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Abstract: We are living in the era of wireless communication. 

From accessing Internet through smartphones and Wi-Fi, 

changing TV channels with remote controls, using wireless 

computer peripherals like mouse, keyboards and headphones to 

mobile body area networks for keeping track of heart rate, blood 

pressure and body temperature, applications of wireless 

communication is everywhere. The most frequent and common 

use of wireless communication is mobile phones or cellular 

phones which uses the radio waves to carry data from one place 

to another. Though there are many advantages of wireless 

communication which makes it so popular, there are two most 

significant challenges in implementing a wireless communication 

system: multipath propagation and limited information rate. The 

concept of multipath propagation refers to travelling of wireless 

signal to the receiving antenna via different paths in space 

resulting in inter-symbol interference and fading. This 

phenomenon leads to failure of maximum use of the bandwidth 

resulting in low information rate. The problematic event of 

multipath propagation can be exploited by using more than one 

antenna (MIMO) in the sending and the receiving side. Multiple 

sending antennas use the concept of space diversity by sending 

same data signal through different path based on the fact that 

different version of the same signal will be received by the 

receiver increasing quality and reliability of the received data 

signal.Though in the current usage scenario, MIMO actually 

exploits multipath propagation concept for carrying more than 

one data stream over the same radio signal. One of the most 

important factors that influence the efficiency of MIMO antenna 

systems is the design layout of multiple antennas. Microstrip 

antennas, having small height and width, low cost, low weight 

and small volume can be a suitable candidate for being used as 

MIMO. The wireless performance of locally limited wireless 

communication systems such as Bluetooth and Wi-Fi using 2.4 

GHz unlicensed band can be increased significantly by 

incorporating the advantages of MIMO and microstrip antenna 

technology. In this paper, the performance of MIMO Microstrip 

antenna using OFDM technique for 2.4 GHz communication has 

been evaluated. 

Index word: Dielectric constant, MIMO, Microstrip antenna, 

OFDM Technique,   Wireless communication, 2.4GHz,  

I. INTTRODUCTION 

Wireless communication is in the verge of technological 

evolution as we are approaching towards adjusting ourselves 

with very high speed of Internet as we move from 4G to 5G 

communication. Nowadays, communication plays a very 

significant role in our life and has been made possible by 

huge advancement from 1G to 5G communication [1]. It has 

made our habits so bad such that slow access speed even for 

a very short interval of time is not tolerated by us. This high 

data rare feature has made current wireless communication 

technology much popular and is reflected by constant and 

growing number of users. 
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 The most common and frequent use of local 

wireless communication is Wi-Fi technology for the purpose 

of accessing any type of document, audio, video from 

Internet through smartphones, tablets or laptops. From 2018 

to 2019, there is a rapid 82% increase in mobile data traffic 

as number of smartphone users are growing in India and 

China [2]. A significant portion of this mobile traffic is 

generated in indoor environments or in short range 

communications with the help of Wi-Fi.Due to emergence 

of various new applications, the consumption of traffic is 

growing rapidly. But to accommodate this high demand of 

data traffic from many users the corresponding data rate 

should also be high requiring more of scarce resources like 

spectrum and energy. Keeping the user’s demands of 

increased data rate and low frame error rate for 3G and 4G 

communication in mind, the enabling technology behind 

Wi-Fi which is IEEE 802.11ax needs to enhance the 

information rate and area throughput in highly populated 

Wi-Fi zones [3].  

 The most commonly used radio bands by Wi-Fi are 

2.4 GHz and 5 GHz. Each band is comprised of many 

channels where transmission by many networks can use a 

single channel using time sharing mechanism [4]. For using 

2.4 GHz and 5 GHz spectrum, no license is needed to be 

acquired. The observation is that mobile or tablet consumes 

40% to 90% data while functioning in unlicensed spectrum 

[5]. 

 As number of devices co-existing and functioning 

in 2.4GHz ISM band (Industrial, scientific and medicalradio 

bands) is rapidly increasing, the packet collision rate due to 

signal interferences increases resulting in low information 

rate [6, 7]. For example, devices accessing Internet through 

WI-FI use the same 2.4 GHz band used by devices accessing 

ZigBee and Bluetooth technology. As a result, higher online 

streaming speed, large file downloading, handling of more 

devices and greater range of access points required to 

achieve faster local wireless communication in the future 

can be hindered by the low information rate due to mutual 

interference. 

 One of the ways to achieve the required 

characteristics of the future wireless communication can be 

to use more than one antenna so that higher speed of access, 

more coverage area and lower error rate can be achieved. A 

suitable candidate for implementing multiple antennas can 

be the MIMO system[8] where both the transmitter and the 

receiver is equipped with multiple antennas. 
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 The challenges of providing high data rate and 

error free communication in the context of limited 

bandwidth of wireless communication can be mitigated 

using MIMO microstrip antennas. The three most significant 

gains that can be achieved using MIMO antennas are array 

gain, gain in space diversity and spatial multiplexing [9]. 

 The concept of array gain actually indicates the 

increase in the power of the transmitted signal by the aid of 

multiple antennas in comparison to single I/O antenna 

system. As the information signals at the receiver are 

combined logically, there is an increase in the Signal-to-

Noise ratio(SNR) at the receiver which is a factor of number 

of antennas at the receiver. This increase in SNR in turn 

increases the coverage area and range of wireless system. 

As it is quite natural that the signals at the receiver 

fade away, transmitter MIMO can mitigate this effect by 

transmitting multiple independent copies of the signal with 

respect to space, frequency or time. The basic idea is that 

with the growing number of independent signals received, 

the probability that at least one of the received signals does 

not undergo intense fading will become high. This in turn 

amplifies the quality of the signal by reducing bit errors.  

The most significant property of MIMO system is 

spatial multiplexing. The high data rate to be achieved can 

be implemented by transmission of many independent data 

signals with respect to limited bandwidth and constrained 

channel properties. A large number of antennas can be aided 

to provide service to many devices concurrently in limited 

bandwidth environment towards significant increase in 

information rate [10]. 

The above advantages of MIMO system can be 

made available to devices with the aid of microstrip 

antennas. The benefits of microstrip antenna that can be 

very much helpful in designing MIMO systems are low cost, 

light weight, easy fabrication capability, low power handling 

ability, and reduced sizeand all-directional radiation in the 

horizontal plane [11] which is very much suitable to be used 

in mobile hand held devices. However, there are still some 

problems that can be encountered using microstrip antennas 

like restricted and limited bandwidth, offering of limited 

gain, low efficiency due to loses in dielectric substance and 

the conductor, high ohmic loss etc. [11]. Not all but some of 

these issues can be resolved by appropriate designing of 

microstrip array.   

One of the biggest application areas of 

implementing microstrip antennas is wireless local area 

network operating in 2.4 GHz and 5 GHz.  Wi-Fi usually 

operates in 2.4 GHz and 5 GHz band. Due to wide use of 

mobile phones, 2.4 GHz band has become overcrowded and 

lead to interference being directed towards low information 

rate [12]. 5 GHz band, mostly used by improved version of 

Wi-Fi is five times faster leading to less interference. There 

are also different Wi-Fi devices that support both 2.4 GHz 

and 5 GHz dual band. One of the significant technologies 

that have made reliable and faster accessing possible in 5 

GHz band is the incorporation of MIMO technology. 

There is a possibility that with proper designing of 

MIMO microstrip antenna, the 2.4 GHz unlicensed band can 

also be used more efficiently to accommodate more users as 

well as providing high data rate with low bit error rate. This 

paper actually analyzed the truthfulness of the above 

statement.  

II. METHODOLOGY 

In this research work MIMO microstrip patch antenna has 

been evaluated in 2.4 GHz band using OFDM technique. So 

the basic components of the proposed system are MIMO 

concept, microstrip patch antenna and OFDM. They have 

been discussed below. 

MIMO 

Multiple-input and multiple-output (MIMO) is actually the 

concept of using multiple antennas at the transmitter as well 

as the receiver thereby multiplying transmitting and 

receiving capacity. The idea behind using multiple antennas 

is influenced by the fact that different antennas furnish 

different signal paths through the space independent to each 

other.  

 

Figure 1: MIMO system 

As a result, the data rate is increased up to N (bits/s)/Hz for 

N transmitting and receiving antennas. So, it can be 

concluded that integration of more antennas operating in the 

same frequency increases the information rate in a linear 

fashion without any increase in power..  

 

Figure 2: MIMO increasesinformation rate without 

increasing power 

There are two main fundamental concepts on which MIMO 

is based: spatial diversity and spatial multiplexing. In case 

of spatial diversity, multiple similar data signals are sent and 

received in a parallel manner across different path through  
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the space thereby incorporating reliability of the system and 

range extension. Reliability is dependent on the fact that all 

the duplicate data signals travelling along different paths 

may not encounter same level of fading. Use of multiple 

antennas also increases the range as at the receiver end high 

amount of signal is accumulated.  

 

Figure 3: Spatial diversity and multiplexing concept of 

MIMO 

On the other hand, in case of spatial multiplexing, separate 

paths through the space carry separate independent data 

signals in parallel between the transmitter and the receiver. 

Performance of the system incorporating spatial 

multiplexing depends on construction and decoding process.  

 If NTis the number of antennas in the transmitter 

and NR is the number of antennas in the receiver then the 

input/output relation of the MIMO channel is described as 

below. 

             (1)

   

In other way, it can be expressed as Y=HX+N (2) 

Here Y is the vector representing received signal, H 

represents the channel matrix, X is the vector representing 

transmitted signal and N is the vector denoting the noise. 

For the purpose of determining the capacity of MIMO 

channel, at the transmitter as well as the receiver side, the 

MIMO channel is to be converted to N = min(NT,NR) SISO 

(single input and single output) channels by following linear 

transformation. Then the capacity of MIMO channel can be 

defines as 

C = log2 [det(IM+ SNR/NTHH
H
)]  (3) 

     

Here H denotes channel impulse response, H
H
 indicated the 

conjugate of transpose corresponding to H, IM denotes 

identity matrix of dimension NT×MR. It can be concluded 

that in case of MIMO, capacity grows faster than SISO and 

SIMO (single input multiple output). 

 When an antenna can switch between different 

frequency bands and radiation patterns in dynamic manner, 

then that antenna is termed as reconfigurable antenna. 

Mechanisms like switches, capacitors make changes in the 

antenna properties by applying radio frequency current 

through the antennas in forceful dissemination manner. 

MIMO can be implemented as reconfigurable antennas 

where in varying frequencies and polarization different 

radiation pattern can be achieved.  

Microstrip patch antenna 

Microstrip patch antenna in these days is becoming 

extensively useful as they are of low weight, height, width 

and easily assembled on a circuit board. The general 

structure of microstrip patch antenna has been depicted in 

the figure below. 

 

Figure 4: Microstrip patch antenna 

The diagram above shows a microstrip patch antenna along 

with a transmission line feed. In general, a high conductive 

metal like copper is used for the patch, transmission line and 

the ground plane. L and W denote the length and width of 

the patch antenna and height of the dielectric circuit board is 

denoted by h.  

 A patch antenna can be of different shapes printed 

on a circuit board with a ground plane on the opposite side 

of the patch operating in microwave frequencies. An array 

of patch antenna is composed of many patches arranged in 

2D array. The antenna patches are attached to the transmitter 

and the receiver via the transmission lines. For generating 

transmitting and receiving signals current is passed between 

patch and the ground plane. The value of h should be 

significantly less than the operation wavelength but not less 

than 1/40
th

 of the wavelength. 

Orthogonal Frequency Division Multiplexing (OFDM) 

OFDM extends the capability of FDM (Frequency Division 

Multiplexing) by using the concept of orthogonality. In 

FDM, the large bandwidth of the transmission medium is 

partitioned into a sequence of small frequency ranges 

separated by a narrow frequency range known as guard band 

for avoiding interference due to overlapping. Different data 

signals ob different sub-carriers 

are transmitted in parallel. 
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Figure 5a) 

 

Figure 5b) 

Figure 5: Bandwidths utilization in a) FDM and b) 

OFDM 

OFDM also partitions the channel bandwidth into different 

sub-channels with narrow frequency range. But instead of 

using guard bands like FDM, the sub-channels are 

overlapped here. The concept of orthogonality is used to 

avoid interference between overlapped sub-channels. The 

concept of orthogonality of the sub-carriers refers to the 

independence of the sub-carriers. The independence is 

affected by making only one carrier having non-zero value 

and all the others having zero value with respect to sampling 

points in the frequency domain.  A diagram of a basic 

OFDM system has been illustrated below. 

 

Figure 6: A basic OFDM system 

The digital modulation schemes like QPSK, 16 QAM and so 

on are aided for performing the modulation of the sub-

carriers. Suitable modulation and demodulation by the aid of 

Inverse Fast Fourier Transform (IFFT) at the sending end 

and Fast Fourier Transform (FFT) at the receiver end has 

been made possible by the concept of orthogonality. For 

error detection and correction in the received data, forward 

error correction mechanism is used. 

 High information rate and strong interference 

mechanism attributes have made OFDM so popular that it is 

the most primary technique for wireless LAN applications. 

MIMO-OFDM 

The advantageous properties like fast speed and less 

corrupted data delivery achieved by OFDM by the aid of 

partitioning of available radio bandwidth into different sub-

channels can be effectively used by MIMO antennas by 

carrying different data signals transmitted by different 

antennas through the different sub-channels. The most 

fundamental concept behind the success of OFDM is 

orthogonality which is maintained in the MIMO system by 

keeping the transmitted signals from different antennas 

orthogonal to each other with the aid of space time coding. 

OFDM on the other hand, removes the possibility of 

interference, the most significant barrier of wireless 

communication. 

 By using FFT in OFDM a complex signal is 

segmented into simple sine waves. Also the bandwidth is 

effectively used by FFT by keeping time domain signals 

orthogonal to each other. As MIMO makes effective use of 

multipath propagation, a problem in wireless 

communication and OFDM does not carry out equalization 

of signals, combination of MIMO and OFDM can be very 

much appropriate for high speed demanding wireless 

communication. Irrespective of the availability of the 

information regarding channel state, the information rate 

achievable by the MIMO-OFDM is very high.  

III.  RESULT AND DISCUSSION 

In this work, the radiation efficiency of 2×2 MIMO 

microstrip reconfigurable antenna for two different 

dielectric constant and varying substrate height has been 

analyzed. The simulation has been performed in MATLAB 

R2016a environment.  

 

Figure 7: MATLAB R2016a simulation environment 

Experiment 1: Effect of “SNR per bit” on BER W.R.T. 

QAM modulation 

The modulation technique used in this MIMO-OFDM 

antenna radiation evaluation in this research work is QAM 

as higher data rate and spectral efficiencies can be achieved 

by it. For determining the accuracy of a bandwidth 

independent modulation technique the metric used is the 

ratio of energy per bit to noise power spectral density  
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(Eb/N0), also known as normalized SNR or SNR per bit. 

With each data bit, the energy of the signal is denoted as Eb 

measured by dividing the signal power by the bit rate. N0 

denotes spectral density of the noise. The following graph 

depicts Eb/N0 vs bit error rate (BER) relation for QAM 

modulation technique with respect to the current MIMO-

OFDM system. 

 

Figure 8: Bit error probability curve for QAM using 

OFDM 

From the above graph it can be concluded that as SNR per 

bit increases, the BER decreases in MIMO-OFDM system. 

For the ratio of Eb/N0 greater than 5, BER decreases 

significantly. Also, the simulation result matches with the 

theoretical limit. 

Experiment 2: Effect of varying substrate height on 

radiation efficiency W.R.T. dielectric constant 3.3 

In this experiment dielectric constant has been considered is 

3.3. Then for different substrate height, the radiation 

efficiency of the patch antenna at 2.4 GHz has been 

analyzed. The table shown below illustrates the percentage 

efficiency of patch antenna radiation for different substrate 

height from 0.0001 mm to 0.0020 mm. Radiation efficiency 

is expressed in percentage and operating frequency is 

expressed in GHz. 

Table 1: Radiation efficiency at different substrate 

heights with dielectric constant 3.3 

Length Efficiency 

0.1e-3 99.45 

0.2e-3 98.91 

0.5e-3 97.29 

1.5e-3 92.03 

2.0e-3 89.49 
 

The charts below depict the radiation efficiency of the patch 

antenna for different substrate heights at 2.4 GHz band with 

value of dielectric constant 3.3. 

 

a) 

 

b) 

 

c) 

 

d) 

 

e) 

Figure 9: Radiation efficiency at 2.4 GHz with dielectric 

constant 3.3 and for substrate heights a) .0001 mm b) 

.0002 mm c) .0005 mm d) .0015 mm e) .0020 mm 

It can be concluded from the above graphs that radiation 

efficiency percentages of the 2×2 MIMO patch antenna 

decreases linearly as the substrate height is increased from 

.0001 mm to .0020 mm at 2.4 GHz.  The radiation efficiency 

percentage is 99%, highest at substrate height .0001mm and 

89%, lowest at substrate height .0020mm. Within the 

substrate height range 0.0001mm to 0.0020 mm, the MIMO  
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patch antenna maintains good radiation efficiency at 2.4 

GHz. 

Experiment 3: Effect of varying substrate height on 

radiation efficiency W.R.T. dielectric constant 4.4 

In this experiment dielectric constant has been considered is 

3.3. Then for different substrate height, the radiation 

efficiency of the patch antenna at 2.4 GHz has been 

analyzed. The table shown below illustrates the percentage 

efficiency of patch antenna radiation for different substrate 

height. 

Table 2: Radiation efficiency at different substrate 

heights With dielectric constant 4.4. 

 

Length Efficiency 

0.1e-3 99.31 

0.2e-3 98.63 

0.5e-3 96.60 

1.5e-3 90.10 

2.0e-3 87.00 
 

 

The charts below depict the radiation efficiency of the patch 

antenna for different substrate heights at 2.4 GHz band with 

value of dielectric constant 4.4. 

 

a) 

 

b) 

 

c) 

 

d) 

 

e) 

Figure 10: Radiation efficiency at 2.4 GHz with dielectric 

constant 3.3 and for substrate heights a) .0001 mm b) 

.0002 mm c) .0005 mm d) .0015 mm e) .0020 mm 

It can observed from the above graphs that radiation 

efficiency percentages of the 2×2 MIMO patch antenna 

decreases steadily as the substrate height is increased from 

.0001 mm to .0025 mm at 2.4 GHz.  The radiation efficiency 

percentage is 99%, highest at substrate height .0001mm and 

83%, lowest at substrate height .0025 mm. Within the 

substrate height range 0.0001mm to 0.0025 mm, the MIMO 

patch antenna maintains good radiation efficiency at 2.4 

GHz. 

Experiment 4: Performance comparison of antennas 

having dielectric constant value 3.3 and 4.4 

In this experiment, the radiation performance efficiencies 

corresponding to dielectric constant 3.3 and 4.4 has been 

compared. The following graph shows the radiation 

percentages of the two dielectric constant values 3.3 and 4.4 

with respect to different substrate heights. 
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Figure 11: Comparison of radiation performance w.r.t. 

dielectric constant 3.3 and 4.4 
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From the above graph, it can be observed that radiation 

performance of the antenna is better when the dielectric 

constant is taken as 3.3. 

Experiment 5: Radiation pattern of Microstrip antenna 

Radiation pattern of an antenna refers to the strength of 

emission and reception in form of a wave pattern. The 

direction of the radiation of an antenna can be easily 

understood just by looking at the radiation pattern. The 

pattern of radiation is represented as a function of angular 

position and radiation distance from the antenna. The graphs 

below describe radiation pattern of the antenna. 

 

a) 

 

b) 

 

c) 

 

d) 

Figure 12: Radiation pattern of the antenna 

a) 3D radiation pattern b) azimuth cut c)   elevation cut 

d) 2D radiation pattern 

From the above diagrams, it can be observed that the The 

radiation pattern of microstrip or patch antenna is broad. It 

has low radiation power and narrow frequency bandwidth. 

In addition it has lesser directivity. 

Experiment 6: Return loss analysis 

Return loss of an antenna refers to ratio of the portions of 

the rejected radio wave to the portions of the radio wave 

accepted. The unit of expressing return loss is decibel (dB). 

The following graph demonstrates the relation of return loss 

with frequency. 

 

Figure 14: Return loss vs frequency for microstrip 

antenna 

From the above graph it can be concluded that the return 

loss value decreases as  frequency increases at 2.4 GHzand 

it has a low return loss value i.e. slightly greater tan 1 dB. 

That is approximately 20% of power reflects back to 

antenna. 

IV.   CONCLUSION 

The dimension of a microstrip patch antenna has a great role 

in efficient transmission and reception of radio signals. High 

radiation efficiency of the antenna indicates effective power 

dissemination in the free space. Low radiation efficiency 

occurs due to properties of the metal conductor, dielectric as 

well as magnetic losses and others. These adverse effects 

should be minimized by providing high radiation efficient 

antenna for successful wireless communication. This 

research work has demonstrated that radiation efficiency of 

MIMO reconfigurable patch antenna for 2.4 GHz band is 

dependent on substrate height and the value of dielectric 

constant.   

The experimental results indicate that as SNR per bit 

increases, the BER decreases in MIMO-OFDM system. The 

radiation efficiency percentages of the 2×2 MIMO patch 

antenna operating at 2.4 GHz decreases linearly as the 

substrate height is increased with dielectric constant value 

3.3 and 4.4. It is also observed that the radiation pattern of 

Microstrip patch antenna is broad. It has low radiation 

power and narrow frequency bandwidth and the return loss 

value is decreases as frequency is increased. In addition, at 

2.4 GHz the Microstrip patch antenna has a low return loss 

value. 

In this research work 2×2 MIMO patch antenna array has 

been implemented for radiation efficiency evaluation at 2.4 

GHz. In future, higher order patch antenna array can be used 

to enhance the radiation efficiency for 2.4 GHz band. 
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