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ABSTRACT 

A circular patch dual element Multiple-input-multiple-output (MIMO) antenna with an impedance 

bandwidth of 9.48GHz (20.83-30.31 GHz) using a partial ground plane is proposed for 5G millimeter wave 

applications. The envelope correlation coefficient (ECC), diversity gain (DG), mean effective gain (MEG), total 

active reflection coefficient (TARC), and channel capacity loss (CCL) of the MIMO antenna are addressed, and 

the obtained values are 0.012, 9.98dB, 3dB, -16dB, and 0.20 bits/sec/Hz, respectively. At 30GHz, the maximum 

gain of 8.05dBi is attained. Furthermore, a radiation efficiency of greater than 93% is attained in the frequency 

range of 20.83 to 30.31 GHz. The suggested MIMO antenna is built on a Rogers RO 4003 substrate with 

dimensions of 25×20×0.76mm3, a dielectric constant of 3.55, and a loss tangent of 0.0027. 
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I.  INTRODUCTION  
 

  The current wireless communication environment includes increased data speeds, higher 

capacity, better resolution, and reduced latency. In order to achieve the aforementioned benefit and increase the 

information throughput for 5G communications, the MIMO system should be employed [1], [2]. The fifth-

generation (5G) mobile communication has been introduced throughout the world. For 5G technology in 

general, the millimetre and centimetre wave spectrum (3-300 GHz) has been chosen, which can also help with 

achieving the increased transmission capacity with an information rate up to a few Gbps [3], [4]. The fact that 

the lower frequency bands are already occupied by numerous wireless applications like Wi-Fi, WiMAX, 

Bluetooth, ISM, and mobile communication, etc., while the majority of the millimetre wave spectrum is still 

underutilised and can be used for 5G communications, is another argument in favor of choosing this spectrum 

[5]. 

Communication in this frequency range exhibits path loss, multipath fading, and neighbouring channel 

interference [6]. While several antennas are used to lessen interference and multipath fading, high gain antennas 

can compensate for path loss [7]– [9]. Despite the fact that specific 5G wireless technology standards have not 

yet been adopted and developed, the millimeter-wave antenna is a strong competitor for streaming massive 

amounts of video material and offering virtual reality applications. On the other hand, many researchers have 

started to lay the foundation for the standard. 

For 5G millimetre wave applications, a variety of MIMO antennas have been suggested in the literature 

[10]– [15]. A millimeter-wave dielectric resonator (DR) based MIMO antenna system was built using two linear 

arrays. To lessen field correlation, each array has a set beam direction that is tilted. A passive microstrip-based 

feed network was developed to accomplish this beam tilting [10]. A symmetrical dual-beam bowtie antenna 

with an optimal gain of 7 dBi was presented in [11] by combining three pairs of metamaterials (MTM) arrays. 

For smartphone applications, a 4G/5G MIMO antenna system was created [12]. The antenna has a measured 

bandwidth of 4.8 GHz and covers the spectrum from 25.7 to 30.50 GHz (18.7%). A MIMO DRA was suggested 

by [13] for 5G applications. The proposed antenna's simulated bandwidth spans the 28 GHz band, which is 



 

  

necessary for 5G applications, from 27.25 GHz to 28.59 GHz. For 5G wireless communications, a dipole array 

with metamaterial architecture and capacitively loaded loops was proposed. [14]. The mutual contact between 

the components is reduced by trimming the metamaterial region's edges. [15] suggests an effective way to 

improve isolation between two tapered slot antennas. This was achieved by etching corrugations based on 

metamaterials. 

MIMO systems are essential for increasing data rates in areas with limited bandwidth. The two most 

important design characteristics of a MIMO system are good isolation and low correlation. The isolation 

between the elements is increased by using flawed ground structures and parasitic elements between the 

radiating elements [16], [17]. With these approaches, it is challenging to provide a wide bandwidth while also 

offering low isolation and minimal correlation due to the deterioration of impedance matching. A unique 

millimeter-wave MIMO antenna with good element isolation is therefore needed. 

   This gave us the idea to design a circular microstrip 1×2 MIMO antenna with a broad frequency band 

and improved diversity performance. In this paper, a dual-element spatial diversity MIMO antenna with a larger 

impedance bandwidth and smaller size is proposed. 

 Section II discusses the precise structure of the design antenna. In sections III, the simulated 

performance of the antenna is reviewed and described. The performance of the antenna's diversity is covered in 

Section IV. Section V is the article's conclusion. 

 

II. DESIGN 
 

The diagram of the circular monopole radiator, which is employed for MIMO configuration and has a dimension 

of 12 × 20 mm2, shown in Fig. 1(a). The optimum dimensions for a single element in Table I are calculated 

using traditional antenna theory equations for circular patch antenna [18].  

𝑅 =
𝐹

{1+
2ℎ

𝜋𝜖𝑟𝐹
[ln(

𝜋𝐹

2ℎ
)+1.7726]}1/2

  (1) 

Where,  𝐹 =
8.791×109

𝑓𝑟√∈𝑟
   (2) 

where h represents height of substrate, εr = dielectric constant of substrate  

The fringing effect is not considered in equation (1). The effective radius (Reff) of the patch is used because 

fringing makes the patch electrically larger, as demonstrated in equation (3). 

𝑅𝑒𝑓𝑓 = 𝑅√(1 +
2ℎ

𝜋.𝜖𝑟𝑎
)[ln (

𝜋𝑅

2ℎ
) + 1.7726] (3) 

Hence, the resonant frequency for the dominant TMz 
110 is given by- 

𝑓𝑟 =
1.8412𝑉0

2𝜋𝑅𝑒𝑓𝑓√𝜖𝑟
    (4) 

where v0 is the speed of light in free space. 

Using equation (1) and (2), and the given specified data the radius of the circular patch R = 3mm 

The dimensions of microstrip feed line are calculated explicitly to achieve the proper impedance matching. Fig. 

1 (b) represents the S11 of the monopole radiator resonating at 22.45GHz frequency with frequency band 

ranging from 21.08-30.53GHz. 

 
(a)            (b) 

Figure 1: (a) Single element (proposed) (b) Reflection coeff. 

 



 

  

The parametric analysis of ground length Lg is been finished by varying Lg from 3mm-5mm as shown in Fig. 2. 

The optimum matching is obtained at Lg=4mm.  

 

Figure 2:  Parametric analysis of ground length Lg 

Table 1: Dimensions of Single Element Antenna 

 

Parameter Value 

(mm) 

Parameter Value 

(mm) 

LS 20 Wf 1 

WS 12 R 3 

Lf 9 Lg 4 

A dual-port MIMO is designed as depicted in Fig. 3, by utilizing the single element antenna observed 

previously. The MIMO antenna occupies an area of 25×20mm2, forming a rectangular shape. This design 

doesn't require any additional isolation components or decoupling methods because the isolation is sufficient. 

The port isolation of a dual element antenna is greater than 17dB. Edge-to-edge spacing between two elements 

is 0.9λ0, where λ0 is the free space wavelength at a lower frequency for a single element at 21.08GHz. 

 
(a)                 (b) 

Figure 3:  MIMO antenna (a) Front view, (b) Back view, d=13mm (0.9λ0), a=5mm, b=3mm 

 

Simulated matching and isolation, as represented in Fig. 4(a) & (b) are < -10dB, -17dB respectively, 

throughout the entire bandwidth (20.83-30.31 GHz). The maximum return loss obtained at frequency of 28GHz 

is 21dB. The minimum isolation is 17dB, whereas maximum isolation up to 28.2dB. 

 
 

(a)                 (b) 

Figure 4:  (a) Reflection coefficient (S11) (b) Transmission coefficient (S12) 



 

  

III. RESULT AND DISCUSSION 
 

  The antenna’s peak gain is depicted in Fig.5(a). The antenna’s peak gain ranges from 7.12dBi 

to 8.05dBi. Fig. 5(b) shows the proposed antenna’s radiation efficiency. Throughout the whole bandwidth 

(20.83-30.31 GHz), the radiation efficiency ranges from 97.1% to 98.2%. Fig. 6 represents the Co and Cross 

polarization of proposed antenna at 22.5GHz and 28GHz frequencies at x-z and y-z plane respectively. 

Furthermore, because the estimated axial ratio is greater than 15 dB, the suggested antenna is linearly polarised. 

In comparison to the co polar pattern, the cross polar pattern is smaller. Fig. 7 depicts the distribution of the 

surface current of a dual element MIMO antenna operating at 22.5GHz. Surface currents flow from stimulated 

port-1 to port-2 in Fig. 7 are the primary cause of isolation between neighboring antenna elements. Because of 

the excitation of one port and the termination of another port with matched load, other ports have a low surface 

current. The fabricated MIMO antenna is shown in Fig. 8. 

 
(a)                 (b) 

Figure 5: (a) Peak Gain (b) Radiation Efficiency 

 
(a)   (b) 

 

 
(c)   (d) 

Figure 6:  Co & Cross (a) YZ plane at 22.5GHz (b) ZX plane at 22.5GHz (c) YZ plane at 28GHz (d) ZX 

plane at 28GHz 



 

  

 
(a)   (b) 

Figure 7:  Surface current density (a) PORT-1 (b) PORT-2 

 

 
(a)   (b) 

Figure 8:  Fabricated MIMO antenna (a) Front view (b) Back View 

 

 

 

IV. MIMO DIVERSITY PERFORMANCE 

 

The ECC, DG, TARC, CCL, and MEG are crucial MIMO diversity and multiplexing factors that assure 

the suggested structure’s operation. The ECC which considers radiation pattern, polarization, and relative phase 

of the fields can be calculated using (5) [19], 

    𝐸𝐶𝐶 =
|∬ 𝐹1

∗(𝜃,𝜑).𝐹2(𝜃,𝜑)𝑑Ω4𝜋 |
2

∬ |𝐹1(𝜃,𝜑)|2×∬ |𝐹2(𝜃,𝜑)|2
4𝜋 𝑑Ω4𝜋

  (5) 

The MIMO antenna’s DG is determined as follows: - 

𝐷𝐺 = 10√1 − 𝐸𝐶𝐶2    (6) 

 

DG should be near to 10dB. As displayed in Fig. 9(a) and (b), the computed ECC and DG are < 0.012 and 

9.98dB, respectively, indicating good diversity performance. 

TARC is a crucial metric in dual-port antennas since it shows the relationship between radiated and received 

power. The TARC of the two-port antenna can be determined as follows: 

    𝑇𝐴𝑅𝐶 =
√(𝑆11+𝑆12)2+(𝑆21+𝑆22)2

√4
  (7) 

For MIMO systems, TARC should ideally be < 0dB. The TARC has a simulated value of < -6dB, as shown in 

Fig.9(c). MEG is a metric for calculating the median power from the event power [20]. For two element MEG 

can be determined using equation (8) and (9) and shown in Fig.9(d), 

          𝑀𝐸𝐺𝑖 = 0.5[1 − ∑ |𝑆𝑖𝑗|2𝑁
𝑗=1 ] < −3𝑑𝐵  (8) 

 

𝑀𝐸𝐺𝑗 = 0.5[1 − ∑ |𝑆𝑖𝑗|2𝑁
𝑖=1 ] < −3𝑑𝐵  (9) 

 

|𝑀𝐸𝐺𝑖 − 𝑀𝐸𝐺𝑗| < 3𝑑𝐵    (10) 

 

|
𝑀𝐸𝐺𝑖

𝑀𝐸𝐺𝑗
| = ±3𝑑𝐵     (11) 



 

  

i and j, respectively, stand for the first and second antenna elements. CCL is calculated using equation (12) [21] 

for dual-element MIMO antenna, as represented in Fig.9(e). Practically, CCL operates at less than 0.4 

bits/second/Hz. 

 

𝐶𝐶𝐿 = − log2 𝑑𝑒𝑡[𝛽𝑅]    (12) 

 

[𝛽𝑅] = [
𝛽𝑖𝑖 𝛽𝑖𝑗

𝛽𝑗𝑖 𝛽𝑗𝑗
] 

𝛽𝑖𝑖 = 1 − (∑ |𝑆𝑖𝑗|2)

𝑁

𝑗=1

 

𝛽𝑖𝑗 = −(𝑆𝑖𝑖
∗ 𝑆𝑖𝑗 + 𝑆𝑗𝑖

∗ 𝑆𝑖𝑗) 

 
(a)             (b)    (c) 

 
 

(d)   (e) 

Figure 9: (a) ECC (b) DG (c) TARC (d) MEG (e) CCL 

 

 

Table 2: Comparative Table of Proposed mm-wave MIMO Antenna 

 

Ref. Frequency 

band (GHz) 

Size 

(mm2) 

Isolation 

(dB) 

ECC Avg. Gain 

(dBi) 

[10] 29.75-31.50 1008 25 0.002 8.13 

[11] 24.25-27.5 915 NA NA 7.03 

[12] 25.7-30.5 5625 15 0.16 8.73 

[13] 27.25-28.59 400 24 0.013 8072 

[14] 26-31 1488 21 0.015 9.06 

[15] 27-32 3570 37.1 NA 17.9 

[P] 20.83-30.31 500 20 0.012 8.05 

 
Table 2 compares the proposed MIMO antenna to prior published studies. Except for [13], the MIMO 

antenna is 500mm2 in size, which is quite small. The MIMO antenna attained a 9.48GHz impedance bandwidth 
and a total efficiency of 90%, which is good, however ECC less than [10]. As a result, the proposed antenna has 



 

  

a number of advantages, including planar geometry, wide bandwidth, and low mutual coupling, which are 
important for 5G MIMO system 

V. CONCLUSION 

 

  A circular shaped dual-element MIMO antenna for millimeter-wave applications with a 

minimum isolation of 17dB is proposed. Performance of the suggested design was assessed and discussed in 

terms of a number of antenna metrics, including impedance bandwidth, gain, efficiency, and diversity 

characteristics. The proposed design is fabricated and measured, and found a good agreement between simulated 

and measured result. As a result, the MIMO antenna developed is a viable choice for millimeter-wave 

applications. 
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