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ABSTRACT - The area of microstrip antennas has 
seen some inventive work in recent years and is one of 
the most dynamic fields of antenna theory. The ever 
increasing need for mobile communication and the 
emergence of newer technologies require an efficient 
design of antenna of smaller size for wider frequency 
range applications such as Wi-Max. The main aim of 
this paper is increase the impedance bandwidth of the 
microstrip patch antenna. A low profile wideband 
unequal E-shaped microstrip patch antenna for Wi-
Max application is proposed in this paper .This 
proposed antenna is made by using the microstrip 
feeding method. Its bandwidth is further increased by 
introducing composite effect of stacking of  patches 
with partial grounding .The antenna is designed and 
simulated by three-dimensional electromagnetic field 
software HFSS’12.The properties of the antenna such 
as bandwidth, S parameter, VSWR have been 
investigated . 

 
Keywords: microstrip feed, microstrip patch 

antenna, rectangular slot, Wi-Max, VSWR (Voltage 
Standing Wave Ratio), HFSS (High Frequency 
Structure Simulator). 
 
 

I. INTRODUCTION 
 

 In wireless communication, there are several 
types of micro strip antennas the most common of 
which is the micro strip patch antennas. Microstrip 
antennae consist of very small conducting patch built 
on a ground plane separated by dielectric substrate. 
The patch antenna idea was first proposed in the early 
1950s, but it was not until the late 1970s that this 
type of antenna attracted serious attention of the 
antenna community. 

The microstrip patch antenna offers the 
advantages of low profile, ease of fabrication, and 
compatibility with integrated circuit technology. 
They can be designed to operate over a large range of  
frequencies (1- 40 GHz) and easily combine to form 

 
 
linear or planar arrays. It can generate linear, dual, 
and circular polarizations. The microstrip antenna has 
different feeding techniques like probe fed, aperture 
coupled, proximity and insert feed. 

As conventional antennae are often bulky and 
costly part of an electronic system, the micro strip 
antennae considered as an engineering breakthrough 
for compact communication devices and systems 
especially for remote uses where compactness is 
much desirable feature. However, conventional 
microstrip patch antenna suffers from very narrow 
bandwidth. This poses design challenge for the 
microstrip antenna designer to meet the broadband 
requirements. Several techniques have been applied 
to overcome this problem such as using thick 
substrate with low dielectric constant, parasitic patch 
loading on the same layer with the main patch, 
stacked multilayer patches, U-slot and E- slot etched 
on the same patch and L-probe feeding. 

The proposed antenna is designed for 2.45GHz 
frequency with stacked unequal E-shape patch with 
partial grounding .The proposed antenna is made by 
using microstrip feed and simulated by HFSS’12. A 
typical patch antenna is shown in figure 1.1. 
 
 
 
 
 
 
 
 
 

 
 

  
Figure 1.1 Microstrip Antenna 

 
In this paper, reduced ground plane structure and 

a stacking of unequal E-shape patch is investigated 
for enhancing the impedance bandwidth on the 
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substrate  Duroid 5880 (dielectric constant is 2.2) 
.The paper is organized in the following sections the 
design of wideband microstrip patch antenna is 

presented in section -II . The results and discussion 
are given in section- III.The conclusions are 
presented in section –IV.

 
II. ANTENNA DESIGN 
 

The geometry of the proposed stacked unequal 
E-shape patch antenna is shown in Fig.2. It consists 
of an unequal E-shape patch antenna, a rectangular 
patch, partial grounding and a microstrip feed .the 
heights of the substrates are 6.7(mm).  

 
Fig. 2. Actual HFSS model (top view) 

 
The design process was start with HFSS’12, aiming a 
bandwidth (S11 <10dB) between 2-5 GHz for WLAN 
and Wi-Max applications. The important parameters 
involved in the design process are dimension of 
rectangular patch ,two parallel slots of E-shaped 
patch, feed point position and the separation between 
patches .In general , the centre wing and the two side 
wings of the E-shaped patch forms two resonance 
frequencies and prudent selection of these 
frequencies can enhance the impedance bandwidth . 
 
 

  
 

Fig.3.Actual HFSS model (side view) 

The above figure shows that the antenna having 
stacking of patches and the feed will be microstrip 
feed. 
 

Table 1. Material used for patch antenna 
 

 Material 
patch pec 
 
Substrate 

 
Duroid 5880  
(ε୰ = 2.2) 

 
 

A.    DESIGN CONSIDERATIONS 
        
There are three important parameters which are 

to be considered carefully for the designing a 
rectangular microstrip patch antennae for wireless 
communication.  

 Frequency of operation (f0): The Mobile 
Communication Systems (Wi-MAX) uses 
the frequency range   from 2100-5600 MHz 
. Hence the antennae designed must be able 
to operate for this frequency range. The 
default resonant frequency chosen for this 
research design simulation is 2.45 GHz.  

 Dielectric constant of the substrate (εr): The 
dielectric material chosen for this design is  
Duroid 5880  which has dielectric constant 
of 2.2 . 

 Height of dielectric substrate (h): For the 
Microstrip patch antennae to be used in 
cellular phones, it is essential that the 
antennae are kept light and compact .Hence, 
the height of the dielectric substrate is 
chosen as 2.87 mm.  

 
Hence, the essential parameters for the above 
explained design are chosen as f0 = 2.45 GHz, 
Duroid 5880 = 2.2 and h = 2.87 mm. 

 
B.    DESIGN PROCEDURE 
 
Step 1: Determination of the Width (W) 
The width of the Microstrip patch antenna is given by 

ݓ =
ܿ

2 ଴݂ට
ε౨ାଵ
ଶ

 

By substituting c = 3×108 m/s, εr = 2.2 and f0 = 2.4 
GHz, it can be easily determined that W = 48.0 mm. 
 

Patch1  
Patch 2 

Feed 
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Step 2: Determination of effective dielectric  
constant (εreff) 
The effective dielectric constant is represented by 
 

௥௘௙௙ߝ =
ε୰ + 1

2  +  
ε୰ − 1

2
൤1 + 12

ℎ
ݓ
൨
ିభమ

 
By substituting εr = 2.2, W = 34.0 mm and h =2.87 
mm, it can be determined that εreff = 2.452 
 
Step 3: Determination of the effective length ( Leff) 
The effective length is given by 

௘௙௙ܮ =
ܿ

2 ଴݂ඥߝ௥௘௙௙
 

By substituting εreff = 2.452, c = 3×108 m/s and f0 = 
3.5 GHz, it can determined that Leff = 0.02736 m = 
27.36 mm. 
 
Step 4: Determination of the length extension (∆L) 
The length extension may be represented by 
 

ܮ∆ = 0.412 ℎ 
൫ߝ௥௘௙௙ = 0.3൯ ቀ௪

௛
+ 0.264ቁ

௥௘௙௙ߝ) − 0.258)(௪
௛

+ 0.8)
 

By substituting εreff = 2.452, W = 34.0 mm and h = 
2.87 mm, it can be determined that ∆L = 1.4201 mm. 
 
Step 5: Determination of actual length of patch (L): 
The actual length is obtained by using expression 

௘௙௙ܮ = ܮ +  ܮ߂2
By substituting Leff = 27.36 mm and ∆L = 1.4201 
mm, the actual length can determined as L = 36 mm. 
In the foregoing mathematical computations, the 
patch parameters have been designed for the substrate 
Duroid 5880 with dielectric constant 2.2. 
 
 
III.SIMULATION RESULTS AND DISCUSSIONS 
 

For simulation we used HFSS’12 of ansoft, 
which is very good for RF antennas. After simulating 
the design the result we got is as follows. 

 

 
 

Fig.4 Return loss (S11) parameter of the unequal E-shape antenna 
 

The above figure shows that the designed unequal E-
shape patch antennas having the minimum return loss 
at 2.32 and 3.8 GHz. 
 

 

 
 

 Fig.5 Return loss(S11) parameter of the stacked antenna 
 
The above figure shows that the designed unequal E-
shape stacked patch antenna with partial grounding 
having the minimum return loss at 2.15 and 4 GHz. 
 
 

 
 
 

Fig.6 VSWR of the unequal E-shape antenna 
 

 

 
 
 
 

Fig.7 VSWR of the stacked antenna 
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Fig.8. Radiation pattern of the stacked antenna 
 
Fig.8 shows the radiation pattern of the unequal 
stacked patch antenna with partial grounding 
providing the gain of the antenna as 12.7dB.  
 
Table 2 .The comparison between the performances of designed 
patch antenna is shown below: 
 
 
 
Patch 
shape 

Resonant 
frequency 
(GHz) 

Return 
Loss 
(dB) 

 
VSWR 

band 
width 
(MHz) 

Unequal E-
shape 
patch 

 
2.32 

 
-24.4 

 
1.5 

 
280 

 
3.9 

 
-29.5 

 
1.12 

 
620 

Stacked 
unequal E-
shape patch 
with partial 
grounding 

 
2.15 

 
-27.2 

 
1.06 

 
290 

 
4 

 
-25.5 

 
1.2 

 
1050 

 
 
The above table shows that the bandwidth is wider 
than the conventional unequal E-shape patch antenna 
.The dimension of rectangular patch as well as the 
shift of microstrip feed point location has been 
optimized to achieve this bandwidth and it can be 
used for WLAN and Wi-Max applications. 
 

IV. CONCLUSION 
 

A wideband stacked unequal E-shape patch has 
been presented in this paper .simulations and results  
of the stacked unequal E-shape patch with partial 
grounding have been provided a useful design for an 
antenna operating at the frequency of 2-2.29 GHz for 
WLAN and 3.53-4.58GHz for Wi-Max applications . 
The return loss of the proposed antenna is less than -
10dB and the increase in bandwidth in comparison to 
the unequal E-shape patch antenna with stacked 

unequal e-shape patch antenna with partial grounding 
is 17.6%.  

It is concluded that the proposed stacked unequal 
E-shape patch with partial grounding antenna 
enhanced the impedance bandwidth than the unequal 
E-shape patch antenna. 
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