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A Circular Polarization (CP) Multiple Input Multiple Output (MIMO) system was used in this study with additional 

components for contemporary communication systems developed. There are 4 elements in the model. On the printed circuit 

board, each element has a dual-fed with two ports positioned at each of the four corners of smart devices (PCB). A Rogers 
RO3003 substrate with a dielectric structure size of (64.59 × 64.59) mm2. geometrical shape 50-Ohm microstrip lines are 

used to feed the antenna ports. To accomplish polarization and variety properties, microstrip feed lines are positioned 

orthogonally. According to the paradigm results, the operational frequency for each port was 4.25 GHz, and the system's 
operating frequency was 4.23 GHz while diversity gains (DG) of the MIMO antennas were about 10, the gain was suitable 

(around 7 dB), and Less than 0.0001 was the envelope correlation coefficient (ECC). Additionally, the outcomes 

demonstrate that the MIMO system may operate in a sub-6 band that is ideal for smart device applications. 
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1. Introduction   

The American Federal Communications Commission (FCC) announced a rule for ultra-wideband (UWB) in 2002 [1]. UWB has designated 

frequencies between 3.1 and 10.6 GHz. To recreate the pulse, the UWB transmitter emits a pulse with an absolute channel band less than 500 

MHz [2]; the receiver then gathers the power of the signal to do so [3], having a lower amount of power spectrum density than that of receivers 

for other systems. UWB hence has a wide range of applications in contemporary wireless communications networks, medical imaging, and 

radar detection and localization systems [4]. UWB enables Wireless communications with a high data rate and good-resolution imagery in 

addition to its huge bandwidth [5]. Multiple input and multiple outputs (MIMO) technologies are used to boost the communication system's 

capacity and improve transmission quality when several antenna components are coupled at the transmitter and receiver [6]. Using such 

technology can solve multipath fading problems due to the wide bandwidth of UWB systems, particularly when UWB systems are utilized in 

wireless communication systems in conjunction with MIMO technology. On the other hand, MIMO's proximity of antenna elements may make 

coupling more likely [7]. Systems with MIMO are essential for modern communications. 

On the other side, MIMO technology served as a representation of spatial diversity [8]. MIMO is an excellent option to examine such 

enhancement of the efficient spectrum without increasing input power [9]. However, due to surface currents and associated radiation, MIMO 

systems have a mutual coupling issue [10]. The mutual coupling problem has been approached using a variety of techniques, such as ground 

plane alterations [11], parasitic geometry [12], and neutralization lines [13]. Increasing the number of transceiver antennas on diversity/MIMO 

techniques can boost the wireless channel capacity of a wireless link in settings with significant scattering [14]. Nonetheless, MIMO antenna 

elements typically have very high correlation coefficients since there is limited space available for small electronic devices [15]. It is possible 

to demonstrate the diversity of polarization and radiation patterns using an orthogonal arrangement of microstrip feed to one another [16]. In 

some of the relevant studies in this field, regarding wideband applications, a novel dielectric resonator antenna (DRA) in the shape of an A 

stimulated by a conformal strip is suggested. The experimental findings show that the suggested DRA covers the U-NII and IEEE 802.11 bands 

with a 3.24–6.0 GHz (39.5%) impedance bandwidth (for S11< –10 dB). The strength of the antenna, which ranges from 5.29 to 7 dBi across 

the operational bandwidth, produces a somewhat consistent radiation pattern. Using the suggested wideband DRA, it also works with a dual-

element MIMO system. The dual-element MIMO antenna's impedance bandwidth is 59.2% for Port 1 and 60.9% for Port 2, and over the 

bandwidth, more than 20 dB separates the ports from one another. Additionally, it is discovered that the MIMO antenna's diverse performance 

is good, with an operational band envelope correlation coefficient of less than 0.003 [17]. For use in Applications for Worldwide Interoperability 

for Microwave Access (WiMAX) and Wireless Local Area Networks (WLAN), In this paragraph, a simple, portable broadband MIMO antenna  
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Nomenclature & Symbols   

PCB        Printed Circuit Board FCC        U.S. Federal Communications Commission 

UWB    Ultra-Wideband SMA       Sub-Miniature 

DG        Diversity Gain VSWR    Voltage Standing Wave Ratio 

ECC  Envelop Correlation Coefficient MIMO    Multiple-Input and Multiple-Output 

3D           Three-Dimensional CST        Technology for Computer Simulations 

𝜌     Envelope Correlation Coefficient dB           Decibel 

Ω    Vertex Angle (O)   

    

 is described. The suggested antenna uses electromagnetic band gap (EBG) technology, which is utilized to lessen the ports' mutual coupling. 

The antenna has a fractional bandwidth of 64.42% and operates in the frequency range of 2.01 to 3.92 GHz. It satisfies the bandwidth 

requirements of the WiMAX (3.2–3.85 GHz) and WLAN (2.35–2.5 GHz) bands, achieving a minimum 29 dB port isolation for the whole 

application band. The suggested MIMO antenna has a high diversity gain (DG > 9.8) and a very low envelope correlation coefficient (ECC 

0.01). Additionally, the study shows that it has relatively little channel capacity loss (CCL), less than 0.2 bit/s/Hz. [18]. 

Moreover, CP antennas have become more popular recently because they have better signal propagation characteristics than Linearly Polarized 

(LP) antennas [19]. Nevertheless, CP can be used in conjunction with orthogonal dual-feed to provide high isolation [20]. So, the current work 

aims to use this approach. In numerous research, such as [21], and others, dual-polarized antennas with different slot shapes are created using 

a slot microstrip line. A dual-polarized MIMO system with CP is presented in this paper for use with smart devices. The Umbrella-shaped 

modules of the MIMO antenna are positioned on the PCB with microstrip feed lines. Moreover, there is a Square between each pair of 

perpendicular elements. To achieve maximal isolation, the length and width of microstrip feed lines are modified. This design has a significant 

return loss, a poor correlation coefficient, and a band that is essential for smart device applications. 

2. Details of the Proposed Antenna 

2.1. A single-antenna design 

The suggested dual-polarized CP antenna configuration's schematic, which has dimensions of (24.80 x 24.80) mm2, is depicted in Fig. 1. The 

Rogers RO3003 substrate has a relative permittivity of 3 and a thickness of 1.54 mm and a loss tangent of 0.001, which was used to design the 

antenna. Its composition includes a Geometric Shape with the addition of a Square design. The suggested feeder types consist of two 

orthogonally positioned Umbrella-shaped microstrip lines. Each antenna has 50 Ω connections from Sub-Miniature Version A (SMA) for the 

ports of antenna feeding. In this study, an Umbrella-shaped was suggested as a means of producing an elevation radiation pattern with a 

reasonable return loss. The suggested model strategy seeks to construct a dual-polarized antenna with a sizable return loss and a size of suitable. 

The values for the designed antenna arrangement model parameters are shown in Table 1. 

 

 

Fig. 1. The antenna design; a) frontal view, b) back view, and c) Side view 

Table 1. Values for the antenna parameters 

parameter Value (mm) Parameter Value (mm) 

W S 

W G 

W 1 

W 2 

W 3 

W 4 

24.80 

24.79 

5.66 

4.07 

3 

5 

L S 

L G 

L 1 

L 2 

L 3 

L 4 

24.80 

24.79 

21.92 

8 

9.52 

6.30 
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W 5 

W 6 

W 7 

W 8 

W 9 

W 10 

W 11 

5 

7 

8 

10 

21.50 

64.59 

56.59 

L 5 

L 6 

L 7 

L 8 

L 9 

L 10 

L 11 

4.54 

6.35 

6.35 

64.59 

7 

0.03 

1.54 

W 12 26.71 L 12 0.03 

2.2. Proposed MIMO antenna model 

The MIMO antenna is built on Rogers RO3003 substrate that measures (64.59 x 64.59 x 1.54) mm3 in total. Four separate antenna elements are 

combined to form the proposed MIMO antenna. The suggested porotype's slot radiators will have almost symmetrical radiation patterns and 

enough bandwidth to cover both the top and bottom of the PCB. Fig. 2 shows the architecture of the MIMO system. 

 

Fig. 2. The MIMO antenna design; a) frontal view, and b) back view 

3. The Simulation's Findings 

CST STUDIO 2019 simulates the suggested MIMO and single model to evaluate their performance. The final suggested concept was the 

product of a lot of tries with varied proportions that led to the creation of such a model. To get the greatest performance, the width, length, and 

PCB dimensions of the microstrip-line feeder were all changed. 

3.1. Simulation of a single antenna 

Fig. 3 shows the return loss (-30.5 dB) and isolation of the proposed single antenna at the resonance frequency of 4.25 GHz, the operating 

frequency range is from 3.78 to 6.14 GHz at (-10 dB). While the suggested two-port antenna's S12 and S21 curves are shown in Fig. 4. Also 

observed are S12 and S21 at <-59.6 dB. The value of the two antennas' mutual coupling is consequently relatively low because the two ports 

are independent of one another. 

 

Fig. 3. Details of S-Parameter for a single antenna 
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Fig. 4. The mutual coupling coefficient for a single antenna 

The voltage standing wave ratio (VSWR) is shown in Fig. 5 for the feature of the proposed antenna. The calculated value of VSWR at operating 

frequency was 1.03 that less than 2 dB, which is consistent with [22]'s description of its condition. 

 

Fig. 5. The single antenna's VSWR 

Fig. 6 illustrates the 3D radiation pattern that was seen at the operating frequency, Port 1 emits radiation in all directions along the XZ plane. 

Port 2 shows along the YZ plane an omnidirectional radiation pattern in comparison. 

 

Fig. 6. The dual polarized radiation's 3 dimensional; a) port_1 and b) port_2 

3.2. Simulation of a proposed MIMO antenna 

The MIMO model simulation addresses three performance criteria: Radiation patterns, diversity performance, and S-parameter. In regards to 

the S-Parameters, the desired frequency range is shown in Fig. 7. The suggested MIMO model has good isolation properties, a suitable 

impedance bandwidth of 2.33 GHz (3.77 - 6.1) GHz, and good S-parameters. 

The suggested MIMO system's VSWR performance across all ports, as shown in Fig. 8, shows that the value is below 2. 
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Fig. 7. The S-Parameters for MIMO system a- S Parameters and b- mutual-coupling 

 

Fig. 8. VSER of suggested MIMO Antenna 

An important measure is the Envelope Correlation Coefficient (ECC) which is taken into account when calculating the variety of an antenna's 

performance. They are employed to determine how similar two beam patterns are to one another. The two beam patterns may have less overlap 

as a result of the reduced correlation [22]. Can be used the following equation (1) [23] to determine the value of ECC: 

𝜌𝑒
|𝑺𝟏𝟏 × 𝑺𝟏𝟐 + 𝑺𝟐𝟏× 𝑺𝟐𝟐|

|(𝟏−|𝑺𝟏𝟏|𝟐−|𝑺𝟐𝟏|𝟐)(𝟏−|𝑺𝟐𝟐|𝟐− |𝑺𝟏𝟐|𝟐)|
                                                                                                                                                                      (1)             

 

Fig. 9 displays the findings of the suggested antenna's correlation coefficient, which was less than 0.0001 at its operating frequency. It 

demonstrates that such a coefficient is far below the median value (0.5) [24].  

The second important parameter that shows the antenna efficiency in terms of the diversity gain set is called diversity gain (DG). Using equation 

(2) [23], the outcomes are calculated and shown in Fig. 10: 

𝐷𝐺 = √1 − 𝐸𝐶𝐶2                                                                                                                                                                                                (2) 

About the radiation pattern, the 2D polar pattern for all ports which appears omnidirectional is displayed in Fig. 11 with lobes having an angular 

width of 41.8 degrees. Add to that, the H-max and gain for the coverage area for the 3D pattern employing all ports simultaneously are -32.03 

dB and 6.442 dBi, respectively. 
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Fig. 9. Details of ECC for MIMO antenna 

 

Fig. 10. Details of DG for MIMO antenna 

  
a b 

 
c 

Fig. 11. Radiation Pattern of the MIMO Antenna System a-2D, b- 3D, and c- Gain 

Finally, the suggested ports of the antenna are shown in Fig. 12 from the modelling of 3D radiation pattern performances. It demonstrates that 

each side of the design can be covered by the radiation patterns of radiators. Due to the dual-polarized features of the antenna component, 

various polarizations may be accomplished simultaneously for each PCB region, hence making the proposed MIMO antenna system appropriate 

for future mobile applications. 
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Fig. 12. Three-dimensional radiation patterns for MIMO antenna 

Table 2 contrasts the data presented in this research for different parameters with some comparable findings reported by other authors. 

Table 2. Comparing the outcomes of some works 

References 
Publication 

Year 
Port no. 

Design size 

(𝑚𝑚) 

Bandwidth 

(GHz) 

Gain 

(dB) 

VSWR 

dB 
DG ECC 

Efficiency 

% 

[25] 2019 8 150 ×75 0.6 5 
doesn’t 

approach 2 

Did not 

mention 
0.5 60% 

[25] 2020 8 155 × 85 0.59 4.85 
doesn’t 

approach 2 

Did not 

mention 

Did not 

mention 

Did not 

mention 

[26] 2020 8 139 × 67 0.85 5.514 
doesn’t 

approach 2 

approach 

10 
0.001 

Did not 

mention 

[27] 2019 8 150 × 75 0.6 
Did not 

mention 

Did not 

mention 

Did not 

mention 
0.01 71% 

My design 2023 8 64.59 × 64.59 2.33 6.442 1.03 10 0.0001 97% 

4. Conclusion 

A CP dual-polarized antenna design for a MIMO system is discussed in this research. The antenna schematic consists of four components, each 

with a dual-port and four Umbrella-shaped microstrip feed lines positioned at the corners of a (64.59 x 64.59) mm2 PCB. Without the use of 

decoupling techniques, polarization diversity is provided by the orthogonal orientation of the antenna's microstrip feed lines with a very low 

correlation coefficient. High impedance matching (about -59.6 dB reflection coefficients) is attainable by varying the length and breadth of 

microstrip feed lines. The final proposed MIMO prototype indicates that the single element operates at 4.25 GHz and covers 2.36 GHz (3.78 
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GHz-6.14 GHz) at -10dB while MIMO running at 4.23 GHz with a bandwidth of 2.33 GHz (3.77 - 6.1) GHz at -10dB. The findings demonstrated 

the recommended antenna's advantageous qualities and meet the needs of emerging device applications. 
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