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Urmia University, Pardis Conference Room, Urmia, WA July 2011 A bstract Apparently, UWB, multiband, and dual-band antennas have become increasingly critical in developing wireless communication technology as a result of the development of UWB technology. There is wide use of cellular technology in wireless personal area networks (WPANs) today. With a frequency range of 3.1-10.6 GHz, ultra-wideband (UWB) technology has been implemented to meet network requirements with a frequency range of 3. 1-11.68 GHz. This frequency range has been approved by the Federal Communications Commission (FCC), which is vital for the development of modern wireless communication networks, which are crucial to the development of modern societies. The development of printed UWB antennas in simple and hybrid forms has been taking place in recent years. It is important to point out that these printed antennas do not only have controllable bandwidth, but they are also characterized by the fact that they are low profile, simple to design, and have a low manufacturing cost in addition to their favorable radiation properties.

In this thesis, previous studies on Euclidean and Fractal monopole antennas are discussed in detail to reach a comprehensive approach to designing intended microstrip antennas at the desired frequency. Novel printed monopole antennas for ultra-wideband and multiband applications are presented as a first step to developing novel antenna structures. It is possible to obtain a much wider impedance bandwidth by increasing only the three fractal iterations without affecting the resonance frequency using fractal shapes. The proposed antennas are etched on an FR4 substrate of 25 × 25 × 1 mm 3 and optimized to operate over the frequency band between 2.5 and 15 GHz for VSWR<2. We also attempt to study square slot antennas with circular polarization in another chapter of this thesis with the intended use for UWB applications. The proposed slot antenna is etched on an FR4 substrate of 60 × 60 × 0.8 mm 3 and optimized to operate over the frequency band between 2.5 and 15GHz for VSWR<2. Having been adopted by some of the WLAN standard technologies, this is now a thing of the past. As a result of FCBW, there are now a variety of WLAN frequencies between 5150-5350 and 5725-5825 MHz (specified by IEEE 802.11a). The first step in this research is to develop three hybrid designs of microstripfed parasitic-coupled monopole antennas with a much higher degree of freedom in the design process than conventional monopole antennas. As a result of this approach, fractal ring monopole antennas have been developed as a multiband antenna structure that consists of a directly fed main patch and an electromagnetically coupled parasitic patch. Utilizing the self-similarity characteristics of fractals, the proposed WLAN/WiMAX antenna has a compact size, offers wide impedance-matching bandwidth, and has a radiation pattern similar to a dipole. In IEEE 802.11b/g, the frequency range is 2400-2484 MHz, and IEEE 802.16e and IEEE 802.11a specify 5150-5350/5725-5825 MHz. In 2010, the first results of this research study were published in an IEEE Antennas and Wireless Propagation Letter (volume: 9), which was an important development in the field.

A second approach uses Pythagorean theory in arithmetic to modify Pythagorean trees to increase their freedom degree, creating an antenna for UWB based on the proposed fractal. Monopole antenna patches were embedded as samples of the first five iterations of the modified Pythagorean tree fractal. Simulation and experimental results of the prototype antennas are presented and discussed in detail to verify the proposed design principle. Finally, we review and propose two novel square slot antennas with impedance and axial ratio bandwidth enhancement. These antennas are based on 20 antennas published in IEEE and IET journals in recent years. Due to the use of different techniques, better results were achieved in comparison to prior structures, thanks to the use of more advanced techniques. It operates between 2.74 and 13 GHz and has been measured to have a bandwidth of 32.2%.

It is proposed that we combine Euclidean and Fractal geometric structures to design antennas based on this novel geometry. As a result of studying and designing monopole antennas, we can produce a novel fractal antenna that can be used for UWB and multiband applications. To simulate all the antenna structures presented in the thesis, the High-Frequency Structure Simulator (Ansys HFSS, ver.11) has been used. The impedance bandwidths of the antennas are measured by the Agilent8722ES network analyzer in the anechoic chamber of the Iranian Telecommunication Research Center (ITRC). K eyw ords: broadband CPW-fed circularly polarized square slot antenna, UWB application, single layer antenna, square ground plane, unequal size inverted-L strips, orthogonal E vector, CPSSA structure, impedance bandwidth, modified Pythagorean tree fractal monopole antennas, UWB application, modified microstrip-fed ultrawideband printed antenna.

© Javad Pourahmadazar, July 2011.

Statement of Originality

Considering the fact that I am the certifying author, it is my responsibility to attest to the originality of all the works in this thesis. We have used some techniques in this study that have been derived from the work of other authors. These techniques have all been explicitly cited in the text of this study. One of the most significant aspects of this thesis is that the results of this thesis have been published in IEEE Antennas and Wireless Propagation Letters and that the originality of the work is being verified by cross-checking software, which is one of the most significant aspects of this thesis. Javad These are different types of monopole antennas, each with a unique shape, used in various wireless communication applications. A monopole antenna is a type of radio antenna with a single conductive element, typically a metal rod or wire, that is fed with radio frequency energy at its base and radiates it into space. The shape of the antenna affects its radiation pattern, frequency response, and impedance matching, among other factors. Each of the antennas listed above has its own unique advantages and disadvantages, depending on the specific requirements of the application. . [2]. Mandelbrot came to the conclusion that the length of the English coast is measured by a scale when he studied this during the research for his doctoral dissertation in 1976. As a result of measuring, it on a large scale, the amount is smaller than if it was measured on a smaller scale. Fructus is the Latin word that Mandelbrot took as the basis for the word fractal in terms of its meaning. It is a stone that has been broken into an irregular shape as a result of being broken. This is to emphasize the nature of irregularity and fragmentation, which is one of the main characteristics of this form of geometry [1].

Figure 1-1 illustrates the complexity of the situation by showing the flight of a microscopic mosquito towards a piece of paper. As shown in the figure above, the mosquito perceives an object in the distance as a zero-dimensional particle. In Figure 1-1b, it perceives the object as a one-dimension line, and in Figure 1-1c, it perceives it as a two-dimensional plane when it flies over it. By getting closer to the object in Figure 1-1d, he can see the depth of the object, and he can view it as a two-dimensional plane, and finally a twodimensional plane when he gets much closer. The next dimension consists of one-dimensional linear networks of fibers.

As shown in Figure 1.2 [1], another classic puzzle in mathematics is the need for fractal geometry to calculate the coastline of continents. For example, in this experiment, if a 1kilometer ruler is used for measurement, the total number of rulers used will be equal to the approximate length of the coastline [1]. This is despite the fact that a ruler with a length of only 1 meter is used and this experiment is repeated. As the updated measurement also includes measurements inside caves and wetlands, the results will different. If the new measurement scale is smaller, the coastal length will increase again. Let's pay attention to the fact that this coastline area, whose size increases as the measurement scale is reduced, is inside the earth with a limited volume [1]. We, therefore, need a geometry better than Euclidean geometry to solve such a problem. Euclidean geometry has complete dimensions such as one-dimensional like a line and two-dimensional like a plane. Benoit Mandelbrot introduced the word fractal, meaning fractional dimensions, for dimensions whose dimensions were not included in the classification of complete dimensions.

Figure 1.The movement of a small insect from a long distance towards a plane [1].

One of the characteristics of some fractals was mentioned in the example of calculating the length of the coastline, which had an unlimited length that was included in a limited volume. The fractals used in this thesis have structures with unlimited complexity and a self-similar nature. This means that by approaching the target structure, the overall structure is repeated [1]. An example of this self-similarity in nature can be seen in the fern leaf shown in Figure 1.3. The entire structure of the fern is repeated on the leaves. In fact, if we zoom in on the structure of the fern leaf, the process of repetition continues [1]. The idea of dimensions between fractal geometry and Euclidean geometry has opened up a wide range of applications for fractal geometry, including electromagnetic systems. These applications can be used to develop the characteristics of emitters and reflectors. Therefore, the use of this geometry can provide better functionality in comparison with Euclidean geometry. Mandelbert investigated the relationship between fractals and nature using the discoveries of Felix Hausdoff-Fato, Pierre, and Gaston Julia. He showed that there are many fractals in nature and those fractals can accurately model natural phenomena [1]. To model complex structures such as trees and mountains, he introduced new types of fractals. Mandelbrot defined a fractal as an uneven and curved geometric shape that can be divided into smaller pieces and each one is a smaller copy of the whole (a part of the whole). Although there is no personal standard for what defines fractals, there are a number of characteristics that define fractal properties. The Persian Language and Literature Academy have also approved the word "barkhal" along with the word "barkhali" for the word "fractal". Fractal geometry, in contrast to Euclidean geometry, which emphasizes the establishment of order at all levels, refers to the order resulting from the infinite repetition of the disorder [1]. 

C haracteristics of Fractals: Self-sim ilarity, and Space filling

It is possible to create fractal shapes by combining geometric shapes such as squares, triangles, circles, and rectangles. But they differ from Euclidean structures in a very special way. As a result, these shapes differ from the usual Euclidean shapes, such as circles, squares, etc. They are a mixture of many Euclidean shapes. Unlike other structures, fractals consist of constituent parts that are arranged in a unified manner. In this case, the scales are smaller. In this situation, we call it self-similarity. As a matter of fact, the shapes of each of the different components of a fractal represent its overall shape at different scales. One fundamental property of fractals is the fact that they are self-similar. This significant trait of fractals has attracted more and more attention in areas such as mathematics, the arts, and various engineering fields. This includes telecommunications, coding, aerospace, and mechanics. Therefore, there will be an infinite number of small copies of the whole object in each part of the structure. The majority of versions with a smaller scale than the whole structure are different from the whole object. For example, they may be diagonal or have a different scale factor self-similarity and have been compressed differently in relation to the coordinate axis. In this case, the object is read. From this feature, another critical feature called space-curving filling has been obtained, in which the fractal environment increases without increasing its surface area. This problem causes incorrect dimensions in fractals. Line, square, and cube are 1, 2, and 3 dimensional, respectively, but the dimension of a fractal can be an incorrect number like 1/154. So, the three essential features of fractals that have led to different applications for them are:

• Self-similarity

• Space Filling

• Fractional dimension

Equation 1-1 can then be used to obtain a fractional dimension fractal:

𝐷 = Log(𝑁) -Log(𝑆)
Eq. 1-1

Fractal C haracteristics and C om m on G eom etry for Fractal A ntenna D esign

Considering their self-similarity and space-filling properties, fractals have had many applications in electromagnetic. Various applications of the self-similarity property have been found in the field of designing and manufacturing multiband antennas, especially microstrip antennas. In microstrip antennas and filters, this property can be used to reduce dimensions by filling the space. Here is a brief overview of common fractal geometries used in antenna design development, which are [1][2][3][4][5][6][7][8][9][10]:

• The Sierpinski • Koch • Hilbert • Tree 1.3.1. A Sierpinski Fractal in 2D and in 3D
Sierpinski carpet [3] is the first fractal. In terms of Sierpinski Fractal type, there are two types, Sierpinski Gasket and Sierpinski Carpet. These two types of fractals are shown in Figure 1-4. 

Fractal K och

There are also two types of fractals in snowflakes and islands [3] and [5]. These two types of fractals are shown in figures 1-5. An equilateral triangle forms the basis of this fractal. Snowflake Kochs, on the other hand, are made by adding smaller and smaller triangles to the original structure in a repeatable process. This is in contrast to Sierpinski gaskets, which are created by removing smaller and smaller triangles. An illustration of the process can be seen in Figure 1.5. 

H ilbert fractal

We propose Hilbert's fractal space-filling for use in designing fractal antennas based on their surface properties. The Hilbert fractal structure can be visualized by looking at figure 6-1. As a fractal that does not have intersection points, the Hilbert fractal exhibits the properties of a space-filling pattern. As part of the design of antennas and frequency selective surfaces (FSS), the fractal tree structure is also widely used. As shown in the figure below, there are three branches to a tree fractal. Ternary trees have geometry similar to Sierpinski gaskets and are known as Ternary Trees. As shown in Figure 7-1, the triple tree geometry can be interpreted as a wire model corresponding to the fourth stage of the Sierpinski gasket fractal. Figure 1.5 illustrates how antenna design can be applied to some common fractal geometries. For miniature loops, patches, and microstrips, Minkowski Island and Koch Flake have been used primarily to develop and expand existing designs. In the modern era, fractals are used in a number of disciplines, such as physics, chemistry, biology, economics, geology, image processing, computer graphics, and antenna design, among others. A new and exciting topic in array techniques to reduce scattering in electromagnetic waves is the use of fractal geometry as a means to reduce scattering. It is the purpose of this research to use these mathematical functions to solve problems related to size, frequency, and multi-band antennas. Antennas have recently been designed using fractal geometry, which has been used as a design method as well. In the design of antennas, fractals have a number of advantages that encourage designers to use them as part of their design process. In terms of mathematics, there are many subtleties and complexities involved in fractal geometry. As a matter of fact, it has been tried here, with a brief review, to implement the approach when designing antennas, with promising results.

A ntenna D esign U sing Fractal Structures

When it comes to the dimensions of the antenna as well as the wavelength of the signal, there is a close relationship between the two. In most cases, this is regarded as one of the most challenging limitations when it comes to designing antennas. The efficiency of an antenna is greatly reduced when its size is scaled down significantly compared to its operating wavelength. Additionally, its radiation resistance is also reduced, while the amount of reactive energy stored in its vicinity is significantly increased [7]. These two phenomena make it difficult for small antennas to adapt to feeding circuits. When they are adopted, they exhibit a very narrow bandwidth and a high-quality factor. An electric antenna of this type is called a small electric antenna. The numerical moment analysis performed by Dr. Kahn revealed that Minkowski's fractal rings have a low resonance frequency compared to their electrical size [8], [9], and [10]. The frequency range of an antenna is usually limited to around 10-40% of its central wavelength. As a result, antenna sizes are limited to about half or a quarter wavelength. It was long considered an inherent limitation, until 1961, when frequency-independent (broadband) antennas were proposed [11]. Frequencyindependent antennas include spiral antennas, alternating logarithmic dipole arrays, etc. Antenna structure was taken into account regardless of scale (and therefore regardless of frequency) by using Mandelbrot's fractal theory [2]. These antennas can be designed using the self-similarity principle in fractal structures in order to improve their size-to-wavelength ratio. It was proposed in 1993 that fractals could be used to design arrays that operate across several frequency bands. When electromagnetic waves collide with fractal surfaces, Dr. Jaggar'd demonstrated special properties [12].

Developing antennas capable of operating across multiple frequency bands is a topic of recent interest in fractal antenna research. The design of small antennas is another application of fractals. Antennas with small sizes and wide bands, including frequency-independent antennas, have been developed in large numbers. An independent frequency antenna's major characteristic is its ability to return to fractal geometry. As we know, there are several self-similar antennas, known as fractal antennas, whose frequency-independent properties allow them to be organized as fractal antennas, such as logarithmic and helical antennas, although fractals are not responsible for the creation of these antennas [11].

There are a number of ways in which fractals can be used to miniaturize antennas, for example, by taking advantage of their ability to pack huge electrical lengths into small physical volumes [13] and [14]. The self-similarity property is also used when designing antennas. Depending on the geometry of the antenna, similar properties are graded in different frequency bands based on how they behave in those bands. A fractal structure is a structure that has a great deal of unique properties, which can be used to design antennas that can have very high performance.

An example of a fractal is a view of the boundary of the filling plane, which means that large electrical shapes are packed efficiently into a compact array of elements. With electrical lengths playing a much more significant role in antenna design, than they used to be, this packaging can be used as a successful and practical method of miniaturization to make antennas smaller and more efficient [14], [15]. By applying the general concept of fractals, different antenna elements and arrays can be created. It is possible to design antennas with multi-band or wide-band properties using fractals when using smaller resonant antenna elements. When using fractals in array antenna design, multiband or wideband arrays can be developed as a result. Most fractals, as a matter of fact, are extremely complex, which allows us to be able to reduce the antenna's size by utilizing the details within the mathematical formula. Due to the fact that different parts of the antenna are similar to one another on different scales, they can even be able to reach several frequency bands of arrays, with the meaning of the full screen [15].

As a matter of fact, Dr. Kahn was the first person to develop an antenna element using fractals. He demonstrated that by applying the concept of fractals to an antenna element, the size of the antenna could be significantly reduced [5]. By studying the behavior of Sierpinski monopoles and dipoles, Puete was able to prove the multiband ability of fractals [2], [3], and [6]. Both the radiation pattern and the input return loss of Sierpinski monopoles are characterized by similar behavior over a wide range of frequencies. There are a number of other fractals that can be used to obtain ultra-wideband or multiband antennas [14] to [19]. Fractal antennas have the apparent practical advantage that they can be used as a resonant antenna in a smaller area, which is an obvious benefit.

Fractal A ntenna Elem ents

Antennas such as dipole Koch, monopole Koch, Koch rings, and Minkowski rings can be reduced in size by using the fractal concept. Due to its self-similarity in geometry, the fractal concept can also be employed to achieve multiple bandwidths and increase each band's bandwidth, for example, Sierpinski bridge dies, Patch-and-counter slot and Fractal tree die bridge. Fractal structures can also be used to create wide-band responses, such as printed fractal rings. In Figure 1234567, several examples of fractal antenna elements are shown. Based on the general concept of fractals, arrays can also be designed and analyzed using fractal theory. Multi-band performance can be achieved with fractal arrangements or array elements [10], [14], and [19].

Figure8 Some Examples of Fractal Antenna Elements [19].

C onclusion

Due to the idea of dimensions between fractal geometry and Euclidean geometry, a large variety of applications have been developed for fractal geometry. These include the development of characteristics of emitters and reflectors, which are employed in electromagnetic systems to demonstrate their properties. Thus, when compared with Euclidean geometry, the use of this geometry is likely to provide better results than doing so using Euclidean geometry. There are several advantages to fractal geometry over Euclidean geometry when designing antennas [1][2][3][4][5][6][7][8][9][10]. The reason for this is fractals' self-similarity, their high spatial complexity, and their ability to fill space efficiently [5][6][7][8][9].

Simple, regular shapes, such as circles, squares, and triangles, are the basic building blocks of Euclidean geometry [1][2][3][4][5][6][7][8][9][10]. Euclidean antenna designs are limited both in their ability to provide a large amount of surface area relative to their volume, as well as their ability to provide multiple paths for signals to reflect [1][2][3][4][5][6][7][8][9][10]. In contrast, fractal shapes are more complex and irregular, and they are more efficient at filling space. The use of fractal shapes for antenna designs will result in greater surface areas compared to their volumes, which will lead to greater performance and efficiency [5][6][7][8][9]. The antenna's ability to receive and transmit signals can be further improved by using multiple reflection paths provided by fractals [1][2][3][4][5][6][7][8][9][10]. Fractal antennas, such as the Sierpinski fractal antenna based on the Sierpinski triangle, are examples [5][6][7][8][9]. Wireless communication systems require antennas with small volumes but large surfaces, so this antenna fits the bill. Additionally, Sierpinski fractal antennas have multiple reflection paths, which improve their receiving and transmitting abilities [1][2][3][4][5][6][7][8][9][10]. A fractal antenna can be operated over a wide frequency range, which is another advantage [1][2][3][4][5][6][7][8][9][10]. Since fractal shapes are spatially complex, they are capable of interacting with signals across wide frequency ranges. In wireless and cellular communication systems, fractal antennas are useful for applications requiring multi-band or broadband operation [5][6][7][8][9]. The design and manufacture of fractal antennas are relatively simple as well as offering the advantages described above [1][2][3][4][5][6][7][8][9][10]. As a result, fractals can be easily generated using computer software by using simple mathematical algorithms. A wide range of wireless communication applications can benefit from fractal antennas because they are cost-effective and efficient solutions [5][6][7][8][9].

The design of antennas can be facilitated by using fractal geometry instead of Euclidean geometry. Spatial complexity is increased, space is filled more efficiently, and multiple reflection paths can be provided for signals. The design and manufacture of fractal antennas are relatively simple, and they can operate across a wide frequency range. In comparison to Euclidean geometry, fractal geometry has these unique properties that make it an excellent choice for designing antennas. As a result, the aim of this project is to develop new fractal structures of monopole antennas, or to modify an existing fractal structure in order to achieve the best possible optimization in terms of performance.

C hapter Tw o 2. D esign M ethods of P rinted M onopole A ntennas for U W B applications.

Introduction

It requires its own design methods because printed monopole antennas have a special structure. These antennas lack a ground plane under the radiating element, so their threedimensional symmetry is somewhat disturbed compared to vertical monopole antennas or simple microstrip antennas. As a result of this problem, traditional methods of analyzing and designing antennas, such as the microstrip transmission line method and the cavity model, are not effective anymore. Instead of considering the resonance frequency in monopole antennas, researchers examine how design parameters affect low-band edge frequencies and impedance bandwidths rather than the resonance frequency. A lower edge of the band's frequency depends on the antenna's maximum vertical height in the initial design. Broadband antennas are determined by how they match the impedance of different antenna modes with their feed lines [16][17][18][19][20][21][22]. HFSS, Computer Simulation Technique, is commonly used to analyze, design and optimize these antennas. Over the last few years, in addition to the usual design methods, a series of analytical formulas, along with a number of diagrams that can assist in the design of printed monopole antennas at low frequencies, have been suggested in addition to the usual design methods. This chapter presents a comprehensive analysis of the data collected. Several techniques have been introduced so far to improve the performance of these antennas, and we will examine them in the following chapters. Analytical methods will be used to improve the antenna's bandwidth, impedance matching, gain, pattern, and other characteristics. [21] and [22] demonstrate that software or experimental methods can be used.

M ethods of D esigning and Im proving the P erform ance of P M A for U W B applications

In addition to having a broad bandwidth and an omnidirectional radiation pattern, the printed monopole antenna can be analyzed in two ways. A microstrip antenna, in which the ground plane is located under the radiating element, is assumed in the first method.

There are two substrates used for printing the antenna. In the first case, it is air with a dielectric coefficient of 1, and in the second case, it is FR4 with a dielectric coefficient other than 1 (4.4 if this FR4 substrate is chosen). Based on this assumption, the printed monopole antenna is equivalent to an antenna that is placed on a substrate with a dielectric coefficient close to 1, and we know that this will result in a very wide bandwidth. In the second method, the printed monopole antenna is examined in the same way as the vertical monopole antenna. As we know, the vertical monopole antenna consists of a very large metal cylinder placed perpendicular to the ground. Its bandwidth increases as the radius of the cylinder increases. A printed antenna can be considered equivalent to a vertical antenna that has a large effective diameter and is surrounded by a dielectric material other than air. The last method calculates the low band edge in common structures for printed monopole antennas [22][23][24][25][26][27][28][29][30].

2.2.1. D esign M ethods for U ltra-W ideband A ntennas at Low Frequency f L Square antennas, rectangular antennas, polygonal antennas, triangular antennas, circular antennas, and elliptical antennas are the most common designs and shapes of printed monopole antennas. As shown in Figure .9, there are a number of forms with different feeding structures. The shape of the antenna affects the radiation pattern and the efficiency of the antenna. The size of the antenna also affects the amount of radiation that is emitted. Different shapes, sizes, and feeding structures can result in different radiation patterns and efficiencies. Microstrip feed extension 1 and extension 2 are connected to the radiating element through microstrip feed. With a height of 1.6 mm and a loss tangent of 0.01, all these antennas are positioned on FR4 substrates. The shape of the antenna determines how the electromagnetic waves are radiated, while the size of the antenna controls the power that is radiated. Different antenna designs, such as microstrip feed extensions, will result in different radiation patterns and efficiencies. The height and the loss tangent of the antenna also affect the radiation pattern and efficiency, and these parameters are determined by the substrate material used to build the antenna. A modified version of the standard formula used for vertical cylindrical monopole antennas is modified appropriately. It can estimate the low-frequency band edge frequency in printed monopole antennas.

In the first step, the relationship used in monopole vertical plane antennas is modified as follows: if L is the maximum height of the radiating element and r is the effective radius of the equivalent cylindrical antenna, the frequency of the lower edge of the band from Equation (2-1) is obtained. In this expression, r is obtained by setting the area of the cylindrical monopole antenna equal to the area of the desired planar antenna. In this expression, p is the horizontal distance of the end of the ground from the radiating element.

Figure 9. Common forms of printed monopole antennas with different feeding structure. These are different types of monopole antennas, each with a unique shape, used in various wireless communication applications. A monopole antenna is a type of radio antenna with a single conductive element, typically a metal rod or wire, that is fed with radio frequency energy at its base and radiates it into space. The shape of the antenna affects its radiation pattern, frequency response, and impedance matching, among other factors. Each of the antennas listed above has its own unique advantages and disadvantages, depending on the specific requirements of the application .

Eq. (2.1)

= 72 (𝐿+𝑟+𝑝) 𝐺𝐻𝑧 𝑓 𝐿 Eq. (2.2) = 72 (𝐿+𝑟+𝑝)×𝑘 𝐺𝐻𝑧 𝑓 𝐿
The effective dimensions of printed antennas increase when the substrate has a dielectric coefficient greater than 1. Consequently, the lower band edge frequency will decrease. For the calculation of the low band edge frequency, equation (1-2) is modified into equation (2-2).

Figure 2.1 shows a printed monopole structure, and L and r can be calculated based on it. For a circular patch monopole antenna with radius A, A 2 = L and A = r/4, and for an elliptical antenna 1, A 2 = L and B = r/4, and for an elliptical antenna 2, B 2 = L and r = A/4. The value of factor k can be calculated by applying the first-mentioned method to printed monopole antennas. In this case, the plane of the earth is assumed to be at infinity. With a maximum error of 10%, the experimental value of k for the FR4 substrate with a height of 1.6 equals 1.15 estimates the frequency of the lower edge of the band [20]- [30]. By applying the method to monopole antennas, the value of k can be determined based on the frequency of the lower frequency band edge. This is in addition to well as the height of the substrate. This value can then be compared to the experimental value of k, and if the error is within 10%, then it is considered an accurate estimate of the frequency.

Figure 10. Changes in the length of p with the change of the frequency of the lower edge of the band in monopole antennas of group 2. [30]

The effective length of the feed line, p, is another parameter that is effective in determining the lower band edge frequency (f L ). In order to determine the p parameter, three parameters must be taken into consideration [30]:

• The degree of curvature of the final dividing line of the earth • The curvature of the lower dividing line of the radiating element • Distance between the ground's end and the radiating element's beginning.

As a result of these three parameters, the printed monopole antenna (PMA) is capable of matching the impedances of adjacent resonances simultaneously . In order to achieve the desired impedance bandwidth and lower edge frequency, the parameters of this network must be optimized. An impedance-matching network's lower edge frequency can be increased by adjusting the capacitance of the inter-resonator capacitor. In Figure 2.1, the length of the p-value will be extra for antennas that have radiating elements of different shapes that are fed from other sources . There are three common types of printed monopole antennas (PMA) based on this difference: In group 2.1-A, the feeding line sees a sudden change in the edge at the entrance to the radiating element. The radiating patch and feeding line change slowly in the antennas of group 2.1-B. As shown in Figure 2.1-C, the patch is fed from the corner in the third category .

To obtain the desired p with the desired lower edge frequency (desired) and maximum impedance bandwidth, use the following method . Based on the HFSS software, we consider all of the lower edge frequencies of the wireless network band, which is 0.5 GHz to 2.3 GHz . To have the maximum impedance bandwidth, we need the optimal value of p in this interval. In order to determine the change in p according to a lower band edge frequency, we draw a curve . This curve will be different for three different categories. Figure 2.2 shows the intended curve for the second category, namely PEMA and PCMA [30]. 

B asic M ethod for the H igh-Frequency (f H ) D esign of U W B P rinted M onopole A ntennas

A printed monopole antenna is equivalent to a vertical cylindrical monopole antenna with a large radius, as previously mentioned [30][31][32][33]. The metal radiating element is then excited to exhibit various high-order current modes in accordance with this assumption. The antenna feed must be optimal, and its transverse dimensions must be large enough for all existing resonant modes to have a high impedance bandwidth [30]. Consequently, they undergo less change in impedance during resonance . All parameters of the antenna, including its size and shape, should be optimized so that the impedance of all resonant modes is placed within the VSWR=2, unit circle on the Smith diagram. It will be possible to obtain a wide impedance range with this work. An example of an elliptical monopole antenna is used to explain and prove this problem [30][31][32][33].

In Figure 2.3, the antenna is shown as an elliptical radiation element with a major diameter of A2 and a minor diameter of B 2 , which is mounted on an FR4 substrate with a dielectric coefficient of 4.4, a height of 1.6 mm, and a loss tangent of 0.01. By using the curve of Figure 2.2, the length p is determined to have a lower band edge frequency (f L ) of 1.1 GHz equal to 1 mm. In order to maintain a constant input frequency, we keep the main diameter of the oval patch at A 2 = 4.8 cm [30][31][32][33]. Four different values of B2, 10, 20, 40, and 52 mm were selected [30] to examine how changes in the transverse diameter of the radiation patch affected the input impedance and the bandwidth of the impedance. As shown in Figures 2.4 and 2.5, the monopole antenna structure with the four mentioned values has been parametrically analyzed using HFSS software up to a frequency of 5 GHz, indicating where impedance changes occur in the Smith diagram and the corresponding return loss diagram. It is evident from the Smith diagram that the radiating element at B 2 = 10 mm behaves like a monopole wire antenna [30][31][32][33]. The impedance difference between several different resonant rings, as well as within the rings themselves, is very large [30][31][32][33]. Each of the rings represents one of the resonant modes of the radiating elliptical element. In order to reduce the impedance changes in B 2 , it is necessary to increase its transverse radius. As a result, the rings become smaller and closer together, which increases the impedance bandwidth. Figures 4a to 4c [30] illustrate these changes [30][31][32][33]. Figure 14: Surface current distribution on the radiating element and the antenna ground for the structure of the elliptical monopole antenna with A2=48 mm and B2=52 mm at frequencies 1, 3, 5, and 7 GHz [30][31][32][33].

(a) (b) (d) (c)
A graph of the changes in return losses in relation to frequency and the four mentioned parameters is illustrated in Figure 2.5. As part of the next step, we will examine the distribution of surface currents in the radiating element and the ground below the antenna that is optimized with the values of A 2 =48mm and B 2 =48mm, up to a frequency of 16 GHz.

Figure 2.6 illustrates the results of this analysis. A distribution of the surface current of the antenna at 1 GHz around the first resonance frequency is shown in figure 2.6.A [30][31][32][33]:

Only the first half cycle of the surface current is seen at this frequency, representing the main resonance mode around the elliptic element and in the feeding area. Alternatively, the current on the ground is distributed around the upper edge and demonstrates the importance of length p during optimization [30][31][32][33]. Figure 2.6.b shows the current distribution at 3 GHz frequency: the number of current cycles is three times the original frequency. According to Figure 2.6, increasing the frequency to 5 and 7 GHz multiplies the number of current cycles, but reduces the current amplitude. This causes the current to spread out to the other edges [30].

Antenna gain and radiation pattern are examined in the following sections. The radiation pattern diagram in Figure 2.7 shows antennas operating at 2, 6, 10 and 14 GHz in the H plane. It can be observed that the single-pole wire antenna pattern is omnidirectional at low frequencies (the ideal state for single-pole wire antennas) [30]. As frequency increases, the pattern's directivity increases, while at the same time the cross component gradually becomes larger and can be measured at a frequency of 14 GHz. Moreover, Figure 2.8 shows the antenna radiation pattern on the E-plane at the mentioned frequencies. As can be seen in this figure, at low frequencies, the E plane pattern takes on the shape of a number 8 (ideal for monopole wire antennas), and as frequency increases, it becomes more skewed and has a larger cross component [30][31][32][33]. This antenna's radiation gain and efficiency are also shown in Figure 2.9. Gain increases with frequency until saturation occurs. Radiation efficiency decreases from 100% to 80% as the frequency range increases from 1 to 15 GHz [30][31][32][33]. With an increase in frequency up to 6 GHz, the antenna's effective area has increased [30][31][32][33]. This results in an increase in gain of 1.84 dB to 7.7 dB, but as radiation efficiency decreases, the gain rate increases in 0.5 dB between 6 to15 GHz. ) [30][31][32][33] Figure 17: Gain and radiation efficiency of an elliptical monopole antenna with A2=48 mm and B2=52 mm [30].

P rinted M onopole A ntennas w ith an A nnular R adiation Elem ents

A higher surface current density is found in the environment of the radiation element than in other areas, as explained in Section 2.1. A radiation element with an elliptical shape can be used in the antenna structure instead of a complete elliptical element [30,[31][32][33]. This work allows for the use of other RF elements in the antenna, and at the same time, by adjusting the internal radius (r) of the ring antenna, the antenna's ultra-wide band performance is maintained, as well as reducing the amount of metal used. It is also possible to increase the radiation efficiency as well as reduce the heat loss of the antenna. An example of the ring antenna structure described in reference [25] is shown in Figure 2.1. In Figure 2.11, we see the effects of parametric analysis to determine r. From these graphs, it can be determined that r=4.5 mm [30]. 
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Figure22 :The structure of a circular antenna with a symmetrical cut in the radiating element [26,[27][28][29][30][31][32][33].

Sym m etrical Sector C ut in A ntenna R adiation Elem ents

As shown in Figure 2.14, a monopole antenna with a symmetric radiating element can be constructed. Reference [26] provides the design of this structure and how to examine it. A circular radiation element with a radius of 8.5 mm is located on a FR4 substrate with a height of 0.8 mm in this structure. Antenna dimensions and other characteristics are shown in figure 2.14. A change in antenna return loss with M size can be seen in figure 2. 15. By increasing the angle M from 0 to 180 degrees, the bandwidth of the impedance has increased by 6%. In addition, the frequency of the lower frequency band edge of the band has increased by 25%. Our study of antenna radiation patterns at resonance frequencies of 4 and 10 GHz depends on choosing M = 80°. A comparison can be made between Figures 2.16 and 2.17. This is because the H plane radiation pattern is omnidirectional at all band frequencies. The E plane radiation pattern is reminiscent of the ideal monopole radiation pattern found in antennas across all band frequencies. Figure 2.18 shows an antenna gain diagram. The 4 and 10 GHz resonance frequencies enable us to compare the relative gains of the antenna in the E and H planes. We can observe that the E plane gain is higher than the H plane gain, which is consistent with the behavior of a monopole antenna. The antenna gain diagram in Figure 2.18 provides further evidence of this, as it shows the maximum gain in the E plane and the relatively lower gain in the H plane. Throughout the whole frequency bandwidth, the antenna gain requirements change by about 4 dB [26,30].

Figure23 :The diagram of changes in return loss of the antenna Figure 2.14 [26] based on the change in M angle.

Figure24 :The radiation pattern of the antenna in Figure 2.14 [26] in H-plane at frequencies: (a) 4 and (b) 10 GHz.
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Figure25 :The radiation pattern of the antenna in Figure 2.14 [16] in plane E-at frequencies: (a) 4 and (b) 10 GHz.

Figure26 :Diagram of gain changes for the antenna in Figure 2.14 [26].

E and EC M onopole A ntennas

The purpose of this section is to introduce two types of monopole antennas based on a novel point of view for the analysis of monopole antennas [27]. In Figure 2.19(a) and 2.19(p), the radiating element of the antennas is created by removing the common plane of two circles or an oval from the larger plane, and they are called E monopole antennas [27][28][29][30]. They are called EC antennas because their radiating element complements the E structure in Figure 2.19(b) and 2.19(c) [27][28][29][30]. This antenna has a gap between the radiating element and the ground, and the gap affects its performance for UWB [27][28][29][30]. An antenna's lower edge frequency is determined by the opening of this gap, and the gap opening should equal λ⁄2 of the desired lower edge frequency [27][28][29][30]. Detailed instructions for designing the feeding line can be found in [28][29][30]. It is necessary to specify the substrate's height and dielectric coefficient in this method. As shown in Figure 2-19 with w m , the feed line width is chosen so that its characteristic impedance is 50 ohms. This is done in order to ensure that signal power is efficiently transferred between the transmitter and the receiver. With the dielectric coefficient and the substrate's height specified, the feed line's width can be determined to provide an impedance match between the source and load. This will allow maximum power transfer. First, calculate the effective dielectric coefficient for the combination of substrate and air based on the frequency of the lower edge of the band (f L ). The first order approximation is used to calculate the effective dielectric coefficient, and in this case, ε eff = 2/(ε r + 1) in higher order approximations. The height of the substrate and the working frequency of the antenna are also used in the calculation of ε eff They are effective and have been omitted here. Based on the design method mentioned in [29,30], the length and width of the radiating element apart from the feeding structure are chosen to be equal to the quarter λ⁄4 and half of the effective electric wavelength λ⁄4 at the frequency f L , respectively.

Therefore, w=c/(2√(εeff)fL)=λeff/2 and l=c/(4√(εeff)fL)=λeff/4 and based on this selection of dimensions, w = 1D and w = 2D/2 will be. Thus, in ellipses, the diameter ratio equals 0.5 = 2R = 1R, and in circles, it equals 1 [29,30]. A semi-circular ground plane is selected for circular antennas and an oval ground plane for semi-elliptical antennas, as shown in Figure 2.19. The semi-circular ground plane is chosen for circular antennas because it provides the same electrical properties as a full circle does, but with a much smaller footprint [29]. The oval ground plane for semi-elliptical antennas is chosen because it provides a larger area for the antenna to radiate, allowing for more power to be transmitted. Additionally, the oval shape provides a more efficient method of radiating the signal, as its length is equal to the wavelength of the signal, allowing for more efficient radiation of the signal [30]. This allows the earth's curvature to match the radiation element, improving the impedance matching, as discussed in Section 2.2.2.

In addition to choosing the center points of small and large circles, ellipses, and arcs of the antennas, we ensure symmetry is maintained in the structure. Their horizontal distance from the ground in E antennas equals C 1 =R 1 D 1 /2 and C 2 =wm+R 2 D 2 /2, while in EC antennas it equals C 2 =R 2 D 2 /2 [30]. A DuPont 951 substrate with a dielectric coefficient of 7.8 and a loss tangent of 0.0015 is used for the first structure in this section.

Considering the frequency f L equal to 2.5 GHz, Table 1-2 presents the design parameters for the four antennas of Figure 2.19 using the aforementioned design relationships. HFSS software optimized the four structures for return loss less than 10 dB and impedance bandwidth between 3.1 and 10.6 GHz based on the optimization results. The DuPont 951 substrate was chosen because it had low loss tangent and dielectric coefficient values which would lead to better antenna performance [30]. The frequency of 2.5 GHz was chosen to ensure that the antennas had the desired impedance bandwidth. The parameters in Table 1-2 were designed using the design relationships and the antennas were optimized with HFSS software to ensure that they had the desired return loss and impedance bandwidth.

As well as the results of the formulation, Table 1-2 shows the results of this optimization [30].

Table 1-2 shows that the difference between computer analysis and formulation is less than 10%, which indicates that the relationships are almost accurate. As can be seen in Figure 2.19, the return loss diagrams for four monopole antennas are shown based on their frequencies [30]. Figure 4 shows that all four structures operate in the ultra-wide band and cover the impedance bandwidth between 1.3 and 10.6 GHz, with E antennas having a lower frequency at the lower edge of the band than EC antennas [30]. This indicates that the computer analysis and formulation of the monopole antennas have been able to accurately replicate the physical structures, as the difference between the two is less than 10%. This is further supported by the return loss diagrams, which show that the antenna structures operate in the ultra-wide band and cover the impedance bandwidth between 3.1 and 10.6 GHz. This suggests that the computer analysis and formulation of the monopole antennas have been able to accurately reproduce the physical structures and their performance over a wide frequency range [30]. In Figure 2.20, we can see the three-dimensional pattern of the monopole E antenna. At low frequencies, this pattern is ideal, as with other monopole antennas [30,[31][32][33][34][35][36]. Furthermore, the monopole E antenna exhibits an omnidirectional radiation pattern within the entire ultra-wide band, making it suitable for a variety of applications. The pattern becomes distorted or multiple zeros appear with increasing frequency. The rest of the E and EC structures are also similar [30]. However, the monopole E antenna is still very useful in terms of its benefits despite the distortion in the higher frequency range. Its omnidirectional radiation pattern and wide frequency range make it a great choice for multiple applications [30]. [30]. 2-2 to verify the accuracy of the design relationships. The results of the simulations show that the gain of the E antennas is higher than that of the EC antennas across the entire UWB frequency range. This is due to the fact that the dielectric coefficient and height of the two antennas are different, which affects the impedance and therefore the gain of the antennas. There are different substrates [30]. The graphs above show that at low frequencies and with low dielectric coefficients, changing the height of the sub-layer has a very small effect, while at higher frequencies and with higher dielectric coefficients, the effect becomes more pronounced. It has been assumed that the lower edge of the band has a fixed frequency. We consider the substrate with a coefficient of 7.8 and a constant height of 0.5 mm, changing the frequency of f L from 1.5 to 3 GHz. This return loss diagram shows the effect of these changes at frequencies between 1 GHz and 6 GHz. Based on the graph, it can be seen that f L differs by about 5% from the assumed frequency. Considering the sum of these results, the presented formulation accurately simulates UWB monopole antenna performance [30]. For instance, the return loss in the diagram is lower than -10 dB when the frequency is between 1.5 and 3 GHz, indicating that the antenna is efficiently transmitting and receiving signals within this range. Figure31 :The antenna return loss of R04003C substrates with different heights varies with frequency [30].

Figure32 :Variations of antenna return loss with frequency for DuPont951 substrate with different heights [30].
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Figure33 :Variations of antenna return loss with frequency for RT6010LM substrate with different heights [30].

Figure34 :Simulation and calculation of fL frequencies under DuPont 951 layer with 0.5 mm thickness [30]. The purpose of this section is to examine how a simple wire monopole antenna structure can be modified to create a dual-band antenna, which is described in the references [30]. Figure 2.24 illustrates the design process in three parts. Structure 2.26 (a) λ2/2 monopole antenna is excited by a 50-ohm feed line. However, this antenna occupies about 85% of space when compared to the dimensions of the patch antenna with the same frequency response [30]. The above structure has been corrected according to Figure 2.26 (b) to improve this and reduce the antenna's dimensions. By bending the radiation element, this structure occupies 76% less space, and has the same frequency response as a patch antenna . This element needs a length equal to 0.62 λ to work at the resonance frequency of the structure (A). But by bending the radiating element of the loaded antenna, a capacitive coupling is created between the edge of the ground and the horizontal part of the antenna structure. Therefore, the antenna's bandwidth is reduced, but in 2.26 (c), a bent radiation element of a different length is added to the antenna's structure [30]. Dualband antennas are created by creating different resonances in their structure with different current paths [30]. The first arm should be located at a distance of 1.4λ and the second at a distance of 2.4λ from the ground plane. A 50-ohm power line feeds the above radiation elements, which are placed on FR4 substrates with a height of 1.6 mm and a dielectric coefficient of 4.36 [30]. High impedance bandwidth and proper impedance matching have been achieved with the same length and width of the ground plane as with the previous antennas [30]. The 1.4λ distance of the first arm allows for better radiation characteristics, while the 2.4λ distance of the second arm is designed to ensure proper impedance matching of the power line. The use of the FR4 substrate with its dielectric coefficient of 4.36 allows for the proper bandwidth and impedance matching of the antenna. Finally, the same length and width of the ground plane as with previous antennas ensures that the antenna will have the desired radiation characteristics. A comparison of the return loss of the above three antennas can be seen in figure 2.27. The antenna 2.26 (A) resonates at 2.41 GHz and covers a 500 GHz bandwidth around the resonance frequency. The antenna in Fig. 2.26 (A) has the lowest return loss, indicating that it is the most efficient out of the three antennas. This is likely due to its resonant frequency being closer to the desired frequency of 2.41 GHz, allowing it to capture more of the signal within its 500 GHz bandwidth. The dimensions of the antenna are identical to those of a standard patch with the same frequency response. An antenna 2-26 (b) is operating at 2.44 GHz, has a bandwidth of 400 MHz, and occupies 76% of the patch. 

D esign and

U sing the Effect of C apacitive and Inductive Loading

The purpose of this section is to examine the effects of capacitive and reactive loading. A resonance frequency ratio has been adjusted using this effect in reference [31]. The magnetic field of a capacitor concentrates magnetic fields inherently, and the electric field of a capacitor concentrates magnetic fields inherently [30]. In an antenna region with a fixed electric length [30], the effective electric length increases with increasing electric or magnetic field density, and the resonance frequency decreases, a phenomenon known as capacitive or self-loading [30].

Whenever the electric or magnetic field in a region of an antenna is reduced, the effective length and resonance frequency associated with that region decrease [30]. Anti-capacitive effects are known as a result of such a phenomenon [30]. By adjusting the radiating element of the monopole antenna shown in figure 2.28 and its current distribution in figure 2.29, you can control its resonance frequency ratio. It can be seen in Figure 2.30 that the antenna structure has changed, and in Figure 2.31 that the return losses have increased [30]. Figure 39:Self-loading and anti-capacitance applied to the antenna in Figure 2.28 [30,31]. 

P arasitic Elem ents

By creating two different paths of surface electric current, section 2.3.1 showed how to create two separate resonances in the antenna and achieve two-band performance. Figure 2.32 shows another method described in reference [32] with its intended structure. Using this structure, a square radiation element with determined dimensions is fed by a 50-ohm microstrip line [32]. There is a 0.8 mm height difference between it and the FR4 substrate. Under the radiation element is the parasitic element with parametric dimensions. The main resonance frequencies produced by the radiation element alone in the desired structure are 2.3 GHz and 3.7 GHz [32]. The parasitic element placed under the radiation element is electrically coupled to it. If the dimensions of the parasitic element and its distance from the ground plane are adjusted correctly [32], a new resonance is created between the two main and sub-resonances and two-band performance with the appropriate impedance width is produced [32]. As shown in Figure 2.33, return loss for the above antenna varies with parasitic element length and ground distance [32].

According to this figure, the best impedance bandwidth is obtained at length (h) 24.4 mm and distance (g) 6.1 mm [32]. Table 3-2 also includes the results of the simulation based on the transverse values of the parasitic element [32]. According to Table 2-3, the optimal values for large width (2w) and small width (1w) are 17 mm and 12 mm, respectively. Figure 2.34 shows the return loss diagram for the above antenna with and without parasitic elements. Adding the parasitic element produces a new resonance and increases the impedance bandwidth, as illustrated in this figure [32]. In this way, measurements and simulations are compared, and an excellent agreement is found. Figs. 2.35 (a) to (p) show the radiation pattern of the above antenna in three planes: xy, xz, and yz. As shown in the diagram, this antenna follows the same pattern as other monopole antennas that were discussed in the previous Sections 2.3.2 [30]. However, its breakdown occurs at lower frequencies [30]. The simulations provided by the measurements help to confirm that the antenna performs as expected, which explains why the antenna is able to reach the breakdown frequencies at lower levels [30]. This is due to the radiation pattern of the antenna, which is similar to the radiation patterns of other monopole antennas discussed in the previous Sections 2.3.2 [30]. This helps to explain why the antenna is able to reach lower frequencies than other antennas. Figure44 :Gain and radiation pattern diagrams for frequencies of 2.5 GHz, 3.5 GHz, and 5.5 GHz [30].

65 As a result, the parasitic element radiates at high frequencies and affects the main radiation pattern. In Figure 2.35, the antenna gain is shown in three frequency ranges with relative constancy across the full range [30][31][32][33][34][35][36][37][38][39][40].

C onclusion

The lower edge of the band frequency in printed monopole antennas is determined by the antenna's maximum vertical height in the initial design. Meanwhile, the bandwidth of the antenna will be related to the way of matching the impedance of different modes of the antenna with the feed line, which can be used to design a combination of techniques, such as parasitic elements and half-grounds, etc., based on the bandwidth required. Printed monopole antennas operate at their lowest frequencies at their maximum height, and their bandwidth depends on the impedance matching between the antenna and the feed line. A resonance frequency is determined by the height of the antenna and the impedance of the feed line, and it is at this frequency that the antenna can best transmit and receive signals.

It is also the impedance match between the two that affects the antenna's bandwidth, which is the range of frequencies it can receive and transmit .

Antenna height determines the lower edge of the band frequency, because antenna height determines its resonant frequency [51][52][53][54][55][56][57][58]. Monopole antennas have a resonant frequency that is proportional to their height, so a taller antenna will have a lower resonant frequency and a wider bandwidth [51][52][53][54][55][56][57][58]. Monopole antennas have a resonant frequency that is inversely proportional to the square root of the antenna height. Due to this, the taller the antenna, the lower its resonant frequency and the wider its bandwidth . The impedance matching between the antenna and the feed line also determines the antenna's bandwidth . An antenna's impedance should be well matched with the feed line's impedance to avoid re-radiating energy into free space. This can cause the return loss of the antenna to be high, which limits the bandwidth of the antenna . This is because an antenna with high return loss will have a limited frequency range in which it can operate efficiently, resulting in a limited bandwidth [51][52][53][54][55][56][57][58].

There are several techniques that can be used to improve the impedance matching of the antenna and increase its bandwidth, such as using parasitic elements and half-grounds. These techniques are designed to change the impedance of the antenna so that it is closer to the impedance of the feed line, which improves the matching and increases the bandwidth . The combination of techniques used will depend on the desired bandwidth and the specific requirements of the antenna design. For instance, a half-ground technique can be used to reduce the physical size of the antenna, while a parasitic element can be used to reduce the reflection coefficient and increase the bandwidth .

C hapter Three The proposed hybrid design of microstrip-fed parasitic coupled ring fractal monopole antenna combines the advantages of microstrip-fed antennas and fractal antennas, making it a compact and efficient solution for modern mobile devices with WLAN and WiMAX functions. The fractal iteration of the antenna design results in improved impedance characteristics, which enhances the performance of the antenna. The miniaturized size of the antenna, being only 25×25×1mm^3, makes it a suitable solution for mobile devices with limited space for antenna placement. By using the fractal iteration in the antenna design, it allows the antenna to be more compact while still maintaining its desired performance characteristics. This allows it to be used in mobile devices with space constraints without sacrificing performance. (See Section 2.3.3)

This study presents the improvement process of the impedance and radiation properties of the proposed hybrid design in detail and provides a thorough discussion of the results. Through simulations and experiments, the study shows that the hybrid antenna design has better impedance and radiation properties compared to conventional antenna designs. Furthermore, the study provides a step-by-step guide on how to optimize the design parameters of the hybrid antenna to further improve its performance. The improved performance of the antenna makes it a suitable choice for modern mobile devices with multifrequency and multi-standard requirements, making it possible to meet the increasing demand for high-speed data transmission and reception. The results of this study published in publication Section (See Publication) .

Introduction

Low profile antennas [51] are especially suitable for modern mobile devices. Low profile antennas are particularly attractive for modern mobile devices due to their compact size and ability to fit within the limited space available in these devices. By using low profile antennas, mobile devices can be upgraded with a WLAN module that supports WiMAX, allowing them to keep pace with the latest trends in wireless technology. This can enable high-speed data transmission and reception, providing a seamless experience for users who require connectivity on the go. Low profile antennas also offer a number of advantages compared to traditional antennas due to their size. They are less likely to be affected by interference, which allows for better performance, and they are also more energy efficient. This can extend the battery life of mobile devices and allow them to stay connected for longer.

Low profile antennas can be designed in a variety of shapes and configurations, such as planar, circular, or fractal, to meet the specific requirements of a mobile device [51]. The choice of a low-profile antenna design depends on several factors, including the frequency of operation, desired radiation pattern, and available space for antenna placement. By carefully considering these factors, it is possible to optimize the performance of a lowprofile antenna for a specific mobile device. For instance, laptop computers and handheld devices and cell phones having a Wireless Local Area Network (WLAN) module supporting a Worldwide Interoperability for Microwave Access (WiMAX) function, in keeping with the current trend, can be upgraded to the WLAN module. For these devices, it is usually necessary for the antenna to have multiple impedance-matching bands, such as 2400-2484 MHz (specified by IEEE 802.11b/g), 2500-2569 MHz (specified by IEEE 802.16e), and 5150-5350/5725-5825 MHz (specified by IEEE 802.11a). This is because the radio signals in these different bands have different frequencies which need to be matched with the antenna impedance in order for them to be properly received and transmitted. The antenna must be able to tune itself to the specific frequency of the signal in order to receive and transmit it. A large number of such antennas have been proposed [52]- [54], often with sizes that may be too large to be used practically. Some compact antennas [55]- [56] have also been proposed. In this letter, a new hybrid ring fractal printed monopole antenna with a very compact size and good impedance and radiation characteristics is presented. Here, we show that by increasing fractal iterations and inserting cardioid parasitic patch in back side, the bandwidth enhancement and matching improvement for WiMAX /WLAN uses are noticeably obtained. Moreover, the dipole-like antenna patterns can be obtained through all these bands [56]. As illustrated in Fig. 3.1, the cardioid-shaped conductor-backed plane is placed under the radiating fractal patch and is also symmetrical with respect to the longitudinal direction. The conductor-backed plane perturbs the resonant response and also acts as a parasitic structure, electrically coupled to the fractal monopole. The cardioid patch has a length of 𝑅 1 , width of 𝑅 2 and a distance of G to the ground plane, printed on the back surface of the substrate. Note that the G stands for the distance of cusp and ground plane. The name cardioid comes from the heart shape of the curve. The cardioid is given by the following parametric equations Eq.3.1. Here𝑟 1 , 𝑟 2 without units are the radius of the circles which generate the curve. Cusp will be turned 180deg when𝑟 1 , 𝑟 2 are positive. For a given physical length of an antenna, if the density of the electric or magnetic field in a section of the antenna is increased, the antenna's electrical length is also increased which is called capacitive loading or inductive loading [57], [58]. Based on the over-coupling condition between the fractal and cardioid parasitic patches, placing the cardioid parasitic patch increases the electric field density between the fractal and cardioid patches in the substrate leading to the capacitive loading condition and the increase of electrical lengthy of the antenna .

𝑥(𝑡) = 2𝑟 1 (cos(t) -0.5 cos(2t)) Eq.3.1 𝑦(𝑡) = 2𝑟 2 (sin(t) -0.5 sin(2t))

R esults and D iscussions of a M ulti-band Fractal A ntennas

The proposed antenna structures are simulated using a High Frequency Structure Simulator (HFSS, ver.11). During the simulation process, by adding various metal strips and blocks to the antenna structure, the effects of bad soldering and great SMA connector are considered. At first, for clarifying the improvement process, four iteration of fractal patch are defined as follows (Fig. 3.1): 1st iteration, includes only one ring with D 8 outer diameter ; 2 nd iteration, contains two rings with D 8 , D 6 outer diameters respectively ; 3rd iteration, has three rings with D 8 , D 6 , D 4 outer diameters respectively; and finally 4th iteration, contains four rings with D 8 ,D 6 ,D 4 and D 2 outer diameters respectively. The simulated S 11 curves for 4 iterations of fractal are plotted in Fig. 3.2. From the simulation results in Fig. 2, it is observed that the impedance bandwidth increases as the fractal iterations are increased, thus, we have maximum impedance band-width for 4th iterated antenna at WIMAX/WLAN frequencies. The parameters (𝑟 1 ,𝑟 2 , G and 𝐿 𝑔 ), based on the parametric analysis of the 4th iterated of the proposed fractal antenna, are optimized to achieve the maximum impedance bandwidth and good impedance matching. The simulated S 11 curves for 4th iterated of fractal with different values of𝐿 𝑔 and 𝑔 are plotted in Fig. 3.3. As ground length(𝐿 𝑔 ) increases, the impedance bandwidth is increased up to 6.5 mm. As shown in Fig. 3.3, the small changes in the width of the gap between the ground plane and the fractal patch (𝑔) has a great effect on the impedance matching of the 4th iterated of fractal antenna. The simulation result indicates that, as the gap width increases from 0.5 to 2.5𝑚𝑚, the lower band-edge frequency for Band I decreases from 2.5 to 2.35 GHz and the Band IV-width is decreased 100%. By decreasing 𝑔 up to 0.5𝑚𝑚, the ellipticity of the ground plane improves the impedance matching as the great ellipticity the antenna gets produces a smoothly tapered structure stopping discontinuities in the current distribution. On the other hand, as 𝑔 increases from 0 to 1𝑚𝑚, the lower-edge of Band III is decreased from 5.35 to 4.8 GHz. The maximum impedance bandwidth and impedance matching increased for 𝐿 𝑔 = 6𝑚𝑚, 𝑔 = 0.5𝑚𝑚 as shown in Fig. 3.3. The simulated S 11 curves for 4th iteration of fractal antenna with the optimal length(𝐿 𝑔 = 6𝑚𝑚) for various (𝑟 1 , 𝑟 2 , G) are plotted in Fig. 3.4 and Fig. 3.5. By properly tuning dimensions 𝑟 1 and 𝑟 2 and spacing (𝐺) to parasitic patch, path of current surface will be more flexible and so higher resonant modes of the antenna can be excited. Fig. 3.4 indicates that as the (r 1 ,r 2 ) of the cardioidbacked plane is decreased from -4 to -8, the center frequency of Band I will be varied from 3.3 to 2.7 GHz (Bandwidth reduce from 30% to 18%). Meanwhile a new Band II generated from 3.2 to 4GHz (1.25:1, 22%). The lower band-edge of new generated Band IV (overlap Bands of IV and V in Fig. 3.2) is also decreased from 8.3 to 8 GHz. Based on r 1 = -8 and also different r 2 ranging from -7.5 to -9.5, the higher band-edge of Band III is decreased from 7 to 6.6 GHz. Which generates a new band from 6.8 to 7 GHz. Fig. 6 shows the measured𝑆 11 curves for the proposed antennas with optimized Values depicted in TABLE I.

The measured impedance bandwidth of Fig. 3.6 has the following bandwidths: BAND I (2.42 to 3 GHz, 21%), BAND II (3.3 to 4.25 GHz, 103%), BAND III (5.1 to 7.2 GHz, 34%), and BAND IV (8.1 to 12 GHz, 39%). It has an operating frequency range of 2.5 to 12 GHz. Generally, for providing good impedance characteristics over the application bands, the parameters of the proposed antenna should be equal to the values shown in TABLE .3.1. The measured impedance bandwidth and the operating frequency range indicate that the proposed antenna has the ability to provide good impedance characteristics within the desired application bands. The parameters in Table I ensure that these impedance characteristics will remain consistent across the desired frequency range. The photograph of the realized very compact monopole antenna is shown in Fig. 3.10. The measured of the realized antenna is plotted in Fig. 3.6, showing a very good agreement between the simulated and experimental values. Furthermore, the radiation pattern of the antenna is analyzed in order to evaluate its performance in the desired frequency range, as seen in Fig. 3.7, confirming that the antenna is suitable for the intended application. In the simulated and measured graphs of the proposed antenna in Figs. 3.2 -3.6, we recognize five different resonances generated due to the existence of four 1mm rings in the direction of the microstrip-fed line. In the structure of proposed antenna, there is one coupling distance between the fractal patch and the ground plane that could help to improve the impedance and matching properties. The rings are used to increase the bandwidth of the antenna and enhance its gain, while the coupling distance helps to improve its impedance matching, allowing it to achieve better signal transmission. Measured results of the radiation patterns of the fractal antenna and the corresponding proposed antenna for WI-MAX/WLAN Bands are presented in Figs.3.7 and 3.8, respectively. The improved impedance matching enabled by the coupling distance results in a higher gain, wider bandwidth, and better signal transmission than those achieved with the fractal antenna. The results include co-polarization and cross polarization in the E(xz)-plane and the H(yz)-plane (Fig. 3.1).The patterns resemble a donut shape with an approximately omnidirectional Hplane pattern and a figure of eight pattern in the E-plane up to 10 GHz. The measured maximum gain of the antenna versus frequency is also presented in Fig. 3.9, for WI-MAX/WLAN applications. We can see that maximum antenna gains are determined as 0.84, 1.09, 0.89 and 1.08 (dBi) across the 2.4, 2.6, 5.2 and 5.8 GHz bands, respectively. This shows that the antenna is able to effectively transmit and receive signals across the WIMAX/WLAN frequency bands with consistent and adequate antenna gain. This is essential for reliable communication over these frequencies. It is also interesting to notice that the proposed antenna has an area of 625 𝑚𝑚 2 (25𝑚𝑚 × 25𝑚𝑚), which is less than the area of the presented antenna (9025𝑚𝑚 2 ) in [59] with dimension of (95𝑚𝑚 × 95𝑚𝑚) and thickness of 1.5𝑚𝑚. Moreover, unlike the proposed ground plane of the antenna in [60], the ground plane of the proposed structure has no limitation in shape and size [87]. In order to know which part of the antenna is effective in the resonances of the antenna, we study the surface currents of the 4th order circular fractal antenna. Figure 3.11 shows the surface currents of the desired fractal antenna at frequencies of 2.8, 4.1, 6.3, and 9.5 GHz. By studying the surface currents of the antenna at different frequencies, we can determine which parts of the antenna are more effective in producing resonances. This helps us optimize the antenna design for better performance. Surface currents of antenna 4 provide an overview of how the aforementioned antenna exhibits multi-band properties.

According to the results, the self-similarity characteristic of a ring fractal leads to multiband characteristics in the above-mentioned antenna, and the number of rings is equal to the number of bands and resonances. By understanding the surface currents of the antenna, we can optimize its design to take advantage of the multi-band properties it inherently possesses. This can be done by adjusting the antenna's geometry and size, as well as the number of rings, to ensure that it operates in the desired frequency bands and resonances. The distribution of currents for antenna 4, which is at the frequency of 2.8 GHz of the first resonance of the antenna in Figure 3.11-A, shows that the currents are distributed in the first loop and at this frequency, the maximum distribution of currents has taken place in this loop. This is while according to figures 3.11b, 3.11c and 3.11d, the maximum current distribution is at 1.4 GHz frequency (second resonance), 6.3 GHz frequency (third resonance) and 9.5 GHz frequency (4th resonance). It is in the second, third and fourth rings, respectively, and indicates the multi-band feature of the aforementioned antenna. These frequencies all show that the antenna can operate at multiple frequencies, as the resonant frequency of the antenna is at the same point. This indicates that the antenna can be used in multiple frequency bands, giving it a multi-band capability.

C onclusion

A novel hybrid fractal ring monopole planar antenna with a very compact size was presented and investigated. We showed that by increasing fractal iteration and optimizing antenna parameters with proper values, a very good impedance matching and improvement bandwidth can be obtained. The measured results illustrate that the proposed antenna offers a very good bandwidth and Omni-directional H-pattern up to 10 GHz. As a result, the proposed simple antenna can be very suitable for various applications of the future developed WIMAX/WLAN technologies for mobile and handhelds devices.

The novel hybrid fractal ring monopole planar antenna provides a compact and efficient solution for modern mobile devices with WIMAX and WLAN capabilities. The fractal iteration of the antenna design and proper tuning of the antenna parameters result in improved impedance matching and wider bandwidth, making it a suitable solution for high-speed data transmission and reception. The measured results of the proposed antenna show good bandwidth and omnidirectional H-pattern up to 10 GHz, making it a potential candidate for future WIMAX and WLAN technologies for mobile and handheld devices. The fractal antenna design offers significant advantages over traditional antenna designs by providing a wide bandwidth, good impedance matching, and improved radiation efficiency. Furthermore, the optimal tuning of the antenna parameters reduces the reflection coefficient, which further improves the antenna performance. The measured results of the proposed antenna show that it can be used for high-speed data transmission and reception, making it a potential candidate for future WIMAX and WLAN technologies. The compact size of the antenna, combined with its improved performance, makes it a suitable solution for applications where space is limited, such as mobile phones and handheld devices. The simple design of the antenna also makes it easy to integrate into existing devices, providing a cost-effective solution for upgrading to WIMAX and WLAN capabilities. The antenna's small size helps to reduce the size and weight of the device, which makes it ideal for mobile phones and other handheld devices where space and weight are limited. The improved performance of the antenna also means that the device can transmit and receive data faster and more reliably than before, further reducing the cost of upgrading to WIMAX and WLAN capabilities.

In conclusion, the novel hybrid fractal ring monopole planar antenna provides a compact and efficient solution for modern mobile devices with WIMAX and WLAN capabilities.

The improved performance and versatility of the antenna make it a suitable choice for future wireless technologies and applications in the mobile and handheld device market. The antenna is also suitable for use in multiple antenna systems, which can improve the capacity of communication systems and allow for the transmission of data over longer distances. Additionally, its small size and low profile make it ideal for integration into a variety of devices, providing a cost-effective solution for wireless communication.

C hapter Four

A n investigation of U W B M onopole A ntennas w ith a P TF

A novel modified microstrip-fed ultra-wide band (UWB) printed Pythagorean tree fractal monopole antenna is presented. In this paper by inserting a modified Pythagorean tree fractal in the conventional T-patch, much wider impedance bandwidth and new resonances will be produced. By only increasing the tree fractal iterations, new resonances are obtained. The designed antenna has a compact size of 25×25× 1𝑚𝑚 3 and operates over the frequency band between 2.6 and 11.12 GHz for𝑉𝑆𝑊𝑅 < 2. Using multi fractal concept in Modified Pythagorean tree fractal antenna design makes monopole antennas flexible in terms of controlling resonances and bandwidth. In this letter, the improvement process of the impedance bandwidth has been presented and discussed.

This study describes the design of a modified microstrip-fed ultra-wide band (UWB) antenna that utilizes the Pythagorean tree fractal structure. The antenna has an enhanced gain pattern, improved impedance matching, and a wide impedance bandwidth. The antenna is designed to operate in the frequency range of 3.1-10.6 GHz. The antenna also has a compact size as well as a low profile. The modification of the conventional T-patch antenna is achieved by inserting a modified Pythagorean tree fractal into the structure, which results in a wider impedance bandwidth and new resonances. This modification not only increases the antenna gain, but also improves the impedance matching and bandwidth characteristics. The new resonances generated by the modified fractal structure also allow the antenna to operate in a wider frequency range than the conventional T-patch antenna. Additionally, the compact size and low profile of the antenna make it suitable for use in many applications. By increasing the number of fractal iterations, additional resonances can be obtained. This allows the antenna to achieve a higher gain and wider bandwidth than the conventional T-patch antenna. It also has a smaller size and low profile which makes it suitable for use in a variety of applications. Furthermore, increasing the number of fractal iterations will result in additional resonances that can further increase the antenna's gain and widen its frequency range. The compact size of the antenna (25×25×1mm^3) and its performance over a frequency band between 2.6 and 11.12 GHz with a VSWR of less than 2 make it an attractive solution for UWB applications. The use of the multi-fractal concept in the design process makes this type of antenna more flexible in terms of controlling resonances and bandwidth. The results also discuss the improvement of the impedance bandwidth and presents the results of the design process.

A fractal is a never-ending pattern that is created by repeating a simple process over and over. Fractals are found in nature, but they can also be created by using mathematical formulas. The multi-fractal concept allows the designer to create a complex antenna design with a wide range of parameters, which can be adjusted to control the antenna's performance. By using mathematical formulas to create a fractal pattern, the antenna can be tuned to a desired frequency range, giving it the ability to operate across a wide range of frequencies. This increased flexibility allows the antenna to be used in a variety of applications [61][62][63][64][65][66][67][68][69][70][71][72][73][74][75][76][77]. 

Introduction

In the past decades, fast development of wireless communication has urged the need for dual band, multiband and UWB antennas. Specifically, its commercial application on the UWB systems was further developed after federal communications commission assigned an unlicensed 3.1 -10.6GHz bandwidth. Planar antennas with different feeding structures (coplanar waveguide type, coaxial and microstrip) and shapes have been found as suitable candidates to fulfill UWB systems requirements. Because of the self-similarity [61], [63] and space filling characteristics [64], fractal concepts have emerged a novel method for designing compact UWB, Wideband and Multiband antennas [61], [69]. Fractal antenna technology has become popular in the design of compact antennas for ultrawideband (UWB), wideband, and multiband applications due to their unique properties such as self-similarity and space-filling characteristics. These properties allow for efficient use of space and can result in antennas with smaller dimensions than traditional antennas while still providing wide frequency bandwidth and good performance. The self-similarity of fractals means that the same pattern is repeated at different scales, making it possible to create antenna elements that are smaller in size but still exhibit the desired radiation characteristics. The space-filling properties of fractals ensure that the antenna design takes up all available space, which can reduce the overall size of the antenna and improve its performance [61,69].

This letter presents the design of a novel Modified Pythagorean-Tree-Fractal (MPTF) based antenna using multi fractal technique for UWB application. Based on simulation results, the MPTF exhibited very good miniaturization ability due to its self-similar properties, without reducing significantly the bandwidth and the efficiency of the antenna. It was also found that as the fractal iteration increases the radiation patterns just like Euclidean shape patches don't under go any changes. The MPTFs geometry possesses several degrees of freedom compare to a conventional Euclidean shape (Square, Ellipse, etc) that can be exploited to achieve further size reduction or keep the bandwidth to a satisfactory level. 

M odified P TF A ntenna D esign, Sim ulation and Fabrication

Fig. 4.2 shows the geometry of the proposed fabricated small UWB antennas, which consists of MPTF and a semi-ellipse shaped ground plane. The proposed MPTF antenna is printed on FR4 substrate with permittivity of4.4, a loss tangent of 0.024 and compact dimension of 25×25×1𝑚𝑚 3 (= ℎ). The width W f and length of 𝐿 𝑓 of the microstrip feedline are fixed at 1.875𝑚𝑚and 7.5𝑚𝑚 respectively to achieve 50-Ω charactteristic impedance [61]. Due to the increasing fractal iteration on the fractal patch, it is expected that several resonances will be generated [61]. The fractal patch has a distance of𝑔 = 1.5𝑚𝑚 to the ground plane having 𝐿 𝑔 =6𝑚𝑚 and width of 𝑊 𝑔 = 25 𝑚𝑚 printed on the back surface of the substrate. In the proposed antenna design, the main T-patch can provide the main resonant frequency before inserting MPT Fractal. The photographs of these very compact MPTF monopole antennas (Ant I-IV) have been presented in Fig. 4.3.

M odified P ythagorean P TFA Sim ulations and Laboratory R esults

The MPT fractal structures have been not only simulated, but also fabricated as printed monopoles using conventional printed circuit techniques (PCB). The performances of the MPT fractal antenna at different iteration have been investigated using Ansoft HFSS (ver.11.1). The impedance bandwidth of the antenna is measured using the Agilent8722ES network analyzer. In this section, we have presented the measured results for a fabricated prototype of the proposed Modified Pythagorean Tree Fractal (MPTF) antenna using optimum simulated design parameters. Initially, the design of fractal monopole antenna is starts with a T-patch (T-patch wide and length are1.5𝑚𝑚 ×11𝑚𝑚), which resonates at 7.75GHz (1.58:1, 45.16%). The simple semi ellipse ground (GND) plane acts as an impedance matching circuit [61]. The parameters (𝑔, 𝐿 𝑔 ), based on the parametric analysis of the 3𝑟𝑑 iterated of the proposed MPT fractal antenna, are optimized to achieve the maximum impedance bandwidth and good impedance matching. The simulated S 11 curves for 3𝑟𝑑iterated of MPT fractal with different values of𝐿 𝑔 and 𝑔are plotted in Fig. 4.4. As the ground length(𝐿 𝑔 ) increases, the impedance bandwidth is increased up to 7.5𝑚𝑚. As shown in Fig. 4.4, the small changes in the width of the gap between the fractal patch (𝑔) and the ground plane has a great effect on the impedance matching of the 3𝑟𝑑 iteration of fractal antenna. By decreasing 𝑔 up to 1.5𝑚𝑚, the ellipticity of the ground plane improves the impedance matching as the great ellipticity the antenna gets produces smoothly tapered structure discontinuities in the current distribution [61]. Note that the simulated S 11 curves for Ant I, II, IV and V with different values of𝐿 𝑔 and 𝑔are not included in Fig. 4 to avoid clouding the simulated curves. However, they have maximum This would be the result of the fractals spacefilling property in X-direction (which leads to increase of the total electrical length). In addition, the simulation results show that, if we increase Ant I's fingers length (V-shape) according to Ant II, III, IV and V fingers length without increasing fractal iterations, impedance bandwidth will be decreased (from upper band edge). Therefore, increase of impedance bandwidth with fractal iterations would be the result of the fractals spacefilling and its special layout properties. The impedance bandwidths of first five MPTF antennas (I, II, III, IV, V) for VSWR< 2 are 7.47, 7.74, 8.32, 8.29 and 8.5GHz respectively. From the simulation results in Figs.4. 5 and 4.6, it is observed that the impedance bandwidth increases as the fractal iterations are increased. Thus, we have maximum impedance bandwidth for UWB applications. Also, it is found that the impedance bandwidth is effectively improved with increasing fractal iterations at the lower band-edge frequencies [61]. Fig. 4.6 shows that the impedance bandwidth of the proposed MPTF Ant V is as large as 8.5 GHz (from 2.64 to 11.14 GHz), which is about three times of the T-patch antenna. The measured results in TA-BLE.4.1 indicate the increase of radiation efficiency ηand a reduction of Quality factor which is one of common features of fractal iterations [66], [68]. Measured results of the radiation patterns of the corresponding proposed MPTF antennas (Ant I-V) for the resonant frequencies are shown in Fig. 4.8. The normalized radiation patterns are found to be Omni-directional (donut shape) in 𝐻(yz)-Plane and eight shapes in 𝐸(𝑥𝑧) plane with good cross polar level at all resonating bands of operation. The radiation patterns are very similar to those of the monopole antenna with Euclidean shapes. The maximum antenna gains are determined as 4.2, 3.2, 1.9, 1.5 and 1.20 (𝑑𝐵𝑖) across the 8.78, 5.75, 8.4, 4.88 and 3.56 GHz bands, for Ant I to V respectively. As shown in TABLE.I and Fig. 4.9 the gain is stable in center frequencies of antennas operating bands. In designing Ultra-Wide Band antennas, it is not sufficient to evaluate the antenna performance in traditional parameters such as𝑆 11 , gain and radiation patterns, etc. However, it is important to evaluate system transfer functions as the transmitting/receiving antenna. For UWB applications, the magnitude of this transfer function should be flat as possible in the operating band [64]- [67]. The group delay needs to be constant over the entire band as well [64][65][66][67]. Measurement of group delay and 𝑆 21 is performed by exciting two identical prototypes of the MPTF antennas kept in the far field for two orientations; side-by-side and face-to-face. The system transfer function, which is the transfer parameter |S 21 (f)|of a two-port network, was measured in an anechoic chamber with an identical MPTF monopole pair. The separation between the identical MPTF monopole antenna pairs was1.0m. Fig. 4.9 indicates magnitude of S 21 and group delay for the side by side and for the face-to-face orientations of MPTF antenna respectively [64]- [67]. It can be observed that, for the face-to-face orientation, the proposed MPTF monopole pairs features flat magnitude of around -47 𝑑𝐵 over the UWB band, which ensures distortion less behavior of the system when UWB pulses are transmitted and received [63]- [66]. Fig. 4.9 shows the measured results of group delay for the proposed antenna. It is observed that the group delay variation is less than 0.6ns over UWB. It is also interesting to mention that MPT fractal is for first time used in antenna design with these exciting results and compact sizes. 

C onclusion

A novel MPT fractal monopole planar antenna with a very compact size was presented and investigated. By increasing the number of MFT fractal iterations and optimizing antenna parameters properly, we were able to achieve excellent impedance matching and increased bandwidth. As a result of fractal's space-filling and its special layout properties, this would occur. The operating bandwidth of the proposed MPTF antennas covers the entire frequency band from 3.1-10.6 GHz. Both measured and simulated results suggest that the proposed MPTF antenna is suitable for UWB communication applicationsThe fractal structure of the antenna allows it to have a higher gain and a wider bandwidth than traditional antennas. Additionally, the antenna's layout is optimized to reduce the effect of mutual coupling between the elements. This improves the antenna's impedance matching and increases its bandwidth, making it suitable for UWB communication. Furthermore, the fractal structure of the antenna enables it to operate in a wide frequency range, making it suitable for a variety of applications. The antenna's low profile also makes it suitable for use in mobile and portable devices. Additionally, the antenna's low cost and easy fabrication make it a viable option for UWB communication.

The proposed MPT fractal monopole planar antenna is a compact solution for ultrawideband (UWB) communication applications. The use of a fractal structure and optimization of antenna parameters allows for a good impedance matching and an improvement in bandwidth. The operating bandwidth of the proposed MPTF antenna covers a wide frequency range from 3.1 to 10.6 GHz. The antenna is designed to cover a wide frequency range due to its fractal structure which provides better impedance matching and its optimized parameters that allow for improved bandwidth. Additionally, the antenna is compact, making it a good solution for UWB communication applications.

The space-filling properties of the fractal structure and its special layout are key factors in achieving the desired performance. By increasing the number of fractal iterations, the antenna can be made even more compact while still maintaining a wide frequency bandwidth. The fractal structure of the antenna creates multiple paths for the signal, allowing it to propagate through the antenna more efficiently. The fractal iterations add layers of complexity to the antenna, allowing it to be more compact while still efficiently receiving and transmitting signals. The measured and simulated results suggest that the proposed MPTF antenna is a promising solution for UWB communication systems. The combination of its compact size, wide operating bandwidth, and good impedance matching makes it well-suited for these types of applications. Furthermore, the MPTF antenna has good radiation performance, which is critical for UWB systems. It also has a low profile, making it easy to integrate into a variety of platforms.

C hapter Five The purpose of this chapter is to describe a newly developed type of wideband antenna with circular polarization (CP) designed for square slots, called the CPSSA. With a singlelayer structure, the antenna consists of two L-shaped appendages formed on the square ground that produce circular polarization at the square ground's corners and resonant modes that excite two perpendicular E currents in the square ground's corners. In order to produce circular polarization, they need each other. There is a 4 times greater impedance bandwidth of the proposed antenna than that of other previous square slot structures, in comparison to other structures with similar bandwidths. With dimensions of 60 square millimeters by 60 square millimeters by 0.8 millimeters thick, this slot antenna covers 132% of the bandwidth allocated by the FCC for ultra-broadband applications. In addition to circular polarization, the antenna has linear polarization in other bands and occupies 32% of the total bandwidth with a ratio of 1:1.5 [69][70][71][72][73][74][75][76][77][78][79][80][81][82][83][84][85][86][87][88].

We will study the design process of this type of antenna and compare it with the one presented. In recent years, the rapid and increasing growth of wireless communication has led to the rapid and increasing growth of multi-band, dual-band and even ultra-wideband antennas, as well as the expansion of the use of these types of antennas after the FCC allocated the 1.3 to 10.6 GHz frequency band. It has become more widespread for commercial applications [69][70][71][72][73]. The best choice for a broadband system is printed antennas with a variety of extensions, such as coplanar waveguides, coax, and microstrip with different structures and functions. Meanwhile, circular polarization is the best and most popular choice in wireless communication when it comes to expanding communication between transmitters and receivers without the problem of polarization mismatch. By providing better mobility and not weakening against weather changes, it increases system efficiency [78,79]. There have been several designs for slotted antennas made in recent years that cover a wide range of their performance with circular polarization, which has overcome some of the problems of this type of antenna, such as their narrow impedance bandwidth and the axial ratio [78][79][80][81][82][83][84][85][86][87][88]. There are several types of slotted antennas, but the square slot antenna is capable of providing a wide bandwidth and high axial ratio. Different techniques can also be used to achieve right-handed and left-handed circular polarization in these antennas [78][79][80][81][82][83][84][85][86][87][88].

The following techniques have recently been introduced to design this type of antenna with circular polarization and a wide bandwidth:

The installation of two L-shaped ground strips in the two opposite corners of the square slot [78], the installation of the T-shaped ground strip which is placed in the direction perpendicular to the direction of the polarization and the CPW feed line [79], the installation of the helical slot in the ground plane [83], the installation of a lightning-shaped feeding line with two L-shaped ground strips in the two opposite corners of the square slot [85], the use of an embedded arc based on a metal strip for circular polarization and linear [86]. The proposed slot antenna for ultra-wideband applications uses the techniques of two L-shaped ground strips in the two opposite corners of the square slot to produce circular polarization and rectangular appendages embedded in the feed line to increase its bandwidth [78][79][80][81][82][83][84][85][86][87][88]. The results obtained for the aforementioned antenna, both in the form of simulation and measurement, indicate that the polarization obtained for this antenna has a bandwidth of 32.2%, which covers the frequency range of wireless standards, technologies such as IEEE 802.11a., which includes the following frequency bands: 5825-5725/5350-5150 MHz [78][79][80][81][82][83][84][85][86][87][88].

Investigating M icrostrip Slot

A ntennas [78][79][80][81][82][83][84][85][86][87][88].

An overview of these antennas is given in Figure 5.1(Figure 66): In CPW mode, there is no need to drill or perforate the antenna substrate to connect the antenna to active devices such as pin diodes and MEMS. The radiation from microstrip slot or slit antennas is twoway and symmetrical with respect to the antenna. Microstrip square slot antennas are a type of microstrip patch antenna that use a square slot etched into a thin metal sheet placed over a ground plane. These antennas have been widely researched for ultra-wideband (UWB) applications due to their low profile, simple design, and ease of integration with other components [78][79][80][81][82][83][84][85][86][87][88].

There are several different types and structures of microstrip square slot antennas that have been proposed for UWB applications, including [78-88]:

1. Circularly Polarized Square Slot Antenna (CPSS): This type of antenna uses two L-shaped ground strips in the opposite corners of the square slot to produce circular polarization. The use of rectangular appendages in the feed line can help to increase the bandwidth [78][79][80][81][82][83][84][85][86][87][88]. 2. Dual-Band Square Slot Antenna: This type of antenna is designed to operate at two distinct frequency bands, making it suitable for multi-band UWB applications.

The antenna uses a combination of square slots and rectangular patches to achieve dual-band operation [78][79][80][81][82][83][84][85][86][87][88].

3. Square Slot Antenna with Stacked Slots: This type of antenna uses multiple square slots stacked one above the other to increase the bandwidth [78][79][80][81][82][83][84][85][86][87][88]. The stacking of the slots also helps to reduce the size of the antenna, making it suitable for compact UWB systems [78][79][80][81][82][83][84][85][86][87][88]. 4. Square Slot Antenna with U-Shaped Slot: This type of antenna uses a U-shaped slot etched into the metal sheet to produce a broader impedance bandwidth. The U-shaped slot also helps to reduce the size of the antenna and increase its gain [78][79][80][81][82][83][84][85][86][87][88].

These are just a few examples of the types and structures of microstrip square slot antennas that have been proposed for UWB applications. The choice of type and structure depends on the specific requirements of the application, such as frequency band, gain, and size constraints [78][79][80][81][82][83][84][85][86][87][88]. 

R adiation M echanism for Slot A ntennas

The main concepts of aperture radiation were available in 1690 when Huygens explained the bending and diffraction of light waves around an object with a simple method. A wave front's points are considered secondary sources of spherical waves according to Huygens's principle in physical optics. Wave fronts covering secondary waves follow [78][79][80][81][82][83][84][85][86][87][88]. Geometrical optics predicts that the light that radiate through a slit to a curtain creates a bright area and a completely dark shadow area [78][79][80][81][82][83][84][85][86][87][88]. This is because there is a sharp and clear border between them. Huygen's principle states that each point on the wave front acts as a secondary source of spherical wavelets that spread out in all directions.

The wavelets overlap and interfere with each other, creating a bright area where the wavelet crests add and a dark area where the wavelet troughs cancel each other out. This explains why light that shines through a slit to a curtain creates a bright and dark area. When compared to one wavelength, such a prediction holds almost true even for apertures that are very large [78][79][80][81][82][83][84][85][86][87][88]. The concept of secondary sources is used to describe waves that come out of a slit. This results in a smooth mixing of light and shadow areas due to the spread of waves in secondary waves [78][79][80][81][82][83][84][85][86][87][88]. In this chapter, Maxwell's equations and boundary conditions are used to describe the problems raised. We know that according to the unity theorem, if a function applies to a differential equation and satisfies the boundary conditions of the problem, it is the only solution of the problem [78][79][80][81][82][83][84][85][86][87][88].

With unique boundary conditions, Maxwell's equations are solved. An arbitrary surface including conductive parts makes calculating radiation from sources difficult. The image method simplifies solving problems with infinitely wide surfaces if the surface is infinitely wide. The majority of slot antennas have a flat aperture. The result is that such a simplification of the analysis is usually not problematic. We can nevertheless define an equivalent flat aperture surface for an antenna, regardless of whether it has a flat physical aperture. There is no benefit to this method unless the crack surface's tangential fields are known. In the following, by assuming a constant field distribution on the surface of the rectangular and circular slit, its radiation pattern has been calculated [78][79][80][81][82][83][84][85][86][87][88].

By using Huygens' principle to explain the bending and diffraction of light waves around an object, pinhole radiation has greatly simplified the understanding of pinhole radiation [78][79][80][81][82][83][84][85][86][87][88]. A wave front is considered as a secondary source of spherical waves according to Huygens' principle of physical optics [78][79][80][81][82][83][84][85][86][87][88]. Next, these secondary waves will be covered by the wave front. Figure 5.2 shows how to make a plane wave and a spherical wave caused by secondary waves [78][79][80][81][82][83][84][85][86][87][88]. The cover of secondary waves forms the front of the new wave. Geometric optics (ray tracing) predicts that light shining through a slit into a curtain creates a bright area and a completely dark shadow area with a sharp and defined border between them [78][79][80][81][82][83][84][85][86][87][88]. Such a prediction is almost true even for very large apertures (relative to one wavelength). We use the concept of secondary sources for waves that come out of a slit [78][79][80][81][82][83][84][85][86][87][88]. Therefore, secondary waves show an expansion of waves and, as a result, a smooth mixing of light and shadow areas [78][79][80][81][82][83][84][85][86][87][88]. In theory, this principle is known as the Huygens principle or the equivalence principle [78][79][80][81][82][83][84][85][86][87][88]. A volume v with a surface s is taken as the location of the electromagnetic sources. In Figure 5.4(a), we see the outward unit vector perpendicular to the surface s. The fields E and H outside the surface can be obtained by removing the sources inside v and establishing the surface electric and magnetic current density on the surface s. This can be seen in Figure 5.4(b) [78][79][80][81][82][83][84][85][86][87][88].

Eq.5.1 By calculating the H(s) and E(s) fields on the s level, the main sources create the H(s) and E(s) fields. Using the equivalent surface current densities J s and M s (also called Huygens sources), we can calculate the tangential fields at all points outside the surface arising from the main sources [78][79][80][81][82][83][84][85][86][87][88]. This form of the equivalence theorem can be proved relatively easily (known as Law's equivalence principle). Maxwell's equations and boundary conditions describe this problem, like any electromagnetic problem. In accordance with the unity issue, any function that applies to a differential equation and meets the boundary conditions of the problem is the only solution. Use unique boundary conditions to solve Maxwell's equations (including sources) [78][79][80][81][82][83][84][85][86][87][88]. Resources outside the volume v don't change in the equivalence problem since they don't exist. As will be explained below, the boundary conditions remain the same. Fields inside volume v are zero, and surface currents are given by equations (5.1) and (5.2) [78][79][80][81][82][83][84][85][86][87][88].
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In order for the boundary conditions to be the same, the difference between the internal and external fields (tangent on the surface s) must also be the same. Here are the boundary conditions: [78][79][80][81][82][83][84][85][86][87][88].
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Equations (1-5) and (5-5) are the same. This means that the boundary conditions for the equivalent problem are the same as for the original problem. Because of this, there are no differences between the equivalent problem and the main problem in terms of the fields outside volume v [78][79][80][81][82][83][84][85][86][87][88]. A complete conductor can be placed on a part of the surface s since the fields in the equivalent problem are zero inside volume v [78]. Due to the zero tangential component E, the magnetic surface current density M s on this part of the surface is zero. As a result, J s on this part s is equal to the real electric current density that radiates from the complete conductor when present in the conductor. If there is an aperture or opening in the conductor, you will have electric and magnetic currents. Radiation caused by sources on an arbitrary surface, including conductor parts, is generally difficult to calculate [78][79][80][81][82][83][84][85][86][87][88]. Using the image method simplifies the problem if the surface s is an infinitely wide plane. Antennas with a flat aperture are common for slot antennas. Due to this, such simplifications of the analysis are usually not problematic. However, although an antenna may not have a physical planar aperture, we can define equivalent planar aperture surface(s) for it [78][79][80][81][82][83][84][85][86][87][88].

A tangent field on s must be known in order to use this method. Equivalent surface currents (which act in free space) can be used to calculate fields outside the half-space of the source (for example, z > 0) using the half-space fields (for example, z > 0) [78][79][80][81][82][83][84][85][86][87][88]. As can be seen in Figure 5.6, this is an equivalent system. The vector potential can be used to calculate the radiation fields caused by the density of surface currents. A comparison between slotted and patch antennas is given in Table 5.1.

101 Table 5.1 Qualitative comparison between patch and slotted microstrip antennas

D escription of the provided C P SSA 's for U W B applications

A novel CPW-fed ultra-wideband circularly polarized square slot antenna (CPSSA) is presented [87]. The proposed single layer antenna comprised of a square ground plane embedded with two unequal size inverted-L strips around two opposite corners, which is capable of generating a resonant mode for UWB impedance-bandwidth, and excites two orthogonal vectors. In comparison to the previous CPSSA structures, impedance bandwidth and the axial ratio bandwidth (AR) of antenna are increased, which is 4 times wider than the impedance bandwidth for previous proposed design. The designed CPSS antenna has a size of 60×60 mm^2 and operates over the frequency band between 2.74 and 13 GHz for and measured to exhibit 32.2% a CP bandwidth. Throughout this work, the improvement process of the axial ratio (AR) and S 11 properties is completely presented and discussed. The proposed CPW-fed ultra-wideband circularly polarized square slot antenna (CPSSA) is a novel design that offers improved performance compared to previous CPSSA structures. The single-layer antenna consists of a square ground plane embedded with two unequal-sized inverted-L strips located around two opposite corners. This design enables the generation of a resonant mode for UWB impedance-bandwidth and excites two orthogonal electric (E) vectors. This design offers the advantage of an improved radiation performance in terms of gain and directivity, as well as a low cross-polarization level. Additionally, the proposed structure eliminates the need for a double-layer structure, thus reducing the size and manufacturing costs.

The wider impedance bandwidth and CP bandwidth of the proposed CPSSA design make it well-suited for UWB communication applications. The compact size and improved performance make it an attractive solution for a variety of applications requiring a compact, circularly polarized antenna with a wide operating bandwidth. This is because the wider impedance bandwidth allows for the antenna to be used with a greater range of frequencies. The improved performance of the CPSSA design over other designs also makes it more efficient and reliable in terms of transmission and reception. The compact size makes it ideal for applications where space is limited.

In the past few years, the rapid development of wireless communication has urged the need for multiband, dual band and UWB antennas. Specifically, its commercial application on the UWB systems has been further developed after FCC assigned an unlicensed 3.1 -10.6GHz bandwidth (with less than -41.3 𝑑𝐵𝑚/𝑀𝐻𝑧 effective isotropic radiated power (ERIP)) [78][79][80][81][82][83][84][85][86][87][88]]. Printed antennas with different feeding structures (coplanar waveguide type, coaxial and microstrip) and different shapes have been found as suitable candidates to fulfill UWB systems requirements [78][79][80][81][82][83][84][85][86][87][88]. On the other hand, for deploying a transmitter and a receiver without causing a polarization mismatch between them, circular polarization (CP) is getting popular in wireless communications to enhance system performance providing better mobility and weather penetration than linearly polarized (LP) antennas [71], [72], [78][79][80][81][82][83][84][85][86][87][88]. In recent years, various shapes and designs of broadband CP slot antennas have been developed to overcome the narrow impedance and axial-ratio bandwidths (ARBW) [71]- [80]. Circularly polarized square slot antenna can provide broad impedance and axial ratio bandwidths. Also, the right-hand CP and the left-hand CP can be achieved simultaneously with various techniques in these antennas [71][72][73][74][75][76][77][78][79][80]. Some of the techniques that are used to design these kinds of antennas with broad CP bandwidth have been stated as below: Embedding two inverted-L grounded strips around two opposite corners of the slot [71], embedding T-shaped grounded metallic strip that is perpendicular to the axial direction of the CPW feed-line [72], embedding spiral slot in ground plane [76], embedding lightning shaped feed-line and inverted-L grounded strips [78], utilizing the embedded arc-shaped grounded metallic strip for circular and linear polarization [79]. This study presents the new design of a circular polarization square slot antenna (CPSSA) for UWB systems with techniques introduced in 104 

Sim ulations and Laboratory Tests of D esigned C P SSA

The geometry of the proposed single layer CPW-fed CPSS antenna has been illustrated through Fig. 5.1. As it is indicated in the Fig. 5.1, the proposed antenna consists of a rectangular main patch (𝑥 × 𝑦) embedded to feed line (L f + 𝑙t + 𝑙m). It has two inverted-L strips around two opposite corners. A tuning slit has been cut and removed from feed line and a tuning vertical stub has been embedded in the feeding structure [78][79][80][81][82][83][84][85][86][87][88]. Two main features have been incorporated within the design: one mainly for enhancing the impedance bandwidth and the other for enlarging the ARBW. The feed line consists of a rectangular patch in conjunction with two inverted-L strips accounting for the enhancement of the ARBW. The simulation results show that embedding 𝑥 × 𝑦 rectangle patch to fed mechanism (Ant 0-Ant IV) and increasing 𝑥 and 𝑦 parameters increase the impedance bandwidth. However, the combination of the feed line with a rectangular patch and the inverted-L strips that lead to a large ARBW may not guarantee a satisfying impedance matching [78][79][80][81][82][83][84][85][86][87][88]. Therefore, two tuning stubs are embedded in the feeding structure to widen the impedance bandwidth. The proposed CPSS antenna is printed on a commercially cheap FR4 substrate with permittivity of 4.4, a loss tangent of 0.024 and compact dimension of 60×60×0.8(= ℎ)𝑚𝑚 3 . The width W f of the CPW feedline is fixed at 3 𝑚𝑚to achieve 50-Ω characteristic impedance [78][79][80][81][82][83][84][85][86][87][88].The horizontal feed section (±𝑋 direction) is separated from the right and left hand of the feed by a gap of𝑔 = 0.3𝑚𝑚. The feed line is terminated with a standard SMA connector. The circular polarization mechanism of the proposed CPSS antenna is principally related to the two unequal size inverted-L strips placed around two opposite corners of the square slot with 𝑙𝑥 × 𝑙y and 𝑑x × 𝑑y dimensions. By embedding inverted-L grounded metallic strips, it is expected that a wideband CP operation will be generated [78][79][80][81][82][83][84][85][86][87][88].

R esults, and D iscussion s

The simulated CPSSA structures have been fabricated using conventional printed circuit techniques (PCB). The performances of the CPSS antenna at parametric studies have been investigated to find optimized parameters using commercial Ansoft HFSS (ver.11.1) software. The impedance bandwidth and Axial Ratio of the CPSSA are measured using the Agilent 8722ES network analyzer. To simplify the comparison of the proposed antenna design with antennas introduced in [71] and [78], the same parameters including 𝐿 = 40𝑚𝑚, 𝐺 = 60𝑚𝑚and width of inverted-L strips equal to 1𝑚𝑚 have been selected [78][79][80][81][82][83][84][85][86][87][88].

At first, for clarifying the improvement process, four prototype of the CPSS antenna are defined as follows (Fig. 2) [78-88]:

A ntenna I. includes only a rectangular patch; A ntenna II. contains a rectangular patch and two inverted-L grounded strips; A ntenna III. has a rectangular patch, two inverted-L grounded strips and a vertical tuning stub (𝑤 𝑛 × ℓ 𝑛 ).; A ntenna IV. contains a rectangular patch, two inverted-L grounded strips, a vertical tuning stub and a rectangular tuning slit with optimized parameters.

The antennas III and IV have (ℓ 𝑡 , 𝑤 𝑡 , ℓ 𝑡 andℓ 𝑛 ) parameters. These parameters, based on the parametric analysis of the proposed CPSS antenna by HFSS, are optimized to achieve the maximum impedance bandwidth and a wide CPBW. The simulated S 11 curves for four CPSS antennas are plotted in Fig. 5.3. As shown in Fig. 5.3, embedding of inverted-L metal strips to ground plane has a great effect on the ARBW of Ant I. The 3𝑑𝐵ARBW achieved for the Ant II is about 12%(5.35 -6GHz). The simulation results in Fig. 5.3 indicates that, this structure (the inverted-L grounded strips) that leads to large ARBW may not have a satisfying impedance matching [78][79][80][81][82][83][84][85][86][87][88]. The simulation results in Fig. 5.3 also show that if,𝑙𝑦, 𝑙𝑥,𝑑𝑦and𝑑𝑥 of the inverted-L strips are set equal to 15𝑚𝑚(= 0.375L) [71], [78] 3-dB fractional ARBW will be reduced to 0%. Through extensive simulations and experiments, we have found that increasing 𝑙𝑦, 𝑙𝑥 and decreasing 𝑑𝑦and𝑑𝑥, based on optimized results presented in TABLE 5.1, not only increases the amount of ARBW to 12%(relative to the center frequency of 5652MHz) but also improve impedance bandwidth in lower frequencies between 4 -6GHz. Therefore, a tuning stub and a slit are added in feeding structure to widen the impedance bandwidth (called Ant III and Ant IV) [78][79][80][81][82][83][84][85][86][87][88]. Our simulations show that if part of the tuning vertical stub is widened, impedance matching in the 3-dB AR band can be greatly improved. The vertical tuning stub is formed by extending the feed section to left by a length ofℓ 𝑛 and a width of𝑤 𝑛 . As revealed in Figs. It is also interesting to notice that the proposed CPSS antenna has 132% impedance bandwidth, which is 4 times and 2 times wider than the impedance bandwidth in [71], [78] and [80] with similar CP technique, respectively. Moreover, the proposed CPSS antenna has 32.2% FCPBW, which is equal to with FCPBW in [71] and 16% smaller than FCPBW in [78]. Because slotted antennas are bidirectional, the above antenna will have left-handed polarization in the positive direction of the Z-axis and right-handed polarization in the negative direction of the Z-axis due to the fact that slotted antennas are bidirectional. The results of a simulation of the three-dimensional radiation pattern of the antenna in question are shown in figure 5.14. As you can see, it indicates that the desired antenna pattern is bidirectional. This figure illustrates the measurement results of normalized radiation patterns for antenna 4 as shown in figure 5.15. This thesis presents a square slot antenna with a bandwidth of 132%, which is 4 times the impedance bandwidth of the reference [78], and 2 times the impedance bandwidth of the reference [85], [87].

This is very interesting because the square slot antenna has 4 times the impedance bandwidth of the reference [78]. In spite of this, all the antennas mentioned above have used similar design techniques in order to create their antennas. It is also noteworthy that the antenna in question possesses 2.32% circular polarization, that is, it possesses the same circular polarization width as reference [78] and it possesses a circular polarization bandwidth that is 16% smaller than that of reference [85]. 

C onclusion

A new design circularly polarized square slot antenna has been proposed and implemented. The antenna structure is very simple, yet the measured FCPBW can be enhanced to 32.2% with a fractional impedance bandwidth of greater than 132%. The proposed antenna uses two inverted-L strips for the excitation of two orthogonal resonant modes for CP radiation. In addition, the antenna design is compact, which results in an omnidirectional radiation pattern with a low profile and low cost. The antenna also has high gain and low cross-polarization levels, which makes it suitable for a variety of applications. Our simulation results show that the modified feed structure plays an important role in increasing the impedance bandwidth. The vertical tuning stub and slit have effectively widened the impedance bandwidth apart from slightly broadening the 3-dB AR band. The maximum antenna gain was measured, and was found to have a maximum value of 4.2dBi. As a result, the proposed simple CPSS antenna can be used in future mobile devices such as IEEE 802.11a technologies.

In conclusion, this is a great description of the proposed circularly polarized square slot antenna and its characteristics. The use of two inverted-L strips for excitation of orthogonal resonant modes, along with the modified feed structure, has contributed to the enhancement of the FCPBW and impedance bandwidth. The addition of the vertical tuning stub and slit has further broadened the impedance bandwidth and slightly increased the 3-dB AR band. The measured maximum antenna gains of 4.2 dBi suggests that this antenna could be a useful candidate for application in mobile devices using IEEE 802.11a technologies. It's great to see that the proposed antenna is both simple in structure and efficient in performance. Furthermore, this antenna's ability to maintain a low profile and still achieve a moderate gain makes it an ideal choice for mobile communication applications.

C hapter Six 6. Suggestions

A fractal geometry was introduced for the first time in 1975 as a means of mathematically defining structures whose dimensions cannot be limited to whole numbers. Structures such as these have been used in the past in order to investigate complex structures in nature that can be difficult to analyze using Euclidean structures that are based on Euclidean geometry. Among the examples of this phenomenon in nature are the length of coastlines, the density of clouds, as well as the branches and leaves of trees. As nature is not limited to Euclidean geometry structures, antenna design should not be limited to Euclidean structures. As a result of the search for structures whose dimensions are not limited to integers, geometric structures with improved features have been designed, compared to structures like Euclidean geometry. For example, fractal antenna designs have been developed which enable antenna structures to be made smaller, while still maintaining their efficiency. Additionally, these fractal antenna structures can be designed to operate in a wide range of frequencies, providing increased performance and more flexibility in antenna design.

This thesis shows how antenna engineering horizons for fractal geometry can be broadened by a collection of several new fractal structures made as antennas. Fractal characteristics suggest that antennas can be miniaturized and input impedance can be improved compared to other structures. The structure of some fractals allows them to cover only certain bands of an entire band when they are designed as antennas. A modified Pythagorean fractal as well as a ring fractal are the only fractals investigated in this thesis for miniaturization. In order to accomplish the goal of this thesis, a large number of fractals could have been used; however, only two were used, and the majority are patented or have been put off for future publications either due to manufacturing difficulties. In order to investigate multi-band mode, improve input impedance, and reduce size, three examples of ring fractals were used. Using a fractal can minimize the dimensions of antennas, which is the primary benefit of using a ring fractal. This is because the ring fractal is able to create a self-similar structure that replicates its size and shape over multiple iterations. This selfsimilarity allows it to create a compact antenna while still maintaining the desired characteristics of the antenna. Additionally, the modified Pythagorean Fractal was used to optimize the antenna's bandwidth and gain.

In comparison to other multi-band antennas, this antenna has a miniaturized structure created by a circular fractal structure, reducing its dimensions by 56%. Using this fractal leads to a multiband mode of this antenna, which covers WiMAX, WLAN, and Bluetooth. A modified Pythagorean fractal was used as the second fractal. This fractal has been redesigned in a way to reduce not only its dimensions, but also the problem that the fingers overlapped when the fractal steps were increased. To develop a new method for designing miniaturized antennas and also to investigate the structural properties of the fractal in antenna design, five new antennas were designed using this fractal. Furthermore, the designer of the presented designs wanted to explore multi-band and multi-resonance fractal self-similarity features. In simulation studies, studying the surface currents of these antennas reveals which part of the antenna leads to multi-band and multi-resonance characteristics.

The next step in the development of the CPSSA is the development of array structures for applications in L-band and S-band. Dedicated feed networks for these antennas are sequentially rotated. 
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 18 Figure18:The structure of the ring monopole antenna[25].
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 19 Figure 19 :The diagram of changes in the return loss of the antenna Figure 2-10 [25] based on the change in the inner radius r.
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 27 Figure 27.Ultra-wideband monopole antennas: (a) Elliptical antenna E, (b) Elliptical antenna EC, (c) Circular antenna E, and (d) Circular antenna EC [27].
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 29 Figure 29 :Three-dimensional radiation pattern of monopole antenna E at frequencies (a) 3, (b) 5, (c) 7 and (d) 10 GHz (left to right, respectively) [30].
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Figure30:

  Figure30 :Four monopole antennas and their gains based on frequency[30].

Figure 2 .

 2 Figure 2.21 shows the gain changes of monopole antennas based on frequency. According to this figure, the gain changes for E antennas in the UWB frequency range are between 0.5 and 4.7 dB and for EC antennas between -0.5 and 2.5 dB. As a result of these changes, E antennas have a higher overall gain than EC antennas. Figures 2.22to 2.24 show the simulation results with dielectric coefficients and height with the design parameters for two other sub-layers in Table2-2 to verify the accuracy of the design relationships. The results of the simulations show that the gain of the E antennas is higher than that of the EC antennas across the entire UWB frequency range. This is due to the fact that the dielectric coefficient and height of the two antennas are different, which affects the impedance and therefore the gain of the antennas. There are different substrates[30]. The graphs above show that at low frequencies and with low dielectric coefficients, changing the height of the sub-layer has a very small effect, while at higher frequencies and with higher dielectric coefficients, the effect becomes more pronounced. It has been assumed that the lower edge of the band has a fixed frequency. We consider the substrate with a coefficient of 7.8 and a constant height of 0.5 mm, changing the frequency of f L from 1.5 to 3 GHz. This return loss diagram shows the effect of these changes at frequencies between 1 GHz and 6 GHz. Based on the graph, it can be seen that f L differs by about 5% from the assumed frequency. Considering the sum of these results, the presented formulation accurately simulates UWB monopole antenna performance[30]. For instance, the return loss in the diagram is lower than -10 dB when the frequency is between 1.5 and 3 GHz, indicating that the antenna is efficiently transmitting and receiving signals within this range.
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 35 Figure 35:Baud rate and width of three types of monopole antennas: the simple monopole (a), the curved monopole (b), and the double-band monopole (c) (from left to right, respectively) [30].

  Fig. 2.26(c) antenna covers a DCS frequency band of 500 MHz and a 2.4-WLAN band of 220 MHz in two resonant modes of 1.725 and 2.45 GHz. In order to achieve the wideband response, the antenna of Fig. 2.26(c) uses two resonant modes, which may not be possible for the antenna of Fig. 2.26(b). In addition, the antenna of Fig. 2.26(c) has a narrower bandwidth than the antenna of Fig. 2.26(b).
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 36 Figure 36:Diagram of the return loss of the antennas in Figure2.26[30].
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 37 Figure37:An antenna that was used as the initial reference[31].
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 38 Figure 38:Surface current distribution in Figure 2.28 antenna [30].
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 40 Figure 40:Return loss diagram for the antenna of Figure 2-30 with the application of self-loading and anti-capacitance [30].
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Figure 41 :

 41 Figure 41:The structure of a double-band monopole antenna with a parasitic element[30].

Figure 42 :

 42 Figure 42:Antenna return loss diagram for the parasitic element in Figure 2.44 with different parasitic element lengths and distances from the ground [30].

Figure 43 :

 43 Figure 43:Simulation and return loss measurement results for the antenna of Figure 2-32 with and without parasitic elements[30,[31][32][33][34][35].

Figure45:

  Figure45 :Gain diagram for frequency ranges: (a) 2.8-2.3, (b) 5.95-5.05 GHz, (c) 3.8-3.2.[30] 
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 3 Investigation of P roposed M ulti-band Fractal A ntennas for M obile D evices A new form of hybrid design of microstrip-fed parasitic coupled ring fractal monopole antenna with semi ellipse ground plane is proposed for modern mobile devices having a Wireless Local-Area Network (WLAN) module along with a Worldwide Interoperability for Microwave Access (WiMAX) function. In comparison to the previous monopole structures, the miniaturized antenna dimension is only about 25×25× 𝟏𝒎𝒎 𝟑 that is 15 times smaller than the previous proposed design. By only increasing the fractal iterations very good impedance characteristics are obtained. Throughout the present paper improvement process of the impedance and radiation properties is completely presented and discussed.

Figure 46 :

 46 Figure 46 :Geometry of a 4th iteration of fractal monopole antenna for WLAN/WiMAX uses. W_sub=25, L_sub=25, W_f=1.875, L_f=6.5, D_2=4, D_4=8, D_6=12, D_8=16, G=3, g=0.5, R_1=18, R_2=21, h=1, L_g=6 (Unit : mm).[87] 

Figure 47 :

 47 Figure 47 :Simulated S_11 for different iteration of fractal rings with (w) and without (w/o) cardioid parasitic (L_g =6mm, r_1=-8, r_2=-8, W_f=1.875mm, h=1mm , g=0.5mm, G=3mm, R_1=18mm, R_2=21mm ).
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Figure 48 :

 48 Figure 48 : Simulated S11 for 4th iteration of fractal rings with different Lg and g.( r1 = -8, r2 = -8, R_1=18mm, R_2=21mm, W_f=1.875mm, h=1mm ,G =3mm).

Figure 49 :

 49 Figure 49 : Simulated S_11 for 4th iteration of fractal rings with cardioid parasitic with different (r_1,r_2 ) and spacing G (Lg =6mm, Wf=1.875mm, h=1mm, g=0.5mm).
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Figure 50 :

 50 Figure 50 :Simulated S11 for 4th iteration of fractal rings with cardioid parasitic with different positive and negative values (r1, r2) and spacing G=3mm (Lg =6mm, Wf=1.875mm, h=1mm, g=0.5mm).

Figure 51 :

 51 Figure 51 :Measured S11 for 4th iteration of fractal rings antenna with optimized values of the design parameters summarized in

Figure 52 :Figure 53 :

 5253 Figure 52 :Measured E-Plane (left)and H-plane (Right) radiation patterns of the proposed antenna r_1= -8 , r_2= -8 ,at 2.84, 4.12 ,6.45 , 6.95 and 9.82 GHz. (for 4th iteration of fractal antenna with optimized values of the design parameters summarized in TABL

Figure 54 :

 54 Figure 54 :Measurements of gain in 2.4 GHz, 2.6 GHz, 2.5 GHz, and 5.8 GHz bands covered by the antenna.

Figure 57 :

 57 Figure 57:Illustration of the first five iterations for Pythagorean Tree Fractal[71] 

Figure 58 :

 58 Figure 58:In black and white, the modified fractal is described in its first five stages.4.2. P ythagorean Tree Fractals: Original and M odified

Figure 59 :

 59 Figure 59:First five iterations MPT Fractal monopole structure from down to up with different colors: (a) 1st iteration (Ant. I); (b) 2nd iteration (Ant. II); (c) 3rd iteration (Ant.III); (d) 4th iteration (Ant. IV); (e) 5th iteration (Ant. V);

  impedance bandwidths for 𝐿 𝑔 = 6𝑚𝑚and𝑔 = 1.5𝑚𝑚. The simulated S 11 curves for first five iterations of fractal are plotted in Fig. 4.5 and Fig. 4.6. From the simulation results in Figs. 4.5 and 4.6, it is observed that increasing fractal iteration on the fractal patch will generate several resonances. Figs. 4.2 and 4.3 indicate that as fractal iterations increase, the number of fingers and the length of the fingers will be increased and decreased respectively. As shown in Figs.4.5 and 4.6 the fractal shape would result in pushing down the lower edge of the impedance bandwidth.

Figure 60 :

 60 Figure 60 :Fabricated first four iterations MPT Fractal proposed monopole antenna: (a) 1st iteration (ANT.I) (b) 2nd iteration (ANT.II) (c) 3rd iteration (ANT.III) (d) 4th iteration (ANT.IV) (W_sub=25,L_sub=25, W_f=1.875, L_f=7.5, g=1.5, h=1, L_g=6 (Unit : mm));(See Publication Section)

( 3 .

 3 21 to 10.68 GHz, 107%) and impedance bandwidth increases 61.84% in comparison with T-patch monopole antenna; Ant II: 2𝑛𝑑 iteration of MPT fractal antenna contains four fingers with length of2.8𝑚𝑚. The measured result indicates that the Ant II resonates at 4.36 and 8.34 GHz (3.08 to 10.82 GHz, 111%); Ant III: 3𝑟𝑑 iteration of MPT fractal antenna contains eight fingers with length of1.4𝑚𝑚. The measured result in Fig. 4.4 indicates that the Ant III resonates at 3.96, 7.62, 8.39GHz (2.68 to 11GHz, 121%); Ant IV: 4𝑡ℎ iteration of MPT fractal antenna contains sixteen fingers with length of0.7𝑚𝑚.The measured result in Fig. 4.4 indicates that the Ant IV resonates at 3.79, 7.23, 7.96 GHz (2.83 to 11.12 GHz, 121%); Ant V: 5𝑡ℎ iteration of MPT fractal antenna contains thirty-two fingers with length of0.4𝑚𝑚. The measured results in Fig.4.4 indicates that the Ant V resonates at 4.11, 7.22, 8.26GHz (2.64 to 11.14GHz, 123.3%);

Figure 61 :

 61 Figure 61 :Simulated S_11 for 3rd iteration of fractal with different L_g and g. (W_sub=25,L_sub=25, W_f=1.875, L_f=7.5) (Unit : mm).

Figure 62 :

 62 Figure 62 :Measured and simulated S_11 for MPTF antennas (Ant I-III) with optimized values (W_sub=25,L_sub=25, W_f=1.875, L_g =6, g=1.5, L_f=7.5) (mm).

Figure 63 :

 63 Figure 63 :Measured and simulated S11 for MPTF antennas (Ant IV and V) with optimized values. (W_sub=25,L_sub=25, W_f=1.875, L_g =6, g=1.5, L_f=7.5) (mm)

Figure 64 :

 64 Figure 64 : Measured group delay, |S21 | and gain of 3rd iteration MPTF antenna.

Figure 65 :

 65 Figure 65:Measured E (xz)-plane and the H (yz)-plane radiation patterns of the first three iterations of MPT fractal proposed antenna: Ant. I at 4.82GHz; Ant. II at 4.36 and 8.34GHz; Ant. III at 3.96, 7.62 and 8.39GHz;

5 . 1 .

 51 U W B -SSA 's w ith a R edesigned Inverted -L Strips 5.Introduction of C P SSA 's

Figure 66 :

 66 Figure 66:Microstrip slotted antenna [78-88].

Figure 67 :

 67 Figure 67: Secondary waves to create successive wave fronts. (a) plane wave (b) spherical wave [78-88].

Figure 68 :

 68 Figure 68: Radiation from a plane wave passing through a slit in a curtain caused by edge diffraction [78-88].

Figure 69 :

 69 Figure 69:Principle of equivalence. (a) Main issue, (b) Equivalent issue [78-88].

Figure 70 :

 70 Figure 70:Arrangement of equivalent currents for a flat surface with an opening [78-88].

  [71],[78] and[90]. The achieved fractional circular polarization bandwidth (FCPBW) is up to 32.2% cover 5150-5350/5725-5825 MHz (specified by IEEE 802.11a) bands for wireless standard technologies[78][79][80][81][82][83][84][85][86][87][88].

Figure 71 :

 71 Figure 71 :Geometry of the proposed CP square slot antenna for UWB applications (G=60, L=40, Wf=3, Lf=10.3, g=0.3, h=0.8, lx=15.5, ly=16.5, ln=3.3, Wn=6, lt=6, Wt=1.5,lm=14, dx=13, dy=9, x=21, y=18 ) (Unit : mm).

Figure 72 :

 72 Figure 72 :Four improved prototypes of the proposed CPSS antenna.

  5.3 and 5.4, the Axial Ratio curve of Ant III is very similar to that of Ant IV, where their 𝑆 11 variations are quite different. Note that Ant III has already attained a 3dB ARBW of 31% (5.28 -7.2GHz)[78][79][80][81][82][83][84][85][86][87][88].

Figure 73 :

 73 Figure 73:Simulated S11 and AR for antenna I-IV; (For CPSS antennas with optimized values of the design parameters summarized in TABLEI).

Figure 74 :

 74 Figure 74:Simulated and measured S_11 and AR for antenna IV.

Figure 75 :

 75 Figure 75:The photograph of realized CPSS antenna IV built with PCB techniques. (CPSS antennas with optimized values of the design parameters summarized inTABLE I).

Figure 76 :

 76 Figure 76:Distribution of the surface current on the feed and ground of the CPSS antenna at 6.42GHz in 0^°, 90^°, 180^°and 270^°phase.

Figure 77 :

 77 Figure 77:Measured and simulated Ant IV gains in the +z direction.

Figure 78 :

 78 Figure 78 :3D radiation pattern of antenna 4, (1) RHCP and (2) LHCP at frequencies: (a) 5.12, (b) 5.73, (c) 6.42 GHz.

Figure 79 :

 79 Figure 79:Measured radiation pattern for antenna 4 (IV) made at frequencies of 5.12, 5.73, and 6.42 GHz.
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Fractal geometry has found a unique place in science because of the unique features it shows in nature

[1]

. The word fractal entered the world of mathematics in 1976 by a Polish mathematician named Benoit Mandelbrot. As is known scientifically, fractals are primarily used to describe leaf and plant growth patterns, water vapor patterns that form clouds, the fractured lines that form coastlines, and the arrangement of leaves on trees, among many other examples

Table 1 -

 1 

		2: Monopole antenna design parameters calculated and optimized
	P aram eters	C alculated	Opt. E	Opt. E	Opt. EC	Opt. EC
			Elliptical	C ircular	Elliptical	C ircular
			m onopole	m onopole	m onopole	m onopole

m w Figure 28 :Comparison of return loss diagrams of four monopole E and EC antennas based on frequency

Table 2 .

 2 2. Calculated design parameters for monopole antenna with different sub-layers (mm).

		w			l	D	1	D	2		w	m	Height and type of substrate
																R0			R 04003C
															1	/	15		h	=	0	/	5	mm
	40	/	6	20	/	3	40	/	6	20	/	3		1	/	7	h	=	0	/	75	mm
																2	/	3			h	=	1	mm
																2	/	9	h	=	1	/	25	mm
															3	/	45		h	=	1	/	5	mm
															D uP	D uP ont951
															0	/	58		h	=	0	/	5	mm
	28	/	6	14	/	3	28	/	6	14	/	3		0	/	9	h	=	0	/	75	mm
																1	/	2			h	=	1	mm
																1	/	5	h	=	1	/	25	mm
																1	/	8		h	=	1	/	5	mm
																RT	R T6010LM
															0	/	46		h	=	0	/	5	mm
	25	/	4	12	/	7	25	/	4	12	/	7	0	/	68	h	=	0	/	75	mm
															0	/	92			h	=	1	mm
															1	/	15	h	=	1	/	25	mm
																1	/	4		h	=	1	/	5	mm

TABLE I .

 I 

TABLE 3 .

 3 

	1

TABLE 4 .

 4 1 SUMMARY OF MEASURED CHARACTERSISTICS OF MPTF ANTENNAS IN THE TABLE, THE IMPEDANCE BAND IS THE FREQUENCY RANGE WHERE THE VSWR EQUAL TO OR LESS THAN 2; f C IS THE CENTER FREQUENCY; BW IS THE BANDWIDTH AND GAIN OF EACH RESONANCE BAND WITH H LENGTH; η IS THE RADIATION EFFICIENCY; Q IS THE QUALITY

			FACTOR. (𝜀 𝑟 = 4.4, 𝑡𝑎𝑛𝛿 = 0.024, ℎ = 1𝑚𝑚, 𝑔 = 1.5𝑚𝑚, 𝑤 𝑓 = 1.875𝑚𝑚, 𝐿𝑔 = 6𝑚𝑚)
				𝒇 𝒏	𝑺 𝟏𝟏	𝒇 𝒄	𝑯	𝜼	𝑸	𝒇 𝒄	𝑩𝑾	𝑩𝑾
				𝑮𝑯𝒛	𝒅𝑩	𝑮𝑯𝒛	𝒎𝒎	%		G ain	%	(𝑽𝑺𝑾𝑹 = 𝟐)
										𝒅𝑩𝒊		,	𝒇 𝒍 -𝒇 𝒖
												G H z,%
	I	𝐀𝐧𝐭	4.82	-41	6.94	7.8	72	48	1.47	107	3.210-10.68,
						5						107
	𝐀𝐧𝐭𝐈𝐈 4.36, 8.34	-38, -22	6.95	10.6	76	40	1.62	111	3.080-10.82,
						2						111
	I	𝐀𝐧𝐭	3.96, 7.62,	-25, -29,	6.90	12.4	85	35	1.65	121	2.680-11.02,
			II	8.39	-46	2						121
	I	𝐀𝐧𝐭	3.79, 7.23,	-24, -39,	6.86	13.3	87	24	1.64	121	2.834-11.12,
			V	7.96	-34	5	6					121
	𝐀𝐧𝐭	4.11, 7.22,	-26, -22,	6.89	13.4	91	18	1.69	123	2.644-11.14,
			V	8.26	-34	3	1					123

2

  نامه پايان ............................................................................................................... .................... ............... رتب با داوران محتـرم هیـئت پذيـرش مورد ............................. شماره ........................ تاريخ به ه ......... تنها طول با کشی خط اگر که، است حالی در اين 1 نتايج گردد، تکرار آزمايش اين و شود استفاده متر تا و غارها داخل جديد گیري اندازه هنگام در زيرا بود خواهد متفاوت شد خواهد گیري اندازه نیز ها الب مقیاس اين صورتیکه در و گی اندازه توجه نکته اين به حال يافت. خواهد افزايش هم باز شده گیري اندازه ساحلی طول اتمیک مقیاس تا گردد، کوچکتر ري در يابد می افزايش گیري اندازه مقیاس کاهش با آن ي اندازه که ساحلی خط ي محدوده اين که، شود حجم با زمین کره ون

	-	چکیده شکل 2 -16 : شکل 4 -7 : جدول طبق شده بهینه مقادير با فراکتالی هاي آنتن براي شده گیري اندازه و سازي شبیه نتايج شکل آنتن تشعشعی پترن 2 -14 ] 26 [ صفحه در H (الف) فرکانسهاي: در 4 (ب) و 10 گیگاهرتز. 4
	قرار .......... نمره و آنتن عملکرد بهبود براي گذشته روشهاي مطالعۀ و بررسی از پس نامه پايان اين در گ تک هاي اقلید ي هندسه مختلف هاي ساخ با قطبی تک جديد هاي آنتن ابتدا فراکتالی، و سی نحوي به و شده ارائه فراکتالی هندسه تارهاي ساختار بررسی جمله از قطبی شده سازي بهینه فرکانسی باند بتوانند که اند UWB شکل 2 -17 : شکل آنتن تشعشعی پترن 2 -14 ] 16 [ صفحه در E (الف) فرکانسهاي: در 4 (ب) و 10 گیگاهرتز . شکل 2 -18 : نمودار تغییرات شکل آنتن براي بهره 2 -14 ] 26 [ . 1 . شکل 4 -8 : تشعشعی پترن E نخست ي مرحله پنج براي مذکور. آنتن فراکتال ف صل دوم از مهم هاي تکنولوژي تماي براي بانده چند کاربرد داراي ويا دهند پوشش را جمله Bluetooth و WiMax فرکانسی محدوده اين براي ر پیشنهادي آنتنهاي باشند. زيراليۀ وي FR4 ابعاد با 3 mm 1 × شکل 2 -19 : آنتن ساختار تک هاي قطبی .UWB شکل 4 -9 : تشعشعی پترن H مذکور. آنتن فراکتال نخست ي مرحله پنج براي آنتن طراحی روشهاي تک هاي فراپهن کاربردهاي براي چاپی مونوپل يا قطبی رفت. 25 × 25 به و قرارگرفته بهینه نحوي که اند شده سازي از باند پهناي بتوانند 5 / 2 تا 14 حالت داراي ويا داده پوشش را گیگاهرتز بانده چند باشند فرکانسی محدوده اين براي مرب شکافدار انتنهاي بررسی به شده سعی سپس و براي دايروي باپالريزاسیون عی شکل 2 -20 : تک آنتن بعدي سه تشعشعی پترن قطبی E مختلف فرکانسهاي در . شکل 4 -10 : گیري اندازه نتايج group delay ، |S 21 | و gain فراکتال سوم ي مرتبه براي MPTF . باند UWB
	براي مرسوم تکنیک سازي بهینه در سعی ح	فرا کاربردهاي شکل 2 -21 : طرا شکافدار هاي انتن براي پیشنهادي طرح در شود. پرداخته باند پهن اساس بر بهره تغییرت تک آنتن چهار براي فرکانس قطبی. شکل 4 -11 : گیري اندازه نتايج gain فراکتال سوم ي مرتبه براي MPTF .
	روي پیشنهادي شکافدار آنتن است. داشته را باند فراپهن کاربرد براي آنتن باند پهناي افزايش و دايروي پالريزاسیون ايجاد FR4 ابعاد با 3 mm 8 / 0 × 60 × 60 به و قرارگرفته بهینه نحوي از باند پهناي بتواند که شده سازي 5 / 2 تا 14 پوشش را گیگاهرتز زيراليۀ شکل 2 -22 : آنتن بازگشتی تلفات تغییرات اليه زير براي فرکانس با R04003C مختلف. ارتفاع با شکل 5 -1 : مقدمه 2-1 مايکرواستريپ. شکافدار هاي آنتن آنتن ويژه ساختار چاپی قطبی تک می را خود خاص طراحی روشهاي بنابراين و داشته اي در طلبد. آنتن اين زير از زمین صفحه ها
	1 فرکانسی پوشش براي دايروي پالريزاسیون داراي همچنین و داده -: داوران هیئت رئیس و راهنما استاد چنگ دکتر ی ز شکل 2 -23 : اليه زير براي فرکانس با آنتن بازگشتی تلفات تغییرات قباد WiMax DuPont951 و WLAN مختلف. ارتفاع با باشد. شکل 5 -2 : ص موج متوالی.( امواج جبهه ايجاد براي ثانويه امواج فحه اي) شده حذف کننده تشعشع المان آ به نسبت حدودي، تا ساختار بعدي سه تقارن لذا و نتن آنتن يا و عمودي قطبی تک هاي هاي ي 2 -: مشاور استاد نور جواد دکتر ي ن ی ا تک آنتن سه ابتدا، در آنتن نوع از جديد قطبی با ترکیبی هاي طراحی فراکتالی ي هندسه از استفاده با باال آزادي درجۀ وپیش شده نهاد آنتن اين اند. المان از هستند ترکیبی ها المان و میکروستريپ خط مستقیم تغذيۀ با اصلی حلقوي فراکتالی تشعشی شکل 2 -24 : اليه زير براي فرکانس با آنتن بازگشتی تلفات تغییرات RT6010LM مختلف. ارتفاع با شکل 5 -3 : روش که شده باعث مساله اين است. خورده بهم هستند، کامل زمین داراي که ساده مايکرواستريپ طراحی و تحلیل نرمال هاي اين کروي) موج متوالی.( امواج جبهه ايجاد براي ثانويه امواج آنتن ه مدل يا و مايکرواستريپ انتقال خط روش مثل ا Cavity جوابگو نباشند آنتن در . آنتن برخالف مونوپل، هاي و دوقطبی هاي
	3 ساخت دادن تغییر با الکترومغناطیسی. کوپالژ ازطريق و مستقیم غیر تغذيۀ با پارازيتیک تشعشعی -: خارجی داور مهد دکتر ي ام چهل ی ران شکل 2 -25 : فرکان مقايسه س هاي L f شبیه از حاصل اليه زير در محاسبه و سازي DuPont951 ارتفاع با تشعشعی المان پارامترهاي و ار 5 / 0 . شکل 5 -4 : صفحه موج لبه پراش که پرده يک در شکاف بريک تابنده اي تشعشعات گسترش باعث اي می شکاف از شود. پايین لبه فرکانس روي آنتن طراحی پارامترهاي تأثیر نحوه آن جاي به و نبوده مطرح رزونانس فرکانس رزونانسی، تک قطبی تک ی 4 -: داخلی داور دار دکتر ي وش بانده چند عملکرد به میتوان حلقوي فراکتال ساختار با اصلی WiMAX/WLAN/Bluetooth به که آنتنی در يافت. دست سیستم در استفاده منظور هاي UWB هندسه تشابهی خود ويژگی از استفاده با پی در پی هاي ايجادحلقه با است، شده طراحی شکل 2 -26 : تک آنتن ساختار تک خمیده (ب) بانده، تک ساده (الف) قطبی: خمی بانده،(پ) ده . شکل 5 -5 : ارزي. هم اصل (a) اصلی، مسئلۀ (b) ب مورد امپدانسی، باند پهناي و باند می قرار ررسی اول طراحی در باند، پايین لبه فرکانس گیرند. آنتن عمودي ارتفاع حداکثر به یه، ارز. هم مسئلۀ پ درحالیکه، دارد. بستگی روشهاي است. ارتباط در تغذيه، خط با آنتن مختلف مدهاي امپدانسی تطبیق نحوه به آنتن باند هناي نظرپور چ حالت فراکتالی ي بانده در امپدانسی باند پهناي میتوان کارديويد، پارازيتیک المان افزودن با سپس و شده ايجاد بانده ند اي شکل 2 -27 : آنتن بازگشتی تلفات نمودار شکل هاي 2 -26 . شکل 5 -6 : جريان آرايش روزنه. با مسطح سطح يک براي معادل هاي بهینه و طراحی تحلیل، براي متداول آنتن اين سازي مبتنی ها نرم از براستفاده مثل باال فرکانس مدارات تحلیل افزارهاي HFSS ،
	5 ايجاد -شکل : تکمیلی تحصیالت نماينده داد. افزايش توجهی قابل میزان به را شده م دکتر ی ياف تغییر فیثاغورس درختی فراکتال نام با جديدي فراکتال رياضیات، در فیثاغورس تئوري از استفاده با شده سعی ادامه در ر گلزان مقصود 2 -28 : تک آنتن مرجع اولیه قطبی ] 31 [ . 3 شکل 5 -7 : باند. فراپهن هاي کاربرد براي شده ارائه مربعی دار شکاف آنتن هندسی ساختار شکل 1 -2 آمريکا قاره ساحلی خط طول ي محاسبه : ] 1 [ Computer Simulation Technique می روش کنار در اخیر، سالهاي در باشد. فرمول يکسري طراحی، معمول هاي هاي ته . آنتن طراحی در اولیه ديد يافتن و عملکرد تخمین براي تحلیلی فرکانس در چاپی قطبی تک هاي پايین هاي نمودار چند ترسیم و
	فراکتال آزادي ي درجه فیثاغورس تئوري مثلث نوع تغییر با شده سعی فراکتال اين طراحی فرايند در گردد. ايجاد الکترومغناط کاربردهاي در فراکتال اين بیشتر ي مطالعه به بتواند طراح بپردازد آنتن طراحی جمله از یسی از استفاده با سپس و تا يابد افزايش چاپ مونوپل هاي آنتن خو با فراکتالی ساختار اين ي مطالعه به ی با جديد آنتن شش معرفی آن ي نتیجه و ايم پرداخته منحصر اص فر ي هندسه زيراليۀ روي آنتن شش هر است. بوده باند فراپهن کاربردهاي براي اکتالی FR4 ابعاد با 3 mm 1 × 25 × 25 شکل 2 -6 : بیضوي قطبی تک ساختارآنتن براي آنتن زمین و تشعشعی المان روي سطحی جريان توزيع . با شکل 2 -7 : صفخۀ تشعشعی پترن نمودار H س براي اختارآن بیضوي. قطبی تک تن شکل 2 -29 : شکل آنتن در سطحی جريان توزيع نمايش 2 -28 . شکل 2 -30 : ضد و سلفی بارگذاري اعمال -شکل آنتن براي خازنی 2 -28 . شکل 2 -31 : شکل آنتن براي بازگشتی تلفات نمودار 2 -30 بارگذاري اعمال با ضد و سلفی هاي -خازنی. شکل 5 -8 : از يافته بهبود طرح چهار مذکور. آنتن شکل 5 -9 : سازي شبیه نتايج AR و S 11 هاي آنتن براي 1 تا 4 . شکل 5 -10 : شبیه نتايج اندا و سازي گیري زه AR و S 11 آنتن براي 4 . درر کالسیک معماهاي از ديگر يکی به نیاز از: است عبارت ياضیات، آنتنها، باالي باند طراحی در کمک براي شد بررسی تفصیل به و گردآوري فصل اين در که است شده مطرح ه مطالعه به ادامه در اند. هاست، قاره ساحلی خط ي محاسبه براي فراکتالی ي هندسه شکل در که آمريکا ي قاره شمال ساحلی خط همانند 1 -2 است شده داده نشان ] 1 [ . تکنیک می آنتنها اين طراحی در مختلفی هاي آنتن عملکرد بهبود براي تاکنون که پردازيم، امپدانس باند پهناي بهبود از اعم اولیه ی، خط يک از اگر آزمايش اين در مثال عنوان به کش 1 گیري اندازه براي کیلومتري شود استفاده ، خ کل تعداد مجموع در شد استفاده هاي کش ط ش معرفی آنتن مشخصات ساير و پترن گین، امپدانسی، تطبیق نرم تحلیلی، هاي روش از استفاده با و ده تجرب يا و افزاري اثبات به ی طول تقريبی ي اندازه برابر ه بود خواهد ساحلی خط ] 1 [ . رسیده اند ] 21 [ و ] 22 [ .
	قرارگرفته شکل 2 -پیشنهادي هاي وآنتن اند. 8 : صفخۀ تشعشعی پترن نمودار UWB E شکل 2 -32 : تک آنتن ساختار با دوبانده قطبی به بیضوي. قطبی تک ساختارآنتن براي سازي بهینه نحوي بتوانن که اند، شده پارازيتیکی. المان شکل 5 -11 : باند. فراپهن کاربردهاي براي شده ارائه مربعی دار شکاف آنتن هندسی ساختار از باند پهناي د دهند. شکل 2 -9 : بیضوي. قطبی تک آنتن تشعشعی راندمان و بهره نمودار شکل 2 -33 : فرکا اساس بر بازگشتی تلفات نمودار : شکل آنتن براي نس 2 -44 المان طول مقادير در تغییر با 3 تا 12 پوشش را گیگاهرتز شکل 5 -12 : هاي جريان توزيع آنتن ساختار در سطحی 4 فرکانس در 42 / 6 گیگاهرتز. 2-2 روش
	شکل شکل زمین از آن فاصلۀ و پارازيتیک 2 -10 : حلقوي قطبی تک آنتن ساختار 2 -11 : شکل آنتن بازگشتی تلفات تغییرات نمودار ] 25 [ . شکل 2 -34 : شبیه نتايج اندازه و سازي شکل آنتن براي بازگشتی تلفات گیري 2 -10 ] 25 [ داخلی شعاع در تغییر اساس بر 2 -32 پارازيتیک. المان وبدون با r . شکل 5 -13 : ب شده گیري اندازه و سازي شبیه گین نتايج آنتن راي 4 محور راستاي در Z دا قرار محدود رد ] 1 [ . اقلیدسی ي هندسه از بهتر را مشکلی چنین که هستیم اي هندسه نیازمند مشکلی چنین حل براي اينرو از . شکل 5 -14 : آنتن بعدي سه تشعشعی پترن 4 ( ، 1 ) RHCP و( 2 ) LHCP (الف) فرکانسهاي: در 12 / 5 ماندلبرت بنیوت باشد. می صفحه چون دوبعدي و خط چون بعدي تک چون کاملی بعدهاي داراي اقلیدسی ي هندسه کند. حل ، ي کلمه بار اولین براي ب را کسري ابعاد معنی به فراکتال طبقه در آن بعدهاي که ابعادي راي گنجیدند، نمی کامل بعدهاي بندي
	شکل شکل شک ل شکل (ب) 73 2 2 2 2 / -12 : -13 : -35 : -36 : 5 (پ) ، شکل آنتن تشعشعی پترن آنتن براي بهره نمودار 2 -10 2 -22 ] 25 ] 25 [ . فرکانس براي تشعشعی پترن نمودار (الف) هاي: [ : در فرکانس براي بهره نمودار (الف) هاي: 5 / 2 (ب) ، 42 / 6 کرد. مطرح گیگاهرتز. شکل 5 -15 آنتن براي شده گیري اندازه تشعشعی پترن : 4 يک در که بود نامحدود طولی داراي که شد، مطرح ساحلی خط طول ي محاسبه مثال در فراکتالها، از برخی خصوصیات از يکی 5 / 2 (ب) ، 5 / 3 (پ) ، 5 / 5 گیگاهرتز 5 / 3 (پ) ، 5 / 5 گیگاهرتز هاي فرکانس در شده ساخته 12 / 5 ، 73 / 5 ، 42 / 6 استفاده هاي فراکتال بود. گنجیده محدود حجم سا داراي نامه، پايان اين در شده ط با نامحدود پیچیدگی با ختارهايی خود بیعت
		شکل شکل گیگاهرتز 2 -14 : 3 -1 گردد می تکرار کلی ساختار نظر مورد ساختار به شدن نزديک با که است معنی اين به اين هستند. تشابهی تشعشعی المان در متقارن برش با دايروي آنتن ساختار : ] 26 [ . : کاربردهاي براي شده ارائه بانده چند قطبی تک فراکتال چهارم مرحله هندسی ساختار ] 1 [ .
		M .	زاويه در تغییر اساس بر	] 26 [	-14	2	شکل	شکل WLAN/WiMAX 2 -15 : آنتن بازگشتی تلفات تغییرات نمودار .

كاربردهاي براي قطبي تك آنتن عملكرد بهبود و طراحي هاي UWB

  و بوده مناطق ساير از بیشتر تشعشعی المان محیط در سطحی جريان چگالی شد، آورده می لذا کرد استفاده بیضوي تشعشعی المان از کامل بیضوي المان جاي به آنتن ساختار در توان شده مشخص زيراليه الکتريک دي ضريب و ارتفاع مقادير بايد روش اين در است. آمده شکل در که تغذيه خط عرض باشد. 2 -19 با می انتخاب نحوي به شده داده نمايش تغذيه خط مشخصه امپدانس که شود برابر 50 شود. اهم ( باند پايین لبه فرکانس بايد شروع براي مقدمه ب مربعی اسالت نوع از اسالت يا شکافدار ي شده طراحی آنتن از جديدي نوع بررسی به فصل اين در براي دايروي پالريزاسیون ا اختصاري نام با که پردازيم می باند فراپهن هاي کاربرد CPSSA خ و بوده اليه تک ساختاري داراي شده ارائه آنتن نامید. واهیم ي زائده دو با که مربعی زمین از متشکل L است، شده تشکیل مربعی زمین ي گوشه دو در دايروي پالريزاسیون تولید براي شکل و هاي زائده L جريان دو تحريک براي رزونانسی مدهاي تولید توانايی که شکل E را هم بر عمود تولید براي باشند، می دارا و باندامپدانسی پهناي پیشین، مربعی اسالت ساختارهاي ساير با مقايسه در شده ارائه ساختار اند. شده ايجاد دايروي پالريزاسیون سا با مقايسه در محوري نسبت شده ارائه آنتن امپدانسی باند پهناي که است، يافته افزايش ساختارها ير که باشد می 32% می خطی پالريزاسیون داراي باندها ساير در و داده اختصاص خود به را کل باند پهناي از فرآيند بررسی به انتها در باشد. میپرداز شده ارائه آنتن ي مقايسه و آنتنها نوع اين طراحی به منجر سیم بی مخابرات افزون روز و سريع رشد اخیر، سالهاي در يم. اخت از بعد آنتنها نوع اين از استفاده گسترش و است شده باند فراپهن حتی و بانده دو بانده، چند آنتنهاي سريع رشد انتخاب بهترين متفاوت کارکردهاي و متنوع هاي ساختار با مايکرواستريپ و کواکس ، هاي سیستم نیازهاي رفع براي مشکل بدون وگیرنده فرستنده يک بین ارتباطات گسترش براي ديگر، سوي از هستند. باند فراپهن و آب تغییرات برابر در تضعیف عدم و بهتر تحرك ساختن فراهم دلیل به دايروي پالريزاسیون آنها، بین پالريزاسیون تطابق عدم برا سیم بی مخابرات در انتخاب ترين محبوب و بهترين هوايی، باشند می سیستم کارايی افزايش ي آنتن براي متفاوتی هاي طراحی غلبه براي دهند، می پوشش دايروي پالريزاسیون با را خود عملکرد از وسیعی باند که شکافدار هاي آنها محوري نسبت و امپدانسی باند پهناي بودن باريک قبیل از آنتنها نوع اين مشکالت بر ي شده زمین نوار دو همراه به گون صاعقه شکل با ي تغذيه خط ي تعبیه ، L شکاف مخالف ي گوشه دو در شکل مربعی ] 85 [ نوار بر مبتنی شکل به شده تعبیه قوس از استفاده ، خطی و مدور قطبش براي فلزي ] 86 [ اسالت يا دار شکاف آنتن . کار براي شده، ارائه ي شده زمین نوار دو هاي تکنیک از باند فراپهن بردهاي L براي مربعی شکاف مخالف ي گوشه دو در شکل لبه پراش که پرده يک در شکاف بريک تابنده اي اي می شکاف از تشعشعات گسترش باعث شود. حجم يک در الکترومغناطیسی منابع که کنید فرض v خارجی باسطح s سطح بر عمود برونسو واحد بردار باشند. داشته قرار نسبتا میدان با را ارزي هم قضیه شکل اين توان (موسوم حجم داخل صفر هاي اثبات الو) ارزي هم اصل به اين کرد. می توصیف مرزي شرايط و ماکسول معادالت توسط الکترومغناطیسی مسئله هر همانند مسئله می شود. قضیۀ طبق که دانیم می مسئله جواب تنها کند، اقناع را مسئله مرزي شرايط و کرده صدق ديفرانسیل معادله يک در تابع يک اگر يگانگی جواب باشد. مع منابع) (شامل ماکسول ادالت حجم از خارج منابع ارز هم مسئله در است. يگانه مرزي شرايط با همراه v نمی تغییر زيرا کنند، نمی تغییر نیز مرزي شرايط ندارند. وجود ً اصوال میدان ارز، هم مسئله در شد. خواهد داده توضیح زير در که همانطوري کنند، باشند، يکسان مرزي شرايط آنکه براي اند. میدان بین اختالف سطح بر خارجی(مماس و داخلی هاي s از عبارتند مرزي شرايط باشد. يکسان اصلی مسئله با بايد ) کلی، بطور داشت خواهد وجود دهانه روي سطح اگر حال، هر در است. مشکل هادي قسمتهاي شامل اختیاري سطح يک روي منابع از ناشی تشعشعات محاسبه s صفحه يک مسئ باشد، پهناور نهايت بی می ساده تصويري روش کاربرد طريق از له شود. روزنه يک داراي شکافدار عملی آنتنهاي از بسیاري نمی بوجود مشکلی تحلیل، سازي ساده چنین معموال نتیجه، در هستند. مسطح که است، ممکن آنتن يک چه اگر هرحال، در آورد. می بنابراين باشد، نداشته مسطح فیزيکی روزنه يک

	لبه ي محاسبه در اخیر روش است. شده احاطه هوا از غیر الکتريک می استفاده شود ] 30 -22 [ . 2-2-1 آنتن در پایین فركانس طراحي براي پایه روش چاپی قطبی تک آنتن براي متداول ساختارهاي در باند پايین هاي باند فراپهن UWB 2-2-3 تشعش المان تك آنتن حلقوي عي قطبي بخش در که توضیحاتی به توجه با 2 -1 ] 30 [ خال فضاي کار اين با . در ی ب آنتن داخل ساي کارگذاري راي المان ر هاي RF می فراهم نیز شعاع تنظیم با حال عین در و شود ( داخلی هاي r حلقوي آنتن ) باند فراپهن کارکرد UWB امکان و شده کاسته نیز آن حرارتی تلفات از آنتن در رفته بکار فلز کاهش دلیل به و شده حفظ آنتن ن تشعشعی راندمان رفتن باال می فراهم یز شود. ساخ از نمونه يک مرجع در که حلقوي آنتن تار ] 25 [ شکل در است، شده معرفی 2 -10 مقدار آوردن بدست براي پارامتريک ي مطالعه نتايج است. شده آورده r شکل در مناسب 2 -11 می مشاهده اين بررسی با شود. نمودارها r = 5 / 4 می بدست میلیمتر آيد ] 30 [ . انتخاب با r = 5 / 4 صفحات در آنتن تشعشعی پترن بررسی به میلیمتر H و E رزونانس فرکانسهاي در 5 / 3 و 10 می گیگاهرتز -نمو اين پردازيم. شکل در دارها 2 -12 مشاهد و آمده می ه صفح در تشعشعی پترن که شود ي ه H فرکانس در همه کامال پايین هاي ايده حالت از کمی فرکانس افزايش با و بوده جهته می خارج آل ي صفحه در پترن شود. E فرکانس در آنتن پترن مشابه پايین هاي -ايده قطبی تک هاي ک فرکانس افزايش با و بوده آل می کج می آنتن بهره نمودار شود. شکل در 2 -13 م مشاهده است. آمده ی که شود حدود فرکانسی باند پهناي کل در نظر مورد حلقوي آنتن بهره تغییرات dB 6 است. شکل 2 -13 شکل آنتن براي بهره نمودار : 2 -10 ] 25 [ . 8 / 0 سا و زمین ابعاد دارد. قرار میلیمتر شکل در آنتن مشخصات ير 2 -14 نمودا تغییرات است. آمده تغییر با آنتن بازگشتی تلفات ر اندازه در M شکل در 2 -15 می مشاهده است. آمده زاويه افزايش با که شود M از 0 تا 180 امپدانسی باند پهناي درجه، 6 و % باند پايین لبه فرکانس 25 انتخاب با است. يافته افزايش % °80 = M به صفحات در آنتن تشعشعی پترن بررسی H و E در فرکانسه رزونانس اي 4 و 10 می گیگاهرتز شکل در بترتیب نمودارها اين پردازيم. هاي 2 -16 و 2 -17 می مشاهده و آمده که شود صفحه در پترن H فرکانس تمام در صفحه در پترن و بوده جهته همه ً کامال باند هاي E فرکانس تمام در باند هاي پترن مشابه آنتن ايده قطبی تک هاي به نمودار است. آل شکل در آنتن ره 2 -18 می مشاهده است. آمده تغیی که شود جدول 2 -1 بهینه و محاسبه از حاصل مقادير : سا طراحی پارامترهاي براي زي آنتن تک هاي قطبی میلیمتر). برحسب واحدها (همه تک د قطبی ايروي -EC شده بهینه تک بیضوي قطبی -EC بهینه شده تک دايروي قطبی -E بهینه شده تک بیضوي قطبی -E بهینه شده روابط از حاصل مقادير طراحی پارامتر هاي طراحی 30 30 30 30 6 28 w پنجم فصل / 15 15 16 5 / 15 3 / 14 l باند فراپهن هاي کاربرد براي جديد هندسی ساختار با مربعی اسالت آنتن بررسی در نظر مورد آنتن بهره رات حدود فرکانسی باند پهناي کل dB 4 است. شکل 2 -17 شکل آنتن تشعشعی پترن : 2 -14 ] 16 [ صفحه در E (الف) فرکانسهاي: در 4 (ب) و 10 گیگاهرتز . شکل 2 -19 آنتن ساختار : تک هاي بیضوي آنتن (الف) : باند فراپهن قطبی E بیضوي آنتن (ب) ، EC داي آنتن ،(پ) روي E (ت) و دايروي آنتن EC . تغذيه خط طراحی براي کلی روش در ] 28 [ L f ض و شده مشخص ) دي ريب هوا و زيراليه ترکیب براي مؤثر الکتريک 5 / 28 29 6 / 28 30 6 / 28 1 D 13 2 / 13 13 14 3 / 14 2 شکل 5 -5 ارزي. هم اصل : (a) اصلی، مسئلۀ (b) ارز. هم مسئلۀ D 15 / 1 15 / 1 25 / 1 2 / 1 2 1 m w 5-1 / می بسادگی ً ها
	دي ضريب محاسبه براي مقاله اين در که است ذکر قابل شود. محاسبه صورت 2 ( / 1 + r ε ) = eff ε تقريب در مرتبه هاي محاسب در نیز آنتن کاري فرکانس و زيراليه ارتفاع باالتر، اين در و شده استفاده اول مرتبه تقريب از موثر الکتريک ه eff ε در که هستند موثر شکل 2 -21 تک آنتن چهار براي فرکانس اساس بر بهره تغییرات : ابعاد داراي که شده طراحی اسالت آنتن است. 60× 60 ضخامت با میلیمترمربع 8 / 0 فرکانسی پوشش بر عالوه میلیمتر 67 / 2 تا قطبی. 4 ساختارهاي برابر قبلی حجم داخل v جري و بوده صفر ( معادالت توسط سطحی انهاي 5 -1 ( و ) 5 -2 شده داده )
	شکل شکل آنتن بازگشتی تلفات تغییرات نمودار : 2 -10 قطبی تک آنتن ساختار : 2 -14 حلقوي ] 26 [ ] 25 [ . زاويه در تغییر اساس بر در که طراحی روش اساس بر است. شده صرفنظر آنها از اينجا شکل 2 -15 ] 29 [ تغذيه ساختار از جدا تشعشعی المان عرض و طول است، آمده M . ربع برابر ترتیب به λ 4 ⁄ الکتريکی موج طول نصف و λ 4 ⁄ فرکانس در موثر L f می انتخاب شود. بنابراين 𝑤 = 𝑐 2 √ 𝜀 𝑒𝑓𝑓 𝑓 𝐿 = 𝜆 𝑒𝑓𝑓 /2 و 𝑙 = تغیی رات آنتن بهرة تک هاي شکل در فرکانس اساس بر قطبی 2 -21 می مشاهده شکل اين از است. آمده براي بهره تغییرات که شود آنتن هاي E محدودة در UWB بین 5 / 0 و 7 / 4 dB آنتن براي و هاي EC بین 5 / 0 -و 5 / 2 dB نشان تغییرات اين و است. شکل 2 -23 الي زير براي فرکانس با آنتن بازگشتی تلفات تغییرات : ه DuPont951 مختلف ارتفاع با ] 30 [ . 13 باند پهناي که گیگاهرتز 132 کاربرد براي يافته اختصاص % توسط که را باند فراپهن هاي FCC پوشش را است يافته اختصاص مذ آنتن اين، بر عالوه دهد. می ي محدوده در دايروي پالريزاسیون داراي کور 9 / 4 تا 9 / 6 نسبت با گیگاهرتز 5 / s M n S E =  -] 0 ) ( [ و s J S H n = - ] 0 ) ( [ ˆ ( معادالت با که 5 -1 ) ( و 5 -5 بنابراين يکسانند. ) براي مرزي شرايط ، 1:1 میدان بنابراين، هستند. يکسان ارز هم مسئله حجم از خارج هاي v که آنجا از هستند. يکسان ارز هم مسئله و اصلی مسئله در 𝑐 4 √ 𝜀 𝑒𝑓𝑓 𝑓 𝐿 = 𝜆 𝑒𝑓𝑓 /4 اقطار انتخاب اين اساس بر و w = 1 D و 2 / w = 2 D بیضی در اقطار نسبت لذا و ها 5 / 0 = 2 R = 1 R برابر ها دايره در و 1 شکل از که همانطور است. 2 -19 می مشاهده ي صفحه شود، براي زمین آنتن نیم بیضوي، هاي -براي و شکل بیضی آنتن انحناي انتخاب اين با است. شده انتخاب دايره نیم شکل به دايروي هاي بخش در که وهمانطور رسیده خود حالت بهترين به تشعشعی المان به نسبت زمین 2 -2 -2 می شد گفته را امپدانسی تطبیق توان بخشید بهبود صورت اين به ب و دواير مراکز . یضوي بزرگ و کوچک هاي به نیز آنتن چهار در ساختار تقارن که شده انتخاب صورتی آنتن بهره کل در که میدهد هاي E آن از باالتر تن هاي EC اليه زير در طراحی روابط صحت میزان بررسی براي است. مختلف، هاي جدول در نیز ديگر اليه زير دو براي طراحی پارامترهاي ادامه در 2 -2 شبیه نتايج و شده گردآوري اشکال در سازي 2 -22 تا 2 -24 اند آمده متفاوت زيراليه ارتفاع و الکتريک دي ضرايب با ] 30 [ نمود اين از . برمی ارها آيد فرکانسهاي در اليه زير ارتفاع تغییر اثر که فرک رفتن باال با اثر اين و بوده ناچیز بسیار پايین الکتريک دي ضريب با و پايین می تر مشخص الکتريک دي ضريب و انس تا شود. ضريب با را اليه زير بار اين بود. شده گرفته نظر در ثابت باند پايین لبه فرکانس اينجا 8 / 7 ارتفاع و 5 / 0 گرفته نظر در ثابت میلیمتر شکل 5 -4 میدان حجم در ارز هم مسئله در ها v سطح درون s می هستند، صفر س اين از قسمتی روي را کامل هادي يک توانیم قرار طح صفحه موج : مغناطیسی سطحی جريان چگالی دهیم. s M مماسی مولفه زيرا صفراست، سطح از قسمت اين روي E بنابراين، صفراست. s J روي باند صاص فرکانسی 1 / 3 تا 6 / 10 توسط گیگاهرتز FCC است شده تر گسترده تجاري کاربردهاي براي s در قسمت اين s می تشعشع هادي حضور در و شده القا کامل هادي روي که بوده واقعی الکتريکی جريان چگالی برابر ک يک اگر ند. از مختلفی هاي نوع با چاپی آنتنهاي . چون تغزيه جري سطح روي سطحی مغناطیسی و الکتريکی انهاي s شکل به آورد. دست به 5 -4 (b) شود. رجوع coplanar waveguide type شکل 5 -4 (a) میدانهاي است. شده داده نشان E و H می را سطح از خارج داخل منابع حذف توسط توان v چگالی استقرار و دا وجود هادي در دهانه يا روزنه مغناطیسی و الکتريکی دوجريان هر باشد، شته
	آنتن زي زمین ي صفحه که است، مايکروستريپی آنتن از خاصی حالت آنتن اين که است اين بر فرض اول، می روش دو به و داشته جهته همه تشعشعی پترن و باال امپدانسی پهناي چاپی مونوپل پردا آن تحلیل به توان بی در کننده تشعشع المان ر روش در خت. -شده چاپ زيراليه دو روي آنتن و گرفته قرار نهايت الکتريک دي ضريب با هوا اولی است. 1 الکتريک دي ضريب با دومی و ε 𝑟 غیر از 1 ( 4.4 اگر اليه زير اين FR4 ضريب با زيراليه يک روي که است آنتنی معادل چاپی مونوپل آنتن فرض اين با شود). انتخاب دي به نزديک الکتريک 1 می و گرفته قرار زياد ارتفاع با و شد. خواهد وسیعی بسیار باند پهناي پوشش به منجر حالت اين که دانیم همانند چاپی قطبی تک آنتن دوم، روش در می قرار بررسی مورد عمودي قطبی تک آنتن می که همانطور و گیرد تک آنتن دانیم، فل سیلندر شامل عمودي قطبی شعاع افزايش با آن باند پهناي و گرفته قرار بزرگ بسیار زمین ي صفحه بر عمود که، است زي می افزايش سیلندر، می را چاپی آنتن يابد. گر درنظر عمودي آنتن با معادل توان م با و داشته بزرگی مؤثر قطر که فت دي اده شکل 2 -11 شکل آنتن بازگشتی تلفات تغییرات نمودار : 2 -10 ] 25 [ داخلی شعاع در تغییر اساس بر r . شکل 2 -12 شکل آنتن تشعشعی پترن : 2 -22 ] 25 [ صفحه (الف) : در H فرکانس در 5 / 3 گیگاهرتز، صفحه (ب) E فرکانس در 5 / 3 گیگ اهرتز، صفحه (پ) H فرکانس در 10 و گیگاهرتز صفحۀ (ت) E فرکانس در 10 گیگاهرتز. شکل 2 -14 تشعشعی المان در متقارن برش با دايروي آنتن ساختار : ] 26 [ . 2-2-4 آنتن تشعشعي درالمان متقارن قطاع برش ت المان در قطاعی متقارن برش با قطبی تک آنتن ساختار شکل در شعشعی 2 -14 نحوه و ساختار اين طرح است. آمده آن بررسی مرجع از ] 26 [ شعاع با دايروي تشعشعی المان ساختار اين در است. شده گرفته 5 / 8 اليه زير روي میلیمتر FR4 ارتفاع با شکل 2 -16 شکل آنتن تشعشعی پترن : 2 -14 ] 26 [ صفحه در H د ر (الف) فرکانسهاي: 4 (ب) و 10 گیگاهرتز. شکل 2 -18 شکل آنتن براي بهره تغییرات نمودار : 2 -14 ] 26 [ . 2-2-5 آنتن ه تك اي قطبي E و EC تازه ديدگاه بخش اين در تحلی براي اي آنتن ل تک هاي براس و شده ارائه قطبی تک آنتن نوع دو ديدگاه اين اس قطبی E و EC است شده معرفی ] 27 [ شکل ساختار در . 2 -19 و (الف) 2 -19 آنتن تشعشعی المان (پ) بیضی يا دايره دو مشترك صفحه حذف با ها بزرگتر صفحه از شده ساخته آنتن و تک هاي قطبی E می نامیده تشعش المان شوند. آنتن در عی شکل هاي 2 -19 (ب) و 2 -19 (ت) ساختار مکمل E وآنتن بوده هاي EC شده نامیده آنتن اين در اند. ايجاد زمین و تشعشعی المان بین زيراليه جنس از شکافی ها نقش مقاله اين نويسندگان نظر نقطه از که است شده عملکرد در مهمی UWB می ايفا آنتن شکا اين بازشدگی میزان کند. ف می تعیین را آنتن پايین لبه فرکانس کند برابر بايد لذا و λ 2 ⁄ هستند ] 30 [ . شود. انتخاب دلخواه پايین لبه فرکانس آنتن در زمین از آنها افقی ي فاصله و نريزد هم به هاي E برابر 2 / 1 R 1 D = 1 C و wm + 2 / 2 R 2 D = 2 C آنتن در و هاي EC برابر 2 / 2 R 2 D = 2 C زيراليۀ از متشکل شده طراحی بخش اين در که ساختاري اولین . DuPont951 دي ضريب با ال کت ريک 8 / 7 ، تلفاتی تانژانت 0015 / 0 ارتفاع و 1 فرکانس فرض با میلیمتراست. L f برابر 5 / 2 شکل 2 -19 تک آنتن چهار بازگشتی تلفات نمودار مقايسۀ : قطبی E و EC فرکانس و L f از را 5 / 1 تا 3 می تغییر گیگاهرتز تغییرات اين براي بازگشتی تلفات نمودار دهیم. فرکانس براي هاي 1 تا 6 گیگاهرتز ( 5 -1 سطح روي الکتريکی منابع ) ) ( ˆS H n  = J s فرکانس. اساس بر شکل در 2 -25 فرکانس که شود می مشاهده است. آمده L f حدود فرضی و حاصل 5 از و داشته اختالف هم با % نتايج اين مجموع می برداشت فرموالسیون شودکه آنتن عملکرد خوبی دقت با شده ارائه تک هاي قطبی E و EC درکاربردهاي را UWB شبیه سازي ] 78 [ و ] 79 [ اخیر، سالهاي در . ( 5 -2 سطح روي مغناطیسی منابع ) s n S E M s ) (  = س يک توانیم روزنه طح معادل( مسطح s کن تعريف برايش را ) تنها روش اين یم. فراپهن کاربرد براي طراحی پارامترهاي گیگاهرتز، رابطه از استفاده با که باند بدست مذکور طراحی هاي شکل آنتن چهار براي اند، آمده 2 -19 جدول در 2 -1 شده گردآوري چهار اند. مذکور ساختار افزار نرم توسط HFSS از کمتر بازگشتی تلفات براي 10 بین امپدانسی باند پهناي و بی دي 1 / 3 تا 6 / 10 شده سازي بهینه گیگاهرتز بهینه اين نتايج و جدول در نیز سازي 2 -1 حا نتايج با و آمده شده مقايسه فرموالسیون از صل اند . از جدول 2 -1 می برداشت کامپی آنالیز تفاوت که شود از کمتر فرموالسیون و وتري 10 روا لذا و بوده درصد دقیق ً تقريبا شده ذکر بط می تک آنتن چهار بازگشتی تلفات نمودار ادامه در باشند. قطبی E و EC شکل در فرکانس اساس بر 2 -19 شده آورده اند می نشان بان پهناي و کرده کار باند فراپهن باند در ساختار چهار هر که دهد بین امپدانسی د 1 / 3 تا 6 / 10 می پوشش را گیگاهرتز آ در باند پايین لبه فرکانس و دهند نتن هاي E آنتن از کمتر هاي EC قطبی تک آنتن بعدي سه پترن است. E شکل در 2 -شکل اين از است. آمده می مشاهده آنتن ساير همانند که شود فرکانس در پترن قطبی تک هاي ايده پايین هاي آل می مواجه پترن در متعدد صفرهاي ايجاد يا شدگی کج دچار فرکانس شويم ساختارهاي باقی . E و EC منوال همین به نیز شکل 2 -24 اليه زير براي فرکانس با آنتن بازگشتی تلفات تغییرات : RT6010LM مختلف ارتفاع با ] 30 [ . زمین ] 83 [ افزايش با و بوده 2-20 تک آنتن بعدي سه تشعشعی پترن : قطبی E (الف) فرکانسهاي: در 3 (ب) ، 5 (پ) ، 7 (ت) و 10 گیگاهرتز. جه ي تغذيه خط و پالريزاسیون راستاي بر عمود ت CPW است گرفته قرار ] 79 [ ش ي تعبیه ، ي صفحه در حلزونی کاف 20 ي شده زمین نوار دو ي تعبیه L مربعی شکاف مخالف ي گوشه دو در شکل ] 78 [ نوار ي تعبیه ، در که شده زمین شکل تی -از: عبارتند اند شده معرفی شکل اين . می کند ] 30 [ . است شده انجام ] 89-78 [ میدانهاي H(s) و E(s) سطح روي و شده ايجاد اصلی منابع توسط s شده محاسبه میدان از اطالع با بنابراين، اند. مماسی هاي میدان که است مفید موقعی روي مماسی هاي s می باشند. معلوم میدان توانیم (مثال فضاي نیم در را ها z>0 فضاي نیم از خارج ) میان در . ساختن فراهم توانايی مربعی شکاف آنتن دار شکاف هاي آنتن و باندامپدانسی پهناي axial ratio باشد. می دارا را وسیع می اصلی، منابع از ناشی سطح يک روي میدان توانیم تم در را ها کاربر طريق از سطح از خارج نقاط ام جريان چگالی د سطحی هاي ( منبع z<0 می عمل آزاد فضاي در (که معادل سطحی جريانهاي از استفاده با ) کنی محاسبه کنند) در معادل سیستم اين م. همچنین، است دستیابی قابل آنتنها اين در مختلف هاي تکنیک از استفاده با بسادگی چپگرد و راستگرد دايروي پالريزاسیون ] 89-78 [ ارز هم s J و s M آوريم. بدست هايگنس) منابع به موسوم (اغلب شکل 5 -6 شد داده نشان میدان است. ه جريان چگالی از ناشی تشعشعی هاي می را سطحی هاي برداري پتانسیل محاسبه توسط توان . با آنتنها از نوع اين طراحی براي اخیر سالهاي در که ها تکنیک اين از برخی است وسیعی باند پهناي داراي که دايروي پالريزاسیون آورد. بدست

m w s J و s M

Figure 13: Return loss diagram for four elliptical monopole antennas with A2 = 48 mm and B2 variable [30-33].
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