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ABSTRACT 

As we are living in an organized world that follows the changes and the

developmental technology, antennas are widely used for different purposes. Antennas

are the most visible part of the satellite communication system. The antenna transmits

and receives the modulated carrier signal at the radio frequency (RF) portion of the

electromagnetic spectrum. Antennas are characterized by a number of relavent

parameters. These parameters are bandwidth, input impedance, polarization, antenna

gain, radiation efficiency and antenna size. Antennas are found with different structures,

advantages and disadvantages, also are found with different measuremnts and

applications. All these points which have been mentioed above are going to be

explained in details in coming chapters.
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INTRODUCTION 

Antenna is the most visible part of the satellite communication system. The

antenna transmits and receives the modulated carrier signal at the radio frequency (RF)

portion of the electromagnetic spectrum.

Antennas received considerable attention since 1970, although the idea can be

traced to 1953 and a patent in 1955. It consists of very thin metallic strip placed a small

fraction.

Antennas now have many applications such as in aircraft, spacecraft, satellites,

missile, mobile radio, medical equipments, solid state radar system and wireless

communication. Microstrip antennas have the advantages of small size, low cost, high

performance and ease of installations. The main objective of our project is to analyze

design, fabricate and measure the performance of an array of rectangular microstrip

patch antennas.

Antenna theory is a mathematic description of the operation of antenna
-- ._... ·- 

systems. Antenna theory can be used to predict the performance of an antenna before it

is built.

Chapter 1 contains a antenna is characterized by a number of relevant

parameters. These are bandwidth, input impedance, polarization, antenna gain, radiation

efficiency and antenna size.

•
Chapter 2 contains a survey of the different types of Antenna Gain

Measurement. It shows the structure, advantages and disadvantages of the different

types and their corresponding applications. We also introduce the common substrate

material. We present the design equations to calculate the effective di-electric constant

and the characteristic impedance. Effects of the strip thickness and dispersion at high

frequencies are taken into account.
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Chapter 3 introduces a survey of the fundamental parameters of A tennas. Then,

we discussed the structure of Polarization Measurement defined as the polarization of

the electromagnetic wave measured frequency and angular.

Chapter 4 introduces on measurement application of an Antenna and it's

performance. Yagi antenna has been discussed, it's performance, and other

measurement application have been discussed in detail with graphical presentations and

tables.
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CHAPTER ONE 

ANTENNA PARAMETERS 

1.1 Overview 

An antenna is characterized by a number of relevant parameters. These are

bandwidth, input impedance, polarization, antenna gain, radiation efficiency and

antenna size.

1.2 Bandwidth 

The bandwidth, expressed in Hz, is the frequency range over which an antenna

exhibit a specified behavior with respect to a relevant antenna parameter. Because

there is in general more than one relevant antenna parameter, namely antenna gain,

input impedance, polarization, cross polarization, radiation efficiency, the

specification of bandwidth must be accompanied by the antenna parameter for which

it is specified. For example, bandwidth is very often specified with respect to input

impedance, which then leads to bandwidth specified with respect to a certain level of

return loss that is still acceptable. A typical bandwidth specification is given as the

frequency range where return loss is equal to or better than 1 O dB.

1.3 Radiation Resistance 
•

If the power radiated by the antenna is P and the antenna current is I, the

radiation resistance is defined as

R = pr --
]2 ( 1.1)

This concept is applicable only to antennas in which the radiation is an associated

with a definite current in a single linear conductor.



In this limited application, the definition is ambiguous as it stands, because the current

is not the same everywhere even in a linear conductor, it is therefore necessary to

specify the point in the conductor at which the current will be measured. Two points

sometimes specified are the point at which the current has its maximum value and the

feed point (input terminals). These two points are sometimes one and the same points,

as center-fed in a dipole, but they are not always the same. The value obtained for the

radiation resistance of the antenna depends on which point is specified; this value of

the radiation resistance referred to that point. The current maximum of a standing

wave pattern is known as a current loop, so the radiation resistance referred to the

current maximum is sometimes called the loop radiation resistance.

The word maximum here refers to the effect current rms in that part of the antenna

where it has its greatest value. In some texts, however, formulas for radiation

resistance are written in terms of this peak value, which is the amplitude of the current

sine wave. The formula in terms of the current amplitude Io is

] O = Ji X J rnıs • (I .2)

( 1.2)

The radiation resistance of some types of antennas can be calculated, when there is

clearly defined current value to which it can be referred, but for other types the

calculation cannot be made practically, and the value must be obtained by

measurement. The typical value of the loop radiation resistance of actual antennas

range from a fraction of an ohm ı,.o several hundred ohms. The very low values are

undesirable because they imply large antenna current, and therefore the possibility of

considerable ohmic loss of power, that is , dissipation of the power as heat rather than

as radiation. An excessively high value of radiation resistance would also be

undesirable because it would require a very high voltage to be applied to the antenna.

Very high voltage value do not occur in practical antennas, because there is always

some ohmics resistance whereas very low value sometimes do occur unavoidably.
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I .4 Radiation Efficiency 

The radiation efficiency is defined as the ratio of the power that is radiated by an

antenna to the power that is accepted by the antenna. The power accepted by the

antenna is equal to the total power fed to the antenna through signal lines minus the

power that is reflected by the antenna due to impedance mismatch.

Antennas always do have some ohmic resistance, although sometimes it may be so

small as to be negligible. The ohmic resistance is usually distributed over the antenna,

and since the antenna current varies, the resulting loss can be considered to be

equivalent to the loss in a ficitious lumped resistance placed in series with the

radiation resistance. If this equivalent ohmic loss resistance is denoted by Ro, the full

power (dissipated plus radiated) is
12

x R, . Hence the antenna radiation efficiency ç
given by

Çr = _Rr
R o - .,. (1.3)

This formula is not really very useful because both Ro and Rr are fictitious

quantities, derived from measurements of current and power;

p
" R -r - ]2

(1.4)

(1.4)

(1.4)
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1.5 Input Impedance 

An antenna whose radiation results directly from the flow of RF current in a

wire or other linear conductor must somehow have this current introduced into it from

a source of RF power transmitters. The current is usually carried to the antenna

through a transmission line. To connect the line to the antenna, a small gap is made in

the antenna conductor, and the two wires of the transmission line are connected to the

terminals of the gap at antenna input terminals. At this point of connection the

antenna presents load impedance to the transmission line. This impedance is also the

input impedance of the antenna and it is equal to the characteristic of the line Z0.

The impedance match between the antenna and the transmission line is usually

expressed in terms of the standing wave ratio (SWR) or the reflection coefficient of

the antenna when connected to a transmission line of given impedance. The reflection

coefficient expressed in decibels is called return Joss.

The input impedance determines how large a voltage must be applied at the antenna

input terminals to obtain the desired current flow and hence the desired amount of

radiated power. Thus, the impedance is equal to the ratio of the input voltage E; to the

input current Ii and it can be written as

( 1.5)

Which is in general complex. If the gap in the antenna conductor (feed point) is at a
@I 

current maximum, and if there is no reactive component to the input impedance, it

will be equal to the sum of the radiation resistance and the loss resistance~

that is

(1.6)

If this reactance has a large value, the antenna input voltage must be very large to

produce an appreciable input current. If in addition the radiation resistance is very

small, the input current must be very large to produce appreciable radiated power.
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Obviously this combination of circumstances, which occurs with the short dipole

antenna that must be used at very low frequencies, results in a very difficult feed

problem or impedance matching problem, they are usually fed by waveguides rather

than by transmission line. The equivalent of input impedance can be defined at the

point of connection of the waveguide to the antenna, just as waveguides have a

characteristic wave impedance analogous to the characteristic impedance of a

transmission line. For some types of antennas consisting of current carrying

conductors this is difficult, and it may even be difficult to define input impedance.

This is true, as an example, for an array of dipoles, when each dipole is fed separately;

sometimes each dipole, or groups of dipole, will be connected to separate transmitting

amplifiers and receiving amplifiers. The input impedance of each dipole or group may

then be defined, but the concept becomes meaningless for the antenna as a whole, as

does also for simple linear current radiation elements; but they comprise a very large

class of antennas.

1.6 Polarization 

The polarization of an antenna is defined as the polarization of the

electromagnetic wave radiated by the antenna along a vector originating at the

antenna and pointed along the primary direction of propagation. The polarization state

of the wave is described by the shape and orientation of an ellipse formed by tracing

the extremity of the electromagnetic field vector versus time. A brief explanation
~

about polarization will be discussed in the next chapter.

•

1.7 Principal Patterns 

Antenna performance is often described in terms of its principal E and H plane

patterns. For a linearly polarized antenna, the E plane pattern is defined as " the plane

containing the electric field vector and the direction of maximum radiation" and the

H plane as "the plane containing the magnetic-field vector and the direction of

maximum radiation."
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1.7.1 Radiation Pattern 

The radiation pattern describes the relative strength of the radiated field ın

various directions from the antenna, at a fixed or a constant distance.

Antenna radiation patterns are graphical representations of the distribution of radiated

energy as a function of direction about an antenna. Radiation patterns can be plotted

in terms of field strength, power density, or decibels. They can be absolute or

relative to some reference level, with the peak of the beam often chosen as the

reference. Radiation patterns can be displayed in rectangular or polar format as

functions of the spherical coordinates f1 ando.

An antenna is supposed to be located at the center of a spherical coordinate system, its

radiation pattern is determined by measuring the electric field intensity over the

surface of a sphere at some fixed distance, R . Since the field Eis then a function of

the two variables ~ and 8, so it is written E(8,~) in functional notation.

A measurement of the electric field intensity E (8,~) of an electromagnetic field in

free space is equivalent to a measurement of the magnetic field intensity H (8,~ ),

since the magnitudes of the two quantities are directly related by

E = 770 x H. (1.7)

(of course , they are at right angles to each other and their phase angles are equal)

where 'l» =377 Q for air. Therefore the pattern could equally be given in terms of
EorH.

the power density of the field, P (8,~ ), can be computed when H (8,~) is 'known, the
relation being

E"P= -
rı o (1.8)

Therefore a plot of the antenna pattern in terms of P (8,~) conveys the same

information as a plot of the magnitude of E (8,~) . In some circumstances, the phase

of the field is of some interest, and plot may be made of the phase angle of E (8,~) as

well as its magnitude. This plot is called the phase polarization of the antenna. But
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ordinary the term antenna pattern implies only the magnitude of E or P. Sometimes

the polarization properties of Emay also be plotted, thus forming a polarization

pattern.

If the radiation pattern is plotted in terms of the field strength in electrical units, such

as volts per meter or the power density in watts per square meter, it is called an

absolute pattern. An absolute pattern actually describes not only the characteristics of

an antenna but also those of the associated transmitter, since the absolute field

strength at a given point in space depends on the total amount of power radiated as

well as on the directional properties of the antenna.

Often when the pattern is plotted in relative terms, that is, the field strength or power

density is represented in terms of its ratio to some reference value. The reference

usually chosen is the field level in the maximum field strength direction. This type of

pattern provides as much information about the antenna as does an absolute pattern,

and therefore relative patterns are usually plotted when it is desired to describe only

the properties of the antenna, without reference to an associated transmitter (or

receiver).

It is also fairly common to express the relative field strength or power density in

decibels. This coordinate of the pattern is given as 20 log (EI E Max) or

1 O log ( p I p Max), The value at the maximum of the pattern is therefore zero

"decibels, and at other angles the decibel values are negative.

•Finally, we should mention that the antenna patterns are usually given for the free

space condition, it being assumed that the user of the antenna will calculate the effect

of ground reflection on this pattern for the particular antenna height and ground

conditions that apply in the particular antenna height and ground conditions that apply

in the particular case. Some types of antenna are basically dependent on the presence

of the ground for their operation, for example, certain types of vertical antennas at low

frequencies. The ground is in fact an integral part of these antenna systems. In these

cases, the pattern must include the effect of the earth.
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1. 7.2 Radiation pattern Jobes 

Various part of a radiation pattern are referred to as lobes, which may be sub

classified into major, minor, side, and back lobes.

A radiation lobe is a "portion of the radiation pattern bounded by regions of relatively

weak radiation intensity." Figure 1.1 demonstrates a symmetrical three-dimensional

polar pattern with a number of radiation lobes. Some are of greater radiation intensity

than others, but all are classified Jobes. Figure 1 .2 illustrates a linear two dimensional

pattern where the same pattern characteristics are indicated.

A major lobe (also called main beam) is defined as "the radiation lobe containing the

radiation of maximum radiation." In figure]. 1 the major lobe is pointing in the 8 = O

direction. In some antennas, such as split-beam antennas, there may exist more than

one major lobe.

A minor lobe is any lobe except a major lobe.

A side lobe is "a radiation lobe in any direction other than the intended lobe." Usually

a side lobe is adjacent to the main lobe and occupies the hemisphere in the direction

of the main beam.

•
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Figure 1.1: Radiation Jobes and beam widths of an antenna.

Figure 1.2: Linear plot of power pattern and its associated lobes and beam widths
•

A back lobe usually refers to a minor lobe that occupies the hemisphere ın a

direction opposite to that of the major lobe.

Minor lobes usually represent radiation in undesired directions, and they should be

minimized. Side lobes are normally the largest of the minor Jobes. The level of minor

lobes is usually expressed as a ratio of the power density in the lobe in question to that

of the major lobe. This ratio is often terrned the side lobe ratio or side lobe level. Side
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lobe levels of -20 dB or smaller are usually not very harmful in most applications.

Attainment of a side lobe level smaller than -30 dBusually requires very careful

design and construction.

1.7.3 Near and Far Field Patterns 

The space surrounding an antenna is usually subdivided into three regions:

• reactive near field,

• radiating near field

• far field regions.

Reactive near field region is defined as "that region of the field immediately

surrounding the antenna wherein the reactive field predominates." For most antennas,

the outer boundary of this region is commonly taken to exist at a distance R from the

antenna surface.

R<0.62 /D3~T· (1.9)

where A is the wavelength and D is the largest dimension of the antenna .

•

Figure 1.3: Field regions of an antenna.
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Radiating near field is defined as "that region of the field of an antenna between

the reactive near field region and the far field region wherein radiation fields

predominate and wherein the angular field distribution is dependent upon the distance

from the antenna. For an antenna focused at infinity, the radiating near field region is

sometimes referred to as the Fresnel region on the basis of analogy to optical

terminology. Jf the antenna has a maximum overall dimension, which is very small

compared to the wavelength, this field region may not exist.

The inner boundary is taken to be the distance

( 1. I O)

and the outer boundary the distance

R <2D2
A (1.11)

where D is the largest dimension of the antenna. In addition D must be large

compared with the wavelength.

Far field region is defined as "that region of the field of an antenna where the angular

field distribution is essentially independent of the distance from the antenna. If the

antenna has a maximum overall dimension D, the far field region is sometimes

referred to as the Fraunhofer region on the basis of analogy to optical terminology."

In this region, the field components are essentially transverse and the angular
@I

distribution is independent of the radial distance where the measurements are made.

The inner boundary is taken to be the radial distance •

R < 2 D2
A

and the outer one at infinity.
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To illustrate the pattern variation as a function of radial distance, in Figure iii we have

included three patterns of a parabolic reflector calculated at distances of

D2 D2
.R= 2- , 4-and infinity.

A A 
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Figure 1.4: Calculated radiation patterns of a paraboloid antenna

for different distances from the antenna.

It is observed that the patfems are almost identical, except for differences in

the pattern structure around the first null and at a level below 25 dB. Because infinite
•gistances are not realizable in practice, the mosf commonly used criterion for

minimum distance of far field observation is 2D2 I A .
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