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Abstract: Microstrip antennas have become a prominent choice for modern communication systems due to their 

low profile, lightweight, ease of fabrication, and cost-efficiency. However, a significant limitation of conventional 

microstrip antennas is their narrow bandwidth. In many broadband communication systems, such as Wi-Fi, cellular 

networks, and satellite communications, a wider bandwidth is required to support high data rates and multiple 

frequency channels. A square microstrip antenna, a variant of the traditional microstrip patch antenna, offers a viable 

solution to enhance the bandwidth without compromising the antenna's compactness and performance. This paper 

explores the design principles, performance characteristics, and various methods to achieve broadband performance 

in square microstrip antennas. Key aspects such as feed methods, the use of parasitic elements, substrate materials, 

and slotting techniques are discussed in detail. The paper also explores the challenges and applications of square 

microstrip antennas in broadband communication systems. 

Keywords: Microstrip, broadband, antenna, IoT, 5G. 

1. Introduction 

The evolution of wireless communication systems 

necessitates antennas that can handle high-frequency 

bandwidths to support applications such as 5G, Wi-

Fi, IoT, and satellite communications. Microstrip 

antennas, which consist of a metal patch on a 

dielectric substrate with a conductive ground plane, 

are widely used due to their compactness and 

integration potential with circuit boards. However, 

one of the key challenges with microstrip antennas is 

their relatively narrow bandwidth, typically ranging 

from 1% to 5% of the resonant frequency. 

The square microstrip antenna, characterized by a 

square-shaped conductive patch, offers advantages in 

terms of symmetry and simplicity. By employing 

various design techniques, such as modifying the 

patch shape, feeding mechanisms, and adding 

parasitic elements, it is possible to extend the 

bandwidth of square microstrip antennas, making 

them suitable for broadband applications. 

2. Design Of Square Microstrip Antennas 

2.1 Basic Structure of Square Microstrip Antennas 

A square microstrip antenna consists of the following 

main components: 

Square Patch: A metal patch, typically made of 

copper or gold, is placed on top of a dielectric 

substrate. The size of the square patch determines the 

resonant frequency of the antenna. 

Substrate: The dielectric substrate separates the patch 

from the ground plane and provides the necessary 

mechanical support. The material used for the 

substrate influences the antenna’s efficiency, 
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bandwidth, and radiation characteristics. Common 

substrates include FR4, Rogers materials, and Teflon-

based composites. 

Ground Plane: The ground plane acts as the reference 

for the antenna and completes the electromagnetic 

field structure. 

Feed Mechanism: The antenna is typically fed using a 

microstrip line, coaxial probe, or aperture coupling. 

The feed location and method affect the impedance 

matching and bandwidth of the antenna. 

2.2 Resonant Frequency and Bandwidth 

The resonant frequency of a square microstrip 

antenna is determined by the following equation: 

The bandwidth of a microstrip antenna is limited by 

the quality factor (Q-factor), which is a measure of 

the antenna's resonant sharpness. Typically, to 

increase bandwidth, the Q-factor must be reduced, 

which can be achieved through various design 

modifications. 

3. Methods for Achieving Broadband Performance 

To enhance the bandwidth of square microstrip 

antennas, several techniques can be applied during 

the design phase: 

3.1 Using Thick Substrates 

Using thicker substrates or substrates with a lower 

relative permittivity can help improve the bandwidth. 

A thicker substrate results in a larger effective 

capacitance, leading to a wider bandwidth. 

Additionally, substrates with lower permittivity 

reduce the overall size of the antenna, further 

contributing to improved performance. 

Advantages: Simple modification, increases 

bandwidth without altering antenna geometry. 

Challenges: Increased substrate thickness may lead to 

higher surface wave losses, which could reduce 

radiation efficiency. 

3.2 Multiple Resonant Modes 

A square microstrip antenna can be designed to 

operate at multiple resonant frequencies. This can be 

achieved by cutting slots or incorporating parasitic 

elements such as additional patches or resonators 

within the antenna design. By adding these 

resonators, the antenna can achieve wider bandwidth 

across multiple frequency bands. 

Techniques: Slotting the patch in specific locations, 

using stacked patches, or adding parasitic elements 

(such as a second smaller square patch) beneath the 

main patch. 

Advantages: Increases bandwidth and allows 

operation across multiple frequency bands. 

Challenges: More complex design and fabrication 

process. 
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3.3 Use of U-Shaped Slots 

Introducing U-shaped slots or other types of slots on 

the patch can help achieve better impedance 

matching over a broader frequency range. These slots 

alter the current distribution on the patch, effectively 

broadening the bandwidth. Slotting is a common 

technique used to increase the bandwidth of 

traditional square microstrip antennas. 

Advantages: Simple to implement, effective in 

broadening bandwidth. 

Challenges: Precise slot placement is crucial for 

achieving optimal performance. 

3.4 Parasitic Elements 

Incorporating parasitic elements, such as additional 

resonators or patches, can help improve the 

bandwidth and radiation characteristics of a square 

microstrip antenna. These elements are typically 

placed in close proximity to the main patch and work 

by coupling with the patch to enhance the overall 

radiation pattern and bandwidth. 

Techniques: Adding a second smaller patch (stacked 

design), placing parasitic elements in the vicinity of 

the patch. 

Advantages: Significant bandwidth enhancement, 

improved radiation patterns. 

Challenges: Increases complexity and size of the 

antenna. 

Firstlythewidthcanfoundfromtheequation(1): 

 

 

(1) 

 

 

Andtheoperatingfrequency(2.4)

GHzisgivenand also the 

dielectric constant (4.7) that it 

needs to calculate the width (w). 

It founded the width equals 

approximation: W=37 mm. 

 

Thenalsomustcalculatethelength

,itcanbefound from the equation 

(2) [8]: 

 

 

(2) 

 

Asseenintheaboveequationitn

eedstofindΔL 

andεreff(Effectivedielectricco

nstant),andthey can be found 

from equations (3) and (4) 

[9]. 

 

 

(3) 

And 

 

 

(4) 

 

Fromequation (4) having (εr), so easily(ε reff) can 

be found, that equals 4.397, and then uses the last 

one in equation (3) to find ΔL that equals 0.731. 

Afterthattocalculatethelength(L)anditwillbe 

28.5mm. 

AsseenfromtheresultsW=37mm,andL=28.5mm.Th

is means the patch is not square, its rectangle. But 

it must be square. So,it will takethese 

measurements in form of (L x L). Means, on 

square patch it will neglect the value of the width 

(w). 

 

3.5 Dual-Frequency or Multi-Band Design 

A square microstrip antenna can be designed to 

operate at multiple frequencies by using multiple 

resonators or by incorporating specific geometries 

such as slotted patches. Multi-band antennas are 
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particularly useful in broadband applications where 

different frequency bands need to be accessed. 

Techniques: Design using multiple layers, U-slots, or 

incorporating resonators tuned to different 

frequencies. 

Advantages: Useful for supporting multiple 

communication systems. 

Challenges: Complicated design and potential 

interference between bands. 

 

 

3.6 Feeding Techniques 

The method used to feed the square microstrip 

antenna can significantly influence its bandwidth. 

Some feeding techniques are more efficient than 

others at providing broad bandwidth. Techniques like 

the aperture coupling feed and the coaxial feed are 

often employed to improve impedance matching and 

bandwidth performance. 

Techniques: Coaxial probe feeding, aperture 

coupling, and microstrip line feeding. 

Advantages: Efficient impedance matching, better 

bandwidth control. 

Challenges: More complex feeding structure 

increases antenna size and design complexity. 

4. Performance Parameters For Broadband 

Square Microstrip Antennas 

To evaluate the performance of square microstrip 

antennas for broadband applications, several key 

parameters must be considered: 

Bandwidth: The frequency range over which the 

antenna maintains efficient performance (typically 

defined by return loss < -10 dB). 

Gain: The directional gain of the antenna, which is 

essential for determining its efficiency and 

performance in communication systems. 

Efficiency: The ratio of radiated power to total input 

power, which affects the antenna’s ability to transmit 

or receive signals effectively. 

Impedance Matching: Ensuring that the impedance of 

the antenna matches the source impedance (usually 

50 ohms) to minimize reflection and optimize power 

transfer. 

Radiation Pattern: The shape of the radiation field 

produced by the antenna, which should be broad and 

uniform for broadband communication applications. 
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5. Applications Of Broadband Square Microstrip 

Antennas 

Square microstrip antennas with broadband 

capabilities are suitable for various modern wireless 

communication applications: 

5.1 Wi-Fi and WLAN 

Broadband square microstrip antennas can provide 

high data rates and reliable performance for Wi-Fi 

systems operating over a wide frequency range. The 

extended bandwidth allows these antennas to support 

multiple channels, reducing congestion and 

improving overall system capacity. 

5.2 5G and Beyond 

For 5G systems, antennas must operate across a wide 

frequency spectrum, including millimeter-wave 

frequencies. Broadband square microstrip antennas, 

with their ability to cover wide frequency ranges, are 

ideal for 5G communication, where multiple 

frequency bands need to be utilized. 

5.3 Satellite Communications 

In satellite communication systems, the antenna must 

operate over a broad frequency range to handle 

different communication channels. A square 

microstrip antenna with broadband performance can 

provide the necessary flexibility for efficient satellite 

communications. 

5.4 Internet of Things (IoT) 

IoT devices often require antennas that can support a 

broad range of frequencies for communication with 

different types of networks. Broadband square 

microstrip antennas can offer the flexibility needed 

for IoT applications. 

6. Challenges And Future Directions 

While square microstrip antennas offer significant 

advantages for broadband applications, some 

challenges remain: 

Fabrication Complexity: As bandwidth enhancement 

techniques often involve additional structures or 

modifications (e.g., parasitic elements, slots), 

fabrication can become more complex. 

Size Constraints: Broadband antennas may require 

larger patch sizes, which could be challenging in 

applications requiring compact designs. 

Efficiency: Ensuring high efficiency while achieving 

wide bandwidth remains a key challenge, especially 

when using techniques like slotting or parasitic 

elements. 

Future research in square microstrip antennas may 

focus on improving bandwidth without sacrificing 

size or efficiency, and enhancing the integration of 

broadband antennas into compact wireless devices. 

7. Conclusion 

Square microstrip antennas are a promising solution 

for broadband applications, thanks to their simple 

design, ease of integration, and potential for 

performance enhancement. By applying techniques 

such as thick substrates, parasitic elements, and 

slotting, it is possible to achieve significant 

improvements in bandwidth. These antennas are 

well-suited for applications in Wi-Fi, 5G, satellite 

communications, and IoT. While challenges such as 

fabrication complexity and size constraints remain, 

continued innovation will likely overcome these 

hurdles, further expanding the role of square 

microstrip antennas in broadband wireless 

communication systems. 
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