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ABSTRACT 

RECONFIGURABLE INTELLIGENT META-SURFACE FOR 5G 

COMMUNICATION SYSTEM 

   AL-HADEETHI, Saba Talib Hamada 

PhD, Electrical and Computer Engineering, Altınbaş University, 

Supervisor: Asst. Prof. Dr. Abdullahi Abdu IBRAHIM         

Date: 01 /2024  

Pages: 96

For 5G mobile communication networks, a novel antenna array is built using a printed 

monopole based on a metamaterial (MTM). For 5G communication networks, the 

architecture and functionalities of a Multiple-Input Multiple-Output (MIMO) antenna array 

are anticipated. Four components make up the MIMO antennae array, which is stacked in an 

octagon 3D array arrangement consecutively. The components are arranged to create a 

particular pattern. The array is constructed on a 25 x 25 x 30 mm³ FR4 substrate. Because of 

its RF characteristics, this substrate option is frequently used in antenna designs. A split ring 

resonator (SRR) is connected to each antennae element, which is a printed circuit monopole, 

via a T-resonator (TR). Resonances at 3.6 GHz and 4.8 GHz are provided by this design, 

making it appropriate for sub-6GHz 5G networks. To lessen mutual coupling, 

electromagnetic band gap (EBG) spacers are utilised between antenna elements. The 

antennae array's concerts are improved by the EBG spacers' moonquake fractal-shaped array 

design. The moonquake fractal EBG spacers are placed to achieve a -20dB mutual coupling 

reduction between antennae elements. This reduction in mutual coupling is important for 

maintaining good isolation and minimizing interference between elements. Four PIN diodes 

are connected to each antennae element to control the antennae's concerts . By using these 

diodes, different switching scenarios are tested to understand their impact on antennae 

behaviour. The projected array's concerts is both simulated and experimentally validated. 

Computer Simulation Technology Microwave Studio (CST-MW) is used for numerical 

simulations. This ensures that the theoretical design matches real-world concerts. Numerous 

concert metrics are considered, such as gain curves, radiation patterns, Envelope Correlation 
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Coefficient (ECC), and reflection coefficient (S11), isolation coefficients (S21), (S31), and 

(S41). The distance of separation between the planned antennae is equal to λ0/16, where λ0 

represents the 3.6 GHz free space wavelength. The chosen spacing allows for a desired 

increase of 6.18dBi. Considerable progress has been made in terms of S-factors (S11, S21, 

etc.) and radiation patterns at the two resonant frequencies (3.6 GHz and 4.8 GHz), according 

to both simulated and measured results. In summary, the projected MIMO antennae array 

design incorporates advanced features such as the use of EBG spacers, PIN diode control, 

and specific resonant frequencies suitable for 5G communication networks. The combination 

of these elements aims to enhance the array's concerts in terms of isolation, radiation 

patterns, and other key metrics. The simulation and experimental validation further establish 

the effectiveness of the design in real-world scenarios. 

Keywords: CPW, MTM, MIMO, EBG, SRR, TR. 
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1. INTRODUCTION

1.1 INTRODUCTION 

A reconfigurable intelligent meta-surface (RIMS) is a type of advanced material that can 

manipulate electromagnetic waves in innovative ways. These surfaces are designed to have 

highly tuneable properties, allowing them to change their behaviour depending on the signals 

passing through them. The potential applications of RIMS are many, Nevertheless, the 

development of 5G communication networks is one of the most exciting. 

The next generation of cellular technology, or 5G, guarantees better data rates and lower 

latency, and greater reliability than previous generations. However, one of the challenges of 

5G is that it uses higher frequencies than previous generations, which can be easily absorbed 

or blocked by obstacles such as walls or buildings. 

This is where RIMS come in. By incorporating RIMS into 5G communication systems, it is 

possible to manipulate the behaviour of electromagnetic waves to overcome these obstacles. 

For example, RIMS can be designed to reflect or refract signals in specific directions, 

effectively steering the signals around obstacles. RIMS can also be designed to absorb 

unwanted signals, reducing interference and improving overall system concerts . 

Moreover, RIMS can be reconfigured on-the-fly, allowing the system to adapt to changing 

conditions in real-time. This capability is particularly useful in dynamic environments where 

the signals are constantly changing, such as in urban environments or areas with high levels 

of electromagnetic interference. 

Overall, the incorporation of RIMS into 5G communication systems has the potential to 

greatly improve the concerts  and reliability of these systems, making it possible to realize 

the full potential of 5G technology. The major advancements in a Metamaterial-based 

antennaes for WBAN applications will be reviewed in this thesis, includes wearable 

antennaes based on meta-surfaces, reconfigurable wearable antennaes based on CRLH TLs, 

and wearable antennaes that use composite right/left-handed transmission lines. tuneable 

Metamaterial. [1].  
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These structures have increased wearable antennae concerts  while having little to no 

negative effects on the human body, leading to more dependable wearable communication 

[2] [3].

Additionally, a number of meta-wearable antennae design processes are outlined, and 

applications of these strategies to wearable antennaes are examined. [4]  . The idea, Right- 

and left-handed composite transmission line theory and applications (CRLH-TLs) have been 

thoroughly studied in this review work by taking into account how they might be included 

into antennae system designs [5].  

It has been shown that CRLH-TLs with negative permeability (μ <; 0) and negative 

permittivity (ε <; 0) have unique properties not found in the natural world [6]. This leads to 

their being called "Metamaterial," man-made structures.  [6]. These artificial structures 

include, for example, shunt left-handed (LH) capacitances (CR), series right-handed (RH) 

inductances (LR), and shunt left-handed (RH) inductances (L L).  

Stubs or via-holes, undesired current flowing on the surface, and the gap between the surface 

and ground plane, respectively, are what make them all real [7][8]. Moreover, it is 

demonstrated that structures built with CRLH metamaterial-TLs generally outperform their 

conventional counterparts because of their increased efficiency, improved radiation patterns, 

wider bandwidth, lower profile, higher gain, and smaller dimensions—all of which make 

them easier to mass produce, simpler to use, and more accessible. [9]. A growing number of 

social sectors are adopting the Wireless Body Area Network (WBAN) [10]. 

Wearable antennas are a crucial part of these systems, but they face a number of difficult 

problems, such as electromagnetic coupling with the human body, physical deformations, 

and a wide range of operating environments. To overcome these obstacles, advanced design 

methods and techniques are urgently required. [1]. 

 Recent research has concentrated on using metamaterial in wearable antennaes, which is a 

promising field with special benefits [11]. The key developments in wearable antennaes 

utilizing Wearable antennaes, right- and left-handed composite transmission lines (CRLH 

TLs), based on meta-surfaces, and reconfigurable wearable antennaes utilizing tuneable 

metamaterial will be discussed in this article for WBAN applications [12]. 
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 These structures have increased wearable antennae concerts  while having little to no 

negative effects on the human body, leading to more dependable wearable communication 

[13]. Additionally, several meta-wearable antennae design approaches are outlined, and 

wearable antennae applications are discussed. [13]. Large number of antennaes on a single 

board with the ability to execute different jobs are a requirement for future wireless 

communication systems[14]. 

 Size, weight, volume, and other restrictions are imposed by this, particularly for wireless 

portable and space applications [15]. Reconfigurable antennaes are the most recent 

advancement in antennae technology, replacing traditional fixed-form antennaes with 

changeable designs that may be adjusted to meet the demands of time-varying systems 

[16][17]. A discussion of various types, methods, and design strategies for reconfigurable 

antennae and antennae arrays will be presented in this study [18]. 

1.2 LITERATURE REVIEW 

Consequently, the projected structure, the literature survey in this thesis is divided into three 

main sections: design and analysis of an EBG structure, Design and study of a reconfigurable 

MIMO antennae as well as a reconfigurable monopole antenna for usage in 5G applications. 

1.2.1 Reconfigurable Monopole Antennae in 5G Application 

(In 2013: Ding, X. and Wang, B.Z.) [19] A brand-new printed antenna with a Yagi-

reconfigurable pattern was displayed. Four-four PIN diodes control the reflectors' length and 

the radiation pattern they emit. A circular wideband monopole with omnidirectional function 

drove the projecting antennae. The frequency range covered by the intended antennae was 

3–4 GHz. 

(Su, Zhen, et al. 2018.) [20], in a study conducted by Su et al. in 2018, they introduced a 

novel frequency-configurable Planar Inverted-F Antennae (PIFA) design utilizing a T-

shaped monopole antennae. This unique antennae design offers configurability without 

requiring an external screen or additional printed components. The key innovation in this 

design is the integration of a vanadium dioxide (VO2) switch. The VO2 switch serves as a 

low-cost solution to enable frequency configuration in the antennae. The antennae can 

operate in two distinct modes facilitated by the VO2 switch: one at 2.7 GHz and the other in 
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the 3.5 GHz frequency band. This switch allows the antennae to dynamically change its 

resonant frequency band. The result of this design is that the antennae can achieve a gain of 

2.14 dBi specifically at the 3.5 GHz frequency band. This demonstrates the practicality and 

effectiveness of the frequency-configurable PIFA design. In summary, the study by Su et al. 

in 2018 introduced an innovative frequency-configurable PIFA design utilizing a T-shaped 

monopole antennae and a vanadium dioxide (VO2) switch. This design allows the antennae 

to operate at either 2.7 GHz or 3.5 GHz frequency bands, showcasing the ability to 

dynamically change its frequency band of operation. The antennae achieved a gain of 2.14 

dBi at the 3.5 GHz frequency band, highlighting its practical application. 

“(Jin, Guiping, et al. 2018) [21], in a study conducted by Jin et al. in 2018, they projected a 

straightforward and reconfigurable antennae design based on a four-arc dipole with a 

wireless feed network. This innovative design incorporates RF PIN diodes in the feeding 

network to enable the reconfigurability of the antennae's radiation pattern. The key feature 

of this antennae design is its ability to manipulate the principal radiation beam. By 

appropriately adjusting the settings of the RF PIN diodes, the antennae can switch between 

four similar directional radiation patterns. This means that the antennae's primary beam 

direction can be changed according to the desired application or scenario. The antennae's 

gain is reported to be 4.11 dBi, and it operates within a frequency range of 2.25 to 3.16 GHz. 

This frequency range indicates that the antennae design is suitable for applications in this 

specific frequency band. In summary, the study by Jin et al. in 2018 presented a novel 

reconfigurable antennae design featuring a four-arc dipole and a wireless feed network. The 

integration of RF PIN diodes allows for the manipulation of the antennae's radiation pattern, 

enabling it to switch between four distinct directional patterns. The antennae achieves a gain 

of 4.11 dBi and operates within the frequency range of 2.25 to 3.16 GHz. This design offers 

versatility in directing the antennae's radiation pattern for various applications. 

In a study by Ikram et al. in 2018, they introduced an antennae system that operates across 

multiple frequency bands, specifically at sub-6 GHz (3.6 GHz) and in the millimeter-wave 

(mm-wave) band at 28 GHz. The antennae design is centered around a dipole antennae with 

two key properties. The first property involves the integration of components inspired by a 

tapered slot antennae and a standard dipole antennae operating at 3.6 GHz. This combination 

enables the antennae to function effectively in the sub-6 GHz frequency band. The second 
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property of the design is the utilization of a tapered slot antennae to function as a high-gain 

end-fire antennae in the mm-wave band (28 GHz). This enables the same antennae structure 

to perform efficiently in both frequency bands. The concept behind this design is to achieve 

multi-band operation using a compact footprint. By combining the properties of the dipole 

antennae, tapered slot antennae, and end-fire antennae, the projected antennae system 

achieves coverage across two distinct frequency ranges.  

Applications that need communication or sensing capabilities in both the mm-wave and sub-

6 GHz frequency bands can benefit from this adaptability. In conclusion, the 2018 research 

by Ikram et al. describes a novel antenna system that functions in the sub-6 GHz and mm-

wave (28 GHz) frequency ranges. To enable multi-band operation with a small footprint, the 

antennae design includes components of an end-fire antenna, a regular dipole, and a tapered 

slot antenna. The benefits of this method are adaptability to many frequency bands and wide-

area coverage all within a single antenna design. 

(Syrytsin, I., et. al., 2018) [23] The authors proposed an Ultra-wide end fire planar-phase 

antennae system with 1.2 mm spacing, which would provide a wider scanning angle phase 

for 5G mobile terminals. The proposed antennae, when arranged in a phased array with 

distinct radiation patterns for each mode, can reach an impedance bandwidth exceeding 8 

GHz. Similar and more substantial embedded radiation patterns are produced in the arrays 

by these four modes. The overall even scanning pattern and cover efficiency of the observed 

and simulated phased array antennae were calculated in the 25–33 GHz frequency range. 

Despite a small deviation in coverage efficiency variance, the typical coverage efficiency 

over the frequencies range is rather similar, according to the data. In the specified frequency 

range, a coverage efficiency of about 50% is obtained with a threshold gain = 5 dBi. 

(Diawuo et al. in 2018) [24]    This paper makes the following suggestions, a feature low-

cost and a high-gain mm – wave pattern  antennae have been developed. This antennaes are 

indeed a 6 x 5 proximity-coupled of planar array designed in 5G a cellular applications. The 

suggested antennae configuration is efficient of providing broad-band properties and a low 

side lobe levels with a compaction size, as seen by the close results from simulations and 

measurements agree. higher a bandwidth of 27.5 GHz to 28.5 GHz, the antennaes have a 

gain of 21 dBi. It has a 9.8% impedance bandwidth between 26.04 GHz and 28.78 GHz.  
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A reconfigurable 5G and 4G operation band for radio frequency energy harvesters (RF-EH) 

in various wireless communication frequencies was described by (D. N. Elsheakh, 2019) 

[25]. The antennae's steerable beam pattern was built using such tunable graphene pads. The 

circular monopole fed by the CPW creates five rectangular strips with a 45° spacing angle 

that make up the projected antennas. These strips are connected to the monopole via 

graphene pads. The 5G frequencies that the proposed monopole antennae resonate at are 

3.GHz to 7.8GHz. Elwi and colleagues (2020) proposed a basic reconfigurable antenna

architecture consisting of a wireless feed network and four arc dipoles. The integration of 

RF PIN diodes within the feeding network is a crucial aspect of this design. These RF PIN 

diodes are strategically positioned to enable the reconfiguration of the antennae's radiation 

pattern. The primary focus of this antennae design is the ability to manipulate the main 

radiation beams. By appropriately controlling the RF PIN diodes, the antennae can be 

switched to achieve up to four distinct radiation patterns, each directed in a specific direction. 

This reconfigurability offers the advantage of adapting the antennae's radiation pattern 

according to the requirements of the application. The frequency operation range of the 

antennae spans from 2.25 GHz to 3.16 GHz, indicating its effectiveness in the sub-6 GHz 

frequency band. Furthermore, the antennae's gain reaches a maximum value of 4.11 dBi. In 

summary, the study by Elwi et al. in 2020 presents a fundamental reconfigurable antennae 

design featuring four arc dipoles and a wireless feed network. The strategic placement of RF 

PIN diodes within the feeding network allows for the manipulation of the antennae's main 

radiation beams. This results in the ability to switch between up to four radiation patterns 

directed in specific directions. 

The antennae operates within the frequency range of 2.25 GHz to 3.16 GHz and achieves a 

maximum gain of 4.11 dBi. This design's reconfigurability enhances its versatility for 

various applications. 

(S. Ullah, et al. 2020) [27], projected a narrow 5G reconfigurable antennae operating at sup 

6 GHz. The antennae has been excited through the use of a CPW feed-specific waveguide 

port. The antennae works in four different areas. based on a Lumped elements' states (ON or 

OFF). A Cutting-phase technologies, such as the Internet of Things (I0T) and that use of 

wireless sensor networks (WSN) for device-to-device communications (D2D). 



7 

In the research conducted by Elwi et al. in 2020, a novel configuration of ultra-wideband 

(UWB) cylindrical metamaterial (MTM) antennaes is projected, with applications in radio 

frequency (RF) and Internet of Things (IoT) domains. The key aspects of this antennae 

design involve the utilization of Hilbert-shaped MTM unit-cellss for the antennae patch and 

the incorporation of an electromagnetic band gap (EBG) structure between the ground 

planes. The primary objective of using the Hilbert-shaped MTM unit-cellss is to enhance the 

bandwidth of the antennae. The specific design of these unit-cellss contributes to widening 

the frequency range over which the antennae can effectively operate. Furthermore, the 

introduction of an electromagnetic band gap (EBG) structure between the ground planes 

contributes to an increase in antennae gain. The EBG structure aids in shaping the radiation 

pattern and directing energy in desired directions, resulting in an improved gain 

characteristic. The operational frequency range of the projected antennae spans from 3.7 

GHz to 13.8 GHz. The antennae's efficiency is notably high, achieving around 90% 

efficiency at 5.8 GHz. This efficiency value indicates that a significant portion of the input 

power is being radiated as electromagnetic energy, making the antennae an effective 

radiating element. In summary, Elwi et al.'s study in 2020 introduces a configuration of 

UWB cylindrical MTM antennaes suitable for RF and IoT applications. By employing 

Hilbert-shaped MTM unit-cellss and incorporating an EBG structure, the design achieves 

enhanced bandwidth and increased gain. The antennae operates within a frequency range of 

3.7 GHz to 13.8 GHz, with a notable efficiency of around 90% at 5.8 GHz.  

This design contributes to improved concerts  in the specified frequency range, making it 

well-suited for a range of applications in RF and IoT domains. 

In the research conducted by Wen, Sichao, and Yuandan Dong in 2020, a low-profile, 

broadband, vertically polarized antennae design is projected for indoor base station 

applications in the context of 4G/5G networks. The main objective of this antennae is to 

provide a monopole-like radiating pattern suitable for indoor environments. The antennae 

design is based on a standard monocone antennae equipped with internal matching circuits 

and a reactive load. This combination enables the antennae to exhibit a vertically polarized, 

monopole-like radiation pattern that is well-suited for indoor coverage. 
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 The antennae is designed to operate within a frequency range of 1.66 to 3.95 GHz, which is 

relevant for both 4G and 5G applications. The antennae design is aimed at achieving a broad 

bandwidth, providing continuous monopole-like behavior within the working band. The 

antennae is engineered to exhibit omni-directional radiation patterns, making it suitable for 

indoor environments where signal coverage needs to be evenly distributed. The antennae's 

measured impedance, expressed as the voltage standing-wave ratio (VSWR), is reported to 

be 2.2 within the operating frequencies. The antennae's bandwidth achieves an 81% rating 

for the voltage standing-wave ratio (VSWR) within the specified frequency ranges. 

 Specifically, for 4G networks, the projected antennae operates within the frequency range 

of 1.7 to 2.7 GHz, while for 5G networks, it operates within the 3.3 to 3.8 GHz range, 

corresponding to the 5G N78 band. In summary, the study by Wen, Sichao, and Yuandan 

Dong in 2020 presents a vertically polarized, broadband antennae design suitable for indoor 

base station applications in 4G/5G networks. The antennae provides monopole-like radiating 

patterns with omni-directional radiation characteristics. It operates within the specified 

frequency ranges for 4G and 5G applications and achieves good impedance matching and 

broad bandwidth. This makes it a suitable candidate for providing reliable indoor coverage 

in indoor base station environments. 

In the study conducted by Ciydem, M. and Miran, E.A. in 2020, a novel antennae design for 

5G base stations operating at Sub-6 GHz is projected. This antennae design aims to achieve 

several key characteristics, including low cost, lightweight structure, low profile, and dual-

polarizations. The antennae is designed to be cost-effective and lightweight, making it 

suitable for practical deployment in 5G base station setups. The antennae is designed with a 

flat and low-profile structure, which is advantageous for applications where space 

constraints are a concern. The antennae is capable of providing dual-polarized signals. This 

means that it can transmit and receive signals with two different polarization orientations, 

allowing for improved diversity and reliability in communication. The antennae design 

comprises several components, including a large radiating patch, a small parasitic patch, 

modified L-probe feeds, and a vertical metal wall. These components are strategically 

integrated to achieve the desired concerts  characteristics. The main patch of the antennae is 

capacitive and is driven by two feeds, each with a 45-degree slant polarization. This feed 

configuration allows for dual-polarizations and diversity in signal reception. The projected 



9 

antennae operates within the Sub-6 GHz frequency range, which is significant for 5G 

communication networks. The design's integration of multiple components and its modified 

feed configuration contribute to achieving dual-polarizations and improved signal diversity. 

These features are particularly important for enhancing the reliability of communication in 

5G networks. In summary, the study by Ciydem, M. and Miran, E.A. in 2020 introduces a 

novel antennae design for 5G base stations operating at Sub-6 GHz. The design aims to 

provide a low-cost, lightweight, low-profile, and dual-polarization solution. With a 

combination of components including radiating and parasitic patches, modified feed 

arrangements, and a vertical metal wall, the projected antennae design enhances signal 

diversity and concerts  for 5G communication applications. 

In the study conducted by M. Aboualalaa in 2020, a dual-band slot antennae design for 5G 

sub-6 GHz frequencies is projected. The primary focus of this work is to achieve dual-band 

frequency operation within the sub-6 GHz range, which is relevant to 5G wireless 

applications. The antennae is designed to operate at two different frequency bands within 

the sub-6 GHz range. This dual-band capability allows the antennae to cover multiple 

frequency ranges, which is valuable for accommodating various communication standards 

and frequency allocations in 5G networks. The antennae's radiating element is a square slot. 

This slot structure contributes to the antennae's dual-band characteristics and radiation 

concerts . The antennae is fed using a coplanar waveguide (CPW) configuration. CPW feeds 

are commonly used in antennae designs due to their simplicity and concerts  advantages. The 

dual-band operation is achieved by feeding the square slot antennae at two different positions 

using two separate feed lines. This approach allows for the excitation of different resonant 

modes, enabling the antennae to cover two distinct frequency bands. The projected antennae 

design exhibits good radiation characteristics and improved gain. The radiation efficiency of 

the antennae is reported to be over 93.5% in the required frequency bands. The antennae 

design is specifically intended for use in portable 5G wireless applications. This suggests 

that the design is well-suited for integration into handheld devices, IoT devices, and other 

portable communication solutions within the 5G ecosystem. In summary, the study by M. 

Aboualalaa in 2020 introduces a dual-band slot antennae design optimized for 5G sub-6 GHz 

frequencies. The antennae achieves dual-band operation by utilizing a square slot radiating 

element with CPW feeding at two different positions. The design aims for good radiation 
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characteristics, enhanced gain, and high radiation efficiency. With its suitability for portable 

5G wireless applications, the projected antennae offers a practical solution for 

communication needs in the 5G landscape. 

(A. Bhattacharjee and S. Dwari, 2021) [32] We present a straightforward planar monopole 

antennae. complex re-configurability to be achieved. the structural reorganization of the 

ground plane and monopole element using just 8 pin diodes results in reconfigurable 

properties of operating frequency so, the frequency will be reconfigured in the sub-6 GHz 

band. For applications in (5G). 

(H. Dildar., et al.  2021) [33], projected the frequency reconfigurable monopole antennaes 

with a low profile that is works in the microwave frequences band (1GHz -6 GHz). The FR-

4 substrate is used to print the suggested construction. The operating modes of an antennae 

are changed by installing four pin diode switches between radiating patches. Voltage 

Standing Waves Ratio (VSWR) of the supplied antennae is less than 1.5. The designed 

antennae has an efficiency of 84% and a gain range of 1.2 to 3.6 dBi. It is also compatible 

with mobile devices of the fifth generation (5G). 

A crucial element of 5G communication networks is multiple-input multiple-output (MIMO) 

technology, which enables simultaneous transmission and receipt of multiple data streams, 

boosting data throughput and enhancing system capacity. Multiple antennaes are utilized at 

the transmitter and receiver in conventional MIMO systems to enable the transmission and 

reception of multiple streams of data. Reconfigurable MIMO antennaes are a type of 

advanced antennae technology that can be dynamically adjusted to optimize their concerts . 

These antennaes can be adjusted in real-time to adapt to changes in the radio environment, 

such as changes in frequency, signal strength, or interference. In 5G applications, 

reconfigurable MIMO antennaes can be used to improve system concerts  and capacity. By 

dynamically adjusting the antennae configuration, it is possible to optimize the transmission 

and reception of data, ensuring that the system is operating at maximum efficiency. 

Reconfigurable MIMO antennaes can also be used to overcome some of the challenges 

associated with 5G communication, such as interference from other wireless systems or 

obstacles that block or absorb radio signals. By adjusting the antennae configuration, it is 

possible to steer the transmission and reception of data around obstacles or interference 
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sources, improving system reliability and concerts. Overall, reconfigurable MIMO 

antennaes are a powerful tool for optimizing 5G communication systems. By dynamically 

adjusting the antennae configuration, it is possible to overcome many of the challenges 

associated with 5G, while also improving system capacity and concerts. 

1.2.2 Design and Analyses EBG Structure 

(Alaa H. Radhi et. al., 2016) [34] The projected fractal structure based on the electromagnetic 

band gap (EBG) can aid in reducing the connection between microstrip antennae because of 

its ability to greatly slow down surface wave propagation in a certain frequency band. To 

improve isolation, two rounds of the planner EBG between two PIFA were used in a recently 

found one-layer unit-Planar fractal based on EBG (UPF-EBG) structure. The measurements 

of the PIFA antennae are 40 mm, 1.6 mm, and 68 mm. It operates at the wireless Long-Term 

Evolution (LTE) MIMO frequency of 2.65 GHz. 

A compact periodic lattice EBG structure is connected to improve themutual coupling 

between an H-plane connected PIFA array is investigated through a thorough concerts 

study. As a result, the mutual coupling has been reduced by more than 30 db. 

(Elwi, Taha in 2018) [35] projected a idea based on a printed slotted patch with an 

electromagnetic band Gap (EBG) layer for wideband applications, which is coated on a 

dielectric substrate in the shape of a lotus. The substrate for the dielectric is a Roger 

RT/droids. 5880 layer. The substrate's back profile is covered with an EBG layer to deliver 

a high gain bandwidth product across a wide frequency range. A flared-shaped coplanar 

waveguide (CPW) structure supplies the antennae. 

(Ismail, M. F. et al. 2018) [36] It was suggested to set up an EBG in an array arrangement 

between two micro strip antennaes to provide polarization and radiation characteristics that 

are changeable. While the polarization reconfigurable elements are created by connecting 

the square patch edge to a PIN diode, The EBG structure reflection wave is what gives the 

pattern reconfigurable properties. The beam pattern on EBG structures may be changed from 

0 to 14 degrees with a gain of 7.2 dBi at 2.4 GHz by turning a PIN diode (in ON and OFF 

states). 
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(Dey, Soumik, and Sukomal Dey in 2020) [37] projected a unique electro- magnetic band 

gap (EBG) for a Fabric Perot cavity antennae (FPCA) that is circularly polarized. The 

projected EBG creates a frequency band gap in the sub-6 GHz range between 3.07 and 4 

GHz. The unit-cells's overall diameter is 0.071 GHz, 0.071 GHz, and 0.018 GHz, where 0 is 

the free space wavelength at the 3.53 GHz center frequency. Using a 7 7 EBG lattice as a 

partially reflecting surface (PRS) will increase the circularly polarized (CP) antennae's 

directivity using metamaterials. Peak gain of the main CP antennae at 3.66 GHz is 7.51 dBi 

as opposed to 9.67 dBi for the FPCA loaded with the EBG defaulter. 

The unit-cells's overall diameter is 0.071 λ0 × 0.071 λ0 × 0.018 λ0, where λ0 the free space 

wavelength at the 3.53 GHz center frequency. Using a 7* 7 EBG lattice as a partially 

reflecting surface (PRS) will boost the circularly polarized (CP) antennae's directivity using 

metamaterials.  

Peak gain of the main CP antennae at 3.66 GHz is 7.51 dBi, compared to 9.67 dBi for the 

EBG defaulter loaded FPCA. One advantage of EBG structures is that they can reduce 

interference between closely spaced antennaes. In a MIMO system, To send and receive, 

many antennaes are utilized. signals simultaneously, and interference between the antennaes 

can degrade system concerts . By using EBG body to separate that antennaes, it is possible 

to reduce interference and improve system concerts . EBG structures can also be used to be 

improve the radiation efficiency of MIMO antennaes. Radiation efficiency refers to the 

ability of an antennae to convert electrical energy into electromagnetic radiation. In some 

cases, the radiation efficiencies of a MIMO antennae could be reduced due to mutual 

coupling through the antennaes. By incorporating EBG structures into the antennae design, 

it is possible to reduce mutual coupling and improve radiation efficiency. Another advantage 

of EBG structures is that they can be used to improve the directivity of MIMO antennaes. 

Directivity refers to the ability of the antennaes to transmitting or receiveing signals in a 

specific direction. By using EBG structures to steer the radiated pattern of the antennae, it is 

possible to improve the directivity and focus the transmission or reception of signals in a 

specific direction. Overall, EBG technology is a powerful tool for improving the concerts  of 

MIMO antennaes in 5G communication systems. By using EBG structures to reduce 

interference, improve radiation efficiency, and enhance directivity, it is possible to optimize 

the concerts  and capacity of 5G communication systems. 
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1.2.3 Reconfigurable Multi Input Multi Output [MIMO] in 5G Application 

(Wong, Kin-Lu,  et al. in 2020) [38] Projected a fabrication 3-Three wideband monopole 

patch antennaes combined into a Y/shape body for (MIMO) that is operation between 

(3300~4200) MHz for 5G application. Each element of these antennaes has waves with 

monopole like radiation patterns and Good concerts . They obtained radiation pattern is 

broadside direction and measured antennae efficiency for better 88% in the 5G band.   

(Serghiou, Demos, et al in 2020) [39] For 5G smartphone applications, a manufactured 88 

MIMO antennae that runs at (sub-6 GHz) spectrum frequencies has been projected. Each 

antennae is a folded monopole that can operate in the (3100–3851 MHz) low band and 

(4800–6000 MHz) high band frequency ranges.  In terms of Envelope Correlation 

Coefficient (ECC), overall efficiency, channel capacity, and Mean Effective Gain (MEG), 

they achieved good concerts . 

(N. O. Parchin , 2020) [40] A brand-new MIMO broadband antenna system is currently 

available. with regard to sub-6 GHz fifth-generation (5G) mobile communications. Four 

pairs of symmetrically positioned compact coplanar waveguide (CPW) antennae are placed 

on the four corners of the smartphone in the suggested design (PCB). The antennae are fed 

with different polarizations. as a result. The proposed architecture provides isolation, dual-

polarized full radiation coverage, and appropriate efficiency. A broad impedance bandwidth 

(S11 -10 dB) covering the frequency range of 3.3 to 6 GHz is also possessed by each 

antennae radiator. Furthermore, the intended design works effectively even in the absence 

of human hands. 

(Xu, Zhan, and Changjiang Deng in 2020) [41] It has been projected that a newly constructed 

MIMO antennae operating in the 3500 MHz frequency range will be used with 5G wireless 

devices. The necessary Feed signals are provided by a small two-port feed network. Enough 

bandwidth to handle the 3400-3600 MHz range is measured at 750 MHz (3.06-3.81 GHz) 

and 340 MHz (3.33-3.67 GHz) for the two ports. The port isolation in the overlap bandwidth 

is greater than 14 dB.   

In the research conducted by Chen, Shu-Chuan, et al. in 2020, a multi-input multi-output 

(MIMO) slot antennae system for fifth-generation (5G) tablet computers is projected. The 

focus of this study is on sub-6 GHz frequency operation, which is relevant for 5G 
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communication. Each antennae element in the MIMO system is constructed using a slot 

structure. Slot antennaes are known for their compact and planar design, making them 

suitable for integration into portable devices like tablet computers. The spacing between the 

two slot antennaes within a single device is enhanced using an ungrounded full-wavelength 

strip resonator. This resonator configuration aids in achieving the desired isolation between 

the antennae elements. The ungrounded full-wavelength strip resonator design contributes 

to an increased intra-unit isolation, improving it by approximately 3.5 dB at the mid-band 

frequency. Improved isolation is essential in MIMO systems to minimize interference 

between antennae elements. The MIMO antennae system supports the frequency band of 

3400 to 3600 MHz, which is relevant for 5G communication. The observed isolation within 

the operational band is reported to be greater than 11 dB. Additionally, the observed antennae 

efficiency exceeds 40%, indicating that a significant portion of the input power is being 

radiated effectively. All of the measured complex E-field radiation patterns' envelope 

correlation coefficients (ECCs) are less than 0.23. In a MIMO system, ECCs are used to 

evaluate the correlation between the radiation patterns of various antennae elements. Good 

independence between antennae elements is indicated by low ECC values, which is 

advantageous for preserving the integrity of MIMO communication. In summary, the study 

by Chen, Shu-Chuan, et al. in 2020 presents a MIMO slot antennae system designed for 5G 

tablet computers operating in the sub-6 GHz frequency range. The design employs slot 

antennae elements, enhanced spacing using an ungrounded resonator, and achieves 

improved isolation and efficiency. The antennae system supports the 3400-3600 MHz 

frequency band and is suitable for 5G mobile communications due to its low ECC values, 

which are essential for fast and reliable transmission. 

A reconfigurable multi-input multi-output (MIMO) antennae is a type of antennae system 

that can dynamically adjust its configuration to optimize its concerts . MIMO technology is 

an important component of modern wireless communication systems, as it allows for the 

transmission and reception of multiple data streams simultaneously, increasing data 

throughput and improving system capacity. Reconfigurable MIMO antennaes take this 

technology one step further by incorporating the ability to adjust the antennae configuration 

in real-time. This allows the antennae system to adapt to changing conditions in the radio 

environment, such as changes in frequency, signal strength, or interference. One advantage 
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of reconfigurable MIMO antennaes is that they can optimize the transmission and reception 

of data in real-time, ensuring that the system is operating at maximum efficiency. By 

dynamically adjusting the antennae configuration, it is possible to adapt to changing 

conditions in the radio environment, ensuring that the system is always operating at peak 

concerts .  

Reconfigurable MIMO antennaes can also be used to overcome some of the challenges 

associated with wireless communication systems, such as interference from other wireless 

systems or obstacles that block or absorb radio signals. By adjusting the antennae 

configuration, it is possible to steer the transmission and reception of data around obstacles 

or interference sources, improving system reliability and concerts . Overall, reconfigurable 

MIMO antennaes are a powerful tool for optimizing wireless communication systems. By 

incorporating the ability to adjust the antennae configuration in real-time, it is possible to 

adapt to changing conditions in the radio environment and overcome many of the challenges 

associated with wireless communication systems. 

 1.3 OBJECTIVE 

A few prerequisites must be met in order to meet the state-of-the-art in antenna design, 

considering how modern communication networks have recently grown [1]. The idea that 

artificial materials might emerge and change over time revolutionized microwave research. 

[1]. As a result, one of the most crucial components of cellular transmission lines and 

wireless communication systems is an antenna. Dipoles/monopoles, slot/horn, loop, 

microstrip, reflector, helical, dielectric/lens, log periodic, and frequency-independent 

antennas are among the nine types of antennas that have been developed in the last 50 years 

for use in communication and navigation systems. Every variety is better than the others for 

a specific purpose. Reconfigurable antenna designs most frequently use microstrip antennas 

due to their low cost, light weight, and ease of manufacturing [2]. The first known example 

of reconfigurable antennas was shown in the D. Schubert patent [2] from 1983. The US 

Defense Advanced Research Projects Agency (DARPA) funded the "Reconfigurable 

Aperture Program (RECAP)" in 1999 to investigate the application of reconfigurable 

antennae. [3]. Reconfigurable antennae have also been reported for use in cognitive radio, 
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MIMO systems, broadband networking, and other applications. Thus Reconfiguring an 

antenna involves changing its radiating characteristics, polarization, or frequency.  

The majority of antennae re-configurability techniques redistribute antennae currents, 

modifying the effective aperture's electromagnetic fields. [4]. The most often produced 

reconfigurable type antennas in recent years have been reconfigurable patch antennae, which 

are easy to manufacture and integrate into small electronic devices like laptops and mobile 

phones. A standard reconfigurable patch antenna is made up of several different metalized 

sections connected by switches or tuning elements and carried on a plane. [4]. 

Different metalized components can come into contact with one another by dynamically 

shifting the switch states, which will alter the antennae's overall radiation efficacy [5]. On 

the other hand, Multiple Input Multiple Output (MIMO) antennas are used to boost wireless 

channel capacity. [5]. For aspects of spatial diversity, the approved MIMO technology 

provides an efficient, high data rate split into multiple lower-rate streams. MIMO antennae 

are essential to several wire-free communication technologies, such as WLAN, 3G, LTE, 

and WIMAX (4G). Several researchers have developed MIMO antennae in a number of 

frequency bands that are covered by different types of [6]. Many wireless communication 

systems require MIMO antennas with a small footprint, high gain, and concerts, as well as 

CP radiation and a wide impedance bandwidth [7]. Furthermore, it has been proposed that 

MIMO systems can lessen the effects of multipath fading [8]. Nonetheless, the most notable 

disadvantage, particularly with portable contemporary MIMO devices and systems, would 

be the strong coupling of adjacent antennae [9]. Mutual coupling, a term for electromagnetic 

losses brought on by surface wave interactions between antennae elements, needs to be 

decreased in MIMO systems in order to improve antennae impedance matching and radiation 

characteristics [10, 11]. Here, mutual coupling can be considered surface wave leakage, 

although it depends largely on the antennae form, array design, and spacing distances [12]. 

 1.4 PROBLEM STATEMENT 

Due to the recent interest in meta-surfaces layers for different modern applications including, 

5G systems, hyperthermia, MRI, and wireless power transfer; a great research impact is 

moved toward pushing the limits of such technologies. This can be realized from the unique 

properties of such layers in comparison to other metamaterial categories. Therefore, an 
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intelligent meta-surface will be projected for such study to realize several achievements such 

as antennae beam forming, polarization reconfiguration, and direct antennae modulation. As 

a result, multiple modulation states can be performed with different carriers for multiplexing 

and transmitting multiple data streams that increases the system capacity and efficiency. 

Consequently, the research being conducted is By regulating the frequency band and 

radiation pattern and utilizing EBG structures to lessen the isolation between antennae 

MIMO elements, an advanced antenna works in MIMO systems. These innovative 

techniques offer programmable radiation patterns and frequency ranges for improved 

antennae concerts for 5G networks with sub-six (6-GHZ lower bands) frequency bands. 

1.5 CONTRIBUTION 

The major objective of such view is to design a high gain antennae over a certain bandwidth 

with direct antennae modulation process to realize intelligent beam forming process. Thus, 

the resulted beam forming would be applicable for many applications including the OFDM 

technology with high data rate processing to suit the current state of the art. The first 

objective of such view is to design a high gain antennae over a certain bandwidth with direct 

antennae modulation process to realize intelligent beam forming process. Thus, the resulted 

beam forming would be applicable for many applications including the OFDM technology 

with high data rate processing to suit the current state of the art. 

1.6 AIM OF THE WORK 

Designing monopole antennae for 5G networks at lower frequency bands—up to 6-GHZ—

is the goal of that effort. The projected antennae would be excited with a CPW feed based 

on a new technique (left gap on one side of the ground plane and monopole antennae) to 

maintain asymmetrical radiation patterns towards  one direction and design MIMO 

configuration for 5G application, as summarized in these sentence: 

a. Using four PIN diodes, create a new compact multiband frequency and radiation pattern

reconfigurable monopole antennae for 5G mobile devices with a broader range of re-

configurability from 1 to 10 GHz and a (-10 dB) reflection coefficient.

b. Create a Matching Impedance Circuit (MIC) by placing a fractal structure adjacent to

the monopole from a specific angle in order to reduce surface waves.
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c. Introduce the PIN diodes that are used to regulate the radiation pattern and frequency

resonance of an antennae under various switching conditions.

d. Improve the Gain-Bandwidth High Product (GBWHP) to meet the demands of 5G

systems.

e. To meet the needs of the 5G systems, create a 4_element reconfigurable MIMO

antennae for wireless technologies. The frequency band re-configurability ranges from

1 to 6GHz, and all of the antennae parts are the same size.

f. Add an EBG structure to the projected antennae structures in the MIMO scheme to

reduce mutual coupling.

1.7 THESIS ORGANIZATION 

This thesis is arranged into five chapters as follows: 

CHAPTER1 Contains the thesis' introduction. The motivation, literature review, problem 

statement, and work goal are the four areas that were covered in this study. 

In CHAPTER 2, a broad overview of the reconfigurable single antenna and reconfigurable 

antennae in the 5G MIMO configuration is provided. The topics covered include an 

introduction, background information, various types of reconfigurable antennae, design and 

feeding schemes, the present EBG structure design and analysis, and reconfigurable MIMO 

at 5G. 

In CHAPTER 3, the construction design, results, and analysis of a microchip-based 

monopole antenna for 5G applications are presented.  

CHAPTER4 The fabrication design, outcomes, and analysis of the MIMO system in 5G 

applications are discussed. 

CHAPTER5 Concludes this thesis, and some recommendations for future work. 
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2. SECOND CHAPTER

This chapter covers the theoretical underpinnings of MIMO and 5G wireless networks, as 

well as technology related to antenna reconfiguration and applications. 

2.1    BACKGROUND OF 5G WIRELESS NETWORK 

Fifth-generation wireless (5G), the most recent iteration of communication systems, aims to 

dramatically boost wireless network speed and responsiveness [43]. Data may presently 

transfer over wireless broadband connections at multiple gigabits per second (Gbps), with 

some estimates putting peak speeds as high as 20 Gbps. These speeds, which have a latency 

of less than 1 millisecond (ms) and are faster than landline network rates, are very 

advantageous for real-time applications. With 5G, data transmitted across wireless systems 

will increase significantly because of enhanced antenna technology and more available 

capacity. Providers have also been investing in mobile networks [43]. In contrast, fifth-

generation (5G) networks were starting to be installed by telecommunications firms in 2018 

to meet the growing data demands of consumers and businesses. It is expected that the 

introduction of 5G networks will enable service providers to expand their offerings to 

consumers (e.g., virtual reality and streaming video applications), support the growing 

Internet of Things and smart homes, support advanced industrial applications (e.g., industrial 

sensors and monitoring systems), participate in advanced data analytics, and take advantage 

of technological advancements (e.g., autonomous vehicles, smart city applications). 

Spectrum is another factor driving the 5G rollout. The electromagnetic spectrum is used by 

all wireless communication techniques [44], [45]. A spectrum is the set of radio frequencies 

utilized for airborne communication. Multiple spectrum bands are used in 5G. Low-band 

(below 1 GHz), mid-band (1 GHz–6 GHz), and high-band millimeter spectrum are all used 

in the 5G standard. In order to deliver extremely fast services in densely populated locations, 

5G requires the deployment of 5G technologies that use high band spectrum (mmW). 

Current users gain from the addition of new features, faster service, and increased capacity 

and coverage that come with the implementation of 5G technology in the mid-band 

spectrum. Many Internet of Things applications require wide-ranging coverage, which 5G 

technology, when utilized in a low-band spectrum, might supply Furthermore, since wireless 

communications work best at frequencies lower than 6 GHz, the majority of portable 



electronic devices, including cell phones, run at those frequencies. For example, frequencies 

in this region of the spectrum can very well travel long distances, spanning large areas, and 

they can easily pass through obstacles like walls. But as more people use mobile devices for 

increasingly varied purposes[45],[43], all parties engaged in 5G technology development 

acknowledge that spectrum in three major critical frequency ranges is necessary for 5G to 

function as intended. 

a. Sub-1 GHz for complete coverage in urban, suburban, and rural areas, as well as for in-

building IoT device and service coverage.

b. 1-6 GHz for increased bandwidth, especially in the 3.3–3.8 GHz range, which is expected

to provide the foundation for a large number of the initial 5G services.

c. Above 6 GHz, BMW will focus on providing ultra-high wideband speeds.

2.2      ANTENNAE RECONFIGURATION: 

2.2.1 Reconfiguration Types 

Based on the characteristics of the reconfiguration methods, there are four categories that 

can be applied to reconfigurable antennas like shown in  Figure (2.1) [46]. 

Figure 2.1: Antenna Reconfigurable Types [46]. 

2.2.2 Frequency Reconfiguration 

When a system runs in various frequency bands in today's communication systems, 

individuals can observe a range of circumstances. The simplest example is when signals are 

received on one frequency by a transceiver and transmitted on another. Instead of utilizing a 

different antenna for each band in this case, a frequency-reconfigurable antenna might be 

employed to lower system costs and simplify the design and operation of the system. The 
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primary goal of antenna design is to maintain the desired frequency. overall operating 

frequency bands, the radiation and polarization patterns are measured. Given that the 

antennae's physical size cannot typically be altered, this is a challenging undertaking. During 

the procedure, adjustments are straightforward. Of course, using mechanical devices to 

manage antennae concerts is never required. 

The alternative, though, is to employ switches to modify the antennae's physical attributes. 

The electrical system and the current distribution of the antennae need to be adjusted. By 

modifying the antennae length in response to surface current velocity, a frequency 

reconfiguration can be accomplished [46]. The frequency reconfiguration procedures fall 

into three types. Ultimately, mechanical and electrical methods are utilized to control the 

properties of the material that was used to create the antennae. The antennae construction, 

which serves as an example for these techniques, showed how to mechanically tune a 

metamaterial unit-cell's overall thickness to change the resonance frequency [47]. The 

benefits of mechanical frequency reconfiguration systems include linear behavior, minimal 

inter-modulation harmonics, low loss rate, and wide frequency coverage. Their main 

problem, though, is that they are limited by things like bulky constructions and sluggish 

actuator switch rates. Most contemporary programs are incompatible with it. Electrical 

methods are routinely used to switch PIN-diodes and FETs. These systems have one 

disadvantage over mechanical ones, although being much faster: in order to regulate the 

switching components, they require an extremely complex biasing network. 

2.2.3 Polarization Reconfiguration 

The antennaes can change their polarization state while maintaining a steady frequency and 

radiation pattern in this form of re-configurability. MIMO antennae systems favor 

reconfigurable antennaes with various polarization patterns. These are achieved by changing 

the surface morphology of the antennae's feeding network, which alters the direction of the 

electric field. So theoretically, there is a 3 dB power loss when an antennae is communicating 

with merely a linearly polarized antennae. A vertically polarized antennae is effectively 

shielded from its surroundings. These antennae radiation patterns stand out because they 

cover the ground level from horizon to horizon. Polarization that can be changed is being 

implemented. These antennae provide excellent line-of-sight (LOS) without path 

mismatching, hence improving the radio connection budget [48]. 



2.2.4 Radiation-pattern Reconfiguration 

An additional crucial subject in smart antennas is the reconfiguration of the radiation pattern. 

This statement describes antennae gain control in both the azimuth and elevation planes as 

well as beam-steering methods. By simply concentrating the signal, the reconfigurable 

antennas of the radiation-objective pattern enhance link quality. This results in superior 

antennae gain control inside a specific coverage region or in a specific direction. The main 

strategy for putting these properties into practice is current control. spread of the antennae, 

changing frequency behavior and matching of the antennae impedance. Therefore, while 

altering the antennae's beam or power, matching attributes must be taken into consideration 

[49]. Moreover, the fundamental challenge for a pattern reconfigurable antennae is to 

provide beam-switching capabilities with little use of parasitic elements, an antenna array, 

or simple switching circuits, all while maintaining good pattern variety. [43]. This work 

indicates that producing high-quality pattern reconfigurable variety with low-profile printed 

antennae is a difficult task. You may view an illustration of this technique in [50]. This type 

of reconfigurability is achieved by adjusting the electric field orientation through 

modifications to the interactions between the antennae's surface structure and feeding 

network [49]. 

2.2.5 Compound Reconfiguration 

Additionally, compound reconfigurable antennaes can be set up to function with different 

characteristics. They have the ability to modify each frequency's frequency and polarization 

phase as well as the shape of their radiation pattern to produce a variety of reconfigurable 

processes. Furthermore, numerous designers provide various antennae characteristic 

configurations [51]. To provide pattern and polarization variation, two orthogonally oriented 

strips were used, and such compound antennae designs are given special design requirements 

in [52]. 

2.3    RECONFIGURATION TECHNIQUES 

It is simple to select a reconfiguration strategy that consistently yields the needed 

functionality or characteristic in order to obtain the necessary reconfiguration functionality. 
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In order to achieve reconfiguration using the reconfigurable antennae, four universal 

methodologies are required. This makes it possible to employ the matched antennae for a 

real-world wireless communication task that calls for a flexible RF frontend. are displayed 

in [50] (Figure 2.2). 

Figure 2.2: Reconfiguration Technique of Reconfigurable Antennas [51]. 

2.3.1 Physical Reconfiguration 

Mechanical Reconfiguration techniques employ both linear actuators and motors [51]. They 

require rotating mechanisms like servo motors but lack biasing networks like electrical 

reconfiguration approaches. as shown in [53]. 

 2.3.2 Electrical Reconfiguration 

That is, re-configurability can be attained with a range of switching techniques that find the 

ideal balance between complexity, effectiveness, and cost, such as image silicon [54], 

varactor diodes [55], PIN diodes [56], RF MEMS, or optical switches [57]. As a result, [58] 

provided a detailed comparison utilizing those switches. Electrical switches have certain 

features and a number of limitations, as listed in Table 2.1 below, despite the fact that they 

provide active reconfiguration procedures. 
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Table 2.1: Comparison Between Different PIN and RF MEMS Switches [58]. 

Electrical Propertious Units PIN Diodes RF MEMS 

Voltage V 3-5 20-100

Current Ma 3-20 0 

Power Consumption mW 5-100 0.05-1 

Switching Speed Sec 100nSec 1-200µSec

Isolation (1-10 GHz) dB Hisgh Very High 

Loss (1-10 GHz) dB 0.3-1.2 0.05-0.2 

2.3.3 Optical Reconfiguration 

Antennae reconfiguration optically refers to the process of using optical signals to modify 

the operating characteristics of an antennae. This can be achieved by using a variety of 

techniques, such as optically controlled reflectors or phase shifters, to modify the properties 

of the antennae. One possible approach to optically reconfiguring an antennae is to use 

optically controlled reflectors to change the direction of the antennae's radiation pattern. 

These reflectors can be made of materials that change their optical properties in response to 

an applied voltage or current, allowing the direction of the reflected signal to be controlled. 

Another approach is to use optically controlled phase shifters to modify the phase of the 

signal being transmitted or received by the antennae. This can be used to change the direction 

of the radiation pattern or to adjust the phase of the signal to compensate for signal distortion 

or interference. Optically reconfigurable antennaes have several advantages over traditional 

antennaes. They can be designed to be smaller, lighter, and more efficient than traditional 

antennaes, making them ideal for use in applications where space and weight are at a 

premium. They can also be rapidly reconfigured to adapt to changing operating conditions, 

making them ideal for use in dynamic environments. Overall, the use of optical signals to 

reconfigure antennaes has the potential to revolutionize the design and concerts  of 

antennaes, enabling them to be more flexible, efficient, and adaptable to changing 
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conditions. The use of optical switching technology is supported by embedded 

photoconductive switching systems in antennaes as well. When the antennae construction is 

only exposed to a laser beam, the photo detector switches become conductive [59]. Most of 

these techniques are explained. in [59], and [60]. 

2.3.4 Material Change Reconfiguration 

Material change reconfiguration refers to the process of modifying the physical properties 

of a material in order to alter its functionality or concerts . This can be achieved through a 

variety of techniques, including changes in temperature, pressure, or electromagnetic fields. 

One example of material change reconfiguration is shape memory alloys (SMAs), which are 

metals that can "remember" their original shape and return to it after being deformed. By 

applying heat or other stimuli, SMAs can be reconfigured to change their shape, making 

them useful for a variety of applications, such as actuators, sensors, and medical devices. 

Another example of material change reconfiguration is the use of smart polymers, which are 

polymers that can change their physical properties in response to changes in their 

environment, such as temperature, pH, or light. By changing the environmental conditions, 

smart polymers can be reconfigured to alter their stiffness, shape, or other properties. 

Material change reconfiguration has many potential applications in various fields, including 

aerospace, biotechnology, and robotics. For example, reconfigurable materials could be used 

to create adaptive structures that change shape in response to changing environmental 

conditions, or in soft robotics to create soft, flexible robots that can change their shape and 

function depending on the task at hand. Overall, material change reconfiguration has the 

potential to enable the development of new materials and devices with unprecedented levels 

of functionality and adaptability. Magnetic ferrites can be used to construct reconfigurable 

antennaes [61]. Liquid crystals and smart materials like grapheme are examples of 

reconfiguration techniques based on material change. [62].  

2.4      ANALYSIS OF PIN DIODE 

A PIN diode is a type of diode that consists of a p-type semiconductor material, an intrinsic 

or un-doped semiconductor layer, and an n-type semiconductor material, forming a PIN 

structure. It is a type of photo-detector and is commonly used in electronic circuits for high-

frequency switching, attenuation, and phase shifting. The intrinsic layer in the PIN diode is 
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designed to be wider and have a lower doping concentration compared to the p-type and n-

type layers, allowing it to have a higher resistance and lower capacitance. This makes the 

PIN diode suitable for use in applications requiring high speed and low noise, such as in 

microwave and RF circuits. PIN diodes work by varying their forward bias current to control 

their impedance and capacitance. When a forward bias voltage is applied, the diode becomes 

conductive, allowing current to flow through it. When a reverse bias voltage is applied, the 

diode becomes non-conductive, and its impedance increases. One of the key advantages of 

PIN diodes is their ability to handle high levels of power without being damaged. They are 

also highly responsive to changes in voltage, making them ideal for use in switching and 

modulation applications. Additionally, they have a wide range of frequency response, 

making them useful in a variety of high-frequency circuits. Overall, PIN diodes are an 

important component in electronic circuits, especially in applications that require high-speed 

switching and low noise. They are commonly used in RF and microwave circuits, 

telecommunications, and radar systems, among others. In this section of the work, the author 

introduces an analysis of PIN diodes, which is an essential component of the projected 

research as they are used to control the antennae's concerts. At radio and microwave 

frequencies, a PIN diode is a kind of semiconductor device that functions as a variable 

resistor. The study is provided to clarify how these PIN diodes work in relation to the 

antenna design. Within the range of microwave frequencies, the PIN diode functions as a 

variable resistor. It has two settings, ON and OFF, and functions like a switch. These states 

can be attained by applying either forward or reverse bias to the PIN diode. The PIN diode 

has low impedance when it is forward-biased, which occurs when it is in the ON state. The 

diode acts like a short circuit due to its low impedance, which permits current to pass through 

it. On the other hand, the PIN diode experiences reverse biasing in the off state, which results 

in high impedance. The diode functions as an open circuit in this state, blocking the flow of 

current. As shown in Figure 2.3, the PIN diode is composed of three regions: an intrinsic (I) 

area in the middle, a severely doped n-region, and a heavily doped p-region. Because of its 

construction, the diode can act as a variable resistor in response to an applied bias. The PIN 

diode functions almost like a constant capacitance when reverse-biased. The PIN diode acts 

as a variable resistance with fluctuating current flow when it is forward-biased. This analysis 

of the PIN diode's characteristics and behavior is crucial for understanding how it functions 

as a switch in the context of the projected antennae design. By controlling the bias applied 
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to the PIN diodes, the antennae's concerts  can be modified effectively, achieving the desired 

outcomes. This section provides essential information to readers about the principles behind 

using PIN diodes to control the antennae's behavior, ensuring a clear understanding of the 

projected research's technical foundation. 

Figure 2.3: Principle of PIN Diode [63]. 

PIN diodes are utilized in physics for a number of applications, such as radio frequency 

attenuators, microwave attenuators, and microwave switches. A few examples of these uses 

are listed below. [63]: 

a. These diodes are employed in RF, microwave, and variable microwave attenuators due

to their low capacitance.

b. They have been utilized in photovoltaic cells and photodetectors, and PIN photodiodes

are used in switches and fiber optic network cards.

c. These diodes can be utilized as an RF switch and for RF protection circuits.

d. Gamma and X-ray photons can also be located using the PIN photodiode. In addition,

PIN diodes are used in microwave and antenna applications because of their high

reliability, high voltage capability of over 2000 volts, high current capability of over 25

amps continuous, high surge current capability of over 500 amps, low distortion of less

than -60 dBc at 455 kHz, high power gain of over 10,000:1, fast switching speed of less

than 100 ns, small physical size, and availability of a range of thermal packaging [64].
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2.5    GENERAL NOTATIONS AND COMPARISON 

There are numerous wireless systems that can use the reconfigurable antennaes, including 

[60], [61]: 

a. Based on cellular, personal, and millimeter-wave communications networks as well as

5G networks.

b. Wireless sensors and health monitoring technologies are part of IoT networks.

c. MIMO mobile phones with fields-based Cognitive Radio Application.

d. Frequency modulation reconfigurable antennae elements based on radar systems for

communications in space.

e. Terahertz communication technology.

f. Reusable antennae for wireless local area networks based on frequency bands.

Table 2.2: The Benefits And Restrictions of Antennae Reconfiguration Approaches are Described. 

[60]. 

The author used a comparative study between the discussed methodologies to order to 

compare the strategies further as in Table 2.53 



29 

Table 2.3: Comparison Between of Different Techniques [42]. 

2.6 MIMO BASED ANTENNAE ARRAY 

To solve the data throughput constraint suffered by traditional Single-Input-Single-Output 

(SISO) wireless communications, Multiple-Input-Multiple-Output (MIMO) technology was 

created. in circumstances of signal fading, multipath, and interference [65]. To send more 

data simultaneously, MIMO technology employs multiple transmitters and receivers. 

MIMO divides communication systems into three categories: 

a. The data throughput constraint observed by traditional Single-Input-Single-Output

(SISO) wireless systems led to the development of Multiple-Input-Multiple-Output

(MIMO) technology. communications under conditions of interference, multipath, and

signal-to-fade to fade [66].

MIMO technology uses To transfer more data simultaneously, use numerous transmitters

and receivers. MIMO categorizes three main kinds of communication systems, as shown

in (Figure 2.4) .

Figure 2.4: Point-To-Point MIMO System [64]. 
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b. 2. The concept underlying the other form, multiuser MIMO, is that one base station can

employ a single time-frequency resource to service several terminals simultaneously.

As seen in (Figure 2.5), multiuser MIMO is produced from point-to-point setup by

splitting the number of antennae on the terminal sides.

Figure 2.5: Multiuser MIMO [65]. 

c. Lastly, Massive MIMO: This technology prevents base stations from collaborating in

any way since each base station has an enormous number of antenna terminals. as seen

in Figure 2.6.
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Figure 2.6: Massive MIMO in (a) Uplink (B) Downlink [65]. 

5G antennae offer several advantages, including improved efficiency, fewer interference, 

faster speeds, lower latency, and more capacity for connected devices. As smartphones and 

other mobile terminals become more ergonomic and multipurpose, antennae reduction is 

crucial to boost MIMO channel capacity for 5G at sub-6 GHz [66]. 

2.6.1 Applications of MIMO System 

Numerous applications make use of MIMO systems. Another use that is quickly expanding 

in a variety of industries, such as wearable computing, healthcare, and military 

organizations, is wireless body area networks (WBAN). The human body has a high 

dielectric constant in the microwave. range The human body has low microwave 

conductivity, a significant loss tangent, and a high dielectric constant. Because of this, 

dispersion from the body and its surrounds as well as polarization mismatch can reduce an 

antennae's gain and radiation efficiency when it is employed on or within the human body. 

Multi-input, multi-output (MIMO) systems were a potent method for enhancing overall 

concerts  and mitigating multipath fading [66]. A thin mobile device with support for wide 

resonant modes at 0.77 GHz for LTE WiBro (Wireless Broadband) functioning requires 

band 13 and 2.35 GHz, as well as a broad resonant mode of around 2 GHz for wideband 

code division multiple access. (WCDMA) operations has been used in another MIMO 

application [65]. For laptop computer applications, better signal transmission and reception 

has been sought for using the 2.4/5.2/5.8 GHz band as an additional application for Tri-band 

WLAN MIMO operation. For WLAN MIMO operation, a small WLAN antenna array with 
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superior antennae isolation and radiation efficiency is needed. Furthermore, a dual-band 

strip resonator is placed between two WLAN laptop computer antennae in order to collect 

near-field radiation from one to the other and improve isolation in the WLAN bands [66]. 

Wi-Fi 802.11n is another use for MIMO [67]. Mesh networks, including 4G and 5G [68] 

and Muni Wireless [58]. RFID and the Digital Home [60] [61]. However, there are several 

benefits to using the MIMO system to reduce size. One such benefit is the construction 

mobile phone apps for the original self-antennae element consist of two vertical stubs the 

5G (MIMO) system. Without the use of extra isolation devices or decoupling procedures, 

an 8-antennae MIMO system is capable of achieving very excellent isolation and antennae 

efficiency [67]. Utilizing chip-based The experimental demonstration of LED arrays as 

wavelength-selective, high-concerts, and self-powered photo detectors (PDs) [68] made 

possible gain-based micro-LED in (LED) arrays for a variety of multipurpose devices, 

including micro-displays, solar cells, photo detectors, and data transmitters using 405 nm 

violet laser diodes (LDs) as transmitters, multiple-input multiple-output (MIMO) visible 

light communications at high speeds. An in-depth examination of the ambiguity function in 

radar applications serves as the foundation for a method for constructing a 2-D-array for 

multiple inputs and outputs (2-D-MIMO) in 3-D imaging. An investigation is conducted 

into the uncertainty throughout the whole angular field of view function. Consequently, the 

influence of any invasive signals beyond the domain of interest is considered, thereby 

enhancing the reliability of the results. A genetic algorithm developed to enhance a four 

transmitter and eight receive element 2-D-MIMO sparse array guarantees an angular 

resolution of 8 and 5.9 on the azimuth and elevation angles, respectively, as well as an 

ambiguity-free region span in azimuth and elevation angles greater than 120. High-

frequency surface wave (HFSWR) radars are utilized in conjunction with space-time 

adaptive processing (STAP) in an HFWSR configuration to improve the resolution and 

accuracy of coastal radars as well as the identification of sluggish objects. MIMO is also 

used through radar to provide multiple benefits for mitigating multipath caused by 

propagation effects and fading environments in many different applications Therefore, 

MIMO antennaes with the capacity to transmit waves in a number of patterns and 

polarizations have become crucial in recent years in modern telecommunication systems. 

The concerts  of MIMO systems can be negatively impacted by increases in mutual coupling 

because of how they can affect antennae properties. The reciprocal coupling in the digital 
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domain can be optimized to somewhat improve concerts . However, using methods like 

defective complementing split ring resonator, ground structure, parasitic or slot element, and 

decoupling networks, which may circumvent reciprocal coupling effects through physical 

implementation, is the most basic and efficient strategy [69]. 

2.6.2 Standard MIMO Configurations 

For simultaneous transmission and reception of various data streams, MIMO radio employs 

many antennaes. The number of antennae needed for a radio is decided by the manufacturer 

based on what they think would function best for transmission and reception with their 

particular hardware and software. 

a. Typically, 22 MIMO is used (two transmit antennaes, two receive antennaes)

b. MIMO uses three transmit and three receive antennaes (three transmit antennaes, three

receive antennaes).

c. another type of MIMO Four send antennaes and four receive antennaes  (four transmit

antennaes, four receive antennaes).

d. third type of MIMO Eight send and eight receive antennaes (eight transmit antennaes,

eight receive antennaes).

For MIMO radios, a variety of antenna options are available based on the customer's 

preference for configuring the radio system in accordance with the particular needs of that 

application. Antennae for MIMO applications generally fall into two categories. into the 

subsequent groups: 

a. The most prevalent kind of antennaes are vertically polarized dipoles. These are the

same antennaes used in SISO systems, with the exception of the MIMO system

employing two or more of the same antennae. Practically any omnidirectional antennae

may be utilized as long as it satisfies the specifications for the required frequency bands,

gain, RF power handling, and other system factors.

b. Products that have several antennaes in a single unit. Each of these antennaes' two or

more RF connections links to a separate antennaes inside the vehicle. These are The

two elements are typically offset from one another by 90 degrees (orthogonally) and

produced with slant left and slant right polarization. This provides more antennae

polarization variety for active RF situations without adding difficulty to the end user's

system installation.



2.7 MICROSTRIP ANTENNAE FEEDING TECHNIQUES 

2.7.1. Coaxial Probe 

It is among the simplest ways to send microwave energy. The probe can be used as the inner 

conductor of a coaxial wire or, in the case of coaxial line feeding, to supply power to a 

microstrip antenna through a slot in the common ground plane from a triple line (strip-line). 

an ordinary microstrip antenna connected by a type N coaxial cable. The coaxial center 

conductor is soldered to the patch metallization after passing through the substrate, and a 

coaxial connection is fastened to the back of the printed circuit board. The feed point 

position is selected to obtain the best impedance match for the given mode. The primary 

method of excitation of the patch is the coupling of the feed current to the patch modes like 

shown in (Figure 2.7) [69]. 

Figure 2.7:  Coaxial Connector [69]. 

2.7.2. Coplanar Waveguide 

Cheng P. W. invented the coplanar waveguide in 1969 [70], primarily to include non-

reciprocal elements like gyrators and isolators into planar transmission line circuits. In the 

simple design of the ordinary coplanar waveguide antennae, the GND plane is only partially 

composed of the two parts that are pictured, and it lies above the dielectric substrate.  

As seen in (Figure 2.8).Coplanar waveguides, a kind of electrochemical planar transmission 

line that uses circuit board technology, are used to transfer microwave signals. On a smaller 

34 
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scale, monolithic microwave-integrated switches also contain coplanar waveguide 

transmission lines.[69] 

On the other hand, A (CPW) has a single conducting route printed into a dielectric substrate 

in addition to two return conductors—one on each side of the track. Since they are all three 

on the same dielectric substrate, they are all coplanar [71]. 

Figure 2.8: Co-Planer Waveguide [72]. 

2.7.3 Inductive Aperture Coupling 

Two unique substrates are present in aperture coupled feed and are separated from one 

another by a ground plane [72]. This technique uses a slot in a ground plane to link the 

microstrip patch and feed line [72]. With the aperture-coupled feeding technique, 

interference is reduced and pure polarization is achieved.( Figure 2.9) shows this feeding 

technique. 

Figure 2.9: Aperture Coupled Feed [72]. 



36 

 2.8 ARCHITECTURAL SCENARIO OF 3D ANTENNAE MIMO PROPAGATION 

W9

My antenna 

There is no 

broadcast 

between them

Figure 2.10: Scenario of MIMO Antenna Propagation [73]. 

The author depicts a 5G communication scenario using an antennae operating between two 

sectors in this illustration. It demonstrated how the user receives directional antennae 

propagation without experiencing any propagation loss. This specifically applies to the 

transceiver method's antennae control inside the constrained frequencies of sub 6 GHz [73]. 

2.9 INTRODUCTION TO MAIN DESIGN OBJECTI.VES 

The growth of mobile communication systems has reached a point where ultra-high data 

rates in the gigabits-per-second region are required[74]. Researchers have been challenged 

by the growing demand for high-speed communication, and the answer that has emerged as 

a result is to enhance physical communication in the millimetre-wave frequency above 6 

GHz [74]. As a result, the existing congested spectrum must be abandoned in favour of a 

new, limitless capacity accessible in the millimetre-wave range[72]. 

For DSRC-band applications, It has been suggested to use a low-profile fractal antennae and 

related array[74]. The projected single element is a freshly built right-handed circularly 

polarized (RHCP) fractal antennae developed from the Koch-snowflake 1st-iteration. 

Additionally, a ground plane defect with a diagonal slit was employed to resonantly align 

the structure at the required frequency while minimizing cross-polarization over the 

operational frequency [73]. Metamaterial surfaces are essential for suppressing surface 

waves and achieving in-phase reflection, which improve antennae concerts  [74]. In that 

study, the concerts  of a metamaterial-based antennae and a fifth-generation (5G) antennae 

design for 5G communication system applications were compared. Metamaterial surfaces 
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are utilized as reflectors to increase antennae gain because of their high impedance and in-

phase reflecting properties [75]. The antennae's efficiency falls significantly as a result of a 

conventional conducting ground plane's insufficient surface wave suppression. 

The integrated MIMO antennae system for 5G wireless communication services combining 

Long Term Evolution (LTE) and Millimetre-Wave (mm-wave) technologies is demonstrated 

in this paper[76]. An LTE MIMO with two elements The four-element 5G MIMO 

configuration and a rectangular[78] antennae make up the projected design. Moreover, the 

ground plane exhibits spherical flaws. The suggested structure is constructed on a 0.76mm-

thick Rogers RO4350B substrate for experimental confirmation. [79]. The substrate 

measures a total of 110 mm by 75 mm. The proposed structure might operate at frequencies 

in the range of 5.29–6.12 GHz (LTE 46 and 47 bands) and 26-29.5 GHz (5G mm-wave).[77]. 

The isolated ground-radiation antennae (iGradiANT) is used in a 5G multiple-input multiple-

output (MIMO) antenna array, illustrating its applications. [79]. It is inherently isolated from 

another neighboring antenna element. GradiANT is made possible by merely enhancing a 

standard ground-radiation antenna with a small out-of-ground loop (GradiANT). Because of 

this, the projected GradiANT may support both an in-ground loop-type current mode and an 

out-of-ground loop-type current mode, which oversee approaching energy cancellation and 

dangerous radiation, respectively, in contrast to existing GradiANTs. [77]. 

In this paper, We suggest a millimeter-wave (mm-wave) operating Structure of metamaterial 

(MTM) with reconfigurable capability [80]. The MTM's reconfigurable feature with two 

configurations is accomplished using four switches [81]. These two arrangements have 

various refractive indices, which are utilized to steer the antennae's radiation beam in the 

desired directions [81]. Operating at 28 GHz, the projected planar dipole antennae is in the 

5th generation (5G) spectrum. A microstrip printed antennae for 5G applications is presented 

[83]. It is covered with meta-material unit-cellss and features dipole arms on the substrate's 

front and back planes. on each side. The optimal locations in relation to the dipole arms are 

where the meta-material cells are located [81]. 

2.9.1 Antennae Design and Geometrical Details 

To feed a micro strip line, the suggested antennae is built from a coplanar waveguide. The 

micro strip line is invoked to excite a T-resonator that is connected to 0ne split ring resonator 

(SSR) unit-cells[79]. By stimulating harmonic plasmatic surface waves, To lengthen the 
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electrical antennae effectively, the projected SSR is employed to shorten the antennae length. 

[84]. When compared to these based on direct connection, the antennae bandwidth is greatly 

increased by the T-resonator's inductive excitation of the SSR [83]. Every unit-cells is built 

through a succession of fractal size reductions that improve a current route motion on a patch 

surface [79]. The antennaes size are reduced to the same extent lambda/5.

2.9.2 Design Methodology 

The suggested antennae dimensions are parametrically investigated in this part to understand 

the impacts of changing them with regard to the antennae concerts . The numerical analysis 

used for the parametric investigation is based on CST MWS[83]. The suggested antennae is 

organized. consist of 8 cell with a coplanar feed as seen in (Figure 2.11).  

The suggested patch is printed without a ground plane on a FR4 substrate. With a height of 

1.67 mm, the substrate dielectric constant is 4.3. It is believed that given a limited space, the 

cell geometry will increase the effective height (length).  

The T-Resonator's benefits include expanding the bandwidth and supporting the antennaes 

to cut down on patch losses. 

A transmission line is used to deliver power from the RF source to an antenna component. 

The load is being used to adjust the antenna radiation to the open space impedance. The 

coplanar waveguide feed is anticipated to match power throughout a large frequency range 

with little dispersion effects. 

Figure 2.11: Antennae Geometry. 
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This section displayed the simulation results of Antennae design in many parameters such 

as S-factors, Gain and Directivity, we selected two bands (0.1 GHz and 6 GHz) as resonate 

frequencies because it has a good result in S11 and gain together. The CST microwave studio 

software is used to carry out the simulation. A coplanar waveguide with a transmission line 

on top of the substrate and a printed ground plane structure excites the antennas, as will be 

covered later[9]. Thus, as shown in (Figure 2.12(a)), the authors used their parametric 

analysis on the ground plane length to realize the impacts of that on the antennae S11 

spectrum. The obtained results reveal that, in relation to the ground plane, the antennas 

exhibit no fluctuation in frequency resonance. However, there is a 0.5mm step in the length 

change (L) from 4 to 5 millimeters. On the other hand, the matching impedance is 

significantly affected by the initial resonance mode. The authors next conducted the same 

investigation on the distance gap (G) between a ground plane and a transmission line, 

ranging from 2 to 1 millimeters in steps of 0.5 millimeters, as shown in Figure 2.12 (b)). 

According to the findings in [86], the antennae bandwidth decreases with decreasing the 

distance between the transmission line and the ground plane. However, changing the 

antennae diameters generally affects the antennae resonances. As mentioned in [85], this is 

because the coplanar gap significantly affects the antennae matching impedance. Lastly, as 

shown in Figure 2.12(c), the ground plane width (W) is adjusted from 10 mm to 8 mm in 

steps of 1 mm to examine the impact on the S11 spectrum. It is found that the projected 

antenna show insignificant variations with respect to W variation. 



Figure 2.12: S11 parameter of the Proposal Design. 

2.9.3. Results Validations 

The suggested antennae findings are quantitatively assessed using CST MWS and HFSS in 

this part. The proposel antennae concerts  in terms of S11 and gain curves are evaluated with 

in the frequency band between 3GHz to 6GHz, with the sub-6GHz, to suit the 5G 

applications. Nevertheless the antennaes radiation patterns are evaluated at 3.7GHz, 4.6GHz, 

5.2GHz, and 5.9GHz. This analysis is conducted as following: 

2.9.4 S11 curves 

S11 is one of most important factors to describe the relationship between input and output 

power coupling [81]. S11 curve describes the return loss that realizes the matching between 

the input impedance of the antennae patch and the RF source. From Fig. 2.13, it is found that 

projected antennae S11 is about -10dB and -44dB at 2.5 GHz and 4.8GHz, respectively. For 

validation HFSS software package is invoked as seen in (Figure 2.13). 
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Figure 2.13: S11 Parameter Validation. 

2.9.5 Gain Curves 

The antennae gain is the efficiency of power transmitted in a certain direction with a specific 

reference point [88]. If the antennae radiates in all directions is called Omni-directional 

antennae [80]. When the antennae radiates at a specific direction is called directional 

antennae. In Fig. 2.14, the antennae gain curves pf the projected antennae from 0.5 GHz to 

6 GHz. The obtained results are validated numerically using HFSS software package as seen 

in ( Figure 2.14) . 

Figure 2.14: Gain Parameter Validation. 



42 

3. CHAPTER THREE

3.1 INTRODUCTION 

Mobile communication networks are now being created quickly to meet the demands of 

mobile communication services [89]. However, Gigabit per second or higher data rates are 

necessary for the advancement of the present mobile communication systems [90]. As a 

result, one of the most crucial requirements was the necessity to create contemporary 

antennaes designs to support the wireless communication systems. [91]. Due to restrictions 

on antennae size, scientists in such situations have great hurdles in developing antennaes 

with a broad and increased gain [90]. However, by using a variety of strategies, numerous 

researchers were able to overcome the limitations mentioned. The authors in [92] created a 

composite right-left microstrip antennae with a higher gain-bandwidth result for RF energy 

harvesting [93] at 2.45GHz and 5.8GHz. A low-profile MTM array-based fractal antennae 

architecture was developed for modern Wi-Fi systems [94]. For 5G mobile devices at 

3.5GHz only, a circularly polarized fractal Koch-snowflake patch with ground plane MTM 

defects was projected [93] [95].  

Aside from that, MTM was crucial in the development of antennae systems because of its 

peculiar characteristics based on extraordinary electromagnetic constitutive parameters [97]. 

Therefore, the scientists in [96] adjusted the beam steering capacity by using two 

semiconductor switches in combination with specific MTM inclusions on their antenna 

patch. A alternative method based on applying an MTM layer on top of an antennae patch 

was published in [97] in order to boost antennae gain at Wi-Fi bands. In [98], the MTM 

structure was developed and applied to the antennae ground plane in order to lessen the back 

lobe effects at 3.4GHz. A further MTM introduction was proposed in [99] to ensure antennae 

surface wave propagation in the direction of the end-fire to boost gain and bandwidth. In 

order to attain a gain boost specifically at 4.6GHz for 5G communication networks, an MTM 

antenna design was ultimately published in [98]. 

As of [99], A microstrip antenna array at 28GHz bands for 5G networks was reported using 

4X4 components; however, the band they selected had restricted propagation, which was not 

considered in their analysis. Another suggestion published in [100] called for the usage of a 

triple-band, dual polarization printed circuit antenna array for 5G applications. For 5G 

systems, a high gain-bandwidth antenna array was produced by positioning four antennae 



43 

components on a 3D profile and dividing them using MTM defects. The projected antennae 

in [101] was, however, quite complex and was not appropriate for low-profile devices [102]. 

Additionally, a different design based on an optical switch-equipped reconfigurable antennae 

element that was projected in [100]. Without considering the examination of the array 

systems. For the same purpose, a microstrip antenna design with a limited gain at a single 

frequency band was published in [101].  

This research proposes an antennae design based on an innovative MTM-array for the 

development of a small antennae structure for 5G communication networks. To ensure 

features of in-phase reflection The recommended MTM arrays are placed parallel to a copper 

wire to offer high impedance response and defense against surface wave retardation caused 

by antennae edges. Such a method may result in gains-bandwidth improvements over 

conventional printed antennae setups, as will be shown subsequently. Section 3.2 describes 

the antennae's geometrical features, while Section 3.3 goes into the antennae design 

techniques. Section 4 contains a validation of the obtained results. The conclusion of the 

paper is found in Section 5. 

3.2  GEOMETRICAL INFORMATION AND ANTENNAE DESIGN 

According to (Figure 3.1), the suggested antennaes is built from CPW to feed a microstrip 

line. The microstrip line is used to excite TR, which is connected to a single split ring 

resonator (SSR) unit-cells [100]. The proposed SSR is used to shorten the antennae by 

inducing the harmonic plasmonic surface waves that prolong the effective electrical 

antennae. [103]. The projected TR structures inductively excite the SSR, resulting in a 

significantly larger antennae bandwidth for the suggested SSR than for those based on direct 

connection [102]. Each unit-cell is constructed through a fractal sequence of size reductions, 

improving the present route motion on the patch surface [105]. Likewise, the antennae have 

shrunk to λ/5 in size. A transmission line with a 2mm diameter was made in order to 

accomplish a 50Ω Circuit matching and surface current motion transfer to the required TR 

[102]. [99] states that the current movement is pushed in the direction of the anticipated SRR 

by coupling effects on the proposed TR. The suggested CPW approach is presented to 

prevent the surface wave retardation that results from the usage of the transmission line 

junction and causes opposing interferences and inductive losses. The matching circuit's 
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capacitive effects can be used to eliminate these effects [98]. The projected TR is presented 

to reduce the antennae edge surface waves that have a detrimental impact on radiation 

efficiency [99]. The microstrip patch has a height of 1.67 mm, a dielectric constant of 4.3, 

and is printed on a Taconic RF-43 substrate without a ground plane. 

Figure 3.1: The Proposed Monopole Antenna Geometrical Details. 

3.3. DESIGN METHODOLOGY 

The suggested antennae dimensions are parametrically investigated in this part to understand 

the impacts of changing them with regard to the antennae concerts. The numerical analysis 

used for the parametric investigation is based on CST MWS [97]. The proposed antenna 

structure, shown in Figure 3.1, calls for printing the recommended patch on the substrate 

without the need of a ground plane. Because of the geometry of the cell, the effective length 

is assumed to increase within a limited space. The recommended TR has the advantage of 

supporting the antennae while lowering patch losses and boosting bandwidth [106]. Power 

for the antennae component is sent over the transmission line from the RF source. Use a 

matching load to match the antennae radiation to the free space impedance. [107]. It is 
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believed that the recommended CPW feed will match the power with minimal phase 

retardation and dispersion effects over a wide frequency range [99]. 

3.3.1 Microstrip Line Design 

The authors changed the transmission line length from 30 to 50 mm for parametric analysis 

in order to monitor S11 and gain curves. Such research is done to confirm the impact of 

altering the transmission line's length on the concerts of the antennae. (Figure 3.2(a)) 

displays the assessed S11 curves for the three microstrip lengths under consideration. 

According to research, the antennae frequency resonance shifts toward lower frequency 

bands when transmission line length increases due to an increase in electrical length [106]. 

However, it is observed that the antennae gain increases fast with antennae length due to an 

increase in surface current. [101]. The transmission line with a length of 50mm was therefore 

thought to be the best option by the authors since it exhibits a frequency resonance at 3.6GHz 

with an S11 of -25dB and gain of 3.1dBi. 

Figure 3.2: Antenna Performance With Changing L Value: (A) S11 Spectra and (B) Gain. 

3.3.2 Unit-cells Effects 

The proposed antennae are constructed in the shape of a butterfly using four unit-cells and 

SRR geometry. To ascertain the effects of adding them to the antennae concerts, the 

scientists employed a parametric study based on CST MWS. In this simulation, the first unit-

cells were integrated into an antenna design. The authors then compared the results, in terms 
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of S11 and the gain curves, to those of identical antennae designs based on (two, three, and 

four) unit-cells. We found that the antennae at the first cell display multiple frequency bands 

within the required frequency range, as shown in (Figure 3.3(a)). A definite rise in the 

antenna resonance modes is seen as the unit-cells count is increased. This is because the 

current motion at the intersections of the transmission line and the unit-cellss has faded. This 

fading is brought on by the projected unit-cellss' inductive addition, which chokes the current 

[106]. Due to the parallel connected between the fading spots, which is produces an efficient 

electromagnetic aperture coupling with the free space impedance, it is discovered that the 

antennae gain increases quickly. [102]. This is made possible by the planned transmission 

line's unit-cellss being connected in a serial fashion. The majority of the current motion in 

such a link is in the same direction as the suggested unit-cellss. Additionally, by combining 

the unit-cells in this way, two components from the transmission line opposite one another 

produce antiparallel equalized forces that don't change the direction of the current motion 

[102] in order to maintain the initial frequency resonance at 3.5GHz. However, their

combination produces a succession of connection outcomes that add their individual impacts 

to one another. The suggested unit-cells is a capacitive inclusion, therefore by adding more 

of them and multiplying them, the equivalent capacitor may be significantly reduced [108], 

expanding the specific working frequency band [99]. As a result, it is discovered that the 

antennae gain at 3.5GHz is around 5.5dBi. ( Figure3.3(b)). 
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Figure 3.3: Antenna Performance With Different Cells Number: (A) S11 Spectra and (B) Gain. 

3.3.3 TR Effects 

In this part, the planned TR introduction's impacts on antennae concerts are quantitatively 

quantified. At the resonance frequency, electromagnetic energy is conducted to pair 

inductively [105]. It is found that the effects of the inductive coupling, which store the 

collected charges on the conductor's edges, allow the proposed TR to achieve an 

improvement in bandwidth. [104]. As a result, as illustrated in Figure 3.4(a), the antennae 

bandwidth is increased with a negligible drop in antennae gain. After incorporating the 

suggested TR structure, it is discovered that the antennae gain has risen up to 6.8dBi at this 

point. Such an increase in The inductive component of the suggested TR structure's charge 

accumulation cancellation is what is responsible for the antennae gain. [104]. 



48 

Figure 3.4: Antenna Performance With and Without TR Structure: (A) S11 Spectra and (B) Gain. 

3.3.4. CPW Effects 

As seen in (Figure 3.1), the projected antennae is supplied by a CPW arrangement. In an 

effort to optimize the antennae concerts, the scientists investigated the effects of altering the 

recommended CPW dimensions on S11 and gain curves. The antennae demonstrate a 

significant improvement when the distance between the antennae patch and the ground plane 

section of the projected CPW is adjusted, as shown in (Figure 3.5(a)). Antennae gain is 

shown to be improved by decreasing the air gap between the projected patch and the 

projected CPW ground plane. This is because of the electrostatic capacitive connection 

between the ground plane and the antennae components being eliminated [105]. With S11 

below -10dB at 4.9mm distance, the antennae is discovered to give five primary bands at 

1.6GHz, 2.6GHz, 3.9GHz, 4.5GHz, and 5.85GHz. Nevertheless, as demonstrated in (Figure 

3.5 (b)), various adjustments at various frequency bands have an impact on antennae gain. 

However, it is discovered that the antennae bandwidth at 4.9mm distance is greatly increased 

compared to other lengths. 



Figure 3.5: Antenna Performance Varying the Ground Plane Length: (A) S11 Spectra and (B) Gain. 

3.3.5 Switching Effects  

Four LDR diodes are added to the suggested antennae to manage the frequency resonances, 

reconfiguring the antennae's concerts . We discovered that this method is highly useful for 

regulating the produced frequency bands by regulating the current motion. [108]. As seen in 

Table 3.1, we only chose four examples for our study. The antennae concerts are shown in 

terms of S11 and gain curves in Figure 3.5. It is found that changing the diode's functioning 

has very little effect on the antennae gain because of coupling effects between the antennae 

transmission line and the proposed SRR unit-cells. The remaining examples are not included 

in this study due to space constraints. It is crucial to remember that in order to obtain a 

logic_1, the LDR diode must be activated by applying a biasing voltage. Turning off the 

LDR diode can result in the production of a logic_0.  

49 
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Table 3.1: Comparison Between The Switching Scenarios Operation in Terms of Antenna 

Performance. 

Figure 3.6: Antenna Performance with Different Switching Scenarios: (A) S11 Spectra and (B) 

Gain. 

This section examines the suggested antennae concerts based on LDR switches using an 

alternative research method that entails varying the LDR resistance value from 0 to 700. In 

this study, the resistance values of all LDR resistors are adjusted simultaneously to switch 
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the proposed antennae. This is because the antennae gain in such study is varied. Where it is 

found that the recommended antennae gain gradually drops as the resistance value listed in 

Table II is increased, for example, at 4.5 where the gain is highest, from 11.6 dBi to 2 dBi. 

This is the outcome of the resistance fluctuation affecting the surface current's velocity [109]. 

Consequently, the antennae gain at each LDR value is taken into account while computing 

the BER values. In such a process, a computer simulation and numerical analysis of the 

QAM modulation method are used to assess the BER from the MATLAB platform. The 

number of bits that differ in the comparison and how that number compares to all the bits. 

When comparing sent and received data, the function determines which bits to compare first 

based on their sizes. 

The AGWN channel for (8, 16, 32, and 64)-QAMs is taken into account when the simulation 

is done. The considered AGWN channel in a MATLAB function is generated from a random 

source. The highest bit count that may be achieved is 1107, while the maximum bit error is 

100. As shown in Table II, the objective is to evaluate each QAM index with respect to BER

against the variance in LDR resistance. The results demonstrate that when the LDR value 

increases, modulation concerts improve in terms of BER as QAM order decreases. 
Table 3.2: BER Evaluation at Different Ldr Resistance Values. 

LDR/ 

Ω 

Gain/ 

dBi 

BER@QA

M-8

BER@QAM-

16 

BER@QAM-

32 

BER@QAM-

64 

0 11.6 0.0894 0.0921 0.1164 0.1313 

100 10.1 0.1034 0.1171 0.1234 0.1431 

200 8.6 0.1091 0.1198 0.1391 0.1595 

300 6.2 0.1178 0.1281 0.1498 0.1618 

400 5.5 0.1412 0.1521 0.1609 0.1732 

500 4.1 0.1569 0.1692 0.1760 0.1860 

600 3.2 0.1678 0.1773 0.1802 0.1971 

700 2 0.1756 0.1851 0.1977 0.2056 



3.4. RESULTS VALIDATIONS 

This section compares measurements to the projected antennae findings that were 

quantitatively assessed using CST MWS. The S11 and gain curves of the suggested 

antennaes are assessed up to 6GHz. As a result, the suggested antennae is created and put to 

the test experimentally. Wet chemical etching is used to create the antennae, and the finished 

prototype is seen in ( Figure3.7). 

Figure 37: Fabricated Prototype Structure. 

The concerts of the antennae is evaluated in two distinct situations to fully convey the 

significance of portable uses of such an antennae. 

3.4.1 In free Space Environments 

This section includes an experimental test of the proposed antennas to evaluate the gain and 

S11 curves at two LDR levels. The recommended antennae's S11 curves are observed to 

have a great reaction to the switching operation when all LDR resistance values are changed 

from OFF state, logic_0, to ON status, logic_1, as shown in (Figure 3.8 (a)). Covering all 

LDR resistance with lids is necessary to achieve the OFF condition of this operation. Without 
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cover lids to turn ON, all of the LDR resistances are lighted for the ON state. It follows that 

when all of the LDR resistors are turned on with light, the proposed antennae gain spectrum 

achieves a gain of 11.6dBi. But as Figure 3.8(b) illustrates, the gain drops to 2dBi at 4.5GHz 

when all LDR resistors are disabled. It is found that there are not many differences between 

the simulated findings and the measurements. 

Figure 3.8: Antenna Performance Measurements with Different Switching Scenarios: (A) S11 

Spectra and (B) Gain. 

3.4.2 In Close to Human Body 

The antennae concerts are then evaluated in close proximity to the human body, as seen in 

(Figure 3.9(a)), with respect to S11 and radiation pattern. The antennae are put straight 

against the subject's skin to measure the S11 and gain curves. Afterwards, the measured 

results for the prototype placed in close proximity to the human body are compared with the 

case when the antennas are in free space. Thus, as shown in (Figure 3.9(b)), the antennae 

structure is located during the measuring operation utilizing the human phantom model. The 
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results show that the projected antennae's S11 spectrum is moderately affected by 

positioning the antennae close to the body (Figure 3.9(c)).  

In (Figure 3.8(b)) the observed antennae gain spectrum is displayed. According to research, 

the suggested antennae exhibits a decline in antennae gain as a result of losses caused by 

human tissues [109]. Table 3.3 lists the antennae gain and bandwidth reductions. In general, 

the degradations are seen to be tolerable given the proximity of the antennae to the human 

body. 

The observed antennae radiation patterns are discovered to be considerably different from 

those obtained when the antennae is placed in a free space environment, as illustrated in 

(Figure 3.9(a)). It is important to note that for both antennae position situations at azimuth, 

the antennae radiation patterns are observed with OFF statues case at 2.3GHz, 3.7GHz, and 

4.4GHz (theta=0o) and zenith (theta=90o) planes. 

Table 3.3: Analysing Antenna Performance in Two Distinct Antenna Settings. 
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Figure 3.9: Antenna Radiation Pattern Measurements: (A) Experimental Setup, (B) 2.3 Ghz and 

(C) 4.4 Ghz.
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Table 3.4 compares the antennae concerts s in terms of frequency of operation, gain, size, 

and the process of reconfiguration. It's discovered that the Comparing the suggested antennae 

to others described in the literature, it achieves an exceptional size reduction and great 

concerts. 

Table 3.4: Comparison of this Research with Earlier Studies. 
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4. CHAPTER FOUR

4.1 INTRODUCTION 

Recently, an improvement in wireless communication technology was established to 

continue development in the channel capacity of modern wireless communication networks 

[110]. Therefore, such advancements may include MIMO and antennae concerts 

reconfiguration technologies [111]. This is developed to improve the signal quality, and 

quality of service, and minimize fading effects [110]. Later, several researchers introduced 

reconfigurable MIMO antennae arrays to realize smart wireless devices [111]. Therefore, 

such antennae systems achieve high gain properties through many bands depending on 

switching scenarios [112]. However, reconfigurable MIMO antennaes for sub-6GHz 5G 

mobile terminals are investigated for beam and frequency reconfigurations using PIN diodes 

to switch between two PIFA elements [113]. In [114], the authors presented a low-profile 

antennae that directs the main antennae beam to five distinct directions at sub-6GHz bands 

[115]. Another MIMO antennae was based on two reconfigurable elements that were 

controlled by RF MEMS switches for sub-6GHz bands to achieve excellent radiation 

efficiency and high diversity. In [115], enhancing MU-MIMO transmission techniques by 

using reconfigurable antennaes was achieved to reduce channel estimation overhead and 

difficulty while achieving superior concerts . However, rapid developments in wireless 

technology sparked interest in multi-band reconfigurable antennaes as devices and satellites 

are innovating toward miniaturization with limited space at Cube Sat application and 5G 

systems that promise high data rates [116]. The authors in [117] presented a reconfigurable 

MIMO antennae using the liquid metal technique between adjacent elements at sub-6GHz 

frequency bands. Nevertheless, a quad-frequency bands-based reconfigurable MIMO 

antennae was projected to achieve frequency reconfigurations by controlling 8-PIN diodes 

at sub-6GHz [111]. In [115], the authors projected MIMO antennae configuration to enhance 

the curvesl efficiency with better channel capacity over 10b/s/Hz at 6GHz. A new differential 

frequency technique based on a reconfigurable antennae of four dipoles was projected in 

[112] by controlling four PIN diodes to operate at 3.5GHz and 5.8GHz. In [113], a

reconfigurable MIMO antennae system was projected for 5G and WLAN applications by 

using a PIN diode to achieve dual operating bands at 3.4GHz to 4.1GHz and 4.99GHz to 

5.16GHz. Moreover, a dual monopole frequency reconfigurable MIMO system for sub-
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6GHz 5G terminals was presented in [114] to achieve tunable resonant frequencies and 

maximize the realized gain. 

In this effort, a design of a reconfigurable MIMO antennae array of printed circuit monopoles 

coupled to SRR through TR structure. Each antennae element is exited with CWP feed port 

to provide two frequency bands at 3.6GHz and 4.8GHz. The projected EBG spacer is 

designed as a moonquake fractal-shaped array to increase the mutual coupling reduction 

between the antennae elements. Four PIN diodes are connected to each antennae element to 

control the antennae concerts . The projected EBG spacers are introduced between the 

antennae elements to improve the isolation quality for MIMO applications. 

4.2. ANTENNAE ARRAY STRUCTURE AND GEOMETRICAL DETAILS 

In this paper, a MIMO antennae array is projected for sub-6GHz 5G systems. Each antennae 

element contains a monopole feed line with CWP structure to represent the excitation part 

of the antennae. The antennae monopole is structured as a transmission line to be separated 

from SRR resonators that are fetched to the projected monopole through TR stubs capacitive 

[115]. The projected SRR is constructed as fractal geometry of the 2nd order to be matched 

inductively with the antennae monopole structure that enhances the bandwidth [116]. On the 

other side, the matching circuit is connected to TR stubs through four PIN diodes to control 

the antennae concerts . The antennae elements are spaced with EBG spacers based on 

complementary SRR-based moonquake (CSRRM) fractal inclusions Without a metallic 

back panel, all antennae components are printed on FR4 substrate with  

εr =4.3 and tanδ =0.025. The size of the resultant antennae array is 30×30×30mm3. 

However, lowering the antennae's surface area might significantly ameliorate of the fringing 

effects. The MIMO antennae structure is shown in ( Figure 4.1) with all geometrical details. 
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Figure 4.1: MIMO Antenna Geometrical Details: (A) Antenna Element Views and (B) 3D MIMO 

Array. 

4.3 EBG SPACER DESIGN AND OPERATION DETAILS 

In this section, the projected EBG structure is to reduce the coupling between the antennaes 

convergent and to improve antennae gain enhancements [117]. The projected EBG spacers 

are integrated on the same substrate surface of dimension 10×30mm2 with antennae 

elements. Also, the projected EBG spacer contains 10 unit-cellss to produce a high reject 

band gap with minimum insertion losses. Therefore, the projected EBG unit-cells occupies 

an area of 2×2.4mm2 with a separation distance of 0.4mm between each individual unit-

cells. For more details about the projected EBG spacers are seen in (Figure 4.2). 
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Figure 4.2: The Projected EBG Structure. 

The projected EBG structure concerts s in terms of S-factors are investigated using a 

transmission line study based on full-wave analysis using CST MWS environment. To 

describe the performances in terms of S11 and S12 curves, the projected EBG spacer is 

situated on a transmission line. The projected EBG spacer is regarded as a load in this 

analysis and is coupled directly to the transmission line printed on a FR4 substrate [117] as 

illustrated in Figure 4.3. The transmission line has TEM excitation. 

Figure 4.3: EBG Structure Based on Transmission Line. 
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Nonetheless, the author offers a circuit concept based on the Transmission-Line-Model 

(TLM) in (Figure 4.4). The series combination of L R t presents the T-stub, and the parallel 

combination of LCR shows the remaining portion of the unit-cells. The link between the 

unit-cells and the transmission line is represented by the (Ct Re) branch. As a result, Table 

4.1 lists and evaluates the fundamental circuit values. 

Figure 4.4: Propose equivalent circuit theory of EBG in ADS. 

Table 4.1: Lumped Circuit Elements. 
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To calculate the S-factors for the projected EBG spacer, the authors applied TLM analysis 

for the calculations as presented in the S-factors in ( Figure 4.5) in terms of S11 and S12 

curves. 

Figure 4.5: The Obtained Results From Both CST MWS and ADS Simulations: (A) S11 Spectra 

and (B) S12 Spectra 

4.4 DESIGN METHODOLOGY 

In this section, the authors discussed the results of the projected antennae array with and 

without EBG spacers. Therefore, a numerical simulation based on CST MWS in terms of 

reflection curves and radiation patterns with and without EBG is shown in Figure 4.6. The 

projected antennae concerts  in terms of reflection curves for S11, S22, S33, and S44 curves 

are evaluated in with and without EBG spacer introduction. 
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Figure 4.6: MIMO Antenna S11 Spectra and Radiation Pattenrs: (A) Without EBG and (B) With 

EBG Spacers. 

It is found that the projected antennae array shows excellent matching at 3.5 GHz and 4.8 

GHz. Such matching enhancement is attributed to the capacitive coupling-based electrostatic 

charge accumulation in which the energy is stored in the antennae near field [118]. 

Furthermore, to study the isolation between the projected antennae elements, the projected 

antennae elements are oriented around a fixed centre and spaced with EBG spacers. 

Moreover, the obtained radiation patterns at 3.5 GHz and 4.8 GHz in E- and H-planes are 

mostly oriented toward the Omni-direction from the array without EBG. After introducing 
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the projected EBG spacers, the antennae radiation patterns at E- and H-planes are found to 

almost tower in the opposite direction from the array centre at the same frequency band of 

interest. Therefore, the authors evaluated the coupling between the antennae elements in 

terms of S12, S13, and S14 curves with and without EBG as shown in (Figure 4.7). 

Figure 4.7: Coupling Between Antenna Elements: (A) Without EBG (B) With EBG. 

To achieve excellent coupling reduction below -20dB, the authors projected EBG spacers 

between the antennae elements to increase antennae gain and reduce radiation interference 

between antennae parts. As will be demonstrated later, the suggested EBG structure is used 

to completely improve the overall concerts by suppressing the antennae surface waves.  

The EBG spacer structure that is being employed has dimensions of 10 x 30 mm. As 

previously said, the planned EBG array structure is composed of ten unit-cells, as the 

manufactured prototype will be shown in the following section. 
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4.5 RESULTS AND VALIDATION 

The MIMO antennae prototype is constructed in this part using FR4 substrate of 3D structure 

as shown in (Figure 4.8). The antennae is measured in terms of S-factors and radiation 

patterns using a Professional Network Analyzer (Agilent PNA 8720). Therefore, the 

projected antennae array concerts is located inside an RF anechoic chamber to ensure far-

field shielding and path loss reduction. Therefore, the projected antennae array system is 

exposed for MIMO measurements by calibrating the reflection and space losses by using 

open, short, 50Ω, and through-calibration process. 

Figure 4.8: Fabricated Prototype of MIMO Antennae Array. 

For further analysis, While all PIN diodes are OFF, compare the concerts  of the 

manufactured antennae to its simulated results in terms of S-factors and radiation patterns. 

and ON at the resonant frequencies of 3.3GHz and 4.5GHz are evaluated and presented in ( 

Figure 4.9). It is observed a significant variation can be achieved between the switching 

scenarios of the PIN diodes. These changes are ascribed to the capability of manipulating 

the PIN diodes' operation to modify the surface current on the antennae construction [110]. 

The scientists discovered a negligible difference between the simulated and measured 

findings that could be caused by the effects of soldering SMA and PIN diodes. 
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Figure 4.9: Simulated and Measured S-Parameters of the Antenna At (A) All Diode OFF (B) All 

Diode ON. 

The results of the simulation and measurement of the radiation patterns were in good 

agreement, with only a little variation brought on by the capacitive coupling between 

antennae elements, which has a considerable impact on the surface current dynamics. 

However, the measured and simulated coupling curves are presented in Figure 10 to show 

the effects of coupling when each diode is both ON and OFF. 
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Figure 4.10: Comparison of Coupling Between Simulated and Measured When All Diodes are: (A) 

OFF and (B) ON. 

The observed result is found to have a negligible difference [119] curves with the predicted 

S11 result in CST MWS. Subsequently, the antenna array concerts are described in Table 

4.2 and compared to other relevant data. It has been noted that when compared to antennae 

found in the literature, such an antennae achieves good performance. In this instance, the 

gain curves, S11, and emission patterns of the recommended antennae are controlled by four 

PIN diodes. Furthermore, the results inspire us to have high expectations for such antennaes 

as viable candidates for 5G portable devices. 
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Table 4.2: The projected MIMO Array Concerts S With Respect to the Previous Published Results. 

Previous 

work 

Frequency/GHz Antennae 

size/mm3 

Separation 

Distance 

Gain/dBi 

[11] 5.5 21×7.35×2 λ0/3 3 

[13] 5.01–6.12 25×12×1.6 λ0/4 3 

[14] 2.5/3.5/5.5 32×12×1 λ0/3.5 1.67 

[16] 2.4/5.2/5.8 20×12×2 λ0/7 3 

[17] 3.5/5.5 35×19×2 λ0/6 2.2 

The Projected 

Work 

3.5/4.8 25×25×30 λ0/16 6.18 
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5. CONCLUSION

5.1 CONCLUSIONS 

This study's recommended antenna is designed for 5G usage in sub-6GHz bands. The design 

of the antennae makes use of MTM technology to enable size reduction down to /8 at 

3.5GHz. The antennae has an average gain of 6.1dBi to 8dBi and displays four operational 

bands with S11-10dB at 3.7GHz, 4.6GHz, 5.2GHz, and 5.9GHz. In order to regulate the 

frequency of the surface current flow and guarantee that the antennae have high 

reconfiguration mechanisms, four LDR diodes are connected to the TR structure. 

Consequently, the antennae's performance and characteristics suggested that it would be a 

strong candidate for 5G networks that use sub-6GHz frequencies. Excellent agreement is 

found between the measured results and the S11 and gain curves of the antennas concerts, 

as well as the radiation patterns evaluated using numerical simulations. The investigation's 

final finding states that the recommended antennae are an excellent option for portable 

wireless devices' short- and medium-range wireless communications. 

In this paper, a MIMO array structure based on four elements that are based on EBG is 

projected for 5G applications at sub-6GHz frequency bands. It is found that the projected 

MIMO antennae operates at 3.6GHz and 4.5GHz. The projected antennae elements are 

spaced with EBG array structure It is created to improve antennae element coupling and 

provide the greatest gain improvement with the best polarization radiation pattern. 

Moreover, with the introduction of the projected EBG spacers, the antennae gain is increased 

from 1.14dBi to 6.18dBi. Experimentally, the projected antennae array-based EBG spacers 

show a better total efficiency of about 65% in comparison to the identical one without EBG 

spacers to show 30%. Therefore, it is substance to mention that the EBG spacers reduced the 

mutual coupling between the antennae elements. The projected antennae array concerts  is 

controlled by using four PIN diodes to yield radiation pattern reconfiguration with a 

negligible shift in the frequency bands.  
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5.2 FUTURE WORK 

The projected antennae array designs are discussed in this thesis for MIMO applications at 

sub-6GHz. The projected antennaes designed based on self-powered technology. Therefore, 

the projected designs are discussed based on tow man aspects of mutual coupling reduction 

and size miniaturization. As a future research study, the author is willing to apply several 

research aspects as following: 

The projected antennae designs designed based on rigid substrates that limit their use for 

flexible devices. As a part of the future research, the author is attending to apply different 

types of flexible substrate for foldable electronic devices. 

 The use of nanomaterial printed technology as a wearable smart clothes would an 

excellent candidate for future research. This technology became very desirable at sub-

6GHz frequencies and modern wireless technology.  

The effects of specific absorption rates on the human tissue during the long exposure to 

antennae terminal became a very effective parameter in the antennae design. Therefore, 

a part of the future research, the use of MTM structure to shield the human tissue from 

the antennae radiation could be a promising future research. 

 The applications of RF harvesting technology would be conducted in the future to collect 

the electromagnetic energy from several resources and feeding the modern wireless 

networks.  

Apply a study of realize the advantage of the Proposal design on enhancing the channel 

concerts s through measuring a channel capacity and bit error rate. After that, realizing 

the mean effective design parameters to optimized the channel concerts  through the 

antennaes design parameters. 

Study the possibility of using the direct antennae technology in the projected designs and 

apply the use of antennae concerts  reconfiguration through electronic switches. 
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 Apply the use of the neural network analysis to enhance the antennae concerts  and 

optimize the designs through training the network by input data from the numerical 

software package.  

 Conducting the use of beam steering to minimize the effects of beam squint in the MIMO 

array study specifically at millimetre wave propagation. Also, study the possibility of 

implementing such antennae arrays for millimetre bands. 
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