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ABSTRACT

ANALYSIS AND DESIGN OF BROADCAST TOWER
ANTENNA SYSTEMS

Abdul Ali
M.S. in Electrical and Electronics Engineering
Advisor: Prof. Dr. Ayhan Altintas
December, 2014

In broadcasting, the coverage and interference requirements of antennas are des-
ignated in terms of Effective Radiated Power (ERP), tower location and height,
and antenna patterns. When antennas are tailored to satisfy the requirements,
transmitter powers, cable losses, and phase adjustments for antenna elements
must be taken into account in addition to the parasitic effect of the supporting

and nearby towers on characteristics of antenna.

Digital video and audio broadcasting requires antennas to be at least 95 % effi-
cient, wideband, low weight and high gain with enhanced radiation performance.
For this reason many wire and planar antennas have been designed to meet the
requirement of Digital Video Broadcasting-Terrestrial (DVB-T) and Terrestrial-
Digital Audio Broadcasting (T-DAB).

We used a tool NEC (Numerical Electromagnetic Code) to model antenna on
top of a tower structure. Simulation results for parasitic effect of the tower on
characteristics of antenna such as impedance, return loss, gain, front-to-back ratio
and radiation patterns are reported. In addition, the effect of nearby tower on
antenna characteristics is studied. We designed a broadband antenna in the UHF
(470 - 860 MHz) band that works for both digital and analog TV with return loss
>10 dB, fractional bandwidth of 85% and gain at center frequency 12.5 dB. The
ERP is calculated by mounting the antenna at each face of the tower to give a
satisfactory coverage to a region around the antenna.

Moreover, the design of a transmitter antenna for DVB-T and T-DAB is pre-
sented with Stacked Suspended Plate Antenna (SSPA) structure. Considering
the similar products in the world, antennas have been designed in (174-254)MHz
for DVB-T and (174-230)MHz for T-DAB with horizontal polarization and return
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loss > 10 dB. The antenna gives an average gain of 8.5 dB and cross polarization
isolation is 31 dB. Contrary to conventional dipole structures, we have employed
SSPA structure with two plates for wideband matching and design flexibility.
Radiating primary plate has been excited by novel wideband modified inverted
L-type probe in a capacitively coupled manner. Vertical plate between primary
plate and ground plane also provides wideband matching and adjustment of half-
power beam width properly. Parasitic secondary plate has been used for further
matching and tuning. Together with the parametric study of designed antenna,
simulation and measurement results for the input impedance, Sy1, gain and radi-

ation patterns are presented.

Keywords: DVB-T, T-DAB, SSPA, Broadcasting Antennas.



OZET

YAYIN KULE ANTEN SISTEMLERININ COZUMLEME
VE TASARIMI

Abdul Ali
Elektrik ve Elektronik Miihendisligi, Yiiksek Lisans

Tez Danmigmani: Prof. Dr. Ayhan Altintas
Aralik, 2014

Radyo ve TV yayinlarinda, antenlerin kapsama ve girigimi ile ilgili kogullar, Etkin
Yayilan Giig¢ (EYG), kule konumu ve yiiksekligi ile anten oriintiisii {izerinden
tamimlanmaktadir.  Antenler bu kogullar1 saglayacak hale getirilirken, verici
glicleri, kablo kayiplar1 ve anten elemanlar: i¢in faz ayarlamalarinin, destekleyici
ve civardaki kulelerin anten nitelikleri tizerindeki yayin bozucu etkileri ile birlikte

g6z ontinde bulundurulmas: gerekmektedir.

Sayisal goriintil ve ses yayminda antenlerin en az %95 verimlilige, genis band
araligina, diigiik bir agirhiga, yiiksek kazanca ve arttirilmig bir 1simmim perfor-
mansina sahip olmasi istenmektedir. Bu nedenle, ¢ubuk ve diizlemsel antenler,
Sayisal Karasal Video Yaymciligi (DVB-T) ve Sayisal Karasal Ses Yaymcilig: (T-
DAB)’'nin 6ngordigii kogullar saglamak {izere tasarlanmigtir.

Antenin kule {izerindeki modellemeleri igin NEC (Numerical Electromagnetic
Code) programi kullanilmigtir. Kulenin, antenin empedans, geri doniig kaybi,
kazang, on-arka orani ve 1ginmim oOriintiisii gibi 6zellikleri tizerindeki bozucu etk-
ileri incelenmistir. Ayrica, civarda bulunabilecek bir kulenin anten ozellikleri
lizerinde yarattigr etki de ¢ahgilmigtir. UHF (470-860 MHz) bandinda, sayisal
ve analog TV yayinlar: icin, geri doniis kayb1 10 dB’den daha diistik, %85 kismi
band araligina sahip ve merkez frekansta kazanci 12.5 dB olan bir anten tasar-
lanmigtir. Cevredeki bir alana yeterli seviyede bir kapsama saglamak amaciyla

anten, kulenin her bir yiiziine konumlandirilarak EYG hesaplanmigtir.

Tezde, bunlardan ayr1 olarak, DVB-T ve T-DAB igin, Yiginlamig Asih Plaka
Anten (YAPA) yapisinda bir verici anten tasarimi da sunulmaktadir. Diinyadaki
benzer tipte iirtinleri de goz ontinde bulundurarak, antenler, DVB-T icin 174-254
MHz ve T-DAB i¢in 174-230 MHz arasinda, yatay kutuplanma ve 10 dB’den
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daha iyi geri doniig kaybi igin tasarlanmigtir. Antenin ortalama kazanci 8.5 dB
olup, capraz kutuplanma yalitimi 31 dB olarak elde edilmigtir. Geleneksel dipol
yapilarinin aksine, genig bandli uyumlandirma ve tasarim esnekligi acisindan iki
plakali YAPA yapis1 kullanilmigtir. Isima yapan birinci plaka, yeni bir genig bandh
degistirilmis ters L-tipi prob yapisiyla kapasitif baglagiklik ile uyarilmigtir. Birinci
plaka ve toprak diizlemi arasindaki dikey plaka da genis bandli uyumlandirma ve
yari-gig¢ 1s1n genigligi saglamaktadir. Bozucu ikincil plaka uyumlandirma ve ince
ayarlama amaciyla kullanilmigtir. Tasarlanan antenin parametrik caligmasi ile
beraber, giris empedansi, S, kazang ve 1ginim oOriintiileri i¢in benzetim ve ol¢im

sonuclar1 da tezde sunulmaktadir.

Anahtar sézcikler: DVB-T, T-DAB, YAPA, Antenler.
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Chapter 1

Introduction

Digital Video Broadcasting Terrestrial (DVB-T) and Terrestrial Digital Audio
Broadcasting (T-DAB) opened a new door of research in many fields. For in-
stance, communication researchers are trying to make efficient coding techniques
and devices for the optimal transmission of data. In RF, the focus is on making
efficient amplifiers and electronic circuits that are less noisy. In electromagnetics
and antennas, the goal is to make smart antennas with wider bandwidth, higher
gain and front-to-back ratio, large return loss and half power beamwidth to give
optimal coverage to a particular region. Many antennas have been designed in
this regard for instance, dipole antenna, folded dipole, Yagi-Uda antenna, log-
periodic antenna, quarter wave monopole antenna and spiral antenna [1]. Also,

many planar antennas are mentioned in literature for the same purpose.

In broadcasting, when antennas are mounted on top of a tower, it is impor-
tant to see whether properties of antennas such as patterns, impedance, return
loss, gain and front-to-back ratio are affected by the tower. It is also necessary
to see the effect of nearby towers on the radiation characteristics of transmit-
ting antennas. In [2], an effort is made to install UHF antennas on an existing
tower containing VHF antennas and mutual interference is studied. But, it is
unclear whether the tower has effect on the characteristics of the UHF antenna.

Furthermore, the effect of tower on the radiation pattern depends on frequency,



polarization azimuth angle and elevation angle in the near field [3].

Planar antennas such as microstrip plate/patch antennas have attracted many
researchers due to their low profile, light weight, ease of fabrication and integra-
tion, low cost, conformability and versatility. However, they have some major
disadvantages, which make them non-suitable for practical broadcasting applica-
tions for instance, small bandwidth and poor radiation performance [4]. Many
techniques have been used to improve the impedance bandwidth and radiation
performance of microstrip plate antennas. It includes varying shapes of plates,
adding parasitic plates and shorting pins, use of low permittivity substrates and

different feeding mechanism [4,5].

In [4], impedance bandwidth is broadened by means of using a thick dielec-
tric substrate, but it also degrades the radiation efficiency due to generation of
surface waves [5]. Low dielectric substrate helps in suppressing surface waves.
The bandwidth can also be increased by changing the shape of the antennas for
instance, use of E shaped plates, slotted antennas and combination of slotted
and E shaped plate antennas. A half U slot and half E shaped plate antennas
are examples of such combination [6,7]. Probe feeding mechanism is utilized to
enhance the bandwidth of the stacked plate antennas [8]. Despite of giving good
impedance bandwidth by [4], [6], [7] and [8], it gives poor radiation performance
in the sense of cross polarization levels. Single and multiple port feeding struc-
tures are also used to make the bandwidth wider along with acceptable radiation
efficiency [9-16].

Works in [9, 10] address the radiation performance of a single port center fed
patch antennas, while [12] uses shorting strips and slots for the same purpose
but again the impedance bandwidth is affected here. Four port capacitive probe
feeding is applied in [14] to get broad bandwidth and radiation performance, but
the coupling between the input ports degrades the return loss. The coupling is
reduced by using multiple shorting pins. In [16], single-feed, circularly polarized
(CP) stacked plate antenna is used for UHF RFID reader applications. Dual
L-shaped strips or single modified L-shaped strip that employs electromagnetic

coupling to cancel the inductance coming from probe feed strip are discussed



in [11,13,15].

Furthermore, in [17-19] the impedance bandwidth is improved by means of
non-planar radiating plate and making the middle portion of probe feed plate
antenna concaved to form a V-like structure to get a bandwidth of about 60%.
However, this method suffers from bad radiation pattern performance, which is
further improved in [19] by using tapered down feeding strip mechanism. It gives

dipole like radiation pattern.

In this thesis, we investigated the parasitic effect of tower structure on charac-
teristics of broadcast antenna, in terms of input impedance, return loss, gain and
front- to-back ratio. We used 4nec2 (numerical electromagnetic code) software to
simulate some wire antennas such as dipole and dipole array together with the
tower structure. Then, we mounted antenna arrays on top of a tower to observe
parasitic effect of it on antenna properties. The effect of a nearby tower on ra-
diation characteristics of transmitting antenna is presented. We also calculated
the Effective Radiated Power (ERP) that would be needed to cover a particular

area.

Furthermore, we designed a stacked suspended plate antenna (SSPA) for digital
video and audio broadcasting. The designed SSPA consists of a novel wideband
modified inverted L-Type probe feeding mechanism to excite the primary radi-
ating plate in a capacitively coupled manner. Wideband matching is achieved
through determination of the best suitable positions of suspended plates. A ver-
tical plate between primary plate and ground plane that does not touch either
of them, is used for further matching and beam width adjustment. The designed
antenna works for both DVB-T and T-DAB applications, with frequency band
(174-230) MHz. The antenna is fabricated to verify the simulation results. In the
entire band the return loss is equal or greater than 10 dB with average gain of
8.5 dB.

In Chapter 2, we discuss some important characteristics of antennas in terms

of broadcasting such as polarization, VSWR, return loss, bandwidth, beamwidth,



gain and effective radiated power(ERP). Tower structure in metal grid configu-
ration for broadcasting is briefly introduced. Then, at the end of the chapter,
suspended plate antenna, probe-fed, L-proximity fed and stacked suspended an-

tenna are shortly discussed.

In Chapter 3, a short introduction about 4nec2 software and its four main
editors (Notepad Editor, Nec Editor, Geometry Editor and Nec Editor New) are
presented. Some features and design rules of 4nec2 are concisely discussed. To
get familiarized with 4nec2, a simple wire and a cylindrical dipole are compared

in terms of input impedance, bandwidth and gain.

In Chapter 4, a broadband antenna is designed in 4nec2 in UHF band. Feeding
mechanism to feed all elements of the antenna with a single source is discussed.
The effect of back plane on antenna properties are discussed. Gain, return loss,
front-to-back ratio and far-field patterns are compared with and without the back

plane.

In Chapter 5, information about simulation of metal grid tower construction
and parasitic effect of a tower on antenna characteristics are presented. The
antenna designed in Chapter 4 is mounted on top of a tower to see its effect on
impedance, return loss, gain and front-to-back ratio of antenna. Effect of nearby

tower on antenna characteristics is presented.

In Chapter 6, stacked suspended antenna is designed in VHF band for DVB-T
and T-DAB applications in CST Microwave Studio®. The antenna geometry is
presented, followed by simulation and measured results. Parametric study of the

antenna is also presented by monitoring input impedance, return loss and gain.

Finally, Chapter 7 summarizes the whole thesis work. Simulations and mea-
surements are discussed precisely. Furthermore, future work about antennas for

broadcasting are briefly discussed.



Chapter 2

Theoretical Background

The transmitting antenna is the source of radiating electromagnetic energy /power
into air. To radiate power in a particular direction may require antenna systems
that include antenna elements and matching networks. At low frequencies, the
wavelength A is long and antennas can be made of metal wires. As the frequency
increases to or beyond VHF, specialized antenna systems are required for high

directivity, gain and bandwidth.

The half-wave dipole is the basic form of antenna and it can be made using
a wire or a cylindrical tube that is half wavelength long. The half wave dipole
has a radiation resistance of about 73(2. The dipole arms can be bent to form
a V like structure, where the impedance varies with the V angle [1]. Impedance
decreases by decreasing V angle. In broadcasting, the dipole antenna with some
modification is utilized to meet the requirement of applications for instance, Yagi-
Uda arrays for the reception. DVB-T and T-DAB require the VSWR to be <1.1
[15]. In this regard, researchers are focusing on the dimensions and properties of

wires, planar (microstrip antennas) and non-planar antennas.



2.1 Characteristics of Broadcast Antennas

A broadcasting antenna has many characteristics that are important for broadcast
engineer, for example polarization, return loss, gain, bandwidth, beamwidth and
effective radiated power (ERP). In the following, these characteristics are defined

and discussed.

2.1.1 Polarization

Polarization is defined as the orientation of the propagating electric field. In
broadcasting, when the radiated electric field is parallel to ground, then it is hor-
izontal polarization and similarly, when it is perpendicular to the ground, then it
is vertical polarization. If radiated electric field has both vertical and horizontal
component with the same magnitude and phase difference of 90° then, it is called
circular polarization since the E-field vector rotates with constant magnitude.
LHCP (left hand circular polarization) and RHCP (right hand circular polar-
ization) are special cases of circular polarization defined by the right hand rule.
If radiated E -field has both components with magnitude and phase differences,

then the wave has elliptical polarization.

In case of dipole antenna for broadcasting application, the polarization can
be set by the dipole orientation for instance, a horizontally oriented dipole will
radiate a wave with the horizontal polarization and the same goes for the vertical
polarization. Vertically polarized wave follows multipath propagation through
numerous reflective vertical elements in nature [20]. The vertical polarization
is not a best option for television broadcasting as it undergoes more reflection
than horizontal polarization which creates ghosts in analog broadcasting. For
digital or analogue television or radio signal broadcasting, if large area is to be
occupied or covered by one transmitter then horizontal polarization may be the
best alternative and vertical polarization is most often used when it is desired to

radiate a digital radio signal such as widely distributed mobile units [20].



Different polarizations may be utilized to reduce co-channel and adjacent chan-
nel interferences. Both horizontal and circular polarization are suitable for an-

tennas that can be installed on top of a tower [1].

2.1.2 VSWR and Return Loss

A transmission line acts as a medium that carries energy to feed the antenna.
When a source power is connected to the transmission line, then, the incident
power gets reflected from many points in transmission line, from mismatch at an-
tenna and transmission line interface. The reflected wave combines with incident
wave to form a standing wave that have periodic maximums and minimums. The
ratio of maximum to minimum value of voltage wave gives the VSWR defined as:

Vmax
Vmin

VSWR = (2.1)

In broadcasting high value of VSWR is undesirable as it contributes to aural
distortion, short term echoes, reduction in transmission line efficiency and visible
ghost [1]. Reflection coefficient shows the amount of energy reflected from the

antenna and it has a magnitude related to VSWR given by,

VSWR -1
IN=—+— 2.2
IT] VSWR+1 (22)
and return loss in dB is given by
RL(dB) = —20log|T'| (2.3)

For antenna a good match is considered when the return loss>10dB or in terms

of VSWR<2.

2.1.3 Bandwidth

Bandwidth shows the range of frequencies at which antenna gives acceptable
performance. Typically, bandwidth is defined as the frequency range where the
RL>10dB or VSWR<2. In communication systems, VSWR of less than 1.2
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is acceptable within operational bandwidth of radiating signal and in modern

broadcast systems VSWR of 1.1 or less is acceptable [1].

The impedance bandwidth of antenna depends on the variation of impedance

with frequency, since the reflection coefficient is determined by the impedance.

2.1.4 Beamwidth

Half-power beamwidth is the angular width of main beam where the maximum

directivity drops by 50%, wider beamwidth covers more area.

2.1.5 Gain

Gain and directivity shows how well energy is concentrated in a particular direc-
tion. Directivity is the ratio of radiated power density in a given direction to that
of isotropic source, whereas the gain is defined as the measure of field intensity
in a given direction by a fixed input power to the antenna [1]. Therefore, gain

combines the directivity with antenna efficiency.

The gain of an array describes the increase in radiated signal in the main
radiating direction, which is produced by reducing radiation in all other direction
other than main beam [20]. The gain of the antenna is related to beamwidth.
The gain can be increased by narrowing the beamwidth. In broadcasting, gain is

used as a figure of merit.

2.1.6 Effective Radiated Power

In antenna systems, Effective Radiated Power (ERP) is a standardized theoretical

measurement of radio frequency (RF) energy and is determined by subtracting



system losses and adding system gains in dB scale. The ERP is given by
ERP (dB) = TPO + Gaptenna — System Losses (2.4)

ERP takes into consideration transmitter power output (TPO) and transmission
line attenuation [1]. In other words ERP is the product of the power supplied to
the antenna and gain of the antenna with respect to a half wave dipole antenna.
Another term used in broadcasting is effective isotropic radiated power (EIRP),
which is the product of the power supplied to the antenna and gain of the antenna
with respect to an isotropic radiator [21]. Usually, ERP is specified for covering
a certain area around the transmitter. Then, the broadcasting engineer choses
the antenna with specific gain and transmitter power output to satisfy the ERP

requirement.

Figure 2.1: Lattice model of tower|[21]



2.2 Tower Structure

The scope of this study is limited to transmitting tower acting as a supporting
structure. Several configurations of tower structure are available. We will discuss
lattice model of tower only, since we are interested to see its parasitic effect on

antenna characteristics. Figure 2.1, shows lattice model of tower.

Lattice configuration is more useful and antennas can be mounted on top of it
as it takes into account the effect of wind-load. It has a crossbar structure that
uses wires of same radius for the whole structure [22]. The cross-section can be
triangular, square and hexagonal. A triangular tower can be modeled with three
legs interconnected with multiple horizontal ring girth after intermediate height
depending on the total height of the tower [22]. Similarly, a four face or square
tower can be modeled with four legs. Antenna can be mounted at each face of

the tower.

There are number of precautions and design rules that must be taken into
consideration before designing a real world tower. For instance, wind load, height,
icing, number of panels to mount and future loading [23]. In our case, we modeled
tower as a parasitic element, to see its effect on the characteristics of the antenna.

We used 4nec2 software to model the towers.

2.3 Stacked Suspended Plate Antenna

DVB-T, T-DAB and wireless communication require antennas to be small in size,
wideband, high gain and with enhanced radiation performance [4]. However,
planar antennas such as microstrip antennas have major drawbacks for instance,
small bandwidth and poor radiation performance in the sense of cross-polarization

isolation which make them non-suitable for practical applications [4].

Suspended plate antenna (SPA) structure includes a ground plane, radiating
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Figure 2.2: Structure of SPA[4]

plate, feeding mechanism and low permittivity material for support. The struc-
ture of the antenna is given in Figure 2.2. The material for support is usually
foam with permittivity 1.07. The height of feeding plate from the ground plane
is denoted by “h”. Its value lies in between 0.03\ to 0.12)\. The value of “h”,
separation between the radiating plate and ground plane are determined by the
detailed parametric study of the SPA. The antenna is fed by coaxial probe or
probe feeding structure [4].

The main radiator is excited through electromagnetic coupling. However, feed-
ing probe of long length introduce large inductance which degrades impedance
matching. There are several ways to improve the matching discussed in introduc-

tory part. Our focus here is on modified inverted L-strip.

Figure 2.3 illustrates a rectangular plate antenna with L-proximity feeding
structure. Impedance matching is achieved with the dimensions of L-section
proximity feed(ys & hg) [24]. However, both resistive and reactive part of the
impedance change by varying ys & he which complicates the design. Figure 2.4
depicts feeding plate with probe feeding structure. In probe feeding structure,
the input resistance can be determined by identifying feed point (ds). In [15], a
combination of L-proximity and probe feeding is used and called Modified L-strip
feeding.
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Figure 2.3: Rectangular plate with L-strip proximity feeding structure[15].

— Feed Point

Figure 2.4: Feeding plate with probe feeding structure[15]

We used a novel modified inverted L-probe to feed the antenna. Figure 2.5
shows front view of stacked suspended plate antenna used in our design. Instead
of using a rectangular strip for feeding, we used a vertical triangular plate that
connects to horizontal rectangular plate to form a modified inverted L-probe.
Horizontal plate capacitively excite the main radiator. Primary plate is the main
radiator and secondary plate is used for further matching and tuning while vertical
plate that lies between ground plane and primary plate is used for half power

beamwidth adjustment.
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Chapter 3

Introduction To Simulation
Software(4nec2)

NEC stands for Numerical Electromagnetics code. The first Numerical Electro-
magnetics code was written by G.J. Burke and A.J. Poggio in 1977 at Lawrence
Livermore National Laboratory under the sponsorship of U.S. Navy and the Air
force Weapon Laboratory [22]. The Fortran code was further modified and re-
named as NEC-2,NEC-3 and NEC-4 in 1980,1983 and 1990 respectively [22].

There are various "NEC” codes written over the "NEC” Fortran cores. They
provide easier input output and graphical user interfaces. We used 4nec2 for our
simulations that was developed by Arie Voors. In 4nec2, features of NEC-2 and
NEC-4 are combined with certain limitations. It is completely free software that
also provides a graphical user interface. One can view 2D and 3D patterns of
antenna. It provides plots of SWR, reflection coefficient, input impedance, gain
and front-to-back ratio over a frequency sweep. An interesting property of the
4nec? is that we can parametrize the antenna and optimize certain parameters

to get desired results [25]. It contains following four different editors.

1. Notepad Editor

2. Nec Editor

14



3. Geometry Editor

4. Nec Editor New

The Notepad Editor or text editor inherits the Fortran and uses number of
cards(built in functions) to create a structure. Informations such as co-ordinates
of the structure, frequency in MHz, source for excitation etc., are required.
The structure can be excited either as a current source or incident plane wave.
Notepad editor can be utilized to optimize certain parameters defined by SYM

(symbol) card. Information about the usage of each card is available in [22].

The Nec Editor is the modified version of Notepad editor, where information
about all cards are available. Creating structure with the help of Nec Editor is
easier and similar to Notepad editor. Nec Editor New also belongs to the same
category but it is more user-friendly. The dimensions of the structure can be

modified at any stage in the aforementioned editors.

The Geometry editor provides a graphical user interface. A structure can be
created in geometry editor without prior knowledge of 4nec2. 3D structure can
be built with the help of xy, xz and yz planes. The chances of making errors
using geometry editor are less probable than other editors because it is more
automatic. The main problem with geometry editor is that it cannot be used to
create structures that require surface patches. Such cases can be handled easily

in other editors.

4nec2 is based on Method of Moments (MoM) solution of the Electric Field
Integral Equation (EFIE) for thin wires and Magnetic Field Integral Equation
(MFIE) for closed, conducting surfaces [26].

A structure in 4nec2 is created with the wires. 3D structures can be created
with multiple wires, for instance, cylinders, spheres, cones, boxes etc., can be
approximated with the help of multiple wires. In every simulation 4nec2 divides
the wires into number of segments and then, it calculates the current for the
midpoint of a segment. 4nec2 also gives a long output text file that contains all

of the information about the structure and its properties, for instance, specific
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card (built in function) used, number of segments, segment current, number of
sources, input impedance, input voltages, input currents, far-field patterns and
power budget. The output text file can be processed in Matlab for further study

and comparison with the measurement.

3.1 Dipole Antenna Simulation

To get used to 4nec2, we started our work by an example of a half-wave dipole
antenna at a frequency of 665 MHz. In order to get accurate and reliable results,
certain rules regarding the dimensions, alignments and segments of the wires must

be followed [25]. Table 3.1 gives summary of 4nec2 design rules. Two segments

Table 3.1: Nec Design Rules

Segment length [ < \/10
Segment radius r < A/800
Segment connections
l1 > 1 l1 < 5l

1 > To r1 < dry

with different lengths (I; > l5) and radius (r; > r9) can only be connected if the
following are satisfied.
l1 < 5ly (31)

r1 < 57y (32)

A Z directed dipole at the origin is designed in “Nec editor New” using a wire
with 7 segments. Every wire in 4nec2 is identified by a tag number. The dipole
is excited by specifying the tag and segment number of the wire . The complete
text code for the dipole is given in Appendix A. Figure 3.1 illustrates the 3D
radiation pattern and current distribution on the dipole antenna.

One can verify antenna geometry (and simulation results) by looking at the cur-
rent distribution along the wire. The 3D plot for pattern may be helpful in
finding the error in a structure. Beamwidth, main lobe direction, side lobe level

and front-to-back ratio can be found from the vertical and horizontal patterns
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Figure 3.1: 3D radiation pattern and current distribution of 2 directed half-wave
dipole

of the antenna. Figure 3.2 shows the vertical and horizontal patterns of the half

wave dipole antenna.

3.2 Broadband Dipole Antenna Simulation

The dipole antenna made up of thin wire does not have wideband characteristics.
However, the impedance bandwidth may be extended by adjusting the radius
of the wire. In practical antennas, the transmission lines are used to feed the
antennas. The input impedance of the antenna depends on the diameter and

length of the antenna and also on terminal conditions [27].

The geometry of the cylindrical dipole can be considered as a special case of bi-
conical antenna [28]. In general radiation characteristics of cylindrical antennas

are frequency dependent. The input impedance of a very thin dipole of length [
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and diameter d can be found from the following equations [28].

Re = 5-{C + (k) — Ci(k) + %sz’n(kl)[é’i(%l) — 28,(k1)]

+ %cos(kl)[C’ + ln(%) + Ci(2kl) — 2C5(kl)]} (3.3)

X,, = %{Q&(kzl) + cos(k1)[2S;(kl) — Si(2Kk1)]
2ka?®

+ sin(k1)[2C;(kl) — Cy(2Kk1) — Co(—)]} (3.4)

As the radius of the wire increases these equations become inaccurate. However,
one can use integral equation analyses with Method of Moments for the wires

with different length to diameter ratios discussed in [28].

Cylindrical dipole with smaller length to diameter ratio gives wider bandwidth.
A cylindrical dipole antenna is designed at the center frequency in the band 470-
860 MHz with a radius 1.75 cm and length 30 cm. In 4nec2, we can use a finite
number of wires to create a cylindrical dipole antenna. Therefore, cylindrical
shape is approximated using wires to create hexagonal arms. Figure 3.3 shows

the three dimensional structure of the designed cylindrical dipole antenna.

The input impedance of the dipole around center frequency is no more equal
to 73 € rather slightly above than 300 € [28]. The increase in impedance can
be due to the strong coupling between the wires making cylindrical portion of
the antenna. Figure 3.4 and 3.5 depict the input resistance and input reactance
comparison respectively, between the wire (length to diameter ratio is 60) and
the cylindrical (length to diameter ratio is 9) dipole antenna. Wire antenna can
be best matched to a 75 €2 transmission line while fat antenna can be matched
to a 300 2 line. The simulated return loss of both antenna is also compared and
Figure 3.6 clearly shows that fat dipole has higher impedance bandwidth than

wire dipole as expected.
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The input impedance of wire dipole smoothly varies with frequency, whereas
in case of cylindrical dipole, the input resistance increases with frequency until
the middle of the band after which it starts decreasing and its input reactance
seems to be sinusoidally changing with frequency in the desired band of operation.
The input return loss of cylindrical dipole is above 10 dB in frequency (550-930)
MHz with bandwidth of 380 MHz. In contrast, wire antenna works pretty well
in frequency band (610-710) MHz with bandwidth of just 100 MHz. Cylindrical
dipole gives 3.8 times higher impedance bandwidth than wire dipole.

Gain of the cylindrical dipole varies almost linearly with frequency while gain
of wire dipole varies slightly with frequency. Both wire and cylindrical dipole give
ideal values of gain(2.15 dB) at the resonance frequency. Gain of the cylindrical
dipole antenna increases more than the wire dipole antenna at the higher band
of the frequencies. At f=800 MHz, both dipoles give the same gain of about 2.3
dB but wire dipole gives return loss of about 5 dB, which makes it non-practical.

Overall cylindrical dipole give better performance over wire dipole.
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Chapter 4

Broadband Panel Antenna

Design in 4nec2

Designing broadband antenna in the UHF band requires the antenna with a
return loss greater than 10 dB and a VSWR less than 2 in the whole band. The
gain and half power beamwidth of the antenna should be such that it can give

coverage to a particular area.

4.1 Broadband dipole Array design

To meet the requirement of broadcasting, we choose to design horizontally polar-
ized broad band directional antenna at 665 MHz that can work for both analogue
and digital TV. The antenna is made up of four cylindrical dipoles with a radius
of 1.75 cm and length of 30 cm. The separation between the two adjacent element
is A\/2. Some of the characteristics of the antenna are given in Table 4.1 [29]. The
antenna gives beam width of about 62° in horizontal plane while 28° in vertical
plane. Figure 4.1 shows the front view of the antenna with the radome panel.
The dimensions are in millimeters. If the panel is opened, then one can see the

dipole array structure.
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Table 4.1: Characteristics of Panel Antenna

Polarization Horizontal

VSWR s<1.1

Gain(at mid Band)  11dB

Frequency Range 470 - 860 MHz
Height /Width/depth 1000 x 500 x 190mm

Horizontal
polarization

Figure 4.1: Front view of broadband panel antennal[28§]
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In 4nec2, we can use a finite number of wires to create a structure. Making
hollow cylindrical tubes in 4nec2 requires more wires and segments. It can in-
crease simulation time and complicate geometry. The cylindrical tube to make a
dipole antenna is approximated by using hexagonal tube with radius of 1.75 cm
and total number of hexagonal sections are 10 for each dipole. The wires making
dipole antenna are not straight but are bent towards the back plane. Each \/4
section is bent by 17° to increase the beam width. Figure 4.2 illustrates the three

dimension structure of the array in 4nec2.

|

._nd-ﬂ—l —l“'
|

Ny Pl
k. —

Figure 4.2: 3D structure of the antenna in 4nec2, side view & front view

4.1.1 Feeding Mechanism

In 4nec2, the excitation can simply be done by specifying the tag and segment
number of the wire to be excited. One way is exciting all elements of the array
with separate voltage sources of same magnitude and phase. However carrying out
simulation with separate sources will give the return loss of a single element, which
is not practical as we are interested in the overall return loss at the input of the
complete array. Another way is to excite all elements with a single source through
a transmission line. Transmission lines with lengths that are odd multiples of a
quarter-wavelength (e.g. 1/4, 3/4, 5/4) can operate as impedance transformers,

where the impedance of the transmission line is selected to provide the best match.
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Since the distance from the middle of the antenna to the outer dipole is roughly
3A/4, the transmission lines would need to be at least 3A\/4 long. And even if a
couple of inches longer to fit, shouldn’t affect the performance very much. Four
transmission lines with length of 3\ /4 and characteristic impedance of 300 2 runs
from center of each dipole and terminates on wire which is excited by one volt.
The impedance seen at the input of source wire can be best matched to a 75 2
line. The light blue color line in Figure 4.2 represents the transmission line. The
antenna is simulated after configuring feeding structure and plots for impedance,
return loss and gain are obtained. Figure 4.3 shows the input impedance of the
array. The magnitude of impedance is higher than 100 2 around 600 MHz, which

can result more reflections if matched to 75 €2.

Input impedance of the array
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Figure 4.3: Input impedance of the dipole array

Figure 4.4 gives the return loss at the input of the array. The antenna works
fine in band from 700 MHz to 990 MHz. It requires further tunning to work in
the entire band (470-860 MHz). The gain of the antenna is given in Figure 4.5.

The antenna has a gain at center frequency less than 11 dB.
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Figure 4.5: Gain of the dipole array
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Figure 4.6: 3D structure and pattern of the dipole array

The dipole array designed have two lobes forward and backward as shown in

Figure 4.6. The patterns are not totally symmetric since the dipoles are bent.

4.2 Effect of the Back Plane

Back plane plays an important role in increasing directivity. Certain character-
istics of the array are compared after the addition of back plane such as input
impedance, return loss, gain and front-to-back ratio. The back plane affects the
radiation patterns, gain, directivity and front-to-back ratio. Its size is already
given and it is about 1000 mm x 500 mm. We made a grid using number of hori-
zontal and vertical wires and the separation from the center of the antenna to the

back plane is about /4, to get minimum number of side lobes. We model a wire

28



mesh of 9 horizontal and 18 vertical sections. Its size improves gain and front-to-
back ratio. Although, increasing the size of back plane enhances the performance
of antenna but it also increases the size of antenna that may be mounted on top
of the tower. Figure 4.7 gives the 3D geometry of the array in the presence of
finite back plane.

Figure 4.7: Dipole array with back Plane, front and side view

4nec2 provided consistent results about the characteristics of the array. How-
ever, the center frequency is slightly shifted in the simulations. Table 4.2 gives
summary of the characteristics of the antenna compared with Kathrein antenna at
resonance frequency in both horizontal and vertical planes. The simulated results
of the broadband dipole array for the VSWR, return loss, gain, SLL, front-to-back
ratio and beamwidth well agree with that of Kathrein antenna. Return loss is
even better than Kathrein antenna. The half power beamwidth is slightly smaller

than Kathrein antenna which is reasonable because of getting higher gain.
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Table 4.2: 4nec2 results compared with Kathrein antenna at resonance frequency

4nec2 Kathrein

Plane Horizontal Vertical Horizontal Vertical
VSWR 1.082 1.082 1.1 1.1
Return Loss 28 dB 28 dB 26 dB 26 dB
Gain 12.3 dB 123 dB 11dB 11 dB
Side Lobe Level NA -11dB NA NA
Front-To-Back Ratio 18.9 dB 189 dB NA NA
Beam Width 60° 24° 62° 28°

4.2.1 Far-field Patterns

The back plane affects the radiation pattern of the array. In case of infinite back
plane there is no back lobe. However since we are using back plane with finite
size there will be back lobes. but, its level will be smaller than the main lobe as

shown in Table 4.2.

Tot-gain [dBi]
Momal: 123 dBi
40 MHz

106

B <dBi<123
150 2B dBic123
Mas gain The:90

150

Ver plane
Theta=90. Phi=0

165 e 165

Figure 4.8: Far-field pattern of dipole array with back plane
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Both, horizontal and vertical patterns are plotted at f=640 MHz on Figure 4.8.
Horizontal pattern is in xy-plane, while xz-plane contains vertical pattern. The
distance between the back plane and the array is A\/4 in order to have less number
of side lobes. If this distance becomes greater than \/4, we may get some more

side lobes apart from those coming due to array factor and number of elements.
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Figure 4.9: Magnitude of |Z;,| for dipole array

4.2.2 Input Impedance

The impedance variation with frequency is very important in the sense of band-
width. If the variation is larger it can cause more reflections at the input. Fig-
ure 4.9 gives the magnitude of the input impedance for the cases of with and
without the backplane. The magnitude of impedance is dropped to some range

of values at certain frequencies in comparison to array without the back plane.
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It is varying around 802 -100f in the desired band. It is about 80¢) near center

frequency, back plane reduced the impedance variation with frequency.

Input impedance of the antenna
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Figure 4.10: Phase of Zin for the dipole array

The phase variation in the required operational band also becomes smaller
with the addition of the back plane. Figure 4.10 illustrates the phase variation
of the input impedance. The phase was about —40° at center frequency before
adding the back plane. It become close to 0° around center frequency due to the

inclusion of the back plane.

4.2.3 Return Loss

Return loss is improved as the input impedance variation with frequency becomes
smaller in the desired band. The magnitude of the input impedance is varying
from 50 €2 to 100 2 in the desired band of operation. Best match to 75 Q gives
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Figure 4.11: Reflection coefficient of dipole array

return loss above 10 dB. The bandwidth of the antenna after adding a back plane
is much more improved. It was about 290 MHz before the back plane. With
the back plane, bandwidth becomes about 560 MHz by looking at the reflection
coefficient plots shown in Figure 4.11. Moreover, the return loss was low at the
center frequency before. It even becomes above 25 dB near the center frequency
with the back plane. The antenna array is matched very well in the desired

band (470 - 860 MHz) of operation after the addition of the back plane.

4.2.4 Gain and Front-To-Back Ratio

The back plane also affects the gain and front-to-back ratio of the array. Fig-
ures 4.12 and 4.13, respectively, show gain and front-to-back ratio of the array.

The gain of the antenna increases with frequency and at the same time side lobe
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will also increase. Antenna becomes more directive at higher frequencies with

low front-to-back ratio.
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Figure 4.12: Gain of the dipole array

Despite the fact that the gain of the antenna increases with frequency but
front-to-back ratio also increases very slowly in case of array without the back
plane. It can be due to non-symmetry of pattern because the dipoles are bent
by 17° from the center and the patterns obtained from bent dipoles are not
totally symmetric. In this case the gain of the antenna is about 9 dB near center
frequency while front to back ratio is about 0.7 dB. Gain of the antenna near mid
of the band is about 12.5 dB, while front-to-back ratio is about 18.5 dB when the
back plane is included. Here gain increases while front-to-back ratio decreases
with frequency. It must be noted that when the frequency is sufficiently large in
comparison to center frequency, the gain starts decreasing. It may be due to the
current exciting the antenna passes through number of zeros, which distorts the

antenna pattern.
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Figure 4.13: Front-to-back ratio of the dipole array
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Chapter 5

Parasitic effect of Antenna

Towers

In this section, we will discuss the modeling of tower as a parasitic element. Its
effect on the patterns, return loss, input impedance, gain, and front-to-back ratio
will be discussed. There are many factors that must be taken into consideration
while designing towers. For instance, environmental factors including wind and
ice loading which affect tower life. Also, height, volume, structure type (rectan-

gular or triangular), present and future loading must be carefully considered.

In this section, we are interested to see the parasitic effect of the tower on the

characteristics of antenna.

5.1 Tower Structure in 4nec2

We used four equal face tower(rectangular tower) with each face about one meter
and the total height of the tower is 30 meter. In 4nec2 using “4nec2 Editor New”,
tower is designed in such a way that the height of tower is along z-axis and it is

centered at the origin. Four legs(each 1 meter) are interconnected with multiple
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horizontal ring girth. These four legs connected to ring girth are repeated 27
times using GM card. The tower is ready and antenna can be mounted on top of

it. The structure of tower made in 4nec2 is shown in Figure 5.1.

X

Figure 5.1: Tower structure in 4nec2

The radius of the wires used for making tower are based on 4nec2 design rules.
If the radius and number segments of the wires do not satisfy 4nec2 rules, then,
we will run into segment check error or warnings. However, since the tower itself

is not excited, one may ignore segment check error. While making tower, we used
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a wire with a radius of 7 mm.

5.2 Antenna with Tower in 4nec2

To see the parasitic effect of the tower, antenna array designed in the previous
section is mounted on top of the tower. Combing two separate programs (4nec2
codes) of the tower and antenna requires modification of tag numbers. Tag num-
bers are modified so that it can give continuity of numbers in one program. The
antenna is mounted at a height of 28 meters. Figure 5.2 illustrates the mounted

antenna array on top of the tower.

p—
Antenna

Tower

Figure 5.2: Tower structure along with antenna in 4nec2

38



5.3 Effect of the Tower on Antenna Character-

istics

The configuration of tower with a panel antenna is simulated to see its effect on the
antenna characteristics such impedance bandwidth, return loss, input impedance,

gain and front-to-back ratio.

5.3.1 Input Impedance

Parasitic effect of the tower on the input impedance of the antenna array is
studied. Magnitude and phase of the input impedance after mounting antenna

on top of a tower are illustrated by Figure 5.3 and 5.4 respectively. In the plot,

Input impedance of the antenna
200 : , ! T ! !

180 k.| —=—="wWithout tower {............. SURT .............. S i
—ith towver ' : :

160

140

120

100

a0

Magnitude ing

60

40

1 ............. ............. ............. .............. ............. .............

1 i 1 i i 1
a00 G000 700 a0a Q00 1000 1100
Freguency in MHz

Figure 5.3: Effect of the tower on magnitude of Z;, of the antenna

the two curves are overlapping each other, which means the difference between

them is zero. Tower has no effect on the magnitude of input impedance of the
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antenna due to back plane of the array separating tower and antenna array. Also,

it has no effect on the phase of input impedance as can be seen from Figure 5.4.

Input impedance of the antenna
| —— —Without tower : : :
a0 b A T With tower

Fhase in degrees

40 1 i 1 I i 1
SO0 BO0 00 Boa 900 1a00 1100

Frequency in MHz

Figure 5.4: Effect of the tower on phase of Z;, of the antenna

5.3.2 Return Loss

Input impedance of the array is not changing by the parasitic effect of the tower.
It remained the same as it was before. The return loss at the input of array will
also not change with the tower, since the input impedance is not changing. As
a result, we will get the same bandwidth from return loss plot by looking at the
frequency where return loss is equal or above 10 dB. The of return loss being
higher than 10dB appears as 560MHz. Figure 5.5 shows the effect of the tower
on the return loss of the antenna. It can be said that panel antenna is a suitable
choice for broadcast applications as tower has almost no effect on its impedance
and bandwidth.

40



Reflection coefficient of the antenna
-5 T T T T | T

= = =\Without tower |
__Wlth_ tower ' Impedance BW
N : : 1 : :

5,,IndB

-30

1 1 1 | i 1
500 600 700 300 300 1000 1100
Frequency in MHz

Figure 5.5: Effect of the tower on reflection coefficient of the antenna

5.3.3 Gain and Front-To-Back Ratio

Figure 5.6 depicts the effect of the tower on the gain of the antenna. The gain of
the antenna is marginally increased due to reflection of back lobe from the faces
of tower at particular frequencies. Reflected back lobe may be added to the gain

constructively or destructively, which fluctuates the gain of the antenna.

Figure 5.7 shows effect of the tower on the front-to-back ratio of the antenna.
Parasitic effect of the tower on front-to-back ratio is significant at certain fre-
quencies. The back lobes are not totally zero because of the diffraction from the
edges and finite area of the back plane. It can also be due to the back plane made
of wire grids containing vertical and horizontal sections. Back lobes get reflected
from the tower, which minimize the level of back lobe at some angles. In turn it

increases the front-to-back ratio of the antenna at some frequencies.
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Figure 5.6: Effect of the tower on gain of the antenna
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Figure 5.7: Effect of the tower on the front-to-back ratio of the antenna
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5.3.4 Far-field Patterns

Tower effect on the vertical and horizontal patterns are depicted in figure 5.8 and

5.9 respectively.

Tot-gain [dBi]
MNarm-all: 125 dBi
-30

-390

withoutower, out
withbower, out
Phi= 0

Figure 5.8: Effect of the tower on the vertical pattern of antenna

In the previous section, we have seen that the front-to-back ratio was disturbed
more than the gain of the antenna by the parasitic effect of tower. We can further
see it here that the back lobe gets lowered by the tower which is responsible for
the increase of front-to-back ratio. Side lobes are also affected slightly whereas

main lobe remain intact.

On the other hand, horizontal pattern is slightly affected by the tower in
comparison to the vertical pattern of the antenna. Here the back lobe is increased
marginally compared to the pattern of the antenna modeled without the tower.

Overall effect of the tower on the horizontal pattern is minimum.
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Figure 5.9: Effect of the tower on the horizontal pattern of antenna

5.4 The Nearby Tower Effect

A nearby tower also affects the radiation characteristics of the broadcasting an-
tenna mounted on a tower. To see the effect of the nearby tower, we generate a
copy of the tower and antenna designed in the previous section. The nearby tower
is placed at a certain distance in the main beam direction of the broadcasting

antenna. We have the following two cases to see the effect of a nearby tower.

1. Nearby tower without antenna

2. Nearby tower with antenna

Figures 5.10 and 5.11, show the structures of the towers for the two cases along
with the vertical radiation pattern of the broadcasting antenna. In first case, there

is no antenna on the nearby tower while in second case there is an antenna on the
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Figure 5.10: Structure of the two towers, when there is no antenna on the nearby
tower

Figure 5.11: Structure of the two towers, when there is an antenna on the nearby
tower
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nearby tower. The antenna on the nearby tower is not excited. The separation
between the two towers is varied and characteristics of the broadcasting antenna
such as far-field patterns, reflection coefficient, gain and front-to-back ratio are

monitored continuously for the two cases.

5.4.1 Far-field Patterns

Figures figs. 5.12 to 5.15 and figs. 5.16 to 5.19 show vertical and horizontal
radiation patterns respectively of the broadcasting antenna at different distances.

In these figures, we compared the two cases of the nearby tower at =640 MHz.

The nearby tower has some affect on the far-field radiation patterns of the
broadcasting antenna for instance, when the separation between the two towers is
50m or 100m, the vertical and horizontal patterns of the broadcasting antenna are
affected more by the nearby tower for the two cases. However, in the case when
the nearby tower contains antenna, it affects the patterns of the broadcasting
antenna more than the nearby tower without an antenna. The nearby tower
introduced distortion in the radiation patterns of the antenna. On the other
hand, when the separation between the two towers is at least 150m then, both
cases of the nearby towers have smaller effect on the radiation patterns of the

broadcasting antenna.

5.4.2 Input Impedance and Return Loss

Figures figs. 5.20 to 5.23 show input reflection coefficient at different distances.
Input impedance and return loss of the broadcasting antenna are affected more by
the nearby tower, when separation between the two towers is at most 9 meter. In
case of the nearby tower without an antenna, the effect on the reflection coefficient
of the broadcasting antenna is minimum in comparison to the nearby tower with
an antenna. At d=b5m, effect of the nearby tower (without antenna) on Sy is

minimal than nearby tower with an antenna. Return loss even becomes smaller
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Figure 5.13: Effect of the nearby tower on the vertical pattern at d=100m
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Figure 5.15: Effect of the nearby tower on the vertical pattern at d=200m
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Figure 5.17: Effect of the nearby tower on the horizontal pattern at d=100m
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Effect of the Nearby tower on the vertical pattern of the Antenna
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Figure 5.18: Effect of the nearby tower on the horizontal pattern at d=150m
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Figure 5.19: Effect of the nearby tower on the horizontal pattern at d=200m
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Effect on reflection coefficient of the antenna
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Figure 5.20: Effect of the nearby tower on S;; of the antenna when d=5Hm
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Figure 5.21: Effect of the nearby tower on S;; of the antenna when d=9m
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Effact on reflection coefficient of the antenna
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Figure 5.22: Effect of the nearby tower on Sy; of the antenna when d=14m
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Figure 5.23: Effect of the nearby tower on Si; of the antenna when d=18m

52



Effect on gain of the antenna in case of nearby tower without antenna
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Figure 5.24: Effect on the gain of the antenna in case of nearby tower without an
antenna

than 10 dB due to the strong coupling between the broadcasting antenna and the
antenna on the nearby tower at d=5m. As the separation between the two towers
increases, the coupling between two antennas decreases.Thus, when the separation
between the two towers becomes small, then nearby tower with antenna affects

the input impedance and return loss of the broadcasting antenna.

On the other hand, when the separation between the two tower is at least
14m, then nearby tower effect on the input impedance and reflection coefficient
in either cases is almost negligible. Ultimately, the impedance bandwidth of the

antenna remains unchanged.

5.4.3 Gain and Front-to-Back Ratio

Figures 5.24 and 5.25 illustrate the effect of the nearby tower without and with
antenna on the gain of the broadcasting antenna respectively. In case of the

nearby tower without antenna, the gain of the broadcasting antenna is affected
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Effect on gain of the antenna in case of nearby tower with antenna
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Figure 5.25: Effect on the gain of the antenna in case of a tower with an antenna

more by the nearby tower at d=27m. The gain is reduced in comparison to the
broadcasting antenna without the nearby tower. The effect of the nearby tower on
the gain of the broadcasting antenna is dependent on the frequency for instance,
when the separation is 35m then, the gain is affected more in the higher band of
the frequencies. As the separation between the two towers increases the effect of

the nearby tower on the gain becomes minimum.

The gain of the broadcasting antenna is affected by the nearby tower with
antenna and it depends on the frequency. It fluctuates with the frequency. The
broadcasting antenna induced a small current on the antenna of the nearby tower,
which radiate weak electromagnetic field. The weak EM field interferes construc-
tively or destructively with the EM field of the broadcasting antenna as a result
the gain fluctuates with frequency. The effect of the nearby tower with antenna
becomes minimum on the gain when the separation is at least 54 meter. Con-
trasting nearby tower with and without antenna, we observed that nearby tower

with antenna has more effect on the gain of the broadcasting antenna.

Figures 5.26 and 5.27 show the effect of the nearby tower without and with an
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Effect on F/B ratio of the antenna in case of nearby tower without antenna

a0 T T T T T T
— Without Mearby Tower
A5+ - .............. .............. .............. — =2 m H
: : ; d=36m
A0 _ .............. .............. L] d=45m 4
; : : d=54m
35_....5 .............. T .............. d=RE3m L
% 1] DRUERY | NOUUURURE: .............. SO e P |
= : ; § : 5 :
ATk T | (.Y | N ST (R S OO PPE Lo
Lo : : : : :
2E| ; . . A TEK | T SR Teeeeee RS e _
; %\' ' . : : :
: : : B o AT :
L I o W’\“{ﬁﬂv ________
10_....5 .............. .............. .............. .............. . ' ..
5 1 1 ] i | 1
500 600 700 800 a00 1000

Frequency in MHz

Figure 5.26: Effect on the F/B ratio of the antenna in case of a tower without an
antenna
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Figure 5.27: Effect on F/B ratio of the antenna in case of a tower with an antenna
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antenna respectively on the front-to-back ratio of the broadcasting antenna. The
front-to-back ratio fluctuates with frequency in both of the cases and at some of
the frequencies, the effect on the front-to-back ratio is high. In case of the nearby
tower without an antenna, the effect on the front-to-back ratio is small when the

towers are separated by a distance of at least 54 meter.

The nearby tower with an antenna affects the front-to-back ratio of the broad-
casting antenna more in comparison to the nearby tower without an antenna.
The effect of it on front-to-back ratio is minimum, if the separation is 63 meter

Oor more.

These results are very important for a broadcast engineer. If in the main beam
of the broadcasting antenna, there exist a unused tower and it is not at certain
distance for the minimum distortion of the gain and front-to-back ratio, then
it must be removed to get better radiation performance from the broadcasting

antenna.

5.5 Effective Radiated Power

Effective radiated power(ERP) is an important parameter that is used in broad-
casting. It can be calculated by adding maximum gain and transmitter output

power in dB scale.

We will find ERP by putting antenna arrays on each face of the tower. For
this purpose if we use wideband array designed earlier, then, we run into total
number of segments exceeding the limits of NEC, So we will use antenna array
made up of thin wires, which may not be wideband. To find the ERP from
4nec2 simulation results, one should look at the output text file generated by the
program. The output file contains many information about the antenna, but we
are interested in the radiated power, which can be found under the heading power

budget. Figure 5.28 gives summary of power budget from the output file.
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Figure 5.28: Power budget of the antenna

The gain of the antenna is 13.5 dB and radiated power is about 192.78 Watts.
In dB scale the radiated power is about 22.84 dBW. The ERP is the sum of
gain and radiated power in dB. It is 36.35 dBW in this case. ERP do not change
whether to mount antenna array at each face or single face of the tower. Directiv-
ity and radiated power changes with the addition of antenna array at each face of
the tower, but ERP remains constant. With the addition of the antenna array at
other faces of the tower, one can give coverage to wider area, but directivity will
decrease and radiated power will increase. Table 5.1 gives gain, radiated power

and ERP by mounting antenna array at one face or on multi faces.

Table 5.1: ERP with Different Configuration

Antenna at  Gain(dB) P,.q(dBW) ERP(dBW)

one side 13.5 22.84 36.35
two side 10.5 25.826 36.33
three side  9.71 27.625 37.33
four side 8.46 28.9 37.36

When four set of antenna arrays are mounted at each face of the tower, we get
almost omni directional like pattern with some gaps. ERP is an important factor
for broadcast engineer, he/she can decide where to mount an antenna at the top
of a tower for instance at single face or multi face and he can adjust the input
power to get desired ERP. As an example when antenna is mounted at every face

of tower, the horizontal pattern is given in Figure 5.29. In such a case, the gain
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decreases and radiated power must increase to keep the same ERP.

4nec2 can be a useful tool for broadcast engineer, before installment of any
new tower at any location, he/she can perform some simulations. He/She can do
general survey of the location by identifying the nearby structures such as towers
and the type of ground plane(e.g moderate, average, dry, sandy, coastal, fertile
land etc.). In 4nec2, he can easily model ground planes , metal structures and its

effect on the tower to be installed.

Tot-gain [dB ]
Worm-all : 8. 46 dB
BE& MHz

Theta= 90 59<dB <846
Max gain Phi:0

Figure 5.29: Horizontal pattern of antenna
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Chapter 6

Design of Stacked Suspended

Plate Antennas for Broadcasting

This section is about the design of the stacked suspended plate antenna(SSPA)
with simulation and measured results. The antenna consist of ground plane,
primary plate, secondary plate, vertical plate and feeding structure. Feeding
structure capacitively feeds the primary plate, which in turn feeds the secondary
plate in the same way. The height of primary and secondary plates from ground
plane, position of feed point on ground plane and separation between primary
and feeding plates are important parameters that must be tuned to get better

performance from the SSPA.

6.1 Antenna Geometry

The antenna is designed at the center frequency f.=202 MHz(A.=1485 mm) of the
VHF frequency band in Turkey. The dimensions of the antenna are determined
after in-depth parametric study in terms of return loss, gain, bandwidth and
radiation patterns. The structure of the antenna, which includes top view, side

view and front view are depicted in Figures 6.1 and 6.2. For the simulations,
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Figure 6.1: Geometry of SSPA antenna

we used CST microwave studio®. In CST microwave studio®, the antenna is
configured to radiate along the x-axis so that vertical and horizontal patterns can
be obtained with minimal effort. The dimensions of modified inverted L-probe
feed are(hy = 0.07166\., Wy = 0.1433\., Ly = 0.1075).). The vertical plate is at
0.493)\. from the feed point denoted by Vy.

The position of feed point on ground plane is also important [15] and it is not
exactly in the center. The position of feed point(Xy, Yy, Zy) is (0,L,/2,0.197X.).
It must be noted that modified inverted L-probe consist of triangular and rect-
angular plates, where the triangular plate connects the rectangular plate after a
gap of L, = 6mm(0.0043).). Table 6.1 summaries rest of the dimensions of the

stacked suspended plate antenna .

The antenna is fabricated using 0.1 mm thick copper foil [15] and supported
by foam with permitivity of 1.05. Primary plate is the main radiator, which is
excited through electromagnetic coupling by inverted L-probe section of SSPA.

The excitation of current or voltage source is done through 50 2 SMA connector.
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Figure 6.2: Geometry of SSPA antenna, front view

To get better results for return loss, gain and bandwidth, a secondary plate
is introduced. Further matching and desired beam-width of the patterns are
obtained through the insertion of vertical plate between primary plate and ground
plane shown in Figure 6.2, where the small gaps V,; and V5 are equal to 1 mm

and 3 mm respectively.

Table 6.1: Dimensions of SSPA

Structure Type  Length Width Height
Ground Plane Ly, =0.896\. W, =0.753\. hy =10
Primary Plate L, = 0.394\, W, = 0.394\. h, = 0.1125),
Secondary Plate L, =0.337A\. W,=0.337\. hg = 0.1899)\,
Vertical Plate L, =0.2186A. W, =0.111\. h, =0.1125\,
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Figure 6.3: Fabricated SSPA antenna

6.2 Simulation and Measurement Results

The performance of the fabricated antenna can be tested in several ways by com-
paring return loss, input impedance, bandwidth, gain and half power beamwidth.
The return loss was measured from the network analyzer and then, input
impedance is calculated from it. Unfortunately, we could not measure gain and
patterns of the fabricated antenna. Measured results are only available for input

impedance and return loss.

4

Figure 6.4: Geometry of SSPA antenna in CST
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Figure 6.5: Input resistance of the SSPA antenna

6.2.1 Input impedance and Return Loss

Figures 6.5 and 6.6, illustrates the simulated and measured input impedance.
Input resistance is varying about 502 near the main bandwidth(174 MHz-230
MHz), despite some peaks at certain frequencies in measured resistance. Input
reactance is small near the desired band range. However, a large reactance comes
from the feeding probe. The measurements are not done in an isolated environ-
ment which causes some peaks in measured data. It is observed that a slight

movement near the antenna affects the measurements.

Measured and simulated impedances are consistent with each other. Proper
selection of dimension can result input resistance of 50 {2 with minimum reactance.
For instance, one can determine suitable values for W¢(width of feeding plate)
and Ly (length of feeding plate) to cancel the inductance of feeding probe through
EM coupling with the primary plate. The heights h,(height of the primary plate),
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hs(height of the secondary plate) and Le(length of the gap, after which the trian-
gular sheet connects rectangular sheet) must be determined properly to get input

impedance close to 50 €.

The return loss, when the SMA connector of 50 {2 is matched with the input
impedance of SSPA, is shown in Figure 6.7. Both of the curves shows that the
antenna has a return loss above 10 dB in the bandwidth of operation. The
antenna has fractional impedance bandwidth of about 42%, where the return loss
is above 10 dB. At the center frequency, the measured return loss is about 10 dB

while in simulation results it is about 17 dB.

zain of the Antenna

3 ; ! ; ! ; ! ; !
S S R W W . o
BEko.. ”&"' ....... T "‘Q!.-Q—.Q.—&'G" ....... L s
P 5 : 5 : : : 5 b
LM : : : : : : f
E;d/ ....... T e e P e e B -
?.5— .................................................................................... _
m
=
R T SO T UUUOE SOUDUUUO SORUROE SRUUOS SOOPUUOOE SOSPUOE SO ]
=
g
5.5‘ ..................................................................................... -
6 .......................................................................................
selo S S _________ A e S S i
i i

5 1 ] i 1 ] I
160 1700 180 190 200 210 220 230 240 280
Frequency in MHz

Figure 6.8: Gain of the SSPA antenna

6.2.2 Gain and Radiation Patterns

The 3D gain of the antenna is found from simulation and plotted in Figure 6.8.

The antenna gives average gain of about 8.5 dB in the desired frequency band.
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The gain of antenna increases marginally by increasing frequency. Desired Gain

can be obtained from the detailed parametric study of the antenna.

Figure 6.9: 3D pattern of the SSPA antenna in CST

Another important property of SSPA is the cross polarization isolation. Its
level must be such that both vertical and horizontal fields or vice versa can be
distinguished. E plane is defined as the plane containing electric field vector and
direction of maximum radiation, whereas H plane contains magnetic field vector
and direction of maximum radiation. For a vertically-polarized antenna, the E-
plane usually coincides with the vertical/elevation plane and H plane coincides

with the horizontal/azimuthal plane.

The isolation between co and cross-polarization can be found from the co-to-

cross-pol ratio [4] and the co-to-cross-pol ratio is defined as

maximum co — polarized radiation level

co—to—cross—pol ratio = 6.1
p maximum cross — polarized radiation level (6.1)
For vertically polarized antenna the ratio is given by:
max vert.polarized |E
co — to — cross — pol ratio = P |£] (6.2)

mazx hor.polarized |E|
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The antenna is oriented along the x-axis as shown in Figure 6.4. The 3D
pattern of the antenna at 202 MHz is shown in Figure 6.9. In the plot the
green circle shows E plane when ¢ = 0° while the blue circle shows H plane
when 6 = 90°. A text file containing information regarding both co and cross
polarized E fields in both planes is obtained from CST microwave studio® which
is further processed in Matlab. The co-polarized and cross polarized E fields
are plotted in E and H planes. Figures 6.10 and 6.11 gives respective E and H

plane relative electric field plots. In both of the planes the cross-pol isolation
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Figure 6.10: Co-polarized and cross-polarized radiation patterns in the E plane

or co-to-cross-pol ratio must be at least 15 dB. The plots show that in both of
the planes, the isolation or ratio is 31 dB along the main beam direction. The
horizontal power pattern is obtained from simulation when 6 = 90° and vertical
plane power pattern when ¢ = 0°. These patterns are depicted in Figures 6.12a
and 6.12b respectively. The half power beamwidth in horizontal plane is 60°
while in vertical plane it is 67°. The side lobe level is found to be -14 dB. It can

further be reduced if we use a ground plane of large size.
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Figure 6.11: Co-polarized and cross-polarized radiation patterns in the H plane

(a) Horizontal power pattern (b) Vertical power pattern

Figure 6.12: Far-field patterns of the SSPA antenna
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6.3 Parametric Study

In this section, a parametric study of SSPA is done numerically to obtain desired

antenna characteristics.

Parameters that are used in the study includes hy,(height of the primary plate),
hs(height of the secondary plate), V,(position of the vertical plate from the feed
point) and L. (length of the edge after which triangular plate connects rectangular
plate). At a time, one parameter is varied while others are kept fixed. Antenna
impedance, return loss and gain are monitored during this process. The suitable
value for each parameter can be found by inspection of antenna properties such
as return loss, bandwidth and gain. The value which yields high return loss, high
gain and wider bandwidth is named as “best” value. Once best value for any
parameter is identified, then, that parameter is changed to “best” value and rest

of the parameters are found from it through a similar search.
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Figure 6.13: Effect of the height of primary plate on input resistance

69



Effect of height on Reactance
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Figure 6.14: Effect of the height of primary plate on input reactance

6.3.1 The Height of Primary Plate

Primary plate height plays an important role in matching, gain and bandwidth
enhancement, because there is strong coupling between feeding structure and
primary plate. It is varied from 151 mm to 163 mm with 2 mm step size. Fig-
ures 6.13 and 6.14 illustrates its effect on the input impedance. Small heights
gives larger impedance in the lower band. As the height increases the impedance
get decreased. At a height of 157 mm, the input resistance is around 35 - 50 €2,

while input reactance stays around -5 to 13 2.

Furthermore, Figures 6.15 and 6.16 shows reflection coefficient and gain of
the antenna. The suitable value for the h, can be decided form S;; and gain.
Although, height below 157 mm gives good bandwidth, but it gives low gain as
the frequency increases. Similarly, large values for height may give high gain, but
it will not be wideband. Therefore, the height of primary plate is chosen to be
157 mm.
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Effect of height on reflection coefficient
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Figure 6.15: Effect of the height of primary plate on reflection coefficient

Effect of height on Gain
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Figure 6.16: Effect of the height of primary plate on gain

71



6.3.2 The Height of Secondary Plate

Once, the height of primary plate is determined, it is replaced with new value. The
height of the secondary plate (hs) is varied from 257 mm to 269 mm. Input resis-
tance, input reactance, return loss and gain are plotted in Figures 6.17, 6.18, 6.19
and 6.20 orderly. It can be seen from the plots that the effect of the height(h;)

of the secondary plate on the impedance,S;; and gain can be ignored, despite

minimal effect in higher band.

The return loss also remained almost unchanged with secondary plate height.
However, at the frequency near 190 MHz the return loss get lowered with h, vari-
ation. Since, in between feeding structure and secondary plate, there is primary

plate, so the coupling between them is minimum, which can be the reason for

input impedance to remain intact.

in g
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Figure 6.17: Effect of the height of secondary plate on input resistance
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Effact on Reactance
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Figure 6.18: Effect of the height of secondary plate on input reactance
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Figure 6.19: Effect of the height of the secondary plate on reflection coefficient
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Effect of height on Gain
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Figure 6.20: Effect of the height of secondary plate on gain

6.3.3 Position of the Vertical Plate

Vertical plate is placed at certain distance from modified inverted L-probe feeding
element. It is mainly used for half power beamwidth adjustment. However, its
position from the origin is varied between 680 mm- 690 mm to see the effect on

the aforementioned properties.

Again here, the effect on the impedance and return loss is minimum, but
placing it at a far distance from feed point, increases the gain of antenna that in
turn decrease the beamwidth. The best position for the vertical plate is considered
as 688 mm. The vertical plate blocks some of the energy to increase the directivity.
The effect of vertical plate on input resistance, reactance, return loss and gain

are depicted by Figures 6.21, 6.22, 6.23 and 6.24 respectively.
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Effect of Vertical plate position on Resistance
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Figure 6.21: Effect of the vertical plate position on input resistance
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Figure 6.22: Effect of the vertical plate position on input reactance

75



Effect of Vertical plate position on reflection coefficient
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Figure 6.24: Effect of the vertical plate position on gain
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6.3.4 Length of the Edge

The length of the segment(L.) after which triangular plate connects rectangular
plate is varied from 2 mm to 12 mm. The modified inverted L-probe cancels the
excessive inductance coming from feed probe through electromagnetic coupling

with primary plate. In this sense, L. is important for matching and tunning.

Its effect on antenna properties is illustrated by Figures 6.25, 6.26, 6.27
and 6.28. Input resistance and reactance reaches to its maximum if L, is 0
mm [15]. Increasing its value changes the return loss which ultimately improves
the bandwidth of the antenna. Although beyond 11 mm it gives wider bandwidth,
but at the same time gain gets decreased. So a nominal value for L. is taken as

6 mm with wider bandwidth and acceptable gain in the band of operation.
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Figure 6.25: Effect of L. on input resistance
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Effect of Edge Length on reflection coefficient

5,,indB

.45 H

— ——Le=8mm
s L e=10rmm
S0 H =~ Le=11mm

-55
140

Le=12mm : : : : : :
T T T i 1 i 1 i i
160 170 180 190 200 210 220 230 240 260 260
Freguency in MHz

Figure 6.27: Effect of L. on reflection coefficient
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Gain in dB
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Figure 6.28: Effect of L. on gain
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Chapter 7

Conclusion

The main purpose of this thesis is to model and simulate broadcast antennas
on top of towers. Simulations that can be used to study characteristics of the
antennas such as input impedance, return loss, gain, front-to-back ratio and pat-
terns, when antenna is mounted on top of a tower. An open source tool called
4nec2 is used to study the parasitic effect of the tower on antenna properties.
A brief introduction with a design example is given about 4nec2. After words
cylindrical and wire dipole are compared in the UHF band (470-860 MHZ). Cylin-
drical dipole gave better performance in terms of bandwidth, return loss and gain.
Then, broadband antenna based on cylindrical dipoles is designed to meet the re-
quirement of broadcasting. The designed antenna gives return loss (S;; >10 dB)
for frequency band (470-1040 MHz) with 85% fractional impedance bandwidth.
At center frequency the antenna gives gain of 12.5 dB, half power beamwidth
60° in horizontal plane and 24° in vertical plane, RL= 28 dB and front-to-back
ratio of 18.9 dB. The designed antenna has many advantages over commercially

available antennas.

The parasitic effect of the tower on the broadband antenna radiation charac-
teristics is determined by comparing the antenna with and without the tower. It
can be concluded that the tower has minimal effect on the input impedance and

return loss of the antenna, since there is back plane of antenna separating it from

80



tower. The effect of tower on patterns, gain and front-to-back ratio is examined
as a function of frequency and radiation angle. The effect of the tower on the
main lobe and gain appears to be very small and it may be ignored. At certain

band of frequencies, front-to-back ratio increases which might be advantageous.

The effect of a nearby tower on the radiation characteristics of the broadcasting
antenna is also examined. Once again its effect on the input impedance and
return loss of the broadcasting antenna is almost negligible, when both towers
are separated by distance of at least 14 meter. However, the gain, front-to-back
ratio and radiation patterns are affected by the nearby tower. The effect on
these characteristics of the antenna are dependent on the separation between the
towers, frequency and angle (elevation or azimuth angle). The gain and front-to-
back ratio fluctuates with frequency, which is not suitable for practical broadcast
application. In case when separation between the two tower is 140\(for UHF
band) or more then, the effect of the nearby tower is minimum. If there is an
unused tower surrounding broadcast tower, it should be removed if it is not far

enough for the desired radiation characteristics of the transmitting antenna.

The last part of the thesis contain experimental study of the Stacked Suspended
Plate Antenna(SSPA) for DVB-T and T-DAB transmission in the VHF band.
The SSPA gives wideband characteristics with fractional impedance bandwidth
of about 42% for return loss> 10 dB and cross polarization level of about 31 dB
in both E and H planes. The antenna gives stable average gain of 8.5 dB in the
operating bandwidth. The half power beamwidth of about 60° is achieved in the
horizontal plane while 67° in the vertical plane. The results obtained from the

fabricated antenna generally agrees with simulations.

In the future, 4nec2 can be utilized to design and model different types of wire
antennas that can meet the requirements of broadcasting for instance, special type
of dipoles employing capacitively coupled feeding mechanism to achieve wideband
characteristics. Once the antenna is designed, its characteristics can be further
studied in-depth by including the environmental effects. Capacitively coupled
dipole can served as as a basic building block in the design of many other wire

antennas such as folded dipole, Yagi Uda and log-periodic antenna.
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Furthermore, SSPA can be adapted to design antennas in the UHF band (470-
790 MHz) for DVB-T transmission. The coupling between the plates can be
studied in terms of an equivalent circuit by identifying the mutual capacitances
and inductances among different plates. One can verify the input impedance and

return loss plots through simulation of equivalent circuit of the SSPA.
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Appendix A

Code for Simple Wire Dipole in

4nec2

CM Comment starting point

CE End of the comment

SY f=665E+6 ’frequency of operation
SY C=3E+8

SY lambda=(C/f) 'wavelength formula
SY len=lambda/2-lambda/30 ’length of the dipole
SY r=lambda/255 'radius of dipole

SY s=7 'number of segments

SY m=4 'mid point of the wire

GW 101s00-len/200 len/2 r

GE 0

GN -1

EK

EX0101lm0100

FR0O00O06650

EN
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