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Abstract

In this thesis, a low-profile wideband circularly polarized magnetoelectric (ME) dipole
antenna with parasitic patches is proposed. The proposed element, consisting of a pair
of rotationally symmetric inverted L-shape patches acting as an electric dipole with four
parasitic patches, is fed by a longitudinal slot etched on top of a short-end substrate in-
tegrated waveguide (SIW), with a height of only 0.07)\,, where )\, equals the free space
wavelength at 28GHz. The simulation shows that the element achieves a wide impedance
and 3dB axial ratio (AR) bandwidth of 22.1% (from 24.64 to 30.77GHz) and 20.1% (from
25.22 to 30.85GHz) respectively, and a gain of 8.0 + 0.7 dBic over the operating band. To
verify the performance of the antenna element, an antenna prototype that combines the
antenna element with additional transmission lines and walls aiming to suppress the sur-
face wave and provide better isolation from surroundings has been designed, fabricated,
and measured. Due to the above modifications, the prototype reveals different results
compared to the element; the measured results indicate that the fabricated antenna proto-
type can achieve an impedance and 3dB-AR bandwidth of 19.7% (from 24.96 to 30.4GHz)
and 17.5% (from 25.67 to 30.59GHz) respectively, and a gain of 7.2 + 1.1 dBic over the

operating band. Finally, based on the proposed antenna element, a four-element linear



circularly polarized antenna array with a SIW feeding network has been designed, fabri-
cated, and measured. The array has a wide measured impedance and 3dB-AR bandwidth
of 17.39% (from 25.42 to 30.26GHz) and 16.93% (from 25.57 to 30.30GHz) respectively, and

a peak gain of 12.9dBic without using the sequential feed.
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Abrégé

Dans cette these, une antenne dipdle magnétoélectrique (ME) a large bande et a large
bande avec des plaques parasitaires est proposée. L'élément proposé, constitué dune
paire de patchs en forme de L inversé symétriques en rotation agissant comme un dipole
électrique avec quatre plaques parasitaires, est alimenté par une fente longitudinale gravée
au-dessus d'un guide d’ondes intégré a substrat court (SIW), avec une hauteur de seule-
ment 0,07 X\, out Ay est égal a la longueur d’onde de l'espace libre a 28 GHz. La simula-
tion montre que 1'élément atteint une large impédance et une bande passante de rapport
axial (AR) de 3 dB de 22,1 % (de 24,64 a 30,77 GHz) et 20,1 % (de 25,22 a 30,85 GHz)
respectivement, et un gain de 8,0 + 0,7 dBic sur la bande d’exploitation. Pour vérifier
les performances de 1’élément d’antenne, un prototype d’antenne qui combine 1'élément
d’antenne avec des lignes de transmission et des murs supplémentaires visant a sup-
primer l'onde de surface et a fournir une meilleure isolation de I'environnement a été
congu, fabriqué et mesuré. En raison des modifications ci-dessus, le prototype révele des
résultats différents par rapport a I'élément ; les résultats mesurés indiquent que le proto-
type d’antenne fabriqué peut atteindre une impédance et une bande passante 3dB-AR de

19,7% (de 24,96 a 30,4 GHz) et 17,5% (de 25,67 a 30,59 GHz) respectivement, et un gain

1ii



de 7,2 + 1,1 dBic sur la bande d’exploitation. Enfin, sur la base de I'élément d’antenne
proposé, un réseau d’antennes linéaires a polarisation circulaire a quatre éléments avec
un réseau d’alimentation SIW a été congu, fabriqué et mesuré. La matrice a une large
impédance mesurée et une bande passante 3dB-AR de 17,39 % (de 25,42 a 30,26 GHz)
et 16,93 % (de 25,57 a 30,30 GHz) respectivement, et un gain de créte de 12,9 dBic sans

utiliser I’alimentation séquentielle.
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Chapter 1

Introduction

1.1 Motivation

With the rapid growth of internet-of-things(IoT) and fifth-generation mobile networks(5G),
antennas that are crucial to a wireless communication system’s performance have started
gaining more attention, especially those operating in millimeter band. Currently, there is
no strict boundary of the millimeter band. Some papers [6] state the range of millimeter
band as 30GHz to 300GHz, but some works [19] indicate the range starting at 24.25GHz
or 26.5GHz (Ka-Band), which are aligned with frequency range 2 (FR2) of 5G communi-
cation systems. This thesis follows the latter definition to describe the millimeter band.
With a shorter wavelength, millimeter-wave (mmWave) antennas have several ad-
vantages over those operating in lower frequencies. First, mmWave antennas have a
smaller physical dimension and could be easily integrated into smaller devices. Sec-
ond, as mmWave antennas operating at a higher operating frequency, they could transmit

data at a faster rate and meet the increasing demand of data flow. Moreover, in contrast



to lower frequency bands, in which most of the spectrum resources have already been
occupied by existing applications, the millimeter band still has plenty of resources avail-
able for novel designs and products. Finally, the millimeter-wave antenna could provide
higher resolution comparing to ones in lower frequencies, which allows the development
of applications with high precision requirements such as object detection [31] and body
vital signs monitoring [52].

However, with higher frequency and shorter wavelength, there are also various chal-
lenges when designing a mmWave antenna, such as high free-space path loss and trans-
mission line loss. Free-space path loss describes the loss in signal strength during signal
transmission between transmitter and receiver in free space and increases with the oper-
ating frequency of an antenna [34]. A way to reduce the free-space path loss is to improve
the overall gain of the antenna by placing multiple identical antenna elements into an
antenna array at an optimal distance to form a single high gain narrow beam [38].

Transmission line loss is another major challenge for a mmWave antenna. At lower
frequencies, antennas utilize a feeding network consisting of microstrip lines or coaxial
cables. However, at mmWave frequency, the transmission loss using traditional meth-
ods becomes significant and negatively impacts the antenna performance, especially for
an antenna array. A way to solve it is to use a waveguide. However, the conventional
waveguide is expensive to produce and complicated to integrate with planar circuits due
to its larger size. The substrate integrated waveguide [22] was proposed to overcome this
issue: it could be easily fabricated at a lower cost on a PCB board and has fewer space
constraints comparing to conventional rectangular waveguides while maintaining low

transmission loss.



Among different antennas, various types of circularly polarized (CP) antennas, such
as microstrip patch [51] [16] [40] and cavity [32] [4] [17] antennas, have received more
attention due to their ability to suppress the multipath loss and polarization mismatch
loss [21]. However, most of those works have a limited 3dB axial ratio (AR) bandwidth.
A way to address this issue is to introduce the concept of the magnetoelectric (ME) dipole
[28].

The ME dipole antenna was proposed by [29]. By exciting a planar electric dipole and
a shorted patch antenna acting as a magnetic dipole simultaneously, the ME dipole an-
tenna could achieve excellent electrical performance such as wide impedance bandwidth,
low back radiation, and symmetrical radiation patterns in both E and H-plane. Various
circularly polarized ME dipole antennas have been introduced in the past [26] [28]. How-
ever, most of those works still follow the conventional guideline proposed in [29] and
utilize substrates with a height of a quarter wavelength which complicate the integration
process with front-end circuits. A low-profile wideband CP ME dipole antenna is highly

desired.

1.2 Contribution

The contributions of this thesis are organized as follows:

1. Chapter 2 provides background information of basic antenna parameters, substrate
integrated waveguide (SIW), magnetoelectric(ME) dipole antennas, and antenna ar-

rays.



2. In Chapter 3, a novel low-profile wideband circularly polarized magnetoelectric
dipole antenna with parasitic patches is proposed. The proposed element is fed by a
longitudinal slot etched on top of a short-end substrate integrated waveguide (SIW)
and has achieved a wide overlapped bandwidth of 19.8%(25.22GHz to 30.77GHz)
and reduced the thickness of conventional ME dipole antenna from 0.25 to 0.1 A, ,
where \; = A\ / /& (Ao and ¢, represent the free space wavlength at 28GHz and
relative permittivity of the substrate material respectively). To verify the proposed
element, an antenna prototype that combines the antenna element with additional
transmission lines and walls is designed and fabricated. Due to the above modi-
fications, the prototype reveals different results compared to the original antenna
element; the antenna prototype achieves a wide measured impedance and 3dB-AR
bandwidth of 19.7%(24.96 to 30.4GHz) and 17.5%(25.67 to 30.59GHz) respectively,

and a gain of 7.2 £ 1.1 dBic over the operating band.

3. In Chapter 4, I first determine the optimal distance between antenna elements.
Then, a 1x4 SIW power divider that distributes input energy uniformly to four out-
put ports with the same phase is designed. Finally, a four-element linear CP antenna
array with the SIW feeding network is designed and fabricated based on the pro-
posed power divider and antenna elements. The antenna array achieves a wide
measured impedance and 3dB-AR bandwidth of 17.39%(from 25.42 to 30.26GHz)
and 16.93%(from 25.57 to 30.30GHz) respectively, and a peak gain of 12.9dBic with-

out using the sequential feed.



4. A research paper entitled Design of a Ka-Band Low-Profile Wideband Circularly Polar-
ized Magneto-Electric Dipole Antenna With Parasitic Patches and Its Array has been
produced by Luoging Wang and Zeljko Zilic and submitted on July 28, 2021 to the
Asia-Pacific Microwave Conference taking place in Brisbane, Australia in Novem-

ber, 2021.



Chapter 2

Background

2.1 Antenna Basics

2.1.1 Return loss

The return loss is related to the reflection coefficient I' or Sy;; it determines the extent
to which the power has been reflected from the antenna to the transmission line [39],
pg-112. The return loss is measured on a logarithmic scale, as seen in the Equation 2.1.
Ideally, all energy from the transmission line should be transferred to the antenna for
radiation. However, this is hard to achieve due to the impedance mismatch between the
transmission line and the antenna. As a result, in this thesis, the impedance bandwidth is
defined as the range of frequencies which has the return loss or |Si;| less than -10dB. To
better compare with other works, the fractional bandwidth [39], pg.218, has been used,

which is defined as seen in the Equation 2.2 where f, and f; represent the upper and



lower frequency of the operating band respectively.

Return Loss = —20logo|T| (2.1)
Fractional Bandwidth = 2u (2.2)
fu + fl

2.1.2 Radiation Pattern

The antenna radiation pattern is a graphic representation of the field or power radiated
by the antenna to the free space in the far-field region [5], pg.25-30. The radiation pat-
tern could be three-dimensional, or one can observe two-dimensional principal planes of
the 3D pattern, depending on the usage. In this thesis, the radiation pattern refers to the
power pattern, which represents the power density at a constant radius from the antenna
on a logarithmic scale. A commonly used spherical coordinate system from [5], pg.26 is
adopted for antenna analysis as shown in the Figure 2.1. For directional antennas, the
main lobe, the radiation lobe with maximum radiation, should point to the desired direc-
tion. In contrast, the minor lobes, the radiation lobes other than the main lobe, should be

minimized to avoid the possible interference [5], pg.25-30.

2.1.3 Directivity and Gain

The directivity of an antenna is defined by the following Equation 2.3 from [5], pg. 41,
where D, U, Uy, and P,,q represent directivity, radiation intensity, radiation intensity of
isotropic source, and total radiated power respectively. In other words, the directivity

is a ratio of the radiation intensity of an antenna in a specific direction to the radiation
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Elevation plane

Major

lobe — 1

Minor lobes il

Azimuth plane

Figure 2.1: Coordinate system for antenna analysis, adopted from [5], pg.26

intensity of an isotropic source, an ideal imaginary antenna that radiates power equally

to all directions. If the direction is not given, the direction of the maximum radiation

intensity is assumed as seen in the Equation 2.4 from [5], pg.41.

D_ 2 _ 47U
UO Prad
Dmax _ Umam . 47TUmaz

UO B Prad

(2.3)

(2.4)

Gain is another important aspect of an antenna that determines to what extent the

power is radiated in each direction compared to an isotropic source. It is similar to the



directivity introduced above but taking the efficiency of the antenna into consideration as
shown in the Equation 2.5 from [5], pg. 61-63, where e, represents the antenna radiation
efficiency which takes conduction and dielectric losses of the antenna structure into the
consideration.

Gain = eqD (2.5)

2.1.4 Polarization

Polarization is an essential characteristic of an antenna; it is the same as the polarization
of the wave radiated by the antenna and defined as the pattern traced out by the tip of
the electric field vector as a function of time at a fixed point [5], pg.66-69. Two anten-
nas need to match the polarization of each other to reach maximum efficiency. There are
three types of polarization: linear, circular, and elliptical, as shown in the Figure 2.2. A
Linear polarized antenna has the electric field vector, which is always oriented along the
same axis at a fixed point. An antenna is circularly polarized if the tip of the electric
tield vector traces a circle at a fixed point in space. Based on the rotation of the electric
tield vector, CP antennas could be further categorized into two types: left-hand circularly
polarized(LHCP) antennas if the vector rotates counterclockwise and right-hand circu-
larly polarized(RHCP) antennas if the vector rotates clockwise. An antenna is elliptically
polarized if the tip of the electric field vector traces an ellipse at a fixed point in space.
The polarization ellipse from [5], pg.67, is shown in the Figure 2.3, where OA, OB,
E,, and E,, T represents the major axis, minor axis, y-component of the electric field,

x-component of the electric field, tilt of the ellipse relative to y-axis respectively. Under a



perfect condition, a circularly polarized antenna should have the axial ratio (AR), a ratio
of the major and minor axis of the polarization ellipse, of 1 or 0dB [5], pg.66-69. In this
thesis, the axial ratio (AR) bandwidth is defined as the range of frequencies that has an
axial ratio less than 3dB. Moreover, CP antennas still need to have acceptable return loss
to work properly. Therefore, the overlapped bandwidth has also been used and is defined

as the range of frequencies which has |S}; | less than -10dB and an axial ratio less than 3dB.

Linear +Cirmlar + Elliptical

Figure 2.2: Types of polarization, adopted from [36]
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Figure 2.3: Polarization ellipse, adopted from [5], pg. 67
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2.2 Substrate Integrated Waveguide

In the millimeter-wave band, the transmission loss has become a non-negligible prob-
lem for traditional transmission lines such as microstrip lines and suspended lines. A
waveguide is a special form of transmission line containing EM waves inside a hollow or
dielectric-filled metal tube and transports them from one point to another as shown in the
Figure 2.4 from [9]. Comparing to other transmission methods, waveguides have several
advantages such as less transmission loss, higher isolation, and lower leakage [18] which
makes it an ideal candidate for transporting millimeter waves. A waveguide could be fur-
ther categorized into different types based on the cross-section shape, such as rectangular
and circular waveguides. The waveguide also supports waves in both TE(transverse elec-
tric) and TM(transverse magnetic) mode; TE mode indicates that the electric field is per-
pendicular to the direction of propagation, while TM mode represents the magnetic field
is perpendicular to the direction of propagation. However, as the conventional waveg-
uide at mmWave frequencies requires a high-cost precision machining process and has
a larger physical dimension, it is expensive to manufacture and complicated to integrate
with the planar circuit [10].

To overcome those issues, substrate integrated waveguide (SIW), a special rectangular
dielectric-filled waveguide in a planar form, has been proposed [18]; it has well-preserved
advantages of a conventional waveguide such as low transmission loss while maintaining
a much lower profile. The SIW is embedded inside a metal-clad substrate with two rows
of metallic vias in between, as shown in the Figure 2.5. Even though the SIW has similar

properties as a regular waveguide, there are still some differences. The SIW has leakage

12



>

e
é

Figure 2.4: 3D view of a rectangular waveguide, adopted from [9]

loss due to the gaps between the vias [46]; the energy could escape from the gaps, and
the leakage loss increases with spacing. Moreover, as those gaps prevent longitudinal
current from traveling, the SIW only supports waves that excite in the TE mode [46].
Furthermore, due to the periodic structure, the SIW might experience the bandgap effect
[11]; it is important to ensure that there are no bandgaps within the operating bandwidth
when designing a SIW.

Different transition schemes have been used to connect to SIW, such as waveguide-
to-SIW [25], coplanar waveguide-to-SIW [41], and microstrip line-to-SIW [23]. However,
most existing works only provide rough guidelines or structures for the transition com-
ponent; there is a limited number of studies that offer mathematical procedures for calcu-
lating the dimensions and often require a time-consuming parameter search. Due to the

time and manufacturing limitations, we utilize the 50-ohm microstrip line, which could

13



match the impedance of a standard connector and provide better overall efficiency, to

feed the SIW directly in this thesis.

2.21 Design of a SIW waveguide

In this thesis, the design process from [11] [46] have been studied and used as guidelines.

The process contains the following steps:

1. Choose substrate material and select s/d(<2.0) and d/w(<1/5) where s is the dis-
tance between the center of vias, d is the diameter of the vias, and w is the width of

the SIW.

2. Calculate equivalent waveguide width using the Equation 2.1 where ). is the wave-

length of the cut-off frequency and ¢, is the relative permittivity of the substrate

material.
¢ (2.6)
Wepf = .
Y G
3. Calculate w by solving the Equation 2.2

d? d?

Wepp=w—1.08-— +0.1-— (2.7)
S w

4. Calculate d and s. For this step, the size of d and s is mainly determined by the

availability of drills from the manufacture.

Following the above steps, we have calculated the SIW network’s dimension based on

our target characteristics, which should have a working frequency band between 24GHz

14



to 32GHz. The substrate material in our design is Rogers 5880 with a height of 0.787mm,
a dielectric loss tangent of 0.0009, a relative permittivity of 2.2. The dimension of the SIW

could be found in the Table 2.1.

Table 2.1: Dimension of the SIW prototype

Parameter w d S L
Value 585mm 0.7mm 1.3mm 30cm

To verify the design choice, a SIW with two wave ports on each end and a length of
30cm is simulated using HFSS as shown in the Figure 2.5. The result shown in the Figure
2.6 indicates that the selected parameters of the SIW meet the requirement by providing
a stable operating frequency band between 24GHz to 32GHz which covers our targeted
working frequency; the return loss(S1) is less than -15dB, and the insertion loss(S2;) is

around 0.2dB for the frequency range from 24GHz to 32GHz over a 30cm distance.

Figure 2.5: Geometry of the SIW prototype

15
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Figure 2.6: Simulated S-parameters of the SIW prototype
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2.3 Magnetic Electric Dipole Antenna

The concept of a complementary antenna consisting of an electric dipole and a magnetic
dipole was proposed by Clavin in 1954 [8]. The original design consists of two comple-
mentary antennas: a half-wavelength electric dipole and an open-end coaxial line carry-
ing T'Ey; mode acting as a magnetic dipole. An electric dipole has a figure-8 and a figure-
O shape in the E and H plane, respectively, while the magnetic dipole has a figure-O and
figure-8 shape as seen in the Figure 2.7. By feeding both antennas with proper amplitude
and phase simultaneously, a unidirectional(cardioid) pattern with low back radiation can
be realized.

Magnetoelectric (ME) dipole antenna is a type of complementary antenna introduced
by Luk and Huang in 2006 [29]. The ME dipole antenna has a similar concept as the origi-
nal complementary antenna proposed in [8], which combines a planar electric dipole and
a magnetic dipole realized by a shorted patch antenna as shown in the Figure 2.8. By
exciting the electric and magnetic dipoles with proper amplitude and phase simultane-
ously, the ME dipole antenna could achieve excellent electrical performance such as wide
impedance bandwidth, low back radiation, and symmetrical radiation patterns in E and

H-plane.
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Figure 2.7: Complementary antenna concept, adopted from [30]

)
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a) Conventional b) Quarter-wave patch c) An  anfenna
half-wavelength antenna fed by L-probe consisting  of an
electric  dipole electric dipole and a
antenna quarter-wave patch

Figure 2.8: Structure of the ME dipole antenna, adopted from [29]
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2.3.1 Circularly Polarized Magnetoelectric Dipole Antenna

In this thesis, circular polarization is of principal interest, due to its ability to suppress
multipath interferences and reduce the loss of polarization mismatch [21]. In general,
CP radiation could be realized if the antenna has two orthogonal modes with the same
amplitude and a phase difference of 90° [5], pg. 830.

Various techniques for different types of antennas have been proposed to achieve cir-
cular polarization in the millimeter-wave band. For microstrip antennas, techniques such
as trimming corners [51], adding tabs [16], and U-slot [40] have been utilized to gener-
ate circularly polarized radiation. Moreover, for CP cavity antennas, various shapes of
cavities have been introduced, such as hexagonal cavity with truncated corners [17] and
tapered-elliptical cavity [4]. However, most of those works have a narrow AR bandwidth.
A way to address this issue is to introduce the concept of the ME dipole [28].

Different configurations [26] [12] [28] have been proposed to realize CP radiation on
ME dipole antennas in millimeter band. In [26], the author realized CP radiation on a
LP ME antenna by truncating a pair of electric dipole and adding a hook-shaped strip to
another pair. This antenna has achieved wide impedance and AR bandwidth of 56.7%
and 41%, respectively. However, this antenna was fed by a conventional L-shape probe
which leads to a complicated manufacturing process. In [12], a compact coaxial fed CP
ME dipole antenna with SIW feeding network was proposed. The antenna utilizes a pair
of rotational symmetrical lighting-shape patches as an electric dipole to generate CP ra-
diation and is excited by an L-shape feeding structure consisting of a rectangular stub

and an inner conductor of the coaxial connector which is a part of SIW to coaxial tran-
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sition. The antenna has achieved an impedance and AR bandwidth of 24.2% and 16.5%,
respectively. In [28], the author proposed a CP aperture-fed ME dipole antenna with SIW
feeding network, which contains two pairs of patches as electric dipoles. This antenna
realizes CP radiation by connecting the two diagonally positioned patches using a metal-
lic strip above the aperture. The antenna has achieved wide impedance and axial ratio
bandwidth of 28.8% and 25.9%, respectively, at 60GHz. A common drawback to their
works is the high profile; they both follow the original guideline proposed in [29] and
utilize substrates with a height of roughly quarter wavelength which becomes a major
issue when integrating the antenna into a front-end system. A low-profile wideband CP
ME dipole antenna is in high demand.

Different techniques have been proposed to lower the profile of a LP ME dipole an-
tenna. At lower frequency, the ME dipole antenna could reduce its thickness by folding
the magnetic dipole [14] [13] and inclining the vertical walls [30]. However, these meth-
ods cannot be simply adapted for antennas fabricated on the printed circuit boards(PCB)
due to the manufacturing complexity. In [24], the author proposed to use H-taper ground
to lower the height to 0.11 ). But this method still requires four layers of PCBs, which
significantly increases the cost and manufacturing complexity. In 2020, [42] proposed an
alternative way to reduce the thickness of a ME dipole antenna. The authors introduced
two pairs of parasitic patches on the sides of the electric dipole. The slot feeds the electric
dipole, and the dipole, in turn, drives four patches. The author succeeded in reducing the
thickness of the antenna to 0.07 Ay and increasing the bandwidth at the same time.

Comparing to the LP ME dipole antennas, only a few studies on low-profile wideband

CP ME dipole antennas are conducted in the millimeter band. In [49], Xu et al. replaced
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the straight arms of the LP ME dipole antennas with two L-shape patches, similar to
works [37] [21], to generate orthogonal fields on the electric dipole with a low profile
feeding network. However, the antenna still has a thick substrate with a height of 0.25
As and a limited AR bandwidth of 8.29%. Very recently, [53] introduced a low profile CP
antenna with two L-shape patches acting as the electric dipole and hexagonal parasitic
patches at the time of writing this thesis and achieved a thin substrate of 0.15), and an
overlapped bandwidth of 16.3%. It should be noted that antennas demonstrated in this
thesis were already developed before its publication and achieves a lower profile of 0.1),.

Different feeding methods such as L-shape probe [26] and aperture [28] have been
utilized to excite the ME dipole antenna in millimeter band. Among them, the aperture
coupling is easier to manufacture [54]. Moreover, the slot could also introduce additional
resonant frequency, which could further increase the bandwidth. For SIW feeding net-
works, [1] demonstrates two potential positions of the slot: longitudinal and transverse,
as shown in the Figure 2.9. The longitudinal slot requires an additional matching post in
the substrate. However, it could provide wider bandwidth comparing to the transverse

slot [1].

2.4 Circularly Polarized Antenna Array

Due to the shorter wavelength, mmWave antennas experience higher propagation loss
than those in lower frequencies [2]. As a result, a single mmWave antenna often cannot
tulfill the practical requirements, and an array of multiple antenna elements is required

to improve the overall antenna performance. There are no strict rules on how to position
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Substrate Integrated Waveguide

Impedance

matching post Slot

Input port

Figure 2.9: Different coupling aperture for a SIW Longitudinal(Left) Transverse(Right),
adopted from [54]

elements inside an array. But in general, according to [5], pg. 285-286, the following
factors need to be considered when designing an array: the overall physical layout of
the array (linear, circular, etc.), separation distances between elements, and the phase and
amplitude of excitation at each element, and the characteristic of a single antenna element
such as radiation pattern and bandwidth.

Various circularly polarized antenna array has been proposed in the past and can be
divided into three categories based on the polarization of the antenna elements and their
feeding networks: LP elements with sequential rotated feeding network, CP elements
with sequential rotated feeding network, and CP elements with uniformly distributed
feeding network [54].

The sequential rotated technique (SRT) [20] was introduced by J. Huang to generate

circularly polarized radiation from LP elements by arranging them with an angular ori-
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entation and feed phase difference of 90° from neighbor elements. Figure 2.10 from [20]
illustrates the two basic CP array arrangements using sequential rotated feeding tech-
nique, where v indicates both angular orientation and feed phase of the LP element. As
identical LP elements generate an electric field vector orthogonal to their neighbors with
the same amplitude and a phase difference of 90°, both arrays are expected to create cir-

cularly polarized radiation.

¥ = 180°

®|y-90°

l}t= 0 \(;: 2700| @

®|y=90° e !Y =900

¥=0° V=00
(@) (®)

Figure 2.10: 2x2 microstrip arrays using sequential rotated technique, adopted from [20]

This technique has been used broadly in the millimeter band. In [15], D. Guan et al.
proposed a 16x16 CP cavity-back slot antenna arrays using a SIW feeding network with
SRT and achieved an AR bandwidth of 13.8%. The work utilizes a 2x2 subarray consist-
ing of 4 LP cavity-back slot antennas as a basic building block and arranges them into a
sequential rotation order with a phase difference of 90°. In [48], J. Xu et al. proposed a
dual CP antenna array realized by sequential rotating subarrays consisting of LP SIW-fed
patches and achieved a 2-dB AR bandwidth of 8.89% for both polarizations. The SRT
has also been applied to arrays with CP elements to further increase their AR bandwidth.
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In [43], the authors proposed a 1x2 CP array with CP ME dipole elements arranged by a
difference of 90° and a sequential SIW feeding network realized by one phase delay line.
The antenna array achieves a wide AR bandwidth of 24.7% despite its elements only have
a limited AR bandwidth of 9.7%. In [12], the authors proposed a 4x4 CP antenna array
consisting of CP ME dipole antenna elements and a sequential rotated feeding network;
this work utilizes 2x2 subarrays as a basic building block and arranges them with a se-
quentially rotated angle of 90°. The final antenna array improves AR bandwidth from
16.5% of a single element to 27.8%. However, a sequential rotated feeding network often
requires a complicated design and manufacturing process and a large area for implemen-
tation [47].

A simpler way to design a CP array is to utilize uniformly distributed feeding net-
works that feed each antenna element with the same amplitude and phase. However,
without the help of the SRT to improve AR performance, this method generally requires
wideband elements. In [28], an 8x8 CP antenna array with a full-corporate SIW feeding
network based on a wideband CP ME dipole element was proposed and achieved a wide
AR bandwidth of 16.5%. In [49], the authors constructed a 2x2 CP antenna array and a
low-profile full-corporate feeding network using microstrip lines. The array has achieved

an AR bandwidth of 11.33%.
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Chapter 3

Low-profile Wideband Circularly
Polarized Aperture-Fed ME Dipole

Antenna with Parasitic Patches

Circularly polarized antennas have attracted more attention due to their ability to sup-
press multipath loss and polarization mismatch loss [21]. Various CP ME dipole anten-
nas [26] [28] have been proposed in the past. However, there is one common drawback
to their works, thickness. As most of the works follow the original guidelines proposed
in [29], they utilize substrates with a height of a quarter wavelength which limits the
antenna applicability.

In this chapter, a novel low-profile wideband circularly polarized ME dipole antenna
with parasitic patches is proposed. To verify the performance of the antenna element, an

antenna prototype with additional transmission lines and walls has also been designed,
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fabricated, and measured. The design of antennas is aided with the help of a 3D full-wave

electromagnetic (EM) solver Ansoft HFSS [3].

3.1 Geometry

The geometry of the proposed circularly polarized ME dipole antenna with parasitic
patches is shown in the Figure 3.1. The antenna comprises two layers of substrates made
of Roger 5880 with a height of 0.787mm, a dielectric loss tangent of 0.0009, a relative per-
mittivity of 2.2, a size of 10.7mm x 10.7mm (1 Ay x 1 Ay at 28GHz). A short-ended SIW
feeding network is designed in the bottom layer. A longitudinal slot is etched on the up-
per ground plane of the SIW to feed the radiating element, and a matching post is also
added in the bottom layer to improve the impedance matching. The radiating element is
implemented in the second layer. Two inverted L-shape patches working as an electric
dipole are placed on the top of the second layer and shorted by the two metalized vias
embedded in the substrate. To improve both 3dB axial ratio and impedance bandwidth,
four parasitic patches are added near the electric dipole, inspired by [42]. The detailed
dimension of the antenna element is shown in Table 3.1.

Table 3.1: Dimension of the proposed antenna element (unit:mm)

Parameter A P1 P2 B1 Al C1 (C2 C3 C4 R1

Value 585 1.3 117 065 4 38 14 1.85 245 0.15
Parameter DI L1 L2 L3 I4 SS1 SS2 SS3 P R3
Value 1.75 1 0425 206 1.7 0.1 1205 0.15 265 0.42
Parameter hl h2 R2

Value 0.787 0.787 0.35
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Figure 3.1: Geometry of the proposed antenna element
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Figure 3.1: Geometry of the proposed antenna element (cont.)
28



3.2 Design Process

The entire design process of the proposed antennas is shown in the Figure 3.2. The design
process starts with a basic aperture-fed linear polarized ME dipole antenna based on [42].
This basic antenna consists of a pair of shorted rectangular patches acting as an electric
dipole and a magnetic dipole realized by the aperture between patches as shown in the
Figure 3.2a. The bottom substrate contains the SIW feeding network, which follows the
same dimension as calculated in the last chapter with a matching post. The height of
the two substrates is set to be 1.8mm or 0.25),, where A\, = )¢ / /€. , following the
conventional guideline proposed by [29].

By replacing the original rectangular electric dipole with two rotational symmetric
inverted L-shape patches similar to ones used in [12], the electric dipole generates rota-
tional electric field on their surface and radiate circularly polarized waves. The structure
of this antenna is shown in the Figure 3.2b. The width and length of the two arms and
the slot are adjusted to maximize the overlap bandwidth. The result has been posted in
the Figure 3.3a and 3.3b. This simple structure has achieved overlapped bandwidth of
9.8%(from 27.86GHz to 30.74GHz) which are comparable to the recently published CP
ME dipole antennas works [43] and [49] which have overlapped bandwidth of 9.7% and
8.29% respectively.

However, there are two drawbacks to this reference design: narrow AR bandwidth
and thick substrates. To achieve low profile and expand the bandwidth, the parasitic
patches have been added close to the electric dipole and the slot have been readjusted

while reducing the height of substrates by half. As shown in Figure 3.3a, and 3.3b, those
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(b) CP ME Dipole Antenna(Reference) (c) Proposed Antenna

Figure 3.2: Design process of the proposed antenna element

changes do not only reduce the height of the antenna but also significantly improve the

performance of the reference antenna element.
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3.3 Operating Principle

The current distributions on the electric dipole and parasitic patches in one period of time,
T, at two AR resonant frequencies, 26.2GHz and 29.5GHz, are shown in the Figure 3.4 and
3.5 respectively to illustrate the circular polarization generation process. At the lower
frequency, 26.2GHz, the radiation is mainly contributed by the electric dipole, and the
sum of current vectors flows along the direction of ¢=315° at t=0. At t=T/4, the radiation
is contributed by both parasitic patches and electric dipole. The current on the patches
flows mainly in the negative y-direction, while the current on the electric dipole flows in
the negative x-direction. By combining the current vectors, the sum of the current vector
flows along the direction of p=225°. At t=T/2 and 3T/4, the sum of the current vector
has a similar amplitude as those at t=0 and T/4, respectively but flows in the opposite
directions.

At t = 0 in the higher frequency, 29.5GHz, the radiation is contributed by the electric
dipole together with top-left and bottom-right patches. As the current vector flows along
the positive y-direction on the patches and positive x-direction on the electric dipole, the
sum of the current vector flows along the direction of p=45°. At t=T/4, the radiation is
mainly contributed by the electric dipole and the sum of the current vector flows along
the direction of ¢©=315°. At t=T/2 and 3T/4, the sum of the current vector has a similar
amplitude as those at t=0 and T/4, respectively, but moves in the opposite direction.

With two orthogonal modes with similar amplitude and a phase difference of 90° at
both resonant frequencies, circularly polarized radiation contributed by both parasitic

patches and electric dipole could be expected. Furthermore, as the current vector ro-
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tates clockwise in one period of time, the co-polarization for this antenna is left-hand cir-

cular polarization (LHCP), and the cross-polarization is right-hand circular polarization

(RHCP).
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Figure 3.4: Current distribution of the proposed antenna element over a period of time at
26.2GHz (a) t=0 (b) t=T/4 (c) t=T/2 (d) t=3T/4
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3.4 Parametric Study

To better understand the working principle of the proposed antenna element, a series of
parametric studies are conducted for the following key parameters: SS2, SS3, P, B1, and
L1. All experiments are conducted with one independent variable at a time while all other
parameters remain the same.

As shown in the Figure 3.6, with the decrease of SS2, the impedance bandwidth in-
creases, and the first and second AR resonance frequencies tend to move toward the lower
and higher frequency, respectively, which results in a wider AR bandwidth. However, it
could be observed that the AR performance has been negatively affected in the middle
of the bandwidth when two resonant frequencies are too further apart. The distance be-
tween the electric dipole and parasitic patches, SS3, plays a crucial role in the AR perfor-
mance, as shown in the Figure 3.7. When the SS3 decreases, two AR resonant frequencies
move further apart, which increases the AR bandwidth. However, the AR performance
drops significantly when the parasitic patches move too close to the electric dipole. The
size of parasitic patches, P, is also important, as shown in the Figure 3.8. By decreasing the
size of patches, the entire AR and impedance bandwidth shift to a higher frequency. The
width of the slot, B, has a substantial impact on the impedance bandwidth as shown in
the Figure 3.9. By reducing B1, the entire impedance bandwidth shift towards the lower
frequency. Furthermore, the width of the electric dipole has a significant influence on
both impedance and AR bandwidth. As shown in Figure 3.9, with the increase of L1, the

lower end of the impedance bandwidth moves toward the lower frequency, and the AR

35



bandwidth improves dramatically. However, after reaching 1mm, L1 has little impact on

the AR performance.
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Figure 3.6: Simulated |S;| and AR of the proposed antenna with different SS2
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Figure 3.7: Simulated |S;;| and AR of the proposed antenna with different SS3
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Figure 3.9: Simulated |S;;| and AR of the proposed antenna with different B1
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Figure 3.10: Simulated |S;;| and AR of the proposed antenna with different L1

3.5 Performance

The figure 3.3a and 3.3b show the simulated |S;;| and AR of the proposed antenna el-
ement respectively. The simulated impedance bandwidth is 22.1%(from 24.64GHz to
30.77GHz), and the 3dB AR bandwidth is 20.1%(from 25.22GHz to 30.85GHz). Compar-
ing to the reference antenna, the overlapped bandwidth has increased dramatically from
9.8% to 19.8%, and the thickness of the antenna element has reduced from 1.8mm(0.25),)
to 0.787mm (0.07 Xy or 0.1),). Within the overlapped bandwidth, the antenna has a sim-
ulated gain that varies in the range of 7.4 to 8.8 dBic as shown in the Figure 3.11b. The
simulated radiation patterns of the XOZ plane and YOZ plane at 27 and 29GHz are shown
in the Figure 3.12. The antenna element has achieved symmetrical cardioid radiation pat-

terns with low cross-polarization level in both planes like other ME dipole antennas.
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Figure 3.11: Simulated (a)S;1, AR and (b) gain of the proposed antenna element
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3.6 Fabrication and Measurement

Due to the manufacturing constraints, it is not practical to feed the proposed antenna
element with a waveguide connector directly. To verify the performance of the propose
antenna element, an antenna prototype with additional transmission lines and walls has
been designed, fabricated and measured, as seen in the Figure 3.13 and 3.14. The detailed
dimension of the prototype can be found in the Table 3.2.

The 50-ohm microstrip line has been chosen as a transition between SIW and SMP
connector to feed the antenna element due to its simplicity. To reduce the influence of the
radiation from the microstrip line, the SIW has also been extended. Moreover, as the AR
performance of a CP antenna could be easily affected by the change of the substrate and
ground plane size, two walls, consisting of metallic posts and rectangular-shaped shorted
patches, have been added to suppress the surface wave and further isolate the radiating
element from the surrounding, as suggested by [54]. Figure 3.15 shows a performance
comparison of prototypes with and without walls. Despite adding walls decreases the
upper limit of AR bandwidth, it greatly improves the AR performance in the middle of
the operating frequency band, which, in turn, increases the overall overlapped bandwidth

of the prototype.

Table 3.2: Dimension of the proposed antenna prototype (unit:mm)

Parameter Lpl Lp2 Lp3 Lp4 Lp5  Lp6
Value 98 1 12 242 5675 4.2

The antenna is fabricated using the standard single-layered PCB and plated-through-

hole technologies, as shown in the Figure 3.16. And the top and bottom layers have been
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Walls

Microstrip Line

Figure 3.13: 3D View of the antenna prototype

bonded using silver conductive adhesives. The SMP connector is then connected to the
end of the microstrip line to feed the antenna.

The |S11| is measured using the Ceyear 3672D (10MHz to 50GHz), while other param-
eters are measured in a far-field anechoic chamber. The environment setup is shown in
the Figure 3.17. The anechoic chamber is covered by the radio wave absorbing material
to minimize the reflection of the EM waves and the interferences from other sources. A
standard horn antenna is used to transmit the signal to the antenna under test (AUT). The
distance between the horn antenna and the AUT is set to be 10)\,. Due to the limitation in
the measurement environment, only the upper hemisphere (-90° to 90°) of the radiation
pattern is considered in this thesis. The radiation patterns and AR are determined using
the measured phase and amplitude of the orthogonal components. The antenna gain is
calculated by comparing the difference between the maximum received signal strength

of the AUT and a reference antenna.
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Figure 3.14: Geometry of the proposed antenna prototype

Ewithout walls L 27
10 with walls _—

20 - @
—~ L18 8
g o
= 30 15 5
= 4
Q L12

40 - <

-6

0N /
I~ I
T T T T T T T 0

24 25 26 27 28 29 30 31 32

Frequency (GHz)

-60

Figure 3.15: Simulated |S;;| and AR of the proposed prototype with and without walls
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(a) Top layer (b) Bottom Layer

Figure 3.16: Fabricated antenna prototype before assembly

(a) Anechoic chamber (b) Proposed antenna prototype

Figure 3.17: Far-field measurement system setup
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3.7 Experimental Results and Discussion

With those modifications, it is expected for the antenna prototype to have different re-
sults compared to the single element alone. The simulated and measured results of the
fabricated antenna prototype are shown in the Figure 3.18. The simulated and measured
impedance bandwidth are 20.30%(from 25.18 to 30.87GHz)) and 19.65%(from 24.96 to
30.4GHz), respectively. The simulated and measured 3dB AR bandwidth are 19.03%(from
25.16 to 30.45GHz) and 17.49%(from 25.67 to 30.59GHz), respectively. Furthermore, the
prototype has achieved a simulated and measured gain of 7.8 £ 1.2 dBic and 7.2 + 1.1
dBic, respectively. Moreover, as shown in the Figure 3.19, the simulated and measured
radiation patterns are in good agreement. The measured pattern has a slightly larger
cross-polarization level; it is still within the acceptable range, which is less than -10dB,
in the main direction. The deviation between simulated and measured results is mainly
caused by the connector and fabrication error. A comparison between the proposed an-
tenna prototype with other mmWave ME-dipole antenna elements is listed in the Table
3.3. The proposed antenna prototype has achieved a wide measured overlapped band-

width of 16.87% while maintaining a low profile of only 0.1),.

Table 3.3: Performance comparison between the proposed antenna prototype with previ-

ous works in the millimeter band

Ref. Overlap. BW Peak Gain(dBic)  Element
Thickness(\;)

[28] 25.9% 9.1 0.23

[50] 8.29% 6.97 0.23

[35] 21.9% 8.6 0.28

[12] 16.5% n/a 0.2

This work(prototype) 16.87% 8.3 0.1

Overlap. BW is defined as the range of frequencies which have |S11| < —10dB and AR < 3dB
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Figure 3.18: Simulated and measured (a) |S11|, AR and (b) gain of the proposed antenna
prototype
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Figure 3.19: Simulated and measured radiation patterns of XOZ plane(left) and YOZ
plane(right) of the proposed antenna prototype at (a)27GHz and (b)29GHz
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Chapter 4

Linear Four Element Circularly Polarized

ME Dipole Antenna Array

The mm-wave antenna experiences higher propagation loss in free space than those in
lower frequencies. As a result, a single antenna element often cannot fulfill practical
needs. A way to solve it is to arrange multiple antenna elements into an array to improve
the overall gain.

Different structures of circularly polarized antenna array have been proposed in the
past, such as CP/LP elements with sequential rotated feeding networks and CP elements
with a uniformly distributed network. Among two different methods, the sequential ro-
tated technique (SRT) has been used to improve AR performance. However, it requires
a complicated and time-consuming design process and a large area for implementation.
The uniformly distributed network, on the other hand, has a simpler structure compar-
ing to ones with SRT, which significantly reduces the design and manufacture complexity,

but its performance is greatly dependent on the performance of the individual element.
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Due to the time and manufacture limitation, the uniformly distributed network with the
same phase has been chosen as the feeding network for the design. Moreover, as the pro-
posed antenna element has already achieved a wide AR bandwidth, it is able to achieve
comparable AR performance without using the SRT. Furthermore, the SIW has also been
utilized in the design instead of conventional transmission lines such as microstrip lines
to reduce the transmission loss of the feeding network.

In this chapter, a four-element linear CP antenna array with a SIW feeding network
consisting of a Wilkinson power divider [44], which equally divides power from one input
port to four output ports with the same amplitude and phase, is designed, fabricated, and

measured. The design of the antenna array is aided with the help of the HFSS.

4.1 Elements Spacing

As this chapter aims to design a linear array with a uniformly distributed network, the
elements should be positioned along a single line with equal distance between them.
Before designing the power-divider or feeding network, it is crucial to determine the
desired separation distance between elements. In general, the elements should locate
within one free-space wavelength from each other to avoid large sidelobe level (SLL).
However, when the elements place too close to each other, the mutual coupling effect
might negatively affect the antenna array performance. Moreover, due to the large space
requirement of the substrate integrated waveguide, it is also essential to leave enough

design space between elements.
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To find the optimal distancing for the array, an experiment is conducted by positioning
four antenna elements along the x-axis at various distances with a modified ground plane
and two walls like the antenna prototype to suppress the surface wave and improve the
AR performance. Due to the time constraints, only the simulation has been performed
and four wave ports are used to excite the elements instead of a complete feeding net-
work. The geometry of the element-only array is shown in the Figure 4.1.

Figure 4.2 shows the simulation results of the element-only array. The elements are
placed at four separation distances, S: 9, 9.5, 10.5, and 11.5mm. The result indicates that
the impedance bandwidth is less sensitive to the changes, while the AR performance has
been affected considerably. The overlapped bandwidth has been improved greatly from
8.31% (25.48 to 27.69GHz) at 11.5mm to 16.9% (from 25.91 to 30.12 GHz) at 9.5mm. The
performance has reached a plateau after 9.5mm; at 9mm, the array has only an over-
lapped bandwidth of 16.5% as the AR bandwidth continues shifting to lower frequency
while the impedance bandwidth stays the same. Moreover, the SLL reaches the maxi-
mum value when the separation is at 11.5mm and decreases with the separation distance,
which meets our expectations.

The separation distance of 9.5mm has been selected for our array. Even though the
sidelobe level could be further reduced with a shorter distance, it has a better overlapped
bandwidth among four separation distances. Furthermore, 9.5mm also provides a rela-
tively larger design space for the power divider, which avoids the need for a multi-layer

structure and reduces design and manufacturing complexities.
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Figure 4.2: Simulated (a) |S11|, AR, and (b) radiation patterns of XOZ plane at 29GHz of

the element-only array with different spacing
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4.2 Design of 1x4 Power Divider

The simplest way to feed antenna elements with the same amplitude and phase is to
connect every single element with its own individual port. However, this method could
dramatically increase the cost and space requirements when the number of components
increases [7]. Instead, a power divider could be used to feed each element with desired
phase and power.

A 1x4 corporate power divider has been designed using a single layer of Roger 5880.
As shown in the Figure 4.3, the proposed power divider contains five ports (one input
port and four output ports), three junctions, and multiple matching posts. The output
ports have a spacing of 9.5mm between each other, as discussed in the previous section.
To simulate the designed power divider, five wave ports have been added to each port;
only one wave port at the input port is excited to feed the network while the other four
wave ports are placed at output ports to verify the performance.

The simulated results can be found in the Figure 4.4. This power divider has an oper-
ating bandwidth from 25.68GHz to 31.52GHz. Within the bandwidth, four output ports
have insertion loss ranged from -6.47 to -6.61 dB, and the difference between each port
is less than 0.3 dB. Moreover, the phase of each output is displayed in the Figure 4.4b;
the four lines are overlapped with each other, which indicates that all four ports have the
same phase. In summary, this power divider could uniformly distribute power to each
port with the same phase over the most operating bandwidth of the antenna element and
entire overlapped bandwidth of the element-only array discussed in the previous section,

which meets our design requirement.
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4.3 Design of 1x4 Linear Array

In this step, four antenna elements have been connected to the outputs of the power
divider with a spacing of 9.5mm or 0.88 A,. A 50-ohm microstrip line has also been added
to use as a transition to the SIW network. Moreover, like the antenna prototype, two
walls, which consist of metallic posts and rectangular-shaped shorted patches, have been
used to suppress the surface wave and further isolate the radiating elements from the
surroundings.

The antenna array has been constructed using two layers of Rogers 5880 with a height
of 0.787mm, a dielectric loss tangent of 0.0009, a relative permittivity of 2.2. The geometry
of the antenna array is shown in the Figure 4.5 and 4.6, and its detailed dimension is listed
in the Table 4.1.

Table 4.1: Dimension of the proposed antenna array (unit:mm)

Parameter S T1 D1 D2 D3 D4

Value 95 1 585 515 165 2
Parameter D5 D6 D7 D8
Value 733 242 59 53
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Figure 4.5: 3D view of the proposed linear array
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(a) Top view

(b) Bottom View

Figure 4.6: Geometry of the proposed antenna array
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4.4 Measurement and Discussion

To verify the proposed antenna array, the array is fabricated using the standard single-
layer PCB and plate-through-hole technologies, as shown in the Figure 4.7. The fixing
screws have been used to combine two layers together and the SMP connector is con-
nected to the end of the microstrip line to feed the antenna array. The |5;;| is measured
using the Ceyear 3672D (10MHz to 50GHz), while other parameters are measured in the
same far-field anechoic chamber as the antenna element prototype. The array setup is
shown in the Figure 4.8. Due to the limitation of the measurement environment, only the

upper hemisphere of the radiation pattern is considered.

(a) Top layer (b) Bottom Layer

Figure 4.7: Fabricated antenna array before assembly
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Figure 4.8: Assembled proposed antenna array in the anechoic chamber

The simulated and measured results are shown in the Figure 4.9 and 4.10. The sim-
ulated and measured impedance bandwidth are 15.40%(from 26.13 to 30.49 GHz) and
17.39% (from 25.42 to 30.26GHz), respectively. The simulated and measured 3dB AR
bandwidth are 15.71%(from 25.99 to 30.42GHz) and 16.93%(from 25.57 to 30.30GHz). The
fabricated array has reached a measured gain of 12 + 0.9 dBic over the operating band.
Moreover, a good agreement between simulated and measured radiation patterns has
been achieved. The deviation between the simulated and measured results is mainly
caused by the connector and fabrication error. One limitation of this antenna array is the
slightly high sidelobe level (SLL). It is mainly due to the large spacing between elements.
One way to reduce it is to utilize multi-layer structures. A comparison between the pro-
posed antenna array with other mmWave antenna arrays using uniformly distributed

networks is listed in the Table 4.2. With the help of the proposed low-profile wideband

56



antenna element, the proposed array achieves a wide overlapped bandwidth of 16.8%

and a height of only 0.2),.
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Figure 4.9: Simulated and measured (a) |S11], AR and (b) gain of the proposed antenna

array

Table 4.2: Performance comparison between the proposed antenna array with other an-

tenna arrays using uniformly netowkrs in the millimeter band

Ref. Element Feeding Element type Overlap. Peak Thickness();)
Number network BW gain(dBic)
[49] 2x2 Microstrip ME-dipole 11.33%  13.12 0.24
lines
[28] 8x8 SIW ME-dipole 16.39% 26.1 0.71
[45] 4x4 SIW Slot with para- 14% 18.2 0.28
sitic patch
[27] 4x4 SIW Aperture- 10.6% 12.5 0.49
coupled patch
This 1x4 SIW ME-dipole with 16.8% 12.9 0.2
work parasitic patch

Overlap. BW is defined as the range of frequencies which have |S11| < —10dB and AR < 3dB
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Chapter 5

Conclusions

In this thesis, a low-profile wideband magnetic-electric dipole antenna with parasitic
patches is proposed. The antenna element achieves a wide impedance and AR bandwidth
of 22.1% (from 24.64 to 30.77GHz) and 20.1% (from 25.22 to 30.85GHz), respectively. To
verify the performance of the antenna element, an antenna prototype that combines the
antenna element with additional transmission lines and walls has been designed, fab-
ricated, and measured. Due to the above changes, the prototype has different results;
the fabricated antenna prototype has a measured impedance and 3dB-AR bandwidth
of 19.7%(from 24.96 to 30.4GHz) and 17.5%(from 25.67 to 30.59GHz) respectively, and
a gain of 7.2 = 1.1 dBic over the operating band. Finally, a four-element linear circu-
larly polarized antenna array with a SIW feeding network has been designed and fabri-
cated. This antenna array has achieved a measured impedance and 3dB-AR bandwidth
of 17.39%(from 25.42 to 30.26GHz) and 16.93%(from 25.57 to 30.30GHz) respectively with

a peak gain of 12.9dBic without using the squential feed.
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5.1 Future Work

Even though the proposed antenna element and array have achieved desired low-profile
and wideband characteristics, certain drawbacks still require more future works to solve

include:

1. The main cause of the high sidelobe level is the large spacing between elements.
Some ways such as sequential rotated network and multidimensional network ar-

rangement could be further investigated.

2. The extra ground plane and substrate could greatly impact the AR performance of
antennas. In this thesis, two walls have been used to reduce such effects. However,

it is worth implementing a whole cavity to further reduce the influence.

3. The proposed ME dipole antennas have only modified the electric dipole to generate
CP radiation due to their simplicity while the magnetic dipole remains linear polar-
ized similar to works [37] [21]. To further improve the antenna’s performance, it is
worth introducing the CP magnetic dipole component when the time and resources

are available.

4. Even though the SIW has already achieved the lower transmission loss comparing
to conventional transmission lines, it is still filled with dielectric materials due to
the cost concerns. One way to reduce it is to utilize air-filled SIW [33], especially for

arrays with larger dimensions.
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