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Abstract 
 

 
     In this thesis, the focus is not in designing any antenna for a particular wireless application 

but a study on the existing antennas has been made and the methods by which their 

performance can be improved. The antennas chosen are the standard designs, ones which are 

most rampantly used in the wireless applications like the Bluetooth, Wi-Fi & Wireless LAN 

applications in the frequency range of 2.45GHz. An antenna was also designed taking into 

consideration the GSM band. The bandwidth of the antenna has been given special attention 

since data rate criterion have to be met apart from the resonant frequency. A circularly 

polarised antenna was also designed that could be optimised for GPS applications.  

     Further in the thesis a Patch antenna calculator has been designed in MATLAB to reduce 

the repetitive task of finding the antenna dimension for a rectangular microstrip patch. A GUI 

has been developed using MATLAB GUIDE tool to provide a user-friendly interface. The 

calculations are done in the background for several antenna parameters using the cavity model 

for microstrip patch antenna. This GUI would be helpful in getting the basic idea about a few 

basic antenna parameters before the design, simulation and parametric analysis in software like 

ADS,CST Microwave Studio, HFSS and IE3D.  

     To miniaturize the antennae further a metamaterial based approach has been incorporated. 

A comparative analysis of different conventional and metamaterial based microstrip patch 

antenna. A study of SRR based microstrip antenna and their equivalent circuits have been 

carried out. A unit cell of SRR has also been designed for the frequency of 10.25 GHz. Using 

such metamaterial unit cell a miniaturized microstrip patch antenna can be realised as per our 

requirements. 

 

 

 



iii 
 

Acknowledgement 
 

 
We would like to take this opportunity to express our heartfelt thanks to our guide Dr. 

Dhiraj Tulaskar for his esteemed guidance and encouragement, especially through 

difficult times. His suggestions broaden our vision and guided us to succeed in this 

work. We are also very grateful for his guidance and comments while designing part of 

our project and learned many things under his leadership. Also, we would like to 

thank to Dr. M. N. Tibdewal, Head of Electronics and Telecommunication Department, 

all teaching and non-teaching staff of EXTC Department for their encouragement and 

suggestions for our project. 

We extend our thanks to Dr. S. B. Somani, Principal, Shri Sant Gajanan Maharaj, 

College of Engineering, for his valuable support. 

We sincerely thank to all our friends, who helped us directly or indirectly in completing 

our project work. We would like to express our appreciation for the wonderful 

experience while completions of this project work. 

Shreyash Ingle 

Harshal 

Lahudkar 

Malhar Sabane 

Ravi Aswar 



iv 
 

Abbreviations 
 

 

 
 

ADS - Advanced Design System 

IoT      - Internet of Things 

GHz - Giga Hertz 

MHz - Mega Hertz 

MPA - Microstrip Patch Antenna 

PCB - Printed Circuit Board 

SWR - Standing Wave Ratio 

VSWR - Voltage Standing Wave Ratio 

 GPS - Global Positioning System 

 FR4 - Flame Retardant 4 

   

   

   

   

  

  



v 
 

List of Figures 

Figure 1.1 Flowchart of antenna design process ....................................................... 121 

Figure 2.1 Basic block diagram depicting the role of antenna in transmission and 

reception ........................................................................................................................ 14 

Figure 2.2 Equivalent Circuit Diagram of the antenna as a guiding device ........... 15 

Figure 2.3 Classification of antenna on basis of physical structure ......................... 16 

Figure 2.4 Rectangular Microstrip Patch Antenna ................................................... 17 

Figure 2.5 Hertz dipole on a substrate ....................................................................... 17 

Figure 2.6 Surface Wave .............................................................................................. 18 

Figure 2.7 Leaky waves ................................................................................................ 19 

Figure 2.8 3-D view of radiation pattern .................................................................... 20 

Figure 2.9 Voltage measured along a Transmission Line ......................................... 21 

Figure 2.10 Some wave polarization states where the wave is approaching ........... 25 

Figure 3.1 Common Type of Microstrip Antenna ..................................................... 29 

Figure 3.2 Microstrip patch antenna .......................................................................... 30 

Figure 3.3 Configuration of a Microstrip and printed dipoles, proximity-coupled 

strip dipole .................................................................................................................... 31 

Figure 3.4 Symmetrical folded printed dipoles .......................................................... 31 

Figure 3.5 a) Rectangular slot with Microstrip feed (b) Annular slot with 

Microstrip feed (c) Tapered slot ................................................................................. 32 

Figure 3.6 Microstrip Patch Antenna ......................................................................... 33 

Figure 3.7 Coaxial Probe feeding ................................................................................ 34 

Figure 3.8 Aperture coupling feed Technique ........................................................... 35 

Figure 3.9 Proximity Coupling feed Technique ......................................................... 36 

Figure 3.10 Microstrip Line ........................................................................................ 39 

Figure 3.11 Electric field lines ..................................................................................... 39 

Figure 3.12 Magnetic wall model of a Microstrip antenna ....................................... 41 

Figure 3.12 Charge distribution and current density creation on the Microstrip 

patch .............................................................................................................................. 42 

Figure 5.1 FR4 sheet .................................................................................................... 47 



vi 
 

Figure 5.2 Etching Tray(a) .......................................................................................... 48 

Figure 5.3 Etching powder(Iron chloride anhydrous) .............................................. 48 

Figure 5.4 Etching Tray(b) .......................................................................................... 48 

Figure 5.5 Testing antenna using R&S®ZVL Vector Network Analyzer ............... 49 

Figure 5.6 R&S®ZVL Vector Network Analyzer ..................................................... 49 

Figure 5.7 Tested Results of Proposed Antenna Design ........................................... 50 

Figure 5.8 Result of Antenna Testing for SWR wave ............................................... 50 



vii 
 

List of Tables 
 

 
Table 2.1 Comparison of VSWR, Return loss and Transmission loss Voltage 

Reflection Coefficient Power Transmission Power reflection .................................. 24 

Table 3.1 Characteristics of Microstrip Patch Antennas Feeding techniques ........ 32 

Table 3.2 Comparison amongst Various Feeding Methods ...................................... 36 

Table 3.4 Relative Permittivity values ........................................................................ 37 



vii 
 

Contents 
 

 
 

Abstract ........................................................................................................................... 1 

Acknowledgement .......................................................................................................... 2 

Abbreviations ................................................................................................................. 3 

List of Figures ................................................................................................................. 4 

List of Tables .................................................................................................................. 6 

Contents .......................................................................................................................... 7 

1. Introduction ............................................................................................................. 10 

1.1 Objective ........................................................................................................... 11 

1.2 Motivation ......................................................................................................... 11 

1.3 Flowchart .......................................................................................................... 12 

1.4 Organization of Thesis ........................................................................................ 1 

1.5 Literature Review ............................................................................................. 13 

2. Antenna Theory ...................................................................................................... 14 

2.1 Definition of Antenna ....................................................................................... 14 

2.2 Antenna and its types ........................................................................................ 14 

2.3 Microstrip Antenna ........................................................................................... 16 

2.4 Categories of Waves on Microstrip .................................................................. 17 

2.4.1 Surface Waves ................................................................................................... 17 

2.4.2 Leaky Waves ..................................................................................................... 18 

2.4.3 Directional Antenna .......................................................................................... 19 

2.5 Important Parameters of Antenna ..................................................................... 19 

2.5.1 Radiation Pattern .............................................................................................. 19 

2.5.2 Voltage Standing Wave Ratio (VSWR) ............................................................. 20 

2.5.3 Physical Meaning of VSWR .............................................................................. 21 

2.5.4 Antenna Gain .................................................................................................... 22 

2.5.5 Bandwidth ......................................................................................................... 22 



vii 
 

2.5.6 Directivity ......................................................................................................... 23 

2.5.7 Return loss ........................................................................................................ 23 

2.5.8 Polarization ...................................................................................................... 24 

2.5.9 Input impedance ................................................................................................ 26 

3. Microstrip Antenna ................................................................................................ 27 

3.1 Introduction ....................................................................................................... 27 

3.2 Types of Patch Antenna .................................................................................... 28 

3.3 Remedy ............................................................................................................. 29 

3.4 Types of microstrip antennas ............................................................................ 29 

3.4.1 Microstrip Patch Antennas ............................................................................... 30 

3.4.2 Microstrip or Printed Dipole Antennas ............................................................ 30 

3.4.3 Printed Slot Antennas ....................................................................................... 31 

........................................................................................................................................   32 

3.4.4 Microstrip travelling wave antennas ................................................................ 32 

3.4.5 Microstrip Line feeding .................................................................................... 33 

3.4.6 Coaxial Probe Feeding ..................................................................................... 34 

3.4.7 Aperture Coupled Feeding ............................................................................... 35 

3.4.8 Proximity Coupling ........................................................................................... 35 

3.5 Substrate material ............................................................................................. 36 

3.6 FR4 substrate .................................................................................................... 37 

3.7 Method of Analysis ........................................................................................... 38 

3.7.1 Transmission Line Model ................................................................................. 38 

3.7.2 Cavity method: .................................................................................................. 41 

3.8 Applications of microstrip patch antenna ......................................................... 42 

4. Microstrip Patch Antenna: Design and Analysis ................................................. 43 

4.1 Introduction ....................................................................................................... 43 

4.2 General design steps for Rectangular Microstrip Antenna ............................... 43 

4.3 Design Method .................................................................................................. 43 

4.4 Antenna Design Template ................................................................................ 44 



vii 
 

4.5 ADS .................................................................................................................. 46 

4.6 Proposed design: ............................................................................................... 46 

5. Fabrication and Testing ......................................................................................... 47 

5.1 Antenna fabrication .......................................................................................... 47 

5.2 Antenna testing ................................................................................................. 49 

6. Conclusion and Future Work ................................................................................ 52 

References ...................................................................................................................... 53 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 1 

Introduction 



Introduction 

SSGMCE, Shegaon 10 

 

 

Chapter 1 

1. Introduction 
 

 
      Communication system have been said to have a rapid growth and has been attracting 

interest for the last few years. Communication among humans occurred first by sound through 

voice. This process later led to the urge for new mediums for higher distance communication 

systems such as smoke and flag signals.  

      The electromagnetic spectrum is regarded as a reference tool for communication as it 

involves the use of the non-visible region of the electromagnetic spectrum used for 

communication through the use of radio (Radio waves). This leads to an increasing use of the 

capabilities of the Electromagnetic Spectrum leading to the advent of different avenues where 

it can be utilized in area’s such as; automotive communications, smart antennas, indoor 

communications, sensors etc.  

      Antennas, traditionally the last part of a conventional front end and completely separated 

from the circuit part, have been transformed to a variety of low profile and low weight 

structures following developments in planar Microstrip antennas (James and Hall 1989). The 

demand of wireless technologies is increasing rapidly day by day, with time and requirements. 

These devices are increasingly getting smaller in size and hence the antennas required for 

transmit and receive signals also have to be smaller and lightweight. This leads to a process 

where small size, light weight, case of installation are regarded as advantages in relation to the 

construction of a low profile Microstrip antenna. This leads to an increasing demand for the 

compactness property of the Microstrip antenna leading to the initiation of the integration of 

circuits and antennas on the same substrate resulting in antenna-circuit modules, which can 

also be met under the term active integrated antennas (Lin and Itoh 1994). 

      Due to the lightweight, telecommunication systems can be structured to be mounted when 

required or necessary. Moreover, they are easily fabricated, due to low cost and are easy 

integrated into arrays or into microwave printed circuits. 
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      1.1 Project objective 

      Microstrip patch antennas are small antennas that are fabricated over a Printed Circuit 

Board and can be used in embedded systems and applications as such. In this thesis, our aim is 

to provide a solution for the varios demanding parameters in the microstrip patch antenna for 

reduction in size apart from large bandwidth and higher data rates. The objective is to study 

the different antenna parameters and come up with a comparative study on why meta-material 

based antenna are better than the conventional antenna. We have also created an interactive 

Graphical User Interface (GUI) that would help in calculation of antenna parameters. 

       1.2 Motivation 

      Today wireless communication has become more of a dire necessity in various 

applications. In many scenarios where the wired systems are impractical or almost impossible 

to be implemented, wireless systems have readily replaced them. Many systems are actually 

required to actually transmit a message and receive it with minimal error in a wireless systems. 

Such blocks like transmitter, receiver, coders etc. are required to pass information both over 

short and long distances.  

       Now-a-days with the advent of Internet of Things (I.O.T) applications, wireless 

networking has increased manifold both in terms of number and complexity. Take the example 

of the unlicensed spectrum of 2.4 GHz for interconnecting Wi-Fi devices such as connecting 

laptops or mobile devices for people in transit. This spectrum in small range is used for 

communicating multiple devices in various networks thereby generating requirement of 

various kinds of specialised antenna for the suitable purpose.  

        One more use for wireless systems is one that connect the mobile network to connect to 

the satellites. Take the example of GPS systems where devices need to be within the range of 

three or more satellites. The location is transmitted from the satellites in range via the 

communicating channels. So practically the antenna needs to be designed in such a manner 

that the signals can be detected in any orientation. So a circularly polarised antenna is the 

requirement for such an application which overcomes the orientation problem.  

        With embedded systems in use at large, antennas have to be integrated into small, 

portable systems. Small antenna at a particular resonant frequency can be made feasible with 

various design techniques in the microstrip patch antenna. Recently with the use of 

metamaterials and dielectric resonators, the antenna size have been drastically reduced to very 

small sizes for actual practical applications. 
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       1.3 Flowchart 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                  Figure 1.1 Flowchart of antenna design process 

 

Figure 1.1 explains the design methodology used in this project for design of patch 

antenna. In the first stage, the requirement of the antenna for Wi-MAX is investigated. 

After literature review the type of antenna to be designed is decided for particular 

applications and depending on it we have decided the operating frequency and size of 

the antenna. Various softwares are available for the antenna simulation. After 

comparative study, ADS is chosen as the simulation software for antenna design. In 

the second stage, actual modeling and simulation of an antenna is done, by using the 

parameters decided in first stage. After simulation the results are evaluated. 

In the third stage, we have done actual fabrication of an antenna according to the 

constructed model in simulation software and then actual testing and measurement of 

antenna parameters such as return loss, VSWR, radiation pattern etc. is carried out for 

the fabricated antenna. 
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      1.4 Organization of Thesis 

The organization of this thesis is as follows. 

Chapter 1: In this chapter the basic theory of antenna, fundamental parameters such 

as radiation pattern, impedance, VSWR, gain etc. and types of antennas are presented. 

Chapter 2: It presents background of microstrip patch antenna including the basic 

geometries, radiation mechanism, feeding method, types and characteristics of the 

MPA. The advantages and disadvantages of MPAs, impedance matching, waves on 

patch, the methods of analysis used for the MPA design, finally the calculations 

required to find the dimensions of the conventional MPA using transmission line 

model are presented in this chapter. 

Chapter 3: In this chapter the design consideration and procedure of microstrip 

antenna design by using ADS is presented. Also, effect of change in feeding 

techniques is analyzed. Characteristics investigation of different parameters is 

discussed in briefly for proposed design. 

Chapter 4: In this chapter the fabrication and testing of antenna is presented. 

Chapter 5: This chapter contains conclusion and future work. 

 1.5 Literature Review 

 

“Design of a Multiband Patch Antenna for 5G Communication Systems” by Atik 

Mahabub & et. al proposed an antenna which can effectively operate at 2.4 GHz as 

Wi-Fi, 7.8 GHz as WiMAX and 33.5 GHz for 5G communication purposes. The 

proposed antenna arrays have given directional radiation patterns, very small voltage 

standing wave ratio(VSWR), high gain and directivity. This antenna is made for 

multiband purpose which can be effective for not only Wi-Fi and WiMAX but also 5G 

applications. Though this antenna has various advantages, it can be improved. This 

antenna’s height and width can be deduced to make it light-weight, more frequency 

bands can be added to it to make it more effective and directivity can be improved so 

that it can cover more areas. 

“Dual polarized Antenna and Array with Filtering Response and Low Cross 

Polarization for 5G Millimeter Wave Applications” by Jia Wang Li & et. al proposed 

5G antenna whose isolation better than 20 dB between two feeding ports. This 

isolation was achieved with the two ports in the same plane. The antenna is low 

profile with only 1.4 mm thickness including two dielectric layers and a bounding 
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layer. The operating frequency band is from 26.5 GHz to 29.5 GHz, which can be 

applied to n257 5G mm wave band. In addition, a rotating sequence 2 × 2 antenna 

array is designed and measured. The same polarization is fed by a differential feeding 

network, which will further reduce the cross polarization of the array, the cross 

polarization is better than 20 dB. 

“Dual Band 9-Shaped Graphene-Film Patch Antenna for 5G Applications” by Ankit 

Kaim and Dr. Shailesh Mishra presented a 9-shaped planar dual-band graphene 

antenna for 5G application.The 9- shaped graphene-film is used as radiation patch 

with microstrip fed line. This antenna satisfies the requirement of -10dB. reflection 

coefficients for the impedance bandwidth of LTE2500MHz and WiMAX3.5GHz 

bands. The simulated gain for lower and upper band is 1.85dB and 2.4dB respectively. 

The radiation efficiencies are 82% and 77% for lower and upper band respectively. 

The radiation efficiency is slightly less as compare to conventional copper material, 

which could be improved in graphene antenna at lower frequency region.
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Chapter 2 

2. Antenna Theory 
 

 
2.1 Definition of Antenna 

An antenna is a device that provides a means for radiating or receiving radio waves. In 

other words, it provides a transition from guided waves on a transmission line to a 

“free space” wave. Thus information can be transferred between different locations 

without any intervening structure. Furthermore, antennas are required in situations 

where it is impossible, impractical or uneconomical to provide guiding structures 

between the transmitter and receiver. 

Antennas are frequency dependent devices. Each antenna is designed for a certain 

frequency band. Beyond the operating band, the antenna rejects the signal. Therefore, 

we might look at the antenna as a band pass filter and a transducer. Antennas are 

essential parts in communication system. 

Most antennas are resonant devices, which operate efficiently over a relatively narrow 

frequency band. An antenna must be tuned to the same frequency band of the radio 

system to which it is connected; otherwise the reception and the transmission will be 

impaired. 

 
2.2 Antenna and its types 

An antenna is a means of radiating and receiving the radio waves. It is a transition 

structure between the free space and the guiding device. So it can be said as a 

directional device that guides the device and can also probe for signals. In Figure 2.1 

one can easily see the role of antenna in wireless communication 

 

Figure 2.1 Basic block diagram depicting the role of antenna 

in transmission and reception 
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The equivalent circuit of an antenna is given in Figure 3 as one can see that there is 

an impedance (Zg) at the generator. The characteristic impedance of the transmission 

line (Zc) which does not depend on the length of the transmission line but depends 

upon the material used in the transmission line and the impedance matching. The 

impedance of the antenna (Za) is given by: 

Za = (Rl + Rr) + j Xa 

Where, 

Rl is the conduction and dielectric loss 

Rr is the radiation resistance 

Xa is the radiation impedance 
 

 
 

 

Figure 2.2 Equivalent Circuit Diagram of the antenna as 

a guiding device 

 
 

There are several ways to classify the antennas. If we classify on basis of frequency 

band we can have narrowband, wideband and ultra-wideband antennas. The antennas 

can be considered to be classified on the basis of electromagnetic, physical or 

electrical structure. Directionality also defines the classification in antenna as they 

can be directional and non-directional in nature. 

There can be different types of antenna. The following chart in Figure 4 depicts the 

different types of antenna and their combinations or derivatives. The main antenna 

and their types are mentioned herewith. 

• Conducting Wire: They are mainly constituted of a single wire. These are 

further arranged in form of dipoles, loops and helices’. 

• Apertures: They consist of a radiating aperture for higher directivity. These 

are further subdivided to waveguides and horns. 
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• Patch (Microstrip): These are the majorly used in embedded applications. 

They can be of various shapes like rectangular, circular etc. 

• Array of elements: they consist of a group of smaller antennas excited at a 

fixed phase difference to generate high directivity. 

• Reflector 

• Lens 
 

 
 

 
Figure 2.3 Classification of antenna on basis of 

physical structure 

 

2.3 Microstrip Antenna 

A microstrip patch antenna consists of a dielectric substrate sandwiched by a radiating 

patch on one side and the ground plane on the other side as shown in Figure 5. The 

radiating patch is made of a good conductor material such as annealed copper or gold. 

It can take any shape in the two dimensional plane and thus unlimited configurations 

are possible. The shapes can be anything ranging from triangular, circular, semi- 

circular and rectangular. The feed-lines and the radiating patch are usually photo- 

etched on the dielectric substrate. The dielectric substrate can be thick or thin, and 

must be chosen with permittivity between 2.2 to 12. The patch thickness should be 

much less than the operating wavelength of the antenna. 

The radiation in microstrip patch antennas is due to the fringing fields between the 

edge of the patch and the ground plane. A thick substrate with a very low dielectric 

constant is suitable for good antenna performance since it provides a larger bandwidth, 

better efficiency and better radiation. But in such a scenario, the antenna size 

increases. Thus to reduce the size, substrate with high dielectric constants must be 

used which have narrow bandwidth and are less efficient. Hence a proper trade-off 
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must be done at the designing stage to realize an improved performance of an antenna 

at a particular operating frequency and constrained physical dimensions. The figure 

below shows a standard rectangular microstrip patch antenna. 

 

 

 
Figure 2.4 Rectangular Microstrip Patch Antenna 

 
 

2.4 Categories of Waves on Microstrip 

The method involving the transmission and radiation in a Microstrip can be 

understood considering a point current source (Hertz dipole) located on top of the 

grounded dielectric substrate. This source radiates electromagnetic waves depending 

on the direction where the waves are transmitted; they consist of two distinct 

categories with different behavior. 

 

 

 
Figure 2.5 Hertz dipole on a substrate 

 

2.4.1 Surface Waves 

This involves the waves are transmitted slightly downward, having elevation angle Ө 

between 𝜋2 and 𝜋 – arcsin (1/√𝐸𝑟) meet the ground plate, which in turn reflects 

them, towards the dielectric-to-air boundary, which in turn reflects them (total 

reflection condition). The magnitude of the field amplitude increases for some 

particular incidence angles leading to an excitation of a discrete set of surface wave 
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modes. This occurs to the rapid decay of the dielectric above the surface due to the 

field mostly trapped within it. The wave is a non-uniform plane wave. 

The direction of largest attenuation (the vector α) pointing upwards; the wave 

propagates horizontally across β with little absorption in good dielectric. The surface 

waves take up some part of the signals energy, which does not reach the intended user. 

This leads to a reduction in the impedance, contributing to the decrease in the 

efficiency of the antenna. 

Also, surface waves introduce spurious coupling between different circuit or antenna 

elements. This effect drastically reduces the performance of the Microstrip filters 

because the parasitic interaction reduces the isolation in the stop bands. 

 
 

Figure 2.6 Surface Wave 

 

2.4.2 Leaky Waves 

The waves are directed sharply downwards, with angles Ө between π – arcsin 

(1/√𝐸𝑟), which in turn is also reflected by a ground plane but only partially by the 

dielectric-to-air boundary. This leads to a leak from the substrate into the air, hence the 

name leaky waves. 

The leaky wave are non-uniform plane where the attenuation direction α points 

downwards, leading to an increase in amplitude as the waves moves from the 

dielectric substrate because the wave radiates from a point where the amplitude of the 

signal is higher (figure 2.7). Leaky-wave antennas can be divided into two important 

categories, uniform and periodic, depending on the type of guiding structure.(Onofrio 

Losito and Vincenzo Dimiccoli, 1997) A uniform structure has a cross section that is 

uniform (constant) along the length of the structure, usually in the form of a 

waveguide that has been partially opened to allow radiation to occur. 
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Figure 2.7 Leaky waves 

 

2.4.3 Directional Antenna 

Directional antennas are antennas used to radiate power in a focused and specific 

direction. These antennas are fixed in a specific location and directed towards the 

receiver (or transmitter). The ability of an antenna of focus in one direction more than 

other directions is the measure of the quality of the antenna and is often expressed in 

terms of Power Gain, front to back ratio and other factors of the antenna. 

 
2.5  Important Parameters of Antenna 

Antennas are made to efficiently radiate or receive the electromagnetic signals. There 

are various parameters which describe performance of the antenna. Some of the 

parameters are. 

 
2.5.1 Radiation Pattern 

When a signal is fed into an antenna, the antenna will emit radiation distributed in 

space in a certain way. A graphical representation of the relative distribution of the 

radiated power in space is called a radiation pattern. 

An antenna radiation pattern or antenna pattern is defined as “a mathematical function 

or a graphical representation of the radiation properties of the antenna as a function of 

space coordinates. In most cases, the radiation pattern is determined in the far field 

region and is represented as a function of the directional coordinates. Radiation 

properties include power flux density, radiation intensity, field strength, directivity, 

phase or polarization.” The radiation property of most concern is the two-or three 

dimensional spatial distribution of radiated energy as a function of the observer’s 

position along a path or surface of constant radius. A convenient set of coordinates is 

shown in Figure 2.8. 

 

For a linearly polarized antenna, its performance is often described in terms of its 
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principle E-plane and H-plane patterns. The E-plane is defined as the plane containing 

the electric field vector and the direction of maximum radiation whilst the H-plane is 

defined as the plane containing the magnetic field vector and the direction of 

maximum radiation. 

 

Figure 2.8 3-D view of radiation pattern 

There are three common radiation patterns that are used to describe an antenna's 

radiation property: 

(a) Isotropic - A hypothetical lossless antenna having equal radiation in all 

directions. It is only applicable for an ideal antenna and is often taken as a 

reference for expressing the directive properties of actual antennas. 

 
(b) Directional - An antenna having the property of radiating or receiving 

electromagnetic waves more effectively in some directions than in others. This is 

usually applicable to an antenna where its maximum directivity is significantly 

greater than that of a half- wave dipole. 

 
(c) Omni-directional - An antenna having an essentially non-directional pattern 

in a given plane and a directional pattern in any orthogonal plane. 

 
2.5.2 Voltage Standing Wave Ratio (VSWR) 

VSWR stands for Voltage Standing Wave Ratio and is also referred to as Standing 

Wave Ratio (SWR). It is the ratio of maximum voltage to minimum voltage in 

standing wave pattern. It varies from +1 to infinite. The parameter VSWR is a measure 

that numerically describes how well the antenna is impedance matched to the radio or 
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transmission line it is connected to. VSWR is a function of the reflection coefficient, 

which describes the power reflected from the antenna. If the reflection coefficient is 

given by , then the VSWR is defined as 

VSWR = 

 
VSWR is always a real and positive number for antennas. Smaller the VSWR better 

the antenna matched to the transmission line and more power is delivered to the 

antenna. The minimum VSWR is 1.0. In this case, no power is reflected from the 

antenna, which is ideal. 

Often antennas must satisfy a bandwidth requirement that is given in terms of VSWR. 

For instance, an antenna might claim to operate from 100-200 MHz with VSWR<3. 

This implies that the VSWR is less than 3.0 over the specified frequency range. This 

VSWR specifications also implies that the reflection coefficient is less than 0.5 (i.e., 

<0.5) over the quoted frequency range. 

 
 

2.5.3 Physical Meaning of VSWR 

VSWR is determined from the voltage measured along a transmission line leading to 

an antenna. VSWR is the ratio of the peak amplitude of a standing wave to the 

minimum amplitude of a standing wave, as seen in the following Figure 2.9: 

Figure 2.9 Voltage measured along a Transmission Line 
 

 

When an antenna is not matched to the receiver power is reflected (so the reflection 

coefficient, r is not zero). This causes a "reflected voltage wave", which creates 

standing waves along the transmission line. The results are the peaks and valleys as 

seen in Figure 2.9. If the VSWR = 1.0, there would be no reflected power and the 

voltage would have a constant magnitude along the transmission line. 

1+ r 

1− r 
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2.5.4 Antenna Gain 

Gain of an antenna (in a given direction) is defined as “the ratio of the intensity, in a 

given direction, to the radiation intensity that would be obtained if power accepted by 

the antenna were radiated isotropically. The radiation intensity corresponding to the 

isotropically radiated power is equal to the power accepted (input) by the antenna 

divided by 4π.” 

The definition of gain requires the concept of an isotropic radiator; that is, one that 

radiates the same power in all directions. An isotropic antenna, however, is just a 

concept, because all practical antennas must have some directional properties. 

Nevertheless, the isotropic antenna is very important as a reference. It has a gain of 

unity (g = 1 or G = 0 dB) in all directions, since all of the power delivered to it is 

radiated equally well in all directions. Although the isotopes are a fundamental 

reference for antenna gain, another commonly used reference is the dipole. In this case 

the gain of an ideal (lossless) half wavelength dipole is used. Its gain is 1.64 (G = 2.15 

dB) relative to an isotropic radiator. The gain of an antenna is usually expressed in 

decibels (dB). When the gain is referenced to the isotropic radiator, the units are 

expressed as dBi; but when referenced to the half-wave dipole, the units are expressed 

as dB. 

 
2.5.5 Bandwidth 

The bandwidth of an antenna is defined as “the range of frequencies within which the 

performance of the antenna, with respect to some characteristic, conforms to a 

specified standard.” The bandwidth can be considered to be the range of frequencies, 

on either side of a centre frequency, where the antenna characteristics (such as input 

impedance, pattern, beam width, polarization, side lobe level, gain, beam direction, 

radiation efficiency) are within an acceptable value of those at the centre frequency. 

For broadband antennas, the bandwidth is usually expressed as the ratio of the upper- 

to-lower frequencies of acceptable operation. For example, a 10:1 bandwidth indicates 

that the upper frequency is 10 times greater than the lower. For narrowband antennas, 

the bandwidth is expressed as a percentage of the frequency difference (upper minus 

lower) over the centre frequency of the bandwidth. For example, a 5% bandwidth 

indicates that the frequency difference of acceptable operation is 5% of the centre 

frequency of the bandwidth. 

Because the characteristics of an antenna do not necessarily vary in the same manner 
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or are even critically affected by the frequency, there is no unique characterization of 

the bandwidth. The specifications are set in each case to meet the needs of the 

particular application Usually there is a distinction made between pattern and input 

impedance variations. Accordingly, pattern bandwidth and impedance bandwidth are 

used to emphasize this distinction. Associated with pattern bandwidth are gain, side 

lobe level, beam width, polarization, and beam direction while input impedance and 

radiation efficiency are related to impedance bandwidth. 

 
2.5.6 Directivity 

Directivity of an antenna is defined as “the ratio of the radiation intensity in a given 

direction from the antenna to the radiation intensity averaged over all directions. The 

average radiation intensity is equal to the total power radiated by the antenna divided 

by 4π. If the direction is not specified, the direction of maximum radiation intensity is 

implied”. 

The directivity of a non isotropic source is equal to the ratio of its radiation intensity in 

a given direction over that of an isotropic source. 

The directive gain of an antenna is a measure of the concentration of the radiated 

power in a particular direction. It may be regarded as the ability of the antenna to 

direct radiated power in a given direction. It is usually a ratio of radiation intensity in a 

given direction to the average radiation intensity. 

Antenna gain is defined as antenna directivity times a factor representing the radiation 

efficiency i.e. 

 
where, 

 

 

G- Antenna Gain 

G = η× D 

η - Factor representing the radiation efficiency 

D- Directivity 

Directivity is the same as gain, but with one difference. It does not include the effects 

of power lost (inefficiency) in the antenna. If an antenna is lossless (100 % efficient), 

then the gain and directivity (in a given direction) would be the same. 

 
2.5.7 Return loss 

It is a logarithmic ratio measured in dB that compares the power reflected by the 

antenna to the power that is fed into the antenna from the transmission line. In other 
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words, it is the difference, in dB, between forward and reflected power measured at 

any given point in an RF system and, like SWR, does not vary with the power level at 

which it is measured. In other words, the amount of power which is reflected back to 

the source from an incorrectly terminated line is an important property called "Return 

Loss" and measurement of return loss can reveal line faults due to mismatching. 

Return loss is a measure of the reflected energy from a transmitted signal. Larger the 

value of return loss less is the energy that is reflected. The relationship between SWR 

and return loss is the following: While some energy will always be reflected back into 

the system, a high return loss will yield unacceptable antenna performance. For good 

impedance matching resonant frequency must lie below -10 dB. 

 
VSWR Return 

Loss 

(dB) 

Trans. 

Loss 

(dB) 

Volt Refl 

Coefficient 

Power 

Trans 

(%) 

Power 

Refl 

(%) 

1.00 - .000 .00 100.0 .0 

1.05 32.3 .003 .02 99.9 .1 

1.10 26.4 .010 .05 99.8 .2 

1.15 23.1 .021 .07 99.5 .5 

1.20 20.8 .036 .09 99.2 .8 

1.25 19.1 .054 .11 98.8 1.2 

1.30 17.7 .075 .13 98.3 1.7 

1.35 16.3 .093 .15 97.9 2.1 

1.40 15.8 .122 .17 97.2 2.8 

1.50 14.0 .117 .20 96.0 4.0 

 

Table 2.1 Comparison of VSWR, Return loss and 

Transmission loss Voltage Reflection Coefficient 

Power Transmission Power reflection 
 

 

2.5.8 Polarization 

Antenna polarization indicates the orientation of radiated wave of the antenna in far- 

field region as shown in Figure 2.10. An antenna will generate an el electromagnetic 

wave that varies in time as it travels through space. If a wave traveling "outward" 

varies "up and down" in time with the electric field always in one plane, that wave (or 

antenna) is said to be linearly polarized (vertically polarized since the variation is up 
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and down rather than side to side). If that wave rotates or "spins" in time as it travels 

through space, the wave (or antenna) is said to be elliptically polarized. As a special 

case, if that wave spins out in a circular path, the wave (or antenna) is circularly 

polarized. This implies that certain antennas are sensitive to particular types of 

electromagnetic waves. The practical implication of this concept is that antennas with 

the same polarization provide the best transmission/reception path. 

 

Figure 2.10 Some wave polarization states 

where the wave is approaching 

 

Note that the polarization of an antenna doesn't always imply anything about the size 

or shape of the antenna. Antennas that are circular in their construction do not have to 

be circularly polarized. Many circular patches are linearly polarized and many 

rectangular patches are circularly polarized. 
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2.5.9 Input impedance 

There are three different kinds of impedance relevant to antennas. One is the terminal 

impedance of the antenna, another is the characteristic impedance of a transmission 

line and the third is wave impedance. Terminal impedance is defined as the ratio of 

voltage to current at the connections of the antenna (the point where the transmission 

line is connected). The complex form of Ohm’s law defines impedance as the ratio of 

voltage across a device to the current flowing through it. The most efficient coupling 

of energy between an antenna and its transmission line occurs when the characteristic 

impedance of the transmission line and the terminal impedance of the antenna are the 

same and have no reactive component. When this is the case, the antenna is considered 

to be matched to the line. Matching usually requires that the antenna be designed so 

that it has a terminal impedance of about 50 ohms or 75 ohms to match the common 

values of available coaxial cable. 
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Chapter 3 

3. Microstrip Antenna 
 

 

3.1 Introduction 

The Microstrip Patch Antenna consist of a single-layer design which includes four 

parts (Patch, ground plane, substrate, and the feeding part). These antennas are 

integrated with printed strip-line feed networks and active devices. This is a relatively 

new area of antenna engineering. Patch antennas are classified as single – element 

resonant antennas. Once the frequency is obtained, everything (such as radiation 

pattern input impedance, etc.) remains constant. The patch is a very slim (t<<λ₀, where 

λ₀ = the wavelength of free space), radiating metal strip (or array of strips) located on 

one side of a thin no conducting substrate, the ground plane is the same metal located 

on the other side of the substrate. 

The patch is usually made of conducting material such as copper or gold and can take 

any possible shape. The radiating patch and the feed lines are usually photo etched on 

the dielectric substrate. 

The substrate layer thickness is 0.01–0.05 of free-space wavelength (𝜆0). This is used 

primarily to provide proper spacing and mechanical support between the patch and its 

ground plane. It is also often used with high dielectric-constant material to load the 

patch and reduce its size. 

The advantages of the Microstrip antennas includes: 

i. They are compatible for embedded antennas in handheld wireless devices such as 

cellular 

phones, pagers etc. 

ii. Low profile planar configuration which can be easily made conformal to host 

surface. 

iii. Can be easily integrated with microwave integrated circuits (MICs). 

iv. Capable of dual and triple frequency operations. 

v. Low fabrication cost, hence can be manufactured in large quantities. 

vi. Mechanically robust when mounted on rigid surfaces 
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Microstrip antenna some disadvantages 

i. Low efficiency. 

ii. Narrow bandwidth of less than 5% 

iii. Low RF power due to the small separation between the radiation patch and the 

ground plane (not suitable for high-power applications) 

 
Microstrip patch antennas consist of a very high antenna quality factor (Q). It shows 

the losses associated with the antenna where a large Q leads to narrow bandwidth and 

low efficiency. Q can be reduced by increasing the thickness of the dielectric 

substrate. But as the thickness increases, an increasing fraction of the total power 

delivered by the source goes into a surface wave. 

 
3.2 Types of Patch Antenna 

There are numerous shapes of Microstrip patch antennas; they have been designed to 

match specific characteristics. 

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 3.1. For a rectangular patch, the length L of the patch is usually 0.3333λo< L 

< 0.5𝜆0, where λo 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 0.003 𝜆0≤h≤0.05𝜆0. The dielectric constant of the substrate (𝜀𝜀𝑟) is 

typically in the range 2.2 ≤ 𝜀𝜀𝑟≤ 12. 

Microstrip patch antennas radiate mainly due to the fringing fields between the patch 

edge and the ground plane. The selecting of a substrate is very important, 

considerations are made depending on the temperature, humanity, and other 

environmental ranges of operating. The Thickness of the substrate h has a big effect on 

the resonant frequency 𝑓𝑓𝑟 and bandwidth 𝐵W of the antenna. The bandwidth of the 

Microstrip antenna will increase with an increase in substrate thickness h but with 

limits, otherwise the antenna will stop resonating. 

The most common types of patches are shown below: 
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Figure 3.1 Common Type of Microstrip Antenna 

 

3.3 Remedy 

Microstrip patch antennas have a very high antenna quality factor (Q). It represents the 

losses associated with the antenna where a large Q leads to narrow bandwidth and low 

efficiency. Q can be reduced by increasing the thickness of the dielectric substrate. But 

as the thickness increases, an increasing fraction of the total power delivered by the 

source goes into a surface wave. This surface wave contribution can be counted as an 

unwanted power loss since it is ultimately scattered at the dielectric bends and causes 

degradation of the antenna characteristics. 

Other problems such as lower gain and lower power handling capacity can be 

overcome by using an array configuration for the elements. 

Though as an element, these antennas radiate only in one half planes but, when used as 

an array, the array factor comes into play. By carefully designing an array, it is 

possible to quantify the impact of coupling between the elements and give greater 

isolation between array elements. 

The excitation of surface waves can be minimized by using a new technique which 

employs "High Impedance Ground Plane" called a Photonic band gap substrate. Other 

problems, such as lower gain and lower power handling capacity can be overcome by 

using an array configuration for the elements. 

 
3.4 Types of microstrip antennas 

There are different types of microstrip antennas which are classified based on their 

physical parameters. The different types of antennas have many different shapes and 



Microstrip Antenna 

SSGMCE, Shegaon 30 

 

 

dimensions. The basic categories of these Microstrip antennas can be classified in to 

four, which are: 

Microstrip patch antennas 

Microstrip dipoles 

Printed slot antennas 

Microstrip travelling wave antenna 

 
 

3.4.1 Microstrip Patch Antennas 

A Microstrip patch antenna is a thin square patch on one side of a dielectric substrate 

and the other side having a plane to the ground. The simplest microstrip patch antenna 

configuration would be the rectangular patch antenna shown in Figure 3.2. 

Figure 3.2 Microstrip patch antenna 

 

 
The patch in the antenna is made of a conducting material Cu (Copper) or Au (Gold) 

and this can be in any shape. The basic antenna element is a strip conductor of length 

L and width W on a dielectric substrate with constant ϵr; thickness or height of the 

patch being h with a height and thickness t is supported by a ground plane. The 

rectangular patch antenna is designed so as it can operate at the resonance frequency. 

The length that is for the patch does depend on the height, width of the patch and the 

dielectric substrate. 

 
3.4.2 Microstrip or Printed Dipole Antennas 

The Microstrip or Printed Dipole Antennas differ from the Microstrip Patch antennas 

in their geometric shape. The length of this printed dipole antenna is less than 0.05λ. 

Bandwidth, radiation resistance and the cross polar radiation differs widely when 

compared to the patch antennas. 

These Microstrip dipole antennas are very attractive when it is seen on the cases of the 
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size and linear polarization. The feed mechanism is very important here in these types 

of antennas and should be taken care of. These types of antennas can be operated at 

high frequencies as the substrate is electrically thick which leads to the desired band 

width. 

 

Figure 3.3 Configuration of a Microstrip and printed 

dipoles, proximity-coupled strip dipole 
 

 

The Figure 3.4 above shows the printed dipole antenna, which are said to be very 

attractive on their size and linear polarization. The Figure 15 below is the folded 

dipole combined with another related dipole give way to the symmetrical structure. 

And this particular construction can be used or is considered to be the rectangular 

patch with an H shaped slot 

 
 

Figure 3.4 Symmetrical folded printed dipoles 

 

3.4.3 Printed Slot Antennas 

The printed slot antennas are those which have the slot in the ground plane of a 

grounded substrate, these slot antennas are bi-directional radiators; it means that they 

radiate both sides of the slot. There is no specific shape for the slot here, it can have 

any shape. Most of the Microstrip patch shapes are in the form of printed slots. This 

can be used for the unidirectional radiation as well by placing a reflector on the other 

side of the slot. Just like the microstrip patch antennas these slot antennas can be fed 

by a microstrip line. 
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Figure 3.5 a) Rectangular slot with Microstrip 

feed (b) Annular slot with Microstrip feed (c) 

Tapered slot 

3.4.4 Microstrip travelling wave antennas 

These Microstrip travelling wave antennas are designed having a long microstrip line 

with enough width to support the TE. These antennas are designed so that the main 

beam lying in any direction from broadside to end fire. The other end of the 

microwave is ended in a matched resistive load in order to avoid the standing waves of 

the antenna. The use of these antennas like rampart line antenna, chain antenna, square 

loop antenna are in circular polarization. 

Table 3.1 gives comparison of the characteristics of the microstrip patch antennas, 

microstrip slot antennas and printed dipole antennas. 

 

Characteristics Microstrip Patch 

Antenna 

Microstrip Slot 

Antenna 

Printed Slit 

Antenna 

Profile Thin Thin Thin 

Fabrication Very easy easy Easy 

Polarization Both Linear and 

Circular 

Both Linear and 

Circular 

Linear 

Dual-Frequency 

Operation 

Possible Possible Possible 

Shape Flexibity Any Shape Mostly rectangular 

and circular shape 

Rectangular 

and 

Triangular 

Spurious radiation Exist Exist Exist 

Bandwidth 2-50% 5-30% 30% 

Table 3.1 Characteristics of Microstrip Patch Antennas 

Feeding techniques 
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Feeding techniques are important in designing the antenna to make antenna structure 

so that it can operate at full power of transmission. Designing the feeding techniques 

for high frequency, need more difficult process. This is because the input loss of 

feeding increases depending on frequency and finally give huge effect on overall 

design. There are a few techniques that can be used. 

1. Microstrip Line feeding 

 
2. Coaxial Probe feeding 

 
3. Aperture Coupled feeding 

 
4. Proximity Coupled feeding 

 
 

3.4.5 Microstrip Line feeding 

It has more substrate thickness i.e. directly proportional to the surface wave. Radiation 

bandwidth limit is 2-5%. It is easy to fabricate and model. Microstrip line feed is one 

of the easier methods to fabricate as it is a just conducting strip connecting to the patch 

and therefore can be consider as extension of patch. It is simple to model and easy to 

match by controlling the inset position. However the disadvantage of this method is 

that as substrate thickness increases, surface wave and spurious feed radiation 

increases which limit the bandwidth. 

Figure 3.6 Microstrip Patch Antenna 

 

 
Advantages: 

Since the feed line and radiating elements are in same surface of substrate. Hence this 

kind of feed arrangement has the advantage that the feed can be etched on the same 

substrate to provide a planar structure. Impedance matching techniques are also 

simpler in comparison to other methods. 
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Disadvantages: 

As the thickness of the dielectric substrate being used, increases, surface waves and 

spurious feed radiation also increases, this hampers bandwidth of the antenna. The 

feed radiation also leads to undesired cross polarized radiation. 

 
3.4.6 Coaxial Probe Feeding 

It has low spurious radiation and narrow bandwidth. Coaxial feeding is feeding 

method in which that the inner conductor of the coaxial is attached to the radiation 

patch of the antenna while the outer conductor is connected to the ground plane 

difficult to model. 

Advantages 

1) Easy to fabricate 

 
2) Easy to match 

 
3) Has low spurious radiation 

 
Disadvantages 

 
1) Has narrow bandwidth 

 
2) It is difficult to model specially for thick substrate 

 
3) It is easy to fabricate but it possesses inherent asymmetries which generate 

higher order modes which produce cross-polarization radiation. 

Figure 3.7 Coaxial Probe feeding 
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3.4.7 Aperture Coupled Feeding 

This technique involves the use of the aperture mechanism, where the radiating patch 

and the Microstrip feed line are separated by the ground plane. 

The ground plane consists of an aperture usually centered under the patch, in the shape 

of a circle or rectangular, and separates two substrates: the upper substrate 𝜀𝜀𝑟1 with 

the patch on it, and the lower substrate 𝜀𝜀𝑟2 with the Microstrip feed line under it, 

spurious radiation is minimized. 

This involves the use of a high dielectric material as the bottom substrate and a thick, 

low dielectric constant material is used as the top substrate to optimize radiation from 

the patch. This type of coupling gives wider bandwidth. 

Advantages: 

It is difficult to fabricate due to multiple layers, which leads to an increase in the 

antenna thickness. 

 

Figure 3.8 Aperture coupling feed Technique 

 

 
3.4.8 Proximity Coupling 

This type of feed technique is known as the electromagnetic coupling scheme. This 

involves the use of two substrate 𝜀𝜀𝑟1and 𝜀𝜀𝑟2 consisting of the patch at the top, and the 

ground plane in the bottom. A Microstrip line is connected to the power source and 

lying between the two substrates. 

The principle involves the capacitive behavior between the patch and the feed strip 

line. Analysis and design of such an antenna is complicated than the other ones 

discussed in the previous sections because it takes into account the effect of the 

coupling capacitor between the strip feed line and the patch as well as the equivalent 
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R-L-C resonant circuit representing the patch and the calculating of two substrates 

(𝜀𝜀𝑟1 and 𝜀𝜀𝑟2 ). 

Advantage: 

1) It has largest band width. 

2) It is easy to mode 

3) It has low spurious radiation and is difficult to fabricate. 
 

 
 

Figure 3.9 Proximity Coupling feed Technique 
 

 

Table 3.2 Comparison amongst Various Feeding Methods 

 

 
3.5 Substrate material 

The relative permittivity, εr of dielectric substrate is in the range 2 to 10, but variety of 

material can be used depend on the application. Air or low density foam offers the 

lower lost and higher radiation efficiency, but higher permittivity substrates results in 
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smaller element and broader radiation pattern. Therefore, a good performance antenna 

has to be thicker substrate with lower dielectric constant but, affects larger in antenna 

size. In order to design a compact microstrip antenna, higher dielectric constant must 

be used results in lower efficiency. Table 3.4 shows relative permittivity values of 

some materials. There are some important parameters of dielectric substrate in order to 

design the microstrip transmission line or any others antennas, which are: 

Dielectric constant 

Dielectric Cost 

Loss tangent 

The thickness of the copper 
 

 
Material  r 

RT 5870 2.32 

RT 5880 2.2 

RT 6006 6.15 

RT 6010 10.2 

FR-4 4.4 

Roger-3002 3 

Roger-3006 6.15 

 

Table 3.4 Relative Permittivity values 

 

 
3.6 FR4 substrate 

FR-4 (or FR4) is a grade designation assigned to glass-reinforced epoxy laminate 

sheets, tubes, rods and printed circuit boards (PCB). FR-4 is a composite material 

composed of woven fiberglass cloth with an epoxy resin binder that is flame resistant 

(self-extinguishing).FR-4 glass epoxy is a popular and versatile high-pressure thermo 

set plastic laminate grade with good strength to weight ratios. With near zero water 

absorption, FR-4 is most commonly used as an electrical insulator possessing 

considerable mechanical strength. The material is known to retain its high mechanical 

values and electrical insulating qualities in both dry and humid conditions. These 

attributes, along with good fabrication characteristics, lend utility to this grade for a 

wide variety of electrical and mechanical applications. 

NEMA is the regulating authority for FR-4 and other insulating laminate grades. 
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Grade designations for glass epoxy laminates are: G10, G11, FR4 and FR5. Of these, 

FR4 is the grade most widely in use today. G-10, the predecessor to FR-4, lacks FR-4's 

self-extinguishing flammability characteristics. FR-4 epoxy resin systems typically 

employ bromine, a halogen, to facilitate flame-resistant properties in FR-4 glass epoxy 

laminates. Some applications where thermal destruction of the material is a desirable 

trait will still use G-10 non flame resistant. FR-4 materials are being used in numerous 

PCB applications. They are well proven, relatively low cost and their performance is 

well understood. 

FR-4 is the primary insulating backbone upon which the vast majority of rigid printed 

circuit boards are produced. A thin layer of copper foil is laminated to one or both 

sides of an FR-4 glass epoxy panel. These are commonly referred to as "copper clad 

laminates."FR-4 copper-clad sheets are fabricated with circuitry etched into copper 

layers to produce printed circuit boards. More sophisticated and complex FR-4 printed 

circuit boards are produced in multiple layers, aka "multilayer circuitry".FR-4 is also 

used in the construction of relays, switches, standoffs, bus bars, washers, arc shields, 

transformers and screw terminal strips. 

 
3.7 Method of Analysis 

There are many methods of Microstrip antenna analysis; the preferred models for the 

analysis of Microstrip patch antennas are the transmission line model and the cavity 

model. 

The transmission line model involves where we assume that the patch is a 

transmission line or part of a transmission line. The transmission line model is very 

simple to study but it is less accurate. 

The cavity model is accurate and provides good physical insight but is complex in 

nature, it involves the assumption that the patch is a dielectric-loaded cavity. 

 
3.7.1 Transmission Line Model: 

The transmission line method is an easy way of studying the Microstrip antenna. This 

involves the representation of the Microstrip antenna using two slots of width W and 

height h, separated by a low-impedance transmission line of length L. The Microstrip 

is a non-homogeneous line of two dielectrics, typically the substrate and air. 

The study of the Microstrip line involves a wider transmission line (w/h >>1 and 𝜀𝜀𝑟> 

1) using the figure (3.10) below to build a good picture of the study of the antenna. 
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Figure 3.10 Microstrip Line 

 

The approximation occurs initially to assume the thickness of the conductor t that 

forms the line has no effect on our calculations, because it is very thin comparing with 

the substrate h, (h >> t); therefore empirical formulas are used depending only on the 

line dimensions: The width W, the length L, the height h, and the dielectric constant 𝜀𝜀𝑟 

of the substrate. 

The impedance of the Microstrip is determined using: 

z =
 120  

 

 

 

 
 

The width of the Microstrip line is derived using the equation below: 

 
W = = 

 

 

 

Figure 3.11 Electric field lines 

 

From Figure 22, it is seen that most of the electric field lines reside in the substrate and 

parts of some lines in air. As a result, this transmission line cannot support pure 

transverse-electric-magnetic (TEM) mode of transmission, since there is different 

phase velocities in air and the substrate. Therefore, the dominant mode of propagation 

would be the quasi-TEM mode. Hence, an effective dielectric constant (𝜀𝜀𝑟𝑒𝑓𝑓𝑓𝑓) must 

be obtained in order to account for the fringing and the wave propagation in the line, 

v
0 

2 

2 fr r + 1 
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leading to the value of 𝜀𝜀𝑟𝑒𝑓𝑓𝑓𝑓 slightly less than 𝜀𝜀𝑟 because the fringing fields around 

the periphery of the patch are not confined in the dielectric substrate but are also 

spread in the air: 

The Effective dielectric constant(𝜀𝜀𝑟𝑒𝑓𝑓𝑓𝑓) is given by Balanis as: 
 

1 

 = 
r +1 

+ 
r  −1 

1+12 
h  2 

 
Where 

reff 

2 2 
 w  

𝜀𝜀𝑟𝑒𝑓𝑓𝑓𝑓= Effective dielectric constant. 

𝜀𝜀𝑟 = Dielectric constant of substrate. 

ℎ = Height of the dielectric substrate. 

w = Width of the patch. 

 
The Microstrip patch antenna in figure (3.9 and 3.10) is longer than its physical 

dimensions because of the effect of fringing. The effective length is therefore different 

from the physical length by ΔL. The fringing fields along the width is modelled as the 

radiating slots. 

The extension of the length of patch is determined using the equation by Hammerstad 

as: 

( + 0.3) 
 w 

+ 0.264 

 reff  

h 
 

L = 0.412h 
(   

− 0.258) w 
+ 0.8


 

reff  
h 

 
  

This extension of length Δ𝐿 expresses it as a function of the ratio Wℎ and 𝜀𝜀𝑟𝑒 . 

To calculate the effective length of the patch 𝐿𝑒𝑓𝑓𝑓𝑓: 

𝐿𝑒𝑓𝑓𝑓𝑓=𝐿+2Δ𝐿 

For a given resonance frequency 𝑓𝑓0 , the effective length given as: 
 

Leff = 

 

For effective radiation, the width W is given by Bahl and Bhartia as: 

w = 
c
 

2 f0 reff 

c 
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3.7.2 Cavity method: 

The cavity model used in analyzing the Microstrip antennas is based on the 

assumption that the region between the Microstrip patch and ground plane has a 

resonance cavity bounded by ceiling and floor of electric conductors and magnetic 

walls along the edge of the conductor. 

 

 
 

 
Figure 3.12 Magnetic wall model of a Microstrip antenna 

Although the transmission line model discussed in the previous section is easier to use, 

it consist of some inherent disadvantages especially when used in rectangular patches, 

it ignores field variations along the radiating edges. These disadvantages can be 

overcome by using the cavity model. 

The assumption of the cavity method is based on the following observations for thin 

substrates (ℎ<< 𝜆): 

• The region enclosed by the cavity consist of only three field components: E 

component in the z axis (𝐸𝑧) and two components of  ܪ along the x and y axis ( 

,). 

• Since the h (height of the substrate) is very thin (h << λ), the fields in the 

interior region do not vary much with z-coordinates for all frequencies i.e. 

normal to patch. 

• The electric current in the Microstrip patch has no component normal to the 

edge of the patch at any point. 

 

This model is good for the study of Microstrip resonators with the edge extending 

slightly to account for the fringing field. 

This is used to study the mechanism of the cavity. This involves the process where the 

       Microstrip patch is provided power when connected to a microwave source, charge 
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distribution is created and seen on the upper and lower planes (surface of the patch and 

the bottom of the ground plane) of the antenna. The charge distribution is controlled 

by two mechanism; an attractive and repulsive mechanism. 

 

 

Figure 3.13 Charge distribution and current density 

creation on the Microstrip patch 

 

 
The attractive mechanism consist of a force between the opposite charges on the patch 

and on the ground plane, it creates a current density inside the dielectric 𝐽𝑏 at the 

bottom of the patch, which helps in keeping the charge concentration intact at the 

bottom of the patch. 

The repulsive mechanism is between the like charges on the bottom surface of the 

patch, which tend to push the charges from the bottom of the patch around the edge of 

the patch to the top of the patch, this will create the current density 𝐽𝑇. As a result of 

this charge movement, currents flow at the top and bottom surface of the patch. 

 
3.8 Applications of microstrip patch antenna 

Several versions of microstrip patch were developed depending on designer, all with 

different capabilities and specific performance. The various applications of microstrip 

patch antenna are, 

• Satellite communication, direct broadcast services 

• Mobile communication, handsets and base stations 

• Biomedical radiators 

• Global Positioning System Application 

• Doppler and other radars Missiles and telemetry Commercial aircraft 

• Remote sensing and environmental instrumentations Satellite navigation receiver 

• Integrated antennas 

• Feed elements in complex antennas etc. 
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Chapter 5 

4. Microstrip Patch Antenna: Design and 

Analysis 
 

 
4.1 Introduction 

This chapter presents the procedure for designing multiband microstrip antenna. 

Equations pertaining to rectangular antenna design are also presented in this chapter. 

The frequency of operation is taken as 5.3 GHz. The design of the antenna has been 

undertaken in four major steps. In the first two phases the rectangular microstrip 

antenna is designed and simulated using ADS software to verify the design 

parameters. The best result obtained from the second step is used such that multiband 

patch geometry could be incorporated into the design. The final phase involved the 

characteristics investigation of designed multiband rectangular microstrip antenna. 

 
4.2 General design steps for Rectangular Microstrip Antenna 

The basic design procedure for rectangular microstrip antenna is illustrated in the 

following flowchart, 

Step 1 Choose the desired resonant frequencies 

Step 2 Choose appropriate substrate height and dielectric constant 

Step 3 Decide the size of patch and ground 
 

Step 4 Choose proper feed point location 
 

Step 5 Simulate the design using ADS software 

Step 6 Measure the best results of designed antenna 

4.3 Design Method 

The simplified formulation discussed in the previous sections above involves the 

procedure for designing a rectangular Microstrip antenna. 

This procedure involves the specification of the substrate that will be used, the 
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2 f 
r +1 

0 
2
 

resonant frequency and the thickness of the substrate. Once these parameters are 

derived the width and the length of the patch is determined using the relationship. The 

design of the rectangular patch antenna, these essential are required: 

i) Frequency of operation ( f𝑜) : This is also known as the Resonant Frequency; it is 

essential to select an appropriate resonant frequency of the antenna. Communication 

systems make use of frequency ranging from 1800 – 5600 MHz, therefore the antenna 

must be designed to operate in this frequency range. The frequency selected for our 

design is in between 1.8GHz – 3.0GHz for 4G applications. Therefore, the resonant 

frequency employed for this work is 2.45 GHz. 

 
ii) Dielectric constant of the substrate (𝜀𝜀𝑟) : This is referred to as the Effective 

Permittivity of the substrate. The dielectric material used for my design is FR4 epoxy 

Polycarbonate consisting of a dielectric constant of 4.4. 

 
iii) Height of the Dielectric Substrate (ℎ) : The height of the dielectric substrate for 

this design is selected as 1.5mm as it is the standard height of the FR4 epoxy substrate. 

 
4.4 Antenna Design Template 

The design of a rectangular patch antenna was developed using essential equations 

required to perform this process 

Step 1: Calculation of the width (W): 

The width of the microstrip patch antenna is given as: 

w = 
c
 

 
……………………………………….(1) 

 

 

Where, 

𝑐 = Speed of light 

𝑓𝑓0 = Resonant frequency 

𝜀𝜀𝑟 = Effective permittivity 
 

 

Step 2: Calculation of effective dielectric constant (εreff ): 

 +1  −1  
 

1 h  2 


reff =   r +  r 1+12  ………………………(2) 
2 2  w  

Where 
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2 f0 reff 

𝜀𝜀𝑟𝑒𝑓𝑓𝑓𝑓= Effective dielectric constant 

𝜀𝜀𝑟 = Dielectric constant of substrate 

ℎ = Height of the dielectric substrate. 

W = Width of the patch 

 

Step 3: Calculation of the effective length ( Leff ): 

The effective length is given as: 

Leff = 
c ........................................................... 

(3) 
 

 

 

Step 4: Calculation of the length extension ( ΔL): 

The length extension is: 

( + 0.3) 
 w 

+ 0.264 

 reff  

h 
 

L = 0.412h 
( 

  
……………...(4) 

− 0.258) w 
+ 0.8


 

reff  
h 

 
  

Step 5: Calculation of actual length of patch (L): 

The actual length is obtained by: 

L = Leff − 2L ......................................................... (5) 

 

Step 6: Calculation of the ground plane dimensions ( Lg and Wg): 

For the design, the ground plane dimensions would be given as: 

Lg = 6h + l 

Wg = 6h + w 

Step 7: Determination of strip line feeding: 

……………………………………...(6) 

Strip line fed type feeding technique is used in this design. The feeding point must be 

located at that point on the patch where the input impedance is 50 ohms for the 

resonant frequency. 
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        4.5 ADS 

The name ADS stands for Advance Design System. ADS is the industry leader in  

high-frequency domain design It supports electronic systems and RF design engineers 

developing all types of RF designs, from simple to the most complex, from RF or 

microwave modules to be integrated MMICs for communications and 

aerospace/defense applications. ADS is With a complete set of simulation 

technologies ranging from frequency, time, numeric and physical domain simulation 

to electromagnetic field simulation, ADS lets designers fully characterize and 

optimize designs. ADS can be used for virtual prototyping, debugging, or as an aid in 

manufacturing test. To enhance engineering productivity and shorten time-to-market, 

ADS software offers a high level of design automation and applications intelligence. 

Advanced Design System is a powerful electronic design automation software used 

by leading companies in the wireless communication & networking and aerospace & 

defence industries.  

4.6 Proposed design: 
 

A 1.6 mm FR4 epoxy substrate is chosen. The microstrip patch antenna, is simulated using        

ADS software for the desired operating frequency of 4G frequency of 2.14 GHz, 2.45GHz. 
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Chapter 5 

5. Fabrication and Testing 
 

5.1 Antenna fabrication 

In this topic whole fabrication procedure of the microstrip patch antenna using 

stripline feeding technique is covered. The fabrication of antenna is done in few steps 

which are as follows, 

Step1: Selection of components 

For fabrication of the antenna substrate and SMA connector is selected. After selection 

of substrate, cut the substrate of the required dimensions. 

 
 

Figure 5.1 FR4 sheet 

 

Step2: Layout drawing on the substrate 

After cutting, draw the layout on the substrate, with proper dimension. 

 
 

Step3: Etching and soldering 

Etching of antenna is important process in design of antenna, there are many method 

of etching of antenna but here we used by using iron chloride anhydrous. After making 

the layout put the PCB into etching solution. Take it out and wash it. Etching of the 

substrate is done for getting the required geometry. Then SMA connector is soldered 

on the substrate. Now final design is ready. 
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Figure 5.2 Etching Tray(a) 
 

 

 

 
Figure 5.3 Etching powder(Iron chloride anhydrous) 

 

 
 

 

  
 

                    Figure 5.4 Etching Tray(b)   
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5.2 Antenna testing 

Testing of the antennas is done by using R&S®ZVL Vector Network Analyzer in RF 

and Microwave lab. The R&S®ZVLVNA is a powerful and portable network analyzer 

in the compact class. It is the instrument to combine the functions of a network 

analyzer, spectrum analyzer and power meter in a single box. 

 

 
    Figure 5.5 Testing antenna using R&S®ZVL Vector   Network Analyzer 
 

 

 

 

                 Figure 5.6 R&S®ZVL Vector Network Analyzer 
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Figure 5.7 Tested Results of Proposed Antenna Design 

 

 

 

 

Figure 5.8 Result of Antenna Testing for SWR wave 
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Chapter 6 

6. Conclusion and Future Work 
 

In the project proposed microstrip patch antenna for 4G communication. The 

designed antenna is simple in terms of design and easy to implement. The antenna 

resonates at 2.45GHz frequency and its gain is seen to be of 1dB with return loss as - 

19.868dB. The return loss value is found to be good and gain value is found to be okay 

to work also it shows good radiation. Antenna works successfully and gives the 

output. The work done can be useful for future 4G communication. The antenna 

design structure was very simple 70mm×70mm×1.6mm and can be easily designed. 

Currently antenna is working at resonance frequency of 2.45GHz. But still the antenna 

can be improved as per the requirement of the application. The antenna can be 

improved by choosing more quality substrate. Also the improvement can be done by 

reducing the dimension so that antenna will resonate with higher frequency and will 

take lesser space and consume lesser power. By reducing the dimensions we can have 

improvement in radiation, efficiency, directivity and more effective.



References 

SSGMCE, Shegaon 53 

 

 

 

References 
 

 

[1]  Atik Mahabub & et. al,” Design of a Multiband Patch Antenna for 5G Communication Systems”, 

Open Journal of Antennas and Propagation, DOI: 10.4236/ojapr.2018.61001 Mar. 30, 

2018,6,pp1-14. 

 

[2] Jia Wang Li & et. al,” Dual polarized Antenna and Array with Filtering Response and Low Cross 

Polarization for 5G Millimeter Wave Applications”, 13th Global Symposium on Millimeter- 

Waves & Terahertz (GSMM) | 978-1-6654-3743- 1/21/$31.00 ©2021 IEEE | 

DOI:10.1109/GSMM53250.2021.9511913. 

 

[3] Ankit Kaim and Dr. Shailesh Mishra,” Dual Band 9- Shaped Graphene-Film Patch Antenna for 

5G Applications”, 2021 International Conference on Intelligent Technologies (CONIT) | 978-1- 

7281-8583-5/21/$31.00 ©2021 IEEE | DOI: 10.1109/CONIT51480.2021.949847. 

 

[4] Emna Jebabli & et. al,” Impedance Matching Enhancement of A Microstrip Antenna Array 

Designed for Ka-band 5G Applications”, 2021 International Wireless Communications and 

Mobile Computing (IWCMC) | 978-1- 7281-8616-0/21/$31.00 ©2021 IEEE | DOI: 

10.1109/IWCMC51323.2021.9498825. 

 

[5] Letian Wen & et.al.,” High-Gain Dual-band Resonant Cavity Antenna for 5G Millimeter Wave 

Communications”, DOI 10.1109/LAWP.2021.3098390, IEEE Antennas and Wireless 

Propagation Letters. 

 

[6] Javier More Sanchez,” Mobile revolution: From 2G to 5G”, 2021 IEEE Colombian Conference 

on Communications and Computing (COLCOM) | 978-1-6654-4271-8/21/$31.00 ©2021 IEEE | 

DOI: 10.1109/COLCOM52710.2021.9486300. 

 

[7] Rania Eid & et.al.,” WIDEBAND MONOPOLE ANTENNA WITH MULTIPLE STUB 

RESONATORS FOR 5G APPLICATIONS”. 021 38th National Radio Science Conference 

(NRSC) | 978-1-6654-1859-1/21/$31.00 ©2021 IEEE | DOI: 

10.1109/NRSC52299.2021.9509812. 

 

[8] Sahil Shelar et.al.,” Microstrip Patch Antenna with Partial Ground Plane and Parasitic Patch for K 

Band Application in 5G”, 2021 International Conference on Communication information and 

Computing Technology (ICCICT) | 978-1-6654-0430-3/21/$31.00 ©2021 IEEE | DOI: 

10.1109/ICCICT50803.2021.9510092. 

 

[9] Jayshri Kulkarni & et.al.,” A Two-Port Dual Band Microstrip Feed Based Cylindrical Dielectric 

Resonator Antenna Array for Sub- 6 GHz 5G and Super Extended-C Band Applications”2021 

International Conference on Communication information and Computing Technology (ICCICT) | 

978-1-6654-0430-3/21/$31.00 ©2021 IEEE | DOI: 10.1109/ICCICT50803.2021.9510136. 

 
 

[10] Rifaqat Hussain and Mohammad S. Sharawi,” 5G MIMO Antenna Designs for Base Station and 

User Equipment”, 2021 IEEE ANTENNAS & PROPAGATION MAGAZINE, 1045- 

9243/21©2021IEEE. 

 

[11] Anas Abu Bakr Binshitwan & et.al.,” 38GHz Rectangular Microstrip Antenna with DGS for 5G 

Applications”, 021 International Congress of Advanced Technology and Engineering (ICOTEN) 

| 978-1-6654-1224-7/21/$31.00 ©2021 IEEE | DOI: 10.1109/ICOTEN52080.2021.9493463. 

 

[12] J. M. Kovitz, H. Rajagopalan, and Y. Rahmat-Samii. Practical and cost-effective bias line 

implementations for reconfigurable antennas. IEEE Antennas and Wireless Propagation Letters, 

11:1552–1555,2012. ISSN 1536-1225. doi: 10.1109/LAWP.2012.2234076. 



References 

SSGMCE, Shegaon 54 

 

 

[13] C.G. Christodoulou, Y. Tawk, S.A. Lane, and S.R. Erwin. Reconfigurable 

 

antennas for wireless and space applications. Proceedings of the IEEE, 100(7): 2250–2261, July 

2012. ISSN 0018-9219. doi: 10.1109/JPROC.2012.2188249. 

 

[14] S. Saunders and A. Arag´on-Zavala. Antennas and Propagation for Wireless Communication 

Systems: 2nd Edition. John Wiley & Sons, 2007. ISBN 9780470848791. URL 

https://books.google.co.uk/books?id=D1WF5Z1Yz7YC. 
 

[15] Y. Rahmat-Samii, L. I. Williams, and R. G. Yaccarino. The UCLA bi-polar planar- 

near-field antenna-measurement and diagnostics range. IEEE Antennas and Propagation 

Magazine, 37(6):16–35, Dec 1995. ISSN 1045-9243. doi: 10.1109/74.482029. 

 

[16] IEEE standard 145-1993, “Standard definitions of terms for antennas,”ISBN 155937-317-2, 

www.IEEEXplore.org. [17] Constantine A Balanis, Antenna Theory: Analysis and Design, 

AWiley inter-science publication, Third edition: 2005. 

 

[17] Reinhold Ludwig, Gene Bogdanov, RF Circuit Design Theory And Application, Pearson 

Education, Second Edition. 

 

[18] Federal Communications Commission. “Authorization of Spread Spectrum Systems Under Parts 

15 and 90 of the FCC Rules and Regulations". 

 

[19] Gonzalez, Guillermo. Microwave transistor amplifiers analysis and design. Vol. 2. New Jersey: 

Prentice hall, 1997 

https://books.google.co.uk/books?id=D1WF5Z1Yz7YC
http://www.ieeexplore.org/

	print_antenna_report_Shreyash
	Serialwise certificates
	print_antenna_report_Shreyash

