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Abstract: For 5G applications, a 4-element orthogonal multi-input, multi-output antenna with an H-slot is advised. This antenna's CPW power 

source has four elements with better isolation. For this proposed antenna, the dimensions are reduced to 80 × 80 × 1.6𝑚𝑚3, and the band 

obstruction with a parameter less than -10dB that is from 2.2GHz to 20GHz and it notches vary from 3.4GHz to 4.3GHz in the frequency range 

of 8.2GHz to 8.7GHz. In order to support WiMAX (3.3GHz–3.7GHz) and band ranges from 8.2GHz–8.7GHz in military/radar applications, 

notched filters will be used. The proposed antenna proved successful in achieving mutual coupling at less than -19 dB. The antenna's ECC level 

is 0.019 and its directivity gain is almost 10 db, making it a very good antenna. Except at the notches, the peak gain and radiation efficacy are 5.8 

dB and 82%, respectively. This suggested antenna can be used for UWB applications such location monitoring, communications, military/radar 

applications, and biomedical systems as a prepared option or recommendation. 

Keywords—: Envelope Correlation Coefficient, Mutual Coupling, Co-planar waveguide Fed, Directivity Gain, MIMO. 

 

I. INTRODUCTION 

Ultra-wideband antennas (UWB) are popular today because 

they have features like inexpensive cost, an incredibly fast 

data rate, and a lot of channel-to-channel communication. 

However, Multipath fading and dependability are 

disadvantages of UWB antennas. The UWB antenna's 

shortcomings can be fixed using this MIMO antenna. 

Multiple antennas are used for communication by MIMO 

antennas. MIMO antennas improved communication by using 

multiple antennas both transmission as well as reception. 

These days, MIMO antennas are significantly important than 

ever thanks to features similar to more capacity, multipath 

fading, minimal co-channel interference, larger data speeds, or 

less signal noise. Because MIMO antennas have a strong 

mutual coupling effect, having a number of antennas in one 

building may cause antenna properties to degrade. It is 

possible to solve this issue by improving antenna 

separation.      

The 5G antennas offer effective separation. Different WLAN 

(5.15 - 5.85 GHz), WiMAX (3.3 - 3.8 GHz), and X-Band 

communication satellite (7.99 - 8.4 GHz) kinds make up 

narrowband communication systems. Frequency bands are 

contained in existing frequency bands. 

The development of MIMO antennas that operate at a 

Wideband spectrum frequency has improved the multi-path 

propagation fade problem and channel interference. Ultra-

wideband (UWB) technology have drawn a lot of interest 

because of its inherent benefits, which include high-speed 

communication, remarkably low power consumption, and low 

cost. The Federal Communications Commission (FCC) 

permitted the usage of the frequency band in the range 3.1 - 

10.6 GHz for UWB applications in 2002. Microstrip lines or 

Coplanar waveguide feeds were used in the UWB antenna 

design. Additionally, Wide bandwidth is one benefit of CPW-

fed antennas, and they also have less loss than microstrip line 

antenna arrays. Various methods for creating compact MIMO 

structures have been developed for numerous MIMO systems. 

The transceivers were arranged parallel to one another, just as 

the original MIMO antenna we presented. The interrelated 

ground antenna elements are placed orthogonally to one 

another. In MIMO technology, other methods are also utilized 

to lessen the mutual interference between both antenna 

elements. These methods include the usage of EBG structures, 

DGS structures, and meta-material structures. 

At the appropriate frequencies, this proposed antenna 

produced satisfactory isolation. This antenna has both triple 
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and dual notches. A 4-orthogonal MIMO antenna is employed 

in this study. This antenna includes dual-notch functionality 

for several bands with coupling of under -15dB. WiMAX 

bands are used for single MIMO, dual MIMO WLAN bands, 

in addition to triple notch MIMO UWB bands also suggested. 

The authors have suggested a MIMO antenna array with dual 

notches and an F-shaped stub for impulse radio UWB uses 

where excellent isolation is offered in prior publications. It is 

advised to use a 4-element MIMO antenna including collinear 

and orthogonal elements.  

The paper is structured as follows: part 1 shows the 

introduction part; Section 2 talks about the literature analysis 

for this study. Discussion of single and dual antennas with 

geometrical parameters is covered in Session 3. Section 4 

presents the results. The conclusion of the work is covered in 

more detail in Session 6. It includes the paper's four structural 

components. 

II. LITERATURE SURVEY 

Tiwari, R.N., et al. [17] reported an eliminating technique-

based two or four port maximum divergence MIMO antenna 

system for UWB communication in 2019. In this study, two 

distinct multiple-output (MIMO) antennas that are lightweight 

and portable are designed and built for usage in applications 

based on ultra-wideband. Use of the neutralisation line method 

considerably reduces the admittance among the two spreading 

patches. The measured (antenna) real gain from radiation 

efficiency varies between 0.95dB to 2.91dB from 70.01 % to 

79.87 %, correspondingly, across the whole frequency 

spectrum. It offers a smaller bandwidth and a higher antenna 

gain. 

A CPW-fed MIMO antenna system for ultra-wideband 

communications was presented by A. Dkiouak et al. [18] in 

2020. In this study, a compressed MIMO antenna with high 

isolation was created for use in UWB applications. The 

intended antenna comprises of dual parallel-to-ones another, 

identical monopoles (CPW) supplied via a 50 ohm coplanar 

tunnel. The MIMO antenna has a total size of 36 x 36 x 1.6 

mm3 and is constructed on reduced fire retardants 4 (FR4) 

foundations. The wideband characteristic impedance of the 

planned antenna is satisfactory. The developed antenna 

performs well and UWB applications improve with such an 

efficient antenna because it has a DG (diversity gain) of above 

9.9 dB and the ECC (envelope correlation coefficient) of 

below 0.01. 

 

Naktong, W., et al. presented rectangular four-port monopole 

antennas with UWB MIMO use in 2020 [19]. The proposed 

antenna was built with stepwise etching merely on the ground 

plane with radiating patch for arrow-shaped slots etching in 

order to boost bandwidth and increase performance. Multiple 

antenna elements' mutual coupling was reduced by using 

homogeneous components and angular variation approaches. 

The Computer Simulation Technology program (CST) was 

utilized in the structural simulation technique to examine the 

antenna properties, including the radiation patterns, mutual 

coupling, group delay, and envelope correlation coefficient. 

Bidirectional radiation was present. The four-port antenna's 

efficiency was also more than 85.70%, and the antenna gain 

was quite low. 

For UWB MIMO applications, Sediq, H.T., et al. [20] 

proposed an epsilon-shaped ripple antenna in 2022. This work 

describes a unique epsilon-shaped geometry-based flat ultra-

wideband (UWB) ripple antenna for microwave applications. 

All smart antenna geometry is anticipated by merging the four 

epsilon forms with a trio of straight-line conductors. The total 

dimensions of the MIMO antenna are 26 mm by 36 mm. The 

impedance bandwidth of 2.26 to 18.05 GHz is included in the 

new configuration. The suggested antenna has a reduced 

antenna size and a maximum of 7.81 dB gain for a working 

bandwidth of 18.01 GHz. 

A compact 2 different MIMO antenna and a four-port MIMO 

antenna were described in 2022 by Sathiyapriya, T., et al., 

[21] and are intended to enhance the isolation characteristics 

for ultra-wideband (UWB) communication. In order to lessen 

reciprocal coupling between radiating elements, the circular 

neutralizer can be used as a decoupling structure. The overall 

dimensions of the proposed hybrid plus multiple antennas are 

21 mm and 31 mm and 48 mm and 31 mm, correspondingly. 

Antenna design is done on the FR4 the substrate, which is 

approximately 1.6 mm thickness. In a range between 3.1 GHz 

- 10.6 GHz frequency, increased isolation is feasible to a 

maximum of 29 dB with the appropriate impedance. The 

proposed UWB antenna provides a decent antenna size with a 

narrower bandwidth. 

III. SINGLE ELEMENT 

A monopole antenna with shorter edges and a gap sleeve is 

built in Figure 1. This monopole antenna receives power from 

a (CPW) coplanar waveguide. The fundamental equations 

using CPW feeding for a monopole antenna are shown in the 

equations below. 
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Fig.1 single iteration 

The CPW's dielectric constant can be computed by equation 

below:   

𝑒𝑟𝑒𝑓 =
𝑒𝑟𝑟+1

2
(𝑡𝑎𝑛ℎ [0.775𝑙𝑛 (

ℎ

𝐺
) + 1.75] +

𝐾𝑔

ℎ
× [0.004 −

0.7𝑘 + 0.01(1 − 0.1𝑒𝑟)(0.25 + 𝑘)])     (1) 

                                                                                                                                                                                                                                                                                                             

Where,  

𝑘 =
𝑤

ℎ
+ 2𝐺                 (2) 

w= breadth of the centre conductor,  

 h = Layer thickness,  

 G = Above the conductor and the earth, there is a gap. 

The ratio between the first-order elliptic integral to its 

complement can be calculated using the following formula: 

𝑍0𝐶𝑃𝑊 =
20𝜋

√𝑒𝑟𝑒𝑓𝐾
′(𝑘)

𝐾(𝑘)

   (3) 

Where, 

𝐾′(𝑘)

𝐾(𝑘)
= [

𝜋

𝑙𝑛
(2(

1+√𝑘

1−√𝑘
))]                      

𝐾′(𝑘)

𝐾(𝑘)
= [

𝜋

𝑙𝑛
(2(

1+√𝑘

1−√𝑘
))] 𝐼𝑓0.707 < 𝑘 < 1         (4) 

 
Fig. 2 S11characteristics of UWB antenna 

From eqn 4, 𝑒𝑟𝑒𝑓 = 2.809  , 𝑍0𝐶𝑃𝑊 = 48Ω  are 

theoretical values for the design parameters including r = 4.4, 

h =1.6mm, w = 2mm and G = 0.3mm. It has been done with 

ultra-wideband, which has a frequency range of 2.4 to 18.6 

GHz and 15.6 GHz as a bandwidth. The patch has rectangular 

radiating elements and an H-slot combined with dual U-slots 

to successfully implement the dual-band notched 

characteristics. Using the following equations in 5, it is 

possible to establish the maximum dimension of the stubs that 

are H- and U-shaped and positioned in the notches frequency 

in the central band. 

𝐿𝑠 =
𝜆𝑔

4
                                                   (5) 

𝜆𝑔 =
𝜆0

𝑆𝑞𝑟𝑡∈𝑟
                    (6) 

Where, 𝜆𝑔  represents the wavelength direction 𝜆0 = 𝑐0 , ∈ 𝑟 

represents the dielectric constant, and 𝑐0  represents the 

velocity light 

Figure 1 depicts a mathematical viewpoint of monopole radio 

wire having hole sleeves, Figure 2 depicts the S11 

characteristics of a UWB radio wire, and Figure 3 depicts the 

plan of a monopole accepting wires including H-formed stubs. 

The prototype of receiving wires was created using 37 x 40 x 

1.6 MM3 measured FR-4 substrate. With scores at 8.3 GHz 

(military and radar), and 3.6 GHz (WiMAX) the suggested 

monopole receiving wire achieved an extensive transmission 

capability over 16 GHz from 2.1 GHz to 18.2 GHz. In this 

way, the intentional and replicated outcomes should be the 

same. 

3.1 THE MIMO ANTEENA DESIGN 

The parallel receiving wire MIMO with two component in 

Fig. 3 has a 2 mm gap between its M1 component and M2 

component ranges. The antenna may be created using a 

substrate FR-4 with dimensions of 37 x 82 x 1.6𝑚𝑚3. Figure 

4 shows the S-boundary characteristics of the 2-component 
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parallel MIMO receiving wire. Because the components of the 

radio wire are similar to one another, the port-1 s-boundaries, 

which are S11 and S12, are currently dissected and identified. 

Dissipating boundary qualities, as seen in port 1, operate 

between 3.3 to 17.6GHz with an indent around 8.3GHz. The 

boundary S12 will provide coupling between two components. 

This coupling should be around - 20 dB, and at repetition 7.6 

GHz, it achieves a very dangerous level of detachment. The 

mathematical viewpoint on MIMO receives wire having two 

components is shown in Figure 3. The positions of both of the 

M1 and M2 components are 180° apart but in the opposite 

direction. 

 
Fig. 3 Collinear MIMO Antenna with two elements 

 
Fig. 4 S-parameter of a Collinear MIMO Antenna with two elements 

This kind of receiving wire is moreover on a FR-4 substrate 

with the sizes 37801.6 mm3, and the characteristics of its 

dispersing boundary are shown in Figure 3. The radio wire's 

recurrence range spans 2.1 - 18.2 GHz, with scores at 3.6 - 8.3 

GHz. Separation between the M1 and M2 elements is greater 

than 20dB. 

The divergence between M1 and M2 elements will 

progressively reduce when M1 and M2 elements are 

symmetric to one another, as seen in Fig. 4. Additionally, this 

radio wire was produced on a FR-4 substrate with dimensions 

of 40 80 1.6 MM3, and Figure 4 shows its s-boundary 

characteristics for Port 1. This radio cable operates between 

2.1GHz to 16.5GHz and has a frequency range of 3.8GHz to 

8.4GHz.It doesn't have a precise -30 dB common coupling. 

Finally, disengagement is increased by arranging components 

at an angle of 90 degrees to one another. Figure 5(a) proposes 

and introduces four element symmetrical MIMO receiving 

wires. Additionally, this radio cable may be used to improve 

data transmission for excellent segregation. This MIMO 

model uses a split ground plane model to reduce coupling 

between exhibit components. An instance of MIMO radio 

wire in this model lacks a ground reference, which obstructs 

the receiving wire. Additionally, the advancement of conduct 

between two different devices can reduce the radio wire's 

stability. By using a split ground plane with four components 

connected by 0.2 mm wide connection lines, this can be 

avoided.  

It is produced on a FR-4 substrate with dimensions of 80 x 80 

x 1.6 mm3 with 4.4 as dielectric constant. The construction of 

a radio wire is portrayed in figure 5(c), with the recreated and 

predicted dissipating boundaries S11–S14 are illustrated in 

figure 5(d). Additionally, this four-component MIMO receive 

wire contains indents at 3. 6 - 8.3GHz and a broad array of 

impedance transmission speed (S11 – 10 dB) of 17.9GHz 

between 2.1-20GHz. The divide between (M1, M3) must be 

more severe as compared to the disengagement among (M1, 

M2) elements and (M1, M4) elements. The proposed radio 

wire's typical isolation is greater than -26dB across the whole 

working reach. In every situation, the characteristics of 

estimated and replicated boundaries should be the same. 

Additionally, topology of MIMO radio wire with four 

elements we suggested is typically applied for UWB uses. 

Utilizing metamaterial, the suggested antenna is changed for 

addressing the issue of isolation.  

According to antenna survey materials, there are two types of 

metamaterials: antennas based on MTM or motivated by 

MTM. The metamaterial's qualities are not present in nature. 

They contain either negative permeability, or permeability, or 

both. DNG (Double Negative), MNG (-negative), or ENG 

(Epsilon Negative) or are used. The foundation is made of 

MTM-based antennas. The sole MTM unit cell, including the 

CSRR and SRR (Complementary Split Rings Resonator and 

Split Ring Resonator). A metamaterial is created. Single-

Negative Magnetic is effectively used to reduce 

electromagnetic coupling between the widely spread 

prominent monopole antenna parts. SRR, CSRR, and CLL 

(Capacitive-Loaded-Loops) are typical MTM important 

structures for the isolation upgrade. The electromagnetic 

waves from the nearby antenna may become obstructed in a 

Split Ring Resonator. 
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Fig: 5  2 piece orthogonal Mimo antennas placed side by side with S 

parameters 

 

 
Fig. 6 2 piece orthogonal Mimo antenna S parameters 

Below tabulated values show how the proposed antenna is 

best. 

 The symmetrical 4-element MIMO antenna used in the 

suggested concept has ECC values around 0.019. If the altered 

value of ECC is below or identical to 0.03, the model is 

popular one. While the antenna generates an ECC number 

around 0.05, it is not the suggested antenna. The degree of 

isolation is also impacted when the ECC level is decreased. 

Because we wanted to offer an ECC value lower than 0.03, we 

chose this shape over the f shape. The value of ECC of our 

suggested antenna is nearly 0.019. The symmetrical 4-element 

MIMO antenna used in the suggested concept has ECC values 

around 0.019. While the antenna generates an ECC number 

around 0.05, it is not the suggested antenna. The degree of 

isolation is also impacted when the ECC level is decreased. 

Because we wanted to offer an ECC value lower than 0.03, we 

chose this shape over the f shape. 

 

IV. MIMO PERFORMANCE PARAMETERS 

4.1 DISTRIBUTION OF SURFACE CURRENT: 

 The four-element antenna's distributions of surface current are 

taken into account at notch frequencies 3.6 and 8.3 GHz and 

within the operation range of 5.8 and 10 GHz. 

4.2 RADIATION PATTERNS: 

Figures 8 and 9 show two-dimensional radiation designs for 

two-component MIMO radio wires at 10 and 5.8 GHz in a 

variety of planes, including xy, yz, and zx planes. Where the 

XY plane, or receiving wire plane, is where the two-

component MIMO receiving wires operates. Lastly, co-

polarization succeeds at the Gain-phi value while co-

polarization succeeds at the Gain-theta value. 

The end-fire bearing has two basic bars, with the largest ones 

transmitting at 45 or 135 degree. The boldness of experimental 

and replicated results validates the design's correctness. The 
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majority of radiation designs are high frequency in nature, and 

the ability to distinguish between co-polarization and cross-

polarization is the weakest. 

 

 
Fig. 7 MIMO Antenna with Four elements and split ground 

4.3 ENVELOP CORRELATION COEFFICIENT (ECC): 

As far has the connection in figure 12 is concerned, diversity 

among the suggested MIMO radio wire with 2 element is 

considered. For every MIMO radio wire, the ECC should be 

less than 0.5 to demonstrate reasonable variation. Co-relation 

of MIMO wire with port 1 and 2 can achieve irradiation 

designs are matched in circumstance (7). As demonstrated in 

the lower portion of Fig. 12, both imitated and tested ECC 

esteems tend to be extremely close to 0.02 throughout the 

entire 5G range while differing at indents. 

DG (Diversity Gain): 

The DG, which is characterised as 

𝐷𝐺 = 10√1 − 𝐸𝐶𝐶2 

 
Fig: 8 MIMO Antenna - Distribution of surface current at 3.7 GHz  

 
Fig: 9  MIMO antenna surface current at 5.9 GHz 

 
Fig:10  At 10GHz, MIMO antennas surface current distribution 

http://www.ijritcc.org/


International Journal on Recent and Innovation Trends in Computing and Communication 

ISSN: 2321-8169 Volume: 12 Issue: 1 

DOI: https://doi.org/10.17762/ijritcc.v12i1.7972 

Article Received: 10 July 2023 Revised: 24 August 2023 Accepted: 12 September 2023 

___________________________________________________________________________________________________________________ 

 

    108 

IJRITCC | January 2024, Available @ http://www.ijritcc.org 

   
XYplane yz plane zx plane 

Fig: 11  The xy plane displays the experimental or predicted DG of the MIMO antenna. 

 

   
yx plane yz plane zx plane 

Fig: 12  The yx plane displays the experimental or simulated DG of the MIMO antenna. 

 
 

4.4 Results compared with existing methods 

Comparing the suggested design's performance to that of the existing designs, such as CPW [18], CST [19], and ESG [20]. 

 

Figure 13: Antenna directivity
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The antenna directivity is depicted in figure 13. In terms of 

directivity, the suggested design outperforms existing designs 

such as CPW, CST, and ESG by 3.45%, 5.95%, and 7.48%, 

respectively. 

 

 
Figure 14: Antenna Bandwidth 

The antenna bandwidth (GHz) is depicted in figure14. The 

proposed design outperforms the existing designs, such as 

CPW, CST, and ESG, in terms of bandwidth by 6.75, 5.77, 

and 8.94%, respectively. 

 

Figure 15: Antenna gain (dBi) 

The antenna gain (dBi) is depicted in figure 15. The proposed 

design outperforms the existing designs, including CPW, CST, 

and ESG, in terms of antenna gain, by 4.72, 8.0, and 7.5 

percent, respectively. 
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Figure 16: Antenna efficiency (%) 

The antenna efficiency is depicted in figure 16. The proposed 

design outperforms the existing designs, such as CPW, CST, 

and ESG, in terms of antenna efficiency by 7.95%, 5.87%, and 

4.09%, respectively. 

V. CONCLUSION 

For UWB applications, orthogonal MIMO antennas with four 

elements are recommended.  By installing H & U slots 

containing gaps sleeves on the monopole antenna, a band with 

a pair of notches was utilised in this hypothetical case. I 

discovered antenna specifications here. It is possible to design 

it using the FR4 substrate's dimensions. Following the 

simulation, I attained various frequencies. A few antenna 

parameters, including the DG, ECC, power distribution, S11 

features, far-field radiation features, plus a few other radiation 

patterns, were designed by me.  With notch from 3.3 - 

4.3GHz, from 8.2 - 8.7GHZ, the suggested MIMO antenna's 

bandwidth of impedance (S11-10dB) spans the frequency 

arrays of 2.4 to 20GHz. The acquired notches may be 

appropriate for WiMAX and radar/ military applications. 

Additionally, the Mutual coupling is below -19 dB when 

surrounded by the environment. The suggested antenna's 

maximum gain, which appears in the desired working band 

and that adeptly greater electromagnetic radiation of the 

antennas is in excess of 82% at the number of notches, is here 

another criterion that satisfies the needed measurement. This 

antenna is highly diverse, has a low ECC of 0.019, and is 

well-isolated. The proposed antenna achieves steady gain, 

directed patterns of radiation, that bandwidth of impedance 

using twofold notches, and this is supported by research on the 

performance of the MIMO antenna. This suggested antenna 

made use of four identical, symmetrical MIMO elements. It is 

therefore possible to infer, after taking into account all the 

aforementioned factors, that the suggested MIMO antenna, 

which consists of four elements, is appealing and appropriate 

and 5G applications including notches at WIFI and WiMAX 

for military/radar applications as well as bio-medical 

applications.  
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