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Abstract 

In this project, a new design approach is presented for achieving a miniaturized dual-

band microstrip patch antenna (MPA) suitable to be used for 2.4 GHz WLAN band, and 5.5 

GHz WiMAX band. The first proposed antenna which is composed of a  semi-circular  radiating 

arm attached to  four identical smaller semicircular arms to form a comb structure loaded with 

a  horizontal rectangular stub with a 50-Ω transmission by feed  line printed on the top side of 

an FR4 substrate. A tapered partial ground plane is printed on the back side of the substrate. 

The second proposed design is composed of three interconnected 𝜔 −shaped arms feed with a 

50 Ohm microstrip line on the top side of the FR-4 substrate and a tapered ground plane in its 

back side. A CST Microwave Studio (CST MWS) is used to model the designed antennas, and 

simulation results, in terms of reflection coefficient (S11), realized peak gain, efficiency and 

radiation patterns. To validate the design concept, the antenna designs are fabricated, the 

simulated and measured S11 results are nearly coincide with each other. The semi-circular 

comb antenna is characterized by miniaturized size of 24 × 29.5 𝑚𝑚2, and measured 

bandwidths of 600 MHz (2–2.6 GHz) and 2.6 GHz (5.4–8 GHz). The second proposed 

structure, triple  𝜔 −shaped patch, is characterized by compact size of 22 × 32 𝑚𝑚2, and 

measured bandwidths of 800 MHz (2–2.8GHz) and band 2.4 GHz (4-6.4 GHz). 
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General Introduction 

The rapid increase in mobile users, subscriber demands, and various enabling 

technologies of next-generation mobile and wireless communication systems have triggered 

antenna researchers to develop various antenna types, such as microstrip antennas, which stand 

out as fundamental devices [1]. 

This applications such as Wireless Local Area Network (WLAN) and Worldwide 

Interoperability for Microwave Access (WiMAX ) are widely used. Each of these applications 

operates on different frequency bands so that the integration of dual-band antennas has become 

essential. 

The fractal antenna is one of microstrip antenna types that has attracted notice. It utilize 

complex geometric shapes that repeat at different scales. This unique design approach endows 

fractal antennas with several advantageous properties, including multi-band functionality, 

reduced size, and improved radiation patterns. These characteristics make fractal antennas 

highly suitable for integration into dual-band systems, where they can significantly enhance 

antenna parameters [2]. 

In this work two dual-band fractal antennas are designed, simulated and fabricated so 

that this report includes three main chapters organized as follows: 

 In Chapter 1, some of the basic notions of antennas in general besides special features 

of microstrip antennas, their privileges and applications, and an overview about the 

fractal antennas are presented. 

 In Chapter 2, the design and analysis of comb-shaped dual-band fractal antenna 

operating at the bands [2.3 GHz-2.82 GHz] and [4.94 GHz -7.3 GHz] is investigated. 

This structure has evolved from semicircular-shaped microstrip line to a comb-shaped 

fractal antenna loaded with a rectangular stub. At each stage a parametric study is 

carried out to observe the effect of each geometrical parameter on reflection coefficient. 

Current distribution and radiation pattern are also simulated and studied. Finally, the      

fractal comb antenna is fabricated and measured and a comparison between the 

simulated and the measured results is presented.  

 In Chapter 3, the design and analysis of a compact dual-band antenna with overall size 

of 32 x 22mm2 is presented. The dual band operation is achieved by connecting three 
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identical 𝝎-shaped radiating strips while the compact size is resulted from the fractal 

geometry. The proposed structure comprises three interconnected 𝝎-shaped radiating 

branches. The dimensions of the branches are varied to cover the desired operating 

frequency bands, 2.4/5.2/5.8 GHz WLAN bands and 5.5 GHz WiMax band and to 

achieve compact size. The simulated impedance bandwidths of the proposed structure 

extend 2.24 GHz to 2.76 GHz for the first band whereas the second operating band 

ranges from 4.05 GHz to 6.89 GHz, which covers largely the intended applications. The 

simulated radiation pattern at both resonant frequencies is omnidirectional in the H-

plane and dipole-like radiation in the E-plane. Finally, the proposed antenna is 

fabricated and tested to validate the used technical approach. A comparison between the 

simulated and measurement results is conducted and the results are in good agreement. 

A conclusion is presented at the end of the report. 
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1.1 Introduction 

Antennas are metallic structures that transmit and/or receive radio electromagnetic 

waves, converting radio frequency (RF) fields into alternating current or vice versa. With the 

advancement of wireless communication systems, Microstrip Patch Antennas (MPAs) are in 

great demand for both commercial and military applications. Multi-band and wideband 

antennas are desirable in personal communication systems, small satellite communication 

terminals, and other wireless applications. In this chapter, we will present the basics of 

microstrip patch antennas and an overview on fractal antennas. 

1.2 Microstrip Antennas 

Microstrip antennas are small antennas that consists of a conducting patch of any 

geometrical shape on one side of a dielectric substrate with relative dielectric constants typically 

ranging from 2.2 to 12, with a ground plane on the other side, as shown in Figure 1.1. 

 

Figure 1.1 Basic structure of MPA [3] 

1.3 Feeding Techniques 

Microstrip antennas can be fed through various methods, which can be categorized into 

two main groups: contacting and non-contacting. In the contacting approach, RF power is 

directly supplied to the radiating patch through a connecting strip such as a microstrip line. 

Conversely, in the non-contacting method, power transfer between the microstrip line and the 

radiating patch is accomplished through electromagnetic field coupling. The choice of feeding 

technique is determined by the efficiency of power transfer among the radiation structure, 

feeding structure, and their impedance matching [4]. 

1 Generalities  on  Microstrip  Antennas  
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 Microstrip Line Feed  

In this technique, a conducting strip is connecting the patch to its feed line as shown 

in Figure 1.2 and the feed can be etched on the same substrate to provide a planar structure. 

However, as the thickness of the dielectric substrate being used, increases, surface waves 

and spurious feed radiation also increases, which hampers the bandwidth of the antenna. 

The feed radiation also leads to undesired cross polarized radiation [4]. This method of 

feeding is very widely used because it is very simple to design and analyze, and very easy 

to manufacture. 

 

Figure 1.2 Microstrip line feed for rectangular patch [5]. 

 Coaxial Feed 

The coaxial feed, or probe feed, is a very common technique used for feeding microstrip 

patch antennas. In this method, the inner conductor of the coaxial cable is attached to the 

radiating patch, while the outer conductor is connected to the ground plane, as illustrated in 

Figure 1.3. This technique has low spurious radiation and is easy to fabricate and match. 

However, it has a narrow bandwidth and it is difficult to model especially for thick substrates. 

         

Figure 1.3 Coaxial feed [6]. 
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 Proximity Feed 

This feeding technique is also known as electromagnetic coupling. Proximity coupling 

involves using two substrate. The patch is placed on the top, with the ground plane at the 

bottom, and a microstrip line connected to the power source lies between the two substrates, as 

shown in Figure 1.4. The main advantage of this feeding technique is that it eliminates spurious 

feed radiation and provides a very high bandwidth due to the overall increase in the thickness 

of the MPA [4]. 

                   

Figure 1.4 Proximity coupling [6]. 

 Aperture Feed 

In this technique, the radiating patch and the microstrip feed line are separated by 

the ground plane ,as shown in Figure 1.5. Coupling between the patch and the feed line is 

made through a slot or an aperture in the ground plane [7]. This type of coupling gives wider 

bandwidth[5]. 

 

Figure 1.5 Aperture coupling [6]. 
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1.4 Methods of Analysis 

 Transmission Line Model 

Transmission Line Modelling states that the patch is considered as a transmission line 

with radiations along the length only with no consideration of the orthogonal direction of the 

propagation, and it result from the fringing fields at the patch extremities [8]. It is considered 

the simplest model but the least efficient one and the non-suitable for coupling feeds. 

 Cavity Model  

Cavity model is more accurate and complex way compared to the previous one where 

the region between the patch and the ground plane is treated as a cavity, which is surrounded 

by the electric walls on the top and the bottom surface and the magnetic walls on the periphery. 

As the substrate used is thin as compared to wavelength inside the dielectric medium, the fields 

inside the cavity remain uniform along the thickness of the substrate while the equivalent 

magnetic current around the periphery computes the far fields and the radiation [8]. 

1.5 Basic Antenna Parameters 

To more explain microstrip antenna performance, basic antenna parameters are listed in 

the following sections. 

 Input Impedance 

The input impedance is the ratio of the voltage to current at the pair of the input antenna 

terminals, or the ratio of the appropriate components of the electric to magnetic fields at a 

certain point. It is represented as follows: 

𝑍𝑖𝑛 = 𝑅𝑖𝑛 + 𝑗𝑋𝑖𝑛 1-1) 

Where 𝑅𝑖𝑛 is the real part (resistance) of the input impedance, and 𝑋𝑖𝑛 is the 

imaginary part (reactance). 

 Impedance Bandwidth 

The impedance bandwidth is the frequency range for which the antenna is well matched 

to its feed. The impedance bandwidth can be measured by the characterization of the voltage 

standing wave ratio (VSWR) at the frequency band of interest. VSWR is a measure of 

impedance matching and how efficiently RF power is transmitted from a power source into a 

load through a transmission line, its practical value must not exceed 1.3 and the ideal case is 
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when 𝑉𝑆𝑊𝑅 =1. The higher VSWR, the greater is the mismatch between the antenna and the 

feeding system, and is defined as: 

𝑉𝑆𝑊𝑅 =
1 + |𝛤|

1 − |𝛤|
 1-2) 

Where 𝛤 is the reflection coefficient  at the terminals of the antenna and it is defined by: 

𝛤 =
𝑍𝑖𝑛 − 𝑍0

𝑍𝑖𝑛 + 𝑍0
 1-3) 

Where 𝑍0 is the characteristic impedance of the transmission (feed) line 

The BW is usually determined from the graph of the reflection coefficient by the 

intersecting the -10 dB level or line with the S11 graph as illustrated in Figure 1.6 bellow. 

 

Figure 1.6  Bandwidth from a graph of reflection coefficient. 

The expression used to calculate the bandwidth is:  

𝐵𝑊 = 𝑓𝐻 − 𝑓𝐿 1-4) 

Where 𝑓𝐻 is the high cut-off frequency and 𝑓𝐿 is the low one.  

 Directivity 

The directivity of an antenna is a measure of how much the power emitted is 

concentrated in a given direction. The directivity of the antenna is always taken with respect to 

a known antenna, which is usually an isotropic radiator. On rare occasions, sometimes a half-
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wavelength dipole is used as a reference. Mathematically, the directivity of an antenna is 

defined as: 

              D =
𝑈(𝛳,𝜙)

𝑈0(𝛳,𝜙)
 = 

4𝜋𝑈(𝛳,𝜙)

𝑃𝑟𝑎𝑑
  1-4) 

Where:  

U(𝛳, 𝜙): radiation intensity (W/unit solid angle). 

𝑈0(𝛳, 𝜙):  radiation intensity of an isotropic source (W/unit solid angle). 

𝑃𝑟𝑎𝑑:  total radiated power (W) 

If the direction is not indicated, the maximum radiation direction is considered which 

implies the maximum directivity and equation 1.5 becomes:  

              D= 
4𝜋𝑈𝑚𝑎𝑥

𝑃𝑟𝑎𝑑
  1-6) 

 Gain 

The gain is a parameter that is unique for each type of antenna and it is closely related 

to the directivity but it also takes into account the efficiency of the antenna that will be defined 

in the next section. the gain is the ratio of the radiation intensity in a certain direction to that 

resulted from an isotropic antenna radiation of the input power. Transforming this into 

equation would give [9]: 

        𝐺(𝛳, 𝜙)=
4𝜋𝑈(𝛳,𝜙)

𝑃𝑖𝑛
 1-7) 

Where: 

             𝐺(𝛳, 𝜙) is the gain. 

             𝑃𝑖𝑛 is the total input power  

 Efficiency 

The total antenna efficiency 𝑒0 is used to take into account losses at the input terminals 

and within the structure of the antenna. Such losses may be due to reflections because of the 

mismatch between the transmission line and the antenna, and 𝐼2𝑅 losses (conduction and 

dielectric) [9], with equation given below  
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Where:  

er: reflection (mismatch) efficiency. 

ec: conduction efficiency. 

ed: dielectric efficiency. 

The conduction and dielectric losses of an antenna are very difficult to compute and in 

most cases they are measured. Even with measurements, they are difficult to separate and they 

are usually lumped together to form the 𝑒𝑐𝑑 efficiency as shown in   

     𝑒𝑐𝑑 = eced 1-9) 

 Radiation Pattern 

A radiation pattern is a graphical representation of an antenna’s radiation parameters as 

a function of spatial coordinates [9]. That is, the design of the antenna determines how the 

antenna radiates or receives energy into space. As it radiates in space, the radiation pattern is 

three-dimensional, and it is frequently expressed utilizing the principle plane patterns, which 

can be formed by cutting two slices across the 3D pattern at the pattern’s highest value or by 

direct measurement. These basic plane designs are known as antenna patterns. The pattern are 

composed of lobes, a major lobe, side lobes, minor lobe and back lobe as shown in Figure 1.7. 

 Beamwidth 

  The beamwidth is defined as the angular separation between two identical points 

on opposite side of the pattern maximum as shown in Figure 1.7. Mainly two types of 

beamwidths exist which are: 

Half Power Beam Width (HPBW) is defined by IEEE as: “in a plane containing the 

direction of the maximum of a beam, the angle between the two directions in which the radiation 

intensity is one-half the maximum value of the beam” [4]. 

First Null Beam Width (FNBW) is defined as the angular separation between the first 

null of the radiation pattern. 

𝑒0 =  ereced 1-8) 



Chapter one: Generalities on Microstrip Antennas 

8 

 

 

Figure 1.7 Antenna pattern’s beamwidths and lobs [2]. 

 

 Polarization 

Polarization is the curve traced by the end point of the arrow (vector) representing the 

instantaneous electric field. The field must be observed along the direction of propagation [11]. 

There are three type of polarization , this types are illustrated in Figure 1.8. 

 

Figure 1.8  Linear, Circular and Elliptical polarizations 

 Linear polarization  

To say that an antenna is linearly polarized, the electric field (or magnetic field ) vector 

must be constantly orients along the same straight line at every moment of time. 
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So the necessary and sufficient conditions to accomplish this is that the field must 

have two orthogonal linear components that must have the same magnitude, and same time-

phase.   

 Circular polarization  

It is used to define a radio wave that rotates at a constant rate as the signal propagates 

while maintaining a constant magnitude. It has two types depending on the direction of 

rotation of the wave:  

 Right-Hand Circular Polarization (RHCP): when it is rotating to the right.  

 Left-Hand Circular Polarization (LHCP): when it is rotating to the left. 

 Elliptical polarization  

When the antenna is neither linearly nor circularly polarized, it is said to be of an 

elliptical polarization. It refers to an electric field that propagates in an elliptical helix. There 

can also be right-hand or left-hand elliptical polarization depending on the direction that the 

wave is propagating. In elliptical polarization, the two components of the field are not equal 

and they can differ in phase.  

There are also terms co-polarization and cross-polarization are frequently used to 

describe the polarization purity of the linearly polarization antennas. Co-polar indicates the 

electric field component parallel to the polarization line, whereas, the cross-polar is the 

component perpendicular to it.  

1.6 Antenna Advantages and Disadvantages 

Microstrip antennas are often the preferred choice in many modern applications. 

However, their widespread use does not suggest they are devoid of drawbacks. The Table 1.1 

will delineate both the advantages and disadvantages of these antennas. 
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Table 1.1 The advantages and disadvantages 

Advantages Disadvantages 

Low profile Low gain 

Low weight Low efficiency 

Capable of dual and triple frequency 

operation 

Narrow frequency bandwidth  

Linear and circulation polarization Excitation of surface waves 

Feed lines and matching network can be 

fabricated simultaneously 

Complex feed structures require high 

performance arrays 

 

1.7 Microstrip Antennas Applications  

The utilization of microstrip antennas is expanding across various fields and industries, 

particularly in commercial domains, owing to their cost-effectiveness in terms of substrate 

materials and fabrication. Some of their applications include: 

 • Worldwide Interoperability for Microwave Access (WiMax). 

 • Wireless local area network (LAN). 

• Radar application. 

 • Satellite communication system. 

 • Direct broadcast television. 

• Feed Elements in coaxial system. 

 • Global Positioning Systems (GPS). 

 • UHF patch antenna for space. 

 • Radio frequency identification (RFID). 

• Telemedicine application. 
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1.8 Fractal Antennas  

 History  

The word "fractal" comes from the Latin "fractus" which means "broken"[12]. In effect, 

a fractal is a geometric object "infinitely fragmented" whose details are observed to any chosen 

level. Although a number of fractal forms already known, the discovery of fractals is assigned 

to a French polytechnic, Benoit Mandelbrot (1924, 2010)[12]. His early research dating back 

to 1964 when he uses the term self-similar in a study conducted at international business 

machines corporation (IBM). But in 1975 he exhibited his work and gives the name "fractal" in 

his book "Les objects fractals" [12].  The original inspiration for the development of fractal 

geometry came largely from an in-depth study of the patterns of nature as seen in Figure 1.9 

that represent an example which is plants in nature[12]. 

 
Figure 1.9 Fractals used to represnt plants in nature [9]. 

 Definition  

In general, a fractal is an object that starts with a simple geometry and makes a given 

number of scaled duplicates of the initial object at each iteration [13]. The geometry shown in 

Figure 1.10 is a fractal tree that is self-similar. The method used to create trees here begins with 

a trunk and allows one of its ends to branch off in two directions. Each of these branches is 

permitted to branch out again in the following iteration stage, and the process is repeated 

indefinitely. 
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Figure 1.10 Various fractal binary tree iterations [13]. 

 Properties 

The fractal geometries are featuring two expected common properties, which are self-

similarity and space filling properties. Both of these properties turn out to be a reason why 

fractals come out as an attractive way in designing antennas. Self-similarity properties 

interpreted as antenna which holds the duplication of itself at several scales and able to operate 

in similar way at several wavelength. This property allowing the wider band and reveal the 

multiband frequencies produced. The other one is space filling properties interpreted as 

reduction in antenna size which allow the antenna is fabricated smaller than elementary shape 

and attains the small surrounding space [11]. 

1.9 Conclusion  

The principles of microstrip antennas were explained in this first chapter, along with a 

summary of fractal antennas. These concepts will be applied to the design of a comb-shaped 

dual-band fractal antenna with a stub loading in the second chapter. 
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2.1 Introduction 

This chapter presents a fractal dual-band antenna. The proposed structure is intended to 

operate in two bands, covering the 2.4 GHz WLAN and 5.5 GHz WiMAX bands.  

CST Microwave Studio (CST MWS) is used to design the antenna and investigate the 

effect of its geometrical parameters. 

2.2 Design Steps 

In the process of reaching the final design and obtaining the desired results, the design of 

the patch went through different stages. The antenna structures are  printed on an FR-4 substrate 

with a relative permittivity of 𝜖𝑟 = 4.3, a thickness of ℎ = 1.6 mm, and a loss tangent of 0.025. 

The antennas are fed by a 50Ω −transmission line. 

The following sections provide a step-by-step procedure, beginning with a semicircular 

antenna with specific dimensions, leading to the final structure of a fractal antenna loaded with 

a rectangular stub. 

2.3 Semicircular-Shaped Microstrip Antenna 

 The proposed structure named ‘Antenna 0’ comprises of a semicircular radiating 

element with radius 𝑆1 attached to a 50Ω transmission line with width wf and length Lf  printed 

in the front side of the FR-4 substrate. In the back side of the substrate a tapered ground plane 

with larger width of w, smaller width of wg1  and length wg as can be seen in Figure 2.1. The 

dimensions of the proposed design are summarized in Table 2. 

 

                                  (a)                                                                            (b) 

Figure 2.1 the geometry of Antenna 0  (a)Front view (b)Bottom view 

2 Design of  a Comb-shaped Dual–Band Fractal Antenna 
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Table 2.1 The dimensions of the Antenna 0 

Parameter  S1 t Lg Lf wf Lg1 wg1 L W 

Value (mm) 11 0.7 8 10.7 3 1 5 29.5 24 

 

 Simulated Reflection Coefficient   

The simulated antenna reflection coefficient for the Antenna 0 is presented in Figure 

2.2. It can be noticed that this proposed design operates in two frequency bands. The first 

operating band extends from 2.47 GHz to 3.09 GHz centered at 2.75 GHz with a reflection 

coefficient level of -21.95 dB while the second band extends from 7.92 GHz to 8 GHz with 

reflection coefficient level of -29 dB. 

 

Figure 2.2 The reflection coefficient for Antenna 0 

 Parametric Study 

To further investigate the proposed antenna performance, a parametric study is carried 

out and discussed. 

 Effect of varying the semicircular radius S1 

Figure 2.3 illustrates the simulated reflection coefficient results when the radius S1 is 

varied from 10 mm to 12 mm with a step of 1 mm. It is evident that as the value of S1 increases, 

the two frequency bands shift towards the lower frequency side.  The considered value of S1 is  

11 mm since it gives best impedance matching for both operating band 
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Figure 2.3  The effect of varying the radius S1 on the  S1 

2.4 First-Fractal Antenna Structure  

To cover the 2.4 GHz WLAN and 5.5 GHz WiMAX bands, additional radiating 

elements need to be attached to the semicircular-shaped structure. As discussed in the fractal 

antenna section of the first chapter, the addition of scaled duplicates of the initial object can 

create additional bands. Therefore, two small semicircular-shaped arms with radius S2 are 

attached to the inner ends of the main semicircular branch and hence derive ‘Antenna 1’ as 

depicted in Figure 2.4. It is worth to mention that all the remained components and dimensions 

of the Antenna 1 are kept unchanged as compared Antenna 0. 

 

Figure 2.4 The geometry configuration of Antenna 1 
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 Parametric Study 

 Effect of varying the semicircular radius S2 

Figure 2.5 illustrates the simulated reflection coefficient results when the radius S2 

increases. It can be concluded from the results that the second operating frequency band 

decreases rapidly while the first frequency band is slightly shifted towards lower frequencies. 

The maximum value of  S2 before overlapping of the antenna elements is 5.5 mm. It can be 

seen from the figure that the two intended bands are not achieved even for maximum value of 

S1. For this raison a second fractal stage need to be considered.  

 

Figure 2.5 The effect of varying the radius S2 on the S11 

2.5 Second-Stage Fractal Antenna Structure  

With increasing the antenna dimensions, two additional semicircular branches, with 

radius S2 are attached to the inner ends of the radiating element of Antenna 1 to construct 

Antenna 2 as depicted in Figure 2.6. 
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Figure 2.6 The geometry configuration of Antenna 2 

 Simulated Reflection Coefficient 

Figure 2.7 shows the simulated reflection coefficient for Antenna 2. It can be observed 

that the second operating band extends from 5.3 GHz to 5.92 GHz, with a resonance at 5.51 

GHz and a reflection coefficient level of -17.76 dB. The first band extends from 2.2 GHz to 2.6 

GHz, with a resonance at 2.38 GHz and a reflection coefficient level of -15.84 dB. 

 

Figure 2.7  The reflection coefficient for Antenna 2 
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 Parametric Study 

 Effect of radius of the semicircular-shaped branches S2 

The simulated results for S11 for different values of S2 are given in Figure 2.8. The 

results demonstrate that increasing S2 shifts the second band towards lower frequencies with 

decreased matching. The first band experiences a very small shift towards lower frequencies as 

well. It is observed that resonant frequency of the second band is centered at 5.5 GHz when S2 

is 3 mm, which is the maximum value before overlap occurs between the small semicircles. 

 

Figure 2.8  The effect of varying the radius S2 on the S11 

 Effect of varying the thickness th 
The simulated results for S11 for different values of th are  presented in Figure 2.9.It 

can be seen that a thickness of 0.7 mm is the optimal choice since  the best first and second  

resonant frequencies are centered at 2.45GHz and 5.5 GHz respectively. This thickness slightly 

affects the second band and almost no effect on the first band. Consequently, th allows a fine 

tune of the second resonant frequency.  
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Figure 2.9 The effect of varying the thickness th on the S11 

 Effect of varying Lg1  

The simulation results of the effect of varying Lg1 on S11 are given  Figure 2.10. It can 

be noted that changing the Lg1 value does not cause a shift for the two bands. However, 

increasing the value Lg1 affect negatively the matching of the two operating bands. For the 

considered values of Lg1, best result in terms of impedance matching for both bands, are 

achieved for Lg1 equals 1 mm. 

 

Figure 2.10 The effect of varying the length Lg1 on the S11 
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 Effect of varying the wg1  

Figure 2.11 presents the simulation results for S11 for different values of Lg1. It can be 

noted that increasing wg1 results in good matching with slightly larger bandwidth for the second 

band. Therefore, wg1 controls the matching of the second band. The considered value for wg1 

is 5 mm. 

 

Figure 2.11 The effect of varying  wg1 on the S11 

2.6 Fractal Antenna Loaded with Stub 

To further enhance the matching of the two operating bands and improve operating 

frequency bandwidths a rectangular stub is attached to the base of the radiating element of 

Antenna 2 and resulted structure, depicted in Figure 2.12 namely Antenna 3 . 

 

Figure 2.12 the geometry configuration of Antenna 3 
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 Simulated Reflection Coefficient 

Figure 2.13 shows the simulated reflection coefficient for Antenna 3. It can be observed 

the first operating band rages from 2.3 GHz to 2.82 GHz, with resonant frequency centered at 

2.53 GHz and a reflection coefficient level of -20.23 dB. While, the second band extends from 

4.94 GHz to 7.3 GHz, with a resonance frequency at 5.41 GHz and a reflection coefficient level 

of -37.34dB.  

 

Figure 2.13 The  reflection coefficient for Antenna 3 with w1 =3mm, L1=7.5mm 

 

Since, in this part, the rectangular stub is the main change in design process, its two 

parameters W1 and L1 are selected to perform the sensitivity study. 

 Effect of varying the stub width w1 

Figure 2.14 presents the S11 simulated results for various stub width w1. It can be  

observed that changes in w1 have almost no effect on the first band. However, by increasing 

w1 the second bandwidth is significantly improved. Further reduction results a decreasing in 

bandwidth. Therefore, the considered  value for w1 is 7.5 mm.   
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Figure 2.14 The effect of varying the width w1 on the S11  

 

 Effect of varying the stub length L1 

The effects of parameter L1 on the input impedance are simulated and shown in Figure 

2.15. The results show that the stub length L1 mainly influences the matching of both operating 

bands. It is observed that a large bandwidth with good matching and resonant frequency 

centered at 5.5 GHz are obtained when L1=3 mm. 

 

Figure 2.15 The effect of varying the length L1 on the S11 
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2.7 Comparison between Different Stages 

The evolution stages of the proposed antenna are performed in four different steps, as 

illustrated in Figure 2.16. The first stage involves the use of a semicircular radiating element to 

create the 2.4GHz WLAN band. In the second stage, a smaller additional radiating elements 

need to be attached to the semicircular-shaped structure in order to cover the second band 

operating in the 5.5 GHz WiMAX band. However, the resulting design needs third stage of 

semicircular radiating element to reach the desired frequency. Moreover, the resulting design 

exhibits weaknesses in terms of bandwidth. To address this, the fourth stage introduces the 

addition of a stub to improve performance. The simulated reflection coefficient versus 

frequency for the proposed antenna for the four stages are shown in Figure 2.17. 

 

Figure 2.16 Antenna evolution (a Antenna 0 (b )Antenna 1 (c) Antenna 2 (d) Antenna 

3   

 

Figure 2.17 Simulated S11 for (a)Antenna 0 (b)Antenna 1 (c)Antenna 2 (d) Antenna 3 
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2.8 Simulation Results 

 Current Distribution   

The simulated surface current distribution of the proposed fractal antenna at 2.53 and 

5.41 GHz resonant frequencies are displayed in Figure 2.18 and Figure 2.19 respectively. It can 

be observed that, for the first resonant frequency, the current is mostly concentrated on the 

feedline, the outer semicircular branches and stub. Moreover, the inner semicircular arms have 

slight effect since the current there tends towards zero. However, for the second resonant 

frequency, it can be noticed that high concentration of current is recorded of the whole structure. 

 

 

 

Figure 2.18 Simulated current distribution on the antenna at 2.53GHz 

 

Figure 2.19 Simulated current distribution on the antenna at 5.41GHz 
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 The 2D Radiation Patterns  

Simulated radiation patterns in the E-and H-plane of the proposed antenna at frequencies 

2.53 and 5.41 GHz are illustrated in Figure 2.20 and 2.21 respectively. At both resonant 

frequencies, the antenna has an omnidirectional pattern in the H-plane and a dipole-like 

radiation in the E-plane. 

                 

(a)                                                                       (b) 

Figure 2.20 2D Radiation patterns at 2.53GHz a) E-plane b) H-plane 

 

                                                    

 

 

 

 

 

 

 

(a)                                                          (b) 

Figure 2.21 2D Radiation pattern at 5.41GHz a) E-plane b) H-plane 
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 The 3D Radiation Patterns 

Figure 2.22 and Figure 2.23 shows the simulated 3D radiation patterns of Antenna 3 at 

2.53 GHz and 5.41 GHz respectively. At the low resonant frequency, the antenna exhibits with 

a peak gain of 1.37 dBi. While at high resonant frequency the antenna exhibit with maximum 

gain of 0.75 dBi. 

 

 

Figure 2.22 3D Radiation pattern at 2.53GHz 

 

 

   

Figure 2.23 3D Radiation pattern at 5.41GHz 
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2.9 Experimental Results  

 Realization of the Second Proposed Dual-Band Fractal Antenna 

The proposed antenna is fabricated and tested. The reflection coefficient is measured 

using the Vector Network Analyzer (VNA) scanning the range of frequencies from 100 MHz 

to 20 GHz available at the Institute IGEE. The photograph of the top and bottom views of the 

realized antenna is shown in Figure 2.24.  

 

Figure 2.24 Fabricated proposed antenna (a) top view and (b) bottom view. 

 

 Comparison between the Simulated and Measured S11 

Comparing the graphs of the measured and simulated reflection coefficients in dB 

appearing in Figure 2.25. It is deduced that the results indicate an overall agreement. It can be 

seen that, the measured lower frequency band extends from 2 GHz to 2.6 GHz with resonant 

frequency centered at 2.4 GHz, which cover widely the 2.4 WLAN application.  Moreover, the 

measured impedance bandwidth of the second band extends from 5.4 GHz to the band 8 GHz 

with a resonant frequency centered at 6 GHz which also covers the 5.5GHz WiMAX and 

5.6/5.8GHz WLAN applications 

The difference between the measured and simulated results mainly due to  the 

manufacturing tolerances and precision, the non-exact value of the thickness and the dielectric 

substrate relative permittivity and the SMA connector quality. 
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Figure 2.25 Simulated and measured reflection coefficient in dB versus frequency. 

 

2.10 Conclusion 

In this chapter, a fractal dual-band antenna has been designed to cover the 2.4 GHz 

WLAN and 5.5 GHz WiMAX operating bands. A stepwise procedure and parametric studies 

of the most important parameters have been conducted to achieve the optimal design. The 

resulting design covers a wide range of frequencies, including the 2.4/5.6/5.8 GHz WLAN 

bands and 5.5GHz WiMAX band, as well as the 5.9 GHz to 7.1 GHz range used for 5G 

applications in USA [14]. The proposed antenna is simulated, fabricated and measured. In the 

next chapter, another approach to design dual-band fractal antenna will be presented. 
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3.1 Introduction 

In the previous chapter, we presented a fractal dual-band antenna that is intended to 

operate in two bands, covering the 2.4 GHz WLAN and 5.5 GHz WiMAX operating bands. In 

this chapter, another approach is used to design a dual-band antenna based on 𝜔-shaped 

radiating arms. 

The following sections provide a step-by-step procedure, beginning with a 𝜔-shaped 

antenna with specific dimensions, leading to a second stage fractal antenna based on  𝜔-shaped 

branches. 

3.2 𝝎-shaped Microstrip Antenna 

The proposed structure named ‘Ant 0’ comprises of a 𝜔-shaped  radiating element with 

radius S1 of each semicircular arm attached to a 50Ω transmission line with width wf and length 

Lf  printed in the front side of the FR-4 substrate. In the back side of the substrate there is a 

tapered ground plane with larger width of  w, smaller width of wg  and length Lg as can be seen 

in Figure 3.1. The dimensions of the proposed design are summarized in Table 3.1. 

 

(a)                                                                                  (b) 

Figure 3.1 Geometrical configuration of  Ant 0 (a) Front view (b)bottom view

3 Design of a Fractal Antenna Based on 𝝎-Shaped 

Strip Line 
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Table 3.1 The Dimensions of the Proposed 𝜔-shaped Antenna. 

Parameter  S1 th wf wg Lg Lf L W 

Value (mm) 5 1.5 3 13 13 15.5 32 22 

 

 Simulated Reflection Coefficient   

The simulated reflection coefficient is presented in Figure 3.2. It can be noticed that the 

antenna operates in a wide frequency band ranging from 3.15 GHz to 6.21 GHz. Notably, the 

antenna demonstrates two resonant frequencies at 3.66 GHz and 5.3 GHz with a reflection 

coefficient level of -14.18dB and -23.037dB, respectively. 

 

Figure 3.2 The reflection coefficient for Ant 0 

3.3 Fractal Antenna Based on Dual 𝝎-shaped Radiating Element 

In the aim of covering the 2.4 GHz WLAN, another ω-shaped arm is attached to Ant 0 

to design Ant 1, as depicted in Figure 3.3. It is worth to mention that all the antenna dimensions 

are kept constant as in Ant 0. 
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Figure 3.3 𝐺𝑒𝑚𝑒𝑡𝑟𝑦 𝑐𝑜𝑛𝑓𝑖𝑔𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝐴𝑛𝑡 1 

 Simulated Reflection Coefficient 

The simulated reflection coefficient for Ant 1 is presented in Figure 3.4. It can be clearly 

seen that the structure operate in two large bands. The first operating band ranges from 2.54 

GHz to 3.25 GHz with resonance frequency centered at 2.83 GHz and a S11 level of -22.07 dB. 

However, the second band extends from 4.08 GHz to 6.7 GHz with a resonance frequency of 

5.54 GHz and a S11 level of -51.21 dB. In can be concluded that Ant 1 do not cover the 

requested band.  

 

Figure 3.4 The reflection coefficient for Ant 1 for S2= 5 mm and L1= 4.5 mm 

 Effect of varying raduis S2  

In the aim of covering the 2.4 GHz WLAN band, the radius of the semicircular arms are 

varied. Figure 3.5 shows the simulation results with different values of S2. It can be concluded 
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that by increasing S2, the first frequency band moves toward lower frequencies. As for the 

second band, the lower cut off frequency decreases leading to wider operating frequency band. 

The value S2=5 mm is chosen since it is the largest value before the overlapping of the structure 

branches. 

 

Figure 3.5  The effect of varying the radius S2 on the S11 

3.4 Fractal Antenna Based on Triple 𝝎-Shaped Radiating Element 

Since the previous modifications on the antenna structure are not able to bring down the 

first operating band so that its covers the 2.4 GHz WLAN, a third ω-shaped branch is attached 

to Ant 1 to design Ant 2, as shown in Figure 3.6.  

 

Figure 3.6 𝐺𝑒𝑚𝑒𝑡𝑟𝑦 𝑐𝑜𝑛𝑓𝑖𝑔𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝐴𝑛𝑡 2 
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 Simulated Reflection Coefficient 

The simulated reflection coefficient for Ant 2 is shown in Figure 3.7. It is clearly seen 

that 2.4 GHz WLAN band is largely covered. Furthmore, the second band operating band 

extends from 4.05 GHz to 6.89 GHz and hence covering the 5.5 WiMAX and 5.2 /5.6/5.8 GHz 

WLAN applications and the 5.9 GHz to 6.4 GHz range used for 5G applications [14]. 

 

Figure 3.7 The reflection coefficient for Ant 2 for S3= 5 mm and L2= 4.5 mm 

 Effect of varying S3 

The effects of parameter S3 on the input impedance are simulated and shown in Figure 

3.8. The results shows that the increasing of S3 shifts the first frequency band toward lower 

frequencies with an increase in the bandwidth of the second frequency band. The value S3=5 

mm is chosen since it is achieving the 2.45 GHz frequency. 
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Figure 3.8 The effect of varying the radius S3 on the S11 

 Effect of varying the L2 

By increasing L2 there will be a small shift in the first frequency band toward lower 

frequencies without affecting the second band as shown in Figure 3.9. However, the smallest 

value, L2=4.5 mm, is chosen since it reaches the 2.45GHz. 

 

 

Figure 3.9 The effect of varying the L2 on the S11 

 Effect of varying Lf 

Figure 3.10 displays the effect of varying the feedline length Lf on the S11response. As 

Lf increases from 13mm to 15 mm with step of 1 mm, the matching of the both bands is affected 
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and lead to reducing operating frequency bands. Therefore, Lf=14 mm provides optimum 

results which meet the applications requirements. 

 

Figure 3.10 The effect of varying  Lf on the S11 

 Effect of varying the arms thickness th 

The simulated reflection coefficient for different values of th are depicted in Figure 3.11. 

It is clear from the simulation results that a significant effect on the second band and slight 

changes in the first band. Good impedance matching with closest resonant frequencies to the 

required resonant frequencies (2.45 GHz and 5.5 GHz) is achieved when th = 1.5 mm. 

 

Figure 3.11 The effect of varying  th on the S11 
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3.5 Comparison between Different Stages  
The evolution stages of the proposed antenna are performed in three different steps, as 

illustrated in Figure 3.12. The first stage involves the use of a 𝜔-shaped that has a wide band 

including the 5.5GHz WiMAX band.  In the second stage, fractal antenna based on dual 𝛚-

shaped radiating element is added to cover the 2.4 GHz WLAN band. However, the resulting 

design is not reaching the desired band. To address this, the third stage introduces fractal 

antenna based on triple 𝛚-shaped radiating element. The simulated reflection coefficient versus 

frequency for the proposed antenna for the three stages are shown in Figure 3.13. 

 

                      (a)                                 (b)                              (c)    

Figure 3.12 the design evolution (a) Ant 0 (b) Ant 1 (c) Ant 2 

 

 

Figure 3.13 The reflection coefficient for Ant 0, Ant 1 and Ant 2 
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3.6 Simulation Results 

 The Current Distribution 

The simulated surface current distribution of the proposed fractal antenna at 2.47 and 

5.52 GHz resonant frequencies are displayed in Figure 3.14 and Figure 3.15 respectively. It can 

be observed that, at the first resonant frequency, the current is mostly concentrated on the 

feedline and on the third 𝜔-Shaped arm. Moreover, it is almost zero at the end of the first and 

the second arms. However, at the second resonant frequency, it can be noticed that high 

concentration of current is recorded on the feedline and on the bottom arms of the antenna 

radiating patch.  

 

Figure 3.14 Simulated surface current on Ant2 at 2.47 GHz  

 

 

Figure 3.15 Simulated surface current on Ant 2  at 5.52 GHz 
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 The  2D Radiation Patterns 

The simulated E-and H-plane of the proposed antenna at frequencies 2.47 and 5.52 GHz 

are illustrated in Figure 3.16 and 3.17 respectively. At both resonant frequencies, the antenna 

shows an omnidirectional pattern in the H-plane and a dipole-like radiation in the E-plane. 

    
 

 

      

(a)  (b)  

Figure 3.16 The 2D radiation patterns at 2.47 GHz a) E-plane b) H-plane 

 

 

 

 

(a)  (b)  

Figure 3.17 The 2D radiation patterns at 5.52 GHz a) E-plane b) H-plane 

 The 3D Radiation Patterns 

Figure 3.18 and Figure 3.19 shows the simulated 3D radiation patterns of Ant 2 at 2.47 

GHz and 5.52 GHz respectively. At the low resonant frequency, the antenna exhibits a peak 

gain of 1.484dBi. While at high resonant frequency, the antenna exhibits a maximum gain of 

2.3dBi 
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Figure 3.18 The 3D radiation patterns at 2.47GHz 

 

 

Figure 3.19 The 3D radiation patterns at 5.52GHz 

3.7 Experimental Results  

 Realization of The Second Proposed Antenna 

Using the optimized parameters given in the previous section, the propped antenna is 

fabricated and tested. The photograph of the prototyped structure is shown in Figure 3.20.  
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Figure 3.20 Fabricated proposed antenna (a) top view and (b) bottom view. 

 Comparison between The Simulated and Measured S11 

The simulated and measured S11 are depicted in Figure 3.21. It can be seen that both 

results agree closely with each other. The measured results show that the proposed antenna has 

10-dB impedance bandwidth of 800 MHz (2–2.8 GHz) and 2.4 GHz (4–6.4 GHz). The slight 

difference seen between the simulated and the measured results is basically due to the 

manufacturing tolerances, the uncertainty of the thickness and dielectric relative constant of the 

substrate, the quality of the SMA connector, and to the imperfect experimental environment.  

 

Figure 3.21 Simulated and measured reflection coefficient  versus frequency 
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3.8 Comparison between the Two Proposed Antennas and Related 

Works  

To see how well the proposed fractal dual band antennas are, a comparison is established 

between them with other works. 

Table 3.2 Comparison between the proposed antennas and related works  

 

Size (𝒎𝒎𝟑) 
Operating 

bands (GHz) 

S11 level 

(dB) 

Bandwidth  

percentage (%) 

Maximum 

Gain 

(dBi) 

[15]  
75× 75× 1.6 

[2.4 - 2.53] 2.45  

[5.05 -5.81] 5.3 

-18.3  

-23.2 

9.38 

23.7 

7.65  

7.24 

[16]  
20 × 40 × 1.6 

[2.37 - 2.41] 2.4 

 [5.72 - 5.88] 5.8 

-16.1  

-12.1 

1.66  

2.2 

0.4 

-1.6 

The first 

antenna  

24×29.5×1.6 [2.3 - 2.82] 2.53 

 [4.94 -7.3] 5.41 

-20.23 

-37.34 

20.31 

38.56 

1.37 

0.75 

The 

second 

antenna 

22×32×1.6 [2.24- 2.76] 2.47  

[4.05 -6.89] 5.52  

-36.91 

-48.05 

20.8 

51.92 

1.484 

2.302 

 

As can be concluded from the table, the two antennas has small difference in their sizes. 

However, the second proposed antenna gives much better results comparing to the first one in 

term of bandwidth and gains. Moreover, the proposed antenna gives much better results 

comparing to other antennas. 
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Final Conclusion  

In this project, compact dual-band fractal antennas for WLAN/WIMAX applications 

have been presented. The proposed geometries are based on semicircular radiating arms. The 

combination of the branches in two deferent fractal approaches has led to two different 

structures. 

 The first proposed antenna design process begins with semicircular-shaped patch 

leading a comb-shaped fractal antenna with a stub operating in two different bands covering 

the 2.4/5.2 /5.8 GHz WLAN bands and 5.5 GHz WiMAX band, as well as the 5.9 GHz to 7.1 

GHz 5G applications. The simulated radiation pattern is omnidirectional in both operating 

bands. Furthermore, the antenna has very compact with an overall dimension of only 24 × 29.5 

mm2. The design has been simulated and tested and it has shown satisfactory results.  

A second design of a dual-band fractal antenna has been also proposed. This design 

consisted of three interconnected identical ω-shaped arms to create two resonance frequencies.  

The structure has also a compact size with overall dimension of 22 × 32 𝑚𝑚2. Moreover, the 

proposed design operates in two bands [2.24-2.72 GHz] and [4.05.-6.89 GHz] and covers the 

2.4/5.2/5.8 GHz WLAN bands and 5.5 GHz WiMAX, as well as the 5.9 GHz to 6.4 GHz 5G 

applications. The design has been also simulated and tested and it has shown satisfactory results.  

Finally, a comparison it terms of radiation characteristic between the proposed antennas 

has showcased several favorable attributes, including wide operating bands, broad bandwidth, 

good impedance matching, overall size and the maximum gain. 
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