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ABSTRACT

In this work, an Ultra Large Band modified circular shape printed monopole antenna

operating in the frequency range extending from 2.60 GHz to 12.15 GHz has been developed.

This is achieved by first introducing to the considered original circular shaped antenna
defects that resulted in a simulated ULB behavior. The obtained monopole structure has been
fabricated and its reflection coefficient measured. A good agreement is observed with the
simulated results. The measured antenna percent bandwidth is 129 % whereas the simulated one
is 149%. In addition, the antenna simulated and measured refection coefficients present a quite

similar form over the frequency range where a good impedance matching is observed.

The antenna can operate in different frequency bands (S, C and X) and hence, it is

suitable for the various applications covered by these bands.

Moreover, different radio electric properties including input impedance, current
distribution as well as 2D and 3D radiation patterns are simulated using the CST Microwave

Studio tool.
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Introduction

In nowadays, wireless communication has become a part of human life and with the rapid
development of modern communication and semiconductor technologies [1], a wide variety of
wireless services have been successfully introduced worldwide [2]. Most of the electrical and
electronics equipment around us are using the wireless communication systems. From mobile
telephones to wireless Internet access to networked appliances and peripherals, there is an
increasing dependence on wireless communications to provide functionality for products and
services. Technologies of wireless communication systems always need further improvement to
satisfy higher resolution and data requirements; the Antenna is a very essential component of the

system.

Antenna is an electrical device which transmits the electromagnetic waves into the space by
converting the electric power given at the input into the radio waves and at the receiver side the
antenna intercepts these radio waves and converts them back into the electrical power. It is used
in systems such as radio broadcasting, broadcast television, two-way radio, communications
receivers, radar, cell phones, and satellite communications, as well as other devices such as
garage door openers, wireless microphones, Bluetooth-enabled devices, wireless computer
networks and baby monitors. So, modern and future wireless communication systems are placing
a greater demand on the antenna designs to cover several operating frequency bands of wireless
communication systems and having high gain, small physical size, versatility and stability. The
demands of smart antenna design for more reliable mobile communication systems have been
increased day by day. Recently, ultra-wideband “UWB” has become a very promising wireless
technology for any applications because of the attractive benefits it provides such as its
resistance against jamming and multipath fading, low complexity and cost, power requirements
and finally penetrating capability. According to the FCC the spectral mask of UWB for
commercial applications is of frequency band 3.1 to 10.6 GHz [3]. The design of UWB antennas
has received much attention in the research community. In recent years, most of these designs
use canonical elements such as circles or ellipses as radiating element. Combinations of these
elements have also been used [4]. Monopole printed antennas are good candidates for such

systems because of their numerous advantages such as small size, lightweight, low profile, low
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cast and ease of integration with other microwave components. It is being used in large variety of

applications such as radar, missiles, aircraft, satellite communications, mobile communication
base stations, handsets as well as in biomedical telemetry services [5]. However, printed patch
antennas also have some limitations with respect to conventional microwave antennas such as
narrow bandwidth and relatively poor radiation efficiency resulting from surface wave
excitation, conductor and dielectric losses as well as difficulty of prediction of the performances

of these forms of radiator.

This project deals with development and analysis of a printed monopole patch antenna using
High Frequency Structure Simulator (CST) to find a structure with a large frequency band and
acceptable input impedance to avoid matching problems. The final structure is fabricated and its

reflection coefficient measured.
This report includes three main chapters and it is organized as follows:

Chapter one presents overview on microstrip patch antennas including a general description,
feeding techniques, advantages/disadvantages, applications as well as the method of analysis of

these antennas and the difference between the printed and microstrip aspects.

Chapter two deals with an overview about the monopole printed antennas and the analysis of a
proposed monopole circular shape printed antenna simulation results (return loss, VSWR,

radiation patterns, etc.).

Chapter three deals with the development of a new Ultra Large band printed monopole antenna
which has been fabricated. It presents an analysis of the proposed antenna as well as the

measured characteristics.



Chapter One Generalities on Microstrip Patch Antennas

o A SR RS

Chapter One

Generalities on Microstrip Patch Antennas

1.1 Introduction

In its most fundamental form, a microstrip patch antenna consists of a radiating patch on one
side of a dielectric substrate which has a ground plane on the other side. The radiating patch and
the feed lines are usually photo etched on the dielectric substrate. Microstrip patch antennas
radiate primarily because of the fringing fields between the Patch edge and the ground plane. For
good antenna performance, a thick dielectric substrate having a low dielectric constant is
desirable since this provides better efficiency, larger bandwidth and better radiation. Microstrip
patch antennas are increasing popularity for use in wireless applications due to their low-profile
structure. Therefore, they are extremely compatible for embedded antennas in handheld wireless

devices such as cellular phones, pagers etc. [6].

1.2 Microstrip Antenna Geometry and Construction

A microstrip antenna is a resonant style radiator. It consists of a radiating patch on one side
of a dielectric substrate with a ground plane on the other side. Generally, the patch consists of a
conducting material such as copper which is the source of radiation where electromagnetic
energy fringes off the edges of the patch and into the substrate. The length L of the patch is
usually 0.333 Ay < L< 0.5 A (Ao is the free space wavelength). The patch is selected to be very
thin such that t <<), (t is the patch thickness).

The ground plane acts as a perfectly reflecting plane bouncing energy back through the
substrate and into free space. The patch and the ground plane are separated by a dielectric sheet

(referred to as the substrate). There are numerous substrates materials that can be used for the
design of microstrip antennas and their dielectric constant is usually in the range 2.2 < &r <12

suitable for operation at frequencies ranging from 1 to 100 GHz. The ones that are most desirable
for antenna performance are thick substrates whose dielectric is in the lower end of the range

because they provide better efficiency and larger bandwidth [7].
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Figure 1.1 Microstrip Patch Antenna.

1.3 Types of microstrip antennas

The general form of a microstrip antenna consists of a patch of metal deposited on top of a
grounded substrate. The patch can be rectangular, circular, square, triangular or any other shape
as shown in figure 1.2 [8]. Rectangular and circular are the most commonly used shapes mainly

because to their simplicity and fabrication ease.

Square Rectangular Dipole Circular

a»

Triangular Circular Ring Elliptical

Figure 1.2 Different Shapes of Microstrip Antennas [8].
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1.4 Radiation mechanism

To understand the mechanism behind the radiation from microstrip antenna considers a
rectangular antenna with a half wavelength long radiating patch fed by microstrip feed line. A
rectangular antenna can be considered as a microstrip line left open ended on one side and
energy is fed from the other end. Since the patch is half wavelength long and left open ended on
other side, the current at the corners (at the beginning and end) of the patch should be zero and is
maximum at the center of the patch. Current and voltage will be 90 degrees out of phase. The
voltage will be maximum positive at the beginning and maximum negative at the end of patch

[10].

Figure 1.3 Current and voltage variation along the Patch length.

Field distribution along the patch is like shown in figure 1.4. The field lines are below the
patch towards corner are opposite in direction. This field lines do not stop abruptly ant the
end. At the corners, fringing fields are created and the field lines are in bow shape. More the
fringing field bow more the radiation. Therefore, these fringing are the reason behind the

radiation from the microstrip antenna.
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Radiating Paich

AN =3k

Ground plane
Figurel.4 Fringing fields [7].

1.5 Feed techniques

Microstrip patch antennas can be fed by a variety of methods. These methods can be

classified into two categories. contacting and non-contacting.

In the contacting method, the RF power is fed directly to the radiating patch using a connecting
element such as a microstrip line. In the non-contacting scheme, electromagnetic field coupling
is done to transfer power between the microstrip line and the radiating patch. The four most
popular feed techniques used are the microstrip line, coaxial probe (both contacting schemes),

aperture coupling and proximity coupling (both non-contacting schemes).
1.5.1 Microstrip line feed

In this type of feed technique, a conducting strip is connected directly to the edge of the
Microstrip patch as shown in Figure 1.5. The conducting strip is smaller in width as compared to
the patch and this kind of feed arrangement has the advantage that the feed can be etched on the

same substrate to provide a planar structure.

patch’—\

= L ,
- >

h dielectric (g,)

grounU

Figure 1.5 Microstrip line feed.
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The purpose of the inset cut in the patch is to match the impedance of the feed line to the
patch without the need for any additional matching element. This is achieved by properly
controlling the inset position. Hence this is an easy feeding scheme, since it provides ease of
fabrication and simplicity in modeling as well as impedance matching. However, as the thickness
of the dielectric substrate being used, increases, surface waves and spurious feed radiation also
increases, which hampers the bandwidth of the antenna. The feed radiation also leads to

undesired cross polarized radiation.
1.5.2 Coaxial feed

The Coaxial feed or probe feed is a very common technique used for feeding Microstrip
patch antennas. As seen in figure 1.6, the inner conductor of the coaxial connector extends
through the dielectric and is soldered to the radiating patch, while the outer conductor is

connected to the ground plane.

Partch

Substrate

Coaxaal i |

: Ground Plane
Connecton

Figurel.6 Probe fed Rectangular Microstrip Patch Antenna.

The main advantage of this type of feeding scheme is that the feed can be placed at any
desired location inside the patch in order to match with its input impedance. This feed
method is easy to fabricate and has low spurious radiation. However, a major disadvantage
is that it provides arrow bandwidth and is difficult to model since a hole has to be drilled in

the substrate and the connector protrudes outside the ground plane, thus not making it

7
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completely planar for thick substrates (h >0.0210). Also, for thicker substrates, the increased
probe length makes the input impedance more inductive, leading to matching problems [11].
It is seen above that for a thick dielectric substrate, which provides broad bandwidth, the
microstrip line feed and the coaxial feed suffer from numerous disadvantages. The non-

contacting feed techniques which have been discussed below, solve these issues.
1.5.3 Aperture coupled feed

In this type of feed technique, the radiating patch and the microstrip feed line is separated by
the ground plane as shown in Figure 1.7. Coupling between the patch and the feed line is made

through a slot or an aperture in the ground plane.

Patch Averture/Slot

Microsmp Lme

Subsirate 1
Ground Plane
Substrate 2

Figure 1.7 Aperture coupled feed [12].

The coupling aperture is usually centered under the patch, leading to lower cross-polarization
due to symmetry of the configuration. The amount of coupling from the feed line to the patch is
determined by the shape, size and location of the aperture. Since the ground plane separates the
patch and the feed line, spurious radiation is minimized. Generally, a high dielectric material is
used for bottom substrate and a thick, low dielectric constant material is used for the top
substrate to optimize radiation from the patch. The major disadvantage of this feed technique is
that it is difficult to fabricate due to multiple layers, which also increases the antenna thickness.

This feeding scheme also provides narrow bandwidth.
1.5.4 proximity coupling

This type of feed technique is also called as the electromagnetic coupling Scheme. As shown
in figure 1.8, two dielectric substrates are used such that the feed line is between the two
substrates and the radiating patch is on top of the upper substrate. The main advantage of this

feed technique is that it eliminates spurious feed radiation and provides very high bandwidth.
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Due to overall increase in the thickness of the microstrip patch antenna. This scheme also
provides choices between two different dielectric media, one for the patch and one for the feed

line.

Patch

Microstrip Line

Substrate 1

Substrate 2

Figure 1.8 Proximity Feed Technique [13].
1.6 Analysis Methods of Microstrip Antenna
There are many methods for microstrip antenna analysis. The most popular are transmission
line model (in which we assume that the patch is a transmission line or a part of a transmission).
The second is the cavity model (here we assume that the patch is a dielectric-loaded cavity) and

the third method is the full wave model or analysis.

1.6.1TransmionLinemodel

The transmission line model treated rectangular microstrip as a part of transmission line. As
the rectangular microstrip antenna consists of two radiating edges, transmission line model
represents each radiating edge by an equivalent admittance which is separated by a distance
equal to the length. The resistive part of them represents the radiation loss from each edge. At the
resonance, the reactive part of the input impedance cancelled out and the input impedance

become pure resistive [7].

Stmp conductor

= Dielectric Substrate

i 4

Figure 1.9 Microstrip line. Figure 1.10 Electric field lines [13].

T~ Ground Plage
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1.6.2 Cavity Model

The cavity model is based on the assumption that the region between the microstrip patch
and ground plane is a resonant cavity bounded by ceiling and floor of electric conductors and the

magnetic walls along the edge of the conductor as shown in figure 1.11 [11-14-15].

magnetic wall
boundary

ig

Er X
<— ground plane

Figure 1.11 Magnetic wall model of microstrip patch antenna.

1.6.3 Full Wave Model

This model includes primarily integral equations and Moment Methods. It is extremely
accurate, versatile and can treat single elements, finite and infinite arrays, stacked elements,
arbitrary shaped elements and coupling. This model gives less insight as compared to the two

models mentioned above and is far more complex in nature.

1.7 Microstrip Antenna Parameters

An antenna is an electrical conductor or system of conductors. The IEEE definition of an
antenna as given by Stutzman and Thiele is “That part of a transmitting or receiving system that
is designed to radiate or receive electromagnetic waves” [16]. The major parameters associated

with an antenna are defined in the following sections.

1.7.1 Input Impedance

The input impedance of an antenna is defined as “the impedance presented by an antenna at
its terminals or the ratio of the voltage to the current at the pair of terminals or ratio of the
appropriate components of the electric to magnetic fields at a point” Hence the impedance of the

antenna can be written as:

Zin= Rin +j Xin (11)
10
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Where,
Z;, 1s the antenna input impedance
R;, the input resistance

Xin the input reactance

1.7.2 Return Loss

Return loss is an important parameter when testing an antenna. It is related to impedance
matching and the maximum transfer of power theory. It is also a measure of the effectiveness of
an antenna to deliver of power from source to antenna. The return loss (Ry) is defined by the
ratio of the power reflected back from the antenna P, to the source incident power of the

antenna P;. Its mathematical expression is:
Rpgs= 10 log (%) (1.2)

1.7.3 Voltage standing wave ratio (VSWR)

For an antenna to perform efficiently there is always a reflection of the power, which leads to
the standing waves, which is characterized by the voltage standing wave ratio (VSWR).This is

given by[15]:

Irl

— Vmax — 1-
VSWR = Viin® 1+ 11 (1.3)

Where the reflection coefficient r is given by:

Zi_Zo (14)
Z,+7Z,

f:

Z; is the input impedance and Z, is the characteristics impedance of the feed line.

Moreover, the antenna return loss and reflection coefficient are related by the equation:

Ry 4= 20 lOglO IT1 (15)

1.7.4 Bandwidth

It is defined as “The range of usable frequencies within which the performance of the

antenna, with respect to some characteristic, conforms to a specified standard”. Considering the

11
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power transfer from the source to the antenna, the bandwidth is usually defined as the range of
frequencies for which:
RL4<-10dB (1.6)

Or, using eqs. 1.3 and 1.5, it corresponds to the frequency range for which

1<VSWR <2 (1.7)

The percent bandwidth is expressed as:

frn—f1
BW% =—— X 100
fe (1.8)

Where f; andf;, denote respectively the lower and upper limit of the bandwidth and the center

frequency.

1.7.5 Antenna radiation patterns
The radiation pattern is defined as “a mathematical function or a graphical representation of
the radiation properties of the antenna as a function of space coordinates” [14].

Fig. 1.12 illustrates some parameters related to the antenna radiation pattern concept.

—dA = r2sin 0 dO d¢

Elevation plane
Major
lobe —

Minor lobes =

Azimuth plane

Figure 1.12 Coordinate system for antenna analysis [11].
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1.7.6 Directivity

The directivity of an antenna defined as the ratio of the radiation intensity in a given
direction from the antenna to the radiation intensity averaged over all directions [9].

u_ U _ 4m (1.9)

D=—=p
Ug rad/4n_ Prq,

The maximum directivity is expressed as

U 4tU 1.10
Dmax=D0= lT]naxz P = ( )
0 rad

1.8 Application

The advantages of microstrip antenna make them suitable for numerous applications:

Table 1.1 Typical Applications of Microstrip Antennas.

SYSTEM APPLICATION

Communication and navigation,

Aircraft and ship antenna altimeter, blind landing

Missiles Radar, proximity fuses and telemetry

Domestic direct broadcast tv, vehicle-

Satellite communication L)
based antennas, communication

Pagers and hand telephones, man pack

Mobile radio systems, mobile vehicle
Remote sensing Large lightweight apertures
Biomedical Application in microwave

hyperthermia

13
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1.9 Advantages and disadvantages of microstrip antenna

Microstrip patch presents advantages and disadvantages as shown in the following table.
However, some of their disadvantages, such as bandwidth limitation, can be overcome by using

techniques some design.

Table 1.2 Typical Applications of Microstrip Antennas.

Advantages disadvantages
Lightweight, low volume Narrow bandwidth
Easy to mount Loss
Low fabrication cost Poor end-fire radiation characteristics
Aerodynamic (good for fitting on missiles and Very limited maximum gain
ships)
Linear and circular polarization easy to Poor isolation between feed and antenna

implement by position of feed

Dual frequency use possible

Feed lines and matching fabricated with

antenna

1.10 Ultra wideband (UWB)

The first practical UWB systems are really more than 100 years old. Ultra-wideband
communications started to receive renewed interest in the 1970’s. At that time, it was called
‘baseband’ or ‘carrier-free’ communications. Around 1973, it was recognized the short pulses,
which spread the signal over a large spectrum, which is not significantly affected by existing
narrowband interferers, and do not interfere with them. UWB communications continued to be
mostly investigated in the military sector, the pioneering work of Win and Scholtz showed that
impulse radio could sustain a large number of users by assigning pseudorandom transmission
times to the pulses from the different users. This insight, coupled with advances in electronics

device design, spawned the interest of commercial wireless companies into UWB [18].

It is noteworthy that UWB antenna research never experienced the slump of UWB

communications, but rather stayed a popular and important area throughout the past 70 years. A
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main factor in this development was TV broadcasting: the assigned TV bands extend over a large
frequency range, and since it is desirable that a single antenna can transmit and receive all

available stations, it implied that the antenna had to be very broadband as well[18].

Another key obstacle to commercial use of UWB was political in nature. Frequency
regulators all over the world assign narrow frequency bands to specific services and/or operators.
UWRB systems violate those frequency assignments, as they emit radiation over a large frequency
range, including the bands that have already been assigned to other services, those type of
antennas not allowed to be placed on outdoor structures. The potential interference depends on
when and where the device is used, its transmission power level, numbers of device operating,
pulse repetition frequency, direction of the transmitted signal, etc. [19]. Proponents of UWB
tried to convince the frequency regulator in the USA, the FCC (Federal Communications
Commission), that the emissions from UWB devices would not interfere with those other
services. After a lengthy hearing process, the FCC issued a ruling in 2002 that allowed
intentional UWB emissions in the frequency range between 3.1 and 10.6 GHz with fractional
bandwidth measured at “—10 dB” points subjected to certain restrictions for the emission power
spectrum, A UWB system is supposed to be used for a short range communication. Although
the FCC has allowed UWB devices to operate under mandatory emission masks as shown in
Table 2 above, testing on the interference of UWB with other wireless systems should and will
still continue. Given the identified bands and failure to comply with the regulations
aforementioned, UWB systems could become a potential jammer for the numerous licensed
services [19], as UWB communications emerged as a commercially viable option, the

development of smaller antennas became a new requirement [18].

To satisfy such requirement various wideband antennas have been studied. But some of them
cannot cover the whole bandwidth. Among many possible alternatives, monopole antennas have
been extensively investigated because of their attractive features such as light weight, simple

structure and ease of mass production and many results have been obtained [17]
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Tablel.3 UWB classification

Region UWB band

United states Single band: 3.1 GHz __ 10.6 GHz

Low band : 3.1 GHz 4.8 GHz

Europe
High band : 6 GHz 8.5 GHz

Low band : 3.4 GHz 4.8 GHz

japan
High band : 7.25 GHz__10.25 GHz

1.11 UWB specifications
Bandwidth (BW) is simply the difference between the upper (f4) and lower (fI/) operating

frequency:

Bw = fh — fl (1.11)

The bandwidth of a system is often described relative to the center frequency (fc). Often, the
centered frequency is defined as the arithmetic average of the upper and lower operation

frequencies:

fe=Z(fh+fD  (112)

An alternate definition of the center frequency involves the geometric average:

fc = Vvfl X fh (1.13)

The fractional bandwidth (bw) of a system is the ratio of the bandwidth to the center frequency:
Bw

bw = —
w fc

(1.14)

The fractional bandwidth varies between 0 and 2, and is often quoted as a percentage (between

0% and 200%). The higher the percentage, the wider the bandwidth.

Using the arithmetic average definition of center frequency, the percent fractional bandwidth is

given by:
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(fh— ﬂ)(y

% BW =200
(Fh+fD

(1.15)
The percent fractional bandwidth (FBW) can determine whether the antenna is classified as WB

or UWB or ULB.

Wideband antennas typically have a Fractional Bandwidth of 20% to 50 %. Antennas with
a FBW of greater than 50% are referred to as ultra-wide band antennas. Antennas with a FBW of

greater than 120% are considered as ultra large band.

1.12 Printed Monopole antennas

Monopole antennas are widely. A conventional monopole is a straight wire vertically
installed above a ground plane. It is vertically polarized and has a quite omnidirectional radiation
pattern. To increase the impedance bandwidth of the monopole antenna, planar elements can be
used to replace the wire elements. In its form using microstrip technology, the UWB systems can
be sorted by feeding methods; microstrip feeding and coplanar waveguide feeding. There are
different types of the patch shape in the microstrip fed UWB antennas such as rectangular,
triangular, circular and elliptical.

Printed monopole antennas are widely used in the wideband communication systems. They
are lightweight, low cost, compact, planar and easy to fabricate. These antennas are good
candidate for hand-held UWB applications. They are popular planar antennas for wireless
communications because they provide wide impedance bandwidth and omnidirectional radiation
patterns. Monopole antennas are theoretically explained by considering them as modified
microstrip antennas [17]. The microstrip ground plane that is placed at the back has been
removed and placed with partial ground plates at the radiating patch plane to obtain the
monopole printed antenna with the omnidirectional radiation properties. In some applications
where the antenna is a part of a full printed microwave circuit, the ground plane is etched in the

area facing the radiating element to allow radiation in that direction.
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Chapter two

Analysis of Monopole printed circular antenna

In this chapter, a conventional printed circular monopole antenna PCMA fed by a 50-Q
micro-strip is analyzed and discussed using the computer simulation technology “CST” software.
This structure has been considered in [20] where it has been used as a basic structure for design
of [reconfigurable frequency antenna conception], by assuming some parameter values we

obtained our simulation results.
2.1 Introduction

The monopole antenna was invented in 1895 by radio pioneer Guglielmo Marconi during his
historic first experiments in radio communication. He began by using Hertzian dipole antennas
consisting of two identical horizontal wires ending in metal plates. He found by experiment that
if instead of the dipole, one side of the transmitter was connected to a wire suspended overhead,
and the other side was connected to the Earth, he could transmit for longer distances. For this
reason the monopole is also called a Marconi antenna, although Alexander Popov independently

invented it at about the same time [21].

Recently, there is an increasing interesting developing a single compact terminal which can
provide more than one wireless communication service. The co-planar monopole antenna has
attracted the most attention since it can be integrated with other devices in the system. The
ground-plane effects on planar monopole antennas are an important issue and have been

investigated by some researchers [22].

In this printed co-planar monopole antenna, we are trying to generate UWB to meet the
application for wireless local area network (WLAN: 2.4-2.483GHz, 5.15-5.35GHz, and 5.725-
5.85 GHz), worldwide interoperability for microwave access (WIMAX: 2.5-2.69GHz and 5.25—
5.85 GHz) systems. Among the UWB antenna designs in the recent literature, monopole
antennas are widely employed because of their simple structure and low cost. Circular patch is

the second most widely used geometry for the micro-strip patch antenna. As in rectangular
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micro-strip antenna we have two degree of freedom (length and width) to control the antenna

characteristics, here we have only radius of circular patch [22].
2.2 Antenna geometry

The geometry of the co-planar investigated antenna [20] is shown in figure 2.1. Assumed to
be a 0.035 mm thin copper metallic and the circular radiating patch has a radius of 15mm. The
FR4 substrate material thickness is 1.6 mm with a relative permittivity of 4.3 and a loss tangent
of 0.0017. The antenna external dimensions are 50 mm width and 50 mm length.

The excitation is achieved using a 50-ohms transmission line with strip thickness of 3 mm, a
length of 13.6 mm and a gap distance of 0.5 mm between the strip and the co-planar ground

plane. The ground plane is a rectangular strip with a width of 23mm and a length of 13 mm.

< >

A
50 mm

M 16 mm
(0;28.4mm) ‘&

w—p u 50 mm

T 13 mm

126 mm‘_ gap 0.5 mm
v 23 mm v v
«< > <>

Figure 2.1.a 2-D view of the co-planar investigated PCMA.
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Figure 2.1.b 3-D view of the investigated PCMA.

2.3 simulated results

e Return loss

The return loss versus frequency for the original structure parameters is shown in figure 2.2

below:

S-Parameters [Magntude i dB]

— 11

-60

ro
S~ -
N s
oo +----
ey
L2
—
~

14
Frequency / GHz

Figure 2.2 return loss versus frequency.
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We notice two sharp resonance frequencies 11.22 GHz and 2.6467 GHz. Also, over the
frequency range extending up to 14 GHz, the structure exhibits a multiband behavior since the
return loss level is lower than -10 dB over the frequency bands [2.09 GHz — 4.806 GHz], [5.768
GHz - 12.051 GHz] and [13.369 GHz- over than 14 GHz].

e Voltage Standing Wave Ratio
Figure 2.3 shows the VSWR of the antenna.

Voltage Standing Wave Ratio (VSWR)
2.6 -

— VSWR1
2.4 1

229

2.

1.8 1

1.6 7

1.4 1

1.2 1

2 4 6 8 10 12 14
Frequency / GHz

Figure 2.3 VSWR of the PCMA proposed antenna.

The antenna VSWR graph shows that the minimum values are at the peak and maximum values are at

the resonant frequencies (2.6467 GHz and 11.22 GHz).
e Input Impedance Z;,

The antenna input impedance real and imaginary parts are shown in Figures 2.4 and 2.5
respectively. We note that at the resonant frequencies the imaginary part is null and the real part

is around 50 Ohms achieving a good power matching at the considered feeding point.

V/A Matrix Coefficients in Z [Real Part]
130 -

120 1
110 1
100 4
90 -
80 -
70 1
60 +-
50 1

—_— 711

40 -
30

2 4 6 8 10 12 14
Frequency / GHz
Figure 2.4 Real part of Z,;
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Frequency / GHz

Figure 2.5 the imaginary part of Z;;.
e Current distribution

The normalized current density distribution of the considered antenna at the resonant
frequencies 2.6467 GHz and 11.22GHz are illustrated in Figure 2.6 and Figure 2.7.
| dB(max A/m) |

0
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Figure 2.6 Current distribution of the resonant frequency 2.6467 GHz.
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As can be observed from this figure, the current density is concentrated along the whole
circular patch but more strong values at the left and the right sides and it is weak at the lower and
top sides of the patch.

Moreover, the current density is much stronger at the edges of the circular patch and start
decreasing at the upper edges.

The current density is maximum at the gaps between the ground and the micro-strip line with
0 dB. As can be seen, there is current distribution symmetry along the direction of the current

because of the symmetry of the patch.

S " dB(max A/m) |

1]
-3.64
-7.27 =1

-10.9
-14.5
-18.2
21.8

e

4

Figure 2.7 Current distribution of the resonant frequency 11.22 GHz.

As can be observed from this figure, the current density is concentrated around the edges of
the circular patch and start decreasing gradually as we move to the center of the patch and almost

absent at the center of the patch.

Moreover, the current density is maximum at the lower edges of the circular patch and start
decreasing at the upper edges with some turbulence of values and directions in the range of -2 dB

to -30 dB.

As we see, there is a current distribution symmetry along the direction of the current because

of the symmetry of the geometry shape.
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e 2-D Far Field Radiation Pattern

The simulated far field radiation patterns of the original antenna at the sharp resonant

frequencies are shown below.

The radiation pattern information (main lobe magnitude, direction and beam width) at both

frequencies and in both E and H planes are indicated near to the graph.

- E-plane (9= 90°plane)

Farfield Directivity Abs (Phi=90)

farfield (f=2.6476) [1]

270

Frequency = 2.6476

Main lobe magnitude = 2.52 dBi
Main lobe direction = 179.0 deg.
Angular width (3 dB) = 81.9 deg.

180

Theta / Degree vs. dBi
Figure 2-8-a E-plane radiation pattern at 2.6476GHz.

Farfield Directivity Abs (Phi=90)

farfield (f=11.22) [1]

270

Frequency = 11.22

Main lobe magnitude = -0.298 dBi
Main lobe direction = 200.0 deg.
Angular width (3 dB) = 61.4 deg.
Side lobe level = -1.5 dB

180

Theta / Degree vs. dBi

Figure 2-8-b E-plane radiation pattern at 11.22 GHz.
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- H-plane (¢= 0°plane)

Farfield Directivity Abs (Phi=0)

farfield (f=2.6476) [1]

270

Frequency = 2.6476
Main lobe magnitude = 2.52 dBi
Theta / Degree vs. dBi Main lobe direction = 180.0 deg.

180

Figure 2-9-a H-plane radiation pattern at 2.6476 GHz.

Farfield Directivity Abs (Phi=0)

farfield (f=11.22) [1]

270

Frequency = 11.22

Main lobe magnitude = 4.69 dBi
Main lobe direction = 97.0 deg.
Angular width (3 dB) = 64.3 deg.
Theta / Degree vs. dBi Side lobe level = -7.6 dB

180

Figure 2-9-b H-plane radiation pattern at 11.22 GHz.

e The 3-D radiation pattern

The 3D radiation patterns of the structure and both frequencies are shown below. It is seen in
this figure that the monopole antenna radiates in both sides of the planar patch as opposed to a

conventional microstrip antenna.
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dBi

1.73
1.26
- 0.787
10.315
—2.34
-9.37
=16.4
=-23.4
-30.5
-37.5

dBi
5.21

3.58
2.61
263
0.651
=2.17
=87
-15.2
=217
-28.3
—-34.8

Figure 2.10.b The 3-D radiation pattern (f=11.22 GHz).
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2.4 Conclusion

The analysis achieved in this chapter verifies that the considered structure in [20] is a tri-band
antenna. Moreover, analysis of its radio electric properties is performed at two peak resonant
frequencies. In the next chapter, modification will be introduced to develop an ultra-wide band

printed monopole antenna.
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Chapter three

Ultra Large Band Printed Monopole Antenna

In this chapter, a defected antenna obtained from the previous investigated structure has been
obtained. This is mainly achieved by inserting defects in specific locations of the patch which
resulted in vanishment of tri-band properties. Furthermore, the obtained final defected structure

shows the desired ULB characteristic.

3.1 Effect of defects on PCMA

3.1.1 Antenna description

Figure 3.1 illustrates the new shape that has been extensively modified at two levels. In first

step, physical parameters related to available material in the telecommunication laboratory were
introduced (h=1.63 mm; €r = 4.3 and loss tan = 0.0017).

In second step, circular shaped defects were introduced as shown in 3.3. Some shape defects
on the top to push down the current flow and in the right and the left edges maximum current
density of the patch according to the investigated structure current density. Alike the
antenna geometry investigated in chapter 2, this antenna is symmetrical with respect to y axes
achieving polarization along the plane ¢=90°. The antenna parameters and shape are shown in

figures 3.2 and 3.1 respectively. The defects characteristics are detailed in the next section.

A
N

50 mm

Figure3.1 2-d front view of the new shape.
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Parameter List X
Y Name Expression Value Description Type

a 50 50 substrate length  Length v
b 50 50 substrate width  Length v
m 136 136 microstrip length  Length v
h 163 1.63 substrate height  Length v
e 23 23 ground length Length v
| 128 12.8 ground width Length v
t 0.035 0.035 cooper thikness  Length v
f 295 295 waveguide width Length v

Figure 3.2 New parameter values.
3.1.1.a Used circular defects

We realized our circular shaped defects on the antenna as shown in figure 3.3.

v o

."/ \\-
F N
{ “}
n | J
/\ P
o o -
e ——
Figure3.3 2-d view defect realization.
Table 3.1positions of the complete defect cylinders.
Center coordinates
Radius
u v
Top cylinder 17.5 mm 0 mm 30.8 mm
Right cylinder 8 mm 20.7 mm 2 mm
Left cylinder 8 mm -20.7 mm 2 mm

We used the 50 Q microstrip line to match the radiating patch, after we tested many
configurations, the one achieving maximum ultra large band frequency range and the lowest

overall return loss below -10 dB is selected.
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Figure 3.5 back Photograph of the antenna. Figure 3.4 front Photograph of the constructed antenna.

3.2 Simulated results

e Return loss
After inserting the defects into the investigated PCMA, we noticed the drop of the

return loss graph at the frequency ranges from 4.806 GHz to 5.768 GHz and from
12.051 GHz to 13.369 GHz below the -10 dB level in the simulated result. Also it has
been found that minimum return loss is RL= -31 dB which means a good impedance
matching at that frequency.

After constructing the new antenna in the institute telecommunication laboratory we
performed our measurement using ROHDE and SCHWARDZ ZNB 20 vector
network analyzer operating in [100 kHz -20 GHz] frequency range. The measured

and the simulated results are shown in figure 3.6.

11 [dB]

Measured
— Simulated

40 -

45 | ] | ] | | | | | 1 | | |
2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16

Frequency (GHz)

Figure 3.6 measured and simulated return losses versus frequency.

30



Chapter three

Ultra Large Band Printed Monopole Antenna

Table 3 2 comparison of s1mu1ated and measured results

Frequency high | Frequency low Frequency %BW

(GHz) (GHz) center (GHz)
Simulated 15.4 2.253 8.83 149%
Measured 12.15 2.6 7.375 129%

We notice a small positive shift of the measured results compared to the simulated ones at the
lower band limit and a negative shift at the high band limit. Also, both simulated and
measured bands show that the developed monopole antenna is an Ultra Large Band
structure. This figures shows that the antenna structure presents peak resonant frequencies with
minimum reflection coefficients. Finally, we note a quite similar shape of the return loss over the

entire bandwidth.

e Voltage Standing Wave Ratio (VSWR)

Figure 3.7 shows the VSWR takes the maximum values nearly 1 at the resonant frequencies

Voltage Standing Wave Ratio (VSWR)

VSWR1

2 3 - s 6 74 8 El
Frequency / GHz

Figure 3.7 voltage standing wave ratio versus frequency.

10 11 12 13 14 15

The antenna VSWR graph in figure 3.7 shows that the minimum values are at the peak of the graph
and maximum values near to 1 are at the resonant frequencies (2.8692 GHz, 9.6283 GHz and 14.531 GHz).
e Input impedance
figure 3.8.a and 3.8.b show the input impedance satisfies good matching condition at the
resonant frequencies since the real part is close to 50€2, whereas the imaginary part is close to

Z€10.

V/A Matrix Coefficients in Z [Real Part]

10
Frequency / GHz

Figure 3.8.a real impedance versus frequency.
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V/A Matrix Coefficients in Z [Imaginary Part]

— 71,1

2 3 4 5 6 74 8 9 10 11 12 13

14 15 16
Frequency / GHz

Figure 3.8.b imaginary impedance versus frequency.

e Current distribution

Figure 3.9 (a-b-c) show the modified PCMA current density distributions at the three peak
resonances. The performed modification has an effective impact on the current distribution on
the antenna propriety.

We notice a symmetrical current density distribution on the patch. The density is higher at
the antenna left and right edges near the defect and in the lower side whereas it is
minimum elsewhere. Therefore, we explain the increase of the bandwidth of the frequency by
the current path modification due to the defects which force the current to take a different path.

0
-3.64
-7.27
-10.9

-14.5
-18.2
-21.8
-25.5
-29.1
-32.7
-36.4
-40
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Figure 3.9.a current distribution at f=2.8692 GHz.
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Figure 3.9.b current distribution at f=9.6283 GHz.
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Figure 3.9.c current distribution at f=14.531 GHz.

e Radiation pattern

The simulated far zone radiation patterns of the modified antenna at resonant frequency

£=2.8692 GHz in the E-planes (9= 90°) plane and H-plane (p= 0°) are illustrated in Figure 3.10.a
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and 3.10.b. The radiation pattern information (main lobe magnitude, direction and beamwidth) at

both frequencies and in both E and H planes are indicated near to the graphs.

Farfield Directivity Abs (Phi=90)

farfield (f=2.8692) [1]

Phi=270

90

120

Frequency = 2.8692

180 Main lobe magnitude = 2.5 dBi
Main lobe direction = 179.0 deg.
Theta / Degree vs. dBi Angular width (3 dB) = 81.9 deg.

Figure 3.10.a simulated E radiation pattern at f=2.8692 GHz.

Farfield Directivity Abs (Phi=0)

farfield (f=2.8692) [1]
Phi=180

180 Frequency = 2.8692
Main lobe magnitude = 2.5 dBi
Theta / Degree vs. dBi Main lobe direction = 180.0 deg.

Figure 3.10.b simulated H radiation pattern at f = 2.8692 GHz.

The simulated far zone radiation patterns of the modified antenna at resonant frequency
£=9.6283 GHz in the E-planes ¢= 90° plane and H-plane (¢= 0°) are illustrated in Figure 3.11.a
and 3.11.b.
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Farfield Directivity Abs (Phi=90)

farfield (f=9.6283) [1]
Phi=270

90
120
Frequency = 9.6283
Main lobe magnitude = 0.185 dBi
180 Main lobe direction = 172.0 deg.
Angular width (3 dB) = 36.0 deg.
Theta / Degree vs. dBi Side lobe level = -7.7 dB

Figure 3.11.a simulated E radiation pattern at f= 9.6283 GHz.

Farfield Directivity Abs (Phi=0)

farfield (f=9.6283) [1]
Phi= Phi=180

Frequency = 9.6283

Main lobe magnitude =  2.34 dBi
180 Main lobe direction = 161.0 deg.
Angular width (3 dB) = 68.4 deg.
Theta / Degree vs. dBi Side lobe level = -1.3 dB

Figure 3.11.b simulated H radiation pattern at f = 9.6283 GHz.

The simulated far zone radiation patterns of the modified antenna at resonant frequency
f=14.531 GHz in the E-plane (¢= 90°) and H-plane (o= 0°) are illustrated in Figure 3.12.a and
3.12.b.
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Farfield Directivity Abs (Phi=90)

Phi=270

180

Theta / Degree vs. dBi

farfield (f=14.531) [1]

Frequency = 14.531

Main lobe magnitude =  3.44 dBi
Main lobe direction = 137.0 deg.
Angular width (3 dB) = 33.0 deg.
Side lobe level = -1.5 dB

Figure 3.12.a simulated E radiation pattern at f= 14.531 GHz.

Farfield Directivity Abs (Phi=0)

180

Theta / Degree vs. dBi

farfield (f=14.531) [1]

Frequency = 14.531

Main lobe magnitude = 1.45 dBi
Main lobe direction = 94.0 deg.
Angular width (3 dB) = 41.1 deg.
Side lobe level = -2.4 dB

Figure 3.12.b simulated H radiation pattern at f = 14.531 GHz.

» From Figure 3.10, we note that the radiation patterns show two lobes in both £ and H-planes

with large beamwidths.
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» From Figures 3.11 and 3.12, we note that the radiation patterns show side lobes in both £ and

H-planes with unsymmetrical radiation pattern.
» The 2-D patterns show that the antenna radiates in both side of the structure as expected from
a monopole structure.

e The 3-D radiation pattern

The antenna 3-D radiation pattern plot is shown in Figure 3.13 (a,b,c).

Figure 3.13.a 3-D radiation pattern at f=2.8692 GHz.

Figure 3.13.b 3-D radiation pattern at f= 9.6283 GHz.
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Figure 3.13.c 3-D radiation pattern at f= 14.531 GHz.

Table 3.3 directivity of the resonant frequencies

Resonant frequency (GHz) Directivity (dBi)
2.8692 2.5
9.6283 6.08
14.531 4.6

3.3 Conclusion

In this chapter, a defected circular ULB monopole antenna has been developed on the basis
of the PCMA structure investigated in the previous chapter. The obtained antenna has
been fabricated and its reflection coefficient measured. A good agreement is observed
with the simulated results. The measured antenna percent bandwidth is 129 % whereas the
simulated one is 149%. The return loss results present a quite similar form over the frequency
range where a good impedance matching was obtained.

The antenna can operate in the frequency range extending from 2.6 GHz to 12.15

GHz covering different frequency bands and suitable for various applications.
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General Conclusion

The main objective of this work is to develop an Ultra Large Band printed monopole

antenna using defects.
This has been achieved throughout the following steps:

e A printed multiband circular monopole antenna (PCMA) has been considered and

investigated using the Computer Simulation Technology (CST) software.

e The investigated antenna is modified by inserting circular shape defects on the upper, left
and the right edges of the circular radiating patch. This has resulted in a return loss drop
below the -10 dB level from 2.253 GHz to 15.400 GHz frequency range. The antenna

dimensions have then been changed to achieve ULB operation.

o The obtained structure has been fabricated and its reflection coefficient measured using a

vector network analyzer.

A good agreement is observed between simulated and experimental results. The measured
antenna percent bandwidth is 129 % whereas the simulated one is 149%. In addition, the
antenna simulated and measured refection coefficients present a quite similar form over the

frequency range where a good impedance matching is observed.

The antenna can operate in different frequency bands (S, C and X) and hence, it is suitable for

the various applications covered by these bands.

Moreover, different radio electric properties including input impedance, current distribution

as well as 2D and 3D radiation patterns are simulated using the CST Microwave Studio tool.

As a further scope, we suggest to perform the following tasks:
e Parametric study on the proposed defects to optimize the antenna characteristics.

¢ Introducing structure modification to enhance the performance, especially the bandwidth.
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Appendix

CST MICROWAVE STUDIO is a specialized tool for the fast and accurate 3D EM
simulation of high frequency problems. Along with a broad application range, it offers
considerable product-to-market advantages: shorter development cycles; virtual prototyping

before physical trials; optimization instead of experimentation [23].

Since its inception in 1998, CST MWS has become renowned for its easy to use graphical
interface and modeling abilities. It has remained the industry leading example of how to
make3D EM simulation easy and efficient. Customers ranging from sole proprietors to large
corporations have seen tremendous design cycle improvements and profited from an excellent

return on investment [23].

With the successful introduction of the proprietary PERFECT BOUNDARY
APPROXIMATION [PBA], CST created a significant technical advantage which has helped
ensure its leadership in time domain simulation. Time Domain in combination with PBA has
not only advantages in terms of speed but can also deliver accurate broadband time signals
which are essential for TDR and signal integrity problems. But no one method is perfect for

every application [23].

CST is the first commercial vendor to offer an HF 3D EM code which unites hexahedral
and tetrahedral meshing, Time and Frequency Domain in one interface. Users can now switch
easily from one to the other solver without changing the model and parametric settings and in

this way benefit from the most appropriate method for each problem [23].

e Time Domain Solver:

A time domain solver calculates the development of fields through time at discrete
locations and at discrete time samples. It calculates the transmission of energy between
various ports or other excitation sources and/or open space of the investigated structure.
Consequently, a time domain solver is remarkably efficient for most high frequency
applications such as connectors, transmission lines, filters, antennas etc. and can obtain the

entire broadband frequency behavior of the simulated device from a single calculation run.
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In CST MICROWAVE STUDIO two-time domain solvers are available. One is based on

the Finite Integration Technique (FIT), just called Transient solver, the second one is based on

the Transmission Line Method (TLM) and is referred to as TLM solver. Both solvers work on

hexahedral grids, however, the mesh setup is slightly different and classified as Hexahedral

and Hexahedral TLM mesh type, respectively.

» Fast PBA mesher, with improved performance and robustness in particular for large
imported models.

» New sub gridding scheme with improved flexibility of mesh subdivision, and drastically
reduced memory requirements.

» Implementation of Linux version.

» Support of IEEE C 95.3 standard [SAR].[23]

e Frequency Domain Solver:

» Tetrahedral Frequency Domain solver with improved and more robust meshing
algorithm.

» Excitation of fields by plane waves, multi-pin ports and waveguide ports on arbitrary
planes in the model [slanted ports].

» Distributed computing scheme enables remote calculation.

» Upcoming Linux version.

» Easy access to surface currents, B and D fields.

» Improved mesh adaption for thin conductors.

» Solver performance increase for both direct [particularly out of core] and iterative
solvers.

» Hexahedral and Tetrahedral Frequency Domain solvers 64 bit enabled

e Adaptive mashing:

The adaptive mesh refinement is an automatic scheme to create a mesh better suited for

the given problem. With the refined mesh a new calculation pass will be started. Here, the

initial mesh is automatically generated by the expert system and is used for the first pass

calculation. Afterwards, the adaptive mesh refinement improves the mesh until the stop

criteria are satisfied. As stop criteria, either the change in the S-parameters or the change of a

user defined 0D result template from one pass to the next are available.
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For the refinement of the meshes, two different strategies are available: The energy based
mesh refinement stores the energy density distribution within the structure during a
calculation. Based on these data, the mesh is refined afterwards in regions with high energy
density. In contrast to this, the strategy based on the expert system successively changes the
settings of the mesh expert system, so that finally an appropriate mesh is obtained that can be
used afterwards for further parameter studies without activating the adaptive meshing again

[24].

51,1 versus Passes [Magnitude in dB]

Pass=1

Pass=2

Pass=3

Frequency / GHz
Figure A-1 return loss per pass number for modified antenna.

e Number of passes frame

This is the minimum number of passes that will be performed. The mesh adaptation will
run for this minimum number of passes, even if the stop criteria are already met. The

minimum setting is 2 passes.

This setting determines the maximum number of passes to be performed for the mesh
adaptation. The mesh adaptation will stop after this maximum number of passes, even if the
stop criteria for the mesh adaptation have not been met. This setting is useful to limit the total

calculation time to reasonable amounts [24].

e Adaptation stop criteria frame:

Use the change in the S-parameters as stop criterion. The change in the S-parameters has
to be below a set threshold (Maximum delta) for a number of consecutive passes (Number of

checks) for the stop criterion to be met.

The change in the S-parameters is determined as the maximal deviation of the absolute

value of the complex difference of the S-parameters between two subsequent passes [24].
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