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Abstract – This paper presents a design of a coaxially fed
microstrip patch antenna (MSPA) with multiple slots for
applications in BAN (Body Area Networks), PAN (personal
area network) and WLAN (Wireless Local Area Network) at
5.8 GHz. The radiation characteristics and the impedance
matching of the proposed antenna are evaluated. The
parametric study of slot dimensions and position has been
performed to optimize the design for high return loss and
increased bandwidth. The maximum achievable bandwidth
below -10dB is about 590 MHz with peak gain of 5.47dB. The
reflection coefficient S11 of -42dB is obtained at resonating
frequency of 5.8 GHz in the Industrial Scientific and Medical
band (ISM).
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I. INTRODUCTION

In wireless communication applications like TV
Broadcasting, Navigation, Radars, Satellite
Communication etc. use different types of antennas like
Yagi-Uda, parabolic reflector, horn antenna and many
others. In today’s agewireless systems are growing at a
fast rate and the demand of new wireless applications like
WLAN, BAN is on the peak. Hence there is a need to
design an antenna to fulfill the requirements of ease of
installation, low profile and easy to integrate with feed
network. The antenna should therefore be planar, small in
size and light weight. Hence the patch antenna is a good
volunteer for flexible antennas for advanced wireless
applications. However patch antenna suffers some
disadvantages like low gain, low bandwidth and low
efficiency because of excitation of surface waves.  To
overcome these limitations of patch antennas, the
researchers have been using different methods including
use of slot loading [1], [2], selection of appropriate
substrate material [3] and height. Increasing substrate
height and lowering the dielectric constant gives enhanced
performance. Antennas arrays are another alternative for
improvement of gain and bandwidth. JohnHermann et. al.
[4] analyzed multiple antenna arrays of different number
of elements (2 to 8) with the resonating frequency of 5.8
GHz in ISM band. In this design a single element was
designed with gain of 3.90dB. Further authors analyzed
two to eight element arrays and achieved gain up to 12dB,
and the S11parameter remained  in   range from -16dB  to -
10dB.A.R. Kharadeet. al. [5] presented a design of dual
layer patch antenna using two different substrate materials.
The achieved gain is 13dB with the return loss of -22dB
and the maximum achievable bandwidth of 220 MHZ. J.
R. Shih-Chung Tuan et. al. [6] presented 1×6 slotted
microstrip patchantenna array with a frequency of
operation of 5.8GHz for the on body surface
communication application. This antenna employed the
coupling feed and achieved the S11 of -25dB. All these

designs achieved high gain on the cost of increased size. In
this paper simple modified E shaped patch [7] antenna has
been designed to achieve enhanced performance without
increasing the size of antenna. Multiple slotting in the
patch has been done to optimize the desired antenna
parameters. The antenna is further fed by introducing a
rectangular plate with coaxial feed line. In the design
initially slotting has been done along the width to achieve
the desired resonant frequency and then slot length is
varied for critical analysis. The circular tapering has been
also done at the two corners of patch and this resulted in
still better S11 and little improvement in antenna gain.
Using this technique remarkably highS11 of -42dB has
been achieved with bandwidth of 523 MHz

II. ANTENNA DESIGN

The proposed design is modified E shaped patch
antenna having ground plane dimensions of 38×24mm
(L×W) and thepatch of 24×24mm (lP×wP). Antenna is co-
axial feed but probe is not directly connected to the patch.
It is fed through a rectangular shaped plate to achieve high
bandwidth and better return loss as shown in Fig. 1. The
dimensions and position of feeding patch is selected so as
be the most suitable one and it has found that a 7×3.5 mm
patch gives best results among all tested designs. To make
antenna resonate at desired frequency two slots of length
7mm and width of 2mm are cut in the patch along the
width of patch [8]. The numerical simulation is performed
using Finite Element Method (FEM) based High
Frequency Structure Simulator (HFSS) software.

Fig.1. Side view of design

Fig.2. Top view of design
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III. PARAMETRIC ANALYSIS

(A) During the designing process it has observed that slot
length have significant effect on the antenna performance
whereas slot width shows no substantial impact on
parameters. So the analysis is done for variable slot length
keeping fixed slot width. In theantenna model three slot
lengths of 6mm (design2), 7mm (design3) and 8mm
(design4) are considered and resultsshow that 7mm slot
length gives best results(fig.2). The antenna resonates at
5.8 GHz with S11 of -19.97dB and gain of 5.18dB. The
results are compared with the design having no rectangular
plate feeding. Fig 2 shows the comparative plot for S11 and
the total dB gain is demonstrated in Fig 3. It can be
observed from the plots that the design with slot length of
6mm gives S11 in acceptable limit of -13dB but the peak
gain lowers down to 4.38dB. In the third case with slot
length of 8mm high gain of 5.26dB with best S11 of -28dB
is achieved. The results are best among all three cases, but
resonant frequency however gets detuned to 5.59GHz
instead of 5.8GHz which is not desirable

Fig.3. S11 plot for slot lengths of 6mm, 7mm and 8mm.

Fig.4. Gain plot for slot lengths of 6mm, 7mm and 8mm.

Table 1 performs comparative analysis of the design to
investigate the dependence of parameters on varying slot
length. It can be concluded that the antenna design with
slot length of 7mm achieves optimum results and hence
for further analysis slot length of 7mm is kept constant.
Introduction of rectangular plate improves S11 and
bandwidth by remarkable amount.

Table I: Comparison of designs with variable slot length
Design Slot Length

(mm)
S11

(dB)
fr

(GHz)
BW

(MHz)
Gain
(dB)

1 Without rect.
Feed (7mm)

-13.75 5.85 388 4.38

2 6 -13.12 5.85 500 4.38

3 7 -19.97 5.73 550 5.18

4 8 -28.92 5.59 520 5.26

(B) In the design now if the two corners of patch are
tapered circularly then results in S11 parameter show
improvement by a decent amount and the maximum value
achieved is -42.83dB. The antenna has been simulated for
circularly tapered cuts and the model is investigated for
three different values of radii.Table 2 compares the results
for variable radius of circularly tapered cut considering
constant slot length. The model with 2mm radius gives
least S11 of -29dB and minimum gain of 5.36dB among all
three designs. Optimized results are obtained for radius of
2.5mm having S11 value of -42.83dB and peak gain of
5.47dB. Highest bandwidth of 610 MHz is however
achievable with radius of 3mm value but on the cost of
reduced return loss of –30.59dB.

Fig.5. Top view of the new design

Fig.6. S11 plot for circular cut radius of 2mm, 2.5mm and
3mm.
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Fig.7. Gain plot for the circular cut radius of 2mm, 2.5mm
and 3mm.

Table II: Comparisons of designs with variable radius of
circular cut with constant slot length

Design Circle
radius (mm)

S11

(dB)
fr

(GHz)
BW

(MHz)
Gain
(dB)

1 2 -29 5.80 590 5.36

2 2.5 -42.83 5.82 590 5.47

3 3 -30.59 5.83 610 5.47

IV. CONCLUSION

Numerical modeling of a small sized E shaped multiple
slotted circularly tapered patch antenna has been done
with HFSS (high frequency structural simulator based on
FEM. The parametric analysis has been done successfully
by achieving high bandwidth and return loss. Introduction
of rectangular plate in the feeding mechanism improves
return loss and bandwidth remarkably. The designed
antenna is investigated for varying slot length and radius
of the circular tapering of the patch.   On Comparing all
the results the design with slot length 7mm and circular
cut of radius 2.5mm achieves optimum results.
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