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Abstract: The rapid advancement of 5G technology has created an increasing demand for efficient, 

compact, and high-performance antennas that can support higher frequencies and enable faster, more 

reliable wireless communication. Among various antenna types, the microstrip patch antenna has emerged 

as a promising solution for 5G applications due to its low-profile design, ease of integration, and cost- 

effective manufacturing process. This paper explores the design, analysis, and performance of microstrip 

patch antennas tailored for 5G communication, particularly focusing on their ability to operate in both 

sub-6 GHz and millimeter- wave frequency bands. 
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I. INTRODUCTION 

The microstrip patch antenna (MPA) is a commonly used antenna type in modern wireless communication systems, 

particularly for 5G networks. Its small size, light weight, and cost- effectiveness make it ideal for integration into mobile 

devices, base stations, and other compact communication devices. The antenna consists of a conducting patch placed on 

a dielectric substrate, with a ground plane on the opposite side. This simple design can be optimized for specific frequency 

bands, making it suitable for the broad frequency range required by 5G, including millimeter-wave bands. 

  

II. TECHNOLOGIES BEHIND MICROSTRIP PATCH ANTENNA 

2.1 Radiation Patch Techniques 

The radiating patch is a fundamental component of microstrip patch antennas (MPAs) and plays a crucial role in emitting 

and receiving electromagnetic waves. Typically made of a thin, flat conductive material such as copper or aluminum, the 

patch is etched onto a dielectric substrate as shown in fig 2.1 The shapeof the patch can vary, with common geometries 

including rectangular, circular, triangular, and elliptical, as they are easier to fabricate and analyze. The primary function 

of the radiating patch is to emit electromagnetic waves when excited by an RF signal. 

Fig 2.1 Dielectric Substrate Techniques 

The dielectric substrate is a fundamental component of microstrip patch antennas (MPAs), positioned between the 

radiating patch and the ground plane. It plays a crucial role in providing mechanical support while significantly 



IJETIR 
  ISSN (Online) 2583-0554 

     

 

          International Journal of Emerging Technologies and Innovative Research (IJETIR) 

 

 Volume 5, Issue 12, December 2025 
 

Copyright to IJETIR     DOI: 10.48175/IJETIR-9231                    203 

   www.iciset.in  

     Impact Factor: 5.731 

influencing the antenna's electromagnetic characteristics, including impedance, bandwidth, gain, and radiation efficiency. 

The substrate is typically made of dielectric materials such as FR4, Rogers RT/duroid, ceramics, or advanced options 

like polydimethylsiloxane (PDMS) and textile-based composites for flexible antennas. The primary parameters 

influencing substrate performance are the dielectric constant and loss tangent . The dielectric constant usually ranges 

from 2 to 10, where a lower value enhances radiation efficiency but increases the antenna size, while a higher value 

allows for compactness but may decrease efficiency due to surface wave losses. The loss tangent, indicating dielectric 

loss, should be minimal (preferably below 0.005) to reduce energy dissipation, especially in high-frequency applications 

like 5G. Substrate thickness also impacts performance; thicker substrates can increase bandwidth but may cause surface 

wave losses, affecting radiation efficiency. 

 

2.2 Ground plane Techniques 

The ground plane in microstrip patch antennas (MPAs) is a crucial conductive surface positioned on the opposite side of 

the dielectric substrate from the radiating patch as shown in fig 2.2. Its primary function is to serve as a reference point 

for electric potential, providing a stable and low-impedance path for return currents generated by the radiating patch. The 

ground plane significantly influences the antenna’s performance, including impedance, gain, bandwidth, and radiation 

efficiency. Typically made from highly conductive materials such as copper or aluminum, it helps confine 

electromagnetic waves within the substrate, minimizing interference and enhancing signal integrity. In flexible and 

wearable antennas, conductive fabrics or thin metal films are used to maintain performance despite deformation. 

Fig 2.2 Ground plane 

  

2.3 Feeding Mechanism Technology 

The feeding mechanism in microstrip patch antennas (MPAs) is crucial for efficiently transferring electromagnetic energy 

from the transmission line to the radiating patch while minimizing losses and maintaining impedance matching as shown 

in fig 2.3. In 5G applications, where compact size and high performance are essential, optimized feeding mechanisms 

ensure minimal signal loss and enhanced efficiency. The technology behind feeding mechanisms focuses on achieving 

efficient power transfer by coupling electromagnetic energy from the feed line to the radiating patch. This involves 

designing feeding structures using highly conductive materials such as copper or gold, printed or etched on low-loss 

dielectric substrates like Rogers RT/duroid, FR4, or Teflon. 

Fig 2.3 Feed layer 
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III. WORKING PRINCIPLE OF MICROSTIP PATCH ANTENNA 

The working principle of a microstrip patch antenna (MPA) for 5G applications is centered around efficient radiation at 

high frequencies, including sub-6 GHz and millimeter-wave (mmWave) bands. These antennas are designed to be 

compact, lightweight, and capable of handling high data rates, which are essential for next-generation wireless 

communication. 

 

3.1 Principle of Operation 

The MPA operates based on the concept of resonant radiation. When an RF signal is fed to the patch through a feeding 

mechanism, surface currents are induced on the metallic patch. These currents create electric and magnetic fields that 

resonate at a specific frequency, generating electromagnetic waves. The patch acts like a cavity resonator, where the 

electric field is perpendicular, and the magnetic field is parallel to the ground plane as shown in fig 3.1. For optimal 

radiation, the length of the patch is approximately half the wavelength (λ/2) of the operating frequency. This condition 

ensures that the antenna resonates effectively, allowing for maximum power radiation at the desired frequency. 

Fig 3.1 Microstrip patch 

 

3.2 Design Parameters 

The patch dimensions are derived using standard equations based on dielectric constant and resonant frequency. Formulas 

include effective dielectric constant, patch width, and effective length to ensure optimal resonant behavior at 2.4 GHz. 

Depending on the relative permittivity, operating frequency the width and length of the patch are determined  

Patch Width (W): 

 
W 

 

 

Effective Dielectric Constant (εₑff): 

 
the patch plane (broadside radiation). 

 

C 2 

2 fr  r 1 



IJETIR 
  ISSN (Online) 2583-0554 

     

 

          International Journal of Emerging Technologies and Innovative Research (IJETIR) 

 

 Volume 5, Issue 12, December 2025 
 

Copyright to IJETIR     DOI: 10.48175/IJETIR-9231                    205 

   www.iciset.in  

     Impact Factor: 5.731 

3.3 Radiation Mechanism 

The radiation primarily occurs from the fringing fields at the edges of the patch. These fringing fields form as the electric 

field lines extend from the edges into the surrounding space. The radiation efficiency and pattern depend on factors such 

as the dielectric constant, substrate height, and patch dimensions. In 5G applications, where high gain and directivity are 

required, the antenna is often designed to focus radiation in a specific direction, typically normal to 

 

3.4 Impedance Matching and Feeding  

Impedance matching is crucial for minimizing reflection and achieving efficient power transfer. Feeding techniques like 

proximity coupling and aperture coupling are commonly used in 5G MPAs due to their ability to maintain impedance 

matching at high frequencies as shown in fig 3.2 Matching the antenna’s input impedance (usually 50 ohms) with the 

feed line impedance ensures that most of the input power is radiated rather than reflected. 

 
Fig 3.2 Impedance matching section 

 

3.5 Polarization and Beamforming 

5G applications often require dual or circular polarization to support multiple signal paths and reduce polarization 

mismatch. Patch geometries and feeding methods are designed to produce the desired polarization. Additionally, 

beamforming and MIMO (Multiple Input Multiple Output) techniques are used to dynamically steer beams and increase 

signal coverage, particularly at mm Wave frequencies. 

  

IV. 5G-SPECIFIC DESIGN 

CONSIDERATIONS Designing microstrip patch antennas (MPAs) for 5G applications involves several specific 

considerations to meet the demanding requirements of next- generation wireless communication. One of the primary 

challenges is achieving high gain and directivity, essential for long-distance communication, particularly in the 

millimeter-wave (mmWave) frequency range. To address this, antenna arrays and beamforming techniques are employed 

to steer the radiation pattern and enhance signal strength. Additionally, compactness and miniaturization are crucial as 

5G devices, including smartphones and IoT modules, require small, lightweight, and low-profile antennas. To optimize 

performance, advanced materials such as low-loss dielectric substrates (e.g., Rogers RT/duroid) are used to minimize 

power dissipation at high frequencies. 

 

4.1 Key Featues of Microstip Patch Antenna for 5G Applications 

Microstrip patch antennas (MPAs) are ideal for 5G applications due to their ability to operate at high frequencies, 

particularly in the millimeter-wave (mmWave) spectrum, essential for next-generation networks. Their compact, 

lightweight, and low- profile design makes them suitable for integration into devices such as smartphones, IoT gadgets, 

and wearables. MPAs support beamforming and beam steering when arranged in phased arrays, which is crucial for 

maintaining stable connections and reducing interference in dense environments. They also enable MIMO (Multiple Input 

Multiple Output) technology, enhancing data throughput by allowing multiple data streams. Additionally, MPAs can be 

designed for polarization diversity, improving signal quality in mobile scenarios. Their conformal and flexible nature 

allows for integration into non-planar surfaces, such as vehicles and smart textiles. Although single MPAs may have low 

gain, array configurations significantly enhance it, crucial for mmWave propagation. Cost-effective to manufacture using 
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standard PCB techniques, MPAs can also incorporate active components like varactors for dynamic frequency tuning, 

making them versatile and efficient for modern 5G communication systems. 

 

V. RESULTS AND DISCUSSION 

The performance of microstrip patch antennas is influenced by various design parameters, includingpatch dimensions, 

substrate properties, and feeding techniques. Optimizing these factors can enhance key performance metrics such as 

resonant frequency, bandwidth, gain, and impedance matching. For instance, increasing the substrate thickness and 

selecting materials with appropriate dielectric constants can improve bandwidth and gain. However, these modifications 

may also affect the antenna's size and efficiency. Additionally, employing techniques like stacking multiple substrates or 

integrating defected ground structures can further enhance performance by suppressing unwanted radiation and 

improving impedance matching. Careful consideration of these design choices is essential to achieve the desired antenna 

performance for specific applications. 

The S-parameter plot of the 5.2 GHz microstrip patch antenna shows impedance matching efficiency. The S11 dip near 

5.2 GHz indicates low reflection loss, ensuring optimal signal transmission. Engineers use this to refine antenna design 

for wireless communication, radar, and satellite applications, maximizing radiation efficiency and minimizing 

interference as shown in fig 5.1 

 
Fig 5.1 S parameter plot of 5.2GHz Microstrip patch antenna 

The VSWR plot of the 5.2 GHz microstrip patch antenna confirms efficient impedance matching. A low VSWR near 5.2 

GHz ensures minimal signal reflection, maximizing power transfer and radiation efficiency as shown in fig 5.2. 

Fig 5.2 VSWR plot 5.2GHz Microstrip patch antenna 

The gain plot of the 5.2 GHz microstrip patch antenna shows signal amplification across the frequency range. A peak 

gain near 5.2 GHz confirms efficient radiation performance. Engineers optimize patch dimensions, feed structure, and 

substrate properties to enhance gain, ensuring strong signal transmission for wireless communication, radar, and satellite 

applications as shown in fig 5.3. 

Fig 5.3 Gain plot 5.2GHz Microstrip patch antenna 
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5.1 Experimental results 

The fabricated rectangular microstrip patch antenna designed for 5G applications is shown in fig 5.4. It features a copper 

patch on a dielectric substrate, fed by a microstrip line connected to an SMA connector. The antenna is compact, 

lightweight, and suitable for sub-6 GHz communication, with design optimized using HFSS simulation 

 
Fig 5.4 Fabricated Microstrip patch antenna 

  

VI. CONCLUSION 

Microstrip patch antennas (MPAs) are essential for 5G applications due to their high- frequency capabilities, compact 

and lightweight design, and adaptability to various devices and environments. Their support for beamforming, MIMO 

technology, polarization diversity, and array configurations makes them well-suited for achieving high data rates and 

stable connections in dense networks. Additionally, their cost-effective fabrication and potential for dynamic tuning 

through active components enhance their practicality and performance in modern wireless communication systems. As 

5G continues to evolve, MPAs will remain a fundamental component in achieving efficient and reliable connectivity. 
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