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Abstract - The microstrip patch antenna (MPA) has evolved significantly since its introduction, moving from a
simple radiating element with many limitations to a versatile component essential for modern wireless systems. This
paper provides an in-depth review of the evolution, design improvements, and research progress in MPA
technology. It traces the development from the early 1970s to the present, highlighting the advantages that led to its
wide adoption. The paper also discusses the challenges of early designs, such as narrow bandwidth and low gain,
and the solutions introduced to overcome them, including modified geometries, slotting methods, multi-layer
structures, and the use of metamaterials. Applications of MPAs in mobile communication, satellite links, radar, and
biomedical devices are also reviewed, with emphasis on their importance in 5G. Finally, future directions such as
reconfigurable intelligent surfaces (RIS), Al-assisted design, and terahertz applications are outlined, showing the
continuing importance of this technology.

Keywords: Microstrip Patch Antenna (MPA), Design Innovations, Bandwidth Enhancement, Metamaterials,
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1. INTRODUCTION

An antenna is the essential link between guided electromagnetic signals and free space, functioning as both a
transmitter and a receiver of radio waves. Among the many antenna designs, the Microstrip Patch Antenna (MPA) has
gained remarkable importance in recent decades. Its popularity comes from its flat structure, light weight, and easy
integration with printed circuit boards, which make it highly suitable for modern wireless devices.

A standard MPA is made of a thin metallic patch placed on a dielectric substrate, with a conducting ground plane at
the bottom. Although the basic idea of MPAs can be traced back to the 1950s, practical and reliable designs only
became possible in the 1970s when fabrication technologies improved. From the very beginning, MPAs attracted
attention due to their low cost, compact size, and ease of integration with microwave and RF circuits. These features
made them ideal for aerospace systems, mobile communication devices, and satellite links.

Over time, researchers realized that while MPAs offered many advantages, they also suffered from limitations such as
narrow bandwidth, low gain, and surface wave losses. This led to continuous research on new designs and techniques
to enhance their performance. Innovations such as modified patch geometries, slot loading, stacked structures, and the
incorporation of metamaterials have expanded the role of MPAs from simple radiators to advanced components in
modern wireless networks.

This paper reviews the evolutionary journey of MPAs, highlighting the key design improvements, performance
enhancements, and diverse applications. It also outlines how MPAs have become central to advanced wireless
systems, including 5G, satellite communications, radar, and biomedical technologies..
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Fig. 1.1 Microstrip Patch Antenna

DOI Number: https://doi.org/10.30780/1JTRS.V10.110.006 pg. 35
www.ijtrs.com, www.ijtrs.org
Paper Id: IJTRS-V10-110-006 Volume X Issue X, October 2025

@2017, IJTRS All Right Reserved


http://www.ijtrs.org/

ISSN Number: 2454-2024(Online)

ZN\

J R International Journal of Technical Research & Science

2. HISTORICAL DEVELOPMENT AND FUNDAMENTAL PRINCIPLES

The practical development of Microstrip Patch Antennas (MPAs) began in the early 1970s. Researchers such as
Howell and Munson played a key role in explaining the basic radiation behaviour of rectangular and circular patches.
These early designs worked on the principle of a resonant cavity, where the patch dimensions mainly decided the
operating frequency.

The working of an MPA can be understood by the fringing fields at the patch edges. Radiation takes place because
these fringing fields leak between the patch and the ground plane. In general, the length of the patch is about half of
the wavelength in the dielectric medium at the resonant frequency.

Table-2.1 Chronological Evolution of Key MPA Milestones

Era Key Development Impact

1950s Conceptual inception Theoretical foundation

1970s Practical rectangular & circular patches Enabled first applications; simple design
1980-90s | Introduction of slots, stacked patches Addressed narrow bandwidth issue

2000s Use of EBG, AMC structures Suppressed surface waves; improved gain

2010s Metamaterial-loaded & reconfigurable MPAs Achieved miniaturization & multi-functionality
2020s Al-optimized designs for 5G/6G & loT Pushed boundaries of performance & integration

3. ADVANTAGES AND LIMITATIONS OF EARLY DESIGNS

The rapid growth of Microstrip Patch Antennas (MPAs) was due to several advantages:
» Low profile and lightweight: Their flat structure makes them suitable for use on aircraft, satellites, and
vehicles.
» Low cost and easy fabrication: They can be produced using standard PCB processes, making large-scale
manufacturing possible.
» Design flexibility: They can be made in different shapes and combined into arrays.
» Multi-band operation: With suitable design changes, a single patch can work at two or more frequencies.
At the same time, early MPAs had major drawbacks:
» Narrow bandwidth: Usually only 2-5%, which limited their use in wideband systems.
» Low gain and efficiency: Energy was lost due to surface waves in the substrate and feed losses.
» Low power handling: Thin substrates caused strong fields, reducing their ability to handle high power.

4. DESIGN INNOVATIONS FOR PERFORMANCE ENHANCEMENT

To overcome the drawbacks of early Microstrip Patch Antennas (MPAs), researchers have developed several design
strategies. These innovations have greatly improved bandwidth, gain, efficiency, and miniaturization, making MPAs
more suitable for modern wireless systems.
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Fig. 4.1 Evolution of Patch Geometry for Enhanced Performance

4.1 Bandwidth Enhancement Techniques

One of the key limitations of MPAs is their narrow bandwidth (typically 2—5%). Several methods have been
introduced to broaden it:

4.1.1 Proximity and Aperture Coupling

These advanced feeding methods reduce unwanted radiation compared to traditional coaxial or microstrip feeds. As
a result, they provide smoother impedance matching and improved bandwidth.
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4.1.2 Thick, Low-Dielectric Substrates

Increasing the substrate thickness and reducing the dielectric constant enhances the antenna volume, which improves
radiation efficiency and widens the bandwidth.

4.1.3 Use of Slots and Notches

Adding shapes such as U-slots, E-slots, or other cuts on the patch changes the current path. This creates multiple
resonances, which combine to provide a broader overall bandwidth.

4.2 Gain and Efficiency Improvement

MPAs generally have low gain and efficiency due to surface wave losses. Solutions include:

4.2.1 Stacked Patches

Using a multi-layer design with patches placed one above another improves both bandwidth and directivity.
4.2.2 Electromagnetic Band-Gap (EBG) Structures

These periodic structures in the ground plane block surface waves. This reduces energy loss and significantly
improves efficiency and gain.

4.2.3 Array Configurations

Placing multiple patch elements in an array, with a proper feeding network, increases gain and enables beamforming
(directional radiation).

4.3 Miniaturization and Multi-Band Operation
To reduce antenna size while supporting multiple frequencies, researchers introduced:
4.3.1 Fractal Geometries

Shapes like Koch curves or Sierpinski patterns increase the effective electrical length within a small area. This
allows miniaturization and operation at multiple frequency bands.

4.3.2 Shorting Pins and Walls

By connecting parts of the patch to the ground, the resonant frequency decreases for the same patch size. This
effectively reduces antenna dimensions without losing performance.

4.4 Basic Design Formulas for a Rectangular MPA

The design of a rectangular microstrip patch antenna begins with calculating its width (W) and length (L) for a given
resonant frequency (fo), substrate dielectric constant (&;), and thickness (h).
Patch Width (W):

Effective Dielectric Constant (e.ff):

Eptl E.—1

12my~1/2 ..
ngf = 2 + T (1 + w ) .................................................. (11)
Effective Length (L.ff):
c ees
Lo = Do Ry T (iii)
Length Extension (AL):
: 0.3) (¥+0264)
AL = 04120, ST R0 e (iv)
(Fofp+0.258) (3-+08)
Actual Patch Length
(L) = Lgpr —2AL i (v)

These formulas form the basis for designing MPAs at a desired frequency and can be modified for advanced designs
like multi-band, miniaturized, or slot-based patches.

5. RECENT RESEARCH DEVELOPMENTS AND APPLICATIONS
5.1 Reconfigurable MPAs

By incorporating active components such as PIN diodes, varactor diodes, or RF-MEMS switches, MPAs can be
made tunable. This allows them to adjust their operating frequency, polarization, or radiation pattern in real time.
Such adaptability is highly beneficial for modern technologies like cognitive radio and next-generation (5G/6G)
wireless systems.
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5.2 Metamaterial-Inspired MPAs

The use of metamaterial structures, such as Composite Right/Left-Handed (CRLH) designs, has enabled antennas
with unique properties. These structures help achieve significant miniaturization, wider bandwidth, and better gain
compared to conventional patches.

5.3 Flexible and Wearable MPAs

By using flexible substrates like polyimide films or textile materials, MPAs can now be integrated into wearable
devices. This makes them suitable for applications in health monitoring, smart garments, and flexible IoT-based
systems.

Table 2: Application Matrix of Modern Microstrip Patch Antennas.

Application Field Key Requirement MPA Technology Used

5G Mobile Phones Multi-band, MIMO, compact Slotted, Reconfigurable, Array
Satellite Communication High Gain, Circular Polarization Stacked, CP-fed patches
Automotive Radar High Frequency (77 GHz), robust SIW-based patch arrays
Biomedical Implants Miniaturization, Biocompatibility Flexible, Implantable patches
IoT Sensors Low Cost, Compact, Efficient Miniaturized, Printed patches
Application Field Key Requirement MPA Technology Used

6. FUTURE TRENDS

The development of microstrip patch antennas (MPAs) is still progressing, with future research focusing on:

» Integration with 6G Systems: MPAs will play a vital role at sub-THz frequencies and in massive MIMO
architectures, requiring new materials and advanced fabrication methods.

» Al-Based Design Approaches: Machine learning is being applied to automate and optimize antenna design,
allowing performance improvements beyond traditional techniques.

» Reconfigurable Intelligent Surfaces (RIS): MPAs are expected to serve as building blocks for RIS, enabling
smart control of the wireless environment.

» Sustainable Electronics: Use of biodegradable substrates and eco-friendly manufacturing is gaining
importance to support global sustainability goals.

7. CONCLUSION

The microstrip patch antenna has evolved from a simple radiator into a highly advanced and versatile technology
central to modern wireless systems. Continuous innovations—such as shape modification, slot loading, active
components, and metamaterial integration—have successfully addressed its initial drawbacks. With advantages like
low profile, low cost, and ease of integration, MPAs remain essential in applications ranging from handheld devices
to satellite communication. Looking ahead, they are expected to become smarter, more efficient, and
environmentally sustainable, further strengthening their role in shaping the future of wireless connectivity.
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