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ABSTRACT

This thesis consists of two parts-: 1. Using split ring resonators to

suppress the side-lobe level of the tapered compact leaky wave antenna.
And 2. Using the structures of slots to excite dual-band circularly
polarization in monopole antenna. In the first part, we demonstrate two
types of suppressing the reflection wave of the leaky wave antenna. The
first structure is to put the split ring resonators at the open end of the
leaky wave antenna, and the split ring resonators can generate stop-band
to suppress the side-lobe level efficiently. The second structure is to etch
the split ring resonators in the ground plane, and the reflected wave will
couple to the split ring resonators and be trapped. Thus it can be seen that
we can use split ring resonators not only to suppress the side-lobe but also
to reduce the length of the leaky wave antenna.

In the second part, a dual-band circularly polarized monopole

antenna using structures of slots will be introduced. The main structure of



the monopole antenna is a circular strip and we add a circular patch at the
end of the strip. In the ground plane, we etch a L-shaped slot, and this slot
play an important role of exciting the circular polarization not only at the
lower band but also at the upper band. The most important is that we can
choose the different length of the L-shaped slot to operate on the
frequency band what we want. On the other hand, we also add two
notches at the antenna, and these two notches can adjust the operating
frequency band of circular polarization at the upper band. From the above,

we can use these simple structures to get circular polarizations.
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CHAPTER 1
INTRODUCTION

1.1 Motivation

In this thesis, there are two topics presented. The first topic has two structures. The
first structure is the leaky wave antenna (LWA) with tapered micro-strip line and split
ring resonators at the end of the ‘antenna to reduce the size and the side lobe of the
LWAs. This research includes the studies of tapering the length of leaky wave antenna
and suppressing side lobes. The second structure is that putting the split ring
resonators used in the first structure to the end of the ground. The purposed of the
second structure s also to achieve the goal of reducing the length and the side lobe of
the proposed antenna.

Since 1979, the micro-strip leaky wave antenna (LWA) has been studied and used
in many applications such as cruise control and automobile radar system, because of
its attractive properties like the beam-scanning capability, low profile, easy fabrication
and ease of analysis by the multimode cavity model. The first leaky wave antenna
introduced by Menzel[1, 2], much progress has been made regarding the development
of leaky wave antennas based on the higher order mode of micro-strip.

The micro-strip leaky wave antenna operates in the first higher order mode TE,,,
and the power leaks in the form of space wave. When micro-strip leaky wave antenna
works in the leaky band, the power radiates out along its length. A tapered micro-strip
leaky wave antenna whose each steps can irradiate in subsequent ranges of frequency
is a possible first solution studied to obtain a broadband and fixed main-beam leaky

wave antenna.



The second topic is a dual-band circularly polarized slotted monopole antenna. This
antenna can be excited a left-hand circular polarization (LHCP) at 2.45GHz, and
right-hand circular polarization (RHCP) at 5.2GHz.

Nowadays, antenna with circular polarization plays an important role in
communication systems, because they allow for more flexibility in orientation angle
between transmitter and receiver antennas, high penetration, and stability. Therefore,
circular polarization antennas can provide much better connectivity with fixed and
mobile communication systems.

In order to have a circular polarized radiation, the orthogonal field components
should have the equal magnitude and a phase difference of 90°. It is not easy to satisfy
the conditions of generating a circular polarization. In recently; slots are widely used
in micro-strip antenna designs.-The geometry structures of the slots are corresponding
to the radiation patterns. It’s known that the spiral structure can achieve circular

polarization characteristics.

1.2 Organization

This thesis will begin with the introduction of the leaky wave antenna and some
relating theories and techniques in order to facilitate the later analysis. The following
chapters will focus on the proposed antenna design.

Chapter 1 gives the brief introduction and the motivation of this paper.
Fundamental theories and properties of the micro-strip leaky wave antennas will be
summarized in chapter 2. And then, chapter 3 will be demonstrated the design and the
operating process of the dual-band circularly polarized slotted monopole antenna. And

finally, the future works will be made in the chapter 4.



CHAPTER 2

USING SPLIT RING RESONATORS TO
SUPPRESS THE SIDE LOBE AND
MINIATURIZE THE LENGTH OF A
TAPERED LEAKY WAVE ANTENNA

In this chapter, we will first give a simple introduction on the characteristic of the
leaky wave antenna. Second, we will discuss the basic theories and the radiation
characteristics of the micro-strip-leaky wave antenna. Furthermore, we will also
mention the theories of the tapering method and the split ring resonators. Finally, we
will give a competition between the different positions of the split ring resonators.

By adding split ring resonators on the tapered antenna or on the ground, the current
distribution of this antenna can be improved. Besides, the split ring resonators can
trap the reflection current which generates the reflection wave. Because of the
reducing reflection wave, the side-lobe can also be reduced. This technique not only
suppresses the side-lobe but miniaturizes the length of the antenna. According to the
measured results of the split ring resonators on the antenna, the impedance bandwidth
achieves about 600MHz for 6-dB return loss, which covers the range from 3.4GHz to
4.9GHz, and the scanning angle of the measured main beam is about 31°, which
covers the range from 14° to 45°. In the other case of the split ring resonators on the
ground, the measured results show the impedance bandwidth covers from 4.4GHz to

5.0GHz, whose impedance bandwidth achieves about 600MHz for 6-dB return loss.



2.1 Basic theories

2.1.1 Theories of leaky wave antenna

The first prototype of micro-strip leaky wave antenna is presented by Menzel[1] in
1979, which used an asymmetric feed line to excite the first higher order mode.
Because the leaky wave antenna is operated in the first higher order mode, and the
width of the leaky wave antenna, the thickness of the substrate, and the dielectric
constant determines the radiation bandwidth.

Leaky wave antenna uses an asymmetric feed line to excite the first higher order
mode (TE,,, leaky mode). Generally speaking, the radiation mode of antenna is the
dominant mode, which.is a slow wave relative to radiating in free space. Comparing
to the dominant mode, the first higher mode is a fast wave and excites the
characteristics of narrow beam-width and frequency scanning. Figure 2-1 shows the
electric and magnetic fields of the first higher order mode, which the electric field is
an odd symmetric about the axial centerline and excites a traveling wave.

The theories and the phenomenon of leaky wave antenna had been clearly
introduced by Oliner and Lee[2, 3]. For leaky wave antennas, we expect that only
leaky mode could exist in the propagation which contributes the leakage radiation.
Now we can model this as a lossy transmission line characterized by a complex
propagation constant

k, =B, — ja, (2.1)
, Where B, and a, are the phase constant and attenuation constant, respectively.
The variation of the normalized phase constant and attenuation constant are plotted in

Figure 2-2.



According to Figure 2-2, we divide the first higher order mode into four regions:

(1) ay > By, - > reactive cutoff region,

(2) By > ay,By <k, ---->surface wave and space wave leakage region,
() ks> By > ko, - > surface leakage region,

(4) By > kg, ----mmmmmmeeees > bound mode region;

where k; and k, are the surface wave number and wave number of free space,
respectively. From above, when we operate in the (1) region, the mode can’t be
constructed, and a large reflection could be expected if an incident wave generated.
But when the operating frequency gets larger enough to build up the mode, since the
mode is now dominated by fast wave and the wave leads to leak and radiate from the
edge of the micro-strip line. When-we increase the frequency continuously, the wave
may eventually become a slow-wave and then there is no space wave radiation[4]. The
frequency range we can use for leaky wave antennas falls in the space wave leakage
region, which we can simply determine the range between the lower edge (f;) and the
upper edge (fy):
ay(f1) = By(f1) (2.2)
5y(fH) = ko (2.3)
This “lossy transmission line” can be regarded as an antenna which can radiate
toward a specific direction, and the direction is dependent on the specific phase
constant of the different frequency of the lossy transmission line. Moreover, in Figure
2-3, the elevation angle 6,, between the main-beam direction and end-fire direction
(the Z-axis direction) can be estimated approximately as following equation:
Ou = sin" (B, /ko) (2.4)

% = 0.183 X Oyppw X c0s(6y) (2.5)

0

Where B, /kq,ay/k, are the normalized phase constant and attenuation constant.
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Figure 2-3. The coordinate system of a leaky wave antenna.
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2.1.2 Theories of tapering method

In order to improve the radiation bandwidth, some researches choose the method of
tapering. A tapered leaky wave antenna operates by using sections with different
width to excite different operating frequency bands, so the tapered leaky wave
antenna can achieve broad impedance bandwidth[6, 7]. Although we can increase the
impedance bandwidth by tapering the micro-strip line, the problem with tapered leaky
wave antenna is that there is a spurious side-lobe generated by the reflection wave.

The theory of tapered leaky wave antenna is that the wider width of leaky wave
antenna radiates in the lower frequency region and the narrow width acts in the
reactive region and not radiates power. Similarly, the narrower width radiates in the
higher frequency region and the-wider width operates in the bound mode region. The
width of the tapered leaky wave antenna can be determined by the start and the end
frequency. The equations of the radiation region and cutoff frequency (f.) of each

section is expressed as[8]

c
T 2weppVEr

fe (2.6)

fc<f<jf£T_‘/i @.7)

where c is the speed of light in the air, w,; is the effective width of strip line, and
& Is the dielectric constant of substrate. Figure 2-4 shows three types of tapered
leaky wave antenna. Due to the impedance mismatch and the discontinuity effect
caused by the original tapered leaky wave antenna (TYPE 1), the following structures

(TYPE 2 and TYPE 3) are fabricated to solve and improve the bandwidth.
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Figure 2-4. Three structures of tapered leaky wave antenna [7, 8].



2.1.2 Theories of split ring resonators

Because of the significant growing of the communication technology and wireless
communication market, consumers’ requirements about the circuits have been
trending to be smaller, more reliable and more power efficient[9]. To integrate the
whole transceivers on a single chip is the trend for future wireless systems. First of all,
we should consider the largest components of the integrated circuit, and it is an
important target for wireless communication systems to achieve the miniaturization of
antennas[10] .

In recent years, split ring resonators (SRRs) shown in Figure 2-5 (a), proposed by
Pendry[10-12], have played a main role of the miniaturization and compatibility in the
planar circuits. Because of -the-characteristics of the negative permeability and
permittivity, split ring resonators have attracted a great interest in the circuit and
antenna design. Besides, we need to have periodic structures which will not only be
easy to fabricate but also will not increase the-dimensions of the devices[10].

Split ring resonators are one of the electromagnetic metamaterials (MTMSs) which
are broadly called left-handed(LH) structures[12]. LH materials are characterized by
antiparallel phase and group velocities, or negative relative permittivity and
permeability(e, , u, < 0).

A split ring resonator provides a stop-band phenomenon and a negative
permeability around the resonant frequency[13, 14]. This MTM exhibits a

plasmonic-type permeability frequency function of the form[12]:

Fw?
w2-w2, +jol

ur(w) =1 - (2.8)

Fo?(w?-wdy) , Fw?{

+ i)
(wz—wgm)zﬂw@z ](wz—wgm)2+(w()2

=1
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c ————————————
nin(2wa3/6)

where F = (a/p)? (a: the inner radius of the smaller ring), wg, =
(w : width of the rings, & : radial spacing between the rings), and
{= 2pR'/au, (R': the metal resistance per unit length). Equation (2.8) reveals that a

frequency range can exist:

e <0, for wo, <w < wl"jp = Wpm (2.9)

where the w,,, is called the magnetic plasma frequency. The equivalent circuit of a
SRR is shown in Figure 2-6. In the single SRR, the circuit model is the RLC resonator

with resonant frequency w, = 1/VLC:

(b) &

Figure 2-5. (a) SRR produced by Pendry and (b) CSRR.[10]

|2

(a) (b)

Figure 2-6. Equivalent circuit model of SRRs.[12]

(@) Single SRR configuration. (b) Double SRR configuration.
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2.2 Design of the proposed leaky wave antenna with

different position of split ring resonators

2.2.1 The influence of the split ring resonators

From [12, 13], we can know that the split ring resonators generate an important
phenomenon called stop-band which can forbid the wave to pass through. In order to
finding the difference between the transmission line with and without the split ring
resonators, the following simulation shown in Figure 2-7 can tell us the influence of
the split ring resonators.

In this section, we focus on the influence of the split ring resonators. First of all,
comparing the simulation between the transmission line and the transmission line with
split ring resonators, and we can easily find out that the electric field and magnetic
field are trapped by the split ring resonators which-are shown in Figure 2-7.

In other words, the split ring.resonators will reduce the reflection wave of the open
end side of the leaky wave antenna when the split ring resonators are operating at the
stop-band. According to this phenomenon, we can choose the split ring resonators not
only to suppress the reflection wave but also to reduce the size of leaky wave antenna.
From Figure 2-8, we can know that the resonant frequency of the transmission line
starts to resonate from 4GHz to 9.5GHz.

From these simulations, we can know that we must choose the right position of the
split ring resonators. Our purpose is to reduce the side-lobe, so we have to put the split

ring resonators at the end of the antenna.
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2.2.2 First structure - split ring resonator at the end of the antenna

Figure 2-10 shows the proposed configuration of the leaky wave antenna. This
antenna is fabricated on FR4 substrate with a dielectric constant (g,) of 4.4, loss
tangent (tan &) of 0.024, and thickness of 0.8mm. The total length (L;) of the tapered
short leaky wave antenna is chosen to be 82mm (about 1.184, at 4.3GHz). The radius
of each ring and the other antenna parameter are listed in Table 2-1.

In this section, the design procedures of this antenna, including the etched split ring
resonators on the antenna for suppressing the -reflection wave, are presented

sequentially.

Y

.

Figure 2-9. The first structure of the leaky wave antenna.

top view back view
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Figure 2-10. Configuration of the proposed leaky wave antenna.

TABLE 2-1. DIMENSIONS OF THE FIRST LEAKY-WAVE ANTENNA

STRUCTURE.

Name of parameters Dimension (mm)

L, 82
rbl 2
Toq 3
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2.2.3 Second structure - split ring resonator at the end of the ground

Figure 2-12 shows the proposed configuration of the leaky wave antenna. This
antenna is also fabricated on FR4 substrate with thickness of 0.8mm. The total length
(L¢) of the tapered short leaky wave antenna is chosen to be 82mm (about 1.184, at
4.3GHz). The radius of each ring and the other antenna parameter are the same as the
first structure.

In this section, the design procedures of this antenna, including the etched split ring
resonators on the ground for ‘suppressing the -reflection wave, are presented

sequentially.

Y

-

Figure 2-11. The second structure of the leaky wave antenna.

top view  back view
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Figure 212 ConfiguratiOn of the proposéd' iééky Wa\(e antenna,

TABLE 2-2. DIMENSIONS OF THE SECOND LEAKY-WAVE ANTENNA

STRUCTURE. .

Name of parameters Dlmen3|on (mm)
L, 82
Ty 2
Tey 3
Tgap2 1

18




2.3 Simulation and measurement

2.3.1 Simulations between the prototype and the tapered LWA

In this section, we take the first step to check the difference between the prototype
and the tapered leaky wave antenna. In order to figure out the influence of the
tapering method using on the leaky wave antenna, we use the simulation tools(HFSS)
to check the differences. First, we make the length (Lt) of the prototype LWA which is
shown in Figure 2-13 to be 82mm which is about 1.184, at 4.3GHz. And for the
second step, we use the HESS to make sure that the tapering method also suppresses
the side-lobe of the LWA.

From Figure 2-14 to Figure 2-17 show the comparison of the radiation patterns
between the prototype and the tapered leaky wave antenna. \We can notice that the
orientation of the main beam seems-tilt toward broad side, because the proposed
tapering reduces the width and make the phase constant be reduced in the same
frequency point. From Eq(2.4), we can expect that tapering method can lead the beam
to toward the broadside. It can be seen that the side lobes are suppressed due to the
tapering method in the scanning range (from 4.3GHz to 4.9GHz). Moreover, we can
know that the side-lobe is suppressed efficiently by more than 20dB in the 4.3GHz
and 4.5GHz which are shown in Figure 2-14 and Figure 2-15. And for 4.7GHz and
4.9GHz, the side lobe levels are approximately suppressed by 9dB and 5dB,

respectively.
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(a) prototype
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(b) tapered
Figure 2-13. The two structures: (a) prototype, (b) tapered LWA.
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Figure 2-14. Simulated radiation pattern of the prototype and tapered LWA at 4.3GHz
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Figure 2-15. Simulated radiation pattern of the prototype and tapered LWA at 4.5GHz
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Figure 2-16. Simulated radiation pattern of the prototype and tapered LWA at 4.7GHz
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Figure 2-17. Simulated radiation pattern of the prototype and tapered LWA at 4.9GHz
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2.3.2 Simulation and measurement of the first structure

In this section, we take the first step to verify that whether the split ring resonators
work or not. From the simulation shown in Figure 2-18, we can know that the
reflecting wave from the open end can be gathered by the split ring resonators, so it
won’t be radiated to the air. Due to the results from these simulations, we can verify
that the position of the split ring resonators should be put at the open end which
generating reflecting waves.

The simulated normalized phase constant and attenuation constant are shown in
Figure 2-19, and the usable range is approximately from 4.3GHz to 4.9GHz. From
Figure 2-20, we can see the simulated and measured return loss of the first structure of
leaky wave antenna. The measured impedance bandwidth of the first leaky wave
antenna for 6-dB return loss Is approximately from 4.3GHz to 4.9GHz, and it has
good agreement between the simulation and the measurement. And then, from Figure
2-21 to Figure 2-25, they show the simulated -and- measured normalized radiation
patterns in the Y-Z plane, and finally illustrate the measured radiation pattern at each
operating frequency: 4.3GHz, 4.5GHz, 4.7GHz, and 4.9GHz. And from the radiation
patterns, we can find that the scanning degree is nearly from 10" to 45" of the first
structure of the leaky wave antenna. The simulated and measured maximum gain and

radiation angle are also shown in Figure 2-26 and Figure 2-27, respectively.
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Figure 2-18. The different operating frequency of the first structure.

LWA operates at : (a) 4.3GHz ,(b) 4.5GHz, (c) 4.7GHz, (d) 4.9GHz.
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Figure 2-19. Normalized complex propagation constant for the first higher order mode

in the micro-strip line with split ring resonators at the antenna.
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Figure 2-20. The measured and simulated return loss of the first structure.
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Figure 2-21. Simulated and measured normalized radiation pattern at 4.3GHz.
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Figure 2-22. Simulated and measured normalized radiation pattern at 4.5GHz.

2707

4.7GHz

measurement
----- simulation

180
Figure 2-23. Simulated and measured normalized radiation pattern at 4.7GHz.
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Figure 2-24. Simulated and measured normalized radiation pattern at 4.9GHz.
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Figure 2-25. Measured normalized radiation patterns of the first LWA structure.
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Figure 2-26. Simulated and measured radiation angle of main beam of the first LWA.
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Figure 2-27. Simulated and measured radiation gain of main beam of the first LWA.
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2.3.2 Simulation and measurement of the second structure

In this part, we focus on the same structure but put the split ring resonators at the
ground plane. In the second structure, the first verification is to check the simulation
results whether the structure works or not. From Figure 2-28, we know that the
reflecting wave is also trapped by the split ring resonators.

The simulated normalized phase constant and attenuation constant are shown in
Figure 2-29, and the usable range is approximately from 4.3GHz to 4.9GHz. From
Figure 2-30, we will see the simulated and measured return loss of the second
structure of leaky wave antenna. The measured impedance bandwidth of the second
leaky wave antenna for 6-dB-return-loss is approximately from 4.3GHz to 4.9GHz,
and it has good agreement between the simulation and the measurement. And then,
from Figure 2-31 to Figure 2-35, they show the simulated and measured normalized
radiation patterns.in the Y-Z plane, and finally illustrate the measured radiation pattern
at each operation. frequency: 4.3GHz, 4.5GHz, 4.7GHz, and 4.9GHz. And from the
radiation patterns, we can find that the scanning degree is nearly from 10° to 45" of
the second structure of ‘the leaky wave antenna. The simulated and measured
maximum gain and radiation angle are also shown in Figure 2-36 and Figure 2-37,

respectively.
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Figure 2-28. The different operating frequency of the second structure.

LWA operates at : (a) 4.3GHz ,(b) 4.5GHz, (c) 4.7GHz, (d) 4.9GHz.
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Figure 2-32. Simulated and measured normalized radiation pattern at 4.5GHz.
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Figure 2-33. Simulated and measured normalized radiation pattern at 4.7GHz.
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Figure 2-34. Simulated and measured normalized radiation pattern. at 4.9GHz
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Figure 2-35. Measured normalized radiation patterns of the second LWA structure.
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2.4 Conclusions

In this chapter, a method of using split ring resonators is proposed to suppress the
reflection wave from the open-end side. By using the split ring resonators, they can
trap the reflection wave which generates the side lobe of the radiation of the antenna.
According to these two structures, the measured results show the scanning range both
cover 37° for these structures. From Figure 2-20 and Figure 2-30, the measured 6-dB
impedance bandwidth achieves from 4.3GHz to 4.9GHz which is about 13% with
respect to the center frequency at 4.6GHz. The scanning capabilities of these antennas
are from 10° to 45°. The leaky-wave antenna whose length is only about 82mm
(1.184, at 4.3GHz) not only successfully reduces the length but also suppresses the
side lobe. Furthermore, this method does not use any parasitic elements or circuits,
thus we can avoid increase the antenna size and cost. The competitions of the two

structures are shown in Table 2-3.

TABLE 2-3. THE COMPARISONS OF THE TWO STRUCTURES.

First Structure Second Structure
Operating frequency band 4.3GHz~4.9GHz 4.3GHz~4.9GHz
Scanning capability 10°~45° 10°~45°
4.3GHz : 3.171 (dBi) 43GHz:2.77 (dBi)
4.5GHz : 6.179 (dBi) 4.5GHz : 6.073 (dBi)

Gain of main beam
47GHz:5.1 (dBi) 4.7GHz : 6.943 (dBi)

4.9GHz : 4.764 (dBi) 4.9GHz : 4.784 (dBi)
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CHAPTER 3
A DUAL-BAND CIRCULARLY
POLARIZED SLOTTED MONOPOLE
ANTENNA

Nowadays, antenna with circular polarization plays an important role in
communication systems[15], because they allow for more flexibility in orientation
angle between transmitter and receiver antennas, high penetration, and stability.[16]
Therefore, circular polarization antennas can provide much better connectivity with
fixed and mobile communication systems.[17]

In order to have a circular polarized radiation, the orthogonal field components
should have the'equal magnitude and a phase difference of 90°. It is not easy to satisfy
the conditions of generating a circular-polarization. In recently, slots are widely used
in micro-strip antenna designs. The geometry structures of the slots are corresponding
to the radiation patterns and usually leading to get narrow impedance bandwidth and
axial ratio.[18-20]

It is known that the spiral structure can achieve circular polarization characteristics.
In this chapter, we demonstrate a circular polarization design by etching slots at a
spiral structure to achieve the dual-band circular polarization. The proposed antenna
shown in this chapter is a single layer of a micro-strip antenna. The top layer is
composed of a 502 micro-strip transmission line and a spiral-shaped conductor. A
dual-band slotted monopole antenna has been proposed, which operates on the
following bands: 2.45GHz and 5.2GHz, and the axial ratio demonstrate the equal

magnitude of the field components at these bands.
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3.1 Basic theories of monopole antenna and

polarization

3.1.1 Theories of monopole antennas

Monopole antenna is widely used in the communication systems, because it is
easily fabricated, and low cost. In the operating theory, monopole antenna is one half
of a dipole antenna, and it is always mounted on an infinite ground plane. Therefore,
we can regard a monopole antenna as a dipole antenna with the principles of image
theory. In the following, we will discuss the operating theory of the dipole antenna in
this section[21].

Dipole antenna is formed by two symmetrically metal elements, the total length of
the dipole antenna is equal to half wavelength, and ‘it is fed by a two-wire
transmission line to construct a half-wave dipole antenna. In Figure 3-1, we can see
that the current distribution of the dipole antenna is a half sine wave closely, and the
maximum amplitude is at the center of the dipole antenna. The current distribution is

defined as the following equation[21]:

I(2) = I sin(Z (2 — |zl)) (3-1)
Where I, is the maximum value of current magnitude, and z (z < A1/4) is the
position from the center of the dipole antenna. From the above current equation, we
can obtain the electric field distribution formula, and further the radiation pattern can
be calculated. The electric field distribution can be obtained from the following

equation:

—jkor
Ee _ jW,LLIﬂ e J*0T cos((m/2) cosH)

T 4nr sin @

(3-2)
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And the normalized far field pattern is :

cos((m/2) cos )
sin 6

F(0) = (3-3)
The radiation resistance(R,.) of the dipole antenna is 73(Q2).
Because the length and the voltage of monopole antenna is half of dipole antenna,

the impedance of monopole antenna is only half of the dipole antenna. The radiation
resistance of the monopole antenna is Ry = %Rr = 36.5(Q2). The directivity of the

monopole antenna is the double value of dipole antenna[21]:

Dy =— == - 2D, 3-4
M Dipole

1
Qam E-QA,Dipole

where the Q4 is the beam solid angle.

—
™
~

~U(2)

hY
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B

(a) dipole antenna

=™
)
.

S Onarter-wave
1 ‘\ﬁ' monopole current

L/ large ground plane
(b) monopole antenna

Figure 3-1. Current distribution of a (a)dipole antenna, and (b) monopole antenna.[21]
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3.1.2 Theories of polarization

Briefly, a polarization of a plane wave is the instantaneous time-varying of the
electric field at a fixed observation position. Most of all, the simplest polarization
wave is the linear polarization, and here is the presentation of the field of the linear
polarization[21]:

E= a,E, cos(wt — kz) (3-5)
Apparently, the vector of the electric field is fixed at the X-direction, so we call it as a
linearly polarized wave in the X-direction. In addition, there are another polarization
types such as circular. polarization and elliptical polarization. Fortunately, we can
obtain these kinds of polarization with two linear polarization waves with different
direction. Considering the following linear polarization waves, one is in the
X-direction,

Ey(z) S0 E e *eid: (3-6)
and the other is in.the Y-direction, respectively:

E;(2) = GyE,e el (3-7)
From (3-5) and (3-6), the combination-field can be derived:

E(2) = E1(2) + Ey(2) = (G E1/® + Gy Eye/P2)e /M (3-8)

Where E; and E, are the amplitude of the electric field, and ¢, and ¢, are the
phase of each electric field. If we control the parameters (Ej, E,, ¢1, and ¢,)
appropriately, we can obtain the circular and elliptical polarizations. The following
will give a demonstration of obtaining the circular and elliptical polarization.

Circular polarization and elliptical polarization:

If we choose the phase difference of +§, Ap=¢, — ¢, ==

NS

. And we get the

total electric field phasor expression:
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E(z) = @yE eI/ 4 G E, eIk (3-9)

And considering the time-varying expression from (3-8):
E(z,t) = a,E, cos(wt —kz + g) + a,E, cos(wt — kz) (3-10)
From (3-9), we let z = 0, and we will get (3-10)
E(z,t) = G E, cos(wt + g) + @y E, cos(wt) = GrE, + GyE, (3-11)
Further, we can also obtained the following equations:

]Z:_x = cos(wt t g) = —sinwt , and (3-12)

1

I;:—y = coswt (3-13)

2

From (3-11) and (3-12), we can obtain[21]:

4
iElN (3-14)
Obviously, if E; = E,, we will get a circular polarization wave. In the other hand, we

will obtained elliptical polarization wave, 1f E; # E,.

Furthermore, if the Ad = ¢ — ¢, =§, it will generate a right-hand circular

(elliptical) polarization, or it will get a left-hand circular(elliptical) polarization.
Axial Ratio: The value of axial ratio(AR) can present the characteristics of
polarization. AR is defined by the ratio of the major to the minor axis electric field or

by RHCP and LHCP, and it is written as:

ErHcpt+ELHCP
ERHcp—ELHCP

1< AR = |meder| =

minor

< oo (3-15)

or

Erucp+ELHCP

0dB < AR = 20log(|-24| =

minor

)< (3-16)

Errcp—ELHCP

For the perfect circularly polarized wave, the AR value is equal to 1 or 0dB, and the

circular polarization is typically defined as the AR value less than 3dB.
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3.2 Design of the dual-band circularly polarized

slotted monopole antenna

The geometry of the proposed slot antenna is shown in Figure 3-2.[22-25] The
substrate used in fabrication is FR4 material with relative permittivity 4.4, thickness
of 1.6mm, and the overall size is 3.8mm x 3.8mm. On the top side, there are two
exponentially varied spiral curves C; and C,, which are connected with two different
starting points. The characteristic of curve €; -and C, are designed by the following
equations:

C,(t) =r xext (3-16)

—en B2t (3-17)
Where the starting point of curve C; is -3.4 7z, and ended at 0.19 7 . And the curve
C, started from -1.47 to 0.2 7. The parameter of r; is the initial length which is
equal to 11mm. The shrinking coefficient of curves C; and €, 1s° « which is equal
to 0.04. And the & is the shifting parameter of shrinking coefficient whose value is
0.05.[22-25]

Figure 3-2(a) shows that the monopole antenna has 2 notches on the edge of a
spiral-shaped conductor which is related to the circular polarization at 5.2GHz. Figure
3-2(b) shows the ground plane etched with a L-shaped slot which dominants the
circular polarization at 2.45GHz and 5.6GHz, and we can adjust the ratio of the length
and the width of the L-shaped slot to choose the operating frequency band what we

need.
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(@) top layer (b) ground layer
Figure 3-2. The geometry of the proposed slot antenna:

(a) top-layer, (b) ground layer.

TABLE 3-1. FINAL DIMENSIONS OF PARAMETERS

Name of parameters Dimension (mm)

W 3
W1 6

L1 2.3
W2 4

L2 3.8

L3 9

L4 7

L5 6.5
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3.3 Parametric studies

3.3.1 The influence of the L-shaped slot on the ground layer

From the HFSS simulation shown in Figure 3-3 and Figure 3-4, we can know that
the L-shaped slot dominates the axial ratio and the impedance bandwidth in the
2.45GHz apparently. The L-shaped slot plays an important role of generating the
dual-band circularly polarized frequency band which operates at 2.3GHz and 5.6GHz,
and we also find that we can adjust the length and width of the L-shaped slot to get
the operating frequency what we need.

Take the value of Ls for example, we can find out that this parameter dominates
the operating frequency of the return loss and the axial ratio. In the Figure 3-3 and
Figure 3-4, we know that we can not only have a choice about the operating frequency
what we need but also we can get a circular polarization at the lower band around the
2.45GHz. From Figure 3-5 to Figure 3-7, we choose the different length of L. to get

the dual-band circular polarization structure. And finally, we let L; to be 6.5mm.

45



"_\
I‘\-
5 '
L]
|
=
% 1[] B : L] b
1 i ' "
g |} L
= ! \ .
-E 15 — l. :l 'aIII :
\ . [
L i 4 '
= = conventional :
L]
20 - ' r'
\ ¥
- w
—— |-shaped slot at ground
25 1 | 1 | 1 | 1
2 3 4 5 6

frequency (GHz)
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Figure 3-5. The return loss versus frequency at different L.
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Figure 3-6. The axial ratio versus lower-band frequency at different L.

47

2.6



5 Y
m i
E L]
9 ]
831 :
o
e
m
2 -
L5=6.5mm
1L |====- L5=7mm
L5=7.5mm
ﬂ | |. L I i ]. L I 1
4.6 4.8 5 5.2 5.4 5.6
frequency (GHz)
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3.3.2 The influences of the two notches on the top layer

From the simulation results shown in Figure 3-8 and Figure 3-9, we can find out
that the two notches influence the return loss and the axial ratio around the operating
frequency at 5.2GHz. According to this characteristic, we can adjust the parameters of
the slots to the frequency what we want. From simulated results, we can get more
information about how to decide the length and width of the two slots. For example, if
we choose the different length of W, the different value influences the impedance
bandwidth and axial ratio bandwidth around the 5.2GHz which is shown from Figure
3-10 to Figure 3-12. Therefore, we can make a decision to choose the right value

which operates at the frequency we want.
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3.4 Simulation and measurement

The simulated and measured return loss and axial ratio of the slot antenna are
presented from Figure 3-13 to Figure 3-15. From Figure 3-13, we can know that the
measurement of the 10-dB return loss bandwidth achieves 180 MHz (7.4%) and 220
MHz (4.3%) which is from 2.34 GHz to 2.52 GHz (lower band) and from 5.05 GHz to
5.27 GHz (upper band), respectively. From Figure 3-14 to Figure 3-15, the measured
3-dB axial ratio bandwidth reaches 220 MHz from 2.4 GHz to 2.62 GHz or about
8.8% with respect to the center frequency at 2.49 GHz. In the upper band which is
from 5.17 GHz to 5.25 GHz, and we get 80 MHz bandwidth or about 1.54% with
respect to the center frequency at 5.19 GHz.

The measured normalized radiation patterns of RHCP and LHCP at YZ-plane of the
proposed antenna are shown from Figure 3-16 to Figure 3-19. The performance of the
proposed antenna is summarized in Table 3-2. We noted that the radiation patterns are
not omnidirectional because the structure of the fabricated antenna is not symmetrical

and the radiation patterns are also influenced by slots.
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Figure 3-16. The normalized 2.45GHz LHCP radiation pattern.
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Figure 3-17. The normalized 2.45GHz RHCP radiation pattern.
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3.5 Conclusions

A dual-band circular polarized slotted monopole antenna is proposed in this paper
and fabricated on FR4 substrate of whole dimensions 38mm x 38mm with thickness
of 1.6mm. The proposed antenna operates in 2.45 GHz and 5.2 GHz. For this antenna,
the measured reflection coefficient is better than 10-dB between 2.34 GHz to 2.52
GHz and 5.05 GHz to 5.27 GHz, so the impedance bandwidth is about 7.4% and 4.3%,
respectively. Therefore, the measured 3-dB axial ratio bandwidth of the lower band
and higher band are from 2.4GHz to 2.62GHz and from 5.17GHz to 5.25GHz,
respectively. The LHCP is radiated at 2.45GHz on the positive of z-direction. And the
RHCP is radiated at 5.2GHz also-on the positive z-direction. The proposed antenna
whose structure ‘is-Simple and easy to fabricate doesn’t have any additional parasitic
elements or circuits, so it will not increase the cost and antenna size. The detail results

are shown in Table 2-2.

TABLE 2-2

PERFORMANCE OF CONVENTIONAL AND PROPOSED ANTENNA

Lower band Upper band
Impedance Bandwidth(MHZz) 180MHz (7.4%) 220MHz (4.3%)
Axial Ratio Bandwidth(MHz) 220MHz (8.8%) 80MHz (1.54%)
Maximum gain (dBi) 1.68dBi 2.57dBi
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CHAPTER 4

FUTURE WORKS

The proposed designs have achieved the circular polarization monopole antenna,
reduced the leaky wave antenna size, and solved the problem of the side-lobe level.
Therefore, some ideas will be proposed in this chapter.

The first idea is the gain enhancement of the proposed leaky wave antenna. If we
design an array of the leaky wave antenna, we can not only increase the gain but also
improve the directivity. The proposed leaky wave antenna is a short leaky wave
antenna, so the reflection wave-is-large. To talk about the second idea is to make a
feedback network to reuse the reflection wave. The concept of a feedback network is
to recycle the power which is not radiated. The feedback network contains a
branch-line coupler and a 50 micro-strip line feedback delay line loop attached
with it[26]. The non-radiated power is designed to be guided back to the feed of the
leaky-wave antenna. This method will not only suppress the side-lobe level but also
improve the gain of the leaky wave antenna. The proposed ideas can be another topic

to give an extension research.

60



REFERENCES

[1] W. Menzel, "A New Travelling Wave Antenna in Microstrip,” Microwave
Conference, 1978. 8th European, pp. 302-306, 4-8 Sept. 1978 1978.

[2] A. A.Oliner and K. S. Lee, "The Nature of the Leakage from Higher Modes on
Microstrip Line," Microwave Symposium Digest, 1986 IEEE MTT-S International, pp.
57-60, 2-4 June 1986 1986.

[3] A. Oliner and K. Lee, "Microstrip leaky wave strip antennas,” Antennas and
Propagation Society International Symposium, 1986, vol. 24, pp. 443-446, Jun 1986
1986.

[4] Yu-De L. and Jyh-Wen S., "Mode distinction and radiation-efficiency analysis of
planar leaky-wave line source,” Microwave Theory and - Techniques, IEEE
Transactions on, vol. 45, pp. 1672-1680, 1997.

[5] G. M. Zelinski, G. A. Thiele, M. L. Hastriter, M. J. Havrilla, and A. J. Terzuoli,
"Half width leaky wave antennas," Microwaves, Antennas & Propagation, IET, vol. 1,
pp. 341-348, 2007.

[6] O. Losito, M. Gallo, V. Dimiccoli, D. Barletta, and M. Bozzetti, "A tapered
design of a CRLH-TL Leaky wave antenna," Antennas and Propagation (EUCAP),
Proceedings of the 5th European Conference on, pp. 357-360, 11-15 April 2011 2011.
[7] H. Wanchu, C. Tai-Lee, C. Chi-Yang, J. W. Sheen, and L. Yu-De, "Broadband
tapered microstrip leaky-wave antenna,” Antennas and Propagation, IEEE
Transactions on, vol. 51, pp. 1922-1928, 2003.

[8] O. Losito, "A Double Tapered Microstrip Leaky Wave Antenna,” Antennas and
Propagation, 2007. EuCAP 2007. The Second European Conference on, pp. 1-6,
11-16 Nov. 2007 2007.

[9] Y. Miyama, K. Wakino, Yu-De L., and T. Kitazawa, "Broadband Leaky-Wave

61



Antenna Fed With Composite Right/Left-Handed Transmission Line," Antennas and
Propagation, IEEE Transactions on, vol. 56, pp. 3585-3589, 2008.

[10] R. k. Baee, G. Dadashzadeh, and F. G. Kharakhili, "Using of CSRR and its
Equivalent Circuit Model in Size Reduction of Microstrip Antenna,” Microwave
Conference, 2007. APMC 2007. Asia-Pacific, pp. 1-4, 11-14 Dec. 2007 2007.

[11] J. B. Pendry, A. J. Holden, D. J. Robbins, and W. J. Stewart, "Magnetism from
conductors and enhanced nonlinear phenomena,” Microwave Theory and Techniques,
IEEE Transactions on, vol. 47, pp. 2075-2084, 1999.

[12] C. I. Caloz, T., "Electromagnetic metamaterials: Transmission Line Theory and
Microwave Applications,” Wiley Interscience, 2006.

[13] S. N. Burokur, M. Latrach,and S. Toutain, "Influence of split ring resonators on
the properties of propagating structures,” Microwaves, Antennas & Propagation, IET,
vol. 1, pp. 94-99, 2007.

[14] M. Naghshvarian-Jahromi and M. Tayarani, "Defected. ground structure
band-stop filter by semicomplementary split ring resonators,” Microwaves, Antennas
& Propagation, IET, vol. 5, pp. 1386-1391, 2011.

[15] S. H. Yeung, K. F. Man, and W.-S. Chan; "Wideband circular polarized antenna
with a slot composed of multiple circular sectors,” in Antennas and Propagation
Society International Symposium (APSURSI), 2010 IEEE, 2010, pp. 1-4.

[16] Yong-Xin G., Lei B., and Xiang Quan S., "Broadband Circularly Polarized
Annular-Ring Microstrip Antenna,” Antennas and Propagation, IEEE Transactions on,
vol. 57, pp. 2474-2477, 2009.

[17] Kuo-Fong H. and Yi-Cheng L., "Novel Broadband Circularly Polarized
Cavity-Backed Aperture Antenna With Traveling Wave Excitation,” Antennas and
Propagation, IEEE Transactions on, vol. 58, pp. 35-42, 2010.

[18] G. B. Abdelsayed, S. I. Shams, and A. M. M. A. Allam, "Triple-band circularly
62



polarized slotted patch antenna for GPS and UMTS systems,” in Microwave
Symposium (MMS), 2010 Mediterranean, 2010, pp. 448-451.

[19] C. Igwe, "Axial ratio of an antenna illuminated by an imperfectly circularly
polarized source,” Antennas and Propagation, IEEE Transactions on, vol. 35, pp.
339-342, 1987.

[20] B. Y. Toh, R. Cahill, and V. F. Fusco, "Understanding and measuring circular
polarization," Education, IEEE Transactions on, vol. 46, pp. 313-318, 2003.

[21] W. L. S. a. G. A. Thiele, "Antenna Theory and Design, John W iley & Sons,"
New York, 1998.

[22] P. Mousavi, B. Miners, and O. Basir, "Wideband L-Shaped Circular Polarized
Monopole Slot Antenna,” Antennas-and Wireless Propagation Letters, IEEE, vol. 9,
pp. 822-825, 2010.

[23] I. Yun-Taek, L. Jee-Hoon, R. A. Bhatti, and P. Seong-Ook, "A Spiral-Dipole
Antenna for MIMO Systems,” Antennas and Wireless Propagation Letters, IEEE, vol.
7, pp. 803-806, 2008.

[24] Hua-Ming C. ‘and Kin-Lu W., "On the circular polarization operation of
annular-ring microstrip antennas;” Antennas-and Propagation, IEEE Transactions on,
vol. 47, pp. 1289-1292, 1999.

[25] J. S. Row, "Dual-frequency circularly polarised annular-ring microstrip antenna,”
Electronics Letters, vol. 40, pp. 153-154, 2004.

[26] H. V. Nguyen, A. Parsa, and C. Caloz, "Power-Recycling Feedback System for
Maximization of Leaky-Wave Antennas' Radiation Efficiency,"” Microwave Theory

and Techniques, IEEE Transactions on, vol. 58, pp. 1641-1650, 2010.

63



