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Abstract
This paper represents analysis & designing of E-shape microstrip 
patch antenna. The shape will provide the narrow bandwidth 
which is required for the Bluetooth applications. The resonant 
frequencies of antenna are 3.1GHz and 3.45GHz, the dielectric 
constant 4.2 and thickness of the substrate 1.6mm is used for 
proposed antenna. Two parallel slots are cut to perturb the 
surface current path, its introducing a local inductive effect that 
is responsible for the excitation of the second resonant mode. 
The E-shape has return loss of -12dB of and -28dB at resonant 
frequencies 3.1GHz and 3.45GHz respectively. Designing and 
simulation of this antenna has been done by the help of HFSS 
Software. For the analysis of antenna we used the popular Finite 
element method (FEM). In this paper, the effects of different types 
of antenna parameters like return loss, VSWR are also analysed. 
Proposed antenna has acceptable bandwidth for Bluetooth and 
other wireless communications.
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I. Introduction
Microstrip patch antenna is types of antennas that offers a low 
profile, i.e. thin and easily manufacture ability, which provides 
great advantages over traditional antennas [3]. Patch antennas 
are planner antennas used in Bluetooth applications.  An 
E-shaped patch antenna is easily formed by cutting two slots 
from a rectangular shape [2]. By cutting the slots from a patch, 
gain, return loss and bandwidth of microstrip antenna can be 
improved. To improve the bandwidth of antenna we can also use 
the dielectric with high thickness and low dielectric constant. 
With the increased development of wireless communications, 
the urgency to design low volume, compact, low profile planar 
configuration and wideband multi-frequency planar antennas 
become highly desirable. Narrow bandwidth is a serious limitation 
of these microstrip patch antennas. Different techniques are used 
to overcome this narrow bandwidth limitation. These techniques 
include increasing the thickness of the dielectric substrate, 
decreasing dielectric constant and using parasitic patches [4-8]. 

II. Antenna Dimensions 
In this paper, the E-shape microstrip patch antenna has been 
designed with over all dimensions of W(41mm) x L(31mm). The 
designing of E-shaped microstrip patch antenna, the resonant 
frequency fr = 3.1GHz and the dielectric substrate FR4 epoxy is 
used for fabrication. The dielectric constant of the substrate εr 
= 4.2 and thickness of the substrate h = 1.6mm have been used 
to design the E-shaped microstrip patch antenna. The width and 
length of the microstrip antenna have determined as follows

       (1)
Where v 0 is velocity of light in free space

  (2)
Where the dimensions of the patch along its length have been 
extended on each end by a distance ∆L, which is a function of 
the effective dielectric constant εreff and the width-to-height ratio 
(W/h), and the normalized extension of the length, is 

  (3)
The actual length of the patch can be determine as 

   (4)
In this paper, the E-shape micro strip patch antenna has been 
designed with desired width W(21mm) and length L(31mm).The 
size of the ground plane is 41×31 (mm2), and the thickness of the 
dielectric layer is 1.6 mm. we have also change the dimensions 
of patch and ground to optimize the patch antenna as to achieve 
the desired gain and directivity comparatively compact size of the 
antenna [1-4]. With dielectric constant of the dielectric layer is 
4.2 we achieved the above mentioned parameters. The dimension 
of the patch is 31×21 (mm2). In this section we will discuss the 
effect of parameters on the performance of designed E-shaped 
micro strip antenna.  In this antenna feeding has been done at 
the point where the return loss is minimum. By changing the 
position of feeding point we can change the various terms which 
are associated with antenna. Fig. 1 gives a HFSS top view of 
E shaped proposed antenna with above described dimensions. 
Fig. 2 shows the HFSS view where a small circle have used for 
co-axial feeding which provides maximum return loss (-28 dB) 
with that position.

Fig. 2: E-Shape Microstrip Patch Antenna
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Table 1: Proposed Antenna Design Parameters in Milimeters 
(mm)
Dimensions W L W1 L1
(mm) 41 31 31 21
Dimensions L2 W2 W3=W4 W5
(mm) 8.5 6 9 3.5

III. Analysis of Proposed Antenna
In this paper we have used the famous FEM method to analysis 
the proposed antenna with the help of HFSS. The region of interest 
is divided into any number of finite surfaces or volume elements 
depending upon the planar or volumetric structures to be analysed.  
Integration of certain functions is done over the entire conducting 
patch. This patch is partitioned into many subsections. 

IV. Simulated Result of Proposed Antenna
For the Simulation of proposed antenna HFSS software have 
been used. In this simulation we have tried to obtain optimized 
performance of various antenna parameters such as return loss, 
gain, radiation pattern, directivity etc. With the help of HFSS 
software we can also calculate the bandwidth percentage. The 
band width percentage for designed antenna is 11%. It’s very 
appreciable because microstrip antennas are known for their poor 
bandwidth [7-8]. With the proposed antenna we have achieved a 
very appreciable percentage of bandwidth which could be useful 
for the wireless communication as well as applications in S 
band. Fig. 3 shows the return loss consideration for the proposed 
antenna.                                                        

Fig. 3: Return Loss of Antenna

From the plot it can be observed that return loss at frequency 
3.45GHz is maximum which is near by-28dB.

Fig. 4: Gain of E – Shape Microstrip Patch Antenna

The radiation pattern shows gain of proposed antenna at frequency 
3.45GHz is about 4.7dB
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Fig. 5: Directivity of E – Shape Micro Strip Patch Antenna

The polar plot represents the directivity of antenna at frequency 
in 6.8dB. This radiation pattern also shows that the circular 
polarization occurred by changing feed point.

Fig. 6: 3D Polar Plot of Directivity

Fig. 7: 3D Polar Plot of Gain
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Fig. 8: VSWR of E-Shape Micro Strip Patch Antenna

V. Conclusion
From the simulation analysis of the proposed antenna it can be 
easily observed that the designed E-shaped microstrip antenna 
has  gain of 4.7dB and optimized return loss -28dB at frequency 
3.45GHz. It has also been observed that position of feed point has 
a serious effect on the performance of the designed antenna. By 
varying the feed point position, different parameters of designed 
antenna can be optimized. The proposed antenna fulfils the desired 
parameter values with a very compact size i.e. a big achievement 
with this antenna with comparison to others [1-4]. Proposed 
antenna can be used in different applications such as in wireless 
communication, S band applications etc. 
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