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Abstract: - This article shows the design and simulation of a broadband antenna based on a circular microstrip
monopole using a Duroid substrate with a dielectric permittivity of 2.2 and a thickness of 1.27 mm. The
simulations of this article were carried out using Ansys High Frequency Structure Simulator (HFSS). The
antenna geometry presents replicas of the monopole following the tree fractal distribution. The Si; scattering,
current distribution, and the radiation pattern were carried out. The antenna presented shows bandwidth for the

new 5G FR2 band operation.
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1 Introduction

Wireless personal area networks (WPAN) focus
their attention on low-coverage communication with
individual needs. These types of networks are found
in “wearable” systems with the military, sports, and
everyday use applications, in automobiles, home
automation systems, and in medicine. Antennas for
this type of system have high-frequency handling
(60 GHz) with wide bandwidth and beamforming
management for different applications, [1], [2].

These systems are characterized by being of low
complexity, optimizing the resources of the System
that allows them to have low cost, as well as high
electromagnetic compatibility with other radio
communication systems.

The  standards that govern  WPAN
Communications with low coverage, low costs, and
low power consumption are included in the
802.15.X standards. These standards handle various
transmission speeds using the 2.4 GHz and 5 GHz
frequencies, [3]. Due to the aforementioned, the
antennas that support these transmission bands, low
profile and small size have been developed for
various applications, [4], [5], [6], [7].

Similarly, WiGig systems (802.11ad) provide
high transmission rates for short-range systems,
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although using unlicensed frequencies around 60
GHz. With low complexity in their devices and low
power consumption, in addition to antennas with
great bandwidth using various techniques such as
slotting and directivity management for medical and
localization applications using parasitic elements,
[8].

Due to the aforementioned, the development of
technology in portable devices that operate in bands
such as 2.4 GHz, 5 GHz, and 60 GHz is of great
importance, [9]. The design of broadband antennas
presents characteristics in its structure, as well as
construction materials such as its geometry, number
of elements, and type of dielectric, among others in
order to comply with operating frequencies and
bandwidths of wvarious communications systems
(specifically WPAN systems), [10], [11], [12].

Antennas have been developed for WIFI-
compatible Bluetooth systems and devices that
operate in frequency bands with Internet of Things
(IoT) applications, [13].

Ultra Wideband (UWB) systems work from
3.1GHz to 10.6 GHz with applications in medical,
military, location display systems, among others
Ultra Wideband (UWB) systems work from 3.1GHz
to 10.6 GHz with applications in medical, military,
location display systems, among others, [14], [15],
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[16], [17]; and its antennas have a low profile and
cost, [18], [19]. Nowadays, for WiGig systems,
ultra-compact antennas have been achieved, which
can be developed on low permittivity substrates
showing a small size and operation around 60 GHz,
[1], [20].

Among the antennas used in UWB systems [15]
and WPAN [21], those antennas that use fractal
geometry are ideal, because of their wide
bandwidth, in addition to having a low profile, low
cost, compactness, and a wide radiation pattern,
[22], [23], [24], [25] [26], [27], [28], [29], [30].

In cellular systems nowadays, 5G bands are
used from 450 MHz to 6 GHz (FR1) but there is
another frequency range from 24.5 GHz to 52.6
GHz (FR2).In this letter, a compact wideband
antenna for 5G FR2 bandwidth applications is
presented, this fractal antenna is simulated using
HFSS software.

2 Antenna Design

A monopole antenna with fractal behavior is
presented, using the tree fractal as a base. As shown
in Figure 1.

£

Fig. 1: Monopole fractal antenna

The geometry of the antenna begins from a
circular monopole antenna (Figure 2), in which its
geometry is modified, taking as the center of the
circular element, the center of the tree fractal.

In [31] the study of the circular monopole
achieves a minimum bandwidth of 3.1 GHz to 10.6
GHz (UWB frequency range), where they also
introduce a slot in the ground plane and in the same
patch with a rejection function band from 5 Ghz. to
6 GHz. However, the use and study of new
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frequency bands are present in the development of
5G and 6G cellular systems.

Fig. 2: Circular monopole antenna

The fractal of the tree begins with 3 segments of
the same size as shown in Figure 3, where n=0, here
the 2 upper branches are separated by an angle, in
particular, we use 120 degrees of angle.

Fig. 3: Tree fractal with n=0

2P

Fig. 4: Tree fractal with n=1
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Fig. 5: Monopole-Tree fractal with n=1

For the value of n=1, 3 derivations of the line
are made again at each end of the connected lines,
following the same original configuration with new
lengths equal to half the value of the previous lines
(Figure 4).

Subsequently, and from each new tree branch, a
circular monopole is generated with a radius equal
to half of the previous circular monopole and whose
center coincides with the union of the branches of
the new iteration, as shown in Figure 5.

3 Results

In comparison with the circular monopole antenna
where a bandwidth of 2.5 GHz to 10.5 GHz is
obtained [32], it should be taken into account that
the Kraus fractal technique and bevel technique
were used in order to enhance the coupling antenna
and increase your bandwidth. On the other hand, an
antenna based on the circular monopole shows
operating frequencies for the GPS system, [33]. For
the proposed antenna, the same techniques are used
in the ground plane, however, by adding the fractal
variation of the tree with that of the monopole, as
seen in Figure 6, a coupling of the antenna is
obtained from 21.05 GHz to 30.51 GHz. operating
within the FR2 bandwidth of 5G systems, a
bandwidth of 1 GHz (from 8.7 GHz to 9.9 GHz)
within the UWB bandwidth, and a bandwidth of 2.2
GHz (from 12.25 GHz to 14.42 GHz), as shown by
the dispersion parameter S| (return losses) in Figure
7.

Fractal geometry reduces the size of antennas by
displaying wide bandwidths or multiple operating
frequencies by increasing the number of iterations;
however, hybrid fractal structures are mixed in order
to modify their radiation pattern and other
properties. Examples of fractal antennas that present
various bandwidths for UWB and SWB applications
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are found in [32] where bandwidths from 2.7 GHz
to 18.8 GHz (UWB) are achieved, some
applications with multiband response (from 1.5 to
2.7 GHz and 5.1 to 5.8 GHz) and wide bandwidths
in SWB systems (from 35 GHz to 85 GHz), [34].

Figure 8 shows the radiation pattern and Figure
9 shows the distribution of currents in the antenna,
where a uniform distribution is observed.

The radiation pattern and distribution of
currents show a behavior suitable for short and
medium-range communications, so in future work
we will seek to present a regular or quasi-
omnidirectional pattern.

Fig. 6: Antenna modél in HFSS

Fig. 7: Return Losses (Si1 Pérameter)

Fig. 8: Radiation pattern of the fractal antenna
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=

Fig. 9: Current distribution in the fractal antenna

4 Conclusion
The proposed antenna shows coupling for the new
FR2 band of 5G systems. In the future, the aim is to
reduce decoupling in 11 GHz and 19 GHz in order
to increase the bandwidth of the proposed antenna.
In future work, the aim is to implement modern
algebraic methods in the distribution of the fractal
geometry of the antennas.
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