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ABSTRACT 

Millimeter wave communication technologies have attracted a lot of attention due to the growing demand for extremely 

fast data connectivity. The effects of radiation through developed millimeter-wave antennas incorporated in handheld 

devices are composed of various surface currents on the chassis, guided waves confined in dielectric layers, superstrates, 

and the operator's hand, which are employed for mobile antenna design in fifth-generation (5G) transmission. This study 

also includes a full and complete comparison of several antennas to the offered designs. The functionality of different 

antenna components of 5G communication systems was evaluated and reviewed. Antenna design is critical in wireless 

system transmission, especially in the 5G network, which travels via millimeter wave.  Accurate communication of signals 

is critical in increasing the productiveness as well as the dependability of channel models. Using customized antenna 

technologies that are adapted to the individual characteristics of the issue under research is critical to obtaining reliable 

results. To summarize, accurate wireless signal connectivity through proper antenna design and characterization of 5G 

channels are critical, as they will have a significant impact on the future evolution and improvement of wireless 

communication technologies in the years ahead. 

KEYWORDS: Antenna; bandwidth; frequency; gain; millimeter wave 

INTRODUCTION 

The revolution of the fifth generation of 5G wireless 

networks will see significant modifications in the 

standards for both services as well as technologies, 

such as a peak data throughput of 20 Gbps. To address 

these developments, rates in the order of 1 GHz are 

required. However, such high rates are only 

accessible on carrier frequencies over 6 GHz (Tang et 

al., 2017; Rappaport et al., 2013) and it is widely 

acknowledged that millimeter wave (mm wave) 

technological advancements will have a substantial 

impact on the 5G revolution. The channel 

characteristics of the mm wave spectrum must be 

investigated and modeled prior to system design. 

Network measurements in a real telecommunication 

environment are a reliable way to evaluate the radio 

transmission channel. However, the parameters 

retrieved from the data collected are strongly 

dependent on the measurement configuration, such as 

the delay resolution, center frequency, and 

bandwidth. The principal propagation technique 

differs, particularly for millimeter waves, when 

compared with bands less than 6GHz (Belbase et al 

2015; Oladimeji et al., 2022; Oladimeji et al., 2023; 

Oladimeji et al., 2024). This is due to the potential of 

diffraction to decrease with frequency (Molisch, 

2011). As a result, measurements must be made to 

precisely simulate millimeter wave networks. 

Previously, certain academic institutes and industries 

did research experiments on extremely high-

frequency channels. Aalto University in Finland 

employed a sweeper as the transmission device for 

gathering channel data at 81-86 GHz (Kyro et al., 

2010), with situations including street canyon as well 

as roof to street, with a maximum distance of 685 m. 
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T.S. Rappaport's NYU team monitored mm waves at 

several bands, spanning 28, 38, and 60, along with 73 

GHz, by spinning the horn antenna. Based on the 

obtained data, they examined mm wave channel 

features such as path loss (PL), and angle and delay 

facts, and presented some empirically based 

propagation network models (Rappaport et al., 2015).  

To acquire channel information, however, an 

omnidirectional or sectored antenna with a wide half-

power beam width (HPBW) is required. In an indoor 

situation, the Beijing University of Posts and 

Communications (BUPT) utilized an omnidirectional 

biconical antenna to carry out experiments at 

numerous bands of frequencies, including 3.5, 6, 14, 

23, 26, and 28 GHz (Huang et al., 2016).  

Recently, several studies on 5G mm Wave wireless 

antennas have been undertaken. Various types of mm 

Wave array antennas are being designed to provide 

full-spherical coverage (Xu et al., 2018; Helander et 

al., 2016; Ojaroudiparchin et al., 2016; Huo et al., 

2017; Hong et al., 2017., Yu et al., 2018., Zhang et 

al., 2017). From the standpoint of mobile antennas, 

user impact on mm Wave channel modeling as well 

as radio link budgets were examined (Zhang et al., 

2017; Hejselbæk et al., 2017; Syrytsin et al., 2018; 

Ying et al., 2016; Zhao et al., 2017; Syrytsin et al., 

2017). Xu et al. (2017), Colombi et al. (2018), Xu et 

al. (2016), Colombi et al. (2015), Zhao et al. (2016), 

He et al. (2018), and Thors et al. (2016) investigated 

human interaction with mm Wave antennas located 

near the bodies of humans. 

Review of relevant works 

Several novel antenna configurations for 5G mm 

Wave handheld devices were presented (Zihir et al., 

2016; Syrytsin et al., 2016; Park et al., 2016; Wang et 

al., 2017; Hsu et al., 2017; Wang et al., 2018). 

However, previous research on 5G mobile antennae 

has been limited to antenna topologies with frames 

along with their beam-scanning capabilities. There 

has been an absence of research on mm Wave antenna 

efficiency in wireless interface building 

environments (MTHE). Mobile terminal dimensions 

in the mm wave range can be multiple wavelengths, 

however in contemporary 2G-4G cellular frequencies 

(700 MHz-6 GHz), wireless terminal sizes are 

typically just half of to a couple wavelengths. 

Furthermore, for mm Wave frequencies, the electrical 

dimension of dielectric layers increases significantly, 

as do the additional parts in terminals that are mobile. 

These wavelength alterations have a substantial 

impact on the design procedures and emission 

effectiveness assessment of mm Wave antennas 

incorporated into 5G mobile devices (Xu et al., 2018). 

Broadband antenna uses in millimeter wave 

propagation  

In the past few years, the application of characteristic 

mode analysis (CMA) to affect antenna building has 

been a hot topic in antenna research. To meet the 

antenna's parameters, designers can add parasitic 

patches (Jang et al., 2016), etch slots (Cao et al., 

2015), or change the patch form. Nevertheless, the 

majority of these solutions rely on firsthand 

knowledge rather than institutional direction. The 

feature mode theory may adequately describe the 

antenna's actual radiation properties while also 

providing theoretical direction for the antenna's 

layout. The emergence of 5G mm wave connectivity 

has significantly reduced the scarcity of spectrum 

resources. The academic community has 

demonstrated considerable success in constructing 

5G mm wave antennas utilizing characteristic mode 

analysis (CMA). Lamminen et al. (2008) lowered the 

actual permittivity by introducing an air cavity, 

resulting in wideband as well as high gain. In a 

separate investigation, scientists designed a 

broadband antenna using patches of differing widths 

to trigger characteristic patterns at different 

frequencies (Xue et al., 2021). In the work of Li et al. 

(2021), the authors used a double-layer metasurface 
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architecture to accomplish small size as well as 

bandwidth. 

To meet the demands of a 5G millimeter wave 

connection, Li et al. (2023) propose a comprehensive 

dual-polarized antenna deployed in the 5G mm 

waveband. The antenna is built in a double-layer 

patch configuration, with the upper patch featuring a 

2 by 2 metasurface to give the broadband effect, 

which is evaluated using CMA theory. The proposed 

antenna gets its supply via a slot coupling setup. The 

coupling slot as well as the air cavity framework 

boosts the antenna's bandwidth. Simulation results 

show that the antenna's -10 dB bandwidth for each of 

its terminals is 26.25-40.83 GHz and 25.91-41.05 

GHz, respectively. Throughout the operational 

capacity, port isolation surpasses 21 dB, as well as 

antenna gain ranges from 4.9 dBi to 6.7 dBi. The 

antenna measures 0:56〖 λ〗_0 x 0:56〖 λ〗_0 x 

0:13〖 λ〗_0, making it low profile (Li et al., 2023). 

CATR and near-field measurement at millimeter 

wave frequency  

At CSIRO, there appears to be a rising interest in 

building antennas operating at 200 GHz for 

photography purposes (Hay et al., 2005; Brothers et 

al., 2007; Li et al., 2007; Li et al., 2009; Granet et al., 

2006; Timms et al., 2010; Hislop et al., 2007).  A 

number of beam-scanning pillbox antennas were 

designed and manufactured to be used in systems for 

imaging. The pattern of radiation intensity of the large 

aperture pillbox antennas was measured using an 

outdoor range (ODR), and positive results were 

obtained, Hay et al (2005). Current imaging 

techniques employ signal correlations that are reliant 

on both the strength along with phase of the antenna 

emission characteristics. To properly describe the 

antennas, an assessment of the antenna phase and 

magnitude radiation patterns is required, as well as an 

analysis of image generation procedures along with 

antenna evaluation testing methods.  

The ODR's limited range of motion as well as air 

absorption render it inappropriate for amplitude 

measurements. Determining the phase of an antenna's 

radiation that travels at millimeter wave bands is 

tricky. Lower bandwidths are often monitored using 

a basic heterodyne antenna measurement technique 

with a baseline signal and harmonic blending (Dyson, 

1966). This method gets more difficult at mm Wave 

frequencies, due mostly to phase mistakes produced 

by cable flex along with ambient conditions. Previous 

research demonstrated amplitude-only measurements 

in a CATR up to 200 GHz using a heterodyne device 

(Parini & Prior (1988). A 200-GHz near-field 

heterodyne-based method was also used (Yang et al., 

1999). The researchers estimate short-term (1 second) 

as well as long-term (15-20 minute) stability of phase 

values of 0.5 and 2, accordingly A near field scan at 

these ranges requires a high number of points for 

sampling, which takes longer and emphasizes the 

system's phase as well as stability. Two recently 

published articles address the problem of phase and 

amplitude adjustment in millimeter as well as 

submillimeter wave near field antenna systems for 

measurement (Fuerholz & Murk 2009; Rensburg & 

Hindman 2009). Several approaches are being 

proposed to improve phase detection at millimeter 

and submillimeter bands in both the CATR and close 

field regions (Li et al., 2007; Li et al., 2009; Granet et 

al., 2006; Timms et al., 2010; Hislop et al., 2007). The 

differential phase approach, which uses two or more 

receivers to determine phase, first came into use in the 

1990s (Li et al., 2007; Li et al., 2009; Granet et al., 

2006). This method has been utilized effectively to 

determine the phase of horn antennas up to 190 GHz; 

nevertheless, it is unlikely to be appropriate for big 

aperture, high gain antennas that require observations 

in a CATR. The variation in phase approach involves 

placing the AUT at the signal transmitter and using 

two independent receive antennas. In a CATR, the 

sender horn along with AUT is not comparable. 
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Understanding the direction of antenna radiation 

patterns by phaseless approaches remains a hot topic 

(Timms et al., 2010). It was first presented as an 

alternative for amplitude-only measuring techniques 

to reduce the expense and complexity of near-field 

detection methods that require magnitude and phase 

to detect the AUT's far-field radiation pattern. The 

advantages of the strategy, also known as phase 

retrieval, were rapidly apparent in the mm-wave 

spectrum (Hislop et al., 2007). The method works by 

first constructing two near field planar maps at 

various locations from the antenna under evaluation, 

and then employing procedures for reestablishing the 

phase. The gathering time is twice that of a 

conventional near-field evaluation, the data analysis 

is time-consuming, and errors can be significant, as 

indicated by the vast number of papers dedicated to 

reducing these errors.  

In this study by Dyson (1966), the creation and use of 

a small antenna test range (CATR) to accurately 

assess both the phase and magnitude radiation 

characteristics of big aperture millimeter-wave 

antennae in a controlled setting was explained. The 

CATR's practical effectiveness with a heterodyne 

magnitude as well as a system of measurement is 

shown for the initial time at 200GHz. The CATR 

technology is unusual in that it employs shaped-beam 

horn feeds as well as a tiny paraboloidal reflector to 

give light to the antenna under test (AUT) via a plane 

wave-like field. The CATR technique was reported in 

a previous publication, which included amplitude 

readings of the quiet zone at 20 GHz as well as 

predicted amplitude and phase at 200 GHz, Zhao et al 

(2017). This work did not show the CATR's true 

capability at frequencies over 20 GHz, did not give 

any information about radiation pattern observations 

within the CATR for performance evaluation, and did 

not include the 200 GHz phase or magnitude 

monitoring equipment. 

The development as well as verification of the horn 

feeds had earlier been described, and the estimated 

and observed outcomes agreed well (Granet et al., 

2006). Examination of the quiet-zone field exposing 

the AUT at 20 and 200 GHz, presuming a perfect 

reflector surface, revealed sufficiently minimal 

diffraction effects, which were validated at lower 

frequencies by measuring the quiet-zone field 

(Dyson, 1966). A basic geometric optics calculation 

shows that a reflector contact precision is required for 

attaining an ideal quiet zone phase error of 200 GHz. 

Photogrammetry revealed that the reflector surface is 

approximately the same precise as the reported 

precision (0.016 mm) of the photogrammetry 

approach. Previous studies have published 

measurements of the phase as well as the magnitude 

of a hologram-based CATR's quiet zone at millimeter 

wave bands (Hirvonen et al., 1997; Saily et al., 2000; 

Lonnqvist et al., 2005). The main findings of the 

study in Dyson (1966) are outlined as follows: 

i) The assessment of the CATR and ODR results for 

the intensity radiation patterns produced by a novel 

186 GHz pillbox antenna was applied. This validates 

the CATR at that bandwidth while also incidentally 

confirming the accuracy of the CATR reflector as 

well as distance dispersion impacts (Smith et al., 

2012).  

ii) The development of a phase measurement 

framework for the CATR's operating range of 182-

194 GHz was utilized. The setup is a heterodyne 

device that detects phase stability and cable flex-

induced phase faults. This tracking permits the use of 

calibration processes to reduce the effects of phase 

drift and errors. The examination of the findings 

provided by Smith et al. (2012) demonstrates that 

validation is required for phase equilibrium, however, 

inaccuracies due to cable flex cannot be deemed 

significant. The outcomes show that the heterodyne 

technique is viable at these frequencies and might be 

used for other methods of measurement.  
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iii) The use of CATR to determine the amplitude and 

phase radiation distributions of the freshly 

constructed pillbox antenna at 186 GHz was applied. 

These are the first published phase as well as 

magnitude radiation pattern data from the CATR. 

This verifies the antenna design's basic performance 

parameters and demonstrates CATR applications, 

Smith et al (2012). Scintillations render the ODR 

inappropriate for determining the radiation-pattern 

phase.  

Wideband planar antenna array for millimeter wave  

The substrate-integrated waveguide (SIW) is a flat 

transmission line that has been the standard 

microwave technology for mm wave applications in 

previous generations. While its architecture is similar 

to a traditional dielectric-filled waveguide system, its 

side walls are made up of a number of metallized via 

holes that confine EM transmission inside a certain 

wave channel. The complete framework is contained 

in a thin metal-backed dielectric platform (Nitas et al., 

2017; Hirokawa & Ando, 1998; Hiroshi et al., 1998; 

Deslandes & Wu, 2003; Xu & Wu, 2005; Deslandes 

& Wu, 2006; Chen et al., 2006). 

The SIW delivers reasonable propagation 

inefficiencies in the millimeter-wave area, 

significantly lower than standard planar lines such as 

microstrips or coplanar waveguides, while 

maintaining its plane structure. Its most prominent 

feature, however, is its ability to serve as a basis for 

incorporating multiple parts on one substrate, 

including couplers, power dividers, mixers, 

amplifiers, and even antennas, making it suitable for 

combined or system-on-chip manufacture. It is not 

unexpected that it is one of the key instruments for 

building a broad spectrum of mm-wave circuits and 

antennas. (Chen et al., 2006; Yan et al., 2004; Chen 

et al., 2009; Cheng et al., 2011; Cheng & Fan , 2011). 

Although SIW-based circuits are established, they are 

afflicted by the need to create numerous via gaps and 

insert metallization through the substrate, which 

necessitates harder manufacturing techniques than 

fully planar circuits. It could therefore be quite 

interesting to investigate alternate planar designs that 

govern transmitted waves within a given guiding 

channel. Thus, the justification for the study in Nitas 

et al. (2017) is to investigate the possibility of 

developing planar structures that have the same 

effects as a number of metallized vias, i.e. to block in-

plane transmission of waves at a point adjacent to the 

needed transmission orientation, alongside the goal of 

maintaining losses, particularly because of radiation, 

at a satisfactory level as well as, in all likelihood, 

equivalent to the ones provided by standard SIW.  It 

demonstrates that a very appealing foundation for 

such an inquiry comes from the well-known topic of 

materials with synthetic electric and magnetic 

features, often known as metamaterials (Solymar & 

Shamonina, 2009). While there are numerous unit cell 

setups that compensate for an array of characteristics, 

such as metal wires, split-ring resonators (SRR), 

omega-cells, fishnet structures, and so on, we are 

looking for a form that can be included in the metal-

backed base without significantly altering its planar 

structure, while still providing the necessary 

characteristics to prevent in-plane transmission. The 

complementary split-ring resonator (CSRR) (Baena 

et al., 2005; Bonache et al., 2006; Aznar et al., 2010). 

is an excellent contender for this goal, since it has 

been shown to provide the essential features required 

to build a completely planar substrate-integrated 

waveguide due to the closeness of the substrate's 

metal grounds. As a consequence, we first examine 

common comparable circuit models of the CSRR unit 

cell to offer initial values for its geometric variables, 

followed by an extensive examination of the 

recommended guiding things using a new linear 

periodic eigenmode formulation centered on the 

finite-element method (FEM). 

The examination of the structure is particularly 

important because SIW constructions encourage a 
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variety of complex transmission methods that govern 

the estimation of distribution graphs in terms of the 

two transmission and distortion variables, including 

all reduction processes including conductor, 

dielectric, and, most importantly, radiation emissions 

from the side walls. The recommended SIW 

topologies are extensively investigated and 

synthesized utilizing parametric research focused on 

the eigenmode solver, and their efficacy is evaluated 

and checked by modeling longer waveguide 

structures. 

MATERIALS AND METHOD 

The cross-sectional study follows a qualitative 

research approach to explore the mm wave 

propagation as well as antenna designs from different 

authors dated from 1996 to 2024 with 97 articles in 

both journal and conference proceedings covered. 

The antenna designs utilized in this study apply to 

different microwave frequency bands and particularly 

the ones used in the mm wave spectrum were 

comprehensively explored. Also, indoor and outdoor 

measurement methods were put to use in some of the 

articles considered making the study for interior and 

exterior applications in designing antennas for mm 

wave propagation, especially for the upcoming 6G 

application in mobile communication networks. 

RESULTS AND DISCUSSION 

Performance of various antenna elements in 5G 

communication systems 

The directional characteristics of the recommended 

antenna in (Sehrai et al., 2009) are juxtaposed to those 

of three arrays with varied matrix sizes that use the 

antenna. The single-component antenna has a gain of 

7.6 dBi. This improvement is enough for a mobile 

handset but inadequate for 5G mm wave terminals, 

which have to cope with signal deterioration due to 

path loss, multipath impacts, as well as environmental 

attenuation. The 8×8 array has a total gain equal to 13 

dBi, however, the lateral lobes have a value lower 

than -6 dB in the phi=0 degree plane while they are 

less than -3 dB in the phi=90 degree plane. The 8×16 

array, with a gain of 15.3 dBi, is ideal for base 

stations. Nonetheless, the side lobes have values less 

than -6 dB in the phi=0 degree plane and lower than -

4 dB in the phi=90 degree field. The 8×32 array offers 

an impressive gain of 21.2 dBi, with the flanking 

lobes below -10 dB in the phi=0 degree field as well 

as a lower than -12 dB in the phi=90 degree plane, 

which makes it acceptable for daily use. According to 

Sehrai et al 2009), the angular width of a single 

antenna component is 82.5 degrees, whereas an 8×8 

array is 18.4 degrees, an 8×16 array is 7.2 degrees, as 

well as an 8×32 array, is 4.1 degrees. 

The study on the evaluation of slotted complementing 

antennas for mm wave operations proposed an 

antenna architecture framework with variable width 

gain along with directivities, however, directivity 

should not be less than 6dBi, (Sudhakar et al., 2009). 

The 3.5 mm width will satisfy the requirements. As 

directivity increases, it falls below 6 dBi. In the 

framework, bid channels are employed for 

establishing the connections.  These connections are 

also taken into account in the simulation framework 

as a whole. Validated results differ from simulation 

findings whenever a fraction alteration happens in the 

context of creation, causing a significant shift in the 

outcomes. The outcomes of the simulation indicate 10 

GHz of bandwidth; whereas the verification findings 

give 6.5 GHz of bandwidth, covering the entire 

spectrum without licenses of frequencies spanning 57 

GHz to 64 GHz.  The effectiveness was noticed 

across H-Plane and E-Plane. At 60 GHz, a gain of 

6.54 dB was reported with 60% efficiency. In 

principle, the framework's conductor, radiation, and 

losses from dielectric are computed. Based on the 

contrast, it is clear that the suggested tree-shaped 

slotted SIW antenna configuration produces superior 

results. Indoor usage typically demands a directivity 

of 5dBi or more than that of a single antenna 

component (Sudhakar et al., 2009).  
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While focusing on directivity as well as spectrum, the 

suggested antenna outperforms prior designs. 

However, for measuring purposes, the structure's 

connector width was altered to 12 mm. The tree-

shaped slotted antenna was employed as an array 

antenna (1/4), reducing area while enhancing gain by 

up to 20 dBi.  

The S-parameters along with the gain of the 

suggested antenna in Li et al (2023) are estimated 

using the -10 dB impedance bandwidth of the two 

ports, which are 45.2% (25.91-41.05 GHz) and 43.5% 

(26.25-40.83 GHz), respectively.  The tip of the 

antenna has strong port isolation (less than -21 dB) 

throughout the operational frequency spectrum; along 

with the antenna gain fluctuating between 4.9 dB to 

6.7 dB. The antenna's emission sequence at 28 and 38 

GHz is symmetrical and has excellent orientation. 

The feed line is stuffed at the antenna's base, resulting 

in a wider rear lobe (Li et al., 2023).  

The effectiveness of the horn in the Simionato et al. 

(2022) study was investigated utilizing a full-wave 

electromagnetic assessment with the ANSYS High-

Frequency Structure Simulator's FEM model. The 

overall measurement of the location's reflection factor 

was used as the primary evaluation indicator. Given 

the large number of optimization factors and the 

laborious FEM evaluation, genetic algorithm (GA) 

optimization was used. The GA was selected since 

HFSS includes a GA optimizer. In a word, GA is a 

popular iterative approach for simulating species 

development. In this case, GA optimization was used 

merely to determine a restricted range of parameters 

from which an acceptable conclusion might be 

obtained; hence the conventional HFSS configuration 

was used, Simionato et al (2022). 

Discussion on comparison of various antennas with 

presented designs 

Scholars have recommended many antennas for 

propagating electromagnetic radiation in this band 

(Chen et al., 2009; Ding & Leung, 2009; Yeom et al., 

2014; Sabri et al., 2014; Liu et al., 2016; Lee et al., 

2008; Li et al., 2017; Li & Chen, 2018; Awan et al., 

2019; Marzouk et al., 2019; Mungur & Duraikannan, 

2018; Jandi et al., 2017; Shereen, 2018; Rizvi et al., 

2022) which is illustrated in Table 1. Typical design 

approaches include patch change, metamaterial 

integration, plus antenna geometry variation. In Chen 

et al (2009), and Ding and Leung (2009), a 

geometrically simple and DRA-slot antenna with 

sizes along with peak gains of 3.8dB to 5.02dB is 

presented. The design included spectrum ranges of 

2.42 GHz as well as 5.69 GHz. The researchers 

additionally introduced the U-slot as well as stack 

patches in Lee et al (2008), and Li et al (2017). The 

peak increases ranged from 8 dB to 17.4 dB. There 

was additionally a record of a rectangle direction 

antenna having a feed line and a resistor-loaded patch 

antenna (Jandi et al., 2017; Shereen, 2018) with a 

higher frequency operation range than those 

described before in the investigation. However, Rizvi 

et al., (2022)) offered an elliptical as well as 

rectangular stub loaded to patch antenna with nearly 

excellent output specifications along with the ability 

to function in the most powerful frequency ranges. It 

has a gain of 3 dB to 7.01 dB as well as a spectrum 

ranging from 2.1GHz to 4.45GHz. 

      Table 1:  Comparison of various antennas with presented designs 

Author/Year Frequency  Bandwidth  (GHz) Peak Gain (dB) Design Method 

Chen et al., (2009) 2.42/5.69 3.3/5.7 4.3/3.8 DRA- Slot 
Ding & Leung (2009) 2.45/5.19 4.48/6.17 5.02/4.09 DRA-Slot 
Yeom et al., (2014) 2.44/5.35 3.42/17.5 6.99/10.37 Sist-Path 
Sabri et al., (2014) 10/12 7.3/7.76 8.5/8.5 SIW-Fed Slots 
Liu et al., (2016) 2.6/3.5 26.9/7.1 7.1/7.4 Stack Patches 
Lee et al., (2008) 5/6.3 7.6/15.9 8/8 U-Slot Patch 
Li et al., (2017) 21/26 3.8/2.7 16/17.4 SIW Cavity 
Li & Chen (2018) 26.45/38.77 31/11.8 16.3/16.7 Metasurface 
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Awan et al., (2019) 27.12/28.56 1.38 7.67 Y-shaped plane Patch 
Marzouk et al., (2019) 27.58/38.643 1.06/1.43 9.49 Patch Antenna With large Substrate size 
Mungur & Duraikannan (2018) 27.6/28.18 0.582 6.69 Variable feed line width planer Antenna 
Jandi et al., (2017) 9.99/28.77 0.27/1.02 5.5/8 Rectangular path with simple feedline 
Shereen (2018) 26.06/29 3.8 3.9 Resistor-loaded Patch Antenna 
Rizvi et al., (2022) 25.4-38 4.45/2.1 7.01/3 Elliptical and Rectangular Stub loaded to 

patch 

CONCLUSIONS AND RECOMMENDATIONS 

This article provided many kinds of antenna designs 

for the millimeter transmission of waves. Antenna 

design is a key aspect in wireless communication 

propagation, particularly in the 5G network, which 

propagates via the millimeter wave. The polarizer, 

which was fully examined in this study, consists of 

multiple airs as well as dielectric slabs that can 

change the orientation of antenna dispersion from 

linear to circular alongside various radiation 

patterns. Additionally, the polarizer may also be 

utilized to increase antenna gain. The overview of 

these antennas discussed in this paper will assist 

scholars in improving their understanding of the 

architectural layout of an antenna with an improved 

gain, low cost, and efficiency for broad spectrum in 

broadcasting of wireless communication signals 

appropriate for use in the current 5G and 

approaching 6G radio transmission. 
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