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ABSTRACT: The need for sophisticated Multiple-Input Multiple-Output (MIMO) antenna systems is rising due to the 

quick spread of wireless communication technologies like WiMAX, WLAN, and 5G. MIMO technology offers higher 

spectral efficiency and faster data speeds .The potential for higher data speeds and greater spectrum efficiency lies at 

the heart of MIMO technology. In order to improve isolation for WiMAX, WLAN, and 5G networks, this project 

involves the design and study of a two-element MIMO antenna system. The aim of this project is to develop and 

analyse a novel two-element MIMO antenna that is compact in size and should provide a promising solution to improve 

isolation. This will ensure improved wireless communication performance for WiMAX (5.5GHz), WLAN (5.2GHz), 

and 5G ( 3.95-4.19 GHz) applications, addressing the changing needs of the modern wireless landscape .It is necessary 

to examine and make sure that the MIMO diversity parameters such as the Envelope Correlation Coefficient (ECC), 

Diversity Gain (DG), Total Active Reflection Coefficient (TARC), Channel Capacity Loss (CCL), and Mean Effective 

Gain (MEG) are in excellent agreement with the ideal values.  

KEYWORDS: MIMO, WiMax,WLAN,5G,ECC,DG,TARC,CCL,MEG 

  I.INTRODUCTION 

MIMO technology offers higher spectral efficiency and faster data speeds, making it crucial for improving wireless 

communication performance. This project focuses on designing and studying a two-element MIMO antenna system 

with the aim of providing a compact solution to enhance isolation for WiMAX, WLAN, and 5G networks. The 

proposed antenna aims to address the challenges of designing small, high-isolation antenna elements within constrained 

spaces .Key MIMO diversity parameters such as Envelope Correlation Coefficient (ECC), Diversity Gain (DG), Total 

Active Reflection Coefficient (TARC), Channel Capacity Loss (CCL), and Mean Effective Gain (MEG) will be 

analysed to ensure alignment with ideal values. The proposed antenna aims to contribute to the growing demand for 

multiple-input-multiple-output multiband antennas, addressing challenges like low signal correlation, good impedance 

characteristics, high efficiency, and isolation in a modern wireless landscape. 

MIMO antenna signal correlation should be low with good impedance characteristics, and individual elements possess 

high efficiency and isolation[1-3].So researchers to attain high isolation they used various techniques. In [4], a MIMO 

antenna with a dual band resonance and a size of 74x47.3 mm2 is designed for WLAN applications. In further 

researches used [5] three techniques ,orientation, space between elements, and introduction of L-shaped strips in the 

DGS, are used to achieve the isolation of −17 dB . The meander line with a semicircular patch is designed for the 

WLAN application. It covers 2.4/5.2 GHz, and shorting meander line is employed between patches to enhance isolation 

around −25 Db [9]. A dumbbell-shaped parasitic structure is employed between circular patch antenna elements to 

reduce mutual coupling less than −25 dB [13], where it can be used for C band applications .A compact two element 
dual-band MIMO antenna uses simple decoupling slots in the ground plane and helps to improve the isolation to less 

than 20 dB for the first resonance frequency [14] .A slotted microstrip patch antenna is presented in [16] for 

WLAN/WiMAX application with dimension of 70 × 60 mm2, and simple slots are introduced between antenna 
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elements to achieve an isolation of −29 dB. For further Improvement of isolation between two elements is achieved by 

optimizing its orientation and spacing with an isolation of less than −50 dB in [17] , −15dB in [18] and −24 dB  in [19].  

 

Ref. 
Antenna 

Size (mm) 
Applications 

Isolation 

method 

Isolation 

(dB) 
ECC 

Frequency 

(GHz) 

[4] 74 × 47.3 WLAN 
Decoupling 

structure 
−20 dB 0.005 2.46–2.7, 5.04–5.5 

[5] 50 × 50 WLAN/WiMAX 
DGS with 

two MP lines 
−17.8 dB 0.011 2.09–2.86, 5.05–5.94 

[7] 100 × 100 LTE DRA slot −20 dB 0.02 
1.63–1.84, 2.43–2.71, 

3.27–3.75 

[8] 52 × 77.5 WLAN 
Inverted T 

slot in ground 
−15 dB 0.2 2.4–2.48, 5.15 to 

5.825 

[9] 60 × 60 WLAN meandering-line −25 dB  2.4–2.48, 5.15–5.825 

[10] 40 × 40 WLAN/WiMAX/5G SRR −14 dB  2.4, 3.45, 5.5 

[11] 50 × 30 WLAN 
parasitic elements 

and DGS 
−24 dB 0.027 

2.4–2.4835, 5.15–5.35, 

5.725–5.875 

 

[12] 50 × 50 

 

WLAN/WiMAX 

stepped slot 

ended with an 

ellipse in ground 

−18 dB 

 

0.03 
2.3–2.75, 3.4–3.75, 

4.8–6.0 

[13] 40 × 40 WiMAX/C-band 
dumb-bell 

shaped slot 
−35 dB 0.005 

3.10–3.19, 6.11–6.43, 

7.50–8.04 

[14] 25 × 24 WLAN slots −20 dB 0.004 2.40–2.67, 5.46–5.73 

[15] 37 × 38 
 Stub in ground 

and feed line 
−20 dB 0.05 

2.1–2.7, 3.3–3.7, 

4.9-5.35 

[16] 70 × 60 
WLAN and 

WiMAX 
Ground slots −24.98 dB 

 
2.37–2.42, 3.33–3.39 

[17] 60 × 20 WLAN and Wi-Fi. orientation −50 dB 0.0002 4.3–6.0 

[18] 37 × 56 
Bluetooth/C-band/ 

WLAN/WiMAX/Wi-Fi 
DGS −15 dB 0.08 

2.24–2.50, 3.60–3.99, 

4.40–4.60, 5.71–5.90 

[19] 65 × 21 WiFi/WiMAX/WLAN Orientation −24 dB 0.001 
2.22–2.54, 3.14–3.9, 

5.3-5.7 

Proposed 

antenna 
23.5 × 83 WLAN/WiMAX/5G Orientation −29.3 dB 0.001 

3.95-4.19GHz,5.2-

5.55GHz 

Table 1: Various MIMO antenna characteristics comparison. 

various MIMO antennas have been developed using diverse methodologies, as outlined in Table 1. Many of these 

encounter challenges such as low isolation, large size, and the necessity for intricate techniques to enhance isolation. 

MIMO antenna’s simplistic antenna design and compact form factor facilitate multi-band resonance, offering a viable 

solution for modern wireless communications. In this study, we introduce decagon ring-shaped two-element MIMO 

antennas characterized by their compact size and enhanced isolation, achieved without the utilization of any decoupling 

structures. These antennas demonstrate multiband resonance, covering frequencies from 5.2GHz to 5.5GHz 

(WLAN,WiMAX), and 3.95 GHz to 4.19 GHz (5G) applications. 

II.ANTENNA DESIGN 

The basic antenna structure is depicted in Figure 1 with its parameters and dimensions, and an FR4 substrate is used to 
design the antenna with a dielectric constant (εr = 4.3) and 1.6 mm as thickness. The initial antenna design with a single 
decagon ring has radius of 4.8 mm, and to achieve multiband resonance additional rings of smaller dimensions are 
added inside the initial design. The addition of the second ring with radius of 3.6 mm enhances previous resonance by 
single ring and the third ring with radius of 2.4 mm ,and a slot in  the ground improves the reflection coefficient value. 
The basic antenna’s design evolution is shown in Figure 2, and optimized antenna parameters are represented in 
Table 2. 
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The conventional ring circular antenna can be designed using Equation below based on [20]. 

                                                                 

with radius of the outer ring l1 and radius of the inner ring l2. 

Figure 3 depicts the proposed comparison of the S11 characteristics of the antenna. Introducing ring-2 and ring-3 to 

Antenna #1 results in mutual coupling between the rings, thereby generating a multiband response, as depicted. This 

modified antenna exhibits coverage across multiple frequencies below -15dB including  4.15-4.5GHz, 5.25-6 GHz 

Figure 3(a)-(c) represents the S-parameters of all three antennas. 

 

                                    
 

 

Parameter L W Wg  Lg Wc  T T4 

Dimension (in mm) 23.5 26.5 11.715 9 2.6 0.235 1.6 

Parameter T1 T2, T3 R1 R2 R3 Sg  

Dimension (in mm) 0.7 0.5 4.8 3.6 2.4 0.5  

 

 

Antenna #1 Antenna #2 Antenna #3 

Figure1 : Basic Antenna design with parameters 

 

Figure2 : Evolution in Antenna Design 

Table 2: Parameter of the antenna proposed 
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III. TWO ELEMENT DESIGN 

 
Figure 1 illustrates the geometry of the single-element multi-band antenna, featuring compact dimensions of 23.5 × 

26.5 mm² and resonance across two distinct frequency ranges: 4.15-4.5 GHz, and 5.25–6 GHz. A two-element MIMO 

antenna is investigated across three different orientations, labelled 1, 2, and 3, as depicted in Figures 4(a)–(c), 

maintaining a separation of 30 mm between the elements. Subsequently, their S-parameter responses are showcased in 

Figures 5(a)-5(c). 

             

 

 

 

In Orientation 1 of the two-element MIMO antenna, two antenna elements are positioned side by side with a 30 mm 

separation, as depicted in Figure 4. This configuration exhibits superior reflection coefficient and isolation 

characteristics across all frequency bands. Specifically, the measured reflection coefficient remains below -30 dB the 

frequency ranges of, 3.95–4.19 GHz, and 5.2–5.55 GHz, with isolation values measuring less than -25.7 dB in the 

lower band, and -26.6 dB in the higher band as shown in Figure 5(a).  

Orientation 2 is achieved by maintaining the position of Antenna I while inverting the position of Antenna II. Notably, 

it demonstrates coverage across the frequency ranges of, 3.95–4.19 GHz, and 5.2–5.55 GHz, having measured 

reflection coefficient below -40 dB with isolation values measuring less than -25.3 dB in the lower band, and -25.8 dB 

in the higher band represented in figure 5(b).In Orientation 3, both Antenna I and Antenna II are rotated 90 degrees, as 

depicted in Figure 5(c). This positioning causes the radiating elements of the antennas to face each other. 

 

Figure 3: S-parameters of Antenna 

 

(a) (b) 

(c)  
Figure 4: Orientation 1 of two element MIMO(a) Orientation 2 of two element MIMO(b) Orientation 3 of two 

element MIMO(c) 

 

Orientation 1 Orientation 2 

Orientation 3 
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The measured reflection coefficient of this antenna orientation spans across the measured reflection coefficient remains 

below -15 dB in frequency ranges of 3.95–4.19 GHz and 5.2–5.55 GHz, with isolation values measuring less than -27.9 

dB in the lower band, and -29.2 dB in the higher band. Figure 5(c) depicts the measured S-parameter values of 

Orientation 3.Based on these observations, MIMO antenna Orientation 3 exhibits notably high isolation values, 

measuring less than -27 dB across all operating frequencies, surpassing the performance of antenna Orientations 1 and 

2. 

 

IV. TWO ELEMENT MIMO ANTENNA PARAMETERS 

Evaluation of MIMO antenna performance involves assessing various parameters such as ECC (Envelope Correlation 

Coefficient), DG (Diversity Gain), TARC (Total Active Reflection Coefficient), MEG (Mean Effective Gain), and 

CCL (Channel Capacity Loss). A lower correlation coefficient indicates better support for higher data rates. For 

practical purposes, an acceptable ECC value is typically less than 0.05. The ECC for the proposed antenna is calculated 

using Equation below as referenced in [22].   

(a) 

(b) 

(c) 
Figure 5: S-parameters of Orientation 1 (a) S-parameters of Orientation 2 (b)  S-parameters of Orientation 3 (c) 
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where i and j are antennas 1 and 2, and N is the number of antennas. 

Figure 6 displays the ECC graph for the proposed MIMO antenna, indicating ECC values below 0.05 across all 

operating frequencies. The formula for calculating directivity gain (DG) using ECC is represented below. Figure 7 

illustrates the diversity gain of the proposed  MIMO antenna for all three operating frequencies, exhibiting a favorable 

value of 10 dB.     

                                                                                               

              

 

 
 

The calculation of TARC value for the MIMO antenna can be performed using below equation as depicted in Figure 

8.TARC accounts for the overall return loss of the MIMO antenna, factoring in mutual coupling and incident wave 

phase [21]. 

 

 

Mean Effective Gain (MEG) represents the ratio of mean relative power received by the diversity antenna to the power 

incident on the isotropic antenna. Equations shown below are utilized for MEG calculation, which is dependent on the 

Figure 6:Envelope correlation coefficient of two element MIMO design 

Figure 7: Directive Gain of two element MIMO design 
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S- parameter. Figure 9 showcases the MEG for the proposed two-element antenna, where the MEG value remains 

below -3 dB across all operating frequencies, aligning with expectations for a MIMO antenna. 

           

Increasing the number of antennas in a MIMO system theoretically leads to increased channel capacity. However, due 

to correlation effects, a capacity loss may occur [19]. Figure 10 illustrates the Channel Capacity Loss, with observed 

CCL values below 0.4 bits/sec/Hz in operating frequencies. 

 

 

 
 
 

 
 
 

V.CONCLUSION 
 

This paper introduces a novel multiband decagon ring-based MIMO antenna system, for enhanced  isolation. The 

antenna operates across three frequency bands,3.95–4.19GHz, and 5.2–5.55 GHz, covering WLAN, WiMAX, 5G 

applications. The antenna's orientation 3 results in high isolation values of -29.3 dB across operating frequencies. 

Simulated efficiency exceeds 70%.The paper investigates the diversity performance of the MIMO antenna, 

Figure 8:Total Active Reflection Coefficient of 

two element MIMO design. 

 

Figure 9: Mean Effective Gain of 

two element MIMO design. 

Figure 10 :Channel Capacity Loss between two elements in MIMO design. 
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demonstrating measured ECC values below 0.001 and a DG of 10 dB across operating frequencies. Consequently, the 

proposed MIMO antenna offers a promising solution for various contemporary wireless applications. 
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