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ABSTRACT 

5G technology was developed to transform mobile communication through fast data 

rates, reduced latency, and enhanced network capacity. Transitioning to higher frequencies, 

especially in the millimeter wave region, has presented issues related to signal path and 

propagation loss. To address these limitations, a systematic examination is being conducted to 

explore the use of the 60GHz frequency band. This action aims to overcome existing challenges 

in implementing 5G and prepare the foundation for upcoming generations such as 6G. Utilizing 

60GHz frequencies can enhance the capabilities and possibilities of wireless communication, 

leading to a more efficient and productive network. 

This study presents a proposal for a microstrip patch array antenna consisting of four 

components, designed specifically for 5G wireless applications, with a particular emphasis on 

the utilization of the 60 GHz millimeter-wave spectrum. The emphasis of the design is on the 

choice of a single microstrip patch antenna as the primary radiating component using Rogger 

RT 5880, Teflon, and LTCC A6M as a dielectric substrate. The antenna is designed to function 

exceptionally well in a wide range of weather situations while simultaneously guaranteeing 

robustness and dependability. 

This master thesis highlights the notable performance variations across Roggers 

RT5880, Teflon, and LTCC A6M substrates when designing single, two, and four-element 

patch antenna arrays for 5G communication systems at 60 GHz. The design approach makes 

use of Computer Software Technology (CST) Microwave Studio, which integrates different 

dielectric substrates Roggers RT5880, Teflon, and LTCC A6M characterized by a relative 

permittivity of 2.2, 2, and 5.9 respectively. LTCC A6M substrate offered high-quality antenna 

performance results when arranged in an elements array using single layer substrate. And 

Teflon offered better results when arranged in a single and two-elements array. However, the 

final results emphasize Roggers RT5880 as the best substrate material due to its outstanding 

characteristics like high gain, high directivity, broad bandwidth, input impedance matching, 

and compact size. The findings offer useful recommendations for enhancing antenna designs 

and selecting substrates, ultimately promoting the creation of high-performance antennas 

customized for modern wireless communication applications.  
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1 Introduction 

The general availability of 5G technology represents a significant turning point in the 

development of wireless communication, providing exceptional data rates, reduced latency, 

and the ability to support a wide range of networked devices and applications. The key to 

accessing these groundbreaking capabilities is the creation and use of high-performance 

antennas designed for operating in the millimeter-wave frequency ranges, namely inside the 

60GHz spectrum. This research project aims to thoroughly investigate the complexities of 

antenna design and development, specifically focusing on creating a specialized 60GHz 

antenna designed for 5G systems. We seek to surpass the increasing need for efficient high-

frequency communication solutions by exploring the complex characteristics of this particular 

frequency range. We aim to advance antenna technology through comprehensive investigation 

and assessment, enabling the optimal integration and use of 5G networks.  

1.1 A Concise Historical Overview of Mobile Networks and Their Generations in 

Communication. 

Almost every decade since 1980 has seen the release of a new version of cell phones. 

Upon examination of the initial generation (1G), it becomes evident that it was equipped with 

analog radio systems, to allocate available bandwidths into distinct frequency bands, utilized 

circuit switched networks, and possessed the capability to just transmit voice messages [1], [2]. 

However, the era of network connectivity encountered challenges pertaining to insufficient 

bandwidth, compromised security, and suboptimal hand-off mechanisms. The second 

generation (2G) of mobile telecommunications technology was developed and deployed for 

commercial usage in the year 1991 [3]. It was made because of the problems with 1G and the 

growing need for more cell phone capacity. The voice technology for this age was digital, and 

the time division multiple access (TDMA) scheme was used [4]. It was during 2G that new 

technologies like GSM (global system for mobile communications), GPRS (also called 2.5G), 

and EDGE (also called enhanced GPRS) were launched [3]. The circuit-switched domain was 

used for sending and receiving talk calls on 2G networks, while the packet switched domain 

was used for sending and receiving data [5]. Mobile networks of the third generation (3G), 

which was also known as IMT-2000, were put in place in 2000. Mobile phone service was 

made possible by this technology. The 3G technology platforms were CDMA-2000, wide 

CDMA, UMTS, and TD-SCDMA [6]. Digital broadband, global roaming, faster internet, and 
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high quality of service (QoS) were all things that this age offered. 

The fourth generation (4G) of mobile communication came out in 2010, and it is 

different from the generations that came before it because it is internet based [7]. OFDMA is a 

new way for 4G networks to connect. New technology standards for this generation include 

long term evolution (LTE) [8], [9]. Current LTE networks are reaching their limits and can't 

keep up with the expanding needs of modern wireless communications. Therefore, the arrival 

of 5G cellular technology has finally arrived.  

Table 1-1: Shows a summary of how the four versions of cell phones compare to 

each other’s [2], [3], [6], [10] 

Generation 1G 2G 3G 4G 

Time Duration 1980s 1991s 2000s 2010s 

Launched by Nippon 

Telegraph and 

Telephone 

Radiolinia NNT Docomo Swedish-Finnish 

network operator 

Country  Japan  Finland Japan Scandinavian 

Data Speed 2.4 kbps 50 – 384 kbps 2000 kbps 100 Mbps + 

Technique Analog  Digital Broadband Data LTE 

Operated 

Frequency 

0.8 GHz 0.9 GHz 2.11 GHz 2.62 GHz 

Services Voice Calls SMS, Voice Calls Multimedia 

messaging, Video 

Call, and Internet  

HD Video 

Streaming, online 

Games 

1.2 Mobile Communication's Fifth Generation. 

There is a huge increase in wireless data flow these days, and consumers with 

smartphones want better internet service wireless connectivity to accommodate services like 

streaming ultra-high definition (UHD) video. The emergence of contemporary technologies 

has created a need for high-speed data transmission, extensive bandwidth, and increased system 

capacity. Cellular networks like 4G and LTE advanced are having a hard time keeping up with 

these needs of modern wireless communication. As a response to the demands of contemporary 

wireless communication, the fifth iteration (5G) of mobile communication has been introduced. 

This latest version aims to provide services characterized by reduced latency, enhanced data 

rates, expanded bandwidth, and more connectivity options for numerous devices [11]. The 

main idea behind 5G is to make cell phone networks less sluggish while also being cheap. 

The International Telecommunication Union has established stringent criteria for fifth 
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generation that are beyond the feasible constraints of already accessible wireless technology. 

According to the statistics presented in Figure 1.1, it is anticipated that 5G networks will exhibit 

a latency not exceeding 1ms, spectrum efficiency of 10 bits/s/Hz, a data transmission rate of 

up to 1000 Mbps, a cost reduction of 10 times in contrast to 4G, with a top speed of up to 800 

miles per hour, and the ability to support over 1 million connected users per km2. 

 

Figure 1.1: Predicted Feature of 5G Network [12] 

Fifth generation (5G) networks aim to supply three distinct categories of use cases, 

specifically, advancements in extremely dependable connectivity with minimal delay, Large-

scale machine-to-machine connectivity, and enhanced cellular internet connectivity [13]. The 

usage example of expanded mobile broadband illustrates the augmentation of network 

capacity. The program for enhanced mobile broadband effectively manages data files of 

considerable size, often reaching several terabytes, to accommodate the growing demand from 

consumers for more rapid data transfer. 

Some examples of sub-uses for eMBB are hotspots in areas with a lot of people that 

need to cover indoors as well as outdoors and internet everywhere. The URLLC use case is 

concerned with establishing connections that exhibit high responsiveness, minimal latency, and 

remarkable reliability. Moreover, this application helps meet the needs of essential 

infrastructure in emerging economies. Some of these uses are smart energy systems and grids, 

self-driving cars, Industrial automation, and eHealth. 
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The mMTC use case talks about how machines can talk to each other over wired or 

wireless networks. This can happen with little or no help from humans. Machines can create 

data, share information, and act without any help from humans. More specifically, mMTC 

includes connecting and networking billions of machines wirelessly. It is seen as a key step in 

the evolution from IoT to Internet of Everything. 

Important technologies such as millimeter wave band, massive (MIMO), complex 

networks, and antenna array beamforming all contribute to the 5G cellular communication 

network. These technologies collectively empower the network to operate at a superior 

performance level and effectively cater to a diverse array of applications. The user has not 

provided any text to rewrite [14]. 

New bands require to be used in order to meet the high standards for 5G networks. The 

frequency bands used by 5G networks can be broken down into three categories. First band, or 

low band, refers to frequencies lower than 1GHz. The second band, also called a mid-band, 

covers frequencies between 1 and 6 GHz, while the third band, sometimes called a high band, 

operates between 24 and 52 GHz. Here, however, we'll make use of a different unlicensed 

band, from 57 to 65 GHz, that's commonly referred to as V-band. Millimeter waves occupy a 

specific frequency range in the electromagnetic spectrum that goes from 3000 MHz to 300000 

MHz and has bandwidth between 1 cm and 0.1 cm [15], [16], [17], [18]. Some call this 

spectrum the extremely high frequency (EHF) region. With reduced competition for 

bandwidth, mobile and wireless communications in the mm Wave spectrum can provide 

increased throughput and support for future expansion. It's helpful to use the mm-Wave band 

because it has a wide bandwidth for sending large amounts of data quickly, small wavelengths 

that allow for a lot of antennas, a wideband spread spectrum that lowers multipath fading, a 

strongly directed antenna, and minimal power transfer due to high antenna gain [19], [20]. 

However, millimeter waves have problems like signal loss and problems with transmission 

[15], [21], [22]. 

Fortunately, the millimeter wave band's short wavelengths make it possible to build a 

lot of antennas with high directed gain and beamforming capabilities [15]. The high spatial 

gain provided by beamforming antenna systems compensates for the band's inherent lousiness 

at millimeter wavelengths. Beamforming is intriguing because of the short wavelengths' 

facilitation of array design for use in portable devices. As 5G networks are being built and 
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released for purchase around the world [23], [24], [25], multiple enhanced antenna array 

designs are being used. Among these are beamforming arrays, massive MIMO arrays, 

microstrip arrays [26], [27], [28], [29], [30], [31]. The antenna configurations of base and 

mobile stations in millimeter wave communications networks are influenced by the stochastic 

movement patterns of mobile devices, the propagation characteristics of signals in both indoor 

and outdoor urban environments, and the mobility patterns of users [29], [32]. For this reason, 

both the mobile and base stations should have phased arrays for electronic beam shaping in 

order to keep a good quality link [15], [33], [34] 

1.3 Inspiration 

Data traffic in wireless communications has grown over the years because of things like 

the IoT, mobile cloud computing, UHD videos, and interactions between vehicles [35], [36]. 

Recent studies show that the amount of data that can be sent wirelessly will likely grow 1000 

times [35], [37]. For the proper functioning of these applications, it is imperative that wireless 

networks possess the capability to offer services like speedy data transfer, little delay, huge 

bandwidths, and huge-capacity channels. A lot of 5G networks use microstrip patch array 

antennas to make up for misplacement in the millimeters wave [38]. They do this at offering 

high gain and beam manipulation capability. One of the benefits of phased arrays is that they 

can electronically move beams in the direction you want them to go. They can also provide 

high antenna gain with fewer side lobes, the ability to shape beams, and microstrip antenna 

[39]. However, phased array antennas have some problems called the mutual coupling between 

emitting parts. This makes the array less useful overall. A lot of work has been done over the 

years to reduce the mutual coupling effect that comes with phased array antennas. Researchers 

have come up with several common ways to reduce mutual coupling. Some of researchers find 

the way to the utilization of electromagnetic band gap structures [40], [41]. However, some of 

the researcher working on defective ground structures to reduce the mutual coupling [42], [43]. 

Furthermore, some of the researcher implement metamaterials to overcome the mutual 

coupling in Antenna Array [44], [45], [46]. 

The utilization of antenna arrays is implemented as the emitting component in this 

thesis. The selection of microstrip patch antennas as opposed to alternative millimeter-wave 

choices is driven by a range of benefits, such as cost-effectiveness, lightweight characteristics, 

ease of feeding, and compact dimensions [47]. Antenna Arrays that incorporate microstrip 
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patch antennas as radiating elements have increased coupling as a result of the interactions 

between these patches, namely due to space and surface wave phenomena. An additional aspect 

of a microstrip antenna's radiation pattern is that it is calculated by multiplying the electric field 

produced by an emitting element of antenna at the antenna's origin by array component. The 

array component is a mathematical term, which characterizes the arrangement of an elements 

of the antenna within an array antenna, and the relative importance of those elements. This is 

a special capability of each individual antenna array. 

1.4 Problem Statement  

The wireless communication sector has seen rapid progress in the implementation of 

5G networks, providing exceptional connection and disruptive possibilities. As global focus 

turns to the upcoming advancements in 6G wireless technology, it is becoming more apparent 

that the expected benefits of 5G have not been fully achieved. Recent scholarly research and 

publications have shown problems and limits that hinder the optimal operation of 5G 

technology and its smooth transition from previous wireless technology generations, despite 

efforts to promote its use. The current literature shows a lack of detailed evaluation and 

enhancement of 60GHz antennas, especially in terms of optimizing their design for 5G 

applications. This gap mostly involves the absence of emphasis on compact antenna designs 

that can efficiently boost bandwidth, magnify gain, and improve directivity. This lack is 

important since the 60GHz spectrum provides a cost-efficient option compared to the 

expensive and less available 28GHz bandwidth often employed in 5G applications. Therefore, 

it is crucial to focus on creating small and effective 60GHz antennas designed to fulfil the 

requirements of 5G communication. Moreover, this gap is a major obstacle to effectively 

implementing 5G networks in the millimeter-wave (mmWave) range, which restricts the full 

utilization of their capabilities and slows down their general acceptance. Here are some 

important themes of concern within this research gap:  

• Solution for Antennas that are limited.  

•  Solutions That Are Reasonably Priced. 

• Problems Facing the Environment, especially at 60GHz mm Wave.  

• Integration and Downsizing of Components at 60GHz mm Wave. 
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It is essential to fill these research gaps to fully utilize the unused capabilities of 5G 

communication devices that operate in the 60GHz range. We are now researching suboptimal 

antenna designs in 5G networks, specifically focusing on the 60GHz frequency spectrum. We 

intend to narrow the divide between theoretical potential and practical execution by examining 

this spectrum within the framework of 5G communication systems. 

The study we conducted uses the CST Studio Suite Software to analyze the cost and 

design efficiency of three alternative substrate materials. We are focusing on improving 

specialized antenna designs for 5G networks to provide practical solutions that boost existing 

5G capabilities and pave the way for future advancements, such as the transition to 6G at 

mmWave frequencies. 

Our main goal is to optimize antenna size, achieve perfect impedance matching, 

enhance antenna gain, and improve important characteristics necessary to address expected 

issues in 5G wireless communication. We strive to enhance wireless communication 

technologies to support the integration of 5G networks and foster future developments.  

1.5 Aim and Objectives 

Addressing the limitation of 5G wireless systems: - The main goal is to create and 

enhance a 60GHz antenna for efficient performance in 5G networks. An antenna configuration 

needs to be developed to efficiently overcome the specific challenges presented by the 60GHz 

frequency spectrum. These challenges are to reduce the impact of oxygen absorption and deal 

with the restricted signal propagation range linked to this frequency. The antenna design 

primarily aims to increase signal intensity (Gain), optimize radiation pattern efficiency, and 

ensure precise impedance matching. The collaborative activities described seek to significantly 

improve the optimal performance of 5G networks operating in the 60GHz frequency range.  

Optimized design of an Antenna: - The study's secondary purpose is to highlight the 

limitations present in 5G systems that hinder their ability to effectively fulfil the theoretical 

promises and practical performance expectations. By tackling issues including lack of coverage 

in certain places, signal penetration difficulties, and interference complexity. The primary goal 

is to provide effective solutions that can enhance the reliability and stability of emerging 5G 

wireless technology. This objective aligns with the overarching aim of laying a strong 

groundwork for the seamless adoption of upcoming wireless communication technologies, 
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such as the anticipated 6G.  

Impact on the Network’s Capacity: - The objective is to study how an improved 

antenna design impacts the total capacity of the 5G wireless network. This objective focuses 

on evaluating how enhanced antenna performance affects data rates, network capacity, and user 

satisfaction. This analysis aims to demonstrate the importance of the proposed antenna 

improvements in meeting the data needs of 5G applications by quantifying the increase in 

capacity. 
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2 Background 

This chapter examines the fundamental theory behind antenna arrays, investigating 

their many configurations and the complex networks that supply them. The main focus is to 

explain the operating principles that govern phased array antennas, providing detailed insights 

into how they work. We explore advanced techniques to reduce mutual coupling in arrays, 

which is essential for enhancing performance. We provide the essential antenna parameters for 

evaluating the effectiveness of phased array antennas and explore their practical consequences. 

Furthermore, we broaden our discussion to incorporate relevant insights obtained from the 

outcomes of our thorough antenna design, illuminating the effectiveness and practicality of the 

suggested configurations. 

2.1 Antenna Array Overview 

The term "antenna array" can describe a framework wherein numerous antenna 

components are organized in a specific electrical or structural arrangement. The primary 

objective of this system is to attain a directional radiation pattern [48]. The antenna elements 

can incorporate a diverse range of antenna types, such as microstrip antennas. 

Antenna arrays can be implemented on a compact scale or across a significant expanse, 

encompassing applications in embedded devices as well as large-scale deployments like the 

Square Kilometer Array (SKA). When examining an individual antenna element in isolation, 

the radiation pattern it typically exhibits is marked by limited amplification and limited 

directivity [48]. To optimize the efficiency of a solitary antenna, one viable approach involves 

increasing its physical dimensions, hence leading to the generation of more concentrated 

radiation beams and a subsequent amplification in gain. 

To manipulate the entire radiation distribution of an antenna array consisting of 

homogeneous antenna components, various factors can be modified: 

• The antenna array's geometrical configuration. 

• The patterns of each unique antenna. 

• The spatial gap of antenna elements to one another. 

• The amplitude of excitation. 

• The phase of excitation. 

The determination of the combined antenna element's radiation pattern involves the 

multiplication of the electric field of an individual element situated at the reference point by a 
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coefficient referred to as the "array factor".   

2.1.1 Array of Linear Antennas  

In terms of geometry, this is the most basic arrangement for an antenna array. With 

uniform spacing between them, the antenna elements form a straight line [49], as shown in a 

Figure 2.1. There are two types of linear antenna arrays: uniform arrays and non-uniform 

arrays. In a uniform linear array antenna, each element has the same amount of current, the 

same distance between them, and a phase shift that gets bigger over time. With a non-uniform 

linear array, the antenna elements are not all spaced out the same way, and they are all given 

signals with different phases and amplitudes [48]. 

 

Figure 2.1: Diagram illustrating the array of linear antennas [50] 

2.1.2 Array of Planar Antennas 

Antenna components or independent antennas are systematically aligned inside a single 

layer in a planar array design as shown in Figure 2.2. The distinguishing characteristic of this 

geometric configuration is its exceptional capacity to provide beam steering in two separate 

planes, namely the azimuth and elevation planes. The ability to direct beams in these planes is 

a notable benefit, as it influences the radiation pattern of planar arrays by reducing side lobe 

levels [49]. The utilization of planar arrays allows for the creation of extensive arrays, which 

leads to a rise in terms of their complexity and their cost. 

 

Figure 2.2: Diagram illustrating the array of planar antennas [51] 
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2.1.3 Array of Circular Antennas 

The elements of this antenna array are configured in a circular arrangement as shown 

in Figure 2.3. It produces omnidirectional (in all directions) beams with uniformly spaced 

antenna elements that have similar phase and amplitude characteristics [52].  

 

Figure 2.3: Diagram illustrating the array of circular antennas [52] 

2.2 Networks of Feed for Antennas Array 

In the design of an array, transmitting units can be fed by either a Sole transmission 

path (called "series feeding") or using several paths (called "corporate or parallel feeding"). 

2.2.1 Network for Series Feeds 

Each antenna in this network of feeds receives its input from a single line. Each 

component is provided feed by the one previously them. Each modification that takes place in 

an antenna component significantly affects the operation of the other antenna components [49]. 

The benefits of this network of feed include its straightforward construction and assembly, as 

well as its ability to minimize losses of feed networks and maintain a minimum side lobe 

magnitude in the array. Arrays that employ frequency scanning for beam scanning or those 

with a fixed beam use this feed network, although its low bandwidth limits its usefulness in 

larger systems. 
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Figure 2.4: Diagram illustrating the network of series feeds. 

2.2.2 Networks for Corporate Feeds 

Multiple lines are employed in this feed network to supply the components of the 

antenna. The desired frequencies of the corporate feed network are accomplished through 

tapered lines or multi-section impedance transformers, with each line specifically designed to 

span a quarter wavelength [49] as shown in Figure 2.5. The benefits of this method include 

uniform power dispersion to all components of the antenna, the capability to support a broad 

frequency range, and the ability to scan the beam. The drawback of this approach is the 

significant feed losses caused by the presence of many lines. 

 

Figure 2.5: Diagram illustrating the network of corporate feeds. 

2.3 Microstrip Patch Antenna 

Phased array antennas utilize different types of antenna elements, such as dipole 

antennas, horn antennas, reflector antennas, and microstrip antennas. However, for this thesis, 

 

 



13 

 

the chosen radiating component is the microstrip patch antenna. In 1953, the idea of microstrip 

patch antennas was initially proposed, and in 1955, the first patent for them was submitted. 

However, these antennas gained significant recognition in the 1970s because of the progress 

made in PCB technology. Subsequently, they have been widely used across a range of areas in 

cellular communication. 

2.3.1 Microstrip Patch Antenna Fundamentals  

A basic microstrip antenna consists of a substrate dielectric material, a patch as a 

radiating component, a ground surface, and a feedline for Input power [53], as depicted in 

Figure 2.6.  In the depicted design illustrated in Figure 2.6, the radiating component of the 

antenna is engraved onto the substrate dielectric material and acts as a radiating element. 

Around the edges of this layer, electromagnetic energy breaks off and goes through the 

dielectric substrate. It is mirrored by the ground surface and then moves across the substrate 

before entering space. The design of a microstrip antenna involves the use of many dielectric 

substrates, each with an electric coefficient starting from 2.2 and ending at 12. 

 

Figure 2.6:  Structural design of microstrip patch antenna [54]. 

The radiating patch in practical applications is typically square, circular, or rectangular. 

However, rectangular, and circular forms are mostly utilized due to their benefits, including 

straightforward analysis, easy manufacture, and attractive electromagnetic radiation properties, 

distinctive attributes, or qualities [49]. 

2.3.2 Approaches to Microstrip Patch Antenna Feeding 

The radiating patch can be excited through several methods, with the most widely 

employed techniques being microstrip feedline, feeding via coaxial probe, aperture coupling, 

and proximity coupling [53]. 

2.3.2.1 Microstrip Feedline 

The focus of this approach is the linking of the radiating patch to a conductive strip. 
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Microstrip feedlines have the benefits of being easy to fabricate and having matching made 

simpler by adjusting the inset location. Nevertheless, this feeding strategy has the drawback of 

increasing unwanted radiation and unwanted radiation from the feed, consequently limiting the 

frequency range [55]. 

2.3.2.2 Coaxial Probe Feeding 

This approach involves connecting the central core of the coaxial transmission line 

cable to the radiating patch, while the outside cable element is linked to the surface area of an 

antenna. The benefits of the feed via coaxial probe approach are simple fabrication, simple 

impedance matching, and minimal background noise. The approach has drawbacks in terms of 

its low bandwidth and difficulty in modeling it, particularly for thick substrates [55]. 

2.3.2.3 Aperture Coupling 

The ground plane divides two distinct substrates in an aperture coupling feeding 

method. A microstrip feedline conveys energy to the radiating patch element through an 

aperture on the surface of the antenna, and it is located on the low dielectric material substrate, 

which is on the bottom half. A substrate with high permittivity often represents the bottom 

layer, whereas a thick substrate with low permittivity is characteristic of the top substrate. The 

bottom layer not only separates the substrates but also lowers the clarity of the polarization and 

the formation of unwanted radiation patterns. The feed mechanism part is fully optimized with 

this feeding plan [55]. 

2.3.2.4 Proximity Coupling 

The feedline in a proximity coupling system is situated between two dielectric 

substrates. Proximity coupling provides a significantly higher bandwidth and less false 

spurious radiation than other mechanisms. Difficulty in fabrication is an issue with this 

approach because of the need for appropriate substrate layer alignment [55]. 
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3 Design of Single Element Microstrip Patch Antenna  

The many benefits of microstrip patch antennas over other types of antennas make them 

ideal for use as main radiating components in phased array antennas in a wide range of wireless 

applications. This section explores the detailed planning of a single rectangular patch antenna 

for use at 60 GHz. When designing a microstrip patch antenna, choosing the right dielectric 

substrate is crucial. A single rectangular patch antenna is thus designed in this chapter using 

three different dielectric substrates with different heights and dielectric constants. Using a 

quarter-wave transformer guarantees excellent impedance matching between the radiating 

patch and the transmission line. In addition, the results of the computer simulation technology 

(CST) Studio Suite software simulations of the proposed single patch antenna are presented in 

this chapter. 

3.1 Design  

Modern wireless communications have seen the advent of microstrip patch antennas, 

which are widely used for their many advantages. These features encompass their small size, 

affordability that allows for mass production, narrow profile, lightweight build, adaptability 

that supports multiple bands frequency operations, and capacity to accept both polarization 

techniques. Create a single rectangular patch antenna as the first step in building a phased 

antenna for 5G wireless applications. The dielectric material as a substrate, substrate height 

(C), and resonant frequency are some of the critical characteristics that must be defined in the 

first phase. You can't determine the antenna's dimensions, like the patch length and width, 

without these given data. In this section, we use three different dielectric substrates with 

different heights and dielectric constants to build a single rectangular patch antenna. 

1) Using Rogger RT5880 Material 

2) TEFLON 

3) LTCC A6M 

3.1.1 Rogger RT5880 

A microstrip patch antenna was designed to operate at 60 GHz utilizing Rogers RT5880 

substrate material, which has a relative permittivity of 2.2 and a height of 0.254 mm, known 

for its favorable dielectric qualities. The choice of Rogers RT5880 was crucial because of its 

low loss tangent and high dielectric constant, which are ideal for millimeter-wave applications 
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like 5G communication networks. Table 3.1 details the calculated values necessary for 

designing a single-element patch antenna. The characteristics were calculated to guarantee the 

best performance in impedance matching, radiation efficiency, and directivity at the required 

operating frequency. The dimensions of the patch antenna were calculated by meticulous 

calculations and simulations, considering the substrate material qualities and the intended 

operating frequency. 

The outcomes from the patch antenna created with Rogers RT5880 substrate material 

are quite encouraging and is represented below. The S11 value, reflecting the antenna's 

reflection coefficient, shows superb impedance matching with the feeding network. A graph of 

the S11 parameter illustrates the impedance bandwidth attained and confirms the efficiency of 

the design technique. The antenna's radiation characteristics, such as its 1D and 3D gain 

patterns, are revealed by a thorough examination. The 1D gain pattern shows the antenna's 

radiation strength in a certain plane, while the 3D gain pattern displays the antenna's radiation 

qualities in all directions. The gain patterns demonstrate the antenna's directivity and radiation 

efficiency, which are essential for assessing its performance in real-world situations. Various 

perspectives of the antenna model created with Rogers RT5880 are shown to provide a full 

understanding of its geometry and construction. The perspectives offer a thorough 

comprehension of the physical arrangement of the antenna, assisting in evaluating the 

feasibility of manufacture and eventual incorporation into larger antenna arrays or systems. 

The combination of Rogers RT5880 substrate material, careful design considerations, 

and simulations has led to the creation of a high-performance microstrip patch antenna that 

operates at 60 GHz. The results demonstrate the effectiveness of the design approach and open 

the possibility for its use in antenna array designing and next millimeter-wave communication 

systems, such as 5G and beyond.     

3.1.1.1 Single element microstrip patch antenna design using Roggers RT5880. 

Table 3.1 represents the parameters and the calculated dimensions (mm) for the design 

patch antenna for single element using Roggers RT5880 material. 
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Table 3-1: Single Element Antenna Parameters using Rogger RT5880 material. 

Parameters Demission’s 

(mm) 

Parameters Demission’s 

(mm) 

Weight of Patch 1.976 Length of Patch 1.518 

Weight of ground 3.5 Length of Ground 3.042 

Weight of Substrate 3.5 Length of Substrate 3.042 

Height of Copper 

cladding 

0.018 Height of Substrate 

material 

0.254 

Dielectric constant 2.2 Material Rogger RT 5880 

Weight of Patch Cut 0.15 Height of Patch Cut 0.50 

Weight of Ground Cut 0.90 Height of Ground Cut 0.41 

Width of Feedline 0.80 Length of Feedline 0.76 

Gain 5.94 Directivity 7.9 

Reflection Coefficient -52.593 Bandwidth 3251MHz 

Input Impedance 47.898 ohm   

 

The below results show the of microstrip antenna for single element at 60GHz using 

Rogger RT5880 material as a substrate, Figure 3.1 shows the front side of designed antenna. 

Figure 3.2 displays the design antenna from behind and to the sides. 

 

Figure 3.1: Front view of single element antenna using Rogger RT5880. 



18 

 

 

Figure 3.2: Side and back view of single element patch antenna using Rogger 

RT5880. 

The graph below represents the bandwidth of the design microstrip antenna for 5G 

systems. In the graph, we can observe that the S11 parameters or Reflection Coefficient is 

lower than -10 dB, with a total bandwidth of 3251MHz. 

 

Figure 3.3: S parameter of single element patch antenna using Rogger RT5880. 

The graph below represents the reference impedance of the design microstrip antenna 

for 5G wireless communication systems at the feedline. In the graph, we can observe reference 

impedance of the designed microstrip antenna for single element is around 50 ohm (47.898 

ohm) 
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Figure 3.4: Input impedance of single element patch antenna using Rogger 

RT5880. 

Figures 3.5 and 3.6 represent the Gain in polar and 3D form of the design patch antenna 

for 5G systems respectively. 

 

Figure 3.5: Gain of single element patch antenna in polar form using Rogger 

RT5880. 

 

Figure 3.6: Gain of single element patch antenna in 3D form using Rogger 

RT5880. 
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3.1.2 Teflon  

During this phase of the research, we focused on the detailed design process of a single 

element microstrip patch antenna operating at 60 GHz. We used TEFLON as the substrate 

material with a dielectric constant of 2 and a substrate height of 0.254 mm. The precise 

dimensions listed in Table 3.2 played a crucial role in optimizing antenna performance by 

considering impedance matching, radiation efficiency, and directivity at the specified 

frequency. By conducting thorough calculations and simulations, we have identified the design 

parameters required to achieve high-performance characteristics. 

The outcomes of the microstrip antenna designed with TEFLON substrate material 

demonstrated promising results below. The S11 parameter graph showcased exceptional 

impedance matching, suggesting seamless integration with the feeding network. 

Simultaneously, a thorough examination of the antenna's radiation characteristics, 

encompassing 1D and 3D gain patterns, offered valuable insights into its directional radiation 

properties and efficiency. Furthermore, various perspectives of the antenna model provided a 

thorough analysis of its physical structure and geometry, aiding in comprehending fabrication 

feasibility and potential integration into larger antenna arrays or systems. 

From a wider point of view, this project highlights the importance of careful design 

planning and simulations in creating high-performance microstrip antennas for millimeter-

wave applications. Using TEFLON substrate material, with its beneficial dielectric properties, 

offers an effective solution for achieving optimal antenna performance at 60 GHz. This 

research significantly contributes to the continuous progress in wireless communication 

technology, leading to improved performance and reliability in high-frequency communication 

systems. 

3.1.2.1 Single element microstrip patch antenna design using Teflon. 

Table 3.2 represents the parameters and the calculated dimensions (mm) for the design 

single-element microstrip patch antenna using TEFLON material. 
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Table 3-2: Single Element Antenna Parameters using TEFLON material. 

Parameters  Demission’s 

(mm) 

Parameters Demission’s 

(mm) 

Weight of Patch  2.20 Length of Patch  1.607 

Weight of ground 3.724 Length of Ground 3.131 

Weight of Substrate 3.724 Length of Substrate  3.131 

Height of Copper 

cladding 

0.018 Height of Substrate 

material 

0.254 

Dielectric constant 2 Material TEFLON 

Weight of Patch Cut 0.15 Height of Patch Cut 0.50 

Weight of Ground Cut  0.90 Height of Ground Cut 0.41 

Width of Feedline 0.802 Length of Feedline 0.76 

Gain 6.29 Directivity 8.14 

Reflection Coefficient -22.048 Bandwidth 2668 MHz 

Input Impedance 50.02 ohm   

 

The below results show the single element microstrip patch antenna at 60GHz using 

Teflon material as a substrate, Figure 3.7 shows the front side of designed antenna. Figure 3.8 

displays the design antenna from behind and to the sides. 

 

Figure 3.7: Front view of single element antenna using Teflon. 
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Figure 3.8: Side and back view of single element patch antenna using Teflon. 

The graph below represents the bandwidth of microstrip antenna for 5G systems. In the 

graph, we can observe that the S11 parameters or Reflection Coefficient is lower than -10 dB, 

with a total bandwidth of 2668MHz. 

 

Figure 3.9: S parameter of single element patch antenna using Teflon. 

The graph below represents the reference impedance of the design microstrip antenna 

for 5G wireless communication systems at the feedline. In the graph, we can observe reference 

impedance of the designed microstrip antenna for single element is perfectly at 50 ohm. 
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Figure 3.10: Input impedance of single element patch antenna using Teflon. 

The figure 3.11 and 3.12 represent the Gain in polar and 3D form of single element of 

microstrip patch antenna for 5G systems respectively. 

 

Figure 3.11: Gain of single element patch antenna in polar form using Teflon. 

 

Figure 3.12: Gain of single element patch antenna in 3D form using Teflon. 
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3.1.3 LTCC A6M 

This section delves into the design and analysis of a single-element microstrip patch 

antenna operating at 60 GHz, using LTCC A6M as the substrate material. By conducting 

detailed calculations and simulations, we identified the crucial parameters necessary for 

enhancing antenna performance. Table 3.3 displays these parameters, including impedance 

matching, radiation efficiency, and directivity. The results show impressive characteristics, 

with the S11 parameter graph demonstrating around 31 ohms reference impedance and a 

thorough analysis highlighting efficient radiation properties.  

Moreover, the thorough analysis includes studying both 1D and 3D gain patterns, 

offering valuable insights into the antenna's directional radiation characteristics. Examining 

various perspectives of the antenna model provides a comprehensive insight into its geometry 

and structure, facilitating the evaluation of fabrication feasibility and potential incorporation 

into broader antenna arrays or systems.  

This study significantly enhances antenna design methodologies, specifically in the 

field of high-frequency communication systems. Using LTCC A6M substrate material and 

careful design considerations, we improved our knowledge of effective microstrip patch 

antenna design. These findings not only enhance the field but also have important implications 

for the advancement of future wireless communication technologies.  

3.1.3.1 Single element microstrip patch antenna design using LTCC A6M 

 Table 3.3 represents the parameters and the calculated dimensions (mm) for the design 

single-element microstrip patch antenna using LTCC A6M material. 

Table 3-3: Single Element Antenna Parameters using LTCC A6M material. 

Parameters  Demission’s 

(mm) 

Parameters Demission’s 

(mm) 

Weight of Patch  2.19 Length of Patch  1.7 

Weight of ground 3.714 Length of Ground 3.224 

Weight of Substrate 3.714 Length of Substrate  3.224 

Height of Copper 

cladding 

0.018 Height of Substrate 

material 

0.254 

Dielectric constant 5.9 Material LTCC A6M 
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Weight of Patch Cut 0.15 Height of Patch Cut 0.50 

Width of Feedline 0.770 Length of Feedline 0.76 

Gain 3.78 Directivity 5.61 

Reflection Coefficient -25.155 Bandwidth 1743 MHz 

Input Impedance 31.93 ohm   

 

The below results show the single element microstrip patch antenna at 60GHz using 

LTCC A6M material as a substrate, Figure 3.13 shows the front side of designed antenna. 

Figure 3.14 displays the design antenna from behind and to the sides. 

 

Figure 3.13: Front view of single element antenna using LTCC A6M. 

 

Figure 3.14: Side and back view of single element patch antenna using LTCC A6M. 

The graph below represents the bandwidth of microstrip antenna for 5G systems. In the 

graph, we can observe that the S11 parameters or Reflection Coefficient is lower than -10 dB, 
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with a total bandwidth of 1743MHz. 

 

Figure 3.15: S parameter of single element patch antenna using LTCC A6M. 

The graph below represents the reference impedance of the design microstrip antenna 

for 5G wireless communication systems at the feedline. In the graph, we can observe reference 

impedance of the designed microstrip antenna for single element is 31.93 ohm. 

 

Figure 3.16: Input impedance of single element patch antenna using LTCC A6M. 

The figure 3.17 and 3.18 represent the Gain in polar and 3D form of single element of 

microstrip patch antenna for 5G systems respectively. 
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Figure 3.17: Gain of single element patch antenna in polar form using LTCC A6M. 

 

Figure 3.18: Gain of single element patch antenna in 3D form using LTCC A6M. 

3.2 Conclusion 

Comparing single-element patch antennas made from three different substrate materials 

highlights the importance of substrate choice in antenna design. Rogers RT5880 and Teflon 

substrates have specific strengths: Rogers excels in bandwidth and reflection coefficient, while 

Teflon has greater gain, directivity, and impedance matching at 60 GHz. In comparison, LTCC 

A6M substrate underperforms. The results offer important information for improving antenna 

designs for certain uses, highlighting the importance of analyzing substrate characteristics to 

reach desired performance standards. 
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4 Microstrip Patch Antenna Array 

This thesis chapter delves into the detailed design and analysis of two and four-element 

antenna arrays operating at 60 GHz, moving beyond single-element patch antennas. Expanding 

on the foundation established in the prior chapter, which involved the detailed creation of 

single-element patch antennas using three different dielectric substrates with varying heights 

and dielectric constants, the focus now shifts to multi-element configurations. Utilizing the 

knowledge gained from the individual designs, the chapter aims to evaluate how antenna arrays 

perform with various substrate material compositions.  

By using the CST Studio Suite software, thorough simulations and analyses are 

performed to assess the suggested antenna array configurations. By incorporating quarter-wave 

transformers, the antenna arrays' performance and efficiency are significantly improved due to 

the optimal impedance matching between the radiating patches and the transmission line. By 

carefully planning and continuously improving, the chapter seeks to explain how dielectric 

substrate properties affect the radiation characteristics, gain, and directivity of antenna arrays 

in different wireless applications.  

This chapter provides valuable insights into the design and optimization of phased array 

antennas by systematically analyzing the performance of two and four-element antenna arrays 

using three different substrate materials listed below. Comparing different materials helps 

understand how they affect antenna performance, which can lead to improvements in design 

and better choices for specific applications.  

• Rogger RT5880 

• TEFLON 

• LTCC A6M 

4.1 Design  

The next step in this research project is to develop microstrip patch antenna arrays with 

two and four elements, building upon the original single-element design. We use the knowledge 

acquired from designing single elements to carefully plan and execute combinations with 

several elements. We used three different dielectric substrates (Roggers RT5880, Teflon, and 

LTCC A6M) with varied heights and dielectric constants in this study, similar to the single-

element design. We will assess the performance of the antenna arrays on various substrate 

materials through detailed simulations and analyses. We aim to optimize design parameters to 
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ensure improved performance in 5G wireless communication scenarios by examining aspects 

such as impedance matching, radiation efficiency, and directivity. The creation of microstrip 

patch antenna arrays with two and four elements is a significant step forward in achieving a 

phased antenna system designed for 5G wireless applications. This work contributes to the 

advancement of wireless communication technologies and facilitates the integration of 

improved antenna systems into the 5G ecosystem. 

4.1.1 Antenna Array using Rogger RT5880 

4.1.1.1 Two Elements Microstrip Patch Antenna Array using Rogger RT5880. 

Table 4.1 represents the parameters and the calculated dimensions (mm) for the design 

two-element microstrip patch antenna array using Rogger RT5880 material. 

Table 4-1: Two Elements Antenna Array Parameters using Rogger RT5880 

material. 

Parameters (2) Demission’s (mm) Parameters Demission’s (mm) 

Weight of Patch 1.20 Length of Patch 1.375 

Weight of ground 5.60 Length of Ground 4.11 

Weight of Substrate 5.60 Length of Substrate 4.11 

Height of Copper 

cladding 

0.018 Height of Substrate 

material 

0.254 

Dielectric constant 2.2 Material Rogger RT 5880 

Weight of Patch Cut 0.15 Height of Patch Cut 0.50 

Weight of Ground 

Cut 

1.20 Height of Ground 

Cut 

0.4 

Width of Feedline 0.228/0.452/0.785 Length of Feedline 0.76 

Gain 7.64 Directivity 8.66 

Reflection 

Coefficient 

-28.77 Bandwidth 3222 MHz 

Input Impedance 48.43 ohm   

The below results show the two elements microstrip patch antenna array at 60GHz 

using Rogger RT5880 material as a substrate, Figure 4.1 shows the front side of designed 

antenna. Figure 4.2 displays the design antenna from behind and to the sides.  



30 

 

 

Figure 4.1: Front side view of two elements patch antenna array using Roggers 

RT5880. 

 

Figure 4.2: Side and back side view of two elements patch antenna array using 

Roggers RT5880. 

The graph below represents the bandwidth of two elements microstrip antenna array for 

5G systems. In the graph, we can observe that the S11 parameters or Reflection Coefficient is 

lower than -10 dB, with a total bandwidth of 3222MHz. 

 

Figure 4.3: S parameter of two elements patch antenna array using Roggers 

RT5880. 
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The graph below represents the reference impedance of the two elements microstrip 

antenna array for 5G wireless communication systems at the feedline. In the graph, we can 

observe reference impedance of the designed microstrip antenna array for single element is 

around 50 ohm (48.43 ohm). 

 

Figure 4.4: Input impedance of two elements patch antenna array using Roggers 

RT5880. 

The figure 4.5 and 4.6 represent the Gain in polar and 3D form of two elements of 

microstrip patch antenna for 5G systems respectively. 

 

Figure 4.5: Gain of two elements patch antenna array in polar form using Roggers 

RT5880. 
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Figure 4.6: Gain of two elements patch antenna array in 3D form using Roggers 

RT5880. 

4.1.1.2 Four Elements Microstrip Patch Antenna Array using Roggers RT5880. 

Table 4.2 represents the parameters and the calculated dimensions (mm) for the design 

four-element microstrip patch antenna array using Rogger RT5880 material. 

Table 4-2: Four Elements Antenna Array Parameters using Rogger RT5880 

material. 

Parameters (4) Demission’s (mm) Parameters Demission’s (mm) 

Weight of Patch  1.37 Length of Patch  1.375 

Weight of ground 12.04 Length of Ground 5.33 

Weight of Substrate 12.04 Length of Substrate  5.33 

Height of Copper 

cladding 

0.018 Height of Substrate 

material 

0.254 

Dielectric constant 2.2 Material Rogger RT 5880 

Weight of Patch Cut 0.15 Height of Patch Cut 0.50 

Weight of Ground 

Cut  

1.50 Height of Ground 

Cut 

1.25 

Width of Feedline 0.228/0.452/0.785 Length of Feedline 0.76 

Gain 10.5 Directivity 11.9 

Reflection 

Coefficient 

-42.315 Bandwidth 3970 MHz 

Input Impedance 48.85 ohm   
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The below results show the four elements microstrip patch antenna array at 60GHz 

using Rogger RT5880 material as a substrate, Figure 4.7 shows the front side of designed 

antenna. Figure 4.8 displays the design antenna from behind and to the sides. 

 

Figure 4.7: Front view of four elements patch antenna array using Roggers 

RT5880. 

 

Figure 4.8: Side and back view of four elements patch antenna array using Roggers 

RT5880. 

The graph below represents the bandwidth of four elements microstrip antenna for 5G 

systems. In the graph, we can observe that the S11 parameters or Reflection Coefficient is 

lower than -10 dB, with a total bandwidth of 3970MHz. 

 

Figure 4.9: S parameter of four elements patch antenna array using Roggers 

RT5880. 
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The graph below represents the reference impedance of the design microstrip antenna 

for 5G wireless communication systems at the feedline. In the graph, we can observe reference 

impedance of the designed microstrip antenna for single element is around 50 ohm (48.85 

ohm). 

 

Figure 4.10: Input impedance of four elements patch antenna array using Roggers 

RT5880. 

The figure 4.11 and 4.12 represent the Gain in polar and 3D form of four elements of 

microstrip patch antenna for 5G systems respectively. 

 

Figure 4.11: Gain of four elements patch antenna array in polar form using 

Roggers RT5880. 
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Figure 4.12: Gain of four elements patch antenna array in 3D form using Roggers 

RT5880. 

4.1.2 Antenna Array using Teflon. 

4.1.2.1 Two-elements microstrip patch antenna array using Teflon.  

Table 4.3 represents the parameters and the calculated dimensions (mm) for the design 

two-element microstrip patch antenna array using TEFLON material. 

Table 4-3: Two Elements Antenna Array Parameters using TEFLON material. 

Parameters (2) Demission’s (mm) Parameters Demission’s 

(mm) 

Weight of Patch  1.97 Length of Patch  1.93 

Weight of ground 7.23 Length of Ground 4.70 

Weight of Substrate 7.23 Length of Substrate  4.70 

Height of Copper 

cladding 

0.018 Height of Substrate 

material 

0.254 

Dielectric constant 2 Material TEFLON 

Weight of Ground Cut  1  Height of Ground Cut 0.45 

Width of Feedline 0.248/0.484/0.802 Length of Feedline 0.76 

Gain 8.1 Directivity 9.49 

Reflection Coefficient -33.27 Bandwidth 2227 MHz 

Input Impedance 49.47 ohm   
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The below results show the two elements microstrip patch antenna array at 60GHz 

using Teflon material as a substrate, Figure 4.13 shows the front side of designed antenna. 

Figure 4.14 displays the design antenna from behind and to the sides. 

 

Figure 4.13: Front view of two elements patch antenna array using Teflon. 

 
Figure 4.14: Side and back side view of two elements patch antenna array using 

Teflon. 

The graph below represents the bandwidth of two elements of microstrip antenna array 

for 5G systems. In the graph, we can observe that the S11 parameters or Reflection Coefficient 

is lower than -10 dB, with a total bandwidth of 2727MHz. 
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Figure 4.15: S parameter of two elements patch antenna array using Teflon. 

The graph below represents the reference impedance of the design microstrip antenna 

array for 5G wireless communication systems at the feedline. In the graph, we can observe 

reference impedance of the designed microstrip antenna for two elements is around 50 ohm 

(49.47 ohm). 

 

Figure 4.16: Input impedance of two elements patch antenna array using Teflon. 

The figure 4.17 and 4.18 represent the Gain in polar and 3D form of two elements of 

microstrip antenna for 5G systems respectively. 
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Figure 4.17: Gain of two elements patch antenna array in polar form using Teflon. 

 

Figure 4.18: Gain of two elements patch antenna array in 3D form using Teflon. 

4.1.2.2 Four-element microstrip patch antenna array using Teflon. 

Table 4.4 represents the parameters and the calculated dimensions (mm) for the design 

four-element microstrip patch antenna array using TEFLON material. 

Table 4-4: Four Elements Antenna Array Parameters using TEFLON material. 

Parameters (4) Demission’s (mm) Parameters Demission’s 

(mm) 

Weight of Patch  1.575 Length of Patch  1.8 

Weight of ground 13.13 Length of Ground 5.82 



39 

 

Weight of Substrate 13.13 Length of Substrate  5.82 

Height of Copper 

cladding 

0.018 Height of Substrate 

material 

0.254 

Dielectric constant 2 Material TEFLON 

Weight of Ground Cut  1.35  Height of Ground Cut 0.50 

Width of Feedline 0.248/0.484/0.802 Length of Feedline 0.76 

Gain 9.91 Directivity 11.1 

Reflection Coefficient -33.27 Bandwidth 1094 MHz 

Input Impedance 50 ohms   

 

The below results show the four elements microstrip patch antenna array at 60GHz 

using Teflon material as a substrate, Figure 4.19 shows the front side of designed antenna. 

Figure 4.20 displays the design antenna from behind and to the sides. 

 

Figure 4.19: Front side view of four elements patch antenna array using Teflon. 

 

Figure 4.20: Side and back side view of four elements patch antenna array using 

Teflon. 

The graph below represents the bandwidth of four elements microstrip antenna for 5G 

systems. In the graph, we can observe that the S11 parameters or Reflection Coefficient is 

lower than -10 dB, with a total bandwidth of 1094MHz. 
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Figure 4.21: S parameter of four elements patch antenna array using Teflon. 

The graph below represents the reference impedance of the design of four elements 

microstrip antenna array for 5G wireless communication systems at the feedline. In the graph, 

we can observe reference impedance of the designed microstrip antenna for single element is 

50 ohms. 

 

Figure 4.22: Input impedance of four elements patch antenna array using Teflon. 

Figures 4.23 and 4.24 represent the Gain in polar and 3D form of four elements of 

microstrip antenna array for 5G systems respectively. 
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Figure 4.23: Gain of four elements patch antenna array in polar form using Teflon. 

 

Figure 4.24: Gain of four element patch antenna array in 3D form using Teflon. 

4.1.3 Antenna Array using LTCC A6M 

4.1.3.1 Two-elements microstrip patch antenna array using LTCC A6M. 

 Table 4.5 represents the parameters and the calculated dimensions (mm) for the design 

two-element microstrip patch antenna array using LTCC A6M material. 

Table 4-5: Two Elements Antenna Array Parameters using LTCC A6M material. 

Parameters (2) Demission’s 

(mm) 

Parameters Demission’s 

(mm) 

Weight of Patch  2.19 Length of Patch  1.75 

Weight of ground 6.93 Length of Ground 4.22 
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Weight of Substrate 6.93 Length of Substrate  4.22 

Height of Copper 

cladding 

0.018 Height of Substrate 

material 

0.254 

Dielectric constant 5.9 Material LTCC A6M 

Width of Feedline 0.075/0.19/0.38 Length of Feedline 0.76 

Gain 8.24 Directivity 8.86 

Reflection Coefficient -14.76 Bandwidth 2529 MHz 

Input Impedance 50.02 ohm   

 

The below results show the two elements microstrip patch antenna array at 60GHz 

using LTCC A6M material as a substrate, Figure 4.25 shows the front side of designed antenna. 

Figure 4.26 displays the design antenna from behind and to the sides. 

 

Figure 4.25: Front side view of two elements patch antenna array using LTCC A6M. 

 

Figure 4.26: Side and back side view of two elements patch antenna array using 

LTCC A6M. 
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The graph below represents the bandwidth of two elements of microstrip antenna array 

for 5G systems. In the graph, we can observe that the S11 parameters or Reflection Coefficient 

is lower than -10 dB, with a total bandwidth of 2529MHz. 

 

Figure 4.27: S parameters of two elements patch antenna array using LTCC A6M. 

The graph below represents the reference impedance of the design microstrip antenna 

array for 5G wireless communication systems at the feedline. In the graph, we can observe 

reference impedance of the designed microstrip antenna for two elements is 50 ohms. 

 

Figure 4.28: Input Impedance of two elements patch antenna array using LTCC 

A6M. 

The figures 4.29 and 4.30 represent the Gain in polar and 3D form of two elements of 

microstrip antenna for 5G systems respectively. 
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Figure 4.29: Gain of two elements patch antenna array in polar form using LTCC 

A6M. 

 

Figure 4.30: Gain of two elements patch antenna array in 3D form using LTCC 

A6M. 

4.1.3.2 Four-element microstrip patch antenna array using LTCC A6M. 

Table 4.6 represents the parameters and the calculated dimensions (mm) for the design 

four-element microstrip patch antenna array using LTCC A6M material. 

Table 4-6: Four Elements Antenna Array Parameters using LTCC A6M material. 

Parameters (4) Demission’s 

(mm) 

Parameters Demission’s 

(mm) 
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Weight of Patch  2.273 Length of Patch  2.45 

Weight of ground 13.71 Length of Ground 5.87 

Weight of Substrate 13.71 Length of Substrate  5.87 

Height of Copper 

cladding 

0.018 Height of Substrate 

material 

0.254 

Dielectric constant 5.9 Material LTCC A6M 

Width of Feedline 0.075/0.19/0.38 Length of Feedline 0.76 

Gain 8.35 Directivity 9.51 

Reflection Coefficient -26.65 Bandwidth 767 MHz 

Input Impedance 47.91 ohms   

 

The below results show the four elements microstrip patch antenna array at 60GHz 

using LTCC A6M material as a substrate, Figure 4.31 shows the front side of designed antenna. 

Figure 4.32 displays the design antenna from behind and to the sides. 

 

Figure 4.31: Front side view of four elements patch antenna array using LTCC 

A6M. 

 

Figure 4.32: Side and back view of four elements patch antenna array using LTCC 

A6M. 

The graph below represents the bandwidth of four elements microstrip antenna for 5G 

systems. In the graph, we can observe that the S11 parameters or Reflection Coefficient is 
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lower than -10 dB, with a total bandwidth of 767 MHz. 

 

Figure 4.33: S parameter of four elements patch antenna array using LTCC A6M. 

The graph below represents the reference impedance of the design of four elements 

microstrip antenna array for 5G wireless communication systems at the feedline. In the graph, 

we can observe reference impedance of the designed microstrip antenna for single element is 

around 50 ohms (47.91). 

 

Figure 4.34: Input impedance of four elements patch antenna array using LTCC 

A6M. 

The figures 4.35 and 4.36 represent the Gain in polar and 3D form of four elements of 

microstrip antenna array for 5G systems respectively. 
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Figure 4.35: Gain of four elements patch antenna array in polar form using LTCC 

A6M. 

 

Figure 4.36: Gain of four elements patch antenna array in 3D form using LTCC 

A6M. 
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5 Comparison and Analysis 

5.1 Discussion and Analysis of Single Element Patch Antenna. 

An investigation was conducted on a single-element patch antenna utilizing three 

distinct substrate materials: Roggers RT5880, Teflon, and LTCC A6M with dielectric 

constants of 2.2, 2, and 5.9, respectively. The study provided valuable insights into the 

performance of each material. After the design phase, antennas made with Roggers RT5880 

and Teflon substrates showed better performance than those made using LTCC A6M. An 

analysis of the findings in Table 5.1 reveals the unique characteristics of performance of each 

substrate material. 

Table 5-1: Comparison between design of single element antenna results. 

 

Rogers RT5880 exhibited a broader bandwidth and lower reflection coefficient 

compared to Teflon substrates, suggesting superior impedance matching with the feeding 

Name (Single Element) Roggers RT5880 Teflon Unit (mm) LTCC A6M 

Unit (mm) Unit (mm) Unit (mm) 

Width of Patch 1.976 2.2 2.19 

Length of Patch 1.518 1.607 1.7 

Width of Ground / 

Substrate. 

3.5 / 3.5 3.724 / 3.742 3.714 / 3.714 

Length of Ground / 

Substrate. 

3.042 / 3.042 3.131 / 3.131 3.224 / 3.224 

Height Substrate 0.254 0.254 0.254 

Height Cladding 0.018 0.018 0.018 

Width of Feed 0.8 0.802 0.770 

Gain 5.94 6.29  3.78 

Directivity 7.9 8.14 5.61 

Reflection Coefficient -52.593 at 

61.04GHz F 

-22.048 at 

59.9GHz F 

-25.155 at 60.24 

GHz F 

Bandwidth  3251Mhz 2686 MHz 1743 MHz  

Reference Impedance 47.898 Ohm 50.02 Ohm 31.93 Ohm  

Dielectric Const. 2.2 2 5.9 
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network. Teflon showed superior gain, directivity, and provided enhanced VSWR (Voltage 

Standing Wave Ratio), as well as improved impedance matching, particularly at the 60 GHz 

operating frequency. The results indicate that Roggers RT5880 has high bandwidth and low 

reflection coefficient, while Teflon has better performance in gain, directivity, and impedance 

matching at the appropriate frequency. 

The LTCC A6M substrate showed inferior performance in comparison to other 

substrates across different measurements. The antenna using LTCC A6M substrate did not 

perform as well as those using Rogers RT5880 and Teflon substrates, despite its higher 

dielectric constant. Substrate losses and impedance mismatch can affect antenna performance, 

emphasizing the significance of selecting the right substrate. 

Comparing single-element patch antennas made from three different substrate materials 

highlights the importance of substrate choice in antenna design. Rogers RT5880 and Teflon 

substrates have specific strengths: Rogers excels in bandwidth and reflection coefficient, while 

Teflon has greater gain, directivity, and impedance matching at 60 GHz. In comparison, LTCC 

A6M substrate underperforms. The results offer important information for improving antenna 

designs for certain uses, highlighting the importance of analyzing substrate characteristics to 

reach desired performance standards. 

5.2 Discussion and Analysis of Two Elements Array of Patch Antenna. 

An analysis was carried out on a two-element patch antenna array using three different 

substrate materials: Roggers RT5880, Teflon, and LTCC A6M, having dielectric constants of 

2.2, 2, and 5.9, respectively. The study offered useful insights into their comparative 

performances. Upon successful completion of the array design process, it was observed that all 

three materials exhibited improved performance compared to their individual-element 

counterparts. An extensive examination of the results highlights the distinct characteristics 

offered by each substrate material. 

Roggers RT5880 demonstrated notable advantages in terms of bandwidth and size 

reduction when compared to other materials. Despite its small size, it had a wider bandwidth 

compared to the other substrates. Teflon exhibited enhanced gain, directivity, reflection 

coefficient, and impedance matching in comparison to Rogers RT5880. These traits are ideal 

for applications requiring high-performance antennas. 
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Table 5-2: Comparison between design of two elements antenna array results. 

 

 

The LTCC A6M showed outstanding performance in terms of gain, directivity, and 

impedance matching, particularly at 50 ohms. This substrate material offered significant 

advantages, particularly in applications requiring precise impedance matching. However, its 

bandwidth and size performance may be limited. 

Comparing two-element patch antenna arrays using three different substrate materials 

emphasizes the importance of substrate selection in array design. Rogers RT5880 showed 

outstanding bandwidth and small dimensions, Teflon offered strong gain, directivity, and 

superb reflection coefficient, and LTCC A6M ensured precise impedance matching at 50 ohms. 

The findings provide valuable insights for improving array designs for specific purposes, 

emphasizing the need to comprehensively assess substrate properties to fulfil particular 

performance standards in antenna arrays. 

Name (Two Elements) Roggers RT5880 Teflon Unit (mm) LTCC A6M 

Unit (mm) Unit (mm) Unit (mm) 

Width of Patch 1.2 1.97 2.19 

Length of Patch 1.375 1.93 1.75 

Width of Ground / 

Substrate. 

5.60 / 5.60 7.23 / 7.23 6.93 / 6.93 

Length of Ground / 

Substrate. 

4.11 / 4.11 4.70 / 4.70 4.22 / 4.22 

Height Substrate 0.254 0.254 0.254 

Height Cladding 0.018 0.018 0.018 

Width of Feed 0.228/0.452/0.785 0.248/0.484/0.802 0.075/0.19/0.38 

Gain 7.64 8.1  8.24 

Directivity 8.66 9.49 8.86 

Reflection Coefficient -28.77 at 60.092 

GHz F 

-33.27 at 60.1 

GHz F 

-14.76 at 60.019 

GHz F 

Bandwidth  3222Mhz 2227 MHz 2529 MHz  

Reference Impedance 48.43 Ohm 49.47 Ohm 50.02 Ohm  

Dielectric Const. 2.2 2 5.9 
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5.3 Discussion and Analysis of Four Elements Array of Patch Antenna. 

An analysis was conducted on four-element patch antenna arrays using Rogers RT5880, 

Teflon, and LTCC A6M substrates with dielectric constants of 2.2, 2, and 5.9, respectively, to 

get valuable insights into their performance. Roggers RT5880 outperformed Teflon and LTCC 

A6M in both design and analysis, demonstrating superior qualities. An in-depth analysis of the 

findings emphasizes the unique benefits provided by Roggers RT5880 as a substrate material 

for high-frequency applications. 

Table 5-3: Comparison between design of four elements antenna array results. 

 

The Roggers RT5880 exhibited remarkable performance parameters such as high gain, 

directivity, wide bandwidth, and favorable VSWR. It showed better impedance matching and 

a smaller size compared to both Teflon and LTCC A6M substrates. Roggers RT5880 is the 

ideal substrate material for single-layer patch antennas in 5G communication systems at 60 

Name (Four Elements) Roggers RT5880 Teflon Unit (mm) LTCC A6M 

Unit (mm) Unit (mm) Unit (mm) 

Width of Patch 1.37 1.575 2.273 

Length of Patch 1.375 1.8 2.45 

Width of Ground / 

Substrate. 

12 / 12 13 / 13 13.71 / 13.71 

Length of Ground / 

Substrate. 

5.33 / 5.33 5.82 /5.82 5.87 / 5.87 

Height Substrate 0.254 0.254 0.254 

Height Cladding 0.018 0.018 0.018 

Width of Feed 0.228/0.452/0.785 0.248/0.484/0.802 0.075/0.19/0.38 

Gain 11.1 9.91 8.35 

Directivity 12.2 11.1 9.51 

Reflection Coefficient -42.315 at 59.49 

GHz F 

-33.27 at 60.28 

GHz F 

-26.65 at 60.021 

GHz F 

Bandwidth  3970 MHz 1094 MHz 767 MHz  

Reference Impedance 48.85 Ohm 50 Ohm 47.91 Ohm  

Dielectric Const. 2.2 2 5.9 
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GHz due to its attractive qualities. 

However, Teflon and LTCC A6M showed good performance but did not compare to 

the overall benefits provided by Roggers RT5880. Teflon exhibited superior gain, directivity, 

reflection coefficients, and impedance matching in comparison to LTCC A6M. Their 

performance was inferior when compared to the extensive capabilities of Roggers RT5880. 
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6 Conclusion  

This master thesis has focused on 5G wireless communication, specifically examining 

the problems and opportunities of the 60GHz frequency spectrum. We extensively analyze the 

usage of this spectrum, to address several challenges to implement 5G and to be ready for 

upcoming technologies like 6G. We have improved the performance of a microstrip patch array 

antenna for 5G applications. We first design and analyze it for some substrates, such as Rogger 

RT5880, Teflon and, LTCC A6M. 

The project found significant performance differences between several substrate 

materials. The Rogger RT5880 was especially remarkable in directivity, gain, wide bandwidth, 

sympathetic matching network and low mass production units. This new information provides 

important guidance for the design of antennas and selection techniques for substrates which 

are essential to progress in wireless communication technology. Our research exploits 

untalented antenna designs, economically efficient solutions, ecological problems and 

miniaturization of components at 60 GHz millimeter wave bands: a gap in existing literature 

now filled. We bridge the gap between what could theoretically be achieved and what can 

practically be done by putting these technologies into use-a restoration of the development 

situation of 5G. We enhance the current status of 5G technology and establish a solid 

groundwork for future developments, such as the eventual shift to 6G. 

The study provides useful practical ways to enhance 5G wireless communication 

performance by looking at crucial factors such as antenna size, impedance matching and 

antenna gain. What we did contributed toward discovering the hidden potentials of 5G devices 

in the 60GHz frequency range for the better efficient wireless network that can be more trusted 

and more powerful. However, it is not just that it helps to deal with existing difficulties in terms 

of 5G application, but it creates a way for further development for wireless communication. 

We revealed the best material of the substrate and size of a design of the developed antenna 

looking at today’s needs of wireless technologies that may result in developing further 

improved antennas specifically designed for modern wireless needs. 
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