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ABSTRACT 
This work investigates a small, high-gain, two-port multiple-input, multiple-output 

(MIMO) antenna system. Each element of the MIMO array consists of two antennas 
connected by a 1:2 T-junction with 50Ω impedance matching to a single feed. In order to 
accommodate 5G millimeter wave applications, the antenna element uses the 26–40 GHz 
band, while the branching network's impedance within the element is matched to 100Ω. 
The gain and efficiency of radiation of the antenna element are set to 9dBi and 91%, 
respectively. The planned MIMO system has a value of roughly 93% efficiency and 
the gain is set to be approximately 10 dBi. The total length and width of the antenna array 
are 25.4, 15.45, 1.6 mm individually. FR-4 substrate is employed in the manufacturing 
process, which significantly lowers costs. Because of the decoupling surface between the 
antennas and their orthogonality, the antenna array has great isolation between elements. 
The simulated findings show that the measured mutual coupling (MC) value between the 
array members decreases by less than -30dB. It is enhanced to have an Envelope 
Correlation Coefficient (ECC) < < 2×10-4. Furthermore, there is an improvement of -30dB 
in the Total Active Reflection Coefficient (TARC), a reduction of less than 0.2 bits/sec/Hz 
in the Channel Loss Capacity (CCL), and a roughly 10dB Diversity Gain (DG) and Mean 
Effective Gain (MEG). Using CST Microwave Studio 2019, the suggested structure was 
created. Improved experimental findings are observed in relation to the simulation results, 
accordingly, the antennas are built and tested.  

 

Keywords:  Fifth Generation. Envelope Correlation Coefficient. Multiple Input 
Multiple Output. Mean Effective Gain. Total Affective Reflection Coefficient. Channel 
Capacity Loss.  

 

 

1 INTRODUCTION 

The technique of MIMO antennas is crucial for 5G 
wireless networks. Cost, energy, and spectrum efficiency 
are all improved by this technique. MIMO has been 
extensively utilized to greatly enhance channel capacity 
in a variety of systems. Owing to space constraints and 
aesthetic considerations, compact array antennas are 
frequently utilized. [1] presented a novel MIMO array 
design that operates within a bandwidth range of 3.2 to 4 
GHz, achieving a notable gain of 2.5 dBi, thereby 
advancing the performance of communication systems in 

this frequency range. And [2] the authors introduced a 2-
port U-Slot Patch array operating in the frequency range 
of 26.94 to 31.08 GHz, achieving a high gain of 13.1 
dBi, and notably, without the use of decoupling surfaces 
demonstrating an efficient design that minimizes 
complexity while maintaining strong performance. In 
[3], the authors proposed a four-port MIMO system 
employing a variety of techniques to achieve high 
isolation between antenna ports, with the antenna 
dimensions measuring 46 mm × 46 mm × 1.6 mm3. The 
system provides an isolation level of over 15 dB, with a 
peak gain of 9 dBi and an efficiency of 91%. The 
operating bandwidth spans from 3.2 to 5.7 GHz, offering 
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a versatile solution for mid-band communication 
systems. In [4], the authors utilized a Defected Ground 
Structure (DGS) between antennas to effectively reduce 
mutual coupling, thereby enhancing system performance 
in multi-antenna configurations. Meanwhile, [5] 
introduced a two-port MIMO antenna with an integrated 
isolating element designed to operate over a broad 
frequency range from 27 GHz to above 40 GHz, making 
it suitable for 5G millimeter-wave (MMW) applications. 
This design achieves a gain of 10 dBi and an impressive 
efficiency of 95%, highlighting its potential for high-
performance wireless communication in the emerging 
5G and beyond spectrum. 

In [6], the authors presented a four-port MIMO array 
with compact dimensions of 30 × 35 × 0.76 mm3. This 
array operates over a frequency range of 25.5 to 29.6 
GHz and achieves a gain of 8.3 dBi, demonstrating its 
potential for use in mid-frequency 5G applications. In 
[7], a more advanced eight-port MIMO system was 
introduced, covering the frequency range from 27.5 to 
29.5 GHz. This design employs the high-cost Rogers 
Duroid 5880 substrate, which enhances the system's 
performance but may limit cost-effectiveness in 
commercial applications. Meanwhile, [8] presents a dual-
band antenna with four ports, designed to operate in the 
5G millimeter-wave (MMW) frequency bands. The 
system achieves a remarkable isolation of 25 dB and a 
gain of approximately 5 dBi, providing a balanced trade-
off between isolation and efficiency. In [9], a four-
element MIMO antenna operating at both 28 and 38 GHz 
was realized, achieving a significant isolation of 30 dB 
and a gain of 9 dBi, highlighting its suitability for high-
performance MMW communication. In [10], a substrate-
integrated waveguide (SIW) antenna was proposed for a 
four-port MIMO configuration, operating within the 5G 
MMW frequency range. This design offers a gain greater 
than 5 dBi, showcasing its potential for integration in 
future MIMO-based communication systems. Numerous 
studies have explored various techniques to reduce 
mutual coupling in MIMO arrays. For example, 
electromagnetic bandgap (EBG) structures have been 
used effectively to mitigate coupling effects, as 
demonstrated in [11] and further explored in [12-13]. In 
[14], the authors proposed a meta-surface superstrate 
featuring a 4 × 4 array, designed with dimensions of 110 
× 110 × 1.52 mm³. The design uses RO4350B material 
as the substrate and operates at 5.8 GHz. This antenna 
achieves a gain of 5 dBi and an efficiency of 77%, 
making it suitable for applications requiring both 
compact size and efficient performance. In [3] and [15–
16], the Neutralization Line (NL) approach was applied 
to reduce mutual coupling between antenna elements, 
enhancing the overall isolation and performance of the 
MIMO system. This technique has been widely used to 
improve antenna arrays' efficiency in multi-port 
configurations. Meanwhile, [3] and [17–18] introduced 
the Parasitic Element (PE) method, which further 
mitigates mutual coupling and optimizes antenna 

performance by integrating passive elements that interact 
with the main radiating elements. Certain studies, such as 
[8], do not employ isolating elements between antenna 
ports. For I stance, in [17], high isolation is achieved 
solely by leveraging the orthogonality between antenna 
elements, presenting a simpler design that avoids 
additional isolating structures. Additionally, recent 
research in mmWave antenna arrays has explored 
various techniques and applications to meet the demands 
of emerging wireless technologies, as demonstrated in 
[19–22], which present advancements in array 
configurations and performance improvements for 
mmWave and 5G systems. 

Optimization techniques such as Genetic Algorithm 
(GA) [23–25], Artificial Neural Network (ANN), and 
Particle Swarm Optimization (PSO) [26–28] have found 
widespread applications in communication systems, 
particularly in optimizing antenna designs and system 
performance. In this paper, an orthogonal two-port 
MIMO array is proposed to mitigate the effects of 
mutual coupling, which is critical for improving the 
performance of multi-port antenna systems. The 
proposed antenna array is designed to support 5G 
mmWave applications, enabling higher data capacity and 
faster communication speeds to meet the demands of 5G 
wireless communication, high-speed data transmission, 
and the Internet of Things (IoT) devices. The antenna 
operates over a wide frequency range from 26 GHz to 40 
GHz, providing the necessary bandwidth for these 
advanced applications. Constructed using an FR-4 
substrate with a relative permittivity of 4.3, the design is 
optimized for cost-effectiveness and ease of 
manufacturing. Each antenna element is composed of 
two coupled elements, fed by a single 1:2 T-junction 
power divider with 50Ω impedance matching, as 
described in [29–31]. The overall size of the MIMO 
array is 25.4 mm × 15.45 mm with a thickness of 1.6 
mm. The design achieves a gain of approximately 12 dBi 
and an efficiency of 95%, demonstrating its potential for 
high-performance wireless communication. In the field 
of antenna design, methods such as Genetic methods 
(GA) and Particle Swarm Optimization (PSO) are 
essential for enhancing antenna system performance and 
optimizing antenna parameters. These optimization 
methods are especially helpful when designing intricate 
antenna systems. 

There are a lot of researchers  [32-34] introduced the 
benefits of using PSO algorithm to optimize of antenna 
parameters such as dimensions, feed position, and shape 
to achieve desired radiation characteristics (e.g., gain, 
directivity, bandwidth), to optimize the shape and size of 
antennas, especially when considering complex 
geometries like fractal antennas or antennas with non-
conventional designs, it can handle multi-objective 
optimization problems where multiple conflicting 
parameters (e.g., gain vs. bandwidth) need to be 
simultaneously optimized and also it can reduce 
computational costs and time, making it suitable for real-
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time applications. Also, GA has a role in Antenna design 
[35-37]. GA is especially useful for exploring large and 
complex design spaces where the optimal solution is not 
easily attainable using traditional methods. It can be used 
to optimize both the geometry and topology of antennas, 
including irregular or fractal-shaped antennas. It is 
particularly effective in dealing with trade-offs in 
antenna design, such as between antenna size and 
radiation efficiency, or between bandwidth and gain. 
Since it does not require gradient information (unlike 
traditional optimization methods), it can handle non-
differentiable, multimodal, and noisy objective functions 
commonly found in antenna design. 

Among the various optimization techniques, PSO is 
chosen for its simplicity and efficiency, requiring few 
parameters for implementation. In the CST simulation 
environment, PSO is used to optimize the antenna's 
dimensions by iterating through initial parameter values 
and evaluating the fitness function until the desired 
performance specifications are met. 

 
The remainder of the paper is organized as follows. In 

Section 2, describes the antenna element proposal. 
Section 3 describes the two-port MIMO antenna array 
design. Section 4 shows the results and discussion. 
Section 5 labels MIMO antenna evaluation. Finally, the 
conclusion is presented in Section 6. 

2 ANTENNA ELEMENT DESIGN  

Two optimization algorithms, Particle Swarm 
Optimization PSO and Genetic Algorithm GA are used 
for designing the antenna element.  

2.1 Antenna Element using 
PSO 

PSO is a computational approach that operates with 
the following steps for optimization (Fig. 1 (a)). The 
fundamental PSO algorithm works as follows: 
 Take initial values for position and velocity from 

the solution space to begin solving the problem. 
 Assess each particle's fitness and update the 

personal and global bests (gbest and Pbest). 
 Refresh each particle's position and velocity.  
 Repeat steps 1 through 3 until the requirement is 

satisfied. The spatial position of the ith particle is 
considered to be Xi = (xi1, xi2, xi3, …xiD), 
where i = 1, 2,..., m. The position vector of each 
particle determines its fitness value, and the PSO 
algorithm iteratively seeks the best solution to 
evaluate the particle Xi. 

 Each particle in the search area has a velocity of 
Vi = (vi1, vi2, vi3,... viD). 

 Pi = (Pil, Pi2, Pi3, …, PiD) specifies the optimal 
location of the ith particle, and the suitable 
fitness value Fi represents the suitable fitness 
value.  

 The global best position can be defined as the 
particle's best location overall. Pg is equal to 

(Pgl, Pg2, Pg3, ...., PgD), and the global best 
fitness value Fg is the corresponding fitness 
value [26].             

                       
         vid = wvid + c1r1 (Pid -Xid) + c2r2 (PgD -Xid)  (1) 

              xi(d+1)=xid+vid                                  (2)  
                                                                  

The acceleration coefficients, c1 and c2, are two 
positive constants where w is the inertia weight and r1 
and r2 are two random variables in the interval [0, 1]. 
Using Eq. (1), the particle's new velocity is determined 
by taking into account its best position, its previous 
velocity, and the group's best experience. Eq. (2) 
represents the position adjustment due to particle contact. 
 
2.2 Antenna Element using GA 

A search-based optimization system focused on the 
ideas of genetics and natural selection is called a genetic 
algorithm (GA). It is useful when a huge number of 
parameters is involved, and the search space is quite 
vast. The population of particle swarm optimization, in 
contrast to genetic algorithms, migrates to a better site 
without producing new particles as progeny. It was 
found that GA was a helpful tool for searching and 
optimization issues. The global optimum solution to a 
problem is not always found by GA, and long 
computations and iterations take a lot of time. 

Here's how the fundamental genetic algorithm    
operates (Fig. 1 (b)):  

 (Beginning) Genetic random population of n 
chromosomes.  

 (Fitness) Analyze each chromosome x's 
fitness, f(x) inside the population. 

 (New population) Start a new population by 
following the same procedures again until the 
new population is fully formed. 

 (Selection) indicate two parent chromosomes 
from a population based on fitness (The higher 
the fitness, the greater the likelihood of 
selection). 

 (Crossover) Crossover the parents to create 
new offspring (children) with a crossover 
probability. If there was no crossover, the 
children are identical replicas of their parents. 

  (Mutation) Generate new offspring at each 
locus (chromosomal location) based on a 
mutation probability. 

  (Acknowledging) Add additional progeny to 
the existing population. 

  (Replace) For an additional algorithmic sum, 
use a newly produced population. 

 (Test) Stop and return the best solution for the 
present population if the end condition is met. 

 (Loop) Proceed to step 2 to assess your 
fitness. 

GA is inefficient at locating local optima and is 
dependent on parallelism. PSO is favored in our situation 
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since it is difficult to establish the precise global 
optimum. GA is less effective than PSO at resolving 
identical issues. The idea of the suggested antenna is 
built on the usage of a circular patch with U slot into the 
radiating element. Using a FR-4 substrate with a 0.025 
loss tangent and a 4.3 dielectric constant, the antenna is 
printed as shown in Fig. 2. The size of antenna element 
is 8.625 × 13.04 mm2. The radius of the circular antenna 
is determined by Equations (3) and (4) [5]. In the design, 
the height of substrate is h, the relative permittivity is εr, 
speed of light (3 × 108 m/s) is C and fr is the center 
frequency. The antenna's impedance is coordinated to 50 
Ω and it spans the 26–40 GHz frequency range, while the 
antenna element's branching network's impedance is 
matched to 100 Ω. The gain of the proposed element and 
the radiation efficiency are at least 9dBi and 91%, 
respectively. The antenna covers the band of 5G mm 
Wave as shown in Fig. 3 (a). The dimensions of antenna 
using PSO are 13× 8.63 × 1.6 mm3 while the dimensions 
of antenna using GA are 13.71 × 8.46 × 1.6 mm3. The 
final parameters of the antenna element produced by 
PSO in CST and produced by GA are presented at Table 
1. The PSO is used to decrease the design time, since it 
depends on few parameters and is easy to be constructed. 
PSO in CST takes the initial dimensions and the required 
fitness function and runs to get the final dimensions. The 
optimization aims are to obtain the smallest dimensions 
of the antenna in the essential bandwidth while achieving 
the fitness function [38-42]. The target in PSO (fitness 
function) is to have |S11| less than -10dB within the 
required bandwidth. 
 

       r =
�

[��
��

����
 (���

��

��
���.����)]�.�

    (3)                                                       

                  K=
�.���∗���

��
                (4)                                                                                  

Tables 2 provides a summary comparison between the 
antenna parameters using the two optimization methods. 
According to Fig. 3 (b), the antenna's efficiency by PSO 
and GA is 91% and 89%, separately.  Fig. 3 (c) shows 
the antenna's gain values according to PSO and GA 
which are 9 and 8.5 dBi, respectively. Figure 4 indicates 
the relevant current distribution for the suggested 
antenna element with numerous currents move in 
different directions. Fig. 5 (a) and (b) illustrate the 
simulated two-dimensional beam form at frequencies of 
28 GHz and 38 GHz with Ө= 90° while Fig. 5 (c) and (d) 
are the 3D beam shaping for the antenna at 33GHz using 
PSO and GA, respectively. Due to theses currents, an 
increase in the operating bandwidth of antenna is noticed 
as shown in Fig. 6 (a). Combining these currents will 
consequently result in an improvement in bandwidth. 
The feeding line and borders of the circular antenna are 
where the majority of the flowing current is deposited.  
 
 

 
 
                                      (a) 

 
                                                 (b) 

      Figure 1: Flow chart of (a) PSO and (b)GA 

 
The antenna is of 50Ω impedance and spans the 26–40 

GHz spectrum while the impedance of the branched 
network in antenna element is 100 Ω. Fig. 6 (b) 
illustrates the impedance, which is 50 ohms. The antenna 
element beam shaping using the two algorithms are 
shown in Table 3 and Table 4. The dimensions of each 
element are 8.625, 13.04, 1.6 mm, respectively.  

A "U" slot is injected through the antenna. The MIMO 
system is divided into two circular patch array elements, 
each of which is made up of a 1×2 array on a partly 
ground plane. A separation of 0. 5 λ, where λ is the 
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working wavelength, is chosen between each two 
adjacent elements.  

The design process of the antenna element depends on 
Particle Swarm Optimization (PSO) and Genetic 
Algorithm (GA) with initial weight equals to 1 and with 
initial dimensions that result from the equations 1 and 2. 
PSO and GA in CST simulator takes the initial 
dimensions and the required fitness function and runs to 
get the final dimensions. MIMO array is constructed 
from the element based on PSO as it requires few 
parameters and is easy to construct.  

 

Figure 2: Geometry of proposed antenna; (a) Front side 
and (b) Backside 

 
(a) 

 
                                         (b) 

 
 
                                           (c) 

Figure 3: (a) Return Loss of the antenna using PSO and GA 
against the frequency, (b) Efficiency and (c) Gain 

     
                                       (a) 

 
                               (b) 
Figure 4: Antenna current density at frequencies; (a) 28 

GHz and (b) 38 GHz 
 
 
Table 1. Antenna element dimensions using PSO and GA 
(in Millimeters). 
 
Parameters GA PSO 
Wx 13.71 13 
Wy 8.46 8.63 
Lfeed 2.37 2.78 
L1 0.6 0.68 
Wf 3.485 3.485 
W1 7.41 7.41 
Wff 1.26 1.43 
LGND 1.1 1.76 
Lf1 2.36 2.4 
r 1.5 1.51 
Ws 1.65 1.69 

L2 0.27 0.3 
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                              (a) 
 

 
                       (b) 

 
                             (c) 

 
                              (d) 
 

Figure 5: Beam-shape of antenna element at Ө =90° aimed 
at the frequencies of (a) 28 GHz, (b) 38 GHz and 3D beam 

forming at 33 GHz, (c) PSO and (d) GA 
 

 
                                             (a) 

 
                                                (b) 
Figure 6: (a) Reflection Coefficient of the antenna using 

PSO with U slot and (b) Reference impedance of antenna 
 

 

Table 2. Comparison summary between the two 
optimization techniques (PSO and GA). 

 
 
 
 
 
 
 
 

  Optimization techniques 

 GA PSO 

No of 

Iterations 

17 5 

Speed Medium Fast 

Complexity Complicated Simple-easy 

BW 25- 40GHz 25- 40GHz 

Efficiency Greater than 90% ≈ 90% 

Gain 8.5dB 9dB 

Accuracy Lower than PSO larger 

Design 

dimensions 

13.71 × 8.46 × 

1.6mm3 

13 × 8.63 × 

1.6mm3 
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Table 3. Outcomes of the considered two antenna’s beam-
forming using the method of (PSO). 

 
 Table 4. Outcomes of the considered two antenna’s beam-
forming using the method of (GA). 

 HPBW: Half Power Beam Width, MLM: Main Lobe 
Magnitude, SLL: Side Lobe Level. 

3 TWO -PORT MIMO ARRAY 
ARCHITECTURE 

FR-4 is used as the substrate for the intended antenna 
array. The recommended antenna array seen in Fig. 7 is 
simulated by the CST Microwave Studio 2019 software. 
The National Telecommunications Institute (NTI) in 
Egypt tests the design once it is constructed as illustrated 
in Fig. 8. The antenna array's total dimensions are 25.4 × 
15.45 × 1.6 mm3. The operational wavelength is 
represented by λ, and the indicated spacing between 
antenna elements is 0.5 λ. 

 

4 RESULTS AND DISCUSSION 

The intended array, Figs. 7 and 8, has a bandwidth of 
27 to 40 GHz to handle 5G millimeter wave applications, 
particularly at 28 and 38 GHz, as seen in Fig. 9 (a). To 
mitigate the reciprocal coupling between ports, the 
design is comprised of two orthogonal parts, as shown in 
Figure 7. Inserting two transmission lines, each with a 
thickness of 0.2 mm to act as a capacitive element with 
dimensions (X1 = 6 mm, X2 = 8 mm, and X3 = 0.6 mm) 
between elements increases the isolation between ports 
to more than −30 dB, as demonstrated in Fig. 9(b). Fig. 9 
(c) displays the isolation between elements in the 
absence of a decoupling element. The maximum 
efficiency and gain, which are approximately 93% and 
10 dBi, correspondingly can be seen in Figs. 10(a) and 
(b). A possible explanation for the little discrepancy 
between the simulated and experimental findings could 
be the soldering of the SMA connector. In the 
meanwhile, the variation is still within the permitted 

range. Fig. 11 displays the surface current at 33 GHz 
when port 2 is in use.  

        
                                             (a) 

       
                              (b) 

   Figure 7: Two-port array; (a) Front side and (b) Backside 
 

 
                                      (a) 

       
                                          (b) 

Figure 8: Suggested antenna fabrication; (a) Front side and 
(b) Back side 
 

Freq 
(GHz) 

Parameters at Θ=90ᵒ 
plane 

Parameters at Ф=0ᵒ 
plane 

HPB
W 

MLM 
(dBi) 

SLL 
(dB) 

HPB
W 

MLM 
(dBi) 

SLL 
(dB) 

28 56.4ᵒ 4.59 -2.5 56.4ᵒ 5.2 -5 

33 62ᵒ 5.31 -5.2 74ᵒ 6.72 -5.7 

38 58.7ᵒ 8.27 -8.7 58.7ᵒ 8.38 -4 

Freq 
(GHz) 

Parameters at Θ=90ᵒ 
plane 

Parameters at Ф=0ᵒ plane 

HPB
W 

MLM 
(dBi) 

SLL 
(dB) 

HPB
W 

MLM 
(dBi) 

SLL 
(dB) 

28 52.6ᵒ 5.52 -3.5 42.6ᵒ 8.85 -6.9 

33 97ᵒ 5.59 -6 46.3ᵒ 7.05 -4 

38 54.8ᵒ 9.29 -6.4 53.2ᵒ 9.13 -11 
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                                       (a) 

                                                                                                                                                                                 
                        (b) 

 
                       (c) 

Figure 9: (a) Reflection coefficient at port 1, (b) Isolation 
between output ports after inserting capacitive element; 

and (c) Simulation of isolation between output ports 
without capacitive element 

          
(a)  

           
(b) 

       Figure 10: (a) efficiency, and (b) gain over frequencies 

       
(a) 

     
(b) 

Figure 11: Current spreading when port1 is on (a) at 
frequency=28GHz and (b) at frequency=38HZ 

 

The E-plane radiation shape for frequencies of 28 GHz 
and 38 GHz is displayed in Figure 12. As exposed in 
Figure 12(a), (b), (c), and (d), the main lobe is oriented at 
θ = 90°, and the beams at ports 1 and 2 are perpendicular 
to each other. The E-plane forms at Χ=90ᵒ, the beam is 
aimed at 180° with low Side Lobe Level (SLL) at port 2, 
and the greatest electric field is focused at θ=90° at port 
1. The outcomes of the MIMO radiation parameters at 28 
GHz, 33 GHz, and 38 GHz are exposed in Table 5. 
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                  (a)                   

              
          (b) 

    
 
          (c) 

             
          (d)   

    
          (e)    

 

                                                                                  
                                       (f) 

                          

                                                (g)             

                       
  

                                              (h)             

Figure 12: Beam pattern measured and simulated at 
θ =90ᵒ with 28GHz (a) Port1, (b) port2, with 

frequency of 38 GHz, (c) port1, (d) port2 and at Ф 
=90ᵒ; with frequency of 28GHz, (e) Port1, (f) port2, 
with frequency of 38 GHz, (g) port1 and (h) port2 

 

Table 5. Beam forming outcomes of the MIMO. 
Freq  
(GHz) 

Θ=90ᵒ plane Ф=90ᵒ plane 

HPB
W 

MLM 
(dBi) 

SLL 
(dB) 

HPB
W 

MLM 
(dBi) 

SLL 
(dB) 

28 42.3ᵒ 6.81 
dBi 

-7.4  65ᵒ 6.81 -1 dB 

33 51.9ᵒ 8.88 
dBi 

-8.7  40.2ᵒ 8.88 -4 dB 

38 57.6ᵒ 9.44 
dBi 

-9.3  34.8ᵒ 8.67 -
2 dB 
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5 EVALUATION PERFORMANCE OF 
MIMO ARRAY  

A few parameters are utilized to examine the 
act of the MIMO array. Among these is the envelope 
correlation coefficient, or ECC. It's used to assess 
how well MIMO systems perform. The ECC [3] can 
be calculated depending on the radiation fields as 
shown in equation [5]. 

     ρmn= 
| ∬ ���������⃑  (Ө,Ф)× ������⃑ (Ө,Ф)��Ω|

��
�

�

∬ |��������⃑  (Ө,Ф)|���
�  �Ω ∬ |������⃑  (Ө,Ф)|���

�  �Ω 
              (5)                                          

 
where ρ:ECC, F (Ө, Ф): the antenna radiation patterns, 
m or n are the number of the antenna. 
The outcome of ECC is roughly < 2×10-4 as drawn in Fig.13a) 

 
The Diversity Gain (DG) statistic is another parameter 
that measures transmission power loss in MIMO setups 
with diversity processes [6].  

                                           
      DG = 10 × (1 − ����)�.�                  (6) 

DG is nearly 10 dB as offered in Fig. 13 (b).  
 

 (TARC) is the third component influencing port 
coupling. It is the relationship between the power 
released and the overall power incident. Equation 7 
allows for an estimation, which is as follows [3]; Г =   

��│��� + ������|�� + �│��� + ������|�� 2⁄ �
�.�

 (7)                   
 

Smm and Snn are the values of return loss for port 1 and 
port 2,  respectivelly as seen in Fig. 13 (c). 
 
 
The performance indicators channel capacity loss (CCL) 
is a very significant indication for evaluating systems 
that utilize MIMO. Utilizing the following equation, 
CCL is determined. 

                                                
        � ���� = ― ���2(Ψ�)                           (8) 
 

 , in the previous equation, Ψ� can be stated by the 
subsequent formula: 

              ΨR =
 Ψ�� Ψ��

Ψ�� Ψ��
         (9) 

                                    
Here, Ψ ii = 1 ― (|�ii| 2 + |�ij|2), Ψ ij= - (�ii ∗ �ij + �ji ∗ 
Ψjj), Ψjj = - (�jj ∗ �ji + �ij∗ �ii),  
Ψjj = 1 ― (|�jj| 2 + |�ji 2). 
 
The wanted value of this parameter is to be ≤ 0.4 
bits/s/Hz. In the suggested design, accordingly, it is 
achieved in Fig. 13 (d). 
 
 An extra parameter is the measured Mean Effective 
Gain (MEG), which assesses the antenna channel 
mismatched and takes into consideration total efficiency 
and gain.  

 
 The first antenna has a value of MEGi, and MEGj is for 
the second antenna. MEG values are listed in Table 6. It 
could be calculated from equations (10) and (11).  
 

                                          
MEGi=0.5(1―|�ii|2―|�ij|2)                                 (10)    

                                                                                                  
MEGj=0.5(1―|�ji|2―|�jj|2)                                (11)                                                         

 
 
The proposed equivalent circuit of the considered two 
port MIMO system is obtainable in Fig.14. The 
equivalent circuit is signified by inductance (Lp), 
resistance (Rp which equals to 50Ω for matching), and 
capacitance (Cp). Cp and Lp are responsible for electric 
and magnetic coupling between the antenna elements, 
separately. Due to the small distance between antennas, 
the problem of mutual coupling appears. In order to 
reduce the mutual coupling, A capacitive element (RDs, 
LDs, CDs) is inserted between the antennas. As Capacitive 
element add further capacitance that makes more 
isolation between elements and it can make a satisfactory 
quantity of decoupling current and advance isolation [3].  
 
 Table 7 introduces a comparison between the 
performance of the previous studies and preceding work.  
The proposed MIMO antenna array operates within a 
broad band 26-40GHz with high gain of 10dBi and %93 
efficiency. A capacitive element between antennas 
affords excellent isolation at 37.5 GHz (-85 dB) and 
enhances MIMO capability for DG, CCL, ECC, TARC, 
and MEG. 
 
 The antenna is fabricated from low-cost FR-4substrate 
material. Although the efficiency and isolation are higher 
in references [9], the size of the antenna is larger than the 
proposed design, the cost is more expensive as it is 
fabricated from (Rogers RO3003). In [5], the efficiency 
is higher than the efficiency of the proposed antenna 
also, but the size of the planned antenna is smaller and 
the substrate material and isolation are the same.  
  
 
The consequences of the planned antenna are better than 
the others. Figure 15 illustrates the process and 
summarizes the steps of the proposed design for the two-
port array.  Table 8 presents a comparison between the 
performance of previous studies and preceding work 
with respect to the algorithms used in fabrication, taken 
time and number of trials. 
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                                           (a) 

 
                                     (b) 

 
                                            (c) 

 
                              (d) 
Figure 13: (a) ECC, (b) DG, (c) TARC and (d) CCL 

for the MIMO system 
 
 
 

Table 6. MEG values at different frequencies for MIMO 
antenna system 

 

 
Figure 14: Proposed two port antenna arrays with 

capacitive element equivalent circuit 

 
Figure 15:   Flow chart of the proposed two port 

MIMO design 

 

Freq 

 (GHz) 

 

(MEG) 

MEG1 

 

MEG2 MEG1/ 
MEG2 

 
28 −6.32 −6.02 0.97 

33 −6.61 −6.55 0.99 

38 −6.34 −6.41 1.01 
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Table 7. Comparison between the performance of previous studies and preceding work.
 

 
 
 
 
 
 
 
 
 
 
 

Ref 
No. 
of 
ports 

Substrate Profile 
antenna 
array 

Coupling 

way 

 

Isolation 
advance 
(dB) 

Design 
difficulty 

BW 

percentage 

GHz 

Size 

mm3 

DG 
CC 

Gain 

dBi 

Efficiency 

% 

1] 8 
FR4 0.019 λ DGS −12 Easy 22.22% 1

.78 
λ×
0.89λ 

NA 
0.01 

2.5 70 

2] 4 
Rogers 
RT/Dur
oid5880 

0.047 λ ---------- −12 Easy 20% 3
.8 λ × 
4.3 λ   

NA 
 Not 
found 

13.1 Not 

 found 

3] 

4 

FR4 0.023 λ DGS-
EBG- 
NL-PE 

 

−25 Medium 62.5% 1
.46λ× 
1.46λ 

9.9 
.05 

9 90 

4] 6 
FR4 0.054 λ Metamat

erial 
photonic  

-12 Easy 16% 4 λ 
×1.4 λ  

NA 
Not 
found 

7.38 88 

5] 2 
FR4 0.184 λ Isolating 

element 
−30 Easy 38.8% 

 

6.1λ 
×3 λ   

10 
10-4 

10 95 

6] 4 
Rogers 
R04350
B 

0.069 λ DGS -20 Medium 14.5% 2.75λ×
3.2 λ  

>9.96 
0.01 

8.3 82 

7] 8 
R

ogers 
5880 

0.0156 λ NA −20 Medium 7% 

 

0.9λ×0
.3λ   

NA 
Not 
found 

9.3 NA 

8] 4 
Duroid 
5880 

0.086 λ NA -25 Medium 30.3% 4.6λ×0
.88 λ  

9.96 
.004 

5.5 84 

9] 4 
Rogers 
RO3003 

0.027 λ PE -35 Easy 30.3% 16 λ   
× 8 λ    

9.99 
.0002 

9 97 

10] 4 
Taconic 
TLY-5 

0.055 λ NA -35 Medium 30% 1
0.7λ 
×0.88 
λ   

NA 
A 

9 84 

11] 4 
FR4 0.046 λ Metamat

erial 
-17 Medium 14.5% 3

.4λ 
×2.6 λ   

NA 
As 

7 88 

14] 4 
RO4350
B 

0.029 λ double-
layer 
meta-
surface 

−25 Difficult 10% 2
.12λ× 

2.12λ  

Not 
found 0.12 

5 77 

ropo
sed 
desi
gn 

2 
FR4 0.176 λ Orthogo

nality, 
decoupli
ng 
surface 

 

−30 Easy 42.42% 2
.7λ× 
1.7λ    

˃9.994 
0.002 

10 93 
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Table 8. Comparison between the performance of previous studies and preceding work with respect to the algorithms used in 
fabrication, taken time and number of trials in addition to gain, efficiency, size and substrate. 

 

 

6 CONCLUSION 

A two-port MIMO array with great antenna separation 
is shown in this work. Two circular patch array elements 
make up the arrangement. Every component is made up 
of a 1x2 array of antennas. Antenna arrays provide the 
benefit of high gain. To increase bandwidth, a U-Slot is 
installed in each radiating element. The antenna model's 
improved-dimension element has been simulated using 
PSO and CST program. The isolation between ports can 
be improved to be less than -30dB by putting a 
decoupling surface in between the two ports. The 
recommended design is printed at a notably lower cost 
on a FR-4 substrate. An observed consistency between 
the measured and simulated outcomes is noted. In order 
to function in 5G mm Wave requests, the antenna 
functions in the 26–40 GHz frequency range. Besides, 
the TARC is < -25 dB and the ECC value is less than 
0.0002, indicating strong CCL performance. The array 
offers a nearly 10-dBi gain and a high maximum 
efficiency of 93%. To design the antenna element, 
Particle Swarm Optimization is used.  
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