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This work presents the design and performance evaluation of a compact four-port mmwave MIMO mi-

crostrip patch antenna operating at 6.6 GHz, with substrate dimensions of 18.8  16.7 mm2, implemented 

on FR4 epoxy. Each patch element measures 9.2  7.1 mm2 and is optimized for high isolation and low return 

loss. The antenna is analyzed in terms of S-parameters, confirming return loss (S11  – 10 dB) and port-to-

port isolation (S21, S31, etc.  – 15 dB), ensuring minimal inter-element coupling for efficient MIMO opera-

tion. MIMO performance is assessed through computation of the Envelope Correlation Coefficient (ECC  

0.01), Diversity Gain (DG ≈ 10 dB), and Total Active Reflection Coefficient (TARC  – 10 dB), demonstrating 

high channel independence and diversity capability. The group delay is analyzed across the operational 

band, exhibiting a flat response that supports low-latency data transmission. The antenna’s radiation effi-

ciency and gain are evaluated at 27 GHz to assess compatibility with mm Wave applications, with total 

efficiency exceeding 65% and gain values supporting practical integration in high-speed wireless systems. 

Additionally, the antenna integrates with the MQTT (Message Queuing Telemetry Transport) protocol stack 

to facilitate real-time performance monitoring and low-latency communication in IoT and 5G scenarios. The 

results confirm the suitability of the proposed antenna for compact, high-performance MIMO systems with 

IoT connectivity via MQTT. 
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1. INTRODUCTION 
 

In the rapidly advancing field of wireless communi-

cations, the demand for high-performance antennas has 

surged, driven by the proliferation of Internet of Things 

(IoT) devices and the evolution of 5G technology. The 

quest for efficient, compact, and reliable antenna de-

signs has prompted researchers to explore innovative so-

lutions that meet the stringent requirements of modern 

communication systems [1]. Due to their potential to in-

crease channel capacity, improve link reliability, and 

lessen the impacts of multipath fading, Multiple-Input 

Multiple-Output (MIMO) antenna systems have become 

a crucial component of contemporary modern communi-

cation networks [2, 3]. At the same time, as IoT ecosys-

tems grow and 5G services become available, antenna 

systems must enable low-latency communication, offer 

high-frequency performance, and integrate easily with 

real-time monitoring systems [4, 5]. Because of their 

lightweight messaging structure and capacity to func-

tion effectively in limited contexts, protocols like Mes-

sage Queuing Telemetry Transport (MQTT) have be-

come more popular in Internet of Things networks [6, 7]. 

 

2. LITERATURE REVIEW 
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This work presents the design and performance eval-

uation of a compact four-port MIMO microstrip patch 

antenna optimized for operation at 6.6 GHz on an FR4 

epoxy substrate. The antenna, with overall dimensions 

of 18.8  16.7 mm2, incorporates four radiating elements 

each measuring 9.2  7.1 mm2, carefully engineered to 

minimize inter-element coupling and achieve high isola-

tion along with low return loss [8, 9]. Its performance is 

validated through S-parameter analysis, envelope corre-

lation coefficient (ECC), diversity gain (DG), and total 

active reflection coefficient (TARC), confirming efficient 

MIMO operation with minimal channel correlation. In 

addition to sub-6 GHz performance, the radiation char-

acteristics are extended to 27 GHz to examine compati-

bility with millimeter-wave applications, highlighting 

the antenna’s versatility across multiple frequency 

bands. To further enhance practical deployment, the 

system is integrated with the lightweight MQTT proto-

col stack, enabling real-time performance monitoring 

and low-latency communication for IoT and 5G scenar-

ios. The significance of this study lies not only in the 

physical dimensions and performance metrics of the an-

tenna but also in its integration with the MQTT (Mes-

sage Queuing Telemetry Transport) protocol stack [10-

12]. This integration facilitates real-time performance 

monitoring and low-latency communication, making it 
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ideal for IoT and 5G scenarios [13-15]. By analyzing key 

performance indicators such as return loss, port-to-port 

isolation, Envelope Correlation Coefficient (ECC), Di-

versity Gain (DG), and Total Active Reflection Coeffi-

cient (TARC), this research aims to demonstrate the an-

tenna's capability in providing high channel independ-

ence and diversity, essential for contemporary wireless 

communication applications [16, 17].  

The following is a summary of this work's contribu-

tions: 

1. Design of a small, four-port MIMO antenna oper-

ating at 6.6 GHz on a FR4 substrate with optimal 

isolation and return loss.  

2. To verify channel independence and diversity ca-

pability, a thorough analysis of MIMO performance 

parameters such as ECC, DG, TARC, and group la-

tency is conducted. 

3. Analyzing antenna performance up to 27 GHz and 

showing that it is compatible with mm Wave sys-

tems.  

4. Application-level connection and antenna design 

are connected through integration with the MQTT 

protocol for real-time monitoring and IoT-driven 

communication.  

The overview of the proposed paper is described as 

follows. The detailed description of the proposed an-

tenna is expressed in the section 2. The proposed design 

of the antenna is explained with the flowchart represen-

tation in the section 3. The results and its discussion is 

explained in detail in the section 4 analysis. The final 

conclusion of the proposed research is explained in the 

section 5 in detail. 

 

3. DESCRIPTION OF PROPOSED ANTENNA 
 

In order to meet the growing demands of 5G commu-

nication networks as well as IoT ecosystems, the sug-

gested system is built on a small, four-port MIMO mi-

crostrip patch antenna. At 18.8  16.7 mm2, the antenna 

is made on an inexpensive FR4 epoxy substrate, making 

it ideal for incorporation into embedded and portable 

systems where space is a crucial limitation. Built as a 

rectangular microstrip patch measuring 9.2  7.1 mm2, 

each radiating element is positioned to minimize mutual 

coupling and offer good port-to-port isolation. The an-

tenna can reach the necessary resonance at 6.6 GHz 

thanks to the optimized layout, and the selection of FR4 

guarantees affordability and ease of fabrication.  

The Diversity Gain (DG) is near 10 dB, demonstrat-

ing its capacity to efficiently take advantage of multi-

path propagation, while the Envelope Correlation Coef-

ficient (ECC) is less than 0.01 – confirming that there is 

very little correlation between antenna parts. Further-

more, whenever all antenna elements are activated at 

the same time, the Total Active Reflection Coefficient 

(TARC) stays below – 10 dB, guaranteeing reliable oper-

ation.  

The suggested antenna can operate at frequencies 

higher than 6 GHz. The band's compatibility with 

mmWave bands has been demonstrated by testing and 

extending its radiation properties up to 27 GHz. Because 

of this, the antenna is adaptable to both new high-pow-

ered frequency services along with mid-band 5G appli-

cations. The antenna satisfies the signal strength and 

dependability needs of contemporary wireless systems 

by achieving more than 65 % total effectiveness in radi-

ation efficacy with sufficient gain.  

The antenna system's incorporation with the MQTT 

(Message Queuing Telemetry Transport) protocol stack 

is a novel feature of this study. Because it supports de-

vices with limited bandwidth as well as small- band-

width networks, MQTT is a lightweight and effective 

messaging protocol that is frequently used in Internet of 

Things applications. In addition to offering wireless con-

nectivity, the design facilitates real-time monitoring, 

data interchange, and low-latency communication 

among cloud-based servers and IoT devices by integrat-

ing MQTT into the antenna system architecture.  

 

4. PROPOSED DESIGN OF THE ANTENNA 
 

The process structure of the IoT-5G communication 

system, which requires that data produced by IoT de-

vices or sensors be effectively transported to the 5G base 

station before being given to the MQTT broker and sub-

scribers, serves as the basis for the design of the sug-

gested antenna. As a result, the antenna serves as a vi-

tal conduit between the communication infrastructure 

and the actual sensing equipment, guaranteeing mini-

mal latency along with excellent data integrity. 

In terms of hardware, the suggested antenna is a 

small, 6.6 GHz-optimized four-port MIMO microstrip 

patch antenna. The four radiating patches, each meas-

uring 9.2  7.1 mm2, are made on an 18.8  16.7 mm2 

FR4 epoxy substrate. The components are arranged to 

reduce reciprocal coupling, which results in isolation lev-

els above – 15 dB. Because of this meticulous design, 

each component may send and receive signals on its 

own, which is necessary to provide dependable MIMO 

functionality in Internet of Things networks. 

A return loss of less than – 10 dB is confirmed by the 

antenna's S-parameter analysis, demonstrating appro-

priate impedance matching. The antenna's capacity to 

sustain distinct channels with low correlation is con-

firmed by improved diversity characteristics like Enve-

lope Correlation Coefficient (ECC  0.01), Diversity Gain 

(~ 10 dB), and Total Active Reflection Coefficient (TARC 

 – 10 dB). The integrated with the MQTT protocol 

stack. Lightweight, publishing and receiving data flow 

between cloud/edge servers and IoT devices is guaran-

teed by MQTT. With this layout, the antenna serves as 

more than simply a radiating structure; it also facili-

tates cloud adoption, 5G connectivity, and real-time IoT 

surveillance. 

All things considered, the suggested antenna design 

adheres to the IoT → Antenna → 5G → MQTT workflow, 

which makes it a workable and expandable solution for 

contemporary wireless systems that require efficiency, 

portability, and smooth protocol-level communication. 

In addition to being a small, four-port radiating struc-

ture, the suggested antenna is also a useful component 

of the Internet of Things communication chain, allowing 

for dependable data transfer across 5G networks and 

smooth MQTT integration for cloud connectivity. The 

following procedures are used to confirm the design 

workflow and which is shown in the Figure 1. 

Sensors like smart meters, atmospheric monitoring 

devices, or industrial equipment generate raw data at 
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the start of an IoT communication network, which needs 

to be wirelessly delivered with excellent reliability and 

low latency. For this, a small four-port MIMO microstrip 

patch antenna is used as the network-to-IoT hardware 

communication gateway. Developed to function at 

6.6 GHz with a maximum frequency of 27 GHz, the an-

tenna guarantees effective signal propagation and re-

ception with minimal return loss (S11  – 10 dB) and 

high isolation (more than – 15 dB). 
 

 
 

Fig. 1 – Block diagram of the proposed design 
 

These characteristics improve data throughput by 

enabling the operation of several independent channels 

at once. The signal that is transmitted is then connected 

to a 5G modem or base station, in which dependable 

communication is guaranteed even in intricate multi-

path environments thanks to the antenna's outstanding 

diversity efficiency, which is exhibited by its extremely 

low signal envelope coefficient of correlation (ECC  

0.01), significant diversity gain (≈ 10 dB), and beneficial 

overall active reflection coefficient (TARC  – 10 dB). 

The data stream is routed to a MQTT broker that is set 

up at an edge gateway or on a cloud server once it has 

been transmitted across the 5G backbone.  

With the help of the antenna's steady group delay re-

sponse, which prevents extra latency, this step leverages 

the extremely lightweight publishing-subscription na-

ture of MQTT to deliver effective, real-time data trans-

mission with little overhead. In order to ensure prompt 

and reliable supply of information to aid in monitoring 

and decision-making, the broker then transmits the sen-

sor data to subscribed clients, such as visual dash-

boards, control networks, or cloud-based databases. 

 

5. RESULTS AND DISCUSSION 
 

The suggested compact four-port MIMO antenna's 

simulated three-dimensional radiation pattern at 

6.6 GHz is displayed above in the Figure 2. The distri-

bution of the electric field (E-field) in three dimensions 

is depicted in the figure, making it easy to see how the  
 

 
 

Fig. 2 – 3D radiation pattern (E-field distribution) 

antenna emits energy into the surroundings. It is evi-

dent from the figure that the antenna forms two sym-

metrical lobes and radiates in both directions along the 

± Z-axis. 

The antenna can produce a powerful radiated field 

while retaining appropriate efficacy levels, as seen by 

the maximum field intensity reported, which is roughly 

9.58  104 V/m. This validates that the antenna can de-

liver dependable radiation features without excessive 

power loss, because it is commensurate with the previ-

ously reported results of return loss (S11  – 10 dB) and 

port-to-port isolation (better than – 15 dB). 

The radiation lobes' homogeneity, which sustains 

steady signal propagation in the operational frequency 

region and facilitates low-latency communication, is an-

other important finding. For IoT and 5G applications, 

where continuous data transfer and wide-area coverage 

are essential, this is especially important. The antenna's 

applicability for real-time monitoring systems linked 

with the MQTT protocol is confirmed by the flat group 

delay response across the band and the radiation dura-

bility observed in the pattern. 
 

 
 

Fig. 3 – CCL (Channel Capacity Loss) vs. Frequency plot from 

HFSS 
 

 
 

Fig. 4 – Diversity gain (DG) vs. Frequency plot from HFSS 
 

The proposed four-port MIMO antenna's simu-

lated channel capacity loss (CCL) over the 1–10 GHz fre-

quency range is shown in Figure 3. The curve indicates 

that, over the majority of the operational bandwidth, the 

CCL stays considerably below the permissible threshold 

of 0.4 bits/s/Hz, with the lowest values found in the vi-

cinity of the antenna's resonance frequency. The plot 

shows a deep notch at about 8.6 GHz, which indicates 

little capacity loss and validates that the antenna can 

sustain very effective parallel communication channels 

This low CCL confirms that the antenna's design allows 

for distinct transmission routes with minimal information 

loss, which is essential for MIMO performance. The total 

response shows that the antenna is ideally suited for IoT 

and 5G applications since it produces dependable high-

data-rate communication in addition to good isolation and 

low correlation and it is shown in the Figure 4. 
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Fig. 5 – Envelope Correlation Coefficient (ECC) vs. Frequency 

plot 
 

 
 

Fig. 6 – Total Active Reflection Coefficient (TARC) vs. Fre-

quency 
 

The envelope correlation coefficient (ECC) variation of 

the suggested four-port MIMO antenna over the 1-10 GHz 

frequency range is shown in Figure 5. With values close to 

zero throughout the range, the results verify that the ECC 

stays considerably below the realistic limit of 0.5. Excellent 

channel independence is demonstrated by the extremely 

low correlation between the antenna elements, which is es-

sential for effective MIMO operation.  

The simulated Total Active Reflection Coefficient 

(TARC) of the suggested four-port MIMO antenna oper-

ating in the 1-10 GHz frequency range is displayed in 

Figure 6. Throughout the antenna's operational band, 

the TARC values stay below the permissible threshold 

of – 10 dB, with a noticeable decrease near the resonant 

frequency. Table 1 represents the comparison chart of 

the proposed design. 
 

Table 1 – Comparison chart of the proposed design 
 

Frequency 

Band 

Antenna 

Size (mm2) 

Isola-

tion (dB) 

ECC DG 

(dB) 

Gain 

(dBi) 

5.8 GHz 28  28 – 12  0.05 ~ 9 3.5 

6.5 GHz 25  20 – 13  0.02 ~ 9.5 4.0 

28 GHz 15  15 – 14  0.01 ~ 9.8 5.2 

6.6 GHz / 

up to 27 

GHz 

18.8  16.7  – 15  0.01 ≈ 10  5 

 

In contrast to previous designs, the suggested an-

tenna ensures little channel correlation with superior 

isolation (below – 15 dB) and very low ECC ( 0.01). Ac-

cording to your studies, its good TARC ( – 10 dB) and 

Diversity Gain (~ 10 dB) demonstrate robust MIMO ca-

pability. In contrast to the majority of current designs, 

which solely concentrate on physical performance, your 

concept is application-ready for IoT and 5G real-time 

communication thanks to its integration with the MQTT 

protocol. Because of its small size (18.8  16.7 mm2), it 

can operate up to the mmWave band (27 GHz), which is 

advantageous for devices with limited space. 

The suggested MIMO antenna maintains signal 

strength substantially over 20 dB for the majority of 

samples, peaking at about 27-28 dB, according to the 

SNR vs. time figure. This guarantees dependable link 

quality with high throughput and low bit error rates. 

Figure 5 represents the SNR vs Time and shown below. 
 

 
 

Fig. 7 – SNR vs Time through MQTT 
 

 
 

Fig. 8 – Capacity vs Sample of MQTT 
 

Figure 8 represents the capacity vs sample and 

shown above for the MQTT protocol. Plotting Capacity 

vs. Sample reveals variations between 15 Mbps and 

38 Mbps, with many peaks signifying effective MIMO 

antenna system use. 

 

6. CONCLUSION 
 

A small four-port MIMO microstrip patch antenna 

was created and assessed in this study for use in 5G and 

the Internet of Things. Stable MIMO performance re-

quires low return loss, excellent isolation between ele-

ments, and good impedance matching, all of which the 

antenna achieved. Excellent diversity properties, such 

as very low ECC, high diversity gain, and positive TARC 

values, were demonstrated by the results, demonstrat-

ing its capacity to provide dependable communication 

with little interference. Furthermore, demonstrating its 

appropriateness for low-latency, real-time data trans-

mission is the flat group delay response.  

The design is appropriate for both sub-6 GHz and 
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mmWave applications because it was tested at higher 

frequencies, up to 27 GHz, and retained a respectable 

gain and efficiency. The antenna's integration with the 

MQTT protocol, which permits real-time, lightweight 

data sharing in Internet of Things systems, is one of the 

study's main strengths.  
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Проєктування та оцінка продуктивності компактної чотирипортової mmWave MIMO-

патч-антени, що інтегрує протокол MQTT на частоті 6,6 ГГц у 5G-застосуваннях 
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У цій роботі представлено проєктування та оцінку продуктивності компактної чотирипортової мікрос-

мужкової патч-антени міліметрового діапазону MIMO, що працює на частоті 6,6 ГГц, з розмірами підкла-

дки 18,8 × 16,7 мм2, виконаної на епоксидній смолі FR4. Кожен патч-елемент має розміри 9,2 × 7,1 мм2 та 

оптимізований для високої ізоляції та низьких втрат на відбиття. Антену аналізують з точки зору S-пара-

метрів, підтверджуючи втрати на відбиття (S11 = – 10 дБ) та ізоляцію портів (S21, S31 тощо = – 15 дБ), що 

забезпечує мінімальний міжелементний зв'язок для ефективної роботи MIMO. Продуктивність MIMO оці-

нюється шляхом обчислення коефіцієнта кореляції обвідної (ECC = 0,01), коефіцієнта рознесення (DG ≈ 

10 дБ) та повного коефіцієнта активного відбиття (TARC = – 10 дБ), демонструючи високу незалежність 

від каналу та можливості рознесення. Групова затримка аналізується по всьому робочому діапазону, де-

монструючи рівну характеристику, яка підтримує передачу даних з низькою затримкою. Ефективність 

випромінювання та коефіцієнт посилення антени оцінюються на частоті 27 ГГц для оцінки сумісності із 

застосуваннями міліметрового діапазону, при цьому загальна ефективність перевищує 65 %, а значення 

посилення підтримують практичну інтеграцію у високошвидкісні бездротові системи. Крім того, антена 

інтегрується зі стеком протоколів MQTT (Message Queuing Telemetry Transport) для полегшення моніто-

рингу продуктивності в режимі реального часу та зв'язку з низькою затримкою в сценаріях Інтернету ре-

чей та 5G. Результати підтверджують придатність запропонованої антени для компактних, високопроду-

ктивних систем MIMO з підключенням до Інтернету речей через MQTT. 
 

Ключові слова: MIMO Мікросмужкова патч-антена, Частота 6,6 ГГц, Коефіцієнт кореляції обвідної 

(ECC), IoT (Інтернет речей), Протокол MQTT. 
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