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Abstract. A 2-port MIMO (Multiple input Multiple Output) antenna is analyzed 

in this research. The antenna configuration is designed with antenna elements 

positioned orthogonally. FR4 foundation, with an antenna with a dielectric con-

stant of 4.4 and a loss tangent of 0.02 is built. Within the below-6 GHz spectrum, 

its operating frequency range includes the n77, n78, and n48 bands. which are es-

sential for applications using 5G. The proposed antenna’s overall dimension is 60 

× 70 × 1.6mm3. An orthogonal arrangement, supplemented by integrating four 

stubs, was implemented to increase the level of isolation between the antenna’s 

component parts. The suggested four port antenna has (S11 < −10dB) the decou-

pling structure offers an isolation of SXY < −10dB and the antenna is resonated at 

3.6GHZ. The proposed MIMO system is evaluated using HFSS software to com-

pute diversity characteristics like ECC, DG, CCL, and TARC, assessing its ef-

fectiveness. The results suggest its compatibility with 5G applications. 
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1. Introduction 

The analysis of communication via wireless technologies from 1G to 5G over the last 

ten years has contributed significantly to this growth. The most recent aspects of 5G 

have advanced, allowing for faster connection or larger data rates of up to 10 GBps 

[1]. more capacity, improved connection stability, and faster upload and download 

speeds [2]. Wireless communication systems perform better and more efficiently 

when they use the MIMO system, it employs several antennas for both transmission 

and reception. There are existing MIMO technologies The most dependable, efficient, 

and fast services may be found in two frequency bands mm-wave frequency spectrum 

and the sub-6GHz 5G frequency spectrum [3]. In the MIMO system, the elements are 

arranged close to each other for system compactness. However small spacing between 

the adjacent elements can cause electromagnetic interaction and decrease MIMO an-

tenna performance. A MIMO antenna’s characteristics and radiation patterns are 

greatly influenced by the interactions between nearby radiating elements [4].A 2 port 

MIMO antenna array [6] that is highly isolating and has broad properties is proposed 

for wireless systems that operate in the 5 GHz band. Use a Concise dual-port MIMO  
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antenna configuration [5] designed for 3.2–5.75 GHz applications for Sub-6 GHz op-

erations, pay special attention to strong impedance matching. 

2. Literature Survey: 

The microstrip radiator design has a parasitic element and slits are incorporated in the 

patch. The parasitic patch extends to a length of 1.5mm with a separation gap of 

0.1mm from the main antenna, strategically implemented to optimize impedance 
matching. The total dimension of the antenna is 30 × 23 × 1.6mm3 and is built using 

FR4 material with 1.6mm thickness dielectric constant of 4.4, and a microstrip line is 

used to feed the monopole antenna. The optimized antenna design is shown in fig 3a 

resonating at 3.6GHz, which satisfies the need for 5G communication. The single 

Monopole antenna has a reflection coefficient of-32dB at 3.6 GHZ. 

2.1 TWO-PORT MIMO ANTENNA DESIGN 

 

 Fig 1 Two-Port Mimo Antenna Design 
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antenna that was designed above is utilized as a single- element antenna, The 2-port 

microstrip antenna is configured to be double the single-element antenna’s dimensions 

structure. The Two-port antenna with orthogonal placement is depicted in Fig.5. In our 

target frequency range, the MIMO antenna’s simulated S parameter shows Sxx < −10dB 

represented in Fig 6. It clearly illustrates that the return loss curves for each port are 

identical. However, there’s a noticeable distance between the individual antenna 

elements and the minimum return loss point. Consequently, adjustments are necessary 

in the structure of MIMO antenna. Fig showcases the structural adjustments made to 

mitigate mutual coupling between elements 1 and 2, culminating in an orthogonal 

arrangement of the ports within the MIMO antenna design, thereby achieving 

isolationS21 levels of < −20dB. The corresponding S-parameters for S11, S21, and S12 

are depicted in Fig. The detailed designed values for the proposed radiator are shown 

in I. The range of 0.58 GHz is acquired, and the Regularity varies from (3.28GHz- 

3.86GHz). 

3. OPERATION OF MIMO ANTENNA 

1. ANTENNA DESIGN: 

The antenna uses a 4-element rectangular patch antenna array. The antenna array is 

small, measuring only 8x20 mm radiating patch is excited with a 50-ohm K-type 

connector and it is designed to operate at 37GHz frequency band used for 5G appli-

cations. 

2. MATERIAL: 

The FR4 epoxy substrate supports the copper making suitable for high-frequency ra-

diating element and broadband applications. 

3. MIMO ANTENNA: 

MIMO (Multiple-Input Multiple-Output) antennas are a wireless communication 

technology that utilizes multiple antennas at both the transmitter and receiver to im-

prove data rates, reliability, and overall capacity of wireless networks. This is 

achieved by creating multiple communication paths within the same frequency band, 

effectively leveraging multipath propagation to enhance signal quality and overcome 

challenges like fading. A group of multiple antenna elements arranged in a specific 

pattern to enhance antenna capabilities compared to a single antenna. A power divider 

is used in the array structure, which is optimized to ensure that each element receives 

the same amount of power in order to have good radiation characteristics. The an-
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tenna element 1x4 array is optimized and operates in the 37GHz frequency band ded-

icated to 5G applications. One of the simplest ways to increase the gain of the single 

element is the array technique. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig:2 Schematic of MIMO Antennas 

 
It clearly illustrates that the return loss curves for each port are identical. However, 

there’s a noticeable distance between the individual antenna elements and the mini-

mum return loss point. Consequently, adjustments are necessary in the structure of 

MIMO antenna. Fig showcases the structural adjustments made to mitigate mutual 

coupling between elements 1 and 2, culminating in an orthogonal arrangement of the 
ports within the MIMO antenna design. This is achieved by creating multiple com-

munication paths within the same frequency band. 

4. PROPOSED 1X2 MICROSTRIP PATCH 

ANTENNA WITH REDUCED MUTUAL 

COUPLING USING DGS 

A 1x2 microstrip patch antenna with 2-port MIMO (Multiple input Multiple Output) 

antenna is analyzed in this research. The antenna configuration is designed with an-

tenna elements positioned orthogonally. FR4 foundation, with an antenna with a die-

lectric constant of 4.4 and a loss tangent of 0.02 is more capacity, improved connec-
tion stability, and faster upload and download speeds [2]. The advent of 5G can revo-

lutionize our approach to accessing information, engaging with social media, and uti-

lizing applications on the internet. A very promising approach to wireless built. 

Within the below-6 GHz spectrum, its operating frequency range includes the n77, 

n78, and n48 bands. which are essential for applications using 5G. The proposed 

antenna’s overall dimension is 60 × 70 ×1.6mm3. An orthogonal arrangement, sup-
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plemented by integrating four stubs, was implemented to increase the level of isola-

tion between the antenna’s component parts. The suggested four port antenna has (S11 

< −10dB) the decoupling structure offers an isolation of SXY < −10dB and the an-

tenna is resonated at 3.6GHZ. The proposed MIMO system is evaluated using HFSS 

software to compute diversity characteristics like ECC, DG, CCL, and TARC, as-

sessing its effectiveness. The results suggest its compatibility with 5G applications. 

4.1 SINGLE ELEMENT ANTENNA DESIGN: 

The context of microstrip patch antennas, revolves around modifying the patch’s cur-

rent distribution to obtain the required antenna properties. By introducing slots in the 

antenna’s effective electrical length varies, which results in effects such as frequency 

tuning, bandwidth enhancement, and gain improvement. Slot the current flow on the 

patch, creating new current paths and modifying the overall distribution. The slot’s 

dimensions, placement, and form have a considerable impact on the current flowing 

and consequently, the antennas performance. 

4.2 FEED NETWORK FUNCTION 

The feed network is typically implemented using microstrip lines which are conduc-

tive strips on a dielectric substrate. It may also incorporate phase shifters to control 

the phase of the signal delivered to each element. This design focuses on gain rather 

than beam steering, so phase control may not be a primary function. 

 Fig 3 Proposed 1X2 Microstrip Patch Antenna 
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                 (a) Front view                                        (b) bottom view 

 

 Fig 4 1X2 Microstrip Patch Antenna 

SIMULATION RESULTS 

It’s essential to conduct simulations using appropriate electromagnetic simulation 
software. The specific results will depend on the design parameters and the simula-

tion setup. it includes the s-parameters, gain, return loss, VSWR, radiation pattern. 

5. WAVEFORMS 

I. S11 PARAMETER PLOT- dB (S (1,1)) 

This parameter indicates the return loss or reflection coefficient, showing how well 

the antenna is matched to the input impedence, a good antenna design should have an 

S11 value less than -10dB at the desired frequency the MIMO antenna design, thereby 

achieving isolationS21 levels of < −20dB. The corresponding S-parameters for S11, 

S21, and S12 are depicted in Fig.6. The detailed designed values for the proposed 

radiator are shown in I. The range of 0.58 GHz is acquired, and the Regularity varies 
from (3.28GHz-3.86GHz). 
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 Fig 5     S Parameters 

 

 

                                    Fig 6  S Parameter (db) 

 

II. RADIATION PLOT 

This plot shows the antennas radiation characteristics both in the H and E planes. It 

illustrates the orientation and strength among the radiated signal, the radiation pattern 

should have a narrow main lobe and low side lobe levels 

 

 

 Fig 7  Patch Antenna S Parameter 

III. GAIN PLOT 

The amount that the antenna amplifies the electricity in a particular direction is known 

as the gain. Decibels relative to an isotropic radiator, or dBi, is the standard unit of 

measurement. It refers to the ability of multiple antennas to improve signal quality and 

reliability by leveraging multipath propagation. This results in increased data rates and 
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improved coverage in wireless networks. Enhancements in diversity gain typically co-

incide with reduced Error Correction Coding (ECC) requirements. In particular, a 

greater diversity gain is produced by a drop in ECC values Figure17 shows a simulated 

value of 9.99dB. To compute the diversity gain 

 

 

                                                     Fig 8      Gain 

 

6. CONCLUSION 

In the study, a 2-port MIMO antenna with a gain of 2.82dBi and a bandwidth of 3.08 

Ghz to 4.41 GHz is presented. It is intended for lower-6 GHz applications. Further-

more, the proposed design gives excellent isolation between all elements because the 

elements are arranged orthogonally and exceed < −20dB. Additionally, computed 

MIMO diversity parameters, including TARC, CCL, DG, and ECC are 10 

Db,0.25,9.99, and 0.04 respectively. The antenna’s suitability for 5G applications 

across bands n77, n78, and n48. 
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