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Miniaturization of DVB-H Handset Antennas

Student : Chich-Wei Hsu Advisor : Dr. Jenn-Hwan Tarng

Department of Communication Engineering
National Chiao Tung University

Abstract

Broadband, size reduction, radiation pattern, and antenna gain are the major
issues to be considered. It is well-known that these issues are trade-offs one another.
In the thesis, by applying half-bow-tie monepole antenna and x to the power of N
curved line structure, two antenna prototypes-for DVB-H are proposed. With the help
of ground plane surrounding the® antenna, - a “half-bow-tie monopole antenna is
proposed to increase the bandwidth. To broaden bandwidth, boundaries of No.1
antenna are changed and become a curved line. The curved line is described by a x to
the power of N. The simulated and measured results confirmed that the proposed
antenna can operates at 470 MHz to 800 MHz bands. The antenna not only has a
simple planar structure but also yields the smallest antenna area. Moreover, the
antenna has a nearly omni-directional radiation pattern and a reasonable peak gain of

2.25 dBito 3.74 dBi.
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CHAPTER 1 INTRODUCTION

CHAPTER 1 INTRODUCTION

1.1 Background and Problems

DVB-H (Digital Video Broadcasting --Handheld) is the digital broadcast standard
for transmitting broadcast content to handheld terminal devices. DVB-H is based on the
DVB-T standard for digital terrestrial television but tailored to the special requirements
of pocket-size applications. The Federal Communication Commission (FCC) has
recently approved the 54MHz to 88MHz, 174MHz to 216MHz, and 470MHz to 806
MHz bands for DVB-H deployment as shown in Figure 1.1, which are the same as the
bands of DVB-T. In general, the DVB-H antennas operate in UHF IV and V (470-806
MHz, channels 14 to 69 [1]).

Since the quarter-wavelength of DVB-H bands (about 10-16 cm) is too large
compared with the pocket-size, their antenna sizes need to be reduced to accommodated
in a handheld device. It is well known that miniaturized antenna size, bandwidth, and

reasonable antenna gain are trade-off with one another. The major challenge in DVB-H
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antenna design is to provide an internal antenna that is small in size whilst maintaining

the impedance bandwidth and reasonable antenna gain as required by the specifications.

Band Group #1 Band Group #2 Band Group #3
CH CH CH CH CH CH CH CH
#1 #6 #7 #13 #14  #15 #H68  #69

T ...... IF)T ...... F)T/_\ ......... /_\F

\ | \ ! | I | "
54 60 82 88 174 180 210 216 470 476 482 794 800 806
MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz

Figure 1.1 Frequency allocation for DVB-H channels

Broadcaster | Channel,Number | Frequency(MHz)
CTV 24 533
2 539
PTS 26 945
27 551
FTV 28 557
29 564
TTV 31 9575
32 581
CTS 34 593
35 599

Table 1.1 DVB-T Broadcaster in Taiwan
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1.2 Related Works

In mobile communication systems, wide impedance bandwidth, miniaturized
dimensions, and reasonable antenna gain are the critical requirements due to the
highly competitive market environment and limitation in device dimensions. For
DVB-H, there are only few studies proposed [2]-[6].

By using a compact coupling element structure, it is possible to reduce the size of
an antenna element. The matching of the antenna is achieved with a dual-resonant
lumped-element matching circuit [2]. It is noted that the impedance bandwidth of this
tunable antenna is 470-702 MHz with return loss less than -1.25 dB, which is not a
good performance criterion, the author claims that the DVB-H antenna is used in
reception only, a loose matching criterion is acceptable.

A planar DTV receiving antenna forglaptep applications is constructed by a
bow-tie structure provides 480-742°MHz with return-loss less than -7.4dB [3]. The
antenna is cut by three narrow slits in-the portion near the feeding point to achieve a
compact, which extends the resonant path and makes the antenna size compact. By
using the bow-tie structure, the impedance matching of the proposed antenna can be
greatly improved.

By bending a flat metal-plate into U-shaped structure, a internal DTV receiving
antenna for laptop applications is constructed provides 470-780 MHz with return loss
less than -7.4dB [4]. The U-shaped structure, given the wide width, the antenna can
provide broadband operation.

Although adding an external matching circuit can reduce antenna size, but treat
the antenna as an input impedance can only provide a narrow impedance bandwidth
with a common criterion. By bending a flat metal-plate into U-shaped or L-shaped

structure can provide a broadband operation, but its fabrication is difficult that the
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production cost is high. Inserting slits into antenna structure is a popular way for size
reduction, but the antenna gain is also diminished. In this thesis, we focus on a
compact DVB-H internal antenna solution for mobile phone. The planar antenna

structure is chosen for easy fabrication.

1.3 Thesis Organization

The thesis is organized into five chapters including the introduction. Chapter 2
presents the broadband antenna basics, its metrics and some popular broadband antenna
topologies. Chapter 3 discusses antenna design tool and simulation setup of the tool. In
chapter 4, the simulation and measurement of proposed DVB-H antenna. Chapter 5

concludes the thesis and improvements are suggested for future work.
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CHAPTER 2 BROADBAND ATNENNA BASICS

An antenna is defined by Webster’s Dictionary- as. “a usually metallic devise for
radiating or receiving radio waves.” The=lEEE Standard Definition of Terms for
Antennas (IEEE Std 145-1983) defines the antenna or aerial as “a means for radiating or
receiving radio waves.” In other words the antenna is the transitional structure between
free-space and a guiding device. In this chapter, we introduce the parameters used to

evaluate antennas and then briefly discuss some forms of the various antenna types.

2.1 Fundamental Parameters of Antenna

2.1.1 Reflection Coefficient
The reflection coefficient is the ratio of the amplitude of the reflected wave to the
amplitude of the incident wave. In particular, at a discontinuity in a transmission line, it

is the complex ratio of the electric field strength of the reflected wave to that of the




CHAPTER 2 BROADBAND ANTENNA BASICS

incident wave. The reflection coefficient is given by the equations below
1—* _ ZL B Z0

= 2-1
Z +Z, (2-1)

where Z, is the impedance toward the source, Z, is the impedance toward the load:
When the load is mismatched not all of the power from the generator is delivered to
the load. This “loss™ is called return loss (RL), and is defined (in dB) as
RL =—20log|l| dB (2-2)
Due to the reflection, a voltage standing wave is created along the line, so a measure of
the mismatch of a line, called the voltage standing wave ratio

VSWR = Yoo _ 1411
Vi 1T

min

(2-3)

2.1.2  Quality Factor, Bandwidth, and:Efficiency

The quality factor, bandwidth, and efficiency are antenna figures-of-merit, which are
interrelated, and there is no complete freedom_to:"independently optimize each one.
Therefore there is always a trade-off between them in arriving at an optimum antenna
performance. There is a desire to optimize one of them while reducing the performance
of the other.

The quality factor is representative of the antenna losses. Typically there are
radiation, conduction (ohmic), dielectric and surface wave losses. Therefore the total

quality factor Q, is influenced by all of these losses and is written as

i: 1 +i+i+i (2_4)

Qt Qrad Qc Qd st

where
Q, = total quality factor
Q,.s = quality factor due to radiation losses

Q. = quality factor due to conduction losses

6
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Q. = quality factor due to dielectric losses

Q,, = quality factor due to surface waves

For very thin substrates, the losses due to surface waves are very small and can be
neglected. However, for thicker substrates they need to be taken into account. For very

thin substrates (h << 4,) of arbitrary shape, there are approximate formulas to represent

the quality factors of the various losses. These can be expressed as

Qc =h V 7Z'f/10' (2_5)

1
= —— 2'6
Qq — (2-6)
2w €
_ r 2-7
Quad hG, /| (2-7)

where tanod is the loss tangent of the substrate material, o is the conductivity of the

conductors associated with the patchirand ground‘plane, G, /1 is the total conductance

per unit length of the radiating-aperture. For-a rectangular aperture operating in the

dominant TMy,, mode

K'= (2-8)

4
G, /I = Gv?d (2-9)

The G,,, is inversely proportional to the height of the substrate, and very thin

substrates is usually the dominant factor. The fractional bandwidth of the antenna is

inversely proportional to the Q, of the antenna, and it can be expressed as

Af 1 VSWR-1

f, Q  QAVSWR

In general bandwidth is proportional to the volume, which for a rectangular

(2-10)

microstrip antenna at a constant resonant frequency. Therefore the bandwidth is
inversely proportional to the square root of the dielectric constant of the substrate, and

the bandwidth increases as the substrate height increases.
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2.1.3 Radiation Pattern

A radiation pattern is a mathematical function or a graphical representation of the
radiation properties of the antenna as a function. We have seen that the radiation fields
form a transmitting antenna vary inversely with distance. The variation with observation
angles (4,0) depends on the antenna.

Radiation patterns can be understood by examining the ideal dipole. The fields

radiated from an ideal dipole are shown in Figure 2.1 over the surface of a sphere of
radius r that that is the far field. The angular variation of E, and H, over the

sphere is sin@. To find the points where the pattern achieves its half-power, relative to

the maximum value of the pattern, referred to as HPBW and illustrated in Figure 2.2.

Zz

Figure 2.1 Radiation pattern from an ideal dipole

Figure 2.2 E-plane radiation pattern polar plot of |E6,| or ‘HA
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For a linearly polarized antenna, performance is often describe in terms of its
principal E-plane and H-plane patterns. The E-plane is defined as “the plane containing
the electric-field vector and the direction of maximum radiation,” and the H-plane as
“the plane containing the magnetic-field vector and the direction of maximum
radiation.” Although it is very difficult to illustrate the principal patterns without
considering a specific example, it is the usual practice to orient most antennas so that at
least on of the principal plane patterns coincide with one of the geometrical principal
planes. An illustration is shown is Figure 2.3. For this example, the x-z plane (¢=0) is
the principal E-plane and the x-y plane (¢ =x/2) is the principal H-plane. The
omnidirectional pattern of Figure 2.4 has an infinite of principal E-planes (¢ = ¢,) and

one principal H-plane (8 =71/2)

-

H-field
aperture distribution

V)

/}

E-field
aperture distribution

Figure 2.3 Principal E-plane and H-plane patterns for a pyramidal horn antenna
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2.1.4  Directivity and Gain

One very important description of an antenna is how much it concentrates energy in
one direction in preference to radiation in other directions. This characteristic of an
antenna is called its directivity and is equal to its power gain if the antenna is 100%
efficient. Usually, power gain is expressed relative to a reference such as an isotropic
radiator or half-wavelength dipole.

Directivity can be written as D =47U_ /P . Comparing this with (2-27), we see
that the only difference between maximum gain and directivity is the power value used.
Directivity can be viewed as the gain as antenna would have if all input power appeared
as radiated power; that is, P, =P . Gain reflects the fact that real antennas do not
behave in this fashion and some of the input power is lost on the antenna. The portion of

input power P, that does not appear as radiated power is absorbed on the antenna and

n

nearby structures. This prompts us to define radiation efficiency e, as

P
e, =— 2-28
T (2-28)
Using (2-27) in (2-28) gives
G(0.4)=¢, 4”UF(,H’¢) =& UL(JQ’@ =¢,D(6.¢) (2-29)
Similarly, for maximum gain
G=eD (2-30)

Since gain is a power ration it can be calculated in decibels as follows

G, =101logG (2-31)
Similarly for directivity,

Dgs =10logD (2-32)
For example, the directivity in decibels of an ideal dipole is

Dg =10l0gl.5=1.76 dB ideal dipole (2-33)

It is common at frequencies below 1 GHz to quote gain values relative to that of a

10
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half-wave dipole. The directivity of a half-wave dipole is 1.64, or 2.15 dB. Gain relative
to a half-wave dipole carries the units of dBd. The unit dBi is often used instead of dB
to emphasize that an isotropic antenna is the reference. In addition, the term absolute
gain is sometimes used. As a numerical example, consider an antenna with a gain of 6.1

dB; its gain can be written in the following ways:

G=6.1 dB =6.1 dBi = 3.95 dBd (2-34)
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2.2 Broadband Antennas

In many applications, an antenna must operate effectively over a wide range of
frequencies. An antenna with wide bandwidth is referred to as a broadband antenna.
Bandwidth is computed in one of two ways. Let f, and f_ be the upper and lower
frequencies of operation for which satisfactory performance is obtained. The center
frequency is denoted as f.. Then bandwidth as a percent of the center frequency B,
is

B, = %xloO% (2-35)

C

Bandwidth is also defined as a ratio B, by

B =Y (2-36)

The definition of a broadband:antennasis:somewhat arbitrary and depends on the

particular antenna, but we shall :adopt a working definition. If the impedance and the

T, f
pattern of an antenna do not change "significantly ‘over about an octave (f—U: 2) or
L

more, we will classify it as a broadband antenna.

2.21 Traveling-wave Antenna

The wave traveling outward from the feed point to the end of the wire is reflected,
setting up a standing-wave-type current distribution. The expression for the current on

the top half of the dipole that can be written as

Imsin{ﬂ(%—zﬂ:;—’}ej(”’z)(e‘j/”z —eti) (2-37)

If the reflected wave is not strongly present on an antenna, it is referred to as a
traveling-wave antenna. A traveling-wave antenna acts as a guiding structure for
traveling waves, whereas a resonant antenna supports standing waves. Traveling waves

can be created by using matched loads at the ends to prevent reflections.

12
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The simplest traveling-wave wire antenna is a straight wire carrying a pure traveling
wave, referred to as the traveling-wave long wire antenna. A long wire is one that is
greater than one-half wavelength long. The traveling-wave long wire is shown in Figure
2.4 with a matched load R, to prevent reflections from the wire end. We shall make
several simplifying assumptions that permit pattern calculation that do not differ greatly
from real performance. First, the ground plane effects will be ignored and we will
assume that the antenna operates in free space. A traveling-wave long wire operated in
the presence of an imperfect ground plane is called a wave antenna. Second, the detail
of the feed are assumed to be unimportant. In figure 2.4, the long wire is shown being
fed from a coaxial transmission line as one practical method. The vertical section of
length d is assumed not to radiate, which is approximately true for d << L. Finally,
we assume that the radiative and-ohmic losses. along the wire are small. When
attenuation is neglected, the current.amplitude.is constant and the phase velocity is that

of free space. We can write
l(z)=1,¢e" (2-38)

which represents an unattenuated traveling wave propagating in the +z-direction with
the phase constant k of free space.

The current of (2-38) is that of a uniform line source with a linear phase constant of

k, =—k. It is convenient to introduce an angle &, such that k, =—kcosé,, so the
pattern factor maximum radiation angle is 6, =0°, which implies an endfire pattern.

The complete radiation pattern is

sin[(kL/2)1-cos8)]

F(0) =Ksind
(6)=Ksin (kL/2)1-cos6)

(2-39)

where K is a normalization constant that depends on the length L.
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A
=
\J

T :
l

Figure 2.4 Traveling-wave long wire antenna

One very particular array of long wires is the vee antenna formed by using two
wires each with one of its ends connected to a feed line as shown in Figure 2.5(a). in
most applications, the plane formed by the legs of the vee is parallel to the ground
leading to a horizontal vee array whose principal polarization to the ground and the
plane of the vee.

Most vee antennas are symmetrical| (&, =6,=6, and | =1,=1). Also vee
antennas can be designed to have unidirectional or bidirectional radiation patterns, as
shown in Figures 2.5 (b) and./(c), respectively. To achieve the unidirectional
characteristics, the wires of the vee antenna must be nonresonant which can be
accomplished by minimizing if not completely eliminating reflections from the ends of
the wire. The reflected waves can be reduced by making the inclined wires of the vee
relatively thick. In theory, the reflections can be eliminated by properly terminating the
open ends of the vee leading to a purely traveling wave antenna. One way of
terminating the vee antenna will be to attach a load, usually a resistor equal in value to
the open end characteristic impedance of the vee-wire transmission line, as shown in
Figure 2.6(a). The terminating resistance can also be divided in half and each half
connected to the ground leading to the termination of Figure 2.6(b). If the length of each
leg of the vee is very long, there will be sufficient leakage of the field along each leg

that when the wave reaches the end of the vee it will be sufficiently reduced that there

14
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will not necessarily be a need for a termination.

The patterns of the individual wires of the vee antenna are conical in form and are
inclined at an angle from their corresponding axes. The angle of inclination is
determined by the length of each wire. For the patterns of each leg of a symmetrical vee
antenna to add in the direction of the line bisecting the angle of the vee and to form one
major lobe, the total included angle 26, of the vee should equal to 26, which is
twice the angle that the cone of maximum radiation of each wire makes with its axis.
When the is done beams 2 and 3 of Figure 2.5(b) are aligned and add constructively.
Similarly for Figure 2.5(c), beams 2 and 3 are aligned and add constructively in the
forward direction, while beams 5 and 8 are aligned and add constructively in the

backward direction.

Feed line

Feed line

Feed line

Figure 2.5 Unidirectional and bidirectional V antennas

15
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¢ /
Ri/2
e o =

Feed line I‘ 20, §R,_ Feed line 20,

(a) Not grounded (b) Grounded

Ry /2

Figure 2.6 Terminated V antennas

2.2.2 Biconical Antenna

One simple configuration that:can besused:to achieve broadband characteristics is
the biconical antenna formed by:placing two-cones of‘infinite extent together, as shown

in Figure 2.7(a). This can be thought to represent a uniformly tapered transmission line.

The application of a voltage V, at the input terminals will produce outgoing spherical
waves, as shown in Figure 2.7(b), which in turn produce at any point (r,0=6.,¢) a
current | along the surface of the cone and voltage V between the cones. Inside an
imaginary sphere of r just enclosing the antenna, TEM waves exist together with
higher-order modes created at the ends of the cones. Theses higher-order modes are the
major contributors to the antenna reactance. The ends of the cones cause reflections that
set up standing waves that lead to a complex input impedance.

The reactive part of the input impedance can be held to a minimum over a
progressively wider bandwidth by increasing the angle of the cone. At the same time the
real part of the input impedance becomes less sensitive to changing frequency. Another

property that we will observe in many broadband and frequency-independent antennas
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Is that some important dimension must be at least 1/4.

A much simpler alternative to the finite biconical antenna is the common “bow-tie”
antenna. It is offers less weight and less cost to build, but will have a somewhat more

sensitive input impedance to changing frequency that the finite biconical.
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(b) Spherical waves

Figure 2.7 Biconical antenna geometry and radiated spherical waves
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Figure 2.8 Electric and magnetic fields, and associated voltages and currents, for

a biconical antenna

For infinite biconical antenna, the magnetic field and electric field can be written as

i, <M N 2-40
* Ll sing (2-40)
A E S " E 2-41
A 8 H;’ﬁt T aar sino (2-41)
The far field pattern as 6, <6 <z=6, can:e written as
F(0) =2 b (2-42)
sind

The voltage produced between two corresponding points on the cone, a distance r from
the origin, is written as
H, _. 6,
V(r) = TR0 =i [ cot 2 (2-43)
27 2
The current on the antenna, a distance r from the origin, is written as

1(r) :%e-iﬂf (2-44)

Using the voltage of (2-43) and current of (2-44), the characteristic impedance as

2, _1n |n(cotﬂj (2-45)
I(r) =« 2

Equation (2-45) indicates that the characteristic impedance is not a function of the radial

18
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distance r. The ends of the cone cause reflections that set up standing waves that lead to
a complex input impedance.

Figure 2.10 indicates that the reactive part of the input impedance can be held to a
minimum over a progressively wider bandwidth by increasing the angle 6, in Figure
2.9. At the same time, the real part of the input impedance becomes less sensitive to
changing frequency.

In Figure 2.10, the impedance of a conical monopole L, is plotted versus the

height of the monopole (L, ). This is an example of an antenna that can be more

dependent on an angle in its geometry description than on its length.

Figure 2.9 Finite biconical antenna



CHAPTER 2 BROADBAND ANTENNA BASICS

a
~ 300
<
(4]
2
g
& 200f
0
N 30
60 | -’:gg
i — — 0 %8
ﬁ l N
| ] | [ | | ]
A2 34

Antenna length L,

A LR

100

=]

Reactance (X,), Q

-100

-200

Antenna length L,

(b)

Figure 2.10 Computed input impedance of a conical monopole with flare angle

versus monopole height (a) real part (b) imaginary part.
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CHAPTER3 THE PROPOSED DVB-H ANTENNA

In this chapter, section 3.1 presentsithe design-flow: of.the proposed DVB-H antenna. In
Sections 3.2 and 3.3, present the’propoesed-antenna prototype No.1 and prototype No.2,

respectively.

3.1 Design Flow of the DVB-H Antenna

It is well known that antenna size, bandwidth, and antenna gain are trade-off with
one another. The major challenge in DVB-H antenna design is to provide an internal
antenna that is small enough in size whilst maintaining the impedance bandwidth and
reasonable antenna gain as required by the specifications.

The design purpose of each major step is shown in Figure 3.1. In step one, FR4 with
thickness of 0.8 mm is chosen for antenna miniaturization. In step two, the broadband

characteristic is created by using a half-bow-tie antenna structure.
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design step 1 design step 2 design step 3

NN

y Use a half bow-tie \Changing antenna shapc
Problem Analysis . )
monopole antenna to provide a wider

(s1z¢ cdueREE to broaden bandwidth bandwidth

4 V

Figure 3.1 The design flow of theeDVB-H antenna

3.1.1 Problem analysis — size reduction

It is well-known that the antenna size is proportional to the wavelength of the
operating frequency. Since the quarter-wavelength of DVB-H bands (about 10-16 cm) is
too large compared with the pocket-size, their antenna sizes need to be reduced to
accommodate in a handheld device. Because the wavelength is inversely proportional to
the square root of the dielectric constant of the substrate, a substrate with large dielectric
constant is suitable for miniaturizing an antenna. It is noted that the radiation efficiency
is diminished and have relatively smaller bandwidths [38]. In general the bandwidth is
inversely proportional to the square root of the dielectric constant of the substrate [26].
From previous discussion, miniaturized antenna size and bandwidth are trade-off with

each other.
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3.1.2 Broaden the impedance bandwidth

In our design, a bow-tie-like antenna is proposed for broadening the impedance
bandwidth. The bow-tie antenna is a planar biconical antenna and is also a broadband
antenna. As mentioned in [5], the flare angle of a bow-tie antenna is needed to be
greater than 120° , which yields a large dimension 110x45 mm’ for 470-806 MHz
operation and is not suitable for a DVB-H handset. It is well-known that a ground plane
may help to reduce the size of a dipole-based antenna. Here, with the help of ground
plane surrounding the antenna, a half-bow-tie monopole antenna is proposed. The detail

design process is presented in section 3.2.

3.2 Proposed Antenna Prototype No. 1

Figure 3.2 shows the configuration of internal. DVB-H antenna prototype No.1. In
figure 3.2, the length of the proposed planar-monopole is 65 mm (about 0.1 wavelength
for DVB-H), the width is 18 mm . The-gap widths" s,, s,,and g are equals to 5mm,
10mm, and 10mm, respectively. It is called as the half-bow-tie monopole antenna that is
surrounded by a ground plane. It has small size and suitable shape for a clamshell or a
folder-type mobile phone as shown in figure 3.3. In figure 3.3, the clamshell mobile
phone is modeled to consist of an upper ground plane and a bottom ground plane. The
prototype antenna is mounted on the upper ground plane. The upper and bottom ground

planes are connected by a connecting plate.
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Figure 3.2 The proposed DVB-H antenna prototype No.1
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Figure 3.3 Front view of the proposed DVB-H antenna prototype No.l1 for a

clamshell mobile phone
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3.2.1 Numerical analysis of antenna prototype No. 1

In the numerical analysis, the size of ground planes and width of the connecting
plate are selected the usual dimensions of 90x50 mm?and 15 mm, respectively, which
are similar to commercial clamshell mobile phones.

Figure 3.4 shows simulated return loss versus frequency by varying a. The
bandwidth of the antenna is affected by « and it is found a« = 9° vyield the largest
bandwidth.

The radiation patterns at 500 MHz, 650 MHz, and 780 MHz are shown in Figure 3.5,
3.6, and 3.7 respectively. For the radiation patterns at 500 MHz, 650 MHz, and 780
MHz is near-omnidirectional, which are similar to a monopole.

Figure 3.8 presents the simulated antenna gain over the DVB-H band. The antenna

gain varies from 2.5 dBi to 3.6 dBi over the operating band.

TTEEERE e

-10 4

220 -

Return Loss [dB]

e =g
—_—r—g=9
—+—a=10°
-30 4 l —v—a=11°
—+—a=12°

T T T T T T T T T T T T T
300 400 500 600 700 800 900
Frequency [MHz]

Figure 3.4 Simulated return loss versus frequency by varying a
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il - . .
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— E-phi
——E-theta

(c) x-y plane

Figure 3.5 Radiation patterns of DVB-H antenna prototype No.1 at 500 MHz,

(a) x-z plane, (b) y-z plane, and (¢) x-y plane.
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Figure 3.6 Radiation patterns of DVB-H antenna prototype No.1 at 650 MHz

(a) x-z plane, (b) y-z plane, and (¢) x-y plane.
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Figure 3.7 Radiation patterns of DVB-H antenna prototype No.1 at 780 MHz

(a) x-z plane, (b) y-z plane, and (c¢) x-y plane.
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Figure 3.8 Simulated antenna gain versus frequency.
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3.2.2 The Advantages of Antenna Prototype No.1

Compared with [2] — [6] as shown in Table 3.1, our design not only has a simple
planar structure but also yields the smallest antenna area and the largest gain with small
fluctuation. In [2], [3], and [4], bending a flat metal-plate into U-shaped or L-shaped
structure is employed and provides a broadband operation and size reduction. [5] is
constructed by a bow-tie structure, the size is 110x45 mm’ which is too large compared

with pocket-size.

Table 3.1 Size, bandwidth and gain comparisons between proposed antenna

prototype No.1 and other published DVB-H antennas

Antenna area Size of ground BW (MHz) Gain
(mm) plane(mm?) [return loss (dBi)
benchmark
(dB)
Proposed 65x18 180 x50; but can 500 - 780 25~3.6
Prototype be folded to / -10dB
No.1 90x50
Ref. [2] 75x5x4 13075 470 - 702 -5~-25
(3D structure) /-1.25dB
Ref. [3] 79x10x5 300x200 470 - 780 08~18
(3D structure) /| -7.4dB
Ref. [4] 65x25x%5 200x78 470 - 850 15~35
(3D structure) / -10dB
Ref. [5] 110x45 300x200 480 - 742 15~22
/| -7.4dB
Ref. [6] 90x 17 120x 80 470 - 810 03~17
/| -7.4dB
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3.3 Proposed Antenna Prototype No.2

In this section, the antenna prototype No. 2 is proposed to improve the bandwidth of
the antenna prototype No.1. To broaden No.1’s bandwidth, boundaries, a-b-c, of No.1
antenna are changed and become a curved line as shown in Figure 3.9. The curved line

is described by a function:
x N
C:y:Sl-i-L[WJ , 0<x<Ww

where L is the length of the proposed antenna, W is the width of the proposed

antenna, and s, is the gap between antenna and upper ground.

I |
ground | :
plane : |

I |

feeding / : _g N i
point | 2.8
T

I |

curve line C | % T :

Wl |

o ¥ |
| fe——— [ —————»fe]| |
S 52

Figure 3.9 The proposed DVB-H antenna prototype No.2. (The curved line C is

plotted when N=18.)

3.3.1 Numerical Analysis of Antenna Prototype No.2

Figure 3.10 shows return loss versus frequency of the No.2 antenna with different N.
The result clearly indicates that the bandwidth increases with N but the incremental is
saturated when N is approaching 18. Therefore, N = 18 is chosen for our design.

Figure 3.11 shows return loss versus frequency of the No.2 antenna with different g,

which is the distance between the antenna and the upper ground plane. From the figure,
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it is observed that the mutual coupling between the antenna and the upper ground plane
may affect the bandwidth. Here, g is changed from 6 mm to 10 mm to find a reasonable
bandwidth. It is found that g = 9 mm can provide the largest impedance bandwidth.

Figure 3.12 shows simulated return loss versus frequency by varying tilting angle .
It is noted that the frequency response of our design does not affected by change of the
tilting angle. In the figure, the titling angles are in the range of 50° - 60° which are
suitable angles for viewing DTV.

The radiation patterns at 470 MHz, 500 MHz, 550 MHz, 600 MHz, 700 MHz, and
800 MHz are shown in Figure 3.13, 3.14, 3.15, 3.16, 3.17 and 3.18 respectively. From
these figures, no special distinctions are observed. The patterns are near-omnidirectional,
which are similar to a monopole antenna.

Figure 3.19 presents the simulated antenna gain.over the DVB-H band. The antenna

gain varies from 2.18 dBi to 3.54-dBi.over the operating band.
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Frequency [MHz]

Figure 3.10 Simulated return loss versus frequency by varying NV
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Figure 3.11 Simulated return loss versus frequency by varying gap width (g)
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Figure 3.12 Simulated return loss versus frequency by varying tilting f.
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— E-phi
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Figure 3.13 Radiation patterns of proposed DVB-H antenna at 470 MHz

(a) x-z plane, (b) y-z plane, and (¢) x-y plane.
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Figure 3.14 Radiation patterns of proposed DVB-H antenna at S00 MHz

(a) x-z plane, (b) y-z plane, and (¢) x-y plane.
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Figure 3.15 Radiation patterns of proposed DVB-H antenna at 550 MHz

(a) x-z plane, (b) y-z plane, and (¢) x-y plane.
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Figure 3.16 Radiation patterns of proposed DVB-H antenna at 600 MHz

(a) x-z plane, (b) y-z plane, and (¢) x-y plane.
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Figure 3.17 Radiation patterns of proposed DVB-H antenna at 700 MHz

(a) x-z plane, (b) y-z plane, and (¢) x-y plane.

38



CHAPTER 3 THE PROPOSED DVB-H ANTENNA

(+2) (+2)

- . [

20 T~ | 180 20 | 180

(@) x-z plane (b) y-z plane

(+y)
@=90

7 —— E-phi
— E-theta

o e

(c) x-y plane

Figure 3.18 Radiation patterns of proposed DVB-H antenna at 800 MHz

(a) x-z plane, (b) y-z plane, and (¢) x-y plane.
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Table 3.2 The peak gain and average gain of the proposed antenna prototype

No.2
X-Y Plane X-Z Plane Y-Z Plane
peak gain | average | peak gain | average | peak gain | average
(dBi) gain(dBi) (dBi) gain(dBi) (dBi) gain(dBi)
470 MHz 2.10 1.69 1.77 -2.94 2.10 -2.68
500 MHz 2.23 1.76 1.85 -6.30 2.23 -2.92
600 MHz 2.47 1.83 1.99 -3.75 2.48 -3.79
700 MHz 2.77 1.93 2.17 -3.56 2.72 -3.21
800 MHz 3.07 1.92 2.23 -3.17 2.97 -3.05
5 _
4
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Figure 3.19 Simulated antenna gain versus frequency
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3.3.2 Comparison Between Simulated and Measured Results

According to the proposed antenna of the given dimensions in the last section, the
proposed antenna is fabricated by using FR4 substrate. The measured and simulated
antenna return losses are compared and shown in Figure 3.20. The return loss is
measured by using the Agilent 8719ET Network Analyzer. The figure indicates a good
agreement between the measured and simulated results. A wide impedance bandwidth
350MHz (from 450 MHz to 800 MHz) is achieved with return loss less than -10 dB.
This result shows that the proposed antenna is suitable for DVB-H receiving antenna in
the UHF-band.

The measured radiation patterns at 750 MHz and 800 MHz are shown in Figure 3.21

and Figure 3.22, respectively. The near-omnidirectional patterns are obtained.
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3.20 Simulated and measured return loss versus frequency
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3.21 Measured Radiation patterns of proposed DVB-H antenna at 750 MHz

(a) x-z plane, (b) y-z plane, and (c¢) x-y plane.
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3.22 Measured radiation patterns of proposed DVB-H antenna at 800 MHz

(a) x-z plane, (b) y-z plane, and (c¢) x-y plane.
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Table 3.3 Size, bandwidth and gain comparisons between our works and other

published DVB-H antennas

Antenna Size of System BW (MHz) / Gain
dimension ground plane return loss (dBi)
(mm?) (mm?) benchmark
(dB)
Proposed 65x18 180x 50, but can 500 - 780 25~3.6
Prototype be folded to / -10dB
no.1l 90x50
Proposed 65x18 180x50, but can 470 - 800 22~35
Prototype be folded to / -10dB
No.2 90x50
Ref [2] 75x5x4 130x75 470 - 702 5~-25
(3D structure) /-1.25 dB
Ref [3] 79x10x5 300x200 470 - 780 08~1.8
(3D structure) /| -7.4dB
Ref [4] 65x25x5 20078 470 - 850 15~35
(3D structure) / -10dB
Ref [5] 110x45 300x200 480 - 742 15~22
/| -7.4dB
Ref [6] 90x 17 120x 80 470 - 810 0.3~17
/| -7.4dB
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CHAPTER 4 CONCLUSION

In this thesis, a miniaturized DVB-H antenna is constructed by traveling-wave
architecture using a bow-tie structure. [To'achieve DVB-H band, an antenna boundary
follows a curve of of x to the power.of N function . By dint of x to the power of N,
frequency response is realized systematically in the design process. The measurement
shows that a wide bandwidth is achieved, about 350 MHz, from 450 MHz to 800 MHz
with return loss less than -10dB. The radiation characteristics of the proposed antenna
were computed using Ansoft HFSS, which was expected to provide reliable information
for the proposed antenna. The computed results shows that the radiation patterns are
near-omnidirectional, which are similar to a monopole. The computed antenna gain
varies from 2.18 to 3.54 dBi over the DVB-H band and is a reasonable value for

DVB-H band.
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