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An ultra-wideband (UWB) printed antenna (PMA) powered by a compact coplanar
waveguide (CPW) is featured. The propounded antenna is supposed to cover the UWB
range from 7 GHz to 10 GHz, with return loss values below —10 dB in the whole frequency
range, for X-band applications, often used for dense satellite communications. The 30 x 35
x 1.6 mm3 antenna is mounted on a dielectric substrate named FR-4 with thickness
h=1.6mm, relative permittivity er=4.3 and loss tangent of 0.025. All the conception and
simulated results are realized using the 3D Electromagnetic Simulator software CST
Microwave Studio. The results show wide bandwidth and good omnidirectional radiation
patterns in the operating band, with a very reduced size. The global satisfying achievement
with a very simple structure and small size makes the propounded antenna attractive for
use in ultra-wide band (UWB) systems, especially for X-band applications.

1. Introduction

In recent years, there have been new and different mobile
standards established in the context of the explosive growth in
wireless services that require both higher communication data rate
and larger bandwidth. Ultra-Wide Band (UWB) antennas have
shown a renewed interest since the allocation by the Federal
Communication Commission (FCC) of the bandwidth from 3.1
t010.6 GHz in 2002 [1-2]. This allocation has excited antenna
designers to seek for challenging designs of low-cost UWB
antennas.

Ultra-wideband technology is potentially the most adequate
technologies for future wireless communication system due to
various satisfying factures such as ultra-wide bandwidth, low
power consumption, high data rate transmission and admirable
immunity to multi-patch interference.

A variety of antenna’s models have been explored for UWB
applications [3-5]. Nevertheless, the operating band of UWB
communication systems includes other frequency bands.
Therefore, UWB communication systems may generate
interference with those bands. To overcome problems caused by
electromagnetic interference (EMI) from UWB to other
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applications, a new antenna for X-band applications is introduced
to avoid possible interferences with existing communication
systems running over the whole range of UWB. Different methods
for generating CP waves were investigated [6-7]. Coplanar
waveguide (CPW) feed antennas with slots are broadly used in
many applications because of their advantageous qualities like one
metallic layer, simple integration and low profile and wide
impedance bandwidth

The propounded antenna is designed utilizing slots of many
forms in the radiating patch.

In this paper, a CPW-fed UWB antenna design method is
presented, using U shape slot. The operating mechanism and
design methodology of the antenna are investigated. The
remaining of this paper organized as follows. Section 2 presents
the configuration and the parametric study of our antenna.
Simulation results accompanied with some discussions are
presented in the third Section. In the end, Section 4 summarizes
the paper.

2. Antenna Design and Configuration

Normally, the bandwidth of a micro-strip antennas is not very
broad, they have narrow bandwidth. Therefore, to conceive an
UWB antenna, the conventional technique consist on cutting slots
of various forms in the radiating patch is required. The structure of

78


http://www.astesj.com/
mailto:qaddihamza@gmail.com
http://www.astesj.com/
https://dx.doi.org/10.25046/aj040210

O.M. Hamza et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 4, No. 2, 78-82 (2019)

the antenna is depicted in Figure 1. To improve the bandwidth of
the propounded antenna, the radiating element is modified by
cutting U-shaped slots on its middle [8-10]. Many methods have
been already employed in the design in order to obtain wideband
antennas by using Different slot shapes that are available and
explored by various researchers [11-13]. Among rectangular slot,
T-H-L shaped slots and many others, U-slot antennas have proven
to be advantageous in that context [14-16]. Although, placement
and design of the slots is more challenging than the other methods.

The antenna includes a rectangular patch which is fed by a
common coplanar waveguide (CPW) transmission line, mounted
on the dielectric substrate FR4-lossy, with thickness h=1.6 mm,
relative permittivity er=4.3 and loss tangent of 0.025, having
dimensions of 30 x 35 x 1.6 mm3.

The choice of CPW is due to its easy unification with slots and
also to its uniplanar and conformal shape. To ensure a 50-Q
characteristic impedance, the width of the CPW feeder line is fixed
at 3.6 mm. A transmission line with characteristic impedance Zo
can simply represent CPW in the equivalent circuit model. Closed-
form expressions are given in [17] For the effective dielectric
constant and characteristic impedance of CPW. The small gap
between the radiating element and the ground plane is the main
reason in the excessive capacitive coupling. The manufacturing of
the antenna is very simple and inexpensive as both the radiating
element and the ground plane are implemented on the same plane,
only a single-sided metallization substrate with one layer is utilized
[18].

The antenna’s features have been optimized through CST
Microwave Studio with Time-domain solver, a market-oriented
electromagnetic simulator relying on finite integration technique.
The optimized antenna’s parameters of the are listed in Table 1 and
the flow chart presenting the design methodology of the CPW-fed
ultra-wideband antenna is depicted in Figure 2.

LL
Ls
G—LD
o
Ww
Ws dt
Y
1
s
Y axis || Dielectric £, tand |I h
X axis

Figure 1 Propounded UWB antenna’s structure
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Table 1 parameter values of the propounded antenna

Parameters Values (mm)
LL 35
wWw 30
Ls 23
Ws 13
L 13
w 8
T 2
G 0.5
S 3.6
h 1.6
Mt 0.07
a 12
b 35
c 0.5
d 2

—b‘ Design specifications, bandwidth, gain... ‘

i

Simulation in CST Microwave Studio ‘
Optimization l

F 3
‘ Performance examination ‘

Satisfactory

—’| Parametric study ‘
|
| Simulation to meet dual notched bands ‘
!
Optimization | | Performance examination ‘
r
Satisfactory

Performance examination

Figure 2 Flow chart of the CPW-fed Ultra-wideband antenna

3. Results and Discussions

Evidently, the simulation results provide a broadband with a -
10dB from 7 to 9.9 GHz with two resonant frequencies at 7.65 and
9 GHz, respectively. Figure 3 illustrates the simulated reflection
coefficient of the antenna. Apparently, the above achieved
bandwidth covers the entire UWB spectrum for X-band
applications.

The simulated result of our UWB antenna with and without
slots is shown in Figure 4. The slots are made on the radiating
element to get rid of the notched band.
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Figure 3 Simulated reflection coefficient of the propounded antenna
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Figure 6 Simulated reflection coefficient response of the propounded antenna as
a function of “c”. All remaining parameters are identical to those in Table 1.

Regarding the radiation properties of the concept model, the
antenna has quasi-invariant radiation characteristics, which is
confirmed on the basis of the three-dimensional radiation patterns
of the simulations in Figure 7.

From the Figure 8, that presents the E-Plane (XZ plane, Phi=0)
radiation patterns at7.65 GHz and 9 GHz, the antenna has an
approximate unchanged radiation pattern and the results match the

» § § § § § 1 characteristic of UWB systems, which should be possible to
‘ | ‘ | ' receive information signals from all directions. Furthermore, this
is supported by the same diagrams of the surface current
distributions in Figure 9.

0 2 4 6 8 10
Frequency / GHz

Figure 4 Simulated reflection coefficient of the propounded antenna with and
without slots

By analyzing the effect of the width and the length of the slot
in the radiating element, we aimed to determine the optimum
parameters of the slot to achieve the right bandwidth for X-band
applications. Figure 5 reveals the impact of the width “d” of the
slot on the simulated reflection coefficient of the antenna. It may
be noticed that the bandwidth increase as the width increases from
0 to 2mm to match with the X-band. Therefore, the slot width was
fixed at 2 mm. Figure 6 illustrates the impact of the length “c” on
the simulated reflection coefficient of the antenna. It can be seen
that the suitable value of the slot length to match with X-band is
0.5mm. Higher return loss parameter values are observed when
slot length increases from 0.5 to 0.75 mm. In summary, by
reasonable selection of the length and width of the slot, we can
obtain the desired bandwidth. Therefore, we decided on ¢=0.5mm
and d=2mm as the optimum values of the slot.
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Figure 5 Simulated reflection coefficient response of the propounded antenna as Figure 7 3D radiation patterns of the propounded antenna at (a) 7.65 and (b) 9
GHz.

a function of “d”. All remaining parameters are identical to those in Table 1.
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Figure 8 E-field radiation patterns of the antenna (XZ; Phi=0) at (a) 7.65 GHz
and (b) 9GHz

The current distribution over the antenna with slots is shown in
Figure 9 at the two resonant frequencies (a) 7.65 and (b) 9 GHz. It
can be seen that the current density is highly condensed at the
edges of the slots. The currents flow from the feed point of the
antenna to the upper part of the radiating element on the same
channel for the two resonant frequencies. The current distributions
flow principally through the transmission line. Patently, the
distribution of the surface current is symmetric over the antenna.

Figure 10 illustrates the radiation efficiency of the CPW-fed
UWRB antenna. A maximum radiation efficiency of 83% and more
than 79% throughout the entire frequency range is achieved by the
antenna.

The evaluation of the antenna’s performance compared other
UWB antennas is demonstrated in Table 2 in terms of their
dimensions, bandwidth, gain and applications, in order to support
the concept of design. It is found that the propounded antenna
shows broad bandwidth impedance, small size, and high gain
characteristics which make the antenna appropriate for use in
UWB applications, especially X-band applications.
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Figure 9 Surface Current distributions at (a) 7.65 GHz and (b) 9 GHz.
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Figure 10 Simulated radiation efficiency of the propounded CPW-fed UWB
antenna
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Table 2: A summary of the propounded antenna and other previously released

work.
References Dimensions | Bandwidth | Gain at Applications
. resonant
(in mm) uws frequency
(dB)
[19] 30x29 5.5-12.5 5 UWB
applications
(C-X-band)
[20] 150x150 4.5-7.47 5 UWB
applications
(S-X-band)
[21] 20x35 8.15-9.08 <46 UWB
applications
(X-band)
Our work 30x35 7-9.9 3.18 UWB
3.93 applications
(X-band)

4. Conclusion

An ultra-wide band (UWB) printed antenna (PMA) powered
by a compact coplanar waveguide (CPW)-fed is proposed. The
antenna having a total size of 30 x 35 mm? is printed on an
inexpensive dielectric substrate named FR-4. The above
conception skills are presented to achieve broad bandwidth
supported by good impedance matching as well as constant
radiation characteristics throughout the entire operating band (7-
9.9 GHz). An analysis of the width and the length of the slots in
the radiating patch has been given. The antenna design has been
assessed through many numerical simulations. Therefore, the
propounded antenna is supposed to be a strong competitor for a
variety of UWB systems, especially for X-band applications.
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