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Abstract- This paper presents the design and development
of a simple corner truncated microstrip patch antenna for
application in phased array environment and operating in
the ISM band. Such a patch antenna is designed for a
common FR4 substrate and has been designed and
developed in CST Microwave studio. The designed corner
truncated patch antenna exhibits an impedance
bandwidth of 78MHz and a directivity of 7.24 dBi. The
designed structure is fabricated and measured using the
Rohde &Schwartz ZVL6 VNA for the S11 measurements.
The measured results are in close agreement with the
simulation results.

1. INTRODUCTION
With the modern world relying heavily on wireless
communication, the wireless communication infrastructure
plays an important role in modern society. Of the many
universally recognized bands, a specific band of interest is
the Industrial, Scientific and Medical band (ISM band)
which ranges from 2.4GHz to 2.5GHz. This frequency band
is open to the general public and is utilized by various
communication protocols and standards such as Wi-Fi and
Bluetooth. With the advent of newer standards which
require the utilization of phased arrays, it is desired to
design an antenna spanning the entire ISM band, which is
suitable for use in such phased array environments.
Due to the integration aspects of such an antenna element
which is to be used in compact Wi-Fi routers for instance, it
is desired to utilize an antenna which is planar and printed
in nature results in easy fabrication on a single printed
circuit board. Therefore, the antenna element of choice is a
microstrip patch antenna which is a rectangular metallic
patch placed on a substrate of finite thickness and backed
by a ground plane. Such a microstrip patch antenna can be
modeled as a resonating cavity with a high Q factor[1]
which results in a low bandwidth. In order to increase the
bandwidth, multiple methods have been proposed. The
most common methods are the inclusion of a slot in the
radiating patch which loads the cavity resulting in a higher
bandwidth[2,3]. An additional method to achieve the same
is via corner truncation which results in a higher fringing
field and thus a higher bandwidth.
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This paper presents the design and development of simple
corner truncated microstrip patch antenna on an FR4
substrate having 1.6mm thickness in order to be compatible
with common PCB fabrication processes.

2. DESIGN OF CORNER TRUNCATED PATCH
ANTENNA

The process of design of the corner truncated patch
antenna primarily consists of the construction of a standard
rectangular microstrip patch antenna following which the
truncation at the corners of the patch body is made to
increase the bandwidth [2]. The standard rectangular patch
antenna embodies the metallic patch surface which is held
and backed by the substrate and the metallic ground plane
respectively.
Techniques for truncations on the patch surface have
gained prominence over the recent years on the grounds of
imparting higher bandwidth while being relatively simple
to implement. Truncations in the sides, corners and the
edges of the patch surface are effectively being employed
based on the Impedance bandwidth and the Mutual
Coupling observed when the antenna element is operated in
an array environment [3,4]. The size and position of the
truncations determines the change in reactance of the
antenna when excited which imparts a higher bandwidth [57].
In the current study, a corner truncated patch antenna is
proposed owing to its simplistic design and higher
bandwidth impartment. The design of such a corner
truncated patch antenna begins with the design and
development of a simple rectangular patch antenna. Post
the design of a traditional patch antenna, the corners are
truncated to improve the bandwidth. This corner truncation
results in a variation of the resonant frequency and hence
must be optimized.
The equations for the design of a standard rectangular patch
antenna are described in [1].
The width of the patch body is given by Eqn (1).
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(1)

Where,
is the substrate dielectric constant.
c is the speed of light in free space.
f0 is the centre frequency as per design.

Substrate Thickness
Transmission Line
Inset feed Cutout
Truncation Length (TL)

1.565 mm
2.98×21.25 mm
1.4×7 mm
7.6 mm

The effective required to compute the length of the patch
body is given by Eqn (2).
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Where,
h represents the thickness of the substrate.
Using the
obtained from Eqn (2), the length of the
patch is computed as described in Eqn (3).
=
−2
(3)
Where,
and
is the effective length and length extension
given by Eqns (4) and (5).
=

Figure 1 Proposed Structure of the TRPA

(4)

2

3. RESULTS AND DISCUSSION

3.1 Simulated Results
The proposed corner truncated patch was constructed and
= 0.412ℎ
(5) simulated in CST Microwave Studio according to the
− 0.258
+ 0.8
dimensions specified in Table 1. The return loss of the
designed antenna element is illustrated in Figure 2.
The corner truncated patch antenna portrayed in Figure 1
is designed using Eqns (1)-(5) onto which the truncations
are produced. In order to have a symmetric return loss and
single band operation, the truncations are chosen to exhibit
four quadrant symmetry. The dimensions of the truncations
are initially chosen to be at an angle of 45° and chosen to
be roughly 0.1λ. This dimension however provides a
starting point for the design and must be optimized
successively. This successive optimization is carried out
using the optimetric functions in CST Microwave Studio. It
is to be noted that the inclusion of the truncations shifts the
Figure 2 Simulated Return Loss of the TRPA
resonant frequency and therefore the patch dimensions
must be modified as well. The final dimensions of the
The S11 return loss for the designed element is obtained to
designed corner truncated patch antenna for a center
be -34 dB at a centre frequency of 2.43 GHz and shows an
frequency of 2.45 GHz is shown in Table 1.
impedance bandwidth of 78 MHz. The radiation pattern of
Table 1: Dimensions of the TRPA
the TRPA is illustrated in Figure 3. The simulated antenna
Parameters
Dimensions
element shows a 3 dB beamwidth of 85° with a directivity
Ground Plane
80×80 mm
of 7.24 dBi.
Substrate
80×80 mm
W
50 mm
L
30.5 mm
+ 0.3

+ 0.264
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Figure 6 Bandwidth of single element
Figure 3 Simulated Radiation Pattern of the TRPA
3.2 Measured Results
The image of the fabricated antenna element designed as
per the dimensions illustrated in Table 1 is shown in Figure
4.

The measured return loss of the antenna element is found
to be -30.61 dB at a center frequency of 2.39 GHz having
an impedance bandwidth of 70 MHz..
a.

3.3 Dual element antenna array

As the designed element is to be used in an array
environment, a simple 1x2 array is constructed with an
inter element spacing of 0.5λ as illustrated in Figure 7.
This array is fed with a common feed consisting of a Tjunction power divider implemented using microstrip
technology[8,9].

Figure 4 Fabricated TRPA
The fabricated structure is measured using Rohde &
Schwarz ZVL6 Vector Network Analyzer. The S11 plot and
bandwidth plots are shown in Figure 5 and Figure 6
respectively.
Figure 7 1x2 Antenna array with power divider

Figure 5 Resonant dip of TRPA
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As the designed antenna array utilizes a T-junction based
power divider, which utilizes a quarter wave transformer in
order to match impedances, the formed array theoretically
should exhibit a lower bandwidth due to the frequency
dependance of the electrical length. This is observed from
the return loss plot illustrated in Figure 8. For the designed
antenna array, the main beam must point in the boresight
direction. Due to this requirement, care must be taken the
lengths of the two feeding arms are identical in nature so as
to not induce a phase gradient which results in a tilted
beam.
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simple solution for bandwidth enhancement which is easy
to fabricate and requires minimal number of iterations to
design.
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Figure 8 Return loss of antenna array
From Figure 8, it can be seen that the addition of the Tjunction power divider lowers the bandwidth of the antenna
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is illustrated in Figure 9. It can be seen that the addition of
a second antenna results in an improvement of the
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Figure 9 Directivity of 1x2 Array
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