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ABSTRACT

This research presents a novel design of a reflectarray antenna optimized for 5G
communication systems, specifically operating at a frequency of 28 GHz. The reflectarray
antenna structure incorporates unit cells to facilitate efficient operation in the 28 GHz
frequency band. With an array of individually controlled elements, the antenna offers precise
phase manipulation, enabling advanced beamforming and beam-steering capabilities. The
primary objective of this design is to achieve wideband performance, high-gain
characteristics, and enhanced coverage for 5G applicationsat 28 GHz. The performance and
feasibility of the proposed reflectarray antenna design are thoroughly evaluated through
extensive simulations and measurements, demonstrating its potential to significantly
improve the efficiency and reliability of 5G communication systems operating in the

millimeter-wave frequency range.



ABSTRAK

Penyelidikan ini membentangkan reka bentuk baru antena pemantul cahaya yang
mampu beroperasi pada frekuensi resonan, khususnya pada 28 GHz, untuk memenuhi
keperluan sistem komunikasi 5G. Struktur antena reflectarray menggabungkan sel unit
resonan, memudahkan operasi yang cekap pada frekuensi tersebut. Dengan pelbagai elemen
dikawal secara individu, antena menawarkan manipulasi fasa yang tepat, membolehkan
pembentukan pancaran termaju dan keupayaan sterengpancaran. Objektif utama reka bentuk
ini adalah untuk mencapai prestasi jalur lebar, ciri keuntungan tinggi, dan liputan yang
dipertingkatkan untuk aplikasi 5G. Prestasi dan kebolehlaksanaan reka bentuk antena
reflectarray yang dicadangkan dinilai secara menyeluruh melalui simulasi dan pengukuran
yang meluas, menunjukkan potensinya untuk meningkatkan kecekapan dan
kebolehpercayaan sistem komunikasi 5G yang beroperasi dengan ketara dalam julat

frekuensi gelombang milimeter.
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CHAPTER 1

INTRODUCTION

1.1 Background

The development of 5G communication systems has been prompted by the
evolution of wireless communication systems and the expanding demand for quick data
transmission. These systems require advanced antennatechnologies to enable reliable and
high-capacity wireless communication. Reflectarray antennas have emerged as a promising
solution due to their ability to provide beamformingand beam-steering capabilities, allowing
for efficient signal transmission and reception[1].

This project focuses on the design of a millimeter wave reflectarray antenna
operating at 28 GHz frequency, specifically tailored for 5G communication systems. The
antenna'’s resonance property allows for efficient operation in the 28 GHz frequency band,
providing flexibility in communication applications and ensuring compatibility with the
latest 5G standards. Millimeter waves (mmwaves), encompassing frequencies from 30 to
300 gigahertz, have emerged as a transformative force in wireless communication.
Particularly notable in the context of 5G networks, these waves enable unprecedented data
transmission speeds, low latency, and enhanced network capacity. The deployment of
millimeter-wave frequencies is pivotal in addressing the escalating demands for high-speed,
data-intensive communication systems. Beyond telecommunications, millimeter-wave
technology finds applications in imaging, sensing, and radar systems, thanks to its unique
characteristics such as high resolution and material penetration capabilities. Researchersand

engineers continually explore innovative solutions, including the optimization of antennas



like reflectarray antennas, to efficiently utilize and advance millimeter-wave technology.
This evolution marks a crucial era in wireless communication and broader technological
domains, unlocking new frontiers and possibilities.

To accomplish the antenna design, the Computer Simulation Technology (CST)
software will be utilized. CST provides a powerful platform for electromagnetic simulation
and analysis, enabling accurate modeling and evaluation of antenna performance. The
software's comprehensive features, suchas its ability to handle complex geometries, simulate
different materials, and analyze radiation patterns, make it an ideal tool for designing
reflectarray antennas.

The successful implementation of this project will result in the design of a
millimeter-wave reflectarray antenna for 5G communication systems. The antenna’s unique
properties, such as its single-band operation and beam-steering capabilities, will contribute
to the advancement of wireless communication technologies, enabling efficient and reliable
communication in the 5G era. The CST software will play a vital role in the design and
evaluation process, facilitating accurate simulation and optimization of the antenna’s

performance parameters.

1.2 Global and Societal Issues

It aims to identify the key challenges and considerations that arise from the antenna
designand its impactonaglobal scale, aswell as its societal implications. The reportfocuses
on two main areas: global issues, which encompass broader environmental concernsand the
digital divide, and societal issues, which include health and safety considerations, as well as
affordability and accessibility factors.

The deployment of 5G communication systems, including antennas, has significant

global implications. One of the main concerns is the environmental impact, as the increased



energy consumption and resource demands associated with 5G technology can contribute to
environmental degradation. The project should prioritize sustainability principles in the
antenna design process to minimize its environmental footprint and promote efficient
resource utilization. Additionally, the digital divide poses a challenge, with unequal access
to 5G communication systems across different regions and communities. The project should
aim to bridge this divide by considering the societal implications of the antenna design,
ensuring equitable access to 5G technology and fostering inclusivity.

A critical societal issue to address in the project is the potential health and safety
risks associated with 5G antennas. Concerns have been raised regarding the effects of
prolonged exposure to electromagnetic radiation. It is essential for the projectto adhere to
safety regulations and guidelines, designing the reflectarray antenna to minimize any
potential health risks for users and the surrounding environment. Moreover, affordability
and accessibility are significant considerations. The high costs of 5G technology can create
barriers to access, particularly in economically disadvantaged areas. The project should take
affordability and accessibility factors into account to develop a cost-effective antenna
solution that promotes wider adoption of 5G communication systems, ensuring inclusivity

and accessibility for all.

1.3 Challenges

Several key challenges need to be addressed in this project:

a) Millimeter Wave Design: Designing a millimeter wave reflectarray antenna capable
of operatingat28 GHz frequency posesatechnical challenge. Achievingthe required
phase shifts across the antenna aperture for optimal operation is crucial, requiring

careful design optimization and accurate modelling.



b) Radiation Pattern Optimization: Ensuring a high-gain and directive radiation
pattern is essential for efficient signal transmission and reception in 5G
communication systems. Designing the reflectarray elements to achieve the desired
radiation properties, including beam-steering capabilities, necessitates precise

modelling and optimization techniques.

¢) Bandwidth and Performance Requirements: The reflectarray antenna needs to
meet the specific bandwidth and performance requirements for 5G communication
systems. This includes achieving sufficient bandwidth, low return loss, and
minimizing cross-polarization levels to enhance the antenna's performance and

compatibility with 5G standards.

Addressingthese challenges is critical for the successful design of a millimeter wave
reflectarray antennausing CST software. The project seeks to overcome these obstacles and
deliver a well-optimized antenna design that meets the demands of 5G communication
systems, providing efficient and reliable wireless connectivity for various applications in the

5G era[2].

1.4 Problem Statement

The rapid growth and increasing demand for high-speed data transfer in wireless
communication systems have necessitated the development of advanced antenna
technologies for 5G communication systems. The design and implementation of a
millimeter-wave reflectarray antenna operating at 28 GHz frequency pose a significant
challenge. The problem at hand lies in achieving efficient beamforming and beam-steering

capabilities, along with optimal radiation properties, to enable reliable and high-capacity



wireless communication in 5G networks. In this work, an optimum performance reflectarray
antenna has been proposed with a resonance operating at 28 GHz for 5G communication

systems.

15 Project Objective

The project aims to achieve the following objectives:

a) To design a millimeter wave reflectarray unit cell and optimize the performance

based on scattering parameter results.

b) To design the periodic relectarray antenna and characterize the antenna's radiation

properties using simulations in CST Microwave Studio.

c) To optimize the performance of the proposed antenna in order to use it for 5G

communication systems.

1.6 Scope and Limitations of Project

The following is the project's scope:

e The project aimed to design a millimeter-wave reflectarray antenna operating at a
frequency of 28 GHz.

e The antenna was intended for use in 5G communication systems to provide high-
speed data transmission and improved network coverage.

o For the development, simulation, and evaluation of the reflectarray antennafor the

project, CST software was used.



o The development focused on optimizing the antenna’s radiation characteristics, gain,
directivity, and bandwidth at the specified operating frequency of 28 GHz.

e Theprojectconsidered variousdesign parameterssuchasreflectarray elementshape,
size, spacing, and phase distribution.

o Performance evaluation of the designed antenna was carried out using simulation

tools and compared against desired specifications.

The limitation of this project are as follows:

e Theprojectwas limited to the design and simulation of the reflectarray antenna using
CST software. Itdid not include the complete fabrication and prototyping process.

e The projectassumed ideal environmental conditions and isotropic radiation pattemns.
Real-world conditions and practical considerations were not fully addressed.

e The reflectarray design was based on the specific operating frequency of 28 GHz,
limiting its application to that frequency only.

e The projectdid not consider the effects of neighboring antennas, mutual coupling, or
interference from other sources, which could affect the overall performance.

e The accuracy of the simulation results was dependent on the accuracy of the input
parameters, material properties, and simulation models used in the CST software.

e Theprojectdid notexplore all possible design variations or optimizations due to time
and resource constraints.

e If conducted, the experimental validation of the antenna design may have had
limitations such as measurement inaccuracies, fabrication tolerances, and

environmental effects[3].



1.7 Summary

This project focused on designing a millimeter-wave reflectarray antenna for 5G
communication at a frequency of 28 GHz. The aim was to address challenges related to
reflectarray design, radiation pattern optimization, and meeting performance requirements.
By utilizing Computer Simulation Technology (CST) software, the project aimed to achieve
accurate modeling and evaluation of the antenna's performance. Objectives included
designing and optimizing unit cells, creating the periodic reflectarray antenna, and
simulatingits radiation properties. The project's scope coveredantennadesign, CST software
utilization for simulation and analysis, and optimizing radiation characteristics and
performance. Limitations included the exclusion of fabrication and prototyping, ideal
environmental assumptions, and neglecting neighboring antenna effects and interference.
Successful implementation contributed to wireless communication advancements, providing
an optimized millimeter-wave reflectarray antenna for 5G systems, with CST software

playing a crucial role in accurate simulation and optimization.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

In The demand for high-speed, low-latency, and reliable communication has
increased significantly with the advent of fifth generation (5G) communication systems.
Reflectarray antennas have emerged as a promising solution for 5G communication due to
their unique features such as high gain, low profile, and wideband operation. Reflectarray
antennas designed for millimeter-wave frequencies have attracted considerable attention,
with a particular focus on their ability to operate at multiple frequencies and polarization
states simultaneously. In this literature review, we will examine the recent developments in
the design and analysis of 28 GHz reflectarray antennas for 5G communication, with a focus

on the key challenges and opportunities associated with this emerging technology [4].

2.2 5G Communications Systems

Over the years, the field of communication has witnessed remarkable progress, and
one of the most significant advancements is the introduction of the 5G communication
system. 5G, also known as the fifth generation of wireless technology, is transforming the
way we connect and communicate, offering lightning-fast speeds, ultra-low latency, and
extensive connectivity. This revolutionary technology is paving the path for a new era of
innovation and digital transformation[5].

The evolution of mobile communication began with the emergence of the first
generation (1G) in the 1980s, which facilitated basic voice calls but lacked data capabilities.

Subsequently, the second generation (2G) brought forth digital networks, enabling text



messaging and introducing the concept of roaming. A major milestone was achieved with
the arrival of the third generation (3G), which provided mobile internet access, faster data
speeds, and the ability to make video calls. However, these early generations primarily
focused on voice and had limited data services[5].

The introduction of the fourth generation (4G) marked a significant leap for mobile
networks, delivering substantial improvements in speed, capacity, and data capabilities.
With 4G, users gained faster internet browsing, video streaming, and access to mobile
applications. Nevertheless, as the demand for more advanced services grew, the limitations
of 4G became evident. This led to the development of the fifth generation (5G), which
surpasses its predecessors on multiple fronts.5G offers unmatched speeds, u ltra-low latency,
and increased capacity, positioning it as the foundation for cutting-edge technologies like
autonomous vehicles, 10T devices, smart cities, and augmented reality. Moreover, 5G
utilizes advanced technologies such as network slicing and beamforming to ensure efficient

resource utilization and improved connectivity, even in densely populated areas[20].

2.3 Reflectarray for 5G communications

2.3.1  Dual-Band Dual-Linear Polarization Reflectarray for mmwWaves/5G

Applications

The article "Dual-Band Dual-Linear Polarization Reflectarray for mmWaves/5G
Applications” proposed by Costanzo et al. (2019) presents a dual-band dual-linear
polarization reflectarray antenna with square patches printed on a thin substrate with a
ground plane. The antennaoperatesat28 GHz and 38 GHz, providinga gain of 19.2 dBiand
20.6 dBi, respectively. The dual-linear polarization feature of the antenna helps to improve
the system capacity and reduce the effect of polarization mismatch. The antenna's design

involves adjusting the patch size and spacing to achieve dual-band operation and using the



polarization rotation technique to achieve dual-linear polarization. The simulation results
showed that the proposed antenna has a high gain, low sidelobe level, and good radiation
pattern. Although this antennais a viable option for mmWaves/5G applications, more study
is necessary to improve the layout and efficiency of these antennas for various scenarios and

applications[6].

Measurement setup
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Figure 2.1 The setup for measuring the reflection phase and the prototype of
a dual-band/dual-polarized array.
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Figure 2.2 The radiation patterns for X-polarization were measured and
simulated at two different frequencies. At frequency (a) f1 of 28.7GHz and
frequency (b) f2 of 32.8GHz, both the measured and simulated radiation

patterns were analyzed.
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2.3.2  Design of compact millimeter wave massive MIMO dual-band (28/38 GHz)
antenna array for future 5G communication systems

Ali et al. (2016) proposed a compact dual-band massive MIMO antenna array for
future 5G communication systems. The design consists of a 4x4 antenna array that operates
at 28 GHz and 38 GHz, with a compactsize of 10x10 mmz2. The authors used a corporate
feeding technique and substrate-integrated waveguide (SIW) structure to improve the
antenna's performance, resulting in a reduced size and mutual coupling. The simulation
results showed thatthe proposed antennaarray has agood impedance bandwidth, low mutual
coupling, and high gain, outperforming the traditional patch antenna array. This antenna
array is a promising solution for future 5G communication systems, but further research is

needed to optimize its design and performance for different applications and scenarios[7].

Figure 2.3 The arrangement of a massive multiple-input multiple-output
(MIMO) array.
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Figure 2.4 The normalized realized gain patterns of three array antennas
were examined for switched beam scanning. The analysis included two
different frequencies: (a) 28 GHz and (b) 38 GHz.

2.3.3  Evolutionary design of a dual band E-shaped patch antenna for 5G mobile

communications

The project "Evolutionary design of a dual band E-shaped patch antenna for 5G
mobile communications” proposed by Goudos et al. (2020) presents an evolutionary design
method for applications in need of a 5G mobile communication dual-band E-shaped patch
antenna. The antenna operatesat 3.5 GHz and 28 GHz with a good impedance bandwidth,
gain, and radiation pattern. The authors used the Genetic Algorithm (GA) to optimize the
design of the antenna. According to the simulation results, the proposed antenna performs
better when it comes to bandwidth of impedance and gain than the conventional rectangular
patch antenna. This study provides a promising solution for 5G mobile communication
applications by using the E-shaped patch antenna, which is known for its low profile, simple
design, and easy integration with a mobile device. To improve the design and functionality

of these antennas for a variety of scenarios and applications, more study is necessary [8].
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Figure 2.5 The shape and structure of an aperture-coupled E-shaped patch
antenna
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Figure 2.6 The three-dimensional radiation pattern of the optimal design
was examined at two distinct frequencies: (a) 25 GHz and (b) 37 GHz.
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2.3.4  Design of a Wideband Reflectarray Element for Dual Band Operation in 5G

Communications

The project "Design of a Wideband Reflectarray Element for Dual Band Operation
in 5G Communications" proposed by Bashir etal. (2021) presents the design of a wideband
reflectarray element for dual-band operation in 5G communications. The proposed element
is designed to operate at two frequency bands: 3.3-3.6 GHz and 26.5-29.5 GHz. The authors
used a circular patch with a cross-shaped slot as the radiating elementand a four-arm spiral
feed for improved performance. The proposed reflectarray element showed a wideband
impedance bandwidth of 12.4% at the lower band and 15.4% at the higher band, as well as
a high gain and low cross-polarization level. The proposed element is a promising solution
for dual-band operationin 5G communications, but further research is needed to optimize

its design and performance for different applications and scenarios[9].
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Figure 2.7 Design of a Wideband Reflectarray Element for Dual Band
Operation in 5G Communications
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2.35  Asingly fed dual-band microstrip antenna for microwave and millimeter-
wave applications in 5G wireless communication

The project "A singly-fed dual-band microstrip antenna for microwave and
millimeter-wave applications in 5G wireless communication™ proposed by Guo et al. (2021)
presents the design and analysis of a singly fed dual-band microstrip antenna for microwave
and millimeter-wave applications in 5G wireless communication systems. The proposed
antennaconsists of arectangular patchwith a T-shaped feed line on a substrate with a ground
plane. The antenna operates at two frequency bands, 3.3-3.7 GHz and 27.2-30 GHz, with a
compact size and high radiation efficiency. The simulation and measurement results
demonstrated the proposed antenna'sexcellent performance, with a maximum gain of 7.2
dBi and 10.7 dBi at the lower and higher bands, respectively. The proposed antenna’s
compact size, low profile, and low cost make it a promising solution for 5G wireless
communication systems, particularly for mobile and portable devices. However, further
research is needed to optimize the proposed antenna's performance for different applications

and scenarios[10].

Figure 2.8 A prototype of the single-port dual-band antenna design under
consideration
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(b}

Figure 2.9 The radiation patterns of the prototype were both measured and

simulated at two different frequency bands. (a) At frequencies of 4.83 and

4.9 GHz within the MW (Microwave) band. (b) At frequencies of 24.74 and
27.57 GHz within the MMW (Millimeter Wave) band.
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2.3.6  Dual-Band Reflectarray Antennas Using Integrated Resonant and Non-
Resonant Natures of Metallic Waveguide Elements at Millimeter Wave

Frequencies

The project "Dual-Band Reflectarray Antennas UsingIntegrated Resonantand Non-
Resonant Natures of Metallic Waveguide Elements at Millimeter Wave Frequencies”
proposed by Chouetal. (2023) presentsanovel approach to designingdual-bandreflectarray
antennas for millimeter-wave frequencies. The authors used a combination of resonant and
non-resonant metallic waveguide elements to achieve two operating frequencies, namely 28
GHz and 38 GHz. The proposed antennas demonstrated excellent performance in terms of
gain, efficiency, and return loss, with a maximum gain of 20 dBi and a bandwidth of 3.1
GHzat the lowerbandand 2.8 GHz atthe higher band. The proposedapproachisa promising
solution for designing dual-band reflectarray antennas for 5G and other millimeter-wave
communication systems, particularly for applications requiring high gain, low profile, and
wideband operation. To optimise the structure and efficiency of these types of antennas for

various scenarios and applications, additional study is necessary [11].
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Figure 2.10 The structure of the waveguide reflecting element and the
mechanisms involved in scattering for both non-resonant and resonant
modes
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Figure 2.11 The dual-band reflectarray antenna exhibits radiation patterns
on the two main planes at 28 and 60 GHz. In (a), the radiation pattern is

observed at 28 GHz, while in (b), it is observed at 60 GHz. In both cases,
the antenna beams are aligned with the antenna's boresight directions.
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2.3.7  Wideband Millimeter-Wave Microstrip Reflectarray Using Dual-Resonance
Unit Cells

In this literature review, the research conducted by the authors Xiaoyue et al. (2019)
focuses on a wideband millimeter-wave reflectarray antenna. The review investigates the
proposed design scheme, which begins with the introduction of a new dual-resonance unit
cell utilizing the microstrip technique. This unit cell offers an approximately linear phase
response range of 0°-360° and exhibits nearly parallel phase response curves within a broad
band, resulting in an expanded operating bandwidth for the reflectarray antenna.
Subsequently, the authors design, fabricate, and measure a reflectarray antenna consisting of
1296 of these proposed unit cells. The measured results demonstrate a boresight gain of 31.9
dBi and a 1-dB bandwidth exceeding 29.3% at Q-band. Furthermore, the simulation and
measurement results align remarkably well with the proposed design scheme, confirming
the efficacy of the wideband millimeter-wave reflectarray antenna. Overall, this literature
review highlights the significance of the authors' contributions in developinga wideband
millimeter-wave reflectarray antenna with enhanced performance and validates their

findings through thorough experimental measurements[12].
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Figure 2.12 The design structure of a reflectarray and the arrangement of
the feeding source.
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(d) (€) ()

Figure 2.13 The radiation patterns of the reflectarray antenna were both
simulated and measured. The patterns were observed in the E-plane at three
different frequencies: 42 GHz (a), 45 GHz (b), and 49 GHz (c).
Additionally, the radiation patterns were also observed in the H-plane at the
same three frequencies: 42 GHz (d), 45 GHz (e), and 49 GHz (f).

2.3.8 Polarization Diversity and Adaptive Beamsteering for 5G Reflectarrays: A

Review

The literature review titled "Polarization Diversity and Adaptive Beamsteering for
5G Reflectarrays: A Review" by Dahri et al. (2018) provides an overview of polarization
diversity and adaptive beamsteering techniques for 5G reflectarray antennas. The authors
delve into the challenges and opportunities associated with achieving efficient beamsteering
capabilities and polarization diversity in reflectarrays, which are crucial for 5G
communication systems. The review explores various approaches and methodologies
proposed in the literature, including the use of polarization rotators, multi-layer structures,
and reconfigurable reflectarrays. The authors discuss the advantages and limitations of each
technique, highlighting their potential to enhance the performance of 5G reflectarray
antennas in terms of beam agility, polarization adaptation, and coverage. Through a

comprehensive analysis of existing research, this review offers valuable insights into the
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state-of-the-art techniques for polarization diversity and adaptive beamsteering in

reflectarray antennas, enabling researchers and engineers to make informed decisions in the

design and optimization of 5G communication systems[13].

Figure 2.14 The conceptualization and development of an antenna design
utilizing liquid crystal technology for reflection control

Radiation Pattern (dB)

Figure 2.15 The reflectarray antenna exhibits a radiation pattern
characterized by four beams.
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2.3.9  Dual-band microstrip patch antenna array for 5G mobile communication

The research paper titled "Dual-band microstrip patch antenna array for 5G mobile
communications” by Rafique etal. (2017) presents a study on the design and development
of a dual-band microstrip patch antenna array specifically tailored for 5G mobile
communications. The authors focus on addressing the growing demand for higher data rates
and increased bandwidth in 5G networks. They propose a novel approach of using a dual-
band microstrip patch antenna array, which operates at two different frequency bands, to
achieve enhanced performance and coverage. The paper discusses the design considerations,
including the selection of substrate materials, feeding techniques, and array configuration.
The authors also provide simulation results and performance evaluations of the proposed
antenna array, demonstrating its capability to cover the desired frequency bands for 5G
mobile communications. This research contributes to the advancement of antenna
technologies for 5G networks, offering a potential solution for achieving dual-band

operation and improved performance in mobile communication systems[14].
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Figure 2.16 The radiation characteristics of the suggested antenna array
operating at frequencies of 28 GHz and 39.95 GHz.
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2.3.10 Dual-Band (28,38) GHz Coupled Quarter-Mode Substrate-Integrated
Waveguide Antenna Array for Next-Generation Wireless Systems

The literature review titled "Dual-Band (28,38) GHz Coupled Quarter-Mode
Substrate-Integrated Waveguide Antenna Array for Next-Generation Wireless Systems' by
Deckmyn et al. (2019) focuses on the design and implementation of a dual-band (28,38)
GHz coupled quarter-mode substrate-integrated waveguide (QMSIW) antenna array for
next-generation wireless systems. The authors address the increasingdemandfor higher data
rates and improved capacity in wireless communication networks. They propose a novel
approach of using coupled QMSIW elements to achieve dual-band operation, specifically
targeting the 28 GHz and 38 GHz frequency bands. The paper discusses the design
considerations, including the choice of substrate, the geometry of the QMSIW elements, and
the coupling mechanism. Simulation results and performance evaluationsare presented to
demonstrate the effectiveness of the proposed antennaarray in terms of radiation patterns,
gain, and bandwidth. This research contributes to the development of antenna technologies
for next-generation wireless systems, offering a potential solution for achieving dual-band
operation and improved performance in high-frequency wireless communication

applications[15].
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Figure 2.17 The simulated radiation pattern of a 4-element linear array at 28
GHz and 38 GHz is analyzed in both the E-plane (with a fixed azimuthal
angle of 90°) and the H-plane (with a fixed azimuthal angle of 0°)
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2.4

Table of Literature Review

Table 2.1 Summary Table of Literature Review

NO. TITLE AUTHOURS YEAR ADVANTAGE DISADVANTAGE
1 Dual-Band S. Costanzo, 2019 Small Cell Size Limited Bandwidth
Dual-Linear F. Venneri, A. Borgia, and Thin Structure
Polarization G. Di Massa
Reflectarray for
mmWaves/5G
Applications
2 Design  of Mohamed 2016 High Gain Limited Azimuthal

compact  millimeter
wave massive MIMO
dual-band (28/38

GHz) antenna array

Mamdouh M. Ali,

Abdel-Razik Sebek

Coverage

24




for future 5G

communication
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Evolutionary S. K. 2020 Optimization Limited Bandwidth
design of a dual band | Goudos, A. Algorithm
E-shaped patch | Tsiflikiotis, D. Babas,
antenna  for 5G| K. Siakavara, C.
mobile Kalialakis, G. K
communications Karagiannidis
Design of a Shanza 2021 Progressive Limited Frequency
Wideband Bashir, M. Hashim Phase Distribution Coverage

Reflectarray Element
for Dual Band
Operation in 5G

Communications

Dahri, Syed Nazim

Shah, Jamal Nasir
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dual-band microstrip | Guo, Yong Mei Pan, Operation
antenna for | Shao Yong Zheng,
microwave and | Kai Lu
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communication
Dual-Band H.-T. Chou, 2023 Millimeter Limited Bandwidth
Reflectarray N.-N.  Wang, M. Wave Frequency Range
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and Non-Resonant
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Fang, L.-Q. Wang, P.
Akkaraekthalin, D.

Torrungrueng
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Mohsen Khalily,
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2.5 Summary

The demand for high-speed, low-latency, and reliablecommunication in 5G systems
has led to the emergence of millimeter wave reflectarray antennas as a promising solution.
This literature review examines recentdevelopments in the design and analysis of millimeter
wave reflectarray antennas for 5G communication. Various research studies are reviewed,
including the design of dual-band reflectarray antennas, compact antenna arrays,
evolutionary design methods, wideband reflectarray elements, microstrip antennas, and
dual-band reflectarray antennas using metallic waveguide elements. The review also covers
polarization diversity, adaptive beamsteering techniques, and dual-band microstrip patch
antenna arrays for 5G communication. The studies highlight the advantages and challenges
associated with these antenna designs, providing insights into their potential for enhancing

the performance of 5G communication systems.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

There are numerous crucial elements in the design process fora millimeter wave
reflectarray antenna operating at 28GHz for 5G communication systems. The Computer
Simulation Technology (CST) software is used for designing, simulating, and analyzing the
antenna. The first step is to optimize the unit cells, which are the basic building blocks of the
reflectarray antenna. Through iterative design and optimization using CST, the unit cells are
fine-tuned to achieve resonance at the desired frequency.

Once the unit cells are optimized, the next step is to design the periodic reflectarray
structure. The arrangementof the unitcells in a periodic pattern allows for beamformingand
beam-steering capabilities, enabling efficient signal transmission and reception. The CST
software is utilized to simulate the electromagnetic behavior of the reflectarray and analyze
its scattering parameters, specifically S11. This parameter provides insights into the
antenna'simpedancematchingand helps assess its performance in terms of power reflection.

Additionally, the far-field radiation pattern of the reflectarray antenna is
characterized through simulation. The CST software enables the analysis and optimization
of the radiation pattern, which describes the antenna's directional radiation properties. By
adjusting the design parameters in CST, such as the reflectarray's shape and size, the
radiation pattern can be optimized to achieve the desired beam shape, gain, and
beamwidth[7].

In summary, the design methodology for the millimeter wave reflectarray antenna

for 5G communication systems involves optimizing the unit cells, designing the periodic
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reflectarray structure, and characterizing the far-field radiation pattern. The CST software
plays acrucial role in all these steps, providing accurate modeling, simulation, and analysis
capabilities for efficient design optimization and performance assessment of the reflectarray

antenna.

3.2 Sustainability Development

This sustainability development report aims to integrate sustainability principles into
the design of a millimeter wave reflectarray antenna for 5G communication systems. The
key considerations include material selection, energy efficiency, life cycle assessment, e-
waste management, radiation efficiency, compliance with regulations, and social impact.

Material selection focuses on prioritizing environmentally friendly and sustainable
materials, such as recyclable low-impact polymers or biodegradable composites, to reduce
the antenna's environmental footprint. Energy efficiency involves optimizing power
consumption through energy-saving components and design techniques, contributing to a
more efficient 5G communication system.

Conducting a life cycle assessment evaluates the environmental impact from raw
material extraction to end-of-life disposal. Improvements can be identified, such as reducing
energy consumption during manufacturing and implementing effective recycling practices.
E-waste management emphasizes designing the antenna for easy disassembly and
recyclability, with proper guidelines and protocols for responsible disposal.

Radiation efficiency optimization aims to reduce power requirements by refining the
antenna's design and dimensions, while compliance with environmental regulations ensures
sustainable practices throughout its life cycle. The social impact assessment focuses on
bridging the digital divide and providing equitable accessto 5G communication systems,
considering factors like affordability and accessibility.

31



By integrating these sustainability considerations, the project can minimize
environmental impact, optimize energy efficiency, and promote responsible practices

throughout the antenna's life cycle.

3.3 Flowchart of this project

Design of a Millimeter Wave Reflectarray Antenna for

Start 5G Communication Systems
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Figure 3.1 Process flow of the project

3.4 Experimental Setup
3.41 CST Microwave Studio (CST MWS)

CST Microwave Studio (CST MWS) is a specialized software developed by
Computer Simulation Technology (CST) thatallows engineers and researchers to design and
analyze high-frequency electronic devices, antennas, and systems. It utilizes the finite
integration technique (FIT) to solve Maxwell's equations numerically and accurately
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simulate electromagnetic fields. With a user-friendly interface and powerful solver engine,
CST MWS offers a comprehensive toolset for modeling various components, such as
antennas, filters, waveguides, and PCBs, by representingtheir geometry, material properties,
and electrical behavior. The software enables users to conduct time-domain and frequency-
domain simulations, eigenmode analysis, parametric sweeps, and optimization to evaluate
design performance, extract S-parameters, radiation patterns, and impedance matching. Post-
processing features allow for visualization and analysis of simulation results, including
2D/3D plots, field animations, and radiation patterns. CST MWS is widely used in antenna
design, microwave engineering, RF circuit design, and high-frequency electronics for its
advanced capabilities[16].
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Figure 3.2 Example image of CST MWS project design

3.42  Scattering Parameter (S11)

The scattering parameter S11 is of utmost importance in CST Microwave Studio
(CST MWS) as it serves as a key metric for analyzing the reflection properties of a structure
or component. By understanding the S11 parameter, one can evaluate impedance matching,

reflection, and performance. In CST MWS, obtainingthe S11 parameter involves creating
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the geometry, defining boundary conditions, setting up the excitation, running the
simulation, and using post-processing tools for result analysis. Analyzing the S11 parameter
provides valuable insights into the reflective characteristics of the structure, aiding in the
design and optimization of components and evaluating system performance. A
comprehensive understanding of the S11 parameter in CST MWS contributes significantly
to the development and assessment of electromagnetic systems[17].

DuT

oy = Sty + 5 ,ity
oty = spity + s5ping

_ oty - iy
mTT Sla T T
it i1, =0 11y ity =0
_ oty ot
= L
1 ity =10 2 =[
= 1

Figure 3.3 S-Parameters in two port network

3.4.3 Far-field Radiation Pattern

The far-field radiation pattern is an essential concept in the field of antenna
engineering, providing valuable insights into how antennas distribute electromagnetic
energy in space. It depicts the spatial arrangement of the radiated power as a function of
direction in the far-field region, where the distance from the antenna is sufficient for the
pattern to be independent of distance. The far-field radiation pattern offers crucial
information about an antenna's directional characteristics, including its gain, beamwidth,
directivity, and sidelobe levels.

Within CST Microwave Studio (CST MWS), engineers can utilize electromagnetic
simulationsand post-processinganalysis to obtain the far-field radiation pattern. By defining

the antenna's geometry, setting appropriate boundary conditions, and specifying the
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excitation source, users can simulate and assess the antenna’s radiation behavior. CST MWS
facilitates visualizing and analyzing the far-field radiation pattern, empowering engineers to
evaluate performance, make necessary adjustments, and optimize the antenna's design.
Optimizing the far-field radiation pattern holds greatsignificance in antenna design,
as it governs energy radiation and interaction with the surrounding environment. By
leveraging CST MWS to explore the far-field radiation pattern, engineers can evaluate
coverage, assess radiation efficiency, identify potential interference or sidelobe concems,
and ensure alignment with specific application requirements. This understanding and
optimization of the far-field radiation pattern using CST MWS empower engineersto design
antennas that meet performance criteria and enhance system effectiveness in diverse

applications like wireless communication, radar systems, and satellite communication[18].
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Figure 3.4 The far-field radiation patterns, along with their cross-sectional
views in the E-plane and H-plane, are examined.
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3.5 Summary

The methodology for creating a millimeter wave reflectarray antenna for 5G
communication systems involvesemploying CST MWS software to design and simulate the
antenna. A step-by-step flowchart is followed during the design process. Experimental
analysisincludesassessingthe scatteringparameter S11 to evaluate reflection propertiesand
impedance matching. Far-field radiation patterns are analyzed to understand how the antenna
radiates in different directions and distributes waves. The goal of this methodology is to

enhance the antenna's performance for 5G communication systems.
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 Introduction

Chapter 4 presents the results and discussions of the design of a millimeter wave
reflectarray antenna for 5G communication systems using CST MWS software. The results
include the scattering parameter S11 and far-field radiation patterns. The discussions
critically evaluate the obtained results, compare them with desired specifications, and
explore potential optimizations. The chapter aims to assess the antenna's performance and
provide insights for future advancements in antenna design for wireless communication

technologies.

4.2 Results and Analysis

421 Calculations

The reflectarray unit cell antenna design method required the use of particular
calculations based on formulas taken from the antenna book. Below are the fundamental

calculations involved in designing the antenna[19].
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(eeff + 0.3) (% +0.264)
AL = 0.412h

(eeff — 0.258)(¥ +0.8)
L= Leff — 2AL
Where:
W = width of the microstrip patch antenna
L = length of the microstrip patch antenna
er = dielectric constant
fo =resonance frequency

h = thickness
c = speed of light

4.2.2 Design procedure
4.22.1 Unit Cell Design

Figures 4.1 depict simulated front, back, and bottom views of the reflectarray unit
cell antenna for this project, including its dimensions. In Figure 4.1(a), the substrate and
patch widths measure 5.36mm and 4.24mm, while the substrate and patch lengths are
5.36mmand 1.88mm,respectively. In Figure 4.1(b), representingthe ground antenna design,
the length and width dimensions match those of the substrate, both measuring 5.36mm. The
height of the patch and ground is 0.035mm. Figure 4.2 and Figure 4.3 show the parameter
listand boundary conditions of the reflectarray unitcell antennadesign . Boundary conditions
in a unit cell are applied to ensure the accuracy of electromagnetic simulations, particularly
in periodic structures. They enable the modeling of the unit cell's interaction with
neighboring cells, help study reflection and transmission properties, and play a crucial role

in obtaining meaningful results for the overall periodic structure.
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(a) Front view

(b) Back view

1.60

ww o0

(c) Side view

Figure 4.1 (a) Front view, (b) Back view, and (c) Bottom view of the unit
cell design with dimensions for the length, width, and height of substrate,
ground, and patch.

39



Expression Description
= Ws =536 536 Substrate Width
= Wp 424 424 Patch Width
- s 536 536 Substrate Length
- |p 1.88 1.88 Patch Length
= Hs =16 16 Substrate Height
= Hp 0.035 0.035 Patch Height
= Wg 536 536 Ground Width
= g 5.36 536 Ground Length
= Hg = 0.035 0.035 Ground Height v

Figure 4.2 Parameter list of unit cell design

Boundary Conditions

Boundaries  Symmetry Planes

([ Apply in all directions

Xmin: | magnetic (Ht = 0) | Hmax: |magnetic (t = 0)

Ymin: | electric (Et =0) v | Ymak | electic (£t = 0)

Zmin: | apen | Zmax: |open (add space) ~ }

Cond 51000 S/m | OpenBounday.. |

OK ' Cancel | Hep

Figure 4.3 Boundary Conditions

4.2.2.2 Horn Antenna Design

Figure 4.4 depicts the design of a horn antenna constructed in CST software. Figure
4.5 illustrates the parameter list essential for designing the horn antenna in the simulation.
To constructthe hornantenna, itisimperative to assign appropriate valuesto each parameter.
Employing calculated values for these parameters ensures the accuracy and efficacy of the

horn antenna design.
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Figure 4.4 Horn antenna design

Y Name Expression Value
741 71

" h 3 t
= b 3556 3556 Heig equide
® a1 193 193 /

" b 139 139
® h
® h

r of waveguide
476 476 Length of horn antenna |+ |

Figure 4.5 Parameter list with dimensions of horn antenna

4.2.2.3 10x10 Reflectarray Design

To design the 10x10 reflectarray antennain CST simulation, begin by creating the
lines and circles on the substrate from curves, following the configuration depicted in Figure
4.6. Subsequently, design the patches one by one on the substrate, starting from the center
and progressing towards the right side. The initial five patches differ in length. Once all
patches are inserted and translated onto the array, the resulting configuration should
resemble the one shown in Figure 4.7, with substrate dimensions of length and width as
53.55x53.55 mm. In Figure 4.8, the parameter list utilized for the design of the 10x10

reflectarray antennais presented, along with the resulting design of the reflectarray antenna.
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Figure 4.6 Lines and circles from curves
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Description
- | =10.71 1071 Length and Width for Substrate
A Hs =16 1.6 Height Substrate

M Hg - 0.035 0.035 Height Ground

= Wp =424 424 Width Patch

- Ip =1.88 188 Length Patch

= Hp = 0.035 0.035 Height Patch

= Lpi -1.92 192 Length Patch1
| Lpii =196 1.96 Length Patch2
| Lpiii =2 2 Length Patch3
= Lpiv - 204 204 Length Patch4

Figure 4.8 Parameter list of 10x10 reflectarray design
42



4.2.24 10x10 Reflectarray Antenna with Horn Antenna Design

In Figure 4.9, the design of the 10x10 reflectarray antenna is depicted, integrated
with the horn antenna within the same simulation. To achieve this, begin by copying the
horn antenna and pasting it onto the reflectarray antenna. Subsequently, perform a rotation
and translation of the horn antenna by specifying the measurement equivalent to the sum of
the length of the substrate and the length of the horn antenna in the translating vector Z. This

ensures the correct positioning of the horn antenna within the simulation.

Figure 4.9 Design of the 10x10 reflectarray antenna with horn antenna

4.2.25 20x20 Reflectarray Antenna Design

Similar to the previous design of the 10x10 reflectarray antenna, the process for
designing a 20x20 reflectarray antennain CST simulation begins with the creation of lines
and circles on the substrate from curves, following the configuration shown in Figure 4.10.
Subsequently, design the patches individually on the substrate, starting from the center and
extendingtowardstheright side. The initial ten patches have varying lengths. After inserting
and translating all patches onto the array, the resulting configuration should resemble the

one depicted in Figure 4.11, with substrate dimensions of length and width as 107.1x107.1
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mm. Figure 4.12 displaysthe parameter listemployedforthe design of the 20x20reflectarray

antenna, along with the resulting antenna design.
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Figure 4.10 Lines and circles from curves
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Figure 4.11 20x20 reflectarray design with dimensions
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Name Expression Value Description
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Parameter List x e o e
2 - - DE:QD':’D‘:JDQEDQQ
e}

| 0 0 Length and Width of Substrate
Hs 1.6 16 Height Substrate

Hg 0.035 0.035 Height Ground

Wp 4.24 424 Width Patch D:JE:ID:'
Lp 1.88 1.88
Hp 0.035 0.035
Lpi 1.92 192
Lpi 1.96
Lpi 2
Lpiv 4
Lpv 8
Lpv 12
Lpv 2.16
Lpviii 20
= Lpix 24
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Figure 4.12 Parameter list of 20x20 reflectarray design

4.22.6 20x20 Reflectarray Antenna with Horn Antenna Design

Similar to the previous 10x10 reflectarrayantenna design, Figure 4.13 illustrates the
integration of the 20x20 reflectarray antenna with the horn antenna in the same simulation.
The process involves copying the horn antenna and pasting it onto the reflectarray antenna.
Subsequently, execute a rotation and translation of the horn antenna, specifying
measurements equivalent to the sum of the length of the substrate and the length of the hom

antenna in the translating vector Z. This ensures the accurate positioning of the horn antenna

within the simulation.
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Figure 4.13 Design of the 20x20 reflectarray antenna with horn antenna

4.2.2.7 Fabricated Design of 20x20 Reflectarray

In Figure 4.41, the front and back views of the fabricated design of the 20x20
reflectarray antenna are visually presented, marking a crucial phase in the transition from
simulation to physical realization. The fabrication process encompasses several key steps
beginning with the preparation of materials, including dielectric substrate material,
conductive patches, and a ground plane. Following substrate cleaning, the designed layout
is transferred onto the substrate through techniques such as photolithography or direct
printing. Notably, the design file from CST software opens on the coral drawing software,
facilitating the precise transfer of the reflectarray pattern onto the substrate. The conductive
patches are then fabricated with precision, utilizing methods like photolithography, etching,
or additive manufacturing. Integration of the ground plane on the back side of the substrate

is performed, ensuring proper alignment with the patches on the front side.
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Figure 4.14 Front and back view of fabricated design

4.2.3 Results and Discussions

The reflectarray unit cell antenna was designed and simulated using CST software,
which is capable of analyzing 3D and multilayer configurations. During the simulation, the

research recorded the magnitude and phase (in degrees) of the S(1,1)-parameter.

4.2.3.1 Unit Cell Antenna Design Results

Figure 4.14 illustrates the design of the unit cell with port. InCST software, a “port”
is a specified interface on asimulated structure for introducing or extracting electromagnetic
signals, crucial for accurately modeling and analyzing devices such as antennas and

microwave components. Ports define boundary conditions for signal interaction.

Figure 4.15 Design of the unit cell with port
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Next, Figure 4.15 displays the S-Parameter graph for the unit cell design post-
simulation. The return loss is measured at -0.0271 dB, occurring at a frequency of 28 GHz.
Additionally, the phase, after unwrapping, is recorded at -220.07 degrees at the same
frequency, as illustrated in Figure 4.16. These metrics are crucial for evaluating the unit

cell’s performance in transmitting and reflecting signals at a specific frequency.
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Figure 4.16 Graph of S-Parameter for unit cell design
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Figure 4.17 Graph of S-Parameter (Phase in Degree) for unit cell design
after unwraped
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The parameter sweeps the length of the patch in the range of 1.68 to 2.28 mm with

a step width of 0.04 to identify the maximum reflection. The results are presented in Figure

4.17, showcasing the length of the patch where the maximum reflection occurs. It is also

similar to Figure 4.18, but it represents the S-parameters for phase after unwrapping in the

range of 1.68 to 2.28 mm of the length of the patch. Unwrapping the phase is done to

eliminate discontinuities in the phase data, allowing for a continuous and more accurate

representation of the signal's progression. This is particularly important in situations where

phase informationplaysacrucialrole, such asin the analysis of antennas or RFcomponents.
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Figure 4.19 Graph of S-Parameter (Phase in Degree) using parameter sweep
for different length of patch unit cell after unwraped

In Figure 4.20, the graph illustrates the relationship between return loss and the
length of the patch. It showcases the return loss for each selected length within the earlier
specified range. The objective is to identify the optimal length of the patch at 28 GHz for
maximum reflection in the periodic array. Similarly, Figure 4.21 presents the phase for each

length of the patch. Itindicatesthat as the length of the patch increases, the phase decreases.
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Figure 4.20 Graph of Return Loss VS Length of Patch
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Figure 4.21 Graph of Phase VS Length of Patch

Optimization of Horn Antenna

Figure 4.22 depicts the horn antenna design with a port at the back. Following the

simulation, the S-parameters in Figure 4.23 reveal a return loss occurring at various
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frequencies. Specifically, the horn antenna is designed to transmit a frequency of 28 GHz.

The observed return loss is measured at -28.21 dB at this specified frequency.

Figure 4.22 Design of the horn antenna with port
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Figure 4.23 Graph of S-Parameter for horn antenna design
4.2.3.3 10x10 Reflectarray Antenna Design Results
In Figure 4.24, the combined design of the 10x10 reflectarray and hornantenna with
a port is presented. Subsequently, the S-parameter analysis in Figure 4.25 reveals a retum

loss of -21.07 dB at a frequency of 28 GHz, indicating the performance of the integrated

system.
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Figure 4.24 Design of the 10x10 reflectarray and horn antenna with port
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Figure 4.25 Graph of S-Parameter for 10x10 reflectarray antenna design

a) 24GHz
In Figure 4.26, the 2-D and 3-D farfield result for a frequency of 24 GHz is

presented. The simulation employs an enabled approximation (kR >> 1) for efficiency. The
radiated efficiency is recorded at -0.07292 dB, total efficiency at -0.1480 dB, and the gain is
measured at 16.53 dBi. These values characterize the antenna's radiation pattern and

effectiveness in transmitting signals in the specified direction at the given frequency.
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Figure 4.26 2-D and 3-D Farfield gain results for 24GHz

Figure 4.27 illustrates a Cartesian graph of the farfield gain for 24 GHz. The main
lobe magnitude is recorded at 16.5 dBi, with a main lobe direction of 0.0 degrees. The
angular width (3dB) of the main lobe is measured at 13.5 degrees, and the side lobe level is
reported as -4.5 dB. This graph provides a visual representation of the farfield gain
characteristics, offering insights into the antenna's radiation pattern and directional

properties.
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Figure 4.27 Cartesian graph of Farfield gain for 24GHz
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b) 28GHz
The 2-D and 3-D farfield results ata frequency of 28 GHz are presented in Figure

4.28. The simulation utilized the 'Farfield’ type with an enabled approximation (kR >> 1),
focusingon the absolute componentand outputtinggain. At 28 GHz, the radiation efficiency
is reported as -0.06810 dB, total efficiency as -0.1022 dB, and the gain measures 16.88 dBi.
These results provide valuable insights into the antenna's directional characteristics and

efficiency. Also, Figure 4.29 shows the flow of surface current for the frequency of 28 GHz..
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Figure 4.29 Surface current for 28GHz

Figure 4.30 illustrates a Cartesian graph of the Farfield gain for 28 GHz. The main

lobe magnitude is measured at 16.9 dBi, with a main lobe direction of 0.0 degrees. The
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angular width (3dB) of the main lobe is 13.3 degrees, and the side lobe level is reported as -
4.5 dB. These parameters provide a detailed characterization of the antenna's radiation

pattern and directional properties.
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Figure 4.30 Cartesian graph of Farfield gain for 28GHz
c) 32GHz

In the 2-D and 3-D far-field analysis for a frequency of 32 GHz, as illustrated in
Figure 4.31, the 'Farfield' type was employed with an enabled approximation (kR >>1). The
component measured in absolute terms, the output parameter focused on gain, resulting in
the following metrics: Radiated Efficiency of -0.03135 dB, Total Efficiency of -0.3285 dB,
and a Gain of 17.80 dBi. These values provide a comprehensive understanding of the
antenna's radiation characteristics and efficiency at the specified frequency, crucial for

evaluating its performance in the designated operational range.
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Figure 4.31 2-D and 3-D Farfield gain results for 32GHz
Infigure 4.32 displays a Cartesian graph illustratingthe Farfield gain for a frequency
of 32 GHz. The main lobe magnitude is recorded at 17.8 dBi, with a main lobe direction of
0.0degrees. The angularwidth of the main lobe, measured atthe 3dB points, is 12.5 degrees.
Additionally, the side lobe level is reported as -3.8 dB. These parameters provide a detailed
depiction of the antenna'’s radiation pattern, showcasing its directional characteristics and

side lobe levels at the specified frequency.
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Figure 4.32 Cartesian graph of Farfield gain for 32GHz
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d) Maximum Gain Vs Frequency(GHz)
Figure 4.33 presentsa plotof Maximum Gain versus Frequency (GHz) for the 10x10

reflectarray antenna design, showcasingthe variation in maximum gain across the frequency
range of 24 GHz to 32 GHz. The graph highlights that the highest gain is achieved at 29.59
GHz, reaching 18.89 dBi. A comparative analysis at 24 GHz, 28 GHz, and 32 GHz indicates
that the maximum gain is 17.8 dBi at 32 GHz. However, it is noteworthy that even at 28

GHz, a significant maximum gain of 16.9 dBi is observed, surpassing the gain at 24 GHz.
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Figure 4.33 Maximum Gain Vs Frequency(GHz) for 10x10 reflectarray
antenna design

4.2.34 20x20 Reflectarray Antenna Design Results
Similar to the previous design, Figure 4.34 illustrates the integrated design of a
20x20 reflectarray and horn antenna with a port. The subsequent S-parameter analysis in

Figure 4.35 demonstrates a return loss of -26.84 dB at a frequency of 28 GHz, providing

insights into the performance of the combined system.
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Figure 4.34 Design of the 20x20 reflectarray antenna with port
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Figure 4.35 Graph of S-Parameter for 20x20 reflectarray antenna design

a) 24GHz
In the analysis of the 2-D and 3-D far-field results for a frequency of 24 GHz, as

illustrated in Figure 4.36, the 'Farfield' type was employed with an enabled approximation
(kR >>1). The component measured in absolute terms, and the output parameter focused on
gain, resulting in the following metrics: Radiated Efficiency of -0.04051 dB, Total
Efficiency of -0.05240 dB, and a Gain of 14.16 dBi. These values offer valuable insights
into the radiation characteristics and efficiency of the antenna at the specified frequency,

aiding in the assessment of its performance.
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Figure 4.36 2-D and 3-D Farfield gain results for 24GHz
Figure 4.37 exhibits a Cartesian graph illustrating the Farfield gain for a frequency
of 24 GHz. The main lobe magnitude is recorded at 14.2 dBi, with a main lobe direction of
0.0degrees. The angularwidth of the main lobe, measured atthe 3dB points, is 15.0 degrees.
Additionally, the side lobe level is reported as -0.7 dB. These parameters offer a detailed
representation of the antenna's radiation pattern, highlighting the directional characteristics
and side lobe levels at the specified frequency.
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Figure 4.37 Cartesian graph of Farfield gain for 24GHz
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b) 28GHz
In the 2-D and 3-D far-field analysis for a frequency of 28 GHz, detailed in Figure

4.38, the 'Farfield' type was employed with an enabled approximation (KR >> 1). The
component measured in absolute terms, and the output parameter focused on gain, resulting
in the following metrics: Radiated Efficiency of -0.07109 dB, Total Efficiency of -0.08009
dB, and a Gain of 14.96 dBi. These values offer comprehensive insights into the radiation
characteristics and efficiency of the antenna system at the specified frequency, critical for
assessing its performance in practical applications. Also, Figure 4.39 shows the flow of

surface current for a frequency of 28 GHz.
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Figure 4.38 2-D and 3-D Farfield gain results for 28GHz
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Figure 4.39 Surface current for 28GHz

Figure 4.40 illustrates a Cartesian graph depicting the Farfield gain for a frequency

of 28 GHz. The main lobe magnitude is measured at 15 dBi, with a main lobe direction of
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0.0 degrees. The angular width, measured at the 3dB points, is 29.1 degrees. Additionally,
the side lobe level is reported as -4.7 dB. These parameters offer a detailed characterization
of the antenna's radiation pattern, showcasing its main lobe properties and side lobe levels

at the specified frequency.
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Figure 4.40 Cartesian graph of Farfield gain for 28GHz

c) 32GHz
In the 2-D and 3-D far-field analysis for a frequency of 32 GHz, as depicted in

Figure 4.41, the 'Farfield' type was employed with an enabled approximation (kR >>1). The
component measured in absolute terms, with the output parameter focused on gain, resulted
in the following metrics: Radiated Efficiency of -0.1086 dB, Total Efficiency of -0.1369 dB,
and a Gain of 16.82 dBi. These values offer a comprehensive evaluation of the antenna's
radiation characteristics and efficiency at the specified frequency, essential for

understanding its performance within the designated frequency range.
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Figure 4.41 2-D and 3-D Farfield gain results for 32GHz
Figure 4.42 presents a Cartesian graph illustrating the Farfield gain for a frequency
of 32 GHz. The main lobe magnitude is recorded at 16.8 dBi, with a main lobe direction of
0.0degrees. The angularwidth of the main lobe, measured atthe 3dB points, is 25.7 degrees.
Additionally, the side lobe level is reported as -4.7 dB. These parameters offer detailed
insights into the radiation pattern of the antenna, including main lobe characteristics and side

lobe levels at the specified frequency.
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Figure 4.42 Cartesian graph of Farfield gain for 32GHz
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d) Maximum Gain Vs Frequency(GHz)
Figure 4.43 illustrates the Maximum Gain versus Frequency (GHz) plot for the

20x20 reflectarray antenna design, providing insights into the gain variation across the
frequency range of 24 GHz to 32 GHz. The graph emphasizes the peak gain at 31.19 GHz,
registering at 17.02 dBi. Upon further analysis at 24 GHz, 28 GHz, and 32 GHz, the
maximum gain is identified as 16.82 dBi at 32 GHz. Notably, at 28 GHz, a substantial

maximum gain of 14.96 dBi is observed, surpassing the gain recorded at 24 GHz.
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Figure 4.43 Maximum Gain Vs Frequency(GHz) for 10x10 reflectarray
antenna design

4.3 Summary

Chapter 4 of the document details the design and simulation results of a millimeter-
wave reflectarray antenna for 5G communication systems using CST MWS software. The
design involves a unit cell antenna, a horn antenna, and 10x10 and 20x20 reflectarray
antennas, both with and without an integrated horn antenna. Importantly, the document
extends its coverage to include the fabrication process, particularly highlighting the

completion of the fabrication for the 20x20 reflectarray design. The chapter provides a step-
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by-step explanation of the design process, including calculations and parameter
considerations.

For the unit cell antenna, simulations were conducted to analyze S-parameters, with
specific attention to return loss and phase. Parameter sweeps were performed to identify
optimal patch lengths. The horn antenna and reflectarray antennas were also designed and
simulated, with emphasis on S-parameters and far-field radiation patterns at frequencies of
24 GHz, 28 GHz, and 32 GHz. The results include graphs depicting return loss, phase, and
far-field gain characteristics.

Key findingsinclude the optimization of patch length for the unitcell antenna, retum
loss measurements for the hornantenna at 28 GHz, and far-field results for both 10x10 and
20x20 reflectarray antennas. The document concludes with a comprehensive analysis of
maximum gain versus frequency for both reflectarray designs. The information presented in
Chapter 4 aims to assess the antenna's performance and contribute insights for future
advancements in millimeter-wave reflectarray antenna design for 5G communication

systems.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

In conclusion, this project aimed to address challenges in designing a millimeter-
wave reflectarray antenna for 5G communication at 28 GHz, leveraging the capabilities of
Computer Simulation Technology (CST) software. The objectives focused on unit cell
optimization, periodic reflectarray design, and simulation of radiation properties. Chapter 1
outlined the project scope, emphasizing CST software's crucial role in accurate simulation
and optimization, while acknowledging limitations in fabrication, environmental
assumptions, and interference neglect.

Chapter 2 provided a comprehensive literature review, exploring recent
developments in millimeter-wave reflectarray antennas for 5G. Various studies highlighted
the advantages and challenges of designs such as dual-band reflectarrays, compact antenna
arrays, and adaptive beamsteering techniques, offering insights into their potential for
enhancing 5G communication systems.

Chapter 3 detailed the methodology, emphasizing the use of CST MWS software.
The step-by-step flowchart guided the design process, incorporating experimental analysis
of S11 parameters and far-field radiation patterns to enhance the antenna’s 5G performance.

Chapter 4 presented the core of the project, detailing the design and simulation
results of unit cell, horn, and 10x10 and 20x20 reflectarray antennas. Key findings included
optimized patch lengths for the unit cell, return loss measurements for the horn antenna, and

far-field results for both reflectarrays at different frequencies. Crucially, the document
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extended its coverage to include the fabrication process, emphasizing the completion of the
fabrication for the 20x20 reflectarray design.

In summary, this project has made significant strides in optimizing millimeter-wave
reflectarray antennas for 5G communication, providing valuable insights for future
advancements. The combination of simulation results, optimization strategies, and the
inclusion of the fabrication process enhances the document's contribution to the field, laying

a foundation for further innovation in millimeter-wave reflectarray antenna design.

5.2 Future Works

Future work for this project could focus on several areas to further enhance the
design and performance of the millimeter wave reflectarray antenna for 5G communication
systems. Some potential avenues for future exploration include:

a) Optimization of Antenna Parameters
Future efforts could delve into more intricate optimization strategies for various
antenna parameters, such as patch dimensions, substrate materials, and feed
configurations. This would contribute to refining the antenna design for improved
performance and efficiency.

b) Beamforming and Beam steering Techniques
Exploration of advanced beamforming and beam steering techniques could enhance
the antenna's ability to dynamically adapt to changing communication conditions.
Implementing smart beamforming mechanisms could optimize signal directionality,
coverage, and capacity in 5G networks.

c) Integration of Advanced Materials
Investigating the integration of advanced materials, such as metamaterials or novel
dielectrics, holds potential for further performance enhancements. These materials
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d)

f)

could be tailored to manipulate electromagnetic properties, leading to improved
antenna characteristics and overall 5G system efficiency.

Performance Analysis in Realistic Scenarios

Future research could involve conducting performance analyses in realistic and
dynamic scenarios. Simulating the antenna's behavior in complex environments,
includingurban or densely populated areas, would provideinsights into its real-world
applicability and potential challenges.

Integration with 5G Network Architectures

The project's future works could explore deeper integration with evolving 5G
network architectures. This includes investigating how the reflectarray antenna
aligns with emerging communicationstandards, network densification strategies, and
the deployment of small cells to optimize coverage and connectivity.

Farfield Measurements

Conducting extensive farfield measurements to validate and fine-tune the antenna’s
radiation characteristics. Real-world measurements would provide valuable data to
compare against simulation results, ensuring the accuracy. and reliability of the

antenna's performance in practical applications.
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