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Abstract:While the revolution in antenna engineering leads to 

the fast-growing communication systems, Microstrip Patch 
Antennas (MPA) have proven to be the most unconventional 
discovery in the epoch of miniaturization. This paper incorporates 
the designing, simulation, and analysis of rectangular & circular 
microstrip patch antennas. The resonating frequency of the 
proposed patch antennas is 9 GHz, lying in the X band region and 
are designed on Rogers RT/duroid 5880 material having dielectric 
constant 2.2, using Ansys HFSS software. 

The proposed MPAs were compared on the basis of five 
performance parameters (Return loss, Bandwidth, VSWR, Gain 
and HPBW).  It was observed that rectangular MPA has a higher 
value of return loss, VSWR and HPBW than circular MPA. 
Whereas, circular MPA has greater bandwidth and gain than 
rectangular MPA. The proposed antennas can be used in radar, 
wireless and satellite applications. 

 
Keywords:Circular, rectangular, microstrip patch antenna, 

stripline feeding  

I. INTRODUCTION 

During the past few years, the urge for small antennas has 
expanded the attentiveness of researchers towards the 
scheming of microstrip patch antenna for wireless 
communication. Antennas are primarily specialized 
transducers that transform one form of energy (RF fields to 
AC: receiver antenna) to another (AC to RF fields: 
transmitter antenna) or conversely. Antennas are classified 
into various categories according to the physical structure 
and functionality. 

An MPA has a base of ground plane over which a substrate 
having some relative permittivity of €r is there, which consists 
of a patch that could be of any shape and size. These antennas 
are fabricated using microstrip techniques on a printed circuit 
board (PCB) and are mostly operated at microwave 
frequencies. They not only have an advantage of being small 
in size, but also their ease of fabrication, low cost, 
lightweight, and conformity have increased their use 
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extensively. Microstrip patch antennas have progressively 
emerged themselves in various RF fields. [1]. 

The type of MPA is determined by the patch which could 
be of any shape, most likely to be of square, dipole, elliptical, 
rectangular, triangular and circular. But the most accepted 
microstrip patch antennas are circular and rectangular [2]. 
Feeding is used to excite the antenna. Amongst the various 
feeding techniques, microstrip line, coaxial probe feed, 
proximity coupling, and aperture coupling are in demand [3]. 
The technique which we have used is microstrip line feeding. 

The circular and rectangular microstrip patch antenna is so 
well accepted because they offer linear and circular 
polarization, compatibility to array configuration, feed line 
flexibility and multiple frequency operation [4]. 

 
Fig. 1: Microstrip Patch Antenna. 

II. RELATED WORK 

In [2] different shapes of microstrip patch antenna were 
implemented using Ansoft HFSS. A multiband microstrip 
patch antenna was designed in [4] which covers a wide range 
of frequencies from 2 GHz to 9 GHz using a microstrip line 
feeding technique. This range of frequency is used for 
wireless and radar applications. [5] Include the designing of 
rectangular and circular microstrip fed antenna for Bluetooth 
application, operating at a frequency of 2.45 GHz. In [6] two 
different configurations of rectangular microstrip fed patch 
antenna parameters are analyzed at 9-15 GHz and 20-32 GHz 
frequency ranges, for 5G applications. The author in [7] has 
designed rectangular and circular MPA for 5G applications 
for a particular frequency of 28.5 GHz. Better results were 
obtained for rectangular MPA as compared to circular MPA. 
In [8] designing of circular sector antenna for C-band (4 
GHz-8GHz) is achieved along with their comparison. They 
have concluded that resonance frequency and radiation 
pattern do not change with change in feeding technique. But 
the antenna nature can be altered by using different 
substrates. In [9] major study is done to scrutinize the effect 
of dielectric superstrates on various 
parameters.  
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The study concluded that the frequency of the antenna will 
move to the lower side and parameters of the antenna will 
alter if the superstrate is placed over the substrate. 
Apart from various advantages of a microstrip patch antenna, 
it has some limitations as well like, narrow bandwidth and 
low gain [1]. Wideband could be achieved by some 
modifications in the size of patch or by inserting slots 
[10-12]. Whereas, high gain could be achieved by using 
different feeding techniques [13]. 

III. PROPOSED ANTENNA DESIGN  

A. Antenna Patch Dimensions 

1)Rectangular Patch Antenna 
     Length (L) and width (W) of the rectangular microstrip 
patch antenna can be calculated from the given formulas [14], 
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       L = Leff  - 2ΔL 
2) Circular Patch Antenna 
     The radius (a) of circular microstrip patch antenna can be 
calculated from the given formula [14], 

          a = 
 

   
  

    
    

  

  
          

    

Where,  

F = 
           

     
 

Here, 

      W = Width of rectangular patch, 

       L = Length of rectangular patch, 

       ΔL = Extension length, 

Leff = Effective length, 

       €reff= Effective dielectric constant, 

       h = Substrate height, 

       a = Radius of patch, 

       c = Velocity of light in free space, 

       €r = Dielectric constant, 

fr= Resonant frequency. 

B. Antenna Design Parameters 

The rectangular and circular shaped microstrip fed patch 
antennas were designed using High-Frequency Structure 
Simulator (HFSS) software. The proposed antennas are 
designed on a substrate having thickness ‘h’ and relative 
permittivity ‘€r’. The optimized parameters of the proposed 
antennas are given in Table A.. 

 

 

TABLE A: List of Design Parameters 

Parameters Rectangular MPA  Circular    MPA 

Resonating 
Frequency, fr 

9 GHz 9 GHz 

Patch Size Length, L = 9.9 mm 

Width, W = 11.6 
mm 

Radius, a = 6.25 
mm 

Substrate Height, h   1.6 mm  1.6 mm 

Dielectric Constant, 
€r        

2.2  2.2  

 

 

Fig. 2: Proposed Rectangular MPA with Microstrip Line 
Feeding Technique. 

 

Fig. 3: Proposed Circular MPA with Microstrip Line 
Feeding Technique. 

IV. SIMULATION RESULTS AND COMPARISON 

The return loss of both types of proposed antennas are 
shown in Fig. 4 & Fig. 5. From both the graphs it can be 
inferred that rectangular shows the return loss of -24.16dB, 
whereas, circular has a return loss of -21.69dB. Hence, a 
better return loss of 2.47dB can be 
seen in the proposed rectangular 
MPA. 
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Fig. 4: Return Loss response of Rectangular MPA. 

 

 
Fig. 5: Return Loss response of Circular MPA. 

Fig. 6 & Fig. 7 shows the VSWR plot for circular and 
rectangular MPA respectively. The conclusion which can be 
drawn from both the plot is that the circular has a greater 
value of VSWR of 1.43 than the rectangular having VSWR of 
1.07. Ideally, the value of VSWR should be equal to 1. This 
means, that the proposed rectangular MPA is much closer to 
the ideal value. 

 
Fig. 6: Plot of VSWR of Circular MPA. 

 

Fig. 7: Plot of VSWR of Rectangular MPA. 

Fig. 8 & Fig. 9 gives the bandwidth of circular and 
rectangular microstrip patch antenna respectively (on 

considering -10dB values of frequency). Using simple 
calculation the bandwidth was calculated for both the 
proposed antennas. It was inferred that the bandwidth of 
circular MPA is 474.3 MHz, whereas, the bandwidth of 
rectangular MPA is 425.2 MHz which means 10% more 
bandwidth is achieved in the case of proposed circular MPA. 

 
Fig. 8: Bandwidth calculation for Circular MPA. 

 

Fig. 9: Bandwidth calculation for Rectangular MPA. 

Fig. 10 & Fig. 11 shows the gain of the proposed rectangular 
& circular MPA respectively. From the graph it can be 
deduced that circular has a greater gain of 7.3dB than 
rectangular MPA, having a gain of 6.9dB. 

 

Fig. 10: Gain of Rectangular MPA. 

 

Fig. 11: Gain of Circular MPA. 
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Fig. 12 & Fig. 13 shows the pattern of radiation of the 
proposed circular and rectangular MPA. Half power 
beamwidth (HPBW) i.e., the angular beamwidth at 3dB of 
the circular microstrip patch antenna is lower (77.48 
degrees), than the rectangular microstrip patch antenna 
having HPBW of 80.16 degrees. 

 

Fig. 12: Pattern of Radiation of Circular MPA. 

 

Fig. 13: Pattern of Radiation of Rectangular MPA. 

The calculated and observed values of all the five parameters 
of the proposed circular and rectangular MPA are 
summarized in Table B. If return loss, VSWR and HPBW are 
taken into consideration, then supremacy of rectangular over 
circular microstrip patch antenna can be seen. Whereas, from 
the perspective of bandwidth and gain, circular seems to be 
dominating over rectangular MPA. 

TABLE B: Analogy of Various Parameters of 
Performance 

Performance 
Parameters 

Circular MPA Rectangular MPA 

Return Loss -21.69 dB -24.16 dB 

Bandwidth 474.3 MHz 425.2 MHz 

VSWR 1.43 1.07 

Gain 7.3 dB 6.9 dB 

HPBW 77.48 degree 80.16 degree 

V. DISCUSSION 

The proposed rectangular and circular MPA not only have an 
advantage of being small in size but also have good and 
improved values of return loss, VSWR and HPBW when 
compared with previous research for X-Band [15]. As both 
bandwidth and resonating frequency are 
inverselyproportional to the value of dielectric constant, we 
have used a very low value of dielectric constant (€r = 2.2) for 
substrate, so as to make it work for a frequency of 9 GHz. 
Also for better gain, return loss and bandwidth, a small 
thickness substrate is taken (h = 1.6mm), which also makes 
the proposed antenna compact in size. Hence, within the 
possible limitations, we have designed the best antennas 
meeting all the prior specifications. The proposed antennas 
can also be used in wireless, satellite & radar applications. 

VI. CONCLUSION 

Design, simulation, and comparison of circular and 
rectangular MPA using microstrip line feeding technique for 
a frequency of 9 GHz is proposed in this paper. This is 
achieved with the help of a software named HFSS. Both the 
proposed antennas show good results for return loss, 
bandwidth, VSWR and beamwidth. The study concluded that 
when return loss, VSWR and HPBW is considered, 
rectangular patch antenna shows superiority over circular 
patch antenna. However, from the perspective of bandwidth 
and gain, circular seems to be dominating over the 
rectangular patch antenna. 
 
REFERENCES 
 
1. Indra Singh, V.S.Tripathi, “Microstrip Patch Antenna and its 

Application: a survey”, lnt.J.Comp.Tech.Appl. Vol 2(5), 1595-1599, 
2011 

2. Sumanpreet Kaur Sidhu, Jagtar Singh Sivia, “Comparison of Different 
Types of Microstrip Patch Antennas”, International Journal of 
Computer Applications (0975-8887), proceeding of International 
Conference of Advancements in Engineering and Technology (ICAET 
2015). 

3. Ramesh Garg, Prakash Bartia, Inder Bahl, Apisak Ittipiboon, 
“Microstrip Antenna Design Handbook”, 2001, pp 1-68, 253-316, 
Artech House Inc. Norwood, MA 

4. Harmandeep Kaur, Er. Mandeep Kaur, “Design of Microstrip Patch 
Circular Antenna Using Microstrip Line Feed Technique”, 
International Journal for Research in Applied Science & Engineering 
Technology (IJRASET), Volume 6 Issue X, Oct 2018. 

5. Mohammad Monirujjaman Khan, A. K. M. Monsural Alam, Ratil 
Hasnat Ashique, “A Comparative Study of Rectangular and Circular 
Microstrip Fed Patch Antenna at 2.45 GHz”, International Journal of 
Scientific & Engineering Research, Volume 5, Issue 10, October-2014. 

6. A. Vimla, S. Manikandan, P. Karthigai Kumar, “A Review of 
Antennas Parameters of Rectangular Microstrip Patch Antenna at 9-15 
GHz and 20-32 GHz”, International Journal of Pure and Applied 
Mathematics, Volume 117, No. 16,2017, pp 51-56. 

7. Ribhu Abhusan Panda, Ranajit Sahana, Eswar Prasad Panda, 
“Comparison Between Microstrip Rectangular and Circular Patch 
Antenna for 5G Application”, International Journal of Advanced 
Research in Electrical, Electronics and Instrumentation Engineering, 
Volume 6, Issue 9, September 2017. 

8. Anouar Dalli, Lahbib Zenkouar, Seddil Bri, “Comparison of Circular 
Sector and Rectangular Patch Antenna Arrays in C-Band”, Journal of 
Electromagnetic Analysis and Applications, November 2012. 

9. V.Saidulu, K. Srinivasa Rao, K. Kumarswamy, P. V. D. Somasekhar 
Rao, “Comparison Analysis of Rectangular and Circular Patch 
Microstrip Antennas with Dielectric Superstrates”, International 
Journal of Microwaves Applications, 
Volume 2, No. 5, 2013. 

 



International Journal of Recent Technology and Engineering (IJRTE)  
ISSN: 2277-3878 (Online), Volume-8 Issue-4, November 2019 

 

5082 

 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: D8300118419/2019©BEIESP 
DOI:10.35940/ijrte.D8300.118419 
Journal Website: www.ijrte.org 
 

 

 
 
 

10. A. A. Lotfi-Neyestanak, "Ultra Wideband Rose Leaf Microstrip Patch 
Antenna", Progress In Electromagnetics Research, Vol. 86, 155-168, 
2008.  

11. B.-K. Ang and B.-K. Chung, "A Wideband E-Shaped Microstrip Patch 
Antenna for 5 - 6 GHz Wireless Communications", Progress In 
Electromagnetics Research, Vol. 75, 397-407, 2007. 

12. M. T. Islam, M. N. Shakib, and N. Misran, "Broadband E-h Shaped 
Microstrip Patch Antenna for Wireless Systems", Progress In 
Electromagnetics Research, Vol. 98, 163-173, 2009. 

13. Gautam, A.K., Yadav, S., Kanaujia, B.K., “A CPW-fed compact UWB 
microstrip antenna”, IEEE Antennas and Wireless Propagation Letters, 
Volume 12, 30 january, 2013. 

14. Constantine A. Balanis, “Antenna Theory, Analysis and Design”, John 
Wiley & Sons, 4th edition, December 8, 2015. 

15. Tahsin Ferdous Ara Nayna, A.K.M. Baki, “Comparative study of 
rectangular and circular microstrip patch antenna in X Band”, 
International Conference on Electrical Engineering and Information 
and Communication Technology (ICEEICT) 2014. 

AUTHORS PROFILE 

Harshit Srivastavahas completed his B.Tech in 
Electronics and Communication Engineering from 
KCCITM, Dr. APJ Abdul Kalam Technical University, 
Greater Noida,India in the year 2019. He has presented 
several papers at national and international conferences 
and is currently working on the simulation of different 

types of microstrip patch antennas. His key areas of interest are RF and 
Microwave devices. 
 

Usha Tiwari received her B.Tech degree in 
Electronics and Instrumentation from UPTU Lucknow, 
India in 2005 and M.Tech degree in Electronics and 
Communication from MDU Rohtak, India in the year 
2010. She is currently doing her Ph.D. degree from the 
Department of Electrical Engineering, 

JamiaMilliaIslamia, New Delhi.She is currently working as an Assistant 
Professor in the Department of Electronics and Communication, Sharda 
University. Her research interest includes Wireless sensor networks, 
Computational Intelligence and Computer Networks. She holds more than 
15 research papers in reputed International Journals/Conferences into her 
account. 
 

https://www.openaccess.nl/en/open-publications

