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Abstract— In the recent years the development in 

communication system requires the development of low 

cost, minimal weight and low profile antennas that are 

capable of maintaining high performance over a wide 

spectrum of frequencies .This technology trend has focused 

much effort into design of micro strip patch antenna. The 

objective of this paper is to design an aperture coupled 

rectangular micro strip patch antenna which operates in S- 

band at 2.25GHz.This antenna is mainly intended to be used 

in many applications in communication systems such as 

satellite technology and military applications. The proposed 

patch antenna is designed and simulated on HFSS software. 

Ansoft HFSS employs the finite element method, adaptive 

meshing and brilliant graphics to give you unparalleled 

performance and insight to all of the 3D EM problems. After 

the simulation the antenna performance characteristics such 

as return loss, bandwidth, 3D and 2D radiation pattern, gain 

vs frequency plot are obtained. 

Key words: S –band, HFSS V13, Return loss (s11), Rogers 

RT/ duroid 5880 

I. INTRODUCTION 

An Antenna is one of the essential parts for microwave 

communication. Since it help both transmitting and 

receiving the information. An antenna is a device that is 

made to efficiently radiate and receive the radiated 

electromagnetic waves. Antenna is a transducer which 

converts the voltage and current on a transmission line into 

an electromagnetic field in a space, consisting of an electric 

and magnetic field travelling right angles at each other. 

 Microstrip patch antenna is a small size antenna 

and it can be printed directly on a circuit board. Microstrip 

patch antennas due to their many attractive features have 

drawn attention of industries for an ultimate solution for 

Wireless communication. In order to simplify analysis and 

performance prediction, the patch is generally square, 

rectangular, circular, triangular, and elliptical or some other 

common shape. [1]. 

 The most commonly employed micro strip patch 

antenna is a rectangular patch [2]. The rectangular patch 

antenna is approximately a one wavelength long section of   

rectangular microstrip transmission line. When the air is the 

antenna substrate the length of the rectangular micro strip 

antenna is approximately one half of a free space 

wavelength. The antenna is loaded with a dielectric as its 

substrate, the length of the antenna decreases as the relative 

dielectric constant of the substrate increases .the proper 

miniaturized antenna will improve the transmission and 

reception. [3] 

 Microstrip antennas have several advantages like: 

low cost, easy fabrication and light weight. Major 

operational disadvantages of micro strip antennas are their 

low efficiency, low power, high Q (sometimes in excess of 

100), poor polarization purity, poor scan performance, 

spurious feed radiation and very narrow frequency 

bandwidth, which is typically only a fraction of a percent or 

at most a few percent. In some applications, such as in 

government security systems, narrow bandwidths are 

desirable. However, there are methods, such as increasing 

the height of the substrate that can be used to extend the 

efficiency (to as large as 90 percent if surface waves are not 

included) and bandwidth (up to about 35 percent). However, 

as the height increases, surface waves are introduced which 

usually are not desirable because they extract power from 

the total available for direct radiation (space waves). The 

surface waves travel within the substrate and they are 

scattered at bends and surface discontinuities, such as the 

truncation of the dielectric and ground plane, and degrade 

the antenna pattern and polarization characteristics. Surface 

waves can be eliminated, while maintaining large 

bandwidths, by using cavities. Stacking, as well as other 

methods, of micro strip elements can also be used to 

increase the bandwidth. 

II. BASIC PATCH ANTENNA GEOMETRY 

In its most basic form, a Microstrip patch antenna consists 

of a radiating patch on one side of a dielectric substrate 

which has a ground plane on the other side as shown in 

Figure 1. The patch is generally made of conducting 

material such as copper or gold and can take any possible 

shape. The radiating patch and the feed lines are usually 

photo etched on the dielectric substrate. [4]. 

 
Fig. 1: Structure of Microstrip Antenna 

For a rectangular patch, the length L of the patch is usually 

 is the free-space 0 ג where ,0 ג 0.5 > 0 ג >0 ג0.3333

wavelength. The patch is selected to be very thin such that t 

 The height h of the .(where t is the patch thickness) 0 ג >>

dielectric substrate is usually 0.000ג≤ h ≤ 0.05 0 ג. The 

dielectric constant of the substrate (€r) is typically in the 

range 2.2 ≤ €r ≤ 12. Microstrip patch antennas radiate 

primarily because of the fringing fields between the patch 
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edge and the ground plane. For good antenna performance, a 

thick dielectric substrate having a low dielectric constant is 

desirable since this provides better efficiency, larger 

bandwidth and better radiation. However, such a 

configuration leads to a larger antenna size. In order to 

design a compact Microstrip patch antenna, higher dielectric 

constants must be used which are less efficient and result in 

narrower bandwidth. Hence a compromise must be reached 

between antenna dimensions and antenna performance. 

A. Antenna Design: 

In order to identify and verify the improvement for 

rectangular structure in micro strip antenna, the 

conventional Microstrip antenna design method is used. [5] 

1) Design steps:  

Designing the patch antenna is to employ the following 

formulas as an outline for the design procedures. 

a) Width (W): 

 
Where 

c - free space velocity of light, 3 x 108 m/s 

fr - frequency of operation 

€r - dielectric constant 

b) Effective Dielectric constant (εreff): 

 
Where €r - dielectric constant 

h - Height of dielectric substrate  

W - Width of the patch 

c) Effective Length (Leff): 

 
Where; 

c - free space velocity of light, 3 x 108m/s 

fr - frequency of operation 

€reff - effective dielectric constant [6] 

d) Patch length extension (ΔL): 

 
e) Actual length of patch (L): 

 

B. Feeding Techniques: 

Microstrip patch antennas can be fed by a variety of 

methods. These methods can be classified into two 

categories: contacting and non-contacting. 

1) In the contacting method, the RF power is fed directly 

to the radiating patch using a connecting element 

such as a micro strip line. 

2) In non-contacting scheme, electromagnetic field 

coupling is done to transfer power between the micro 

strip line and the radiating patch. 

 
Fig. 2: Feeding Techniques 

1) Coaxial Probe Feed: 

The Coaxial feed or probe feed is a very common technique 

used for feeding Microstrip patch antennas. As seen from 

Fig. 3, the inner conductor of the coaxial connector extends 

through the dielectric and is soldered to the radiating patch, 

while the outer conductor is connected to the ground plane. 

The main advantage of this type of feeding scheme is that 

the feed can be placed at any desired location inside the 

patch in order to match with its input impedance. This feed 

method is easy to fabricate and has low spurious radiation. 

However, a major disadvantage is that it provides narrow 

bandwidth and is difficult to model since a hole has to be 

drilled in the substrate and the connector protrudes outside 

the ground plane, thus not making it completely planar for 

thick substrates. 

 
Fig. 3: Coaxial Feed Technique 

2) Microstrip Line Feed: 

In this type of feed technique, a conducting strip is 

connected directly to the edge of the Microstrip patch as 

shown in Fig. 4. 

 
Fig. 4: Microstrip Line Feed Technique 

 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 [7] 

3) Aperture Coupled Feed: 

In recent years a variety of non-contacting feeds have been 

developed for Microstrip antennas. In Aperture Coupled 

Feed technique, the radiating patch and the Microstrip feed 

line are separated by the ground plane as shown in Fig. 
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5.Coupling between the patch and the feed line is made 

through a slot or an aperture in the ground plane 

 
Fig. 5: Aperture Coupled Feed 

 This arrangement allows a thin, high dielectric 

constant substrate to be used for the feed, and a thick, low 

dielectric constant substrate for the antenna element, thus 

allowing independent optimization of both the feed and the 

radiation functions. In addition, the ground plane eliminates 

spurious radiation from the feed from interfering with the 

antenna pattern or polarization purity [8] 

4) Proximity Coupled Feed: 

This type of feed technique is also called as the 

electromagnetic coupling scheme. As shown in Fig. 6, two 

dielectric substrates are used such that the feed line is 

between the two substrates and the radiating patch is on top 

of the upper substrate 

 
Fig. 6: Proximity Coupled Feed 

 Proximity coupling has the advantage of allowing 

the patch to exist on a relatively thick substrate, for 

improved bandwidth, while the feed line sees an effectively 

thinner substrate, which reduces the spurious radiation and 

coupling. 

III. STRUCTURE OF ANTENNA 

In this paper, rectangular structure have been designed and 

analyzed. The desired resonant frequency of antenna is 

2.25GHz. To calculate antenna dimensions by conventional 

method, we need to provide some data like substrate height, 

its dielectric constant etc. in this work we are using jeans 

material as a substrate for antenna. Its specifications are 

given below. 

Parameters Value 

Loss tangent 0.0009 

Relative permeability 2.2 

Height 0.32cm 

Table 1: Different parameters 

 The various design parameters of aperture coupled 

fed Rectangular patch Antenna are calculated at frequency 

2.25 GHz. 

 The various parameters are: Patch dimension along 

x = 4cm, Patch dimension along y = 3.4cm, Substrate 

Dimension along x = 12cm, Substrate dimension along y = 

9cm, Feed dimension along x axis x=7cm, Feed dimension 

along y axis y=0.495cm, Slot dimension along x axis 

x=0.155cm, Slot dimension along y axis y=1.4cm, Source 

dimension along x axis x=0.495cm, Source dimension along 

y axis y=0.16cm.These parameters are used by the Ansoft - 

HFSS to generate the corresponding design of slot coupled 

rectangular Microstrip patch antenna which is shown in 

figure 6 

 
Fig. 7: Ansoft HFSS generated aperture coupled Microstrip 

patch antenna 

IV. RESULTS AND DISCUSSIONS 

A. Return Loss Characteristics: 

Simulations are carried out for the frequency ranges from 

1GHz to 3.5GHz.As depicted in fig  8,the developed patch 

antenna resonates at a frequency of 2.28GHz with return 

loss better than -13dB and provides an impedance 

bandwidth(return loss<=-10dB)of  25MHz 

B. Far Field Radiation Pattern Characteristics: 

Simulations are carried out at single frequency 2.28 GHz to 

get the total far field pattern for both principle planes. Fig9 

& 10 shows the simulated far field radiation pattern plots. In 

azimuth plane the patch antenna provides a gain of 6.2dBi 

and 3db beam width of 72
0
.The gain and beam width in 

elevation plane are 6.2dbi and 90
0
. 

C. Gain: 

The simulations are done for range of frequencies from 

1.0GHz to 3.5GHz the variation of gain and directivity as a 

function of frequency as obtained from these simulations are 

shown fig  11 respectively .At the centre frequency of 

2.2.5GHz the antenna directive gain and power gain 6.3dBi 

and 6.2 dBi gain respectively. 

 
Fig. 8: Return loss plot 
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Fig. 9: Radiation pattern at azimuthal plane 

 
Fig. 10: Radiation pattern at elevation plane 

 
Fig. 11: Gain plot 

V. CONCLUSION 

The research motivation of this paper is to design 

rectangular Microstrip patch antenna for satellite and 

military applications. HFSS is used for design and 

simulation of patch antenna .The rectangular patch antenna 

with aperture coupled feed has been designed .The designed 

Microstrip rectangular patch antenna efficiency resonates at 

2.25GHz and gives good return loss of -13dB with an 

impedance band width of 25MHz and gain of 6.2dBi .This 

antenna can be easily fabricated on substrate material due to 

its small size and thickness .The simple non-contacting 

feeding technique is used to eliminate higher order modes. 

REFERENCES 

[1] Pozar D. M., “Microstrip antennas," Proc. IEEE,      

Vol.80, No. 1, 79, 91, Jan. 1992 

[2] D.D.Sandu, O.Avadanei, A.Ioachima, G.Banciua, 

P.Gasner. Microstrip Patch Antenna with dielectric 

substrate. Journal Optoelectronics and Advanced 

Materials Vol. 5, No. 5, 2003 

[3] D. H. Schaubert, D. M. Pozar and A. Adrian, 

“Effect of Microstrip antenna substrate thickness 

and permittivity: Comparison of theories and 

experiment,” IEEE Trans. Antennas Propagate., 

vol. 37, pp. 677-682, June 1989. 

[4] C.A. Balanis, “Advanced Engineering Electro-

magnetic”, John Wiley & sons, New York, 1989. 

[5] C.A. Balanis, “Antenna Theory”, 2nd Ed., John 

Wiley & sons, inc., New York 

[6] Thomas A. Milligan, (2005) Modern Antenna 

Design, 2th edition, IEEE Interscience Press New 

York, chpp. 2, 6. 

[7] James, J. R., P. S. Hall, “Handbook of Microstrip 

Antennas”, Peter Peregrinus, London, UK, 1989 

[8] C. H. Tsao, Y. M. Hwang, F. Kilburg, and 

F.Dietrich, “Aperture coupled patch antennas with 

Wide bandwidth and dual polarization 

Capabilities,” IEEE Antennas and propagation 

Symp. Dig., pp. 936-939, 1988. 


