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Abstract 

 
In this paper, the design and analysis of E-shape 

microstrip patch antenna for the 4G mobile 

communication system is presented. The shape of 

proposed antenna will provide the wide bandwidth which 

is required for the operation of 4G mobile 

communication systems. The operating frequency of 

antenna is 3GHz, The antenna design consists of a single 

layer of thickness 1.6 mm with dielectric constant of 4.2 

and fabricated on glass epoxy material. The simulation 

results of proposed E-Shape antenna are done by the help 

of IE3D Zeland Software (Version 12.0). For the analysis 

of antenna we used the Cavity Model. This antenna is fed 

by a co-axial probe feeding. The effects of different 

antenna parameters like return loss, voltage standing 

wave ratio (VSWR) are also studied. 

Keywords— Microstrip patch antenna, Return loss, 

VSWR. 

 

1. Introduction 

 
As the developments has been done for improvement 

of wireless communications, the necessity to design low 

volume, compact, low profile planar configuration and 

wideband multi-frequency planar antennas become 

extremely popular. Narrow bandwidth is a serious 

restriction of these microstrip patch antennas. Different 

kinds of techniques are used to overcome this narrow 

bandwidth restriction. These techniques comprise using 

parasitic patches [1], increasing the thickness of the 

dielectric substrate and decreasing dielectric constant [2].  

The approach of the microstrip antenna enjoys all the 

advantages of printed circuit technology. The other 

drawbacks of basic microstrip structures include low 

power handling capability, loss, half plane radiation and 

limitation on the maximum gain. For many practical 

designs, the advantages of microstrip antennas far 

compensate their disadvantages [2]. However, research is 

still ongoing today to conquer some of these 

disadvantages. This paper, introduces designing and an 

analysis of E-shape microstrip patch antenna for 4G 

Mobile communication applications. The E-shape of 

microstrip patch antenna as shown in Figure 1. 

 

2. Antenna Design and Structure 

 
A. E-Shaped Microstrip Antenna 
 

The proposed configuration of the antenna is shown in 

Figure 1. The antenna design consists of a single layer of 

thickness 1.6 mm. The dielectric constant of the substrate 

is 4.2 and antenna is fabricated on glass epoxy material. 

The E-shaped antenna is formed by inserting [19] the 

coordinate or by removing the inserted points from the 

rectangular patch of suitable dimension. Two parallel slots 

are incorporated inside the rectangular patch antenna to 

perturb the surface current path. The probe is feed at point 

(27, 2.5) as shown in Figure 1. 

 

Figure 1. Probe fed E-Shape microstrip antenna with 
dimensions 
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The E-shaped is simpler in construction. The two parallel 

slots have the same length Ls and the same width Ws. The 

separation [15, 12] of the two slots is W1. There are thus 

only three parameters (Ls, Ws, W1) for the slots used here. 

A probe feed a point (27, 2.5) located for good excitation 

of the proposed antenna over a wide bandwidth. 
 

B. Design Equation 
 

Because of the fringing effects, electrically the patch of 

the antenna looks larger than its physical dimensions the 

enlargement on L is given by: 

∆𝐿 =
0.412ℎ (𝜀𝑟𝑒𝑓𝑓 + 0.3)(𝑊ℎ−1 + 0.264)

[(𝜀𝑟𝑒𝑓𝑓 − 0.258)(𝑊ℎ−1 + 0.8)]
              (2.1) 

Where the effective (relative) permittivity is, 

𝜀𝑟𝑒𝑓𝑓 =
𝜀𝑟 + 1

2
+

𝜀𝑟 − 1

2 1 + 12ℎ𝑊−1
                                  (2.2) 

This is related to the ratio of h/W. The larger the h/W, the 

smaller the effective permittivity [1,7]. The effective 

length of the patch is given by: 

𝐿𝑒𝑓𝑓 = 𝐿 + 2∆𝐿    (2.3) 

The resonant frequency for the TM100 mode is: 

𝑓𝑟 = 1  2𝐿𝑒𝑓𝑓 𝜀𝑟𝑒𝑓𝑓 𝜀0𝜇0    (2.4) 

𝑓𝑟 = 1  2(𝐿 + 2∆𝐿) 𝜀𝑟𝑒𝑓𝑓 𝜀0𝜇0     (2.5) 

An optimized width for an efficient radiator is, 

𝑊 = 1 (2𝑓𝑟 𝜀0𝜇0 ) ×  2 𝜀𝑟 + 1    (2.6) 

 

C. Design Procedure 
 

If the substrate parameter (εr and h) and the operating 

frequency (fr) are known than we can easily calculate the 

dimensions of the patch antenna using above simplified 

equation following design procedure to design the antenna: 

Step 1: Using equation (2.6) to find out the patch width W. 

Step 2: Calculate the effective permittivity using the 

equation (2.2) 

Step 3: Compute the extension of the length using the 

equation (2.1) 

Step 4: Determine the length L by solving the equation for 

L giving the solution. 

𝐿 = [1 (2𝑓𝑟 𝜀𝑟𝑒𝑓𝑓 𝜀0𝜇0 )] − 2∆𝐿   (2.7) 

Table 1. Dimensions of the Prescribed Antenna 

Frequency 3GHz 

W 37.21 mm 

W1 7.442 mm 

Ws 7.442 mm 

L 28.89 mm 

L1 14.44 mm 

Ls 14.44 mm 

Dielectric (εr) 4.2 

Thickness (h) 1.6mm 

 

3. Method of Analysis 

 
 There are many methods of analysis for microstrip 

antennas. The microstrip antenna generally has a two-

dimensional radiating patch on a thin dielectric substrate 

and therefore may be categorized as a two-dimensional 

planar component for analysis purposes. The analysis 

methods for microstrip antennas can be broadly divided 

into two groups. In the first group the methods are based 

on equivalent magnetic current distribution around the 

patch edges (similar to slot antennas). 

There are three popular analytical techniques [3], 

 The Transmission Line Model 

 The Cavity Model 

 The Multiport Network Model 

In the second group, the methods are based on the electric 

current distribution on the patch conductor and the ground 

plane (similar to dipole antennas used in conjunction with 

Full-wave Simulation/Numerical analysis methods). Some 

of the numerical methods for analyzing microstrip 

antennas are listed as follows: 

 The Method of Moments 

 The Finite-Element METHOD 

 The Spectral Domain Technique 

 The Finite-Difference Time Domain Method 

In this work we used the Cavity Model Method. 
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4. Analysis of E-Shaped Patched Antenna 

Using Cavity Model 

 
There are many methods of analysis for microstrip 

antennas. The microstrip antenna analysis either based on 

equivalent magnetic current distribution around the patch 

edges (similar to slot antennas) like Cavity Model, 

Transmission Line Model and Multiport Network Model or 

based on the electric current distribution on the patch 

conductor and the ground plane (similar to dipole antennas 

used in conjunction with full-wave simulation/numerical 

analysis methods) like FDTD, FEM and Spectral domain 

technique. In this work we used the cavity model method.  

 

In the cavity model, the region between the patch and 

the ground plane is treated as a cavity that is surrounded by 

magnetic walls around the periphery and by electric walls 

from the top and bottom sides [1]. Since thin substrates are 

used the field inside the cavity is uniform along the 

thickness of the substrate. The fringing fields around the 

periphery are taken care of by extending the patch 

boundary outward so, that the effective dimensions are 

larger than the physical dimensions of the patch. 

 

The effect of the radiation from the antenna and the 

conductor loss are accounted for by adding these losses to 

the loss tangent of the dielectric substrate. The far field and 

radiated power are computed from the equivalent magnetic 

current around the periphery. An alternate way of 

incorporating the radiation effect in the cavity model is by 

introducing an impedance boundary condition at the walls 

of the cavity. Microstrip antennas resemble dielectric 

loaded cavities and they exhibit higher order resonances. 

The normalized fields within the dielectric substrate 

(between the patch and the ground plane) can be found 

more accurately [10] by treating that region as a cavity 

bounded by electric conductors (above and below it) and 

by magnetic walls (to simulate an open circuit) along the 

perimeter of the patch. 

Since the height of the substrate is very small (h << λ) 

the fields variations along the height will be considered 

constant. In addition because of the very small substrate 

height, the fringing of the fields along the edges of the 

patch is also very small whereby the electric fields is 

nearly normal to the surface of the patch. Therefore only 

TMx field configurations will be considered within the 

cavity. While the top and bottom walls of the cavity are 

perfectly electric conducting, the four side walls will be 

modelled as perfectly conducing magnetic walls (tangential 

magnetic fields vanish along those four walls). 

The linear & inhomogeneous partial differential 

equation in three dimensions is given by, 

𝛻2𝐴𝑥 + 𝛽2𝐴𝑥 = 0 

𝛿2

𝛿𝑥2
𝐴𝑥 +

𝛿2

𝛿𝑦2
𝐴𝑦 +

𝛿2

𝛿𝑧2
𝐴𝑧 + 𝛽2𝐴𝑥 = 0                      (4.1) 

Using the method of separation of variable. The 

solution is assumed in the form of, 

𝐴𝑥 = 𝑋 𝑥 𝑌 𝑦 𝑍(𝑧)    (4.2) 

where, 

𝑋 𝑥  a function of x only 

𝑌 𝑦  a function of y only 

𝑍 𝑧  a function of z only 

Using (1) & (2) 

𝑌𝑍
𝛿2

𝛿𝑥2
𝑋 + 𝑋𝑍

𝛿2

𝛿𝑦2
𝑌 + 𝑋𝑌

𝛿2

𝛿𝑧2
𝑍 + 𝛽2𝑋𝑌𝑍 = 0       (4.3) 

Dividing (3) by XYZ 

1

𝑋

𝛿2𝑋

𝛿𝑥2
+

1

𝑌

𝛿2𝑌

𝛿𝑦2
+

1

𝑍

𝛿2𝑍

𝛿𝑧2
+ 𝛽2 = 0                                 (4.4) 

1

𝑋

𝛿2𝑋

𝛿𝑥2
+

1

𝑌

𝛿2𝑌

𝛿𝑦2
+

1

𝑍

𝛿2𝑍

𝛿𝑧2
= −𝛽2                                     (4.5) 

The sum of the three terms on the left hand side is a 

constant and each term is independently variable, it follows 

that each term must be equal to a constant. Let the three 

terms are kx
2
, ky

2
 & kz

2
 then, 

kx
2
+ky

2
+kz

2
= k

2
   (4.6) 

The general solution of each differential term of the 

equation (4.5), 

1

𝑋

𝛿2𝑋

𝛿𝑥2
= −𝑘𝑥

2  =>  
𝛿2𝑋

𝛿𝑥2
= −𝑘𝑥

2𝑋                                  (4.7) 

Similarly, 

𝛿2𝑌 𝛿𝑦2 = −𝑘𝑦
2𝑌   (4.8) 

𝛿2𝑍 𝛿𝑧2 = −𝑘𝑧
2𝑍    (4.9) 

will be in form of 

𝑋 = 𝑀1𝑒
−𝑗𝑘𝑥𝑥 + 𝑁1𝑒

+𝑗 𝑘𝑥𝑥   

𝑋 = 𝑀1𝐶𝑜𝑠(𝑘𝑥𝑥) − 𝑗𝑀1𝑆𝑖𝑛(𝑘𝑥𝑥) + 𝑁1𝐶𝑜𝑠(𝑘𝑥𝑥)
+ 𝑁1𝑆𝑖𝑛(𝑘𝑥𝑥) 

𝑋 = (𝑀1 + 𝑁1)𝐶𝑜𝑠 𝑘𝑥𝑥 + 𝑗(𝑁1 −𝑀1)𝑆𝑖𝑛 𝑘𝑥𝑥  

𝑋 = 𝐴1𝐶𝑜𝑠 𝑘𝑥𝑥 + 𝐵1𝑆𝑖𝑛(𝑘𝑥𝑥)                        (4.10) 
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Similarly, 

𝑌 = 𝐴2𝐶𝑜𝑠 𝑘𝑦𝑦 + 𝐵2𝑆𝑖𝑛(𝑘𝑦𝑦)             (4.11) 

𝑍 = 𝐴3𝐶𝑜𝑠 𝑘𝑧𝑍 + 𝐵3𝑆𝑖𝑛(𝑘𝑧𝑍)                        (4.12) 

Putting (9) to (11) in (2) 

𝐴𝑥 = [𝐴1𝐶𝑜𝑠 𝑘𝑥𝑥 + 𝐵1𝑆𝑖𝑛 𝑘𝑥𝑥 ][𝐴2𝐶𝑜𝑠 𝑘𝑦𝑦  

 +𝐵2𝑆𝑖𝑛 𝑘𝑦𝑦 ] 𝐴3𝐶𝑜𝑠 𝑘𝑧𝑍 + 𝐵3𝑆𝑖𝑛 𝑘𝑧𝑍              (4.13) 

The boundary conditions for 1
st
 rectangle shown in Figure 

3, which is cut from Figure 2 are, 

𝐸𝑦 𝑥
′ = 0,0 ≤ 𝑦′ ≤ 𝐿1 , 0 ≤ 𝑧 ′ ≤ 𝑊  

= 𝐸𝑦  𝑥
′ = ℎ, 0 ≤ 𝑦′ ≤ 𝐿1 , 0 ≤ 𝑧 ′ ≤ 𝑊              (4.14) 

𝐻𝑦  0 ≤ 𝑥 ′ ≤ ℎ, 0 ≤ 𝑦′ ≤ 𝐿1 , 𝑧 ′ ≤ 0  

= 𝐻𝑦  0 ≤ 𝑥 ′ ≤ ℎ, 0 ≤ 𝑦′ ≤ 𝐿1 , 𝑧 ′ ≤ 𝑊               (4.15) 

𝐻𝑧 0 ≤ 𝑥 ′ ≤ ℎ, 𝑦′ = 0, 0 ≤ 𝑧 ′ ≤ 𝑊  
= 𝐻𝑧 0 ≤ 𝑥 ′ ≤ ℎ, 𝑦′ = 𝐿1 , 0 ≤ 𝑧 ′ ≤ 𝑊              (4.16) 

x′, y′, z′ are the prime numbers and these are used to 

represent the fields within the cavity. 

 

Figure 2. First rectangle 

From the boundary conditions (4.14), B1 = 0 

𝑘𝑥 = 𝑚𝜋 ℎ , m = 0, 1, 2             (4.17) 

From (4.16), B2 = 0 

𝑘𝑦 = 𝑛𝜋 𝐿1 , n = 0, 1, 2             (4.18) 

From (4.17), B3 = 0 

𝑘𝑧 = 𝑝𝜋 𝑊 , p = 0, 1, 2             (4.19) 

Substitute the value of B1 = 0, B2 = 0 and B3 = 0 in (4.13) 

 

𝐴𝑥 = 𝐴1𝐶𝑜𝑠 𝑘𝑥𝑥 𝐴2𝐶𝑜𝑠 𝑘𝑦𝑦 𝐴3𝐶𝑜𝑠 𝑘𝑧𝑧   

𝐴𝑥 = 𝐴1𝐴2𝐴3𝐶𝑜𝑠 𝑘𝑥𝑥′ 𝐶𝑜𝑠 𝑘𝑦𝑦′ 𝐶𝑜𝑠 𝑘𝑧𝑧′      (4.20) 

where,  Amnp = A1, A2, A3 = amplitude coefficient of each 

mnp mode 

𝐴𝑥 = 𝐴𝑚𝑛𝑝 𝐶𝑜𝑠 𝑘𝑥𝑥′ 𝐶𝑜𝑠 𝑘𝑦𝑦′ 𝐶𝑜𝑠 𝑘𝑧𝑧′          (4.21) 

Using (16),(17) & (18) 

𝑘𝑥
2 + 𝑘𝑦

2 + 𝑘𝑧
2 =  

𝑚𝜋

ℎ
 

2

+  
𝑛𝜋

𝐿1

 
2

+  
𝑝𝜋

𝑊
 

2

 

= 𝑘𝑒
2 = 𝜔𝑟

2𝜇𝜀                            (4.22) 

So the resonant frequency for the cavity is given by, 

(𝑓𝑟)𝑚𝑛𝑝 =
1

2𝜋 𝜇𝜀
  

𝑚𝜋

ℎ
 

2
+  

𝑛𝜋

𝐿1
 

2
+  

𝑝𝜋

𝑊
 

2
      (4.23) 

𝐸𝑥 = −𝑗
1

𝜔𝜇𝜀
[ 𝑘2 − 𝑘𝑥

2 𝐴𝑚𝑛𝑝   

𝐶𝑜𝑠 𝑘𝑥𝑥
′ 𝐶𝑜𝑠 𝑘𝑦𝑦

′ 𝐶𝑜𝑠 𝑘𝑧𝑧
′ ]                 (4.24) 

𝐸𝑦 = −𝑗
1

𝜔𝜇𝜀
𝑘𝑥𝑘𝑦𝐴𝑚𝑛𝑝   

𝑆𝑖𝑛 𝑘𝑥𝑥
′ 𝑆𝑖𝑛 𝑘𝑦𝑦

′ 𝑆𝑖𝑛 𝑘𝑧𝑧
′              (4.25) 

𝐸𝑧 = −𝑗
𝑘𝑥𝑘𝑧

𝜔𝜇𝜀
𝐴𝑚𝑛𝑝   

𝑆𝑖𝑛 𝑘𝑥𝑥
′ 𝐶𝑜𝑠 𝑘𝑦𝑦

′ 𝑆𝑖𝑛 𝑘𝑧𝑧
′                     (4.26) 

𝐻𝑥 = 0                                                  (4.27) 

𝐻𝑦 = −
𝑘𝑧

𝜇
𝐴𝑚𝑛𝑝   

𝐶𝑜𝑠 𝑘𝑥𝑥
′ 𝐶𝑜𝑠 𝑘𝑦𝑦

′ 𝑆𝑖𝑛 𝑘𝑧𝑧
′              (4.28) 

𝐻𝑧 = −
𝑘𝑦

𝜇
𝐴𝑚𝑛𝑝   

𝐶𝑜𝑠 𝑘𝑥𝑥
′ 𝑆𝑖𝑛 𝑘𝑦𝑦

′ 𝐶𝑜𝑠 𝑘𝑧𝑧
′              (4.29) 

 

From 1
st
 rectangle, W = 37.21 mm & L1 = 14.445 mm. So, 

W > L1 > h then the dominant mode is TM
x

001. 

The value of the kx, ky, kz from (4.17), (4.18) & (4.19), 

 

Using m = 0, n = 0, p = 1 

𝑘𝑥 = 𝑚𝜋 ℎ = 0               (4.30) 

𝑘𝑦 = 𝑛𝜋 𝐿1 = 0               (4.31) 

𝑘𝑧 = 𝑝𝜋 𝑊 = 𝜋 𝑊               (4.32) 

On putting the value of kx, ky, kz in (4.24), (4.25), (4.26), 

(4.27), (4.28) & (4.29), we have the resultant fields, 

 

𝐸𝑥 = 𝐸0𝐶𝑜𝑠  
𝜋

𝑊
𝑧′                                      (4.33) 

𝐸𝑦 = 0              (4.34) 

𝐸𝑧 = 0              (4.35) 

𝐻𝑥 = 0              (4.36) 

𝐻𝑦 = 𝐻0𝑆𝑖𝑛  
𝜋

𝑊
𝑧′             (4.37) 

𝐻𝑧 = 0              (4.38) 
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Using equations (32) & (35) 

𝐸∅ = +𝑗
𝑘0ℎ𝑊𝐸0𝑒

−𝑗𝑘0𝑟

2𝜋𝑟
 𝑆𝑖𝑛 𝜃

𝑆𝑖𝑛  (𝑋)

𝑋

𝑆𝑖𝑛  (𝑌)

𝑌
        (4.39) 

Where, 

𝑋 =
𝑘0ℎ

2
𝑆𝑖𝑛 𝜃 𝐶𝑜𝑠 ∅ 

𝑌 =
𝑘0𝐿1

2
𝑆𝑖𝑛 𝜃 𝑆𝑖𝑛 ∅ 

      

The array factor for the two elements in z-direction is, 

(𝐴𝐹)𝑥 = 2𝑆𝑖𝑛  
𝑘0𝑊

2
𝐶𝑜𝑠𝜃                          (4.40) 

𝐸∅ = +𝑗
𝑘0ℎ𝑊𝐸0𝑒

−𝑗𝑘0𝑟

𝜋𝑟
 𝑆𝑖𝑛 𝜃

𝑆𝑖𝑛  𝑋 

𝑋

𝑆𝑖𝑛  𝑌 

𝑌
  

× 𝑆𝑖𝑛  
𝑘0𝑊

2
𝐶𝑜𝑠 𝜃             (4.41) 

Putting the value of 90 0
 in (4.41), 

𝐸∅ = +𝑗
𝑘0ℎ𝑊𝐸0𝑒

−𝑗𝑘0𝑟

𝜋𝑟
 

 
𝑆𝑖𝑛  

𝑘0ℎ
2

 𝐶𝑜𝑠 ∅ 

𝑘0ℎ
2

 𝐶𝑜𝑠 ∅

𝑆𝑖𝑛  
𝑘0𝐿1

2
 𝑆𝑖𝑛 ∅ 

𝑘0𝐿1

2
 𝑆𝑖𝑛 ∅

  

          (4.42) 

 

Putting the value of 0 0
 in (41) 

𝐸∅ = +𝑗
𝑘0ℎ𝑊𝐸0𝑒

−𝑗𝑘0𝑟

𝜋𝑟
 

 𝑆𝑖𝑛𝜃
𝑆𝑖𝑛  

𝑘0ℎ
2

 𝑆𝑖𝑛 𝜃 

𝑘0ℎ
2

𝑆𝑖𝑛 𝜃

𝑆𝑖𝑛  
𝑘0𝐿1

2
 𝑆𝑖𝑛 𝜃 

𝑘0𝐿1

2
 𝑆𝑖𝑛 𝜃

  

× 𝑆𝑖𝑛  
𝑘0𝑊

2
𝐶𝑜𝑠 𝜃            (4.43) 

 

Figure 3. Second rectangle 

The boundary conditions for 2
nd

 rectangle shown in 

Figure3, 

𝐸𝑦 𝑥
′ = 0,0 ≤ 𝑦′ ≤ 𝐿𝑠 , 0 ≤ 𝑧 ′ ≤ 𝑊1  

= 𝐸𝑦  𝑥
′ = ℎ, 0 ≤ 𝑦′ ≤ 𝐿𝑠 , 0 ≤ 𝑧 ′ ≤ 𝑊1      (4.44) 

𝐻𝑦  0 ≤ 𝑥 ′ ≤ ℎ, 0 ≤ 𝑦′ ≤ 𝐿𝑠 , 𝑧 ′ = 0  

= 𝐻𝑦  0 ≤ 𝑥 ′ ≤ ℎ, 0 ≤ 𝑦′ ≤ 𝐿𝑠 , 𝑧 ′ = 𝑊1      (4.45) 

𝐻𝑧 0 ≤ 𝑥 ′ ≤ ℎ, 𝑦′ = 0, 0 ≤ 𝑧 ′ ≤ 𝑊1  

= 𝐻𝑧 0 ≤ 𝑥 ′ ≤ ℎ, 𝑦′ = 𝐿𝑠 , 0 ≤ 𝑧 ′ ≤ 𝑊1      (4.46) 

From 2
nd

 rectangle, W1 = 7.44 mm, L1 = 14.445 mm, h = 

1.6 mm. So, Ls > W1 > h then the dominant mode is TM
x

010. 

The value of the kx, ky, kz from (4.17), (4.18) & (4.19), 

Using m = 0, n = 1, p = 0, 

𝑘𝑥 = 𝑚𝜋 ℎ = 0               (4.47) 

𝑘𝑦 = 𝑛𝜋 𝐿1 = 𝜋 𝐿𝑠               (4.48) 

𝑘𝑧 = 𝑝𝜋 𝑊1 = 0                 (4.49) 

Put the value of kx, ky, kz in (4.24), (4.25), (4.26), (4.27), 

(4.28) & (4.29), we have the resultant fields, 

𝐸𝑥 = 𝐸0𝐶𝑜𝑠  
𝜋

𝐿1
𝑦′                             (4.50) 

𝐸𝑦 = 0                                           (4.51) 

𝐸𝑧 = 0                              (4.52) 

𝐻𝑥 = 0                              (4.53) 

𝐻𝑦 = 0                              (4.54) 

𝐻𝑧 = 𝐻0𝑆𝑖𝑛  
𝜋

𝐿1
𝑦′                             (4.55) 

Using (4.50) & (4.51) 

𝐸∅ = +𝑗
𝑘0ℎ𝑊1𝐸0𝑒

−𝑗𝑘0𝑟

2𝜋𝑟
 

 𝑆𝑖𝑛 𝜃
𝑆𝑖𝑛  (𝑋)

𝑋

𝑆𝑖𝑛  (𝑍)

𝑍
   

 (4.56) 

Where, 𝑋 =
𝑘0ℎ

2
𝑆𝑖𝑛 𝜃 𝐶𝑜𝑠 ∅ 

𝑍 =
𝑘0𝑊1

2
𝐶𝑜𝑠 𝜃 

The array factor for the two elements in y-direction is, 

(𝐴𝐹)𝑦 = 2𝐶𝑜𝑠  
𝑘0ℎ

2
𝑆𝑖𝑛 𝜃 𝑆𝑖𝑛 ∅  (4.57) 

𝐸∅ = +𝑗
𝑘0ℎ𝑊1𝐸0𝑒

−𝑗𝑘0𝑟

𝜋𝑟
 𝑆𝑖𝑛 𝜃

𝑆𝑖𝑛  𝑋 

𝑋

𝑆𝑖𝑛  𝑌 

𝑌
  

× 𝐶𝑜𝑠  
𝑘0ℎ

2
𝑆𝑖𝑛 𝜃 𝑆𝑖𝑛 ∅     (4.58) 

Putting the value of 90 0
 in (57) 
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𝐸∅ = +𝑗
𝑘0ℎ𝑊1𝐸0𝑒

−𝑗𝑘0𝑟

𝜋𝑟
 
𝑆𝑖𝑛  

𝑘0ℎ
2

 𝐶𝑜𝑠 ∅ 

𝑘0ℎ
2

 𝐶𝑜𝑠 ∅
  

× 𝐶𝑜𝑠  
𝑘0𝐿𝑠

2
𝑆𝑖𝑛 ∅  (4.59) 

 

Putting the value of 0 0
 in (58) 

𝐸𝜃 = +𝑗
𝑘0ℎ𝑊1𝐸0𝑒

−𝑗𝑘0𝑟

𝜋𝑟
 

 
𝑆𝑖𝑛  

𝑘0ℎ
2

 𝑆𝑖𝑛 𝜃 

𝑘0ℎ
2

𝑆𝑖𝑛 𝜃

𝑆𝑖𝑛  
𝑘0𝑊1

2
 𝐶𝑜𝑠 𝜃 

𝑘0𝑊1

2
 𝐶𝑜𝑠 𝜃

  

(4.60) 

The final E-shape microstrip antenna equations by adding 

{(4.97) + (4.116)} and {(4.98) + (4.117)} is given below 

𝐸∅ = +𝑗
𝑘0ℎ𝑊𝐸0𝑒

−𝑗𝑘0𝑟

𝜋𝑟
 

 
𝑆𝑖𝑛  

𝑘0ℎ
2

 𝐶𝑜𝑠 ∅ 

𝑘0ℎ
2

 𝐶𝑜𝑠 ∅

𝑆𝑖𝑛  
𝑘0𝐿1

2
 𝑆𝑖𝑛 ∅ 

𝑘0𝐿1

2
 𝑆𝑖𝑛 ∅

  

+𝑗
𝑘0ℎ𝑊1𝐸0𝑒

−𝑗𝑘0𝑟

𝜋𝑟
 
𝑆𝑖𝑛  

𝑘0ℎ
2

 𝐶𝑜𝑠 ∅ 

𝑘0ℎ
2

 𝐶𝑜𝑠 ∅
  

× 𝐶𝑜𝑠  
𝑘0𝐿𝑠

2
𝑆𝑖𝑛 ∅  (4.61) 

𝐸𝜃 = +𝑗
𝑘0ℎ𝑊𝐸0𝑒

−𝑗𝑘0𝑟

𝜋𝑟
 

 𝑆𝑖𝑛𝜃
𝑆𝑖𝑛  

𝑘0ℎ
2

 𝑆𝑖𝑛 𝜃 

𝑘0ℎ
2

𝑆𝑖𝑛 𝜃

𝑆𝑖𝑛  
𝑘0𝐿1

2
 𝑆𝑖𝑛 𝜃 

𝑘0𝐿1

2
 𝑆𝑖𝑛 𝜃

  

× 𝑆𝑖𝑛  
𝑘0𝑊

2
𝐶𝑜𝑠 𝜃 + 𝑗

𝑘0ℎ𝑊1𝐸0𝑒
−𝑗𝑘0𝑟

𝜋𝑟
 

 
𝑆𝑖𝑛  

𝑘0ℎ
2

 𝑆𝑖𝑛 𝜃 

𝑘0ℎ
2

𝑆𝑖𝑛 𝜃

𝑆𝑖𝑛  
𝑘0𝑊1

2
 𝐶𝑜𝑠 𝜃 

𝑘0𝑊1

2
 𝐶𝑜𝑠 𝜃

  

 (4.62) 

 

5. Result 

 
The proposed antenna resonates at 2.46 GHz with 

return loss -13.5 dB and 2.886 GHz with return loss -14.7 

dB. The -10 dB on simulation, antenna resonates at 2.082 

GHz with return loss -22.77 dB, 2.514 GHz with return 

loss -20.54 dB and 2.874 GHz with return loss -19.27 dB.  

 

In simulation and measurement the return loss has a 

negative which states that the losses are minimum during 

the transmission. The voltage standing wave ratio for the 

proposed antenna has a good value 1.207, it indicate that 

the level of mismatch is not so high. In future others 

different type of feed techniques can be used to calculate 

the overall performance of the antenna without missing the 

optimized parameters in the action. 

 

As we can see that the all resonance frequency band lies 

between the frequencies band 2100MHz -2400MHz which 

is the band of 4G Systems. The obtained impedance 

bandwidth also covers the frequency band for 4G systems. 

So we can say that the proposed antenna works with 4G 

Systems.  

a. Input impedance locus 

The optimum feed position has been determined for 

good impedance matching shown in Figure 4, because the 

input impedance is controlled by the position of the probe 

to patch connection point. The used co-axial probe in 

designing of E-shape microstrip patch antenna made of 

Teflon with impedance 50 ohm. 

 

Figure 4. Input impedance loci 

b. Return loss versus Frequency 

The simulated plot between return loss and frequency is 

shown in Figure 5.  
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Figure 5. Return loss versus frequency plot 

c. VSWR versus Frequency 

The simulated plot between VSWR and frequency is 

shown in Figure 6. 

 

Figure 6.  VSWR versus frequency plot 

d. Radiation pattern 

The simulated radiation pattern of proposed antenna is 

shown in Figure 7 

 

Figure 7. Radiation pattern 
 

6. Conclusion and future prospectus 

 
This paper presents the designing and analysis of the E- 

Shaped antenna is done using IE3D software and analysis 

is done by using Cavity Model method. In this paper, the 

prescribed antenna design is simulated over the value of 

the return loss and VSWR. From the simulation results, we 

can say that the E-shaped microstrip antenna gives the 

better results at operating frequency 3GHz. Without 

changing the permittivity and height of the substrate, the 

effect of various parameters of E-shaped patch antenna are 

studied. In simulation and measurement the return loss has 

a negative which states that the losses are minimum during 

the transmission. The voltage standing wave ratio for the 

proposed antenna has a good value 1.207, it indicate that 

the level of mismatch is not so high. In future others 

different type of feed techniques can be used to calculate 

the overall performance of the antenna without missing the 

optimized parameters in the action. In future others 

different type of feed techniques can be used to calculate 

the overall performance of the antenna without missing the 

optimized parameters in the action. The bandwidth can 

further enhanced by incorporated the different type of slots 

cutting in conventional rectangular microstrip antenna. 
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