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This paper describes the development of broadband patch antennas using Riemann conformal
transformation, on the square in the Argand-Gauss plane for wireless local area network (2.4 GHz
and 5 GHz), and 5G band in 3.5 GHz. For this work was projected three antennas with the bio-
inspired shape of the elliptical leaf(MPA R1, MPA R2, and MPA R3), using Riemann conformal
transformation, for an increase of the bandwidth of the narrowband antenna (square patch
antenna), fractional bandwidth of 3%, to broadband antennas, with fractional bandwidth greater
than 5%. The project of the antennas was generated in MATLAB, simulated in the commercial

software ANSYS, and built in low-cost material, fiberglass dielectric substrate. The measured
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results of the bio-inspired antennas patch antennas, with Riemann transformation, operation in the
2.4 GHz, 3.5 GHz and 5.8 GHz bands, with absolute bandwidth of 135 MHz (MPA R1),
220 MHz (MPA R2) and 440 MHz (MPA R3), fractal bandwidth of 5.6% (MPA R1), 220 MHz

6.3%(MPA R2) and 440 MHz 7.6%(MPA R3), the simulated maximum gain of 6.67 dBi (MPA
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R1), and a half-power beamwidth of 108 degrees (MPA R2).
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INTRODUCTION

The microstrip patch antennas (MPA) have characteristics of
construction and operation that have been widely used in
several civil and military applications (Kumar et al., 2003). In
terms of operation, a conventional MPA antenna features a
broadside radiation diagram with a good beam width, with a
directional gain of around 6 dBi, with resonant properties of a
narrowband antenna, with a percentage bandwidth between 1%
and 3%, as (Balanis, 1997; Chen et al., 2005). These
characteristics, reduced the gain and narrow bandwidth, often
limit its applications in wireless systems and devices.
However, the gain of an MPA antenna can be increased, for
example, with the use of an arrangement of these
antennasaccording to (Stuzman and Thiele, 2013). A review of
techniques used to increase the bandwidth of MPA antennas

can be found in (Ajay et al., 2012), and include: the modified
shape patch, multiresonator technique, multilayered technique
and stacked multilayered technique. Using these techniques,
one can easily obtain percentage bandwidths above 10% for
modified MPA antennas. The broadband technique, which
modifies the patch format, was chosen for this study because it
preserves most of the characteristics and advantages of a
conventional MPA antenna. Some examples, which use this
approach, have been reported in the literature and include the
use of conventional patches (rectangular and circular) with
slits (Jui-Han Lu, 2003; Deshmukh et al., 2013; Jeffrey et al.,
2016; Ata et al., 2018). Generally, the shapes of the slots are
letters, E, H and U according to the works (Aravindraj et al.,
2017; Nitin et al., 2018) and (Ibrahim, 2019), these are the
most used formats for improving the bandwidth, as well as for
multiband applications. Antennas with U-shaped slots and fed
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by a probe can have percentage bandwidths between 11% and
43% (Khidre et al., 2013) and (Khan et al., 2018). The plant-
shapes has been used in the development of several antenna
types, as of patch, monopole, aperture-coupled, in wearable,
on-chip, and other applications, built in rigid and flexible
dielectric substrates as fiber-glass, polyamide, and acetate
(Silva Junior, et al., 2019), (Silva Junior, et al., 2019), (Silva
Junior, et al., 2020), (Silva Junior, et al., 2018), (Silva Junior,
et al., 2016), (Silva Junior, et al., 2016). The advantage of the
plant shape is that it has a great perimeter with compact
structures, enabling the development of the small antennas
operating in low frequencies. In this article, a broadband MPA
antennausing a Riemann conformal transformation on square
antenna, is developing, cover the 2.4 GHz, and 5.8 GHz,
WLAN band according to the IEEE802.11 communication
standards, and 3.5 GHz,5G bands.This work consists of three
more sections in addition to this introduction. Section II
presents the materials and methods used in the development of
the work. In section III, are discussed the results obtained in
the simulations and measurements of structures, and in section
IV the final considerations are addressed.

MATERIALS AND METHODS

The microstrip patch antennas considered in this paper consist
of a radiating conductive patch fed by a microstrip line and a
finite conductive ground plane, which are separated by a thick
dielectric substrate, 7= 1.5 mm, as shown in Figure 1. The
width of the Riemann patch, W, (mm), is equal to twice its
length,L; = A,/2 (mm). The value of the guided wavelength, A,,
is given by (1).

A= o/ fiVE (1)

The Riemann patch is fed by a microstrip line divided into two
sections of equal length (L, = L3):

W
Wy

K/

Patch
Riemann

Gironnd Plane
Figure 1. Microstrip patch Riemann Antenna

A 50 Q pad line, in which an SMA connector is welded to
connect a 50 Q coaxial cable; and an quarter-wave
transformer, whose function is to match the impedance of the
50 Q line section (pad line) and the input impedance of the
radiating Riemann patch. For each line section, the width (#,
or W3), in mm, is calculated and adjusted according to the
desired impedance. The proposed antenna patch has a total
area of WyxL, in which:

W, =W, +13.3h (2)

LO = Ll + L2 + L3 + 6.7h (3)

The material chosen for the manufacture of the antennas was
the fiber-glass (FR-4), whose thickness value of the dielectric
substrate layer is A= 1.5mm, with relative electrical
permittivitye,, = 4.4 and a loss tangent of 0.02. The FR-4 is
widely used in printed circuit technology and is suitable for
low-cost and compact antennas designs, as it has inherent
characteristics for applications in planar antennas. The
microstrip antennas of type patch were designed using a
radiating element model generated from a transformation
conformal to Riemann, in a square in the Argand-Gauss
plane.An example of transformed geometry, generated for the
radiating element on MATLAB™, can be seen in Figure 2,
where the expression (4) was used in the corresponding
transformation.

f@=E-1" 4)

Figure 2. Example of transformation conformal (a) square, (b)
Riemann square

With the application of Riemann's transformed geometry, three
microstrip antennas of type patch were designed, named as:
MPAR1, MPA R2 and MPA R3, with variation in the
dimensions of width#; and lengthZ,, to the adjusting at in
resonance frequencies in 2.4 GHz, 3.5 GHz and 5.8 GHz. The
shape chosen for the development of the work was that of an
elliptical leaf, which can be observed in many types of plants.
This shape was chosen for simplicity of the shape, and for its
adaptation to the Riemann transformation, being able to be
applied without additional modifications, taking advantage of
the characteristics of the increase of the perimeter in a compact
structure. The methodology adopted in this work, to obtain of
the prototypes of type patch Riemann microstrip antennas, was
carried out in stages, according to the flowchart of Figure 3.
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(MATLAB™) (anienna prolotypce)

l |

ANALYSIS MEASUREMENT
(ANSYS DESIGNER'") (VNA, N5230A)
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|
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Figure 3. Flowchart of the methodology used in this work
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For the feeding of the antennas was used the technique by
microstrip line inserted directly in the radiating element and
together with a quarter wave transformer, for the impedance
matching. This feed technique is one of the easiest in terms of
coupling and analysis, since its dimensions depend to
frequency of resonance and the characteristic impedance of the
power supply. The values antennas dimensions proposed are

listed in Table 1.

Table 1. Dimensions of the designed antennas

Dimensions in mm MPARI MPAR2 MPAR3
Width (W) 89.00 67.40 48.40
Width (W) 69.00 47.40 28.20
Width(W5) 1.40 1.30 1.33
Width(W3) 2.87 2.87 2.87
Length (Lo) 74.32 54.56 36.90
Length (L) 34.50 23.70 14.20
Length (L,) 14.91 10.43 6.32
Length (Ls) 14.91 10.43 6.32
RESULTS AND DISCUSSION

Figure 4 shows the prototypes manufactured of the Riemann
patch microstrip antennas, MPA R1, MPA R2 and MPA R3.

Figure 4. Antenna prototypes: MPA R1, MPA R2 and MPA R3

The parameter of the reflection coefficient module,S;;, of the
projected antennas were simulated in the frequency range of
1.0 - 7.0 GHz, as observed in Figure 5. In the simulation was
observed the results of the bandwidth (BW): MPARI = 111.25
MHz; MPA R2 = 180.00 MHz; and MPA R3 = 382.50 MHz.
From the use of the quarter-wave transformer in the microstrip
line, the antennas obtained a better reflection coefficient, Sy,

below of —40,0 dB in the central resonance frequencies(f;),
2.39 GHz, 3.44 GHz and 5.63 GHz.
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Figure 5. Comparison of the parameter simulated, |S;;|, of the antennas:
MPA R1, MPA R2 and MPA R3

The simulation was performed in commercial software
ANSYS™, and the measurements was performed in the
measure’s laboratory of the Federal Institute of Paraiba,
Campus of Joao Pessoa, PB, with the VNA of Agilent

Technology model E5071C (300 kHz—20 GHz). The results
simulated in ANSYS™ of the parameter S;; were compared
with VNA measurements. According to the values indicated in

Table 2, the measurements of the parameters S;; in dB of
theantennas:

MPA R1 = —-28.90 dB, f, of 2.45GHz;
MPA R2 = —33.60 dB,f, of 3.46 GHz; and
MPA R3 = —31.98 dB,f, of 3.71 GHz.
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Figure 6. Comparison of the parameter, |Sy|, simulated and measured, of
the antennas: (a) MPA R1, (b) MPA R2 and (¢) MPA R3
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Figure 6 shows the comparison of simulated and measured
results of S;; parameters of MPA R1, MPA R2, and MPA R3,
and the values can be observed in Table 2. Figure 6(a)
illustrate the comparison of the simulation and measurement of
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the parameter S;;, of the MPA R1, in 2.0 — 3.0 GHz frequency
range. From the measured and simulated results, it can be
indicated that the MPA R1 presents measured bandwidth of
135 MHz, with 21.34% greater than the simulated bandwidth,
and error of 2.51% between simulated and measured resonance
frequency(f.). In the results of the MPA R2, Figure 6(b), it can
be observed that the measured bandwidth is 440.0 MHz, 15%
greater than the simulated bandwidth, and error of1.42% de
between simulated and measured resonance frequency (f;).
The results of the MPA R3 can be observed in Figure 6(c),
with the measured bandwidth of 220.0 MHz, 22.22% greater
than the simulated bandwidth, anderror of 0.58% between
simulated and measured resonance frequency (f3).

CurveInfor /[
=== simulared 239 5108
245 e,

Gy Q)
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110 190-—Peer 22, g
12,277 T80
130,55 g0 /
e " 4 e
P \

150 %30 rd
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both in the simulation and in the measurement, indicate the
impedance bands with VSWR <2.

Table 2. Parameter values |Sy;| simulated and measured of the
antennas, MPA R1, MPA R2 and MPA R3

Parameters Analysis MPA R1 MPA R2 MPA R3
Simulated 2.39 344 5.63
f(GHz) Measured 2.45 3.46 571
Simulated 2.33 3.35 5.37
f1(GHz) Measured 2.36 3.40 5.48
Simulated 2.44 3.53 5.75
f2(GHz) Measured 2.49 3.62 592
Simulated 111.25 180.00 382.50
BW(MHz) Measured 135.00 220.00 440.00
Simulated —40.57 —40.85 —41.40
|S11|(dB) Measured —28.90 —33.60 —31.98

Table 3. Simulated irradiation diagram parameters, 3-D and 2-D
in the E-plane and H-plane of the antennas: MPA R1, MPA R2
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Figura 7. Impedances about the Smith chart’s, simulated and
measurement of the antennas: (a) MPA R1; (b) MPA R2; (c) MPA
R3

Figure 7 shows simulated (left) and measured (right)
impedances on the Smith Chart. From the results it can be
observed that there is good matching impedance between
transmission line and radiating element. The bands (f, — f;)
within the red curve indicated in the center of Smith's charts,
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Figura 8. Simulated 3-D and 2-D irradiation diagrams of the
antennas: (a) MPA R1, (b) MPA R2; (c) MPA R3
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The larger the strip within this curve the greater the bandwidth
of antenna impedance, in the case of measurements, it can be
observed that the bandwidth of the antennas was greater than
that of the simulated antennas. The 3-D and 2-D simulated
radiation patterns of the MPA R1, MPA R2, and MPA R3 at in
2.39 GHz, 3.44 GHz, and 5.63 GHz antennas are illustrated in
Figure 8, and the values of gainhalf-power beam width
(HPBW) and the front/back relationship (F/B), it can be
observed in Table 3. The surface current density of the
Riemann MPA R1, MPA R2, and MPA R3, simulated at 2.39
GHz, 3.44 GHz and 5.62 GHz, respectively, are illustrated in
Figure 9. From these results, can be observed an increase in
surface current density of the antennas MPA R2 and MPA R3,
then corresponding to 16.28 A/m? and 16.10 A/m?, in relation
to the MPA R1 antenna which obtained 7.14 A/m?, but without
a significant difference in the total gain of the antennas, even
with the reduction of the radiating element.
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Figura 9. Surface current density distribution in (A / m2) and the
distant field of the antennas: (a) MPA R1, (b) MPA R2, (¢c) MPA
R3

Final Considerations: In this work was developed broadband
patch antennas with the bio-inspired shape of the elliptical leaf
using Riemann conformal transformation, on the square in the
Argand-Gauss plane for wireless local area network (2.4 GHz
and 5 GHz), and 5G band in 3.5 GHz. The project of the

prototypes of the Riemann patch antennas presented an
increase of the bandwidth of the narrowband antenna, with
fractional bandwidth greater than 5%, increase in current
density and gain constant, greater of 6 dBi.
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