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ABSTRACT

This paper presents the design of an ultra-wideband Circular microstrip patch antenna for (UWB)
communications. In this structure there is a small Circular patch consists of a partial ground plane and fed by a 50 Q
microstrip line. The proposed antenna can achieves a wide bandwidth from 2.72 GHz to 12.17 GHz with VSWR < 2 with
stable and bi-directional radiation pattern. The simulation of this antenna has been performed by using Ansoft High
Frequency Structure Simulator (HFSS) and Computer Simulation Technology- Microwave Studio (CST).
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1. INTRODUCTION

With the rapid developments in broadband
wireless communications and the great number of
commercial and military applications, necessitate new
types of antennas, which can support higher bit rates. 4G
mobile terminals are gaining immense popularity thanks to
their advanced and user-friendly features. Also, designing
new compact antennas with good characteristics applied
for 3G mobile terminals is quite necessary although
number of similar studies had been conducted so far[1],
since the Federal Communications Commission(FCC)
allowed 3.1 to 10.6 GHz or the signal bandwidth is
more than 500MHz unlicensed band for UWB
communication [2]. UWB also have wide applications in
short range and high speed wireless systems, such as
ground penetrating radars, medical imaging system, high
data rate wireless local area networks WLAN (5.15-5.35
and 5.725-5.825 GHz), downlink of X-band satellite
communication systems (7.25-7.75 GHz) and ITU (8.025-
8.4 GHz). Many techniques have already been applied to
design wideband antennas for different applications, one
of which to increase the bandwidth. Since microstrip
patch antennas inherently have narrow bandwidth
characteristic, there have been numerous techniques
developed for bandwidth enhancement in order to
achieve the UWB characteristics[3]. These antennas
have been discussed in the literature, for instance, U-slot
stacked patch antennas [4], triangle Circular fractal
antenna [5], H-slot antenna [6], E-shaped patch antenna
[7]. Other techniques employed to increase the bandwidth
of antennas include meandered ground plane [8], slot
loading [9], meandering slots [10], tulip-shaped monopole
antenna [11] and T-slot in the radiating element [12].
In this paper, a novel small Circular patch antenna is
proposed, This structure present a wide bandwidth and
miniaturized dimensions, sufficient impedance bandwidth
and highly stable and bi-directional radiation pattern is
obtained. The planar antenna consists of a circular shaped
radiating patch and partial ground plane with a T-shaped
slot on the upper edge to cause a broad bandwidth from
2.76 to 11.71 GHz frequency. The antenna structure is flat,
and its design is simple and straightforward. Details of the

proposed design are presented and discussed in this paper.
The proposed antenna design and performances are
analyzed by using Ansoft High Frequency Structure
Simulator (HFSS) and Computer Simulation Technology-
Microwave Studio (CST).

2. ANTENNA GEOMETRY AND DESIGN

Figure-1 illustrated the configuration of the
proposed antenna, which consist of a circular patch, a
partial ground plane and a T-shaped slot on the ground
plane. The antenna, which has a compact dimension of
Smm The radius a, is printed in the front of a FR4
substrate of thickness 1.58mm and relative permittivity
4.4. The dimension of partial ground plane, which is
printed in the bottom side of the substrate, is chosen to be
12x3.5mm? in this study. The bottom of the patch is
connected by a microstrip line, which is fed by a 50Q
coaxial probe from the side of the antenna. The microstrip
line was etched on the same side of the substrate as the
radiator. The antenna has the following parameters:
Lsw=18mm, Wsw=12mm, a = 5mm, Lg = 3.5mm, 1=
7mm, W¢ = 2mm, h=1.58mm, ws;=ls;=1mm, ws;=0.5mm,
lsz=6mm.
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Figure-1. Geometry of proposed antenna.

3. RESULTS AND DISCUSSIONS
In this section, the circular patch antenna with
various design parameters is constructed, and the

1762



VOL. 10, NO. 4, MARCH 2015 ISSN 1819-6608

ARPN Journal of Engineering and Applied Sciences

==
©2006-2015 Asian Research Publishing Network (ARPN). All rights reserved. @

www.arpnjournals.com

numerical results of the input impedance and radiation 30
characteristics are presented and discussed. The simulated
results are obtained using the Ansoft simulation software 2,5+
high frequency structure simulator (HFSS).
Figure-2 shows the reflection coefficient of this S 20dic N e mee e
antenna according to the frequency. This result shows the g
presence of a resonance frequency at 8.28 GHz with a 15 ~
level of Sy parameter at 24.61-dB. Bandwidth \/
measured at 10-dBranges from 2.72GHz to 12.17GHz, .

presented a width of 9.45GHz. 12 3 a4 5 6 7 8 9 1o 11 12 13
Frequency, GHz

Figure-4. Comparison between the simulated VSWR for
the proposed antennas with HFSS and CST.

0.00
7] Name X Y

ml | 27160 | -10.0008
m2 | 121720 | -10.0306

500-]

Figure-4  shows the simulated VSWR
characteristics of the proposed antenna obtained by the
two tools for simulation. We notice good agreement
between the simulated results.

10001

S11_dB

15,001

2000

2500
Y100 200 300 400 500 600 700 800 900 1000 1100 1200 1300
Frequency, [GHz]

Figure-2. Simulated reflection coefficient S, against
frequency.

To validate our use of design software HFSS, we
designed and simulated the same structure as CST whose
numerical analysis is based on the method of the Finite
Integration Technique (FIT). Figure-3 illustrates the
reflection coefficient obtained by both simulation tools.
We note a good agreement between the simulated results.
There is a slight difference if we consider the resonant
frequency, that is, in terms of bandwidth results are very
comparable. As shown in Table-1.
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Figure-3. Comparison between the simulated S; for the
proposed antennas with HFSS and CST.

Table-1. Comparison results between HFSS and CST.

. Resonant | Level
Bandwidth(GHz) frequency | Sui(dB)
HESS |2.72-12.17 9.45GHz | -24.61 (c)
csT 4.09-12.6 5GHz -16.14 Figure-5. E- and H-field patterns at different frequencies
11.25 GHz | -17.75 a-3.5GHz, b-5.86GHz and c-10GHz.
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Figure-5 shows the radiation patterns of the
proposed antenna at three frequencies of 3.5GHz,
5.86GHz and 10GHz. It is observed that at lower
frequencies both the E- and H-plane field patterns are
approximately bidirectional and the antenna has a main
beam in the broadside direction. As the frequency
increases, higher order current modes are excited and the
radiation patterns becomes slightly directional.
However a stable and symmetric the radiation
patterns are observed over the entire operating band of
the proposed antenna which is similar to a typical
monopole antenna [17].

Gain,dB

Frequency, GHz
Figure-6. Gain in dB of proposed antennas against
frequency.

Figure-6 shows the antenna gain in a frequency
range from 1GHz to 13 GHz. The maximum gain is 3.55
dBi at 11.5GHz. The 3D radiation pattern of the proposed
antenna is shown in Figure-7.
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Figure-7. 3D Radiation pattern of the radiating patch at
5.86 GHz.
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4. CONCLUSIONS

A novel small compact circular microstrip patch
antenna has been proposed for UWB applications. We
showed that by embedding a pair of T-slots with a proper
dimension and position in the partial ground plane, a wide
impedance bandwidth from 2.72GHz to 12.17GHz
(9.45GHz) with VSWR<2 is achieved. In addition, the
antenna is compact and can cover the whole frequency

band of 5.8GHz-band RFID systems, WLAN, ITU, X-
band satellite communication systems and European-
standard UWB systems; it should be a promising
candidate for such applications.
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