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Abstract—This paper presents the theoretical investigation of a
slotted patch antenna. The main objective of proposed work is to
obtain a large bandwidth antenna with reduced size. The antenna has
a compact size of 21.1mm x 20.25mm x 8.5mm. Two designs with
minor variation are studied which provide wide impedance
bandwidths of 24.056% and 25.63% respectively with the use of
parasitic elements when excited by a probe feed. The advantages of
this configuration are its compact size and the wide range of
frequencies covered. A parametric study is also conducted to
investigate the characteristics of the antenna under different
conditions. The measured return loss and radiation pattern indicate
the suitability of this design for WLAN applications, namely, WiMax, 802.11a/b/g and ISM bands.

Keywords—Inset feed, microstrip antenna, parasitic patch,
shorting wall, slot, wi-max.
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I. INTRODUCTION

XTENSIVE research has been done on microstrip
antennas in recent years to exploit their small size and low
cost. Although these antennas have proved to be excellent
radiators for various applications; they have an inherently
narrow bandwidth and low gain. The bandwidth, typically 12% is a major limiting factor for the widespread application of
these antennas. Various techniques have been implemented in
the past to overcome these shortcomings including the use of
parasitic elements and multilayer configurations [1]-[5].
Thick, low permittivity substrates have also been used [5] [6], which further increase the size and inductivity of the
antenna. Size reduction is obtained by shorting the patch with
the ground plane using a wall or a pin at the point of minimum
voltage [1, 3, 5]. These advancements have witnessed a
corresponding progress in the fields where microstrip
antennas are used. Recent years have witnessed tremendous
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advancements in wireless communications technologies.
Technologies such as UWB [4] have been identified as
potentially revolutionary in the coming years.
In this paper, the radiation performance of a compact
slotted broadband antenna is obtained by electromagnetic
coupling with a parasitic element and by designing it on a
thick low permittivity substrate. The design is simulated using
‘Microstripes 7.5TM [7] based on the TLM technique of
analysis. The present structure is intended for use with the
existing and upcoming wireless communication systems.
II. ANTENNA DESIGN
In this paper, we have proposed a compact slotted antenna
having dimensions L1 x W1 and designed on a thick foam
substrate having relative permittivity equal to 1.04 and a loss
tangent equal to 0.0016. A shorting wall having dimensions
3mm x1mmx7mm is used as shown in Fig. 1. The ground
plane of antenna has a size of 40mm x 40 mm. Adjacent to the
radiating patch, a parasitic patch of dimensions L2 x W2 is
placed as shown in Fig. 1. For the present investigations, two
sets of parameters with small variations in slot size and
dimensions of the parasitic element are considered. These are:
For Design – 1: L1 = 15mm, W1 = 9mm, L2 = 20.25mm,
W2 = 9.6mm
For Design – 2: L1 = 15mm, W1 = 9mm, L2 = 16.4mm, W2
= 8.2mm

Fig. 1 Antenna geometry with dimensions of the radiating patch and
the parasitic patch

Through top view of these antenna geometries in Fig. 2a
and Fig. 2b, internal dimension corresponding to Design-1
and Design-2 are shown. Fig. 2c shows a 3-dimensional view
of this geometry. Both these geometries have inset feed as
shown in Fig. 2a and Fig. 2b.
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facilitates the attainment of lower resonant frequencies due to
cancellation of current.
ii) Effect of substrate material and thickness
The fringing field increases with increase in substrate
thickness and decrease in substrate permittivity. The
bandwidth of a microstrip antenna also varies directly with the
substrate thickness and inversely with the permittivity of the
substrate. Therefore in the present communication, a thick
dielectric substrate (h = 7 mm) with low permittivity
(Єr
= 1.04) is chosen to maximize the bandwidth and efficiency of
the radiating structure.
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Fig. 2 (a) Top view of antenna structure named ‘Design-1’

iii) Effect of shorting wall
A shorting wall having dimensions 3mm x 1mm x 7mm is
utilized for realization of the small size of the antenna. The
width of the shorting wall can be used to control the resonant
frequencies. An increase in the width of the wall increases the
path for average currents thus decreasing the resonant
frequencies.
iv) Effect of parasitic patch
A parasitic patch is placed close to the fed patch and
excited by capacitive coupling between the two patches. The
bandwidth is increased when the resonant frequencies of the
two patches are close enough to form a common band. The
overall input VSWR will be a superposition of the responses
of the two resonators. A parasitic patch with appropriate
dimensions has been used to obtain the desired results.

Fig. 2 (b) Top view of antenna structure named ‘Design-2’

v) Choice of feed
An inset probe feed at 50Ω is used as shown in the figure.
This feeding technique is chosen for its ease of fabrication and
low spurious radiation.
III. SIMULATION AND RESULTS

Fig. 2 (c) 3-D view of antenna under consideration

The analysis of these antenna geometries is carried out by
applying the following features in the structure:
i) Effect of slots
Slots of appropriate shape and size are made on the
radiating element as shown in the figures above, which
divides the radiating geometry effectively into three resonant
patches. The dimensions of different parts of these slots are
shown in these figures. The meander structure thus formed
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The above-mentioned geometries are simulated by the TLM
technique of analysis. The return losses of both antenna
structures are plotted as a function of frequency in Fig. 3a and
Fig. 3b. Two distinct bands are observed at frequencies 2.435
GHz and 5.487 GHz for Design-1 and at 2.468 GHz and 6.020
GHz for Design-2. The impedance bandwidth is defined as the
range of frequencies over which the return loss is better than 10db and the VSWR less than two. The maximum bandwidths
of the proposed antennas are 24.056% at 5.487 GHz for
Design-1 and 25.63% at 6.020 GHz for Design-2.
The narrow bands have bandwidths of 1.889 % at 2.435
GHz for Design-1 and 2.188% at 2.468 GHz for Design-2.
The VSWR is less than 2 throughout the bandwidth at the
higher resonant frequency for Design-1 and at both resonant
frequencies for Design-2. The lower resonant frequency for
Design-1 has a VSWR less than 2.2 throughout its bandwidth.
Design-1 has maximum radiation normal to the patch
geometry (broadside direction). The 3dB beamwidth for the
radiation patterns of both these antenna designs in two cuts
(45o and 135o) are given in Fig. 4 and Fig. 5. For Design-1,
3dB beam widths in 45o and 135o cuts are 166.395o and
114.09o respectively. For Design-2 maximum radiation in 45o
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from this study. On increasing the separation, between the
radiating and parasitic patches, F2/F1 ratio increases almost
linearly.
The bandwidth corresponding to frequency F1 decreases
marginally then increases till separation is made d = 2.5 mm
and finally it decreases. Similarly gain and antenna efficiency
corresponding to frequency F1 decreases on increasing
separation, between the radiating and parasitic patches but
corresponding to frequency F2, both these parameters
increases marginally.
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Fig. 3 (a) Variation of return loss with frequency (Design-1)

Fig. 4 (a) Co-polar radiation pattern at 45 degrees cut from the Eplane (Design-1) at 2.435 GHz
Fig. 3 (b) Variation of return loss with frequency (Design-2)

cut are still in broadside direction (θ = 0o) but for 135o cut
maximum radiation is obtained in θ = 255o. The 3dB
beamwidth for Design-2 in these two cuts are 165.782o and
52.09o respectively.
The gain, directivity and antenna efficiency of Design-1 for
the 5.487 GHz frequency band are 4.633 dBi, 4.657dBi and
99.433% respectively are obtained while for 2.435GHz band,
these are 0.978 dBi, 1.889 dBi and 91.542% respectively. For
Design-2, corresponding to 6.020 GHz band, gain, directivity
and antenna efficiency are 5.640 dBi, 5.642 dBi, 99.96%
respectively while the 2.468 GHz band these are 1.294 dBi,
1.337 dBi and 99.007% respectively. It is noticed that the
parasitic patch enhances the bandwidth of the antenna.
Design-1 without a parasitic patch yields a lower gain (0.618
dBi less at the higher resonant frequency of the geometry) and
a bandwidth 2.76% less than that of the proposed design. The
shorting wall and the slots on the parasitic patch also enhance
the response remarkably. Design-1 without a parasitic patch
and a shorting wall has a return loss greater than -10dB. The
return loss falls to below -10dB with the introduction of a
shorting wall and a bandwidth of 8.38% is obtained. Further
introduction of slots increases the bandwidth to 24.056%.
A parametric study of the antenna is also conducted to
investigate its response to the parasitic patch as well as the
substrate thickness. The parameters L2, W2, substrate
thickness h, and the distance between the radiating and
parasitic patches d for design1 are selected for parametric
study. All the other parameters are kept invariant. The results
are shown in Table I. Some interesting results are obtained
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Fig. 4 (b) Co-polar radiation pattern at 135 degrees cut from the Eplane (Design-1) at 5.487 GHz

Fig. 5 (a) Co-polar radiation pattern at 45 degrees cut from the Eplane (Design -2) at 2.468 GHz
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IV. CONCLUSION
A compact slotted broadband antenna is proposed. It is
observed that with appropriate substrate height, separation
between radiating and parasitic patch and dimensions of
parasitic patch, a higher bandwidth and antenna efficiency
may be achieved which are the main requirements for an
antenna applicable for modern communication systems
including wireless systems.
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