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Abstract 
 

Wireless communications have been growing extensively during the last few decades. This 

has made possible implementation of Smart Grid systems with a capacity to transmit 

information from and to power consumers to achieve very high efficiency as well as high data 

transmission speed. 

In this work, an UWB and a Dual Band 2x2 element MIMO microstrip antennas are proposed 

for these applications. These antennas, printed on an FR-4 dielectric material, are fed by a 

microstrip line for the UWB and by a coplanar waveguide for the Dual Band structures. 

The structures radio electric properties including S-parameters, current distributions, radiation 

patterns, correlation coefficients and diversity gains were investigated using the CST 

electromagnetic simulator.  

Prototypes of the two final four-element MIMO structures have been fabricated and their S-

parameters measured where an agreement is observed between simulated and measured 

results  
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General Introduction 

Smart grid technology is expected to play an important role in future challenges related to 

efficient power consumption and cleaner air. A smart grid is a self-correct system with the 

ability to provide real time electricity cost. These systems use wireless communication 

technology for high speed data transmission and cost effective [1]. 

A typical wireless system consists of different parts among which antenna represents a 

fundamental unit. Smart Grid can use many wireless communication technologies and 

frequency bands among which WiMAX (Worldwide Interoperability for Microwave 

Access) [2] and Wi-Fi (Wireless Fidelity) [3].  

The present work aims and deals with design and simulation of an ultra-wide band (UWB) 

and a Dual Band four element MIMO microstrip antennas dedicated to smart grid systems and 

operating in WiMAX and Wi-Fi frequency bands. These antennas are printed on an FR-4 

dielectric material and they are fed by a microstrip line for the UWB and, by a coplanar 

waveguide for the Dual Band structures. 

The simulations which concern various single element and MIMO antenna characteristics are 

carried out using the CST Microwave Studio software. The final structures are also fabricated 

and tested. 

The first chapter of this document presents an overview on smart grid systems, microstrip 

antennas and characteristics, and MIMO (Multiple Input Multiple Output) systems.  

The second and third chapters deal with the UWB and the Dual Band structures respectively. 

They describe in details the steps involved in the design and the analysis processes leading to 

the final 2x2 element MIMO configurations.  

Finally, a conclusion is provided at the end of the report. 

 

 



Chapter 1: Review on Smart Grids, Microstrip Patch Antennas and MIMO Systems 

 

2 
 

Chapter 1 

 

 

Overview on Smart Grids, Microstrip  

Patch Antennas and MIMO Systems 
 

1.1 Introduction 

A smart grid (SG), which is includes wireless technology and smart meters, is needed for 

power efficiency and safety. Smart grids are based on real-time communication to optimize 

energy delivery and storage and prevent losses. To this end, wireless remote monitoring and 

control units are used. For communication between different parts involved in smart grid, 

antennas will be needed. Microstrip antennas are widely used in wireless systems and smart 

grids. Also, for reduced multipath limitation and enhanced capacity, Multiple-Input Multiple-

Output (MIMO) systems are more suitable [4].  

1.2 Smart Grids 

A Smart Grid is an electrical network that can intelligently integrate the effects of all users 

including generators and consumers in order to efficiently and safely deliver sustainable and 

economic energy [5]. A Smart Grid employs innovative products and services together with 

intelligent monitoring, control, communication, and self-healing technologies to [6-7]: 

• Better facilitate the connection and operation of generators of all sizes and technologies.  

• Allow consumers to play a part in optimizing the operation of the system. 

• Provide consumers with greater information and choice of supply. 

• Significantly reduce the environmental impact of the whole electricity supply system. 

• Deliver enhanced levels of reliability and security of supply. 

 

A Smart Grid model including smart generation, transmission, storage, smart sensors is 

shown in figure 1.1. 
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Figure 1. 1  A model set up of smart grid network [7] 

Wireless communication plays an important role in realizing the objectives of Smart Grids. 

Advancements in wireless communication technologies have made it possible to implement a 

Smart Grid with its capability to conduct various information from and to energy consumers, 

to achieve a very high utility efficiency. A wireless sensor network (WSN) forms an essential 

part in realizing a Smart Grid, since it has the ability to construct a highly reliable and self-

healing power grid that can quickly react to the events with appropriate actions [8]. A 

Wireless communication network is needed for information flow in a smart grid system. A 

smart meter is an electrical meter that records consumption in constant time intervals, one 

hour or less, and sends the information for monitoring and billing purposes. Also, a smart 

meter can disconnect-reconnect remotely and control the user appliances and devices to 

manage loads and demands within the future smart-buildings [9]. 

Figure 1.2 shows a typical usage scenario for smart meters. 

 

Figure 1. 2 Example of a Smart Metering Structure [10] 
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The smart meter collects the power consumption information of the dishwasher, TV, 

and the refrigerator, and also sends the control commands to them if necessary. The data 

generated by the smart meters in different buildings is transmitted to a data aggregator. 

This aggregator could be an access point or gateway. This data can be further routed to 

the electric utility or the distribution substation. 

Nevertheless, there are key limiting factors that should be taken into account in the 

smart metering deployment process, such as time of deployment, operational costs, the 

availability of the technology and rural/urban or indoor/outdoor environment, etc. In the 

following, some of the smart grid communications technologies along with their advantages 

and disadvantages are briefly explained. 

1.2.1 WiMAX for Smart Grid applications 

Worldwide Interoperability for Microwave Access (WiMAX) is the first commercially 

available 4G technology. It is ideally suited to meeting both the requirements of smart grid 

application sand the needs of utilities to keep complexity under control without sacrificing 

security or reliability. 

 WiMAX is based on the standard IEEE 802.16. and was built especially for communications 

in Metropolitan Area Networks (MAN) as it offers very high transmission rates at a larger 

range than other wireless protocols. It was developed at a time when there was substantial 

interest in a technology that could provide an alternative for the wired communication through 

DSL (Digital Subscriber Line) for broadband access. The advantages delivered by the IEEE 

802.16 over other communication technologies are the following: it overcomes the physical 

limitation of wired technologies, reasonable cost, broadband access services for a wide 

selection of devices, high speed and wide range of coverage. The WiMAX Physical Layer 

offers broadcast access for both mobile and fixed applications [12]. 

The IEEE 802.16 WiMAX standard allows data transmission using multiple wireless 

broadband frequency ranges. The original 802.16a standard specified transmissions in the 

range 10 - 66 GHz, but 802.16d allowed lower frequencies in the range 2 to 11 GHz. The 

lower frequencies used in the later specifications means that the signals suffer less from 

attenuation and therefore they provide improved range and better coverage within buildings. 

This brings many benefits to those using these data links within buildings and means that 

external antennas are not required. 
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Different bands are available for WiMAX applications in different parts of the world. The 

frequencies commonly used are 3.5 and 5.8 GHz for 802.16d and 2.3, 2.5 and 3.5 GHz for 

802.16e [13]. 

1.2.2 Wi-Fi for Smart Grid applications 

Wi-Fi technology will certainly be part of any future Smart Grid. Wi-Fi is cost effective, 

scalable to cover large geographies and many endpoints, and requires no new cabling within 

the home. Wi-Fi is the dominant home wireless networking standard and thus plays a central 

role in the Home Area Network for Smart Grid. Wi-Fi is already integrated into home routers, 

set top boxes, high definition televisions, notebook PCs and smart phones. Wi-Fi enabled 

thermostats, refrigerators, and washing machines make perfect sense. Whether as a separate 

network or integrated into existing home networks, Wi-Fi should be the primary Home Area 

Network for the Smart Grid. 

Wi-Fi operates in unlicensed spectrum and so is subject to interference. However, Wi-Fi is 

designed to operate in this uncontrolled spectrum and is resilient to many types of 

interference. Wi-Fi coexists very well with other technologies that share these bands. 

Originally the 2.4GHz band was favored for Wi-Fi, but as the technology for the 5GHz band 

(frequency ranges 5.15–5.35 GHz, 5.47–5.725 GHz, and 5.725–5.875 GHz) [13] fell it came 

into much greater use in view of its wider channel bandwidth capability. It will be seen that 

many of the 5 GHz Wi-Fi channels fall outside the accepted ISM (Industrial Scientific and 

Medical devices) unlicensed band and as a result various restrictions are placed on operation 

at these frequencies. 

1.3 Microstrip Patch Antennas  

The microstrip patch and other printed antennas are now commonplace as they are 

readily combined with electronic components and integrated circuits. The feed line can 

be incorporated into existing microstrip line circuitry branching to amplifiers, mixers, 

downconverters and semiconductor sources. Another major advantage of the microstrip 

patch is that it can be flush-mounted planar or conformal with other surfaces, such as an 

aero foil, with only a minimum of space required for the feed line. The patch may be fed 

by a transmission line also etched on the dielectric sheet (substrate) or by a probe through 

the back of the ground plane. The shape of the patch varies significantly although the 

basic radiation mechanism is similar. One or more resonances can be established in part 

of the geometry that is coupled to the input. From these resonances, radiation can be 
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created with different radiation characteristics depending on the geometry, and this has 

resulted in a variety of useful designs [14]. 

1.3.1 Microstrip Patch Antennas Geometry   

 

Figure 1. 3 Patches common shapes [15] 

In order to simplify analysis and performance prediction, the patch is generally square, 

rectangular, circular, triangular, and elliptical or some other common shape as shown in figure 

1.3. For a rectangular patch, the length L of the patch is usually 0.33 λ0 < L < 0.5λ0, where λ0 

is the free space wavelength. The patch is selected to be very thin such that t « λ0 (where t is 

the patch thickness). The height h of the dielectric substrate is usually 0.003λ0 ≤ h ≤ 0.05λ0. 

The dielectric constant of the substrate (ɛr) is typically in the range 2.2 ≤ ɛr ≤ 12 [16]. 

1.3.2 Basic Principles of Operation  

Figure 1.4 shows a patch antenna in its basic form: a flat plate over a ground plane. This 

antenna is often built of printed circuit board material and the substrate makes up the 

patch antennas dielectric [17]. 

 

Figure 1. 4 Cross section of a patch antenna in its basic form [17] 
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The distance between the patch and the ground plane, the substrate or dielectric height h, 

determines the bandwidth. A thicker substrate increases the gain to some extent, but may lead 

to undesired effects like surface wave excitation: surface waves decrease efficiency and 

perturb the radiation pattern. The ground plane should extend beyond the edges of the patch 

by at least 2 to 3 times the board thickness for proper operation. A ground plane that is too 

small will result in a reduced front to back ratio. Making the ground plane larger also 

increases the gain, but as the ground plane size increases, diffraction near the edges plays less 

of a role and increasing the size of an already large ground plane has very little effect on gain. 

In the antenna in figure 1.4, the center conductor of a coaxial line serves as the feed probe 

to couple electromagnetic energy in and/or out of the patch. A thicker substrate leads 

to a longer feed probe, a larger feed probe inductance and a degradation of impedance 

matching. This can be compensated by using a different feed type. 

A half wave long patch operates in what we call the fundamental mode: the electric field is 

zero at the center of the patch, maximum (positive) on one side, and minimum (negative) 

on the opposite side. These minima and maxima continuously change side like the phase 

of the RF signal. 

The electric field does not stop abruptly near the patch’s edges like it would in a cavity: 

the field extends beyond the outer periphery. These field extensions are known as fringing 

fields and cause the patch to radiate [18]. 

1.3.3 Feeding techniques 

Patch antennas may be powered using different methods. These are classified in two 

categories: 

 • Contact feeding: the feeding technique is powered by means of a connecting 

element such as a microstrip line into the radiating patch. 

 • Non-contact feeding: a transfer of power between the microstrip line and 

radiating element is performed with the electromagnetic field coupling. 

The most famous feeding techniques employed in the microstrip patch antenna are: coaxial 

probe, feeding technique with microstrip line and aperture or proximity coupling methods 

[19]. 
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 Microstrip Line Feed 

In this kind of feeding process in figure 1.5, the edge of the microstrip patch is connected 

directly to a conducting strip. This feeding method offers the benefit that the conducting 

line can have the opportunity of engraved on same substrate of patch antenna providing 

a planar shape [20]. 

 

Figure 1. 5 Microstrip line feed [21] 

 Coaxial Probe Feed 

The outside conductor of a coaxial connector attached at ground plane, while the inside is 

extended across the dielectric and is welded at the radiating element antenna. However, the 

disadvantage of this technique is a difficult to model and produce narrow bandwidth. Figure 

1.6 shows this type of feed technique [20]. 

 

Figure 1. 6 Coaxial Probe Feed [21] 

 Proximity coupled feed 

This feeding technique utilized two dielectric substrates in order that the feed line, firstly, 

is between two substrates and on the other hand the radiating element is on top of the 

upper substrate [20] as shown in figure 1.7. 
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• Finite Element method. 

The transmission-line model is the easiest of all, it gives good physical insight, but is less 

accurate and it is more difficult to model coupling. Compared to the transmission-line 

model, the cavity model is more accurate but at the same time more complex. However, it 

also gives good physical insight and is rather difficult to model coupling, although it has 

been used successfully. In general when applied properly, the full-wave models (which 

include primarily integral equations/Moment Method) are very accurate, very versatile, 

and can treat single elements, finite and infinite arrays, stacked elements, arbitrary shaped 

elements, and coupling. However they are the most complex models and usually give less 

physical insight [15]. 

1.4 MIMO systems 

Multiple-Input-Multiple-Output (MIMO) technology has attracted attention in modern 

wireless communication systems. A significant increase in channel capacity is achieved 

without the need of additional bandwidth or transmit power by deploying multiple antennas 

for transmission to achieve an array gain and diversity gain, thereby improving the spectral 

efficiency and reliability. MIMO antenna systems require high decoupling between antenna 

ports and a compact size for application in portable devices [25]. 

 

Figure 1. 11 MIMO 2x2 system, graphical representation [25] 

Multiple-Input Multiple-Output (MIMO) uses multiple antennas on both the transmitter and 

receiver. They have dual capability of combining the SIMO and MISO technologies. They 

can also increase capacity by using Spatial multiplexing (SM). The MIMO method has some 

clear advantages over Single-input Single-output (SISO) methods. The fading is greatly 

eliminated by spatial diversity; low power is required compared to other techniques in MIMO 

[26]. 
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The basic building blocks of a MIMO system are shown in the figure 1.12. In this figure, x 

and y represent the transmitted and received signal vectors respectively. At first, the 

information to be transmitted is encoded and interleaved. The symbol mapper maps the 

encoded information to data symbols. These data symbols are then fed into a space-time 

encoder which creates some spatial data streams. The data streams are then transmitted by 

different antennas. The transmitted signals are propagated through channels and are received 

by receiving arrays. The receiver then collects all the data from the antennas and reverses the 

operation to decode the data using a space-time processor, space time decoder, symbol de-

mapper and at last the decoder [27]. 

 

Figure 1. 12 Building Blocks of a MIMO system [28] 

Initially, MIMO systems focused on basic spatial diversity (the MIMO system technology 

was used to attenuate the degradation caused by multipath propagation). However, this 

technology started to use the multipath propagation as an advantage, turning the additional 

signal paths into what might effectively be considered as additional channels to carry 

additional data [29-30]. 

Using a multiple number of antennas, with MIMO wireless technology systems it is possible 

to transmit data with a substantial growth of the channels capacity without contravening 

Shannon’s law [31]. 
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Chapter 2 

 

 

Ultra Wide Band MIMO Antenna 
 

2.1 Introduction 

The aim of this chapter is the design of an UWB antenna that covers WiMAX frequencies 3.5 

and 5.8 GHz that are used in smart grids networks.  

The procedure starts by considering a single element antenna. A parametric analysis as well as 

slots insertion has been performed to improve the structure performance related to the 

operating bandwidth. 

A two-element MIMO structure is then considered in order to study isolation between the 

ports with different orientations.  

Finally, the best orientation is used to design a four-element MIMO antenna. 

2.2 Geometry and simulation of reference element 

2.2.1 Basic antenna Structure 

 A microstrip-fed Printed Circular Disc Monopole (PCDM) antenna is designed on the FR4 

substrate of thickness of 1.6 mm, relative permittivity of 4.4 and tangent loss of 0.02. The 

antenna consists of a circular disc radiator with a radius of 9.5 cm connected to a microstrip 

line feed by 50-ohm SMA connector on the down side of the substrate and a partial ground 

plane compound by rectangle and half of an ellipse on the bottom side, as shown in figure 2.1. 

 

Figure 2. 1 Circular microstrip UWB antenna 
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The results are simulated using CST Microwave Studio 2015 package. Figure 2.2 shows the 

reflection coefficient versus frequency. 

 

Figure 2. 2 Reflection coefficient of the basic UWB antenna 

It is observed from the graph that the operating frequencies of the antenna are between 2.85 

GHz and 11.5 GHz, therefore the antenna is considered as an UWB antenna as it includes the 

band 3.1 -10.6 GHz characterizing such structures. 

2.2.2 Antenna improvement and optimization 

First, a rectangular slot of dimension of 4.2×3 mm2 is inserted on the ground plane as shown 

in figure 2.3. The dimensions of the slot were selected after doing parametric studies about the 

effects of the width and the length on the reflection coefficient. 

 

Figure 2. 3 Slotted Ground plane of the antenna 
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The effect of inserting a rectangular slot on the ground plane on the reflection coefficient is 

illustrated in figure 2.4. 

 

Figure 2. 4 Reflection coefficient of the antenna with a slotted ground 

We notice from this figure that the reflection coefficient is enhanced especially at higher 

frequencies which have a return loss less than -15 dB and almost no change is introduced to 

the bandwidth. 

In the following modification, two square slots (stubs) of 1 mm² are inserted on the bottom of 

the circular patch as illustrated in figure 2.5  

 

Figure 2. 5 Antenna structure after adding square slots 

The corresponding reflection coefficient is shown in figure 2.6. 
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Figure 2. 6 Reflection coefficient of the slotted patch antenna 

The reflection coefficient is less than -15 dB for large frequency intervals and the higher 

frequency band limit increases to 12.23 GHz. 

Finally, the patch is cut from the upper side as illustrated in figure 2.7. The length 5.5 mm 

was selected after parametric study. 

 

Figure 2. 7 Final antenna structure 

Figure 2.8 shows the final antenna reflection coefficient where we notice that the lower 

frequency moves to 3.11 GHz and S11 has better matching compared to the previous 

structures. The final structure is considered as the reference antenna. 
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Figure 2. 8 Reflection coefficient of the reference UWB antenna 

Figure 2.9 represents the antenna gain versus frequency. The gain increases with the 

frequency from 2 GHz to reach a maximum of 4.47 dBi at 8 GHz. At the remaining frequency 

interval within the bandwidth, the gain is quiet constant. 

 

Figure 2. 9 Simulated gain vs. frequency of the reference UWB antenna 

Figure 2.10 shows the surface current distribution at WiMAX frequencies (3.5 GHz and 5.8 

GHz). It is seen that the current density is high on the feed line and on the outer edge of the 

disc patch for the frequency 3.5 GHz.  However, for the frequency 5.8 GHz, a significantly 

higher density is observed on the feed line. 
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(a) f = 3.5 GHz 

 

(b) f = 5.8 GHz 

Figure 2. 10 Surface current distribution of the reference UWB antenna 

Figures 2.11 and 2.12 illustrate the 3-D and the 2-D radiation patterns at the frequencies 3.5 

and 5.8 GHz in the principle planes. 

Figure 2.12 shows that at the frequency 3. 5 GHz the pattern is almost omnidirectional in the 

plane φ= 0° and presents two lobes, in the lower and the upper sides of the patch, in the plane 
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φ= 90°. However, at the frequency 5.8 GHz the radiation pattern is illustrated by two main 

lobes in both planes. 

 

 

                (a) f = 3.5 GHz                                                                  (b) f = 5.8 GHz 

Figure 2. 11 3-D Radiation pattern of the reference UWB antenna 

 

 

  

                                (a) f = 3.5 GHz                                                  (b) f = 5.8 GHz 

Figure 2. 12 2-D Radiation pattern for 3.5 and 5.8 GHz of the reference UWB antenna 



http://www.antenna-theory.com/measurements/impedance.php
http://www.antenna-theory.com/definitions/sparameters.php
http://www.antenna-theory.com/basics/polarization.php#polarization
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Moreover, figures 2.15-16 show acceptable correlation coefficient and diversity gain between 

ports. 

 

 

Figure 2. 14 S-parameters of two parallel UWB antennas 

 

 

Figure 2. 15 Correlation coefficient of two parallel UWB antennas 
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Figure 2. 16 Diversity gain of two parallel UWB antennas 

In the next structure, the distance of separation between the two side by side antennas is 

increased to d=10 mm. 

Figure 2.17 illustrates the new S-parameters. It is noticed that the isolation is improved 

compared to the previous configuration but it is still relatively high at low frequencies. 

For the ports correlation coefficient all peak values decrease and increase for diversity gain.  

 

Figure 2. 17 S-parameters of two parallel UWB antennas with a spacing of 10 mm 
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Figure 2. 18 Correlation coefficient of two parallel UWB antennas with a spacing of 10 mm 

 

Figure 2. 19 Diversity gain of two parallel UWB antennas with a spacing of 10 mm 

In this configuration, the two antennas are placed orthogonally (polarization diversity). The 

element on the left side is placed vertically while the other is placed horizontally as shown in 

figure 2.20. The right side of the figure (bottom view) showing the ground plane is obtained 

when flipping the up view figure.   
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Figure 2. 20 Two orthogonal UWB antenna configuration 

Observing figure 2.21, it concluded that the two antennas are totally isolated and uncoupled 

since S12 and S21 are less than -15 dB in the whole band. 

The port correlation coefficient is approximately zero. The diversity gain takes values near to 

10 in the required band of frequencies. Consequently, the antenna performances are improved 

with this configuration. 

 

 

Figure 2. 21 S-parameters of two orthogonal UWB antennas 
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Figure 2. 22 Correlation coefficient of two orthogonal UWB antennas 

 

Figure 2. 23 Diversity gain for two orthogonal UWB antennas 

From the above results, it is noticed that the orthogonal configuration provides the best results 

in terms of isolation, correlation coefficients and diversity gain. 

2.4 Design and simulation of a four-element MIMO antenna 

The configuration considered in this section has four elements arranged orthogonally as 

shown in figure 2.24. Since a single antenna is rectangular, a squared substrate of 5×5 mm² is 

added at the center in order to fill the resulting space. Therefore, the total size of the antenna 

becomes 6.5×6.5 mm². 





Chapter 2: Ultra Wide Band MIMO Antenna 

 

31 
 

 

Figure 2. 25 S-parameters of UWB MIMO antenna at “port 1”  

Figure 2.26 represents the 4-element UWB antenna gain versus frequency. It is shown that 

gain is enhanced to reach a maximum of 6.1 dBi at 8 GHz in contrast of 4.47 dBi at the same 

frequency for the reference antenna. 

 

Figure 2. 26 Simulated gain vs. frequency of the 4-element UWB MIMO antenna 

Because of symmetry, adjacent ports have the same port correlation and diversity gain curves 

and, this is similar for oblique ports as shown in figures 2.27-30. 
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Figure 2. 27 Correlation coefficient between adjacent ports 

 

Figure 2. 28 Correlation coefficient between oblique ports 
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Figure 2. 29 Diversity Gain between adjacent ports 

 

Figure 2. 30 Diversity gain between oblique ports 

From the above figures, it is observed that the envelope correlation coefficient is very low at 

the desired frequency band (close to zero), and diversity gain is greater than 9.8 (close to the 

maximum) which indicates the good isolation between the two elements. 

The surface current distributions on the four elements by exciting “port 1” at frequencies 3.5 

and 5.8 GHz are illustrated in figure 2.31 where we observe that the induced current in the 
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other elements is weak. The small induced current at 3.5 GHz in the oblique element “3” is 

explained by same polarization between element “1” and “3”. This indicated by the S13 

coefficient in figure 2.25, which is relatively higher than the others. 

 

(a) f = 3.5 GHz 

 

 (b) f = 5.8 GHz 

Figure 2. 31 Surface current distribution of the 4-element UWB antenna  
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Figures 2.32 and 2.33 illustrate the 3-D and, the 2-D radiation patterns of the 4-element 

MIMO antenna by exciting “port 1” at the frequencies 3.5 and 5.8 GHz in the principle 

planes. 

Figure 2.33 shows that the pattern presents three lobes in the plane φ= 0° and two lobes in the 

plane φ= 90° for both frequencies with equivalent directivity in each plane.

 

                      (a) f = 3.5 GHz                                              (b) f = 5.8 GHz 

Figure 2. 32 3-D radiation pattern of the UWB MIMO antenna 

 

   

                          (a) f = 3.5 GHz                                       (b) f = 5.8 GHz 

Figure 2. 33 2D radiation pattern at different frequencies when exciting “port 1” 
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Figure 2. 35 prototype after soldering the connectors 

The measurements were performed in CDTA (Centre de Développement des Téchnologies 

Avancées), Baba Hassen – Algiers where we have accomplished an internship working on 

this project 

Keysight network analyzer was used to measure magnitude S-parameter of the antenna. 

Automatic calibration of the measuring cables was performed to eliminate the effect of cables 

on measurements, either in phase delay or losses. 

The measuring cables do not have good flexibility. Thus when measuring a reflection 

coefficient, the concerned port is connected to the network analyzer and the other ports are 

loaded with 50 Ω. Furthermore, when measuring transmission coefficients, the concerned two 

ports are connected to the network analyzer and the two others are 50 Ω loaded as shown in 

the figure 2.36. 

 

Figure 2. 36 Setup for two ports reflection coefficients measurement  
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The obtained results were recorded for a frequency range extending from 2 GHz to 12 GHz 

using 400 samples. The measured and simulated results of each pair of connected ports are 

illustrated in figures 2.37 and 2.38. 

As the whole antenna system is symmetric, only the S-parameter of antenna “1” is measured. 

During measurement, when one port is considered the others are terminated with a standard 

50-Ω matching load. 

From figure 2.37, all measured |Sij|i≠j (transmission) parameters are less than -15 dB, 

therefore, all ports are isolated. 

The following table represents the operating frequencies measured at each port as extracted 

from measured S-parameter curves. 

Table 2.1: operating band of the manufactured antenna 

Port Operating bands 

Port 1 3.5→8.28 GHz 

Port 2 3.26→9.27 GHz 

Port 3 4.16→5.02 & 5.6→8.35 GHz 

Port 4 2.53→3.35 & 4.32→8.75 GHz 

 

From the table 2.1 and figure 2.38, it is observed that the bandwidths of all ports are less than 

the desired UWB band especially at high frequencies. This can be explained by imperfections 

in the fabrication process: shifting of the ground plane, introducing of SMA connectors and 

the welding of the prototype as well as the variation of relative permittivity substrate FR4 at 

high frequencies. However, the results are still acceptable since WiMAX frequencies (3.5 and 

5.8 GHz) is covered by the fabricated antenna which make it a good candidate in smart grid 

applications. 
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Figure 2. 37 Measured and simulated |Sij|i≠j coefficients 

 

Figure 2. 38 Measured and simulated reflection coefficients



Chapter 2: Ultra Wide Band MIMO Antenna 

 

40 
 

2. 6 Conclusion 

Throughout this chapter, an UWB single antenna element has been developed and its radio 

electric characteristics investigated. After that, based on this basic element, different antenna     

MIMO configurations using 2 and 4 elements have been considered and their parameters 

involving isolation, correlation and diversity gains studied. 

A 4-element final MIMO antenna configuration has been selected and a prototype fabricated 

and its S-parameters measured. This structure has been found that it fits the intended 

application in smart grids network. 
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Chapter 3 

 

Dual Band MIMO Antenna 
 

3.1 Introduction 

The objective of this chapter is the design of a Dual Band antenna that covers WiMAX 

frequency of 3.5 GHz as well as Wi-Fi 5GHz band which are used in smart grids systems. 

This starts by considering a single element whose prosperities are improved with a parametric 

study. After that a four-element MIMO configuration is investigated. 

3.2 Design and simulations of the reference element 

The basic square coplanar monopole antenna printed on an FR4 glass epoxy substrate is 

presented in figure 3.1. It consists of two radiating patches to achieve resonance at the desired 

frequencies.  

To obtain adequate antenna dimensions, the effects of the gap h, the ground plane length Gl  

and the substrate length Sl which affect strongly the antenna behavior as will be shown by the 

corresponding refection coefficients illustrated here after are investigated. The other antenna 

dimensions used in this parametric analysis are shown in the figure 3. 1. 

Accordingly, the effects of the parameters h, Gl and Sl are shown by figures 3.2-4 respectively 

which confirm the strong effects of these parameters on the resonant frequencies as well as 

the antenna bandwidths characteristics. 

 

Figure 3. 1 Basic Dual Band antenna element geometry 



Chapter 3: Dual Band MIMO antenna 

 

42 
 

 

Figure 3. 2 Simulated reflection coefficient of the microstrip antenna for different feed gaps h With 

Gl= 12 mm and Sl=28 mm. 

 

Figure 3. 3 Simulated reflection coefficient of the microstrip antenna for different GL with h=3.75 mm 

Sl=28 mm 

mm 
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Figure 3. 4 Simulated reflection coefficient of the microstrip antenna for different Sl with h=3.75 mm  

and Gl=14.3 mm 

In light of the parametric study, the reference antenna geometrical dimensions operating 

around the specified frequencies with best bands characteristics are shown in figure 3.5. 

 

Figure 3. 5 Final Dual Band antenna element geometry 
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Figure 3. 6 Reflection coefficient of the basic Dual Band antenna 

The simulated refection coefficient shows two frequency bands, [3.1–3.8 GHz] and [5.09–6.1 

GHz], which meet the desired bandwidths. 

Figure 3.7 represents the peak gain versus frequency of the dual band element. It is seen in 

this figure that the peak gain has an acceptable and a relatively stable level in the operating 

bands which makes the antenna suitable for the intended application.  

 

Figure 3. 7 Simulated gain vs. frequency of the reference Dual Band antenna 
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Figure 3.8 shows the average current density distribution near the resonances, at 3.5 GHz and 

the second resonance at 5.6 GHz. 

 

(a) f = 3.5 GHz 

  

(b) f = 5.6 GHz 

Figure 3. 8 Surface current distribution of the reference Dual Band antenna 
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Figure 3. 12 S-parameters of the 4-element Dual Band MIMO Antenna 

The reflection coefficient graph |S11|dB indicates that the operating frequency bands are 3.16-

3.75 GHz and 5.19-6.05 GHz which fit the Wi-Fi/WiMAX for Smart Grid applications. 

Furthermore, all elements are well isolated since |Sij |i≠j dB levels are less than -15 dB. 

Figure 3.13 represents the 4-element Dual Band antenna gain versus frequency. It is shown 

that gain is enhanced compared to the gain of the reference antenna. 

 

Figure 3. 13 Simulated gain vs. frequency of the 4-element Dual Band  MIMO antenna 
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Figures 3.14-17 show the correlation coefficients and the diversity gains between adjacent and 

oblique ports. 

 

Figure 3. 14 Correlation coefficient between adjacent ports 

 

Figure 3. 15 Correlation coefficient between oblique ports 
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Figure 3. 16 Diversity gain between adjacent ports 

 

Figure 3. 17 Diversity gain between oblique ports 

From the above figures, it is observed that the envelope correlation coefficient is very low at 

the desired frequency bands (less than 0.1) whereas the diversity gain is greater than 9.9 

which denote a good isolation between adjacent and oblique elements of the MIMO system. 

The surface current distributions on the four elements when exciting “port 1” at frequencies 

3.5 and 5.6 GHz are illustrated in figure 3.18. This figure indicates clearly the current path 

involved in each of these frequencies. As expected, this path includes the main radiator length 
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at the frequency 5.6 GHz (shorter path) and, a part of this radiator along with the right side 

radiator (longer path) at 3.5 GHz.  

 

 

(a) f = 3.5 GHz 

 

(b) f = 5.6 GHz 

Figure 3. 18 Surface distribution current of 4-element Dual Band MIMO antenna  
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3.4 MIMO antenna system prototypes measurements 

The fabrication of the 2×2 MIMO antenna prototype was performed in SNC ALMITech 

laboratory in Kouba (Algiers).  

A photograph of the manufactured structure is shown in figure 3.21. 

 

Figure 3. 21 Manufactured Dual Band 2×2 MIMO antenna 

Four SMA connectors (50-Ohm characteristic impedance) were welded to each feeding 

microstrip line of the antenna as illustrated in figure 3.22. 

 

Figure 3. 22  Antenna prototype after soldering the connectors. 
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The measurements were performed in CDTA (Centre de Developpement des Téchnologies 

Avancées), Baba Hassen – Algiers where we have accomplished an internship working on 

this project. 

The measured S-parameters, illustrated in figure 3.24, indicate that the ports are isolated since 

all |S1j |j≠1 parameters are less -15 dB. 

Moreover, the reflection coefficient at frequencies 3.5 GHz and 5.6 GHz are found to be less 

than -13dB and -25 dB respectively. Furthermore, the measurement results achieve 

satisfactory bandwidths characteristics cover the dual frequency bands of 3.1 to 3.8 GHz for 

WiMAX and 5.0 to 5.8 GHz for Wi-Fi systems. 

 

Figure 3. 23 Measured and simulated |Sij|i≠j parameters 
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Figure 3. 24 Measured and simulated reflection coefficients 

Finally, Figure 3.25 shows a comparison between simulated and measured results for the Sii 

parameters. It is noticed that the antenna operates at 3.5 and 5.6 GHz at all ports with a slight 

shift of the resonant frequencies. A difference is also recorded on the minimum reflection 

coefficient levels though the antenna bandwidths are still satisfactory with respect to the 

desired band characteristics.  These differences are due to several parameters such as errors in 

the fabrication process and, imperfections in soldering which affect the contact between the 

SMA connectors and the antenna feed line. 

3.4 Conclusion 

In this chapter, a dual band single antenna element has been developed and its radio electric 

characteristics investigated. After that, based on this basic element, a 2x2 MIMO 

configuration has been considered and its radio electric prosperities including isolation, 

correlation and diversity gains studied. 

A prototype of the developed 4-element final dual band MIMO antenna has been fabricated 

and its S-parameters measured. This structure has been verified to fit the intended application 

as it operates in the 3.5 GHz WiMAX and the 5.6 GHz Wi-Fi bands used in smart grid 

systems. 
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General Conclusion 

This work presents two MIMO antenna configurations that can be incorporated in wireless 

communication systems operating in Wi-Fi/WiMAX frequency bands used in Smart Grid 

applications. 

These MIMO configurations are respectively based on an UWB and a Dual Band basic 

elements. These structures, mounted on an FR-4 substrate layer, are fed by a microstrip line 

for the UWB and by a coplanar waveguide for the Dual Band antenna. 

For each of the proposed configurations, the analysis starts by considering the basic antenna 

element whose band characteristics are enhanced and the radio electric prosperities, including 

the current distribution and the radiation patterns, investigated.   

After that, different MIMO antenna configurations, using two and four elements for the UWB 

structure and four elements for the Dual Band antenna, have been investigated. Besides, the 

classical antenna parameters listed above, the analysis concerned also isolation, correlation 

coefficient and diversity gain which are important parameters in MIMO antenna systems.  

The analysis, carried out using the CST Microwave Studio simulator, ended up with two final 

2x2 MIMO antennas based respectively on the UWB and the Dual Band basic elements and 

suitable for the intended application.  

Within smart grid systems, the UWB MIMO antenna can be used in the WiMAX (3.5 GHz 

and 5.8 GHz) bands and, the Dual Band configuration in the WiMAX (3.5 GHz) and the Wi-

Fi (5.6 GHz) bands. 

Prototypes of the two four-element MIMO antennas have been fabricated and their S-

parameters measured where an agreement is observed between simulated and measured 

results. 
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