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Abstract- In this paper a compact metamaterial incorporated microstrip patch antenna is presented. A hybrid 

structure, which is a combination of Boolean addition and subtraction of self-similar hexagonal geometries at 

different scale which is designed at the top layer of the FR-4 substrate (tan (δ) = 0.02, εr= 4.3, h= 1.6). A modified 

ground plane is also designed at bottom layer of substrate to meet resonance criteria. Also, a hybrid metamaterial 

parasitic element is incorporated on the ground plane for performance improvement. On energizing with the 

microstrip feed line the simulated antenna exhibits five resonance frequencies 1.11, 1.7, 2.18, 2.8, and 3.5 GHz. 

It has covered four frequency band-1(1.01- 1.25 GHz), band-2 (1.52-1.93 GHz) band-3 (2.15- 2.24 GHz) and 

band-4 (2.25- 3.95 GHz) for |S11| ≤ −10 dB which are suitable for several wireless communication applications.  

Keywords: Hexagonal, Metamaterial, multiband antenna, S11 parameter, Microstrip patch. 

1. INTRODUCTION 

Modern wireless communication, driven by applications like high-definition streaming and online gaming, 

necessitates high data throughput, thus driving demand for optimized antenna performance [1]. Microstrip patch 

antenna design using metamaterial has emerged as a promising solution to achieve compact size, low-profile, 

wideband and multiband functionalities [2–3]. Mostly microstrip patch using fractal like metamaterial structures 

have self-similarity in shape at the different scale [4]. Using multiple reduction copy technique [5], the fractal 

structure can be achieved by applying multiple number of iterations. An increase of electrical length can be 

achieved by the space-filling property of fractal by applying on an antenna element. The extension of the resonator 

in designed antenna offers a reduction in resonant frequency due to more convolution and more radiating surface 

for current distribution. In recent years various metamaterial inspired fractal techniques for miniaturization of 

antennae [13-14], combined fractal geometries [7-12] and the Koch monopole fractal [6] have been applied. Also, 

several techniques for metamaterial-based fractal structure design have been reported to meet the demand of 

diversity antennas in the LTE/Wi-Fi/Wi-Max/WLAN bands [15-16]. In [17] the Koch curve like edged antenna 

has been implemented for MIMO fractal antenna development. Multi-band and wide band antennas are desired to 

support multiple wireless communication services on a device.  
Multi-band operation with a high degree of miniaturization becomes more challenging to achieve together. 

Incorporating metamaterial Sierpinskiezed Koch-like sided multi-fractal [18] and Koch-like sided Sierpinski gasket 

[19] have been designed to meet multi-band characteristics from complex designed antenna structure for the several 

band of frequency.  Such fractal structure provides long length to current flow in limited space using self-similarity 

and space filling properties. Integration of parasitic element with antenna substrate [20] and slot insertion [21] has 

been reported for enhancement of antenna characteristics. Therefore, in this paper, a metamaterial inspired planar 

antenna as a radiating element for the multiband operation is presented. It is a combination of hybrid structure 

iterated using Sierpinski carpet method. The proposed antenna covers GSM 900 and 1800MHZ/UTMS/Wi-

bro/Bluetooth/Wi-Fi/ISM/WLAN wireless communication bands with near omni- directional radiation patterns. 

Here a modified ground plane is used with metamaterial parasitic structure. A parametric study is performed to 

analysis the effect of hexagonal Sierpinskiezed structure and parasitic ground plane on operating frequency and S11 

parameter etc.  

2. PHYSICAL DESIGN OF THE ANTENNA 

The physical design of the hexagonal shaped quad band hybrid microstrip patch antenna (L × W) has been depicted 

in fig. 2.1 which is fabricated on FR-4 substrate with relative permittivity εsub=4.3 and thickness of 1.6mm.  

Front view of the antenna shows the 50Ω micro-strip feed line (Ml × Mw) which is integrated with slotted radiating 

patch. A modified ground with parameters Lg1, Wg1, Lg2 and Wg2 has been printed on back side of the substrate. 

Small symmetrical rectangular slots (4.5 × 3) mm2 are clipped on top edge of the ground plane while another 

symmetrical rectangular shaped slot (Lg2 × Wg2) has been truncated on bottom edge of the ground plane. 

http://www.ijtrs.org/


 
                                                                                                                       ISSN Number: 2454-2024(Online) 

 

 

International Journal of Technical Research & Science  

DOI Number: https://doi.org/10.30780/IJTRS.V11.I04.004                                             pg. 22 

www.ijtrs.com, www.ijtrs.org 

Paper Id: IJTRS-V11-I04-004                                                Volume XI Issue IV, April 2026 

@2017, IJTRS All Right Reserved 

  

 
Fig. 2.1 Geometry of the hexagonal shaped microstrip patch antenna 

For impedance matching, another rectangular shaped slot (2.5 × 16) mm2 has been embedded on top edge of the 

ground plane. A hybrid fractal shaped parasitic element of the dimensions (Lp × Wp) has been attached at top left 

of the ground plane. 

Table-2.1 Optimized dimension of proposed antenna 

Parameter Dimension Parameter Dimension 

 Ml 25mm W 97mm 

  Mw 3mm Lg2 14mm 

  Lg1 13mm Wg2 39mm 

   Wg1 16mm Lp 33.5mm 

R 27mm Wp 42mm 

L 90mm   

3. EVOLUTION OF THE PROPOSED ANTENNA 

The evolution of metamaterial based hexagonal shaped antenna has displayed in figure 3.1. In all iteration the 

geometry of ground plane is same except final iteration. In iteration 0, the structure contains a hexagonal patch with 

radius 27 mm, feed line parasitic element and defected ground plane. After simulation using CST Microwave studio, 

the antenna 1 (iteration 0) exhibits two resonating bands 1.175-1.34 GHz and 1.698-1.812 GHz.  To improve the 

performance of the antenna 1, the hexagonal shaped slot with radius 7 mm is truncated at each corner of the radiating 

elements. Figure 3.2 reveals that the antenna 2 (iteration 1) exhibits two frequency band (1.044-2.124 GHz, 2.718-

http://www.ijtrs.org/


 
                                                                                                                       ISSN Number: 2454-2024(Online) 

 

 

International Journal of Technical Research & Science  

DOI Number: https://doi.org/10.30780/IJTRS.V11.I04.004                                             pg. 23 

www.ijtrs.com, www.ijtrs.org 

Paper Id: IJTRS-V11-I04-004                                                Volume XI Issue IV, April 2026 

@2017, IJTRS All Right Reserved 

4.026 GHz) with four resonating frequencies. In iteration 2, a composite slot has been created which is the 

combination of a hexagonal slot with radius 9 mm and 6 small hexagons with radius 3mm. Antenna 3 (iteration 2) 

covers three frequency bands with four resonating frequencies which is shown in table 2.1. In next step six semi 

hexagons with radius 3 mm are Boolean added on the periphery of radiating element which improves the value of 

return loss at resonating frequency 3.5 GHz. In iteration 4, a hexagonal element with radius 6 mm, which is located 

at center, has been attached with radiating element with the help of small strip with size (3 × 3) mm2. The S11 

characteristic of the iteration covers the four frequency bands (1.026-1.33 GHz, 1.452-1.878 GHz, 2.154-2.298 

GHz and 2.57-3.864 GHz) and also exhibits four resonating frequencies. In final step, the parasitic element is 

Minkowskized then Sierpinskiezed. The proposed antenna (iteration 5) shows five resonating frequencies as well 

as covers four frequency bands. Table 2 shows the covered frequency bands, resonating frequencies and their return 

loss of all iterations. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.1 Evolution of hexagonal shaped microstrip patch antenna 

Table-2.1 Covered resonating band and resonating frequencies 

Iteration No. Band in GHz Resonant Frequency in GHz Return Loss in dB 

0th 1.175-1.34 1.257 -13.1 
 

1.698-1.812 1.752 -11.77 

1st 1.044-2.124 1.169 -17.73 
  

1.668 -19.797 
 

2.718-4.026 3.112 -33.312 

    3.6532 -28.5 

2nd 1.032-1.332 1.15 -17 
 

1.47-1.968 1.67 -18.422 
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2.72-4.026 3.05 -36.174 

    3.63 -30.48 

3rd 1.026-1.362 1.16 -17.33 
 

1.41-1.97 1.665 -22.13 
 

2.61-3.822 2.88 -19.46 

    3.51 -39.65 

4th 1.026-1.33 1.147 -17.401 
 

1.452-1.878 1.674 -20.6 
 

2.154-2.298 2.19 -17.187 
 

2.57-3.864 2.92 -24.13 

    3.52 -48.32 

5th 1.01-1.25 1.11 -17.98 
 

1.5175-1.93 1.72 -34.5 
 

2.15-2.24 2.18 -19.26 
 

2.25-3.954 2.8 -40.82 

    3.5 -25.23 

 

 
Fig. 3.2 Frequency responses of simulated antennas for various iterations 

CONCLUSION 

A novel hexagonal shaped hybrid fractal antenna has been simulated in this communication. The simulated 

antenna exhibits resonance at frequencies 1.11, 1.7, 2.18, 2.8, and 3.5 GHz. It has covered four bands of frequency 

band-1(1.01- 1.25 GHz), band 2 (1.52-1.93 GHz), band-3 (2.15- 2.24 GHz) and band-4 (2.25- 3.95 GHz) for |S11| ≤ 

−10 dB, which are suitable for several wireless communication applications (i.e. GSM 900 MHz, Wi-Fi 802.11y 

and WLAN 802.11b/g/a). 
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