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ABSTRACT 
This  paper   has  the  design  of different geometry shapes the U slot , H slot, T slot , E, I ,L and  F  slot  

developed  from a rectangular patch of microstrip antenna .  Rectangular patch of  width (W)=39 mm, length 

(L)= 29mm is used .  All different shapes     proposed       antenna has been analysed , designed   and simulated   
using CST ( Computer Simulation Technology ) Microwave studio  2016 and the result are compared with the 

conventional Rectangular patch antenna . All designed antennas operate in the S band frequency range , which 

incorporates  satellite   and military  applications .  The properties of the antenna such as Return Loss ,  

bandwidth , VSWR , Gain , Directivity , Radiation pattern , Bandwidth % , have been investigated. The 

substrate material used for the proposed antennas is FR-4 lossy, with the dielectric constant of 4.1.. 

 

INTRODUCTION 
In wireless communication, there are several types of microstrip antennas, the most common of which is the 

patch antennas. Microstrip antenna consists of very small conducting patch built on a ground plane separated by 

dielectric substrate. 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- 40GHz) 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 antennas are often bulky and costly part of an electronic system, the 

microstrip antenna considered as an engineering breakthrough for compact communication devices and systems 

especially for remote uses where compactness is much desirable features. However, conventional microstrip 

patch antenna suffers from very narrow bandwidth. This poses a  design challenge for the microstrip antenna 

designer to meet the broadband requirements. The proposed antennas are designed for S- Band frequency with 

rectangle patch having  the U slot , H slot, T slot , E, I ,L and  F  slot  developed. 

 

DESIGN  OF  PROPOSED ANTENNA  
To design different slot  microstrip antenna first of all we need to design a conventional microstrip antenna as 

shown below  using CST , 

 
Fig. 1  Microstrip Antenna 

 

To do so ,  we first resize CST working plane with size = 100 , width = 10 and snap width = .01.  

 

Various steps to design Conventional microstrip antenna are given below 
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Define Parameter and Dimensions  

The proposed antenna has the following Parameter with  dimensions 

 

1. Create the Substrate  

To create the substrate, select the brick shape tool and press ESC. This will bring up a window that allows users 

to specify the dimension of the substrate. Give a name to the brick shape "Substrate", and enter the Width(-

W,W), Length(-L,L) and Height(h) as shown in the figure below. We are taking FR-4 (LOSSY) substrate 

having twice the width and  length of the patch that is 2L  and 2W.  

 

       Freq. Range.   S- band 2-4 GHz 

     Dielectric Constant   4.1 FR-4 

     Patch Material   PEC 

    Length of Patch(L) 29 

Width of patch (W) 39 

Substrate thickness (h) 1.5 

Patch thickness(t) 0.1 

 Inset fed gap ,Gpf 1mm 

 

2. Create the Ground Plane  

We create a ground plane below of the substrate having Height Mt , to create the ground plane, we have to select 

the back face of the substrate and define that back face as our ground plane . Material that we are using for 
Ground plane is Copper (Annealed) .  

 

3. Create The Patch  

To create the patch , rotate back to the front face of the substrate. Align the WCS coordinate with the front face 

by selecting the "Aligh WCS with Selected Face" from the WCS menu and double clicking on the front face. 
Now select the brick icon on the toolbar and press ESC key for patch antenna. This again brings up the window 

to enter the dimension and material for the brick. Enter the values Xmin= -L/2, Xmax=L/2, Ymin= -W/2, 

Ymax= W/2, Zmax= t (Zmin is not required, leave it empty. 

 

4. Create Microstrip Feed Line  

To create a microstrip feed line, first an empty space will be created and then the  microstrip line will 

be added. This makes a gap between the microstrip line and the antenna. 

 

To do this, create another brick for the empty space by clicking on the rectangular brick tool and pressing ESC 

as in earlier steps. Then enter the dimension value for the empty space as Umin= -(Wf/2+g), Umax= Wf/2+g, 

Vmin= L/2-d, Vmax=L/2, Wmax= t. Select nickel from the material library as shown, load it and press ok 

Once this is done a shape intersection window will appear as shown below because the newly created empty 

space and the patch antenna shape has intersected. Check the "Cut away highlighted shape" radio button to cut 

away the patch shape and create an empty space. Now to add the microstrip, create the brick tool again, press 

ESC key which will bring up the dialog box as before. Enter "Microstrip" as a name for the new brick shape, 
Umin= -Wf/2, Umax=Wf/2, Vmin= L/2-d, Vmax= Lf-L/2-d and Zmax= t. Select copper(annealed) in the 

material section. 

 

After applying all the above steps we got following different shapes with different slot antenna.  
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In  designing the proposed rectangular micro strip patch antenna the equations that we are using given below  

 

Patch Width 

For the dominant mode 𝑇𝑀010 there is no fringing fields along the width therefore there is no need to consider 

the effective dielectric constant. Width of the patch can be calculated by this formula 

𝑤 =  
𝑐0

2𝑓𝑟
 
𝜀𝑟 + 1

2
 

−1
2 

 

 

Resonance Frequency 

For the dominant mode 𝑇𝑀010 the antenna resonates (without taking fringing into account) at the frequency 

given by     𝑓𝑟  =  
𝑐0

2𝐿 𝜀𝑟𝑒𝑓𝑓
 

And when considering the effective dielectric constant the antenna will radiate at the frequency  

         𝑓𝑟  =  
𝑐0

2 𝐿 + 2∆𝐿  𝜀𝑟𝑒𝑓𝑓
 

 

VOLTAGE STANDING WAVE RATIO(VSWR)  
The standing wave ratio (SWR), also Г known as the voltage standing wave ratio (VSWR), is not strictly an 

antenna characteristic, but is used to describe the performance of an antenna when attached to a transmission 

line. 

 

 

a) Design of Rectangular patch   antenna 

 

 
Fig 2: Rectangular patch on CST 

 

b) Design of U-slot patch antenna 

 

 
Fig 3: U-slot patch on CST 

 

 

 

 

 

 

 

 



[Chaoudhary*, 4(6): June, 2017]  ISSN 2349-6193 

  Impact Factor: 2.805 

IJESMR 
International Journal OF Engineering Sciences & Management Research 

http: // © International Journal of Engineering Sciences & Management Research 

 [86] 

c) Design of L-slot patch antenna 

 

 
Fig. 4 L-slot patch on CST 

 

d) Design of E-slot patch antenna 

      

 
Fig 5: E-slot patch on CST 

  
e) Design of F-slot patch antenna 

    

 
Fig 6: F-slot patch on CST 

 
f) Design of H-slot patch antenna 

 

 
Fig 7: H-slot patch on CST 
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g) Design of T-slot patch antenna 

 

 
Fig 8: T-slot patch on CST 

 

h) Design of I- slot patch antenna 

 

 
Fig 9: I-slot patch on CST 

 
SIMULATION  &  RESULTS 
The Simulation results of Microstrip Patch antenna with Different slot  have been carried out using the 

Computer Simulator Technology (CST) . The following are the result  of  Simple Microstrip patch  Antenna and 
patch antenna with different type of slots .   
 

Return Loss  

 

For  Simple Microstrip Patch antenna  

As shown in fig.10:  the simulation indicates a response at 2.937GHz with return loss = -8.314dB. A negative 

value of return loss shows that this antenna had not many losses while transmitting the signals. 

 
Fig.10: Simulated Return Loss  For microstrip patch antenna 

 

VSWR  
VSWR of Simple microstrip patch antenna is 1.6216 
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Band width 

 

 
 

Comparison of Return loss of   basic microstrip patch antenna and Patch antenna with U , L and E Slot .  

 

 
Comparison of Return loss of   basic microstrip patch antenna and Patch antenna with F , H and  T Slot .  

 

 
 

Comparison of Return loss of   basic microstrip patch antenna and Patch antenna with I Slot .  
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VSWR Comparison of   basic microstrip patch antenna and Patch antenna with U , L and E slot . 

  

 
 

VSWR Comparison of   basic microstrip patch antenna and Patch antenna with  F ,H  and T slot . 

 

 
 

BW Comparison of   basic microstrip patch antenna and Patch antenna with I Slot . 

 

 
 

 Bandwidth OF basic Microstrip  antenna 

 

 
Fig. Bandwidth OF basic Microstrip  antenna 
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Bandwidth Of Microstrip Patch  antenna With I slot  

 

 
Fig. Bandwidth OF  Microstrip Patch  antenna With I slot 

 

 In Microstrip patch antenna With Slots   Return loss is -46.51 dB, which shows that the antenna has 

minimum losses. 
 The Relative Percentage Bandwidth is about 57.426 which is sufficient for the  satellite   and military 

band  applications. 

 VSWR causes return loss or loss of forward energy through a system. A typical value of VSWR would 

be1.015, where the two first numbers relate the ratio of impedance Mismatch against a perfect 

impedance match and the second number is always 1, representing the perfect match. So from the 

result of VSWR impedance is perfectly matched which increases its efficiency. 

 For proper working of an important antenna parameter must lie in specified range like return loss 

should be less than -10dB means losses less than -10 dB is acceptable another parameter VSWR lies 

between 1-2 for proper matching. In this design all the parameters  also lie in this range.  

 

Table1. :   shows the Return loss , VSWR (voltage standing wave ratio), Bandwidth , and Gain at different 

frequency   for  different slot  micro strip patch  antenna. This result obtained by cutting the slot of  different 
geometrical shapes the U slot , H slot, T slot , E, I ,L and  F   slots. 

 
Table 1 Comparision of different shape 
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CONCLUSION 
In this paper , we have  designed and simulated different shapes  microstrip patch  antenna with 2 to 4GHz (S-

band).Here we found  Return loss ranging from  -20dB to - -46dB, , VSWR ( Close to 1)  and Gain 3dB to 12dB  

for different shape Rectangular Microstrip patch Antenna  with  2GHz to 4GHz frequency band . This antenna 

can be used for satellite and wireless communication. 
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