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Abstract—This paper presents a linearly polarized monopole antenna for ultra-wideband applications.
Two different monopole antennas are presented for the lower and upper band of ultra wideband. Two
antennas together can be used for the entire ultra-wideband. The designed models of antennas are
simulated and optimized using CST Microwave studio. The simulated antenna performance parameters
are presented. The reflection coefficient is less than -10 dB for the frequency range 3.4261 GHz -
10.939 GHz. The maximum directivity of 3.37 dBi, and 6.151 dBi are achieved for lower band antenna of
upper band antenna, respectively. The radiation patterns of the antenna show omnidirectional behavior
of the antennas.
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I. INTRODUCTION

The Federal Communication Commission (FCC) allotted the frequency band 3.1 GHz-10.6 GHz as unlicensed
band. This unlicensed band is known as ultra-wideband. The ultra-wideband provides a wide bandwidth which
is a key requirement of the modern wireless communication systems [1-3].

The microstrip antennas have many advantages over other antennas such as compact size, easy to fabricate,
low cost etc. Due to several advantages of these antennas over other types of antennas, these antennas are used
in various wireless applications such as missile, aircraft, mobile handsets etc [4]. However, these antennas suffer
with some limitations such as low gain and wider bandwidth. The conventional microstrip antennas have2-5%
bandwidth [5], however microstrip antennas for ultra-wideband needs approximately 110% bandwidth. There
are various techniques in literature for improving the bandwidth of microstrip antennas such as gap-coupling [6-
8], stacked-coupling [9-10], shorting post [11] etc. Researchers are continuously working on this issue and
recently proposed various designs of ultra-wideband antennas [12-16]. In [12], the novel antennas are presented
for ultra-wideband applications using two different structures. First antenna is fed by microstrip line and the
second is a compact coplanar waveguide fed planar slot antenna.ln [13], a multiple input multiple output
(MIMO) antenna is designed for ultra-wideband applications. In [14], an ultra-wideband (UWB) antenna is
reported for a microwave imaging system. The structure utilizes a very simple Hibiscus petal pattern patch with
tapered microstrip line feeding and partial trapezoid ground plane. The gap between the Hibiscus petal pattern
patch and partial ground of the antenna is optimized to achieve ultra-wideband operation. In [15], two
orthogonal monopoles are used to design a dual polarized ultra-wideband antenna. In [16], a low-cost coplanar
waveguide fed compact ultra-wideband (UWB) antenna is presented. The designed antenna eliminates the
wireless local area network (WLAN) signals. The notch band characteristic is achieved by etching half
wavelength C-shaped annular ring slot in the radiating patch. Polarization of the microstrip antennas also plays
an important role in the performance of the wireless communication system. A polarization matched linearly
polarized antenna is more efficient as compared to the circularly polarized antenna systems, however in
circularly polarized antennas polarization matching is not required [4].

In this paper a linearly polarized microstrip patch antenna is presented. Two different antennas are designed
for lower and upper band of the ultra-wideband to achieve the entire ultra-wideband operation. Rest of the paper
is organized as follows: section 2 presents the geometry of the antenna.The various parameters of the designed
antennaalong with their description are presentedin section 3. The conclusion of the presented work is given in
section 4.

Il. ANTENNA GEOMETRY

The geometry of the antenna is given in Fig 1. The monopole is divided in to two sections as shown in Fig.
1. These two sections give extra freedom to optimize the design. The length and width of first section are L, and
w; respectively. The length and width of second section are L, and w, respectively. The monopole is fed by
coaxial feeding technique. The ground plane is optimized to achieve the optimum performance of the antenna.
The thickness and dielectric constant of the substrate are hand ¢,., respectively.
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Fig. 1 Geometry of the antenna.

I11.RESULTS AND DISCUSSION

The antenna structure shown in Fig. 1 is optimized for lower and upper band of ultra-wideband using CST
microwave studio. The antenna 1 is optimized for the lower band of the ultra-wideband and antenna 2 is
optimized for the upper band of the ultra-wideband. The optimized dimensions of the designed antenna are
given in Table 1.With the optimized dimensions the antenna parameters of the simulated model are studied. The
reflection coefficient of the antenna 1 is depicted in Fig. 2. The reflection coefficient of the antenna 1 is less
than —10 dB for the bandwidth of 3.4261 GHz to 5.8415 GHz as shown in Fig. 2. Fig. 3 shows the reflection
coefficient of the designed antenna 2 for the upper band of the ultra-wideband. From Fig. 3, it can be observed
that the reflection coefficient of the antenna is less than —10 dB for the bandwidth 5.1204 GHzto 10.939 GHz.
Both the antennas together can be used for the bandwidth 3.4261 GHzto 10.939 GHz, which very much closed
to the ultra-wideband.

Further the radiation patterns of the antenna 1 at 3.5 GHz,4 GHz, 4.5 GHz and 5 GHz are shown in Fig. 4(a),
Fig. 4(b), Fig. 4(c), and Fig. 4 (d), respectively. The radiation patterns in H-plane show the omnidirectional
behavior of the designed antenna. Fig. 5 (a), Fig. 5(b), Fig. 5(c), Fig. 5(d) and Fig. 5(e) show the E-plane and H-
plane radiation patterns at 5 GHz, 6.5 GHz,8 GHz,9.3 GHz, and 10 GHz, respectively. The radiation patters of
the antenna 2 show its omnidirectional behavior in both the planes.

TABLE I. Optimized dimensions of the designed antennas

S. No. Antenna 1 Antenna 2
Dimension | Size (mm) | Dimension | Size (mm)
1 Ly 2 L, 6.5
2 w; 2.7 w; 3.5
3 L, 21 L, 8
4 w, 1.9 w, 2.2
5 h 1.58 h 1.58
6 & 49 & 4.9

The maximum directivity, radiation efficiency and total efficiency of the antennas 1 at 3.5 GHz, 4 GHz, 4.5

GHz, and 5 GHz are given in Table Il. Other parameters of the designed antenna 1. A maximum directivity of
3.37 dBiis achieved for the antenna 1. Table Il presents the maximum directivity, radiation efficiency and total
efficiency at various frequencies of the antenna 2. The maximum directivity of 6.151 dBiis achieved for antenna
2. The 3-dB beamwidths for E-plane and H —plane at various frequencies, for antenna 1 and antenna 2, are given

in Table IV and in Table V, respectively.
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Fig. 2 Reflection coefficient of antenna 1.
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Fig. 3 Reflection coefficient of antenna 2.
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Fig. 4 Radiation patters of antenna 1 at (a) 3.5 GHz, (b) 4 GHz, (C) 4.5 GHz, and (d) 5 GHz
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Fig. 5 Radiation patterns of antenna 2 at (a) 5 GHz, (b) 6.5 GHz, (c) 8 GHz, (d) 9.3 GHz, and (e) 10 GHz

DOI: 10.21817/ijet/2017/v912/170902041

TABLE Il. Max. directivity, radiation efficiency and total efficiency of the designed antenna 1

Antenna Parameter | Frequency | Value
Max. Directivity 3.5 GHz 2.464 dBi
4 GHz 2.856 dBi
4.5 GHz 3.217 dBi
5GHz 3.37 dBi
Radiation Efficiency | 3.5 GHz 93.76 %
4 GHz 94.41 %
4.5 GHz 92.5%
5 GHz 91.31%
Total Efficiency 3.5 GHz 87.15%
4 GHz 89.27 %
4.5 GHz 84.91 %
5GHz 84.67 %
Vol 9 No 2 Apr-May 2017 770
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TABLE Ill. Max. directivity, radiation efficiency and total efficiency of the designed antenna 2

Antenna Parameter | Frequency Value
Max. Directivity 5 GHz 3.153 dBi
6.5 GHz 5.48 dBi
8 GHz 5.48 dBi
9.3GHz 5.429
10 GHz 6.151 dBi
Radiation Efficiency | 5 GHz 93.26 %
6.5 GHz 86.67 %
8 GHz 86.67 %
9.3 GHz 83.93%
10 GHz 82.69 %
Total Efficiency 5 GHz 79.93 %
6.5 GHz 85.59 %
8 GHz 85.59 %
9.3 GHz 78.72 %
10 GHz 77.6 %

TABLE IV. 3-dB beamwidth for Antenna 1

Frequency Beamwidth
E-plane H-plane

3.5 GHz 84.5° Entire plane

4 GHz 82.8 Entire plane

4.5 GHz 81.7 325

5 GHz 80.6 325

TABLE V. 3-dB beamwidth for Antenna 2

Frequency Beamwidth
E-plane H-plane

5GHz 87.5 312.4

6.5 GHz 72.3 77.6

8 GHz 72.3 77.6

9.3 GHz 64.5 82.8

10 GHz 64.5 68.3

1VV.CONCLUSION

The design of a single polarized monopole antenna has been presented. Two antennas for lower and upper
band of ultra-wideband are presented to achieve the ultra-wideband operation. The designs of both antennas are
optimized using CST microwave studio. Various input and directional parameters of the designed antennas have
been shown and explained. From these parameters it can be concluded that the designed individual two antennas
can be used for lower and upper band of the ultra-wideband and these antennas together can be used for the
ultra-wideband applications with reasonable directivity and omnidirectional nature of the radiation patterns.
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