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Abstract 
 
The article presents a compact dual-element multiband 
Multiple Input Multiple Output(MIMO) antenna suitable 
for wireless applications. The E shaped radiating element 
loaded with extra slots make it suitable to operate under 
different frequencies with enhanced isolation of -25dB or 
more for the entire bands. The E-shaped patch which is 
less vulnerable for mutual coupling and the orthogonal 
arrangement of radiating elements helps in achieving high 
isolation between elements over the entire operating band. 
The coaxially fed antenna can operate over DCS1800, 
PCS1900, LTE, WLAN, Bluetooth, WiMAX, and also in 
the   sub-6 5G bands.  The substrate used in the design is 
FR4 which has a relative permittivity of 4.4 and a loss 
tangent of 0.02. The proposed structure has an overall 
dimension of  78 x 40 x 1.6mm3 with a spacing of 8 mm 
between the elements. 
 
1 Introduction 
 
With the rapid growth in wireless communication 
technology, the trend is to support multiple standards on a 
single device and its miniaturization. This resulted in the 
necessity of antennas that can handle multiple frequency 
bands with wide bandwidth overcoming the biggest 
disadvantage of the narrow bandwidth of the conventional 
microstrip patch antennas. Several techniques have been 
put forward to make the antennas into multiband with 
wide bandwidth to cover the entire application bands. The 
techniques include (1)use of air as a substrate or increased 
substrate size[1], (2) addition of parasitic patches stacked 
on the top of main patch [2], (3) patch antennas loaded 
with slots on its ground plane [3][4], (4) introducing slots 
into patches. Designs (1) and (2) will increase the overall 
size of the antenna which is not much desirable. The 
successful examples of design 4 include E-shaped patch 
antennas[5],[6],[7],[8], and U slot patch antenna[9]. 
Among these E shaped patches is less vulnerable to 
coupling when multiple ones have placed adjacently 
[8][10]. 

Modern wireless systems demanding a high bit rate and 
channel capacity for transferring enormous data of 
multimedia services. The MIMO technology is a 
promising solution for modern communication systems 
that utilize multipath transmission of signals through 
spatially parallel channels between isolated multiple 
antennas without utilizing extra power and bandwidth. 

The mobile communication standards such as LTE, 
WiMAX, WLAN, and all-new 5G incorporate MIMO  
technology [11]. 

One of the major challenges in designing a MIMO system 
is the mutual coupling that arises between antenna 
elements when it is placed on the same substrate. Placing 
the radiating elements far apart can reduce mutual 
coupling significantly [10] but it is not a practical solution 
in space-limited systems such as mobile terminals. 
Various decoupling structures such as (1) use of parasitic 
elements[11][12] (2) use of protruding grounded branch 
[13] (3) loading slots in patch and ground [14] etc are 
solutions for good isolation. All the above techniques 
employ decoupling structures that lead to additional 
design modifications in the overall antenna structure and 
thus increases the complexity. Mutual coupling between 
radiating elements can be reduced by the orthogonal 
arrangement of radiating elements [15]. This results in a 
better design even in the absence of decoupling structures 
without compromising the isolation between ports. 

In this paper, a two-element MIMO design with modified 
E shaped antenna elements is proposed. High isolation 
between radiating elements is achieved by orthogonally 
placing them. The proposed design can operate under 
cellular, Wi-Fi, Bluetooth standards, etc. 
 
2 Antenna Design 
 
The proposed design is evolved from E shaped patch 
antenna. The design has a much wider bandwidth to 
operate under all the desired application bands under 6 
GHz. The schematic diagram of the proposed design is 
shown in Figure 1. All the dimensions are indicated in the 
figure. Each dimension of the patch is fixed after rigorous 
optimizations for the best results. The radiating elements 
are placed at 90 degrees which ensures orthogonal 
polarizations and high isolation between ports of radiating 

elements. The antenna is designed on FR-4 substrate of 
relative permittivity 4.4, loss tangent 0.02, and a size of 
41 mm x 78 mm x1.6mm with a spacing of 8 mm between 
the elements. The antenna elements are fed by a 50ohm 
coaxial probe feed technique through an SMA connector.  
The analysis has been done using Ansoft HFSS and 
measurements using the vector network analyzer PNA 
E862B. 
 
3 Results and Discussion 



The reflection coefficient of the proposed E-shaped 
antenna has been done at first and the authors have 
configured different orientations for MIMO 
implementation. The reflection coefficient of a single E-
shaped antenna and the reflection and transmission 
coefficient of an orthogonally placed MIMO structure is 
shown in Figure 2. It shows isolation greater than -25dB 
for the operating bands. The proposed antenna covers the 
cellular standards such as 2G bands (DCS1800, 
PCS1900), 3G (UMTS2100),4G LTE bands(1.8-
2.6GHz,3.5-3.7GHz), three WiMAX bands (2.30–2.36, 
2.50–2.90, and 3.3–3.8 GHz)which also include 5G sub-
6GHz band, the WLAN  bands  (2.40–2.485, 5.15–5.35, 
5.725–5.825 GHz) and the Bluetooth bands(2.4GHz). 

 
Figure 1: Proposed E-shaped MIMO antenna 

 
Figure 2: S-parameters of the proposed antenna 

 
The MIMO structure is also designed by placing the two 
identical radiating elements side by side with side wings 
parallel to each other and radiating elements as mirror 
images to each other. The S-parameters for both the case 
are shown in Figure 3. The mutual coupling in both cases 
seems to be more than the orthogonal placement of 
antenna elements. Interference between two orthogonally 
polarized antennas is minimum which reduces the field 
coupling and thereby increasing isolation between closely 
placed antenna elements. 

The main two causes of mutual coupling are surface wave 
coupling between antennas fabricated on a single 
substrate and current flowing through their shared ground. 
To study the reason for mutual coupling, the surface 
current at a frequency of 3.45 GHz has been plotted by 

separately exciting port 1 and port 2, and the plots are 
depicted in Figure 4. From the figure, the mutual coupling 
seems to be minimum between the antenna elements as 
they are orthogonal. 
 

 
Figure 3: S-parameters for different orientations of 
antenna elements 
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Figure 4: Surface current distribution when (a) port 1 is 
excited (b) port 2 is excited 

 
The simulated 2D and 3D radiation pattern of the 
proposed MIMO antenna when excitation at port 1 & 2 at 
3.4 GHz is shown in Figure 5. The radiations show the 
polarization diversity of the proposed antenna system. 
The variation in direction of radiation of the port 1 and 2 
indicates pattern diversity as shown in Figure 5.  

The diversity characteristic of the MIMO system can be 
explained by the Envelope Correlation Coefficient (ECC) 
which indicates the correlation between amplitudes of 
individual antenna elements. ECC is normally calculated 
from either S-parameters or far-field radiation patterns.  
Even though the ECC calculated from far-field radiation 
pattern is preferred for accurate results, ECC calculated 
from S-parameters are common due to its simple 
expression as shown in Equation (1). 
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The ECC is calculated for the proposed design using the 
above expression and is depicted in Figure 6. 
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Figure 5: Radiation pattern at 3.4 GHz (a)& (b) when 
port 1 excited (c)&(d) when port 2 excited 

 

 
Figure 6: Envelope Correlation Coefficient(ECC)  for the 

proposed antenna 
 
The nearly zero value of ECC as shown in Figure 6 
indicates decoupled ports and better diversity 
characteristics. 
 
4 Conclusions 

A multiband Multiple Input Multiple Output(MIMO) 
antenna with enhanced isolation for mobile terminals is 
presented. The proposed structure integrates 2G, 3G, 4G, 
Bluetooth, and Wi-Fi capabilities which helps in the 
reduction of the number of antennas in mobile terminals. 
High isolation of S21 <-25dB is achieved for entire 
operating bands by employing diversity technique. The 
absence of decoupling structures makes the proposed 
design simple and compatible. 
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