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ABSTRACT 

Low profile features of microstrip antennas attract many 

researchers to investigate the performance of these antennas in 

various ways.Generation of multiband characteristic takes 

place when an antenna is introduced with some geometrical 

distortions i.e. fractal which is then used to increase data rates 

of communication system. Generally, an antenna tends to 

resonate at a single frequency but fractal antenna is a special 

type which has multiple resonances. Fabrication of 

miniaturized antennas have become possible due to fractal 

technology.This letter presents the design of Rhombus shaped 

fractal antenna using Sierpinski gasket structure.Two 

Sierpinski gasket structures has been combined, one in an 

inverted fashion which ultimately leads to a rhombus shape 

and the performance of second iteration antenna is studied.A 

50ohms microstrip line is used to excite the patch.Analysis 

and Simulation of the proposed antenna has been done with 

the help of HFSS 13.0,an electromagnetic simulation 

software. The proposed antenna has been designed to resonate 

for LTE (long term evolution), WLAN and X-band 

Applications.  
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1. INTRODUCTION 
The field of Antenna has attracted eyeballs of many 

researchers to explore diverse technologies in different ways. 

This field has gained significant demand with the advent of 

microstrip antennas. Antennas are considered to be the most 

important component or element in any wireless 

communication system.Microstrip patch antennas are 

basically known for their low profile(Antennas which are 

relatively thin and can be easily mounted onto a flat surface), 

small size, low weight and low cost. 

Generally, all antennas tend to operate at single or dual 

frequency bands due to which different antennas are required 

for different applications which ultimately leads to limited 

space problems. In order to circumvent this problem, fractal 

antennas are put to use wherein a single antenna tends to 

operate at many frequency bands[1].Fractal Term was first 

coined by Benoitt Mandelbrott in the year 1975.By 

incorporating fractal shape onto the antenna geometry, 

multiband antennas can be constructed.  Fractal shaped 

antennas tends to exhibit some interesting features due to their 

geometrical properties. Self similarity and space filling are the 

two significant properties exhibited by fractal 

antennas.Multiband behavior is the result of Self-similar 

structure of fractal antenna. Almost all wireless 

communication systems demand for compactness which can 

be achieved with the help of Space filling property of fractal 

antenna which increases antenna’s electrical length and 

ultimately leads to antenna miniaturization. 

Dr. Nathan Cohen assembled the first fractal antenna element 

to work on 2m amateur band.He reported his initial work at an 

ARRL conventions in 1994 and published the first article on 

fractal antennas in 1995[1]-[4].Design of 2.45 GHz triangular 

fractal antenna using fractal geometry has been simulated 

using Ansoft HFSS and was observed that increase in 

iterations led to improvement in VSWR and return loss[5].A 

planar fractal antenna for UHF RFID on metallic surface has 

been designed wherein a size reduction of 89.8% was 

achieved with respect to conventional rectangular patch[6].A 

bow- tie antenna with fractal property based on Sierpinski 

gasket has been simulated which demonstrated increase in 

bandwidth as compared to conventional bow-tie 

antenna[7].In[8] multiband fractal monopole antenna was first 

designed by Puente. In [9], design of multiband fractal 

antenna for cognitive radio applications was proposed 

wherein an E-shaped antenna covered GSM 1800, LTE and 

UMTS applications with good gain of about 5dB and 

radiation efficiency of 90-95% was achieved. In [10] design 

of crown shaped fractal antenna was proposed in which the 

antenna resonated at four different frequencies 8.4GHz, 

10.1GHz, 10.6GHz and 11.3GHz which is used for satellite, 

radar and wireless applications.         

In the proposed work, two Sierpinski gasket antennas has 

been combined to form a rhombus shaped antenna and 

simulated with a view to resonate it for WLAN and X-band 

applications.HFSS 13.0 has been used for simulation purpose. 

The antenna has been simulated up to second 

iteration.Sierpinski gasket structures are basically known for 

their bandwidth, gain and efficiency making it an attractive 

candidate for Wi-fi,Wimax and other communication 

systems[7],[14]. 

2. DESIGN APPROACH 
Figure 1 shows the geometry of basic Sierpinski gasket 

structure with first and second iteration which uses triangle as 

its base shape.Fig.2.(a),(b),(c) shows the geometry of initial, 

first and second iteration patch antenna respectively. 

 

Fig 1: Basic Sierpinski gasket structure with first and 

second iteration 
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The proposed antenna is the combination of two basic 

Sierpinski gasket structure[12], one in an inverted fashion 

which leads to rhombus shape. The patch has been proposed 

on RogersRT/Duroid substrate which is known for consistent 

performance at higher frequencies[13].The substrate has 

thickness of 1.7mm with dielectric constant 𝝐𝒓 2.2 and has 

dimensions of 75×75mm.The design has been iterated twice. 

 

Fig 2(a): Initial iteration of the patch. 

The operating resonant frequency of antenna depends on 

patch size, width of microstrip line, feed location and 

substrate thickness. So as to obtain better performance of 

antenna, these parameters should be optimized[11],[15]. All 

other essential parameters are summarized in table I. 

 

Fig 2(b): First iteration of the patch. 

 

Fig 2(c): Second iteration of the patch. 

Table 1: Important parameters with their values 

Parameters Values in mm 

Feed location x=0.98,y=24,z=0 

Length of feed 16.47 

Width of feed 1.5 

3. SIMULATION RESULTS 
Analysis and Simulation of proposed antenna is carried out 

with the help of Ansoft HFSS software.VSWR, gain and 

return loss were obtained which indicates that proposed 

antenna is most suitable for wireless applications.Fig.3 shows 

the simulated results of second iteration return loss. The 

characteristic of the proposed rhombus shaped antenna at 

second iteration is summarized in table II. 

Table 2: Characteristics of proposed antenna at second 

iteration 

Frequency(GHz) Return 

loss(dB) 

VSWR Bandwidth 

2.7 -17.25 1.31 300Mhz 

5.7 -11.95 1.67 500Mhz 

9.4 -22.03 1.17 1GHz 

Triple resonance is achieved at 2.7GHz, 5.7GHz and 9.4GHz 

with impedance bandwidths of 300MHz, 500MHz and 1GHz 

respectively. Impedance bandwidth is range of frequencies 

below -10dB.Fig.4 indicates the corresponding VSWR of 

second iteration at desired frequencies wherein it is well 

within the accepted range i.e. below 2 for all desired 

frequencies. A good gain of about 3.9 and 4.2dB is achieved 

at first and second iteration respectively. The gain achieved 

has almost omnidirectional characteristics as shown in 

Fig.5.(a),(b).The proposed antenna has an axial ratio of 6dB 

indicating circular polarization which has better ability to 

reject reflected waves[11]. 

 

Fig 3: Return loss of Second iteration 
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4. CONCLUSION  
Fractal antenna using combination of Sierpinski gasket 

geometry was successfully designed and simulated. The 

design is simulated with the help of HFSS tool. The proposed 

antenna is built on partial ground plane and fed through 

microstrip line. The antenna resonated at three frequencies 

namely 2.7GHz, 5.7GHz and 9.4GHz which are desired 

frequencies.It was observed that the gain of antenna improves 

with higher order iterations. The desired resonant frequency 

covers LTE (2.5-2.7GHz), WLAN (5.7GHz) and X-band (8-

12GHz) applications. The future work is to fabricate and test 

the performance of the proposed antenna so as to validate the 

simulated results. 

 

Fig 4: VSWR of Second iteration 

 

 Fig 5(a): Gain of First iteration patch antenna 

 Fig 5(b): Gain of Second iteration patch antenna 
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