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Abstract 
Fifth Generation (5G) networks envisage enhanced spectral efficiency and network capacity. 
Multiple-input multiple-output (MIMO) technology has been identified as a key enabler for 5G 
smartphones that will greatly improve data rate and ensure seamless connectivity. The 
development of MIMO antennas into the compact design of modern smartphones has lately 
drawn research interest. A computer simulation technology (CST) Studio Suite tool, which is an 
electromagnetic field simulation software, was used to simulate the antenna and get the 
corresponding radiation patterns. The proposed PIFA antenna is designed with an Inverted-T-
shaped open-slot with a patch of 0.2 mm thickness etched on it. The PIFA is developed on a FR4 
substrate with relative permittivity of 4.3 and thickness of 0.4mm. The proposed antenna is 
therefore to improve the achieved bandwidth to more than the 78% and better total efficiency 
of the one achieved (40% -78%) across the desired frequency band. The designed PIFA operates 
between 3.0 - 7.5 GHz and achieved a maximum efficiency of 99.14% at 5.0 GHz and a 
bandwidth of 3.75 GHz. The proposed PIFA MIMO antenna is miniaturized with adequate space 
left for other components to be incorporated on the board. 
 
Index Terms - 5G, PIFA-Pair, MIMO Antenna. 
 
1.0 Introduction 
An antenna is a transitional structure between free-space and a guiding device that is an 
indispensable part of any wireless communication system [Balanis, C. A. (2016)]. They are the 
units that radiate the necessary signals that enable a user to communicate. The demand for high 
speed, efficient and reliable wireless communication systems and networks has increased 
recently due to the need to for high data transfer [Iqbal, J., U. Illahi, M. A. Khan, A. Rauf, E. M. Ali 
and I. Bari et al. (2022)]. In order to realize a global world village, there is need for rapid 
development and expansion of wireless communication networks and systems. This has led to 
the development of the fifth generation (5G) mobile communication systems [Patnaik, P., D. 
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Sarkar, & C. Saha (2020)]. The development of the networks and systems has also necessitated 
the development of terminals and this led to the production of the smartphones.  
 
The smartphones are on research and development in line with the development of wireless 
communication systems [De-la-Bandera, I., Toril, M., Luna-Ramírez, S., Buenestado, V., & Ruiz-
Avilés, J. (2020)]. With the increasing demand for high-speed data transfer and the higher need 
for slim smartphones, then came the need for developing miniaturized antennas that will fit into 
this slim phone but will at the same time not affect system performance [Li, L., Jia, Z., Huo, F., 
and Han, W. (2013)]. These demands have been met with the introduction of the 5G systems 
that support high bandwidth through the use of high frequency. These frequencies ranges 
known as the 5G NR (New Radio) bands, are the mm-wave and the sub-6 GHz bands [Barri, S., & 
Aruna, S. (2022)]. Various designs have been done under the sub-6Ghz but some are single band 
and others operate under dual band. To significantly enhance data throughput and connectivity, 
modern smartphones use MIMO technology [Jemaludin, N., Al-Gburi, A., Elabd, R., Saeidi, T., 
Akbar, M., Ibrahim, I., et al. (2024)]. There are others that operate as wideband like this model 
but this one employ MIMO technology which enhances efficiently channel capacity and 
spectrum efficiency. However, the multiple elements needed to support MIMO technology 
brings about space challenge in smartphones which further brings limitations on the bandwidth. 
Some researchers use some decoupling structures to overcome these problems but for this 
model shorting stub has been used to maintain good element isolation [Yuan, X., Chen, Z., Gu, T., 
& Yuan, T. (2021]. 
 
In this study, a wideband PIFA based antenna has been modelled that cover the frequency band 
3.0 to 7.5 GHz. In this study, the dimensions of a reference antenna were adjusted, as the main 
aim was to improve the total efficiency and bandwidth, while maintaining the miniature state of 
the reference antenna.  
 
This paper is organized as follows: Section I introduces the paper with highlights of the 
background information on PIFA antenna. In Section II, the antenna performance parameters 
such as input impedance, antenna gain, antenna efficiency and radiation pattern are discussed 
while Section III presents the design and modelling of a wideband PIFA-pair based MIMO 
antenna. Simulations of the designed antenna are given in Section IV. The simulations are 
performed using a computer simulation technology (CST) suite tool. Finally, Section V presents 
the conclusions of this study and recommendations for future work. 
 
2.0 Antenna performance parameters. 
Various parameters such as antenna input impedance, efficiency, reflection coefficient, and 
radiation pattern are used to describe the performance of an antenna.  
 
2.1 Input impedance 
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This is the impedance offered by an antenna at its input which is normally given by the ratio of 
voltage to the current across its two input terminals. It varies with frequency and can be driven 
from the following equation [Chemweno, E., Kumar, P., & Afullo, T. (2023)].  
   
 Ant Rad Loss AntZ R R jX    (1) 

 
Where: 
  = Radiation Resistance 
  = Loss Resistance 
  = Antenna Reactance 
 
2.2 Antenna gain 
 For the same input, the ratio of radiation intensity in a given direction compared to that of 
a lossless isotropic antenna is known as the gain of an antenna which is given [Chemweno, E., 
Kumar, P., & Afullo, T. (2023)] by: 
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Where: 
  = Total Input Power. 
  = Radiation Intensity. 
 
2.3 Antenna efficiency. 
This is a ratio of the radiated power to that of the input power of an antenna. The power at the 
input terminals of an antenna is not equal to its radiated power because of losses due to 
reflections arising from impedance mismatches plus that due to conductor and dielectric 
material losses [Chemweno, E., Kumar, P., & Afullo, T. (2023)]. 
 
2.4 Radiation pattern. 
When the Farfield radiation characteristics is represented in a graphical format, it is normally 
referred to as radiation pattern. Several other parameters like beamwidth, main lobe direction 
and side lobe level can be got from the Farfield plot [Chemweno, E., Kumar, P., & Afullo, T. 
(2023)]. 
 
 
 
 
3.0 Methodology  
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3.1 Antenna design. 
This work reports on the design and modelling of a wideband PIFA-pair-based MIMO antenna for 
5G smartphones that uses a FR4 substrate with relative permittivity of 4.3 and thickness of 
 0.4mm. In order to design this antenna, the dimensions of the substrate, ground and the patch 
are calculated using the following formulae [Kulkarni, J., Desai, A., & Sim, C-Y. (2021)]. 

 
1

4
2
r

r

c
W

f





  (3) 

Where: 
   W= Patch Width 
 Fr= resonating frequency  
 C= speed of light 
 = Relative permittivity 
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Where:   
 L= Patch Length  

 = effective permittivity  
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 h= height of substrate. 
 
4.0 Results  
 
4.1 Simulation Results 
Computer Simulation Technology (CST) software was used to design and simulate the proposed 
antenna [Dassault Systèmes. (2022, January 5)]. For this work, the antenna design is made up of 
a substrate, a patch, a ground and various slots as shown in figure 1 below. In this study, the 
dimensions of a reference antenna were adjusted [Yuan, X., Chen, Z., Gu, T., & Yuan, T. (2021)]. 
The dimensions of the substrate, Patch and the ground for this model is as shown in table1 
below.  
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Fig 1:  Antenna with 0.2 mm Patch Thickness 
  
This antenna has a substrate, a patch, a ground and various slots as shown in figure 1 above. 
 
The figures below show graphs of different signals from the modelled antenna. 
 
Fig. 2 shows the input impedance of the antenna. This design exhibits the highest input 
impedance of 167.4 Ω at 3.5 GHz while falling to a minimum of 17.1 Ω at 7.5 GHz as shown in 
figure 2. Importantly it was observed that there was an exponential rise between 3.25 GHz and 
3.5 GHz reaching a maximum of 167.4 Ω before exponentially falling between 3.5 GHz and 3.75 
GHz to a low of 39.3 Ω. 
 
S11 signal, which is the input reflection coefficient [8] for the whole bandwidth 3-7.5 GHz is 
shown in Fig. 3. Two resonances occurred at 3.5 GHz and 5.13 GHz at levels -5.1 dB and -31.5 dB 
respectively. Since only one resonance occurred at a level less than -6 dB, then this is a single 
band antenna design. At a reflection coefficient of -6 dB, this model covers a bandwidth of 3.36 
GHz (4.14 to 7.5 GHz). 
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Table 1.: Antenna Dimensions 
Parameter Description Value(mm) 
Ls Substrate Length 150 
Ts Substrate Thickness 0.4 
Hs Substrate Height 7.0 
Lp Patch Length 15.0 
Tp Patch Thickness 0.2 
Hp Patch Height 7.0 
Lg Ground Length 150 
Wg Ground Width 75 
Tg Ground Thickness 0.2 
L1 Slot1 Length 0.4 
T1 Slot1 Thickness 0.2 
H1 Slot1 Height 3.0 
L2 Slot2 Length 13.5 
T2 Slot2 Thickness 0.2 
H2 Slot2 Height 1.3 
L3 Slot3 Length 12.6 
T3 Slot3 Thickness 0.2 
H3 Slot3 Height 0.8 

 
Efficiency of the modelled antenna in form of a graph is as shown in Fig. 4. Considered here is a 
patch and a slot of 0.2 mm in thickness and this design shows a high total efficiency of 99.14% at 
5 GHz while falling to 74.9% at 7.5 GHz as shown in figure 4. Significantly, it was seen that there 
was a sharp rise between 3.0 GHz and 3.5 GHz reaching 59.8%, then gradually rising to a 
maximum of 99.14% before falling to 74.9 % at   7.5 GHz. 
 

 
Fig. 2. Input impedance for 0.2 mm thick patch 
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Fig. 3. Input reflection coefficient of 0.2 mm thick patch 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Fig 4. Total efficiency for 0.2 mm thick patch 

 
Fig. 5. Show the simulated 3-D radiation patterns for the designed antenna at 3.5, 4.5, 5.5, 6.5 
and 7.5 GHz. The 3D Farfield graphs look similar except for the one at 3.5 GHz. This means that 
there is no major change in the radiation properties of the antenna from 4.5 to 7.5 GHz. 
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Fig 5. Simulated 3-D radiation patterns 
 
5.0 Conclusion 
A wideband PIFA based antenna with a 0.2 mm patch thickness has been modelled. The main 
aim of this research was to improve the bandwidth (more than 78%) and the total efficiency 
achieved (40-78%).   From the results of this study, the total efficiency achieved is between a low 
of 43.8% at 3.3 GHz to a high of 99.14% at 5.0 GHz. The bandwidth achieved is 3.36 GHz (4.14 to 
7.5 GHz). From these observations, efficiency has been improved but the bandwidth was not.  It 
is possible that the change in the permittivity of the substrate from 4.4 to 4.3 had the effect of 
improving the total efficiency but decreasing the bandwidth. 
 
This study was about the modelling and design of a patch antenna that operate on a sub-6GHz 
band (3.0 -7.5 GHz). Fabrication of the antenna was not done.  
Following are some recommendations for future work that are to be considered when doing 
further study on this research: - 
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I. Researchers should fabricate the antenna as the focus on this study was only on 
modelling and design. 

II. Frequency Range 2 (FR2) band, also known as Millimeter-wave, should be studied as 
sub-6GHz band only was considered in this study.  

III. The only CST software available during this study provided a substrate with 
permittivity of 4.3, any other study should consider a CST software that can provide a 
substrate with the same permittivity as the reference antenna and compare the 
parameters.  
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