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ABSTRACT: Three scenarios of high gain bow-tie based antenna array systems are introduced and investigated in this paper. The proposed
designs are intended for integration as Tx/Rx antennas in C-band communication systems. Wide operating bandwidth and consistent
radiation characteristics over the frequency range from 4GHz to 5GHz are defined for the three configurations. A two-stage Wilkinson
power divider provides the feed mechanism for the proposed array. The initial structure has four radiating elements, each incorporating
seven bow-tie dipoles arranged in a printed Log-Periodic Directional Array (PLPDA) configuration. The gain of the second and third
designs is improved by adding resonators in front of the array elements. Furthermore, the second design features triangular-shaped
resonators, while the third design employs H-shaped resonators. The designs are simulated and optimized using HFSS and CSTMWS
software, and subsequently, they are fabricated using the photolithography technique. The initial design demonstrates an experimental
bandwidth from 3.7GHz to 5.1GHz and achieves a measured gain of 13.8 dBi at 4.7GHz. The second and third configurations operate
in the frequency bands of 4.3GHz to 5.3GHz and 3.7GHz to 5GHz, respectively, exhibiting measured gains of 14.1 dBi and 15 dBi.
The overall dimensions of the proposed arrays are kept within reasonable limits, with the first array being 2.51λ × 2.74λ, the second
being 2.09λ × 2.82λ, and the third being 2.51λ × 2.97λ. The three array designs can be considered as good candidates for C-band
communication applications.

1. INTRODUCTION

In recent times, there is a growing interest in creating high-
gain antennas with broad bandwidth to cater to the demands

of various wireless applications [1–5]. Log Periodic Dipole Ar-
ray (LPDA) is a type of antenna system that is designed to pro-
vide a wide frequency range while maintaining directivity and
gain. It was first developed in the 1960s and has since been
used in various applications such as broadcasting, radar sys-
tems, and telecommunications [6]. The mechanism of LPDA
antenna design to evaluate the spacing factor and scaling factor
is discussed in [6]. The key feature of the Log Periodic Direc-
tional Array is its ability to cover a wide range of frequencies
without the need for multiple antennas or frequency specific el-
ements. It achieves this through a unique design consisting of a
series of dipole elements that decrease in size as the frequency
increases.
Log Periodic Directional Array (LDPA) consists of numer-

ous dipoles of varying lengths, arranged in a specific geometric
pattern [7]. This arrangement allows the antenna to exhibit a
constant impedance and radiation pattern over a wide frequency
range. The dipole elements are spaced in a way that the spacing
becomes larger as the frequency decreases, giving the antenna
its log periodic characteristics.
There are several different shapes of dipole antenna, such

as straight half-wave dipole, folded dipole, inverted V dipole,
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circular dipole, elliptical dipole, and bow-tie dipole [8–13].
Straight half-wave dipole is the simplest form of dipole antenna,
consisting of a straight rod or wire of half the wavelength of
the desired signal. Folded dipole consists of a straight rod or
wire folded back on itself to form a loop. The impedance and
bandwidth of a folded dipole are typically higher than that of a
straight dipole. Inverted V dipole is a variation of the straight
dipole where the two ends of the antenna are bent downwards
in a V shape. This shape is often used where horizontal in-
stallation space is limited. Circular dipole is a complete circle,
rather than straight or folded. It is often used in applications
such as circularly polarized antennas. E5lliptical dipole is an
ellipse rather than a complete circle. This shape is often used to
achieve specific radiation patterns or polarization characteris-
tics. Bow-tie dipole consists of two triangular-shaped elements
arranged in a bow-tie configuration [14]. It is used in broad-
band applications such as TV antennas. The shape of a dipole
antenna plays an important role in determining its radiation pat-
tern and performance. The two main factors affected by the
shape of a dipole antenna are directivity and bandwidth. It is
worth noting that the desired frequency or wavelength of op-
eration and specific requirements of the application dictate the
shape and dimensions of a dipole antenna. A typical LPDA
antenna should be half the length of its lowest operating wave-
length. This makes it unsuitable for space-constrained applica-
tions like aircraft and vehicle platforms. Miniaturization of the
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antenna is required to enable the LPDA antenna to be used on
these platforms.
Several techniques have been introduced to miniaturize the

LPDA antenna [15–18]. Wang et al. proposed a fractal tree
LPDA antenna [15], and Anagnostou et al. applied Koch’s frac-
tal to an LPDA antenna [16]. In [17], Chen et al. proposed a
top-loaded LPDA antenna in a T-shape. A compact dielectric
loaded LPDAantenna is thework of Chang et al. [18]. A greater
degree of miniaturization is achieved with these antennas than
that with typical LPDA antennas. However, their gain is not as
high as that of typical LPDA antennas. The gain of an LPDA
antenna was improved by using additional elements [19, 20].
In [19], Hsu and Huang used parasitic elements as a director
in an LPDA antenna with a Koch shape. However, the an-
tenna gain characteristics were still inferior to those of a typical
LPDA antenna. A dielectric lens LPDA antenna was presented
by Haraz et al. [20]. This antenna is able to achieve a higher
gain than that of a typical LPDA but is bulky and difficult to
manufacture.
Metamaterials have properties not found in nature. They are

extensively used in antenna technology [21, 22]. In particular,
Sievenpiper et al. [23] proposed a metamaterial called artifi-
cial magnetic conductor (AMC), which has a periodic struc-
ture. AMC is often used for antenna miniaturization and gain
enhancement [24–26]. In [27], a compact and low-profile log-
periodic meander dipole array (LPMDA) antenna with an AMC
is presented. The meandering configuration of the dipole el-
ements reduces the size of the antenna by about 30%. The
use of the AMC also improves the main beam gain within the
bandwidth of operating frequency from 3.94–7.17 dBi to 7.86–
10.01 dBi. Ametamaterial loaded antenna arraywith 16 printed
log periodic elements for microwave imaging for breast tumour
detection was introduced in [28]. In order to attain a maximum
gain of 5.5 dBi, an impedance bandwidth of 3GHz (2–5GHz),
and a reflection coefficient of less than −10 dB, this antenna
design is initially developed using a PLPA structure and subse-
quently a 1× 6metamaterial unit cell array. A bow-tie antenna
has several advantages over a straight dipole. Bow-tie anten-
nas typically have a wider bandwidth than straight dipole an-
tennas [14]. This means that they can operate effectively over
a wider range of frequencies. The bow-tie design allows bet-
ter impedance matching to the transmitter/receiver feed line,
resulting in increased efficiency and reduced signal loss. Bow-
tie antennas tend to have a more directional radiation pattern,
which means that they can focus signals in a specific direction.
This can be useful in scenarios where a specific signal needs
to be received or transmitted in a particular direction with in-
creased gain. The directional nature of the bow-tie antenna
helps to reduce interference from unwanted signals in unwanted
directions. This can improve signal to noise ratio and over-
all performance. Bow-tie antennas can be made more compact
than straight dipole antennas, making them suitable for appli-
cations where space is limited. The geometry of the bow-tie
design helps to minimize signal reflections caused by multipath
propagation, resulting in better signal quality. The benefits of
bow-tie antennas make them popular for a wide range of ap-
plications, including broadcast, radio astronomy, and wireless
communications systems.

In this article, the analysis and design of a directive an-
tenna array for C-band communication applications is pre-
sented. Such an antenna can increase the communication link
S/N ratio enabling longer wireless communication distance.
Printed Log Periodic Directional Array (PLPDA) is a type of
a directive antenna system that is more suitable for C-band ap-
plications due to its high gain and directivity. Moreover, the
PLPDA offers size reduction due to velocity reduction of the
propagation wave inside the substrate material. Three designs
of PLPDA arrays are presented: Firstly, a 4-element PLPDA
bow-tie based array is designed based on the bow-tie configura-
tion to achieve a maximum gain of 13.8 dBi and an impedance
bandwidth of 1.4GHz (3.7–5.1GHz) with a reflection coeffi-
cient of less than−10 dB. Secondly, a 4-element PLPDA bow-
tie antennawith triangular loading is designed to achieve amax-
imum gain of 14.1 dBi and an impedance bandwidth of 1GHz
(4.3–5.3GHz) with a reflection coefficient of less than−10 dB.
Finally, a 4-element array of PLPDA bow-tie dipoles with H
loading is formed, which achieves a maximum gain of 15 dBi
and an impedance bandwidth of 1.3GHz (3.7–5GHz) with a
reflection coefficient of less than −10 dB. ANSYS-HFSS soft-
ware and CST MWS version 2021 are used to perform all sim-
ulations in this study. All the proposed antennas are verified
experimentally. The proposed antenna design is presented in
Section 2. Section 3 introduces a comparison between the mea-
sured and simulated results. Finally, the conclusion is presented
in Section 4.

2. THE ANTENNA DESIGN
The primary objective of this work is the design and realiza-
tion of a directive antenna array for C-band communication
applications. Accordingly, LPDA is chosen as it provides a
wide operating frequency range with high directivity and gain.
Firstly, a 4-element PLPDA array structure based on a bow-
tie antenna is designed, followed by the construction of a 4-
element PLPDA array with a triangular loading resonator, and
then the 4-element PLPDA array with H-loading resonators is
presented. Printed Wilkinson power dividers are used to feed
the proposed antenna array designs. Both the feeding system
and antenna arrays are etched on the same substrate of Roger
RT5870 (Lossy) with dielectric constant εr = 2.33, loss tan-
gent tan δ = 0.0012, and the height of h = 0.7874mm.

2.1. Array Feeding Network
In order to attain a proper feeding mechanism for the antenna
arrays, a Wilkinson power divider is adopted. The feed net-
work illustrated in Fig. 1 consists of three equal power dividers
arranged in two cascaded stages. A 100Ohm resistor is placed
between power divider arms to provide proper output port iso-
lation. The optimized dimensions of the 1–4 power dividers are
given in Table 1. The simulation results for the S-parameters
of the 1 to 4 power divider are plotted in Fig. 2. The insertion
loss of the power divider does not exceed 0.25 dB over the op-
erating band (3.6GHz to 5.4GHz). Furthermore, the input port
return loss is below −12 dB over the whole band.
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FIGURE 1. Geometry of the Wilkinson power divider.

FIGURE 2. The simulated S-parameters of the Wilkinson power divider.

TABLE 1. Optimized dimensions for the proposed Wilkinson power divider (in mm).

Parameter Lp1 Lp2 Wp d d1i d1 d2i d2

Value 64.9 31.3 18.5 2.3 3.836 1.9 9 1.5

TABLE 2. Optimized dimensions for the proposed single element (in millimeters).

Parameter Value Parameter Value
W1 16.8 R1 14.5
W2 15.18 R2 13
W3 15 R3 11.65
W4 15 R4 10.43
W5 15 R5 9.34
W6 15 R6 8.35
R7 7.47 a 60o

2.2. Single PLPDA Element

Figure 3 shows a schematic of a proposed single element. It
is based on the LPDA scheme, where seven bow-tie dipoles
are sequentially arranged in an alternative way on both the top
and bottom substrate layers. The bow-tie element is selected
for this design due to its superior bandwidth and ease of op-
erating frequency tuning. The antenna is etched on a Roger
RT5870 (Lossy) substrate with εr = 2.33, h = 0.787mm,

and tan δ = 0.0012. The overall optimized dimensions are tab-
ulated in Table 2.

2.3. 4-Element PLPDA Bow-Tie-Based Array Structure
The first structure consists of a 4 element PLPDA bow-tie
dipole based array as shown in Fig. 4. This design consists
of a 4 × 1 linear array. Each radiating element consists of
seven arms of bow-tie dipoles. The number of arms is cho-
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TABLE 3. Optimized dimensions for the proposed antenna (in millime-
ters).

Parameter Lp1 Lp2 d

Value 77.7 37.7 2.3

TABLE 4. Optimized dimensions for the proposed triangle shape (in
millimeters).

Parameter E1 E2 Lp1 Lp2 s

Value 16 8.77 64.9 31.3 6

FIGURE 3. Geometry of the introduced single-element PLPDA bow-tie-
based array structure.

FIGURE 4. Geometry of the introduced 4-element PLPDA bow-tie-
based array structure.

sen as a compromise solution to maintain proper gain and keep
the overall size within reasonable limits. The bow-tie arms are
printed alternately on the top and bottom substrate layers. All
dimensions are set according to Table 3. All dimensions are
in mm. The overall dimensions of the proposed antenna are
160mm× 175mm.

2.4. 4-Element PLPDA Bow-Tie-Based Array Structure with
Triangle-Loading

The second array adopts the same design as the first with
triangle-shaped loading as shown in Fig. 5. The triangle-shaped
resonators are placed in three successive rows in front of each
antenna element. The second design is optimized to reduce the
array size while maintaining a comparable gain to the first. The
overall size is reduced to 134mm × 180mm. The overall di-
mensions of the second design are tabulated in Table 4.

2.5. 4-Element PLPDA Bow-Tie-Based Array Structure with H-
Loading

Figure 6 shows the third design, which is similar to the first de-
sign, but with two stacked rows of H-shaped resonators placed
in front of the array radiating elements in both layers of the sub-
strate. This structure is designed to achieve higher gain than
the first structure, but the overall size of the array has been in-
creased to be 160mm×190mm. The overall dimensions of the
third design are tabulated in Table 5.

3. RESULTS AND DISCUSSION

Prototypes of the proposed antenna arrays are fabricated on an
RT/Duroid 5870 (lossy) substrate using thin film photolithog-
raphy technique based on the design parameters given in the
preceding section. A vector network analyzer (ROHDE &
SCHWARZ ZVA 67) is used to measure the reflection coef-
ficients and input impedances of the fabricated arrays. Fig. 7
shows photographs of the manufactured prototypes of the three
proposed array designs (top and bottom views). A compari-
son of simulated and experimental reflection coefficients for
the three design antennas is illustrated in Fig. 8. For the three
cases, simulation and measurement results agree well.
The CSTMWS results for the first design, “the unloaded

array”, presented in Fig. 8(a) reveals an impedance bandwidth
(S11 less than −10 dB) extending from 3.5GHz to 4.9GHz,
but for the HFSS, the bandwidth shrinks to be from 3.8GHz
to 5.1GHz. The experimental result of this prototype realizes
an impedance bandwidth of 1.4GHz (3.7GHz–5.1GHz). The
second design (triangular loaded), illustrated in Fig. 8(b),
exhibits a CSTMWS bandwidth of 0.9GHz (4.1GHz–5GHz),
while the HFSS shows a little bit wider bandwidth of 1GHz
(4.3GHz–5.3GHz). An impedance bandwidth of 1GHz
(4.3GHz–5.3GHz) is achieved experimentally with this
prototype. Finally, the third design case (H-shaped loaded),
plotted in Fig. 8(c), has an impedance bandwidth of almost
1.2GHz (3.8GHz–5GHz) according to both CSTMWS and
HFSS simulators. The measured bandwidth shows very close
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FIGURE 5. Geometry of the introduced 4-element PLPDA bow-tie-
based array with triangle loading structure.

FIGURE 6. Geometry of the introduced 4-element LPDA bow-tie-based
array with H-loading structure.

TABLE 5. Optimized dimensions for the proposed H shape (in millimeters).

Parameter WH LH dH Lp1 Lp2 s

Value 6 6.19 0.81 81.7 39.7 7.19

(a)

(c)

(b)

FIGURE 7. Photograph of the fabricated antennas (top and bottom view) (a) unloaded single PLPDA antenna element, (b) 4-element array of PLPDA
with triangle-shape resonators, (c) 4-element array of PLPDA with H-shape resonators.

result to the simulation around 1.3GHz, as it ranges from
3.7GHz to 5GHz.
In order to have deeper understanding of the radiation mech-

anism of the loaded arrays and how the loading affects the ra-
diation performance, the current distributions of the unloaded
single LPDA antenna element, the triangle loaded, and the H-
shaped loaded arrays at 4.7GHz are presented in Fig. 9. For

the single element, it can be noticed that the four middle three
dipoles have the most contribution of the radiation. For the
loaded cases presented in Figs. 8(b) and (c), the added res-
onators have some contribution to the overall array radiation.
These resonators can be considered as metamaterial with Ep-

silon Near Zero Index (ENZI) [1], where the phase velocity of
propagating electromagnetic waves tends to infinity in ENZI
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(a)

(c)

(b)

FIGURE 8. The simulated and measured reflection coefficients of (a) unloaded single PLPDA antenna element, (b) 4-element array of PLPDA with
triangle-shape resonators, (c) 4-element array of PLPDA with H-shape resonators.

(a) (c)(b)

FIGURE 9. Current distributions of the proposed designs at 4.7GHz for (a) unloaded single PLPDA antenna element, (b) 4-element array of PLPDA
with triangle-shape resonators, (c) 4-element array of PLPDA with H-shape resonators.

metamaterials. In this situation, the wavelength of the elec-
tromagnetic field being manipulated by the ENZI metamaterial
approaches infinity, resulting in the fields at the two ends of

the slab becoming increasingly similar, which results in gain
enhancement. Furthermore, they can also be considered as a
lens focusing the radiating energy from the array and improv-
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(a)

(b)

(c)

FIGURE 10. The simulated and measured radiation pattern for for (a) 4-element PLPDA bow-tie array, (b) 4-element array of PLPDA with triangle-
shape resonators, (c) 4-element array of PLPDA with H-shape resonators.
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(a) (b)

 

(c)

FIGURE 11. The measured gain vs. CSTMWS simulation for (a) 4-element PLPDA bow-tie array, (b) 4-element array of PLPDA with triangle-shape
resonators, (c) 4-element array of PLPDA with H-shape resonators.

ing the aperture efficiency of the array system. Moreover, it
can be noticed that at lower frequency of the band (i.e., 4 GHz)
the bigger sized dipoles have more contribution in the over-
all radiation. However, at higher frequency of the band (i.e.,
5GHz) the smaller dipoles will have much more contribution.
Both simulated and measured radiation patterns, E-plane and
H-plane, of the proposed arrays at 4.7GHz are presented in
Fig. 10. CSTMWS and measured radiation patterns agree very
well for all designs at 4.7GHz. However, some discrepancies
can be figured out in the sidelobes which can be accounted for
some undesired reflection inside the anechoic camber and some
minor fabrication imperfections in the arrays.
It can be noticed that the unloaded LPDA array has

beamwidths of 21 degrees, and 45 degrees in E- and H-planes,
respectively, while the beamwidths for the triangle loaded
PLPDA are 45 and 20 degrees. For H-loaded PLPDA, it
has beamwidths of 18 and 45 degrees. The three proposed
designs achieve sidelobe levels (SLLs) of −14 dB, −17 dB,
and −13 dB, respectively. In terms of the total realized gain
(measured), the three prototypes exhibit maximum gain of
13.8 dBi for the unloaded PLPDA, 14.1 dBi and 15 dBi for the
loaded arrays at 4.7GHz.
The three arrays exhibit a broad-side directive patterns in

both the E-plane and H-plane with good stability of the radi-
ation pattern over the operating bandwidth.
The total realized gain comparison between the measured

and CSTMWS is plotted in Fig. 11 for the three cases. It can be
concluded that the gain at 4.7GHz is enhanced by about 0.5 dB
for the triangle loaded case and by almost 1 dB in the case of
the introduction of the H-shaped resonators compared to the
unloaded array.

4. CONCLUSION
Three different C-band (4GHz–5GHz) directive antenna ar-
rays are presented. Array loading principle using triangle-
shaped and H-shaped resonators is investigated. Gain enhance-
ment of 0.5 dB and 1 dB at 4.7GHz is achieved for the loaded
arrays. Very good agreement is achieved between simulated
and experimental results for impedance bandwidth and radia-
tion patterns. A total realized gain of almost 15 dBi at 4.7GHz
is achieved in the H-shaped loaded array. Three array pro-
totypes can be considered as very good candidates for vari-
ous high-fidelity C-band communication applications requiring
high signal-to-noise ratio.
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