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Abstract

The rapid evolution of wireless communication technologies has necessitated the development of
advanced antenna systems capable of supporting multiple frequency bands simultaneously. This
comprehensive literature review examines recent advances in dual-band microstrip patch antenna design
for Wireless Local Area Network (WLAN) and Fifth Generation (5G) applications. Through systematic
analysis of 31 research publications from 2019-2025, this paper identifies key design techniques,
performance achievements, and emerging trends in dual-band antenna development. The review reveals
significant progress in miniaturization strategies, bandwidth enhancement techniques, and substrate
material innovations. Key findings indicate that slot-based techniques, modal analysis approaches, and
electric coupling methods have emerged as dominant design methodologies, achieving return losses better
than -46 dB and efficiency rates exceeding 90%. The paper identifies critical research gaps including
limited scalable design methodologies, insufficient analysis of integration challenges, and the need for
comprehensive multi-parameter optimization approaches. This review provides valuable insights for
researchers and engineers working on next-generation wireless communication systems and establishes a
foundation for future research directions in dual-band antenna technologies.

Keywords: Dual-band antennas, Microstrip patch antenna, WLAN, 5G communications, Wireless
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1. Introduction

The unprecedented growth in wireless communication systems and the increasing demand for high-speed
data transmission have fundamentally transformed the landscape of antenna engineering. The concurrent
deployment of Wireless Local Area Networks (WLAN) operating in the 2.4 GHz and 5.8 GHz Industrial,
Scientific, and Medical (ISM) bands, alongside the rapid rollout of Fifth Generation (5G) cellular
networks utilizing sub-6 GHz frequency ranges, has created an urgent need for innovative antenna
solutions capable of efficient multi-band operation [1, 2].

Traditional approaches employing separate antenna systems for different frequency bands result in
increased device complexity, larger form factors, and higher implementation costs. This challenge has
driven the antenna engineering community toward developing dual-band and multi-band solutions that
can simultaneously support multiple communication standards while maintaining compact dimensions
suitable for modern portable devices [3, 4].

Microstrip patch antennas have emerged as particularly promising candidates for dual-band applications

due to their inherent advantages including low profile configuration, lightweight construction, cost-
effectiveness, and excellent compatibility with printed circuit board manufacturing processes [5, 6]. These
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characteristics make them ideal for integration into space-constrained mobile devices while offering
excellent potential for dual-band operation through various advanced design techniques.

This comprehensive literature review systematically examines recent research developments in dual-band
microstrip patch antenna design, with particular focus on WLAN and 5G applications. The review
analyzes 31 significant publications spanning from 2019 to 2025, identifying key technological trends,
design methodologies, performance achievements, and critical research gaps that require further
investigation.

2. Methodology

This literature review follows a systematic approach to ensure comprehensive coverage of relevant
research in dual-band microstrip patch antenna design. The methodology encompasses:

2.1 Search Strategy

A comprehensive search was conducted across multiple academic databases including IEEE Xplore,
Nature Scientific Reports, Wiley Online Library, MDPI, and other peer-reviewed journals. The search
strategy employed specific keywords including "dual-band microstrip patch antenna,” "WLAN antenna
design,” "5G antenna,” "multi-band wireless antenna,” and "microstrip antenna optimization.”

2.2 Inclusion Criteria
Papers were selected based on the following criteria:

Publication period: 2019-2025

Focus on dual-band or multi-band microstrip patch antenna design
Applications in WLAN and/or 5G communication systems
Peer-reviewed journal articles and conference proceedings
English language publications

Availability of performance metrics and design details

2.3 Analysis Framework

The selected literature was analyzed based on multiple dimensions including design techniques,
frequency band coverage, performance metrics, substrate materials, and application domains. Each
publication was systematically evaluated for its contribution to the field and potential for practical
implementation.

3. Literature Analysis and Findings

3.1 Frequency Band Coverage and Applications

The analyzed literature demonstrates comprehensive coverage of frequency bands essential for modern
wireless communications. Research has extensively focused on 5G sub-6 GHz bands, particularly the N78

(3.36-3.70 GHz) and N79 (4.79-5.01 GHz) bands, as demonstrated by Chang et al.'s work on compact
single-layer antennas achieving exceptional miniaturization while maintaining dual-band functionality

[1].

PAGE NO: 2



ALOCHANA JOURNAL (ISSN N0O:2231-6329) VOLUME 14 ISSUE 12 2025

Significant attention has been given to WLAN applications covering the traditional 2.4 GHz ISM band
and the 5 GHz bands (5.15-5.85 GHz), with specific focus on Wi-Fi 6 standards. Gao et al. achieved exact
coverage of Wi-Fi 6 bands with small-volume designs, demonstrating precise frequency band alignment
with modern Wi-Fi standards [8]. The literature also explores millimeter-wave applications for 5G, with
several studies investigating the 28 GHz and 38 GHz bands, indicating the research community's
preparation for higher frequency 5G implementations [25, 26].

3.2 Design Techniques and Methodologies

The surveyed papers reveal diverse and innovative design approaches for achieving dual-band operation
in microstrip patch antennas. Several dominant methodologies have emerged:

3.2.1 Slot-Based Techniques

Slot loading has become the most prevalent technique for dual-band operation. Hussain et al. successfully
employed inverted U-shaped and C-shaped slots for dual-band WLAN applications, achieving operation
at 4.9 GHz and 6.7 GHz with efficiency exceeding 90% [6]. Semi-circular slot etching techniques have
been demonstrated for 28 GHz and 38 GHz 5G applications, providing omnidirectional radiation patterns
with high gain at both frequency bands [20].

3.2.2 Modal Analysis Approaches

Sophisticated modal analysis has become increasingly important in dual-band design. Chang et al. utilized
two half-mode patches operating in TM0.5,0 and TMO0.5,2 modes to achieve dual-band operation with
exceptional isolation (>15.5 dB) in MIMO configurations [1]. Tiang et al. analyzed four different modes
(TM1/2,0, TM3/2,0, TMRS, and TM1/2,2) for millimeter-wave B5G applications, demonstrating good
agreement between simulation and measurements [16].

3.2.3 Electric Coupling Techniques

Electric coupling methods have gained prominence for achieving extremely low-profile designs. Chen et
al. developed an electric coupling technique for dual-band operation in 5G mobile terminals, achieving
miniaturized structures while maintaining performance [2]. This approach offers particular advantages for
space-constrained applications where traditional coupling methods are impractical.

3.2.4 Structural Modifications

Various structural modifications have been explored including shorting pins, parasitic elements, and
modified patch geometries. Wei et al. demonstrated low-profile dual-band operation using shorting pins,
achieving enhanced bandwidth and impedance matching suitable for mobile devices [18]. Modified D-
shaped designs have shown promise for Ka band applications (28 GHz, 35 GHz) with excellent return
loss characteristics [26].

3.3 Miniaturization and Form Factor Innovations
Miniaturization represents a critical theme throughout the literature, driven by the space constraints in
modern mobile devices and the increasing demand for multi-band functionality in compact form factors.

Remarkable achievements in size reduction have been demonstrated, with designs reaching dimensions as
small as 5.5%5.16x1.6 mm? for single elements and 9%8x0.64 mm? for array configurations [25].
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Ultra-low-profile designs have become a particular focus, with several papers achieving extremely
compact form factors suitable for integration into mobile devices and 5G terminals. Lu et al. developed
micro dual-band patch antennas with extremely low profiles specifically for 5G mobile terminals [7].
These miniaturization efforts directly address the space constraints in modern mobile devices while
maintaining dual-band functionality.

3.4 Substrate Material Advancements

The literature demonstrates significant attention to substrate material selection and its impact on antenna
performance. While FR-4 remains widely used due to cost-effectiveness and fabrication ease, advanced
materials have gained prominence for specific applications.

Rogers materials, particularly RO4003C and RO3210, have been extensively studied for high-frequency
applications, demonstrating superior performance at millimeter-wave frequencies [25]. Arlon AD300C
has emerged as particularly effective for sub-6 GHz 5G applications, showing superior performance
compared to traditional materials in comparative studies [17].

Novel substrate applications have expanded the field, including the use of jean fabric for wearable body
area network applications by Thaiwirot et al., achieving dual-band operation at 2.45/5.8 GHz ISM bands
with low specific absorption rate (SAR) values [15]. This demonstrates the expanding research into
unconventional materials for specialized applications.

3.5 Performance Metrics and Achievements

The analyzed literature reveals impressive performance achievements across multiple metrics:

3.5.1 Return Loss Performance

Consistent return loss values exceeding -10 dB requirements have been achieved, with exceptional
designs reaching values below -46 dB [26]. The modified D-shaped design demonstrated return loss
ranging from -46.39 dB to -28.14 dB at operating frequencies.

3.5.2 Bandwidth Characteristics

Bandwidth performance varies significantly based on application requirements. Narrow-band designs
achieve 3-4% bandwidth for specific applications, while wideband designs cover entire frequency ranges
from 2.2 to 6 GHz [9]. Pandey et al. achieved ultra-wideband operation covering WLAN, 5G, and loT
applications with a simple folded dipole structure.

3.5.3 Gain and Efficiency Performance

Gain performance demonstrates substantial improvements, with values ranging from 0.8 dBi for
wideband applications to 8.42 dBi for optimized array configurations [9, 25]. Efficiency rates exceeding

90% have been consistently achieved in optimized designs [6], indicating mature design methodologies.

3.5.4 MIMO Implementation
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MIMO system integration has become a standard consideration, with multiple papers addressing isolation
requirements and mutual coupling mitigation techniques. Chang et al. achieved 4x4 MIMO systems with
greater than 15.5 dB isolation between elements [1].

3.6 Integration with Advanced Technologies

The surveyed literature demonstrates increasing integration of dual-band antennas with advanced wireless
technologies:

3.6.1 Beamforming Capabilities

Beamforming integration has been extensively studied, with Saeed and Nwajana providing
comprehensive analysis of beamforming microstrip patch antenna arrays for future 5G/6G networks [13].
The research addresses challenges including limited steering range and complex feed networks while
proposing solutions for high gain and cost-effectiveness.

3.6.2 Specialized Applications

Growing attention to specialized applications includes body area networks with low SAR requirements
[15], Internet of Things implementations [9], and automotive communication systems. These applications
require specific performance characteristics and design considerations beyond traditional communication
systems.

3.6.3 Future Network Compatibility

Integration considerations for 6G networks have begun appearing in recent publications [13], indicating
forward-looking research directions and the need for antenna technologies that can support future
communication standards.

4. Critical Analysis and Research Gaps
4.1 Design Methodology Limitations

Despite significant advances in dual-band antenna design, several critical limitations persist. Most
existing designs focus on specific frequency combinations without providing scalable design
methodologies that can be adapted to different frequency ratios or bandwidth requirements. The lack of
systematic design approaches limits the practical application of research findings to different frequency
combinations or device requirements.

4.2 Integration Challenges

The integration challenges associated with implementing dual-band antennas in real-world devices remain
insufficiently addressed. Effects of ground plane size, proximity to other circuit components, and
environmental factors require more comprehensive analysis. The literature often focuses on antenna
performance in isolation without considering the complex electromagnetic environment of actual wireless
devices.

4.3 Multi-Parameter Optimization
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Current research lacks comprehensive multi-parameter optimization approaches that can simultaneously
address size constraints, bandwidth requirements, gain specifications, and manufacturing limitations.
Most studies optimize individual parameters without considering the complex trade-offs between
different performance metrics.

4.4 Manufacturing and Tolerance Analysis

Limited attention has been given to manufacturing tolerance effects and reproducibility issues in dual-
band designs. The dual-resonant nature of these antennas makes them more sensitive to manufacturing
variations, yet few studies provide comprehensive tolerance analysis or design robustness evaluation.

5. Future Research Directions
5.1 Advanced Design Methodologies

Future research should focus on developing systematic design methodologies that can be applied across
different frequency combinations and application requirements. Machine learning and artificial
intelligence approaches show promise for multi-parameter optimization and automated design generation.

5.2 Novel Materials and Technologies

Integration of metamaterials, graphene-based substrates, and other advanced materials offers potential for
further performance improvements and novel functionality. Reconfigurable designs using varactors, PIN
diodes, or other tuning elements could provide dynamic frequency adaptation capabilities.

5.3 6G and Beyond Applications

As 6G research intensifies, antenna technologies must evolve to support even higher frequencies, broader
bandwidths, and more complex modulation schemes. Research into terahertz frequencies and massive
MIMO implementations will become increasingly important.

5.4 Sustainable and Flexible Electronics

Growing interest in flexible and wearable electronics drives research into mechanically flexible antenna
designs using novel substrate materials and fabrication techniques. Environmental sustainability
considerations may also influence material selection and design approaches.

6. Conclusion

This comprehensive literature review of dual-band microstrip patch antennas for WLAN and 5G
applications reveals significant progress in antenna miniaturization, performance optimization, and
integration with advanced wireless technologies. The analysis of 31 recent publications demonstrates that
slot-based techniques, modal analysis approaches, and electric coupling methods have emerged as
dominant design methodologies, achieving impressive performance metrics including return losses better
than -46 dB and efficiency rates exceeding 90%.

Key technological trends include the evolution toward ultra-compact designs suitable for mobile device
integration, advanced substrate material utilization, and sophisticated modal operation techniques. The
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research community has successfully addressed many fundamental challenges in dual-band operation
while identifying new opportunities for performance enhancement and novel applications.

However, critical research gaps remain, particularly in scalable design methodologies, comprehensive
integration analysis, and multi-parameter optimization approaches. Future research directions should
focus on developing systematic design frameworks, exploring advanced materials and technologies, and
preparing for next-generation communication systems including 6G networks.

The findings of this review provide valuable guidance for researchers and engineers working on next-
generation wireless communication systems and establish a solid foundation for continued advancement
in dual-band antenna technologies. The identified research gaps and future directions offer clear pathways
for meaningful contributions to this rapidly evolving field.
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