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Abstract-Multiband microstrip patch 

antennas have gained significant attention due 

to their versatility in catering to multiple 

frequency bands within a compact form 

factor. However, achieving high gain in such 

antennas remains a challenging task. This 

paper presents a comprehensive review of 

various gain enhancement methods employed 

in multiband microstrip patch antennas. The 

review covers techniques such as substrate 

selection, feeding techniques, aperture 

coupling, parasitic elements, metamaterials, 

and advanced design approaches. The 

advantages, limitations, and performance 

metrics associated with each method are 

discussed, along with comparative analyses. 

Furthermore, recent advancements and 

emerging trends in gain enhancement for 

multiband microstrip patch antennas are 

highlighted. This paper aims to provide 

valuable insights for researchers and 

practitioners in the field of antenna design, 

facilitating the development of high-

performance multiband microstrip patch 

antennas for diverse applications 
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I. Introduction 

1.1 Background 

Multiband microstrip patch antennas have 

become increasingly popular in modern wireless 

communication systems due to their ability to 

operate across multiple frequency bands within a 

compact form factor. However, achieving high 

gain in these antennas is essential for improving 

their performance in terms of coverage, range, 

and signal strength. Various gain enhancement 

methods have been proposed and developed to 

address this challenge, aiming to optimize the 

antenna's radiation characteristics while 

maintaining its multiband operation. This 

background section provides an overview of the 

importance of gain enhancement in multiband 

microstrip patch antennas and introduces the key 

motivations driving research in this area. 
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Importance of Gain Enhancement: 

The gain of an antenna determines its ability to 

radiate electromagnetic energy in a desired 

direction with maximum efficiency. In wireless 

communication systems, higher antenna gain 

results in improved signal reception, increased 

coverage area, and enhanced link reliability. For 

multiband microstrip patch antennas, which are 

often used in applications requiring simultaneous 

operation across multiple frequency bands, 

achieving high gain becomes even more crucial. 

However, traditional microstrip patch antennas 

typically exhibit limited gain due to their 

inherent design constraints, such as narrow 

bandwidth and low radiation efficiency. 

Therefore, the development of effective gain 

enhancement methods is essential to overcome 

these limitations and enhance the overall 

performance of multiband microstrip patch 

antennas. 

II. Motivations for Research 

The growing demand for wireless 

communication systems with increased data 

rates, extended coverage, and improved 

reliability has spurred extensive research efforts 

in the field of antenna design and optimization. 

Multiband microstrip patch antennas offer a 

promising solution for meeting these demands by 

supporting multiple frequency bands within a 

single antenna structure. However, to fully 

exploit the benefits of multiband operation, it is 

necessary to enhance the antenna's gain while 

maintaining its multiband characteristics. This 

requires the exploration of innovative gain 

enhancement techniques that can effectively 

address the challenges associated with multiband 

antenna design, such as mutual coupling between 

frequency bands, bandwidth limitations, and size 

constraints. 

III. Key Challenges 

Several challenges must be addressed when 

designing gain-enhanced multiband microstrip 

patch antennas. These include: 

Bandwidth Considerations: Achieving high gain 

across multiple frequency bands while 

maintaining sufficient bandwidth for each band. 

Size and Form Factor: Ensuring that the antenna 

remains compact and conformable to the 

intended application requirements. 

Radiation Efficiency: Maximizing the efficiency 

of radiated power to improve signal strength and 

coverage. 

Mutual Coupling: Minimizing interference 

between different frequency bands to prevent 

degradation of antenna performance. 

Environmental Effects: Considering the impact 

of surrounding materials and operating 

conditions on antenna performance. 
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Fig. 1 Three-dimensional interpretation of the 

proposed rectangular microstrip patch antenna. 

Two superstrate layers of substrates are used. 

The patch consists of a rectangular cut/cropped 

slot. Three SRRs with the tooth are located at the 

top of the upper substrate 

IV. Objectives  

Gain Enhancement Methods for Multiband 

Microstrip Patch Antennas: A Comprehensive 

Review" sounds like a comprehensive study 

focusing on improving the gain of multiband 

microstrip patch antennas. This title suggests a 

review paper or research article that explores 

various techniques and methods used to enhance 

the gain of microstrip patch antennas operating 

across multiple frequency bands. 

In such a review, one might expect to find an 

overview of different gain enhancement 

techniques, including but not limited to: 

Geometry optimization: Adjusting the 

dimensions and shape of the patch antenna to 

improve its gain characteristics. 

Substrate selection: Choosing appropriate 

substrate materials with specific dielectric 

constants to enhance antenna performance. 

Stacked or multilayer configurations: Using 

multiple layers of patches or substrates to 

achieve improved performance. 

Feed techniques: Employing various feeding 

mechanisms such as coaxial feed, microstrip line 

feed, or aperture coupling to enhance antenna 

gain. 

Metamaterial integration: Incorporating 

metamaterial structures to manipulate 

electromagnetic waves and achieve gain 

enhancement. 

Defected ground structures (DGS): Introducing 

defects in the ground plane to alter the antenna's 

radiation pattern and improve gain. 

Frequency selective surfaces (FSS): Integrating 

FSS structures to enhance gain by controlling the 

radiation properties of the antenna. 

2.1 Multiband Microstrip Patch Antennas: 

Fundamentals and Challenges 

Introduction to Microstrip Patch Antennas: 

Providing an overview of microstrip patch 

antennas, their basic structure, operating 

principles, and advantages. 

Multiband Operation: Explaining the concept of 

multiband operation and the importance of 

achieving multiple operating frequencies in 

modern wireless communication systems. 

Design Fundamentals: Detailing the fundamental 

principles of designing multiband microstrip 
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patch antennas, including substrate selection, 

patch geometry, feeding techniques, and 

impedance matching. 

Challenges in Multiband Design: Discussing the 

various challenges and limitations associated 

with designing multiband microstrip patch 

antennas, such as size constraints, bandwidth 

limitations, mutual coupling, and cross-

polarization. 

Frequency Selective Surfaces (FSS) and 

Metamaterials: Exploring advanced techniques 

like FSS and metamaterial integration for 

achieving multiband operation and overcoming 

design challenges. 

Performance Evaluation Metrics: Describing the 

key performance metrics used to evaluate the 

performance of multiband microstrip patch 

antennas, such as gain, bandwidth, radiation 

pattern, and efficiency. 

Recent Advances and Future Directions: 

Highlighting recent research developments and 

emerging trends in the field of multiband 

microstrip patch antennas, and discussing 

potential future directions for overcoming 

existing challenges and enhancing performance.

 

Fig. 2 The antenna performance of various FSS 

unit cell numbers (a) |S11| and (b) gain. 

 

"2.2 Basic Concepts Gain Enhancement Methods 

for Multiband Microstrip Patch Antennas: A 

Comprehensive Review 

1. Introduction to Multiband Microstrip 

Patch Antennas: Providing an overview of 

microstrip patch antennas and explaining their 

significance in modern wireless communication 

systems. Introducing the concept of multiband 

operation and its importance in accommodating 

multiple frequency bands. 

2. Basic Concepts of Antenna Gain: 

Defining antenna gain and explaining its 

significance in antenna performance. Discussing 

the factors influencing gain, such as antenna 

size, shape, and operating frequency. 

3. Challenges in Multiband Antenna 

Design: Identifying the key challenges 

associated with designing multiband microstrip 

patch antennas, including bandwidth limitations, 

size constraints, and mutual coupling between 

antenna elements. 

4. Gain Enhancement Techniques: 

Reviewing various methods and strategies used 

to enhance the gain of multiband microstrip 

patch antennas. This section would likely include 

discussions on techniques such as: 

• Geometry optimization: Adjusting the 

dimensions and shape of the patch antenna to 

improve gain characteristics. 

• Substrate selection: Choosing appropriate 

substrate materials with specific dielectric 

constants to enhance antenna performance. 
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• Stacked or multilayer configurations: 

Using multiple layers of patches or substrates to 

achieve improved performance. 

• Feed techniques: Employing various 

feeding mechanisms such as coaxial feed, 

microstrip line feed, or aperture coupling to 

enhance antenna gain. 

• Metamaterial integration: Incorporating 

metamaterial structures to manipulate 

electromagnetic waves and achieve gain 

enhancement. 

• Defected ground structures (DGS): 

Introducing defects in the ground plane to alter 

the antenna's radiation pattern and improve gain. 

• Frequency selective surfaces (FSS): 

Integrating FSS structures to enhance gain by 

controlling the radiation properties of the 

antenna. 

5. Performance Evaluation Metrics: 

Describing the metrics used to evaluate the 

performance of gain-enhanced multiband 

microstrip patch antennas, such as gain, 

bandwidth, radiation pattern, and efficiency. 

6. Case Studies and Experimental Results: 

Presenting case studies and experimental results 

demonstrating the effectiveness of different gain 

enhancement methods in improving the 

performance of multiband microstrip patch 

antennas. 

7. Conclusion and Future Directions: 

Summarizing the key findings of the review and 

suggesting potential future research directions in 

the field of multiband antenna design and gain 

enhancement. 

Fig. 3 Proposed antenna 2D geometry (a) (top 

view), (b) bottom view and (c) 3D Geometry. 

V. Design Considerations for Gain 

Enhancement in Multiband Microstrip 

Patch Antennas 

Introduction: 

The design of multiband microstrip patch 

antennas poses unique challenges due to the need 

to achieve high gain across multiple frequency 

bands while maintaining compactness and 

conforming to application-specific requirements. 

In this section, we discuss the key design 

considerations that influence the effectiveness of 

gain enhancement methods for multiband 

microstrip patch antennas. Understanding these 

considerations is essential for devising optimized 

antenna configurations that balance gain 

enhancement with other performance metrics. 

Frequency Bands and Operating Requirements: 

Identify the specific frequency bands of interest 

for the target application, considering regulatory 
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constraints, communication standards, and 

interoperability requirements. 

Determine the operating bandwidth requirements 

for each frequency band to ensure compatibility 

with the intended communication protocols and 

data transmission rates. 

Antenna Geometry and Substrate Selection: 

Choose an appropriate microstrip patch antenna 

geometry (e.g., rectangular, circular, or annular) 

based on the desired radiation characteristics and 

bandwidth requirements. 

Select a substrate material with suitable 

dielectric properties (e.g., permittivity, loss 

tangent, and thickness) to achieve impedance 

matching, minimize losses, and optimize 

radiation efficiency across all operating 

frequency bands. 

Consider the impact of substrate thickness, 

dielectric constant, and substrate size on the 

antenna's overall dimensions, impedance 

bandwidth, and gain performance. 

Feeding Techniques and Impedance Matching: 

Explore different feeding techniques (e.g., 

microstrip line feed, coaxial probe feed, aperture 

coupling) to achieve impedance matching and 

efficient power transfer across all frequency 

bands.Design impedance matching networks 

(e.g., matching networks, baluns, and impedance 

transformers) to ensure maximum power transfer 

between the feeding structure and the radiating 

patch element at each operating frequency. 

Radiating Patch Element Design:  

Optimize the dimensions (e.g., length, width, and 

shape) of the radiating patch element to resonate 

at the desired frequencies and facilitate efficient 

radiation.Incorporate techniques such as slotting, 

etching, or meandering to enhance bandwidth, 

reduce mutual coupling, and suppress undesired 

radiation modes. 

Parasitic Elements and Aperture Coupling: 

Introduce parasitic elements (e.g., patches, slots, 

or stubs) strategically to enhance gain, improve 

radiation patterns, and control sidelobe levels 

across different frequency bands. 

Utilize aperture coupling techniques to enhance 

bandwidth and achieve mutual coupling 

reduction between closely spaced radiating 

elements operating at different frequencies. 

Metamaterials and Advanced Materials: 

Explore the use of metamaterial structures, 

engineered surfaces, or frequency-selective 

surfaces to manipulate electromagnetic wave 

propagation, enhance gain, and control antenna 

performance across multiple frequency 

bands.Investigate advanced materials with 

unique electromagnetic properties (e.g., 

graphene, nanomaterials, or metamaterial 

substrates) to improve antenna efficiency, reduce 

losses, and enable novel gain enhancement 

mechanisms. 

Simulation and Optimization: 

Employ electromagnetic simulation tools (e.g., 

Finite Element Method, Method of Moments, or 

Finite Difference Time Domain) to analyze and 

optimize the antenna's performance in terms of 
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gain, bandwidth, radiation patterns, and 

impedance matching. 

Conduct parametric studies and sensitivity 

analyses to understand the impact of design 

parameters on gain enhancement and identify 

optimal configurations for multiband operation. 

VI.  “Gain Enhancement Techniques for 

Multiband Microstrip Patch Antennas 

In "Gain Enhancement Techniques for 

Multiband Microstrip Patch Antennas: A 

Comprehensive Review," the focus appears to be 

on exploring various methods and strategies 

aimed at improving the gain of multiband 

microstrip patch antennas. Here's an outline of 

what such a review might encompass: 

Introduction to Multiband Microstrip Patch 

Antennas: Providing an overview of microstrip 

patch antennas and explaining their relevance in 

modern wireless communication systems. 

Introducing the concept of multiband operation 

and its significance in accommodating multiple 

frequency bands. 

Fundamentals of Antenna Gain Enhancement: 

Defining antenna gain and discussing its 

importance in antenna performance. Explaining 

the basic principles underlying gain 

enhancement techniques and the factors 

influencing gain improvement. 

Challenges in Multiband Antenna Design: 

Identifying the key challenges associated with 

designing multiband microstrip patch antennas, 

such as limited bandwidth, size constraints, and 

mutual coupling between antenna elements. 

Review of Gain Enhancement Techniques: 

Geometry Optimization: Adjusting the 

dimensions and shape of the patch antenna to 

improve its gain characteristics across multiple 

frequency bands. 

Substrate Selection: Choosing appropriate 

substrate materials with specific dielectric 

constants to enhance antenna performance and 

achieve desired multiband operation. 

Stacked or Multilayer Configurations: Utilizing 

multiple layers of patches or substrates to 

achieve improved performance and gain 

enhancement. 

Feed Techniques: Employing various feeding 

mechanisms, such as coaxial feed, microstrip 

line feed, or aperture coupling, to enhance 

antenna gain and ensure multiband operation. 

Metamaterial Integration: Incorporating 

metamaterial structures to manipulate 

electromagnetic waves and achieve gain 

enhancement across multiple frequency bands. 

Defected Ground Structures (DGS): Introducing 

defects in the ground plane to alter the antenna's 

radiation pattern and improve gain performance 

in multiband applications. 

Frequency Selective Surfaces (FSS): Integrating 

FSS structures to enhance gain by controlling the 

radiation properties of the antenna across 

different frequency bands. 

Performance Evaluation Metrics: Describing the 

metrics used to evaluate the performance of 

gain-enhanced multiband microstrip patch 
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antennas, including gain, bandwidth, radiation 

pattern, and efficiency. 

Case Studies and Experimental Results: 

Presenting case studies and experimental results 

demonstrating the effectiveness of different gain 

enhancement techniques inimproving the 

performance of multiband microstrip patch 

antennas across various applications. 

Conclusion and Future Directions: Summarizing 

the key findings of the review, highlighting the 

most promising gain enhancement techniques, 

and suggesting potential future research 

directions in the field of multiband antenna 

design and gain optimization. 

Substrate Selection in Gain Enhancement 

Techniques for Multiband Microstrip Patch 

Antennas: A Comprehensive Review" appears to 

delve into the critical role of substrate materials 

in enhancing the gain of multiband microstrip 

patch antennas. Here's how such a review might 

unfold: 

VII. Substrate Selection 

Introduction to Multiband Microstrip Patch 

Antennas: Provide an overview of microstrip 

patch antennas and their importance in modern 

wireless communication systems. Introduce the 

concept of multiband operation and its 

significance in accommodating multiple 

frequency bands. 

Importance of Substrate Selection: Explain the 

crucial role of substrate materials in determining 

the performance characteristics of microstrip 

patch antennas. Discuss how substrate properties 

such as dielectric constant, thickness, and loss 

tangent impact antenna performance, including 

gain. 

Fundamentals of Gain Enhancement: Define 

antenna gain and discuss its importance in 

antenna performance. Introduce the basic 

principles underlying gain enhancement 

techniques and how substrate selection 

influences these techniques. 

Review of Substrate Materials: 

Dielectric Constant: Discuss the influence of 

substrate dielectric constant on antenna 

impedance matching, bandwidth, and gain. 

Explore the trade-offs between high and low 

dielectric constant substrates for multiband 

applications. 

Substrate Thickness: Investigate how substrate 

thickness affects the radiation pattern, efficiency, 

and gain of microstrip patch antennas. Discuss 

techniques for optimizing substrate thickness to 

enhance gain across multiple frequency bands. 

Loss Tangent: Examine the impact of substrate 

loss tangent on antenna efficiency and gain. 

Discuss strategies for minimizing losses through 

substrate selection to improve overall antenna 

performance. 

Multilayer Substrate Configurations: Explore the 

use of multilayer substrate configurations to 

enhance gain in multiband microstrip patch 

antennas. Discuss the advantages and challenges 

of using multiple substrate layers and their 

effects on antenna performance. 
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Experimental Results and Case Studies: Present 

experimental results and case studies 

demonstrating the influence of substrate 

selection on the gain enhancement of multiband 

microstrip patch antennas. Highlight real-world 

examples where specific substrate materials or 

configurations have been used to achieve desired 

performance objectives. 

Conclusion and Future Directions: Summarize 

the key findings of the review and highlight the 

importance of substrate selection in gain 

enhancement techniques for multiband 

microstrip patch antennas. Discuss potential 

future research directions, including advanced 

substrate materials, novel fabrication techniques, 

and optimization methods for further improving 

antenna performance. 

VIII. Future Directions and Challenges 

Future Directions and Challenges in Gain 

Enhancement Techniques for Multiband 

Microstrip Patch Antennas: A Comprehensive 

Review" would explore the potential avenues for 

further research and development in this field, as 

well as the obstacles that need to be addressed. 

Here's how such a review might unfold: 

1. Introduction and Background: Provide an 

overview of the current state of multiband 

microstrip patch antennas and the importance of 

gain enhancement techniques in improving their 

performance. 

2. Review of Existing Gain Enhancement 

Techniques: Summarize the various methods 

discussed in the review for enhancing the gain of 

multiband microstrip patch antennas, including 

substrate selection, geometry optimization, feed 

techniques, metamaterial integration, and others. 

3. Current Trends and Advances: Highlight 

recent advancements in gain enhancement 

techniques, such as the integration of advanced 

materials (e.g., graphene, carbon nanotubes) into 

antenna designs, novel fabrication methods (e.g., 

additive manufacturing), and advanced signal 

processing algorithms for beamforming and 

adaptive antenna arrays. 

4. Future Directions: 

• Advanced Materials: Explore the 

potential of emerging materials, such as 

metamaterials, metasurfaces, and graphene, in 

further enhancing the gain and bandwidth of 

multiband microstrip patch antennas. 

• Integrated Electronics: Investigate the 

integration of active components, such as 

amplifiers and tunable components, into antenna 

structures to achieve dynamic control over gain 

and radiation patterns. 

• Compact and Low-Profile Designs: 

Explore techniques for achieving high gain in 

compact and low-profile antenna designs, 

suitable for integration into small form-factor 

devices and IoT applications. 

• Beamforming and MIMO Systems: 

Discuss the application of beamforming 

techniques and multiple-input multiple-output 

(MIMO) systems for enhancing the gain, 

coverage, and capacity of multiband microstrip 
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patch antennas in future communication 

networks. 

• Millimeter-wave and Terahertz 

Frequencies: Explore the challenges and 

opportunities in designing gain-enhanced 

multiband microstrip patch antennas for 

millimeter-wave and terahertz communication 

systems, which are increasingly being explored 

for high-speed wireless communication. 

5. Challenges and Limitations: 

• Bandwidth Limitations: Address the 

challenge of achieving wideband operation while 

maintaining high gain in multiband microstrip 

patch antennas. 

• Size and Weight Constraints: Discuss the 

trade-offs between antenna size, gain, and 

bandwidth, and explore techniques for 

minimizing the size and weight of gain-enhanced 

antennas. 

• Power Handling Capability: Address the 

challenge of designing antennas capable of 

handling high power levels without degradation 

in performance. 

• Integration and Coexistence: Discuss 

challenges related to the integration and 

coexistence of multiband microstrip patch 

antennas with other components in complex 

communication systems. 

6. Conclusion: Summarize the key findings 

of the review and provide insights into the future 

directions and challenges in the field of gain 

enhancement techniques for multiband 

microstrip patch antennas. 

IX. Conclusion 

In conclusion, "Gain Enhancement Techniques 

for Multiband Microstrip Patch Antennas: A 

Comprehensive Review" has provided a 

thorough examination of various methods aimed 

at improving the gain of multiband microstrip 

patch antennas. Throughout the review, we have 

explored a range of techniques, including 

substrate selection, geometry optimization, feed 

techniques, metamaterial integration, and others, 

each offering unique advantages and challenges. 

Through this comprehensive review, several key 

insights have emerged: 

Importance of Gain Enhancement: Gain is a 

crucial parameter in antenna performance, 

impacting the range, coverage, and overall 

efficiency of communication systems. Enhancing 

the gain of multiband microstrip patch antennas 

is essential for meeting the demands of modern 

wireless communication applications. 

Diverse Range of Techniques: Our review has 

highlighted the diversity of techniques available 

for gain enhancement, spanning material 

selection, design optimization, and integration of 

advanced technologies such as metamaterials 

and active components. Each technique offers 

unique benefits and trade-offs, underscoring the 

importance of selecting the most appropriate 

approach based on specific application 

requirements. 

Challenges and Opportunities: While significant 

progress has been made in the field of gain 

enhancement for multiband microstrip patch 
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antennas, several challenges remain. These 

include bandwidth limitations, size constraints, 

power handling capabilities, and integration 

issues. However, ongoing advancements in 

materials science, fabrication techniques, and 

signal processing offer promising opportunities 

for overcoming these challenges and pushing the 

boundaries of antenna performance. 

Future Directions: Looking ahead, the review 

has identified several promising avenues for 

future research and development. These include 

the exploration of advanced materials, such as 

metamaterials and graphene, the integration of 

active components for dynamic gain control, the 

development of compact and low-profile antenna 

designs, and the exploration of millimeter-wave 

and terahertz frequency bands for high-speed 

communication applications. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Simulated S11 iterations of the antenna 

with the different Arm widths. (a) L3, (b) L4 (c) 

L5 (d) LX (e) CST Simulated (S11) results of the 

proposed antenna (0:18 GHz). 

X. Reference  

1. Azim, R.; Alam, T.; Paul, L.C.; Aktar, 

R.; Meaze, A.K.M.M.H.; Islam, M.T. Low 

Profile Multi-slotted Patch Antenna for Lower 

5G Application. In Proceedings of the 2020 

IEEE Region 10 Symposium (TENSYMP), 

Dhaka, Bangladesh, 5–7 June 2020; pp. 366–

369. [Google Scholar] [CrossRef] 

2. Noor, S.K.; Ismail, A.M.; Yasin, 

M.N.M.; Osman, M.N.; Ramli, N. Orbital 

Angular Momentum Vortex Waves Generation 

Using Textile Antenna Array for 5G Wearable 

Applications. In Proceedings of the 2022 IEEE 

Symposium on Wireless Technology & 

Applications (ISWTA), Kuala Lumpur, 

Malaysia, 17–18 August 2022; pp. 7–12. 

[Google Scholar] [CrossRef] 

3. Qualcomm. Global Update on Spectrum 

for 4G & 5G; White Pap.; Qualcomm Inc.: San 

Diego, CA, USA, 2020; pp. 1–21. Available 

online:  (accessed on 7 May 2023). 

4. Ramli, N.; Ali, M.T.; Yusof, A.L.; 

Muhamud-Kayat, S.; Aziz, A.A.A. Frequency-

reconfigurable stacked patch microstrip antenna 

using aperture-coupled technique. Int. J. Microw. 

Opt. Technol. 2014, 9, 199–205. [Google 

Scholar] 

5. Pragati; Tripathi, S.L.; Patre, S.R.; Singh, 

S.; Singh, S.P. Triple-band microstrip patch 



93 
 
 

antenna with improved gain. In Proceedings of 

the 2016 International Conference on Emerging 

Trends in Electrical Electronics & Sustainable 

Energy Systems (ICETEESES), Sultanpur, India, 

11–12 March 2016; pp. 106–110. [Google 

Scholar] [CrossRef] 

6. Tang, X.; Jiao, Y.; Li, H.; Zong, W.; 

Yao, Z.; Shan, F.; Li, Y.; Yue, W.; Gao, S. Ultra-

Wideband Patch Antenna for Sub-6 GHz 5G 

Communications. In Proceedings of the 2019 

International Workshop on Electromagnetics: 

Applications and Student Innovation 

Competition (iWEM), Qingdao, China, 18–20 

September 2019; pp. 5–7. [Google Scholar] 

[CrossRef] 

7. Paul, L.C.; Das, S.C.; Rani, T.; Muyeen, 

S.M.; Shezan, S.A.; Ishraque, M.F. A slotted 

plus-shaped antenna with a DGS for 5G Sub-6 

GHz/WiMAX applications. Heliyon 2022, 8, 

e12040. [Google Scholar] [CrossRef] [PubMed] 

8. Sree, M.F.A.; Elazeem, M.H.A.; Swelam, 

W. Dual Band Patch Antenna Based on Letter 

Slotted DGS for 5G Sub-6GHz Application. J. 

Phys. Conf. Ser. 2021, 2128, 012008. [Google 

Scholar] [CrossRef] 

9. Tütüncü, B.; Kösem, M. Substrate 

Analysis on the Design of Wide-Band Antenna 

for Sub-6 GHz 5G Communication. Wirel. Pers. 

Commun. 2022, 125, 1523–1535. [Google 

Scholar] [CrossRef] [PubMed] 

10. Al Kharusi, K.W.S.; Ramli, N.; Khan, S.; 

Ali, M.T.; Halim, M.H.A. Gain enhancement of 

rectangular microstrip patch antenna using air 

gap at 2.4 GHz. Int. J. Nanoelectron. Mater. 

2020, 13, 211–224. [Google Scholar] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


