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A new microstrip patch antenna for ultra-wideband applications is presented in this paper.
The design and performance of the antenna component are discussed. The propounded
antenna is mounted on a compact FR-4 substrate having dimensions 20 x 30 x 1.6 mm? with
relative permittivity er=4.3. The rectangular patch antenna is slotted with two types;
rectangular and semi-circle slots so as to ensure a broad bandwidth. The results reveal that
the antenna covers the frequency range of 3.1-7.5 GHz with a reflection coefficient reduced
to -55 dB and a maximum gain of 5.9 dB. The details of the simulated and measured results
for reflection coefficient are presented, showing a good agreement between them. To
analyze the effect of the slots, the surface current distribution is investigated. The
performances of good impedance matching are achieved within the operating band.
Simulations are performed using CST Microwave Studio. The propounded antenna can be
deployed for UWB applications and other radio communication services systems such as
high-resolution radar, military communication, communications and sensors, position

location and tracking.

1. Introduction

UWB technology has recently attracted significant attention in
wireless communications thanks to its main features in particular
high bandwidth and data rate, ensuring secure communication in
military applications. The world of ultra-wideband (UWB) has
changed in very recent history. In February 2002, the FCC (Federal
communications commission) issued a ruling that UWB could be
used for commercial applications on unlicensed basis as well as for
radar and safety applications. The decision authorized very low
power spectral density emission in a bandwidth ranging from 3.1
to 10.6 GHz [1-3]. UWB appears to be a technology very
promising for wireless communications at very high levels data-
rate, high-precision radar and imaging systems. UWB systems use
short pulses (of the order of the picosecond), repeated at a certain
rate that can be up to several giga-impulses per second, offering
thus a very high bandwidth with a very low transmission power
level. This offers UWB systems the possibility of coexisting with
other systems.
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To fulfill the demand in this type of communications, many
research on UWB antenna design have been published. Most of
them focused on patch antennas because of their simple structure,
small size, low cost, low complexity, light weight, and high-speed
data rate. They are considered as good candidates for UWB
applications among many versions of UWB antennas.
Nevertheless, micro-strip patch antenna has narrow bandwidth.

To resolve this problem and obtain the desired performances,
many methods are used. The typical technique focus on cutting
slots of several forms in the radiating element, the ground plane,
and the feed line. Nowadays, many slot shapes are available and
discussed by various researchers [4-6]. Slot antennas have proven
to be useful in that context. However design and placement of these
slots on the radiating element is challenging as compared to the
other traditional techniques. The purpose of this project is to design
a micro-strip patch antenna for UWB applications that covers the
frequency range of 3.1-7.5 GHz.

2. Design and Configuration of the Antenna

The propounded antenna is a rectangular patch antenna which
is fed by a micro-strip line and mounted on a dielectric substrate
named FR4-lossy, with thickness h=1.6mm and relative
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permittivity er=4.3, having dimensions of 20 x 30 x 1.6 mm?®.
These specifications for the substrate are a part of material
parameters window on CST Microwave Studio. The material used
in the patch and the ground is lossy copper with a thickness of
Mt=0.035mm as given in Tab .1. The width of the line feeding is
3 mm and the length is 14.5 mm. The partial ground plane is also
used with the propounded antenna geometry as shown in Figure 1.
To investigate the impact of various antenna’s characteristics
(different slots), a meticulous parametric study was performed.
The parametric values of the propounded antenna are shown
in Tab.1. The antenna is excited by a 50-Q micro-strip feed line.
The parameters measurement of the patch are calculated using the
following formulas [7]:

Width formula of rectangular:
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Table 1: Parameter values of the propounded antenna

Parameters Values (mm)
L 30
w 20
Lp 7
Wp 16
Lg 14
Wg 20
h 1.6
Mt 0.035
Wf 3
Lf 145
a 10
b 15
9 45
d 2.5
e 1
f 8
g 1
h 0.75
0 0.5
rl 25
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To amplify the coupling between the feed line and the slots,
multiple slots are introduced in order to broaden the operating
bandwidth of the antenna. Having a quite large slot is logical
transition to obtain wide bandwidth from an aperture-coupled
patch. The first two slots are designed by combining rectangular
and semi-circle slots placed in a juxtapose way [8-10]. In addition,
different other rectangular slots are included in the radiating
element. The structure of the antenna design is illustrated in Fig .1.
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Figure 1 Design of the propounded UWB antenna (a) Top (b) Bottom

To improve the performance of micro-strip patch antenna, it is
advisable to design a combination of two or more slots on the
radiating element. This can be observed from the discussed
literature survey that a micro-strip patch antenna with slots can be
designed for wireless applications [11]. The technique employed
in this paper retains the same elementary structure of the antenna
with different slots included in the radiating element. In order to
obtain a wide bandwidth, a rigorous investigation on different
parameters in terms of feed width (Wf), feed length (Lf) and
different slots width and length was performed. From the analysis
we found the optimum dimensions of above parameters to be 3
mm, 145 mm respectively for the feed line, to meet the
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requirement. The slots dimensions and other antenna’s parameters

are listed in Tab .1 on the basis of undertaken parametric analysis. gt

Figure 2 presents the simulated reflection coefficient of the “etecton
antenna, the antenna without rectangular slots and the antenna oo Do
without semi-circle slots. When different slots are included, a wide 2- Patch : Art of geometric
bandwidth is achieved from 3.1 to 7.5 GHz with three resonant & Groundplane
frequencies at 3.9, 5.95 and 7.3 GHz. Effect of using different slots mmfwm
is shown. We notice that the propounded antenna is the best B T
candidate to meet the requirements in terms of UWB bandwidth.
The flow chart of the propounded antenna’s design methodology e p{uw E
is presented in figure 3. e
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Figure 2 Simulated reflection coefficient of the propounded antenna, the antenna

without rectangular slot and the antenna without semi-circle slots
3. Results and Discussions
Measurements and
The propounded UWB antenna is designed by opting for the Pk et b
optimal values of above parameters in order to cover the frequency
range 3.1- 7.5 GHz. Both numerical and experimental tests have

been achieved to assess the effectiveness of the propounded
antenna and the results are presented in this section. Toward this
end, the antenna was fabricated on FR4-lossy substrate (30 x 20 x
1.6 mms) with dielectric constant of €r = 4.3. Figure 4 depicts the Figure 3 The flow chart of the propounded antenna’s design methodology.
fabricated antenna for experimental verification.

The reflection coefficient of the antenna has been analyzed
using CST Microwave STUDIO simulator and verified using
another electromagnetic simulator HFSS as shown in Figure 5. A
3.1-7.5 GHz frequency range below  -10 dB of return loss S11
is obtained. The reflection coefficient (S11), measured in decibel
(dB), can be calculated using the formula:

Zin - ZO
Zin+Zg

Where Z0 is the characteristic impedance of the 50 Q SMA
port and Zin is the driving point impedance of the antenna. Figure
5 shows a comparison of the simulated reflection coefficient using
both CST and HFSS. The results corroborate that there is a good
agreement between the two simulations with a small variation as
the two softwares use different numerical techniques, finite
integration technique, a relative of FDTD for CST Microwave
Studio and Finite Element Method (FEM) for HFSS [12] Figure 4 Photograph of the fabricated UWB antenna
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The UWB antenna was measured after fabrication to examine
the performance of the proposed approach. Measured reflection
coefficient is achieved by vector network analyzer. The measured
and simulated reflection coefficients of antenna are compared in
Figure 6. From measured results, we can notice that the antenna is
operatingwitha  -10dB bandwidth from 3.1 to 7.5 GHz. A good
agreement  between simulation and measurement results is
observed with a little discrepancy which is mainly owing to the
fabrication margin. It could also be because to the impact of the
feeding cable, feeding connector and the antenna fixation support
as the structure is small.
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Figure 5 Simulated reflection coefficient of the propounded antenna
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Figure 6 Measured and simulated reflection coefficient of the UWB antenna

The electromagnetic solver, CST Microwave STUDIO, is used
to numerically analyze and improve the antenna’s configuration.
Figure 7 presents the simulated results of the propounded antenna
with the rectangular slot combined with semi-circle slots width,
from 0.5 to 1.5 mm. It should be noticed that one variable at the
time was varied, the others being constant. It is apparent that the
bandwidth for UWB band decreases as the width decreases from
1.5t0 0.5 mm. Consequently, it is concluded that b= 1.5 mm is the
optimal value for the bandwidth from 3.1 to 7.5 GHz, covering the
whole UWB range with three resonant frequencies at 3.9, 5.95 and
7.3 GHz.
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Figure 7 Simulated reflection coefficient response of the antenna as a function of
“b”. All other parameters are the same as listed in Table 1

The propounded UWB antenna has an acceptable quasi
omnidirectional radiation pattern needed to receive information
signals from all directions. Figure 8 presents three-dimensional
radiation patterns at three frequencies 3.9, 5.95 and 7.3 GHz. The
gain of the antenna attain 3.26 dB at 3.9 GHz, 4.55 dB at 5.95 GHz
and 5.90 dB at 7.3 GHz.
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(©
Figure 8. 3D radiation patterns of the propounded antenna at (a) 3.9, (b) 5.95 and
(c) 7.3 GHz.

(b)
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Figure 9 Surface Current distributions at (a) 3.9 GHz, (b) 5.95 GHz and (c) 7.3
GHz

Surface current distribution has been depicted in Figure 9 and
analyzed at discrete frequencies (a) 3.9 GHz, (b) 5.95 GHz and (c)
7.3 GHz, to give a physical perception and have a deeper
understanding on the resonant behavior of the antenna. Figure 9 (a)
and (b) shows that the surface current distributions are mainly flow
and distributed though along the rectangular slots and the feed part.
From Figure 9 (c), it can be observed that most of surface currents
are concentrated on the edges of the interior and exterior of semi-
circle slots. Effective coupling between different slots affords
wide-band matched impedance bandwidth, therefore, the surface
current is distributed evenly over the radiating patch. The
maximum gain of the propounded antenna is presented in Figure

WWWw.astesj.com

10. As expected, the antenna has a good gain over the whole
operating frequency range with a maximum gain up to 5.9 dB.

The simulated radiation efficiency of the antenna is presented
in Figure 11. It can be noticed that the antenna reaches a maximum
radiation efficiency of 81% and more than 60% over the whole
UWB frequency range.
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Figure 10 The gain of the propounded antenna
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Figure 11 simulated radiation efficiency of the antenna

A comparison between our antenna and other published
research is demonstrated in Table 2 in terms of their dimensions,
bandwidth, gain and applications, in order to reinforce the concept
of design. The almost stable radiation pattern with gain up to 5.9
dB makes our antenna suitable for being used for UWB
applications.

Table 2 A comparison between the propounded antenna and other published work

References Dimensions Bandwidth Gain at Applica-
i resonant tions
(in mm) uws frequency
(dB)
[13] 13x15 3.07-11.64 5.49 UuwB
applications
[14] 22x24 2.8-11.4 3.6 uwB
5.4 applications
[15] 27x32.42 3.1-5.2 2.33 UuwB
5.8-10.6 5.49 applications
Our work 20x30 3.1-75 3.2 UuwB
45 applications
5.9
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4. Conclusion

The micro-strip patch antenna is easy to manufacture,
replaceable, low profile and highly efficient. Such antennas are
strongly recommended in satellite and wireless communication. In
this paper, a new UWB patch antenna is presented with a wide
bandwidth from 3.1 to 7.5 GHz with three resonant frequencies at
3.9, 5.95 and 7.3 GHz. The optimized structural parameters have
been reached after many optimization and parameter sweeps on
antenna performance. The propounded antenna can be used in
multiple UWB applications that requires a wide bandwidth and
reduced return loss at the operating frequency of the frequency
range. The simulated results provide that, the maximum bandwidth
attained numerically is 4.4 GHz due to the multiple slots used in
the antenna. The results have revealed that our new fabricated
antenna is definitely highly convenient for UWB applications such
as high-resolution radar, military communication,
communications and sensors, position location and tracking.
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