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Abstract: In this work a rectangular microstrip patch antenna is designed on FR4 glass epoxy substrate having 

thickness 1.6 mm. The feeding technique used in the designed antenna is inset feed. The proposed antenna is 

designed for a frequency of 2.4 GHz. The various parameters of the antenna like return loss; gain, directivity, 

radiation pattern exc. are investigated. The relationship between geometric sizes of the patch and the electrical 

parameter specifications of the antenna is researched. 

Index Terms:   Microstrip, Inset feed, IE3D. 

 

I. INTRODUCTION 

 

The microstrip patch antenna has become one of the most widely used antennas today because of its many desirable 

features [1, 5]. A microstrip patch antenna has a conducting patch that made  of metals such as copper or gold, 

printed on a grounded dielectric substrate. These antennas are low profile, light weight, easy fabrication, 

conformable to planar and nonplanar surfaces compatible with MMIC design [6]. When choosing the most 

appropriate microstrip antenna configuration for a particular application, the means of excitation of the radiating 

element is an essential and important factor which requires careful consideration. A wide variety of feed 

mechanisms is available, not just for coupling energy to individual elements, but also for the controlled distribution 

of energy to a linear or planar array of elements. The feed system may be either co-planar with the radiating 

elements, or situated in a separate transmission-line layer [7].Since there are a number of feeding techniques 

available such as coaxial probe feed, microstrip (coplanar) feed, proximity coped feed , aperture coupled feed and 

coplanar wave guide feed. The selection of feed is governed by number of factors and the important consideration is 

the efficient transfer of energy between the radiating element and the feeding structure that is the impedance 

matching between these two. Linked with impedance matching are stepped impedance transformer, bends, 

transitions, junctions exc. which introduces surface 
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wave and spurious radiation loss [8]. In a rectangular patch antenna the edge impedance is high and zero at the 

center. So for impedance matching a coplanar microstrip inset feed is used for the excitation of the patch at the 

location where impedance matches [9]. Performance simulations of antenna are performed on IE3D software, which 

is based on the method of moments [ 10]. 

 

 

 

 

II. ANTENNA GEOMETRY 

 

 

The initial dimension of the rectangular microstrip patch antenna is taken at 2.4 GHz by taking the FR4/glass epoxy 

substrate and the height of substrate is 1. 6mm, loss tangent 0.02 and the dielectric constants is 4.4. The basic 

formulae for length and width are given below [10]. 

                                                               (1) 

 

 

 

(2) 

 

 

 

(3) 
 

 

 

 

(4) 

 

 

(5) 

 

Where 

 

c = Velocity of light in free space 

f0=Operating resonant frequency  

ɛr = Relative dielectric constant 
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ɛreff =Effective dielectric constant of the substrate h= Height 

of the substrate 

w = Width of the substrate 

 

The calculated dimensions of the patch antenna is Length (L) =29 mm and the width (W) = 38 mm. The feeding 

technique used for the excitation of the antennas is the microstrip line feeding. The width of the microstrip line is 

calculated for characteristics impedance of 50 ohm from the following formula. 

For  

 

 

 

(6) 

 
 

 

(7) 

 

 

The calculated width of the microstrip line is 3.05 mm. The input impedance when the patch feeds from the edge 

and, it can be found for rectangular patch form equation [8-11] below. 

 

 

 

 

(8) 
 

 

 

 

 

 

(9) 
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(11) 
 

 

 

 

 

Where is free space wave number and j0 the Bessel function of the first kind of order 

 

zero and W patch width? The calculated value of edge impedance is 243 Ohm. The impedance at a distance R from 

the edge is given as in [9]. 

                                                 (12) 

Where  is the input impedance when the patch feeds from the edge .So calculated R=10.1 

mm. The grove created has the width is 3.5 mm. The designed patch antenna is shown in figure 1. 

 

Figure 1.Designed microstrip Patch antenna 
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III . RESULTS  

 
 

Figure 2 S11  Vs Frequency curve 

 

Figure 2 shows the return loss curve for the designed antenna. The curve shows that given antenna resonates at 2.4 

GHz with return loss less than -20 dB. Figure 3 shows the directivity of the designed antenna. This curve shows the 

positive gain at the resonating frequency. 

 

Figure 3. Total field gain curve 

 

Figure 4 shows the radiation efficiency of the deigned microstrip patch antenna. 
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Figure 4 Antenna Radiation efficiency curve 

 

The above curve shows that maximum efficiency achieved at the resonating frequency but it is not so high value , 

this is due to the high loss tangent of the material FR4.But this materials  chief and easily available everywhere. 

Figure 5.shows the directivity curve. The directivity achieved at the resonating frequency is around 6.35 dBi. 

 

Figure 5 Antenna Directivity curve 
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Figure 6 shows the 3 Dimensional radiation pattern of the designed patch antenna at the frequency 2.4 GHz along 

with E-field total gain. 

 

 

Figure 6. Three dimension radiation pattern at 2.46 GHz. 
 

III. CONCLUSIONS 

 

In this paper a rectangular microstrip patch antennas is simulated. The proposed antennas have the inset feed 

geometry. The performances of the said antenna are studied, and it is found that designed antenna works effectively 

at the resonating frequency. So this antenna can be used effectively for WLAN applications at 2.4 GHz. Therefore 

the proposed antenna have satisfactory performance for use as communication antenna for transmission and 

reception puprpose. 

 

 

IV. REFERENCES 

 

[1] W.C. Chew and J.A. Kong, “Analysis of a circular microstrip disk antenna with a thick dielectric substrate,” 

IEEE Trans. Antennas and Propagat., vol.AP-29, pp.68-76, 1981. 

[2] J.T. Aberle, D.M. Pozar, and C.R. Birtcher, I “Evaluakion of input impedance and radar cross-section of probe-

fed microstrip patch elements using an accurate feed model,”  IEEE  Trans. Antennas and Propagat., vol.AP-39, 

pp.1691-1696, 1991. 

43



  

__________________________________________________________________________ 

ISSN 2231-3842 (Print)        ISSN 2277-8691 (Online)   

INTERNATIONAL JOURNAL OF APPLIED SCIENCE AND TECHNOLOGY (Volume 5 , Issue 2) 

  

 

[3] S.M. Ali, W.C. Chew, and J.A. Kong, “Vector Hadel transform analysis of annular-ring microstrip antenna,” 

IEEE Trans. Antennas and Propagat., VOL. AP-30, pp.637-644, 1982. 

[4]  Z.  Nie,  W.C.   Chew,  and  Y.T.   Lo,  “Analysis  of  the  annular-ring-loaded  circular    disk 

microstrip antenna,” IEEE Trans. Antennas and Propagat. vol. AP-38, pp.806-813, 1990. 
 

[5] A.N. Tulintseff, S.M. Ali, and J.A. Kong, “Input impedance of a probe-fed stacked circular microstrip antenna,” 

IEEE Trans. Antennas and Propagat., vol. AP-39, pp.381-390, 1991. 

[6] S.Kumar and D.Chandra, “Multiband star shape slotted microstrip patch antenna design for wireless 

application”. International Journal of Electronics and Electrical Engineering Vol. 3, No.5, October 2015. 

[7] James, J.R. and P.S.Hall, Hand book Of microstrip antennas, Peter Peregrinus,London,UK 1989. 

[8].Garg, R., P. Bhartia, I. Bahl, and A. Ittipiboon, Microstrip Antenna Design Handbook, Artech House,Boston. 

[9]. Constantine A. Blanis, Antenna Theroy Analysis and Design Third Edition Wiley India 2005. 

 

[10] IE3D, Zeland Software. IE3D User’s Manual Release 9. Zeland Software Inc. Available online: 

http://www.zeland.com. 

44

http://www.zeland.com/

	I. INTRODUCTION
	II. ANTENNA GEOMETRY
	III. CONCLUSIONS
	IV. REFERENCES

