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Abstract-  Compact printed multiple input multiple 

output (MIMO) antenna is reported for C-band (n79, 

LTE-46/47) applications. The presented two-

element MIMO antenna has a size of 27×27 mm2 and 

it is printed on a 0.8 mm thick, low-cost dielectric 

substrate (FR4). The rectangular patch consists of 

two parallel narrow slots on both sides of the patch. 

These parallel slots are used to enhance the 

impedance bandwidth of a proposed antenna. The 

antenna is fed via a 50Ω impedance feedline. The 

proposed antenna has partial ground that helps to get 

wider bandwidth. The antenna operates at a 

frequency of 4.42 GHz which is included in the 

future near radio (n79-band) 5G frequency band. 

Proposed antenna has a bandwidth of 2.45 GHz, and 

a peak gain of an antenna is 7.1 dB which is 

appropriate for portable C-band (n79, LTE-46/47) 

applications. Optimization using simulation and 

fabrication shows that the proposed MIMO antenna 

can provide requisite gain, reasonable bandwidth, 

and high radiation efficiency in resonant frequency 

bands. 
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I. INTRODUCTION 

 

 In recent years, antenna technology has 

played an important role in smartphone and 5G 

communication. All the modern advancements in 

5G and 6G communication highly depend on 

antenna technology. Microstrip patch antennae 

become more popular due to their compact size and 

high reliability. Microstrip patch antennae are also 

useful in small-size devices like mobile phones and 

smartwatches due to their easy-to-install feature in 

such types of devices. In the wider field of antenna, 

MIMO (multiple input and multiple outputs) 

antenna becomes more effective as compared to 

other types of antennae. MIMO antennae have 

several advantages over traditional antennae such as 

higher   data   rate,   enhanced   gain,   and   coverage,  

increased spectral efficiency, and diversity gain [1]. 

Some promising frequency bands have been 

designed for modern wireless communication 

applications, such as 5G networks. Future 

communication was to take place in 

many configurations [2]. The emerging trend for 

huge MIMO applications and inner microcells is for 

mm-Wave [3]. Due to advancements in antenna 

technology, microstrip patch antennas provide 

polarization diversity that helps mitigate the effects 

of signal attenuation and polarization mismatch in 

wireless and WIFI communication systems [4]. In 

the paper, a compact two-element microstrip patch 

antenna is presented that is operated in C-band. Due 

to the given operating frequency, the presented 

antenna can be easily used in satellite 

communication, WIFI, and wireless 

communications [5]. C-band includes a frequency 

range between 4 to 8 GHz which is known for its 

ability to penetrate clouds and rain, also useful for 

long-distance communication [6]. The compact size 

of the antenna allows it to be integrated into limited-

space devices such as mobile phones [7]. 

As wireless and Wi-Fi communication require 

higher gain and wide bandwidth and smart devices 

require less occupied space antenna [8]. The 

following key feature of the antenna makes it 

appropriate for the required application. So, the C-

band frequency range has a nondegraded signal the 

antenna can be used in mountains and intense 

climate conditions [9]. It is an advanced universal 

wireless standard after 1G, 2G, 3G, and 4G. As in 

the Telecommunication industry, 5G is playing a 

vital role in advancement and technology building. 

5G is a fundamental network in which the 

technologies are split into multiple domains called 

cells. All the domains within this network liaise by 

electromagnetic waves such as radio waves with a 

universal base station with the help of antennas. 5G 

networks help in many ways including wireless 

communication. Antennas are important 

components of the 5G domain subsystem that help 

in transferring and encountering electromagnetic 

waves [10]. 5G uses cutting-edge methods like 
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multiple-input multiple-output (MIMO) to boost 

capacity and expand coverage. These methods rely 

on groups of interconnected antennas that combine 

to produce and aim narrow beams of radio waves at 

users or locations [11-13].  

In this paper, first, we discuss the introduction of the 

antenna in section I. The introduction given in the 

paper contains the application of the C-band MIMO 

antennas. The design of an antenna is presented in 

section II and in section III, we discuss step-by-step 

design of the antenna as a parametric analysis. After 

that, we have a results and discussion section IV in 

which we discuss the performance of the antenna. In 

the next section, we compare our simulated results 

with fabricated results. In the end, we conclude that 

this antenna presents better than previous antenna, 

such as, efficiency, gain, and bandwidth. 

 

II. ANTENNA DESIGN 

 

 Compact MIMO antenna is printed at height 

of 0.8 mm on a dielectric FR4 substrate with a 

dielectric constant of 4.4. Because of its good 

electrical and mechanical qualities, ease of 

availability, and relatively inexpensive cost, the FR4 

substrate is a popular choice for antenna design. The 

overall size of the substrate is 27×27 mm2. The 

antenna consists of two patch elements with a 

common partial ground. Antenna element is fed 

from a 50Ω microstrip line to be operated for C-band 

applications [12]. The rectangular patch has a 

circular slot, and the end side of the patch contains 

two opposite stubs at both sides. Both the patch 

elements are perpendicular to achieve good isolation 

between two antenna elements and have a common 

partial ground to get wider bandwidth and high gain. 

The circular slot in the patch element is used for the 

directional radiation pattern that is required for long-

distance communication. The dimensions of 

proposed MIMO antenna and a prototype are shown 

in Fig. 1. From Fig. 1 (a), yellow color is the radiator 

(patch), and the orange color shows the ground, as 

depicted in Fig. 1 (b) and Fig. 1 (c). Table I lists the 

MIMO antenna's final optimized dimensions. 
 

 
(a) Simulated MIMO design 

 

 
(b) Fabricated Top View 

 

 
(c) Fabricated Rare View 

Fig. 1 Perspective view of two element MIMO 

antenna design. 

 

TABLE  I. Values of Antenna Parameter. 

Parameter Value 

(mm) 

Parameter Value 

(mm) 

W 27 L 27 

Wf 1.53 Wg 4.9 

W1 10.2 W2 0.6 

R 2.3 R 1.55 

L1 7 L2 2.75 

L3 8 L4 2 

Ws 22 Ls 14 

 

III. PARAMETRIC ANALYSIS 

 

A. Step-01 Antenna: 

In the first step, the antenna comprises of single 

rectangular patch with partial ground. A simple 

rectangular patch with two opposite slots that are 

added on left side of the rectangular patch where a 

slot is used to get the desired bandwidth. A 50-ohm 

impedance line is used to feed the antenna. Fig. 2(a) 

depicts the design of a single-element antenna. 
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B. Step-02 Antenna: 

In second step, the overall antenna is the same as in 

the previous setup, but it consists of two patches 

having the same dimension. The first simple MIMO 

antenna is indicated in Fig. 2(b) where results are 

discussed in the subsequent section. 

 

C. Step-03 Antenna: 

In the next step, a rectangular stub is added on both 

sides of the antenna patch in the antenna element to 

get better antenna performance. This antenna has 

almost the same results as compared to a final 

antenna concerning bandwidth and return loss. The 

design of antenna is displayed in Fig. 2(c). 

Final step (as shown in Fig. 1 (a)) has an additional 

band at 9.4 GHz which makes it useful for satellite 

and radar communication. 

 

 
(a) Step-01 

 

 
(b) Step-02 

 
(c) Step-03 

Fig. 2 Parametric Analysis of a proposed MIMO 

Antenna configuration. 

 

IV. RESULTS AND DISCUSSION 

 

D. S Parameters and VSWR 

The S parameters graph shows that proposed 

antenna operates at C-Band frequency range, and 

proposed antenna operates at frequency of 4.42 GHz 

as shown in Fig. 3 (a). The S parameters show that 

as we change our antenna from step-01 to the final 

design results become better and more efficient. 

Proposed antenna has an overall bandwidth of 2.45 

GHz. In addition, the proposed antenna outperforms 

the other three antennas with a return loss of -29.14 

dB. Proposed compact MIMO antenna has low 

VSWR value, which is necessary for improved 

antenna performance. The antenna has a low value 

of VSWR which is about 0.38. The VSWR graph is 

shown in Fig. 3 (b). It indicates how much power is 

reflected in the antenna.  

 

 
 

(a) Reflection Co-efficient of proposed MIMO 
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(b)VSWR of proposed MIMO 

Fig. 3 S-parameters and VSWR of a proposed 

antenna in parametric analysis. 

 

E. Gain 

The proposed compact MIMO antenna has a peak 

gain of 7.19 dB at a frequency of 4.4 GHz. The 

antenna gain is a ratio of power received from an 

antenna in particular direction to power received 

from a reference antenna in the same direction. A 

higher antenna gain indicates that the antenna is 

more powerful at receiving signals in its direction. 

This is important in communication systems, such 

as Wi-Fi networks, where a higher gain helps to 

increase the range of the signal. In Fig. 4(a) and Fig. 

4(b), the 3D gain and 2D E- & H-Planes of the 

proposed antenna are illustrated. 

 

(a) 3D plot 

 

 
(b) 2D radiation pattern 

Fig. 4 The 2D and 3D radiation pattern of a 

proposed compact MIMO antenna at the resonance 

frequency of 4.4 GHz. 

TABLE II. Comparison of proposed work with 

literature. 
Ref. 

no. 

Area 

(mm2) 

Por

ts 

Bandwi

dth 

(MHz) 

Gain 

(dBi) 

Effici

ency 

(%) 

ECC 

(dB) 

[9] 200 × 260 8 200 3.5 47 – 

58 

----- 

[13] 30 × 30 2 1000 5.4 71 <0.02 

[14] 50 × 60 4 3600 ----- ----- <0.04 

[15] 38 × 38 4 700 4.4 ----- <0.02

5 

[16] 35 × 50 2 2540 5.23 ----- <0.02 

[17] 31.7 × 

31.7 

4 12000 2.0 60 <0.08 

This 

work 

27 × 27 2 2450 7.19 74 <0.01

5 

 

F. Measured S-Parameters 

The modeling and parametric analysis of the 

proposed antenna is simulated on HFSS 15. Fig. 5 

(a) shows the S parameters graphs of simulated and 

measured results. We perceive that measured and 

simulated results closely resemble to each other, 

indicating a high standard of similarity between the 

two sets of information. We observe that in 

simulated results the overall antenna bandwidth is 

2.45 GHz and in measured results, we have a 

bandwidth of almost 2.2 GHz in S (1,1) parameters. 

While in the next Fig. 5 (b), we have simulated and 

measured the results of S (2,1). The S (2,1) Graphs 

show that the antenna has good isolation between 

two elements in both simulation and measure. This 

shows that measured results have a good 

approximation of simulated results. The channel 

capacity loss (CCL) of a proposed two-port MIMO 

antenna design is shown in Fig. 6. CCL is less than 

0.5 bits/s/Hz throughout desired band. The proposed 

design is further compared to the latest articles, and 

the proposed design shows a maximum bandwidth 

of 2450 MHz, which is good for the design purpose. 

From Table II, it is shown that proposed compact 

MIMO antenna has good bandwidth and gain in 

terms of antenna performance for their applications. 

 

(a) Reflection co-efficient of MIMO 



Technical Journal, University of Engineering and Technology (UET) Taxila, Pakistan  Vol. 28 No. 4-2023  

ISSN:1813-1786 (Print) 2313-7770 (Online) 

51 

(b) Transmission co-efficient (Isolation) of MIMO 

Fig. 5 Simulated and measured results of a 

proposed MIMO antenna design. 

 

 
Fig. 6 The channel capacity loss of a proposed 

compact MIMO antenna. 

 

V. CONCLUSION 

 

 This research paper presents a two-element 

patch antenna that is proposed for future-generation 

(n79, LTE-46/47) smartphones and other devices. 

The proposed compact MIMO antenna has higher 

gain of 7.19 dB which makes it suitable for long-

range communication. Also, the antenna covers the 

C-band frequency range that is used for higher 

bandwidth and reduces interference. In parametric 

analysis, the antenna design is refined in three steps, 

gradually improving its performance. The final 

design of the antenna performs better concerning the 

required parameters. The antenna has an operating 

frequency of 4.42 GHz with 2.45 GHz bandwidth 

and 7.19 dB peak gain. The proposed antenna has a 

low value of VSWR which means a minimum 

amount of power is reflected to the transmission line 

and a higher proportion of transmitted power is 

effectively radiated by the antenna. In the end, the 

research paper shows that this antenna performs 

better than the previously designed antenna. In 

conclusion, the presented antenna is used for C-band 

(n79, LTE-46/47) applications. 
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