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ABSTRACT: In this paper the notch loaded U-shaped design of microstrip patch antenna using textile as substrate has 
been proposed & studied. In the proposed design, Jeans is used as a substrate and copper tape is used to make ground & 
patch. This paper shows research on wearable microstrip patch antennas designed and developed for various wireless 
applications at 2.45 GHz frequency. The proposed antenna has been designed for 2.45 GHz frequency and simulated 
using IE3D simulation tool. The substrate is jeans and has thickness of 1 mm, dielectric constant of 1.7, and loss 
tangent of 0.025. The obtained bandwidth is 42.2 % (2.19 GHz – 3.356 GHz) with return loss of -21.15dB, gain of 4.72 
dBi, directivity of 4.92 dBi, antenna efficiency of 95.6 % and radiation efficiency of 96.3 % at resonant frequency 
2.442 GHz. The antenna is fed by 50Ω Micro strip line feed. 
 
KEYWORDS: Microstrip patch antenna, Textile substrate, Copper Tape, IE3D simulation tool, and Microstrip line 
feed. 
 

INTRODUCTION 
 
 In this advance technology period the wireless communication is mostly used for communication and data transfer 
purpose. Several antennas are widely used for wireless communication [1-3]. In the recent year the wireless 
communication is essential for everybody in routine life like as mobile, Wi-Fi and Wi-Max. This advancement in 
wireless system is due to integration of microwave circuit component with same circuit board such as resistor, inductor, 
capacitor and micro strip patch antenna. For better performance of wireless communication wide band antenna will 
require to design. Due to need of user for portable health care, tracking, navigation and sports monitoring etc. wearable 
antenna [5-8] have received major attention during the last decade. Wearable antenna is flexible, compact and light. 
Textile antenna use textile material as a substrate has a very low dielectric constant which reduces the surface wave 
losses and improves the impedance bandwidth. For textile antenna microstrip patch antenna is preferred because 
microstrip patch antenna associate metallic ground plane between radiating patch and body which reduce the effect of 
radiation on body. The specific absorption rate (SAR) [9] shows the rate of energy absorption by the human body tissue 
when exposed to fields radiated by the antenna. This is used to be measured for any wearable antenna design.   
The proposed antenna is made of jeans fabric & patch and ground are made of copper self adhesive tape. For enhancing 
bandwidth of proposed antenna doing notch on U-shaped [10-12] microstrip patch antenna and microstrip feed [13-14] 
is used. Simulation results such as reflection coefficient, gain, directivity, radiation pattern and efficiency are presented. 
 

II.MATHEMATICAL FORMULAS TO CALCULATE THE DESIGN DIMENSIONS OF MICROSTRIP 
PATCH ANTENNA 

 
The mathematical formula [4] is used to calculate the dimensions of ground plane and microstrip patch in the form of 
length and width. 
The formula of calculating the width of Patch antenna is given as: 
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Where: c = 3×108 ms-1, ɛr=1.7, fr =2.45 GHz 

Formula of effective dielectric constant is given as: 
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 Where: h=1 mm 

Formula of extension in length is given as: 

                     
The formula of calculating the length of Patch antenna is given as: 
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III. ANTENNA DESIGN SPECIFICATION 
 
For calculation of dimension several parameter such as resonant frequency (fr), dielectric constant (ɛr), substrate 
thickness (h) and loss tangent (tan δ) and 50Ω Microstrip line is used as feed into patch are required. The antenna 
specifications that are required are given in table1.  
 

TABLTE 1: ANTENNA DESIGN SPECIFICATIONS 
 

 
S. NO 
 

 
Antenna Parameter 

 
Data 

 
1. 
 

 
Resonant frequency (fr ) 

 
2.45 GHz 

 
2. 

 
Substrate thickness (h) 

 
1 mm 

 
3. 

 
Dielectric constant (ɛr) 

 
1.7 

 
4. 

 
Loss Tangent (tan δ) 

 
.025 
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IV.ANTENNA DESIGN PROCEDURE 

 
Using the above equations and design specification, the dimensions of the antenna is calculated. In the design of 
proposed antenna firstly form a rectangular patch with calculated dimensions of patch and made a U-shaped design on 
patch by loading notch. Then create a notch of length L1 and width W1 symmetrically on both side arm of U-shape 
design near the microstrip feed of 50 Ω. U-shaped design has been modified by increasing notch width and reducing 
notch length stepwise. By doing this procedure the bandwidth has been enhanced and resonant peak shifted towards 
lower frequency side. The notches are symmetrically designed and Different dimensional parameters of proposed 
antenna are given in table2. 
A 50Ω microstrip line feed is used at mid of length of the patch antenna. The position of feed is (Lg/2) on the positive 
X axis from the origin. 
 

TABLE 2: CALCULATED ANTENNA DIMENSIONS 
     

S No. Antenna Dimension Data (mm) 

1. Ground Length (Lg) 52.2 

2. Ground Width (Wg) 58.7 

3. Patch Length (Lp) 46.2 

4. Patch Width (Wp) 52.7 

5. L1 4 

6. W1 14 

7. L2 7.5 

8. W2 20 

9. L3 3 

10. W3 3 

11. Ls 3 

12. Ws 3 

 
The design of calculated notch loaded U-shaped microstrip patch antenna is shown in figure 1 
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Figure 1: Geometry of proposed antenna and all dimensions in mm 
 

V.SIMULATION RESULT AND DISSCUSSION 
 
The simulation performance of proposed microstrip patch antenna is analyzed by using IE3D simulation software tool 
at select resonant frequency of 2.45 GHz.  The graph of return loss Vs frequency is plotted for the range of frequency 
1GHz to 4GHz, because within this range the curve crosses the -10dB which is shown in figure 2. 

 
 

Figure 2: return loss vs. frequency graph of proposed antenna 
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From figure 2, it is observed that the bandwidth of proposed antenna 1169 MHz (42.2 % fractional bandwidth) between 
2.190 GHz to 3.356 GHz band and Return loss of  -21.15 dB at resonance frequency 2.442GHz has been obtained. It is 
also observed that operating resonance frequency 2.442 GHz shows close agreement with designed resonance 
frequency 2.45GHz. 
 
The graph of Gain Vs Frequency of proposed antenna is shown in figure 3.   
 

 
                

Figure 3: Gain Vs. Frequency graph 
The maximum gain of proposed antenna is 4.785 dBi. It is also observed that the gain of proposed antenna at resonant 
frequency 2.442 GHz is 4.723 dBi. 
 
The graph of Directivity Vs Frequency of proposed antenna is shown in figure 4.  
 

 
 

   Figure 4: Directivity Vs. Frequency graph 
 

The maximum directivity of proposed antenna is 4.987 dBi. It is also observed that the directivity of proposed antenna 
at resonant frequency 2.442 GHz is 4.919 dBi.  
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The graph of Efficiency of proposed antenna is shown in figure 5.   

 
 

Figure 5: Efficiency Vs. Frequency graph 
 
 

From figure 5 it is observed that the maximum antenna efficiency and radiation efficiency of proposed antenna is 95.74 
% and 97.93 % respectively. It is also observed that the antenna efficiency and radiation efficiency of proposed antenna 
at resonant frequency 2.442 GHz is 95.57 % and 96.31 % respectively.  
 
The graph of radiation pattern of proposed antenna is shown in figure 6.    
 

 
 

Figure 6: Radiation pattern 
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The radiation pattern represents radiation of all power in two directions therefore it shows that the proposed antenna 
has bidirectional radiation pattern. 
 

VI.CONCLUSION 
 
From the analysis of proposed antenna it is concluded that the bandwidth, resonant frequency and return loss depends 
on dimensions of the notch.  It is observed that the bandwidth enhanced up to 42.2 %.  It is also concluded that the 
operating frequency and design frequency of proposed antenna shows close agreement. The proposed antenna can be 
utilized in wireless communication system. 
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