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Design of compact UWB monopole patch antenna with
octagonal shape for C-band, Wi-MAX, and WLAN
applications
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This study presents a new compact UWB monopole antenna designed for 4G and 5G wireless band communications. The
antenna features a partial ground plane and an octagonal radiation patch, which enable two resonances at 2.6 and 5 GHz
bands with a bandwidth of S11 < -10 dB ranging from 2 — 6 GHz (4000 MHz). The antenna covers the frequencies of 3.7-
4.2 GHz (C-band), 3.2-3.8 GHz (WiMAX band), and 5.15-5.85 GHz (WLAN band), making it suitable for various applications
including wireless medical applications. Fabricated on an FR4 substrate with a dielectric constant of er =4.4, loss tangent
(tan ©)= 0.015, and thickness of 1.6 mm, the proposed antenna exhibits bi-directional and omnidirectional radiation patterns
in the E and H-planes. Additionally, it offers advantages in terms of wireless baseband transmission at high data rates and
in the near-field region. Compared to other UWB antennas in the literature, the presented antenna has very compact size of
only 30 x 20 x 1.6 mm®, making it easily integrable into various wireless medical terminals. The experimental results

demonstrate the effectiveness and performance of the proposed antenna design.
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1. Introduction

As a result of its small size, high data resolution, and
low spectral power density, the microstrip patch antenna
has become a popular choice for modern wireless
communication systems [1-3]. The demand for high-speed
transmission from wireless communication systems is
becoming more urgent, and various solutions have been
proposed. To meet this requirement, attention has focused
on wide-bandwidth antennas, as they offer many
advantages, such as higher data rates, communication
capability, operational security, less complexity, and less
interference [4-6]. Bi-directional and Omni-directional
radiation characteristics and a good gain response are
desired to be well suited for narrow bands communication
systems such as WLAN in ISM bands (2.4-2.5 GHz), Wi-
MAX (3.4-3.7 GHz), high data rate WLAN IEEE
802.11a/h/j/n (5.15-5.825GHz) [7-11]. Ultra-wideband
(UWB) antennas with dual-notched bands are reported in
the literature using square rings [12] and microstrip patch
with dual H-shaped slots [13]. On the other hand, UWB
antennas without notched bands are reported in [14-19]
using Antipodal Vivaldi, double-layer electronic bandgap
(EBG) structures, and inductively-loaded dipole.

This research proposes UWB octagonal patch
microstrip antenna with characteristics spanning 2 GHz to
6 GHz. It is possible to achieve resonance at 2.6 and 5
GHz by simply placing C-shaped slots in the ground plane.

To simulate the design structure, HFSS 15.0 was used on
FR4 substrate with dielectric constant (4.4), thickness (1.6
mm), and loss tangent of (0.015). The main goal of this
article is to build an improved antenna for Wireless
Baseband Transmission (WBT) and MIMO with better
bandwidth than many existing antennas. In this paper,
there is an explanation of the monopole antenna's
geometry in Section 2. Section 3 discusses various
findings of the simulation, while section 4 depicts the
experimental result. Finally, section 5 shows the sweeping
conclusions of this paper.

2. Design

Fig. 1 depicts the proposed broadband monopole
antenna's geometry. The total monopole antenna surface
area has been 30 x 20 mm® A feed-line microstrip width
has been fixed at 3.44 mm for an impedance of 50-Q from
2 GHz to 6 GHz bandwidth, satisfying the WLAN,
WiIMAX, and C-bands. In addition, for a good adaptation
of the bandwidth, the radius of the circular and the small
rectangle on the ground plane, which are printed on the
back of the substrate, are indicated by R and g (see Fig. 1),
which allows reasonable control of the lower and higher-
frequency values for the antenna bandwidth.
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3. Results and discussion

Fig. 2 illustrates the simulated input reflection of the
design monopole antenna. As illustrated in the figure, the

S11 parameter has been tuned to remain below -10 dB
across the 2 to 6 GHz frequency band, with two resonant
frequencies at 2.6 and 5 GHz.
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Fig. 1. Structure of the projected antenna with octagonal radiation patch and partial ground plane. Dimensions and parameters for the
projected antenna (units: mm). g = 2.2 mm. R= 3.3 mm that is the radius of circular on the ground plane (color online)
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Fig. 2. Input reflection against the frequency of the antenna
atf, =2.6,5GHz

Fig. 3 shows the effects of changing circular radius
values on impedance matching in the band range. It can be
seen in Fig. 3 that the resonant frequencies are shifted
backward as the radius value increases. The input
reflection varies between -24 to -52 dB with respect to
circular radius values. The impedance bandwidth increases
as the circular radius decreases. The value of the radius at
R = 3.3 mm is considered in our design to obtain the
needed UWB range of antenna, as shown in Fig. 2.
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Fig. 3. Simulated variation of input reflection with frequency
for the antenna with changed circular radius values (R)
(color online)

Fig. 4 illustrates the values of variation of input
reflection by changing the length of the small rectangle (g
as in Fig. 1) for values of 1.7, 2.2, 2.5, and 2.6 mm with
R= 3.3 mm. As shown in the figure, the simulated resonant
frequency is shifted with the slight change in length of the
rectangle, especially in the second resonant frequency
(upper frequency) around 5 GHz. In contrast, the first
(lower frequency) resonant frequency does not change. It
is observable from the figure that the value g can
miniaturize the bandwidth of the antenna by lowering the
maximum working frequency, where g = 2.2 mm is
considered in this design.
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Fig. 4. Simulated variation of return loss with frequency for
the antenna with R= 3.3 mm and the change of length values
g (color online)

Fig. 5 illustrates the gain variation for the monopole
antenna as a frequency function. In the frequency range of
1 to 8 GHz, the flat gain rises linearly with frequency over
the entire operating band. The maximum gain is 2.62 dB at
8 GHz, which can enhance low-end performance. The gain
bandwidth (3-dB) is less than the impedance bandwidth.
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It is tolerable since the projected antenna is very
compact and based on lossy substrate like FR4 material.
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Fig. 5. Simulated variation of antenna gains with
respect to frequency

Co-polarization and cross-polarization at 2.6, 5, and 7
GHz in E-plane and H-plane are depicted in Fig. 6. As
presented in this figure, the radiation pattern for the
monopole  antenna  exhibits  bi-directional  and
omnidirectional far-field patterns.
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Fig. 6. E-plane (x-z) and H-plane (y-z) radiation pattern of the antenna at (a) 2.6, (b) 5, and (c) 7 GHz
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Figs. 7 and 8 depict the effective surface current resonant frequency. On the other hand, at the upper
distributions for monopole patch and ground planes at 2.6 resonance, the effective areas are also in octagonal patch
and 5 GHz. The effective regions are in octagonal patch and ground plane boundaries but with stronger electric
boundaries and ground plane boundaries at the lower intensities.
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Fig. 7. Surface current distributions for monopole patch and ground planes at 2.6 GHz (color online)
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Fig. 8. Surface current distributions for monopole patch and ground planes at 5 GHz (color online)
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In Table 1, the projected monopole antenna is mostly

more compact and has greater impedance bandwidth than

those investigated in the literature [17-22].

Table 1. Comparison of the projected monopole antenna in this article with reported ones in the literature

Ref. substrate/s, Size (mm°) Dimensions Bandwidth range
in A2 @f, (GHz)
[17] RT/duroid 5880 PTFE | 20.5x25x3.173 4.27-7.58
) 0.103826
glass fiber /2.2
[18] Adhesive copper tape/ 35%30x1 2.45-10.75
0.070029
1.75
[19] FR4/4.4 59.5x30x1.6 0.678746 5.85-6.6
[20] LCP (Liquid Crystal 32x26.8x0.1 6-10.8
0.34304
Polymer) / 3
[21] Rogers 5880 29 x26.5 3.1-10.6
0.082059
substrate /2.2
[22] FR4 /4.4 17 x 13 2.38-10.41 with
0.013909 notches at
2.68-355and 4.5-5.8
Proposed FR4 /4.4 30%20x1.6 0.026667 2-6
4, Fabrication and measurement measurement setup and conditions, limitations of

The projected antenna has been fabricated using a
CNC machine, as in Fig. 9. Arinst vector network analyzer
has been employed to measure the input reflection and
impedance bandwidth experimentally, as shown in Fig. 10,
to validate the simulated result. Differences between
measurement and simulation S11 curves for the UWB
antenna can be attributed to various factors. These include
discrepancies in the fabrication process, differences in

simulation models, and the impact of electromagnetic
interference and environmental factors. It is common for
there to be differences between measurement and
simulation results for antennas, mainly in the case of UWB
antennas. These differences highpoint the challenges in
precisely envisaging and characterizing antenna
performance, emphasizing the need for experimental
validation.

Fig. 9. Snapshots of the projected monopole antenna in terms of front and back views
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Fig. 10. Simulated and measured S11 scattering responses
of the projected monopole antenna (color online)

5. Conclusions

A miniature  monopole antenna  for C-
band/WLAN/WiIMAX applications is presented in this
study with UWB frequency response. From the simulation
results by HFSS electromagnetic solver, it has been
perceived that the C-shape on the ground plane and
octagonal patch radiator are responsible for two resonance
frequencies at 2.6 and 5 GHz and a wide bandwidth range
from 2 to 6 GHz. The analysis shows that the dimension
variations of the C-shape on the ground plane affect the
antenna's performance noticeably. The omnidirectional
and bi-directional far-field radiation patterns have been
obtained in E-plane and H-plane, respectively. The
proposed antenna is advantageous in wireless baseband
transmission at a high data rate and a near-field region.
The antenna has a volume of only 30 x 20 x 1.6 mm®
Therefore, it can be easily integrated into many wireless as
in medical terminals.
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