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SOMPOP PIMPOL : A WIDE-BAND ANTENNA WITH EBG REFLECTOR
FOR TERRESTRIAL DIGITAL TV SIGNAL RECEPTION. THESIS

ADVISOR : ASSOC. PROF. RANGSAN WONGSAN, D.Eng. 231 PP.

A WIDE-BAND/EBG REFLECTOR/FREQUENCY SELECTIVE SURFACE

This thesis proposes the design of high directive gain printed dipole antenna
for receiving terrestrial digital television (DTV) signal to operate in the ultra high
frequency (UHF) band. The proposed antenna provides people to receive broadcasting
DTV signals with sufficient levels, high quality in video and sound for all
broadcasting channels. and covering in. all areas. The antenna consists of a band-
notched printed dipole antenna togetger with mushroom-like electromagnetic band
gap (EBG) technique. With this technique, the structure of EBG works as a resonator
circuit that can suppress the surface wave at the ground plane edge of the reflector. So
that, the back lobe of the radiation pattern can be decreased. The advantage of the
proposed antenna has simple structure since the EBG structure was applied to narrow
the main beam and increase the directive gain, for maximizing the transmitted and
received signals. The proegss -of-this. research-began with a simulation using CST
(Computer Simulation Technology) to analize wideband parameters while the EBG
was applied on antenna. Also, the proposed antenna added with a director as an option
was analized by frequency selective surface (FSS) to increase'directivity and directive
gain. Next, the antenna gain was high up to 10.08 dBi which was higher than the

conventional reflector. In order to the consideration of the reflection coefficient (S;)

at -10 dB, the antenna bandwidth of 65.44% was found at the center frequency of 650



MHz. Finally. the prototype of antenna was fabricated and measured to compare with

the results of CST software simulation model and found to be agreed well.
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X,=X, = —120M (3.15)

" tan(kl/2)
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W fie  AanunavetHuaIli (patch width)
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L = uh (3.22)
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nnaaduAtazlsz@ninmues EBG 1 ldinulteneinuaiseiniaduais
. aa : ’q ¥ Y =
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s & . ..
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Type Farfield

Approximation enabled (kR >> 1)
Moni tor farfield (F=478) [1]
Component Abs

output Gain

Frequency 70

Rad. effic. -0.1722 dB

Tot. effic.  -0.7189 dB

Gain 7.432 @B
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Type Farfield

Approximation enabled (kR >> 1)
Moni tor farfield (F=668) [1]
Component Abs

output Gain

Frequency 668

Rad. effic. -0.02125 dB

Tot. effic.  -0.3742 dB
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Type Farfield
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Type Farfield

Approximation enabled (kR >> 1)
Monitor farfield (f=470) 1
Gomponent Abs
Output Gain
Frequency 470
Rad. effic. -08.8020853 dB
Tot. effic. —-8.56089 dB
Gain 7.188 dB
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Type Farfield

fApproximation enabled (kR >> 1)
Honitor farfield (F=668) [1]
Component Abs

output cain

Frequency 668

Rad. effic.  -0.0005612 dB

Tot. effic.  -0.3112 dB

Gain 7.462 dB
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Type Farfield
fApproximation enabled (kR >> 1)
Honitor farfield (F=866) [1]
Component Abs

output cain

Frequency 866

Rad. effic.  -0.1547 dB

Tot. effic.  -0.6193 dB

gain 7.966 dB
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S-Parameter Impedance View
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Type Farfield
Approximation enabled (kR >> 1)
Honitor farfield (F=478) [1]
Component Abs

output cain

Frequency 479

Rad. effic. 0.803895 dB

Tot. effic.  -0.6130 dB

Gain 8.071 dB

(M) 1VFYMIUAMIAS

180°

1 <
(V) sznvaun i () sTUIVAUINLULIHAN

{ o 1o o 1 a 4 J
sUNn 4.62 Waﬂ'Iii]'IaENLL‘]J‘]J3‘]Jﬂ'IilLNﬂ'la\1511’6\1’d'lEJE]'Iﬂ'lﬁ]lﬂTWE‘ILLWH’N%?WNWLLUU?@QU'IT‘I

RN

1 v o 9 an S A A 1 ~ A
FINNUITENOU EBG VU1 3x3 DUUA LWNﬂﬂIﬂﬂgﬂu-ﬂ'N NAIUD 470 MHz



Type

117

Farfield

Approximation enabled (kR >> 1)
Monitor farfield (F=668) [1]
Component Abs
Output Gain
Frequency 668
Rad. effic. -8.08088463 dB
Tot. effic. —-8.3790 dB
Gain 8.653 dB
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Type Farfield

fApproximation enabled (kR >> 1)

Honitor Farfield (F=866) [1]

Component Abs

output cain

Frequency 866

Rad. effic. 9.2215 dB
Mot effic. -9.4958 dB
Gain 9.408 dB
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S-Parameter Impedance View

. 1.3
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Type Farfield

Approximation enabled (kR >> 1)
Honitor farfield (F=478) [1]
Component Abs

output cain

Frequency 479

Rad. effic. -0.885141 dB

Tot. effic.  -0.3874 dB

Gain 8.115 dB
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Frequency
Rad. effic.
Tot. effic.
Gain
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Farfield
enabled (kR >> 1)
Farfield (F=668) [1]
Abs
Gain
668
-9.00809897 dB
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Type Farfield
fApproximation enabled (kR >> 1)
Honitor farfield (F=866) [1]
Component abs

output cain

Frequency 866

Rad. effic.  -0.5319 dB

Tot. effic.  -1.074 dB

gain 8.531 dB
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Farfield
enabled (KR >> 1)
farfield (F=478) [1]
Abs
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Type Farfield
Approximation enabled (kR >> 1)
Honi tor farfield (F=668) [1]
Component fAbs
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Frequency 668
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Farfield
enabled (KR >> 1)
farfield (F=866) [1]
Abs

Gain
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-1.065 dB

—2.167 dB

6.622 dB
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JIUNUNIFTENOU EBG LWN‘]JﬂIﬁW%‘VI\?ﬁﬂ"Iu WIDUAIY FSS NAUD 866 MHz

° o @ A if a {
Mnramssaesals TUsunsudisegy) cSTrasnmunuARdona w1 191 1)

fuaeemaluiited 4.7 i ieNa1sasaTve1e 910317 4.78 — 4.80 WUI1BAT V1Y

V9IAEDINMANUUETUD NN 9.461 dB 10.62 dB 11T 6.62 dB NA11D 470 MHz 668 MHz
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HAN1391209A115EANTMNYIA0 1A (efficiency antenna) N 1A¥IATOBALLY

=1

sasWannanIataasnFoumen 1aaesiln 4.81
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_
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Z 60 N Printed dipole with PEC reflector
5 ———— Printed dipole with EBG reflector
;ﬂ:: =e=se Printed dipole with EBG reflector & aluminum tray
E,a' 40 Printed dipole with EBG reflector & aluminum tray with FSS
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-30 Printed dipole
= === Printed dipole with EBG reflector ; "
— - = Printed dipole with EBG reflector & aluminum tray q]
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12

Printed dipole

61 - ===~ Printed dipole with EBG reflector

— - — Printed dipole with EBG reflector & aluminum tray

Printed dipole with EBG reflector & aluminum tray with FSS
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ANUANVBITB () 0.037L 17.5
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1 468.61490 MHz 26.759 Q -5.6864 @ 59.7Z7 pF |
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47R
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1 Az (1)
G (as) = Gyee) = 5{(— 57.474)—(-10)+ 20Iog(@ﬂ =2.15dB

Taufi P = -57.474dB, P, = -10dB, R=1m

o o 1w X g @ [
HIATUIUTINTDATIVEY “TNL‘]J‘L!@G]?VUfﬂfJ"U’ENﬁTFJ@1ﬂTﬁ@?HLL‘U‘U ANTFUNIT (5.2)

47R

Gr(dB) = Pr(dB) — Pt(dB) + ZOIOQ(T] _Gt(dB) (5.2)
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Abstract

This paper reports the design of a compact high-gain broadband printed dipole antenna for receiving
digital television (DTYV) signals from any broadcast station in remote areas of Thailand with the
frequency bandwidth of 470 MHz - 862 MHz. The proposed antenna consists of a modified step-shaped
printed dipole antenna, to which the band-notch technique is applied by adding 8 small slots on the inner
edge of the long side arm for bandwidth enlargement up to 7.65% compared to the conventional one,
while the directive gain of the antenna is increased up to around 8 dBi over the frequency bandwidth
by using a mushroom-like EBG reflector, which can suppress the surface wave on the surface and
wave diffraction on the edges of such a reflector. In order to validate the simulation results from CST
licensed software, the prototype antenna was fabricated and measured in the laboratory. We found that
the proposed antenna can provide a high gain around 7 - 8 dBi over the desired bandwidth. Moreover,
the radiation patterns over the bandwidth of the antenna are a little bit changed in the front direction.

Keywords: Digital television (DTV), step-shaped printed dipole, mushroom-like EBG

Introduction

Nowadays, terrestrial digital television (DTV)
broadcasting has already reached the
implementation stage in many countries after
more than a decade of intense research and
development (Wu et al., 2006). The DTV system
can offer high data rate transmission, provide
inleractive services, and operale at low power.
With these advantageous features,the D'V system
becomes very attractive for applications in
mobile communication devices such as laptop
computers, mobile phones, and signal reception
devices equipped in vehicles (Holopainen ef al.,

2010; Tizuka et al., 2005; Wong et al., 2006).
In Thailand especially, DTV broadcasting
with the DVB-T2 system (470 MHz - 862 MHz)
is expanding with the installation of broadcasting
network stations to cover all areas of the country.
However, some areas are out of the coverage
area or [ar away [rom any broadcasting station
and cannot receive the DIV ignal. Antenna
factories in Thailand have proposed many
types of Yagi-Uda antennas to overcome this
problem. Nevertheless, a Yagi-Uda antcnna
cannot resolve the problem completely because
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it cannot provide the flat gain over the desired
bandwidth, its front beam of radiation patterns
changes direction when the frequency is changed,
and the antenna’s structure is too long and heavy.
Therefore, this paper proposes a compact
antenna, which provides the high and flat gain
around 7-8 dBi over the specific bandwidth
and overcomes the problems that a Yagi-Uda
antenna cannot do.

In the past,a patch antenna was developed
for utilization in many applications, especially
the receiving antenna due to its attractive
features, such as low radiation loss, low profile,
light weight, and ease of fabrication. However,
the disadvantages of patch antennas are that
they provide a narrow bandwidth and low gain.
Therefore, many researchers are exploring
methods and techniques for designing wideband
patch antennas (Ke and Wong, 1994). Many
techniques have been reported in the literature
for improvement in frequency response
(Descardeci and Giarola, 1992; Wong ef al.,
1994). A thick dielectric substrate having a
low dielectric constant is more desirable since
this provides better efficiency, larger bandwidth,
and better radiation (Kumar er al., 2005).
However, these patch antennas still have
complicated structures and selected dielectric
materials which are expensive and thus they
are not suitable for mass production. Therefore,
the printed dipole was selected to develop
the required performance because it has been
comprehensively studied for broadband
operation, especially with a step-shaped feed
gap (Chi and Wong, 2007). After that, other
researchers proposed various techniques and
several shapes of printed antennas for wideband
operation, such as the dual band-notched
characteristic antennas, and the dual
band-notched small monopole (Mchranpour
et al.,2012; Ojaroudi et al., 2013; Weng et al.,
2009; Weng ef al.,2012). However, the antennas
in the family of band-notched printed dipoles
still provide low gain due to their bidirectional
patterns. In order to improve the directive gain
of bidirectional antennas, some authors have
presented the patch antenna with a perfect
conductor plane, but the image current has the
opposite direction and cancels the radiation

from the original current (Kumar ef al., 2012;
Tang and Ziolkowski, 2013; Taguchi and
Kozaki,2012). Therefore, we propose a technique
for directive gain and wideband improvement
of DTV reception antennas by using a new
printed dipole antenna with a notch structure at
the edge of the right arm of the dipole together
with a mushroom-like electromagnetic band
gap (EBQG) reflector. The proposed antenna has
a simple structure and lower cost compared to
other high gain and wideband antennas.
Furthermore, if we want to increase the directive
gain of the proposed antenna, while its wide
bandwidth is still maintained, the structures of
the frequency selective surface (FSS) can also
support this requirement (Chatterjee and
Parui, 2015; Li ef al., 2017; Narayan and Jha,
2015).

In this paper, our proposed antenna
comprises a step-shaped printed dipole antenna,
which is modified for wide bandwidth
operation, while the directive gain has been
archived by using a mushroom-like EBG
reflector. Furthermore, the FSS will be used
to increase the directive gain in the last step as
an option when we need a higher gain antenna
for utilization in remote areas far away from
broadcasting stations. The organization of this
paper is as follows: Section L is the introduction,
Section II will mention the configurations of
the antenna and Section III discusses the
optimized simulation results; after that, the
conclusion will be presented in section I'V.

Antenna Configurations and Mechanism

The structure geometry of our proposed antenna
is shown in Figure 1 and consists of 2 parts: (1) a
step-shaped printed dipole as the main radiator,
and (2) an array of mushroom-like EBG with
a surrounding metallic frame as the reflector.

A Wideband Step-shaped Printed Dipole

The proposed wideband printed dipole is
made from the planar printed dipole antenna,
in which its [eed gap is formed in the shape
of a step, while the band-notched technique is
added into the long side arm of the step-shape
printed dipole for enlarging its bandwidth at the
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lower-edge frequency.

In Figure 2(a), the structure of the antenna
element was started with a design based on a
planar center-fed dipole generating a fundamental
resonant mode centered at around 650 MHz of
the operating band, for which the dimensions
are 230.5 mm (0.54¢) in length (Ld) and 20 mm
(0.043¢) in width (Wd), where he is the free
space wavelength. The antenna is built on the
FR4 substrate with a thickness (/1) of 1.6 mm,
the dielectric constant (&) 4.4, and loss tangent
0.02. However, all dimensions were optimized
again by using the CST simulation software
for better matching. In consequence, the optimal
dimensions of the printed dipole, which
provided around -15 dB of S11, are 223 mm
(0.484¢) and 35 mm (0.0754¢) in length 1)) and
width (W,), respectively, while it provided the
frequency bandwidth from 550 MHz to
620 MHz, as shown in Figure 3. In order to cover
the desired bandwidth (470 MHz — 860 MHz),
an additional resonant mode adjacent to the
antenna’s fundamental resonant mode (0.5-
wavelength) can be excited by replacing from

Front view

the center-fed printed dipole to the step-shaped
feed gap (Chi ef al.,2007). With this technique,
the antenna is divided into asymmetric radiating
arms (R and L) and, consequently, 2 resonant
modes that are excited at the feed gap can provide
a 50% larger wide operating band band (voltage
standing wave ratio (VSWR) <2.0) as required.
Hecre, the configuration of the step-shaped feed
gap on the planar printed dipole is optimized
by using the CST simulation software. It was
found that the proper dimensions of the
step-shaped feed gap structure are L,=110.5 mm,
L,=66.5 mm, R,=111.5 mm, R,=152.5 mm,
g.~=1 mm, g,,=4 .5 mm, g,,=4 mm, and Y,=4 mm,
as depicted in Figure 2(b). Meanwhile, the first
and the second resonant modes are around
550 MHz and 806 MHz, respectively, and the
frequency bandwidth is around 355.55 MHz or
51.69% (510 MHz — 865.55 MHz), as shown in
Figure 3. However, the obtained bandwidth is
still not enough for the requirements, especially
at the lower-edge frequency of 470 MHz.

In order to meet the requirements of the
DTV band in Thailand (470 MHz - 862 MHz),

Side view

Band-notched

printed dipole

Mushroom-like EBG

Dielectric 3x3 with surrounded

4 ],“_ TSR NEE. R N metallic frame
/ =44 i
Cross view
2 Vias Ground pl s
y plane

Figure 1. Structure geometry of the proposed antenna
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the band-notched technique has been applied at 668.27 MHz, as shown in Figure 4.
into the step-shaped printed dipole to cover Furthermore, Figure 5 shows the simulated
470 MHz of the operation band. The 8 small slots  current density at 541 MHz of the first resonant
with the dimensions of A=1 mm, B=2 mm, mode and 800 MHz of the second resonant
and X=17.5 mm are notched into the long side mode.Itis found that the current density on both
arm that is close to the feed point, which arms of the step-shaped dipole are in the same
supported the lower resonant frequency of the  direction and similar to that on the conventional
step-shaped printed dipole, as depicted in dipole excited at the fundamental mode of
Figure 2(c). Moreover, we found that the antenna’s ~ half-wavelength, while the current density on
bandwidth could be controlled with a number both arms at 800 MHz are in the opposite
of small slots on the step-shaped printed dipole.  direction, which is similar to that of the
Here, 8 slots are the proper number of slots for conventional dipole excited at the second
the desired bandwidth of 470 MHz - 866.55 MHz  resonant mode of full-wavelength. In addition,
at S;;=-10 dB or 59.34% of the center frequency the current density on the longer side arm has a

] -

(a) (b)

L, , R

(©)

Figure 2. Structure geometry of step-shaped printed dipole antenna

5
VSWR 2.0:1 /

a /
< 20
A

1% resonant

Antenna type A
25 —— Autenna type B
—— Proposed antenna
-30 204 resonant
-35
400 500 600 700 800 900
Frequency (MHz)
Antenna type A Antenna type B Proposed Antenna
@)

Figure 3. Comparison of the printed dipole antenna: (a) Si; impedance bandwidth (VSWR 2.0:1) of all
antenna types, and (b) Input impedance of proposed antenna on the Smith chart
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much longer length than the shorter arm causing
the current density on this arm to be stronger
than that on the shorter one; consequently, the
radiation of this dipole at the second resonant
mode is dominated mainly by the longer arm
and is similar to the radiation of the dipole
excited at the first resonant mode. Therefore,
the obtained radiation patterns in both planes
of the antenna are rather stable over the wide
operating band, as shown in Figure 6.

A Wideband Step-shaped Printed Dipole
with Mushroom-like EBG Reflector

In order to utilize a step-shaped printed
dipole to be the directional wideband antenna,
we uscd the mushroom-like EBG as a reflector
(Yang ef al.,2009) to increase the directive gain
in the boresight and suppress the surface waves
which propagate towards the edges of the

0
0

reflector; consequently, the back lobe will be
reduced. The scattering characteristics of the
structure shown in Figure 7(a) and (b) are
derived using a lumped element model. A
resonance is generated inside the structure by
the capacitance due to the fringing gap fields
between adjacent patches and the inductance due
to the current path created by the patches, vias,and
ground plane. However, this can be represented
as a parallel combination of an inductor and
capacitor, as shown in Figure 7(c), while the
structure can be assigned a surface impedance
given by Equation (1) and a resonant frequency
given by Equation (2).

The parameters of the EBG design consists
of a patch width (W), gap width (g), substratc
thickness (1,), dielectric constant (¢;), and vias
radius (), as illustrated in Figure 7, together with
its typical equivalent circuit. The capacitance

2
e
= 1" t . 4
2 & & - Step-shaped printed dipole
----- 2-slots.
254y . s 4-slots
----- 6-slats
_— 8-slots
-30
Ld |
35 L0 B B o 77‘ L
— Band-notched printed
> |
: i
40 i wd i 2" pesonant
B 4
; + i
T ) RI | 1

400 500 600 700 800 900
Frequency (MHz)

Figure 4. Simulated reflection coefficient (S;;) for bandwidth consideration of a step-shaped printed dipole
with and without 8 slots on the right arm

(@) (b)
Figure 5. Simulated current density on the proposed dipole at: (a) 541 MHz, and (b) 800 MHz
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and inductance of the EBG’s equivalent circuit
are C and L, which are represented by the gap
between the adjacent metallic patches and the

The inductance and capacitance in
Equations (1)and (2) arederived analytically (Yang
and Rahmat-Samii, 2009) and are given by

thickness of the substrate, respectively.

From the equivalent circuit in Figure 7, c = Ve (1+ gl)cosh—l(W +g) 3)
the impedance of a parallel resonant 7.C circuit T g )
is given by And

jowL

‘= l—Ja)zLC (1) L= uoh,, 4)
and

W, = ; 5 where ¢, 1s the dielectric constant, g,= 8.854 x

JLC @) 1012 F/m, and o= 47 x 107 H/m (permittivity

\ 470 MHz
1500 [——668 MHz
|— - 866 MHz

(@) (b)

Figure 6. Simulated radiation patterns of single step-shaped printed dipole at different frequencies: (a) in the
E-plane, and (b) in the H-plane
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Figure 7. Mushroom-like EBG structure: (a) unit cell of EBG structure, (b) a mushroom-like EBG 3 x 3
elements, and (c) equivalent circuit
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and permeability of air, respectively). Then, the
reflection coefficient is derived by considering
the transmission line analogy with a system
impedance of Z, = 7, where 77 1s the wave
impedance in free space, terminated with a load
impedance of Z;. Since the load is modeled as
a purely reactive load, the magnitude of the
reflection coefficient is unity and the phase
can be determined by

ZL=n

r:Ziﬂy )

and { 1

Zp=n

=Im{In| ~F . 3
’ 1 [ZL+77] '
The inductance and capacitance are
calculated for an arbitrary geometry of @ = 132 mm,

W=78mm,¢ =44,h,=1.6mm, g =27 mm,
and r = 0.5 mm using Equations (3) and (4).
The resulting reflection phase profile is plotted

by using the CST software, as shown in Figure 8.
The reflection phase varies from +180° to -180°
around the resonant frequency of the structure
and an in-phasc reflection bandwidth is defined
from+90°to-90°. This reveals that the mushroom-
like structure behaves as an artificial magnetic
conductor supporting in-phase reflection for an
incident plane wave over a desired bandwidth.

In our study, we found that 3 x 3 elements
of unit cells are the proper size for the EBG
reflector, as it then provides better radiation
characteristics such as high directive gain, and
low side lobe and back lobe over the desired
bandwidth. After that, we investigated the
proper distance between a step-shaped dipole and
reflector based on the acceptable impedance
matching (S,; = -10 dB) and its gain is high
enough over the bandwidth, as shown in Figure 9.
In this step, the proper distance is chosen at 130
mm (0.2841,), which provides very good front-

135 |

92

45

Reflection Phase (degree)
=

400 500 600

700 800 900

Frequency (MHz)

Figure 8. Lumped element model reflection phase profile

Gain (dBi)

0
400 500 600 700 800 900
Frequency (MHz)

(@)

Si (dB)

,,,,, - R=110 mm i

35

-40
400 500 600 700 800 900
Frequency (MHz)

(b)

Figure 9. Simulated results of a step-shaped printed dipole with an EBG reflector with the different distance
between dipole and reflector: (a) gain, and (b) reflected power (Si;)
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to-back ratios of more than 15 dB in both the E-
and H-planes (Balanis, 2005).

In order to increase the radiation
characteristics of the proposed antenna and
realize this antenna for utilization, we contained
the EBG reflector into a square aluminum tray,
with its frame surrounding the 4 edges of the
reflector, as shown in Figure 16. We investigated
the effect of the aluminum frame’s height with
the CST simulation software calculating Sy,
against different frames’ heights, as illustrated
in Figure 12. It is seen that the proper height of
the frame should be around 00-65 mm, since it
provides a better and lower S, over the desired
bandwidth when compared to the EBG reflector
without a frame.

From the aforementioned process, the
simulated results such as S,,, directive gain, and
radiation pattern of each case will be compared
in 1 graph, which consists of the results of a

(a) surface wave on PEC reflector

step-shaped printed dipole without/with an EBG
reflector and such printed dipole together with
the EBG reflector with a square aluminum tray,
as shown in Figures 13-15.

The comparison results of S;; at -10 dB
of the 3 antenna types are shown in Figure 13.
‘We found that the frequency bandwidth of each
antenna type is capable of covering 470 MHz —
862 MHz for DTV band reception. In addition,
we also compared their simulated directive gain,
as shown in Figure 14. It was found that the
directive gains of a step-shaped printed dipole
antenna with the EBG reflector and square
aluminum tray are around 7.94 dB41, 8.753 dBi,
and 9.375dBi at the frequencies of 470 MHz,
668 MHz, and 866 MHz, respectively, while the
maximum gain is around 9.674 dBi at 842 MHz.

The comparison of the simulated results
of radiation patterns are illustrated in Figure 15.
The main beam of the radiated power is retained

(b) surface wave on EBG reflector

Figure 10. Surface waves in the proposed step-shape dipole with PEC and EBG reflectors
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Figure 11. The total efficiency over the operating band of the proposed antenna
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in the desired direction in both the E- and
H-planes, even when operated at different
frequencies, while the front-to-back ratio of our
proposed antenna is more than 15 dB over the
desired operating bandwidth. Furthermore,
the other advantage of the proposed antenna is
to provide a rather wide beam in the H-plane
(the HPBWs in the H-plane are 85.0°,77.9°, and
81.2°at frequencies of 470 MHz, 668 MHz, and
866 MHz,respectively),and it provides increased
ease of installation because there is compensation
for the antenna pointing error.

Finally, in order to confirm that our step-
shaped printed dipole with the surface wave
suppression properties of the mushroom-like
EBG reflector can improve the radiation
characteristics when compared to that with a
perfect electric conductor (PEC) reflector, the
CST software is used to simulate the current
density on the surfaces of the PEC and EBG
reflectors at 650 MHz of the designed frequency
of the EBG unit cell. Figure 10 shows a
comparison of the surface wave propagation
with and without the mushroom-like EBG
reflector. It was verified that the distribution
of current density on the surface of the PEC
reflector spreads from the center to the 4 edges
of the reflector’s area and that the surface
currents are stronger than those on the EBG
reflector, whereas those on the surface of the EBG
reflector rather spread all over the area of the
reflector but the surface currents are weaker and
attenuated as they propagate towards the edges
of the reflector, causing the lower back lobe and
higher directive gain.

In order to observe the total efficiency of the
proposed antenna over the desired bandwidth, we
used the CST software simulating the efficiencies
(in dB) of the antenna over the band of 470 MHz
—862 MHz; then, we converted them to percentage
(%) unit, as illustrated with the graph in Figure 11.
The total efficiencies of this antenna are 77.86% -
99.80% , approximately, over the bandwidth, and
at the first and second resonant modes provide
approximately 97.20% and 99.18% of the
efficiency at 541 MHz and 800 MHz, respectively.
It is seen that the antenna with the proposed
technique can provide high total efficiencies
over the desired bandwidth.

-40

-45
400 500 600 700 800 900
Frequency (MHz)

Figure 12. Simulated Sy, versus the different frames’
heights of the aluminum tray (%,) for the
printed dipole above the EBG reflector

30 ‘ [—— Printed dipole

23 \ .
-~~~ Printed dipole with EBG reflector !

[ — . — Printed dipole with EBG reflector & aluminum tray|  +
-35 A N\ v

—40L7i —

500 600 700 800 900
Frequency (MHz)

Figure 13. Simulated comparison results of S;; of
3 antenna types

Printed dipole
-~~~ Printed dipole with EBG reflector
— . — Printed dipole with EBG reflector & aluminum tray

Gain (dBi)
N

0-
400 500 600 700 800 900
Frequency (MHz)

Figure 14. Simulated results of gain against the
frequency for all antenna types
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Results and Discussion

Figure 16(a) shows the photographs of the
prototype antenna comprising a step-shaped
printed dipole and EBG reflector that are
contained in the square aluminum tray and
shielded with a cover that made is from acrylic
plastic with a dielectric constant of 3.5 and 3 mm
of thickness at the front of this antenna, as
displayed in Figure 16(b). In order to verify the
simulated results, the prototype antenna without/
with the acrylic cover have been measured in

| _on? 150

E-plane
(a) f=470 MHz

H-plane

E-plane H-plane

H-plane

E-plane

() f=866 Mz

----- Printed dipole
— - Printed dipole with EBG reflector
—— Printed dipole with EBG reflector & aluminum tray |

Figure 15. Simulated results of the radiation pattern
in the E- and H-planes of all antenna types

an echoic chamber, and then compared (o the
simulated results in the comparison graphs in
Figures 17-19. In Figure 17, we note that the
measured results of S11 of the antenna shielded
with an acrylic plastic cover are around -11.71 dB,
-13.225 dB, and -10.884 dB at frequencies of
470 MHz, 668 MHz,and 866 MHz, respectively.
However, as we know that if S11 is at-10 dB or
less, then the value of the standing wave ratio
(SWR) will be not more than 2.0. Therefore,
this proposed antenna will be well utilized for
reception of the DTV signal in the frequency
bandwidth of 470 MHz — 862 MHz. For this
reason, it is implied that there is reasonably good
agreement, even though the antenna with the
acrylic plastic cover did not provide the lower
Sy, at the lower frequency bandwidth.

(b)

Figure 16. Prototype antenna is contained into
aluminum tray: (a) without and (b) with
acrylic plastic cover

S11(dB)

-45
400 500 600 700 800 200
Frequency (MHz)

Figure 17. Comparison results of Sy, for simulated
and measured results of the proposed
antenna without/with an acrylic plastic
cover
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The simulated and measured E-plane
and H-plane co-polar and cross-polar radiation
patterns at 470 MHz, 668 MHz, and 866 MHz
are shown in Figure 18(a-c), respectively. Once
again, good agreement between the simulation
and experiment is evident from these plots,
particularly in the mainlobes that will be accurately
pointed to the broadcast station over the frequency
bandwidth of digital TV channels. Besides that,
itis found that the hall power beamwidth (HPBW)
of the proposed antenna is not rather different,
even though it operated over the wide bandwidth
(the E-plane patterns are around 69.8°, 58.8°,
and 51.2°, while the H-plane patterns are around
85.2°,78.0°, and 50.2° at 470 MHz, 668MHz,
and 866 MIIz, respectively).

In addition, in Figure 18, it is found that
the E- and H-planes’ co-polarized fields are
maximum at & = 0°, while the E- and H-planes’
cross-polarized fields are much weaker than
the co-polarized fields (around -25.2 to -31.4 dB
for the E-plane and -28.2 to -31.5 dB for the
H-plane). This shows that this antenna can
operate with only horizontal linear polarization
according to the horizontal polarized fields of
DTYV broadcast stations, whereas it also provides
very good front-to-back ratio (F/B > 15 dB) over
the desired bandwidth (E-plane: 18.88 dB,
19.29 dB, and 18.34 dB, and H-plane: 18.80 dB,
19.73 dB, and 14.80 dB at the frequencies
470 MHz,668 MHz, and 866 MHz, respectively).

Figure 19 shows the comparison of the
directive gains obtained from the simulation
and measurement for each case of the prototype
antenna. It is noted that the simulated gain of
the proposed antenna without an acrylic cover
varied [rom 7.623 dBi to 9.674 dB1, while the
antenna with the acrylic cover provides the
simulated gain variation from 7.516 dBi to
9.257 dBi along 470 MHz - 862 MHz of the
frequency range. The measured gains of the
prototype antenna without an acrylic cover are
around 8.03 dB1, 8.604 dB1, and 8 498 dB1, while
the measured gains of the prototype antenna
with the acrylic cover are around 7.62 dBi,
8.05 dBi, and 8.72 dBi at the [requencies of
470 MHz, 668 MHz, and 866 MHz, respectively.
These results illustrate that this antenna provided
the rather flat-high gain through the desired

[requency bandwidth, while its maximum gain is
around 9.257 dBi at 810 MHz of the frequency.

In order to verify a ready-to-use prototype
antenna for DTV, the input impedance of the
prototype antenna is measured with Network
Analyzer Agilent N5224A , as shown in Figure 20.
We found that the input impedances of this
antenna are around 66.24 + j26.25 Q,

(a) f= 470 MHz

6 ¢=0 8 p=9%0°
ot U

E-plane
(c) f= 866 MHz

= == = Measured_co-pol (with cover)
===+ Measured_x-pol

Figure 18. Comparison results of the normalized
patternsin the E-and H-planesco-polarized
and cross-polarized fields of the prototype
antenna with/without an acrylic plastic
cover
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62.80-721.50€2,and 65.50+;30.35 Q2at470 MHz,
668 MHz, and 866 MHz of the operating
frequencies, respectively. Meanwhile, at the
frequency of 620 MHz, the prototype antenna
provides the best input impedance around
69.92 -j30.69 Qthatis close to the inputimpedance
of standard television. Furthermore, in Figure 21,
the measured SWR was also measured to confirm
the success of the antenna design. The impedance
transformer (75 Q to 50 Q) was used to measure
the SWR when connected to the antenna through
75 Q transmission line to 50 €2 connector of
Network Analyzer. We found that this prototype
antenna provides better matching and its SWR is
still not more than 2.0 and covered the frequency
bandwidth of 470 MHz to 862 MHz.

— - Printed dipole (simulation) i

g
3 === Prinied dipole with EBG & surround reflector (messurement)
z © Printed dipole with EBG & surround reflector (simulation)
| [ Printed dipole with EBG & surround reflector, cover (measurement) y
g |= = = Printed dipole with EBG & surround reflector, cover (simulation) | _+®

41 B

Sl | 1
Lme- s
..... B i

2hecrmem
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400 500 600 700 800 900

Frequency (MHz)

Figure 19. Comparison of directive gain of prototype
antennafrom simulation and measurement
over the operating frequency bandwidth
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-~ - - Measurement: 75 ohm (no-cover)
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Figure 21. Measured SWR of aready-to-use prototype
antenna

Furthermore, in order to compare the
performance of the proposed antenna to some
antennas in the literature and on the market, we
selected a step-shaped printed dipole antenna
which was not modified with the band-notch
technique, and 3 types of antennas that are
distributed on the market in Thailand, comparing
their gains over the DTV bandwidth, as shown in
Figure 22. The examples of the 3 antennas on the
market are given the labels of Market antennas
1,2, and 3 such as the 5,7, and 8 elements of
the Yagi antennas, respectively. It was found that
the gain over the bandwidth of the proposed
antenna is rather flatter than those of the others,
whereas some Yagi antennas on the market
could not perform. The Market antennas 1 and

866 MHz
% '898‘23MHZ"‘“

43621 MHz

900 MHz... "}

i \‘.‘: {
- ‘
C)i SATOMHZ. |

%

X o M
668 MHz-._ § A
400 MHiz [ i

Figure 20. Measured input impedance of a ready-to-

use prototype antenna (the dashed circle
is the SWR=2)

Gain (dBi)

- Literature antenna
Proposed antenna
= Market antenna 1
Market antenna 2

Market antenna 3

500

600 700
Frequency (MHz)

900

Figure 22. Comparison gain of all types of antenna
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2 provide high gains but did not cover the desired
DTV bandwidth, while Market antenna 3 can
operale over the bandwidth butits gains are rather
different. However, it is seen that the gains of the
original step-shaped dipole over the bandwidth
are lower than the gains of the 3 Market antennas
because its pattern is different from the other
antennas.

Conclusions

Adesign technique for anew high gain broadband
antenna using a modified step-shaped printed
dipole combined with the EBG reflector in the
470-862 MHz frequency bandwidth has been
proposed. The step-shaped printed dipole forms
the wide operating bandwidth by exciting 2
resonant modes into its feed gap, while the
band-notch technique has been used for
enlarging the lower-edge frequency to cover
470 MHz by notching 8 small slots on the inner
edge of the long side arm. The modified step-
shaped antenna has been operated with the
reflector comprised of 3 X 3 unit cells of a
mushroom-like EBG. This integration technique
allows improved bandwidth and directive gain,
whereas the main direction of the radiation
patterns over the desired bandwidth, has been
retained in the boresight even when operated
in different frequencies. The main objective
of the antenna design is to utilize it for D'1'V
signal reception in the frequency bandwidth of
470 MHz - 862 MHz.lo meet the requirements,
the important characteristics of the proposed
antenna, such as the reflection coefficient (S,;),
directive gain, and radiation pattern have been
calculated by using the CST simulation software
and validated with the measured results of the
prototype antcnna. We found that the proposed
antenna provides the wide bandwidth (-10 dB
of S;;) covering the frequency bandwidth of
470 MHz - 866.55MHz (59.34%) by simulation
and the frequency bandwidth of 436.21 MIlIz
— 868.23 MIlz (66.24%) by measurement.
Particularly, it is ready to use for UIIF DTV
signal reception (470 MIlz - 8§62 MIIz) in
Thailand at present. Moreover, it provides the
directive gain high enough for receiving the
DTV signal in remote areas with a directive gain

from 7.623 dBito0 9.257 dBi (at least 90 km from
broadcast stations with transmitting power of
5 kW). However, in order for the design to be
ready to use the prototype antenna, the structure
of the antenna has been contained into an
aluminum tray and then covered with acrylic
plastic for outdoor utilization. After testing once
again, we found that the characteristics of the
prototype antenna were slightly changed.
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Abstrace—This paper presents the design and experiment of
wideband using band-notched printed dipole antenna operates
covering frequency band for digital television (DTV) signal
reception in the 470-862 MHz. Besides this proposed antenna is
required to be compact, light-weight, and easy to fabricate. The
antenna is of rectangular shape of width (W) 35 mm and length
(L) 223 mm, and comprises two asymmetric radiating portions of
left-arm and right-arm, which are separated by step-shaped feed
gap with its one open end at the center of antenna’s one long side
edge and the other open end at about L/4 away from the center of
the opposite long side edge. The results of the return loss (Syy),
gain and radiation patterns of the proposed antenna have been
simulated by using antenna analysis software CST Microwave
Studio program. It is found that the proposed antenna is
accessible to bandwidth about 62.77% at frequency range 470-
900 MHz. Measured maximum gains were approximately 2.43
dBi, 2.53 dBi and 3.69 dBi for 514 MHz, 650 MHz and 786 MHz
band, respectively. Finally, simulation and measurement results
for the design example are presented and a conclusion follows.

Keywords—Band-notched, digital television (DTV), dipole
antenna, printed dipole antennas, step-shaped feed gap.

I INTRODUCTION

Recently, digital television (DTV) terrestrial broadcasting
has already reached the implementing stage in many countries
after more than a decade of intense research and development
[1]. The DTV system can offer high-data-rate transmission,
provide interactive services, and operate in low power. With
these advantageous features, the DTV system becomes very
attractive for applications in mobile communication devices
such as the laptop computers and mobile phones [2]-[3].
Similarly, it is also very attractive for vehicle owners to have
their vehicles equipped with a DTV signal reception device [4].
For these perspective applications, it is expected that the
requirements of mobile antennas for DTV signal reception will
be increased, cspecially the broadband antennas operating in
the UHF band for several commercial applications, such as
DTV (470-806 MHz) and digital video broadcasting-terrestrial
(DVB-T, 470-862 MHz) [5]. However, this proposed antenna
has been designed for wideband frequency used in DTV signal
reception coverage 470-862 MHz for DVB-T system, which
will be broadcasted in Thailand before the end of 2013.
Antennas are key clements to radiate and receive signals for
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such wireless systems. Antennas must also have many
attractive features including low radiation loss, low profile,
light weight, casy fabrication, high gain, low production cost
and conformability to curved surfaces. Among these
advantages, conformability is the most important to future
applications.The antennas can be designed for bidirectional
radiation pattern or dircctive beam. The printed dipole antennas
have been comprehensively studied for broadband operation,
especially with step-shaped feed gap which provides a
wideband [6]. Dual band-notched characteristic antennas have
been also designed to have wideband operation [7]. The dual
band-notched small monopole antenna is wideband antenna
[8]-[10] which many researchers introduced the several shape
of a fundamental (0.5-wavelength) antenna for using in DTV
signal reception. This paper presents a wideband using band-
notched printed dipole antenna due to ecasily fabrication and
lower cost. The proposed antenna has wideband antenna with
linear polarization. However, one of serious limitations of
patch antennas was a narrow bandwidth characteristic [11].
Therefore, many rescarchers are exploring the methods and
techniques for designing wideband patch antennas [12]. They
have been investigated extensively in the literature [13], |14].
For good antenna performance, a thick dielectric substrate
having a low dielectric constant is more desirable since this
provides better efficiency, larger bandwidth and better
radiation [15].

In this study, we have designed the wide-bandwidth
antenna for DTV systems by using band-notched printed dipole
antenna. Firstly, the antenna is studied by using the simulation
software. After that the experiment test will be set to verify its
performance and compare with the simulated results. Finally,
the discussion and conclusion will be presented in the last
section.

TI.  ANTENNA DESIGN

Improving the bandwidth of this proposed antenna is
designed by using the theoretical concept of band-notched
printed dipole antenna. The band-notched printed dipole
antenna will be fed by step-shaped feed gap for the
conventional center-fed dipole antenna on the FR4 PCB with
dielectric constant (g,) 4.4, loss tangent 0.02 and 1.6 mm of the
thickness (41). This antenna is designed at the frequency band of
470-862 MHz. The antenna can generate a fundamental (at half
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wavelength) resonant mode at the center frequency around 650
MHz, and can cover the lower-frequency (470 MHz) until to
the upper-frequency (862 MHz) of the desired DTV band in the
study. The width of step-shaped feed gap is 1 mm for
impedance matching with 50 ohms of transmission line. The
geometry of the proposed band-notched printed dipole antenna
is shown in Figure land its dimension is presented in Table I.

L
L. LS

X,
i Band-notched printed

Lt + R

®
»2 (Feed-gap 50 ohms)

Fig. 1. Geometry of the band-notched printed dipole antenna
TABLET
DIMENSION OF THE BAND-NOTCHED PRINTED DIPOLED
ANTENNA
Width of antenna (W) 35 mm
Length of antenna (I.) 223 mm
Length of major left-arm (L) 110.5 mm
Length of minor left-arm (I.,) 66.5 mm
Length of major right-arm (R;) 111.5mm
Length of mmor right-arm (R) 152.5 mm
Slot of feed-gap (Z) 1 mm
Width of slot feed (Y) 4.5 mm
Width of parameter fed-gap (Y,) 4 mm
Width of slot (YY) 4 mm
‘Width of band-notched (A) 1 mm
Slot between band-notched (B) 2 mm
Depth of slot band-notched (X) 17.5 mm

M. SIMULATION RESULTS

In order to verify the concept from theoretical design, the
CST Microwave Studio software has been used for simulation
to cvaluate the surface currents that occur on the antcnna
structure at frequencies 514 MHz, 650 MHz and 786 MHz,
respectively, as shown in Fig.2. While the simulated return loss
of this antenna arc -18.12 dB, -20.01 and -25 dB at 514 MHz,
650 MHz and 786 MHz, respectively, is shown in Fig.3, and it
is found that the antenna bandwidth is around 58.85 % (470-
862 MHz) at -10 dB, as shown in Fig.3.

(a) f=514 MHz

139

(b) £= 650 MHz

(¢) £=786 MHz

Fig. 2.Simulated surface current of the band-notched printed dipole antenna

0

Return Loss (dB)

-50
400 500 600 700 800 900
Frequency (MHz)

Fig. 3. Simulation result of retum loss of the band-notched printed dipole
antenna

In Fig. 4 shows the simulated result for gain of the band-
notched printed dipole antenna against frequency. It is found
that the gain of the band-notched printed dipole antenna are 2.2
dBi, 2.72 dBi and 3.76 dBi at 514 MHz, 650 MHz and 786
MHz, respectively, and maximum gain is around 5.24 dBi at
900 MHz.

6

Gain (dBi)
\

400 500 600 700 300 900

Frequency (MHz)

Fig. 4. Simulation result of gain of the band-notched printed dipole antenna
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Furthermore, the three-dimensional radiation patterns of the
band-notched printed dipole antenna have been calculated in
three-different frequencies as mentioned above and is shown in
Fig.5.We found that the advantage of this antenna is to retain
the shape of radiation patterns both in E- and H-plane even
operate in different frequencies, as illustrated in Fig.6, in the
format of two-dimensional pattern.

T 1
- .‘- ' E-plane H-plane
: (b) f=650 MHz
’ = e et
s H o LS i J = H
72l el

(a) f=514 MHz T A
E-plane H-plane
+ (c) =786 MHz

o Fig. 6. The simulation results of the radiation pattern in E- and H-plane for
v three-different frequencies

IV. EXPERIMENTAL RESULTS AND DISCUSSION

A band-notched printed dipole antenna was designed and
fabricated for verifying to the simulated results. The antenna is
connected with a network analyzer for measuring the return loss
and input impedance. The measurement results are compared

P with the simulation results and discussions will be followed.

3 Figure 7 shows the prototype structure of a band-notched
o printed dipole antenna. The dimension of the antenna prototype
e is specified from parameters in TABLE I and are fabricated
: and measured by Agilent HP8720C network analyzer

measuring the return loss by using coaxial cable 50 Q type RG-
142 connecting together.

(c) f=786 MHz

Fig. 5. Simulation of radiation on tri-dimension (3D) for band-notched
printed dipole antenna

P ——

B &
i H = i Fig. 7. Photograph of the prototype of the band-notched printed dipole
' o/ / . e antenna
. \
0 4
/ | RS Pid
1 ‘ A 10 = =
) 5 ). \_/ . LD ‘\ '1’
[ : 1 : ? 20 \‘\ / - \ ,'/
S Seof” %
E-plane H-plane E 28 Sy ) < ,\/
z a0 A -+
(a) £= 514 MHz ) ¥ il
! Measurement L ”
-40
— — = Simulation
s Bminee | I
-50 [
400 500 600 700 800 900

Frequency (MHz)

Fig. 8. Measured and simulated retum losses versus frequencies for band-
notched printed dipole antenna
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The measured result of return loss versus frequencies of the
proposed antenna are compared to the simulated result, as
illustrated in Figure 8. We note that the return loss for the
band-notched printed dipole antenna are -20.32 dB, -14.89 dB
and -45.12 dB at 514 MHz, 650 MHz and 786 MHz,
respectively. However, even if the deep positions of return loss
from measurement are slightly different from the simulation
result but it is found that its bandwidth still be controlled
between 470 MHz to 900 MHz or about 62.77% at -10 dB.

The slightly difference between the simulated and
measured results is due to the effect of the SMA connector and
fabrication imperfections, which are not taken into account in
the numerical simulation. Both the simulated and measured
results show that the band-notched printed dipole antenna
simultaneously can be operated on the DTV signal reception
coverage 470-862 MHz band, certainly.

E-plane H-plane
(a) =514 MHz

E-plane H-plane
(b) £= 650 MHz

E-plane H-plane
(c) =786 MHz

Fig. 9. Measured radiation patterns of example design (a) 514 MHz, (b) 650
MHz, and (¢) 786 MHz of band-notched printed dipole antenna.

Figure 9 shows the measured radiation patterns of prototype
antenna at frequencies 514 MHz, 650 MHz and 786 MHz,

141

respectively, compare to the simulated one.We found that the
shape of measured radiation patternssimilar to the patterns
from simulation both in E- and H-planes. Besides that, these
normalized radiation patterns describe the half-power
beamwidth (HPBW) of the E-plane patterns are around 60°,
58° and 60° at frequencies 514 MHz, 650 MHz and 786 MHz,
respectively. The pattern remains similar implying the radiation
patterns have a wide beamwidth within the matching band.

6

400 500 600 700 800 900

Frequency (MHz)

Fig. 10. Measured gain over the operating frequency for band-notched printed
dipole antenna

Figure 10 shows the gain comparison between the
simulated and measured results of the band-notched printed
dipole antenna. The measurement results are utilized to
calculate the antenna gain versus frequency have been
plotted and illustrated in Figure 10. The gain over operating
frequency at the beginning frequency 400 MHz is around 2.3
dBi, at the specific frequencies are around 2.43 dBi, 2.53 dBi
and 3.69 dBi for 514 MHz, 650 MHz and 786 MHz,
respectively. While at frequency 900 MHz, its gain is around
5.24 dBi. The result illustrates that this antenna has the good
gain through the desired band, and maximum gain is about 5.24
dBi at 900 MHz.

V. CONCLUSION

The design and characteristics of a band-notched printed
dipole antenna is presented for digital television (DTV) signal
reception in the 470-900 MHz band has been proposed. This
antenna is developed to be an UHF DTV broadcasting
antenna, especially in Thailand due to its simple structure and
simple feeding system.In order to investigate the impedance
characteristic of this antenna, the simulation software CST has
been utilized. The proposed band-notched printed dipole
antenna provides good performances in terms of good return
loss and radiation pattern characteristics in the desired wide-
bandwidth. Finally, we can conclude that the designed band-
notched printed dipole antenna appropriates for DTV signal
reception application.
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Abstract—This paper presents the design and experiment of
band-notched printed dipole antenna with the mushroom-like
electromagnetic band gap (EBG) reflector plane operating at the
frequency bandwidth for digital television (DTV) signal
reception, 470-862 MHz. The proposed antenna consists of a
band-notched printed dipole antenna that can provide the wider
bandwidth and the EBG reflector that can suppress the surface
wave on the reflector better than on conventional PEC reflector,
consequently, its total gain in the desired bandwidth can be
increased too. To meet our requirement, the results