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Abstract 
 
A novel compact two element MIMO (Multiple Input Multiple Output) antenna system for WLAN 

applications with improved isolation characteristics is presented in this paper. The proposed antenna 

resonates at 5.4 GHz frequency with good return loss characteristics. A 2×2 MIMO antenna system is 

developed using the proposed antenna giving good isolation of -31 dB between the two antennas. The 

surface current distribution and radiation pattern of the proposed MIMO system are also presented. The 

developed antenna system can be used in modern wireless systems employing MIMO technology. 
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1. INTRODUCTION 
 

Numerous Microstrip patch antennas turned enormously popular in mobile and radio wireless 

communication due to their convenience in investigation, low cost to fabricate as they can be 

printed directly on to the circuit board and their interesting radiation features. In this modernistic 

generation, the demand for the antennas that can accommodate more than one communication 

standards in a single compact system is broadly increased like tri-band [1] or multiband antennas. 
 

Based on miniaturization and multiband operations numerous antennas were developed by the 

researchers to meet the demands of present wireless communication. Along with the physical 

constraints, comfort in designing and outlook are few other important aspects to be considered 

while designing the MIMO system. In general the spacing between the elements in an array 

cannot be extended beyond a certain level which restrict in achieving the desired spectral 

efficiencies. When working on small Personal Digital Assistants (PDA) the major problem faced 

by the MIMO system [2] engineers is mutual coupling, which mainly arises due to the smaller 

spacing between the antenna elements. The primary plan while designing the MIMO systems is to 

reduce mutual coupling parameter that describes the correlation between the received signals in 

highly diversified environments, which degrades the performance of the communication system 

[3]. 
 

In MIMO systems, the spacing between the elements should be as minimum as possible as they 

have major applications in portable devices like laptops, mobile terminals, and WLAN access 

points [4], where size of the device is to be maintained as small as possible. The surface current 

flowing through the ground surface is one of the main sources of mutual coupling. Several 
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techniques like Electromagnetic band gap structure [5], defected ground structure [6], decoupling 

techniques, etc. are studied in the literature to reduce these surface currents flowing on the ground 

surface. However, these methods are costlier to implement and are complex. 

 

Microstrip antennas turned very common in the 1970s mainly for space borne engineering. Now 

they are used for concerning business and government applications. The microstrip antenna offers 

conformable, low-profile to planar and non-planar surfaces, cheap and simple to fabricate using 

advanced printed-circuit technology and very variable in terms of frequency, resonant, 

polarization, impedance and radiation patterns. The popular designs in the literature are E shaped 

patch antenna [7], H shaped patch antenna [8], U slotted patch antennas [9], etc., giving wide 

bandwidth and good isolation when employed in MIMO systems. 
 

In the present work, a novel compact two element MIMO antenna system is proposed with 

improved isolation. The designed antenna resonates at 5.4GHz. The designed antenna as a two 

element array reduces mutual coupling between the antenna elements because of its structural 

design and obtained a mutual coupling of –31 dB. Section 2 presents the proposed antenna 

geometry and Section 3 describes the design of 2×2 MIMO antenna system. 
 

2. ANTENNA GEOMETRY 
 

The Figure 1 shows the design and dimensions of the proposed antenna. The substrate selected 

for the design of the proposed antenna is Rogers RT Duroid 5880 (tm) with thickness 1.6 mm and 

with low permittivity (εr=2.2). The dimensions of the substrate are taken as 30 × 50 × 1.6 mm
3
. 

The co-axial probe is used to feed the whole system at the position (X0, Y0) = (17.0, 3.0) as co-

axial feeding is simpler to implement. 
 

 

 

 

 

 

 

 

 

 

 

Figure 1. Proposed microstrip patch antenna 
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The mutual coupling is more pronounced,

For compact devices such as in handheld mobile phones or PDAs and USB dongles, MIMO 

antennas are very closely placed giving high isolation. These high coupling levels will degrade 

the efficiency and capacity of the MIMO system. Based on the antenna structure and its radiation 

and feeding mechanisms several methods have been suggested in literature to eliminate or 

minimize such coupling effect. The reflection coefficient of the proposed antenna is shown 

Figure 2, resonating at 5.4 GHz frequency, making the antenna system suitable for many Wireless 

applications including IEEE 802.11a.

 

 

 

 

 

 

 

Figure 2. Reflection coefficient of the proposed antenna

 

3. DESIGN OF 2×2 MIMO
 

Mutual Coupling is the main parameter that affects the performance of the MIMO system. The 

design issues are more complicated when multiple antennas are involved at closer spacing 

compared to a SISO (Single Input Single Output) system. By properly choosing the shape of the 

antenna, the reduction in mutual coupling can be achieved without increasing the distance 

between the elements and also without using any complex structures like EBG or DGS or 

parasitic elements. 
 

Using the proposed microstrip antenna, a 

The separation between the elements is taken as 10 mm in the proposed MIMO system, while 

maintaining the same dimensions of the basic antenna. The surface current distribution of the 

proposed MIMO antenna array system is shown in Fig. 4. The Figure 5 shows the s

the proposed 2×2 MIMO antenna system. The system resonates at 5.4 GHz and the obtained 

mutual coupling between the antenna elements is very small and is 

achieving these high isolation characteristics is due to the structural arrangement of the proposed 

microstrip antenna for the proposed MIMO system. The return loss, resonant frequencies and 

isolation of the proposed 2×2 MIMO system can be seen in Figure 5. T

proposed MIMO system is shown in Fig.6.
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ain parameter that affects the performance of the MIMO system. The 

design issues are more complicated when multiple antennas are involved at closer spacing 

compared to a SISO (Single Input Single Output) system. By properly choosing the shape of the 
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The separation between the elements is taken as 10 mm in the proposed MIMO system, while 

maintaining the same dimensions of the basic antenna. The surface current distribution of the 

array system is shown in Fig. 4. The Figure 5 shows the s-parameters of 

the proposed 2×2 MIMO antenna system. The system resonates at 5.4 GHz and the obtained 

mutual coupling between the antenna elements is very small and is -31 dB. The main reason for 

ieving these high isolation characteristics is due to the structural arrangement of the proposed 

microstrip antenna for the proposed MIMO system. The return loss, resonant frequencies and 

isolation of the proposed 2×2 MIMO system can be seen in Figure 5. The radiation pattern of the 

proposed MIMO system is shown in Fig.6.
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Figure 3. A two element MIMO system using proposed microstrip antenna

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Surface Current Distribution of the proposed antenna system
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Figure 4. Surface Current Distribution of the proposed antenna system 
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Figure 5. S parameters of proposed microstrip 2×2 MIMO antennas System

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Figure 6. Radiation Pattern of the Proposed Antenna
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Figure 6. Radiation Pattern of the Proposed Antenna 
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4. CONCLUSION 
 

MIMO antenna systems will also be used for next generation wireless terminals, i.e. 5G and 

beyond. For every new wireless generation the data rates and channel capacities are growing. 

Hence, a very large leap is expected by the year 2020 where data rates in the ranges of tens of 

gigabits per second are expected from mobile terminals and other compact devices. In this paper, 

a novel compact two element MIMO array is developed resonating at 5.4 GHz with a reduced 

mutual coupling of –31 dB. These characteristics are well suitable for MIMO applications, using 

which high data rates can be obtained. We can further improve the channel capacity by 

employing more number of antennas in the MIMO system. 
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