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Abstract---Microstrip patch antennas have been widely used 

in a various useful applications, due to their low weight and 

low profile, conformability, easy and cheap realization. A 

low profile patch antenna for wireless   application is 

proposed in this paper. This proposed antenna is made by 

using the probe feeding   methods. The antenna is designed 

for some improvement in the performance of directivity, 

gain, return loss and size of circuit area. The compact 

antenna is expected to improve the cost of production due to 

the size reduction in the overall circuit area especially in a 

mass production. IE 3D simulator is used to compute the 

gain, power, radiation pattern, and S-parameters of the 

antenna. Changing the parameters like substance’s 

thickness, material, tangent loss and dielectric constant 

affect the gain performance of the antenna. 

Keywords: Introduction, circularly polarized antenna, 

design specification, calculation, simulation, result and 

discussion, conclusion. 

I. INTRODUCTION 

A patch antenna is a type of microwave antenna with a low 

profile, which can be mounted on a flat surface. It consists 

of a flat rectangular, square, circular, triangular, circular ring 

sheet or "patch" of metal, mounted over a larger sheet of 

metal called a ground plane. The assembly is usually 

contained inside a plastic radome, which protects the 

antenna structure from damage. Patch antennas are simple to 

fabricate and easy to modify and customize. They are the 

original type of microstrip antenna described by Howell in 

1972; the two metal sheets together form a resonant piece of 

microstrip transmission line with a length of approximately 

one half wavelength of the radio waves. The radiation 

mechanism arises from discontinuities at each truncated 

edge of the microstrip transmission line. A patch antenna is 

usually constructed on a dielectric substrate, using the same   

materials and lithography processes used to make printed 

circuit boards. Microstrip or patch antennas are becoming 

increasingly useful because they can be printed directly onto 

a circuit board. Microstrip antennas are becoming very 

widespread within the mobile phone market. Patch antennas 

are low cost, have a low profile and are easily fabricated. 

The patch antenna, microstrip transmission line and ground 

plane are made of high conductivity metal (typically 

copper). The patch is of length L, width W, and sitting on 

top of a substrate (some dielectric circuit board) of thickness 

h with permittivity. The thickness of the ground plane or of 

the microstrip is not critically important. Typically the 

height h is much smaller than the wavelength of operation, 

but not much smaller than 0.05 of a wavelength 

 
Fig. 1: Structure of Microstrip Patch Antenna 

II. CIRCULARLY POLARIZED PATCH ANTENNA 

A microstrip patch is one of the most widely used radiators 

for circular polarization. Figure 2 shows some patches, 

including square, circular, pentagonal, equilateral triangular, 

ring, and elliptical shapes which are capable of circular 

polarization operation. However square and circular patches 

are widely utilized in practice. A single patch antenna can be 

made to radiate circular polarization if two orthogonal patch 

modes are simultaneously excited with equal amplitude and 

±90 º out of phase with sign determining the sense of 

rotation. Two types of feeding schemes can accomplish the 

task as given in figure 3. The first type is a dual-orthogonal 

feed, which employs an external power divider network. 

The other is a single point for which an external power 

divider is not required. 

 
Fig. 2: Various types of circularly polarized microstrip patch 

antennas: (a) triangular patch (b) square patch, (c) circular 

patch, (d) ring, (e) pentagonal patch, and (f) elliptical patch 
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Fig. 3: Dual-fed patch 

III. THEORETICAL ANALYSIS OF THE AXIAL RATIO 

A. Axial ratio: - 

We can use the polarization ellipse to describe the elliptical 

polarization. The instantaneous electric field orientation can 

figure out an ellipse in the space, seen in Fig. 4. 

 
Fig. 4: Polarization ellipse 

Axial ratio by definition is the ratio of the two orthogonal 

components of E-field. Ideally for circular polarization 

where you have two equal components you will have AR 

1(or0dB). It’s interesting to look at the AR beam width for 

CP based antennas because from that you can understand 

about the deviation from circular polarization. 

     AR=OA/OB (1≤ AR ≥∞). 

Where OA is the half major axis of the polarization ellipse, 

and the OB is the half minor axis of the polarization ellipse. 

IV. DESIGN SPECIFICATIONS 

In this section, the procedure for designing a square 

microstrip patch antenna in IE3D software is explained. And 

the results obtained from the simulations are demonstrated. 
The three essential parameters for the design of a 

rectangular Microstrip Patch Antenna are:- 

 

(a) Frequency of operation (fo): The resonant frequency of 

the antenna must be selected appropriately. The Mobile 

Communication Systems uses the frequency range from 

1800-5600 MHz. Hence the antenna designed must be able 

to operate in this frequency range. The resonant frequency 

selected for my design is 3.0 GHz. 

(b)Dielectric constant of the substrate (εr): The dielectric 
material selected for my design is silicon which has a 

dielectric constant of 2.5. A substrate with a high dielectric 

constant has been selected since it reduces the dimensions of 

the antenna. 

(c) Height of dielectric substrate (h): For the microstrip 

patch antenna to be used in cellular phones, it is essential 

that the antenna is not bulky. Hence, the height of the 

dielectric substrate is selected as 1.55 mm. 

A. Calculation of effective length and effective width:  

Three methods of analysis are commonly used to calculate 

microstrip antenna (MSA) parameters. These are 

transmission line model, cavity model, and full wave 

analysis. It is useful to model the microstrip antenna as a 

transmission line. This model is the simplest of all and it 

gives good physical insight. It represents the MSA by two 

slots of width W and height h, separated by a transmission 

line of length L. The microstrip is essentially a 

nonhomogeneous line of two dielectrics, typically the 

substrate and air. An effective dielectric constant must be 

obtained in order to account for the fringing and the wave 

propagation in the line. The expression is given by:  

 
The dimensions of the patch along its length have now been 

extended on each end by a distance ΔL, which is given: 

 
The effective lenth of the patch      now becomes :- 

    = L+2∆L 

For a given resonance frequency , the effective lenth is 

given by : 

     =  
 

   √    
 

Where c is the speed of light. 

For a rectangular microstrip patch antenna, the resonance 

frequency for any TMmn mode is given as: 
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Where m and n are modes along L and W respectively. For 

effective radiation the width is given by:- 

W = 
 

  
 √
(    )
 

 

The return loss is a parameter which indicate how well the 

matching between the transmitter and the antenna has taken 

place. The RL is defined as: 

RL = −20log10 [Γ]dB 

 Where Γ is input reflection coefficient and it is a measure of 

reflected signal at the feed-point of the antenna. 

Hence, the essential parameters for the design are:- 

 

• fo = 3.0 GHz 

• εr = 2.5 
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• h = 1.55 mm. 

B. Design of Square Patch Microstrip Antenna for Circular 

Polarization using IE3D Simulator: 

From above given equations we can calculate the value of 

Width and Length of the patch antenna. So we have 

calculated the given parameters from which we have to 

design the patch antenna. 

 

1. Dielectric constant (εr) = 2.5 

2. Frequency (fr) = 3.0 GHz. 

3. Height (h) = 1/16 Inch = 1.55 mm. 

4. Velocity of light (c) = 3×10^8 ms-1. 

5. Practical width (W), W = 30 mm. 

6. Loss Tangent (tan δ) = 0.001. 

7. Practical Length (L) L = 30 mm. 

C. Simulation in IE3D: 

Steps for the simulation of Microstrip Patch Antenna in 

IE3D simulator:- 

 

1.  Start Zeland Program Manager 

2.  Double click on mgrid. 

3.  Click on File–Open New File. 

4.  Make Grid Size 0.025 mm. 

5.  Define Substrate Parameters 

6.  Click on Entity–Rectangle 

7.  Click on Entity–Probe Feed to Patch 

8.  Give Location of first Feed Point 

9.  Give Location to Second Feed Point. 

10. Go to Adv Edit – Rectanglization 

11. Click on Process – Simulate 

12. Enter Frequencies 

13. Press OK. 

14. Simulation starts and after simulation we get the results. 

D. Results of Simulation: 

1) Designed Patch: 

 
Fig. 5: Patch Designed in IE3D Software 

 

2) S-Parameters 

 
Fig. 6 : S-Parameter Display for S (1, 1) 

 
Fig. 7: S-Parameter Display for S (2, 2) 

3) Elevation Pattern Gain Display 

 
Fig. 8: Elevation Pattern Gain Display (dBi) 
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4) Axial ratio vs. Frequency Graph:-  

 

 
Fig. 9: Axial Ratio vs. Frequency Plot 

5) Total Gain vs. Frequency Graph: 

 
Fig. 10: Gain vs Frequency 

 

V. CONCLUSION AND FUTURE SCOPE  

The design of Square patch dual feed (Probe Feed) antenna 

for circular polarization has been completed using IE3D 

software. The simulation gave results good enough to satisfy 

our requirements to fabricate it on hardware which can be 

used wherever needed. The investigation has been limited 

mostly to theoretical studies and simulations due to lack of 

fabrication facilities. Detailed experimental studies can be 

taken up at a later stage to fabricate the antenna.

REFERENCES 

[1] C. A. Balanis, “Antenna Theory, Analysis and Design”, 

JOHN WILEY & SONS, INC, New York 1997. 

[2] R. Garg, P. Bhartia, I. Bahl, A. Ittipiboon, “Micro strip 

Antenna Design Handbook”, ARTECH HOUSE, 

Boston 2001. 

[3] S. Silver, “Microwave Antenna Theory and Design”, 

McGraw-Hill BOOK COMPANY, INC, New York 

1949. 

[4] D. M. Pozar and D. H. Schaubert, Microstrip Antennas: 

The Analysis and Design of Microstrip Antennas and 

Arrays, IEEE Press, 1995. 

[5] D. M. Pozar, “Input impedance and mutual coupling of 

rectangular microstrip antennas,” IEEE Trans. Antennas 

and Propagation, vol. AP-30, pp. 1191-1196, Nov. 

1982. 

[6] C. J. Prior and P. S. Hall, “Microstrip disk antenna with 

short-circuited annular ring, “Electronics Letters, Vol. 

21, pp. 719-721, 1985. 

[7] Y.-X. Guo, C-L. Mak, K-M Luk, and K.-F. Lee, 

“Analysis and design of Lprobe proximity fed patch 

antennas,” IEEE Trans. Antennas and Propagation, Vol. 

AP-49, pp.145-149, Feb. 2001. 

[8] K. Ghorbani and R. B. Waterhouse, “Ultrabroadband 

printed (UBP) antenna,” IEEE Trans. Antennas and 

Propagation, vol. AP-50, pp. 1697-1705, Dec. 2002. 

[9] G. Kumar and K. C. Gupta, “Non-radiating edges and 

four edges gap coupled multiple resonator broadband 

microstrip antennas,” IEEE Trans. Antennas and 

Propagation, vol. AP-33, pp. 173-178, Feb. 1985. 

[10] Shrawan Kr. Kushwaha, Asim Kumar on “Circular 

Polarized Microsrtip patch antenna” at Jawaharlal 

Nehru University, New Delhi. . AEEE ISSN 2231-1297 

Volume 4, number 1(2014), pp. 21-26. 

 

 


