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ABSTRACT 



 x

  

The thesis covers two aspects of microstrip antenna 

designs. The first is the analysis and design of single 

element narrowband rectangular microstrip antenna which 

operates at the central frequency of 2.4 GHz and the second 

aspect is the design of five element broadband Log Periodic 

microstrip antenna. Both antennas have been modeled, designed 

and simulated. Basically, transmission line and cavity 

modeling are going to use to model both antennas. First, the 

design parameters for single element of rectangular patch 

antenna have been calculated from the transmission line model 

equation and extend the antenna design to five element log 

periodic microstrip antenna using log periodic analytical 

technique.   The simulation process has been done through 

momentum simulation using Empire software.  Each data from the 

Finite Difference Time Domain Method (FDTD) simulation extract 

and combine with the microstrip transmission line. The 

rectangular microstrip antenna design uses Flame Retardant 4, 

FR4, microstrip board with dielectric constant 4.7, scaling 

factor 0.95 and loss tangent is 0.019.  The properties of 

antenna such as bandwidth, S parameter has been investigated 

and compared between a single element rectangular and a five 

element log periodic rectangular microstrip antenna.   

.  



CHPTER ONE  

 

OVERVIEWOVERVIEWOVERVIEWOVERVIEW    

 

1.1 Introduction 
 

Wireless communication has been developed rapidly in 

the past decades and it has already a dramatic impact on 

human life. In the last few years, the development of 

wireless local area networks (WLAN) represented one of the 

principal interests in the information and communication 

field. Thus, the current trend in commercial and government 

communication systems has been to develop low cost, minimal 

weight, low profile antennas that are capable of 

maintaining high performance over a large spectrum of 

frequencies. This technological trend has focused much 

effort into the design of microstrip (patch) antennas. With 

a simple geometry, patch antennas offer many advantages not 

commonly exhibited in other antenna configurations. For 

example, they are extremely low profile, lightweight, 

simple and inexpensive to fabricate using modern day 

printed circuit board technology, compatible with microwave 

and millimeter-wave integrated circuits (MMIC), and have 

the ability to conform to planar and non planar surfaces. 

In addition, once the shape and operating mode of the patch 

are selected, designs become very versatile in terms of 

operating frequency, polarization, pattern, and impedance. 

The variety in design that is possible with microstrip 

antenna probably exceeds that of any other type of antenna 

element. 

 

Using the Log Periodic Antenna (LPA) concept, in this 

thesis, a log-periodic microstrip antenna is designed, 
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simulated and tested. There are quite a few software 

programs available, which allow us to analyze antennas 

numerically. The Empire simulator is one of the software 

tools for solving Maxwell’s equations, especially for radio 

and microwave frequency applications. It works based on the 

Finite Difference Time Domain Method (FDTD), which means 

that structure of the microstrip antenna is discretized 

into a number of cells based on space and time. The 

simulator tool computes most of the useful quantities of 

interest such as radiation pattern, input impedance and 

gain. 

 

The thesis attempts to confirm the bandwidth 

enhancement of log periodic microstrip antenna by designing 

and simulation of a single element rectangular microstrip 

and a five element log periodic microstrip antenna. 

 

1.2 General Motivation  

 

Despite the many advantages of patch antennas, they do 

have some considerable drawbacks. One of the main 

limitations with patch antennas is their inherently 

narrowband performance due to its resonant nature. With 

bandwidths as low as a few percent; broadband applications 

using conventional patch designs are limited. Other 

characteristics of patch antennas include low efficiencies, 

limited power capacity, spurious feed radiation, poor 

polarization purity, and manufacturing tolerance problems. 

 

Recently, much progress has been made to broaden the 

bandwidths of microstrip antennas. Many of these techniques 

involve adjusting the placement and/or type of element used 
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to feed (or excite) the antenna. The simplest and most 

direct approach is to increase the thickness of the 

substrate, while using a low dielectric substrate. This can 

extend bandwidth of microstrip antenna significantly. 

However, power loss is maximized due to the fact of surface 

wave loss of side lobe. The limitation of high surface wave 

loss, in general losses, forces to search alternative 

techniques that can achieve larger bandwidth with minimum 

loss.  

Since most WLANs are operated at 2.4 GHz (i.e license 

free frequency band) and also since design and 

implementation of broadband log periodic microstrip antenna 

is simpler, easy to implement and cost effective compared 

to other designing methods; the thesis concentrates on the 

designing of broadband log periodic microstrip antenna that 

operate at 2.4 GHz and study its performance. 

 

1.3 Outline of the Thesis  

 

The thesis is organized as follows: Chapter one gives 

an introduction and general motivation of the thesis which 

describes the flow of the thesis. Chapter two provides a 

brief technical description of single element rectangular 

microstrip antennas focusing on basic characteristics, 

typical excitation (feeding) methods, and concludes with an 

analytical model of a patch. Chapter three introduces the 

concept of log periodic rectangular microstrip antenna to 

determine the dimension of log periodic elements. The 

simulation of single element rectangular microstrip antenna 

and five element log periodic microstrip antenna using 

Empire software and discussion of the radiation 

characteristics of those antennas are described in Chapter 
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four. Chapter five concludes this research and offers 

suggestions for future directions. The background of the 

simulator software and overview of scattering parameters in 

conjunction to bandwidth is addressed in Appendix. 
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CHAPTER TWO 

 

ANTENNA THEORYANTENNA THEORYANTENNA THEORYANTENNA THEORY    

 

2.1 Microstrip Antenna 
 

One of the most exciting developments in antenna and 

electromagnetic history is the advent of microstrip antenna 

(known also as patch antenna). It is probably the most 

versatile solution to many systems requiring planner 

radiating element. Microstrip antenna falls into the 

category of printed antennas: radiating elements that 

utilize printed circuit manufacturing processes to develop 

the feed and radiating structure. Of all the printed 

antennas, including dipole, slots, and tapered slots; 

microstrip antenna is by far the most popular and 

adaptable. This is because of all its salient features: 

including ease of integration, good radiation control, and 

low cost of production. 

 

The microstrip antenna is constructed from dielectric 

substrate and patch metal and that a portion of the 

metallization layer is responsible for radiation. 

Microstrip antenna was conceived in the 1950s, and then 

extensive investigations of the patch antennas followed in 

the 1970s and resulted in many useful design 

configurations. Through decades of research, it was 

identified that the performance and operation of a 

microstrip antenna is driven mainly by the geometry of the 

printed patch and the material characteristics of the 

substrate onto which the antenna is printed.  



 6 

2.2 Basic Characteristics 

 

As shown in Figure 2.1, conventional microstrip 

antennas consist of a pair of parallel conducting layers 

separating a dielectric medium, referred as substrate. In 

this configuration, the upper conducting layer or “patch” 

is the source of radiation where electromagnetic energy 

fringes off the edges of the patch and into the substrate. 

The lower conducting layer acts as a perfectly reflecting 

ground plane, bouncing energy back through the substrate 

and into free space. Physically, the patch is a thin 

conductor that is an appreciable fraction of a wavelength 

in extent. The patch which has resonant behavior is 

responsible to achieve adequate bandwidth. Conventional 

patch designs yield few percent band widths. In most 

practical applications, patch antenna is rectangular or 

circular in shape; however, in general, any geometry is 

possible. 

 

 

 

Figure 2.1 Conventional rectangular microstrip antenna 
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Microstrip antenna should be designed so that its 

maximum wave pattern is normal to the patch. This is 

accomplished by proper choice of mode of excitation beneath 

the patch. Generally, patch of microstrip antenna thickness 

is very thin in the range of t << λo (λo is free space wave 

length) and the height h of dielectric material is between 

0.003λo < h < 0.05λo. For a rectangular path, the length L 

of the element is usually λo/3 < L< λo/2. 

 

There are numerous substrate that can be used for the 

design of microstrip antenna, and their dielectric 

constants are usually in the range of 2.2< Єr < 12, where Єr 

is relative dielectric constant. The substrate whose size 

is thick and dielectric constant is in the range of lower 

end provides better efficiency and bandwidth; but it 

expenses large element size.   

 

2.3 Feeding Methods 

 

There are several techniques available to feed or 

transmit electromagnetic energy to a microstrip antenna. 

The four most popular feeding methods are the microstrip 

line, coaxial probe, aperture coupling and proximity 

coupling. These are displayed in Figure 2.2.  
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Figure 2.2 Techniques for feeding microstrip patch 

antenna 

 
The microstrip line feed, Figure 2.2.a, has usually 

small size width compared to the patch. The microstrip line 

feed is easy to fabricate, simple to match by controlling 

the inset position and easy to model. However, as the 

substrate thickness increases, surface waves and spurious 



 9 

feed radiation increase which limits the bandwidth in the 

practical design.  

 

  Coaxial line feed, Figure 2.2.b, where the inner 

conductor of the coax is attached to the radiation patch 

while the outer conductor is connected to the ground plane, 

are also widely used. The coaxial probe feed is also easy 

to fabricate and match, and it has low spurious radiation. 

However, it also has narrow bandwidth and more difficult to 

model. 

 

Aperture coupling, Figure 2.2.c, is non-contacting 

feed method which consists of two substrates separated by a 

ground plane. On the bottom side of the lower substrate 

there is a microstrip feed line whose energy is coupled to 

the patch through a slot on the ground plane separating the 

two substrates. This arrangement allows independent 

optimization of the feed mechanism and the radiating 

element. Typically a high dielectric material is used for 

the bottom substrate, and thick low dielectric constant 

material for the top substrate. Matching of aperture 

coupling is preformed by controlling the width of the feed 

line and length of the slot.   

  

   Proximity coupling, Figure 2.2.d, is also non-

contacting feed method that provides largest bandwidth and 

low spurious radiation. However, its fabrication is more 

difficult relative to other kinds of feeding method. 

 

The equivalent circuits of each type of feed method 

are illustrated in the following Figure 2.3. 
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Figure 2.3 Equivalent circuits of typical feeding 

methods [1] 

 

2.4 Analytical Evaluation of a rectangular Patch 

Antenna 

 
The Objectives of antenna analysis are to predict the 

radiation characteristics such as radiation patterns, gain, 

and polarization as well as input impedance, bandwidth, 

mutual coupling, and antenna efficiency. The analysis of 

microstrip antennas is complicated by the presence of in-

homogeneity of dielectric and boundary conditions, narrow 

frequency band characteristics, and a wide variety of feed, 
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patch shape, and substrate configurations. The good model 

has the following basic characteristics: 

 

• It can be used to calculate all impedance and 

radiation characteristics of the antenna.  

• It’s result are accurate enough for the intended 

purpose. 

• It is simple as possible, while providing the 

proposed accuracy for the impedance and radiation 

properties. 

• It lends itself to interpretation in terms of 

known physical phenomena. 

 

 In common practice, microstrip antennas are evaluated 

using one of three analysis methods: the transmission line 

model, the cavity model, and the full-wave model. The 

transmission line model is the easiest of all, it gives 

good physical insight. But it is less accurate and more 

difficult to model coupling effect of antenna. Compared to 

the transmission line model, the cavity model is more 

accurate but at the same time more complex and difficult to 

model coupling effect.  In general, when applied properly, 

the full wave model is very accurate, and very versatile. 

It can analyze single element, finite array, layered 

elements and arbitrary shaped element of microstrip antenna 

and also coupling effect of the antenna.  

 

2.4.1 Transmission line modeling 
 

The transmission line model, as shown in the Figure 

2.4, represents the microstrip antenna by two slots, 
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separated by susceptance B and conductance G of length L 

patch. Due to the dimensions of the patch are finite (or 

shorter than the base plate) along in length and width, the 

fields at the edges of the patch undergo fringing. The 

fringing fields act to extend the effective length of the 

patch. Thus, the length of a half-wave patch is slightly 

less than a half wavelength in the dielectric material.  

 

 
 

 
Figure 2.4 Transmission line model 

 

2.4.1.1 Fringing effect  

 
 

 The amount of fringing of the antenna is a function 

of the dimensions of the patch and the height of the 

substrate. Due to fringing electric field lines travels in 

non-homogeneous material, typically substrate and air, an 

effective dielectric constant єreff is introduced. For 

electric line with air above the substrate, the effective 

dielectric constant has values in the range of 1 < єreff < 

єr. The dielectric constant for most applications is much 

greater than unity. The effective dielectric constant is 

expressed by the function of frequency. As the frequency of 

operation increases, most of the electric field 
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concentrates in the substrate, and therefore, the 

microstrip behaves more like a homogeneous electric line of 

one dielectric, and the effective dielectric constant 

approaches the value of one dielectric constant of the 

substrate. Experimental results of the effective dielectric 

constant for microstrip with three different substrates are 

shown in Figure 2.5.  

 

 

 

 
Figure 2.5 Effective dielectric constant versus 

frequency for typical substrates [2] 

 

 

 Generally, the relationship of width,W  height, h  

effective dielectric constant, effε
 and relative dielectric 

constant of the substrate rε  are related as follow [4][15]. 
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A very popular and practical approximation relation 

for normalized extension of the length is obtained from 

below equation. [5][15]. 
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Substrate thickness should be chosen as large as 

possible to maximize bandwidth, but not so large to 

minimize the risk of surface wave excitation. The substrate 

should also has low dielectric constant in order to achieve 

high efficiency.      

 

Since the effective length of the patch has been 

extended by L∆  on each side, the effective length of the 

patch is expressed as 

 

effL  = L +2 L∆                                                  2.3 

 

     

After analyzing and determining the physical nature of 

the microstrip antenna with reference of resonant 

frequency, fr , relative dielectric constant, rε , height of 

the substrate h; it is possible to design rectangular 
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microstrip antenna dimension, width W  and Length L , of 

patch as follow. [6] 
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2.4.1.2 Resonant input resistance  

 

As shown in figure 2.4, a mirostrip antenna is 

represented by an equivalent circuit with two slots having 

conductance, G, and susceptance, B. The total admittance at 

slot one (input admittance) is obtained by transferring the 

admittance of slot two from the output terminal to input 

terminals using the admittance transformation equation of 

transmission lines. Ideally two slots are separated by λ/2 

where λ is the wavelength in the dielectric (substrate). 

However, because of the fringing the length of the patch is 

electrically longer than the actual length. Therefore the 

actual separation of the two slots is slightly less than 

λ/2. If the reduction of the length is properly chosen 

using equation 2.2, the transformed admittance of the slot 

two becomes 

 

21 YY =            21 GG =           21 BB −=       2.8 
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Therefore the total resonant input admittance is real 

and is given by 

 

121 2GYYYin =+=                  2.9 

   

 Since the total input admittance is real, the 

resonant input impedance is also real.  

12
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Considering the mutual effects between the slots, the 

above equation will be modified as [13] 
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where the plus (+) sign is used for modes with odd 

(anti-symmetric) resonant voltage distribution beneath the 

patch and the slots while minus (-) sign is used for modes 

with even (symmetric) resonant voltage distribution.  

 

However, the mutual conductance of microstrip antenna 

is defined as [1] 
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where E1 is the electric field radiated by slot one, H2 

is the magnetic field radiated by slot two, V0 is the 

voltage across the slot.  

 

The equation 2.12 considers the effect of magnetic 

field radiated by slot two over slot one of the equivalent 

circuit of microstrip antenna. The integration is performed 

over the sphere of large radius.  

 

Hence, G12 can also be calculated using [14] 
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Where J0 is the Bessel function of the first kind of 

order zero and K0 is a wave number 

 

However, the conductance, G1, is obtained from radiated 

power expression: [1] 
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where Prad is the radiated power of microstrip antenna 

[1] given as:  
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Therefore the conductance can be expressed as 
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The approximated result of equation 2.15.a is [1] 
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Where K0 is a wave number 

 

And hence, asymptotic value of the equation is 

described by [1]  
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Graphical representation of equation 2.16 to determine 

G1 is presented in the Figure 2.6 (A plot of G1 as a function 

of W/λo). It shows that magnitude of conductance of the 

microstrip antenna increases linearly as W/λo increases.    
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Figure 2.6 Slot conductance as a function of slot 

width [1] 

 

 

 

 

2.4.1.3 Inset Feed 

 

The resonant input resistance of the microstrip 

antenna obtained by equation 2.11 can be changed to 

appropriate value using inset feed or other alternative 

technique in order to achieve maximum power transfer. 

 

The inset technique changes the resonant input 

resistance by introducing a physical notch, as shown in 

Figure 2.7, which in turn introduces a junction 
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capacitance. The physical notch and its corresponding 

junction capacitance influence slightly the resonant 

frequency. The maximum resonant input resistance value 

occurs at the edge of the slot (y0 = 0) where the voltage is 

maximum and current is minimum. However, the minimum 

resonant input resistance value occurs at the center of the 

patch (y0 = L/2). As the inset feed point moves from edge 

toward the center of the patch the resonant input impedance 

decreases monotonically and reaches zero at the center. 

When the value of the inset feed-point reaches the center 

of the patch (y0 = L/2), the 








0

2cos y
L

π

 function varies very 

rapidly; therefore the input resistance also changes 

rapidly with the position of the feed point.  
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Figure 2.7 Microstrip line inset feeding and variation 

of normalized input resistance [1] 

 

 

Analytically, the input resistance for inset feed is 

given approximately by [1][16] 
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Similarly, the characteristic impedance z0 of 

microstrip line feed is given by [4] 
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Characteristic impedance of microstrip line as 

function w/h is given in Figure 2.8 for common substrates 

such as RT (2.33), beryillium oxide (6.8) and alumina 

(10.2). As it is indicated in the Figure 2.8 the 

characteristic impedance Z0 is decreased as w/h values 

increased. For instance, the characteristic impedance 50 

ohm is obtained for RT (2.33) dielectric material at the 

ratio value of w/h of 100.5. 
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Figure 2.8 Characteristic impedance of microstrip line 

as a function of w/h [4] 

 

2.4.2 The Cavity model 
 

Microstrip antenna resembles dielectric loaded 

cavities, and exhibit higher order resonances. The 

normalized fields within the dielectric substrate can be 

found more accurately by treating that region as a cavity 

bounded by electric conductors (above and below) and by 

magnetic wall along the perimeter of the patch. The bases 

for this assumption are the following points (for height of 

substrate h << wave length of the field λ). 

 

• The fields in the interior region do not vary 

with z-axis because the substrate is very thin, 

h<< λ 
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• The electric field is z-axis directed only, and 

the magnetic field has only the transverse 

components in the region bouned by the patch 

metallization and the ground plane. This 

observation provides for the electric walls at 

the top and bottom. 

• The electric current in the patch has no 

component normal to the edge of the patch 

metallization, which implies that the tangential 

component of magnetic field along the edge is 

negligible, and a magnetic wall can be placed 

along the periphery. 

 

 This approximation model leads to reactive input 

impedance, and it does not radiate any power. However, the 

actual fields can be approximated to the generated field of 

the model and is possible to analyze radiation pattern, 

input admittance, and resonant frequency.      

 

2.4.2.1 Current Densities 
 

When the microstrip antenna (cavity modeled) is 

energized, charge distribution is established on upper and 

lower surfaces of the patch, as well as on the surface of 

the ground plane. The charge distribution is controlled by 

two mechanisms; attractive and a repulsive mechanism. The 

attraction is between the corresponding opposite charges on 

the bottom side of the patch and ground plane, which tends 

to maintain the charge concentration on the bottom of the 

patch. The repulsive is between like charges from the 

bottom of the patch, around its edges, to its top surface. 

(See Figure 2.9) The movement of these charges creates 
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corresponding current densities Jb and Jt, at the bottom and 

top surfaces of the patch.    

 

 

 

Figure 2.9 Charge distribution and current density 

 

Since for the most practical microstrip the height to 

width ratio is very small, and due to attractive and a 

repulsive mechanism of charges, only small amount of 

current flows at the top surface of the patch and large 

amount of charges are concentrated underneath the patch. 

The concentration of charges produces current density Jb and 

Jt at the patch. However, this flow of current decrease as 

the height to width ratio increases. It implies that there 

is no tangential magnetic field component at the edges of 

the patch. This condition allows a microstrip antenna to be 

modeled by a four sided magnetic wall (Figure 2.10) model.  
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Figure 2.10 Cavity model of rectangular microstrip 

antenna 

As shown in the Figure 2.10, the four sides slot is 

represented by the equivalent electric current density and 

equivalent magnetic current densities, respectively as 

follows  

 

as
nxHJ =       and         as

nxEM −=                               2.19 

 

where Ea and Ha represent the electric and magnetic 

fields at the slots 

 

Considering the presence of the ground plane, the only 

nonzero current density is the equivalent magnetic current 

density Ms.  

 

Applying image theory of the magnetic current in the 

electric ground plane, equivalent magnetic current density 

Ms is given as 

as
nxEM 2−=                                                      2.20 

Typical E and H plane of microstrip antenna of two 

slots with the source of the same magnitude and phase is 

presented in Figure 2.11. 
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Figure 2.11 Typical E and H plane pattern of 

microstrip patch slots [1] 

 

Treating the cavity model as microstrip antenna is not 

sufficient to find the absolute amplitude of the electric 

and magnetic fields. Naturally, the cavity is lossless and 

requires introducing losses by considering effective loss 

tangent to behave as an antenna. Because the thickness of 

the microstrip antenna is usually very small, the waves 

generated within the dielectric substrate undergo 

considerable reflections when the fields arrive at the edge 

of the patch. The electric field is nearly normal to the 

surface of the patch. Therefore, only TM field 

configuration is considered within the cavity.  

 

2.4.2.2 Field configuration 
 

It is common practice in the analysis of 

electromagnetic boundary-value problems to use auxiliary 

vector potentials as aids in obtaining solution for 

electric (E) and magnetic (H)fileds. The most common vector 

potential functions are the A, Magnetic vector potential, 
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and F, electric vector potential. These field 

configurations must be satisfy Maxwell’s equations or the 

wave equation and the appropriate boundary conditions.  

 

Transverse magnetic modes, TM, (often also known as 

transverse magnetic field) are field configurations whose 

magnetic field components lie in a plane that is transverse 

to the direction of wave propagation. Consider that the 

wave propagation of the microstrip antenna is to x-axis and 

hence, magnetic vector potential of cavity model is 

generally obtained from the homogeneous wave equation 

[4][8]. 

 

0
22

=+∇
xx

AkA                                                           2.21 

where k2= ω2µε  

 

Since the field expression of TM to a given direction 

is independent of the other coordinate system, it is 

sufficient to let the vector potential A have only a 

component in the direction in which the fields are 

propagated. The remaining components of A as well as all of 

F are set equal to zero. 

 

 The solution for equation 2.21 is expressed as follow 

[4]: 
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where kx, ky and kz are the wave numbers along x, y, z 

directions, respectively. Its value is determined subject 

to the boundary conditions.  

 

Considering the boundary condition of the cavity 

model, Hz(0<x<h, y=0, 0<z<W)= 0 and Hz(0<x<h, y=L,0<z<W)=0, 

the vector potential is described as 

 

 
)cos()cos()cos(

,,,
zkykxkAA

zyxmnpx
=

               2.23 

where Amnp represents the amplitude coefficients of 

each mnp mode 

 

Resonant frequency determines the dominant mode of 

cavity operation and it is obtained using the following 

equations [4][1]. 

1. If L>W>h, the mode with lowest frequency 

(dominant mode) is TM010 and its resonant 

frequency is: 

µεL
f
r 2

1
)(

010
=

                             2.24 

2. If L>W>L/2, the mode is TM001 and its resonant 

frequency is: 

 

µεW
f
r 2

1
)(

001
=

                           2.25 

3. If L>L/2>W>h, the order of the mode is TM020 and 

its resonant frequency is: 

µεL
f
r

1
)(

020
=

                               2.26 
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CHAPTER THREE 

 

 

ANTENNA PARAMETERSANTENNA PARAMETERSANTENNA PARAMETERSANTENNA PARAMETERS    

 

 

3.1 Gain and directivity 
 

 

The gain of an antenna is the radiation intensity in a 

given direction divided by the radiation intensity that 

would be obtained if the antenna radiated all of the power 

delivered equally to all directions. 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 isotrope is 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 
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referenced to the half-wave dipole, the units are expressed 

as dBd. The relationship between these units is 

 

dBGG dBidBd 15.2−=                                                 3.1 

 

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 were lossless 

(100 % efficient), then the gain and directivity (in a 

given direction) would be the same. 

 

3.2 Antenna Polarization 

 

 

The term polarization has several meanings. In a 

strict sense, it is the orientation of the electric field 

vector E at some point in space. If the E-field vector 

retains its orientation at each point in space, then the 

polarization is linear; if it rotates as the wave travels 

in space, then the polarization is circular or elliptical. 

In most cases, the radiated-wave polarization is linear and 

either vertical or horizontal. At sufficiently large 

distances from an antenna, beyond 10 wavelengths, the 

radiated, far-field wave is a plane wave. 

 

3.3 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 
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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. 

 

The input impedance of patch antenna is in general 

complex and it includes resonant and non-resonant part. 

Both real and imaginary parts of the impedance vary as a 

function of frequency. Ideally, both the resistance and 

reactance exhibit symmetry about the resonant frequency as 

shown in Figure 3.1. Typically, the feed reactance is very 

small, compared to the resonant resistance for thin 

substrates. 
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Figure 3.1 Typical variation of resistance and 

reactance of rectangular microstrip 

antenna versus frequency [18] 

 

 

3.4 Voltage Standing Wave Ratio 

 

The standing wave ratio (SWR), also known as the 

voltage standing wave ratio (VSWR), is not strictly an 

antenna characteristic, but is used to describe the 

performance of an antenna when attached to a transmission 

line. It is a measure of how well the antenna terminal 

impedance is matched to the characteristic impedance of the 

transmission line. Specifically, the VSWR is the ratio of 

the maximum to the minimum RF voltage along the 

transmission line. The maxima and minima along the lines 

are caused by partial reinforcement and cancellation of a 

forward moving RF signal on the transmission line and its 

reflection from the antenna terminals. 
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If the antenna terminal impedance exhibits no reactive 

(imaginary) part and the resistive (real) part is equal to 

the characteristic impedance of the transmission line, then 

the antenna and transmission line are said to be matched. 

It indicates that none of the RF signal sent to the antenna 

will be reflected at its terminals. There is no standing 

wave on the transmission line and the VSWR has a value of 

one. However, if the antenna and transmission line are not 

matched, then some fraction of the RF signal sent to the 

antenna is reflected back along the transmission line. This 

causes a standing wave, characterized by maxima and minima, 

to exist on the line. In this case, the VSWR has a value 

greater than one. The VSWR is easily measured with a device 

and VSWR of 1.5 is considered excellent, while values of 

1.5 to 2.0 is considered good, and values higher than 2.0 

may be unacceptable. 

 

As stated above and elsewhere, an ideal match between 

the antenna and transmission line is desired; but this can 

often be achieved only for a single frequency. In practice, 

an antenna may be used for an entire frequency band, and 

its terminal impedance will vary across the band. In an 

antenna specification, either the impedance versus 

frequency across a band is given or the VSWR versus 

frequency is given. 

 

3.5 Bandwidth 

 

The bandwidth of an antenna is defined as the range of 

frequency within the performance of the antenna. In other 

words, characteristics of antenna (gain, radiation pattern, 

terminal impedance) have acceptable values within the 
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bandwidth limits. For most antennas, gain and radiation 

pattern do not change as rapidly with frequency as the 

terminal impedance does. Since the transmission line 

characteristic impedance hardly changes with frequency, 

VSWR is a useful, practical way to describe the effects of 

terminal impedance and to specify an antenna’s bandwidth. 

 

For broadband antennas, the bandwidth is usually 

expressed as the ratio of the upper to lower frequencies of 

acceptable operation. However, for narrowband antennas, the 

bandwidth is expressed as a percentage of the bandwidth. 

[1]  

 

3.6 Quality factor 

 

The quality factor is a figure-of-merit that 

representative of the antenna losses. Typically there are 

radiation, conduction, dielectric and surface wave losses.  

 

scdcradt
QQQQQ

11111
+++=                                       3.2 

 

Qt : total quality of factor 

Qrad : quality factor due to radiation losses 

Qc : quality factor due to conduction losses  

Qdm : quality factor due to dielectric losses 

Qsc :quality factor due to surface wave  

   

The quality factor, bandwidth and efficiency are 

antenna figures-of-merit, which are interrelated, and there 

is no complete freedom to independently optimize each one. 
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For very thin substrates h << λ0 of arbitrary shapes 

including rectangular, there approximate formulas to 

represent the quality factors of the various losses. 

 

These can be expressed as  

µσπ fhQ c =                                                         3.3 

 

δtan

1
=dQ                                                                       3.4 

 

k
lhG

Q
t

r
rad

/

2 ωε
=                                                          3.5 

Where tan δ is the loss tangent of the substrate 

material, σ is the conductivity of the conductors 

associated with the patch and ground plane, Gt /l is the 

total conductance per unit length of the radiating aperture 

and k for rectangular microstrip antenna is L/4. 

 

The Qrad as represented by 3.5 is inversely proportional 

to the height of the substrates. A typical variation of the 

bandwidth for a microstrip antenna as a function of the 

normalized height of the substrate, for two different 

substrates, is shown in Figure 3.1. It is evident that the 

bandwidth increases as the substrate height increases. 

However, the radiation efficiency of the patch antenna 

described by the ratio of power radiated over the input 

power (3.6) decreases as normalized height of the substrate 

increased. 
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Figure 3.2 Efficiency and bandwidth versus substrate 

height at constant resonant frequency for 

rectangular microstrip patch for two 

different substrates [19] 
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CHAPTER FOUR 

    

LOG PERIODIC MICROSTRIP ANTENNALOG PERIODIC MICROSTRIP ANTENNALOG PERIODIC MICROSTRIP ANTENNALOG PERIODIC MICROSTRIP ANTENNA    

 

4.1 Log periodic microstrip antenna Theory 

 

The advents of broadband systems have demanded the 

design of broadband radiators. The use of simple, small, 

lightweight, and economical antennas, designed to operate 

over the entire frequency band of the system, would be most 

desirable. However, in practice all the desired features 

and benefits cannot usually be derived from a single 

radiator. On the other hand, antenna characteristics such 

as impedance, radiation pattern, polarization, and so forth 

are invariant to a change of physical size if similar 

change is also made in the operating frequency or 

wavelength; such antenna is called frequency independent 

antenna. However, frequency dependent antennas usually 

exhibit different radiation properties at different 

frequencies due to their physical dimensions. Variations of 

radiation characteristics with frequency limit the 

bandwidth of the antenna and thus the information carrying 

capacity of the communication link to which the antenna 

belongs.  

 

The log periodic microstrip antenna is a more 

conventional approach for the implementation of a broadband 

antenna. The basis of this design is the linear array of 

coplanar patch antennas, with the size and spacing of the 

patches increasing in a log periodic manner. At any given 
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frequency throughout the designed bandwidth, there will 

always be a number of the patch antennas resonating and 

radiating within the log periodic array, thus producing the 

broadband characteristic. 

 

4.1.1 Description  
   

A log periodic antenna (LPA) is a frequency 

independent antenna having a structural geometry introduced 

by DuHamel and Isbell such that its impedance and radiation 

characteristics repeat periodically as the logarithm of 

frequency. [1][9] 

 

 As shown in Figure 4.1, the log-periodic microstrip 

antenna consists of several rectangular microstrip elements 

which have different lengths and different relative spacing 

elements. A microstrip transmission line type of feeder 

system is used to excite the individual elements. The 

element lengths and relative spacing, beginning from the 

feed point for the array, are seen to increase smoothly in 

dimension. This is the feature upon which the design of the 

LPA is based, and which permits changes in frequency to be 

made without greatly affecting the electrical operation. 

With changes in operating frequency, there is a smooth 

transition along the array of the elements which comprise 

the active region. 
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Figure 4.1 Layout for log periodic microstrip antenna 

of five elements 

 

A log periodic microstrip antenna may be designed to 

meet the requirements at nominal cost: high gain, low VSWR. 

The LPA exhibits a relatively low SWR (usually not greater 

than 2) over a wide band of frequencies.  

 

4.2 Analytical Evaluation of Log-Periodic 

microstrip Antenna  
 

Consider an antenna whose geometry is described by 

spherical coordinate (r, θ, Φ), and has feeding point set 

at the origin of the coordinate.  Consider that the 

surrounding media of the antenna is homogeneous and 

isotropic. Thus, it is possible that to determine the 

antenna dimension (length along the surface and edge), r, 

by function of surface, F(θ,Φ). [1]  

 

),( φθFr =
                 4.1 

 

where r represents the length of the patch along the 

surface or edge  
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If the antenna is required to radiate to frequency 

that K times lower/greater than original frequency, the 

antenna’s physical surface must be made K times 

greater/lower to maintain the same electrical 

characteristic. Thus, the new dimension of the patch can be 

described by: 

),(' φθKFr =                     4.2 

  

Since the antenna is placed at θ=0 to π-axis 

(stationary along θ), the new and old surfaces of antenna 

are identical except to Φ.  Thus, the above equation 

modifies as 

 

),(),( CFKF += φθφθ            4.3 

where C is angle of rotation  

 

The angle of rotation C depends on K but neither 

depends on θ or Φ. Physical congruence implies that the 

original antenna electrically would behave the same at both 

frequencies. However, the radiation pattern will be rotated 

azimuthally through an angle C. For unrestricted values of 

K (0< K < infinity), the pattern will rotate by C in Φ with 

frequency without alerting the shape of antenna. Thus, the 

impedance and pattern will be frequency independent. 

 

  To obtain the functional representation of F(θ,Φ), 

it required to differentiated both sides of equation 4.3 

with respect to C and Φ  

 

Differentiate equation 4.3 with respect to C  
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and differentiate equation 4.3 with respect to Φ  
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Equating equation 4.5 to 4.4 and yields 
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          4.6 

 

Using equation 4.1, it is possible to write equation 

4.6 as follow 

φ

φθ

∂

∂
=

),(1 F
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K            4.7 

 

Since the left side of equation 4.7 is independent of 

θ and Φ, a general solution for surface r=F(θ, Φ)of the 

antenna is  

)(),( θφθ
φ

feFr
a

==             4.8 

 

Where  dC

dK

K
a

1
=     and f(θ) is arbitrary function. 

 

Thus for any antenna to have frequency independent 

characteristics, its surface must be described by equation 

4.8. This can be accomplished by specifying the function 

f(θ)or its derivatives. [1] The equiangular spiral such as 

planer spiral and conical spiral is one of the geometric 
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configurations whose surface can be described by angles 

(see Figure 4.2). It fulfills all requirements for shapes 

that can be used to design frequency independent.  

 

 

 

 

Figure 4.2 Typical Spiral Wire Antennas [1] 

 

   Since the entire shape of log-periodic antenna is 

not possible to describe by an angle; it is mandatory to 

consider the distance characteristic of the antenna while 

log-periodic antenna is designed. For log-periodic 

microstrip antenna, the distance characteristic or 

geometric structure ratio, τ, is defined by the ratio of 

frequencies which are apart to each other by a period, i.e   
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12

2

1 , ff
f

f
>=τ                                   4.10 

 

As operating frequency ƒ1 is shifted to another 

frequency ƒ2 within the pass band of the antenna, where  ƒ2  > 

ƒ1 , the relationship can be expressed by the factor of 

geometric structure ratio, τ, as follow 

 

τ12 ff =          where, τ  < l.0 

  

Similarly, it is possible to express for all pass band 

frequency of the antenna using geometry structure ratio, τ  

 

τ23 ff =  

τ34 ff =  

  :  :  :  :    

  :  :  :  :    

  :  :  :  :  

τ1−= nn ff  

where n = 1, 2, 3 …n 

 

ƒ1= lowest frequency 

ƒn= highest frequency 

In other words, the frequencies becomes,   

          ƒ n= ƒ n-1/ τ         ƒ n-1>ƒ n 

 

Taking the logarithm of both sides, 

 

)1( log)1( loglog τ+−= fnfn                4.11 
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The above equation (4.11) shows that the performance 

of the log periodic antenna is periodic in a logarithmic 

scale which the behavior of the antenna repeats 

periodically with period of τ.  

  

The geometry of a frequency independent log periodic 

antenna is a multiplicity of adjoin antenna element. Each 

antenna element is scaled in dimensions relative to the 

adjacent element by factor that remains constant within the 

structure. The elements may be two or three dimensional. If 

Ln represents some dimension of the n
th element and Ln+1 is 

the corresponding dimension of the (n+1)th element, then the 

relationship between adjacent elements can be stated as  

[1][9] 

 

n

n

L

L 1+=τ                                                            4.12 

 

Thus, log periodic microstrip antenna (see Figure 4.1) 

whose dimension of patch length (L), width (W), inset 

length (y), and spacing distance (d) is related to the 

factor τ  as follow  

  

n
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y 1111 ++++ ====τ                          4.13 

 

 

The elements of log periodic microstrip antenna 

characterize as resistive (active), capacitive (directive) 

and inductive (reflective) region depending to the flow of 

current in the element (see Figure 4.3). A distributive 
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type of feeder system is used to excite the individual 

elements which has the current both real and imaginary 

part. The real current flowing in the resistive component 

of the impedance of a particular, active region, of 

microstrip element, but the imaginary flowing in the 

reactive components. (Note that each element of microstrip 

antenna behaves to radiate at specific frequency with in 

the radiating frequency range and the active element shift 

to a different element of the antenna depending to the 

operating frequency.). 

 

The capacitive current components in smaller size 

elements exceed the conductive components hence; these 

elements receive little power from the feeder and act as 

parasitic directors. However, the inductive current 

components in larger size elements are dominant and they 

act like parasitic reflectors. 

 

 

Figure 4.3 Active, director, and reflector elements of 

log periodic microstrip antenna 

 

Since the log periodic antenna is frequency 

independent, the input impedance of the antenna behaves 
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periodic.  A typical variation of the impedance as a 

function of frequency is shown in Figure 4.4. Other 

parameters that undergo similar variations are the 

radiation pattern, directivity, beam-width, and side lobe 

level.

 

Figure 4.4 Typical input impedance variation of log 

periodic antenna as a function of the logarithm of the 

frequency [1] 

 

 

4.3 Rectangular microstrip anntena design 
 

A single element of rectangular patch antenna, as 

shown in Figure 4.5, can be designed for the 2.4 GHz 

resonant frequency using transmission line model (equations 

2.6, 2.7, 2.13 and 2.20). 
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Figure 4.5 Typical rectangular patch antenna 

 

 

In the typical design procedure of the microstrip 

antenna, the desired resonant frequency, thickness and 

dielectric constant of the substrate are known or selected 

initially. In this design of rectangular microstrip 

antenna, a FR4 dielectric material is selected as the 

substrate with 1.6 m.m height[7]. Then, a patch antenna 

that operates at the specified resonant frequency (2.4 GHz) 

can be designed by the following the flow chart shown in 

Figure 4.6 using transmission line model equations.  
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Figure 4.6 Flow chart based on usual design procedure 

for rectangular patch antenna 

 

It is also possible to determine the inset length of 

the patch to ensure matching from the flow chart (Figure 

4.7) taking the resonant wave length λ0 , width W and length 

L of the patch as input. 
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END 

Step 1. Initially, select the 

desired resonant frequency, 

thickness and dielectric 

constant of the substrate 

Step 2. Obtain Width of 

the patch by inserting εr 

and λ0 

Step 3. Obtain 

Length of the patch 

after determining 

∆L and εeff  
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Figure 4.7 Flow chart to determine the inset length of 

the patch 

 

 

Calculation result of rectangular patch microstrip 

antenna is given in Table 4.1.   
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Step 1: Consider that L, W 

of the patch is calculated 

and λ0 is known. (As an 

input) 

Step 2: 

Depending to 

magnitude of W 

greater or less 

than λ0;  and 

then determine 

G1 

Step 3: Assume 

that G12 is 

negligible and 

fined input 

resistance of the 

patch 

Step 4: Consider that the 

characteristic impedance 

of mirostrip line feeder is 

50 ohm. Thus, equate the 

equation to obtain 

matching between the 

input impedance of the 

patch and feeder. (i.e. 

inset length, y0. 
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Result: 

 

Design result of single element 

rectangular microstrip antenna 

Width of patch, W 37021µm 

Effective 

dielectric 

constant, єeff 

4.351 

Length of patch, L 28498.4µm 

Input resistance of the 

patch, Rin 

256.5Ω 

Inset distance of 

the patch, Y0 

10400µm 

Width size of 

port, W0 

3000µm 

 

Table 4.1 Calculated result of monopole rectangular 

microstrip antenna 

 

4.4 Log periodic microstrip antenna design 

 

A log periodic rectangular microstrip antenna of five 

elements, as shown in Figure 4.8, can be designed for the 

2.4 GHz resonant frequency of equation 4.13. The design 

principle for log periodic microstrip antenna requires 

scaling of dimensions from period to period so that 

performance is periodic with the logarithm of the 

frequency.   

 

The performance of a log periodic microstrip antenna 

is mainly determined by the design parameter τ. The optimum 
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value of τ ranges between 0.8 < τ < 1.0. The maximum gain 

is achieved by using τ near to 1.0. Thus, in this five 

element rectangular microstrip antenna, it is chosen that τ 

= 0.95 and the dimensions of the patch elements of the log 

periodic antenna are presented in Table 4.2.  

 

The patch elements of log periodic antenna are 

proportionally decreased successively its size by factor of 

τ form the initial design of patch antenna that resonate at 

2.4 GHz in order to cover the five element log periodic 

antenna frequency band 2.4 GHz to 2.92 GHz.                                

 

Result: 

 

Design result of five element rectangular microstrip 

antenna using τ = 0.95 

Patch Resonant 

Frequency 

f 

(GHz) 

 

Width 

W 

(µm) 

Length 

L 

(µm) 

Spacing 

d 

(µm) 

Inset 

length 

y 

(µm) 

Patch 1 2.92 30457 23445 11722 8227 

Patch 2 2.77 31980 24617 12308 8638 

Patch 3 2.646 33579 25848 12924 9070 

Patch 4 2.52 35258 27141 13570 9523 

Patch 5 2.4 37021 28498 14249 10000 

 

Table 4.2 Calculated result of five element 

rectangular log periodic microstrip 

antenna 
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    CHAPTER FIVE 

    

SIMULATIONSIMULATIONSIMULATIONSIMULATION    

 

5.1 Rectangular microstrip antenna simulation 

 
Simulation of the antenna was performed using Empire 

simulator to obtain computational results for the designed 

rectangular mirostrip antenna. The simulation method is 

based upon the explicit solution of Maxwell’s equations in 

FDTD.  

 

Considering the calculated dimensions of single 

element rectangular microstrip antenna of Table 4.1, the 

performance of the antenna is simulated. The result of the 

simulation is presented below. 

 

5.1.1 Physical structure 

 
The 2D and 3D GANYMEDE editor of Empire simulator 

shows layout (Figure 5.1 and 5.2) of the physical structure 

of the single element rectangular antenna after calculated 

dimensions are fed.  
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Figure 5.1 Top view of the single element patch antenna (2D) 
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Figure 5.2 Single element patch antenna of 3D 

 

 

5.1.2 Scattering parameter 
 

The simulated result of S11 scattering parameter of 

single element microstrip antenna is presented in Figure 

5.3. From the figure, the antenna has almost 2.4 GHz 

resonant frequency and it has 60Mz bandwidth at 10 dB (the 

difference of 2.43 GHz and 2.37 GHz). In percentage, the 

bandwidth of the antenna is 2.5%.  
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 Figure 5.3 Frequency verses magnitude (dB) S11 of 

single element patch antenna 

 

 
5.1.2 The Smith chart plot 

 

The Empire simulator also provides smith chart plot of 

patch antenna. The result indicates that the line impedance 

magnitude of the patch antenna intersects the unit circle 

of the smith chart. A load whose lines of magnitude cross a 

unit circle, where reflection coefficient |Γ| is zero, 

confirms no reflected power due to of mismatching. (The 

matching technique used in the design is Inset method.)  
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Figure 5.4 Single element patch antenna matching point 

 

 

 

 

 



 58 

5.2 Log periodic microstrip antenna simulation 
 

The five element rectangular log periodic microstrip 

antenna was simulated using Empire simulator by considering 

the design values of antenna (Table 4.2). The result of the 

simulation is presented below. 

5.2.1 Physical structure 
 

Similar to rectangular microstrip antenna, the 

physical structure of five element log periodic rectangular 

microstrip antenna is presented in Figure 5.5 and 5.6. Each 

element of log periodic microstrip antenna is active at 

specific log frequency without varying characteristic of 

the antenna. Of course, the dimension of elements is a 

multiple of design parameter, τ= 0.957.   

  

 

Figure 5.5 Top view of five element rectangular log 

periodic microstrip antenna 
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Figure 5.6 3D of five element rectangular log periodic 

microstrip antenna 

 

 

5.2.2 Scattering parameter 
 

The scattering parameter, S11 of the five element 

rectangular microstrip antenna is given in Figure 5.7. 

Since the antenna is designed for the range of frequency 

starting from 2.4GHz to 2.4GHz. Thus, the scattering 

parameter, S11 has desired values about 2.65 GHz to 3 GHz. 

i.e. bandwidth of the log periodic antenna has been 

extended in the frequency range of 350 MHz (difference of 3 

GHz and 2.65 GHz). In percentage, it is 13.2%.  
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Figure 5.7 Frequency verses magnitude (dB) S11 of single 

element patch antenna 

 

5.2.3 The Smith chart plot  
 

The simulation shows (see Figure 5.8) that impedance 

lines of Log periodic microstrip antenna intersect the unit 

circle of the smith chart in the frequency range of 2.3 GHz 

– 3.5 GHz. It cross a unit circle, where the reflection 

coefficient |Γ| is zero, confirms no reflected power due to 

mismatching. (The matching technique used in the design is 

Inset method.)   

 



 61 

 

 

Figure 5.8 Log periodic patch antenna matching point 
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5.3 Comparison of typical rectangular microstrip 

antenna and five element log periodic 

rectangular microstrip antenna 
 

Performance comparison of both the single and the five 

element rectangular microstrip antennas are presented in 

tabular form below. 

 

Parameters Typical 

Rectangular 

microstrip antenna 

Log periodic 

microstrip antenna 

Operating 

frequency range  

2.43GHz to 2.37GHz 2.64GHz to 3GHz 

Bandwidth 60MHz (2.5%) 350MHz (13.5%) 

Input impedance 50 ohm 50 ohm 

Matching  Yes yes 

Maximum Gain Maximum 20dB Maximum 24dB 

Gain range Between 20 to 10 dB Between 24 to 9.7 dB 

 

Table 5.1 Performance comparison of typical 

rectangular microstrip antenna and five 

element log periodic microstrip antenna 
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CHAPTER SIX 

 

CONCLUSION AND SUGGESTIONSCONCLUSION AND SUGGESTIONSCONCLUSION AND SUGGESTIONSCONCLUSION AND SUGGESTIONS    

    

6.1 Conclusion  
 

Two aspects of microstrip antennas have been studied 

in this thesis. The first aspect is the design of typical 

rectangular microstrip antenna and the second is the design 

of five element log periodic microstrip antenna. A simple 

and efficient technique of inset method has been introduced 

for an impedance matching improvement of the antennas. The 

thesis main concern is to study the bandwidth improvement 

of the microstrip antenna.  

 

The log periodic microstrip antenna is a more 

conventional approach for the implementation of a broadband 

antenna. The basis of this design is the linear array of 

coplanar patch antennas, with the size and spacing of the 

patches increasing in a log periodic manner. Initially, 

single element rectangular microstrip antenna is design to 

operate at frequency 2.4 GHz. And then, the five element 

log periodic microstrip antenna is design to resonate at 

frequency range 2.4 GHz to 2.92GHz. The smallest patch is 

designed to resonate at 2.92 GHz and the biggest patch to 

be resonating at 2.4 GHz (the factor τ is 0.95). 

 

 

 Using log periodic technique, a bandwidth of 

microtrip antenna can be increased by 13.5% (considering 

five element log periodic). This bandwidth is sufficient to 
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accommodate multimedia services that useful for portable 

devices. 

 

6.2 Suggestions for Future Work 

 
Based on gathered observations while completing this 

thesis; topics were identified which would benefit for 

further investigation. 

 

1. Circular Log periodic Microstrip Antenna 

 
1) Using the log-periodic microstrip antenna as a 

basis, the circular log-periodic microstrip 

antenna can be developed. To maintain the same 

relative distance, in terms of wavelength, 

between the corresponding radiating elements in 

each branch, the “spokes” of the antenna are 

arranged around the circumference. As shown in 

Figure 6.1, the antenna model that consist four 

spokes with the corresponding element between the 

branches separated by half a wavelength has 

larger return loss of over linear rectangular 

periodic antenna. [2] 
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Figure 6.1 The 4-spoke circular log-periodic 

microstrip antenna  

 

2. Further investigations in the current design 

 

Further investigations into the current design are 

required to study the effect of mutual coupling between 

elements when they are configured in an array. The current 

design of a log periodic microstrip antenna is promising in 

terms of providing wideband performance. A number of 

possible changes to the current design need to be explored 

towards achieving the above objectives. Some of the 

suggested improvements to the current design are: 

 

a. Feed Arrangement: In the current design of the 

radiating element, the radiating patches use a 

microstrip transmission line as a feeder. It is 

envisaged that proximity feed or slot coupled 

arrangement of feeding power to the radiating 
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patches could improve the overall performance of 

the antenna over the desired wideband. 

 

b. Variation of Substrate Permittivity: During the 

design of radiating element to improve the 

bandwidth; spurious radiations in the lower 

frequency band is expected from the smaller 

patches of the antenna. It is suggested that a 

careful examination of variation in the 

permittivity of the substrate and optimization of 

radiating patch size needs to be undertaken for 

suppressing the spurious radiations. 
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AAAAPPENDIXPPENDIXPPENDIXPPENDIX 

 

I. Overview of Empire simulator   

 
 

Empire is the leading three dimension 3D 

electromagnetic field simulator. It is based on the 

powerful Finite Difference Time Domain Method (FDTD), which 

to solve Maxwell’s equations. Empire includes specially 

modified algorithms and methods for efficient utilization 

of multiple floating points and caches to achieve ultra 

fast solution times and excellent accuracy. The FDTD method 

employs an efficient time stepping method to simulate the 

RF and microwave parameters including scattering and 

radiation patterns without limitation shape and material 

distribution of the structure.  

 

Finite Difference scheme discrete the structure         

into cells in which the material properties are constant. 

These cells are formed by intersecting planes of a 

Cartesian co-ordinate system. The basic idea of the 

algorithm is to place the unknown field components in a 

certain position of each cell so that every electrical 

field component is surrounded by four circulating magnetic 

field components as shown in Figure A, and approximate 

Maxwell’s differential equations. 
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Figure A Empire simulator and Finite Difference scheme  

  

The 3D-editor (GUI) GANYMEDE is included in the Empire 

basic package. AutoCAD, the well-known mechanical desktop 

program, can be used, too, allowing for technical drawings 

to be used as a base. Monitoring and animation capabilities 

give physical insight into electromagnetic wave phenomena 

while accurate results are obtained with little effort. 

 

Some of the main applications of the Empire simulator 

are listed below: 

 

� Planar and multi-layered circuits including 

layout synthesis 

� Microwave passive components 

 

Basic Features of the Empire simulator: 

 

� Advanced 3D editor with layout feature 

� Library elements for line and port definition 
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� Parameter variation capability 

� Condensed ports for embedding active devices 

� State of the art boundary conditions 

� Arbitrarily shaped waveguide termination 

� Smart signal processing 

� Near and far field plots 

� 3D visualization and animation 

� Automatic post processing 

� Diagrams, Smith charts, polar patterns 

� Support delivered by experienced RF-engineers 

 

Broadly, the most important results when analyzing RF 

and microwave elements with a field Empire simulator are 

scattering parameters, representing reflected and 

transmitted waves at the ports. Therefore, a single element 

rectangular microstrip and five element log periodic 

microstrip antennas are going to simulate using Empire 

basically scattering to analyze radiating behavior of the 

antennas.    

II. Scattering parameter 
 

Linear one-port (like antenna) and other multi-port 

networks are characterized by a number of equivalent 

circuit parameters, such as their transfer matrix, 

impedance matrix, admittance matrix, and scattering matrix.  

 

 

 

 

 

One-port scattering matrix is described by A.1 
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b1= S11a1                A.1 

 

In practice, microwave frequencies of input impedance Z0 = 

50 ohm is modeled by the scattering matrix. A typical network 

analyzer including Empire simulator can measure S-parameters over 

a large frequency range from 50 MHz to 40 GHz. Frequency 

resolution is typically 1 Hz and the results can be displayed 

either on a Smith chart or as a conventional gain versus 

frequency graph. 

 

The actual measurements of the S-parameters of the antenna 

are made by achieving match of the network i.e, ZL = Z0. Then, the 

S-matrix equations will give: 

0

1

1
11 zzLa

b
s == = reflection coefficient            A.2 

 

The traveling wave can also be expressed in simpler form: 

 

11 ab inΓ=                                                                                        A.3 

 
 

where inΓ  is reflection coefficient at input of the antenna 

In general sense, it is possible to express power flow and 

system stabilities of the one-port by S parameters. Power flow 

into and out of the one-port is expressed very simply in terms of 

the traveling wave amplitudes but in order to have unconditional 

stability, the stability regions must contain the unit-circle in 

its entirety. 
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