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1. INTRODUCTION 

The desire for faster transmission and reception of information has fueled the rapid progress 
of wireless technology. The evolution of antennas started in the late 1800s with the discovery 
of electromagnetic waves by James Clerk Maxwell[1]. Over the past few decades, wireless 
communication systems have evolved from the first generation (1G) of Wireless 
communication, these antennas were omnidirectional and had a wide beam width, which 
made them suitable for communication over short distances[2]. to the introduction of digital 
mobile networks in the 1990s, the second generation (2G) of mobile networks saw the 
introduction of smaller, more efficient antennas. These antennas were designed tO support the 
transmission and reception of digital data, including text messages and basic internet 
connectivity. [3]. Further, it improved the multimedia-capable third-generation (3G) mobile 
networks[4], introduced in the early 2000s, and introduced more advanced antennas, such as 
the microstrip patch antenna. This type of antenna is highly efficient and can be easily 
integrated into small, portable devices5). Fourth-generation (4G) wireless communication 
systems utilize multiple-input and multiple-output (MIMO) technology to further increase 
data transmission rates [6]. MIMO technology can significantly enhance channel capacity by 
linearly increasing the number of antennas without requiring additional frequency spectrum 
[71. but Ultra-wide-band (UWB) technology has become increasingly popular in the wireless 
industry after the US Federal Communication Commission (FCC) authorized the use of 
unlicensed frequencies ranging from 3.1 to 10.6 GHz for indoor applications and handheld 
devices in 2002[8]. UWB communication systems offer numerous benefits such as high-speed 
data transfer with high power efficiency, low complexity, low cost, and high precision[9]. 
However, these systems are susceptible to multipath fading effects that are caused by signal 
reflection and diffraction[10], [11]. Fortunately, in multiple-input multiple-output (MIMO) 
systems, both the transmitter and receiver are equipped with multiple antennas to transnmit and 
receive signals with varying fading properties[12]. This approach provides multiplexing gain 
and diversity gain, which enhances channel capacity and reliability, respectively [13]. There 
are various types of antennas that can be used for MIM0 (Multiple Input Multiple Output) 
systems. The most common types of antennas used in MIMO systems are: 

6 
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