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ABSTRACT 

In recent technological advancements, wireless communication systems play important roles in 

our life. An antenna is one of the necessary devices used in wireless communication. Currently, 

wireless communication systems require antennas that have higher performance, compact in 

size, low cost, multiband, and wideband for both commercial and military applications. The 

miniaturized shape of an antenna is the latest among all, which is known as microstrip patch 

antennas (MPAs). The MPAs can fully attain the above requirements. Various qualities of 

MPAs are reduced size of the antenna, operating in multiband frequencies, easy to manufacture 

and install, simple to build on PCB board, and easy to fabricate. The fractal geometric shapes 

were applied to MPA to develop a miniaturized, multiband, and wideband antenna for wireless 

applications with better performance. In this thesis, rectangular Sierpinski carpet, H-shape 

Sierpinski carpet, and modified (polygon) Sierpinski carpet fractal antennas are designed with 

various iterations. This thesis aims to design and simulate of multiband Sierpinski carpet fractal 

antenna for wireless applications. The proposed antennas are designed on FR-4 epoxy substrate, 

having a relative permittivity of 4.4 with an operating frequency of 1.8 GHz. The overall size 

of the proposed antenna is 60x50x1.6 mm3. The performance of the proposed antenna has been 

analyzed in terms of various antenna parameters such as VSWR, gain, directivity, efficiency, 

radiation pattern, return loss, bandwidth. Design and simulation are done using ANSYS HFSS 

(High-Frequency Structure Simulator) Software. The simulation results obtained from a 

modified (polygon) Sierpinski carpet fractal antenna in the fourth iteration shows at 8.8 GHz 

resonant frequencies, achieved better bandwidth of 981 MHZ, return loss of -21.80 dB, VSWR 

of 1.19, the gain of 9.23 dB, and directivity of 11.30dB. The proposed antenna is applicable for 

multiband wireless applications such as RMM, LLWAS, LDRLC, UWB, and Satellite 

communication at 8.8 GHz operating frequency. 

Keywords: FR-4, Fractal Antenna, HFSS, MPA, Miniaturized, Multiband, and Sierpinski 

Carpet
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 1. INTRODUCTION  

1.1 Background    

Henry Hertz established a wireless communication system in 1886 in which an electric spark 

occurs in a loop and dipole antenna. Nicola Tesla in 1880 suggested a radio to transmit 

information and in his paper, defined the first radio communication systems in 1891. In 1891 

Guglielmo Marconi generated the first to patent the telegraph and suggested the significance of 

wireless communication. The first standards of communication technology were developed in 

1940. During the year 1990s, a large growth was seen in wireless communication technologies, 

because cheap wireless services were presented all over the world (Stutzman and Thilee, 2012). 

An antenna is a metallic component that plays an important role in wireless applications. It is 

used to radiate or receive electromagnetic waves (EMW) in communication systems. The 

antenna is also used to connect the transmitter with free space and connect the receiver with free 

space. An antenna can be categorized according to its characteristics, applications, and 

structures. Types of antennas are reflector antenna, wire antenna, printed antenna, a microstrip 

patch antenna, slot antenna, lens antenna, and aperture antenna (Sharma and Vipul, 2017 and 

Sivakumar et al., 2018). 

Recently, most wireless communication systems require an antenna that has compact in size, 

high gain, high performance, low cost, wide bandwidth, and operates in multiple bands. The 

microstrip patch antennas (MPAs) are fully capable of attaining these requirements (Jayarenjini 

and Unni, 2019 and Naji, 2016). In 1927 Bob Munson has developed the microstrip patch 

antenna. Nowadays, MPAs are the most commonly used type of antenna. Since they have some 

attractive characteristics, for example, light in weight, low volume, easy to install, easy to model, 

and compatibility with integrated circuits. However, MPAs have some drawbacks like large 

losses in feeds, low efficiency, low power gain, narrow bandwidth, and low power handling. 

Microstrip patch antennas consist of four major parts like radiating patch, ground plane, a 

dielectric substrate, and feeding line. The radiating patch layer is placed on the top of the 

dielectric substrate. A ground plane layer is placed on the bottom surface of the dialectic 

substrate (Balanis et al., 2016 and Patel et al., 2018). 
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Fractal antennas have been developed to improve the multiband capability of microstrip 

antennas. The term fractal was defined by Benoit Mandelbrot in the year 1970s was a French 

mathematician. It is derived from the Latin word “fractus” meaning, irregular fragmented or to 

break (Laxmisowmya and Levy, 2019 and Sawant et al., 2019). The fractal geometries 

structures can be defined as rough or fragmented shapes that possess an inherent self-similarity 

that is created from the complex structures that occur in nature. Nathan Cohen produced the first 

fractal antenna in 1988. Fractals are categorized as either deterministic or random. Random 

fractals allow simulation of naturally occurring phenomena, as they contain elements of 

randomness. Deterministic fractals are usually generated through rotated copies and scaled 

down of themselves, such as Hilbert curves, Koch curves, Cantor set, Sierpinski carpet, and 

Sierpinski gasket (Ramanjeet et al., 2016 and Selvaraj et al., 2018). They can be generated using 

recursive algorithms. The fractal generation process begins with a basic shape called the 

initiator. There are two basic unique properties fractal geometries space-filling and self-

similarity properties. Self-similar property is similar to each other when viewed at different 

scales.  It can be designed to achieve multiband frequencies. Space-filling property is used to 

reduce the size of an antenna by increasing the electrical length into a compact physical volume 

(Djafri et al., 2019).  

1.2 Statement of the Problem 

A conventional antenna is very hard to design as compared to MPA. Conventional antennas are 

quite heavy and very costly. But, the MPA has a simple structure and quite easy to fabricate. 

Traditionally, an antenna works at a single frequency band or a dual frequency band. Where the 

sizes of antennas are becoming very large and they can be required different antennas for 

different application services. A high cost need for each antenna and also it requires a wide 

range of space. The several designs of fractal antenna have been shown very good in wideband 

and multiband performance. However, the gain and bandwidth of the design fractal antennas are 

not good in their operating frequencies. To overcome this problem, multiband Sierpinski carpet 

fractal antenna is proposed.  The proposed antennas have high gain, compact in size, and low 

profile. A single antenna can work for several wireless communication applications.  
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1.3 Objective of the Thesis 

1.3.1 General Objective  

The main objective of the thesis is to design and simulate multiband Sierpinski carpet fractal 

antenna for wireless applications. 

1.3.2 Specific Objectives  

The specific objectives of the thesis are listed below: 

 To study several feeding techniques and recent development of fractal geometries, those 

were used to design fractal antenna.  

 To determine the antenna parameters such as standing voltage wave ratio, radiation 

pattern, gain, directivity, and return loss. 

 To design rectangular Sierpinski carpet, H-shape Sierpinski carpet, and modified 

Sierpinski carpet fractal antenna on FR4 epoxy substrate.  

1.4 Scope of the Thesis 

The scope of this thesis is limited to; 

 Design and simulate different fractal antennas using Sierpinski carpet geometry and 

compare their performance with related works. 

1.5 Significance of the Thesis 

Nowadays, wireless communication systems require an antenna with multiband, wide 

bandwidth, high antenna gain, and smaller size rather than conventional ones. Moreover, the 

fractal antenna is a type of microstrip patch antenna that is the most suitable antenna for wireless 

communication.  Since fractal antenna has multiband characteristics, well impedance matching, 

small in size, low manufacturing cost, easy to manufacture, simple to build on PCB board, and 

easy to fabricate. The proposed antennas are implemented in the Sierpenki carpet geometry and 

their size can be reduced than the original antenna to achieve a good reflection coefficient and 

good VSWR. This research work proposes to design a multiband and wideband fractal antenna 

that is used for more than five application services like Wi-Max, WSN, GPS, Wi-Fi, UWB, 

WLAN, satellite, and mobile communication network depending on its operating frequency 

range.  
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1.6 Organization of the Thesis 

The thesis works are arranged into five chapters and the outline of each chapter is as follow:  

Chapter One: Explains the introduction of the thesis by describing the objectives, the 

statements of the problem, the scope of works, and the significance of the proposed antennas. 

Chapter Two: Describes the literature review starting with the antenna definition, microstrip 

patch antenna, feeding techniques, and analysis model of microstrip antenna. This chapter 

also, explains fractal geometries and their characteristics.  

Chapter Three: Describes antenna parameters of performance measurement, HFSS software, 

Design parameters, and design of different Sierpinski carpet fractal antenna. 

Chapter Four: Explains the design procedure and simulation results of different designs of 

Sierpinski Carpet fractal antenna and discussion of the overall result. The measured simulation 

results describe in terms of gain, VSWR, radiation patterns, and return loss. 

Chapter Five: Presents the conclusion and recommendation of the thesis. 

 

 

 

 

 

 

 

 

 

 

2. LITERATURE REVIEW  

2.1 Antenna Definition 

Currently, an antenna plays a major role in the advancements of wireless communication 

technology. An antenna is an electronic component that is used to radiate or receive radio waves 
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from one source to a destination in communication systems. In other words, it acts as a 

connecting interface between free space and transmission line or receiver and free space that is 

used to transmit or receive electromagnetic waves. The main purpose of an antenna is to convert 

electrical energy into electromagnetic waves or vice versa. Here, to transport electromagnetic 

energy (EME) from the transmitter (source) to the antenna or from the antenna to the receiver 

(destination), can be used a transmission line or guiding device in the form of a coaxial line 

(waveguide). Antennas are commonly used for radar applications, fixed and microwave links, 

cognitive radio networks, point to point communication, mobile and satellite communication, 

aeronautical radio navigation, radio, and television broadcasting. Many types of antennas are 

used for wireless communication depending upon the operating frequency range, physical 

structure, type of communication, and electromagnetic or electrical design. There is no 

possibility to communicate wirelessly over long distances without an antenna (Jeevanagi and 

Mytri, 2019 and Kumar, 2015). 

2.2 Microstrip Patch Antenna (MPA) 

The microstrip patch antenna is one variety of microstrip antennas and is usually used in 

communication and electronics systems. The feeding line, radiating patch, dielectric substrate, 

and ground plane are the four main parts of the microstrip patch antenna. The patch is placed on 

the top of a dielectric. The ground plane is placed on the bottom surface of a dielectric. The 

ground plane and patch are usually made from the same conducting material like thin, copper, 

gold, or nickel. They can use geometrical shapes for radiating patches such as rectangular, 

circular, disk, ring, and ellipse. Circular and rectangular shapes are the most usually used. The 

feeding lines and the patch is photo etched on the top of the substrate. Type of the substrate has 

play important role in the determination of antenna dimensions. A dielectric substrate of low 

permittivity results in the larger dimension of the patch antenna. The selection of material for 

dielectric substrate depends on its relative permittivity (𝜀𝑟). It usually ranges from 2.2 to 12 

(Balanis et al., 2016; Dadwal et al., 2017 and Pujar et al., 2019). 
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Figure 2. 1: Representative shapes of microstrip patch elements 

The dielectric substrate is made of a material like FR4 epoxy, Polyester, Polythene, Glass, 

Rogers RT, duroid, Teflon, Arlon, etc. as per the requirement of the antenna design (Juhar 

Muhammed, 2017 and Saraswati and Argawaal, 2016). 

 

Figure 2. 2: Basic configuration rectangular patch with a feed line 

2.3 Advantage and Disadvantage of the Microstrip Antenna 

Wireless communication widely uses microstrip patch antenna for wireless applications (Juhar 

Muhammed, 2017 and Saraswati and Argawaal, 2016). 

2.3.1 Advantages of Microstrip Antennas  

Microstrip Antennas have several advantages such as,  

 Have low profile and light weight; 

 They are easily built with PCB technology; 

 They are easier to integrate with other microstrip circuits; 
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 Support linear and circular polarization; 

 Allow for both dual and triple band operations; 

 Are easy for microwave integrated circuits; 

 Are capable of wideband and multiband operation e.g., fractal antenna and  

 Have low cost for fabrication. 

2.3.2 Disadvantages of Microstrip Antennas 

Microstrip Antennas have several disadvantages such as, 

 Have a low antenna power gain; 

 Have a low handling capability of power; 

 Have a narrow bandwidth; 

 Have low efficiency and 

 Have high cross polarization radiation. 

2.4 Feeding Techniques  

The feeding technique is used to feed radiate electromagnetic energy by direct or indirect to 

microstrip antenna. The two categories of feeding techniques are non-contacting and contacting. 

In the contacting techniques, “RF power is fed directly to the radiating patch using a connecting 

element”.  In the non-contacting techniques, “coupling is executed for the transmission of power 

within the radiating patch and the microstrip line”. Microstrip line, aperture coupling, proximity 

coupling, and coplanar waveguide are the basic types of feeding techniques (Balanis et al., 2016 

and Rajnag and Sarvagya, 2018). 

2.4.1 Aperture Coupled Feeding 

Aperture coupled feeding is a non-contacting feed technique and consists of two different 

substrates. It uses a ground plane to separate the microstrip line and the feeding line. Energies 

are coupled to the radiating patch from the microstrip line feed on the bottom side of the lower 

substrate through an aperture on the ground plane. These arrangements are independent of the 

optimization of the radiating element and the feed mechanism element. Typically for the upper 
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substrate, a thick low dielectric constant material and a high dielectric material for the lower 

substrate can be used. Optimize the design controlling by the feed line width, substrate 

parameters, slot position, and slot size. Advantages of aperture coupling techniques have low 

cross polarization, moderate spurious radiation, and easy to model. However, it is most difficult 

to fabricate and has narrowband width (Rajnag and Sarvagya, 2018 and Saraswati and 

Argawaal, 2016).  

 

Figure 2. 3: Aperture Coupled Feeding 

3.4.2 Proximity Coupled Feeding 

The Proximity coupled feeding technique is also called an electromagnetic coupled feed. It is a 

non-contacting feed technique and consists of two dielectric substrates. The feeding line is used 

to separate the two substrates. The ground plane presents on the bottom of the dielectric substrate 

while the radiating patch is on top of the upper dielectric substrate.  

 

Figure 2. 4: Proximity coupled feeding 
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Two methods are applied to this technique. The first method is by placing the feed line and the 

radiated patch at different layers. The next method is creating a small gap between the feeding 

line and the radiating patch on the same substrate layer. The major advantage of Proximity 

coupled feed techniques have low spurious radiation, provide very high bandwidth (13%), and 

easy to model. However, the disadvantage of this feed technique is the overall thickness of an 

antenna increase, difficult to fabricate, and needs more cost (Rajnag and Sarvagya, 2018 and 

Saraswati and Argawaal, 2016). 

2.4.3 Microstrip Line Feeding 

The microstrip line feeding is directly connected to a conducting strip with the radiating patch 

element. This method is the simplest feeding technique than the others. The advantages of this 

feeding technique are easy to fabricate, simple to model, and easy to match by controlling the 

inset cut position in the patch. However, the drawbacks of these techniques are substrate 

thickness increases, spurious feed radiation and surface wave also increases which limit the 

bandwidth (Rajnag and Sarvagya, 2018 and Saraswati and Argawaal, 2016).  

 

Figure 2. 5: Microstrip line feeding 

2.4.4 Coaxial Probe Feeding 

The coaxial probe feeding is a technique where broadly used for feeding microstrip patch 

antennas. In this technique, the inner conductor of the coaxial cable is linked to the radiating 

patch of the antenna and the outer conductor of the coaxial cable is attached to the ground plane 

of the antenna. The advantages of coaxial probe feeding techniques are easy to match, low 

spurious radiation, and easy fabrication. But the limitations of these techniques are difficult to 
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model in a thicker substrate and have narrow bandwidth (Rajnag and Sarvagya, 2018 and 

Saraswati and Argawaal, 2016). 

 

Figure 2. 6: Coaxial probe feeding 

2.4.5 Coplanar Waveguide (CPW) Feeding 

A coplanar waveguide feeding contains the ground plane and a metallic strip place on the top of 

a substrate which is a slab with two narrow strips on the same surface. All of the conductors are 

on the same side of the substrate and the line is uniplanar in construction. The proximity coupled 

and aperture coupled feeding experience alignment problems between the feed line and the slot 

in wideband techniques. However, these problems do not occur in a coplanar waveguide feeding 

technique due to having etched both of them on the same side of the substrate.  

 

Figure 2. 7: Co-planar Waveguide feeding 
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Nowadays a coplanar waveguide feeding technique becomes more and more attractive, in case 

of several attractive characteristics like good impedance matching, wider bandwidth, and easier 

integration with active devices or monolithic microwave integrated circuit. The alignment 

problem desired in other wideband feeding techniques like proximity feed and aperture coupled 

is eliminated by etching the feed line and the slot on the same side of the dielectric substrate. 

2.5 Analysis Methods of Microstrip Antennas 

The analysis method of MSA helps to predict the gain, mutual coupling, impedance bandwidth, 

radiation pattern, efficiency, and polarization. There are three methods to analyze MSA such as 

cavity model, the transmission line model, and multiport network model (Balanis et al., 2016). 

2.5.1 Transmission Line Model 

The transmission line model is first produced by Robert E. Munson for the rectangular MPA 

that is represented by two slots of height and width separated by a length. This model is very 

simple to understand the basic performance of the MSA. However, cannot apply to all types of 

structures due to the variation of field in the orthogonal direction to the propagation direction 

(Feyisa Debo, 2010 and Juhar Muhammed, 2017).  

 

Figure 2. 8: Microstrip line feed and Electric field lines distribution 

Hence, as seen in figure 2.8, most of the electric field lines reside in the substrate and parts of 

some lines in the air. As a result, this transmission line cannot support the pure transverse electric 

magnetic (TEM) mode of transmission. Since the phase velocities would be different in the air 

and the substrate. An effective dielectric constant 𝜀𝑟𝑒𝑓𝑓 must be gained to account for the 

fringing and the wave propagation in the line. The value of 𝜀𝑟𝑒𝑓𝑓 is slightly less than εr since the 

fringing fields around the periphery of the patch are not confined in the dielectric substrate but 

are also spread in the air (Feyisa Debo, 2010 and Juhar Muhammed, 2017).  
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2.5.2 Cavity Model 

The cavity model in the analysis method gives more accurate results than the transmission line 

model. This model is based on the assumption of the region between the ground plane and 

microstrip patch. This region is bounded by magnetic walls around the edge of the conductor 

and by electric walls from the bottom and top sides. The field variations along the height will 

be uniform because, the height of the dielectric substrate is very small (Feyisa Debo, 2010 and 

Juhar Muhammed, 2017). 

 

Figure 2. 9: Magnetic wall model of a microstrip patch antenna 

2.5.3 Multiport Network Model 

A basic extension model of cavity model analysis is the multiport network model (MNM) that 

is electromagnetic fields are modeled separately for the lower side and the upper side of the 

radiating patches. The radiating patch is analyzed as two planar dimensional networks with 

multiple numbers of ports placed all around the patch. In this model, each port consists of the 

length of the patch with a small section of the electromagnetic fields that may be assumed as 

uniform over a small length. Generally, four and five ports are usually considered for a 

rectangular patch in the direction of radiating and non-radiating edge respectively. The Green’s 

function is used to find the impedance matrix of the patch and to obtain the overall impedance 

matrix the segmentation method is used (Feyisa Debo, 2010). 

2.6 Fractal Geometries 

Fractal antennas have been advanced to increase the multiband capability of microstrip patch 

antennas. The word fractal was initially created in the year 1975 by French mathematician 

Benoit Mandelbrot. It has been derived from the Latin word “fractus” meaning broken or 

fractured. The fractal geometries can be defined as rough or fragmented shapes that possess an 

inherent self-similarity that is created from the complex structures that occur in nature. The 
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fractal antennas are generated by removing some part of an antenna from the original parts so 

that it can reduce the size area and maximize the effective length of material which is used to 

transmit or receive electromagnetic radiation (Kaur and Singh, 2017; Laxmisowmya and Levy, 

2019; Mymunnisa and Lakshmi, 2018 and Pujar et al., 2019).  

Nowadays the idea of fractal geometry is a recent new research area of an antenna design. These 

antennas are designed by using simple fractal geometries that have two unique properties are 

space filling and self-similar properties. Self-similar property is the different parts of an antenna 

design can look similar to each other when viewed at different scale related to fractal geometry. 

Space filling properties have space filling curves which are used to reduce the size of an antenna 

by increases the electrical length into a compact physical volume. Some unique properties of 

fractal antennas are, (Karhana and Kumar, 2017). 

 They have self-similar structures;  

 They have the space-filling property; 

 They have multi-service and multiband features; 

 They have improved bandwidth and gain within the less physical shape; 

 They are more reliable, robust, and have low cost than other conventional antennas; 

 They are designed by using an iterative process;  

 They help to reduce the size of the antenna; 

 They have sharp edges and discontinuities; and 

 They are easy to feed and provide much flexibility to design and fabricate.  

Fractals are categorized as either deterministic or random. Random fractals are allowed the 

simulation of naturally occurring phenomena. They contain elements of randomness such as a 

river, plant leaf or tree, clouds, broccoli, vegetable, galaxies, lightening, earthquakes, Fibonacci 

spiral, and coastline (Laxmisowmya and Levy, 2019 and Pujar et al., 2019).  
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    a. Fibonacci Spiral           b. Plant leaf                 c. River                           d. Lightening 

                    

e. Fractal Julius Tree         f. Crop circles              g. Coastline                         h. Broccoli       

Figure 2. 10: Fractal shapes existing in nature (a-h) 

Deterministic fractals are, on the other hand, usually generated through rotated copies and scales 

down of itself such as Hilbert curves, Koch curves, Sierpinski gasket, minkowski curve, 

Sierpinski carpet, and cantor set (Balanis et al., 2016 and Rakhunde and Tadse, 2016). 

2.6.1 Sierpinski structure 

Waclaw Sierpinski, a Polish mathematician, developed sierpinski structure in 1915. There are 

two basic types of Sierpinski structure: 

A. Sierpinski Gasket 

Sierpinski triangle geometry is a fractal geometry that can be most commonly used for antenna 

applications. The starting shape Sierpinski gasket is created from an equilateral triangle. The 

first step is to divide the equilateral triangle into four equal smaller equilateral triangles with 

each half of the size of the original triangle then remove the central triangle. After removing the 

central triangle, three equal sized triangles remain on the structure which is called the first 

iteration.  So the first iteration is a self-similar structure with each shape is the same shape as 

the original triangle however, the size is reduced by two factors. The same to the first iteration 

each reaming triangle is replaced by three small size triangles to attain the second iteration and 

repeated the same process several times to obtain the next iterations (Khanna and Sharma, 2016 

and Sharma and Vipul, 2017).  
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Figure 2. 11: Iterations of Sierpinski gasket structures 

B. Sierpinski Carpet 

The Sierpinski carpet geometry can be designed similar to Sierpinski gasket geometry except it 

uses a square or rectangle in place of a triangle. The base shape of the Sierpinski carpet is a 

square or rectangles in the zero iteration. To obtain, the first iteration divides the square or 

rectangle into nine smaller equal squares or rectangles then removes the Central Square or 

rectangle from the original structure. In the first iteration, eight squares or rectangles are 

remaining and every square or rectangle is divided into nine smaller squares or rectangles then 

remove the central square or rectangle from each. Repeated the same procedure to obtain the 

next iterations (Laxmisowmya and Levy, 2019 and Sharma and Vipul, 2017).  

 

Figure 2. 12: Iterations of Sierpinski carpet structures 

2.6.2 Tree structure 

The tree structure has the shape of a tree. There are several types of each structure. To get the 

next iteration to generate the same shape with a reduction factor (Laxmisowmya and Levy, 

2019). 

 

Figure 2. 13: Iterations of a tree structure 
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A. H-Tree 

The concept based on the H-Tree geometry is the same as tree structure except the initiator uses 

the H letter. To generate the next iterations make four copies to each of the preceding iterations 

with a reduction factor (Laxmisowmya and Levy, 2019). 

 

Figure 2. 14: Iterations of the H-Tree structure 

B.  Pythagorean Tree Fractal 

The geometry of zero iteration starts from the rectangle or square in the Pythagorean tree fractal. 

To generate the first iteration place two squares upon the main square with the corners coincide 

with the main square. To get the next order iterations follow the same procedure accordingly 

(Laxmisowmya and Levy, 2019). 

 

Figure 2. 15: Pythagorean Tree Fractal 

2.6.3 Koch Structure 

Swedish mathematician Helge Von Koch has developed the Koch structure in 1906 even before 

the term “fractal” had been coined (Khanna and Sharma, 2016).  

A. Koch curve 

In 1998 the simplest Koch curve fractal antenna was generated. The Koch curve antenna started 

from a straight line then divided the line into three equal parts to make the first iteration. To 

obtain the next iteration bends the central part of the straight line into the triangular shape with 

flare angle a 600. For higher iteration of the fractal geometry take the same process can be reused 

(Sharma and Vipul, 2017).  
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Figure 2. 16: Iterations of Koch curve structures 

B. Koch snowflake 

The procedure to generate a Koch snowflake is the same as creating a Koch curve except that 

the base is a triangle, which means that the procedure is repeated three times for every iteration 

(Dandgavhal and Kadu, 2015 and Laxmisowmya and Levy, 2019). 

 

Figure 2. 17: Iterations of Koch snowflake structures 

2.6.4 Hilbert Curve 

The Hilbert curve was given in 1891 by David Hilbert who is a German mathematician. Due to 

the properties of fills the area it occupies, the Hilbert curve is also called space filling Curve. 

The Hilbert curve is generated by placing the four replicas of the original iteration having 

different directions then using additional line segments joining these replicas. Use the same 

method to attain the next higher iteration. The curves of the geometry are simple because lines 

of the geometry do not intersect with each other and also easily can be drawn (Sharma and 

Vipul, 2017). 

 

Figure 2. 18: Iterations of the Hilbert curve 
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2.6.5 Minkowski Geometry 

Minkowski Geometry is being invented by a Jewish German Mathematician Hermann 

Minkowski in 1907. The geometric shape of the Minkowski curve is designed by taking the 

straight line (initiator) and the generator structure. To obtain the required Minkowski fractal 

shape also can be used the Iterated Function System (IFS). It is somehow similar to Koch curves 

where equilateral triangles are used but in Minkowski geometry, the rectangles are used 

(Vignesh and Kavitha, 2018).  

 

Figure 2. 19: Minkowski Curve 

2.6.6 Cantor Set 

Cantor set was developed in 1883 by Georg Cantor who is a German mathematician. It is also 

obtained as the limit of an iterative process. The process built iteratively from segment [0, 1] by 

removing a central portion. Then the operation is repeated for the remaining two segments, and 

so on (Laxmisowmya and Levy, 2019). 

 

Figure 2. 20: Cantor Set 

2.7 Related Works  

The studies of the research work carried out by several researchers are listed below: 

(Dadwal et al., 2017), in their paper, design a crown square fractal antenna and by using 

microstrip line feeding techniques. The designed antennas on FR4 glass proxy dielectric 

substrate with 1.6 mm thickness and 4.4 dielectric constants. The objective of the designed 

antenna is to deliver a good reflection coefficient, reducing metal usage, good VSWR, and saves 

antenna costs. 

(Djafri et al., 2019), in their paper, to attain tri-band operation as well as miniaturization antenna 

a new antenna design technique is presented. The technique contains by using two concentric, 



19 

MSc Thesis in Communication System Engineering 

Design and Simulation of Multiband Sierpinski Carpet Fractal Antenna for Wireless Applications 

first iterative hexagonal rings as a radiating patch fed connected with a Y-shaped microstrip 

line. The antenna works for different applications such as WLNA at 2.4 to 5.8 GHz and WiMAX 

at 3.5 to 5.5 GHz. The simulation and numerical analysis are supported by using software called 

Computer Simulation Technology (CST). 

(Kharusi et al., 2020), the project is carried out to design two antennas; one of them is a basic 

rectangular microstrip patch antenna and the other is the rectangular microstrip patch antenna 

added with an air gap technique for the main purpose of gain enhancement. Both antennas have 

been designed using RT5880 substrate. The proposed antennas were analyzed and simulated at 

the frequency of 2.4GHz for the WLAN application using the CST software.  

(Kumar et al., 2019), the proposed antenna is designed on Hilbert curve geometry for fixed 

satellite services and radio navigation applications. Modified Hilbert curve fractal antenna is 

designed, simulated, optimized, and fabricated by applying on both lateral boundaries of the 

ground plane and radiating patch. The proposed antenna operates at center frequencies are 2.6, 

4.4, and 8.7 GHz with having maximum gain for each operating frequency range are 3.6, 5.5, 

and 7.3 dB and also its bandwidth of 246, 700, and 4198MHz, respectively.  

(Medhal et al., 2020), the proposed antenna is a microstrip minkowski patch antenna (MMPA) 

to increase the efficiency of the monopole antenna. Minkowski iteration fractal antenna 

technique is applied to optimize the design iteratively manner for bandwidth and frequency 

tuning for wideband applications. The return loss of the proposed MMPA’s second iteration is 

-21.38 dB at 3.2 GHz and the base design has -30.37 dB at 3.6 GHz.  

(Moutaouakil et al., 2020), in their paper, they were studied and presented an antenna design in 

a circular patch fed by a coaxial cable and printed on a dielectric substrate FR4. Furthermore, 

to improve the performance of the antenna they are added square slots. The studied antenna has 

a multiband behavior with seven different resonant frequencies: 2.71, 3.98, 5.38, 6.41, 7.53, 

8.68 and 9.58 GHz with a better fit than the basic antenna.  

(Nauman et al., 2019), the paper proposes to design an MM-Wave antenna using a Microstrip 

patch for 5G communication. The proposed antenna is designed by using CST Studio. The 

simulation tool enables us to analyze and record different parameters of the antenna in a real 
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time simulation like the efficiency, return losses, gain, bandwidth, directivity, and many other 

parameters as well.  

(Ponnapalli et al., 2020), in their research contribution, Parametric study and analysis of 

microstrip patch antenna with multiple slit positions are presented. The work is aimed to design 

a microstrip patch antenna, which can able resonate with dual-band frequencies such as 3.5 GHz 

and 5.3 GHz with a trade-off between the geometrical parameters. The proposed antenna 

designed using the multiple slots on the patch, RT Duroid 5880 as substrate material, and with 

a defective ground structure.  

(Sawant et al., 2019), in their paper, a high gain and efficient suspended Minkowski fractal 

antenna are proposed. A compact microstrip antenna suspended at the height of 1.5mm is 

designed and implemented. The total height of the structure is increased to 3.09mm with the 

gain of 2 dB and bandwidth of 116 MHZ with a 36% reduction in size.  

(Sharma et al., 2020), design and analysis of inset feed Microstrip Patch Antenna. The proposed 

antenna is simulated and analyzed at 1.5GHz band for GSM (900/1500) IMT Services. The 

electric field norm plot and radiation pattern are analyzed. The simulation results produced a 

better directivity of 7 dB and return loss of -20.50dB. 

(Wiri, 2020), the paper presents the design, simulation, and fabrication of a meshed ground 

plane to operate in the 2.4-2.5 GHz WLAN band. The antenna design consists of seven samples 

of metallic mesh ground plane with different sizes of line width for the microstrip patch antenna. 

These meshed patched antennas were compared with a solid patch of the same dimensions.  

2.8 Research Gaps in the Literature Survey  

During the review of the literature following research gaps have been found: - 

 Few of the researchers have focused on the directivity or gain only rather than other 

antenna performance parameters. 

 The operating frequency increases as increase the numbers of iterations of fractal 

geometry that have lower return losses. But this is not true for all design fractal antenna. 
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 Few of the researchers design antennas at 2.4 GHz with simulation 0 to 10 GHz. 

However, it has less than three operating frequencies and its VSWR is approximately 

equal to 2. 

 Even the bandwidth of many design antennas is high. It is not appropriate in the efficient 

uses of that antenna for practical applications. Since other antenna performance 

parameters are very low.  

 Though fractal antennas have been proved very good in wideband and multiband 

performance. But the return loss performance is not good at all frequency bands. 

 The designs of the fractal antenna having large operating bandwidth are few. So there is 

a scope for designing new antennas having wide operating bandwidth. 

2.9 Methodology 

The methodology used to design the Sierpinski carpet fractal antenna to achieve the objective 

of this thesis work is described in the following flow chart. 

 

Figure 2. 21: Flow chart of Design Methodology 

Result and discussion

Compare the performance of proposed antenna with related works

Evaluate the effect of modifying the fractal geometries on the same design

Simulate & analysis of proposed antenna using HFSS software

Design Rectangular, H-shape, and Modified Sierpinski carpet fractal antenna

Select the proper substrate and operating frequency

Determine feeding techniques and fractal geometries used to design MPA

Literature review of  fractal antenna

Identify statement of the problem
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3. MATERIALS AND METHODS 

3.1 Performance Measurement of Antenna Parameters 

Many types of fundamental antenna parameter that is used to describe the performance of 

antennas are radiation pattern, VSWR, directivity, gain, return loss, bandwidth and efficiency 

(Balanis et al., 2016 and Stutzman and Thilee, 2012). 

3.1.1 Radiation Pattern 

A radiation pattern is “a graphical representation or a mathematical function of the radiation 

properties of the antenna as a function of space coordinates”. The far-field region is described 

by radiation pattern. However, more than one main lobe may exist in some antennas. Here a 

lobe rather than a major lobe are called minor lobes that are represent radiation require to be 

minimized (Kumar et al., 2019; Oulhaj et al., 2016 and Sharman et al., 2014). Radiation 

intensity is determined the power radiated from an antenna per unit solid angle. Mathematically 

radiation intensity (U) determine by; 

𝑈 = 𝑟2𝑃𝑟𝑎𝑑                                                        3.1 

Where Prad is total radiated power and r is the distance of antenna. 

3.1.2 Directivity 

Directivity is an important parameter that shows the capability of an antenna used to receive 

more power from a specific direction and also used to transmit more power to a specific 

direction. In other words, it is defined as “the ratio of the maximum radiation intensity or power 

in a given direction from the antenna to the average radiation intensity of isotropic directions”. 

Mathematically, the average radiation intensity is defined as the total radiating power of an 

antenna dividing by 4π (Balanis et al., 2016 and Sharman et al., 2014).  

𝐷 = 𝐷(𝜃, 𝜑) =
𝑈(𝜃,𝜑)

𝑈𝑜
=

4𝜋𝑈(𝜃,𝜑)

𝑝𝑟𝑎𝑑
                                                                3.2 

Where, D represents directivity (dimensionless), 𝑈(𝜃, 𝜑) is radiation intensity (W/sr), 𝑈𝑜 is 

radiation intensity of isotropic source (W/sr) and 𝑝𝑟𝑎𝑑 is total radiated power (W). 

3.1.3 Gain 

The word gain defines how much power is transmitted in the direction of peak radiation to that 

of an isotropic source. Gain is used to measure the degree or the efficiency of directivity in the 
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radiation pattern. Especially in a particular direction, a high gain of the antenna will be radiated. 

Generally, the gain is defined as “the ratio of the intensity radiated by the antenna of maximum 

output in the given direction at an arbitrary distance, divided by the intensity of radiated at the 

same distance by a hypothetical isotropic antenna”. The maximum gain of an antenna is 

occurring in the direction of the most power radiating (Balanis et al., 2016 and Sharman et al., 

2014). 

𝐺𝑎𝑖𝑛(𝐺) =
4𝜋 𝑅𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦

𝑇𝑜𝑡𝑎𝑙 𝐼𝑛𝑝𝑢𝑡 𝐴𝑐𝑐𝑒𝑝𝑡𝑒𝑑 𝑃𝑜𝑤𝑒𝑟
=  

4𝜋𝑈𝑚𝑎𝑥(𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑙𝑒𝑠𝑠)

𝑝𝑖𝑛
                                  3.3 

However, in the case of losses, antenna gain (G) is directly proportional to directivity (D) and 

the efficiency of the antenna (𝜂): 

𝐺 = 𝜂𝐷                                                                          3.4 

3.1.4 Bandwidth 

Bandwidth is the range of higher to lower available frequencies. The significant issue to consider 

a specific bandwidth is the performance tradeoffs between all of the other antenna parameters 

(Balanis et al., 2016 and Sharman et al., 2014). Bandwidth is calculated by two methods:  

Percentage of Narrowband (%): 

𝐵𝑊 =
𝑓ℎ−𝑓𝑙

𝑓𝑐
∗ 100%                                                               3.5 

Where, 𝑓𝑐 is Center frequency, 𝑓𝑙 is low frequency and 𝑓ℎ  is high frequency. 

3.1.5 Voltage Standing Wave Ratio (VSWR) 

The VSWR is defined as dividing the maximum standing wave voltage amplitude to the 

minimum standing wave voltage amplitude. In other cases, VSWR is the suggested quality of 

impedance matching of an antenna. This means better antenna matching has smaller VSWR. 

Normally, the required value of VSWR to achieve a good impedance matching is less than two. 

Since the higher the value of VSWR, the larger is the mismatching between the antenna and the 

transmitter. Ideally the value of VSWR should be one (Balanis et al., 2016). 

𝑉𝑆𝑊𝑅 =
1+|Γ|

1−|Γ|
                                                 3.6 

Where, Γ is the reflection coefficient and 𝑅𝐿 is return loss. 
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Γ =
𝑉𝑖

𝑉𝑟
=

𝑍𝑖𝑛−𝑍𝑠

𝑍𝑖𝑛+𝑍𝑠
                                                         3.7 

Where 𝑉𝑖 is amplitude of incident is wave, 𝑉𝑟 is amplitude of reflected wave, 𝑍𝑖𝑛 input 

impedance and 𝑍𝑖𝑛 is transmitter impedance. 

3.1.6 Return Loss (RL) 

Return Loss is used to measure the quality of impedance matching. Loss occurs when the full 

power is not delivered to the load that means there is a return back of the power, which is known 

as the load is mismatched. For good matching return loss, must be less than -10dB. 

Mathematically it is represented as: 

𝑅𝐿 = −20𝑙𝑜𝑔|Γ|                                                              3.8 

3.2 High Frequency Structural Simulator (HFSS) Software 

ANSYS HFSS is one of the globally accepted commercial Finite Element Method (FEM) 

solvers for electromagnetic structures. The optimization tool available with HFSS is very useful 

for antenna engineers to optimize the antenna parameters very accurately. HFSS is based on a 

three-dimensional FEM, a frequency domain method (solutions are calculated for each 

frequency separately). FEM divides the whole model space into small finite elements (triangles 

or tetrahedral) and represents the field in each subdomain with a local function for the volume 

of total of N sub-domains, the scattered field can be expanded into a series of known basis 

functions with unknown expansion coefficients. There are many kinds of boundary schemes 

available in HFSS. Radiation and PEC boundaries are widely used in this work. The vector as 

well as scalar representation of E, H and J values of the device under simulation gives a good 

insight in to the problem under simulation. The simulator transforms Maxwell’s equations into 

matrix equations, which can be solved using numerical methods. The proposed antenna 

simulation results were analyzed by using ANSYS HFSS (High Frequency Structure Simulator) 

software. HFSS is an industry standard simulation tool. It has powerful drawing capabilities to 

simplify the antenna design. 
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Figure 3. 1: ANSYS High Frequency Structural Simulator (HFSS) 

3.3 Design Parameters  

There are three basics parameters used to design a microstrip patch antenna, such as operating 

frequency, a dielectric substrate, and height of the dielectric substrate. 

3.3.1 Operating Frequency (𝒇𝒓) 

The resonance frequency ranges are one of the most common factors used to design microstrip 

antennas. To identify the desired antenna for wireless commination systems must choose the 

appropriate frequency range to determine the length and the width of the designed antenna 

(Hailemariam et al., 2019 and Nawale, 2014). 

3.3.2 Dielectric Substrate (𝜺𝒓) 

To design a microstrip antenna the dielectric substrate plays a very important role. The selection 

of the dielectric material depends on its dielectric constant. A dielectric substrate having a high 

dielectric constant has been chosen because the dimensions of the antenna are smaller due to the 

higher dielectric constant. FR4 epoxy is the most commonly used dielectric substrate material 

since it has low cost and easily available in the market (Hailemariam et al., 2019 and Nawale, 

2014). 
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3.3.3 Substrate Height (h) 

The main aim design of a microstrip antenna is to reduce the size, to attain the goal without 

changing other parameters of the antenna like gain, efficiency and bandwidth must be set the 

thickness of the substrate. The width and length of the designed antenna directly depend on the 

height of the dielectric substrate (Hailemariam et al., 2019 and Rajnag and Sarvagya, 2018). 

3.4 Design of Rectangular Microstrip Patch Antenna 

An antenna plays an important role in the advancements of wireless communication technology. 

Nowadays, wireless communication systems required an antenna that has high performance, 

high gain, and small dimensions that are capable of operating in wide bandwidth and multiple 

bands. The proposed antenna is designed on a low-cost FR-4 epoxy substrate with relative 

permittivity 4.4 and having dimensions 60x50x1.6 mm3 (Kumar and Nagaveni, 2020 and 

Medhal et al., 2020).  

Table 3. 1: Parameters Selected for Designed Microstrip Patch Antenna 

Parameters selected for design Specifications 

Feeding Technique Microstrip line feed 

Analysis Model Transmission Line 

Substrate Material FR4 

Dielectric Constant (𝜀𝑟)  4.4 

Height of Dielectric Substrate (h) 1.6 mm 

Operating Frequency (𝑓𝑟)  1.8 GHz 

Fractal Geometry Sierpinski Carpet 

 

The proposed antenna dimension is calculated by the following equations. 

The width of a patch is calculated through the formula given below: 

𝑤 =
𝑐

2𝑓𝑟
√

2

(𝜀𝑟+1)
                                                                              3.9 

Where c is the free space velocity of light and W is the patch width.  

𝑤 =
3𝐸8

2 ∗ 1.8𝐸9
√

2

(4.4 + 1)
= 50.70𝑚𝑚 

The effective dielectric constant is given by, 
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𝜀𝑟𝑒𝑓𝑓 =
(𝜀𝑟+1)

2
+

(𝜀𝑟−1)

2
[1 + 12

ℎ

𝑤
]

−
1

2
                                        3.10 

𝜀𝑟𝑒𝑓𝑓 =
(4.4 + 1)

2
+

(4.4 − 1)

2
[1 + 12

1.6 𝑚𝑚

50.7 𝑚𝑚
]

−
1
2

= 4.1 

The dimensions of the radiated patch along its length have now been extended on each end 

by a distance ΔL, which is given empirically by:  

∆𝐿 = 0.412ℎ
(𝜀𝑟𝑒𝑓𝑓+1)(

𝑤

ℎ
+0.264)

(𝜀𝑟𝑒𝑓𝑓−0.258)(
𝑤

ℎ
+0.8)

                                                                  3.11 

Where ∆L is the extension in length 

∆𝐿 = 0.412 ∗ 1.6
(4.1 + 1) (

50.7
1.6

+ 0.264)

(4.1 − 0.258) (
50.7
1.6

+ 0.8)
∗ 10−3 = 0.83𝑚𝑚 

The length of a patch is calculated through the formula given below: 

𝐿 =
𝐶

2𝑓𝑟√𝜀𝑟𝑒𝑓𝑓
− 2∆𝐿                                                                   3.12 

𝐿 =
3𝐸8

2 ∗ 1.8𝐸9√4.1
− 2 ∗ 0.83 = 39.83𝑚𝑚 

Hence, the length and width of the ground plane can be calculated as follows: 

𝐿𝑔 = 6ℎ + 𝐿                                                                               3.13 

𝐿𝑔 = 6 ∗ 1.6𝑚𝑚 + 39.83𝑚𝑚 = 49.45𝑚𝑚 

𝑤𝑔 = 6ℎ + 𝑤                                                                              3.14 

𝑤𝑔 = 6 ∗ 1.6𝑚𝑚 + 50.17𝑚𝑚 = 59.77𝑚𝑚 

Where, Wg is the width of a ground pane and Lg is the length of a ground pane. 

3.4.1 Design of Rectangular Sierpinski Carpet Fractal Antenna  

The Sierpinski carpet geometry has been applied to design the antenna up to the fourth iteration. 

The multiband characteristics of the Sierpinski carpet are characterized by its scaling factor and 

successive iterations. The performance of the proposed antenna has been analyzed in terms of 
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VSWR, gain, directivity, efficiency, radiation pattern; return loss, bandwidth, between 1 to 10 

GHz frequency ranges.  

The iterations which are applied in this design are as follows:- 

Iteration 0: The initial step of design begins with a rectangular patch. 

Iteration 1: Divided the rectangular patch into nine equal rectangles. Then remove the central 

rectangle from the radiating patch. 

Iteration 2: The eight remaining rectangle in the first iteration is divided into nine equal 

rectangles. Then remove the central rectangle from the radiating patches. 

Iteration 3: All remaining rectangles in the second iterations are dividing into nine smaller 

equal rectangles. Then cut the central rectangle from the antenna design.  

Iteration 4: Finally, from the third iteration cut some parts of a radiating patch. First, cut 5x10 

mm2 from all corners of the radiating patch. Then, again cut 10x5mm2 from outside of 

radiating patch to obtain the wideband and multiband operations. Here, the first 

dimension represents the width of the radiating patch and the second dimension 

represents the length of the radiating patch. An appropriate feed is given after, each 

iteration. The feed location for the iteration is adjusted to connect to the metallic portion 

of the patch. 

        

  Zero iteration        First iteration          Second iteration      Third iteration      Fourth iteration 

Figure 3. 2: Rectangular Sierpinski Carpet Fractal Antenna 

3.4.2 Design of H-Shape Sierpinski Carpet Fractal Antenna  

The iterations which are applied in this design are as follows:- 

Iteration 0: The design begins with a rectangular patch. Its results are the same as zero iteration 

of rectangular Sierpinski carpet fractal antenna. 
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Iteration 1: Divided the rectangular patch into nine equal rectangles. Then draw H-shape into 

the central rectangle and removing H-shape from the radiating patch.  

Iteration 2: The eight remaining rectangles in the first iterations are divided into nine equal 

rectangles. Then draw H-shape into the center of the eight remaining rectangles and 

removing the H-shape from the radiating patch. 

Iteration 3: Finally, all remaining rectangle is dividing into nine smaller equal rectangles. Then, 

draw H-shape into the center of all rectangle and removing the H-shape from an antenna 

design. An appropriate feed is given after, each iteration. The feed location is adjusted 

to connect to the metallic portion of the patch. 

          

Zero iteration             First iteration                Second iteration           Third iteration 

Figure 3. 3: H-shape Sierpinski Carpet Fractal Antenna 

3.4.3 Design of Modified or Polygon Sierpinski Carpet Fractal Antenna  

The iterations which are applied in this design are as follows:- 

Iteration 0: The design begins with a rectangular patch. Its results are the same as zero iteration 

of rectangular Sierpinski carpet fractal antenna. 

Iteration 1: To get the first iteration, divided the rectangular patch into nine equal rectangles. 

Next, draw another rectangle (polygon) inside the central rectangle by placing vertices 

at the center of the rectangle side. Then, a central rectangle is removed from the radiating 

patch. 

Iteration 2: The eight remaining rectangles in the first iterations are divided into nine equal 

rectangles. Draw another rectangle inside each central rectangle by putting vertices at 

each center of the rectangle. Then, all central rectangles are removed from the radiating 

patch. 
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Iteration 3: The remaining rectangles in the second iterations are divided into nine equal 

rectangles. Then, draw a small rectangle (polygon) inside each center of the remaining 

rectangles by placing vertices at each center of the rectangle, and all central rectangles 

are removed from the radiating patch. 

Iteration 4: Finally, from the third iteration cut some parts of a radiating patch to achieve a 

wideband, multiband and high antenna performance. First, cut 6x12mm2 from each 

corner of the radiating patch. Then cut 7x7 mm2 from outside of the patch. Here, the first 

dimension represents the width and the second dimension represents the length of the 

radiating patch. The feed location for the iteration is adjusted to connect the metallic 

portion of the patch. 

     

 Zero iteration         First iteration         Second iteration      Third iteration      Fourth iteration 

Figure 3. 4: Modified Sierpinski Carpet Fractal Antenna 
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4. RESULTS AND DISCUSSIONS 

4.1 Simulation of Rectangular Sierpinski Carpet Fractal Antenna 

4.1.1 Return Loss of Rectangular Sierpinski Carpet Fractal Antenna 

Return loss (RL) indicates the ratio of the power returned or reflected the power transmitted by 

the source. It is typically expressed as a ratio in decibels (dB). From zero iteration the return 

loss obtained after all the simulations are -12.1 dB, -13.57 dB, -12.71 dB, -20.83 dB and -15.16 

dB at 1.7 GHz, 2.8 GHz, 7.1 GHz, 8.0 GHz and 9.6 GHz respectively. 

 

a. Return loss of zero iteration 

The return loss obtained from the first iteration of the rectangle Sierpinski carpet fractal 

antenna is multiple bands. The return losses obtained are -12.01 dB, -13.50 dB, -14.85 dB 

and -25.0 dB at 3.1 GHz, 5.4 GHz, 6.1 GHz and 7.0 GHz respectively.  

 

b. Return loss of the first iteration 
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The return loss obtained during the second iteration of the rectangle Sierpinski carpet fractal 

antenna is -10.53 dB at 3.1GHz, -15.61 dB at 6.1 GHz, and -14.0 dB at 7.0 GHz. 

 
c. Return loss of the second iteration 

The return loss obtained during the third iteration of the rectangle Sierpinski carpet fractal 

antenna is -11.01 dB at 5.2GHz, -11.51 dB at 6.0 GHz, and -18.68 dB at 6.8 GHz.  

 

d. Return loss of the third iteration 

The return loss obtained from the fourth iteration of the rectangle Sierpinski carpet antennas 

are -10.23 dB, -12.02 dB, -26.26 dB, -20.86 dB, -14.69 dB, and -19.59 dB at 4.1 GHz, 4.7 

GHz, 5.6 GHz, 6.1 GHz, 7.2 GHz, and 8.2 GHz respectively. 
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e. Return loss of the fourth iteration 

Figure 4. 1: Return Loss of Rectangular Sierpinski Carpet Fractal Antenna 

4.1.2 Voltage Standing Wave Ratio of Rectangular Sierpinski Carpet Fractal Antenna 

The Voltage Standing Wave Ratio (VSWR) plot of an antenna is analyzed to get the impedance 

matching compatibility of the antenna. The value of VSWR must be below unit value 2. The 

VSWR obtained from zero iteration is 1.66, 1.53, 1.60, 1.20, and 1.42 at 1.7 GHz, 2.8 GHz, 7.1 

GHz, and 8.0 GHz respectively. VSWR is satisfying the criteria. 

 

a. VSWR of zero iteration 

The VSWR obtained from the first iteration is 1.67 at 3.1GHz, 1.53 at 5.4 GHz, 1.44 at 6.1 GHz, 

and 1.11 at 7.0 GHz. VSWR is satisfying the criteria. 
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b.  VSWR of the first iteration 

The VSWR obtained from the second iteration of the rectangle Sierpinski carpet fractal antenna 

is 1.84 at 3.1 GHz, 1.39 at 6.1 GHz, and 1.49 at 7.0 GHz. 

 

c. VSWR of the second iteration 

The VSWR obtained from the third iteration of the rectangle Sierpinski carpet fractal antenna is 

1.78 at 5.2 GHz, 1.72 at 6.0 GHz, and 1.26 at 6.8 GHz. 
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d. VSWR of the third iteration 

The VSWR obtained from the fourth iteration of the rectangle Sierpinski carpet fractal antenna 

are 1.88, 1.66, 1.10, 1.19, 1.45, and 1.23 at 4.1, 4.7, 5.6, 6.1, 7.2, and 8.2 GHz respectively. 

 

e. VSWR of the fourth iteration 

Figure 4. 2: VSWR of Rectangular Sierpinski Carpet Fractal Antenna 

4.1.3 Gain and Directivity of Rectangular Sierpinski Carpet Fractal Antenna 

The gain defines as “how much power is transmitted in the direction of peak radiation to that of 

an isotropic source”. Directivity is the important parameter that shows the capability of an 

antenna used to receive more power from a specific direction or transmit more power to a 

specific direction.  The designed antenna of zero iteration has a good gain that is 4.33 dB and 

directivity is 9.37 dB at 7.1 GHz a resonant frequency. 
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a. Gain and directivity of zero iteration  

The designed antenna of the first iteration has a good gain that is 3.17 dB and directivity is 7.63 

dB at a resonant frequency of 5.4 GHz. 

         

b. gain and directivity of the first iteration  

The gain obtained from the second iteration is 2.33 dB and the directivity obtained from the 

second iteration is 6.88 dB at 7.0 GHz operating frequency. 

      

c. Gain and directivity of the second iteration  
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The better gain and directivity obtained from the third iterations are 4.05 dB and 6.68 dB 

respectively at 6.8 GHz operating frequency. 

       

d. Gain and directivity of the third iteration  

The better gain and directivity obtained from the fourth iteration of rectangle Sierpinski carpet 

antennas are 6.10 dB and 8.47 dB respectively at 4.7 GHz operating frequency. 

      

e. Gain and directivity of the fourth iteration 

Figure 4. 3: Gain and directivity of Rectangular Sierpinski Carpet Fractal Antenna  

4.1.4 Radiation Pattern of Rectangular Sierpinski Carpet Fractal Antenna 

The radiation pattern determines how an antenna radiates more power in a certain direction than 

in another direction. The main lobe direction radiation pattern of zero iteration is 300 with 21.87 

dB magnitude at 7.1 GHz operating frequency. In the first iteration, the main lobe direction of 

the radiation pattern is 100 and 20.48 dB magnitude at 5.4 GHz operating frequency. 
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a. Radiation pattern of zero iteration             b. Radiation pattern of the first iteration 

The radiation pattern obtained from the second iteration is given below. The main lobe direction 

of radiation pattern at 200 and the main lobe magnitude is 9.80 at 7.0 GHz operating frequency. 

The radiation pattern obtained from the third iteration is given below. The main lobe direction 

of the radiation pattern is at 200 and 12.24 magnitudes at 6.8 GHz operating frequency. 

              

c. Radiation Pattern of the second iteration           d. Radiation Pattern of the third iteration 

The radiation pattern gained from the fourth iteration of the rectangle Sierpinski carpet fractal 

antenna is given below. The main lobe direction of radiation pattern at -200 and the main lobe 

magnitude is 23.6 dB at 4.7 GHz. 
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e. Radiation Pattern of the Fourth Iteration 

Figure 4. 4: Radiation Pattern of Rectangular Sierpinski Carpet Fractal Antenna 

Table 4. 1: Summary of the Fourth Iteration Rectangular Sierpinski Carpet Fractal Antenna 

Freq. 

GHz 

S11 

dB 

VSWR Upper 

freq. GHz 

Lower 

freq. GHz 

BW 

MHz 

Gain 

dB 

Directi

vity dB 

Efficie

ncy % 

4.1 -10.23 1.88 4.202 4.093 109 1.67 3.91 60 

4.7 -12.02 1.66 4.776 4.638 138 6.10 8.47 58 

5.6 -26.26 1.10 5.762 5.448 314 4.39 8.06 43 

6.1 -20.86 1.19 6.238 6.013 225 -0.03 5.29 29 

7.2 -14.69 1.45 7.275 7.117 158 1.14 5.93 33 

8.2 -19.59 1.23 8.294 7.939 355 3.61 6.37 53 

 

The simulation results of the rectangular Sierpinski carpet fractal antenna show in the fourth 

iteration are better than the remaining iteration. The designed antenna can be used for several 

wireless communication applications such as IMT (4.1to 4.7 GHz), c-band (4.1 to 7.2 GHz), 

Wi-MAX (7.2 GHz), Wi-Fi (4.1to 5.6 GHz), point to point high-speed wireless communication 

(4.1to 7.2 GHz), and x-band (8.2 GHz).  

4.2 Simulation of H-shape Sierpinski Carpet Fractal Antenna  

4.2.1 Return Loss of H-shape Sierpinski Carpet Fractal Antenna 

For maximum power transfer, the value of the return loss should be small and negative. The 

return loss obtained from the first iteration of the H-shape Sierpinski carpet fractal antenna is 

multiple bands. The return loss obtained are -13.09 dB, -11.17 dB, -19.81 dB, -22.26 dB, -22.03 

dB and -16.27 dB at 3.0 GHz, 3.2 GHz, 5.7 GHz, 7.1 GHz, 7.3 GHz and 8.0 GHz respectively. 
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a. Return loss of the first iteration 

The return loss obtained during the second iteration of the H-shape Sierpinski carpet antennas 

are -13.86 dB, -11.50 dB, -15.41 dB, -12.14 dB, and -14.37 dB at 2.7 GHz, 5.1 GHz, 5.6 GHz, 

6.3 GHz, and 7.3 GHz respectively. 

 

b. Return loss of the second iteration 

The return loss obtained from the third iteration of H-shape Sierpinski carpet antennas are -

19.05 dB, -14.44 dB, -15.17 dB, -32.63 dB, -13.35 dB, -11.72 dB and -11.36 dB at 4.2 GHz, 5.1 

GHz, 6.3 GHz, 7.1 GHz, 7.5 GHz, 7.7 GHz and 8.0 GHz respectively. 
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c. Return loss of the third iteration 

Figure 4. 5: Return Loss of H-shape Sierpinski Carpet Fractal Antenna 

4.2.2 Voltage Standing Wave Ratio of H-shape Sierpinski Carpet Fractal Antenna 

The VSWR is another parameter defined for the antenna which shows how well the antenna is 

matched. Ideally, the value of VSWR should be between 1 and 2. The VSWR obtained from the 

first iteration of the H-shape Sierpinski carpet antennas are 1.56, 1.76, 1.22, 1.85, 1.16, 1.33, 

and 1.36 at 3.0 GHz, 3.2 GHz, 5.7 GHz, 6.4 GHz, 7.1 GHz, 7.4 GHz, and 8.0 GHz respectively.  

 

a. VSWR of the first iteration 

The VSWR obtained from the second iteration of the H-shape Sierpinski carpet antennas are 

1.56, 1.72, 1.40, 1.65, and 1.47 at 2.7 GHz, 5.1 GHz, 5.6 GHz, 6.3 GHz, and 7.3 GHz 

respectively. 



42 

MSc Thesis in Communication System Engineering 

Design and Simulation of Multiband Sierpinski Carpet Fractal Antenna for Wireless Applications 

 

b. VSWR of the second iteration 

The VSWR obtained from the third iteration of H-shape Sierpinski carpet antennas are 1.25, 

1.46, 1.42, 1.04, 1.54, 1.70, and 1.74 at 4.2, 5.1, 6.3, 7.1, 7.5, 7.7, and 8.0 GHz respectively. 

 

c. VSWR of the third iteration 

Figure 4. 6: VSWR of H-shape Sierpinski Carpet Fractal Antenna 

4.2.3 Gain and Directivity of H-shape Sierpinski Carpet Fractal Antenna 

The designed antenna of the first iteration has a good gain that is 7.45 dB and directivity is 11.32 

dB at 7.1 GHz a resonant frequency. 
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a. Gain and directivity of the first iteration  

The gain and directivity obtained from the second iterations are 4.62 dB and 8.23 dB at 5.1 GHz 

operating frequency respectively. 

       

b. Gain and directivity of the second iteration 

The gain obtained from the third iteration is 4.46 dB and the directivity obtained from the third 

iteration is 8.62 dB at 5.1 GHz. 

      

c. Gain and directivity of the third iteration 

Figure 4. 7: Gain and directivity of H-shape Sierpinski Carpet Fractal Antenna  
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4.2.4 Radiation Pattern of H-shape Sierpinski Carpet Fractal Antenna 

The radiation pattern determines how an antenna radiates more power in a certain direction than 

in another direction. The main lobe direction of the radiation pattern is -100 with 25.02 dB 

magnitude in the first iteration at 7.1 GHz operating frequency. The radiation pattern obtained 

from the second iteration is given below. The main lobe direction of radiation pattern is at 100 

and the main lobe magnitude 22.07 at 5.1 GHz a resonant frequency. 

           

a. Radiation Pattern of the first iteration            b. Radiation Pattern of the second iteration 

The radiation pattern obtained from the third iteration is given below. The main lobe direction 

of radiation pattern at 100 and the main lobe magnitude is 22.02 dB at 5.1 GHz. 

     

c. Radiation Pattern of the third iteration 

Figure 4. 8: Radiation Pattern of H-shape Sierpinski Carpet Fractal Antenna 



45 

MSc Thesis in Communication System Engineering 

Design and Simulation of Multiband Sierpinski Carpet Fractal Antenna for Wireless Applications 

Table 4. 2: Summary of the Third Iteration H-shape Sierpinski Carpet Fractal Antenna 

Freq. 

GHz 

S11 

dB 

VSWR Upper 

freq. GHz 

Lower 

freq. GHz 

BW 

MHz 

Gain 

dB 

Directiv

ity dB 

Efficie

ncy % 

4.2 -19.05 1.25 4.263 4.136 127 2.42 8.03 27 

5.1 -14.44 1.46 5.182 5.044 138 4.46 8.61 39 

6.3 -15.17 1.42 6.352 6.230 122 0.58 6.84 23 

7.1 -32.63 1.04 7.288 6.927 361 4.51 6.91 58 

7.5 -13.54 1.54 7.586 7.369 217 5.08 6.55 71 

7.7 -11.76 1.70 8.038 7.624 414 4.74 6.51 67 

8.0 -11.36 1.74 8.038 7.624 414 5.04 6.33 75 

 

The simulation result of the H-shape Sierpinski carpet fractal antenna shows in the third iteration 

is better than the remaining iteration. This antenna can resonate at a different level of frequency 

in the range of 4.2 GHz, 5.1 GHz, 6.3 GHz, 7.1 GHz, 7.5 GHz, 7.7 GHz, and 8.0 GHz. The 

designed antenna can be used for several wireless communication applications such as IMT (4.2 

GHz), c-band (4.2 to 8.0 GHz), WLAN (5.1 GHz), Wireless ATM (5.1 GHz), Wi-MAX (4.2 to 

5.1 GHz), NAVAID (7.7 to 8.0 GHz), Wi-Fi (5.1to 6.3 GHz), and point to point high-speed 

wireless communication (6.3 to 8.0 GHz). 

4.3 Simulation of Modified Sierpinski Carpet Fractal Antenna  

4.3.1 Return Loss of Modified Sierpinski Carpet Fractal Antenna 

The return loss obtained from the first iteration of modified Sierpinski carpet antennas are -

16.52, -12.62, - 20.82, -12.29, -20.75 and -18.46 dB at 3.4, 4.8, 7.8, 8.7, 9.4, and 9.7 GHz.  

 

a. Return loss of the first iteration 
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The return loss obtained from the second iteration of modified Sierpinski carpet antennas are -

15.30, -10.50, -13.21, -15.41, and -15.07 dB at 2.8, 5.2, 7.0, 7.9, and 9.4 GHz respectively. 

 

b. Return loss of the second iteration 

The return loss obtained from the third iteration of the modified Sierpinski carpet fractal antenna 

are -13.34 dB, -11.84 dB, -11.63 dB, -12.42 dB, and -14.82 dB at 2.8 GHz, 5.2 GHz, 7.0 GHz, 

7.7 GHz, 8.8 GHz, and 9.5 GHz respectively 

 

c. Return loss of the third iteration 

The return loss obtained from the fourth iteration of the modified (polygon) Sierpinski carpet 

antennas are -23.12 dB, -15.84 dB, -14.90 dB, -14.35 dB, -15.24 dB, -29.37 dB, -24.88 dB, -

21.80 dB, -21.16 dB and -20.32 dB at 4.1 GHz, 5.1 GHz, 5,4 GHz ,6.2 GHz, 6.9 GHz, 8.2 GHz, 

8.5 GHz, 8.7 GHz, 8.8 GHz and 9.8 GHz respectively.  
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d. Return loss of the fourth iteration 

The simulation results obtained between 10 GHz to 20 GHz, the designed antennas resonate 

with seven different frequency levels in the range of 10.4 GHz, 11.2 GHz, 12.5 GHz, 14.0 GHz, 

15.4 GHz, 17.1 GHz, and 18.7 GHz. 

 

e. Return loss of the fourth iteration at operating frequency between 10 to 20 GHz 

Figure 4. 9: Return Loss of Modified Sierpinski Carpet Fractal Antenna 

4.3.2 Voltage Standing Wave Ratio of Modified Sierpinski Carpet Fractal Antenna 

The value of VSWR should be less than 2 at resonate frequency. The VSWR obtained from the 

first iteration of the modified Sierpinski carpet fractal antenna are 1.35, 1.61, 1.20, 1.64, 1.20, 

and 1.27 at 3.4, 4.8, 7.8, 8.7, 9.4, and 9.7 GHz respectively. 
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a. VSWR of the first iteration 

The VSWR obtained from the second iteration of the modified Sierpinski carpet fractal antenna 

are 1.41, 1.85, 1.55, 1.40, and 1.42 at 2.8 GHz, 5.2 GHz, 7.0 GHz, 7.9 GHz, and 9.4 GHz 

respectively. 

 

b. VSWR of the second iteration 

The VSWR obtained from the third iteration of the modified Sierpinski carpet fractal antenna 

are 1.54, 1.68, 1.70, 1.62, 1.44, and 1.78 at 2.8 GHz, 5.2 GHz, 7.0 GHz, 7.7 GHz, 8.8 GHz, and 

9.5 GHz respectively.  
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c. VSWR of the third iteration 

The VSWR obtained from the fourth iteration of the modified Sierpinski carpet fractal 

antenna are 1.15, 1.38, 1.43, 1.47, 1.41, 1.07, 1.12, 1.19, and 1.21 at 4.1 GHz, 5.1 GHz, 5.4 

GHz, 6.2 GHz, 6.9 GHz, 8.2 GHz, 8.5 GHz, 8.8 GHz, and 9.8 GHz respectively.  

 

d. VSWR of the fourth iteration 

Figure 4. 10: VSWR of Modified Sierpinski Carpet Fractal Antenna 

4.3.3 Gain and Directivity of Modified Sierpinski Carpet Fractal Antenna 

The designed antenna of the first iteration has a good gain that is 5.64 dB and directivity is 9.80 

dB at 4.8 GHz resonant frequency. 
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a. Gain and directivity of the first iteration  

The designed antenna has a good gain of 4.68 dB at a resonant frequency of 5.2 GHz, which 

means the antenna is more efficient at this frequency and the directivity obtained from the 

second iteration is 10.10 dB at 5.2 GHz. 

            

b. Gain and directivity of the second iteration  

The designed antenna has a good gain of 5.34 dB at a resonant frequency of 7.0 GHz, which 

means the antenna is more efficient at this frequency and the directivity obtained from the third 

iteration is 10.27 dB at 7.0 GHz operating frequency. 

     

c. Gain and directivity of the third iteration  
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The gain obtained from the fourth iteration of the modified Sierpinski carpet fractal antenna is 

5.92 dB and the directivity obtained from the fourth iteration is 9.73 dB at 5.1 GHz resonant 

frequency. 

         

d. Gain and directivity of the fourth iteration  

Figure 4. 11: Gain and directivity of Modified Sierpinski Carpet Fractal Antenna  

4.3.4 Radiation Pattern of Modified Sierpinski Carpet Fractal Antenna 

The radiation pattern determines how an antenna radiates more power in a certain direction. The 

main lobe direction of the first iteration is at 200 with 21.08 dB magnitude. The radiation pattern 

obtained from the second iteration is given below. The main lobe direction of radiation pattern 

at 00 and the main lobe magnitude is 22.05 dB at 5.2 GHz operating frequency. 

         

a. Radiation Pattern of the first iteration       b. Radiation Pattern of the second iteration 

The radiation pattern obtained from the third iteration is given below. The main lobe direction 

of the radiation pattern at -300 degrees and the magnitude of the main lobe are 22.80 at 7.0 GHz 
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operating frequency. The radiation pattern gained from the fourth iteration is given below. The 

main lobe direction of the radiation pattern at 00 and the main lobe magnitude is 23.58 dB at 5.1 

GHz. 

         

c. Radiation Pattern of the third iteration           d. Radiation Pattern of the fourth iteration  

Figure 4. 12: Radiation Pattern of Modified Sierpinski Carpet Fractal Antenna 

Table 4. 3: Summary of the Fourth Iteration Modified Sierpinski Carpet Fractal Antenna 

Freq. 

GHz 

S11 

dB 

VSWR Upper 

freq. GHz 

Lower 

freq. GHz 

BW 

MHz 

Gain 

dB 

Directi

vity dB 

Efficie

ncy % 

4.1 -23.12 1.15 4.285 4.003 282 1.88 4.59 54 

5.1 -15.84 1.38 5.161 5.014 147 5.92 9.72 42 

5.4 -14.90 1.44 5.481 5.344 137 0.59 6.37 26 

6.9 -15.24 1.41 7.345 6.741 604 1.38 8.57 19 

8.2 -29.38 1.07 8.981 8.000 981 6.55 9.43 51 

8.5 -24.88 1.12 8.981 8.000 981 6.12 8.89 53 

8.8 -21.16 1.19 8.981 8.000 981 9.23 11.30 62 

9.8 -20.33 1.21 9.964 9.587 377 5.53 9.44 41 

10.4 -10.03 1.92 10.507 10.386 121 8.00 11.38 46 

11.2 -19.07 1.25 11.352 11.001 351 5.62 11.38 27 

12.5 -18.78 1.26 12.724 12.346 378 7.47 12.25 34 

14.0 -21.99 1.17 14.586 13.320 1,266 10.23 13.68 45 

15.4 -30.84 1.06 16.056 14.715 1,341 11.64 14.85 48 

17.1 -15.73 1.39 17.643 16.328 1,315 12.40 15.82 46 

18.7 -18.20 1.28 20.000 18.348 1,652 12.59 16.50 40 
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The simulation results from the modified (polygon) Sierpinski carpet fractal antenna shows in 

the fourth iteration is better than the remaining iteration and others designed of Sierpinski carpet 

fractal antenna. This antenna can resonate with a different level of frequency in the range of 4.1 

GHz, 5.1 GHz, 5.4 GHz, 6.2 GHz, 6.9 GHz, 8.2 GHz, 8.5 GHz, 8.8 GHz, and 9.8 GHz. This 

design also has better antenna performance when change the operating frequency ranges 

between 10 to 20 GHz. The simulation results show the proposed antenna resonate with different 

frequency ranges of 10.4 GHz, 11.2 GHz, 12.5 GHz, 14.0 GHz, 15.4 GHz, 17.1 GHz, and 18.7 

GHz with the bandwidth of 121 MHz, 352 MHz, 378 MHz, 1.27 GHz, 1.34 GHz, 1.32 GHz, 

and 1.62 GHz respectively.  

The proposed antenna can be used for several wireless communication applications such as c-

band (4.1 to 6.9 GHz), Wireless ATM (5.1 GHz),  Wi-MAX/ WLAN/ IoT device (5.1 to 5.4 

GHz), Wi-Fi/ WSN (5.1to 6.2 GHz), NAVAID (8.2 to 8.5 GHz), RMM/ LLWAS/ LDRLC (8.8 

to 9.8 GHz), x-band (8.2 to 9.8 GHz), UWB (4.1 to 9.8 GHz), and point to point high-speed 

wireless communication (6.2 to 8.5 GHz). This designed antennas can be also used for wireless 

communication application need operating frequency between 10 to 20 GHz such as Optical 

fiber communication (10.2 to 14.0 GHz), x-band (10.4 to 12.5 GHz), GPS/ GLONASS/ fixed 

link/ Cognitive radio (12.5 to 18.7 GHz), Microwave link/ Radar or ASDE-3 (14.0 to 15.4 GHz), 

Ku-band (12.5 to 17.1 GHz), and k-band point to point communication (18.7 GHz). 

4.4 Validation of Simulated Results with Related Works 

It is difficult to directly compare the proposed antenna with the other published results since 

each of the fractal antennas are designed with a separate design objective. Different fractal 

structures such as fractal antenna by applying Minkowski geometry, Triple band compact MPA 

with Fractal Elements, Sierpeinsiki fractal antenna, Square shaped fractal antenna with DGS, 

Modified Sierpenski antenna with metamaterial, hybrid of Sierpinski carpet and Minkowski 

fractal antenna, hybrid of Giuseppe Peano, Cantor set, and Sierpinski carpet fractal antenna and 

others have been compared to the proposed antennas. It is clear from the data given in the table 

4.4 the proposed antennas have multiband and wideband covers more frequencies and also have 

better overall performance as compared to related works. 

 

Table 4. 4 Comparison of Proposed Antenna with Related Antenna Designs 
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Reference 

(Author) 

Antenna Structure Substrate & its 

Dimension 

Freq. 

GHz 

RL 

dB 

Gain 

dB 

BW 

MHZ 

 

Bharti et al., 

2016 

 

Triple band compact 

MPA with fractal 

elements 

 

FR4, 

45x45x1.6 mm3 

Microstrip Feed 

2.88 -12.26 7.96 125 

4.60 -11.23 -2.88 90 

5.96 -11.25 2.11 125 

7.90 -11.54 8.10 100 

 

Kumar, 

2016 

 

I-shaped fractal antenna 

using Minkowski fractal 

geometry algorithm 

 

RT Duroid 5880 

53x53x2.6mm3 

Coaxial Feed 

4.70 -15.71 2.26 200 

6.40 -19.69 4.20 100 

7.50 -17.52 4.10 400 

8.40 -29.76 5.02 150 

9.20 -20.65 5.58 350 

 

Sidhu and 

Sivia, 2016 

 

Rectangular patch 

with half rectangular 

fractal geometry 

 

RT Duroid 5880 

40x30x1.56 mm3 

Coaxial Feed 

3.25 -18.51 2.12 100 

4.04 -22.14 4.34 110 

5.54 -14.74 7.79 60 

6.02 -36.21 2.91 90 

Aggarwal 

and Pandey, 

2017 

Modified Sierpenski 

antenna with 

metamaterial 

FR4, 

60x52x1.6mm3 

Microstrip Feed 

2.15 -21.49 -1,00 110 

5.73 -36.36 6.00 150 

7.60 -45.00 8.19 200 

8.40 -23.46 8.83 190 

8.80 -18.81 7.78 430 

 

Sharma and 

Gupta, 2017 

 

Fractal antenna based 

on sierpinski carpet 

algorithm 

 

FR4, 

30x30x2.4 mm3 

Co-axial Feed 

5.50 -13.0 2.29 200 

8.20 -13.00 1.33 200 

9.40 -19.50 2.65 200 

9.70 -28.26 1.93 1000 

 

Mymunnisa 

& Bhavani, 

2018 

 

Circular fractal 

antenna with DGS 

 

FR4, 

86x60x1.6 mm3 

Microstrip Feed 

1.50 -16.05 1.01 1250 

2.10 -26.05 9.56 750 

5.10 -14.14 4.30 750 

6.30 -10.78 6.25 180 

8.20 -26.60 4.99 850 

9.70 -11.17 6.23 330 

 

Rashid et 

al., 2018 

 

Microstrip patch 

antenna using DGS 

Polyester, 

42x42x2 mm3 

Co-axial Feed 

1.48 -23.00 4.11 114 

2.24 -18.00 4.88 118 

3.84 -21.00 6.47 135 

 

Sharma et 

al., 2018 

 

Hybrid of sierpinski 

carpet and minkowski 

fractal antenna 

 

FR4, 

45x39x1.6mm3 

Microstrip Feed 

3.43 -19.50 2.84 100 

4.78 -28.70 6.90 200 

6.32 -12.46 5.13 220 

8.34 -18.75 5.57 150 

9.61 -17.57 7.56 200 

 FR4, 

45x45x1.6 mm3 

3.11 -16.33 2.10 490 

4.89 -13.08 4.80 670 
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Bhatia et 

al., 2019 

Hexagonal antenna 

using Meander fractal 

geometry 

Microstrip Feed 5.70 -13.36 5.10 300 

8.92 -23.28 4.80 560 

Kumar and 

Pharwaha, 

2019 

 

Modified Hilbert 

curve fractal antenna 

RT duroi 5880 

55x60x3.17 mm3 

Microstrip Feed 

2.60 -11.96 3.60 246 

4.40 -13.08 5.50 700 

8.70 -24.40 7.30 4198 

 

 

Moutaouakil 

et al., 2020 

 

 

Square shaped fractal  

antenna printed on a 

circular patch 

 

 

FR4, 

72x56x1.6mm3 

Coaxial Feed 

 

2.71 -12.00 5.44 43 

3.98 -14.50 3.28 104 

5.38 -20.00 7.79 173 

6.41 -15.50 6.61 130 

7.53 -34.00 8.83 175 

8.68 -37.70 9.90 337 

9.58 -13.20 5.25 457 

Ponnapalli et 

al., 2020 

MPA  with multiple 

slit positions 

RT Duroid 5880 

44x39x1.7mm3 

3.50 -13.00 2.37 150 

5.30 -13.00 2.00 53 

 

Proposed 

Antenna 1 

 

Rectangular 

Sierpinski carpet  

fractal antenna 

 

FR4, 

60x50x1.6mm3 

Microstrip Feed 

4.10 -10.23 1.67 109 

4.70 -12.02 6.10 138 

5.60 -26.26 4.39 314 

6.10 -20.86 -0.03 225 

7.20 -14.69 1.14 158 

8.20 -19.59 3.61 355 

 

 

Proposed 

Antenna 2 

 

 

H-shaped Sierpinski 

carpet  fractal 

antenna 

 

 

FR4, 

60x50x1.6mm3 

Microstrip Feed 

4.20 -19.05 2.42 127 

5.10 -14.44 4.46 138 

6.30 -15.17 0.58 122 

7.10 -32.63 4.51 361 

7.50 -13.54 5.08 217 

7.70 -11.76 4.74 414 

8.00 -11.36 5.04 414 

 

 

Proposed 

Antenna 3 

 

 

 

Modified (polygon) 

Sierpinski carpet  

fractal antenna 

 

 

FR4, 

60x50x1.6mm3 

Microstrip Feed 

 

 

 

4.10 -23.12 1.88 282 

5.10 -15.84 5.92 147 

5.40 -14.90 0.59 137 

6.20 -14.35 0.76 169 

6.90 -15.24 1.38 604 

8.20 -29.38 6.55 981 

8.50 -24.88 6.12 981 

8.80 -21.16 9.23 981 

9.80 -20.33 5.53 377 
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5. CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK 

5.1 Conclusions 

The main goal of the thesis is to design and simulate multiband Sierpinski carpet fractal antenna 

for wireless applications. The fractal geometries provide several advantages, such as improved 

reliability, compressed resonant behavior, wideband characteristics, low production cost, size 

reducing capability, space-filling, millimeter-wave integrated circuits, and compatibility with a 

microwave. Even though the size is reduced, the fractal antennas show better performance, and 

the number of operating frequency bands increases as the number of iterations increases. In this 

thesis, Sierpinski carpet fractal geometries were applied to a rectangular microstrip patch 

antenna. Three fractal antennas have been designed and simulated for multiband wireless 

applications. A comparison between the designs of a rectangular, H-shape, and modified 

Sierpinski carpet fractal antenna have been generated with various iterations using HFSS 

Software. The performance of the proposed antenna has been analyzed in terms of basic antenna 

parameters. 

The first design is a rectangular Sierpinski carpet fractal antenna. The simulation results 

obtained from the fourth iteration, the proposed antennas resonate with six different frequency 

levels in the range of 4.1 GHz, 4.7 GHz, 5.6 GHz, 6.1 GHz, 7.2 GHz, and 8.2 GHz. The second 

design is an H-shape Sierpinski carpet fractal antenna. The simulation results obtained from the 

third iteration, the proposed antennas resonate with seven different frequency levels in the range 

of 4.2 GHz, 5.1 GHz, 6.3 GHz, 7.1 GHz, 7.5 GHz, 7.7 GHz, and 8.0 GHz with having 75%  

antenna efficiency at 8.0 GHz. The third design is a modified (polygon) Sierpinski carpet fractal 

antenna. The simulation results obtained from the fourth iteration, the proposed antennas 

resonate with nine different frequency levels in the range of 4.1 GHz, 5.1 GHz, 5.4 GHz, 6.2 

GHz, 6.9 GHz, 8.2 GHz, 8.5 GHz, 8.8 GHz, and 9.8 GHz, and having 62% of an antenna 

efficiency with 981 MHz bandwidth at 8.8 GHz. The higher gain of 9.23 dB and directivity of 

11.30 dB obtained at 8.8 GHz for these designed antennas. The modified (polygon) Sierpinski 

carpet fractal antennas have been best performance than other designs. The modified (polygon) 

Sierpinski carpet fractal antenna also has better antenna performance as the operating 

(simulating) frequency ranges change from 10 GHz to 20 GHz. The simulation results obtained 

between 10 GHz to 20 GHz, the designed antennas resonate with seven different frequency 
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levels in the range of 10.4 GHz, 11.2 GHz, 12.5 GHz, 14.0 GHz, 15.4 GHz, 17.1 GHz, and 18.7 

GHz. This antenna has a higher gain of 12.6 dB and a bandwidth of 1.62 GHz at 18.7 GHz. The 

designed fractal antenna is suitable for many wireless applications such as RMM, LLWAS, 

LDRLC, UWB, and Satellite communication at 8.8 GHz operating frequency. Additionally, a 

modified (polygon) Sierpinski carpet fractal antenna applicable for Optical fiber 

communication, x-band GPS, GLONASS, fixed link, Cognitive radio, Microwave link, Radar 

or ASDE-3, Ku-band, and k-band point to point communication. 

5.2 Recommendations for Future Work 

To further improves the performance of fractal antenna a few recommendations of the future 

works suggested as follows: 

 The shape of the ground plane can be changed to T-shape, E-shape, U-shape, and other 

shapes to improve the performance of an antenna.  

 To design a fractal antenna uses feeding techniques like aperture coupling, coaxial 

feeding, and CPW rather than microstrip line feeding techniques. 

 Using different slots on the radiating patch increases the overall performance antenna.  

 Take some modification to the radiating patch of the last iteration rather than follow the 

procedure of the design then the overall performance of an antenna can be increased. 

 The use of an array antenna of fractal antennas to improve the directivity, gain, 

bandwidth, and efficiency up to a great extent.  

 Design antenna by making hybrid of different fractal geometries to improve performance 

of an antenna. 

 Using the different structures of configurations and dielectric substrate materials well as 

the combination of different substrates in one design of an antenna.  

 The simulation iteration could be extended up to higher order to design a small size of 

the fractal antenna. 

 Using the modified algorithm to improve the performance of an antenna rather than uses 

a random design. 
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