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ABSTRACT: In this study, it is aimed to demonstrate the effects of the feed line position on the operating frequency, return loss 

and bandwidth of the rectangular patch microstrip antenna. For this purpose, a compact-sized antenna that can operate at 2.4-2.45 

GHz frequencies is designed in High Frequency Structure Simulator (HFSS) program. Then, the position of the feedline is changed 

horizontally and vertically, and its effects are observed. The results obtained after the modificaions are given and discussed. It is 

stated that the feed line position is a very important parameter that affects the basic characteristics of the antenna. 
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I. INTRODUCTION  

In recent years, due to the development of the wireless 

communication systems and the increase in information flow, 

the volume of the transmitted data has increased. Therefore, 

antennas with low return loss (RL), high bandwidth (BW) and 

small size are needed. Among the microwave antennas, 

microstrip antenna (MA) which has superior features 

compared to the others has been widely preferred for this aim. 

MAs were first produced by Munson [1] and Howell [2], 

and their use began to increase in the 1980s [3]. Today, they 

are used especially in communication applications, Wi-Fi and 

Wi-Max technologies, satellite systems, radars and 

biomedical fields [4, 5]. 

Conventional MAs have a radiating patch on one side and 

a ground plane on the other. Between the two planes, there is 

a substrate containing the dielectric material. Due to their ease 

of design, they are often created using geometric patch shapes 

such as square, rectangle, circle and triangle [6-9]. MAs can 

be fed by a microstrip or coaxial line. 

In this study, a MA having the rectangular patch and fed 

by the feedline method will be examined. It will be shown 

how the position of the feed point affects the characteristics 

of the antenna such as operating frequency, RL and BW. 

 

II. DESIGN PROCESS 

A. Rectangular Patch MA 

The basic structure of a rectangular patch MA is shown in 

Figure 1. The width and length of the patch are expressed as 

‘W’ and ‘L’, respectively. The thickness of the dielectric 

material is denoted by ‘h’ [9]. 

The operating frequencies of the antenna depend on its 

physical and electrical parameters. The relationships between 

the width, length, dielectric constant (relative permitivity, εr) 

and operating frequency (f0) of the MA are given in 

Equations (1-5) [10,11]. 

 
Figure 1. The structure of a rectangular patch MA 
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where εreff , Leff and h are effective dielectric constant, 

effective length and height of the antenna, respectively. 

B. Design Parameters 

In order to calculate the dimensions of the antenna, firstly 

it must be determined at which frequencies we desire to work. 

In this study, a compact-sized antenna that can operate at 2.4-

2.45 GHz frequencies is considered as a reference. The height 

of this antenna is 1.6 mm, and the dielectric constant of the 

substrate is 4.4 due to “FR4-Epoxy” material is selected as 

dielectric material [12]. If the mentioned values are used in 

the Eq. (1-5), W is calculated as 30 mm and L as 38 mm, 

approximately. The overall size of the antenna is determined 

as 40 x 50 mm2. 

As mentioned previous section, the feedline method is used 

in the design. The input impedance and width of the 

transmission line are 50 Ohm and 3 mm, respectively. The 

designed antenna which has all these values is given in the 

Figure 2. 

 
Figure 2. The front view of the reference antenna 

 

The antenna shown in Figure 2 has been simulated in High-

Frequency Structure Simulator (HFSS) program. HFSS is one 

of the widely used electromagnetic field simulation software. 

Electromagnetic problems can be solved quickly and 

successfully using this high-performance program. Both the 

near and far electromagnetic fields can be plotted, S 

parameters can be calculated, and antenna performance can 

be analysed with the HFSS [13]. 

The performance parameters such as RL, BW, gain and 

directivity can be changed with different feed point selections 

[14]. In accordance with the subject of this study, the position 

of the feedline will be changed horizontally and vertically, 

and its effects on the results will be observed. For this 

purpose, the line with its center at 20 mm and its left edge at 

18.5 mm in Figure 2 is first moved horizontally. The new 

positions become 15.5 mm and 12.5 mm, as seen in Figure 3.   

 

 

Figure 3. The new horizontally positions of the feedline 

 

In another modification, the antenna is converted to inset 

fed shape. For this aim, the position of the feedline is changed 

vertically by notching method [15]. The sizes of the notches 

are 5x1 mm2 and 5x2 mm2 as seen in Figure 4.  

 

Figure 4. The new vertically positions of the feedline 

  

III.  RESULTS AND DISCUSSIONS 

The RL plot of the antenna shown in Figure 2 is given in 

Figure 5. As expected, the antenna can operate at a frequency 

of 2.4 GHz. It has a return loss value of -14 dB and a BW of 

0.35 GHz. 

 
Figure 5. The return loss plot of the antenna before making 

any modification 
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The new RL results obtained after shifting the left edge of 

the feed line to the 15.5 mm and 12.5 mm positions are given 

in Figure 6. As can be seen from this plot, changing the 

feedline position affects both the RL and BW. Accordingly, 

shifting it to 15.5 mm, that is, its center point to 17 mm, 

reduced the RL to -21 dB. The new BW is more than 0.9 Hz. 

Although shifting the left edge of the feed line to 12.5 mm 

increased the BW, it can be said that the RL and sharpness are 

not at the desired levels. 

 
Figure 6. The new return loss plots of the antenna after 

shifting the feedline horizontally 

 

The new RL results obtained after notching the transition 

point of the feed line and patch are given in Figure 7. As can 

be seen from this plot, thanks to the 5x1 mm2 sized notch, the 

RL has been reduced to lower than -25 dB, and the BW has 

become more than 1 GHz. Furthermore, increasing the width 

of notch to 2 mm caused a new resonance to occur.  

 
Figure 7. The new return loss plots of the antenna after 

using different sized notches 

 

CONCLUSIONS  

In this study, firstly, the necessity of using MAs in many areas 

was stated. Then, the rectangular patch MA was introduced, 

and its structure was given in details. A basic antenna 

operating at 2.4 GHz was designed according to the some 

equations. Afterwards, various modifications were made to 

observe the effect of feedline position on the antenna 

performance. The results obtained after the changes were 

given and discussed. It has been demonstrated that the feed 

line position is a very important parameter that affects the 

operating frequency, RL and BW. In another study, it is 

planned to examine the effects of it on gain and directivity.  
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