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ABSTRACT 

The rapid development of wearable applications based on 5G 

networks has led to an urgent need for specific antenna types. These 

antennas must have low power consumption, small size, great flexibility, 

and other features. Thus, the microstrip antenna is the best choice for these 

applications. In this thesis, a dual band antenna has been presented for 5G 

wearable applications. The proposed antenna operates in 6GHz and 28GHz 

frequencies, which are within the 5G frequency bands. The antenna design 

is simulated and validated by two-simulation softwares: Computer 

Simulation Technology (CST-Studio) and High-Frequency Simulation 

Software (HFSS).  

The Arlon AD 250C, Rogers RT/droid 5880(tm), and FR4 materials 

are used as substrates, in addition to the copper as a patch and ground. The 

simulation results show that the Rogers RT/droid 5880(tm) material has the 

better performance compared to other materials. However, the FR4 

material is used in the fabrication process due to the unavailability of the 

Rogers RT/droid 5880(tm) in the Iraqi materials.  

 The propose antenna has been designed with four feeding methods: 

Microstrip line, Coaxial (coplanar feed), Proximity coupled, and Aperture 

coupled. The simulation results shows that the Aperture coupled method 

has the best results over the other methods. Where, the antenna parameters 

with the Aperture coupled method are determined as follows: S11 values 

are -69.2dB and 23.2dB at 6GHz and 28 GHz, respectively, in addition, 

VSWR values are 1.006 dB and 1.14 dB at 6GHz and 28 GHz, 

respectively. Furthermore, the gain and efficiency values are (3.72 dB & 

65.7%) and (7.07 dB & 97.5%) for 6GHz and 28 GHz, respectively. These 

results and other are compared with some literature results and this 



 

xii 

 

comparison shows that the proposed antenna outperforms the previous  

works. 

The folding ability of the proposed antenna has been tested by 

bending it on cylinders with different radii. Where, the simulation results 

show that the folded antenna versions have the same performance as the 

original one. Finally, the fabrication results show the fabricated antenna has 

a problem due to the air gap between the antenna’s substrates, which left 

because the hardiness of the FR4 material. However, the performance of 

the fabricated antenna has been corrected by compressing the both 

substrates during the test process. 
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CHAPTER ONE 

INTRODUCTION    

1.1 Background 

In wireless signal propagation, the microstrip antenna is an 

important component in data communication that can be transmitted by 

sending the signal from one antenna to another using airspace, as shown 

in Figure (1.1). wearable devices are one of the leading technologies 

used in the development of our lives. The main characteristic of a 

microstrip patch antenna is compact, lightweight, low cost, easy to 

fabricate, and suitable for flexible applications [1] . The concept of the 

flexible antenna is to replace the solid substrate associated with the 

copper layer with a flexible substrate that can be folded easily. Using 

materials substrates like polymer, rubber, paper, plastic, etc., gives 

flexibility to the fabricated antennas based on these materials. The 

antenna offers attractive solutions in various fields, such as health, 

entertainment, and sports [2] . 

   In health, for example, Wearable devices can collect patient 

information (steps, blood pressure, temperature, heart rate, calories, and 

even glucose (and send to nearby terminal (extracorporeal 

communication between a device on the patient and any other 

communication device on the other end) via body area networks 

(BANs), A wearable patch antenna provides an essential component of a 

wireless body area network (WBAN).  the Most applications of the 

wearable antenna are 5G Communication Systems, Wireless 

Communication, Medical, Internet of Things (IoT), High-Performance 

Radio Local Area Networks (HIPERLAN), Military Applications, 

Global Positioning Systems (GPS), and Wireless LAN (WLAN)[3] . 
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The advent of 5G has allowed data to be transmitted in larger 

quantities, that recently considered the best option for wireless 

communications. This technology has provided many opportunities, as 

it will work to advance the current communication technology even 

further. The 5G has two bands of frequencies, microwaves and 

millimetre waves, which leads to different characteristics and 

advantages [4].  

 

Figure 1.1: How to transmit the signal from one antenna to another 

1.2  Problem Statement 

The recent applications in medicine and IOT require high data rate 

communication, which can be achieved via using of the dual bands of 

5G technologies, which employ higher frequencies (millimetre wave), 

besides the frequencies that are used in the lower generations(GSM, 3G, 

and 4G). 
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1.3  Objectives  

I. To design an antenna for medical and IOT applications 

II. Design a dual bands antenna operating at 6GHz and 28GHz 

frequencies. 

III. To study the effect of the feeding method on the proposed 

antenna 

IV. To study the effect of the folding on the proposed antenna design 

using different radii  

V. To fabricate the proposed antenna, test the manufactured one, and 

compare the measured with the simulated performance 

parameters. 

 

1.4  Organization of the Thesis 

Chapter 1: An introduction to the thesis, including the main vital problems 

and the objectives that must be addressed in this thesis. 

Chapter 2: presents a review of the related literature of the previous works 

and a comprehensive review of the microstrip antenna and its analysis, as 

well as clarifying the main equations for calculating the dimensions. 

Besides, antenna feeding is also presented and compared between the 

feeding methods; this chapter also explains the most critical parameters. 

Chapter 3: explains the methodology of design, the algorithm of work, and 

the dimensions of the proposed antenna using three feeding methods, as 

well as the shape of the antenna after bending with different radii, besides 

the manufacturing process. 

Chapter 4: Shows the simulation results, the practical side, and a 

discussion of the most critical parameters, such as S11, VSWR, gain, and 

directivity. This chapter also shows the results of the manufacturing 

process and compares them with the simulation results. 
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Chapter 5: presents conclusions and suggestions for future work to 

enhance scientific research. 

References 

Appendix 
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CHAPTER TWO 

THEORY AND LITERATURE REVIEW OF PATCH 

ANTENNAS 

2.1  Introduction 

Due to the requirements of the existed and planned applications, 5G 

networks have attracted substantial attention. Radars, scanners, higher band 

5G networks, short-range wireless networks, and many other applications 

are examples of these current and future applications. Due to the rising 

popularity of social media, the current need for high-quality multimedia 

material, and the requirement for networks that can manage very high data 

rates, 5G networks are now necessary [5]. To meet the demands of 5G 

networks, small antennas with wideband and improved beam shaping are 

needed. Planar dual-band antenna architectures like coplanar waveguide 

(CPW), strapline (SL), and microstrip (MS) have thus become very popular 

antennas in comparison to conventional wire antennas (yagi-Uda, helical, 

and spiral) [6].  

Additionally, there is much interest in creating a powerful microstrip 

patch antenna to achieve the required performance at the effective 

operating frequency within millimeter wave systems[7]. The Microstrip 

patch antenna offers many advantages with good results compared to other 

antennas. Microstrip patch antennas have replaced conventional antennas in 

many applications due to their lightweight, wearability, ease of fabrication, 

and small size [8]. Before implementing a prototype antenna mounted on a 

strip, the substrate of any proposed design can be validated using 

simulation software like Computer Simulation Technology (CST-Studio) 

and High-Frequency Simulation Software (HFSS). The microstrip antenna 
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design depends on the operating frequency and the theory of antenna 

design parameters [9]. 

2.2  Microstrip Antenna 

 The microstrip antenna considers an ideal choice for good 

performance, lightweight, small size, and cheap manufacturing cost. 

Moreover, the microstrip antenna is suitable for planar or nonplanar 

surfaces, as shown in Figure 2.1. The simplest form of this antenna consists 

of two parallel layers of conductive material separated by a thin layer of 

dielectric material of thickness h, permeability μ₀ (usually μ₀=1), and 

relative dielectric permittivity εᵣ. The lower conductor acts as a ground 

plane, and the upper conductor acts as a radiator; the primary function of 

the bottom metal layer is to work as a shield, preventing antenna radiation 

from being reflected off structures around it. In most cases, the system is 

not restricted to a single layer; instead, additional layers can be placed 

below the ground plane layer to provide support for the feed network[3]. 

 

Figure 2.1: Structure of microstrip patch antenna[10]. 
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Where (L) is the length of the patch, (h) is the height of the 

substrate,(W) is the width of the patch . 

There are many shapes of radiating patch such as square, rectangular, 

circular ,and so on. The radiating patch can be designed in any shape and it 

has no limitation. Figure 2.2 shows the various types of geometric 

structures of the microstrip patch antenna [11].

 

Figure 2. 2: The Conventional shapes of microstrip patch elements 

2.3 Antenna Analysis 

There are many methods of analysis for microstrip antennas. The most 

popular models are the transmission line model (TLM), cavity model(CM) 

, and full wave model(FWM). The transmission-line model is the easiest of 

all, it gives good physical insight, but is less accurate and it is more 

difficult to model coupling . Compared to the transmission-line model, the 

cavity model is more accurate but at the same time more complex. 

However, it also gives good physical insight and is rather difficult to model 

coupling. the full-wave models are very accurate, very versatile, and can 
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treat single elements, finite and infinite arrays, stacked elements, arbitrary 

shaped elements, and coupling. However they are the most complex 

models and usually give less physical insight[12].  

In figure 2.3 the non-homogeneous electric field lines are shown. As 

can be seen, most of the field lines reside in the substrate and parts of some 

lines exist in air. Fringing in this case makes the microstrip line look wider 

electrically compared to its physical dimensions. Since some of the waves 

travel in the substrate and some in the air, an effective dielectric constant 

εreff is introduced to account for fringing and the wave propagation in the 

line.[13].  

 

 

The value of εreff is slightly smaller than εᵣ since the fringing fields 

around the periphery of the  patch are not confined in the dielectric 

substrate, but also spreading the as shown in Figure 2.6[14]. 

 

The effective dielectric constant is calculated as shown in the equation 

below [9]: 

𝛆𝐫𝐞𝐟𝐟 =
𝛆ᵣ+𝟏

𝟐
+

𝛆ᵣ−𝟏

𝟐
[𝟏 + 𝟏𝟎

𝐡

𝐰
]−𝟎.𝟓                 …….…..2- 1 

 

 

Where: 

εᵣ = relative permittivity 

h= the patch substrate thickness 

Figure 2. 3: Dielectric Field Lines 
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W= width of the patch 

The main dimensions to analyze are the L and W of the patch and the 

thickness of the substrate material. Because the patch dimensions are 

limited to the width and length of the patch, as in Figure 2.4. 

 
Figure 2.4: Microstrip antenna [10] 

The fringing is the length-to-height ratio of the patch (𝐿/ℎ), and this 

ratio is better to be much larger than one, which reduces the fringing of the 

field, This aspect must be taken into account because it affects the 

frequency of the antenna. 

Because of the fringing effects, electrically the patch of the microstrip 

antenna looks greater than its physical dimensions, as shown in Figure 2.5. 

The extra length is called Length Extension (∆L). The equation below 

shows how to calculate ∆L [14]: 

∆L = 𝟎. 𝟒𝟏𝟐𝐇
[𝛆𝐫𝐞𝐟𝐟+𝟎.𝟑][

𝐰

𝐡
+𝟎.𝟐𝟔𝟒]

[𝛆𝐫𝐞𝐟𝐟−𝟎.𝟐𝟓𝟖][
𝐰

𝐡
+𝟎.𝟖]

         ………… 2- 2 

 

Where: 

h= the patch substrate thickness 

W= width of the patch 

εreff = effective dielectric constant 
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Figure 2.5: Radiating edges of microstrip patch antenna. 

 

As mentioned previously, the length of the patch increased by ∆L, so   

the effective length (Leff) that can be calculated via the following equation 

[11]: 

                𝐋𝐞𝐟𝐟 =  𝐋 + 𝟐∆L                    …….…. 2- 3 

For a given resonant frequency, the effective length can be calculated 

using the equation below  : [9] 

                    𝐋𝐞𝐟𝐟 =
𝐂

𝟐𝐟ᵣ√𝛆𝐫𝐞𝐟𝐟
                      .………… 2- 4 

 

Where                     fᵣ = Operating frequency 

                                C = The speed of light in vacuum 

The correction width can be calculated as shown in the equation 

below [15]: 

Patch Width (W) 

W=
𝟏

𝟐𝐟ᵣ √𝛍₀𝛆₀ 
√

𝟐

𝛆ᵣ+𝟏
               …………… 2- 5 

 

Where                fᵣ = Resonant frequency  

                      𝜇₀ = Permeability in free space 

                       𝜀₀ = permittivity in free space 

 
Radiating slots 
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                       εᵣ = relative permittivity 

2.4  Materials of Substrates 

In the design process of a microstrip antenna, one of the important 

factors is the selection of substrate that mainly depends on the features like 

cost, dielectric constant, ease of manufacturing (easy cutting, drilling, and 

forming), thermal conductivity, expansion, and dielectric loss [3].  

The operating temperature affects the substrate's dimensions and 

dielectric constant, which must be considered when making any microstrip 

patch antenna. The main physical properties in the antenna manufacturing 

process are chemical resistance, bending ability, formability, shock 

resistance, structural strength, elastic mechanical power, and substrate 

properties when coated [13]. 

There are two common types of substrates: flexible and Rigid. 

Flexible substrates are easy to manufacture yet have a higher coefficient of 

thermal expansion. Due to these flexible materials, wearables have become 

a reality. flexible substrate enables printed circuitry to insert into tight areas 

and flexible materials also reduce the weight antenna. One benefit to 

flexible substrates is that they can survive in hazardous environments. 

There are many flexible substrates, such as RT Duroid (εᵣ = 2.3), RT 

Duroid 6010.5 (εᵣ = 10.5), and RT Duroid 5880 (εᵣ = 2.2). Rigid substrates 

are more expensive but are characterized by better reliability and a lower 

thermal expansion coefficient. Rigid substrates are best to use in situations 

where you want to pursue easy maintenance and repairs. Their clearly 

marked components make it easy to identify the affected areas. There are 

many examples of Rigid substrates, such as Alumina (εᵣ = 9.7), quarts (εᵣ = 

3.8), FR4 (εᵣ = 3.4), Gallium Arsenide  (εᵣ = 12.3), and Sappier (εᵣ = 

11.7)[3]. 
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The thicker substrate with a lower dielectric constant is better, 

providing better efficiency and higher bandwidth, leading to larger antenna 

sizes. Moreover, using a thinner substrate with a higher dielectric constant 

leads to a smaller antenna size, lower efficiency, and smaller bandwidth. 

Therefore, there is a tradeoff between the performance and length of a good 

antenna.[16]. 

2.5  Feeding Techniques of Patch Antenna 

There is more than one way to feed a microstrip antenna, but there are 

four most common ways, a direct method (the Coaxial Probe(CP), 

Microstrip Line(ML)) and an indirect method (Aperture Coupling(AC), and 

Proximity Coupling(PC)), and each process will be explained in 

simplified[8] [14] . 

Feeding methods are essential to match the feed line impedance and 

the rectifying antenna impedance. The patch resistance must match the feed 

line resistance. The maximum power will not be transmitted if there is no 

matching impedance between the antenna and the feed line[17] .Antenna 

impedance can be matched depending on the design impedance[18]. 

2.5.1 Coaxial Feed (Coplanar Feed) 

This method is done by coupling the patch and conductor into the 

coaxial cable, which passes through the patch-bearing substrate. In 

contrast, the outer conductor connects to the ground plane of the same 

substrate, as shown in Fig. 2.6. The input impedance mainly depends on the 

feed's location, so the feed line impedance can be matched when the patch 

is placed correctly. The main advantage of this feed is that it can be placed 

anywhere inside the patch to check its input impedance. This feeding 

method is also characterized by ease of fabrication and has low spurious 

radiation. However, the disadvantage of this method is the narrow 
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bandwidth and difficulty to design because the internal conductor must 

pass through the substrate and protrude beyond the ground plane [3]. 

 

Figure 2.6: Coaxial Feed (Coplanar Feed)[10] 

 

2.5.2  Microstrip Line Feed 

In this method, the conductive line is attached directly to one of  

the patch edges of the microstrip antenna. As shown in Fig. 2.7, the 

conductive line's width is very small compared to the patch's width. A 

benefit of this method is that the feed line and patch are attach onto a single 

substrate, providing a flat surface[19]. 

The primary purpose of the cut-in patch is to match the patch 

resistance to the feed-line impedance without the need to add any 

additional matching element. The input impedance of the patch antenna 

depends slightly on the thickness of the substrate material and the 

permittivity. Still, it depends more firmly on the contact location between 

the feed and the patch.[14]. Feeding the microstrip line is the most 

straightforward in antenna printing and assortment, and it is inexpensive. In 

addition, it is easy to match the resistance through internal position control 

[20]. 

Substrat

Ground 

plane

Coaxial 

patch 
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Figure 2.7: Microstrip Line Feed[21] 

 

2.5.3 Proximity Coupled Feed  

As shown in Figure 2.8, this type of feeding consists of two dielectric 

substrates. The feed line is buried between the two substrates, the patch is 

printed at the top of the first substrate, and electromagnetic coupling is 

between the feed line and the patch. The matching is controlled by 

changing the dimensions of the feed line. This feed is characterized by 

providing high bandwidth of up to 13% due to the increased thickness of 

the antenna, besides less spurious radiation compared to Microstrip Line 

Feed and coaxial feed. However, the main drawback of this method is that 

it consists of two layers of substrates, which leads to the difficulty of 

manufacturing and increasing antenna thickness[22]. 

Microstrip line feed 
patch 

Substrate 

Ground plane 
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Figure 2.8: Proximity Coupled Feed[21] 

2.5.4 Aperture Coupled Feed 

This feeding method consists of two dielectric substrates separated by 

a ground plane containing a coupling slot parallel to and directly below the 

patch, as shown in figure 2. 9. The feed line connects to the bottom of the 

lower substrate, and the patch is printed on the top of the upper substrate. 

At the same time, the ground plane separates the upper and the lower 

substrates (patch and the feed line), thus reducing the spurious radiation. 

Moreover, the separation of two substrates via the ground layer prevents 

the effect of the first substrate dielectric constants on the second substrate 

dielectric constants. The thick substrate with a low dielectric constant 

usually assigns to the patch layer, while a thin substrate with a high 

dielectric constant assigns to the feed layer[23].  

The coupling process between the patch and the feed line process is 

done by a slot located at the ground level, which can be performed with 

different shapes, rectangular or circular, etc., and the impedance matching 

controls via the dimensions (width and length) of the coupling slot. This 

feeding method is similar to the Proximity Coupling method in its 

Patch 

Substrate 1 

Substrate 2 

Microstrip line 
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drawbacks, which are the difficulty of manufacturing because it contains 

two substrates[24].  

 

 

Figure 2.9: Aperture Coupled Feed[21]  

2.6  Literature Review 

The microstrip antenna has great literature works in terms of 

frequencies ranges and feeding methods. In this section, some of the works 

are presented, as follows: 

2.6.1 Microstrip Antenna 

M. A. A. Rahim et al., 2017 [27], used CST program for simulation , 

and Rogers Duroid RT5880 as a substrate. This antenna has a frequency of 

28 GHz with the S11 of -52.522 dB and a bandwidth of 1.12 GHz. The 

antenna is intended to operate in the KA band. The antenna is designed 

with 32 patch elements, and the group results are better than the single 

patch results. The shape of the antenna is shown in Figure 2.10. 
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Figure 2.10:(A)top image(B)The back view of the single patch antenna 

[27]. 

A. S. B. Mohammed et al.,2021, [25] explained The effect of 

substrate and conductive material thicknesses on the antenna's. Practicully, 

explained the effect of these thicknesses on the centre frequency.The size 

of the antenna is 5.43 * 4.54 * 0.5 mm3. This antenna has a frequency of 

28GHz, which supports 5G applications. The results of the conclusion in 

this research are that the thickness and type of the conductive material have 

minimal effect on the centre frequency. Still, it dramatically affects the 

return loss, bandwidth, and gain. Thus, choosing the optimal type of 

conductive material and its thickness in designing the microstrip patch 

antenna is essential. The shape of the antenna is shown in Figure 2.11. 

 

 

Figure 2. 11: The proposed antenna shape [25]. 



 

18 

 

 

R. Hussain  et al., 2022 [26] used HFSS program for simulation and 

Rogers RO-4350 as a substrate. The proposed antenna consists of two 

multi-input and output elements. Each piece consists of four concentric 

pentagonal holes and a distance of 49 mm separates the two aspects. The 

proposed antenna covers the 6 GHZ wave band and the millimeter wave 

band (1.5, 1.9, 2.7, 3.6, 4.2, and 28), where the bandwidth of each 

frequency is respectively 0.18, 0.32, 0.42, 0.7, 0.5, and 0.5GHz. The 

maximum gain is 8.5%, and the maximum efficiency is obtained—91%. 

The shape of the antenna is shown in Figure 2.12. 

 

Figure 2. 12: (A) Top image (B) Bottom image [26]. 

2.6.2 Microstrip Line Feed 

M. Buravalli et al., 2020 [28], used HFSS program for simulation  

[28], and it is designed to operate at a frequency of 30 GHz. Initially, the 

single-patch antenna is prepared as in Figure 2.10 (A), but the input 

impedance is 42.70 ohms, which does not match well with the 50-ohm 

power line impedance amount of S11 is -19.03 dBm, and VSWR equals 

(A) 

(B) 
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1.25. When using a set of monolayer antennas to design a 2 x 3 antenna 

array as in Figure 2.13 (B), an input impedance of 54.03 ohms is obtained, 

plus an amount of S11 of -26.52 and a VSWR of 1.09 [28]. 

Figure 2. 13: (A) single-patch antenna,(B) 2x3 antenna array[28] 

 J. O. Abolade et al., 2021 [29], used HFSS program for simulation, 

and Duroid 5880 as a substrate. This antenna works at multiple 

frequencies (six-band): (2.37, 3.06, 3.52, 4.28, 4.88, and 6.0GHz) with 

antenna dimensions 0.35 d x 0.14 λd and λd is the wavelength for the 

lowest frequency. The shape of the antenna patch is inspired by nature 

in the form of a grape leaf, and then five incisions are inserted into the 

patch to produce multiple bands. The antenna is manufactured, and the 

most important parameters are calculated. The shape of the antenna is 

shown in Figure 2.14. 

(A) (B) 
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Figure 2.14:(A)rudimentary antenna image(B)Antenna after drilling 

brackets [29] 

2.6.3 Coaxial Feed 

M. V. Mokal et al., 2017 [31], used CADFEKO Suite 7.0  program 

for simulation, and  FR4  as a substrate, the rectangle patch antenna is 

analyzed using two feeding techniques, coaxial feeding technique and 

microstrip line feeding technique, where the resonant frequency of the 

antenna is 2.4GHz, in the microstrip line feeding method the return losses 

are -16.5 As for the coaxial feeding method, it is -26.8, as well as the 

VSWR and the rest of the parameters proposed antenna in the coaxial 

feeding method are the best. The shape of the antenna is shown in Figure 

2.15. 

 

(A) (B) 
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Figure 2. 15: (A) coaxial feeding technique,(B) micro strip line feeding 

technique[31] 

V. L. Pham et al., 2022 [30], in Figure 2.16, Demonstrates a dual-

band antenna that consists of one or more pairs of rectangular spots as 

show in Figure 2.13. The antenna is printed on the top surface of the Roger 

RO4003 substrate. In addition, These patch antenna dimensions were 

chosen to be suitable for generating dual-band radiation. This antenna is a 

transparent radiator ideal for applications requiring transparent radiators. 

Although no transparent substrate is used in this research, this theory and 

design are the same for transparent and opaque substrates. The frequency 

ratio is 1.12 in the c band, and the antenna produces an S11 < -10 dB value. 

It resonates at two resonant frequencies, 5 GHz and 6.5 GHz, with a 

bandwidth (4.82-5.03), i.e. 210 MHz at 5 GHz, with a gain of 9 and (5.49-

5.78). That is, 290 MHz at 6.5 GHz, with an increase of 6.8 [30]. 

(A) (B) 
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Figure 2. 16: (A)The frontal shape of the antenna at simulation  (B) 

The front and back shape of the antenna after manufacturing[30] 

 

2.6.4 Proximity Coupled Feed 

N. Aboserwal et al., 2020 [33], used HFSS program for simulation, 

and Rogers TM 5880 Duroid, Rogers TM 4350B and Rogers TM 6006 as a 

substrates. The research aims to develop for calculating the bandwidth, as 

this is done by using the different parameters and the relationship between 

them and conclude the bandwidth equation more accurately. Antenna 

frequency in different bands, namely X, C and S. Figure 2.17 show a 

picture of the proposed antenna [33]. 

 

Figure 2.17: Side view of the antenna [33] 
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S. N. Ariffah et al., 2020[34], used CST program for simulation  , and 

FR4 material is as a the substrate. Designed by cutting the edges of the 

patch, the antenna at 5.8GHz has a return loss of -10.015 dB, a gain of 

3.551 dB, and a directivity of 5.97 dB. Figure 2.18 shows a picture of the 

proposed antenna[34]. 

 

Figure 2. 18: proposed antenna [34]  

 

D. K. Kong et al., 2021 [32], used CST  program for simulation,. In 

this antenna, a rectangular microstrip feed line open at one end is inserted 

into the cavity of the proximity coupled microstrip patch antenna (PC-

MSPA) between the two substrate layers, and this step helps to obtain a 

wide bandwidth of 7GHz at a frequency of 9GHz and a lower VSWR value 

from 2. The shape of the antenna is shown in Figure 2.19. 
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Figure 2.19: proposed antenna [32] 

 

2.6.5 Aperture Coupled Feed 

C. Hertleer et al., 2007[24], used ADS-Momentum program for 

simulation, wool and felt  as a substrates and conductive textile materials in 

the patch, microstrip line and ground level. The antenna frequency is at 

2.45GHz as this antenna operates in the ISM band with a bandwidth of 

0.0835 GHz and an efficiency of 63%. The antenna is tested when bent on 

a cylinder of radius 8 mm, and the results are compared with the planar 

design. Figure 2.20 shows a picture of the proposed antenna in this paper. 

 

Figure 2.20: proposed antenna [24] 
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K. A. Malar et al.,2017 [23], used CST program for simulation, PCB 

as a substrates . This antenna is a frequency of 2.45 GHz with a size of 10 * 

10 mm where. The feed line in this antenna is designed in the shape of the 

letter T, and the patch is fed through a hole in the ground surface. This 

antenna achieved a gain of 5.6 dB, an efficiency of 47%, and 0.0835GHz 

bandwidth from 2.22 to 2.4835 GHz. The antenna is also tested when 

bending with different radii and compared with the planar design. Figure 

2.21 shows a picture of the proposed antenna in this paper. 

 

Figure 2.21: (a) Top image,(b) Bottom image ,(c) Feeding network ,and 

(d) Enlarged image of connection dimensions in mm [23]. 

 C. Hertleer et al., 2022 [35], used HFSS program for simulation, 

wool and felt as a substrates . and used copper for the patch, ground plane 

and microstrip line. This antenna operates at 2.4 GHz on the body and 5.8 

GHz outside. The antenna is designed from flexible substrates, which are 

bendable and used in wearable applications. has calculated the important 

parameters for bending design and compared them with the planar design. 

The antenna frequency is at  28 GHz. The shape of the antenna is shown in 

Figure 2.22. 
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Figure 2.22: proposed antenna [35] 

2.7  Basic Antenna Parameters 

This section presents The basic communication parameters to have a 

better idea about wireless communication using antennas. Wireless 

communication is done in the form of waves. Hence, we need to have a 

look at the properties of waves in communications. 

2.6.1 Reflection Coefficient ) Γ  (  

Reflection is a prominent phenomenon that must be considered, 

whereas the reflection coefficient is the ratio of the back reflected power to 

the transmitted power. If the transmitted power is PT and the reflected 

power is PR, then the equation below can calculate the reflection 

coefficient [36]: 

𝚪 =
𝐙𝐋 − 𝐙𝐎

𝐙𝐋+𝒁𝑶
=

𝑷𝑹 

𝑷𝑻
                 ………… 2- 6 

Where         𝛤 = 𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 

                  𝑍𝐿 = The load impedance 

                  ZO = characteristic impedance of TL           

      The best antenna performance is when the value of the reflection 

coefficient approaches zero, which means that the load matching to the line 

feeding and there is no reflected wave. To obtain this result, the load 

impedance must be matched with the impedance of the line. The antenna 
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mismatch leads to not delivering all the power to the antenna from the feed 

line. Such loss is called return loss (RL)[3]. 

The following equation can calculate return loss (RL): 

𝐑𝐋 = −𝟐𝟎 𝐥𝐨𝐠|𝚪|     ………….. 2- 7 

Return loss is expressed in decibels and for maximum power transfer 

the reflected signal should be small. Where 30 dB return loss is better than 

20 dB[37]. 

2.6.2 Directivity 

The antenna's directivity is the ratio of the radiation intensity in one 

direction to its average intensity in all directions. This definition can be 

clarified through the equation below[6][19]. 

                          𝐃 =
𝟒𝛑𝐔

𝐏
               ………….. 2- 8 

Where       𝐷 =Directivity of the antenna 

                  𝑈 = Is the radiation intensity of the antenna. 

                  P =  Is the total power radiated. 

Since the directivity is the ratio of the intensity of two radiations, it is 

a dimensionless quantity. It is generally expressed in dB. If the direction is 

not specified, it indicates the highest radiation intensity. 

2.6.3 Gain 

gain of an antenna takes the directivity of the antenna into account 

along with its effective performance. As mentioned earlier, directivity is 

the ratio of the radiation intensity in one direction to its average power in 

all orders, so the gain is the ratio of the radiation intensity scattered in these 

directions to  the radiation intensity that would be obtained if the power 

accepted by the antenna, which can be expressed mathematically by the 

following equation[38]: 
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𝐠𝐚𝐢𝐧 =
𝟒𝛑𝐏𝐫

𝐏𝐢 
                ……………. 2- 9 

Where         Pr = power radiated per unit solid angle 

                   Pi  = Input (accepted) power 

2.6.4 Bandwidth 

Bandwidth is another main parameter that must be taken into account 

that defines the range in which the antenna can correctly receive or radiate 

energy. It also defines the range of frequencies that are near the center 

frequency where all parameters such as directivity, gain and return losses 

are close to the values of the center frequency. The bandwidth can be 

calculated by the equation below[36][39]: 

𝐁𝐖 = 𝐅𝐇 − 𝐅𝐋                      …………… 2- 10 

Where        BW = is bandwidth 

                FH = Is higher frequency 

                     FL  = Is lower frequency 

While the percentage of bandwidth can be calculated from the 

following equation: 

𝐁𝐖% =
𝐅𝐇−𝐅𝐋

𝐅𝐜
 × 𝟏𝟎𝟎%                 …………… 2- 11 

Where       𝐅𝐜 = is center frequency 

2.6.5 Voltage Standing Wave Ratio (VSWR) 

To transmit or receive power correctly via the antenna, the feeder and 

transmission line impedance must match the antenna's impedance. VSWR 

is a measure that numerically describes how well the antenna is impedance 

matched to the radio or transmission line it is connected to. VSWR is an 

essential parameter for all microwaves. The ideal amount is when VSWR 

equal one, which occurs at  Γ equal zero, which means there is no reflection 

and all the energy is transferred to the antenna. For some applications, the 
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acceptable value of the VSWR is less or equal to two. The following 

equation can calculate the VSWR[39]: 

𝐕𝐒𝐖𝐑 =
𝟏+|𝚪|

𝟏−|𝚪|
                   …………… 2- 12 

Where         Γ = reflection coefficien 

We can calculate the reflected power percentage from the equation 

below[40]. 

𝐩 = 𝟏𝟎𝟎 ∗ 𝚪𝟐                     …..………. 2- 13 
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CHAPTER 3 

METHODOLOGY 

3.1  Introduction 

The rapid development of wireless communications has become 

commonplace in everyday life. Wireless applications have been widely 

expanded in the last decades due to the domination of the internet, mobile 

technologies (3G, LTE, 4G and 5G) and wireless body area networks 

(WBAN)[41]. 

5G is the best path in wireless communications [42]. 5G represents a 

significant evolution of the 4G network and its predecessors, giving many 

previously unavailable features. It offers massive connectivity, a higher 

data rate, low latency, and high reliability than its predecessors [43]. 5G 

systems can also use the millimeter wave band for the first time in 

communication networks, where an antenna is designed to operate at 

various frequency bands in 6GHz,and 28GHz, where the higher frequency 

bands considered millimeter-wave frequency that can be increased the 

bandwidth [26]. 

 Furthermore, advancing manufacturing technologies and materials 

with elastic properties lead to new trends in flexible electronics [44]. The 

flexible antenna is considered the most significant invention in the flexible 

electronics industry, where the applications of wearable antennas go far 

beyond traditional wireless communications [45].  

wireless body area networks are employed with various applications, 

such as medical applications, global positioning systems (GPS), and 

military applications. WBAN medical applications show great promise in 

improving the quality of life of people and satisfying many requirements of 
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elderly people by enabeling them to live safely, securely, healthily and 

independently [46]
 
[47]. 

Textile materials, used as an antenna substrate, are an advanced 

technology for man-machine interfaces, where fabric antennas can be 

easily implemented into clothing because textile materials make attractive 

substrate[48]. Textiles typically have a low dielectric constant [49].  

The recently developed antennas adopted the lower frequency ranges 

(433.95, 867, 915, 2380, 2450, and 5800) MHz However, the majority of 

these antennas are single band [23], [50]–[53], and some of them are 

multiband, while the rest are dual-band,  besides another antenna targeting 

the band of higher frequency [54]–[58]. In this work, the proposed antenna 

has two rounds of operation, the lower frequency bands (6 GHz),the higher 

frequency bands (28 GHz) . 

3.2  Computer Simulation Technology (CST)  

The design and evaluation of the proposed antenna are performed with 

the assistance of this simulation software, an electromagnetic field 

simulation program that is simple to operate and combines an 

unprecedented level of simulation performance with ease of use [59] [60]. 

 A key feature of CST Studio Suite is the Complete Technology 

approach which gives the choice of simulator or mesh type that is best 

suited to a particular problem, seamlessly integrated into one user interface. 

Since no one method works equally well for all applications, the 

software contains several different simulation techniques (time domain 

solvers, frequency domain solvers, integral equation solver, multilayer 

solver, asymptotic solver, and eigenmode solver) to best suit various 

applications.[61]. 
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3.3 The Proposed Antenna Design 

The antenna model used in this research works in two resonance 

frequencies, 6 GHz and 28 GHz. The main design is based on research 

which operates at frequency 28 [3], that updates to include two bands at 

28 and 6 GHz, making it more suitable for 5G applications. 

The proposed system is shown in figure 3.1. Where, the proposed 

antenna is fed with four feeding methods, namely (Microstrip Line 

Feed(MLF)[18], Proximity Coupled Feed(PCF), Aperture Coupled 

Feed(ACF)[35], and Coaxial Probe(CP)). The aperture coupled feed is 

adopted in system design because it offers the best performance results. 

Furthermore, the coaxial feeding method was not suitable for this design 

and it didn’t give any results.  

 
Figure 3.1: The proposed System. 
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The proposed antenna with the ACF method is designed with three 

substrates materials: Arlon AD 250C, Rogers RT/droid 5880(tm), and FR4 

materials. The Rogers RT / duroid 5880 (tm) is used as a substrate in all of 

these feeding methods where (εᵣ = 2.2 and tangent = 0.0009). 

3.3.1 Microstrip Line Feed 

This method is the direct method, which means to feed the patch using 

the feed line that  attaches to the patch directly, Table 3.1 proposed 

Antenna Dimensions in Microstrip Line Feed Method. The proposed model 

consists of an T-shaped patch design , as well as The dimensions of the 

ground plane led to the best possible impedance match being achieved. 

Figure 3.2 shows the shape of the antenna from front and back. 

 

Figure 3. 2: (A) Front view of the proposed antenna (B) The shape of the 

antenna in the back. 

 

 

(A) (B) 
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Table 3.1: Proposed Antenna Dimensions in Microstrip Line Feed Method 

 

3.3.2 Proximity Coupled Feed 

 This method feeds the patch indirectly using a feed line buried 

between the two substrates, where the patch is indirectly stimulated. This 

method is distinguished by the fact that the antenna has two substrates with 

T-shaped patch design. To get the best resistance match, we changed the 

dimensions of the feed line and ground level. 

Figure 3.3 shows the antenna's shape and the feed line's location and 

Table 3.2 shows the antenna dimensions suggested in this method.  

 

The Sample mm The Sample mm 

LS 22 LUEP 16.62 

WS 19.8 LAAP 2.9 

L1 0.59 WAAP 1.16 

L2 1.75 LAIP 2.9 

WF 0.C WC 1.1 

LF 7.3 LC 5 

WG 19.8 copper thickness 0.035 

LG 14.63 substrate thickness 0.22 

WP 3.9   
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 Figure 3. 3: The proposed antenna shape in the Proximity Coupled Feed 

method. (A) Front (B) Side image (C) Back (D) Feed line (E) Illustration of 

the layers 

 

(E) 

(A) (B) 

(C) (D) 
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Table 3.2: Proposed Antenna Dimensions in Proximity Coupled feed 

Method 

The Sample mm The Sample mm 

LG 19.70 LAAP 4.04 

WG 20 WAAP 0.34 

LS 22 LAIP 4.04 

L 1.76 WC1=WC2 1.35 

WF 0.72 LC1=LC2 5 

LF 17.8 LLEP 9.20 

HL1 1.1 copper thickness 0.035 

HL2 0.6 LUEP 17.96 

3.3.3 Aperture Coupled Feed 

The proposed model consists of a T-shaped patch design with two 

substrates, which are excited by drilling a rectangular-shaped hole at 

ground level through a microstrip line printed below the bottom substrate 

as shown in Figure 3.4. 

Figure 3.4 shows the antenna design proposed to operate at 6 GHz and 

28 GHz bands. The antenna has two parts of a conductive layer made of 

metal the first layer works as a radiator which is the top layer of the first 

substrate The other layer works as a reflector ground which is placed below 

the first substrate and on the top of the second substrate besides this 

substrate contains a hole slot, that stimulate radiation from the line 

microstrip, which is printed n the back of the second substrate, which is 

also made from the same material of the patch. Moreover, differoent types 

of substrates are chosen to work on, besides the different types of feeding 

that makes many models according to the type of substrate material used 

and feeding method:-  
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Figure 3.4: (A) 3D view for proposed antenna (B) Top view (C) side view 

(D) A clear picture of the layers 

 

  

(D) 
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3.3.3.1 Model 1 

The first model used the Arlon AD 250C as a substrate, which has 

good results at the higher frequency (millimeter wave band), but the result 

of the gain at frequency 6 GHz is not good. Therefore, this substrate is not 

adopted because of the bad results of gain at low frequency, and for this 

reason, Rogers is used in the second model. Dimensions of the model are 

shown in Table 3 .3.  

 

Table 3.3: Proposed Antenna Dimensions in Aperture Coupled Feed 

Method used the Arlon AD 250C as a substrate 

The Sample Mm The Sample mm 

LL1 14 LUEP 15.5 

HL1 0.5 LAAP 3.16 

WL1 20 WAAP 0.36 

LL2 22.02 LAIP 3.16 

WF 0.7 WC1=WC2 1.73 

LF 17.21 LC1=LC2 5 

WS 0.32 LLEP 8.46 

LS 5   

HL2 0.25   

3.3.3.2 Model 2 

The second model used Rogers RT / duroid 5880 (tm) as a substrate, 

shows the best performance in terms of basic antenna parameters results. 

The model is developed twice to reach a good result in all aspects.Table 3.4 

presents the dimensions of the first design before development using 

Rogers RT / duroid 5880 as a substrate. 
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Table 3.4: Proposed Antenna Dimensions in Aperture Coupled Feed 

Method  used Rogers RT / duroid 5880 (tm) as a substrate. 

The Sample mm The Sample mm 

LL1 14 LUEP 14.26 

HL1 1 LAAP 2.5 

WL1 20 WAAP 0.4 

LL2 22.02 LAIP 2.5 

WF 0.7 WC1=WC2 1.73 

LF 17.42 LC1=LC2 5 

WS 0.32 LLEP 8.46 

LS 5.2   

 

This model is improved by adjusting the dimensions of the patch 

antenna design, where the value of S11 is improved, as well as the 

bandwidth at the frequency of 28 GHz, which represents the first 

improvement. Table 3.5 presents the dimensions of the antenna after the 

first improvement. 

Table 3.5:  The dimensions of the proposed antenna in the double-aperture 

feed method after the first optimization process 

The Sample mm The Sample mm 

LL1 14 LUEP 14.26 

HL1 1.075 LAAP 2.5 

WL1 20 WAAP 0.4 

LL2 22.02 LAIP 2.5 

WF 0.7 WC1=WC2 1.73 

LF 17.42 LC1=LC2 5.01 

WS 0.32 LLEP 8.46 

LS 5.2 Copper thickness 0.035 

HL2 0.238   
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The other improvement has been done to cancel the third frequency. 

this antenna is suitable for bending, that section will be explained later. 

Table 3.6 shows the dimensions of the antenna after the last improvement, 

which will be mainly adopted in the simulation process. 

Table 3.6: The dimensions of the proposed antenna in the double-aperture 

feed method after the final optimization process 

The Sample mm The Sample mm 

LL1 13 LUEP 13.6 

HL1 1 LAAP 2.5 

WL1 20 WAAP 0.3 

LL2 22 LAIP 2.5 

WF 0.7 WC1=WC2 1.5 

LF 16 LC1=LC2 5 

WS 0.33 LLEP 8 

LS 7 Copper thickness 0.035 

HL2 0.25   

3.3.3.3 Model 3 

In this model, FR4 is used as a substrate that has a εᵣ = 4.3. Table 3.7 

shows the dimensions of this model of an antenna where FR4 is the 

material of antenna substrate. 

3.4  Steps Designing of the Proposed Patch Antenna 

In the first step, the patch antenna rectangular is used as a radiator, 

giving two responses, one at 28 GHz and 2nd at 10 GHz, as shown in 

figure 3.5. Therefore, by shifting the lower frequency to 6 GHz some parts 

are cut from the centre patch, which made the 2nd frequency at 7 GHz. The 

basic reason leads for shifting the band from 10 GHz to 7 GHz is that when 

parts are removed from the patch lead to the spacing between the edges. 
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Finally, two metal pieces are added on top of the patch as shown in figure 

3.5, to make the peak response at an indeed frequency of 6 GHz. 

 

Table 3.7: Proposed Antenna Dimensions for Aperture Coupled Feed 

Method   using FR4 as a substrate 

   

 

Figure 3. 5: The design steps for excited dual bands. 

 

3.5  Antenna Bending 

In this part, the performance of the antenna is explained after it is bent 

using Rogers RT / duroid 5880 as a substrate, which employs the second 

model after improvement. This model has an appropriate substrate that 

makes the proposed model suitable to operate in the higher frequencies, 

The Sample mm The Sample mm 

LL1 13 LUEP 16.6 

HL1 1 LAAP 3.8 

WL1 20 WAAP 0.5 

LL2 23 LAIP 3.8 

WF 0.7 WC1=WC2 1.5 

LF 16 LC1=LC2 5 

WS 0.43 LLEP 8 

LS 8.49 copper thickness 0.035 

HL2 0.77   

The patch in step1 The patch in step2 The patch in step3 
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dependent on the Aperture Coupled Feed Method to feed the antenna, and 

it is simulated via CST software and bent on the surface of a cylinder. The 

antenna is tested on different cylindrical radii, (5, 10, 15, and 20) mm. 

Figure 3.6 shows the direction of the bend towards the cylindrical surface. 

Figure 3.7 shows the shape of the proposed design after bending with radii 

(5, 10, 15, and 20) mm.  The VSWR and radiation efficiency are calculated 

via simulation, and the rest of the parameters, such as gain and directivity, 

are also calculated and the results after bending are compared to the results 

of the planar design. 

.

 Figure 3. 6: proposed design shape after bending (A) R =5 millimeter (B) 

R=10 millimeter (C) R=15 millimeter (D) R=20 millimeter 
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Figure 3. 7: Different radii of the cylinder (A) R =5 millimeter (B) R=10 

millimeter (C) R=15 millimeter (D) R=20 millimeter  

3.6  Antenna Fabrication 

The fabrication process of the proposed design is carried out on an 

FR4 substrate that has a dielectric constant εᵣ = 4.3, the design includes two 

parts, and each part has to be printed on one of the substrates. Then, the 

two substrates of the proposed design are glued by using a glues material 

on the outer sides of both substrates of the antenna, as shown in Figure 3.8,  

and depending on the dimensions in Table 3.7. 

 

Figure 3. 8: Antenna shape after manufacturing (A) front (B) back 

 

(A) (B) 



 
 
 

43 

Since the substrate material is solid, the two substrates cannot be 

attached together without an air gap (a space between the two substrates 

when they are glued to each other). This gap should be reduced to the 

minimum possible distance by pressing the two substrates during the gluing 

process. For this reason, a tool is used to compress the two substrates to get 

the minimum gap between them. Figure 3.9 shows the shape of the antenna 

during the test. The vector network analyzer (VNR)  uses in the testing of 

the proposed antenna design to calculate the main performance parameters. 

 

Figure 3.9: Pictures of the antenna after manufacturing (A) without 

pressure (B) during the examination process. 

In the manufacturing process, SMA connectors of 50 ohms are used, 

which are semi-precise units that are developed to act as a connector for the 

coaxial cable with a screw coupling mechanism, as shown in figure 3.10. 

(A) 

(B) 
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SMA is initially providing electrical performance from DC to 12 GHz, but 

it is developed to provide good performance from DC to 34 GHz, and thus 

it is suitable for frequencies that It is being worked on in this research. It 

also has high mechanical durability. The most important features of these 

connectors are that they are made of brass or stainless steel, as well as a 

lightweight, high-strength. The SMA connector is used in microphone 

systems, mobile phone antennas, Wi-Fi antenna systems, and PC/LAN. 

 
Figure 3.10: Subminiature version A. 

With the rapid development of wireless communication technologies, 

the need for more effective and efficient devices for testing ideas and 

analyzing results for communication designs has increased. For this reason, 

wireless network analysts have been turned to give a clear vision of the 

operation and performance of radio frequency networks. The network 

analyzer provides a monitoring process for the response, where the process 

and performance can be seen, and thus their suitability can be evaluated. In 

this manufacturing process, an Anritsu device is used in the process of 

analyzing the results of the antenna, as shown in Figures 3.9 and 3.11. 
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Figure 3.11: The vector network analyzer (VNR). 
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 CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 Introduction 

This chapter presents the results of the proposed antenna, besides the 

results of its bent model, using Computer Simulation Technology (CST) 

software. It covers the results of the proposed antenna model and bending 

model with a comparison to the results of the planar antenna. Parameters 

such as return losses, voltage standing wave ratio, gain, antenna efficiency 

and directivity are presented. The results of the proposed antenna 

parameters are calculated according to the three feeding methods 

Microstrip Line Feed (MLF), Proximity Coupled Feed (PCF), and Aperture 

Associated Feed (ACF); the results of these techniques will be presented, 

explained, and discussed besides a comparison of the real techniques 

results.  

4.2 Proposed Antenna Feeding Methods 

In this section, the results of the feeding methods are presented as 

follows: 

4.2.1 Microstrip Line Feed(MLF) 

In the MLF method of feeding, the calculated values of return loss for 

both frequencies are (-35 dB at 6 GHz and -24.9 dB at 28GHz), and the 

amount of percentage bandwidth is 2.7% (6.49-5.32 GHz) at 6 GHz and 

1.23% (28.98 - 28.63) at 28 GHz as shown in Figure 4.1. Moreover, the 

VSWR for this feeding method is 1.03 dB and 1.12 dB at 6 GHZ and 28 

GHZ, respectively, as shown in Figure 4.2.  
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On the other side, the values of the gain and directivity at 6GHz are 

not good enough, while, they are well at 28GHz. Where the gain values are 

1.75 dB and 7.81 dB at 6 GHz and 28GHz, respectively, as shown in 

Figure 4.3. In addition, the directivity values are 2.7 dB and 8.27 dB at 6 

GHz and 28GHz, respectively, as shown in Figure 4.4. Moreover, the 

efficiency of the MLF method is 64% at 6 GHz and 94% at 28 GHz. 

 
Figure 4.1: S11 of the proposed antenna using MLF method. 

 
Figure 4.2: VSWR of the proposed antenna using MLF method. 
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Figure 4.3: The gain (A) The gain at frequency 6 GHz, (B) The gain at 

frequency 28 GHz, using MLF method. 

 

Figure 4.4: (A) The directivity at frequency 6 GHz, (B) The directivity at 

frequency 28 GHz, using MLF method. 

4.2.2 Proximity Coupled Feed 

In this feeding method, the return losses are -45.33 dB and -25.7 dB at 

6 GHz and 28GHZ, respectively, which have percentage bandwidths of 

3.2% (6-6.2) at 6 GHz and 2.76% (28.5 - 29.3) at 28 GHz as shown in 

Figure 4.5. The VSWR in this method is 1.01 dB and 1.1 dB at 6 GHZ and 

28 GHZ, respectively, as shown in Figure 4.7.  

(B)  (A)  

(B)  (A)  



                                

 
 

49 

 

On the other side, the values of the gain and directivity at 6GHz are 

not good enough, while, they are well at 28GHz. Where the gain values are 

2.77 dB and 7.02 dB at 6 GHz and 28GHz, respectively, as shown in 

Figure 4.6. In addition, the directivity values are 5.1 dB and 7.17 dB at 

6GHz and 28GHz, respectively, as shown in Figure 4.8 and the obtained 

efficiencies are 64% at 6GHz and 94% at 28GHz. 

 

Figure 4.5: S11 for the proposed antenna using PCF method. 

 

Figure 4.6: (A) The gain at frequency 6 GHz, (B) The gain at frequency 28 

GHz, using PCF method. 

(B)  (A)  
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Figure 4.7: VSWR for the proposed antenna using PCF method. 

 

Figure 4.8: (A) The directivity at frequency 6 GHz, (B) The directivity at 

frequency 28 GHz, antenna using PCF method. 

 

 

(B)  (A)  



                                

 
 

51 

 

4.2.3 Aperture Coupled Feed 

The simulation results of this technique with the proposed antenna are 

very well and they are superior to those of the other feeding methods. So 

the ACF method has been adopted to design the proposed antenna with 

three models. These models are designed based on different substrate types.  

4.2.3.1 Model 1 

In this model, Arlon AD 250C  is used as a substrate, as mentioned 

earlier in the third chapter. the simulation results of this model show that 

the gain value is not good and the values of bandwidth 2.07% (6.126-6) at 

6 GHz and 5.3% (28.6 - 27.1) at 28 GHz as presented in Figure 4.9. Figure 

4.10 shows that the VSWR of the proposed antenna model is 1.1 at 6 GHz 

and 1.005 at 28 GHz. The gain are -0.062 dB and 10 dB at 6 GHZ and 

28GHZ, respectively, as shown in Figure 4.11. In addition, the directivity 

valus is 3.9 dB and 10.2 dB at 6 GHZ and 28 GHZ, respectively, as shown 

in Figure 4.12. 

 

Figure 4.9: S11 for the proposed antenna using Arlon AD 250C as 

substrate 
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Figure 4.10: VSWR for the proposed antenna using Arlon AD 250C as 

substrate 

 

Figure 4.11: (A) The gain at frequency 6GHz, (B) The gain at frequency 

28GHz. using Arlon AD 250C as substrate. 

(A)  (B)  
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Figure 4.12: (A) The directivity at frequency 6 GHz, (B) The directivity at 

frequency 28 GHz. using Arlon AD 250C as substrate. 

 

4.2.3.2 Model 2 

Rogers RT/duroid 5880 (tm) is utilized in this model as a substrate, 

as mentioned earlier in the third chapter. The simulation result show that 

the values of the bandwidth are 4.3% (7-6.7) at 6 GHz and 14.18% (32.3 

– 28.2) at 28 GHz as presented in Figure 4.13. Figure 4.14 shows the 

VSWR values of the proposed antenna 

 model These values are 1.1 at 6GHz and 1.06 dB at GHz, which 

are within the acceptable range of the good result because the ideal 

outcome is about one. The simulation results of model-2 show that the 

gain values are 3.54 dB at 6 GHz and 8.09 dB at 28GHz, as shown in 

Figure 4.15. In addition, the directivity values are 6.09 dB at 6 GHz and 

8.19 dB at 28GHz as shown in Figure 4.16. By using the previous gain 

and directivity values, the radiation efficiency can be obtained as 58% at 

6 GHz and 98% at 28 GHz. 

(A) 

hc
(B)  



                                

 
 

54 

 

 Figure 4.13: S11 for the proposed antenna before the optimization process 

using Rogers RT/duroid 5880 (tm) as a substrate 

 

Figure 4.14: VSWR for the proposed antenna before the optimization 

process, using Rogers RT/duroid 5880 (tm) as a substrate. 
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Figure 4.15: (A) The gain at frequency 6GHz, (B) The gain at frequency 

28GHz , using Rogers RT/duroid 5880 (tm) as a substrate. 

 

Figure 4.16: (A) The directivity at frequency 6 GHz, (B) The directivity at 

frequency 28 GHz, using Rogers RT/duroid 5880 (tm) as a substrate. 

Table 4-1 shows the percentage of power reflected from the antenna. 

The reflected energy from the 6GHz antenna is 0.37%, calculated , thus the 

antenna can transmit 99.63% of the total power, that has been delivered to 

the antenna. In addition, in the 28GHz frequency, the percentage of energy 

reflected from the antenna is 0.08%, thus the transmitting power of the 

antenna is 99.92%, so the antenna performance is good. 

 

(A) 

hc
(B)  

(A)  (B)  
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Table 4.1: The reflected power percentage of the model 2. 

Resonance 

Frequency 
VSWR 

Reflection 

Coefficient, Γ 

Reflected 

Power (%) 

6.86 1.1 0.06103 0.3725 

28.91 1.06 0.029126 0.08483 

A.  First Developed  Model 2 

The second model has been improved by adjusting the dimensions of 

the proposed design to get a better result in terms of the S11, gain and 

bandwidth. Where the obtained bandwidth values are 4.3% (6.96-6.8 at 6 

GHz and 14.18% (32.38 – 28.1) at 28 GHz as presented in Figure. 4.17. 

Figure 4.18 shows that the values of the VSWR of the proposed antenna 

model are 1.08 dB and 1.00003 dB at 6 GHZ and 28GHZ, respectively. 

Besides, the gains are 3.74 dB and 8.33dB at 6 GHZ and 28GHZ, 

respectively, as shown in Figure 4.19. The directivities are 5.9 dB and 

8.4dB at 6 GHZ and 28 GHZ, respectively, as shown in Figure 4.20.The 

radiation efficiency values are (63% at 6 GHz and 99% at 28 GHz). 

 

Figure 4.17:S11 for the proposed antenna,  first development  model 2. 
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Figure 4.18: VSWR for the proposed antenna , first development  model 2. 

 

Figure 4.19:(A) The gain at frequency 6GHz, (B) The gain at frequency 

28GHz  , first development  model 2. 

 

 

(A) 

hc

(B)  
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Figure 4.20: (A) The directivity at frequency 6 GHz, (B) The directivity at 

frequency 28 GHz, first development  model 2. 

Table 4-2 shows the percentage of the reflected power from the 6GHz 

antenna. The reflected energy from the 6GHz antenna is 0.14%, which 

means that the antenna can transmit 99.86% of the total power that has 

been delivered to the antenna. For the 28GHz frequency, the percentage of 

energy reflected from the antenna is 0.0000000225%, which means that 

almost all the power is transmitted. 

Table 4.2: The reflected power percentage of the first development 

model 2. 

Resonance 

Frequency 
VSWR 

Reflection 

Coefficient, Γ 

Reflected 

Power (%) 

6.89 1.08 0.03846 0.14793 

28.97 1.00003 0.000015 0.0000000225 

B. Second Developed  Model 2 

In this improvement, the apparent third frequency between 

frequencies 6 GHz and 28 GHz is eliminated, and the design becomes 

suitable for bending with different radii. The second model depends on 

(A)  (B)  
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using Rogers RT/duroid 5880 (tm) as a substrate in the simulation process 

because it is suitable for the operation at the higher frequencies. 

Figure 4.21 shows S11 of the proposed antenna model before bending 

(-69.2 dB and 23.2 dB on 6.74 GHz and 28.79 GHz, respectively). In 

addition, the VSWR values are (1.0006 and 1.14 dB on 6.74 GHz and 

28.79 GHz, respectively) is shown in Figure 4.22. 

 

Figure 4.21: Reflection Coefficient (S11) for planar design, second 

development model 2. 

 
Figure 4.22: VSWR for Planar design,  second development model 2. 
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Table 4-3 shows the percentage of power reflected from the antenna. 

The energy reflected from at 28GHz antenna is 0.42%, which means that 

99.58% of the power has been delivered to the antenna. For the 6GHz 

frequency, the percentage of energy reflected from the antenna is 

0.000008995%, thus transmitting power of the antenna is 99.99%, so the 

antenna's performance is very good. The transmitting power of the antenna 

is very high, and almost all the power is sent to the antenna. 

Table 4.3: The reflected power percentage of the second development 

model 2. 

Resonance 

Frequency 
VSWR 

Reflection 

Coefficient, 

Γ 

Reflected Power 

(%) 

6.74 1.0006 0.0002999 0.000008995 

28.79 1.14 0.06542 0.428 

 

Figure 4.23, 4.24 and Table 4.3 show that the proposed antenna with 

the second developed model2 out performance the original model2 and first 

developed model2 . where, the gain values are 3.73 dB and 6.96 dB at 6 

GHz and 28GHz respectively . 

Farther more , The directivity and VSWR values at 6 GHz 5.63 dB 

and 66% respectively, at 28 GHz 7.15 dB and 97% respectively. 
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Figure 4.23: (A) The gain at frequency 6 GHz, (B) The gain at frequency 

28 GHz , second development model 2. 

 

Figure 4.24: (A) The directivity at frequency 6 GHz, (B) The directivity at 

frequency 28 GHz , second development model 2. 

 

Table 4.4 compares the results of the proposed antenna design and the 

other previous works. The proposed antenna achieves better gain than these 

antennas in [62] (at 28 GHz) and  [63] (at 6 GHz). Where, the gain values 

of the proposed antenna are 3.72 dB and 7.07 dB at 6 GHz and 28GHz, 

respectively. Moreover, the proposed antenna at 6 GHz attained good 

percentage bandwidth compared to the antenna in [64] (at 6 GHz) and [27] 

(B)  (A)  

(A)  (B)  
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(at 28 GHz).  Finally, the proposed antenna has efficiency better than the 

other works in the listed references. 

 

Table 4.4: The parameters of the proposed design with a previous works. 

Researcher 
Frequency 

(GHz) 

Bandwidth 

(%) 
Gain (dB) 

Efficiency 

(%) 

[62] 28 5.5 4.47 94 

[65] 28 2.7 9.33 87.2 

[27] 28 2.2 8 N/R 

[63] 6 8 3 N/R 

[64] 6 2.1 3.9 58.4 

[66] 6 8.44 9.94 58 

Proposed 

antenna 
6/ 28 2.5 / 2.3 3.72/7.07 65.7/97.5 

4.2.3.3 Model 3 

This model is designed and simulated for fabrication, where FR4 is 

the only available substrate material in the lab. It is used as a substrate to 

fabricate the proposed design of the dual-band antenna. The bandwidth 

values of this model are 4.8% (6.46-6.78) at 6 GHz and 3.1% (24.7 – 25.5) 

at 25 GHz, as presented in Figure. 4.25. Figure.4.26 shows that the VSWR 

values are 1.006 at 6 GHz and 1.2 dB at 25 GHz. 
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Figure 4.25: S11 for the proposed antenna using FR4 as squbstrate. 

4.3 Results Of The Design Steps For The Proposed Antenna 

As mentioned in Chapter 3, the proposed antenna design is firstly 

resonated at the frequency of 10 GHz, and to reduce the frequency to 6 

GHz, part of the patch is cut out, and two strips of metal are added to both 

sides of the patch as shown in Figure 4.27. 

 

Figure 4.26: VSWR for the proposed antenna using FR4 as substrate. 
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Figure 4.27: The effect of design modification on the reflection coefficient 

(S11) of the proposed patch antenna 

To confirm the validity of the calculated results for the proposed 

design, the model is re-designed using the HFSS program. The obtained 

results of the simulated proposed design match with the calculated results 

of the fake model when using CST, which indicates the validity of the 

results for the proposed antenna model. Figure 4.28 presents the calculated 

(S11) model simulation for both software. 

 
Figure 4.28: Combination between S-parameters when design in CST and 

HFSS program design. 
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4.4   The Results of Bending the Proposed Design  

In this part, the effect of bending on antenna parameters will be 

demonstrated: 

4.4.1 Effect of design folding on return loss and bandwidth 

Figure 4.29 presents the Effect of folding on the antenna when folded 

with different radii, 5 mm, 10 mm, 15 mm, and 20 mm, compared with a 

non-folded patch antenna. Figure 4.30 and Table 4.5 show that at the 

increase of bending for the proposed antenna, the antenna's effective length 

decreases, and the resonant frequency shifts to a higher band than the 

frequency of the planar antenna[38] At the resonant frequency of 6 GHz, 

the return losses decrease with increasing bending but within acceptable 

limits. While at the millimeter wave frequencies, the return losses range 

(from -27 to -30), which means that the antenna works normally with 

bending. Although there is a frequency shift, it operates in the desired 

range: millimeter waves and microwaves. 

Figure 4.30 shows a close-up of the 6GHz and 28GHz frequencies at 

the planar antenna, its bending process, and the effect of bending with 

different diameters on return losses and bandwidth. 

 
Figure 4. 29: Comparison in terms of S11 between a planar antenna and a 

bent antenna. 
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Figure 4.30: (A) Close-up image of the frequency 6GHz (B) Close-up 

image of the frequency 28GHz. 

4.4.2 The Effect Of Folding on the Voltage Standing Wave 

Ratio(VSWR), Gain, Directivity, and Radiation Efficiency 

Figure 4.31 shows a comparison of the VSWR for the planer (non-

folded) antenna and the folded antenna with different radii. Where it is 

found that the folded antenna has a direction similar to the plane antenna in 

terms of VSWR, the VSWR of the millimeter wave and microwave 

frequency is within the acceptable range of less than two. Table 4-6 also 

shows the values of VSWR, the gain, and the directivity and efficiency for 

each frequency. The efficiency appears better than the flat antenna, This 

indicates that it can be used in a wearable antenna application. 
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Table 4.5: Comparison of return losses between a plane antenna and a 

bending antenna. 

Cylindrical 

Bend [mm] 

Resonance 

Frequency 

Return Loss for Each 

Resonance Frequency 

Bandwidth (%) For Each 

Resonance Frequency 

r=0 (planar) 6.74 / 28.79 -69.21 / -23.24 2.18 / 4.66 

r=5 6.32 / 27.92 -10.8 / -28.36 1.58 / 2.22 

r=10 6.44 / 28.07 -14.5 / -27.96 2.1 / 2.85 

r=15 6.53 / 27.92 -21 / -30.65 2.6 / 2.86 

r=20 6.59 / 28.1 -22.4 / -29.92 2.9 / 2.4 

4.4.3 Effect of design folding on the Reflection Coefficient Γ, 

Reflected Power (%). 

Table 4-7 shows the percentage of the reflected power from the 

receiving antenna,  the maximum reflected power is 8.163% at a frequency 

of 6 GHz, This indicates that the energy reaching the antenna is 91.38%, 

and the minimum reflected influence from the antenna is 0.000008995%  at 

6 GHz .Almost all the power is passed to the antenna, which indicates that 

the antenna has good performance in both cases when it is plane and bent. 

 

Figure 4. 31:Comparison in terms of voltage standing wave ratio between 

a planar antenna and a bent antenna. 
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Table 4.6: Comparison of VSWR and return losses between plane antenna 

and bent antenna. 

Cylindrical 

Bend [mm] 

Resonance 

Frequency 
(VSWR) Gain Directivity 

Radiation 

Efficiency (%) 

r=0 (planar) 6.74 / 28.79 
1.0006 / 

1.14 
3.7 / 6.9 5.6 / 7.1 66 / 97 

r=5 6.32 / 27.92 1.8 / 1.07 3.69 / 6.85 5.2 / 7 70 / 97 

R=10 6.44 / 28.07 1.4 / 1.08 3.8 / 6.7 5.5 / 6.9 69 / 97.1 

R=15 6.53 / 27.92 1.1 / 1.06 3.9 / 7 5.7 / 7.2 68 / 97 

R=20 6.59 / 28.1 1.1 / 1.06 4 / 7 5.8 /7.2 70 / 97 

4.5 The Results of The Fabricated Model 

In the fabrication process, the third model is used, FR4, utilized as a 

substrate because it is the only available material in the lab for fabricating. 

This material can be used at 6GHz frequency only, which is unsuitable for 

use at higher frequencies; the maximum frequency that can be tested via 

the available VNR is 20GHz, which cannot be used here for the 28GHz 

frequency. Furthermore, the hardness of FR4 that is used for two layers of 

the substrate leads to an air gap between these two layers that should be 

reduced to the minimum distance to reduce the thickness of the air gap 

layer, which has a dielectric constant (εᵣ) equal to 1 between the ground 

layer and the substrate of the feed line, which firstly shifted the frequency 

from 6GHz to 7.23GHz, and return losses -9.896528, and after adjustment 

to slightly reduce the air gap via applying more compressing force on the 

two layers of the antenna during the check process. Then the frequency 

shifted in the 6 GHz direction at 7.17 GHz, with return losses of -14.49784, 

and this difference is shown in Figure 4.34. The output of VSWR is less 

than 2, that is, within the acceptable limits, and it is equal to 1.53, as shown 

in Figure 4-32. 
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The proposed antenna is redesigned by adding the air gap between the 

two layers, and the new model is simulated using the CST software. 

Moreover, the effect of thickness variation is also studied, as shown in 

Figure 4-33. The distance between the two substrates after the compression 

process turns out to be 0.06 mm. 

Table 4.7: Comparison of Reflected Power between plane antenna and 

bend antenna. 

Cylindrical 

Bend [mm] 

Resonance 

Frequency 
VSWR 

Reflection 

Coefficient Γ 

 

Reflected Power 

)%( 

r=0 (planar) 6.74 / 28.79 
1.0006 / 

1.14 

0.0002999 / 

0.06542 

0.000008995 / 

0.428 

r=5 6.32 / 27.92 1.8 / 1.07 0.2857 / 0.033816 8.163/ 0.11436 

R=10 6.44 / 28.07 1.4 / 1.08 0.16667/ 0.03846 2.778 / 0.14793 

R=15 6.53 / 27.92 1.19 / 1.08 0.04762 / 0.03846 0.22676 / 0.14793 

R=20 6.59 / 28.1 1.16 / 1.07 0.04762 / 0.033816 0.22676 / 0.11436 

 
Figure 4.32: VSWR after the compression process of two antenna 

substrate. 
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Figure 4.33: S-Parameter using different thicknesses for air.  

 
Figure 4.34: S-Parameter before the compression process of the two 

substrates and after the compression process. 
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 CHAPTER 5 

Conclusions & Suggestions for Future Work 

5.1  Conclusion 

During the simulation and fabrication processes, there are a lot of problems 

and challenges that are encountered. Thus, some solutions and conclusions 

are listed in this section as follows:   

1. The proposed antenna design operates in the dual bands of frequencies 

suggested for 5G applications. 

2. Millimeter dimensions are used in the proposed antenna design. 

Therefore the antenna size is very small, which helps to wear it on 

clothes without disturbance, where the antenna dimensions are 20 * 22 * 

1.355 mm.  

3. The proposed antenna is designed using four feeding methods: 

microstrip line feed, proximity-coupled feed ,coaxial, and aperture-

coupled feed. 

4. The aperture-coupled method is adopted in this thesis because this 

method offers better performance in terms of S11, VSWR, gain , 

directivity, and efficiency 

5. The proposed antenna is designed with three materials are(Arlon AD 

250C, Rogers RT/droid 5880(tm) ,and FR4) . 

6. The simulation results show that the Rogers RT/droid 5880(tm) offers 

the best results. 

7. The FR4 is used in the fabrication process because it is the only one that 

is available in the Iraqi markets. 
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8. Due to the hardness of the FR4 material, the fabrication process left a 

gap between the substrates. This gap deteriorates the performance of the 

proposed antenna, this problem has been reduced by the compression of 

both substrates during the test process.  

9. The folding process shows that the proposed antenna is suitable for 

wearable applications. Where the proposed antenna has the same 

performance after the folding process. 

5.2  Future Work 

 In future work, the antenna can be further improved by using different 

substrates in the design of antenna design and bending with radii of less 

than 5mm. The distance between the two substrates can be investigated by 

filling the space of different adhesive materials with varying dielectric 

constant values (εᵣ) more than (εᵣ) of air and the Simulated results from the 

simulation before the fabrication.  
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APPENDIX A 

A1 -SMA COAXIAL CONNECTORS 

The Connex SMA connectors are semi-precision, sub-miniature, high-frequency 

connectors which offer reliable broadband performance DC to 18GHz with low 

reflection and constant 50 ohm impedance. The main features are high mechanical 

strength, high durability and low VSWR. Matured design principles, careful 

manufacturing at all stages and a thorough quality assurance organization are the bases 

for the well-known quality of Connex SMA Connectors. 
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PRINTED CIRCUIT BOARD/STRAIGHT TERMINALS 
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PRINTED CIRCUIT BOARD/STRAIGHT TERMINAL 
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BULKHEAD MOUNT/SOLDER POT TERMINALS 
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A2-  MS4640 Series Microwave Vector Network Analyzers 

Introduction This document provides the specifications for the MS4640A series 

microwave Vector Network Analyzers (VNAs) listed below, including all related 

options, and accessories. 

Instrument Models and Operating Frequenciesa 

• MS4642A – 10 MHz to 20 GHza 

• MS4644A – 10 MHz to 40 GHza 

• MS4645A – 10 MHz to 50 GHza 

• MS4647A – 10 MHz to 70 GHza 

Main Options 

• MS4640A-002 – Time Domain 

• MS4640A-007 – Receiver Offset 

• MS464xA-041 – Noise Figure 

• MS464xA-051 – Direct Access Loops 

• MS464xA-061 – Active Measurements Suite, 2 Attenuators 

• MS464xA-062 – Active Measurements Suite, 4 Attenuators 

• MS4640A-070 – 70 kHz Low-End Frequency Extension 

• MS4647A-080/081 – Broadband/Millimeter-Wave System 

• MS464xA-082/083 – 110 GHz and Millimeter-Wave Extensions. 

 

Separate documents found on the Anritsu web site (www.anritsu.com/VectorStar) 

provide specifications for 110 GHz Broadband Coaxial, 
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A3-FR-4 
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 ب

 الخلاصة

إلى الحاجة الجيل الخامس  على شبكات  المعتمدةأدى التطور السريع للتطبيقات القابلة للارتداء 

الملحة لأنواع محددة من الهوائيات. يجب أن تتمتع هذه الهوائيات باستهلاك منخفض للطاقة وصغر 

ار الأفضل لهذه هو الخي microstrip الحجم ومرونة كبيرة وميزات أخرى. وبالتالي ، فإن هوائي

القابلة الجيل الخامس ، تم تقديم هوائي مزدوج النطاق لتطبيقات الرسالةالتطبيقات. في هذه 

جيجاهرتز ، والتي تقع ضمن نطاق  28جيجاهرتز و  6للارتداء. يعمل الهوائي المقترح بترددات 

: تقنية رنامجينب. يتم محاكاة تصميم الهوائي والتحقق من صحته من خلال الجيل الخامس ترددات

 . (HFSS)  وبرنامج محاكاة التردد العالي (CST-Studio) محاكاة الكمبيوتر

،  كعوازل FR4و  Rogers RT / droid 5880 (tm)و  Arlon AD 250Cمواد التسُتخدم 

 Rogers RT / droidظهر نتائج المحاكاة أن مادة ر.. تُ الأرقعة وللبالإضافة إلى النحاس 

5880 (tm)  بأداء أفضل مقارنة بالمواد الأخرى. ومع ذلك ، يتم استخدام مادة تتمتعFR4  في

 العراقية. الاسواقفي  Rogers RT / droid 5880 (tm)عملية التصنيع بسبب عدم توفر 

 ,Microstrip line, Coaxial (coplanar feed)تم تصميم الهوائي المقترح بأربع طرق تغذية

Proximity coupled, and Aperture coupled ال . تظهر نتائج المحاكاة أن طريقة

Aperture coupled الهوائي  تم حساب معاملات الطرق الأخرى. حيثمن أفضل  تمتلك نتائج

ديسيبل و  -69.2 هي S11على النحو التالي: قيم  Aperture coupledالمعتمد على طريقة ال 

 ان قيم بالإضافة إلى رجيجا هرتز على التوالي ، 28جيجا هرتز و  6 ترددات ديسيبل عند 23.2

VSWR  جيجا هرتز على  28جيجا هرتز و  6 ترددات ديسيبل عند 1.14ديسيبل و  1.006هي

 7.07( و )65.7٪  ديسيبل و 3.72التوالي. علاوة على ذلك ، فإن قيم الكسب والكفاءة هي )

تمت مقارنة هذه  ,جيجا هرتز على التوالي 28تز و جيجا هر 6 ترددات( لـ97.5٪  ديسيبل و



 

 

 ب

على هذه  وهذه المقارنة تبين أن الهوائي المقترح يتفوق الاعمال السابقةمع بعض نتائج  النتائج

 .الاعمال 

للهوائي المقترح عن طريق ثنيه على أسطوانات ذات أنصاف أقطار  الانحناءتم اختبار قدرة 

في . الهوائي الاصلي تمتلك نفس اداء المنحنيالهوائي  نسخظهر نتائج المحاكاة أن مختلفة. حيث تُ 

بين الموجودة كلة بسبب الفجوة الهوائية ظهر نتائج التصنيع أن الهوائي المصنع لديه مش، تُ الختام

. ومع ذلك ، فقد تم تصحيح أداء الهوائي FR4 ال ركت بسبب صلابة مادة، والتي تُ الهوائي عوازل

 المصنع بضغط كلا الركيزتين أثناء عملية

.



 

 ا

 

 

 

                                   
  

  

ثنائي الحزمة قابل للارتداء تصميم هوائي 

لجيل الخامسلتطبيقات ا  

 رسالة
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ة العراقـــــجمهوري  
والبحث العلميوزارة التعليم العالي   

لــــــــة بابـــــــــــجامع  
ة ـــــــقسم الهندس /ةــــة الهندســــكلي

 الكهربائية
 


