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 In the modern world, wireless communications are growing very fast and changing the world of 
antennas. Conventional antennas are insufficient to meet the requirements in the field of wireless 
communications. The continuous evolution of wireless communication systems has added cost, 
size, bandwidth, gain, and polarization constraints to the antennas used. In this paper, the 
performance of the microstrip antenna is enhanced by overlapping the patch elements. A tree-
shaped micro-strip antenna is presented here, in which the tree-shaped geometry emerged from five 
overlapping circles on the substrate. The proposed antenna could operate in the X and Ku bands. 

The antenna is resonant at 9.3 GHz, 10.07 GHz, 11.76 GHz, and 13.16 GHz frequencies and has 
various applications such as satellite communications, radar, terrestrial broadband, space 
communications, and amateur radio. The built antenna has an improved radiation pattern as 
compared to conventional antennas.  
 

Index Terms: 
Tree shape 
Finite ground  
High gain 
Current distribution 

 

I. INTRODUCTION 

Evolution has answered many of nature's challenges, 

leading to long-term solutions. During the evolution, various 

solutions were tested, and successful solutions were further 

developed. Nature has always inspired human performance 

and provided effective structures and processes. Nature's 

capabilities far exceed those of humans in many areas, and 

copying multiple traits and idiosyncrasies can significantly 

enhance our technology. 

In recent times, the micro-strip patch antenna is considered 

an important candidate in the wireless communication 
system, and it has been continuing to fulfil the challenging 

demands of the new generation antenna technology [1,4]. 

Numerous types of designing techniques have been reported 

with multiple applications in different frequency domains[5, 

6]. Microstrip antennas have been widely used in modern 

wireless systems due to their inherent characteristics, such as 

being lightweight, low cost, moderate gain, and low 

complexity [7-14]. The antenna design is based on the major 

requirements of the wireless communication system. Modern 

communication systems require antennas with wideband 

and/or multi-frequency modes of operation. Several other 

types of licensed narrowband systems exist in this area. The 
literature is full of research on how to improve microstrip 

antenna performance. People build antennas and vary their 

building parameters, material properties, and simulation 

conditions, leading to a complex way [15-20]. For example, 

authors in [15] have employed a slotted radiating patch. Here 

an attempt has been made to enhance the antenna activity by 

overlapping antenna elements. Although we are not dealing 

with that particular problem, merely trying to usher in a new 

direction to control the frequencies using different 

proportions of the overlapping regions. It would vary 

depending on a certain problem but would give a handy tool 

to implement. 

In this paper, a multiband microstrip antenna consists of 

five equal radius circles, partially overlapping each other. The 
proposed structure is stimulated by the feedline methods. The 

reported antenna geometry is being operated in the X and Ku 

bands (8-14 GHz). A suitable selection of patches and the 

feed line element dimensions could lead to a good radiation 

pattern, gain and surface current distribution. The antenna 

performance at different resonance frequencies has been 

shown here. The proposed antenna shows better performance 

than conventional antennas. 

The paper is organized into the following sections. The 

introduction is mentioned in Section I. Section II presents the 

methodology, and section III discusses the results and 

discussion. The last section consists of the conclusion. 

II. MATERIALS AND METHOD 

Figures 1(a) and 1(b) show the antenna geometry and 

configuration. 

The computer simulation technology software was used 
with a powerful CST microwave studio tool to design and 

simulate the antenna. 
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(a)   Front views    

 

 
(b) Internal architecture 

 

Figure 1. Proposed antenna geometry 

 

In the initial step, circles are oriented on the FR-4 epoxy, 

having the relative permittivity r = 4.4, substrate thickness h 

= 1.59mm, and loss tangent tan = 0.025. The microstrip line 

feed is 2mm x 7 mm in Figure 1(b). The patch and the 

substrate are located on the ground plane (28mm x 24mm). 

Four circles of equal radius are created on the primarily built 

circles; the antenna geometry consists of five equal radii 

(5mm) circles, which are oriented differently from each other. 
Here, speculation has been made that the overlapping area of 

the circles is responsible for improving gain, return loss, and 

other radiation characteristics. 

III. RESULTS AND DISCUSSION 

 

 
 

Figure 2. Variation of the return loss concerning the frequency 
 

The return loss curve against frequency is shown in Figure 

2. The antenna shows resonance at 9.3 GHz, 10.07 GHz, 

11.76 GHz, and 13.16 GHz frequencies. The variation of gain 

to frequency is shown in Figure 3(a). The gain values are 6.91 

dBi, 7.25dBi, 10.15dBi, and 8.81dB at these resonance 

frequencies. The 3D form of the gain is also depicted in 

Figure 4. The red regions show a high gain. At the 9.2GHz, 

the maximum gain lobes appear at the top (equal angle with 

the Y axis), while at the second resonance frequency, the 

magnitude of the gain at the top looks almost similar, but 

there are some red lobes at the bottom. So the antenna has a 
high gain, as shown in Figure 4(a). The maximum gain 

appears in the middle of the Y and Z axes at the third 

resonance frequency. At the fourth resonance frequency of 

13.16 GHz, the built antenna offers a maximum gain.  

 

 
Figure 3. 2D gain configuration to the frequency (GHz) 

 

 
(a) 

 
(b) 

Figure 4. 3D gain configuration at resonant frequencies. (a)7.2GHz and 

9.2GHz; (b)10GHz and 11.7GHz 

 

The resonant frequencies have various applications in 

satellite communications, radar, terrestrial broadband, space 

communications, and amateur radio. 

The E and H radiation patterns at different resonance 

frequencies are shown in Figure 5. At the first resonance 

frequency, the major lobe is orientated at an 1800 angle while 

minor lobes are oriented opposite. The E radiation pattern tilts 

by 600 angle at 10.07GHz frequency. At the third and fourth 

resonance frequencies, the maximum radiation pattern bends 

by 600 angle, and minor lobes arise opposite to the patch 
elements (Figure 5(a)). H  radiation patterns are shown in 

Figure 5(b). The maximum radiation appears normal to patch 

at 9.3GHz frequency while at remaining frequencies, the H 

radiations lobe bends by 450 angle. 

The surface current distribution on the patch element 

antenna is shown in Fig. 6. The maximum current distribution 

appears at the feed and patch junction. An average magnitude 

of the current appears at the patch boundary at the first and 

third resonance frequencies. At the second and fourth 

resonant frequencies, maximum current density appears at the 

circles' centre and outer boundary (yellow regions). The 

maximum magnitude of the current is found at the end of the 
feed line. There are scopes of using unique, symmetrical, 

fractal structures for particular applications, for improvement 

of the existing standard structures, or borrowing structures 

found in nature[21-26]. 
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(a) 

 

 
 

 
(b) 

 

Figure 5. Elevation radiation pattern at resonance frequencies of (a) E plane 

and (b) H plane  

 

 

 
 

Figure 6. Surface Current distribution profile of proposed antenna at 

7.2GHz, 9.2GHz, 10GHz, and 11.7GHz frequencies. 

IV. CONCLUSION 

A low-profile multiband antenna based on the tree shape is 

proposed here. The antenna simulation is carried out in a 

time-domain solver-CST. Simulated results show a 

significant performance of the created antenna. A simple 

geometry, high gain, and moderate radiation pattern are 

characteristic features of a newly designed antenna. Detailed 

analysis of the surface current distribution is also provided in 

this work. An overlapping phase of antenna elements may be 

the key to increasing the antenna performance. Moreover, 

other antenna parametric studies, such as varying the circle 
radius and feed element dimensions, could further extend this 

work.  

 

REFERENCES 

 
[1] J. H. Shafieha,   J. Noorinia, "Ghobadi Ch. Probing the feed line 

parameters in vivaldi notch antennas", Progress in Electromagnetics 

Research B,vol. 1, pp. 237–252, 2008. 

[2] R Bancroft R, Microstrip and printed antenna design hand book. PHI, 

2006. 

[3] I. Singh, V.S. Tripathi, "Microstrip patch antenna and its 

application," Int. J. comp. tech. appl., vol.2, no.5, pp. 1595-1599, 

2011. 

[4] M.K. Meshram, B.R. Vishvakarma, "Gap-coupled microstrip array 

antenna for wideband operation," International Journal of 

Electronics, vol. 88, pp. 1161-1175, 2001. 

[5] X. Quing, Z. N. Chen. Antipodal vivaldi antenna for UWB 

applications,” Euro Electromag.-UWB SP7, Magdeburg: Germany, 

2004. 

[6] J. Cho, W. Jung, K Kim, "Frequency- reconfigurable two-port 

antenna for mobile phone operating over multiple service bands," 

Electronic Letter, vol. 45, pp. 1009-1011, 2009. 

[7] X. Yin, Z Su, W. Hong adnd,T. J. Cui, "An ultra wideband tapered 

slot antenna," Enter for computational electromagnetic and state key 

Laboratory of millimetre waves. Department of Radio Engineering, 

Southeast University, Nanjing 210096; 2005. 

[8] B.T.P. Madhav, B. Anjaneyulu, D. Satyanarayana, N.V.K. Ramesh, P. 

Rakesh Kumar, "Design of broadband balanced antipodal vivaldi 

antenna," GJCAT; vol. 1, no. 3, pp. 421-424, 2011.  

[9] S. Rawat, K.K. Sharma, "Annular ring microstrip patch antenna with 

finite ground plane for ultra-wideband applications," International 

Journal of Microwave and Wireless Technologies, vol.7, pp. 179-184, 

2015 

[10] P. Singh, K. Ray, S. Rawat, "Design of nature inspired broadband 

microstrip patch antenna for satellite communication," Seventh World 

Congress on Nature and Biologically Inspired Computing 

(NaBIC2015), vol. 419, pp. 369-379, 2015.  

[11] K. Singh, V. Grewal, R. Saxena, "Fractal Antenna: A noval 

miniaturization technique for wireless communications," 

International Journal of Recent Trends in Engineering, vol. 2, no. 

5,pp. 165-193, 2009.  

[12] A. Azari, "Super wideband fractal antenna design," IEEE, pp. 242-

245, 2009. 

[13] R. Kumar, J.P. Shinde, P.N. Shinde, M.D. Uplane, "On the design of 

CPW-Fed square octal shaped fractal UWB antenna," 2009 Applied 

Electromagnetics Conference (AEMC), pp. 1-3, 2009.  

[14] M. Puri, P.K. Mishra, S.S. Dhanik, "Design and simulation of double 

ridged horn antenna operating for UWB application," AnnualIEEE, 

pp. 1-6, 2013. 

[15] T. Sandeep, S. Somesh,R. Sanyog, P. Singh,  R. Kanad, "Compact 

design of rectangular patch antenna with symmetrical U slots on partial 

ground for UWB applications," IBICA, vol. 424, pp. 535-542, 2015.  

[16] P. Kumar, G. Singh, "Advantage computational technique in 

electromagnetic," 4th International Conference on Communication 

System and Network Technologies IJECS-IJENS, 2012. 

[17] K.G. Jangid, V.S. Kulkar, V. Sharmat.  Compact circular micro-strip 

patch antenna with modified ground plane for broadband performance. 

International Conference on Signal Propagation and Computer Tech, 

pp. 25-28,  2014. 

[18] J.A.V. Delgado, C.A.V. Mera, "A bio- inspired patch antenna array 

using fibonacci sequence in oak- tree," Published Research report 

USA, vol. 55, no. 5, pp. 192-201, 2013. 

[19] S. Rawat, K.K. Sharma, "A compact broadband microstrip patch 

antenna with defected ground structure for C-band applications," 

Central European Journal of Engineering, Springer;  vol. 4, pp. 287-

292, 2014. 

[20] K.L. Wong, H.J. Jiang, T.W. Weng, "Small-size planar LTE/WWAN 

antenna and antenna array  formed by the same for tablet computer 

application," Microwave Opt. Technol. Letter; vol. 55, pp. 1928- 1934, 

2013. 

[21]  DNA as An Electromagnetic Fractal Cavity Resonator: Its Universal 

Sensing and Fractal Antenna Behavior", .P. Singh, R. Doti ,J.E.Lugo 



Journal of Telecommunication, Electronic and Computer Engineering 

20 ISSN: 2180 – 1843   e-ISSN: 2289-8131   Vol. 14 No. 4  

, J.Faubert, S.Rawat, S.Ghosh, K. Ray and A.Bandyopadhyay AISC. 

Vol. 584, pp. 213-223, 2017 

[22]  Fractal and periodical biological antennas: hidden topologies in 

DNA, wasps and retina in the eye" P. Singh, M. Ocampo, J.E. Lugo, 

R. Doti, J. Faubert, S.Rawat, S. Ghosh, 

KanadRayandA.Bandyopadhyay, Studies in Computational 
Intelligence, Springer, Soft computing application Vol. 761, pp. 

113-130, 2018 

[23]  Ultra-wideband mushroom shaped half-sinusoidal antenna for THz 

applications : Usha Keshwala, Kanad Ray, Sanyog 

Rawat.,Optik,Volume 228, February 2021, 166156. 

[24] Circular and Elliptical Shaped Fractal Patch Antennas for Multiple 

Applications, A Garhwal, MR Ahmad, BH Ahmad, S Rawat, P 

Singh k rayInternational Journal of Engineering and Advanced 

Technology (IJEAT) Volume-8 Issue-5, June 2019 

[25]  Plant shaped antenna with trigonometric half sine tapered leaves for 

THz applications :UshabenKeshwala , SanyogRawat , KanadRay 

,OPTIK, Volume 223, December 2020, 165648 

[26] Analysis of Sun Flower Shaped Monopole Antenna :  Pushpendra 

Singh, Kanad Ray, Sanyog Rawat., Wireless Personal 

Communication,  104, 881,2019.

 

https://www.deutscher-apotheker-verlag.de/shop/suche?search=%27Studies+in+Computational+Intelligence%27
https://www.deutscher-apotheker-verlag.de/shop/suche?search=%27Studies+in+Computational+Intelligence%27
https://www.sciencedirect.com/science/journal/00304026/228/supp/C
https://scholar.google.com/citations?user=I83HwBAAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=IMDyK14AAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=IMDyK14AAAAJ&hl=en&oi=sra
https://www.sciencedirect.com/science/journal/00304026/223/supp/C

