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ABSTRACT 
This paper presents the design and simulation of suspended E-

shape microstrip patch antenna. Thisshape will provide the 

wide bandwidth by introducing two parallel slots in to 

rectangular patch. The antenna design is simulated using 

HFSS software. The performance of the designed antenna was 

analysed in terms of bandwidth, gain, return loss, VSWR and 

radiation pattern (3D).Dielectric Substrate FR4 having 

dielectric constant of 4.4 is used.This antenna design is 

simulated using HFSS simulator (High Frequency Structure 

Simulator). The antenna is able to operate from2.405 GHz to 

2.525 GHz frequency band. 
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1. INTRODUCTION 
MPA consists of a radiating patch on one side of a dielectric 

substrate with a ground plane on other side.Microstrip patch 

antennas are widely used in wireless communications due to 

their various advantages of low profile, less weight, and low 

cost, together with ease of integration with microstrip circuits. 

However, the main disadvantage of microstrip antennas is the 

narrow bandwidth. 

Different techniques have been applied to overcome this 

problem such as increasing the substrate thickness, 

introducing parasitic elements i.e. co-planar or stack 

configuration, or modifying the patch’s shape itself. 

Modifying patch’s shape includes designing an E-shaped 

patch antennas or a U-slot patch antenna. E-shaped patch 

antenna by introducing two parallel slots in to rectangular 

patch provides wide bandwidth [1]. 

To improve the bandwidth suspended E shaped microstrip 

patch antenna is used. The air gap is introduced in between 

dielectric substrate and ground plane.Researchers have 

designed compact capacitivefed microstrip antenna suspended 

above theground plane wireless communication [2, 3, and 4]. 

The bandwidth of the antenna can be increased by introducing 

tapered slots in to E shape antenna [6].The E & U shape 

wideband antenna which is able to operate at higher frequency 

range from 8.80 GHz to 13.49 GHz frequency band with 

optimum frequency at 8.73 GHz [7].The E shaped antenna 

with widened slot can be used for achieving wide bandwidth 

[8]. Good enhancement in bandwidth and gain can be 

achieved with dual E shaped antenna [9]. 

By adding square slot in the ground plane of rectangular 

microstrip antenna also produce wideband characteristic [10]. 

 

 

 

2. DESIGN SPECIFICATION 
The three essential parameters for the design of a rectangular 

microstrip Patch Antenna are: 

 Frequency of operation(fo):  

The resonant frequency of the antenna must be selected 

appropriately. The resonant frequency selected for design is 

2.4 GHz. 

 Dielectric constant of the substrate (ε r):  

The dielectric material selected for design is glass epoxy 

which has a dielectric constant of 4.4. 

 Height of dielectric Substrate (h): 

For the microstrip patch antenna to be used in cellular phones, 

it is essential that the antenna is not bulky. Hence, the height 

of the dielectric substrate is selected as 1.6 mm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Flow chart of antenna designing 
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2.1   Antenna Configuration 

2.1.1 Calculation of the width of Patch(W): 
The width of the microstrip patch antenna is given as 

𝑊 =
𝑐

2 f o  
ε r +1

2

 

For c=3*10^11 mm/s, fo=2.4GHz,ε r=4.4 

We get      W=38.22 mm. 

2.1.2 Calculation of effective dielectric constant: 
An effective dielectric constant is introduced, given as: 

ε𝑟𝑒𝑓𝑓 =
ε𝑟 + 1 

2
+
ε𝑟 − 1 

2
 1 + 12

ℎ

𝑊
 
−1/2

 

For εr=4.4, h=1.6mm, W=38mm 

We get     εreff=3.99 

2.1.3 Calculation of Length of Patch (L): 
 c=3*10^11 mm/s, εreff=3.99, fo=2.4GHz 

We get   Leff =30.25 mm 

Due to fringing the dimension of the patch as increased by ΔL 

on both the sides, given by: 

∆𝐿 = 0.412ℎ
 ε𝑟𝑒𝑓𝑓 + 0.3  

𝑊

ℎ
+ 0.264 

 ε𝑟𝑒𝑓𝑓 − 0.258  
𝑊

ℎ
+ 0.8 

 

For W=38.22 mm, h, =1.6mm, εreff=3.99 

We get     ΔL=0.70mm 

     L= Leff-2ΔL=28.4 mm 

2.1.4 Calculation of Substrate dimension: 

For this design this substrate dimension would be 

Ls=L+2*6h=59mm 

Ws=W+2*6h=50mm 

2.1.5 Calculation of feed point: 
For this feed would be given L/4 distance.i.e. 7.5mm 

3. COMPARISONS OF BANDWIDTH 

DIFFERENT PATCH SHAPES  
In suspended E shaped MPA the air gap is introducedin 

between ground and dielectric substrate. The Bandwidths of 

probe fed MSA, E shaped MSA &Suspended E shape MSA 

are compared. 

 
 

Figure 2 Suspended E shaped MPA 

The bandwidth achieved with probe feed rectangular patch is 

70 MHz with above antenna design parameters. 

 

Figure 3 Probe fed MPA 

The bandwidth achieved with probefeed E shaped patch is 120 

MHz with above antenna design parameters. 

 
Figure 4   E shaped MPA 

We have seen Suspended E shape gives more bandwidth can 

be seen in figure 3 

4. RESULT 
Results of suspended E shape MPA 

4.1  Return Loss 
Return loss is the power of the reflected signal in a 

transmission line. It is given in dB.  

RLdB = −20 log10 Γ 

 
Figure 5 Return LossVs. Frequency 

4.2 VSWR 
VSWR is the ratio between the maximum voltage and 

minimum voltage in the transmission line, and can be defined 

as  

VSWR = 1+ ρ/1− ρ 

Where ρ =|Γ|. 

When the system is matched the reflection coefficient 

approaches 0, while VSWR approaches to 1. 
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Figure 6 VSWR VS Frequency 

4.3   Radiation Pattern 
The Antenna Radiation Pattern is a graphical representation of 

the antennasradiated electrical performance. This wave of 

energy (electromagnetic in origin) emitted from the antenna 

that propagates through space is measured at a defined Angle, 

Amplitude, and Frequency. The measurement of this 

performance is commonly presented in a graphical format. 

It is measured in db. The figure 7 shows the radiation pattern 

of antenna. 

 

 
Figure 7 Radiation Pattern 

 

5. CONCLUSION 
Regarding the simulated results, it is concluded that the 

suspended E-shaped patch antenna using probe feed provides 

300 MHz bandwidth.The effect of various parametersof E-

shaped patch antenna have been studied without changing the 

permittivity and the height of the substrates. 
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