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Abstract— The paper describes the performance of a 

circular patch antenna with various types of feeding 

techniques such as inset feed, probe feed, aperture coupled 

feed and proximity coupled feed. The antenna is designed for 

2.4 GHz (ISM band). Various parameters like gain, 

percentage bandwidth and radiation efficiency are compared. 

The highest gain of 5.74 dB is observed for proximity coupled 

feed. The shape of radiation patterns also vary depending on 

the feed used. 

 

Index Terms— aperture coupling, proximity coupling, 

radiation efficiency 

 

I. INTRODUCTION: 

The study of microstrip patch antennas has gained 

attention over recent years due to their versatility. The 

microstrip patch antenna is basically a narrowband wide-

beam antenna which consists of a radiating patch and a 

slightly larger ground, both separated by a dielectric 

material. They usually operate in the microwave frequency 

range, i.e. the size of antenna is small since it directly 

depends on wavelength corresponding to resonant 

frequency 

The increasing demand for microstrip patch antennas in 

various commercial and military applications is due to their 

advantages like planar (2-dimensional) and low profile, 

ease of fabrication, compatibility with integrated circuit 

technology and conformability with a shaped surface. They 

are most suitable for aerospace and mobile applications. 

There are also drawbacks such as very narrow 

bandwidth, low power handling capacity, high feed 

network losses and poor cross polarization [1]. Most of 

these can be overcome by developing innovative designs 

and configurations. 

II. FEEDING TECHNIQUES: 

Any conductor radiates at discontinuities when 

excitation is provided to it. The patch surface is a conductor 

and hence it radiates electromagnetic energy when excited 

from external source via a feed network.  

There are many feeding methods in use. Most popular 

types of techniques through which the patch antenna can be 

fed are: 

 

A. Inset feed 

B. Coaxial feed 

C. Aperture coupled feed 

D. Proximity feed 

A. Inset feed: 

This is an extension of microstrip line feed in which the 

patch is excited through a microstrip transmission line 

attached to it. For better impedance matching, the feed line 

can be moved near to the patch center, where current is 

high (Z=V/I is low). The main advantage of this technique 

is that the feed line lies in the same plane as the patch. 

 

 
Fig. 1. Inset feed 

B. Coaxial feed: 

This type of feeding technique involves exciting the 

patch antenna using a coaxial probe. The outer conductor 

of the cable is connected to ground plane, while the center 

conductor (feed pin) extends up to the patch. In this 

technique, impedance matching can be achieved by varying 

the feed position. 

 

 
Fig. 2. Coaxial feed 
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C.  Aperture Coupled/ Slot Coupled feed: 

This novel feeding technique involves shielding of the 

feed network from the patch by a conducting plane. For 

coupling energy from the feed to the antenna, a slot or 

aperture is made on the conducting plane. Two types of 

substrates can be used: usually upper substrate with lower 

permittivity and lower substrate with higher permittivity. 

Thus both substrates can be chosen independently to 

optimize the radiation characteristics [2]. 

 

 
Fig. 3. Aperture coupled feed 

D. Proximity Coupled feed: 

This is an indirect feeding technique in which there is no 

direct contact between the feed network and the antenna. 

Two different substrates are used. The feed network lies 

between the two substrates, with the patch on top and 

ground at the bottom. Due to two substrates, the overall 

thickness of patch increases, thus increasing the bandwidth 

and also eliminates spurious feed radiation.    

 
Fig. 4. Proximity coupled feed 

 

III. ANTENNA DESIGN: 

The most commonly used patch shapes are circular and 

rectangular. In addition, several shapes like triangle, 

hexagon, and ellipse are also used. The consideration of 

circular patch offers several advantages. Rectangular patch 

has two degrees of freedom, while circular has single 

degree of freedom [3]. Thus it is more convenient to 

control the radiation characteristics. Also the size reduces 

by 16% by using circular configuration, as compared to 

rectangular [4].  

The radius of circular patch is given by 
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The above equation ignores the fringing effect, which 

makes the patch electrically larger.  Thus the effective 

radius has to be considered which is given by [5]: 
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For the circular patch antenna with FR4 substrate ( r

=4.4) and thickness h=1.6mm, to radiate at rf = 2.4 GHz, 

the effective radius is calculated as ea =17.47mm. 

IV. SIMULATION: 

The simulation of patch antenna is done using HFSS 

(High Frequency Structural Simulator) version 14.0. It uses 

finite element method (FEM) for solving electromagnetic 

structures and design of antennas, RF electronic circuit 

elements such as filters and transmission lines.  

V. RESULTS AND ANALYSIS: 

A. Inset fed patch:  

The circular patch with 17.47mm radius is found to 

resonate at 2.43 GHz. An overall gain of 3dB is observed.  

 
Fig. 5. Return loss 
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Fig. 6. Radiation pattern 

B. Coaxial probe fed patch: 

 The patch radiates at 2.38 GHz with a total gain of 3.6 

dB. The feed position is varied to achieve impedance 

matching. 

 
Fig. 7. Return loss 

 
Fig. 8. Radiation pattern 

C. Aperture coupled fed patch: 

The upper substrate is polystyrene with a dielectric 

constant r =2.6 and the lower substrate is FR-4 with r
=4.4. The slot in the ground plane has dimension 20x2. The 

patch radiates at 2.42 GHz with a gain of 4.95 dB. 

 
Fig. 9. Return loss 

 
Fig. 10. Radiation pattern 

D. Proximity coupled fed patch: 

The upper substrate is Rogers RO4350 ( r =3.66) and 

lower substrate is FR-4 epoxy ( r =4.4). The antenna 

resonates at 2.4 GHz with a gain of 5.74dB. 

 

 
Fig. 11. Return loss 
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Fig. 12. Radiation pattern 

Based on the above results, a comparison can be made 

on the performance of circular patch antennas with various 

types of feeds. 

 
TABLE 1: COMPARISON OF FEEDING TECHNIQUES 

Feed type Gain (dB) % BW Radiation 

Efficiency 

Inset 3 2.47 0.450 

Coax Probe 3.6 4.20 0.792 

Slot Coupled 4.95 2.19 0.864 

Proximity 5.74 3.75 0.788 

 

VI. CONCLUSIONS: 

The above results indicate that the less commonly used 

feeding techniques such as aperture coupled feed and 

proximity coupled feeding are more efficient in terms of 

gain and radiation efficiency when compared to inset and 

coaxial probe feeds. The substrates in these feeding 

techniques can be chosen depending on the desired 

characteristics. 
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