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ABSTRACT 

      In the recent years, reconfigurable antennas have acquired a huge interest in the 

field of  wireless communications. The demeanor of reconfigurable antennas can be 

modified to provide multi-functionalities that adapt with the changing system 

requirements and operational conditions. Reconfigurable antennas exhibit the same 

throughput as a multi-antenna system. Indeed, reconfigurable antennas occupy less 

space that would be taken by mult-antennas. Reconfigurability can affect one or more 

antenna parameters such as frequency, radiation pattern, and polarization to meet the 

system operational requirements and environment conditions. In this thesis, we focus 

on designing antennas with frequency reconfigurability.  

       The main objective of this thesis is to study and design frequency reconfigurable 

antennas for aeronautical applications. The antennas that are chosen  in this thesis are 

a monopole antenna and printed quasi-yagi antennas because of thier advantages that 

suit aeronautical applications, such as light weight, inexpensive, conformal, easy of 

manifacturing, and compact sturcure. Each antenna works on different frequencies. In 

the monopole  antenna, the frequency reconfigurability was achieved by integrating 

varactors in the radiating element to modify the electrical size of the antenna, resulting 

in shifting the resonance frequency  to the desired region while in the quasi-yagi 

antenna with model one, the reconfigurability in term of frequency was obtained by 

introducing PIN diode switches in the driven and director elements. In the second quasi-

yagi antenna with model two, the PIN diode switches are integrated only in the driven 

element. The PIN diodes have changed the electrical size of both models resulting in 

shifting the resonant frequency to new regions. 
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CHAPTER ONE : INTRODUCTION 

1.1 Introduction 

     In the field of wireless communications, the antennas are considered a very 

important device. they are used to transmit or receive electromagnetic waves. Since the 

first successful transmission that was done by Galileo Marconi, the wireless 

communication systems have drown a great attention of many researchers. Although 

Marconi dipole antenna was a huge, he was able to transmit signal  cross the Atlantic. 

In some applications, such as communications, navigation, and surveillance radar, 

number of antennas are required to work in different frequencies, polarizations and 

radiation patterns to meet the need of these applications. Installing many antennas on a 

single platform is not convenient as they take more space, and increases the 

manufacturing and maintenance cost. As the wireless applications increased, the need 

to integrate various functions in a single system has been arose. This integration 

reduces the size, weight, cost, and space. Antennas are included in this integration; 

therefore, reconfigurable antennas have received considerable attention. They are 

inexpensive promising solutions that are able to change their characteristics in order to 

adapt with their environment and fulfill the  operational requirements. 

1.2 Motivations 

     More specifically, several avionics equipments that are installed onboard the aircrafts 

use many antennas with different types and sizes as shown in Fig 1.1. These antennas 

are designed to operate in different frequency bands for communication, navigation and 

weather radar system. Each of these antennas has its own characteristics and a 

specific location to provide the required functionality. Some of these antennas have an 

omnidirectional radiation pattern while the others have an end-fire radiation pattern. 

Integrating several antenna functions in one single system would reduce the size and 

cost as well as the space. This integration is done by designing a single reconfigurable 

antenna that can adapt with several airborne applications. 
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Figure 1.1  Aeroplane external antennas locations.  [2] 

 

     The first step is to design an antenna that operates in the frequency band used by 

aeronautical applications and has a radiation pattern suits the applications. Then, we 

have to choose a convenient reconfigurable technique to make the antenna 

reconfigurable. In this thesis, electronic technique is chosen. The PIN diode switches 

and varactor diodes are introduced in the radiation elements of the proposed antennas 

to achieve agility in terms of frequency. The frequency reconfigurable antenna with PIN 

diode switches showed shifting in the resonant frequency whenever the states of the 

switches are changed, while tuning the capacitance of  the varactors lead to a smoother 

transition in term of frequency band. The proposed antennas are printed on FR4 

substrate and Rogers RO4350B substrate. The first design is presented in chapter 

three, CPW excitation is chosen to increase the band width. In addition, the slot 

technique is implemented to reduce the size of the antenna. 
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1.3 Frequency reconfigurable antennas 

     The frequency reconfigurable antennas are appropriate where several wireless 

communication systems integrated in a single device. Usually, each single 

communication system uses its own antenna; therefore, integrating a number of 

communication systems in one single device, especially if it is handheld device, is quite 

complicated due to the number of antennas leading to more space and increase the 

weight of such device. Since the frequency reconfigurable antennas are able to 

accommodate dynamically their operation frequency, they can replace several antennas 

and contribute in reducing the size and cost  compared to conventional systems. 

1.4 Objectives 

     The main objective of this thesis is to design frequency reconfigurable antennas for 

aeronautical applications. Two different methods, PIN diode switches and varactor 

diodes, has been introduced in the proposed antennas to control their frequency band. 

1.5  Thesis organization   

     In chapter one, a literature review about reconfigurable antennas is presented. 

Several aeronautical antennas are shown in Fig 1.1 to illustrate the number of the 

antennas installed on aeroplanes . Then the motivation behind this thesis is stated 

clearly. 

     Chapter two introduces general background about antennas. The key point to design 

any antenna is understanding its operational theory; therefore, antenna crucial 

parameters are presented as well. The definition of reconfigurability in the antenna is 

mentioned according to some references. Since the main topic of this thesis is about 

frequency reconfigurability, several methods, including their advantages and 

drawbacks, are discussed. Each reconfiguration technique is supported by some  

examples. 
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     The third chapter starts with a brief introduction about a monopole antennas because 

our work is based on a monopole antenna. A first method for designing a frequency 

reconfigurable monopole antenna is presented. The slot technique is used to reduce the 

antenna physical size, and the reconfigurability in terms of frequency is achieved by 

introducing two varactor diodes. Changing the capacitance of these varactors results in 

smoothly shifting of the resonant frequency. 

     In the fourth chapter, a brief introduction about the Yagi-Uda antenna is presented. 

Two different fed methods for designing frequency-reconfigurable quasi-yagi antennas 

are presented. For the first antenna, three PIN diode switches are introduced in the 

driven and director elements while in the second antenna, only two PIN diode switches 

are used. The simulated results of the first frequency reconfigurable quasi-yagi antenna 

are presented and discussed. In addition, the simulated  and measured results of the 

second frequency reconfigurable quasi-yagi antennas are presented and compared to 

validate the proposed antennas. 

     Chapter five concludes the work of this thesis as well as the future work.
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CHAPTER TWO: ANTENNA BACKGROUND AND LITERATURE  

REVIEW 

2.1 Introduction 

     An antenna device is a transitional structure that changes the electromagnetic 

waves, which travel in space with the speed of light, to electrical current or vice versa. 

They convert a guided electromagnetic into a plane wave propagated in free space [8]. 

In IEEE, an antenna is defined as ‘‘That part of a transmitting or receiving system that is 

designed to radiate or to receive electromagnetic waves’’ [43]. Whenever a wireless 

communication application is designed, the antenna becomes necessary part in that 

application because it participates in dictating the overall efficiency of any wireless 

communication system; therefore, it is made from a good conductive material to radiate 

in a good manner. The basic operation of an antenna is shown in Fig.2.1.  The function 

of transmitting antenna is to change the transmitted power into electromagnetic wave 

and to radiates it in the space while the receiving antenna receives a portion of the 

propagated waves and sends it to the receiver as  power. 

 

Figure 2.1 Basic operation of transmit and receive antennas.   [8] 

 

     Antenna era has started since 1901 when Gugliemo Marconi succeeded to transmit 

signal from England, UK, to Newfoundland, Canada, by using  50 vertical wires in the 
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form of a fan connected to the ground as a transmitting antenna, and 200 m wires 

pulled and supported by a kite as a receiving antenna, which was considered the first 

transatlantic transmission [7]. Fig. 2.2 shows a photography of Marconi fan monopole 

antenna. 

 

Figure 2.2  Photography of marconi’s Fan Monopole antenna.   [11] 

 

2.2 Antenna types 

     There are several types of antennas, and each type has its own characteristics that 

make it suitable for a specific application. Therefore, whenever a new application is 

proposed, a particular antenna has to be designed to meet the requirements of such 

application as well as the operating conditions. Some types  of antennas are suitable for 

low frequency such as wire antenna which can be found in cars, buildings, and ships. 

Wire antennas have various configurations such as dipole, loop, and helix antennas. An 

example of monopole antenna will be presented in Chapter three. Other types are 

suitable for high frequencies such as aperture antennas,waveguide apertures. Aperture 
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antennas are very appropriate for aircraft and spacecraft applications because they can 

be protected from hazardous conditions by covering them with dielectric material and 

mounted them on the aircraft skin. Microstrip antennas are also very popular antennas,  

which became very known in the 1970s [7]. Microstrip Antennas are made of a metallic 

patch  mounted on the top of a grounded substrate. The Patch can take several shapes; 

however, the rectangular is the most famous shape. They are usually appointed to UHF 

and higher frequencies. A microstrip patch antenna is a printed antenna that have 

several advantages such as low weight, low fabrications cost, and can be formed 

according to the mounted surface. Therefore, it can be mounted on high performance 

aircrafts and missiles, cars, and satellites. In some, applications where the signal is 

needed to be transmitted and received over great distances, reflector antennas are 

used. Reflector antennas have an advantage of high gain  that is required to transmit or 

receive signal millions of miles away. Sometimes, a single element antenna can not 

satisfy the application radiation characteristic requirments; therefore, a group of single 

element antennas of the same configuration can be connected to each other to form an 

array. Array antennas can be used to increase the overall gain, maximizing the signal to 

interference plus noise ratio, steering the beam. Yagi-uda antennas are also used in 

HF, VHF, and UHF frequency bands. Some yagi antennas are presented in Chapter 

four. Another type uses Lens antennas to collect energy and prevent it from diverting in 

the undesirable direction, and this is used for applications as a reflector antenna. 

2.3  Antenna parameters 

    Each antenna retains specific properties that make it more or less suitable of a 

particular application. Moreover, achieveing a stable radiation, good gain and good 

impedance matching through out all antenna’s operating state are important factors[2]. 

Therefore, before starting the designing process of any antenna, there are some 

parameters have to be considered in order to obtain the required results of that 

antenna. The main antenna parameters are defined and discussed in the following 

sections. 
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2.3.1  Radiation pattern 

     The radiation pattern describes how the antenna radiates or receives energy in or 

from the space. The radiation pattern in the region near the antenna ( near-field ) is not 

the same as the radiation pattern in the far region( far-field ). Antenna designers are 

more interested in the far-field radiation pattern; therefore, the radiation pattern is 

defined as a graphical representation of an antenna’ far-field radiation properties [1]. 

The pattern of an antenna  could show several lobes as shown in Fig. 2.3. The major 

lobe (main beam) is the region where the antenna transmits its maximum power while 

the minor lobes ( side lobes) is the region where the antenna transmits an undesired  

low radiated power. Side lobes are undesired because they are radiated in undesired 

directions. The level of side lobes should be kept 14dB or more below the level of main 

lobe [7],[8]. In some applications like a radar system, the low-side-lobe ratio is very 

important to prevent false target indications. The back lobe is about 180° of the main 

lobe. The focus of the antenna is measured by 3dB beamwidth, which is the angular 

width of the main beam where the power has dropped 3dB from its peak [8]. Usually, 

the radiation pattern for a specific frequency is drawn in two planes: E- and H-planes. 

    The antenna radiation pattern can be plotted polar, as shown in Fig 2.4, Cartesian, as 

illustrated in Fig 2.5, or in three dimensions as shown in Fig 2.6. In some cases, it is 

better to plot the radiation pattern in cartesian to show the  magnitude of the side lobes. 

There are two main types of radiation patterns: omnidirectional, and directional. 

Antenna that radiates its power equally in all directions is called an isotropic antenna.  

The isotropic antenna does not exist in reality because every antenna has some losses; 

however, it is used as a reference antenna. In practical, the antenna that radiates its 

power equelly in the azimuth level is called omnidirectional antenna. Dipole and slot 

antennas are considered omnidirectional, and their radiation pattern is shown in Fig.2.7. 

     For instance, directional radiation pattern is a type of  radiation pattern that 

generated by Yagi-uda or parabolic antenna. An endfire radiation pattern example is 

shown in Fig 2.3  
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Figure 2.3  Radiation lobes and beamwidth of an antenna pattern.   [7] 

 

 

 

Figure 2.4  Normalized radiation pattern in polar coordinates.     [44] 
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Figure 2.5  Normalized radiation pattern in cartesian coordinates.   [44] 

 

 

 

Figure 2.6  Radiatino pattern in three dimension.   [52] 
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Figure 2.7  Omnidirectional Radiation pattern.   [7] 
 

 

2.3.2    Input impedance, Bandwidth 

     The input impedance (Zin) is defined as the impedance at the input of the antenna. It 

is also the ratio of the voltage and current at its terminal with no load connected [7]. The 

input impedance of any antenna is ( r ± xj ), and the antenna is said to be resonant if it 

has real input impedance. In other words, the antenna at the resonant frequency is seen 

as a resistance, while at other frequencies it is seen as a capacitive or inductive. The 

incident waves that travel from the generator to the antenna encounter some 

impedance mismatching even a little value creates some power reflection in the 

opposite direction. This reflected value is determined by measuring the ratio between 

the incident and reflected waves, which is known as Voltage Standing Wave Ratio 

(VSWR). If the VSWR = 1:1, which does not happen in practical, that means all incident 

waves are propagated by the antenna and no reflected waves. The accepted value of 

VSWR is a subjective value, which means it depends on the system. Some systems 

accepte a VSWR value of 1.5:1 while the accepted standard value is 2:1. The 

characteristic impedance of the transmission line (Z0 )  is usually 50Ω because most of 
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RF & MW testing and measuring equipement use this reference impedance. To ensure 

the maximum power transfer, increase the signal to noise ratio, and reduce the source 

power, the input impedance should be kept as close as possible to characteristic 

impedance. If there is any  impedance mismatch between the antenna and the 

transmission line, a part of the transmitted power will be reflected, which might damage 

the transmitter or the transmission line. Therefore, a matching network circuit has to be 

designed and connected between the transmission line and the antenna to compensate 

the mismatching state. A matching network could be a lumped element circuit when the 

operating frequency is less than 500 MHz, or a distributed element circuit for higher 

frequencies, more than 500 MHz. 

      The bandwidth is the range of frequency where the VSWR of the antenna is lower 

than 2.  An antenna bandwidth determines the range of frequency at which the antenna 

can transmit or receive properly. The relative bandwidth is usually given in percentage 

value, and it is determined by dividing the antenna operating band on the center 

frequency. Increasing the antenna bandwidth would allow the antenna to work in more 

frequency spectrums, which mean, more transmitted and recieved data while 

decreasing the bandwidth would reduce the need of filters in receivers for reducing the 

interfering signals. Some antennas have a narrow bandwidth which does not promote 

them to woke in wide band applications. There are many techniques can be 

implemented to increase the bandwidth such as increasing the substrate height, 

including a partial ground, slots in the radiating element, or choosing Coplanar 

Waveguide (CPW) excitation would increase the frequency bandwidth as in Fig. 2.8. 
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Figure 2.8  Example of S11 results for bandwidth evaluation. 

 

2.3.3   Directivity and Gain 

     The directivity is the ratio between the radiated power of the antenna  in the direction 

(θ, φ) to the total radiated power in all directions. In other words, directivity is the ratio of 

the intensity of the radiation in a given direction to the intensity of the radiation of the 

reference antenna. The maximum directivity is the ability of the antenna to focus  its 

radiated power in a given direction [9] and it is not effected by the loss of the antenna. 

The directivity of the isotropic antenna is unity (0 dB).  The antenna directivity can be 

calculated by using the following formula : 

 

       𝐷 =
4𝜋𝑈𝑚𝑎𝑥

𝑃𝑟𝑎𝑑
=

4𝜋𝑈𝑚𝑎𝑥

∫ ∫ 𝑈(𝜃,∅) sin 𝜃𝑑𝜃𝑑∅
2𝜋

∅=0

𝜋

𝜃=0

         [8] 

  

     The antenna directivity has an inverse relationship with the beamwidth. Therefore, 

directional antennas that have less beamwidth are more directive. An example of a 

directive antenna is the  parabolic antenna, as shown in Fig 2.9. 
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Figure 2.9  The photography of a large parabolic satellite communications  

antenna at Erdfunkstelle Raisting in germeny.   [45] 

 

     The gain of any RF component is the ratio between the input and output power. The 

antenna gain in direction (θ, φ)  is the ratio of radiated power in (θ, φ) direction to the 

total power. In other words, the gain is the ratio of the output power radiated by an 

antenna in a specific direction  to the accepted power of a reference antenna. It does 

not include losses arising from impedance or polarization mismatching; therefore, it 

measures the performance of the antenna. 

                  

                  𝐺𝑎𝑖𝑛 = 4𝜋
𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦

𝑡𝑜𝑡𝑎𝑙 𝑖𝑛𝑝𝑢𝑡(𝑎𝑐𝑐𝑒𝑝𝑡𝑒𝑑) 𝑝𝑜𝑤𝑒𝑟
= 4𝜋

𝑈(𝜃,∅)

𝑃𝑖𝑛
       [7] 

 

     It is important that not to be confused between the directivity and gain as in  the 

reference used in directivity is total radiated power while in gain is the antenna total 

input power ( accepted from the source). The gain is usually less than the directivity, it 

also could be equal directivity when the efficiency of the antenna is 100%. 
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𝐺 = 𝑒𝑟𝑎𝑑𝐷         [8] 

2.3.4    Antenna polarization. 

     The antenna polarization  is defined as the orientation of the radiated electrical field 

vector [8]. Accordingly, the orientation of the antenna’s  radiated electrical field to the 

ground surface defines its polarization. There are three antenna polarisation types as 

shown in Fig.2.10. It could be linear when the electrical field vector is being radiated 

vertically 90° or horizontally 0° with respect to the earth surface. Circular polarization 

(CP) when the electrical field rotates circularly with propagation time, or elliptical 

polarization when the tip of electrical  field vector trace elliptically in the space. The E 

vector direction of rotation determines whether it is right-hand circular polarization 

RHCP or left-hand circular polarization LHCP. Linear polarisation is the simplest form of 

antenna polarization while circular polarisation is achieved by exciting two orthogonal 

modes with 90° phase shift at the same time. The position of an antenna with respect to 

the earth's surface affects its polarization. For instance, the polarization of vertically 

mounted monopole antenna is different from horizontally mounted dipole antenna. A 

vertically mounted monopole has vertical polarization while a horizontally mounted 

monopole antenna has horizontal polarization. To insure the maximum power 

transmission, the receiver and transmitter antennas should have the same polarization 

or at least one of them is circularly polarized. Any polarization mismatching results in no 

propagation. 

 

 

Figure 2.10  Antenna polarization types.  [10] 
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     Linear polarized antennas are used for most mobile radio communication 

applications, such as in vehicles, because they have an omni-directional radiation 

pattern, which means no need to  re-orientate the positions  of the antennas  as the  

vehicle moves. 

2.3.5    Resonant frequency 

      Every wireless application has a unique operating frequency;  therefore, the antenna 

resonant frequency and antenna bandwidth (frequency range of operation) are 

important parameters that have to be determined before starting the antenna design 

process. The antenna frequency response is defined as its input impedance over 

frequency [1]. The antenna is a circuit that has inductance and capacitance which are 

determined by its physical properties and its location environment. When the 

capacitance and inductance cancel each other, the antenna becomes pure resistance 

and said to be resonant. Fig 2.11 illustrates the antenna impedance and resonant 

frequency. Plotting the return loss graph of an antenna shows that the magnitude of S11 

at the resonant frequency is below 10 dB. The input impedance Zin  is an important 

factor that determines the incident and reflected waves. Usually ( Zin )  is kept as close 

to ( Z0 ) as possible  to creat maching state between the feeding and the antenna so the 

reflection coefficient ( Г ) is zero, and the VWSR is 1, and the RL of infinity [1]. 

 

Г=
𝑍𝑖𝑛(𝜔)−𝑍0

𝑍𝑖𝑛(𝜔)+𝑍0
 

VSWR=
𝑉𝑚𝑎𝑥

𝑉𝑚𝑖𝑛
=

1+|Г|

1−|Г|
 

RL= −20 𝑙𝑜𝑔|Г| (𝑑𝐵) 

 

     The effective length of any antenna determines its  operating frequency. Usually the 

first resonance frequency occurs at  ½ λ , which λ is the wave length at the operating 

frequency. 

[7]. 
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Figure 2.11  Impedance of an RF antenna with Frequency.  [17] 

 

2.4  Antenna reconfigurability and  techniques 

      The modern communication devices that incorporate on a single device more than 

one wireless application have increased the requirement of single antenna with tuning 

of the desired frequency band [47] . Reconfigurable antennas was discovered in the 

1930 [41]. Reconfigurability in the antenna domain means the ability to change one or 

more of its operational characteristics electrically, mechanically, or by other means to 

adapt with changing operating requirements [12]. This reconfigurabilty is achieved by 

redistributing the RF current flow on the surface of an antenna and thus altering the 

electromagnetic field of the antenna in which its performance meets the desired 

operating characteristics and environmental conditions. The antenna properties that can 

be manipulated are the operating frequency, polarization, radiation pattern. There are 

four different categories of the reconfigurable antennas [48] : 

 

1- An antenna that is able to change its resonant frequency between different 

frequency bands is called a frequency reconfigurable antenna. 
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2- An antenna that can change its radiation pattern shape, its beam direction, or its 

gain is called a radiation pattern-reconfigurable antenna. 

 

3- An antenna which is able to flip between different polarizations is called a 

polarization-reconfigurable antenna. 

 

4-  The reconfiguration is not limited to an antenna single parameters, two or more 

parameters can be reconfigured depending on the application operating 

requirements. 

 

        Several techniques are adapted to alter the distribution current of the antenna; 

therefore, antenna designers have to choose the proper technique that achieves the 

reconfiguration in term of the desired property and has  less negative effect on the 

antenna operating characteristics. The reconfigurability can be achieved through 

electrical, optical, material change, or physical means [3]. The physical technique is less 

popular than the other techniques because in this technique the reconfigurability is 

achieved by mechanical means. In other words, it needs movable parts which is more 

complicated and requires more space [4]. For example of antenna reconfiguration by 

using physical  techniques has been reported in [18]. The antenna reconfigurability 

through electrical technique can be achieved by introducing lumped elements as in [19], 

[20]. The using of tunable material technique to perform agility in frequency has been 

introduced in [21]. An optical technique for pattern-reconfigurable planar antenna has 

been reported in [22]. Fig 2.12 explains the techniques that  are used for the antenna 

reconfigurability. 
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Figure 2.12  Antenna reconfiguration techniques.  [48] 

 

2.5  Frequency response and reconfigurabilty techniques 

  The discovery of frequency reconfigurable antennas has contributed to the reduction 

of size, weight, and cost of the front-end in several wireless applications.  Frequency 

reconfigurable antennas have the potential to reduce the size of front-end system as 

well as provide some pre-filtering as they can work in the desired frequency range and 

reject the adjacent  frequencies [36]. Instead of using many antennas working in 

different frequency bands, a single frequency reconfigurable antenna can be used to 

support multiple wireless applications. The primary advantage of this approach is that 

the multi-bands can be achieved without increasing the antenna physical size [49].  

Since the physical and electrical length of an antenna determine its resonance 

frequency, the agility in terms of frequency is accomplished by changing the electric or 

geometry size of the antenna electronically or mechanically, or modifying the 

impedance of the antenna [34]. Changing the electrical size of an antenna can be done 
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by using RF-MEMS switches to adjust the physical size of a dipole antenna [5] or 

connecting a patch antenna to a stub [34] as shown in Fig 2.13. 

 

 

Figure 2.13   Intra-band frequency reconfigurable antenna.   [34] 

 

     Integrating PIN diode switches in the radiating element, as in Chapter four can be 

used to change the length of the driven and director elements of a Quasi-yagi antenna, 

or to modify the effective length of the radiating elements of square slot patch antenna 

[6], as in illustrated in Fig 2.14, or to modify the length of the feedline to pass the signal 

to a selective aperture slot and activate a particular radiating patch layer [37]. 

 

 

 

Figure 2.14  Square slot antenna for frequency reconfigurable antenna.    [6] 
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    The third approach is using FET to change the length of slot antenna as reported in 

[38]. Integrating  variable capacitors in slots is also used in the radiating element, as 

described in Chapter three, or  as shown in Fig 2.15. Inserting varactors in the corner 

between  the patch and the ground plane of patch antenna has been proposed in [39]. 

 

                   

Figure 2.15  Frequency reconfigurable antenna using active capacitor.    [39] 

 

     As the capacitance of the variable capacitor increase/decrease, the resonant 

frequency shifts down/up, respectively. RF-MEMS devices have advantages  such as 

lower power consumption and insertion loss, inexpensive, low weight [35], but they have 

high loss at microwave frequencies and they have movable parts, which need to be 

protected against the environment while they require high operating voltage. PIN diodes 

require DC current  to be operated, able to handle high RF power using low DC power,  

inexpensive, while FET switches are voltage controlled which means zero DC power 

consumption [40]. Varactor diodes shift the frequency very smoothly [11]. It is known 

that increasing the number of lumped elements in the radiating element would increase 

the insertion loss; moreover, reconfigurable antenna using a number of lumped elemnts 

and switches hard to be designed [49]. To overcome this issue, we propose in this 

thesis new antennas designs with less lumped elements. 
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2.6  Conclusion 

     In this chapter, general background and literature review have been discussed. 

Antennas are a very important device in wireless communication systems. They are 

considered as a link between guided and unguided electromagnetic waves. Antenna 

parameters such as polarization, resonant frequency and bandwidth, input impedance, 

polarization, directivity and gain are very important parameters in determining the 

application of use. The rapid advancement in wireless communication systems requires 

to integrate multiple radios into a single device to reduce the size,cost, and number of 

antennas; therefore, reconfigurable antennas have been considered as a good 

candidates to achieve these requirements. Reconfiguration in the antenna domain 

means to alter the antenna current distribution to adjust their behavior to  adapt with 

new system requirements. Since the reconfigurability affects one of the antenna 

parameters such as radiation pattern, polarization, frequency, or all together, it is of 

beneficial that antenna parameters are discussed. Moreover, several reconfiguration 

techniques and examples have been introduced in this chapter. Since the main topic of 

this thesis is to design frequency reconfigurable antennas for aeronautical applications, 

the last part of this chapter has discussed the frequency reconfiguration. 
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CHAPTER THREE: FREQUENCY RECONFIGURABLE  ANTENNA WITH 

FIRST METHOD 

3.1   Introduction 

       Recently, wireless technologies have found applications in on-board aviation public 

transportation (PT) environments [13]. Several antennas, including monopole antennas, 

are  mounted in several locations on the  skins of the aircrafts for different radio 

applications. Therefore, integrating number of theses antennas would reduce the size 

and the cost of communication equipment, contributing to aircraft’s weight reduction. 

Reconfigurable antennas are good candidates to replace several antennas as the 

parameters of the reconfigurable antennas can be modified according to the application 

requirements. The reconfigurability can be achieved through some mechanisms to 

change antenna’s parameters such as frequency, polarization, or radiation pattern. 

Modifying the size of the effective radiating element results in frequency agility [15]. This 

modification can be performed electronically through introducing lumped element such 

as PIN diode, Varactor diode, RF MEMS, FET or through some mechanical or material 

change as it is mentioned in Chapter 2.   

     The main objective of this thesis is to design a frequency-reconfigurable antenna 

for aeronautical applications. In this chapter, a printed monopole  antenna is chosen 

because of its advantages such as light weight, inexpensive, simple design and 

omnidirectional radiation, which have made it a good candidate for aeronautical 

applications.  The frequency agility is achieved by introducing two varactors in the 

radiating element. Increasing the capacitance value would increase the antenna 

electrical size, which results in shifting down the resonant frequency. The capacitors 

shift the resonant frequency of the proposed antenna very smoothly. 

3.2 Monopole antenna design 

    A monopole antenna is a very simple antenna that is made of a wire and fed from 

one   end. A monopole antenna is considered a half of dipole antenna. Removing  a 

half of dipole antenna and  placing a ground plane in midpoint, as in illustrated Fig 
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3.1(c), leads to introduce a monopole antenna with quarter wavelength long. The 

ground plane works as a reflector, which creates an identical current distribution image 

to the lower arm of a dipole antenna. This made the radiation power density of a 

monopole antenna twice bigger  than a dipole. The monopole does not  radiate below 

the ground plane, but it radiates in the upper hemisphere, which makes the directivity 

and gain much bigger than that of the the dipole antenna. One end of the feeding line 

is connected to the monopole while the other end is connected to the ground plane.  

 

 

Figure 3.1  Evolution of a monopole antenna from a dipole. (a) Dipole antenna and  

radiation pattern. (b) Dipole antenna with series generators and symmetry plane.  

(c) Monopole antenna mounted on a ground plane [8]. 

 

     The monopole antenna was invented in by G. Marconi , and it is sometimes called a 

Marconi antenna [50]. Monopole antennas are often used in many applications such as 

car radio, cell phones, and aeroplanes. In aeroplanes, the monopole antennas are 

called blade antenna which use the body of the aeroplane as a ground plane. In this 

way, the radiation pattern of the antenna will be in one direction. 
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3.3 Frequency reconfigurable monopole antenna 

3.3.1 Antenna designing methodology 

     The designing methodology  of the proposed antenna divided into two steps. First 

stage is to determine the geometry of a conventional monopole antenna that generates 

the fundamental resonant mode at a frequency suitable for aeronautical applications by 

using equations in [7]. The equations are used as a starting point while the final  

dimensions are estimated using CST studio suite [42]. The main idea behind the 

reconfigurability in term of frequency in the proposed antenna is to reduce the number 

of antennas that are fitted on aircrafts. The advantages of coplanar waveguide (CPW) 

such as low profile, easy and low fabrication cost, and wide bandwidth have made it 

widely used [30]; therefore, a CPW method of excitation is chosen. The proposed 

antenna consists of a radiating element and CPW feeding  that are printed on one side 

rogers RO4350 substrate with a dielectric constant of ℰr = 3.48. The hight of the 

substrate is 1.524mm, and the substrate dimensions are W x L (64.5mm x 65mm).  

 

 

Figure 3.2  Antenna design and dimensions : (a) 1st designing step of octagonal shape-microstrip    

patch antenna, (b) last desining shape. 

 

     The radiating element of the monopole antenna may take any shape. In this design, 

the radiating element  takes an octagonal shape with L2= 19.25mm. Different parameter 
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studies were carried out to achieve 50Ω impedance. The final dimensions of w2 and w3 

were also optimised and they are equal to 3.45mm and 0.2mm, respectively. The inner 

conductor of the SMA is connected to the radiating element while the outer is connected 

to the ground. The first proposed designed shape is shown in  Fig 3.2(a) and the 

obtained return loss is plotted in Fig 3.3. 

 

 

Figure 3.3  S11 result of the Monopole antenna first design. 

 

       As can be observed from this result, the monopole antenna provides a wide 

bandwidth from 2.77 GHz to 6.17 GHz. The second step is to shift down the resonant 

frequency in order to cover lower frequencies used for the aeronautical applications. 

There are several techniques used to shift down the resonant frequency. One technique 

is by increasing the size of the antenna. The geometry shape of antenna has an inverse 

relationship with its resonant frequency; therefore, increasing  the size of the  proposed 

antenna would shift down the resonant frequency. This increasing in antenna size would 

increase the induced drag of the aircraft resulting in more fuel consumption; therefore, 

increasing the electrical size of the antenna is a good approach to shift down the 

resonant frequency. The electrical size of the antenna is increased by etching a square 

slot in the radiating element which increases the path of current flow resulting in shifting 

down the resonant frequency. The dimension of W4 has a great influence on the 

resonant frequency; therefore, several parameters studies were performed to achieve 

the S11 result. In Fig 3.4 , two chosen return loss results show the effect of  changing 
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the width of the etched square on the resonant frequency. The final geometrical shape 

is shown in Fig 3.2 (b).   

 

Figure 3.4   S11 simulated result of the propsed antenna’s final designing step. 

 

3.3.2 Retun loss results 

      The proposed frequency reconfigurable monopole antenna was simulated using 

CSTstudio suite [42], and the measured results were obtained by using Network 

Analyzer ( Agilent 8722ES) shown in Fig 3.7. The proposed antenna works in UHF ( 

ultra high frequency) band and the frequency tuning ranges are accomplished by 

integrating two varactor diodes D1 and D2, in two gaps g1 and g2 in the radiating 

element. Tuning the capacitance value of the varactors modifies the electrical size of 

the radiating element. In other words, increasing/decreasing the the capacitance value 

of D1 and D2  altering the current distribution on the radiating element resulting in 

allowing the proposed antenna to operate at variuos resonant frequencies without 

changing the antenna’s physical size. The varactor diodes SMV1235 (Skyworks) are 

used to achieve the agility in terms of frequency. There is another option can be 

implemented instead of varactor diodes which by switching a number of fixed 

capacitors. In simulation, the varactor diodes were modelled according to their 

equivalent circuits shown in Fig 3.5. which is a compination of a series resistor, inductor 

and  variable capacitor. According to SMV1235 datasheet, R=0.6Ω, L=0.45nH.  
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Figure 3.5   Equivalent circuit of Varctor SMV1235. 

    Tuning the capacitance of the varactors is a function of the voltage that is applied to 

their terminals. It is known that the capacitance of the varactors is inversely proportional 

to the applied voltage. Thus, varying the  magnitude of the reverse bias applied voltage 

in the range between 0 and 15 V tunes the capacitance of the varactors in a range 

between 18.22pF to 2.38pF. The photography of the frequency reconfigurable 

monopole antenna is shown in Fig 3.6. the figure also shows the position of the 

varactors. 

 

Figure 3.6  The photography of the frequency reconfigurable monopole antenna. 
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Figure 3.7  Network Analyzer Agilent 8722ES. 

 

      The simulation results are obtained and compared to the measured ones. According 

to the results, there are a good agreement in the simulated and measured S11 as 

shown in Fig 3.8 ,Fig 3.9, and Fig 3.10. The minor difference between the measured 

and simulated results could be due to some measurement errors, or losses that might 

be caused by the biasing circuit. 

 

 

Figure 3.8  The simulated and measured S11 results of the proposed  

antenna at 2.8 GHz. 
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Figure 3.9  The simulated and measured S11 results  

of the proposed antenna at 1.8 GHz. 

 

 

Figure 3.10  The simulated and measured S11 results of  

the proposed antenna  at 1.5 GHz. 

 

     The proposed antenna is able to resonate at different frequencies depending on the 

capacitance values of the varactors D1 and D2; however, three different capacitance 

values are chosen to make the antenna resonates at three different frequency bands, 

1.5 GHz, 1.8GHz and 2.8 Ghz, which are suitable for some aeronautical applications 

such as aeronautical radio navigation, aeronautical radio telemetry, and global 
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positioning systems. Table 3.1 illustrates the capacitance of the variable capacitors, the 

achieved frequencies, and the applications. 

 

Table 3.1 varactor diode capacitance, the achieved frequency, and the application. 

 

Capacitance value Frequency ranges Applications 

2.6pF 2 – 3.2 GHz Aeronautical radionavigation 

8.5pF 1.56 – 2.2 GHz Aeronautical radionavigation 

18.2pF 1.38 – 1.62 GHz Aeronautical radionavigation and 

aeronautical telementry 

  

        As the table stats,  the antenna operates in frequency band 2 GHz – 3.2 GHz  with 

when the capacitance value of the varactor diodes are equal to 2.6pF. Increasing the 

capacitance value  to 8.5pF would  shift down the frequency to 1.8 GHz with 1.3 GHz 

bandwidth. At capacitance value 18pF, the antenna resonates at 1.5GHz with 

bandwidth about 0.7GHz.  Although neither the table 3.1 nor the antenna return loss 

results indicate other resonant frequencies, varying the capacitance value of the 

varactor diode allow the proposed antenna to resonant at other frequencies that are 

suitable for other wireless applications. 

3.3.3 Radiation pattern results 

         The proposed antenna propagates in Z direction.Three different simulated and 

measured radiation patterns of the proposed antenna at 2.8, 1.8, and 1.5 GHz are 

plotted in Fig 3.11, Fig 3.12, and Fig 3.13, respectively. The radiation pattern results in 

X-Z plane indicate that the antenna radiates in bidirectional pattern, and omnidirectional 

behavior in Y-Z plane. The figures show a reasonable agreement between the 

simulations and measurements. The proposed antenna has its best performance at 

which its maximum measured achieved gain values are 2.2 dB, 2.4 dB, and 3.8 dB at 

1.5 GHz, 1.8 GHz, and 2.8 GHz, respectively. The proposed antenna provides more 

than 89% efficiency for each resonant frequency.  
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                                        X-Zplane                                                                       Y-Zplane                                     

Figure 3.11  The proposed antenna normalized radiation pattern results at 1.8 GHz. 

 

 

  

                                        X-Z plane                                                                      Y-Z plane                                     

   Figure 3.12  The proposed antenna normalzed radiation pattern results at 2.8 GHz. 
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                                       X-Z plane                                                                      Y-Z plane                                     

Figure 3.13  The proposed antenna normalized  radiation pattern results at 1.5 GHz. 

 

 

Figure 3.14  The realized gain of the proposed antenna. 

 

3.3.4   Conclusion 

        In this chapter, frequency reconfigurable monopole antenna has been presented.  

Two techniques have been implemented in the proposed antenna. The first technique is 

to shift down the resonant frequency by  increasing  the electrical size of the antenna in 

which a square slot is etched in the antenna’s radiating element. While the second 

technique, a frequency reconfiguration technique, is by introducing two varactor diodes 
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D1 and D2 to achieve reconfigurability in terms of frequency. Tuning the capacitance of 

the varactors Altering the distribution of the current on the radiating element which 

enable the proposed antenna to resonantes at different frequency bands. The simulated 

and measured results have shown a reasonable agreement. The frequencies at which 

the proposed antenna resonates are suitable for aeronautical applications.The 

efficiency of the designed antenna is more than 89%; moreover, it has a monopole like 

radiation pattern. 
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CHAPTER FOUR : FREQUENCY RECONFIGURABLE  ANTENNA 
WITH SECOND METHOD 

4.1 Introduction  

Since It has been invented in the first quarter of 20th century [33] till nowadays, Yagi 

antennas have draw the attention of many researchers because of their simple design, 

light weight, low profile, ease of fabrication and installation, and unidirectional radiation 

[23]. In addition, the multiband antennas, play a crucial role in wireless communications 

[25], which can be used for multi applications, resulting a reduced design, easy 

maintenance, and low cost. A multiband antenna is much desired in some wireless 

communication systems for their better noise rejection capability, which greatly reduces 

the filter requirements of the front-end circuits [26]. Planar antennas have gained 

enormous attention of designers due to their low profile, low cost, and light weight [27]. 

Also, printed Yagi antennas have advantages such as high radiation efficiency, 

integration with monolithic microwave integrated circuits, and ease of fabrication; 

moreover, a Yagi antenna is chosen to achieve a high gain, high radiation efficiency and 

unidirectional radiation patterns with an uncomplicated structure [28], [29]. 

       Yagi-uda antennas have been used for airborne radar as shown in Fig 4.1. In this 

chapter, two quasi-yagi frequency reconfigurable antennas are introduced. The 

frequency reconfigurability is achieved by integrating three PIN diode switch in the 

driven  and  director element in the Mult-band reconfigurable Quasi-Yagi antenna (one), 

and  two PIN diode switches in the driven elements in the second frequency-

reconfigurable Quasi-Yagi antenna (two). The switches modify the length of the 

elements of the proposed antennas. Flipping between ON/OFF state of the PIN diodes 

change the physical size of the driven element resulting in shifting the resonant 

frequency to new regions. 
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Figure 4.1  A Nakajima J1N 1-S night fighter with quadruple  

                 Yagi radar transceiver antennas.       [51] 

4.2  Yagi-Uda antenna design 

The basic structure of conventional Yagi antenna consists of a driven element and 

parasitic elements. The driven element is a dipole or folded dipole, which is the 

excitation element, and parasitic elements consist of directors, which are shorter than 

the driven element, while the reflector is longer that the driven element [24]. In a 

conventional yagi antenna, the driven, directors, and the reflector elements are 

supported on a perpendicular crossbar  and coupled to each other mutually to produce 

end-fire beam. The directors contribute to  gain and radiation pattern improvement. The 

basic shape and the distance between the elements of yagi-uda antenna are shown in 

Fig 4.2, and 4.3, respectively. 

 

Figure 4.2   Basic stracture of convential Yagi antenna [7]. 
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Figure 4.3  The distance in λ between the elements of 

the convential yagi-Uda antenna [16]. 

4.3 Multi-Band Reconfigurable Quasi-Yagi Antenna (One) 

4.3.1   Antenna designing methodology 

        A quasi-Yagi Multiband Frequency reconfigurable antenna has the same designing 

idea that has been introduced in [5]. The main difference is in increasing the dimension, 

which resulted in downshift of the resonance frequency to suit some aeronautical 

applications beside other wireless applications and introducing three PIN diode switches 

for frequency reconfigurability. The proposed antenna is a planar antenna which is 

printed on a 1mm thickness FR4 substrate with a relative permittivity of 4.3. The 

substrate dimensions are W x L (72mm x 72mm). The feeding of the proposed antenna 

is built on a microstrip-to-slot line transmission. Two microstrip circular stubs are 

introduced in the antenna feeding, one is at the end of the microstrip and the other is at 

the end of the slot-line. The purpose of these stubs is to improve the impedance 

transformation. The driven element of the proposed antenna is a dipole antenna  whose 

length is 0.5λ, while the truncated ground plane is used as a reflector element to obtain 

unidirectional radiation. The pairs  of rectangular etched shapes in the bottom of the 

ground plane  is to improve the surface currents. Fig 4.4, and Table 4.1 illustrate the 

shape and the geometry of the antenna, respectively. 
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Figure 4.4  Multi-Band Reconfigurable Quasi-Yagi Antenna. 

Table 4.1 illustrates the geometry in mm of Multi-Band Reconfigurable Quasi-Yagi Antenna. 

L=27 L1=21 L2=9.8 L3=20 L4=50 L5=20 L6=16 L7=10.8 W=72 

W1=1.6 W2=15 W3-6.7 W4=3.2 W5=3.4 D=3 S=1.16 R1=5.10 R2=4.15 

 

     Due to the several advantages that PIN diode possess such as high switching speed, 

inexpensive, good isolation, small size with comparing to their operating wavelength, 

and they are able to control large RF signals using low power level [32], three PIN diode 

switches are chosen to be the lumped element to make the proposed antenna 

reconfigurable. The PIN diodes are introduced in  gaps in the driven and director 

elements to control the element length, resulting in frequency reconfigurability.    

     The simulation results were obtained  by using CST Studio suite. For this antenna, 

the PIN diode (GMB 4201) is simulated according to its characteristic datasheet. In ON 

states, the PIN diode is forward biased and the equivalent lumped element circuit 

demonstrates a low resistance to the current flow equal to R=1.8Ω while when the PIN 

diode is in OFF states, the diode is reverse biased and its equivalent circuit is a series 

connection of inductance and capacitance L=0.5nH, C=0.09pF, which play significant 

effect on changing the resonance frequency. The equivalent circuit model of PIN diode 

is shown in Fig 4.5 [31]. 
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Figure 4.5   The equivalent circuit model of PIN-diode used in simulation [31]. 

 

4.3.2   Retun loss results 

      The simulated return loss results indicated in Fig 4.6 show different states of the  

PIN diode switches. Moreover, it shows that the proposed  antenna has multiband 

resonant frequencies. Flipping between ON/OFF state of the three PIN diode switches 

increases or decreases the length of the Driven and director elements, resulting in 

shifting the resonance frequencies between 3.6 GHz to more than 6 GHz with good 

impedance matching. These frequencies are suitable for aeronautical mobile and radio 

navigation. When the three switches are closed, the physical length of the antenna 

increases so the resonance frequencies shift down. On the other hand, when the three 

switches are open, the resonance frequencies shift up. S/W2 and S/W3 have the most 

influence on  shifting the resonant frequencies because they control the physical length 

of the driven element. Other important information that can be noticed from the return 

loss result is  that the bandwidth of the resonant frequencies are narrow which reduces 

the need of filter in the receiver front-end. Table 4.2 illustrates the states of each PIN 

diode in each case.  

     Although it is not shown in Fig 4.6, the proposed antenna also resonates at other 

frequencies which are suitable for another wireless communication applications. Also, 

the position of the gaps in the driven and director elements effects the resonant 
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frequencies. Therefore, the gaps should be etched in a position that gives the required 

results. 

 

       Figure 4.6  The simulated  S11 results of Multi-Band Reconfigurable Quasi- 

       Yagi Antenna  atdifferent  PIN diodes state. 

 

Table : 4.2 The state of the PIN diodes at each case. 

Case S/W1 S/W2 S/W3 

Case 1 ON ON ON 

Case 2 OFF ON ON 

Case 3 ON OFF ON 

  

       When the PIN diodes are forward biased, the size of driven and director elements 

become longer and the electrical current flows longer path results in downshifting the 

resonant frequencies. Likewise, the current takes shorter path when the PIN diodes are 

reverse biased resulting in shift the resonant frequencies to the upper region. 
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Table 4.3 The antenna resonant frequencies and their aeronautical applications. 

Frequency Aeronautical application 

1GHz Traffic collision avoidance system (TCAS) 

4.2- 4.4GHz Radio altimeter and navigation 

5GHz Aeronautical navigation system 

      

        As the table 4.3 states, the antenna resonates at 1GHz, which is suitable for traffic 

collision avoidance system (TCAS), 4.4 GHz that is for radio altimeter (RA) and 

navigation, and 5 GHz for aeronautical navigation system. 

4.3.3    Radiation pattern results 

     The radiation pattern results shown in Fig 4.7 , Fig 4.8 were recognized at phi=90° 

for the frequencies 4.4 GHz and 5 GHz, respectively. It can be observed that the 

proposed antenna has a uni-directional radiation pattern as it should be.The maximum 

achieved gain is 5.59 dB at 4.4 GHz and 5.95 dB at 5 GHz.  The radiation pattern of the 

proposed antenna have the same main lobe direction, and the back lobe levels in the 

two figures are acceptable. The total efficiency of the antenna in each resonant 

frequency is more than 82%. 

 

Figure 4.7  The normalized simulated radiation pattern results of the Multi-Band Reconfigurable 

Quasi-Yagi Antenna at 4.4 GHz. 
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Figure 4.8  The normalized simulated radiation pattern results of the Multi-Band Reconfigurable 

Quasi-Yagi Antenna at 5 GHz. 

 

4.3.4   Conclusion 

     In conclusion, a multiband-frequency reconfigurable Quasi-Yagi antenna has been 

presented. The reconfigurability is achieved by introducing three PIN diode switches in 

the driven and director elements of the antenna. Flipping the state of the switches 

between OFF and ON modifies the length of the designed antenna so that the 

frequency can be reconfigured. The radiation efficiency has shown more than 82% in 

each cases. The achieved results have shown that the proposed antenna is able to 

work in multi-band operation from 3.5GHz to 8.5GHz, which are appropriate for several 

wireless applications. 

 

 

 

 

 

 

 

 

 

 



  

  43 

 

 

4.4   Frequency Reconfigurable Quasi-Yagi Antenna (Two) 

4.4.1  Antenna designing methodology 

        In this section, a microstrip fed quasi yagi antenna for frequency reconfigurability is 

presented. The top and bottom views of the proposed antenna are shown in Fig 4.9, 

while the Photography of it is shown in Fig 4.10. The proposed antenna has a double-

layer metallic structure,  and it is printed on Rogers substrate RO4350B with relative 

permittivity of 3.48 and thickness of 1.52 mm. Although several substrate types have 

been examined, the chosen substrate gave the required results. The driven element 

consists of dipole while the ground plane with dimension of (w*L3) is the reflector. The 

enhancement of the directivity is achieved by adding a metallic strip that works as a 

director.  

 

 

                                               Top view                                       Bottom view 

 

Figure 4.9   Top and bottom views of the frequency reconfigurable quesi-yagi antenna. 
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Figure 4.10   Photography of the proposed antenna. 

 

   It is very important to consider the electrical length of the dipole as it has a great 

influence on the feeding point impedance. If the electrical length of dipole antenna is 

near λ, then the input impedance become very high where λ=c/f in free space. Usually 

the dipole antenna has input impedance of 73Ω. Since the suitable input impedance for 

the measurement equipments is 50Ω, the impedance matching between the antenna 

and the feeder has to be achieved. Therefore, to achieve 50Ω impedance matching, the 

width of the strip-line feeding of the proposed antenna has to be kept 3.5mm. For this, a 

parametric optimization of the antenna was performed by using CST Microwave Studio 

to obtain the required results. The final geometrical parameters of the proposed antenna 

are illustrated in table 4.4.  

 

Table 4.4  The geometry in mm of Frequency Reconfigurable Quasi-Yagi Antenna. 

L = 80 L1=40 L2=17 L3=48 L4=19 

L5=13 W=60 W1=22.2 W2=16 g=1 

 

        The agility in term of frequency is carried out electronically by loading two PIN 

diode switches D1, D2 (SMP1320-079)  in two gaps that are etched in the driven 
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element. The PIN diode switches were chosen due to their small size, and high 

switching speed; moreover, they require small DC voltage to be activated. The ON/OFF 

state of the PIN diodes are simulated according to its datasheet whereas 0.9Ω resistor 

0.7nH inductor in ON state while in OFF state, a combination of inductor and capacitor 

of 0.5nH and 0.09pF respectively. The  diagram  of PIN diode switches biasing circuit is 

illustrated in Fig 4.11.  

     

Figure 4.11  PIN diode switchs biasing circuit. 

 

 The PIN diodes are forward biased by applying +V DC through RF chokes which allow 

the DC voltage to pass and block RF signal.  

 

4.4.2  Surface current distribution 

     By analysing the current distribution of the proposed antenna, we found that The 

surface current distribution is affected by the switching states of the two RF PIN diodes 

as the simulation results show in Fig 4.12. When D1 and D2 are in OFF state, as in Fig 

4.12(a), the maximum current distribution concentrates in the first half of the driven 

element; thus, the antenna resonates at 5GHz. By switching the PIN diodes ON as in 

Fig12 (b), the current is completely distributed on the driven element which allows the 

antenna to reconfigurate its resonant frequency to 2.8GHz.  Although the two PIN 

diodes are able to provide four possible configurations, we used only two configuration, 

both are ON or OFF, because  in the other configuration the antenna operating 

frequencies are not used by  any aeronautical applications. 
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                                                                      (a)                                                      (b) 

Figure 4.12  The surface current of Frequency Reconfigurable Quasi-Yagi Antenna (Two):  

(a) at   5GHz (b) at 2.8GHz. 

 

4.4.3 Parametric study and retun loss results 

      The position of the gaps (g) has a great influence on the upper frequency while the 

length of W1 determines the lower  resonant frequency because it controls the physical 

length of the driven element. Therefore, the position of the gaps as well as the length of 

W1 are precisely chosen to accomplish the required  resonant frequency. Several 

parametric studies were carried out to determine the perfect position of the gaps and 

the length of W1 as shown in Fig 4.13 and Fig 4.14, respectively. It can be observed 

that when the length of W1 is 20 mm, the proposed antenna resonates at 3.1GHz. As 

the W1 length increases, the resonant frequency shifts down until it became 2.8GHz at 

W1=23.5mm. Thus any further increase in W1 results in shifting down the resonant 

frequency. On the other hand, the proposed antenna resonates at 5.5GHz when the 

gap is etched at d=9mm. Any further increase in d results in more shifting down the 

resonant frequency. 
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Figure 4.13  The effect of the W1 length on S11 simulated results. 

      

    Figure 4.14 The effect of the gap posation on S11 simulated results. 

 

      Other parametric studies were conducted to evaluate the effect of L3 length on the 

S11 and the gain of the proposed antenna at lower frequency, as shown in Fig 4.15, and 

Fig 4.16, respectively. Different L3 lengths are examined and the results affect the 

return loss value. On other hand, the gain is also affected by different length values of 

L3. Although the best S11 result is obtained when L3=46 mm, the maximum gain is 

achieved when L3=48mm ; therefore,the compromised L3 length is chosen to be 48mm. 
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Figure 4.15  The effect of modifying the length of L3 on S11 of the lower frequency. 

 

  

Figure 4.16  The effect of modifying L3 on the antenna gain at the lower frequency. 

 

     The length of L3 also has an effect on the S11 and the gain of the proposed antenna 

at upper frequencies, as shown in Fig 4.17, and Fig 4.18, respectively.   
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Figure 4.17   The effect of modifying the length of L3 on S11 of the upper frequency. 

 

From the  S11 and gain results of the proposed antenna, the best L3 length is equal to 48 

mm, and any further increases or decrease in L3 will affect the matching and the gaib 

as well.  

       

Figure 4.18   The effect of modifying L3 on the antenna gain at the upper frequency. 
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Figure 4.19    The S11 at two different  state of the PIN diode switches. 

 

      The final S11 results are depicted in Fig 4.19.It reveals that the state of the PIN diode 

switches determines the region of the resonant frequency. when the PIN diodes are 

forward biased (ON)  such as in Case 1, the length of the driven element becomes 

much longer than Case 2 and the antenna operates in the frequency range between 

2.6GHz and 3.2GHz while in Case1, the PIN diode switches are reverse biased(OFF) 

taking part of the driven element out; thus, the proposed antenna works in the frequency 

band from 4.89Ghz to 5.6GHz. Both frequency regions are suitable for different 

aeronautical navigation systems. 

          

       Figure 4.20 The  simulated  and measured S11 results of the Frequency Reconfigurable Quasi-

Yagi Antenna. 
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It can be observed from the s11 simulated and measured results shown in Fig 4.20 that 

there is a good agreement. However, the slight difference might be due to some 

fabrication tolerance. The final obtained results are shown in table 4.5.  

 

Table 4.5  Frequency Reconfigurable Quasi-Yagi Antenna (Two) results. 

Case 

 

Frequency 
ranges 

Bandwidth 
 

S11 (dB) 
Gain VSWR Efficiency 

Case 1 4.8GHz-5.6GHz 15.38% 36dB 6.34dB 1.1  93% 

Case 2 2.65GHz-3.7GHz 17.64% 24dB 3.74dB 1.15 92% 

 

4.4.4 Radiation pattern results 

      The normalized radiation patterns shown in Fig 4.21 and Fig4.22 are observed at 

phi 90°. The Quasi-Yagi frequency reconfigurable antenna has a uni-directional 

radiation pattern. Although the frequency is reconfigurable, the proposed antenna 

propagates in the same direction at the two frequencies. The slight disagreement 

between the measured and simulated radiation pattern can be caused by measurement 

and/ or fabrication errors, the losses caused by the PIN diode, and the wires that are 

used to switch the PIN diodes.  

  

       Figure 4.21   Normalized  measured and simulated radiation pattern of the proposed antenna 

at 5GHz. 
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        Figure 4.22    Normalized  measured and simulated radiation pattern  of the proposed antenna                                               

at 2.8GHz. 

 

      The measured gains of the proposed antenna that are shown in Fig 23 and Fig 24 

indicate that the maximum gain at 2.8 GHz is about 3.74 dB which is slight less than the 

simulated one, and the peak gain at 5 GHz is about 6.34 dB which again less that the 

simulated one for the up mentioned reasons. The antenna efficiency is more than 75% 

at each frequency. 

 

 

Figure 4.23    Measured gain of the proposed antenna at 2.8GHz. 
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Figure 4.24   Measured gain of the proposed antenna at 5GHz. 

 

4.4.5 Conclusion 

A frequency reconfigurable Quasi-Yagi antenna has been presented. The 

agility in terms of frequency is achieved by introducing two PIN diode switches in 

the driven element of the antenna. Changing the state of the switches between 

OFF and ON modifies the length of the designed antenna resulting in shifting the 

resonant frequency to tow different regions. The radiation efficiency has shown 

more than 75% in each case. The measured results have shown that the 

proposed antenna is able to reconfigure its resonant frequency from 2.8 GHz to 

5GHz depending on the state of the PIN diode switches, which are appropriate 

for aeronautical navigation applications. The measured radiation pattern results 

of the proposed antenna remain in the same direction in both frequencies. 
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5 CHAPTER FIVE : CONCLUSION  AND FUTURE WORK  

5.1 CONCLUSION 

      In this thesis, three frequency reconfigurable antennas are proposed and presented. 

The frequency reconfigurability is achieved electronically by integrating two varactor 

diodes in one design as shown in Chapter three, and PIN diode switches in the other 

two designs as illustrated in Chapter four. The three antenna are designed to resonate 

at different frequencies  that are suitable for aeronautical applications. Aside from the 

agility in terms of frequency, there are some other requirements by the aeronautical 

applications have to be taken on account during the process of designing the antennas 

such as lightweight, low cost, small size, conformal, and easy to be installed; therefore, 

printing technology has been chosen to design the proposed antennas. The  monopole 

antenna that is proposed in Chapter three has been fabricated at INRS lab. In the 

beginning, two variable capacitors have been integrated in the rediating element of the 

monopole antenna presented in Chapter three. As the capacitance values are changed 

the resonant frequencies change as well; however, due to the conducting material of the 

variable capacitors, the measured radiation pattern results of the antenna are not 

acceptable. Therefore, two varactor diode are used, and the measured radiation pattern 

results are accepted. The Quasi-Yagi frequency reconfigurable antennas that have 

been presented in Chapter four have different radiation pattern type from the monopole 

antenna presented in Chapter three. The Quasi-Yagi frequency reconfigurable antenna 

(Two) has been fabricated and measured. The measured and simulated results have 

been presented and discussed, where a good agreement has been achieved. 

 

5.2 Future work  

      The sky's the limit in the antenna research domain. The performance of the  

antennas that are proposed in this thesis is one of the future work. Choosing a different 
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substrate material with higher dielectric constant and lower loss using different feeding 

techniques would enhance the performance of the proposed antennas. Designing an 

array could be investigated to increase the gain. Since the weight and the size are 

important in the antenna domain, miniaturization technique could be implemented to 

further reduce the size of the proposed antennas. 
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CHAPTER SIX:  RÉSUMÉ 

6.1  Introduction 

      Dans le domaine des communications sans fil, les antennes sont considérées 

comme des dispositifs très importants. Ils sont utilisés pour transmettre ou recevoir des 

ondes électromagnétiques. Depuis la première transmission réussie qui a été faite par 

Galileo Marconi, les systèmes de communication sans fil ont attiré l’attention de 

nombreux chercheurs. Bien que l’antenne dipôle de Marconi soit de taille énorme, il a 

réussi à transmettre le signal à travers l’Atlantique. Dans certaines applications, telles 

que les communications, la navigation et le radar de surveillance, un certain nombre 

d’antennes doivent fonctionner dans différentes bandes de fréquences, avec une 

polarisation et diagramme de rayonnement spécifique pour couvrir leurs opérations. 

      L’installation de nombreuses antennes sur une seule plate-forme n’est pas une 

solution pratique, car elles prennent plus d’espace et augmentent le coût de fabrication 

et de maintenance. Étant donné que les applications sans fil sont de plus en plus 

nombreuses, l’intégration de diverses fonctions dans un seul système a été inventée. 

Cette intégration réduit la taille, le poids, le coût et l’espace. Les antennes sont incluses 

dans cette intégration; par conséquent, les antennes reconfigurables ont reçu une 

attention considérable. Ce sont des solutions prometteuses peu coûteuses qui peuvent 

modifier leurs caractéristiques afin de s’adapter à leur environnement et répondre aux 

exigences opérationnelles. 

6.2  Motivation 

Plus spécifiquement, plusieurs équipements avioniques installés à bord des avions 

utilisent de nombreuses antennes avec différents types et tailles, comme le montre la 

Fig 6.1. Ces antennes sont conçues pour fonctionner sur différentes bandes de 

fréquences pour les systèmes de communication, de navigation et de radar 

météorologique. Chacune de ces antennes a ses propres caractéristiques et un 
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emplacement spécifique pour fournir les fonctionnalités requises. Certaines de ces 

antennes ont un diagramme de rayonnement omnidirectionnel tandis que les autres ont 

un diagramme de rayonnement directif. Cette intégration se fait par la mise en place 

d’une seule antenne reconfigurable qui peut s’adapter à plusieurs applications sans fil. 

 

Figure 6.1   Antennes externes d'avion.    [46] 

6.3   Les antennes reconfigurables en fréquences 

       Les antennes reconfigurables en fréquence sont plus adaptées aux situations où 

plusieurs systèmes de communication sans fil sont intégrés dans un seul dispositif. Il 

est commun que chaque système de communication utilise sa propre antenne; par 

conséquent, l’intégration d’un certain nombre de systèmes de communication dans un 

seul dispositif, en particulier s’il s’agit d’un appareil mobile portatif, est assez 

compliquée en raison du nombre d’antennes entraînant plus d’espace et 

d’augmentation du poids d’un tel appareil. Étant donné que les antennes 

reconfigurables en fréquence sont capables d’adapter dynamiquement leur fréquence 

de fonctionnement, elles peuvent remplacer plusieurs antennes et contribuer à réduire 

la taille et le coût par rapport aux systèmes conventionnels. 
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6.4 Objectifs 

L’objectif principal de ce mémoire thèse est la conception d’antennes reconfigurables 

en fréquence pour les applications aéronautiques. Deux méthodes différentes, des 

commutateurs à diodes PIN et des diodes Varactor, ont été introduites dans les 

antennes proposées pour contrôler leur bande de fréquence. 

6.5   Antenne monopôle reconfigurable en fréquence (première 

méthode) 

6.5.1 Méthodologie de conception d’antenne 

     L’antenne proposée se compose d’un élément rayonnant et d’une alimentation CPW 

qui sont imprimés sur un substrat Rogers RO4350 avec une permittivité de 3,48. 

L'épaisseur du substrat est de 1,524 mm et les dimensions du substrat sont W x L (64,5 

mm x 65 mm). L’élément rayonnant de l’antenne monopole peut prendre n’importe 

quelle forme. Dans cette conception, l’élément  rayonnant  prend  une forme octogonale 

avec L2 =19,25 mm. Différentes études paramétriques ont été effectuées pour obtenir 

une impédance de 50 Ω. Les dimensions finales de w2 et w3 ont également été 

optimisées et elles sont égales à 3,45 mm et 0,2 mm, respectivement. La première 

forme conçue proposée est illustrée à la Fig 6.2(a) et les pertes de retour de l'antenne 

sont présentées dans la Fig 6.3. 

      Comme on peut le constater à partir de ce résultat, l’antenne monopole offre une 

large bande passante de 2,15 GHz à 4,9 GHz. La deuxième étape consiste à déplacer 

la fréquence de résonance afin de couvrir les fréquences plus basses utilisées pour les 

applications aéronautiques. Il existe plusieurs techniques qui permettent de déplacer la 

fréquence de résonance. Comme la forme géométrique de l’antenne est inversement 

proportionnelle à la fréquence de résonance, l’augmentation de la taille de l’antenne 

proposée diminuerait la fréquence de résonance. Cependant, l’augmentation de la taille 
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Figure 6.2     La structure de l’antenne: (a) 1ère désign, (b) finale design. 

 

de l’antenne augmenterait la traînée induite de l’avion, ce qui entraînerait plus de 

consommation de carburant. Pour surmonter cette augmentation, une fente carrée est 

gravée dans l’élément rayonnant pour augmenter le trajet du flux de courant; cela 

augmente la taille électrique de l'antenne et provoque une diminution de la frequence 

de resonnance. La forme géométrique finale est illustrée à la Fig 6.2 (b). 

 

Figure 6.3   Le résultat S11 de la première conception de l'antenne Monopole. 
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6.5.2 Résultats des pertes de retour 

      La photographie de l'antenne monopole reconfigurable en fréquence est illustrée à 

la Fig 6.4. L'antenne monopôle reconfigurable en fréquence proposée a été simulée à 

l'aide du logiciel CST studio [42], et les résultats mesurés ont été obtenus en utilisant 

l'analyseur de réseau (Agilent 8722ES) illustrés à la Fig 6.5. L'agilité en termes de 

fréquence est réalisée en intégrant deux diodes varactor BB833 dans deux intervalles 

g1 et g2 dans l'élément rayonnant. Le réglage de la capacité des varactors dépend de 

la tension appliquée à leurs bornes. On sait que la capacité des varactors est 

inversement proportionnelle à la tension appliquée. En fait, en faisant varier la tension 

appliquée par polarisation inverse dans la plage de 0 à 20 V, la capacité des varactors 

changera dans une plage comprise entre 20 et 0,9 pF. 

              

           Figure 6.4    La photo de l'antenne monopôle reconfigurable en fréquence. 

 

                 

                           Figure 6.5   La photo de l'analyseur de réseaux Agilent 8722ES. 
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       L'antenne proposée résonne à différentes fréquences en fonction des valeurs de 

capacité des varactors; cependant, trois valeurs de capacité différentes sont choisies 

pour que l'antenne résonne à des fréquences différentes de 1,3 GHz à 2,7 GHz 

adaptées à certaines applications aéronautiques telles que la radion-avigation 

aéronautique, la télémétrie aéronautique et les systèmes de positionnement global. 

Selon les résultats obtenus, les simulations et les mesures de S11 sont en bon accord, 

comme le montrent les Fig 6.6, Fig 6.7 et Fig 6.8. Une petite différence  entre les 

résultats mesurés et simulés pourrait être due à certaines erreurs de mesure ou à des 

pertes qui pourraient être causées par le circuit de polarisation. 

 

Figure 6.6   Les résultats S11 simulés et mesurés de l'antenne proposée à 2.8 GHz. 

 

 

Figure 6.7   Les résultats S11 simulés et mesurés de l'antenne proposée à 1.8 GHz. 
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Figure 6.8    Les résultats S11 simulés et mesurés de l'antenne proposée à 1.5 GHz. 

 

Le tableau 6.1 illustre la capacité variable des condensateurs, les marges de 

fréquences obtenues et leurs applications. 

Tableau 6.1  Capacité de la diode varactor, fréquence atteinte et applications. 

Capacité Marges de 

fréquences 

Applications 

0.9pF 2 – 3.2 GHz radionavigation aéronautique 

9pF 1.56 – 2 GHz radionavigation aéronautique 

20pF 1.33 – 1.67 GHz radionavigation  aéronautique et télémétrie 

aéronautique 

 

6.5.3 Modèles des résultats de rayonnement 

Trois diagrammes différents de rayonnement simulés et mesurés de l'antenne 

proposée à 2,8, 1,8 et 1,5 GHz sont représentés respectivement aux Fig 6.9, 6.10 et  

6.11. Le diagramme de rayonnement résultant dans le plan X-Z indique que l'antenne 

rayonne en mode  bidirectionnel et a un comportement omnidirectionnel dans le plan Y-

Z. Les figures montrent une accordance raisonnable entre les simulations et les 

mesures. L'antenne proposée montre des meilleures performances à des valeurs de 

gain maximales de 2,82 dB, 3 dB et 2,2 dB à 1,8 GHz, 2,8 GHz et 1,5 GHz, 
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respectivement. L'antenne proposée fournit plus de 89% d'efficacité pour chaque 

fréquence de résonance. 

          

                                                  X-Z plane                                                     Y-Z plane                                     

Figure 6.9   Le diagramme de rayonnement normalisé de l'antenne proposée atteint 1.8 GHz. 

 

   

                                                  X-Z plane                                                      Y-Z plane                                     

   Figure 6.10    Le diagramme de rayonnement normalisé de l'antenne proposée atteint 2.8 GHz. 

 

 

                                                   X-Z plane                                                     Y-Z plane                                     

Figure 6.11    Le diagramme de rayonnement normalisé de l'antenne proposée atteint 1.5 GHz. 
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6.5.4 Conclusion 

Dans ce chapitre, une antenne monopôle reconfigurable en fréquence a été 

présentée. Deux techniques ont été mises en œuvre de l'antenne proposée. La 

première technique consiste à diminuer la fréquence de résonance en réduisant la taille 

électrique de l'antenne dans laquelle une fente carrée est gravée dans le rayonnement. 

La deuxième technique est une technique de reconfiguration de fréquence, par 

l’introduction de deux varactors pour obtenir une reconfigurabilité en fréquence. 

L'ajustement de la capacité des varactors permet un balayage la fréquence de 

résonance en différents intervalles. Les résultats simulés et mesurés sont en accord. 

Les fréquences auxquelles l'antenne proposée résonne sont adaptées aux applications 

aéronautiques. L'efficacité de l'antenne conçue est supérieure à 89%; de plus, il a un 

rayonnement à pôle unique. 

 

6.6  Antenne mutiband Quasi-Yagi reconfigurable (deuxième 

méthode) 

6.6.1  Méthode de conception d'antenne 

L'antenne proposée est une antenne plane imprimée sur un substrat FR4 d'une 

épaisseur de 1 mm avec une permittivité relative de 4.3. Les dimensions du substrat 

sont W x L (72 mm x 72 mm). L'alimentation de l'antenne proposée est construite sur 

une ligne de transmission microruban. Deux transitions circulaires de microruban sont 

introduites dans l'alimentation de l'antenne, l'un est à l'extrémité du microruban et l'autre 

est au bout de la ligne à  fente. Le but de ces transitions est d'améliorer la 

transformation de l'impédance. La Fig 6.12, et le tableau 6.2 illustrent respectivement la 

forme et la géométrie de l'antenne. 
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                                             Figure 6.12  La structure de l’antenne. 

 

Tableau 6.2   Illustration de la géométrie en mm de l'antenne multibande Quasi-Yagi 

reconfigurable. 

L=27 L1=21 L2=9.8 L3=20 L4=50 L5=20 L6=16 L7=10.8 W=72 

W1=1.6 W2=15 W3-6.7 W4=3.2 W5=3.4 D=3 S=1.16 R1=5.10 R2=4.15 

 

     Trois commutateurs à diodes PIN sont choisis pour être l'élément groupé pour 

rendre l'antenne proposée reconfigurable. Les diodes PIN sont introduites dans cette 

configuration pour permettre de contrôler la longueur de l'élément, et assurer une 

reconfigurabilité en fréquence.  

6.6.2   Résultats des pertes de retours 

       Les résultats de perte de retour simulés, comme illustrés dans la Fig 6.13, montrent 

différents états des commutateurs à diodes PIN. Le basculement entre l'état ON / OFF 

des trois commutateurs de diode PIN augmente ou diminue la longueur des éléments 

réflecteur, alimentation et directeurs, ce qui entraîne le décalage des fréquences de 

résonance entre 3,6 GHz et plus de 6 GHz avec une bonne adaptation d'impédance. 

Ces fréquences conviennent à la navigation mobile et à la radio aéronautique. La plus 
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grande influence sur le déplacement des fréquences de résonance est effectuée par 

S/W2 et S/W3, car elles contrôlent la longueur physique de l'élément d'alimentation. 

 

Figure 6.13   Le coefficient de réflexion de l’antenne. 

 

Le tableau 6.3 illustre les états de chaque diode PIN dans chaque cas. 

 

Tableau 6.3  États des diodes PIN en fonction des cas. 

Cas S/W1 S/W2 S/W3 

Cas 1 ON ON ON 

Cas 2 OFF ON ON 

Cas 3 ON OFF ON 

 

      Lorsque les diodes PIN sont polarisées en direct, la taille des éléments réflecteurs 

et des éléments directeurs deviennent plus longs et le courant électrique traverse un 

chemin plus long entraînant une diminution des fréquences de résonance. De même, le 

courant prend un chemin plus court lorsque les diodes PIN sont inversement polarisées, 

ce qui entraîne un décalage des fréquences de résonance vers la zone supérieure. 
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6.6.3   Modèles des résultats de rayonnement 

      Les diagrammes de rayonnement résultants présentés dans la Fig 6.14, la Fig 6.15 

ont été obtenus à phi = 90 ° pour les fréquences de 4,4 GHz et 5 GHz, respectivement. 

On peut constater que l'antenne proposée a un diagramme de rayonnement 

unidirectionnel comme il se doit. Le gain maximal atteint est de 5,59 dB à 4,4 GHz et 

5,95 dB à 5 GHz. Le diagramme de rayonnement de l'antenne proposée a la même 

direction du lobe principal pour les deux bandes de fréquences, et les niveaux du lobe 

arrière dans les deux figures sont acceptables. L'efficacité totale de l'antenne dans 

chaque fréquence de résonance est supérieure à 82%. 

 

 

Figure 6.14    Diagramme de rayonnement simulé à travers la bande 4.4 GHz. 

 

Figure 6.15   Diagramme de rayonnement simulé à travers la bande 5 GHz. 
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6.6.4   Conclusion 

      En conclusion, une antenne Quasi-Yagi reconfigurable multi bande a été présentée. 

La reconfigurabilité est obtenue en introduisant trois commutateurs à diodes PIN dans 

les éléments pilotes et director de l'antenne. Le basculement de l'état des 

commutateurs entre OFF et ON modifie la longueur de l'antenne conçue pour que la 

fréquence puisse être reconfigurée. L'efficacité du rayonnement est plus de 82% dans 

chaque cas. Les résultats obtenus montrent que l'antenne proposée peut fonctionner 

sur des multi-bandes de fréquence aillant  de 3.5GHz à 8.5GHz, ce qui convient à 

plusieurs applications sans fil. 

 

6.7   Antenne multibande Quasi-Yagi Reconfigurable (deuxième 
méthode, deuxième) 

6.7.1  Méthodologie de conception de l’antenne 

Dans cette section, une antenne quasi yagi reconfigurable en fréquence et alimentée 

par une ligne microruban est presentée. La topologue de l'antenne proposée est 

illustrée à la Fig 6.16, et sa photographie à la Fig 6.17. L'antenne proposée possède 

une structure métallique à double couche et elle est imprimée sur le substrat Rog43 

RO4350B avec une permittivité relative de 3,48 et une épaisseur de 1,52 mm. Bien que 

plusieurs types de substrats ont été examinés, le substrat choisi a donné les résultats 

requis. L'élément entraîné se compose d'un dipôle alors que le plan de masse avec une 

dimension de (w * L3) est le réflecteur. L'amélioration de la directivité est obtenue en 

ajoutant une bande métallique qui fonctionne comme un pilote. 

Pour obtenir une adaptation d'impédance de 50Ω, la largeur de l'alimentation de la ligne 

de transmission de l'antenne proposée doit être maintenue à 3,5 mm. Pour cela, une 

optimisation paramétrique de l'antenne a été réalisée pour obtenir les résultats requis à 

l'aide de CST Microwave Studio. Les paramètres géométriques finaux de l'antenne 

proposée sont illustrés dans le tableau 6.4. Deux interrupteurs de diode PIN (GMB 

4201) sont placés dans deux espaces qui sont gravés dans l'élément entraîné. Les 
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états ON / OFF des diodes PIN sont simulés selon leurs fiche de données, comme 

illustré à la Fig. 4.5. 

 

                                             Top view                             Bottom view 

Figure 6.16   La structure de l’antenne. 

 

     

Figure 6.17    Photo de l’antenne fabriquée. 
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Tableau 6.4  Géométrie en mm de l'antenne Quasi-Yagi reconfigurable en fréquence. 

L = 80 L1=40 L2=17 L3=48 L4=19 

L5=13 W=60 W1=22.2 W2=16 g=1 

 

6.7.2   Résultats des pertes de retour 

       Les résultats de perte de retour sont représentés dans la Fig 6.18. Il s'avère que 

l'état des commutateurs à diodes PIN détermine la bande de la fréquence de 

résonance. Lorsque les diodes PIN sont polarisées en direct (ON) tel que dans le cas 1, 

la longueur de l'élément entraîné devient beaucoup plus longue que le cas 2, et 

l'antenne fonctionne dans la bande de fréquences comprises entre 2.6GHz et 3.2GHz 

alors que dans Cas 1, les commutateurs de la diode PIN sont inversement polarisés 

(OFF) prenant partie de l'élément entraîné; ainsi, l'antenne proposée fonctionne dans la 

bande de fréquences de 4,89 GHz à 5,6 GHz. Les deux bandes de fréquence sont 

adaptées à différents systèmes de navigation aéronautique. 

 

Figure 6.18   Le S11 à deux cas différents de la diode PIN. 
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Figure 6.19   Les coefficients de transmissions simulés et mesures de l'antenne quasi-Yagi    

reconfigurable en fréquenc. 

 

        Les résultats simulés et mesurés de S11 illustrés à la Fig 6.19 sont en bon accord. 

Cependant, il existe une légère différence due à certaines tolérances de fabrication et 

des pertes d'insertion de la diode PIN. Le tableau 6.5 décrit les résultats obtenus 

finalement de l'antenne proposée 

Tableau 6.5  Fréquence d'antenne Quasi-Yagi de fréquence (Deux) résultats. 

Cas 

 

Marge de fréquences Bande passante S11 (dB) Gain VSWR Efficacité 

Cas 1 4.8GHz-5.6GHz 15.38% 36dB 6.34dB 1.1 93% 

Cas 2 2.65GHz-3.7GHz 17.64% 24dB 3.74dB 1.15 92% 

 

6.7.3   Modèles des résultats de rayonnement 

      Les diagrammes de rayonnement normalisés illustrés à la Fig 6.20 et Fig 6.21 sont 

observés à phi 90 °. L'antenne Quasi-Yagi reconfigurable en fréquence a un diagramme 

de rayonnement unidirectionnel. Bien que la fréquence soit reconfigurable, l'antenne 

proposée propage dans la même direction aux deux fréquences. Un léger désaccord 
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entre le diagramme de rayonnement mesuré et simulé peut être causé par des erreurs 

de mesure et/ou de fabrication ainsi que les pertes causées par la diode PIN et les fils 

utilisés pour commuter la diode PIN. 

      Les gains mesurés de l'antenne proposée qui sont représentés à la Fig 6.22 et la 

Fig 6.23 indiquent que le gain maximal à 2,8 GHz est d'environ 3,74 dB, ce qui est 

légèrement inférieur à celui simulé, et le gain optimal à 5 GHz est d'environ 6,34 dB qui 

encore moins que le simulé pour les raisons mentionnées ci-dessus. L'efficacité de 

l'antenne est supérieure à 75% à chaque fréquence. 

  

Figure 6.20   Normalized  measured and simulated radiation pattern of the proposed 

 antenna at 5GHz. 

 

Figure 6.21    Normalized  measured and simulated radiation pattern  of the proposed  

antenna at 2.8GHz. 
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Figure 6.22    Measured gain of the proposed antenna at 2.8GHz. 

 

 

Figure 6.23     Measured gain of the proposed antenna at 5GHz. 

 

6.7.4  Conclusion 

Une antenne Quasi-Yagi reconfigurable en fréquence a été présentée. L'agilité en 

termes de fréquence est obtenue en introduisant deux commutateurs à diodes PIN 

dans l'élément entraîné de l'antenne. La modification de l'état des commutateurs entre 
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OFF et ON modifie la longueur de l'antenne conçue, ce qui permet de déplacer la 

fréquence de résonance à différentes zones. L'efficacité du rayonnement est de l'ordre 

de 75% dans chaque cas. Les résultats mesurés ont montré que l'antenne proposée est 

capable de reconfigurer sa fréquence de résonance de 2,8 GHz à 5 GHz en fonction de 

l'état des commutateurs à diodes PIN, ce qui est approprié pour les applications de 

navigation aéronautique. Les résultats des diagrammes de rayonnement mesurés pour 

l'antenne proposée ont la même direction dans les deux fréquences. 
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6.8   CONCLUSION. 

        Dans cette thèse, trois antennes reconfigurables en fréquence sont proposées et 

présentées. La reconfiguration en fréquence est réalisée électroniquement en intégrant 

deux diodes varactor dans la même conception, comme indiqué au chapitre trois et des 

commutateurs à diodes PIN dans les deux autres modèles, comme illustré au chapitre 

quatre. Les trois antennes sont conçues pour résonner à différentes fréquences 

adaptées aux applications aéronautiques. Mis à part l'agilité en termes de fréquence, il 

existe d'autres nécessités pour les applications aéronautiques qui doivent être prises en 

compte lors de la conception des antennes, telles que le poids, le coût, la taille, 

conformité et facilité d'installation; par conséquent, la technologie d'impression a été 

choisie afin de concevoir les antennes proposées. L'antenne monopôle proposée au 

chapitre trois a été fabriquée au laboratoire INRS. Au début, deux condensateurs 

potentiels ont été intégrés dans l'élément de réédition de l'antenne monopôle présentée 

au chapitre trois. Comme les valeurs de la capacité sont ajustables, les fréquences de 

résonance aussi; cependant, en raison du matériau conducteur des condensateurs 

variables, les résultats de rayonnement mesurés de l'antenne ne sont pas acceptables. 

Par conséquent, deux diodes varactors sont utilisées et les résultats du diagramme de 

rayonnement mesuré sont acceptabls. Les antennes reconfigurables en fréquence 

Quasi-Yagi qui ont été présentées au chapitre quatre ont un type de rayonnement 

différent de l'antenne monopôle présentée au chapitre trois. L'antenne Quasi-Yagi 

reconfigurable en fréquence (deux) a été fabriquée et mesurée. Les résultats mesurés 

et simulés ont été présentés et discutés, où une bonne concordance à été accomplie. 

6.9 Travaux futurs 

       Le domaine de recherche des antennes ne connait pas de limites. La performance 

des antennes proposées dans ce mémoire est l'un des travaux futurs. Le choix d'un 

matériau de substrat différent avec une constante diélectrique plus élevée et une perte 

inférieure en utilisant différentes techniques d'alimentation améliorerait la performance 

des antennes proposées. La conception d'un réseau d'antennes pourrait être étudiée 
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pour augmenter le gain. Étant donné que le poids et la taille sont importants dans le 

domaine des antennes, la technique de miniaturisation pourrait être utilisée pour réduire 

davantage la taille de l'antenne proposée. 
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