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ABSTRACT:  

In recent years, the inventions in communication 

systems require the design of low cost, minimal weight, 

compact and low profile antennas which are capable of 

maintaining high performance. This project covers the 

basic study and design of  microstrip patch antenna. 

The aim of this work is to design the microstrip patch 

antenna for Wi-Fi applications which operates at 2.45 

GHz. The simulation of the proposed antenna was done 

with the aid of the computer simulation technology 

(CST) microwave studio. Although various antenna 

designs are currently prevalent to support the existing 

systems, in-order to meet requirements of low profile 

and acceptable gain, Microstrip Patch Antennas are 

proposed in this paper. The simulation results based 

on the essential antenna performance analysis 

parameters like Return Loss, Gain, Radiated Power 

and Directivity are discussed. The antennas are 

designed with a 37×37.6×1.6 mm and its relative 

permittivity is 4.3. It achieves return loss    -28 dB by 

the using fr4 substrate under the patch. 
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INTRODUCTION: 
With the ever-increasing need for mobile communication 
and the emergence of many systems, it is important to 
design broadbandantennas  to  cover  a  wide  frequency  
range. 
Thedesign of  an  efficient  wide  band  smallSize antenna, 
for  recent wireless  applications,  is  a  major  challenge.  
Microstrip  patch antennas  have  found  extensive  
application  in  wireless communication  system  owing  to  
their  advantages  such  as  lowprofile,  low volume,  
smaller  in  dimension  and  ease  of  fabrication  and  
conformity,  low-cost fabrication and ease of integration 
with feed networks.  
 
 
Moreover, the microstrip patch antennas can provide 
frequency agility, broad band-width, feedline flexibility. In 

its basic form, a microstrip Patch antenna is made of a 
substrate with certain dielectric constant sandwiched 
between two conducting layers. One layer is considered as 
ground layer and the other is called radiating element. The 
size of the patch with its length &width are too small as 
compared to the  
length& width of Substrate & ground. Dimensions of a 
Microstrip patch antenna depend on the resonant frequency 
and value of the dielectric constant. 
Simulations were performed using CST (Computer 
Simulation Technology). Convergence was tested for a 
number of times. Once convergence was obtained 
simulations were conducted in order to obtain swept 
frequency response extending from 1 to 3 GHz. Initially we 
started with slots symmetrically positioned at the centre of 
the patch .however it was observed that in order to achieve 
proper impedance bandwidth slot position and dimensions 
need to be adjusted  
 
MICROSTRIP PATCH ANTENNA: 

A Microstrip Antenna in its simplest form consists of a 
radiating patch on one side of Dielectric substrate and a 
ground plane on the other side. Most common shapes are 
rectangular and circular. However, other Shapes such as the 
square, mendered, triangular, semicircular and annular ring 
Shapes are also used. 
Radiation from Microstrip Antenna can occur from the 
fringing fields between the periphery of the patch and the 
ground plane. The length L of the rectangular patch for the 
fundamental TM10 mode excitation is slightly smaller than 
λ/2, where λ is the wavelength in the dielectric medium, 
which in terms of free- space wavelength λ0 is given as 
λ0/√εe, where εe is the effective dielectric constant of a 
microstrip line of width W. The value of εe is slightly less 
than the dielectric constant εr of the substrate because the 
fringing fields from the patch to the ground plane are not 
confined in the dielectric body, but are also spread in the 
air. To enhance the fringing fields from the patch, which 
accounts for the radiation, the width W of the patch is 
increased. The fringing fields are also enhanced by 
decreasing the εr or by increasing the substrate thickness h. 
By increasing the width, the impedance can be reduced. 
However to decrease the input impedance to 50 ohm often 
requires a very wide patch antenna, which take a lot of 
valuable space. The width further controls the radiation 
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pattern. The advantages of printed microstrip antenna are 
light weight and low volume, low profile planar 
configuration which can be easily made conformal to host 
surface, low fabrication cost, hence  can be manufactured in 
large quantities, supports both, linear as well as circular 
polarization. Microstrip antenna can be easily integrated 
with microwave integrated circuits (MICs), and 
mechanically robust when mounted on rigid surfaces.  
Along with the advantages this type of antenna has certain 
disadvantages as well such as low bandwidth, lesser gain, 
low efficiency which influence the capability of  
this antenna . Various researches are being done by the 
researchers to overcome these disadvantages by using 
different patch geometry such as using E shaped patch, U 
shaped patch ,L shaped patch etc. Other methods to 
overcome these disadvantages includes use of different 
dielectric materials ,use of substrate of different thickness, 
cutting various notches and slots in the patch geometry, 
antenna array etc. For improving the performance which 
make this antenna suitable for different applications such as 
cellular phones, pagers, radar systems, and satellite 
communications systems. 

 
                     Fig 1: Top view of patch antenna 

 
 

                  Fig 2: Side view of patch antenna 
 
MICROSTRIP LINE FEED: 
 
 In this type of feed technique, a conducting strip is 
connected directly to the edge of the microstrip patch. The 
conducting strip is smaller in width as compared to the 
patch. This kind of feed arrangement has the advantage that 
the feed can be etched on the same substrate to provide a 
planar structure. An inset cut can be incorporated into the 

patch in order to obtain good impedance matching without 
the need for any additional matching element.  

 
              Fig 3: Microstrip line feed  
This is achieved by properly controlling the inset position. 
This is an easy feeding scheme, since it provides ease of 
fabrication and simplicity in modeling as well as impedance 
matching. However as the thickness of the dielectric 
substrate being used, increases, surface waves and spurious 
feed radiation also increases, which hampers the bandwidth 
of the antenna. The feed radiation also leads to undesired 
cross polarized radiation. 
 

 
 

ANTENNA DESIGN: 

The proposed antenna is the rectangular microstrip patch 
antenna and after theoretical calculation for the 
rectangular microstrip patch antenna the optimization 
technique is used for the desired output. To fulfill, our 
application, of the designing of the microstrip patch 
antenna for the Wi-Fi application. The rectangular patch 
antenna is approximately a one-half wavelength long 
section of rectangular microstrip transmission line.There 
are five different bands used for Wi-Fi transmissions: 
2.4GHz, 3.6GHz, 4.9GHz, 5GHz, and 5.9GHz. How the 
bands are used varies from one country to another. The 
most widely used is the 2.4GHz band and will be the 
focus of this article, but the general principles are 
applicable to all bands. 
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The 2.4GHz band extends from approximately 2.4GHz 
to 2.5GHz; thus, the approximate centre of the band is 
2.45GHz 

 
 
 

 
 

                       Fig 4: Design flow diagram 
Step 1: Calculation of the Width (W): 

The width of the Microstrip patch antenna is given as: 
W = C

2f
0

 √ε
r
+1

2

  ……(1) 

                    W = 37.6mm 
Where,c is velocity of light ,fo is Resonant Frequency & 
εris Relative Dielectric Constant  
 

Step 2: Calculating the Length (L) 

 

Effective dielectric constant (εeff) 

Once W is known, the next step is the calculation of the 
length which involves several other computations; the first 
would be the effective dielectric constant.[3] The dielectric 
constant of the substrate is much greater than the unity; the 
effective value of εeff will be closer to the value of the 
actual dielectric constant εr of the substrate. The effective 
dielectric constant is also a function of frequency. As the 
frequency of operation increases the effective dielectric 
constant approaches the value of the dielectric constant of 
the substrate is given by: 

ε
eff

=  𝜖𝑟+1
2

+
𝜖𝑟−1

2
[1 +

10h

w
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In our design for the above mentioned values the effective 
dielectric is found to be εeff= 2.72 
 

Effective length (Leff) 

When a receiving antenna intercepts incident 
electromagnetic waves, a voltage is induced across the 
antenna terminals. The effective length he of a receiving 
antenna is defined as the ratio of the open circuit terminal 
voltage to the incident electric field strength in the direction 
of antennas polarization. 
The effective length is: which is found to be 
 
L  = 𝐶

         2𝑓0√𝜀𝑒𝑓𝑓            
…. (3) 

 

Leff = 37.05 mm 

 

Length Extension (ΔL) 

Because of fringing effects, electrically the micro strip 
antenna looks larger than its actual physical dimensions. It 
is given by, 
∆L=  ℎ

    √𝜀𝑒𝑓𝑓         

 

 ….. (4) 

ΔL = 0.9683 mm 

 

Calculation of actual length of patch (Le): 

Because of inherent narrow bandwidth of the resonant 
element, the length is a critical parameter and the above 
equations are used to obtain an accurate value for the patch 
length L. The actual length is obtained by: 
Le  =  L + 2∆L  …..(5) 
 Le = 1.9736 
 
VSWR (Voltage Standing Wave Ratio) : 

The VSWR is basically a measure of the impedance 
mismatch between the feeding system and the antenna. The 
higher the VSWR the greater is the mismatch. The 
minimum possible value of VSWR is unity and this 
corresponds to a perfect match. 
 
 
RADIATION PATTERN: 

Radiation is the term used to represent the emission or 
reception of wave front at the antenna, specifying its 
strength. In any illustration, the sketch drawn to represent 
the radiation of an antenna is its radiation pattern. One can 
simply understand the function and directivity of an antenna 
by having a look at its radiation pattern. 
 

GAIN: 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 14, Number 6, 2019 (Special Issue)  
© Research India Publications.  http://www.ripublication.com

Page 28 of 30



 

 
 

 

 

The term Antenna Gain describes how much power is 
transmitted in the direction of peak radiation to that of an 
isotropic source. Antennagain is more commonly quoted 
than  directivity in an antenna's specification sheet because 
it takesinto account the actual losses that occur. 
 
AXIAL RATIO: 

The relation between minor and major axis can be 
explained efficiently by the parameter axial ratio. Based on 
the axial ratio the type of polarization can be easily found 
out. By using the values of axial ratio the various types of 
polarization are linear polarization, circular polarization and 
elliptical polarization. In this project work circularly 
polarized antenna design is concentrated. 
 

RESULT AND DISCUSSION: 

REFLECTION COEFFICIENT 

The resonant properties of the designed microstrip patch 
antenna are studied by adjusting the different values of 
parameters using CST-MWS. The S11 parameter 
calculated. The effects of variation of patch length (L) of 
designed antenna also studied. From calculated patch length  
L = 37.05mm, the return loss parameter obtained. Here 
return loss parameter is not minimum at resonant frequency 
2.4 GHz as the approximate formula for calculation of 
parameters of antenna structure is used. 
The reflection coefficient is usually denoted by the symbol 
gamma. Note that the magnitude of the reflection 
coefficient does not depend on the length of the line, only 
the load impedance and the impedance of the transmission 
line. Also, note that if ZL=Z0, then the line is "matched". In 
this case, there is no mismatch loss and all power is 
transferred to the load. 
 

 
        Fig 5: Result for reflection coefficient 
 
The ratio of the reflected voltage amplitude to that of the 
forward voltage amplitude is 
the voltage reflection coefficient. The reflection coefficient 
can be a real or a complex number. 
 

EFFICIENCY: 

 

 
        Fig 6: Result for efficiency 
 

VSWR: 

 

 
Fig 7: Result for VSWR 

 

 

 

 

 

 

 

 

RADIATION PATTERN: 

 

 
Fig 8: Result for radiation pattern at 1GHz 
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Fig 9: Result for at radiation pattern 2GHz 

 

 
Fig 10: Result for radiation pattern at 3GHz 

 

AXIAL RATIO: 

 

 
 

Fig 11: Result for axial ratio at 1GHz 
 

 
Fig 12: Result for axial ratio at 2GHz 

 

 

 
Fig 13: Result for axial ratio at 3GHz 

 
CONCLUSION: 

In this paper, microstrip antennas according to the demand 
of Wi-Fi for multi frequency communication are designed. 
The designed antennas have a higher gain and a favourable 
transmission characteristic in the operating band, which is 
in accordance with the requirements of Wi-Fi 
communication under more complicated conditions.  In this 
paper, circular polarization microstrip antenna was chosen.. 
The performance of the simulated and fabricated antenna 
agreed well. The VSWR of the microstrip antenna is 1.2:1, 
which shows that the level of mismatched for the microstrip 
antenna is not very high. The bandwidth of this microstrip 
antenna is better, which is 17.04 %,which can be applicable 
in Wi-Fi communication system . 
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