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ABSTRACT

This paper presents a single-patch broadband
microstrip antenna: the E-shaped patch antenna
on a single-layer foam substrate is investigated..
The broadband mechanism is explored by
investigating the behavior of the currents on the
patch. Bandwidth enhancement of the antenna is
achieved by inserting two parallel slots into its
radiating patch. The effects of the following design
parameters: the slot length, width, and position
are optimized to achieve a broad bandwidth.
Finally, a 32% E-shaped patch antenna,
resonating at wireless communication frequencies
of 1.5 and 2.9 GHz, is designhed. The antenna was
designed using IE3D software.
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1. Introduction

Microstrip patch antennas are widely used because of
their many advantages, such as the low profile, light
weight, and conformity. They are being used in a
large variety of applications such as radar, missiles,
aircraft, satellite communications, mobile
communication base stations and handsets, as well as
in biomedical telemetry services. Many of these
applications, or roughly most of them require a wide
bandwidth, where this is not the case in a
conventional  microstrip  antenna.  Bandwidth
enhancement of this particular antenna arises from
the fact of this major operational disadvantage of
having a very narrow bandwidth. Researchers have
made many efforts to overcome this problem and
many configurations have been presented to extend
the bandwidth. The conventional method to increase
the bandwidth is using parasitic patches. The
parasitic patches are located on the same layer with
the main patch. In [2], an aperture-coupled microstrip
antenna is described with parasitic patches stacked on
the top of the main patch. However, these methods
typically enlarge the antenna size, either in the

antenna plane or in the antenna height. With the rapid
development of wireless communications, single-
patch broadband antennas have attracted many
researchers’ attention [3]-[5]. In [6], the authors
presented a U-slot microstrip antenna and
demonstrated that its bandwidth could exceed 30%.
In this paper, we present a novel single-patch
broadband microstrip antenna: the E-shaped patch
antenna. When two parallel slots are incorporated
into the antenna patch, the bandwidth increases above
30%. Compared to the U-slot microstrip patch
antenna, the E-shaped patch antenna is simpler in
construction. By only adjusting the length, width, and
position of the slots one can obtain satisfactory
performances. Some experimental results prove the
validity of this design. The method of moments [7]
with the vector triangular basis function [8] is used
for analysis, as well as IE3D software.. Subsequently,
a wide-band E-shaped patch antenna with 32%
bandwidth is designed to cover both 1.5GHz and
2.9GHz. These ranges of frequencies are very
desirable in modern wireless communications.

2. Antenna Geometry

The antenna geometry is shown in Fig.1. The antenna
has only one patch, which is simpler than traditional
wide-band microstrip antennas. The patch size is
characterized by L, W, h and it is fed by a coaxial
probe at position d,. To expand the antenna
bandwidth, two wide slits have the same length | and
the same width w; and are inserted at the bottom edge
of the patch. The separation of the two wide slits is
w2 and the two slits are placed symmetrically with
respect to the patch’s centerline (y axis). There are
only three parameters ( I, wl, w2) for the wide slits
used here. Along the patch’s centerline, a probe feed
at a distance dp from the patch’s bottom edge can be
located for good excitation of the proposed antenna
over a wide bandwidth. The topological shape of the
patch resembles the letter “E,” hence the name E-
shaped patch antenna. The E-shaped patch is formed
by inserting a pair of wide slits at the boundary of a
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microstrip patch. The slot length (I), width (w;), and
position are important parameters in controlling the
achievable bandwidth.

3. Effect of Slots

The effect of the slots, most importantly, the
amplitudes of currents around the slots are different
at low resonant frequencies and high resonant
frequencies. It means that the effects of the slots at
these two resonant frequencies are different. This is
the key reason why the slots can extend the
bandwidth. At the high frequency, the amplitudes of
the currents around the slots are almost the same as
those at the left and right edges of the patch. The
effects of the slots are not significant. The patch
works like ordinary patch. Therefore, the high
resonant frequency is mainly determined by the patch
width, less affected by the slots. While at the low
frequency, the amplitudes of the currents around slots
are greater than those at high frequency. The slots
congregate the currents and this effect can be
modeled as an inductance. Due to this additional
inductance effect, it resonates at a low frequency.
Thus, this lower resonant frequency is mainly
characterized by the slots. Now it can be concluded
that the antenna width controls the higher resonant
frequency while the slots control the lower resonant
frequency. Because of the dual resonant character,
this kind of microstrip antenna can achieve a wide
bandwidth [1].
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Figure.1: Geometry of E-Shaped Patch Antenna [11].

4. Results and Discussion

In this section, a broadband E-shaped patch antenna
for wireless communications is characterized in
detail. The results of this E-shaped patch antenna are
shown figure 2 and 3. The S;; and Smith chart s
obtained by IE3D software. From the figure, one can
observe that the E-shaped patch antenna resonates at
1.5GHz and 2.9 GHz. These frequencies are chosen
because they are useful frequencies in modern
wireless communications. The E-shaped patch
antenna has a wide bandwidth of 32%. The Slots play
an important role to control the broadband behavior
of the E-shaped patch antenna. There are three
parameters to characterize the slots, namely slot
length, slot position, and slot width. When the slot
length is small, the antenna only has one resonant
frequency. When the slot length increases, another
lower resonant frequency appears. The longer the slot
length, the lower the second resonant frequency. In
brief, the slot length is an important parameter to
characterize the resonant frequencies of the E-shaped
patch antenna. When slot position is small, the S;; at
lower frequencies does not match well. When
becomes larger, the two resonant frequencies become
distinct and a broadband match is obtained.
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Figure.2: S;; for E-Shaped Patch Antenna (f =
1.5GHz and 2.9GHz).
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Figure.3: Smith Chart for E-Shaped Patch Antenna (f
= 1.5GHz and 2.9GHz).

5. Conclusion

A novel technique for enhancing bandwidth of a
patch antenna has been proposed. Two parallel slots
are incorporated in the rectangular microstrip antenna
such that it closely resembles a Slotted E shape. The
antenna is successfully designed and it also attains a
bandwidth of about 32 %. Finally, a 32% bandwidth
E-shaped patch antenna, applicable to modern
wireless communication frequencies of 1.5 to 2.9
GHz, is designed and characterized in detail. From
the analysis of simulated results it can be verified that
the antenna is best suitable for s band frequency
operations.
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