parasitic elements, increasing antenna IBW. To better
understand this phenomenon, we also analyzed the impedance of
the proposed antenna.

The input impedance of an antenna is a complex quantity
with real and imaginary parts that characterize the opposition to
the current flow in an electrical circuit model. In the case of a
dipole antenna, the impedance consists of a resistive component
(real part) and a reactive component (imaginary part). Indeed,
the power loss is represented by the resistive component of the
impedance and is denoted by the real part of the impedance, typ-
ically measured in ohms. Several factors contribute to the real
part, including the resistance of the conductive elements, losses
in the antenna structure, and radiation resistance. Instead, the
impedance’s reactive component represents the energy storage and
release in the antenna. Similarly, it is measured in ohms and
represents the imaginary part of the impedance. Depending on
the frequency of operation and the physical characteristics of the
antenna, the reactance can either be capacitive or inductive. As
a result, a dipole antenna’s overall impedance is determined by
the cooperation of resistance and reactance, which is essential
to have a thorough understanding of both components to opti-
mize the dipole antenna’s performance. Considering the physical
dimensions, spacing, and electrical properties of the parasitic ele-
ment, its effect on the impedance of the dipole can be taken into
account. In addition, analytical methods using electromagnetic
field analysis techniques can provide valuable insights into the
impedance behavior of the parasitic element. Parasitic elements
can be analyzed using electromagnetic simulation software such
as the HFSS package. Using numerical methods, the software tools
solveMaxwell’s equations and simulate the behavior of electromag-
netic fields in the antenna system. The impedance values of the
proposed antenna with and without parasitic elements are plotted
in Fig. 6 regarding real and imaginary parts.

The simulation results show that the real and imaginary parts of
the antenna input impedance in the presence of parasitic elements
are more inclined to the values of 50Ω and 0Ω, respectively, and
show better impedance matching.

Antenna fabrication and measurement results

Antennas in base stations may require a wide bandwidth in mod-
ern mobile communication systems. For example, 2G/3G/4G/LTE
systems operating in the 2 GHz band must cover the frequency

Figure 6. The impedance (real and imaginary parts) of the proposed antenna
with/without parasitic elements.

Figure 7. Simulated and measured S-parameters of the proposed antenna,
(a) impedance bandwidth, and (b) isolation.

Figure 8. Simulated and measured realized gain of the antenna.

range of 1.71–2.69 GHz, that is, 2G (1710–1920 MHz),
3G (1880–2170 MHz), and 4G/LTE (2300–2400 MHz and
2570–2690 MHz). As illustrated in Fig. 7(a), a comparison
between the measured and simulated IBWs of the proposed
BTS antenna is presented. Experimental results show this
design can cover 1.72–2.71 GHz and 1.58–2.72 GHz frequency
bands with |S11| or |S22| < −15 dB criterion for ports-1 and -2,
respectively.
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Figure 9. Simulated and measured normalized H- and E-plane radiation
patterns of the proposed antenna for (a) port-1 and (b) port-2.

Furthermore, as reported in Fig. 7(b), the simulated and
measured isolations (−|S12| and −|S21| in dB) are higher than
17 dB in the operating frequency band. The proposed antenna

employs a crossed-dipole configuration, which inherently has
dual polarization. This design allows the antenna to exhibit ±45∘

slant polarizations (or vertical/horizontal linear polarizations as an

https://doi.org/10.1017/S175907872400103X Published online by Cambridge University Press

https://doi.org/10.1017/S175907872400103X


International Journal of Microwave and Wireless Technologies 9

alternative) by positioning the two orthogonally placed dipoles at
±45∘ to the horizontal plane (or 0∘ and 90∘).

These slant polarizations are crucial in BTS applications as
they minimize polarization mismatch and enhance signal recep-
tion in environments with multipath propagation. Furthermore,
when alignedwith the vertical and horizontal axes, the antenna can
also function with V/H linear polarizations, providing versatility
in various operational scenarios. We have confirmed the dual-
polarization performance through experimental measurements,
demonstrating excellent isolation between the two polarizations.
In addition, the proposed antenna has a measured peak gain of
7.8 dB in the operating frequency band. Figure 8 shows the sim-
ulated and measured results of the proposed BTS antenna gain in
ports-1 and -2.

In this work, all the simulated results were extracted usingHFSS
Version 15 software, and the experiments were carried out using
an Agilent E8363C network analyzer. The numerical and experi-
mental results show a good agreement, and, in some frequencies,
there is a slight discrepancy between the numerical and experi-
mental results due to errors made during antenna fabrication and
testing. Simulated andmeasured normalizedH- andE-plane radia-
tion patterns of the proposed antenna for ports-1 and -2 are plotted
in Fig. 9.

The patterns are extracted at two frequencies of 1800 and
2200 MHz based on co- and cross-poles. According to the
results, the proposed BTS antenna has measured half-power
beamwidths (HPBWs) of 62.15∘ ± 1.45∘ at two sample frequen-
cies. Furthermore, using a smooth ground plane under the antenna
makes its radiation pattern unidirectional at both planes. Following
the design and optimization of the proposed BTS antenna, it was
fabricated using FR4 substrates and tested in the antenna labora-
tory. Photographs of the antenna prototype made in this work are
shown in Fig. 10.This figure also depicts how to test the antenna’s S-
parameters using a network analyzer and its radiation parameters
using an anechoic chamber.

The proposed BTS antenna offers significant advantages and
is superior to similar works regarding bandwidth and dimen-
sions. In addition, due to its smaller dimensions, it is more
flexible in installation, making it suitable for various envi-
ronments and reducing the visual impact. With increased
bandwidth and compact size, BTS installations are not only

Figure 10. Photographs of the (a) manufactured prototype, (b) antenna connected
to the Vector Network Analyzers (VNA), and (c) antenna at an anechoic chamber.

able to optimize network performance but also enhance their
aesthetic appeal. The results of this comparison are tabulated in
Table 1.

The proposed theory in this work on printed dipole anten-
nas with integrated baluns and Γ-shaped feed elements could be
extended in future research. The authors appreciate the reviewers’
suggestion to explore our proposed model’s future potential and
extensions. Several avenues for further research could enhance the
impact and relevance of our work on printed dipole antennas with
integrated baluns and Γ-shaped feed elements.

Fundamentally, future work could explore adapting our
antenna design to support wideband or multiband operation. By
optimizing the geometric parameters and incorporating additional
elements, the antenna could be made to operate efficiently across
multiple frequency bands, such as those used in modern com-
munication systems (e.g., 5G, Wi-Fi, IoT). Furthermore, scaling
the design for higher frequency bands, such as millimeter-wave
frequencies (24–100 GHz), could be investigated. This technique
addresses challenges related to increased losses andmanufacturing
precision at higher frequencies. Also, integrating active compo-
nents, such as high frequency diodes, varactors, orMEMS switches,
can lead to reconfigurable antennas capable of dynamically
adjusting their frequency, polarization, radiation pattern, and gain.

Table 1. Comparison of antenna measured results

Ref. IBW (GHz) Isolation (dB) Peak gain (dB) HPBW (∘) Size (λ0
3) Technique

[6] (48%) 1.68–2.74
(S11 < −15 dB)

>22 dB 8.2 62.5 ± 3.5 0.84 × 0.84 × 0.18 Crossed-dipole with balun feeding

[7] (43.2%) 0.69–1.07
(S11 < −15 dB)

>35 dB 8.7 68.8 ± 2.1 0.82 × 0.82 × 0.19 Crossed-dipole with balun feeding

[8] (45%) 1.7–2.7
(S11 < −15 dB)

>30 dB ∼10 ∼65 1.47 × 1.47 × 0.26 Bow-tie dipole fed by a coaxial line

[9] (100%) 1.7–5.1
(S11 < −10 dB)

>20 dB 8.9 65 ± 5 0.79 × 0.79 × 0.21 Crossed-dipole & parasitic element

[10] (44.54%) 1.71–2.69
(Voltage Standing Wave
Ratio (VSWR) < 1.65)

>28 dB 9.2 64.8 ± 2.7 0.83 × 0.83 × 0.20 Crossed-dipole & parasitic element

[11] (27.8%) 3.19–4.22
(Voltage Standing Wave
Ratio (VSWR) < 1.5)

>39.5 dB 9.35 ∼65 0.92 × 0.92 × 0.12 Quasi-trapezoidal patches

This
work

(53.26%) 1.58–2.73
(S11 < −15 dB)

>17 dB 7.8 62.15 ± 1.45 0.67 × 0.67 × 0.17 Crossed-dipole & parasitic element
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This could provide greater flexibility and adaptability for various
applications.

Conclusion

A broadband dual-polarized antenna with parasitic elements for
base-station applications is proposed and investigated in this
work. The main contribution of this work is that offers an excel-
lent solution that addresses the challenges of IBW enhancement
and overall dimension reduction. Through the implementation
of parasitic elements in the proposed design, the antenna’s over-
all size can be reduced, as well as producing a wide IBW of
1.58–2.73 GHz with |S11| < −15 dB and isolation better than
17 dB.
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