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1.Introduction 
Modern telecommunications systems required 

antennae along with wider bandwidths including the 

smaller dimension as compared to conventional 

possibly antennas [1, 2]. It has initiated the antenna’s 

research in various directions, one form which 

utilizes the fractal shape antenna’s element [3, 4]. 

There exist important relations between antenna 

dimensions and wavelengths. The relation states that 

if an antenna’s sizes are lesser than the λ/4 then the 

antenna isn’t effective because of the radiation’s 

resistances, and gains, as well as the bandwidth, gets 

reduced [5, 6]. Further, to overcome the limitation of 

the antenna’s size got increased, which again 

problems with the handheld device.  
 

 
*Author for correspondence 

Fractal geometry is considered a pragmatic solution 

for the existing aforementioned problem [79]. 

 

The term fractal means the irregular or broken 

fragment. This is defined from Benoit’s Mandelbrot 

derived from the Latin word ‘fractus’ that means 

fracture or the broken [1012]. The Fractal’s 

antennas get inspired by the nature. A fractal antenna 

has two main properties that are space-filling as well 

as self-similarities [1315]. The space-filling 

properties reduced the size of antennas and this 

makes antennas electronically larger in the smaller 

physical spaces [1618]. Self-similarities property 

means that the patches of the antennas are sub-

divided into small parts as well as every smaller part 

is the smallest portion of the reduced sizes of main 

geometries [1922]. 
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Abstract  
The fractal antenna is a diverse kind of antenna that utilizes a fractal as well as a self-similar design to increase the 

effective length to enhance the material perimeter. This could obtain or transfer electromagnetic (EM) radiation in the 

specified full surface arena or the volume. In comparison to traditional possible antennas, modern satellite 

communication applications require antennas with wider bandwidths and smaller dimensions. It has sparked antenna 

research in a variety of directions. One of them is the use of the fractal form of the antennas in the satellite 

communication field due to various attractive features such as small size and wide bandwidth, etc. In this paper, a novel 

design of a triangular patch hexagonal multiband fractal antenna optimized for satellite communication applications has 

been proposed. This proposed fractal antenna was designed with flame retardant (FR4) substrates of a relative 

permittivity to 4.3 and comprises dimensions 28×28×1.6 mm3. The proposed antenna is fed with a coaxial probe feeding 

method having an outer dielectric radius (Ro) and inner conductor radius (Ri) is 0.56 mm and 0.1 mm, respectively. The 

designed antenna operates in the upper C band and X band (8 to 12 GHz). This design undergoes three iterations and in 

the third iteration, it radiates at multiple frequencies like 7.17 GHz, 8.37 GHz, 10.82 GHz, and 11.30 GHz, respectively. 

The proposed antenna design is simulated by utilizing the computer simulation technology (CST) Microwave Studio 2020. 

The results are analyzed and validated in terms of return losses, voltage standing wave ratio (VSWR), radiation patterns, 

gains, as well as directivity. The simulation outcome validates that the proposed triangular-shaped hexagonal fractal 

antenna could be effectively utilized for satellite communication applications. The measured return loss values on 7.17 

GHz, 8.37 GHz, 10.82 GHz, and 11.30 GHz frequencies are -30dB, -22dB, -28dB, and -35dB, respectively. Thereby, this 

proposed fractal antenna is the most suitable option for satellite communication applications due to its compact size as 

well as its lightweight and optimal return loss values. 
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In our work, a simple structure of multiple hexagonal 

rings fractal antenna has been investigated and 

demonstrated as well. The length and width of the 

substrate and patch are the same due to the use of the 

coaxial probe feeding method which results in 

reduced antenna size. The feeding point is located 

near the edge of the antenna to get better impedance 

matching [23, 24]. In comparison to traditional 

possibly antennas, modern telecommunications 

networks needed antennas with wider bandwidths 

and smaller dimensions. It has begun antenna 

research in a variety of directions. One of them is the 

utilization of the fractal form antenna's feature. The 

measurements of the antenna and the wavelengths 

had a strong relationship. According to the 

relationship, if an antenna size is smaller than λ/4, it 

is inefficient so radiation resistance, gain, and 

bandwidth are limited [2528]. To address these 

drawbacks, the antenna’s sizes must be larger, that 

being a challenge to hand-held applications. For this 

problem, fractal geometry is an excellent approach. 

Fractal refers to fragmented or broken bits. Benoit 

Mandelbrot coined the term, which is derived from 

the Latin word called fractus, which means shattered 

or broken. Nature is the source of inspiration for 

fractal antennas. Space fillings, as well as self-

similarity, are two major features of fractal antennas. 

In a small physical vacuum, the space-filled property 

decreases the antenna's size and makes it electrically 

longer. 

 

The term "self-similarity" refers to the fact that an 

antenna patch is subdivided into small parts. Each 

part is smaller of the portions or gets reduced sizes of 

main geometries. A basic arrangement of multiple 

hexagonal rings fractal antenna has been investigated 

and demonstrated in the proposed work. Because of 

the use of the coaxial probe feeding system, the 

lengths including the widths of substrates and patch 

are the same, which form a smaller antenna. The 

aerospace and defense communication systems 

require a compacted wide-bandwidth antenna that 

could effectively operate through multi-frequency 

bands [2931]. The hexagonal ring iterates wherever 

the sides of the ring are bound to the triangular part in 

hexagonal metal patches. The propagation of line-

feeding strategies is being used for signal feeding. 

The slot and perturbed patches are used by the 

grounded planes to achieve the broadband 

characteristic. The returned losses, radiation pattern, 

as well as gain of the proposed antenna, have been 

presented as well as compared with simulation 

outcomes. The gap-filled property reduces the 

antenna's size and makes it electrically longer in a 

tight spatial vacuum. The expression "self-similarity" 

describes the separation of an antenna patch into a 

small part. Each of these is smaller of the part or 

reduced sizes of main geometries [32, 33]. 

 

The computer simulation technology (CST) 

Microwaves studio 2020 simulation software has 

been utilized for the designing of the suggested 

antenna geometry for this fractal antenna as well as 

the triangular patch's base geometry. The patch is 

made of the same size as the substrate. A 28×28 sq. 

mm base form patch is mounted on a substrate of the 

same size. For this aerial, the authors selected the 

flame retardant (FR4) substrate due to many reasons. 

This substrate is the cheapest in comparison to the 

other substrate materials such as Roger 4350 and 

Duroid 6010. Furthermore, the FR4 substrate is more 

versatile due to the diverse physical properties such 

as rigidity, etc. the FR4 are high insulating materials 

types utilized in the field of diverse antenna 

designing. The ratio of intensity into specified 

directions for the intensity of radiation that would be 

received if power accepting antennas were radiating 

isotopically is known as antenna gain. The basic 

antenna parameters are directivity as well as 

polarization. These parameters can be determined by 

the antenna's orientation. An antenna that radiated 

uniformly in both directions would effectively have 

zero direction and the directive to the form of antenna 

would be 1. 

   

It spurred antenna research in several directions, 

including the use of the fractal type antenna's 

function. The specification of a triangular patch 

hexagonal multiband fractal antenna designed for 

satellite applications is presented in this article. It's 

made out of an FR4 substrate with a relative 

permittivity of 4.3 and dimensions of 28×28×1.6 

mm3. The suggested antenna is fed using a coaxial 

probe feeding system with a 0.56 mm outer dielectric 

radius (Ro) and 0.1 mm inner conductor radius (Ri). 

The antenna is planned to operate in the upper C 

band as well as the X band (8 to 12 GHz). This 

configuration goes through three variations. In the 

third iteration, it is to be found that the proposed 

fractal antenna operates at different frequencies such 

as 7.17 GHz, 8.37 GHz, 10.82 GHz, and 11.30 GHz 

in a pragmatic manner. 

 

In the modern era, satellite communication systems 

need such kinds of aerials that offer a wide 

bandwidth compared with the existing aerials utilized 

nowadays in satellite communication. Furthermore, 

the aerials must offer the accurate and required 
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impedance-matching on the specified operating 

frequency bands. There have already been fabricated 

multifarious fractal aerials during the last era for 

satellite communication applications. But these 

existing aerials have multifarious limitations such as 

lower matching of the impedance, lower operating 

frequency, and many more due to the constant 

technological advancements, which require more 

attention for the novel design of the fractal aerials. To 

resolve this, in this work, the authors designed a 

novel rich-featured triangular-shaped hexagonal 

fractal antenna for satellite communication 

applications. The main contribution of our work is 

that our proposed aerial is capable to operate multi-

band operating frequencies and offers the optimal 

values of the return-loss which are considered by the 

satellite communication applications. Moreover, 

because of its distinctive superiority namely the low 

volume, minimal price in fabrication as well as and 

easy installation within satellite communication 

applications, the novel design of the fractal aerial is 

to be one of the right candidates in the modern era. 

    

In this work, a novel design of a triangular-shaped 

hexagonal fractal antenna has been presented for the 

satellite communication application. This research 

study is structured as follows. The introduction part 

has been introduced in section 1. The related studies 

about the fractal aerial have been explained in section 

2.  The suggested fractal aerial methodology is 

introduced and structured in section 3. The simulated 

results of the suggested triangular-shaped hexagonal 

fractal antenna for satellite communication 

applications have been presented in section 4. The 

last section 5 introduces the conclusion and future 

scope of the study.   

 

2.Literature review 
Darimireddy et al. [34], discussed the miniatures of 

the hexagonal triangular fractal’s antenna to the 

wider band’s application. The aerospace and defence 

communication system need a compacted widely 

banded antenna that is appropriate to the multiple 

frequency bands operations. The iteration is made by 

the hexagonal ring wherever the side of the ring is 

connected from the triangular element in the 

hexagonal metal’s patches. The transmission of the 

line feeding techniques is utilized for feeding signals. 

The antenna performance is examined from the 

different parameters studies as well as the fields and 

current distribution analysis. 

 

Hwang [35] studied the modified Sierpinski fractal 

antenna for multiple band applications. The 

broadband planers Sierpinski fractal’s antenna to the 

multiple band applications is proposed. This antenna 

has been designed as well as tested with a high 

degree of precision for the validation purpose of 

measuring the antenna efficiency in real-time. The 

perturbed patches and the slot that the grounded 

planes are employing for achieving the broadband 

characteristic. The measuring returned losses, 

radiation pattern, as well as the gain of proposing 

antennas, are presented as well as get compared along 

with the simulated result. 

     

Deepak et al. [36], studied the designing and the 

analysis of the hetero triangle that links to the hybrid 

of the web fractal antennas to the wider band’s 

application. The designing and the analysis of the 

novel wider band’s coverings and the hetero triangle 

that gets linked to the web fractal’s antennas. These 

triangles get linked to the hybridized web structures 

designed by the multiple iterations into the CST 

microwave studio (MWS) 2020 electromagnetically 

simulations tools as well as fabricated with dielectric 

including the constants and the heights. 

  

Kumar et al. [37], proposed a lightweight 

quadrilateral structure fractal slit planar aerial 

utilizing the improved fractal structure. In this work, 

the authors selected the circular as well as hexagonal 

along with the triangular themes for iteration 

purposes for making this aerial. However, this aerial 

has a few limitations nowadays such as low 

impedance matching as well as narrow bandwidth 

which require attention towards the fresh designs of 

the fractal aerial as per satellite communication 

applications.  

 

Benkhadda et al. [38], investigated a tri-wideband 

Sierpinski hexagonal fractal antenna with a modified 

ground plane for wireless communication 

applications. The frequency ranges where the 

examined antenna worked were 2.19-4.43 GHz, 4.8-

7.76 GHz, and 8.04-11.32 GHz. Additionally, at the 

resonant frequencies, the gains and radiation 

efficiencies were 1.074, 4.19, and 4.01 dBi and 

68.35%, 64.15%, and 62.7%, respectively. In the E- 

and H-planes, the Sierpinski hexagonal fractal 

antenna also displayed virtually omnidirectional 

emission patterns. Due to its many benefits, including 

its compactness, simplicity, good resonance and 

radiation proprieties, and 5G spectrum band, C-band, 

and X-band applications, the designed Sierpinski 

hexagonal-shaped fractal antenna is the ideal choice. 

Ezhumalai et al. [39], inspected fractal aerials 

utilizing the international operational system within 
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the patches aerials. The fractal aerial is one of the 

suitable choices in the modern era for numerous 

engineering sectors namely surface physics as well as 

communication and many more. Nowadays, in 

communication, the need for compact fractal aerials 

is increasing constantly because of many reasons 

such as higher bandwidth and many more.  

 

Olatujoye and Saturday [40], has built and simulated 

a 4-element multiband circular microstrip antenna 

(CMSA) microstrip antenna array for several 

operating frequencies such as 2.4/5.2/6.5/7 GHz. 

Clarifications have been provided regarding a 

number of characteristics, including return loss, 

bandwidth, and directivity. The relative permittivity 

(Ɛr) of the dielectric material under the patch, the 

width (Wf) of the microstrip line, the location of the 

array elements making up the array patch, and the 

radius (a) of the patch were found to be the main 

parameters that determined the behavioural 

characteristics of the antenna. The suggested 

multiband array antenna has achieved the goals set 

forth for the study, having a total bandwidth of 710 

MHz and antenna gains better than those of a 

standard single band microstrip antenna > 5 dB at 

design frequencies taken into account. 

 

Vasujadevi et al. [41], presents another design of the 

fractal aerial for multiband applications. This aerial 

has been simulated over 2.4 GHZ and designed by 

using the FR4 epoxy substrate. This fractal aerial was 

evaluated for C band resonance frequency 6.20 GHz 

as well as Ku band resonance frequency 13.80 GHz. 

Further, this developed geometry of fractal aerial 

suffers from some restrictions such as design 

complexity and many more, which needs more 

attention to investigate new fractal aerial geometry. 

  

For problem identification, we have studied 

numerous research articles from reputed journals, and 

conference proceedings including various magazines. 

In this literature, the authors discussed the latest 

research work done in the field of fractal antennas. 

These existing designed fractals' aerial geometry 

suffers from various limitations such as narrow 

bandwidth and low impedance matching. Moreover, 

the existing designed aerials are incapable to 

integrate into satellite communication applications 

where the antenna size matters most. For resolving 

the aforementioned drawbacks of the existing 

literature, the authors designed a novel design of 

triangular-shaped hexagonal fractal antenna for 

satellite communication.  

 

3.Methodology 
3.1Proposed fractal antenna 

The proposed fractal antenna geometry has been 

designed utilizing the CST Microwaves Studio 2020 

software along with the base geometry of the 

triangular patch. The dimensions of the patch, as well 

as the substrate, were considered similar for the 

testing and validation of the suggested antenna 

design. For base shape patch of size, 28×28 sq. mm is 

placed over the substrate of the same size. The block 

diagram of the complete working mechanism of the 

proposed triangular-shaped hexagonal fractal antenna 

is illustrated in Figure 1. 

 

 
Figure 1 Illustrates the block diagram to show the 

complete working mechanism of the proposed 

triangular-shaped hexagonal fractal antenna 

 

For the first iteration, a hexagon is cut from the 

center, which has a radius of 4.2 mm. For the second 

iteration, three hexagons of radius 2.1 mm which is 

exactly half the size of the hexagon removed in the 

first iteration are iterated from three corners of the 

triangle. In the third iteration, nine hexagons are 

iterated around the hexagons of the second iteration. 

The radius of a hexagon of the third iteration is 1.05 

mm. The feed point location was considered for the 

testing (-2, -5.5) as depicted in Table 1. 

 

3.2Parameters 

Table 1 illustrates the overall parameter values along 

with the complete values of the hexagon. For the 

testing of our suggested triangular-shaped hexagonal 

fractal antenna for satellite communication, the patch 

length and width were selected at 28×28 mm. The 

height of the substrate was chosen as 1.6 mm and the 

thickness of the ground was 0.035 mm. The location 
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of feed (-2,-5.5), dielectric constant selected FR4 

Glass Epoxy, and the radius of Hexagonal first, 

second and third iterations are 4.2 mm, 2.1mm, and 

1.05 mm, respectively. 

 

Table 1 Illustrating the complete parameters along 

with the complete values of the hexagon 

Parameter Value 

Patches length 28mm 

Patches width 28mm 

Substrates heights 1.6mm 

Ground thickness 0.035mm 

Feed location (-2,-5.5) 

Dielectric constant FR4 Glass 

The radius of hexagonal  Epoxy 

 First iteration 4.2mm 

The radius of the hexagonal 

second iteration 

2.1mm 

The radius of hexagonal third 

iteration 

1.05mm 

 

3.3Designs of proposed antenna 

The design of the proposed triangular-shaped 

hexagonal fractal antenna for satellite communication 

has been depicted in Figure 2. The base shape 

geometry of the proposed fractal aerial is depicted in 

Figure 2 (a), the geometry of the proposed fractal 

antenna in 1st iteration is depicted in Figure 2 (b), 

and the geometry of the proposed fractal antenna in 

2nd iteration is depicted in Figure 2 (c), as well as 

the geometry of the proposed fractal antenna on 3rd 

iteration for the satellite communication applications 

is shown in Figure 2 (d). 

 

This aerial radius dimension could be evaluated 

utilizing the following Equation 1. The value of the 

   can be calculated by using Equation 2.  

   
     

  √  
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Where the substrate thickness is denoted by h, w 

denotes the overall width, and relative permittivity is 

described by   , and a represents the radius.   

 

3.4Coaxial feeding 

The center’s conductors of coaxial connectors are 

soldered to the patches. The major advantage of the 

coaxial feeding in the proposed fractal antenna can be 

placed over any of the required locations in the 

patches for matching within its input impedances [42, 

43]. The major disadvantage is that holes are being 

drilled into substrates as well as connectors 

protruding outside the bottom grounded planes, such 

that it isn’t completely planers. Furthermore, the 

feeding arrangements make up the configurations 

asymmetrical [44]. In this design coaxial feeding has 

been used which has a dimension as follows. The 

radius of the inner conductor measures 0.1 mm and 

the radius of the outer dielectric coating measures 

0.56 mm as depicted in Figure 3. 

 

 
Figure 2 Illustrating the Geometries of the proposed 

antennas (a) Base Shapes (b) 1st iterations (c) 2nd 

iterations (d) 3
rd

 iterations 

 

 
Figure 3 Illustrating the coaxial feed of the centre 

conductor of the coaxial conductor 

 

4.Results 
4.1Simulation results 

The fractals antenna designs including their various 

iterations have been studied as well as simulated and 

validated by utilizing the CSTs microwaves studios 

2020. CST MWS is the result of decades of work as 

well as an exploration into the more practical as well 

as precise computational methods for three-

dimensional (3D) layouts. The CST MWS specializes 

in offering very high-frequencies electromagnetic 

simulations in 3D. Virtual prototype precedes actual 

trials, as well as optimization, replaces testing which 

results in quicker developmental processes for 
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consumers. For the testing and validation of the 

suggested triangular-shaped hexagonal fractal 

antenna for satellite communication, several 

parameters such as return losses, voltage standing 

wave ratio (VSWR), radiations patterns as well as 

gains have been measured and compared with a high 

degree of precision for accurate testing of the 

proposed fractal antenna design. 

 

4.2Return losses 

Return losses are just a measurement of several 

signals which got reflected in the signals sources 

from devices because of an impedance mismatch. 

This measure the hole well of the diverse devices or 

the lines that are needed to be matched. The values of 

the return losses are measured in dB. When the value 

of the S11 parameters is 0 dB, this defines all of the 

power gets reflects by antennas as well as there is 

nothing gets radiating. Return losses for the various 

iteration executed in our experiment are shown in 

Figure 4. The third iteration values of the returned 

loss values are -30dB, -22dB, -28dB, and -35dB on 

7.17 GHz, 8.37 GHz, 10.82 GHz, and 11.30 GHz, 

respectively. The return loss values are optimal and 

improved in comparison to the existing work done by 

Wang et al. in [45]. The values of the return loss may 

be evaluated as per the following Equation 3.  

         (
  

  
)   (3) 

 

 
Figure 4 Illustrating the return losses plots of the (a) bases shapes, (b)1

st
 iteration, (c) 2

nd
 iteration (d) 3

rd
 iterations 

 

4.3Voltages standing wave’s ratio (VSWR): 

In the field of telecommunication as well as radio 

engineering, the standing wave ratio (SWR) is a 

measurement of the pragmatic impedance matching 

of the loads along with impedance characteristics of 

the line of transmission or the waveguide. SWR is 

generally thought concerning nominal as well as 

highest alternating current (AC) voltage with a 

transmission line, therefore named VSWR. This gets 

measured by impedances that match to load of 

characteristic impedance lines or the waveguides. 

Simplified this showed an amount of mismatch 

among the antenna as well as feed lines that connect 

for it. This ranges the value to the VSWR from 1 

towards the ∞. A value that is under 2 is considered 

suitable for most antenna applications. Figure 5 

shows the VSWR plot for the proposed antenna to the 

numerous iterations. The VSWR is lesser as 
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compared to the 2 to each of the iterations over 

radiating frequency. To the base shapes it: 1.03, 1.40 

at 7.48 GHz, 8.85. For the first iteration, it is 1.13, 

1.06 at 7.4GHz, and 8.5 GHz. For the second 

iteration, it is 1.05, 1.11, 1.04 at 7.17GHz, 8.4 GHz, 

and 10.79GHz. For the final iteration, it is 1.06, 1.16, 

1.08, and 1.04 at 7.17GHz, 8.37GHz, 10.82GHz, and 

11.3GHz, respectively. The value of VSWR may be 

calculated as per the following Equation 4.  

      
  

  
    (4) 

 

 
Figure 5 Illustrating the VSWR Plot of (a) Base shapes (b) 1st Iterations (c) 2nd Iterations (d) 3

rd
 iterations 

 

4.4Radiation pattern 
Radiation patterns are the graphic representation of 

the radiation’s property of antennas as a function of 

the space coordinates. These electronic-field patterns 

to all of the iterations over the numerous frequencies 

are described in Figure 6. This shows that the 

proposed antenna radiates into the +Z directions as 

well as numerous patterns of the back radiations. The 

radiation pattern is also recognized by the aerial 

pattern many times which is referred to as the far-

field pattern. This mentions the angular dependency 

of overall radio signal strength from an aerial or 

additional source. 

 

4.5Gain 

Antenna’s gain is defined as the ratio of intensity in 

given directions. For radiation, the intensity would be 

obtained as if power accepted from the antenna were 

radiating isotropically. Figure 7 depicts gains vs. the 

frequency plots of the third iteration. This value of 

gain is 1.7dBi, 3.61dBi, 4.01dBi, 3.81dBi at 

7.17GHz, 8.37GHz, 10.82GHz, 11.30 GHz 

respectively. These maximum gains occurred over 

10.82GHz to regarding 4.01dBi as shown in Figure 

7. The aerial gain has been considered one of the 

main performance constraints that combine aerial 

directivity as well as radiation efficacy in 

electromagnetics. While considering transmittal 

aerial, gain labels how fine the aerial changes the 

input signal power in radio waves controlled within 

any specific path. While considering the scenario of a 

receiving aerial, gain labels on how fine aerial 

changes the radio waves coming via a specific 

pathway in the electrical signal. The antenna gain 

may be calculated as per the following Equation 5. 

                  ⁄    (5) 
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Figure 6 Illustrating the E-Field’s pattern of third iteration (a) 7.1GHz (b) 8.3GHz (c) 10.8GHz (d) 11.3GHz 

iterations 

 

 
Figure 7 Illustrating the gains plots over the different 

frequencies for the 3 iterations 

  

4.6Directivity 

Directivity is one of the fundamental antenna 

parameters. This gets measured that how the 

direction of the antenna for accurate signal 

transmission as well as the reception in real-time 

communication or data translation. An antenna that 

radiated equally into all directions would effectively 

have the zero direction, as well as a directive to the 

type of the antenna would be 1 (or 0dB). Figure 8 

shows the directivity plot for the proposed fractal 

antenna after the simulation in the third iteration. 

  

 
Figure 8 Illustrating the directivity at different 

frequencies of third iterations 
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5.Discussion 
In this article, the authors proposed a novel design of 

a triangular-shaped hexagonal fractal antenna for 

satellite communication applications by utilizing the 

CST MWS 2020 for the testing and validation of the 

suggested antenna. The measurements of this 

designed antenna are 20×20×1.6mm^3. We used 

coaxial feeding to achieve efficient impedance 

matching. The experiment has been performed with a 

high degree of precision to eliminate the chances of 

errors. There have been measured and compared 

various parameters for diverse iterations such as 

return losses, directivity, VSWR, and many more 

similar parameters for the comparative analysis 

purpose.  The measured return loss values on 7.17 

GHz, 8.37 GHz, 10.82 GHz, and 11.30 GHz 

frequencies are -30dB, -22dB, -28dB and -35dB, 

respectively. The values of VSWR for the first 

iteration are 1.13, 1.06 at 7.4GHz, and 8.5 GHz. For 

the second iteration is 1.05, 1.11, 1.04 at 7.17GHz, 

8.4 GHz, 10.79GHz and for the final iteration is 1.06, 

1.16, 1.08, 1.04 at 7.17GHz, 8.37GHz, 10.82GHz, 

11.3GHz, measured gain were 1.7dBi, 3.61dBi, 

4.01dBi, 3.81dBi at 7.17GHz, 8.37GHz, 10.82GHz, 

11.30GHz respectively. All the parameters are 

compared with the existing work done on the fractal 

antenna design in the earlier paper, Wang et al. [45]. 

This proposed novel design of a triangular-shaped 

hexagonal fractal antenna for satellite communication 

is improved in terms of various parameters such as 

return losses, gain, as well as VSWR in comparison 

to the existing work. 

 

The surface current distribution of the proposed 

fractal aerial is to be found considerable and optimal 

in comparison to the existing work done by the 

research in recent years. The radiation through the 

fractal aerial may be evaluated through the field 

distribution among the aerial’s patches as well as the 

ground plane. The aforementioned radiation pattern 

may be defined as a surface current distribution over 

aerial patch metals. Group delay values of the 

suggested aerial are pragmatic and considerable in 

comparison to the existing aerials. Aerial group delay 

may be evaluated nearly by considering input 

impedance stages of frequencies derivative. Group 

delay values of aerial normally composed through 

two diverse parameters namely input impedance as 

well as a far-field stage. A complete list of 

abbreviations is shown in Appendix I. 

 

6.Conclusion and future work 
New telecommunications networks needed antennas 

with larger bandwidths and smaller dimensions than 

conventional likely antennas. It spurred antenna 

research in many directions, including the use of the 

fractal-type antenna's function. The measurements of 

the antenna and the wavelengths had a strong 

relationship. According to the relationship, if an 

antenna size is smaller than λ/4, it is inefficient since 

radiation resistances, gains, as well as bandwidth is 

limited. To address these drawbacks, the antenna’s 

size must be raised, which is becoming a challenge to 

the hand-held device yet again. To resolve the 

aforementioned problem, the fractal geometry of the 

antenna is an excellent approach and is easy to 

integrate into numerous satellite communication 

applications in real-time with minimal effort. Fractal 

refers to fragmented or broken bits. Benoit 

Mandelbrot coined the term, which is derived from 

the Latin word called fractus, which means shattered 

or broken. Nature is the source of inspiration for 

fractal antennas. Space fillings, as well as self-

similarity, are two major features of fractal antennas. 

In a small physical vacuum, the space-filled property 

decreases the antenna's size and makes it electrically 

longer. The term "self-similarity" refers to the fact 

that an antenna patch is separated into smaller bits, 

each of which is the smaller component or the 

reducing size of main geometries. The antenna 

geometry for this fractal was created using CST 

Microwaves Studio 2020. The patch and substrate 

dimensions were chosen similarly for the design. A 

28×28sq.mm base form patch is mounted on a 

substrate of the same size. Three hexagons of radius 

2.1mm, which is precisely half the size of the 

hexagon omitted in the first iteration, are iterated 

from the triangle's three corners in the second 

iteration. Nine hexagons are iterated around the 

hexagons in the second iteration. The third iteration's 

hexagon has a circumference of 1.05mm. The 

location of the feed point was selected (-2, -5.5). 

 

This proposed antenna has the dimensions 

20×20×1.6mm^3. For the effective impedance 

matching purpose, we have utilized coaxial feeding. 

This proposed antenna is intended for having good 

gain over all the selected frequencies. This antenna 

executes X, as well as C band, ranges application 

along with the minimum antenna sizes as well as 

better impedance matching. This multiple banding 

capacity for proposed antennas is accomplished from 

the fractal’s ideas. The simulation outcomes 

demonstrated the proposed antennas worked onto the 

resonance frequencies for the 10.4GHz. It is multiple 

bands antennas. The antennas get utilized for 

satellites, radars, space, and terrestrial 

communications applications such as telecom 
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satellites, administration to the sea, aeronautics, or 

land applications. This distinctive parameter for 

proposed antenna such as return’s losses, VSWRs, 

gains, radiation’s patterns has the adequate esteems. 

There has already been developed various 

dimensions fractal antennas earlier according to 

various applications. However, there is indeed a huge 

demand of more compact and lightweight fractal 

antenna due to constant compact device development 

and technological advancements, thereby more 

investigation is required in the future.  
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Appendix I 
S. No. Abbreviation Description 

1 3D Three-Dimensional 

2 AC  Alternating Current 

3 CMSA Circular Microstrip Antenna 

4 CST Computer Simulation 

Technology 

5 EM Electromagnetic 

6 FR Flame Retardant 

7 MWS  Microwave Studio 

8 Ri Conductor Radius 

9 RO Radius 

10 SWR  Standing Wave Ratio 

11 VSWR Voltage Standing Wave Ratio 

 

 


