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Abstract: In this paper, a novel flower shaped multi-band hybrid fractal-like antenna for wireless communication (GSM, Wi-Max, 

ISM and WLAN etc.) is presented. The proposed antenna is fabricated on an FR-4 substrate (tan(δ) = 0.02, εr= 4.3) with the 

thickness of 1.6 mm. A good impedance matching is achieved by two symmetrical small rectangular slots and one elliptical slot. 

On energizing with 50 Ω microstrip feed line, the fabricated antenna covers four bands of frequency, band-1 (0.651-1.696 GHz), 

band-2 (2.76-2.98 GHz), band-3 (3.53-3.97 GHz) and band-4 (4.55-5.92 GHz),   for |S11| ≤ −10 dB. Surface current distribution 

and far-field pattern of the simulated antenna is also discussed in this paper.  
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I. INTRODUCTION 

 The tremendous growth in wireless communication field is accelerating development of more compact antennas to use 

operating bands efficiently. Several bands of frequency are occupied for different services such as global systems for mobile 

(GSM 890-960 MHz), Personnel communication systems (PCS 1880-1990 MHz), Digital communication systems (DCS 1710-

1880), universal mobile telecommunication systems (UTMS 1920-2170 MHz), Bluetooth (2400-2484), Wi-Max (3400-3600 

MHz), WLAN (5150-5350 & 5725-5875) etc. 

 Presently various simple and compact structures of broadband [1-5] and multi-band antenna [22-24] have been designed 

for fixed and mobile wireless devices. Those suits for various services in operation mentioned above. To achieve dual-band, triple 

band or multi-band of frequency the solution is presented for wireless devices [6-10]. Self- similar fractal antenna has attracted a 

lot of attention of antenna designers in recent years as it is small in size, light in weight, and low profile with wideband and multi-

band features. In the recent year publications, several configurations of fractal or fractal-like antenna and hybrid fractal antenna 

have been discussed. In the year 1983 B.B. Mandelbrot suggested a word ‘fractal’, a structure which can be subdivided into parts, 

each part is similar in shape to itself. So the fractals are generally self-similar but independent of scale with regular or irregular 

shape [12-21]. Practically fractal means similar geometry fragmented at the different scale.  

 Instantly, ferns, tree leaves, snowflakes, coastline mountain ranges can be model as irregular fractals while Sierpinski 

gasket or carpet, Koch Iceland, Minkowski fractal and Meander fractal can be considered as a regular fractal. In [13] Werner 

explored his research as fractal antenna engineering. He reveals the different type of designing methods of fractal antenna: 

Sierpinski gasket and carpet, fractal trees, Hilbert curve, Koch curve, cantor linear array and Minkowski curves etc. These 

structures provide conformal, low profile, compact size, wideband and multi-band attributes to an antenna element. In this paper, 

a hybrid fractal-like structure has been designed to obtain a simple multi-band antenna. 

 The proposed antenna has been fabricated, measured and investigated. The simulated and measured S11 parameter is 

analysis graphically. Surface current distribution and far-field pattern are discussed briefly. 

 

 

 Figure 1 Geometry of the flower shaped hybrid fractal antenna. 
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II. ANTENNA GEOMETRY 

 Two-dimensional planner flower shaped hybrid fractal structure is illustrated in figure 1, which is fabricated on the FR-

4_epoxy substrate (tan(δ) = 0.02, εsub = 4.3 and h = 1.6 mm. A microstrip feed line of impedance 50Ω (𝑀1 × 𝑀2) has been 

designed on the top layer of a substrate, which is terminated on the leaf of the fractal shape structure. A wide circular slot of 

diameter 𝐷1 has been truncated in the center of the designed structure while six small circular slots of diameter 𝐷2 have been 

slotted from the six leaves of the flower incorporated with the multiband operation. A ground plane (Z=0), on the bottom side of 

the substrate has been printed with the dimensions of 𝐿𝑔  and 𝑊𝑔. A semi-elliptical slot of radius 𝑅1 (major axis) and 

𝑅2  (minor axis)  has been etched from this ground plane. Also two small rectangular open slots symmetrical about Y-axis of 

dimensions (𝐿1 × 𝑊1)  have been made on this ground layer for proper impedance matching. The optimized parameters of the 

proposed antenna have been shown in Table 1. 

 

Table 1 Optimized dimension of proposed antenna 

 

Parameter Dimension Parameter Dimension 

𝑀1 33.5mm 𝐷2 12mm 

𝑀2 3mm 𝐿𝑔 33mm 

𝐿𝑠 112mm 𝑅1 8mm 

𝑊𝑠 80mm 𝑅2 6mm 

𝐷1 42mm 𝐿1 13mm 

𝑊1 3mm   

 

 

 
Antenna1          Antenna2             Antenna3 

 

Figure 2 Evolution of the flower shaped hybrid fractal antenna 1, 2 and 3 

 

 
Figure 3 Simulated frequency response of flower shaped hybrid fractal antenna 1, 2 and 3 

 

III. EVOLUTION OF ANTENNA 

 The evolution of the flower shaped hybrid fractal antenna is depicted in figure 2. A comparative frequency response of 

antenna 1, 2 and 3 is shown in figure 3. On simulation with CST microwave studio antenna 1, exhibits two frequencies of 

resonance at 0.95 GHz and 3.5 GHz. In the first iteration (antenna 2), a circular slot has etched concentric to the flower-shaped 

structure on the top layer of the substrate which introduces another band of frequency at 1.75 GHz and 5 GHz. Basically, slot 
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modifies the value of inductance (𝐿) and capacitance (𝐶) and reduces the phase velocity (𝑣𝑝 = 1 √𝐿𝐶⁄ ) of modes which is 

responsible for overlapping of modes. Antenna 2 exhibits four bands of frequencies at five resonant frequencies 0.94 GHz, 1.75 

GHz, 3.42 GHz, 3.5 GHz and 5 GHz. In second iteration antenna 3, six circular slots etched on the leaves of flower-shaped 

structure which improves the impedance matching between radiating structure designed on the top layer and modified ground 

plane on the bottom layer. It exhibits four bands of frequencies at five resonant frequencies 0.94 GHz, 1.7 GHz, 3.42 GHz, 4.7 

GHz and 5.4 GHz with improved return loss versus frequency response. It exhibits the impedance bandwidth of 23%, 18%, 16% 

and 29% for band 1, band 2, band 3 and band 4 for 𝑆11 ≤ −10 𝑑𝐵.  

 

IV. EXPERIMENTAL RESULTS 

 The fabricated flower shaped hybrid fractal antenna is presented in figure 4. After fabrication, this antenna has tested 

using Vector Network Analyzer N9923A in the range 0.5 to 6 GHz. Figure 5 illustrates a comparison between simulated and 

measured results. 

.  

 
Figure 4 Fabricated flower shaped hybrid fractal antenna 

 

 
Figure 5 Measured and simulated frequency response of the proposed antenna 

 

The variation at lower frequencies is clearly shown from figure 5 is due to a lack of synchronization between top structure and 

ground plane. Also lossy characteristic of FR-4 glass epoxy substrate, the difference between realistic and ideal environment for 

measurement and improper soldering of microstrip connector any one or all may because of such variation. To avoid such type of 

variations extra care is needed to solder the connector to microstrip feed. The fabricated antenna covers four bands of frequency 

band-1 (0.651-1.696 GHz), band-2 (2.76-2.98 GHz), band-3 (3.53-3.97 GHz) and band-4 (4.55-5.92 GHz),   for |S11| ≤ −10 dB. 

The resonant frequencies exhibited by this fabricated antenna are 0.802, 0.885, 1.49, 2.86, 3.745 and 5.56 GHz. Table 2 

represents a list of the covered frequency band of the proposed antenna and their fractional bandwidth (𝐵𝑊(%) =
(𝑓ℎ − 𝑓𝑙) ∗ 200 (𝑓ℎ + 𝑓𝑙⁄ ).  
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Table 2 Frequency response characteristic of fabricated antenna 

 

Frequency Band 

(GHz) 

Measured 

Resonance 

frequency (GHz) 

Bandwidth 

(%) 

0.651-1.696 0.802 

0.885 

1.49 

89 

2.76-2.98 2.86 7.66 

3.53-3.97 3.745 11.73 

4.55-5.92 5.56 26 

 

 Figure 7 graphically represents the variation of an input impedance of the proposed antenna with respect to the 

frequency. The graphical representation of an antenna is the combination of E-plane and H-plane pattern. Figure 7 represents the 

E-plane and H-plane pattern of the simulated structure at five resonant frequencies 0.94, 1.7, 3.42and 5.4 GHz. At frequencies 

0.94, 1.7 GHz eight shaped Omnidirectional E and H shaped pattern have been observed. At higher frequencies 3.42 and 5.4 GHz 

distorted radiation pattern has been observed due to the presence of higher order modes. 

 

 
Figure 6 Normalized input impedance of the proposed antenna 
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Figure 7 E and H plane radiation pattern of the proposed antenna 0.94, 1.75, 3.42, 4.7 and 5.4 GHz 

 

 At frequencies 0.94 GHz and 1.75 GHz, the current density at the top side of the flower shaped radiating structure is 

largest. Additionally, at these frequencies one half wave variations of current vectors has been observed on the perimeter of the 

radiating element. At frequencies 3.42 and 5.4 GHz, the complicated surface current variation has been observed. The current 

vectors are least at bottom of the radiating element at higher frequencies. 

 

 
Figure 8 represents surface current distribution of the proposed antenna at frequency simulation 0.94, 1.75, 3.42 and 5.4 GHz. 

 

V. CONCLUSION 

A novel flower shaped multiband fractal antenna has been simulated and fabricated in this communication. Multi-frequency 

operation is achieved using self-similar circular slotting at different scale inside the flower-shaped structure.  The fabricated 

antenna has covered four bands of frequency band-1 (0.651-1.696 GHz), band-2 (2.76-2.98 GHz), band-3 (3.53-3.97 GHz) and 

band-4 (4.55-5.92 GHz), for |S11| ≤ −10 dB, which are suitable for GSM, Wi-Max, ISM and WLAN services of wireless 

communication. The fabricated antenna exhibits six resonant frequencies of 0.802, 0.885, 1.49, 2.86, 3.745 and 5.56 GHz. 

 

REFERENCES 

[1]D. H. Werner and S. Ganguly,” An overview of fractal antenna engineering research,” IEEE Antennas Propagation Magazine, 

vol. 45, no. 1, pp. 38–57, Feb. 2003. 

[2]James, J. R., and P. S. Hall (eds.), Handbook of microstrip antennas, Peter Peregrinus, UK, 1989. 

[3]D. M. Pozar and D. H. Schaubert (eds.), Microstrip antennas, the analysis and design of microstrip antennas and arrays, IEEE 

Press, New York, NY, 1995.346. This full-text paper was peer-reviewed and accepted to be presented at the IEEE WiSPNET 

2017 conference. 

[4]K. Chang, (ed.), Handbook of microwave and optical components, John Wiley and Sons, New York, vol. 1, 1989. 

[5] B. B. Mandelbrot, The Fractal Geometry of Nature. W.H.Freeman and Company, 1983. 

[6]Nathan Cohen, “Fractal Antennas”, Communications Quarterly: 9, 1995. 

[7] B. Mirzapour and H. R. Hassani, “Size reduction and bandwidth enhancement of snowflake fractal antenna,” IET Microwave 

Antennas Propagation, vol. 2, no. 2, pp. 180–187, 2008. 

http://www.jetir.org/


© 2018 JETIR  August 2018, Volume 5, Issue 8                                      www.jetir.org  (ISSN-2349-5162) 

JETIR1808194 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 326 

 

[8]S. Suganthi, S. Raghavan, D. Kumar, and S. Hosimin Thilagar, “Planar fractal antennas for wireless devices,” in IEEE 3rd 

International Conference on Electronics Computer Technology (ICECT 2011) held at Kanyakumari, pp. VI-98–102, 8-10 Apr. 

2011. 

[9]W. Ismahayati, P.J Soh, R. Hadibah and G.A.E Vandenbosch, “Design and Analysis of a Multiband Koch Fractal Monopole 

Antenna”, IEEE International RF and Microwave Conference, Seremban, Malaysia, pp 58 – 62, 12th-14th December 2011.  

 [10]Pengfei Wu, Zhenqi Kuai, and Xiaowei Zhu, “Multiband Antennas Comprising Multiple Frame-Printed Dipoles”, IEEE 

Transactions on Antennas and Propagation, Vol. 57, No. 10, pp 3313 – 3317, October 2009.  

[11]Jian Li, Tianyan Jiang, Changkui Cheng, “Hilbert Fractal Antenna for UHF Detection of Partial Discharges in Transformers”, 

IEEE  Transactions on Dielectrics and Electrical Insulation Vol. 20, No. 6, pp 2017 – 2025, December 2013.  

[12]Abolfazl Azari, Alyani Ismail, Aduwati Sali, and Fazirulhisyam Hashim, “A New Super Wideband Fractal Monopole 

Dielectric Resonator Antenna”, IEEE Antennas and Wireless Propagation Letters, Vol. 12, pp 1014 – 1016, 2013.  

[13]Werner Hödlmayr and Suman Ganguly, “An Overview of Fractal Antenna Engineering Research”, IEEE Antenna and 

Propagation Magazine, Vol. 45, No. 1, pp. 38 – 57, 2003.  

[14]Carles Puente Baliarda, Jordi Romeu and Angel Cardama, “The Koch Monopole: A Small Fractal Antenna”, IEEE 

Transactions on Antennas and Propagation, vol. 48, no. 11, pp. 1773–1781, November 2000.  

[15]Homayoon Oraizi, and Shahram Hedayati, “Miniaturization of Microstrip Antennas by the Novel Application of the Giuseppe 

Peano Fractal Geometries”, IEEE Transactions on Antennas and Propagation, Vol. 60, No. 8, pp 3559 – 3567, August 2012.  

[16] S. Dhar, R. Ghatak, B. Gupta, D. R. Poddar, "A wideband Minkwoski fractal dielectric resonator antenna", IEEE 

Transaction on Antennas and Propagation, vol. 61, pp. 2895-2903, 2013.  

[17]Mustafa Khalid, “Combined Fractal Dipole Wire Antenna”, IEEE Transactions on Antenna and Propagation, Vol. AP-30, 

No.6, Nov 2000.  

[18]Carmen Borja and Jordi Romeu, “On the Behavior of Koch Island Fractal Boundary Microstrip Patch Antenna”, IEEE 

Transactions on Antenna and Propagation, Vol. 51, No.6, June 2003. 

[19]Carles Puente_Baliaada and Jordi Romeu and Rafael Cardama, “On the Behavior of the Sierpinski Multiband Fractal 

Antenna”, IEEE Transactions on Antenna and Propagation, Vol. 46, No. 4, April 1998.  

 [20] Sayantan Dhar, Kaushik Patra, Rowdra Ghatak, Bhaskar Gupta, Dipak Ranjan Poddar, "A Dielectric Resonator-Loaded 

Minkwosky Fractal-Shaped Slot Loop Hapta band Antenna", Antennas and Propagation IEEE Transactions on, vol. 63, no. 4, pp. 

1521-1529, 2015. 

[21] M.K.A. Rahim, N. Abdullah, and M.Z.A.A. Aziz, Microstrip Sierpinski carpet antenna design, In: Asia-Pacific Conference 

on Applied Electromagnetics, pp. 58–61 2005. 

[22]Y. K. Choukiker, S. K. Behera, and S. K. Sharma, “Hybrid fractal planar monopole antenna with MIMO implementation 

covering multiband wireless communications for handheld devices,” presented at the IEEE Int. Symp. On Antennas and 

Propagation, Florida, USA, Jul. 7–12, 2013. 

[23] Srivatsun, G. and Subha Rani, S. “A Compact Multiband Fractal Cantor Antenna for Wireless Application”, European 

Journal of Scientific Research, Vol.71, No 2, pp. 273-282, 2012. 

[24] Srivatsun, G. and Subha Rani, S., “A Novel Compact Multiband Fractal Antenna for Wireless Application”, International 

Journal of Microwave and Optical Technology, Vol. 7, No. 2, pp. 82-88, 2012. 

 

  

  

 

 

 

 

http://www.jetir.org/

