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ABSTRACT

In this article, a circular fractal array antenna is proposed for C-​band and S-​band applications. The 
antenna uses circular fractal geometry to achieve high gain across the S and C bands frequency spectrum. 
The antenna is fabricated using an FR-​4 substrate and tested in anechoic chamber. The antenna design 
holds potential for multi-​functional wireless systems and S and C band applications. The measurement 
results reveal that the designed antenna has two resonant frequencies at 3.5 GHz and 5.8 GHz and gain 
of around 3.1dB is noted. The size of proposed antenna is 28mm×28mm×1.6mm.

INTRODUCTION

Fractal antennas are made of geometric shapes that repeat themselves on various sizes and are self-​
similar, making them geometric shapes that cannot be characterized using Euclidean geometry. There 
are several varieties of fractal structures, including the tree structure, the Koch structure and the dragon 
structure. S and C band technology is widely employed in many different industries because it provides 
great resistance to multipath interference and high-​speed data transmission. This proposed structure's 
operational frequency ranges from 3.5GHz to 5.8GHz for S-​band and C -​band. Important electromag-
netic spectrum regions that are often used in a variety of communication and sensing applications are 
the C and S-​bands. These bands have special qualities that make them ideal for certain applications, 
including radar systems, remote sensing, and terrestrial communication. In general, the C-​band covers 
frequencies between 4 and 8 gigahertz (GHz), whereas the S-​band covers frequencies between 2 and 4 
GHz. These frequency bands have excellent propagation properties, mild air attenuation, and are regulated 



for specific purposes, which makes them widely employed in a variety of communication and sensing 
applications. In satellite communication systems, circular fractal array antennas can be used for both 
uplink and downlink communication. Their small size, broad bandwidth, and great radiation efficiency 
make them ideal for space-​constrained satellite platforms. These antennas provide services like internet 
access, data transmission, and television broadcasting in the C-​band. Circular fractal antennas operating 
in the S-​band can improve mobile satellite communication systems for disaster response, marine com-
munication, and remote sensing applications by offering dependable connectivity. For satellite-​based 
services in distant or mobile contexts, their strong performance and mobility are crucial. In antenna 
design, circular fractal slots are utilized to provide bidirectional gain and circular polarization. A circular 
fractal antenna’s size can vary greatly based on a number of variables, including the particular fractal 
geometry employed, the intended frequency spectrum, the needs of the application, and the limitations 
of the design. The number of iterations in the fractal design and the intended operating frequency are 
the main factors influencing the antenna's size. Smaller antenna parts match the antenna's overall shape 
thanks to the use of self-​similar geometrical forms in fractal antenna design, which permits downsizing 
without compromising functionality. A basic circular loop, for instance, might be the form of a circular 
fractal antenna. The performance characteristics of the antenna can be enhanced or maintained while 
reducing its size by recursively adding smaller loops within the main loop. The size of proposed antenna 
is​ 28mm × 28mm × 1.6mm​. FR-​4 substrate was used to simulate our antenna.

The fabrication of a Circular Fractal Array Antenna for C-​band and S-​band applications involves a 
combination of careful fractal geometry selection, precise simulation and optimization, and state-​of-​
the-​art fabrication techniques, typically using microstrip or patch antenna designs. By leveraging fractal 
geometry's unique properties, such antennas can achieve compactness, multiband performance, and 
efficiency, making them ideal for advanced communication systems.

The Circular Fractal Array Antenna (CFAA), especially when designed for C-​band and S-​band fre-
quencies, holds significant potential for 5G communications and future wireless technologies (such as 6G 
and beyond). The evolving demands of high-​speed, high-​capacity wireless communication systems make 
antenna designs like CFAA highly relevant due to their unique properties. Here's a detailed explanation 
of the significance of the proposed antenna geometry in the context of 5G and beyond:

1. 	 Multiband and Wideband Performance
• 	 Fractal Geometry and Frequency Agility: Fractal antennas, due to their self-​similar and 

iterative nature, inherently support multiple resonant frequencies. This characteristic is es-
sential for 5G networks, which utilize a wide range of frequencies across low, mid, and high 
bands (sub-​6 GHz and millimeter-​wave bands, i.e., mmWave). The fractal design enables 
CFAAs to operate efficiently over multiple frequency bands, including C-​band (4–8 GHz) 
and S-​band (2–4 GHz), making them highly versatile for future 5G deployments.

• 	 Wider Bandwidth for High-​Data Rates: One of the main advantages of the CFAA is its 
ability to offer wide bandwidths, crucial for high-​speed communication. 5G and beyond 
require high data rates, which are achieved through the efficient use of available bandwidth. 
The wideband performance of fractal antennas supports the larger spectrum allocations 
in these advanced systems, ensuring efficient data transmission across a broad range of 
frequencies.

2. 	 Compact and Efficient Design for Small Cells
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